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CHAPTER 1

PROGRESS AND POSSIBILITIES IN PHYTOREMEDIATION OF HEAVY
METAL-CONTAMINATED SOILS AND WATER

Dr. Sunita Rao, Assistant Professor,
Department of Biotechnology, Jaipur National University, Jaipur, India,
Email Id-sunita.rao @jnujaipur.ac.in

ABSTRACT:

Pesticides, poisonous chemicals, industrial effluents, and metals are only a few examples of
human activities that lead to environmental pollution. Pollution not only threatens aquatic and
terrestrial ecosystems but also poses serious risks to the health of all living things. It is well
acknowledged that conventional methods for cleaning up polluted land and water are not only
inefficient but also costly and detrimental to ecosystems. Phytoremediation has the potential to
mitigate the harmful consequences of heavy metal pollution. Because of its lower cost and fewer
negative consequences, phytoremediation is gaining favor in both academic and applied settings.
Recent advances in biotechnology also hold promise for the by introducing metal
hyperaccumulating genes into higher-biomass producing farmed species from low-biomass wild
species, new hyperaccumulators are created. The purpose of this study was to offer a concise
overview of recent developments in the field of phytoremediation and its application to the
problem of preserving soil and water quality.

KEYWORDS:
Environment, Heavy Metals (HM), Phytoremediation, Pollution.
1. INTRODUCTION

Access to clean water is a pressing issue in today's globe, a problem exacerbated by the world's
growing population. About 2.2 billion people rely on very unreliable, untreated, and unpotable
water sources, as reported by the "World Health Organization" (WHO) [1].Heavy metals (HMs)
have been linked to water contamination in certain studies [2] and raising seriouspollutants in
water may cause cancer and other diseases. The availability of clean water for everyone on Earth
relies on reliable infrastructure and regular maintenance. However, many developing nations
lack the infrastructure necessary to provide safe drinking water [2].

The misuse or overuse of synthetic chemical compounds has led to several negative
repercussions on the health of humans and the environment (toxicity and
carcinogenicity).Human activities have had a substantial impact oncontaminants released into the
air, water, land, and living things owing to the disposal of solid, liquid, and gaseous wastes. Soil
contamination may result from the introduction of pollutants directly or from the movement of
contaminants from other matrices.

Phytoremediation refers to an ecological approach that makes use of plants in their natural
habitat to aid in the decomposition, immobilization, and ultimate removal of contaminants[3]. By
concentrating pollutants phytoextraction is the process of transferring environmental
contaminants (like heavy metals) into plant tissues, plants may have a more direct impact on
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contamination levels. Phytoremediation is a low-impact way to clean up polluted soils and water
on-site, where it may do the most good for the least amount of money[4]. It also lessens the
expense associated with shipping hazardous trash to an off-site landfill or storage facility.

Plants that are effective for phytoremediation include those that are bio-accumulators, have a
large yield, and can withstand high levels of pollution.The high biomass output of switchgrass
(Panicum virgatum) may help remove surplus nutrients from soils amended with dairy manure.
Research indicates that switchgrass may speed up the decomposition of herbicides like atrazine.
Scientists have speculated that switching grass may remove toxic metals from soil [5].
Additionally, switch grass has been used in bio-retention systems to remediate stormwater runoff
in urban and mixed-urban agricultural fields.It's easy for heavy metals (HMs) to build up in
nature. When the concentration of HMs, for instance, rises over the regulatory thresholds, this
has a knock-on effect up and down the food chain, harming all of Earth's biota. To lessen the risk
to all forms of life and our natural environment, the elimination of these metal contaminants is
crucial. Solvent extraction, ion exchange, adsorption, chemical precipitation, and reverse
osmosis are some of the most common separation processes and are only a few of the
processes/techniques used to get rid of HMs in the environment [6].

Phytoremediation
R - Bioenergy, Fish
Phytoﬁltrathn — Macrophytes — feed , Fertilizers
» Phytodegradation M (’1 . ; ’
* Phytostabilization edicines ete.

+ Phytoextraction t

« Phytovolatilization | | Applications
I

[ Environmental ]
remediation

A 4

As, Cd, Cu, Hg, Pb, Ni, Co, Cr

Figure 1: Displays The Potential Of Macrophytes In Phytoremediation For The
Detoxification Of Toxic Substances.

These methods, however, need a lot of time and money to maintain, so they can't be used
indefinitely. Figure 1: Phytoremediation as a low-cost solution for cleaning up HM-contaminated
locations. The reduced cost of phytoremediation compared to conventional remediation
technologies has led to its widespread acceptance across the globe. Since no alterations to the
soil structure are necessary, the ecological footprint of this method is small. After
phytoremediation is finished, the land may be used again for farming or other agricultural
purposes. This promising method relies on hyperaccumulators to remove metal toxicity from
polluted environments [7].Because of its promise as a more cost-effective alternative to
conventional cleanup procedures, "phytoremediation,” the employment of plant species for
decontaminating soils and streams, has gained favor over the past decade.The past twenty years
have seen a plethora of research efforts in this area. Researchers have cataloged and examined a
wide variety of plant species to determine how they respond to and store certain metals.
Numerous studies have looked at the mechanisms of metal absorption in both entire plants and
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individual cells. Phytoremediation has made strides in both its molecular underpinnings and its
practical applications. This study provides a summary and analysis of the available literature on
the topic.

2. LITERATURE REVIEW

According to a study by Deepika Thilakan et al., "Biosynthesis of nanoppapers has recent time
groundwater filtration by eliminating organic and inorganic chemicals, as well as the elimination
of heavy metals and microorganisms, has "seen exponential expansion since its properties of
large surface area, high rate of adsorption, and facile, cost-effective synthesis has been
exploited." Using plant extracts in the synthesis of Zero-Valent Iron Nanoppapers (ZVI NPs) is
environmentally preferable. Metals may be efficiently removed by nanoppapers with a large
surface area. Because of their negative potential of 0.44 V, ZVI NPs may reduce heavy metal
compounds in wastewater. Irradiated nanoppapers are antibacterial and absorbent. Nanoppapers
are more effective at lower pH. In significant dosages, ZVI NPs substantially decrease heavy
metal complexes.

During their research, Tingyu Fan, et al. Microplastics are defined as plastic ppapers 5 mm in
size or smaller. One of the most common causes of environmental degradation is the release of
microplastics into the natural world. Scanning electron microscopy (SEM) was used to examine
PP shape, X-ray photoelectron spectroscopy (XPS) was used to ascertain PP surface elemental
composition, and Fourier transform infrared spectroscopy (FTIR) was utilized to investigate PP
functional groups (FTIR). The findings demonstrated that microplastics' adsorption behavior to
various heavy metals may be neutralized in about 32 hours.Freundlich best fits Pb adsorption
isothermal findings. The Langmuir model favored adsorption. When the mixed adsorption mass
concentration was low, a coexistence system facilitated Zn and Cu adsorption by microplastics.
Increasing concentration inhibits microplastics' absorption of 4 heavy metals [8].

Research conducted by MI Nazir et al. found that the water hyacinth (Eichhornia crassipes)
plant can absorb Cadmium (Cd), Arsenic (Ar), and Mercury (Hg).Dhamthal, Zafarwal, and
Narowal provided the samples. Following dissection, the plant samples were dried for 25-30
days at room temperature. The percentage difference between the wet and dry weights was
calculated. Sample information was captured and evaluated statistically to show how the findings
generalized across geographic settings.Using atomic absorption spectroscopy on plant and water
samples, the author evaluated the plant's metal extraction efficiency. Variable metal absorption.
Water hyacinth absorbs 166.25ppm of cadmium per dry weight and 0.032ppm of mercury. In the
water sample, cadmium had 177.25ppm and arsenic 0.012ppm.The author concluded that water
hyacinth (Eichhornia crasssipes) absorbs more cadmium than arsenic and mercury. Water
hyacinths may help extract heavy metals from wastewater to reduce water contamination [9].

Ehab Azab and Ahmad K. Hegazy's research for large-scale phytoremediation of contaminated
soils, and vegetation is a cost-effective green method.Heavy metal phytoremediation
performance of Rhazya stricta in polluted soil was evaluated in this research. 3 months were
spent growing plants in soils containing 10, 50, and 100 mg/kg Cd, Pb, Cu, and Zn.R. stricta's
ability to accumulate and move heavy metals was measured by determining its “bioaccumulation
coefficient (BCF)” and “translocation coefficient (TF)”. Under increasing soil contamination, Cd
and Zn bioconcentration were greatest in plant roots, followed by leaves. Pb and Cu
bioconcentration was highest in roots, followed by stems.Author analysis indicates that under the
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studied Cd, Pb, Cu, and Zn soil treatments, the heavy metal content in the roots of R. stricta was
greater than that in the leaves and the stems [10].

3. DISCUSSION

Because it does not interact with the environment, involves a little amount of labor, and is thus
not extremely costly in comparison to more typical physicochemical procedures,
phytoremediation is a technology that may be used for numerous different types of reclamation
treatments.During the past several years, this sector has seen enormous developmentowing to the
use of advanced biotechnology, such as phytoextraction and phytodegradation. Plants' absorption
and breakdown capacity for inorganic and organic pollutants highlight the need of learning more
about sustainable methods for remediating polluted soils using biological organisms like plants.

Environmental Heavy Metals:

Heavy metals are so named because their density is greater than that of water. Assuming a
weight-to-toxicity relationship,it is important to note that metalloids, such as arsenic, are also
included in the category of "heavy metals," and that their presence in the environment has
become a serious ecological and worldwide public health problem in recent years. Because of
this exponential growth in usage, there has been a commensurate increase in the amount of these
chemicals released into the environment and hence the number of people who are exposed to
them [11].Both natural (geological processes) and anthropogenic (human activity) factors
contribute considerably to the presence of HMs in the environment. The careless and persistent
disposal of metal-rich industrial waste is the primary cause of HM contamination. As a major
threat to land and water, waste from metal-based businesses, particularly leather ones, must be
eliminated as soon as possible using a clear strategy [12]. Similarly, the ever-increasing global
population has resulted in a significant rise in the maximum safe HM concentrations in soil
owing to the excessive use of pesticides and fertilizers in agricultural land to maximize yield.

Human activities such as smelting, mining, industrial production, and use, residential and
agricultural utilization of metallic elements and compounds, etc. are the primary causes of
environmental pollution and human exposure, even if heavy metals may be present on the earth's
surface [13].Additional mechanisms that contribute to environmental contamination include
metal corrosion, air deposition, soil erosion of metal ions and leaching of heavy metals, sediment
re-suspension, and metal absorption from water sources into soil and groundwater.

3.1. Approaches of Phytoremediation:

Phytoextraction, rhizofiltration, photodegradation, Phytostabilization, Phytodegradation, and
Phytovolatilization are just some of the phytoremediation's many contrivances that occur as HMs
interact with plants, accumulate in plants, and are eventually released back into the environment
as depicted in Figure 2.

i. Phytoextraction:

The uptake of HMs and their subsequent transport to more elevated plant tissues are collectively
known as phytoextraction. A review of the study indicates that several hyperaccumulator
metallophytes have great potential that might be used to cure HM-contaminated soils. Some
metallophytes, known as hyperaccumulators, may store HMs in their upper portions at
concentrations 100-500 times greater than that of other plants without compromising their
growth or functionality [14].The basic process of accumulation of heavy metals is poorly
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understood; nevertheless, the mechanisms of accumulating heavy metals by the
hyperaccumulator metallophytes still seem to be underexplored and may be researched and
further expanded to do so. Since the BCF and translocation factor (TF) control the effectiveness
of phytoextraction, optimizing them together with an increase in the plant's ability to acclimate to
metals during phytoextraction is enhanced by theirImport into epidermal or cortical cells or
translocation from pericycle or xylem parenchyma cells to the stellar apoplast.

ii. Rhizofiltration:

Metal toxins may be removed from the soil with the help of rhizofiltration, which is a process in
which the roots of plants are used to absorb, reducing their ability to travel to other places and
cause damage.Rhizosphere pH, root turnover, and root exudates all have a role in the root
microbiome's ability to deposit metal pollutants on the root surface. Plants may be harvested and
securely disposed of when they have absorbed all of the metal contaminants into their tissues.
This approach often entails using wild-type microorganisms rather than transgenic bacteria.
Roots, microorganisms, and rhizospheric soil are at the center of rhizoremediation. However,
rhizofiltration requires plants that can produce a deep root system, store more HMs, are simple to
cultivate and harvest and need little in the way of preservation.
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Figure 2: Displays the methods of phytoremediation and the destinations of contaminants
in the environment.

Inquiries into how to improve rhizofiltration technology's efficacy are moving forward at a rapid
clip in the realm of science. Several experimental designs have shown that early seedlings have
increased capacity for blast filtration, the process by which HMs are removed from the water.
Data visualization has shown that this method is superior to rhizofiltration for several metals,
althoughRhizofiltration has the advantage of being able to be employed both in situ and ex situ,
which is a major plus. In addition to its unfeasibility for water systems with a high load of heavy
metal contamination, the rhizofiltration method includes downsides including drying,
composting, and cremation.

iii. Phytostability:

Phytostabilization and photo restoration slow the spread of contaminants, reducing the likelihood
that they will reach groundwater supplies, and halt their bio-magnification in the process. The
procedure primarily depends on the use of selected plants for steadying pollutants in
contaminated areas. Soil amendments that cause HM to adsorb, bind, and co-precipitate
(biosolids, organic manure, and vermicomposting) have all been studied extensively over the
past decade. These efforts to remediate soil are effective in reducing the mobility of
contaminants there. It stops both water and wind erosion by stabilizing impurities and preventing
them from contaminating waterways. It does this by reducing pollutant mobility via both
physical and chemical root absorption, and so by increasing hydraulic capacity for the vertical
transit of contaminants [15].

iv. Phytodesalination:

Most often used as a biological strategy for such cleaning is phytodesalination, which uses
halophytic plants to repair salty soils. Very little information is available in the literature on this
method compared to the other phytoremediation strategies. When compared to glycophytes,
halophytes are thought to be more naturally suited to HMs. Plant species, soil parameters
(including salinity, sodicity, and porosity), and other environmental conditions (such as rainfall)
all contribute to the plant's Phytodesalination capability.In recent decades, scientists all around
the globe have been more interested in studying plants that may absorb heavy metals by using
their live biomass. Although hyperaccumulators have been used for HM removal, it is still
necessary to do more research to validate the existence of hyperaccumulators of Pb, Cu, Co, Cr,
etc. This may be done by verifying statistical information on metals and metalloids using
established procedures [16].

3.2.Methods and Tools for Cleaning Up Polluted Land:

The most challenging challenge is the widespreadcleaning of heavy metal-polluted soils. Soil is
made up of both organic and inorganic solids, as well as water, a variety of gases, and a variety
of liquids in varying concentrations. The soil's mineral components are different depending on
the parent materials from which it was created and the prevailing weather patterns at the time.
Therefore, there is a wide range of physical, chemical, and biological characteristics among soils.
The structure and texture of the soil play important roles in determining the direction and rate of
water flow in the soil. The bioavailability of metal ions is greatly influenced by soil moisture,
which influences the mobility of solutes, the solubility of salts,the speed of chemical processes,
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and microbial activity. Therefore, a phytoremediation program must account for site-specific
differences in soil parameters to be effective.

Decontaminating soil or water with certain plant species by lowering metal concentrations in the
rhizosphere or preventing their translocation to the plant's foliage are some biological
methodologies for remediation. Other instances have included the capacity of certain
microorganisms to enzymatically decrease a diverse range of metals in metabolic processes
unrelated to metal assimilation. For remediating contaminated areas at a lower cost than
traditional physicochemical methods, a new and promising technique has emerged:
phytoremediation [17].

3.3.Phytoremediation Of Implicitly Polluted Water:

Biofiltration uses plant roots to filter out harmful substances from water. Using a process called
phytoremediation, several aquatic species have been discovered and evaluated for their ability to
remove heavy metals from polluted water. Sharp dock, duckweed, water hyacinth, water
dropwort, and calamus were the five wetland plant species that Wang et al. tested in a pot
experiment to see how well they would survive [18] to see whether or not they might be used to
clean up the contaminated water. As can be seen from the data, a sharp dock is a very efficient
nutrient accumulator. Cd was found at high concentrations in water hyacinth (462 mg/kg) and
duckweed (14,200 mg/kg). The maximum Hg content was found in water dropwort,althoughthe
roots of the calamus had a significant amount of Pb (512 m/kg). Hydroponic research conducted
by Ingole and Bhole [19] looked atwater hyacinth's capacity to take upfrom aqueous solutions
with concentrations between 5 and 50 mg/L, As, Cr, Hg, Ni, Pb, and Zn were measured. They
found that water hyacinth absorbed the most As, Cr, and Hg from solutions with concentrations
of 5 mg/L for each metal, with values obtained of 26, 108, and 327.

3.4.Biochemical pathways and phytoremediation plants:

Roots are responsible for absorbing water and nutrients from the soil (including nitrogen,
phosphorus, potassium, calcium, magnesium, sodium, chlorine, zinc, manganese, copper, boron,
and molybdenum) so that plants may grow and flourish. Both passive mechanisms like
transpiration and active mechanisms involving transport proteins in the cell membrane are
involved. Both the apoplast and the symplast are involved in the internal transport of these
components throughout the plant. The plant's vascular system, the xylem, then transports the
dissolved nutrients throughout the plant.Plants can take in a wide variety of molecules, both
necessary and non-essential inorganic compounds, including heavy metals, which are thought to
be potential contaminants. Plants have evolved a wide variety of ways to retain or stabilize
elements that are generally considered nutrients but may become toxic in high quantities, like
Mn, Cu, and Zn.

Some vegetation has been grown in organically contaminated soil. Researchers at different
refineries looked into the ability of flavonoids and polyphenols, compounds emitted afew years
ago, scientists used mulberry, apple, and Osage orange to stimulate the enzymes in organisms
that break down PAHs. “Echinacea purpurea”, “Callistephus chinensis”, ‘“Festuca
arundinacea”, “Medicago sativa”, Kandelia candel, Avicennia marina, Populus spp., Salix spp.,
and many more are only some of the beautiful plants utilized today [20].

4. CONCLUSION
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Modern phytoremediation methods were described for cleaning up metal and organic material-
polluted soils. Although conventional procedures are more effective at removing toxins and
require less time to apply than phytoremediation, they are also more costly and alter the soil and
groundwater in the process. Phytoremediation, on the other hand, is a clean and cost-effective
process that uses living organisms as opposed to traditional physicochemical procedures
(excavation and landfilling, washing, vitrification, and electrochemical separation).The ability to
identify certain metal genes and transfer them to select promising species has the potential to
dramatically improve the performance of hyperaccumulators as biotechnology advances. Due to
geographical and climate differences, cleaning technology is not always a cost-effective
solution.There has to be more research into the rhizosphere, both in the lab and out in the field,
to see how various metal ions in soil solution and contaminated rivers interact with one another
and how they could be harmful to plants. Comprehensive soil microbial research is needed to
determine which microorganisms are most strongly linked to metal solubility or precipitations.
There is currently a dearth of techniques for extracting heavy metals from the biomass of
hyperaccumulator plants. Because volatile metals cannot be disposed of using conventional
procedures like burning and ashing, researchers must explore innovative ways to efficient
recovery of metals from the hyperaccumulators plant biomass.
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ABSTRACT:

Recent years have seen a rise in interest in cancer prevention through diet modifications. The
popular spice cardamom (Elettaria cardamomum), a dietary phytoproduct, is frequently
employed as a flavoring component in a variety of cuisines and is highly regarded for its
therapeutic benefits as the negative effects are now concerning patients having cancer and
susceptibility to cancer development. It has been noted that relatively scarce studies are
providing a comprehensive approach to evaluating the anti-cancer activity of E. cardamomum.
Therefore, the present study is undertaken to fill the same gap by providing a review of research
studies documenting the anti-cancer activity of green cardamom starting with phytochemistry
which is mainly attributable for the particularly investigated bioactivity of cardamom. In addition
to that, this study also provides a critical discussion on the future consideration to employ spices
and herbs in chemoprevention.

KEYWORDS:
Anti-Cancer Activity, Cardamom, Cancer, Elettaria Cardamomum.
1. INTRODUCTION

Noncommunicable diseases (NCDs) currently account for the majority of worldwide mortality,
and cancer is predicted to be the most prevalent cause of death and the single most significant
obstacle to extending life expectancy in every country in the twenty-first century [1].

Cancer affects all communities. Disease claims the lives of tens of millions of people each year
throughout the world. In the year 2000, there have been 6.2 million deaths, 10.1 million new
cases, and 22.4 million individuals suffering from cancer, according to the most recent mortality
and incidence data available [2], [3]. This reflects a 19% rise in incidence and an 18% increase in
fatalities since 1990. It has been noted that no country has escaped from the burden of cancer as
illustrated in Figure 1. As a result of population growth and aging, it is predicted that by 2040
there would be 16.3 million cancer deaths worldwide and 27.5 million new cancer diagnoses.
Due to the rising incidence of risk factors in economically developing nations including
smoking, poor food, physical inactivity, and fewer pregnancies, the burden will likely grow in
the future.

Cancer is caused by a pathologic collapse in the mechanisms that regulate specific cell growth,
differentiation, and death. The word "carcinoma" refers to the malignant cells that most
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frequently develop tumors and come from tissue known as epithelium (also known as tissue with
a secretory or lining function) [4]. Most cancers are carcinomas in various organs, including the
breast, lungs, colon, and others. The etiology of various cancers is highly varied, even if they
share certain traits, and their responses to treatment might vary greatly. Figure 2 provides the
death estimates of different types of cancers as per the latest and recent reports where lung
cancer is the most prominent cause of cancer.

N
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Figure 1: Graphical Representation of Global Cancer Incidence (GLOBOCAN 2018).
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Figure 2: Graphical Representation of Deaths Estimates due to Different Types of Cancers.

Chemotherapy is frequently employed to treat cancer. Cancer cells divide even when normal
cells cease because they lose many of the regulatory mechanisms that control normal cells. This
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characteristic makes cancer cells vulnerable to chemotherapy agents [5], [6]. A sizable collection
of helpful chemotherapeutic agents has been established as a result of almost half-century of
systemic drug development and research. Chemotherapeutic regimens do have certain inherent
issues, though. Chemotherapeutic treatments have the potential to cause a variety of toxicities.
Therefore, there is a surge in identifying herbs and spices with the ability to prevent and treat
cancer using a variety of methodologies. In addition to medicinal plants, some spices are now
getting great attention for cancer.

The term "cardamom" refers to plants belonging to the “Elettaria (green)” and “Amomum
(black)” genera of the ginger family Zingiberaceae. Cardamom is a typical element found in
Indian cuisine as well as in many regions of Europe. Cardamom has been shown to have
antioxidant effects, like many other spices which can get effective for cancer treatment.
Therefore, the present study aims at reviewing the beneficial effects of cardamom on cancer.

The current review paper is divided into a total of five sections where the first section provides
the significance of carrying out the study with a little introduction about the topic. The second
section provides a literature review on the morphology, phytochemistry, and anti-cancer activity
of cardamom. In addition, this section provides the methodology used to retrieve the relevant
records for carrying out the review study. The fourth section provides the future recommendation
for using and employing cardamom as an alternative medicine for chemoprevention followed by
the conclusion in the final fifth section.

2. LITERATURE REVIEW
2.1.Morphology and Botanical Description:

There are primarily two types of cardamom: small (green) and large (black). The scientific
name of little green cardamom is Elettaria Cardamomum, and it is the most popular. Elettaria
cardamomum is a herbaceous perennial with a strong scent that may reach heights somewhere
between 2-4 m (6 ft 7 in. and 13 ft 1 in.). The two ranks of alternate linear-lanceolate leaflets are
40-60 cm (16-24 in) in length and have a long sharp tip. The loose, 30-60 cm (12-24 in) long
spike of flowers ranges in color from white to lilac to pastel violet. The fruits are yellow-green
pod with three sides that is 1-2 cm (0.39-0.79 in) long and has between 15 and 20 brown and
black seeds within. Figure 3 illustrates pictorial representations of plant, flower, fruiting bodies,
and elaichi capsules of E. cardamomum [7].

Classification:
1. Kingdom: Plantae
il. Clade: Tracheophytes
iii.  Clade: Angiosperms
iv.  Clade: Monocots
V. Clade: Commelinids
vi.  Order: Zingiberales
vii.  Family: Zingiberaceae
viii.  Genus: Elettaria
ix.  Species:  E. cardamomum

2.2.  Phytochemical Screening
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Cure cardamom capsules contain approximately 5.3% ash content, 10.6% protein content, 2.4%
fat content, and 68.2% carbohydrate content. In 100 g of cured capsules, there is 124 mg of
potassium, 93 mg of calcium, 182 mg of magnesium, 183 mg of iron (13 mg), 183 mg of
phosphorus, and 100 mg of sulfur. The amounts of iron, manganese, and copper in cardamom
leaves and capsules are significant.

There have been various studies carrying out the phytochemical analysis of EOs from green
cardamom. It has been noted that the major components of the EOs from cardamom are Alpha-
ionone, Terpinene-4-ol, Eucalyptol, 1,6-octadiene-3-o0l,3.7-dimethyl, 2,6octadiene-1-ol,3-0l,3,7-
dimethyl-,(Z), Cinnamaldehyde,(E)-, Santolina alcohol, 1,6,10-Dodecatrien-3-0l,3,7,11trimethyl-
, Acetic acid, 1-methyl-1-(4-methyl-5-oxy-cy. However, the composition varied from one study
to another study because of the varying location for the collection of plants and their parts. A
study carried out by Ashokkumar et al. revealed sabinene, a-terpinyl acetate, 1,8-cineole, and -
linalool as the major constituents of cardamom of Essential oil [8]. Another study carried out by
Khatri et al. revealed the presence of 7-dihydroxy-2-pheny, Eucalyptol, Hexadecanoic acid,
Stigmast-5-en-3-o0l, 4H-1-Benjopyran-4-one, 2,3-dihydro5, Phytol, Octadecanoic acid, Vitamin
E and Squalene when used methanol as a solvent [9].

Figure 3: A Pictorial Representation of a) plant, b) flowers, c¢) fruiting bodies and
pods of E. cardamomum.
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2.3. Anti-cancer Activity

Almeer et al. tested the anti-cancer effects of GCar either alone or in combination with the anti-
cancer pharmaceutical cyclophosphamide in an in vivo model to investigate the molecular
function of green cardamom (GCar) in tumor cell killing in EST-bearing mice. The mice were
given an injection of Ehrlich ascites tumor cells, and after five days the animals received
cyclophosphamide and/or GCar treatment for ten days. The apoptotic-related proteins and genes
were considerably modulated after GCar treatment of EST. GCar significantly increased
glutathione levels and those of antioxidant enzymes while significantly reducing oxidative stress
biomarkers as well as the biomarkers for liver and renal function have significantly decreased
[10].

Another study carried out by Garza et al. evaluated the benefits of green cardamom in
inflammation which is considered a major target route for the development of anti-cancer
molecules. They carried out the phytochemical screening of cardamom and further evaluated the
ant-inflammatory activity using cell lines. The results of their study revealed that E.
cardamomum showed 431.16 (Balb/C peritoneal cells), 257.51 (Vero E6 cells), 237.36 (J774A.1
cells), and C50 (ug/mL) of 473.84 (HeLa cells) [10].

Majdalawieh & Carr carried out an In Vitro investigation for evaluating the anti-cancer activities
of green cardamom(Elettaria cardamomum). According to the outcomes of their research,
cardamom aqueous extracts substantially and synergistically increase splenocyte proliferation.
Cardamom considerably enhances and suppresses, respectively, the release of T helper (Th)l1
cytokine by splenocytes, as demonstrated by enzyme-linked immunosorbent assay. Hence,
Cardamom extracts have been discovered to greatly increase the cytotoxic activity of natural
killer cells, suggesting their powerful anti-cancer benefits [11].

Al-Zereini et al. also evaluated the bioactivities of cardamom when they investigated the
cytotoxicity study on breast cancer cell lines. The outcomes of their research demonstrated a
cytotoxic effect against the cell line of breast cancer with an IC50 of 0.14-0.46 L/mL.

Qiblawi looked into the ability of cardamom to inhibit benzo(a)pyrene [B(a)P]-induced stomach
papilloma genesis in mice. In comparison to the B()P control group, the results revealed that
cardamom administration significantly decrease tumor incidence and multiplication by 41.67%
and 74.55%, accordingly. When compared to control mice, cardamom-treated species
significantly increased the hepatic activity of catalase (P 0.001), glutathione peroxidase (P
0.001), superoxide dismutase (P 0.01), and glutathione-S-transferases (P 0.01) [12].

3. METHODOLOGY

Google Scholar, Science Direct, PubMed, Research Gate, and other databases were searched for
electronic data to perform the current review research. Using the keywords "Elettaria
cardamomum," " Cancer," "Cardamom" "Anti-cancer activity," and "Phytochemistry," the
pertinent data was retrieved. To give better records for analysis, the abstract and title are also
screened. Records that weren't in the English language were left removed. The complete method
used to carry out the investigation is shown in Figure 4.
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4. DISCUSSION

New cancer chemopreventive drugs have been employed to prevent different malignancies based
on epidemiological data and animal experiments. These chemopreventive compounds come in a
wide variety of forms, including single chemicals, fruits, vegetables, spices, teas, and vegetables
and plants. When added to food, spices provide several health advantages for individuals. When
present in physiologically appropriate amounts, a variety of phytochemicals found in spices,
including those found in spices, have the power to control several cancer-related processes in
experimentally produced tumors. In light of this perspective, they might be regarded as one of
the crucial sources for novel medication development programs. Further study in this field is
necessary, with an emphasis on identifying therapeutic targets implicated in cell signaling
pathways, as these pathways are significantly impaired in cancer patients. In terms of production
processes, quality assurance, safety, efficacy, and of all regulatory standards, it also asks for the
adoption of strict standards that international organizations will take into account.

* Science Direct

iFALADASES 10T INECoIas

runiviea

*  Google scholar
*  Scopus

Screening of Records * Inappropriate Title
* Abstract

* No full-text access

*  Duplicate Publication

Not exiraciable infor

* Language other than
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mation
Retrieval of Screened Records

Review and Analysis of Eligible
Records

Figure 4: Illustrating the Methodology Used to Carry out the Review Study.
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Chemoprevention seems to have the potential to be a significant tool for preventing cancer in
both the general population and, more crucially, in those with a high risk of developing the
disease. Finding the naturally occurring compounds that can prevent, slow down, or stop the
development of cancer is therefore becoming more and more crucial. In summary, cardamom
and its extracts have various health-promoting characteristics that are supported by a large body
of data from in vitro and in vivo investigations as well as human clinical trials. However, as
reviewed above, the anti-cancer property of green cardamom is gaining traction due to a variety
of bioactive compounds having the ability to target cancer cells [13], [14]. Some of the
compounds that are the major constituents of the plants and their parts are illustrated in Figure 5

below.
: ;D H
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Figure 5: Illustrating the Common Phytoconstituents of E. cardamomum.
1. CONCLUSION

With 9.6 million deaths from cancer in 2018, it is one of the leading causes of death globally.
Although there have been significant improvements in cancer research, techniques of cancer
detection, research, and the approval of novel pharmaceuticals for treatment, there is always
room for progress. Better treatments must be developed with fewer harmful side effects. Since
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some FDA-approved pharmaceuticals in clinical grades were derived from natural sources, one
strategy could involve testing natural compounds for their anti-tumor activity.
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ABSTRACT:

A collaborative effort between several anaerobic bacterial communities has resulted in the
production of biogas from organic waste such as kitchen waste. In this paper, an attempt has
been made to summarize the work done by our scientists to understand microbial diversity in
biogas digesters, their interactions, as well as variables that affect the applications of biogas,
alternative feedstocks, and solutions used. Kitchen waste is digested anaerobically to make
biogas, a useful energy source. Biogas is generated through anaerobic digestion, a bacterial
process that primarily produces methane (CH4) and carbon dioxide (CO2). Biogas has many uses
including as an energy source. However, information and knowledge on the composition or
amount of elements in the generated biogas are essential for any potential use. The main
objective of this paper is to learn about the production of biogas from waste. In the future, this
paper will help to understand the importance of biogas and the advantage of biogas production.

KEYWORDS:
Acidogenesis, Aerobic, Biogas Production, Environment, Kitchen Waste.
1. INTRODUCTION

With a contribution of around 2.4% to the total global energy production, India is now the tenth
largest energy producer in the world. The world's supply of fuel is in danger due to the scarcity
of petroleum and coal. Additionally, because of how difficult it is to burn them, scientists are
looking into other energy sources like renewable energy. Wind, sun, and different hydroelectric
or thermal power sources, as well as biogas, are sources of renewable energy [1], [2].

1.1.  Biological Gas:

Biogas was first used to heat bath water in the 10th century in Assyria. In the 17th century,
combustible gases may be produced by rotting organic waste. In 1859, the first digesting factory
was erected at a leper colony in Bombay, India. Biogas is a gas that is generally formed by the
biological decomposition of organic materials in the lack of oxygen, and table 1 shows the
various combination of biogas [2], [3]. Biogas may be created from a variety of sources,
including animal dung, sewage sludge, kitchen waste, agricultural waste, biomass, and so on.

Table 1: Illustrate the Combination of biogas.

Biogas Type Percent in the mixture by Volume

Carbon Dioxide 50 to 80




Modern Biotechnology Techniques

Methane 14 to 45
Water 5
Other gases, such as hydrogen Oto1
Hydrogen Sulphide Oto3

Biogas technology is regarded as an archetypal suitable technology that solves the fundamental
demand for cooking fuel in rural regions and is employed as an alternative feedstock for 1.C
engines. Energy and manure are produced using local resources such as livestock dung as well as
other organic wastes such as vegetable or kitchen garbage [4], [5].

1.2.Kitchen Waste:

Because kitchen waste is composed of organic materials that have high caloric content or
nutritional value to bacteria, methane production is more effective. Food waste is any uncooked
(or cooked) food material that is wasted in hotels. Food waste is an untapped source of energy
that rots in landfills, emitting greenhouse gases into the environment and causing illnesses such
as malaria, typhoid, and cholera [6], [7]. As a result, a thorough kitchen waste management plan
must be developed to ensure its environmentally friendly and sustainable disposal.

1.3.  Production Biogas from Kitchen Garbage:

Environment digestion is a biological process that produces biogas from kitchen waste.
Anaerobic refers to a procedure that occurs in an oxygen-free atmosphere. in the substrates
decrease or convert kitchen trash to biogas, as shown in figure 1.
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Figure 1: Diagram Showing the Generation and Utilization of Biogas from Kitchen
Garbage.

1.4.  Biogas Characteristics:

i. The relationship between pressure and temperature or volume change.
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ii. Variation in calorific value with pressure, temperature, as well as water vapor
concentration.
iii. Variation of water vapor with pressure and temperature.

1.5.  Biogas Production Principles

Various living and dead species contain organic compounds. A variety of organic compounds,
including carbohydrates, lipids, and proteins, are created when carbon (C) is combined with
elements such as nitrogen (N), oxygen (O), hydrogen (H), sulfur (S), [8], [9]. In nature, bacteria
consume sophisticated carbon compounds to produce simpler ones.

There are two types of digestive processes.

1. Anaerobic digestion.
ii. Aerobic digestion.

When oxygen is present, aerobic digestion takes place, producing a variety of gases, among
which is carbon dioxide (CO2), one of the main greenhouse gases that contribute to global
warming. The term aerobic digestion describes a kind of digestion that takes place without the
presence of oxygen and produces gas mixes. The gas generated, which is mostly methane, yields
5200 to 5800 KJ/m3 when burnt at regular room temperature, making it an efficient and green
alternative to fossil fuels (nonrenewable).

1.5.1. Digestion Anaerobic:

It is also referred to as “bio mechanization,” but it is a natural process that takes place when there
isn't enough air (oxygen). Complex organic material is broken down biochemically via several
biochemical processes, releasing energy-rich biogas and producing nutrient-rich effluents. The
following are the top three biological processes (microbiology):

1.5.2. Hydrolysis:

In the first stage, extracellular enzymes produced by bacteria, such as lipase, amylase, and
protease, enzymatically break down organic molecules. Bacteria cut long chains of complicated
proteins, lipids, or carbohydrates into smaller chains. Polysaccharides, for instance, are converted
into monosaccharides. Proteins may also be divided into peptides and amino acids. In general,
hydrolysis refers to the chemical process in which water is broken down to generate H+ cations
or OH- anions. Hydrolysis is frequently employed to degrade bigger polymers, usually in the
presence of an acidic catalyst [10], [11]. Because biomass is often composed of very big organic
polymers that are otherwise worthless, hydrolysis is a necessary initial step in anaerobic
digestion. These big polymers, particularly proteins, lipids, and carbohydrates, are hydrolyzed
and divided into smaller molecules such as fatty acids, amino acids, and simple sugars.

1.5.3. Acidification:

In this step, acid-producing bacteria convert the intermediate output of fermenting bacteria
into hydrogen, carbon dioxide, or acetic acid. The acidic settings may be ideal for these
anaerobic microorganisms. Acetic acid can only be produced using carbon and oxygen. They
employ dissolved O2 or bounded oxygen for this. As a result, the acid-producing bacteria
provide anaerobic conditions that are required by methane-producing microbes. In addition to
converting low-molecular-weight molecules into low-molecular-weight molecules, they also
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transform alcohols, hydrogen sulfide, amino acids, organic acids, carbon dioxide, or trace
quantities of methane. From a chemical perspective, this process is relatively endergonic (i.e.,
only possible with energy input) since bacteria alone cannot sustain that sort of reaction.

1.5.4. Methanogenesis:

In the third step, microorganisms that make methane degrade low-molecular weight compounds.
They combine hydrogen, carbon dioxide, or acetic acid to create carbon dioxide and methane.
Natural settings with anaerobic conditions, such as marshes and the ocean, harbor bacteria that
create CH4. They are fundamentally anaerobic as well as very sensitive to changes in their
environment. The archaebacteria genus, which includes the methanogenic bacteria, is a family of
bacteria with a variety of morphologies and distinctive genetic and biochemical characteristics
that distinguish them from other bacterial species [12], [13]. The underlying difference may be
found in the bacterial cell walls' makeup. Methanogens use some of the intermediate byproducts
of hydrolysis, acidogenesis, as well as the ultimate products of acetogenesis to create methane at
the end stage of anaerobic digestion. The two main byproducts of the first three stages of
anaerobic digestion, acetic acid, and carbon dioxide, may be utilized in one of two major
processes known as methanogenesis to create methane.

1.5.5. Acidogenesis:

After hydrolysis, acidogenic bacteria continue to break down kitchen wastes during
acidogenesis, the next stage of anaerobic digestion. These fermentative bacteria create ammonia,
H2, H2S, CO2, short volatile fatty acids, alcohols, carbonic acids, and trace quantities of other
byproducts while producing an acidic environment in the digestive tank. The organic matter is
further broken down by acidogenic bacteria, but it is still too big and unsuitable for the final
purpose of producing methane, therefore the biomass then should go through the acetogenesis
process.

1.5.6. Acetogenesis:

Acetogenesis is the process through which acetogenins produce acetate, a precursor of acetic
acid, using energy and carbon sources. Several of the metabolites produced during acidogenesis
are catabolized by these bacteria into acetic acid, CO2, or H2. Acetogenins break down the food
waste to the point where methanogens may utilize the bulk of the remaining material to create
methane as biogas. While acetic acid is the main mechanism utilized in methanogenesis to make
methane, methane may also be formed from CO2 in a process that produces water. Along this
pathway, anaerobic digestion produces the two main byproducts of anaerobic digestion, methane,
and CO2. Methane is produced at this last step of digestion. In this stage, 90% of the entire
amount of methane is produced. Additionally, CO, and, to a lesser extent, water, H,S, or N, are
emitted. Methane levels in biogas generally range from 50.00% to 60.00%.

1.6. Bacteria's Environmental Conditions:

The bacteria are temperature-sensitive. Because of this, it is necessary to maintain a specific
temperature in the fermenter to avoid killing the bacteria. Mesophilic and thermophilic bacteria
are often separated in practice. The ideal temperature for mesophilic bacteria is between 25 and
45 degrees Celsius or around 38 degrees. The temperature must be at least 45 °C for
thermophilic bacteria. Compared to mesophilic bacteria, thermophilic bacteria are more sensitive
to temperature fluctuations. Thermophilic digestion is therefore more challenging to regulate.
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More aspects have a favorable impact on the environment for bacteria in addition to a certain
consistent temperature:

i. A Humid Environment: For the methane-building bacteria to function and multiply, the
substrate must contain at least 50% water.

ii. Dark Environment: Light does not kill germs, but it does speed up the process. Therefore,
establishing a gloomy atmosphere aids in digestion.

iii. The pH-Value in The Digester: Generally speaking, every bacterium colony performs
best at a certain pH level. This is seven for the methanogens. It is advised to keep this pH
level when using a single fermenter in single-stage digestion.

iv. Nutrients: Bacteria require nutrition, vitamins, or minerals to create new cell material. In
most cases, manure offers enough nutrients, minerals, and vitamins.

v. Large Surface of Substrates: The specific surface area as well as the efficiency of the
digesting process will both increase as the substrates get finer when they enter the
fermenter. Use a very fine grind of the substrates, particularly when the retention duration
is brief.

vi. Continuous Feeding of Substrates: It's crucial to generate a substrate flow that is as
constant as possible to avoid overfeeding the bacteria. The more frequently the substrates
in the fermenter tank must be supplied, the greater their ability to degrade.

vii. Gas Outlet: Production would be higher the more readily the biogas can escape from the
substrate. The compressed gasses above the substrates shouldn't get too high to do that.
Consequently, you need a reliable gas station.

viii. Avoiding Unsettling Compounds: Some substances have unsettling or even disastrous
effects on the generation of biogas. An excellent example is oxygen, but other factors, such
as antibiotics or moldy substrates, might interfere with digestion.

1.7. Procedure Parameters: The digestive process is characterized by three basic
parameters. Which are:
1.7.1. Loading:

This refers to how many kilos of kitchen waste is put into the digester each day per m3 of
fermenter volume.

1.7.2. Retention Time:

The length of time that the substrate theoretically remains in the fermenter is known as the
hydraulic retention time. This is a computed value for a constantly stirred vertical bioreactor. The
“hydraulic retention” time properly depicts the real retention period for a plug flow fermenter. In
general, the “hydraulic retention period” may be shortened the simpler a substrate could be
broken down.

1.7.3. Degradation Percentage:

This shows what proportion of all kitchen waste is decomposed throughout the retention period.
Ordinarily, this is about 60%. It is conceivable to do more, but doing so would need a
significantly longer retention time.
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1.8.  Biogas Installation for Kitchen Wastes:

Kitchen waste has a high moisture content (usually >70% moisture) and a fragile structure,
making it a good candidate for biogas installation. As a result, if it is kept, it will likely droop,
get anaerobic, and rot. It frequently attracts animals, birds, or insects (such as crows, foxes, flies,
and rats), which can function as disease-carrying vectors. Kitchen waste biogas plants come in a
variety of forms and sizes. Either a batch-based or continuous approach is an option. Humans
can select a single stage and multistage digester, vertical or horizontal, thermophilic, mesophilic,
etc.

The majority of biogas systems run nonstop. In actuality, this means that the digester is fed with
kitchen waste multiple times every day. Concurrently, digestate is removed from the digester. A
smooth and consistent flow of biogas is produced as a result of the digester's constant content.
The feeding installation may simply be automated, and the loading of kitchen garbage is well
under control. Multi-stage digestion is frequently used and involves two or more digester tanks.
The digestate from the primary digester is frequently kept in a secondary digester tank that also
functions as a digestate storage facility. By doing this, more biogas is produced [14], [15].

Kitchen waste is the best option for creating biogas in a biogas plant at a university. It is
produced when bacteria decompose organic material in the absence of air. About 30-40% of
biogas is carbon dioxide, while 55-65% of it is methane. The “high calorific value of 4700 Kcal”
of biogas is noteworthy. The biogas generation was estimated using batch anaerobic
thermophilic digestion studies conducted over 90 days. The methylotroph population observed in
the activated sludge, which utilizes methane as only a carbon source for its development, may be
connected to the noticeably fluctuating rate of methane production. The total quantity of biogas
generated in the system throughout the research period was made up of methane or carbon
dioxide. Sodium hydroxide (NaOH) must be added to the continuously-fed digester to keep the
alkalinity and pH at 7. To create our inoculum for this reactor, we first produced our inoculum
and then erected batch reactors to which it was introduced, along with leftover kitchen garbage.
In laboratory (small-scale) reactors, biogas was produced at 37°C using a mixture of these mixed
inoculums.

2. LITERATURE REVIEW

S. Sharada et al. studied biogas production from kitchen waste. Numerous renewable energy
sources have been investigated in light of the growing need for fossil fuels as well as the harm to
the environment. The need for energy in our nation is at its height given the current situation. An
assessment of the appropriateness of alternative fuels, such as anaerobic digestion of kitchen
trash was studied to produce biogas. The issues can be solved by producing biogas with a
portable digester, which can be set up with the fewest resources possible. A 20 L biogas plant
built at lab scale uses a unique digester architecture. The digester includes components including
an inlet, exit, and gas line. The results showed that the solids or volatile solids concentration of
kitchen waste was somewhat greater (9.4% or 94.8%) than those of cow dung (8.5% or 93.2%)
[16].

Ravi P Agrahari and G N Tiwari compared various kitchen waste to aluminum-made biogas
plant ratios. Because it can be quickly broken down by microorganisms as well as being safer for
the environment than plastic, aluminum is a superior solution based for producing biogas.
Plastic, on the other hand, causes several environmental issues because it is not biodegradable.
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The greatest solution for generating biogas from kitchen garbage at the grassroots level would be
a biogas plant built of black-coated aluminum [17].

Blesson S studied the greatest choice for producing biogas in a university-level biogas plant is
kitchen garbage. Biogas has a notable high calorific value of 4700 Kcal. Using batch anaerobic
thermophilic digestion experiments over 90 days, the biogas production was calculated. Both
methane and carbon dioxide made up the system's whole biogas production during the testing
period. Sodium hydroxide (NaOH) must be added to the continuously-fed digester to keep the
alkalinity and pH at 7. To create our inoculum for this reactor, we first produced our inoculum
and then erected batch reactors to which it was introduced, along with leftover kitchen garbage.
Using a mixture of this mixed inoculum, biogas was produced at 37°C in a small-scale
laboratory reactor [18].

Lissens et al. completed a study on An up-flow biofilm reactor, a fiber liquefaction reactor that
releases the bacteria Fibrobacter Succinogens, as well as a system that adds water throughout the
process are a few of the treatments used in the biogas operation to increase the overall yield of
biogas from 50.00% obtainable biogas to 90.00%. These techniques sufficed to result in
significant improvements in the overall yield, however, the study utilized a relatively controlled
approach that provides space for mistakes when used under other circumstances [19].

A.Malakahmad et al. constructed aerated biogas Different profiles of bacterial diversity were
established inside the reactor, which has a distinctive architecture. Protozoa and fungi are present
in the system in very modest numbers, while bacteria make up over 93% of the total population
of microorganisms, according to observations of these species. The proportion of Methanotrix
or Methanococcus Methanosarcina was higher than that of other types of methane precursors in
the anaerobic baffled reactor because of their capacity for action in an acetate environment [20].

Chunsheng Zhang et al. formed a system that uses volatile fatty acids or ammonia as a buffer to
produce greater methane production while maintaining system stability. The microbial
degradation of fatty acids with long chains may be accelerated by co-digesting food waste with
other materials, such as wastewater [21].

3. DISCUSSION

Kitchen garbage is an organic substance that has a high-calorie content or nutritional value for
bacteria. This may radically improve the methane age's efficacy. It results in increased reactor
capability or limit as well as decreased biogas production expenses. Additionally, kitchen waste
is sometimes dumped or unloaded in metropolitan areas and other public areas, endangering
public health and spreading illnesses including typhoid, cholera, and jungle fever. Unlucky
trash management and unchecked unloading have a few negative effects. It not only promotes
the development of rats, mosquitoes, and other disease-carrying vectors, but it also results in
leachate contaminating surface and groundwater. It emits methane, a substantial greenhouse gas
that contributes to global warming, in addition to a horrible odor.

Research has been done in many sectors to create alternative energy sources, including those
renewable energy sources, due to the worldwide danger posed by the depletion of oil and coal, as
well as the challenges involved with their combustion. The wind, the sun, different thermal or
hydroelectric energy sources, and biogas are a few examples of renewable energy sources.
Contrary to other renewable fuels, biogas utilizes, manages, or gathers organic wastes while also
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producing fertilizer or water for irrigation of agricultural land. There are no geographic
limitations, high-tech equipment is not required, and biogas is exceedingly simple to deploy.

Anaerobic digesters can stop possible sources of environmental pollution and the spread of
infections since they also serve as a mechanism for disposing of waste, notably human waste.
The biogas method is very useful for treating animal waste and kitchen waste in agriculture.
There is a room in the anaerobic reactor where different microbial and chemical reactions
happen; the chamber should be airtight or watertight. Recent technical developments have helped
to bring down the price of producing biogas. The size of the digester can be reduced, durable
materials can be used in their manufacture, the materials that the bacteria feed on to ferment can
be changed, the effluent can be discharged differently for best results, and the rate at which the
bacteria produce gas can be increased, among many other things. The tools used in housing were
successfully designed.

3.1.  The Advantages of Biogas Technology:
1. Energy production.
ii. Creation of extremely high-quality fertilizer from organic waste.
iii. Reduction of infections leads to an improvement in sanitary conditions.
iv. Benefits for the environment through protecting soil, air, water, etc.
v. The microeconomic advantages of energy or fertilizer alternatives.
vi. Macroeconomic advantages from distributed energy production as well as environmental.

3.1.1. Renewable Energy Sources:

Organic materials are produced by humans, animals, and plants. Given that its component
components are easily reproducible, biogas is a renewable energy source. It also lessens the
damaging impacts of improper rubbish disposal.

3.1.2. Making Use of Waste:

Instead of letting the trash rot in landfills, use it and convert it into biogas. Since less carbon
dioxide, methane, and other greenhouse gases are created, there is less of an environmental
threat. Wastes are converted into energy that may be used for cooking, heating, power, or
fertilizer.

3.1.3. Brings about a Circular Economy:

Waste provided by both humans and animals can take the form of wastewater, animal manure,
food scraps, or gardening accumulations. If these wastes are not managed properly then there can
be a loss. Biogas is a better type of energy that is produced from natural waste. The waste is
converted into digestate, which is used as fertilizer, biogas, which is used in heating and
transportation systems, and gaseous gasoline, which is used for cooking and other uses. Access
to electricity is limited in some areas, which reduces residents' feelings of satisfaction. He made
a wonderful choice of choosing biogas. Small or large-scale production is practical and easy to
get started.

4. CONCLUSION

Anaerobic Kitchen waste digestion is a biological process that happens in an environment
without oxygen. Four phases make up the process, which is carried out by several bacterial
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species. Some significant elements that affect the environment in which bacteria must perform
their work have been described. It has been determined which three factors best represent the
digestive process. Based on the information provided, humans will be able to learn more about
the many options and elements for installing biogas for kitchen trash. For any prospective usage,
information and understanding of the elemental makeup or quantity of the produced biogas are
necessary. The primary goal of this study is to provide information about waste-based biogas
manufacturing. This paper will be useful in the future for understanding the value of biogas and
the benefits of its generation.
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ABSTRACT:

Humans use a range of garlic-based items as sources of medication in their everyday lives. As a
result, specialists from several professions are focused their efforts on determining the health
benefits of garlic. Garlic's broad-spectrum therapeutic effects and minimal toxicity have
scientists most intrigued about its potential as a medicine. In opposition to a variety of bacteria,
fungi, and viruses, garlic extract has antibacterial properties. More sulfur compounds in garlic
are essential to its medicinal qualities. In this research, an attempt is made to look into the garlic
has been used medicinally and may have a part in the development of medications for a range of
human maladies. The plant contains a substantial amount of nutritive value, and it also has
outstanding potential for use as a medicinal agent. The results of this investigation are required to
evaluate the therapeutic potential of this alternative, which may prove to be a fruitful avenue for
the creation of new drugs.

KEYWORDS:
Allicin, Antioxidants, Garlic (Allium sativum), Nutritional profile, Organosulfur compounds.
1. INTRODUCTION

Spices are used to enhance the taste, color, and perfume of food, but they may also have
medicinal benefits that are being researched in the treatment and even treatment of a wide range
of both chronic and acute diseases. Because of their antioxidants, anti-carcinogenic,
antitumorigenic, anti-inflammatory, glucose and cholesterol-lowering, and other bioactive
components kinds, spices have a wide range of medicinal applications [1].Garlic sometimes
referred to as “Allium sativum L.”, is a perennial bulbous plant in the family “Amaryllidaceae” .
It is widely grown for its medicinal properties. Since antibiotics and pharmaceuticals were not
readily accessible in 1550 B.C., garlic was utilized to treat typhoid, diarrhea, cholera, and
influenza. Organic sulfides, saponins, phenolic compounds, and polysaccharides are only some
of garlic's bioactive ingredients that contribute to its medicinal benefits [2].

While powdered garlic may be used as a poultice, liquid garlic mixed in water, oil, or alcohol is
the more common method. Both its chemical makeup and its biological functions are affected by
how it's prepared. However, owing to their complex physicochemical makeup, garlic's
organosulfur components are difficult to isolate, and inter-preparation variations in their relative
abundance make it difficult to replicate and verify the effects shown in individual research. 6
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Moreover, some mild gastrointestinal adverse effects have been documented despite garlic
supplements being deemed a safe medication [3].

Humans have relied on the pure forms or crude extracts of natural products derived from
animals, plants, and microorganisms for many thousands of years to cure a wide range of
illnesses. One plant that has been thoroughly studied over years and has been used for millennia
to combat infectious infections is garlic (Allium sativum L.). For a very long time, there was
debate regarding where garlic and allied taxa should be placed taxonomically. Garlic's most
recent taxonomy is as follows: This classification is based mostly on the nuclear ribosomal DNA

2 13

sequences of the classes Alliaceae, “family Alliaceae”, “subfamily Allioideae”, “tribe Allieae’,

99 ¢ 29 ¢

“subclass Liliidae”, “superorder Liliianae”, “order Amaryllidales”, and “genus Allium” [4].

Additionally, plants may reproduce both sexually and asexually via vegetative organs including
stems (like tubers, bulbs, and roots) and roots (e.g., rhizomes, adventitious buds, root tubers).
Similar to their sexual counterparts, asexual reproductive bodies are covered with dead,
protective layers, the function of which is unclear. The characteristics of the dead organs around
the asexual reproductive body using the garlic (Allium sativum) bulb. For thousands of years,
people all over the world have relied on garlic cloves for both culinary and medical uses. Figure
1 illustrates each garlic clove has a thick layer of inner peel inside of a papery, transparent outer
peel. The phrase "garlic peel," in particular, is often used to denote something or someone of low
value in the Jewish language and culture. The reproductive cloves are protected from potential
biotic or abiotic threats by the outer and inner peels, which are both dead by the time they reach
maturity. Garlic skin and onion peel preparations include antimicrobial substances as well as
antioxidants with strong radical scavenging action [5].

Outer peel § Inner peel

Figure 1: Displays the Bulb of garlic. The clove, together with the outer and inner peels,
signified.
Garlic's high quantities of sulfur compounds are what give it its therapeutic properties those

compounds are called “(Diallyl Trisulfide”, “Allicin”, “Diallyl Disulfide”, and “S-
Allylcysteine”). Cooked or raw (fresh leaves or dried cloves) (garlic oil, garlic extracts, and
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garlic powder) consumption has different effects), it has different chemical compositions and
concentrations of bioactive components). Its reputation as a healing spice and remedy for a wide
range of ailments and physical ailments goes back centuries.In today's culture, garlic is used in
some therapeutic contexts. Therefore, researchers from a wide range of disciplines are presently
focusing on exploring garlic's potential health benefits for humans [6].

Garlic may be taken in many different forms, including capsules, pills,syrups, tinctures, and oils.
Garlic ointments have been used topically to treat a variety of conditions, including ringworm,
asthma, epilepsy, rheumatism, and even as a vermifuge. Asthma patients have been given garlic
that has been sautéed in vinegar and honey. In Europe and Asia, garlic is often utilized because
of its therapeutic properties in treating wounds and other ailments. Insects are deterred or killed
by the volatile sulfur-based chemicals produced by garlic. Diallyl disulfide is one substance that
fits this description; it has a pungent odor and is very effective as an insecticide. Garlic extracts
sold commercially have been shown effective in killing insect larvae, mites, and nematodes that
feast on many different plant species [7].

Researchers are particularly interested in the medicinal benefits of garlic because of its low
toxicity and wide-ranging therapeutic effects.  Antibacterial, antifungal, and antiviral
properties[8] have been shown in garlic extract. The chemical components of garlic have been
praised by many writers for their ability to combat heart diseases, malignancy, diabetes,
hypertension, atherosclerotic, and high cholesterol [9]. Therefore, the nutritional profile and
therapeutic applications of garlic, in addition to its possibilities for drug development, are
examined in this study.

2. LITERATURE REVIEW

Utilizing the mass-loss approach, an investigation was carried out to determine the “inhibitory
efficiency (IE)”prevention, with or without Zn** availabilityan aqueous extract of garlic corrodes
carbon steel in well water, as indicated in research by K. Rajam et al.The formulations of 2
milliliters of garlic extract and 25 parts per million of zinc plus give an inhibitory effect of 70
percent forwell water is injected into carbon steel. The anodic response is largely under control,
according to the polarization analysis. Analysis of “Fourier transform infrared (FTIR spectra)
reveals that the protective coating is made up of a combination of zinc hydroxyl radical (OH)2
and iron(2+) allicin [10].

Green discoloration, which may be generated by low-temperature stress, was identified as one of
the most critical difficulties leading to inferior product quality in garlic processing by Ningyang
Li et al.two samples of untreated garlic and three samples of garlic that had been held at low
temperatures for 10, 15, and 40 days, accordingly) had their transcriptomes sequenced in their
entirety. A total of 49280 unigenes from garlic were de novo constructed, with an average size of
1337 base pairs (bp). There were 20231 that made it through the functional annotation process.
After 10, 15, and 40 days of exposure to low temperatures, respectively, some 4757, 4401, and
2034 unigenes displayed expression patterns. Since low-temperature storage is a successful
method to improve garlic decarbonization, further research is necessary to understand whether
the unigenes that we saw were differently expressed were directly involved in the greening
process or whether they were dysregulated as a consequence of the garlic's cold adaption [11].

Patients with hepatopulmonary syndrome (HPS) were included in research undertaken by Binay
K De et al. to see how taking garlic supplements orally affected their arterial blood gas
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characteristics and their overall risk of death.Twenty-one individuals with HPS were randomized
to receive either garlic supplements or placebo orally once a month for nine to eighteen months.
Baseline arterial oxygen levels were higher in the garlic supplement group after 9 months
“(83.05 mmHg vs. 66.62 mmHg; P<0.001)” compared to either the placebo group or the control
group “(68.75 mmHg vs. 64.05 mmHg; P=0.02)". The Author believes that garlic supplements
may help reverse intrapulmonary shunts and decrease hypoxemia and mortality in HPS patients
[12].

According to Mahin Bakhshi et al., the goal of their research was to determine if combining
garlic and nystatin would have any effect on denture stomatitis (DS). Forty people with Down
syndrome participated in this clinical study. Those who agreed to take nystatin or garlic extract
for four weeks did so after providing informed consent. In the first, second, third, and fourth
weeks, we assessed the extent of the erythema in both length and width. Data were examined
using SPSS and several statistical methods, including ANOVA with repeated observations, chi-
square, and least-squares differences.The length and breadth of erythema changed significantly
with therapy, and nystatin hastened healing (p <0.001). Both regimens improved (p <0.0001).
Garlic was preferred over nystatin (p <0.0001).In light of the known negative effects of nystatin
and garlic's shown effectiveness, garlic extract may be substituted for the current treatment
protocol for DS [13].

In their research, Davood Soleimani and colleagues there is mounting evidence that the bioactive
components of garlic (Allium sativum L.) may reduce hepatic steatosis via altering lipid
metabolism in the liver. The participants in this trial all had nonalcoholic fatty liver disease, and
the researchers wanted to see whether taking garlic supplements would help with the fatty
buildup in their livers (known as hepatic steatosis). One hundred and ten participants were
randomly assigned, and 98 of them completed the study.In the garlic group, hepatic steatosis
improved in 24 patients (51%) compared to 8 patients (15.7%) in the placebo group (hazard
ratio, 5.6; 95% confidence interval, 2.17 to 14.5; P=0.001). The cholesterol group had higher
levels of serum ALT and AST, fasting blood sugar, hemoglobin A1C, total cholesterol, and LDL
cholesterol (68.75 mmHg vs. 64.05 mmHg; P=0.02) than the control group did, and triglyceride
levels were all decreased by garlic ingestion (P <0.05). Weight change, calorie consumption, and
physical exercise did not affect the outcomes.The author found that garlic powder improved
hepatic steatosis and comorbidities in NAFLD patients [14].

3. DISCUSSION

Allium sativum L., often known as garlic, has earned respect as a medicinal herb with both
preventative and curative properties in many cultures. Throughout history, garlic has served as a
vital part of both traditional cuisine and traditional medicine.The Avesta, the canonical
Zoroastrian scriptures, is where this healing herb is first mentioned presumably compiled in the
sixth century BC. Garlic's healing powers were recognized by the ancient Sumerians and
Egyptians. Some historical records suggest that garlic was used as a stamina booster for
athleteswhen the first Olympic Games were held in antiquity in Greece.

An increasingly popular scientific topic among those who are wary of the side effects of
traditional treatment is the search for environmentally friendly, highly effective natural goods
and alternative medicines. One such plant that has been studied extensively with time and put to
use as a preventative and therapeutic medicinal plant is garlic (Allium sativum L) [15]. Garlic is
recognized for its immune-modulating effects, anticancer, anti-diabetic, and
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antioxidant.Substantial epidemiologic data support garlic's medicinal and preventative activities.
Several clinical and experimental studies have shown that garlic and garlic products have a wide
variety of beneficial benefits. The majority of these results may be traced back to:

i. Lowering the chances of developing heart disease,

ii. Lowering the probability of developing cancer,

1. Effects of antioxidants,

1v. Antimicrobial and antibacterial effects,

v. Improvement in hepatoprotection and foreign chemical detoxification.
3.1.Garlic's characteristics and its composition

More than two hundred chemical components, each with unique effects, are found in garlic.The
macronutrient breakdown is as follows: 2% carbohydrates, 65% water, 1.5% fiber, 1.2% free
amino acids, and 2% proteins. The B-complex vitamins, as well as the “fat-soluble vitamins A,
K, and E”, are found (K, Na, Zn, Ca, Fe, Mg, and P). The pharmacological and sensory effects of
garlic may be attributed to its organosulfur components.As a bonus, it's a good source of
minerals and vitamins, including the fat-soluble A, K, and E as well as the water-soluble C and
thevitamins in the B complex “(B1, B2, B3, B6, and BS8)”, “(Na, Zn, Ca, Fe, Mg, P, and K)”.
Garlic's distinctive flavor and aroma, in addition to its medicinal benefits, are due to its
organosulfur components.

Garlic also has different amounts of volatile and non-volatile organosulfur compounds. Several
nonvolatile sulfur precursorgarlic contains substances such -as glutamyl-S-allyl-L-cysteine and
its sulfoxide, alliin. Only fully intact garlic bulbs contain a component called alliin, which is
converted into other chemicals when the bulbs are processed further by mashing or crushing
them.Nonetheless, when garlic is processed, volatile organosulfur chemicals are released. These
compounds may be segmented into three subgroups based on the chemical characteristics of their
constituents, as illustrated in Figure 2.
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Figure 2:Demonstrates The Existence of the in Garlic Discovered Organosulfur
Compounds.

In this context, it has been said that a higher temperature and a longer period of cooking time
may contribute to a lower percentage of flavonoid and phenolic compounds. Some examples of
these types of chemicals are hesperetin and 3/4-hydroxybenzoic acid. It is important to keep in
mind that the primary indicators of the bioavailability of an eaten substance are the processes of
absorption, metabolism, and excretion. Allicin and molecules produced from allicin undergo fast
metabolism, which results in the productionof allicin's major metabolite, allyl methyl sulfide,
which is also an active metabolite. On the other hand, there is a dearth of data about the
bioavailability of organosulfur compounds. Therefore, Mikus et al.[16] shown that to ascertain
the ideal dose and describe the parameters impacting bioavailability, clinical studies with a high
sample size are required. series of clinical research to increase dosages and comprehend the
contributing aspects that affect absorption with a large number of volunteers [17].

3.2.The Values of Garlic in Terms of Nutrition:

Both fresh and dried garlic is utilized in the culinary world as a variety of different spices. It
maintains a record of the quantities presented in Figure 3 that are relevant to nutrition. In
addition, garlic contains carbohydrates, proteins, fats, vitamins, minerals, sulfur, iodine, dietary
fiber, and silicon. There is a lot of iodine in garlic, too. In addition to being tasty, it also contains
nutrients that are good for people [18]. Due to the plant's strong odor, it is frequently used as a
condiment or spice in dishes that call for both the green tops and the bulbs. Garlic not only
improves the taste of food but also makes it easier for the body to digest. It is highly praised by
some of the most luxurious kitchens in the world.

Vitamin B6 B
Riboflavin
Niacin (Vitamin (Vitanin biZ)
B
UJJ
NAsennenls
Water
e
Carbohydrate B9)
Energy, Fat
Sugar
Protein
Dietary Fiber
Beta Carotene Thiamine (Vitamin
B1)

Figure 3: Displays the nutritional values of Garlic (Allium Sativum).
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Numerous in vivo and clinical research on raw garlic and/or its preparation have been undertaken
for cancer therapy, with inconsistent outcomes from the original in vitro investigations. When
compared tothe bioavailability of the main sulfur-containing groups varies between raw garlic
and different garlic supplement formulations. The bioavailability of allicin from 9 meals and 13
supplements containing garlic was examined using the concentration curve of breath allyl methyl
sulfide, the most important garlic metabolite. It was determined which source had the greatest
allicin. The findings demonstrated that allicin from supplements had a much better
bioavailability than raw garlic that had been crushed [19].

3.3.Garlic's Therapeutic Applications:

Allicin, a biologically active component of garlic, and its derivatives have been used for a very
long time to treat a variety of ailments, along with high blood pressure, high cholesterol, heart
disease, and different cancers, like colorectal, rectal, stomach, breast, prostate, and bladder
cancers like an antilipemic, hypoglycemic, enlarged prostate (BP-hyperplasia), metabolic
syndrome, and osteoarthritis. It also strengthens the immune system and prevents and treats
fungal and bacterial infections.To say that garlic is one of nature's beautiful herbs with healing
potential is an understatement. It has anti-tumor qualities and may suppress and kill germs and
fungus.

Additionally, it prevents blood clotting and decreases blood pressure, cholesterol, and glucose
levels. It also strengthens the immune system, which is a bonus, which helps in the battle against
illness and the general upkeep of health. It may speed up the elimination of waste materials by
stimulating the lymphatic system. Also, it helps prevent cell damage caused by free radicals, so
it's a win-win as an antioxidant. Some types of cancer, heart disease, stroke, and infectious
diseases may be averted. There are approximately 200 unique compounds in garlic alone, and
they may help protect the human body from a broad range of ailments. Inducing the formation of
certain protective enzymes in the human body, the sulfur-containing chemicals in garlic provide
a protective shield.

i. Anti-diabetes:

Ohaeri [20] performed experiments on diabetic animals, including rats and mice with alloxan-
induced diabetes mellitus, and found that garlic significantly decreased blood glucose levels. In
individuals with diabetes, garlic considerably lowered blood total and LDL cholesterol and
marginally elevated HDL cholesterol comparison to a placebo. S-allyl cysteine, an isolated
bioactive component from garlic, improved erection performance in diabetic rats by suppressing
ROS generation and modulating NADPH oxidase subunit expression.

ii. Antioxidant Activity:

Catalase and glutathione peroxidase, two antioxidant enzymes, are increased in blood after
consuming either whole garlic or aged garlic extract, both of which have antioxidant capabilities.
Also shown to have strong antioxidant properties is S-allyl cysteine, an amino acid found in
garlic. Researchers have determined that the sulfur compounds in fresh garlic are roughly a
thousand times more powerful as antioxidants than those in crude, old garlic extracts.The 10%
homogenate in physiological saline solution and its supernatant have both been studied for their
potential to neutralize the radicals contained in cigarettes.Additionally, when dried garlic is
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crushed, allicin, another substance that is present in large amounts, is produced. New research
indicates that as allicin breaks down, it releases sulfenic acid, a powerful antioxidant.

iii. Cardiovascular Activity:

Worldwide, cardiovascular disease and poor blood flow are the main causes of mortality. Heart
attacks caused bythe primary factor contributing to death in the United States is coronary artery
disease. Plaque builds up over time, causing the arteries that provide blood and oxygen to the
heart to become narrower and smaller. Reduced blood flow to part of the heart causes that area to
become oxygen-starved and eventually suffer a heart attack.Heart disease is caused mostly by
two factors: excessive blood pressure and high blood serum cholesterol. Studies on rabbits
investigating garlic's potential involvement in preventing and treating cardiovascular disease
discovered that it was able to repair atherosclerotic lesions and deposits that had already formed.

iv. Antifungal Activity:

The primary ingredient in garlic, called ajoene, is very effective as a topical antifungal agent. For
use against Cryptococcus, other types of Candida, Malassezia furfur, Candida albicans, and
Aspergillus it performed well in lab tests, garlic was shown to prevent the growth of fungal
illnesses almost as well as the medicine ketoconazole. Mice treated with liquid garlic extract had
much fewer Candida colonies, according to the research. According to the results, garlic also
boosted phagocytic function. Since garlic boosts the immune system, it may be able to prevent
and treat infections like Candida. If you put some garlic oil on your problem areas, you may see
improvement in conditions like ringworm, skin parasites, and warts. Rabbits and guinea pigs
with lesions caused by skin fungus responded well to topical treatments of garlic extract, with
signs of healing visible after only seven days.

v. Anticancer Activity:

Garlic has several health benefits, but one of the most notable is its ability to slow the
progression of cancer. It has some interrelated actions that make cancer less likely to develop or
spread. Immune effector cell activity may be boosted by garlic-like T-cells and NK cells. Garlic
is effective in preventing cancer, particularly malignancies of the digestive system, in a wide
range of epidemiological, clinical, and laboratory settings. Garlic has been demonstrated to lower
the incidence of esophageal, stomach, and colon cancer in human population studies. The risk of
pancreatic cancer was shown to be 54% reduced with increased ingestion of garlic. Numerous
organosulfur compounds generated from garlic, including fresh garlic extract, aged garlic, garlic
oil, and many more, have been demonstrated in studies to have anticancer properties. The high
organosulfur component level of garlic is thought to be what gives it its chemopreventive
benefits. Fresh garlic is less efficient than aged garlic extract in scavenging free radicals. The
two main components of aged garlic, “S-allyl cysteine” and “S-allyl mercapto-L-cysteine”, were
shown to exhibit strong anti-free radical activity [21].

Since ancient times, the herb garlic “(Allium sativum L.)” has been utilized in traditional
medicine and the plant has been linked to several physiological functions ever since. Because of
its high concentration of bioactive compounds, garlic has found widespread use in the
pharmaceutical industry. In addition to being a well-known spice or seasoning in continental
cuisine and containing essential minerals, vitamins, and proteins, this plant also offers a wide
range of potential pharmacological actions against some potentially fatal illnesses and
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conditions.In addition, it helps prevent cell damage caused by free radicals since it is a potent
antioxidant. Supported and assisted organs include the heart, stomach, blood vessels, and lungs.
Wound infections from the common cold, malaria, coughing, and pulmonary TB may all be
effectively treated with garlic, as can high blood pressure, STDs, mental illness, kidney and liver
dysfunction, asthma, diabetes, and eczema. Abnormalities in enzyme function, impaired DNA
repairing, reduced oxygen consumption, lipid peroxidation, and protein oxidation are only some
of the side effects of heavy alcohol consumption. When consumed orally, raw garlic's
antioxidant properties protect tissues from the damaging effects of oxidative stress.

3.4.Garlic has an adverse impact:

Common side effects of garlic include bad breath, particularly after eating raw garlic. High doses
may also cause nausea and vomiting, so moderation is key. Juice from a single bulb may not
seem like much, but it packs a powerful emetic punch because of its concentrated nature. Topical
garlic burns are rare but have been reported despite garlic's typically low-risk profile.Allinase, a
protein found in garlic, has been linked to the development of IgE-mediated hypersensitivity
reactions to food in very rare cases. Therefore, garlic should be avoided by those on
anticoagulant medication, as is often advised in the scientific literature. An 87-year-old man was
diagnosed with a spinal or epidural hematoma that occurred spontaneously due to platelet
dysfunction caused by eating too much garlic.

4. CONCLUSION

As a source of several non-toxic, physiologically active chemicals, garlic is a safe food choice.
From ancient times on, the whole plant has been used for its many culinary and medicinal
applications, including as a seasoning for soups, sausages, and salads. Garlic's healing properties
come from the high quantity of sulfur compounds it contains. Allicin, garlic's primary
biologically active component, and its compounds have several culinary and medical use. It's an
easily accessible, low-risk supply of bioactive compounds with a wide range of potential medical
applications. Historically, people have utilized the whole plant, from roots to flowers, for
culinary and medicinal purposes. Garlic's therapeutic qualities come from the plant's high
concentration of sulfur compounds. Therefore, additional pharmacological study into its
medicinal usefulness in bettering human health is required.
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ABSTRACT:

The pharmaceutical industry and other medical businesses have benefited from breakthroughs in
microbiology. To prevent the spread of communicable illnesses, pharmacists or microbiologists
are collaborating to create novel antimicrobial medications. Microbes are being used
collaboratively to develop tailored medicine delivery systems while ensuring that the hosts are
not harmed. Another significant contribution of microbiology to the creation of drugs is
vaccines. A microorganism may also produce bioproducts including steroids, which even
pharmaceutical companies can then employ. To improve medications, the pharmaceutical
industry also uses microbiological methods like a genetic alteration. Food engineering is the
practice of using microbes to increase the amount as well as the quality of food. This paper will
discuss the value of microbes in the food and pharmaceutical sectors as well as the state of the art
of the current methods employed in both.
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1. INTRODUCTION

Utilizing fungus, bacteria, or viruses as well as other microbes in the production of medicinal,
food, as well as agricultural goods is known as biotechnology. Researchers and farmers are
striving to use microorganisms as a damaging pest control strategy for crops. For the
decomposition of organic waste and the recycling of dead plant material, soil microorganisms
such as bacteria and fungi are crucial [1], [2]. These microscopic bacteria and live cells are used
in biotechnology or biomanufacturing to create essential goods including enzymes, amino
acids, medications, and food additives. Fermentation processes are naturally carried out by
microbes, and for thousands of years, man has employed yeasts, molds, or bacteria to generate
many different food items, including bread, beer, wine, vinegar, cheese, or yogurts, such as
fermented meat, fish, or vegetables. To make a range of oriental culinary items, microbes are
utilized to ferment various types of food. Numerous biological preparations that are crucial in the
fields of medicine or pharmacy have been created by using microbes in enormous quantities [3],

[4].

The scientific field of microbiology is concerned with microorganisms. Microorganisms are tiny
living creatures with one cell, many cells, or no cells. Single-celled creatures such as cocci,
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bacilli, virions, and spirilla are considered unicellular. Including blue-green algae
(cyanobacteria), fungi, protozoans, or bacteria, multicellular creatures are filaments or sheaths
that form cell colonies. In contrast, acellular organisms lack cells and include viruses as well
as prions [5], [6]. These bacteria can only be seen under a microscope and are not visible to the
human eye. Microorganisms need a source of energy and sustenance to live and thrive, just like
other living things do. While some bacteria are dangerous, many are useful to humans. Figure 1
shows the major use of microbiology in the different sectors [7], [8].

Figure 1:1llustrate Microbiology's use in numerous sectors

1.1.  Use of microbiology in the Food and Pharmaceutical Industry:
1.1.1. Food Industry:

In addition to agriculture, the food business has many wonderful uses for microorganisms. The
amount and quality of the food produced are significantly influenced by bacteria. Pasteurized
milk is inoculated with a particular culture of bacteria to cause fermentation. Yogurt and cheese
are two examples of the various fermented dairy products that may be made. They are employed
to modify a substance's nature into one that may be utilized safely as food. For instance, the
manufacture of pieces of bread and wines from sugar and the production of yogurt or cheese
from milk. Below is a description of a few significant industrial food items:

1.1.1.1.Microbial Development and Food Spoilage:

Different foods provide the ideal conditions for the growth of microbes. Microbial growth is
influenced by a variety of factors, including nutrients, pH, physical food composition, moisture
content, or environmental factors including temperature, relative humidity, and gases (CO2, O2).
As a consequence, given the favorable conditions that internal and external factors produce,
bacteria flourish, leading the food product to decay and degrade into an unappealing, moldy, or
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rancid-smelling mass that is inedible. Aside from these obvious changes, microbial growth in
food may also cause color changes, the deposition of powdery growth, effervescences on food
surfaces, etc. Microbes may contaminate food at any step of production, including during
growing, harvesting, transportation, storage, and final preparation. Foods that are not stored
properly may also go bad. Meat and dairy products that are high in protein and fat provide the
ideal environment for microbial degradation, which results in proteolysis or putrefaction of the
food goods. Fruits and vegetables deteriorate differently than meats and poultry because they
contain far less protein and fat [9], [10].

1.1.1.2.Bacterial Yoghurt Manufacture:

A bacterial culture is introduced to milk to make the dairy product known as yogurt. Any type of
milk may be used to make it, although cow's milk is most frequently utilized. Yogurt may be
made using a range of milk types, including whole, dry, evaporated, skimmed, or semi-skimmed
milk. The bacteria Streptococcus thermophiles, Streptococcus salivarius, or Lactobacillus
bulgaricus fermented lactose, the milk sugar, and make lactic acid as a result. Collectively, these
bacteria are referred to as LABs or Lactic Acid Bacteria. Lactic acid is created as a waste product
by the bacteria when they feed on the lactose in milk. Lactic acid produced by bacteria eating
casein, a milk protein, causes it to solidify into a substance called curd. Yogurt gets its mushy
texture and taste from the fermentation of lactose sugar into lactic acid. The production of lactic
acid in yogurt increases its acidity, which inhibits the growth of other potentially hazardous
bacteria. Both pasteurized and unpasteurized milk might be used to make yogurt. Full
fermentation may be achieved by combining two or more bacterial strains. The fruits may either
be arranged at the bottom or followed by flavored and sweetened yogurt.

1.1.1.3.Making Bread with Yeast:

Making bread requires the use of yeast. Carbon dioxide is produced when yeast culture is
introduced to flour, water, and other ingredients. This carbon dioxide is then trapped in the flour-
based dough. The dough is raised by CO2 to create the bread. Most often, starch-containing
wheat flour is utilized. Starch serves as the yeast's energy source. Additionally, the gluten protein
in the wheat causes the sticky, elastic threads to form as the yeast inoculum reacts with the
starch. These threads cause the bread to rise by capturing CO2.

1.1.1.4.Producing Chocolate using Yeast or Bacteria:

Microbes are used in the production of chocolate. Cacao tree seeds are used to make chocolate.
These seeds are found in the white, meaty pods of the cacao tree. To remove the seeds from these
pods, the pods must first ferment with naturally occurring microorganisms, mostly bacteria or
yeasts such as Lactobacilli or Acetobacter. Because of the increase in temperature during yeast
fermentation, the ethanol generated by these microorganisms kills the beans and contributes to
the taste of the chocolate. The fermentation process in chocolate is what creates the fragrances,
flavors, and vibrant hues. Acetic acid fermentation or alcoholic fermentation are the two steps
that make up this process. In the first step of this procedure, yeast activity in the cocoa pulp
transforms the sugar into alcohol. The alcohol is then oxidized by microorganisms, yielding
acetic acid.

The benefits of using microorganisms in the food industry

1. Using microorganisms as a food source has the following advantages:
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ii. Microbes develop quickly and require less room than they would in a typical setting.

iii. The cells of microbes have a high protein content. They are also useful in recycling and
reusing materials or so clean up waste products, having a protein content of roughly 40—
50 percentage points in bacteria or 20 to 40% in algae.

iv. They are quite productive.

v. They are less affected by external influences; for example, the climate has no real impact
on them.

vi. All of the necessary amino acids are present in the proteins of the microorganism.

vii. Some microorganisms, mostly yeasts, have high vitamin content.

Their development may be acquired on a wide range of inexpensive, agricultural wastes and
industrial by-products, namely, methanol, ethanol, various petroleum products, molasses,
sugar, waste from paper mills, etc.

1.1.2. Use of Microbiology in the Pharmaceuticals Industry:

Pharmaceutical industry: By comprehending the human cell process, pharmacists are inventing
numerous antibacterial medications to stop an increasing variety of communicable illnesses. To
make sure that medication treatments target opportunistic bacteria without damaging their human
host, they collaborate with microbiologists. Another important role for microorganism research
in medicine is the use of proteins like Bacteriorhodopsin, which comes from the cell membrane
of Halobacterium salinarum.

The role of microorganisms may be supported by the high association between certain disorders
and microbial activity. Countless advancements in microbiology have led to numerous
discoveries and breakthroughs in the realms of medicine and pharmaceuticals. Moreover, several
microorganisms play a significant role in the immunological or even digestive systems in
addition to causing a variety of microbial infections or infectious illnesses like HIV. Pharmacists
and microbiologists are collaborating to develop medication treatments that must focus on the
bacteria that cause pathogenic organisms rather than the human body's host cells.
Bacteriorhodopsin, a protein found in the plasma membrane of the “bacterium Halobacterium
salinarum”, is one of several significant medicinal products that are produced using
microorganisms. The following is a description of the advantageous goods that are produced by
using microorganisms in the pharmaceutical businesses:

1.1.2.1.Production of vaccine:

A vaccine is produced only from biological byproducts of agents that are disease-causing
bacteria or closely resemble them and have the capacity to provide immunity against a particular
ailment from the causative organism from which the biological preparation was manufactured.
These biological preparations may be manufactured from the poisons or surface proteins of
pathogen-causing organisms, but they are often created from dead or weakened forms of
microbes. The majority of vaccines have no adverse effects, and the health department has
protected millions of children from a variety of opportunistic infections and diseases that have
resulted in a sizable number of deaths in the past by assuring the regular immunization program.

Live, non-virulent microorganisms are included in several vaccinations, and their virulence is
reduced by growing them under conditions that make it difficult for a new culture of the microbe
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to cause illness. Most attenuated vaccines are created using bacteria and viruses. These are the
shots that are often used to protect against rubella, measles, mumps, or yellow fever.

1.1.2.2.Probiotics:

The microbial equilibrium of the gut is improved by using live bacteria or other microbial
supplements, which have positive effects on the host. They are the compounds that one microbe
secretes to encourage other microorganisms. “Lactic acid bacteria or bifidobacteria” are the most
often employed microorganisms as probiotics. Yogurt, soy yogurt, and nutritional supplements
all contain the active living probiotic culture.

1.1.2.3.Antibiotics:

Antibiotics are antimicrobial substances that have the power to either stop bacteria and fungi
from growing or kill them. These are the substances that the microbe creates and which work to
prevent the growth of germs. The bulk of antibiotics used today is naturally occurring
compounds obtained from bacteria, such as penicillin and certain fungi, thanks to advances in
medical science.

2. LITERATURE REVIEW

Michael O. Okpara studied about applications of microbiological enzymes in the food industry.
Because enzymes are environmentally neutral and don't produce greenhouse gases or energy-
intensive waste products, they are replacing chemicals in several industrial manufacturing
procedures. Since microbial enzymes have so many uses across a wide range of industries
(including the textile, leather, research and development, pharmacological, agricultural,
detergent, waste, or biorefineries, as well as the photography as well as food industries), they are
crucial to many manufacturing industries. This overview discusses the use of certain significant
microbial enzymes in the food business as well as the microbial origins of the enzymes.

Tim Sandle studied Food science and has long recognized the importance of water activity,
particularly when evaluating food preservation or identifying the microorganisms that might
endanger the production process in connection to certain ingredients. Less study and debate have
been done on the effects of water activities and understanding the hazards associated with
medicinal items [11].

Rajendra Singh et al. studied about commercial uses of microbiological proteases.One of the
most popular commercial enzymes, proteases catalyze the breakdown of protein peptide bonds.
There is potential for microbial proteases to be used in a variety of industries, such as detergent,
silver recovery, leather, baking, beverages, dairy, as well as pharmaceutical sectors. These
hydrolytic enzymes are effectively used in the food business to improve nutritive
value, palatability, digestibility, and flavor, and reduce allergenic substances as well as in the
treatment of household and industrial wastes. Additionally, they work on the synthesis and
clarification of protein structures [12].

3. DISCUSSION

A database search on PubMed, Google Scholar, Science Direct, Research Gate, as well as other
websites was used to conduct the current review study. Terms like Food Industry, fertilizers,
Microbiology, microorganisms, and pharmaceuticalwere mixed throughout the evaluation
process. Title or abstract screening was used at the records review's preliminary stage. The
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Records were excluded for a variety of reasons, including incomplete information, redundant
research, or unextractable data. In Figure 2 below, more information on the methodology utilized
to conduct the review research is given.

The functions of microbes in the pharmaceutical and food sectors have been examined in this
essay. Both traditional and cutting-edge methods of using microorganisms in these sectors have
been discussed. The pharmaceutical businesses still employ conventional or rudimentary
methods, but this research has shed light on novel strategies including using marine
microorganisms, synthetic microbes, gut bacteria, or their byproducts like enzymes or steroids to
improve the goods produced by the pharmaceutical industry. The significance of quality control
has also been explored in relation to the provision of products that are hassle-free and benefit
humanity. Louis Pasteur pioneered the use of microbes in food through the use of fermentation
processes. The use of conventional methods to create wine, yogurt, cheese, beer and other
products is still used now and will continue to be in the future. Additionally, the development of
cutting-edge technology for the production of prebiotics, probiotics, or synbiotics as well as the
use of Xanthan gum as food additives, ozone for the disinfection of food surfaces, and microbes
as SCP have benefited and improved civilization. Fast-growing businesses like pharmaceutical
but also food are aiming to deliver the greatest products for the welfare and improvement of
future generations.

Kevwords; Food
Industry, fertilizers,

micmorganis;ns, I Identification of Previous

pharmaceutical. Records from Daiabases

Screening of Records

Retrieval of Studies Sought

l

Studies Screened for Eligibility

I

Studies Included for analysis
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Figure 2: Illustrate the Methodology Design of this Study.

The study of microscopic creatures, including bacteria, protozoa, fungi, and other similar species
that are invisible to the unaided eye, is known as microbiology. When researchers found a link
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between bacteria and particular diseases, they realized the importance of studying these tiny
creatures. The contributions of microbiology to medical advancements, particularly in the
pharmaceutical and biomedical sectors, have produced major discoveries ranging from
vaccinations to equipment. The growth of the cosmetics industry and scientific advancements in
microbiology created the ideal conditions for the study of cosmetic microbiology. Cells naturally
defend against microorganisms that enter our bodies, and the formation of pus or inflammation
in wounds is a common example of this. In the immune system, macrophages are essential
because they can take up germs that enter via open wounds. But since microbes can mutate and
adapt fast, they may cause opportunistic infectious diseases like the "Human Immunodeficiency
Virus" (HIV). Contrarily, bacteria may help humans in ways akin to how lactobacillus, a kind of
"good bacteria," functions in our gastrointestinal system. By understanding the fundamentals of
microbiology or human cell mechanics, pharmacists may discover antimicrobial drugs that
would halt an expanding number of infectious disorders. Pharmacists and microbiologists work
well together to ensure that drug therapies target opportunistic bacteria without harming their
human hosts. A vital component of the pharmaceutical business is the use of microbes for
medically important research, including Bacteriorhodopsin, a protein from the plasma membrane
of “Halobacterium salinarum”.

Microorganisms come in thousands of various varieties, and they may be found in food, in the
intestines of both humans and animals, and the air, soil, or water. Food production, preservation,
processing, and storage all depend on microbiology. Foods (including wine, beer, bread goods,
milk products, etc.) or food components are produced using microbes like molds, bacteria, or
yeast. Microbial contamination of food, on the other hand, can happen at any stage of the food
manufacturing process. Growing, harvesting, moving, storing, or preparing in the final stages. In
this sense, microbial growth in food can also result in outward modifications, such as color
changes, the deposition of powdered growth, the loss of organoleptic properties, or
effervescences on the food's surface.

The demand for food sector products is anticipated to climb even further as the world population
continues to rise. As a result, it is anticipated that both the demand for enzymes with applications
in the food sector and the size of the worldwide market for food enzymes would continue to
grow. To address the need for industrial enzymes, research focused on the development of new
enzymes with use in the food industry must be increased. Microbes could be genetically altered
to produce excess enzymes with desirable biochemical properties and increased enzymatic
activity thanks to breakthroughs in biotechnology. Additionally, it is possible to encourage the
genetic fusion of enzyme genes from other microorganisms to produce chimeric enzymes. This
allows for the use of a fusion enzyme in many industrial manufacturing processes, saving money,
time, and materials normally required to produce multiple enzymes with various functionalities.

4. CONCLUSION

The biological sciences' most renowned and quickly expanding subfield, biotechnology is
finding a variety of uses in sustainable agriculture. Biotechnology has a significant impact on
sustainable agriculture but has led to the development of biopesticides, bioherbicides,
biofertilizers, bio insecticides, and numerous other fungal and viral insecticides. Microbial
fermentation is another method used to produce several other significant food items. At certain
phases of the food manufacturing process, different microorganisms are added to provide the
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required results for the meal. Manufacturing of various pharmaceutical and therapeutic goods is a
part of pharmaceutical microbiology.

This review paper provides a thorough description of the bacteria mostly utilized in
the pharmaceutical, food, and agricultural sectors. Industrial microbiology deals with the mass
production of industrial goods or food using microorganisms. Industrial microbiology makes use
of a variety of microorganisms, including laboratory-selected mutants, naturally occurring
species, or even organisms that have been genetically altered. More and more individuals are
taking sides in the debate against the use of “genetically modified organisms” (GMOs) in food
sources, which is rapidly gaining momentum. Furthermore, contemporary civilization is firmly
rooted in the industrial use of germs. The many microorganisms utilized in the industry are listed
here, along with a brief overview of the roles they play.
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ABSTRACT:

Heavy metals are hazardous to all life forms and are found in abundance in nature. Heavy metal
pollution of water and soil is a result of rising industrialization, urbanization, and unsafe farming
techniques that contribute heavy metals to the environment continuously. Because of the
negative effects, heavy metals have on the ecosystem, numerous methods for remediation have
been devised. Nonetheless, the preponderance of these has downsides of their own. Metal
detoxification by microbial bioremediation is efficient, cost-effective, and ecologically friendly.
The present aims at reviewing the research studies documenting the efficacy of using bacterial
strains, fungal agents, and algae for effectively remediating the heavy metals in soil, water, and
other contaminated area. It has been found that there is strong evidence and preference for
microbial bioremediation as effluents generated from the industry as well as the use of pesticides
are requiring heavy metal removal on an urgent basis with higher efficacy and lower cost.
However, there are still gaps and opportunities to address which can help enhance the process of
microbial remediation.

KEYWORDS:
Bioremediation, Bacteria, Heavy Metals, Microbial Remediation.
1. INTRODUCTION

The term "heavy metal pollution" primarily refers to the accumulation of heavy metals such as
lead, cadmium, mercury, chromium, and other bio-toxic different heavy elements in any part of
the ecosystem at concentrations above background levels. Metals are not biodegradable, and
biological amplification can raise their concentration hundreds of times [1].

Human activities such as industrialization, urbanization, technological development, and
dangerous agricultural practices have increased pollution and deteriorated the ecosystem at an
alarming rate. The resulting environmental deterioration with poisonous chemicals and harmful
heavy metals has surface water, contaminated soil, and groundwater, posing an imminent threat
to all living forms on Earth. Heavy metals are hazardous and cannot be reduced to innocuous by-
products by chemical, biological, or physical mechanisms. As a result, unlike organics, their
environmental longevity can be significant and can only be changed to less harmful forms.

There are emerging concepts of bioremediation as the conventional methods go outdated with
high cost, environmentally disastrous, and low efficacy. It has been noted that, out of all the
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bioremediation techniques and other chemical treatments, bioremediation by microorganisms has
more preference over others as illustrated in Figure 1. The amount of waste from heavy metals
has dramatically grown since the industrial revolution. Industrial processes and the use of fossil
fuels mobilize toxic metal species that ultimately concentrate via the food chain and cause issues
for the environment and human health. Due to their incorporation into enzymes and co-factors, a
few of these metals are absorbed as necessary nutrients [2], [3]. Certain heavy metals cause
microbial cells to become poisonous (i.e., mercury, lead, cadmium, arsenic, and silver). The
main sources and the types of heavy metal contaminants associated with them are enlisted in
Table 1. While bacterial chromosomes also feature genes that are resistant to a number of the
same metal ions and oxyanions of heavy metals as do plasmids, resistance mechanisms have
often been identified in plasmids.

B Microbial Remediation
B Phytoremediation
Chemical Treatment
Contain and Evacuate
H Others

B Pimp and Treat

Figure 1: A Graphical Representation of Preferred methods for Heavy Metal Remediation.

Table 1: Enlisting the Anthropogenic Factor and Activities Resulting in Heavy Metal

Contaminations.
Sources Heavy Metals
Industry As, Cu, Cr, Cd, Co, Hg, Ni, Zn
Metalliferous Smelting and Mining As, Hp, Pb, Cd
Agriculture As, Cr, Cd, Zn, U, Se, Pb
Waste Disposal As, Cu, Cr, Cd, Zn, Hg, Pb
Atmospheric Deposition As, Cr, Cd, U, Pg, Hg
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Bacteria have developed many types of systems to withstand the absorption of heavy metal ions
to thrive in metal-stressed environments. The reduction of heavy metal ions to a less hazardous
state accumulation, the efflux of metal ions outside the cell, the complexation of metal ions
inside the cell, and precipitation are some of these mechanisms. Bio sorption to the cell walls and
trapping in extracellular capsules are also among them.

The demonstrated ability of microorganisms, particularly bacteria, fungi, and algae to sequester
and transform poisonous compounds has led to the development of microbial bioremediation as a
viable method to lower the concentrations of heavy metals in the environment. Despite reports
that several bacteria, fungi, and algae may remove heavy metals, the published data has not yet
undergone a thorough analysis to provide recommendations for the most effective microbial
resources to be used in bioremediation. Hence, the present study is carried out to evaluate the
published studies documenting the microbial species and specific strains for the remediation of
heavy metals.

The present paper is divided into a total of five sections. The first section discusses the
introduction and the agenda behind carrying out the study, the second section provides the
literature review on microbial species and strains having the ability to effectively remediate the
heavy metals in the ecosystem and the third section provides the methodology used to carry out
the selection and retrieval of records. The fourth section provides a critical discussion on the
future considerations as well as the barriers and opportunities of microbial bioremediation of
heavy metals followed by the conclusion in the fifth section.

2. LITERATURE REVIEW

The main type of microorganisms that are preferred are bacteria, fungi, and algae as illustrated in
2 and there are many research studies documenting their use for remediating heavy metals.

Bacteria

Fungi Algae

Figure 2: Illustrating the Three Major Microbial Sources for the Remediation of Heavy
Metals.
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2.1. Heavy Metal remediation by Bacteria

Wau et al. isolated cadmium (Cd2+)-resistant bacterium, which was identified as Pseudomonas
sp. 375 based on its biochemical traits and 16S rRNA gene. They examined how several factors,
including contact duration, beginning pH, and initial Cd2+ concentration, affected Cd2+
absorption. The results of their study demonstrated that for living and nonliving cells, the
maximal biosorption capabilities were 63.29 mg g1 and 92.59 mg g1, respectively. In addition to
that, it has also been found that for both biosorbents, the firmly bound Cd on the cell wall was a
key factor in Cd2+ adsorption [4].

In another study by Al-Dhabi et al. the industrial metropolis of Riyadh, Saudi Arabia was used
for obtaining 23 bacterial strains in a soil sample that had been polluted with cadmium (Cd). Six
of these isolates were shown to be able to tolerate cadmium exposure and grow effectively. To
ensure their identity, the isolates underwent analysis of their 16S rDNA gene sequence and
biochemical properties. The results of their study demonstrated that Al-Dhabi-124 and Al-Dhabi-
126 had significant Cd-degrading activity. At pH values between 6.0 and 8.0, the bacterial strain
Al-Dhabi-126 demonstrated the highest Cd removal efficiency. In addition to that, their study
also revealed that the effectiveness fell quickly with increasing pH. The isolate discovered that
the Cd removal procedure worked best at a pH of 6.0 and a temperature of 50 °C [5].

Sodhi et al. isolated three strains and subsequently investigated the maximal tolerance index. The
strain MMA from among the three isolates was chosen because it had the greatest resistance to
heavy metals. The results of their study revealed that the strain belongs to the genus Alcaligenes,
according to biochemical characterization and phylogenetic studies based on 16S rRNA gene
sequencing. The results of their study revealed the removal of Cu2+ during 72 hours (88.45%),
followed by Nickel (82.45%), Zinc (69.99%), Cadmium (63.04%), and chromium (48.93%) [6].

Kalpana et al. isolated an exopolysaccharide (EPS) generating bacterium, which they
characterized using 16S rRNA to identify it as Bacillus cereus VKI1. The cells were also used
for environmental remediation of Hg2+, which was measured using the stripping voltammetry
technique. The findings showed that 20 mg (DCW) of Bacillus cereus VK1 cultured in LB can
sequester up to 80.22 g Hg** in 20 mins, while bacteria cultured in the RSM-optimized M9
medium can absorb up to 295.53 g Hg2+[7].

2.2.Heavy Metal remediation by Fungal Agents

Alzahrani et al. evaluated the ability of 10 endophytic fungal species originating from various
plants that grow in contaminated areas to tolerate and effectively remove both Zn and Hg from
aqueous solutions. Aspergillus tubingensis Merv4 had the strongest resistance to zinc (Zn** and
mercury (Hg2+). Additionally, it showed varying degrees of resistance to a variety of additional
toxic metals, including pb**, Cr®*, Cd*** and Ni*** Dead biomass of the A. tubingensis Merv4
strain showed the ability to completely remove (100%) zinc & mercury from aqueous solutions
under the correct circumstances [8].

Paria & Chakraborty carried out another study in which they screened out different fungal strains
for heavy metal tolerance. The results of their study revealed that Aspergillus penicillioides F12
(MN210327), had the most active heavy metal tolerance. It demonstrated resistance to Cd(II),
Hg(II), and Pb (II), up to 1000 ppm [9].
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2.3. Heavy Metal Remediation by Algae

Atoku et al. tested the efficacy of Chlorella vulgaris, Oscillatoria limosa, and Nostoc
commune, in removing heavy metals (Cd, Fe, Cu, Pb, Ni, and Zn) from effluent obtained from a
metal rolling mill industry. The findings showed that after 45 days of treatment, the microalgae
were capable of removing heavy metals with an efficiency ranging from 10% (Cu) to 90%.
(Pb) highlighting the ability of microalgae effectively remove significant amounts of metal from
effluent [10].

Tan et al. conducted a study in which they isolated Chlorella sorokiniana FK from lead-zinc
tailings for Pb(II) biomineralization in soil with or without the addition of montmorillonite
(MMT). Their findings showed that using a Chlorella-MMT composite resulted in enhanced
Pb(Il) biomineralization. They also found that MMT aided in the solidification and
detoxification of Chlorella Pb. The MMT included and supported both the photosynthetic and
urea hydrolysis processes. The above studies have carried out the use of different
microorganisms like algae, bacteria, and fungi for the removal of different heavy metal
contaminants like Pb, Cd, Ni, Zn, Hg, and Cu. However, the present study makes a significant
difference by providing a comprehensive approach.

3. METHODOLOGY

The information for this review study was found utilizing a range of specific keywords in an
electronic database ("PubMed," "Scopus," "Google Scholar," and "Science Direct.") search
strategy. Relevant documents were found and sorted using screened search. The following
keywords were used: "Remediation," "Heavy Metals," "Metal Ions," "Microorganisms,"
"Bacteria," "Pesticides," ‘“Microbial Remediation” and "Bioremediation." Figure 3 below
provides the methodology of the current review research.

Keywords: —
“Remediation, " "Heavy Fubhied
Metals," "Metal Tons," scupqs
"Microorganisms," Googie

o - Records Identification from
"Bacteria." "Pesticides."” - . Scholar
“Microbial ratavases Science Direct

Remediation™ and
"Bioremediation."

Records Screening

Studies Sought for Retrieval

Studies Screened for Eligibility

Studies Included for analysis

Figure 3: Illustrating the Methodology Used to carry out the Present Review Work.
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4. DISCUSSION

To summarize, the present work supports that using microorganisms for heavy metal
bioremediation is economical, efficient, and favorable to the environment. Microscopic
organisms are everywhere around us and grow quickly. They get used to the heavy metal ions in
areas with heavy metal contamination. They interact with the metal ions with a variety of
mechanisms as illustrated in Figure 4 and subsequently create coping and resistance
mechanisms. Different interactions and strategies are used by microorganisms in the
environment of inorganic metals. In the process of bioremediation, microorganisms convert the
organic contaminants to final metabolites like metabolic intermediates or water and carbon
dioxide that are used as the main substrate for cell development and/or as a source of energy via
various metabolic activities. Understanding genetics and heavy metal resistance pathways have
helped with the creation of heavy metal pollution control strategies.

p ____ N
ABBE S
Figure 4: Illustrating Different Mechanisms of Microorganisms by Which they Interact
with Heavy Metals.

Pesticide and heavy metal remediation by microorganisms are being used to detoxify pollutants
due to their exceptional benefits of cheap cost and great efficiency. However, its broad variety of
applications is not without limitations. It warrants more investigation as a molecular detoxifying
method to increase the uptake of pesticides and heavy metals by microorganisms. The primary
resistance strategies of microbes to contaminants include enzymatic detoxification, active export,
and intra/extracellular sequestration, which reduces the toxicity of pesticides and heavy metals.
There is a link between microbial resistance mechanisms to contaminants and their capacity to
remediate them. Better remediation can be achieved by combining microorganisms with
chemical and physical procedures that offer an ideal environment for their activity.Typically,
only a few types of contaminants may make bacteria resistant. In addition, certain organisms are
hazardous and should not be utilized extensively. The modification of genes is the recommended
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approach to address these difficulties. Microorganisms with improved remediation abilities can
be produced and chosen to utilize genetic engineering.

Therefore, more study has to be done on developing newer methods for heavy metal
detoxification and rehabilitating locations that have been affected by heavy metals.

4.1. Genetically engineered microorganisms (GEMs)

The development of microbial genetic technologies and the use of biofilms to gain higher
specificity might be achieved through process optimization and immobilization techniques while
keeping in mind the limitations of bioremediation technology. The potential for these
technologies is shown by recent developments in genetic engineering and optimization methods.
For a variety of pollutants, genetically modified microorganisms could be more effective in
bioremediation. As a result, additional work has to be done on the bioremediation of heavy
metals in the environment using genetically engineered bacteria and biofilms.

Genetically engineered microorganisms (GEMs) are more effective at microbial remediation
than natural microorganisms, although they do have significant moral, legal, and biosafety
concerns. Furthermore, the field performance effectiveness of GEMs is a constant source of
worry. It is thus vital to do a significant study on GEMs in conformity with biosafety regulations.

4.2. Utilization of wastes as carbon and Nitrogen Source

Additionally, researchers are now exploring the possibilities of agricultural and industrial waste
biomass as bioremediation on a lab and industrial scale. Sugarcane bagasse, coconut shell
remnants, rice husks, and yeast from beer waste are a few examples. Further study is required
before these biosorbents may be used on a large scale commercially across sectors. The
biosorption capacity of different biosorbents is improved after various physical and chemical
alterations. The bioremediation methodology necessitates an all-encompassing, methodical
strategy for practical, long-term solutions that may be easily modified for any situation.

In recent years, there has been a significant surge in interest in both the theoretical underpinnings
of heavy metal absorption by microbes and their practical applications, particularly in the context
of metal recovery and site restoration [11].

Attention is also being paid to the biotechnological potential of microbes in the removal and/or
recovery of metals. Mature technology includes conventional techniques like synthetic ion
exchangers. Contrarily, although being cost- and environmentally effective, bioremediation has
not yet supplanted traditional approaches. To make this potentially useful technology a common
remedial approach to cleaning up metal-contaminated systems, it is necessary to understand and
solve the obstacles that prevent the widespread application of microbial technologies for heavy
metal bioremediation. It is also necessary to investigate new species with high potential for
heavy metal cleanup. Cleaning up water, air, and soil (particularly agricultural soil) is critical for
the sustainability of nature and the environment, as well as to prevent xenobiotics from entering
the food chain of animals and people.

5. CONCLUSION

The method of removing heavy metal contaminants from the environment using microbial
bioremediation appears to be both reasonably cost-effective and successful. Additionally, if the
optimization processes are standardized, utilizing a variety of microorganisms may prove to be a
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more effective option for possible heavy metal removal. The bioremediation process could be
improved by adding nitrogen and carbon supplies like glucose and peptone.

Future research should concentrate on agricultural biomass such as wheat straw and rice husk,
which might function as immobilizing agents for microorganisms to operate more successfully
towards heavy metal contaminants found in the environment.
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ABSTRACT:

One of the most popular commercial enzymes, protease catalyzes the breakdown of protein
peptide bonds. The pillars of metabolism and essential building blocks of life are enzymes. Due
to their ability to conserve raw resources, energy, as well as chemicals for various production
processes, along with their precise and quick action ineffective biomass conversion converting
substrate into the product, enzymes are now used in various industrial processes. He is going.
Microbial proteases have potential uses in pharmaceuticals, leather, silver recovery, detergents,
dairy, baking, drinks, and other fields. These hydrolytic enzymes are used in the food business to
improve nutritional content, digestibility, taste, flavor, and taste, as well as reduce allergy-
causing chemicals and control household and industrial waste. The main goal of this study is the
commercial use of protease enzymes. Future studies will make people aware of the various uses
and benefits of protease enzymes.

KEYWORDS:
Bacillus, Enzyme, Hydrolytic, Microbial, Protease.
1. INTRODUCTION

Green chemistry, also known as sustainable chemistry, attempts to use ideally renewable raw
resources while avoiding harmful and hazardous chemicals and creating as little waste as
possible throughout commercial production and manufacture [1], [2]. Furthermore, with ever-
increasing global energy consumption, industrialization, rapidly decreasing fossil-fuel sources,
and environmental health concerns, there is a focus on the development of ecologically safe and
low-emission industrial technology.All living forms on Earth, includes prokaryotes, plants,
fungi, and mammals, require proteases. Furthermore, because they contain almost all of the
characteristics needed for biotechnological applications, proteolytic enzymes obtained from
microbial sources are preferred over enzymes derived from plants and animals. As a result,
microbial proteases, which account for more than 62% of all industrial enzyme sales globally,
are one of the most significant groups of industrial enzymes [3], [4].

A wide variety of intracellular or extracellular proteases are produced by microorganisms.
Numerous cellular and metabolic processes, including as sporulation or differentiation, enzyme
or hormone maturation, protein turnover, and protein pool management, depend on intracellular
proteases. In cell-free environments, extracellular proteases are crucial for the hydrolysis process
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in order for the cell to absorb and utilize hydrolytic products. Additionally, these extracellular
proteolytic enzymes have been used in a number of industrial operations as a means of
accelerating protein breakdown [3], [5].

The worldwide market for industrial enzymes is growing year after year, with food,
diagnostics, detergent, leather, waste management, silver recovery, and pharmaceutical being the
largest product segment in global industrial enzyme sales. Since they are the primary producers
of all commercially important alkaline proteases, which have countless industrial applications, it
is necessary to research innovative bacteria to find a solution to this issue. A significant group of
industrial activities that use bacterial proteases include the manufacture of leather, wool, and
textiles, as well as the food, detergent, pharmaceutical, or silvery recovery sectors [6], [7].
Another prospective area of use is in medicinal usage and the control of industrial and residential
waste. Microbial proteases have been examined multiple times, with different elements of
proteases being highlighted. Excellent reviews of the molecular biology, biochemistry, or genetic
aspects of microbial, plant proteases, and animals have been published.

1.2.  Origin of Proteases:

Proteases are found in a variety of sources, including plants, microorganisms, and mammals.
They are physiologically essential for nearly all living species, including bacteria, viruses, and
fungus. The use of plants as a source of proteases is influenced by a number of factors, including
the availability of arable land and the suitability of climatic conditions for growth. Additionally,
the production of proteases from plants requires time. Papain, keratinase, fiction, or bromelain
are examples of plant proteases. The most well-known proteases of animal origin include
pancreatic trypsin, pepsin, chymotrypsin, or rennin. Large quantities of the pure form of these are
produced. Additionally, the availability of slaughtered animals, which is controlled by
agricultural and governmental policies, is a factor in their creation [8], [9].

Because of their wide metabolic variety and vulnerability to genetic modification,
microorganisms are a good source of enzymes. Because of this, microbial proteases are favored
over enzymes produced by plants and animals. Furthermore, they have practically all of the
features required for biotechnological applications. Bacteria and fungi are the most prevalent
microbes. Fungal proteases, on the other hand, are active over a large pH range (pH 4 -11) and
have broad substrate specificity; for example, Aspergillus oryzae generates three proteases:
acid, alkaline, and neutral. However, they have a slower response rate and are not as heat tolerant
as bacterial enzymes. Fungal proteases have the advantage of being easily generated in a solid-
state fermentation technique. Bacillus spp. is an appealing industrial instrument for a supply of
proteases as shown in Table 1.

Table 1: Illustrate the Several Industrially Significant Microorganisms that Produce
Proteases and the Relevant Area

Bacteria Protease-producing bacterial species and | Industries
Genus strains
“Bacillus megaterium RR2” Detergent
Bacillus spp “Bacillus cereus strain AT” Leather
“Bacillus licheniformis N-2” Detergent
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“Bacillus subtilis” use in the Medical field
“Bacillus amyloliquefaciens” Food and feed
“Bacillus licheniformis KBDL” Silvery recovery
Pseudomonas | “Pseudomonas auroginosa PD100” Detergent
species

1.3.  Protease Classification:

Proteases are divided into groups based on the chemical composition of their active site, the
activity they catalyze, and their physical make-up. Enzymes are classified as -either
endoproteases or exoproteases depending on where on the substrate they catalyze. While
endoproteases preferentially function in the center of the polypeptide chain, exoproteases prefer
to work at the end of the chain. Amino peptidases or carboxypeptidases proteases, which
function at the free N-terminus and free C-terminus of polypeptide substrates, respectively, are
further split into exoproteases. Figure 1 summarizes the whole protease categorization system.

Depending on the side chain specificity or functional group found in the usual active site,
endoproteases are divided into comparable categories. Based on their active site, they may also
be separated into the following groups:

1. Serine proteases: Serine proteases are proteases with an active site serine group (-OH).

ii. Cysteine proteases: The existence of an intact-SH group in their active location
determines their activity.

iil. Aspartic proteases: In their active site, acid proteases have one or more side chains,
carboxyl groups. Acid protease is another name for this enzyme.

iv. Metalloproteases: For their action, they require the presence of additional less firmly

coupled divalent cations.

There is already a large variety of commercially accessible proteases, from useful medications to
detergent additives. Recent studies on therapeutic proteases have been in-depth. The current
study broadens coverage to encompass a wide range of other commercial protease classes.
Recent protease products, in general, rely on highly adaptive cleavage specificities, however
other qualities like solubility or overall stability have been successfully created [10].
Nonetheless, once the potency or specificity of their particular hydrolysis reactions could be
adjusted for specific demands, designed next-generation proteases have an astounding panorama
of possible uses, as shown in Figure 1. Therefore, humans will also focus on current research
towards engineering unique specificities into already-existing proteases. The basic idea is that
proteases may be used as a basis for the development of fresh and advantageous new activities
since their seeming flexibility has allowed them to emerge with varied degrees of
physiochemical characteristics and selectivity.
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Proteases are the name for enzymes that break down proteins. Bacteria, fungus, plants, or
animals all manufacture these enzymes. Proteolytic enzymes break down proteins in the body or
on the skin. This could facilitate digestion or the breakdown of proteins that cause pain and
inflammation. This study is divided into several sections, in the introduction the authors talk
about protease enzymes, sources of protease enzymes, and the classification of protease
enzymes. In the literature review, the author discusses a previous study on the commercial use of
protease enzymes. In the discussion section, the author talks about the various applications of
protease enzymes.

%
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~ Enterokinase, 7
s Thrombin Protease, -
) . : Pancreatic g
g~ Trypsin, GluC, o el
~ LysC, AspN, rotease
& MMPs Extracts,
< ’ Papain, Rennin

Caspases

FIX, FVILt-PA, U-
PA, Activated Protein
C, Thrombin,
Zenpep, Botulinum
Toxins

Therapeutics
Figure 1: Illustrate the Entire Protease Classification.

2. LITERATURE REVIEW

Li, Qing Yi et al studied the Commercial use of proteases. The broad types of proteases used in
commerce critically examine the effective methods being employed right now to enhance the
characteristics of proteases for diverse commercial uses. We go over the several uses of
proteases in the food, leather, and laundry detergent industries. The paper covers the rising use of
proteases as nothing more than a class of therapeutic agents and emphasizes recent
advancements in the field of protease engineering. As a result of recent technological
advancements that result in proteases with unique characteristics and substrate specificities, the
potential commercial uses of proteases are expanding quickly [11].

Abdul Razzaq et al. studied the application of microbial protease. The most often employed
enzymes in a variety of business sectors, including detergent, leather, textile, feed, trash, and
more are microbial proteases. Proteases have important roles in both physiological and
commercial functions. Proteases are widely distributed in all living things, including plants,
animals, and microorganisms, and they serve both synthetic and derivative purposes. The
majority of protease-producing microorganisms used for commercial purposes are Bacillus
species. Proteases are effectively used as a non-toxic substitute for chemicals and as a green
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environmental indicator. Although the nucleotide sequence of neutral, acidic, or alkaline
proteases has been used to evaluate their evolutionary connection, it is still unknown what
controls the variation in their specificity. The comparison of various proteases as well as the
current issues encountered in industrial manufacturing and use are the main topics of the current
review. Understanding these problems would allow us to market microbial proteases profitably
and globally [12].Mayuri Sharma et al. studied protease microbial alkaline. All living things
include proteolytic enzymes, which promote cell development and differentiation. Proteases,
hydrolytic enzymes that break down proteins into shorter amino acids and peptides act as
biological catalysts in this process. Microorganisms, which have proven to be an effective and
economical source, can continually and reliably manufacture alkaline protease enzymes.
Alkaline proteases are often employed in a variety of industrial sectors, such as the leather and
detergent industries. However, their usage in food has not yet been properly investigated. It is
addressed how different physiochemical factors affect alkaline protease. Alkaline protease-
producing fungal and bacterial species have been isolated from various sources, and optimal pH
and temperature ranges have also been documented [13].

3. DISCUSSION

3.1.  Bacterial Protease's Industrial Applications:

Proteases are a kind of enzyme that is widely employed in a variety of sectors, including
detergent, food, and pharmaceutical, silver recovery, and textile industries, leather, as seen in
Figure 2. As a result, proteases account for around 60% of total industrial enzyme sales
worldwide.

Textile
Industry

Ae—

Biofilm In
Removal

Epm

Figure 2: Illustrate the Major Industrial Application of Protease Enzyme.

3.1.1. Proteases in Protein Hydrolysis:
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In the food sector, protease is used to alter proteins or improve the flavor and storage durability
of readily available protein sources. Protein hydrolysates with high nutritional content and a clear
polypeptide profile were produced using alkaline proteases. Additionally, it helps to make meat,
particularly beef, more soft.

The use of proteases in the leather industry proteolytic enzymes is important in the dehairing
process used in the manufacturing of leather. Due to a lack of technology, the traditional method
of dehairing has involved the use of lime or sodium sulfide since the dawn of human civilization.
However, it is now feasible to substitute chemical dehairing using enzyme-based dehairing
techniques that use proteases. Based on the environmental benefits, methods of eliminating the
usage of lime or sulfide are being explored. Thus, enzyme-based dehairing procedures based on
proteases assist to decrease or even eliminate the use of such chemicals, providing significant
environmental advantages. Furthermore, it increases the quality of the leather produced [14].
Traditional leather manufacturing procedures use toxic and harmful chemicals that pollute the
environment and harm living beings. Enzyme-mediated leather processing has effectively solved
the problems caused by chemical techniques. Enzymes have improved leather quality while
reducing environmental pollutants in the process of making leather. Proteases are used to remove
nonfibrillar proteins and disassemble noncollagenous skin components. Shorter soaking times
are achieved by using microbial alkaline proteases, which speed up water absorption [15], [16].

3.1.2. Proteases in Waste Management:

Natural resource depletion and pollution caused by human activities have forced the
development of environmentally friendly industrial technologies. One well-known use of modern
biotechnology is the use of bacterial protease for trash treatment or hydrocarbon bioremediation.
Furthermore, there are other reasons why utilizing these enzymes is superior to standard
chemical catalysts. Bacterial proteases have intriguing potential applications in the management
of waste from residences and processing plants, as well as the cleaning of hair-clogged pipe
systems. It is also used to degrade waste keratinous material in domestic garbage and to
eliminate smells in homes and public spaces [17], [18]. These proteases may solubilize protein in
wastes, particularly waste feathers from chicken slaughterhouses, to recover liquid concentrates
or dry solids with nutritional value for fish or cattle. Several industrial and domestic procedures
hurt the immediate environment and are thus being questioned by society. Mitigating the
environment should be employed in many businesses and households to limit their effect and the
loss of chemicals, water, and raw materials, hence reducing the hazards to our ecosystems. Solid
waste from the tanning process, as well as significant amounts of sludge or effluent from
treatment facilities, are major sources of pollution in the environment. Bacterial proteases are
being employed commercially in bioremediation and also as a probiotic agent in aquaculture by
introducing them into fish/shrimp diets.

3.1.3. Proteases in Pharmaceutical Applications:

Proteases of the subtilisin family have been employed to speed up healing in patients with
burns, carbuncles, purulent wounds, furuncles, or deep abscesses by inducing an anti-
inflammatory response. Protease can be used as a treatment modality to treat pulmonary emboli
and the breakdown of elastin and collagen. Purified protease from bacteria might be employed
for a variety of applications, including antibacterial efficacy against clinical infections and the
degradation of slime and biofilms to restrict gram-negative bacteria. Furthermore, it digests
blood debris such as virus and bacterial proteins and is used as a cancer treatment.
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3.1.4. Industry of Detergents:

The pancreatic extract was originally documented to be employed in the enzyme-detergent
formulation in 1913. Then, within a week of 40 years, a microbial enzyme known as BIO-40 was
used in detergents on a commercial scale. The detergent industry, which accounts for 25-30% of
all enzyme sales and is expected to grow at a CAGR of around 11.5% from 2015 to 2020, is the
largest industrial user of enzymes. Food, blood, as well as other body fluid stains are removed by
protease. In order to improve washing performance for use in anything from home laundry to
contact lens or denture cleaning solutions, proteases are used as a vital component in detergent
compositions. With minimal soaking and agitation time, the use of enzymes in detergents has the
advantage of removing stains in an environmentally responsible way. The effectiveness of
enzymes added to detergents should be consistent across a wide pH and temperature range, and
they should have a longer shelf life. Serine proteases produced by Bacillus strains were those that
were most often used in detergent formulations. The ease of usage of alkaline proteases produced
from fungi in downstream processing is another factor driving their appeal. To improve the
washing effect for home purposes, several formulations contain a cocktail of different enzymes,
including such protease, cellulase, amylase, and lipase [19].

3.1.5. Industry of Food:

Proteases are utilized in a variety of applications in the food business. These enzymes are
involved in the alteration of dietary protein characteristics to increase nutritional
value, digestibility, solubility, flavor, palatability, and the reduction of allergenic substances.
Aside from their primary function, they are also utilized to affect functional aspects of dietary
proteins such as emulsification, fat binding, foaming, coagulation, gel strength, and so on. The
production of high-nutritional-value protein hydrolysate, which is utilized in infant food
products, medicinal dietary products, fruit juice, and soft drink fortification, is made possible by
the catalytic activity of proteases. In the dairy industry, proteases are primarily used to hydrolyze
certain peptide bonds to produce casein and macropeptides. Meat is made more tender by using
proteases' ability to hydrolyze the proteins in muscle and connective tissue. Making soy sauce
and other products from soy requires alkaline proteases. They are applied in the baking sector to
maintain bread's gluten strength, reduce dough consistency, or enhance texture and flavor. These
hydrolytic enzymes are used to digest gelatin, recover animal proteins, or dissolve the protein-
based turbidity complexes in fruit juices and alcoholic drinks.

3.1.6. Therapeutic Application:

In both diagnostic and therapeutic settings, microbial proteases are widely employed due to their
great variety and selectivity. The development of efficient medicinal medicines, such as
anticancer, clot-dissolving, antibacterial, anti-inflammatory, etc., has benefited from both
bacterial and fungal proteases equally. Chronic and acute inflammation can be effectively treated
with protease without experiencing any negative effects, according to reports. The most efficient
protease used to treat inflammation is serratiopeptidase, which is generated by Serratia species.
To reduce pain, it is also utilized to prevent the production of bradykinin, a peptide that causes
pain. To treat lytic enzyme deficiency, proteolytic from Aspergillus oryzae is utilized as a
digestive aid. Escherichia coli asparaginase or clostridial collagenase are used, accordingly, to
treat burns and wounds and lymphocytic leukemia. Bacillus subtilis nattokinase is utilized as a
nutraceutical for cardiovascular disease and lowers the risk of the condition. It stops blood from
clotting and gets rid of thrombi [20]. There have also been reports of other proteases with anti-
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microbial activity from fungi and bacteria origins. Proteases are also used to prepare a vaccine
for dermatophytosis treatment and to degrade keratinized skin. These hydrolytic enzymes are
used in trauma medicine to reduce scarring, regenerate epithelium, and expedite the healing
process.

Proteases have demonstrated their promise in a variety of sectors, and there are several
microbiological sources for the effective synthesis of these enzymes to fulfill the demand that is
always rising. Biotechnologists from all over the globe have been interested in them due to their
enormous variety, precise spectrum of action, and ability to remain active across a very wide
range of temperatures and pH. All living things include them, but microbes are the preferred
source because they are simpler to cultivate, produce enzymes more quickly, and are easier to
manipulate genetically to produce excessive amounts of one enzyme or create new ones with
desirable qualities. Finding new microbes that can be exploited to produce novel proteases is an
expensive endeavor for the biotech sector. The range of protease applications has expanded into
many new fields, including clinical, analytical chemistry, and medicine with the emergence of
new frontiers in biotechnology. Proteases have a variety of applications in key sectors such as
leather, food processing, textiles, beverage production, detergents, etc.

The study of the biochemical, regulatory, or molecular aspects of serine protease systems has
been spurred by several characteristics of proteases. Scientists and production engineering are
presently focusing on the development and creation of novel enzymes which are more robust
concerning their temperatures and pH kinetics, employing genetic or protein engineering
approaches, to facilitate the commercialization of this enzyme class. In the future, proteases with
completely novel functionalities may be created by protein engineering. Therefore, although
microbial alkaline proteases currently have a significant impact on several sectors, they have
considerably more potential, and their use in new processes is expected to grow shortly. The
main area of development in the coming years will undoubtedly be the pursuit of other, more
innovative methods, such as novel discovery, metagenomics strategies aimed at extra dimensions
of single-molecule diversity (ecology), proteins/genetic technology, computational biology, as
well as technologies to enhance protease performance through in vitro evolutionary changes of
protein primary structures. As a consequence, perfect proteases will soon be created with the
needed applications for certain industries.

4. CONCLUSION

Since the development of enzymology, bacterial protease has been widely employed and is one
of the major hydrolytic enzymes. This is very important because it has wide use in the detergent
industry, bioremediation, food industry, or leather processing, it has been widely commercialized
by many businesses around the world. Using readily over-productive strains, accessible agro-
industrial waste, as well as genetically manipulated bacteria, have greatly enhanced the synthesis
of these enzymes. By substituting the majority of conventional chemical processes with less
expensive and environmentally friendly alternatives, mainly proteases, new technologies must be
used to encourage pollution prevention in every industry, particularly the leather as well as
treatment industries. To reduce the threat to our environment, higher officials and other
responsible bodies pay greater attention to and require investors to support cleaner
manufacturing. In the food industry, these hydrolytic enzymes are employed to increase nutrient
content, digestibility, flavor, or taste, in addition, to lessening chemicals that cause allergies and
managing home and industrial waste. The commercial use of protease enzymes is the primary
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objective of this work. Continued studies will educate people about the numerous applications
and advantages of protease enzymes.
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ABSTRACT:

The aromatic and volatile liquids derived from plants are known as essential oils. Essential oils
include compounds that are secondary metabolites that play a significant role in plant defense
since they often have antibacterial properties. The growing public aversion to synthetic
preservatives has fueled interest in essential oils and their use in food preservation. Additionally,
food-borne infections and diseases are an increasing public health concern across the world,
necessitating more effective preservation methods. Therefore, the present paper aims at
reviewing and providing a comprehensive approach to document the use of essential oil and their
effectiveness for the preservation of food items. The findings of the study revealed that carvacrol
and thymol were the main compounds that were found abundantly in a range of essential oils.
Thus the antimicrobial activity is attributed to these compounds. In addition to that, the study
also discusses the possible opportunities and challenges which can help herbalists to work on
specific points for harnessing the potential of essential oils in not only the preservation of food
but also in other operations of the food industry.

KEYWORDS:
Antimicrobial Activity, Essential Oils, Food Preservation, Preservatives.
1. INTRODUCTION

Natural plant materials, such as herbs and spices, are gaining popularity among consumers due to
their superior safety to synthetic chemical additives. Consumers are more likely to buy high-
quality packaged food with minimum chemical additives as consumer awareness has grown in
recent years, necessitating the exploration of alternative treatments for commercial reasons.
Herbs and spices have been used in traditional medicine for millennia due to their therapeutic
characteristics. Herbs were employed in cooking to generate various flavors and to extend the
shelf life of foods. However, the latter is receiving the most attention nowadays [1].

As we know, food is unquestionably necessary for living. Food safety is therefore an important
issue for both consumers and the food industry. In fact, according to estimates from the World
Health Organization (WHO), 1 in 10 people become sick from eating contaminated food each
year, and 420 000 people died as a result (WHO, 2015). Gizaw et al. carried out a systemic
literature review on the food safety concerns in developing and developed countries which are
illustrated in Figures 1 and 2 [2].
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The discovery of novel, nontoxic preservation compounds with significant antibacterial and
antioxidant activities are urgently needed due to the significant occurrence of the food-borne
threat and its new societal and economic ramifications [3], [4].

Microbial contamination  ® Chemical Contamination
M Food adulteration W Misuse of additives
Genetically modified Crops M Food post use by dates

Mislabeling

Figure 1: Illustrating the Estimated Percentage of Different Food Safety Issues in
Developed Countries.

Microbial contamination ~ m Chemical Contamination

M Food adulteration B Misuse of additives

Genetically modified Crops ® Food post use by dates

Mislabeling

Figure 2: Illustrating the Estimated Percentage of Different Food Safety Issues in
Developed Countries.
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Essential oils are scented and volatile fluids that are derived from many parts of plants, including
their roots, leaves, wood, seeds, bark, flowers, peels, fruits, and whole plants [5]-[7]. Essential
oils have been employed for millennia in cosmetics, medicine, perfumery, and as culinary spices
and herbs. Their initial use was in medicines, but during the nineteenth century, their use as
additives for aroma and taste expanded and gained over as their primary use. There are around
3000 distinct essential oils that are known, and the flavor and fragrance industry uses 300 of
them regularly.

Essential oils serve largely as flavoring agents in the food sector, but they also constitute an
intriguing source of inherently antibacterial natural substances for food preservation. The goal of
this study is to give a summary of the most recent research on the antimicrobial mechanism of
action of the components of essential oils and to point out potential directions for future research
that will make it easier to use these constituents as natural food preservatives in food [8]-[10].

The present study aims at reviewing the essential oils, their compounds as well as their derivates
for the antimicrobial preservative properties in the food industry. The paper is organized into five
sections. The first section gives an introduction to the topic, and the second section includes a
thorough assessment of the literature on the anti-microbial function of essential oil beginning in
the context of the food industry. In addition, the method is described in the third section,
followed by the discussion in the fourth section. Finally, the fifth section provides the
conclusion.

2. LITERATURE REVIEW

To increase the antibacterial activity of essential oils (EOs) against food-borne infections,
Granata et al. conducted a study in which they encapsulated EOs in polymeric nanocapsules
(NCs). Thymol (44%) and Carvacrol (73%) are the primary chemical components of the
essential oils of Origanum vulgarae and Thymus capitatus, respectively. The EO-NCs displayed
good encapsulation efficiency, stability, monomodal distribution with 171 and 175 nm
diameters, and excellent EO retention. The EO-NCs with Thymus capitatus EO were the most
effective at inhibiting the growth of food-borne pathogens when compared to the comparable
pure essential oils [11].

Galovicova et al. examined its biological activities such as antibacterial, antioxidant, insecticidal,
antibiofilm, and chemical composition of the essential oil Pogostemon cablin (PCEO), and
revealed that it had significant efficacy against yeast. In the direct application, the antifungal
action was minimal. PCEO somewhat reduced the ability of bacteria to produce biofilm. The
MALDI-TOF MS Biotyper study showed how the essential oil altered the structure of the
biofilm. Based on their findings, the study showed that PCEO may be employed in the food
sector as an antifungal agent to prolong the lifespan of bakery items.

Sojic et al. evaluated the effects of sage essential oil (SEO) and sage extract (SE) derived from
sage (Salvia officinalis L.) herbal dust (food industry by-product) on the microbial and oxidative
stability of fresh pork sausages. The results of their study revealed that the most prevalent
compounds found in SEO and SE samples were oxygenated oxygenated diterpene
polyphenols, sesquiterpenes, and monoterpenes. The introduction of SEO and SE resulted in a
substantial (p 0.05) reduction of microbiological growth. Furthermore, SE has a favourable
influence on the sensory characteristics of fresh pork sausages. As a consequence, the findings of
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this study demonstrated strong antioxidative and antibacterial properties of SEO and SE derived
from sage filter tea in the food sector [12].

Liu & Liu created robust thymol chitosan nanoemulsions (T-CSs) and thyme essential oil
chitosan nanoemulsions (TEO-CSs) and evaluated their effects on the storage of refrigerated
pork at 4 °C. According to the findings of their investigation, raw pork treatment with TEO-CSs
and T-CSs had dramatically enhanced colour parameters (a, b, L, and E values) during 4 °C
storage. By detecting the total viable count (TVC) and pH values, TEO-CSs and T-CSs
significantly prolonged the shelf life of refrigerated pork to even more than 6 days [13].

3. METHODOLOGY

The current review study was conducted utilizing electronic data searches from “Google
Scholar”, “Science Direct”, “PubMed”, “Scopus”, and other databases. To find the relevant
records, a keyword combination of "Food Industry," "Preservatives," "Food Preservation," "Food
Additives," "Essential Oils," “aromatic plants” and "Aromatic oils" is used. Furthermore, the
abstract and title are screened to provide better records for analysis. Records in languages other
than English were omitted. Figure 2 depicts the whole methods utilized to conduct the
investigation.
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Figure 3: Illustrating the Methodological Design to Screen out Relevant Studies to Review.
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4. DISCUSSION

Recent decades have seen successful research on the use of essential oils in the food preservation
process products to increase shelf life. Numerous studies have examined the use of essential oils
in food preparation and packaging to increase the shelf-life of foods. Essential oils have been
successfully used in clinical settings for both humans and animals as food preservatives due to
their antibacterial and antioxidant qualities. Over the past few years, a variety of EOs and their
main constituents have been examined utilising various toxicity assessments, including acute
oral, dermal, and inhalation, primary ocular, and dermal and dermal sensitization.

It is abundantly obvious from the discussions above that human society urgently needs a
substitute due to several restrictions in food preservation through a variety of physical and
chemical approaches. EOs are a good choice for food preservation because of their fragrance,
antibacterial capabilities, efficacy in non-toxicity nature, low concentrations, antioxidant
properties, edibility, and stability at varied pH, temperatures, and radiation. Even though these
naturally occurring biological components hold considerable promise for the preparation of food,
chemical compounds are still in use. It is mostly attributable to the difficult demanding situation
brought on by a big increase in manufacturing turnover.

4.1.0pportunities

Potential use for essential oils and the compounds they contain is in food products to increase the
shelf life of foods by reducing microbial growth or survival. Presently, only spicy meals that are
often paired with herbs, spices, or seasonings can benefit from the organoleptic effects of
essential oils and their constituents in food products. Thus, it is important to take advantage of
synergistic interactions to lessen the organoleptic effect and thereby make usage in a wider range
of products possible [14].

Our superficial comprehension of the principles governing synergy and antagonistic behavior is
also a result of our lack of extensive knowledge about the mechanisms of action of the various
components of essential oils. Thus, further study of the processes behind the actions of the
various constituents of essential oils is required in the future. At the same time, comprehensive
research into the mechanisms underlying the interactions between various constituents should
also be undertaken. The location of action has been the subject of several investigations, but the
manner of action has seldom been revealed. Furthermore, the majority of research to date has
been on prokaryotes, and little is known about how essential oils interact with yeast and fungi.
No matter the microorganism, future studies into the mode of action will require a
standardization of investigation techniques, supplementary tests that confirm results, and the use
of new technologies.

Various EOs and their constituents are employed as natural antimicrobial compounds to
minimize the influence of microbial activity in foodstuffs. The phenol compounds of EOs
primarily function as membrane permeabilizes. Gram-positive microorganisms are more
susceptible to EOs & bioactive compounds than that gram-negative bacteria. Carvacrol,
thymol, and cinnamaldehyde are the main components of EOs as illustrated in Figure 4, and they
are responsible for maximizing antibacterial action through a variety of mechanisms such as
altering membrane permeability, changing membrane fatty acids, and inhibiting protons driving
force [15]. In some instances, a microencapsulated edible film or coating containing EOs and
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anti-microbial agents can significantly improve the quality and safety of cereals and food
products.

Carvacrol Thymol

Cinnamaldehyde
Figure 4: Illustrating the Major Compounds Present in Majority of Essential QOils.

As a result of intensive work on essential oils, scientists from all over the world have become
interested in the study of plant antimicrobials. Essential oils and their components have
obviously undergone extensive characterization, and they have been used to treat a variety of
diseases.

4.2. Challenges

There are various opportunities for EOs to be used in food preservation, however there are also
challenges assopciated with it such as their aroma and smell. Therfore, it is necessary to apply
new technology to lessen the distinct and disagreeable aroma of essential oils, which might
restrict their application in meals. Examples of this technology include encapsulation. Because of
this, using essential oils broadly is possible without compromising the sensory qualities of food.
To increase the activity of the active components in essential oils, it is important to create a
technique for releasing essential oils from packaging or for fuming inside packing. As a result, it
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may act as the practical packaging, effectively extending the shelf life of foods.The legal
framework around the use of essential oils in food incorporates two methods: using them as a
food ingredient, which adds another nutrition to consume, or using them as a component of the
packaging. The first scenario mandates that EOs abide by regional food laws. Various laws will
be in effect depending on their intended purpose. When EOs are intentionally added to food for a
technical purpose during the production, treatment, preparation, processing, packing, shipping, or
storage of such food, regardless of whether they have nutritional value, they will be regarded as
additives.

When EOs are used as flavor enhancers substances, they are referred to as "product lines not
destined to be ingested as such, that are added to foods to add or make modifications odor and/or
taste; or items manufactured or comprising of the following categories: flavoring substances,
flavoring preparations, thermal process flavorings, smoke flavorings, flavor precursors, or other
flavorings or mixtures thereof."

Because of this, the Food and Drug Administration (FDA) and European Commission (EC) of
the United States categorise specific EOs, their constituents, and mixes as generally recognised
as safe (GRAS) and provide them approval for use as natural food preservatives and flavouring
agents. Thyme, sage, ginger, basil, coriander, nutmeg, cinnamon, and oregano are just a few
examples of pure essential oils that have been given the GRAS certification, meaning that they
are all considered safe when used in moderation. Also recommended as eco-friendly food
additives are a number of EOs components, including limonene, eugenol, carvone, citral,
carvacrol, eugenol, thymol, linalool, cinnamaldehyde, and menthol. However, no restrictions or
recommendations are provided in this document since it advises.

Detailed information on the effects of food matrix components on EO antibacterial activity
should be provided before using EOs as food preservatives. The usefulness of EOs can fluctuate
as a result of interactions with key meal components such fat, protein, and carbohydrates.
Additionally, various environmental conditions including processing, packing, temperature,
humidity, the types of microorganisms present, and microbial load have an impact on their
activity. According to prior study, while EOs effects against microbes diminish, the presence of a
high level of fat and protein content in the food matrix also rises at the acidic food environment.

5. CONCLUSION

EOs are natural substances that are organically obtained from aromatic and medicinal plants
through distillation procedures. These substances play a significant part in food preservation,
helping to ensure product safety and extend shelf life. The decrease in biogenic amines and
prevention of pathogenic microbial development, primarily in meat and animal and dairy
products, are the results of the growth of spoilage microorganisms being reduced, which has
improved food safety. Enzymatic reduction leads in a longer shelf life for food goods, mostly
because of their antioxidant activity. Natural phenolic compounds found in EOs serve as a vital
and healthy replacement for synthetic preservatives and chemical additives and are responsible
for the EOs efficacy.
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ABSTRACT:

The unusual tropical plant referred to as cinnamon belongs to the Lauraceae family. It has been
used for hundreds of years as a spice for food as well as an organic component of Eastern
medicine. Cinnamate, cinnamon aldehyde, cinnamic alcohol, and cinnamic acid are among the
bioactive substances found in cinnamon extracts, which are categorized as essential oils. Spice
extracts may also be present in cinnamon bark. Due to its antimicrobial, anti-inflammatory, and
antioxidant properties, it is used to treat a variety of ailments, including diabetes and
cardiovascular disease. Numerous varieties of cinnamon have been used in traditional Chinese
medicine to treat respiratory and digestive issues. Cinnamon is one of the most often used spices
and the main ingredient in cuisines all over the world. This study discusses a variety of
applications for cinnamon, the majority of which are related to agriculture. Cinnamon is a
potential candidate for approval as a basic ingredient due to its preventative qualities. It has
found a place in organic farming as a suitable substitute for traditional pesticides for plant
protection, especially for preventive treatments.

KEYWORDS:
Antioxidant, Anti-inflammatory, Cinnamon, Cinnamomum, Cinnamaldehyde, Lauraceae family.
1. INTRODUCTION

Since ancient times, herbs and spices have been employed for their antioxidant and delectable
qualities as well as their antibacterial action against deterioration brought on by foodborne
illnesses and food spoilage bacteria. Bioactive natural chemicals that enhance health and have no
harmful side effects are plentiful in many plants used in traditional medicine. The majority of the
world's population (almost 65%) is still treated by traditional medicine [1]. Recently, there has
been a considerable increase in the demand for protectant cosmetics and antimicrobial plant
extracts. This is because synthetic antioxidants, such as methyl parabens, have been related to an
increased risk of allergic reactions [2].

There are more than 300 fragrant evergreen trees and shrubs in the genus Cinnamomum (family
Lauraceae). Due to their widespread usage as common spices in cuisine across the globe, four
species are very valuable economically: cinnamon from Burmanni (Nees & T. Nees) Cinnamon
aromatic, commonly known as Vietnamese cinnamon, Blume, also known as Indonesian
cinnamon, Cinnamon zeylanicum, also known as Sri Lankan cinnamon, Cinnamon loureiroi
Nees, and All varieties of cinnamon are nees, commonly referred to as cinnamon cassia (L.). J.
Presl, often called Chinese Cinnamon) [3].



Modern Biotechnology Techniques

Native to the Americas and a member of the Lauraceae family, cinnamon may be found in nearly
every kitchen. It has long been an important part of the human diet, serving primarily as a
flavoring component. Our forefathers have relied on it as a treatment for respiratory and
digestive issues for a very long time.Its benefits as less well-known are the effects of antioxidant,
anti-inflammatory, anti-lipemic, anti-diabetic, anti-microbial, and anti-cancer agents.An
excellent source of calcium, manganese, dietary fiber, and iron is cinnamon. Cinnamaldehyde
(CNAD), cinnamic acid, cinnamate, polyphenols, and a plethora of others all contribute to its
anti-cancer properties, anti-inflammatory, anti-diabetic, and anti-microbial. Numerous studies
have shown cinnamon's health benefits, particularly when it is consumed in the form of
cinnamon bark or cinnamon bark powder. Cinnamon's phenolic components and essential oils
are beneficial to human health. In recent years, research has shown cinnamon's potential for
improving symptoms of Alzheimer's disease, diabetes, arthritis, and atherosclerosis[4].

The beneficial properties of cinnamon may be attributed to its antioxidant properties, which
include polyphenols, phenolic acid, and flavonoids. These chemicals help the body react to free
radicals and avoid oxidative stress, which can help prevent metabolic illness.The hardest-
working spice tree is Cinnamomum verum, a plant belonging to the Lauraceae family,
commonly known as cinnamon, and also the genus Cinnamomum. Its height is between two and
three meters, and it can withstand extremes of temperature and soil. Small, flat, homogeneous,
and yellowish seeds are the best kind. All sections of the cinnamon plant contain volatile oils,
including monoterpenes, sesquiterpenes, and phenyl propenes, which have a light and pleasant
scent. Figure 1 shows that the bark from the cinnamon trunk includes oils with oil concentrations
ranging from Spercent to 75%, including cumin aldehyde and cinnamyl acetate.
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Infection
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./
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Figure 1: Displays cinnamon's beneficial effects on human health and wellness.

The evergreen cinnamon tree has berry-like fruit, strong bark, and oval-shaped leaves. The main
plant components utilized to harvest the spice are the bark and leaves. After two years of tree
growth, the tree is coppiced, or the stems are chopped at ground level, to produce cinnamon. The
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clipped shoots are replaced by roughly a dozen new ones that grow from the roots the following
year. The developing plants may be harmed by a variety of pests, including phytophthora
cinnamomi, Colletotrichum gloeosporioides, and Diplodia species (stripe canker). Since the
stems' inner bark needs to be wet to be treated, harvesting and processing must occur in quick
succession. The inner bark is loosened from the branches by repeatedly tapping them with a
hammer, and is then peeled off in long rolls from the cut stems.Only the inner 0.5 mm (0.02 in)
of the bark is utilized for cinnamon production [a], while the outside, woody layer is discarded.
This results in strips of cinnamon measuring one meter in length, which, once dried, curl into
rolls (or "quills"). The processed bark may dry completely in 4 to 6 hours if kept in a warm, dry
place with good air circulation. After the bark has dried, it is sliced into 5-10 centimeter (2-4
inch) pieces for sale [5].

2. LITERATURE REVIEW

Cinnamon's antioxidative stress potential in humans under regular and regulated administration
was the focus of research by Akram Ranjbar et al.For two weeks, 54 healthy volunteers were
split into three groups: water, ordinary tea, and cinnamon tea. Before and after treatments, blood
samples were taken and examined using established procedures to determine lipid peroxidation
concentrations, total antioxidant activity, and complete thiol groups.Daily or cinnamon tea
boosted antioxidant capacity and thiols but decreased lipid peroxidation in comparison to
controls. Cinnamon tea increased antioxidant capacity and decreased lipid peroxidation more
than normal tea.The author concludes that cinnamon has a significant antioxidant capacity and
may help reduce the symptoms of a wide range of diseases associated with oxidative stress in
humans [6].

In their research, Wanli Zhang et al. described the development, characterization, and use of a
“cinnamon essential oil (CEO)”, chitosan, and sodium alginate are biopolymers used in the
production of a multilayer film that is antibacterial.Scanning electron microscopy demonstrated
that the layer-by-layer technique enhanced the physical and mechanical characteristics of the CS-
CEO single-layer film. Thermogravimetric analysis and Fourier transform infrared spectroscopy
both show that the layer-by-layer approach affected the thermal stability and intermolecular
interactions of the material. CEO release and retention were more consistently shown by the
multilayer film than by the CS-CEO monolayer film. Layer-by-layer application of the coating
improved CEOQOin the multiphased system, release, and retention, as shown by the coating's
greater ability to prevent penicillium development. Essential oils may be released in a controlled
manner using multilayer film technology[7].

According to the research conducted by Ya-Ling Yang et al., tons of waste cinnamon leaves
(WCL) are thrown away every year because of the process of steam distillation used to extract
cinnamon oil, which is generally regarded as very cost-effective relative to bark oil. 6 major
chemical diversities, consisting.Rapid discovery of a large number of flavonols and flavones,
phenolic acids, lactones, terpenoids, phenylpropanoids, and Flavonols from WCL extracts was
achieved by molecular networking (MN) aided profiling. Initial identification of 101 compounds
was accomplished using fragment ion spectra obtained by ESI-MS/MS dissociation.Quickly
annotating 40 putative antioxidant compounds, the (2, 2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) ABTS and Ferric Reducing Antioxidant Power Assay (FRAP) assays were used in
conjunction with MN analysis to find an antioxidant fraction. These crucial facts can help boost
WCL use in the cinnamon oil business.
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Researchers Alma Nuril Aliyah, et al., wanted to see what effect CO has when used in the
treatment of 4T1 breast cancer cells with chemotherapy.CO was extracted using steam and
water, then analyzed wusing gas chromatography-mass spectrometry to determine its
phytochemical composition (GC-MS). The MTT test demonstratedthe cytotoxic properties of
doxorubicin alone and in combination with CO. The expression of MMP-9 and the ability of
cells to migrate were evaluated usingtests for assessing wound healing using scratch wounds and
gelatin  zymography. Flow cytometry stained with 2', 7'-dichlorofluorescein diacetate
(DCFDA)was utilized to measure the concentrations of reactive oxygen species (ROS) within
cells.The GC-MS phytochemical investigation revealed that cinnamaldehyde is the most
abundant component in CO, out of a total of 14. There was a significant reduction in cell
viability and an inhibition of cell migration when CO was used in conjunction with doxorubicin
(IC50 = 25 g/mL). The prospect of CO being developed as a co-chemotherapy treatment was
determined by the author due to its inhibition of cell motility and elevation of intracellular ROS
levels [8].

3. DISCUSSION

Cinnamon is made up of a variety of chemicals with a physiologically active composition, which
determines its qualities. Figure 2 illustrates the major differences in chemical makeup between
extracts obtained from distinct plant sections. They thus possess various qualities. The cinnamon
plant's leaves, bark, and root bark all provide volatile oils that include the same range of
monoterpene hydrocarbons. However, their primary components are different. The fundamental
substance present in cinnamon bark is a cinnamon aldehyde. While the principal ingredient in
root bark oil is camphor, leaf oil mostly includes eugenol.
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Figure 2: Displays The A Few Bioactive Chemicals From Cinnamon In Various Plant
Components.

Besides its delicious flavor, cinnamon may also have a potential medical use. Many man-made
substances having beneficial impacts on health are secondary metabolites. They don't add or
subtract anything to the diet, but they tend to improve health. Oils derived from plants are often
regarded as one of the safest chemicals in modern medicine. Because of their antioxidant
properties, they are utilized in many different kinds of cooking. The pharmacological effects are
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caused by polyphenolic compounds, like the phenolic acids Proanthocyanidin and Coumarin, as
well as volatile essential oils [9].Bioactive components in cinnamon have been linked to several
health benefits, including a reduction in people's blood sugar levels with diabetes and protection
against infections of the nervous, microbiological, and cardiovascular systems. “Tumor necrosis
factor (TNF)- a”, “Nitric oxide (NO)”, “interleukin (IL)-1b, IL-6 production”, and expression
were all shown to be reduced in lipopolysaccharide (LPS)-activated BV2 microglia, suggesting
that cinnamaldehyde has anti-neuroinflammatory properties[10]. Additionally, its capacity to
stop the aggregation of tau protein, a defining feature of Alzheimer's disease (AD) has been
linked to its ability to help in neuroprotection. The protective effects of cinnamaldehyde and
eugenol on the intestines against inflammation, infections, and oxidative stress are mostly due to
these compounds. Cinnamaldehyde may also be used to prevent agricultural products from being
contaminated with dangerous fungi and mycotoxins [11].

3.1.Traditional Use of Cinnamon:

Because of its refreshing benefits on the tongue and capacity to eradicate foul breath, cinnamon
is frequently used to flavor peppermint gum [12]. The chance of developing colon cancer may be
reduced by using cinnamon since it improves colon health.As a natural blood thinner, cinnamon
helps stop bleeding. Furthermore, cinnamon promotes tissue regeneration and improves blood
flow in the uterus. The essential oils and other components of this plant have key functions,
including antibacterial, antifungal, antioxidant, and antidiabetic, in addition to its critical
significance as a spice. Cinnamon has been investigated and used for its anti-inflammatory,
antimicrobial, nematicidal, mosquito larvicidal, insecticidal, antimycotic, and anticancer qualities
for millennia. Cinnamon has been used for centuries as a tooth powder and for the treatment of
dental difficulties, dental troubles, and problems with the oral microbiota and bad breath, in
addition to its culinary applications [13].

Cinnamon's strong antiemetic, antidiarrheal, antiflatulent, and stimulating properties have been
documented in Ayurvedic texts. Because of its coagulant properties, cinnamon may be used to
stop bleeding. In addition to promoting tissue regeneration, cinnamon also enhances the uterus is
filled with blood. Additionally, it has strong nematicidal, insecticidal, larvicidal, antifungal,
anthelmintic, and antibacterial effects [14].More recent research has shown that cinnamon's high
levels of antioxidants and anti-inflammatory characteristics make it beneficial for the health of
the brain, heart, and gastrointestinal tract. Aromatherapy, the practice of using essential oils
extracted from plants to treat a variety of ailments, might include the use of cinnamon essential
oil because of its ability to be absorbed via the skin and the sense of smell [15].

3.2.Pharmacological Effects of Cinnamon:

Various pharmacological effects, including antifungal, anti-cardiovascular, anticancer, antiviral,
anti-hypertensive, antioxidant, anti-inflammatory, anti-ulcer, anti-diabetic, cholesterol- and lipid-
lowering, have been observed in studies of cinnamon extracts or its components (primarily
cinnamaldehyde) in both vitro and in vivo.

1. Antioxidant Activity:

According to research, cinnamon's polyphenols may, in a dose-dependent way, inhibit 5-
lipoxygenase and lessen oxidative stress. Numerous phytochemicals, including the anti-
inflammatory compounds salicylic acid, phenol, epicatechin, camphene, eugenol, gamma-
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terpinene, and tannins, are present and may be found in cinnamon (out of a total of 15). At now,
natural antioxidants are the subject of intensive research, and work is underway to replace
synthetic antioxidants. These natural antioxidants are also useful in preventing oxidative damage
to the body and may be included in functional food formulations.The beneficial properties of
cinnamon may be attributed to its antioxidant properties, which include polyphenols, phenolic
acid, and flavonoids. These chemicals help the body react to free radicals and avoid oxidative
stress, which can help prevent metabolic illness [16].

Antioxidant molecules in food are important for human health and survival. Antioxidants serve
this purpose and more since they are a vital ingredient in many oils and fats. Antioxidants have
been utilized in the food processing industry to postpone or stop food deterioration. Antioxidants
have been utilized in the food processing sector to postpone or stop food deterioration.
Antioxidants are known to help ward off some ailments, and this fact has led to a renewed
interest in seasonings and medicinal herbs.As a defense mechanism against free radicals and the
harm they cause in metabolic diseases and age-related ailments that affect both humans and
animals, antioxidants have been regarded as the most crucial factors in human development and
survival [17]. Multiple cinnamon extracts, including ether, aqueous, and methanolic, have been
demonstrated to exhibit significant antioxidant properties (Mancini-Filho et al.,[18]. Rats
administered the bark powder of C. verum (10%) for 90 days exhibited antioxidant activity as
evaluated by cardiovascular and hepatic antioxidant enzymes, lipid conjugate dienes, and
glutathione (GSH).

ii. Antifungal Effects:

Cinnamaldehyde, the primary component oil in cinnamon leaves, has antifungal action, making
it superior to other cinnamon compositions in its capacity to thwart the spread of the fungus. C.
gloeosporioides, L. theobromae, and R. stolonifera had 100% of their growth inhibited by 10
micros from oil, whereas A. alternata, A. niger, and P. viticola showed no effect from the
oil.Oregano, thyme, and lavender essential oils, among others, are effective against fungi. UWE
scientists found that cinnamon oil inhibits yeast growth by disrupting their cell membranes,
making them unable to generate pseudohyphae [19].

iti. Anti-Inflammatory Effects:

When the body's immune system detects a threat, such as a damaged cell, an irritant, or a virus, it
initiates an inflammatory reaction. Not only does this intricate procedure get rid of the source of
the infection or injury, but it also gets rid of the apoptotic/necrotic cells and damaged cells, and it
starts the healing process. Antigen-presenting cells (APCs) including macrophages, neutrophils,
and lymphocytes react to pathogens by adjusting the inflammatory response. Both the culinary
and pharmaceutical sectors make use of cinnamon. Several inflammatory illnesses may benefit
from its usage as an anti-inflammatory. Inflammation is a localized defense mechanism of the
body against infection or damage. The major source of inflammation is removed and the
damaged tissue is repaired during an acute reaction, which is quick and short-lived. Chronic
inflammation is a key factor in many disorders, such as rheumatoid arthritis, asthma, and
periodontal disease if it is not treated [20].

Cinnamon's anti-inflammatory properties have been shown in several investigations of the
components of therapeutic plants. The anti-inflammatory properties of cinnamon and its essential
oils have been shown in several research. Gossypium, hesperidin, hesperidin-hesperidin,
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hibifolin, hypolaetin, oroxindin, and quercetin are only a handful of the flavonoid compounds
that have been discovered to date that have anti-inflammatory characteristics.

1v. Diabetes:

Insulin resistance and autoimmunity towards the pancreatic beta cells generate the metabolic
condition known as diabetes mellitus. Active compounds in cinnamon have been demonstrated
to increase glucose absorption by stimulatingProtein kinase R (PKR) activity, insulin receptor
(IR) autophosphorylation, and glycogen synthase (GS) activity, suggesting that cinnamon
possesses insulin-mimetic characteristics.One of the most difficult things for doctors to deal with
daily is managing a patient's glycemic index. Studies have shown that microvascular problems
and healthcare expenditures may be reduced with strict management with enhanced insulin
administration and sulphonylureas (UK Prospective Diabetes Study Trial). Moreover, a diabetic's
risk of problems may be greatly reduced by maintaining tight control over not only blood
glucose levels but also lipids and blood pressure (BP). Compounding this issue is patients'
reluctance to take their prescribed prescriptions owing to concerns about becoming dependent on
allopathic drugs or having to take them for the rest of their lives, among other patient-centered
factors [21].

3.3.Use in Agriculture:
3.3.1. Fungicidal Activity:

Any remaining Fungi may be eliminated with the use of cinnamon's natural and very powerful
fungicide. If you're using a self-watering planter, let the top inch of soil dry up completely before
watering again, and stick to supplying water from below. In a study of 49 essential oils, Wilson
et al. [22] found that C. zeylanicum, or cinnamon leaf, has the highest antifungal activity against
Botrytis cinerea. Other research has shown that C. zeylanicum is fungicidal against banana
diseases (Colletotrichum musae, Lasiodiplodia thebromae, and Fusarium proliferatum).The
overuse of synthetic fungicides may have harmful consequences on human health, hence there is
a global movement to find other ways to manage plant diseases. One alternate practice for farms
dedicated to organic or sustainable agriculture is the use of food ingredients, which are also
known as basic compounds, and which have been shown to have a protective impact when
applied to plant growth.

Essential oil from the cinnamon tree was shown to be more efficient than copper fungicide in
reducing the spread of fungal infection in industrial tangerine orchards, and on par with
commercial plant activators in terms of overall productivity.Beyond their direct mode of action,
which is the prevention of fungal growth, essential oils and cinnamaldehyde have a positive
impact on a plant's defensive mechanism, causing a noticeable rise in enzyme activity. All four
types of aspergilli Aspergillus niger, Penicillium notebookum, Mucor heimalis, and Fusarium
oxysporum were shown to be vulnerable to the strong antifungal effects of cinnamon oil.
Cinnamon oils and extracts have shown effective antifungal efficacy against commercially
significant plant diseases.

3.3.2. Insecticidal Activity:

An insect repellant using cinnamon has been proposed. It is well-known that cinnamaldehyde
and other components of cinnamon oil are effective insecticides against a wide range of
pests.The thrips on the onions have been kept under control with a coating of cinnamon oil. When
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onions were injected with orange and cinnamon oil, researchers observed changes in the
presence and damage caused by Thrips tabaci (from C. zeylanicum). Results reveal that both
orange and cinnamon oil greatly reduced the overall number of adult thrips on onion plants
(measured as thrips collected by cleaning their nests).

There have been numerous research conducted on the terpenoid components of cinnamon oil,
specifically looking at their toxicity and their ability to inhibit.The toxicity of the terpenoids
components of cinnamon essential oil was examined, as repelling qualities, and impact on the
respiration rate of Sitophilus granarius L. Adult S. granarius were exposed to six various
concentrations of essential oils and terpenoids, and their lethal levels (LC50 and LC90) and
repellence, general were measured.Researchers concluded that plant extracts and essential oils
like those studied here could be useful for managing S. oryzae and C. chinensis in the wild.
According to the findings of yet another study on Cydalima perspectalis, cinnamon oil is an
effective repellent that prevents oviposition.

Furthermore, nutrition is often used in the therapy of many illnesses, including diabetes,
oxidative stress, and cardiovascular disease, since it boosts the efficacy of pharmaceutical
therapy and decreases the risk of complications. Understanding the physiologically active
compounds in cinnamon may serve as a bridge between nutrition and healthcare, allowing for the
early detection and treatment of nutritional deficiencies. Knowing what physiologically active
compounds are found in cinnamon may also help people make more tailored diet plans that
include foods containing cinnamon. The chemicals found in cinnamon may be employed in the
manufacture of pharmaceutical agents or nutritional supplements, and this paper adds some fresh
components to nutritional knowledge based on these compounds. It also demonstrates the link
between the foods people eat, the nutrients they take in, and their overall health.

4. CONCLUSION

Multiple scientific investigations have shown that cinnamon contains bioactive chemicals,
primarily cinnamaldehyde. Separation methods allow for the identification of these chemicals,
which occur in varying concentrations throughout all plant tissues. Cinnamon's bioactive
components have a broad range of effects on the human body and may be often usedto treat a
variety of illnesses including metabolic disorders. Considering its fundamental nature and
capacity for protection, cinnamon is a substance worthy of commendation. As a viable
alternative to conventional pesticides for plant protection, in particular for preventative
treatments, it has found a home in organic farming.Furthermore, to fully realize cinnamon's
medicinal potential, more work has to be done to identify the most effective dosage and delivery
method.
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ABSTRACT:

Morchella esculenta is a rare wild medicinal and edible fungus with a great flavor. It is packed
with nutrients like vitamins and proteins as well as various beneficial compounds like
polyphenols and polysaccharides that have hypolipidemic, hepatoprotective, anticancer,
immunoenhancing, antioxidant, digestion-encouraging, antifatigue, and antibacterial properties.
Morchella esculenta can be found in food flavorings, nutritional supplements, and nutraceuticals.
Therefore, the present study aims at combininfg the evidence of therapeutic potential of Gucci
mushroom which is one the costliest macrofungi. The present study provide sth morphological
evaluation of the mushroom then followed by variety of biological activities including anti-viral,
anti-bacterial, anti-fungal, cardioprotective and othe anti-inflammatory activity. The study also
provides a discussion for future consideration, address of which can help researchers to achieve
significant milestone for the therapeutic potential.

KEYWORDS:
Antioxidant, Anti-Cancer, Fungi, Mushroom, Morchella Esculenta.
1. INTRODUCTION

The word "mushroom" is frequently used to refer to macrofungi, which can either be epigeous or
hypogeous. The macromycetes fruiting bodies known as mushrooms are large enough to be seen
with the naked eye and touched [1], [2]. Fungi have been feared and revered at various times
throughout human history, but they have always been seen as mysterious. In many countries, it
has long been traditional to gather different types of wild mushrooms from throughout the world,
particularly for culinary purposes. Such mushrooms have also been hunted for ceremonial
purposes or even for their traditional therapeutic applications. Many countries, including China,
Japan, India, and eastern European nations, have employed medicinal mushrooms to prevent and
treat a wide range of diseases [3], [4]. As illustrated in Figure 1, the size of the world mushroom
industry was estimated at USD 50.3 billion in 2021 and is anticipated to increase at a CAGR of
9.7% from 2022 to 2030. Gobal Mushroom market as per region is illustrated in Figure 2 where
Asia pacifc tops the global market of mushroom.

Different types of wild mushrooms have been employed as nutrient-dense functional foods. As a
result of their many beneficial therapeutic characteristics, mushrooms are employed in traditional
Chinese medicine in China. A variety of secondary metabolites with advantageous
pharmacological effects are found in mushrooms, according to pharmacologic and
phytochemical investigations. As supplements in the everyday diet, their extracts are utilized to
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treat a variety of conditions. To effectively treat diseases, medicinal mushrooms have a plethora
of advantages. In Indian history and cuisine, mushrooms have a long tradition. People in rural
areas and some tribes that engage in the harvesting of these from their natural environment rely
heavily on these as one of their primary sources of income.

20 40

® Cosmetics ™ Food Pharmaceutical

Asia Pacific M Europe M North America

M Central & South America ™ Middle East & Africa

Figure 2: A Graphical Representation of Global Mushroom Market by Region in 2021(In
% ).
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The Lactarius, Boletus, Tuber, Morchella, Russula, Amanita, Cantharellus, and Cordyceps
genera of mushrooms are the most frequently harvested and traded species. Pleurotus,
Agaricus, Auricularia, Agaricus, Lentinula, and Flammulina make up 85% of the supply of
cultivated edible mushrooms in the world, according to a worldwide analysis.

However, the genus of morel mushrooms, like Morchella, is simple to identify, differentiating
the species within the genus is more challenging because most species have a similar shape. In
Himachal Pradesh, India, there have been reports of six species belonging to these genera: M.
esculenta, M. hybrida, M. conica, M. angusticeps, M. crassipses, M. deliciosa, and M. semilibera

[S].

The current paper is divided into a total of five sections: the first section discusses the
importance of conducting the study; the second section offers a comprehensive review of the
literature; the third section discusses the method used to conduct the study; the fourth section
discusses the future consideration and the fifth section offers a concluding comment.

2. LITERATURE REVIEW

2.1.Morphological characterization and Nomenclature

As illustrated in Figure 3, a cylindrical structure makes up Morchella esculenta. Around 70-80%
of the weight of this mushroom species is in the top portion, known as the pileus. A circular or
irregular pit is visible, and the pileus is around 3-9 cm long and 2-5 cm broad. It displays the
colours yellow, brown, light brown, or black. A 20-30% of the weight of the plant lies in the
lower portion, which is known as the stalk or stipe. Its length, thickness, and hollowness range
from 1 to 4 cm, respectively. Initially white to light grey, it eventually turns greyish brown as it
ages. The base of Stipes, which supports the higher portion, is significantly larger. Its size can
range from 0.1 to 10 cm when dried, compared to 2 cm to 25 cm while it is fresh [6].

Scientific Classification:

i. Kingdom: Fungi

it. Division: Ascomycota

iii. Subdivision: Pezizomycotina
iv. Class: Pezizomycetes

v. Order: Pezizales

vi. Family: Morchellaceae

vii. Genus: Morchella

Viii. Species: M. esculenta

Common names:

i. French- Morille

ii. Pakistan- Kerkichoke, Khosay, Spina Guchhi, Gujae
iii. Germany- Speisemorchel

iv. Italian-spugnola bruna

v. Spanish-Colmenilla

vi. Nepal-Guchi chyau

vii. India-Guchhi
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Figure 3: A Pictorial Representation of True Morel Mushroom, M. esculenta.
2.2. Medicinal Properties of M. esculenta

There have been several studies documenting the health benefits of M. esculenta which is called
by a variety of common names. However, here we provide documentation of the recent pieces of
evidence showing the variety of health benefits while consumption of these true morels ( Figure

4) [71, [8].

Figure 4: Illustrating the various Medicinal Properties of M. esculenta.
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2.2.1. Antibacterial Activity

In research by Eraslan et al., they investigated the antioxidant, oxidant, and antimicrobial, of
Morchella esculenta (L.) Pers. mushroom. Using the Rel Assay TAS (total antioxidant
status) and TOS (total oxidant status) kits, the levels of antioxidant and oxidant substances were
calculated. Using the agar dilution technique, antimicrobial activity was assessed against several
bacterial and fungal strains. The analysis yielded the following results: its TOS value was found
to be 13.5490.211 mmoL/L, the mushroom TAS (total antioxidant status) value was found to be
4.5800.114 mmoL/L, and its OS value was discovered to be 0.2960.003. It was discovered that
mushroom extracts were efficient against the test microorganisms at doses of 50-200 g/mL
[9].Canli et al. looked into the antimicrobial activity of M. esculenta and 7. versicolor against a
variety of bacterial and fungi strains, both Gram-negative and Gram-positive. The findings of
their investigation showed that 7. versicolor exhibited low to high antibacterial activity whereas
ethanol extracts of M. esculenta had medium to high antibacterial activities against several
Gram-positive and Gram-negative pathogens examined.

2.2.2. Anti-diabetic activity

Rehman et al. looked at how Morchella esculenta polysaccharide (MEP) affected BALB/c mice
on a high-fat diet (HFD) and mice that had T2DM caused by streptozotocin (STZ). MEP
treatment successfully controlled hyperlipidemia and hyperglycemia. Their findings showed that
treating T2DM mice with MEP decreased levels of the proinflammatory cytokines interleukin 1
(IL-1), interleukin 6 (IL-6), and tumor necrosis factor-alpha (TNF-alpha), which are linked to
insulin resistance as well as decreased endotoxemia.

Liu et al.examined the hyperglycemic action of polysaccharides derived from M.
esculenta mycelia. They created a group of healthy rats, as well as numerous groups of diabetic
Mellitus (DM) rats, and treated them with various dosages of M. esculenta acidic
polysaccharides. The findings of their investigation indicated that serum insulin (INS) of Group
D (intervened by 600 gmL-1 polysaccharides) and fasting blood glucose (FBG) decreased
to 31.67mU/L and 8.12mmol/L and, respectively when in comparison to the control group,
showing that polysaccharides can stimulate INS secretion [10].

2.2.3. Anti-cancer activity

Lawore & Christinah presented a work in which they looked at the potential anti-cancer
properties of morel mushroom extracts in ovarian adenocarcinoma (SKOV-3) cells.
The MTT test was employed to gauge cell viability. Each of the morels extracts considerably (p
0.001) decreased cell viability, according to the data. A considerable rise in fluorescence was
also seen in all of the extracts. According to the results, the IC50 values for grey methanol,
yellow water, yellow methanol, grey ethanol, yellow ethanol, and grey water were found to be
11.73, 8.71, 9.70, 6.80, 11.78, 11.78, and 5.40mg/mL, accordingly. According to these findings,
extracts of the Morchella esculenta have anti-proliferative and cytotoxic properties that may be
useful in the treatment of ovarian cancer [11].

Hagq et al. looked into the anti-cancer properties of Morchella extracts against a colon cancer cell
line. Colon cancer cell viability was decreased by all fungal extracts in a dose-dependent manner.
Major substances found in Morchella included fatty acids, amino acids, cyclopyrrolones,
flavonoids, glutamic acid, sterols, peptides, alkaloids, terpenes, cyclopyrrolones, and coumarin.
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As a result, Morchella extracts have the potential to be a source of bioactive substances with
cytotoxicity and might be employed as functional dietary supplements.

2.2.4. Cardioprotective activity

Das et al. assessed the protective effects of ME against DOX-induced cytotoxicity by doing an in
vitro MTT experiment using H9C2 cardiomyoblast cells. At doses of 150 and 200 g (p 0.05 and
p 0.01 respectively), the findings showed that ME decreased the cytotoxicity brought on by
DOX. ME substantially downregulated the levels of increased cardiac damage markers caused
by DOX. Following DOX delivery, endogenous antioxidants such GPx, SOD, and GSH were
decreased; however, ME brought them back to nearly normal levels. This demonstrated
the ability to reduce the oxidative stress that DOX treatment causes, which damages the
myocardium.The above studies have discussed and documented various health benefits of M.
esculenta whereas the present study aims at combing those evidences which a solide approach
for comprehensive review.

3. METHODOLOGY

Figure 5: Illustrating the Methodological Design used to carry out the review study.

Electronic databases including Scopus, PubMed, Science Direct, Research Gate, and Google
Scholar were used to find and gather the data for this review. To find and organize pertinent
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publications, a range of important keywords were integrated. For the investigation, the terms
"Fungi," " Morchella esculenta," "True Morels," "Macrofungi" and "Anti-cancer activity" were
employed together with the phrases "antiviral activity," "antibacterial activity," "antifungal
activity," and "antimicrobial activity." Figure 5 below provides more information on the method
used to find pertinent records.

" n

4. DISCUSSION

Morchella esculenta are edible mushrooms that are prized for their savory flavor all over the
world. These have been used in traditional medicine for millennia because of their health
advantages, and recent research has proved their generally pro and anti-inflammatory
bioactivities, as well as immunomodulating and anti-tumor characteristics. Despite the enormous
need for morels and their rising economic importance, production is restricted, and they're either
wild collected or fermented in culture for consumption as a functional food and culinary
flavoring. The health advantages were linked mostly to polysaccharides as active molecules, as
well as different mycochemicals, primarily tocopherols, ascorbic acid, phenolic compounds, and
vitamin D.

In addition to that, M. esculenta is subjected to phytochemical testing in variety of research
studies. In M. esculenta, active phytoconstituents such glycosides, steroids, volatile oils,
phenolic acids, tannins, terpenes, flavonoids, and amino acids were found to be responsible for
the above pharmacological activities. In Figure 6 shown the Illustrating the various bioactive
compounds present in M. esculenta.

— Glycosides

— Steroids

— Volatile oils

— Phenolic acids

— Tannins

— Flavonoids

Bioactive Compounds in
Gucci Mushroom
I

— Terpenes

— Amino acids

Figure 6: Illustrating the various bioactive compounds present in M. esculenta(Gucci
Mushroom).

Mushrooms are also high in important fatty acids including linolenic acid, oleic, linoleic, and
which cannot be produced in the human body but are necessary for good health. In this
investigation, the fermenting M. esculenta mycelia possessed 17.17% crude fat, which is not
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normal for fruiting bodies, contrasted to the fat content of 39 common and well-known
mushroom species, which ranged from 0.2 to 8%. After separating unsaturated and saturated fats,
the fermented M. esculenta mycelia contained 0% trans fat, 85.4% unsaturated fats, 14.6%
saturated fat, and. According to previous research, unsaturated fatty acids were more than
saturated acids, and oleic, palmitic fatty acids, linoleic, and palmitic fatty acids were the most
abundant in the lipid content of M. esculenta.

Despite being a crucial fungus for medicine, it also has harmful consequences. The toxicity of
this mushroom has been the subject of several reports in the past. M. Esculenta has effects on the
cerebellum. 6-12 hours following ingestion. Researchers discovered in a distinct research that
cerebellar syndrome, which differs significantly from other conditions brought on by eating of
lightly cooked morels, was caused by neurological problems. Following the eating of half-
cooked or uncooked morels, numerous additional individuals noticed tremor,
dizziness/intoxication, postural instability/gait ataxia with similarities to cerebellar disorders as
the main symptoms of the neurological condition. Food poisoning, caused by a substance called
monomethylhydrazine that is present in this mushroom, causes gastrointestinal symptoms such
jaundice, lack of coordination, weakness, and occasionally even death and coma. When taken
with alcoholic drinks, morels can also cause gastrointestinal tracts to become irritated. Sweating,
nausea, gastrointestinal discomfort, Palpitations, vomiting, diarrthoea, chills, weakness, muscular
spasms, weakness, excruciating cramps, confusion, and headache are among symptoms of
flushing in people.

5. CONCLUSION

One of the most significant and advantageous organisms, mushrooms grow naturally and have a
variety of qualities. It is so crucial to pharmacology because of its flavor and the key ingredients
that mushrooms carry. The extract that mushrooms contain can treat a variety of illnesses, but it
is particularly effective in treating cancer. So one of the finest plants to learn about and research
is the mushroom. The fact that mushroom extract has anti-microbial, anti-inflammatory, and
other beneficial characteristics make us more interested in researching it. It mostly belongs to the
family Morchella and has several therapeutic characteristics. Morchella esculenta is a prominent
mushroom around the world. It includes a variety of active ingredients such as organic acids,
carotenoids, polysaccharides, tocopherols, and phenolic compounds that have medical and
pharmacological effects such as anti-inflammatory, anti-microbial, anti-cancer, and antioxidant
activity. It is rich in vitamins, carbohydrates, fiber, proteins, minerals, and aromatic components
like acids, ketones, esters, aldehydes, and terpenes.
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ABSTRACT:

Exfoliation is a technique that removes dead skin cells from the skin's surface, aiding in skin cell
regeneration. Removing this layer helps the skin regain its natural look, improves its texture or
homogeneity, and improves the skin's appearance while also removing impurities or promoting
the entry of cosmetically active chemicals. Enzyme cosmetics is an alternate name for these
cosmetics. The use of enzymes in skin treatment and as a cosmetic is very common. The skin get
more nourishment by the enzymes included as active ingredient in cosmetics, which also help to
avoid skin issues. Among these enzymes, coenzymes and cofactors supports for healthy skin.
The majority of the enzymes used in cosmetics come from plant sources. They are known as
proteolytic enzymes, as well as their function is to digest proteins. They disassemble the keratin
protein, which holds together dead skin cells in the top layer of the skin. As a consequence, the
skin becomes smoother and softer, and acne, scars, or pigmentation are also lessened. In present
study role of enzymatic ingredients in cosmetics preparation and their effects on skin treatment is
discussed. In future, this study may provide a basis for further research on optimization of
enzyme ingredients as active molecular compound for better performance of cosmetics.

KEYWORDS:

Coenzymes, Cosmetic, Enzymes, Exfoliation, Proteins, Protease, Q10, Superoxide Dismutase
(SOD).

1. INTRODUCTION

Enzymes are biological catalysts, also known as biocatalysts that accelerate biochemical events
in live organisms. They may be extracted from cells and used to catalyze several commercially
relevant activities. This gives an overview of the basic ideas of enzymology, such as
classification, structure, kinetics, or inhibition, as well as commercial applications. The
purification of enzymes is also investigated [1], [2]. An enzyme is used in a variety of cosmetic
processes. The usage of enzymes will increase along with the cosmetics industry's rapid
expansion. In the cosmetics sector, the enzyme can be employed as an antioxidant, as well as a
whitening agent, moisturizing agent, or other functional additions. The biological enzyme that
has been the subject of the greatest research and is employed in most of the cosmetic products is
superoxide dismutase (SOD). It is a potential antioxidant ingredient for major categories of aging
treatment cosmetics [3].
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Complex proteins called enzymes serve as biocatalysts, accelerating processes without actually
participating in them. Due to the cells' internal temperature and pH conditions, the majority of
reactions would not be feasible without the existence of enzymes in the cells. For a certain kind
of reaction or particular substrates as well as molecules, enzymes function as a catalyst. One of
the primary uses of enzymes in skin care products is that they have this quality, which means that
there are no side effects or leftover bi-products.

Other skin-friendly enzymes include extra parts called cofactors as well. Coenzymes are the
name given to these enzymes [4]. These are mostly produced from water-soluble vitamins,
notably those in the B group of vitamins, which include minerals like zinc, magnesium, copper,
or iron, among others. Niacin, pyridoxine hydrochloride, and calcium pantothenate are a few of
these vitamins [5].

The cosmetics business is continuously working to provide new inventions and cosmetic product
substitutes. Modern cosmetics have a strong tendency toward safe components that are of natural
origin, especially to prevent having a negative ecological influence on the environment.
Iodopropynyl butyl carbamate, an allergy, butylparaben, resorcinol, or Ethylhexyl
methoxycinnamate, all of which are categorized as endocrine disruptors, glyoxal, which is
mutagenic, or zinc pyrithione, a CRM Category B compound that is considered to be human
cancerous, mutagenic, or reproductive.

Customers are hence perhaps every day exposed to these substances [6]. Since dermal therapy
with active cosmetics may help promote skin regeneration, a thorough examination of the
advantages that plants and fruits can provide customers is necessary. In addition to describing an
enzymatic peel method, this page lists the most prevalent plant enzymes used in cosmetic goods

(71, [8].

The gut houses around 70% of your immune system. It is one of the body's vital organs and is
where hormones are processed, detoxifying enzymes are produced, digestion takes place, and
nutrients that are good for the skin are created. In general, the digestive system is very important
in determining the health of your skin since it aids in the digestion of the food you eat. Our
bodies and skin can use the nutrients and minerals, which support the body's natural detoxifying
and digestion processes. In this study author discussed the role of enzymes in skin care. Also
talks about enzymes' various benefits for skin treatment. In the literature review, part author talks
about a previous study about the use of enzymes for skin care. In the discussion, part author talks
about the application of enzyme for different skin problem, and at the end author conclude the
whole paper.

2. LITERATURE REVIEW
2.1.  Cosmetic Enzymes:

Because of their advantageous characteristics, enzymes have been utilized in the cosmetics
preparation for a long time. Pumpkin-derived enzymes are used in cosmetics to promote smooth
skin. Additionally, enzymes are used in formulas that fight acne, pigmentation, and aging.
Additionally, enzymes are used to exfoliate the skin, stop the formation of free radicals that harm
the body or skin, and maintain firm skin, but have antibacterial qualities. Proteins are broken
down by proteolytic enzymes (proteases), which are used in enzymatic peeling. Due to their
distinct mechanism of action and eco-friendly attributes, enzymes have several benefits over
conventional catalysts when it comes to accelerating chemical processes [9]. For cutaneous
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application, enzymes should be very pure, highly specific, minimal antigenic, or stable under
physiological settings. They can be utilized for aesthetic and medicinal objectives. Enzymes
typically have a wide range of industrial applications, and new uses for these biological catalysts
are always being found, notably in the field of cosmetics. Table 1 lists the enzymes that are most
commonly utilized in cosmetics.

Table 1: Enzyme used in Cosmetics.

Enzymes Origin Used in Cosmetic
Superoxide Yeast ( recombinant) Anti-aging
dismutase Neutralizes reactive oxygen

species (ROS)

Antioxidant Increases longevity

Lipase Bacteria Acne Anti-cellulite, Deep
cleansing of the skin

Protease Fungi Antioxidant, dryness Removes
death cells Peeling Anti-aging,
Facilitates the penetration of
active substances, Stimulates or
inhibits desquamation, skin

scaling.
Alkaline phosphatase Yeast and fungi Increases cellular metabolism
(recombinant) Anti-wrinkle
Hyaluronidase Bacteria Anti-cellulite Moisturizing agent

2.2.  Benefits of Different Enzymes in Skin Care:

Due to their natural makeup, friendliness toward the skin, and lack of adverse effects, various
types of enzymatic are employed in skincare regimens and formulations. Let's examine several
prominent enzymes utilized in the cosmetic and skincare sectors. Several enzymes are used in
the cosmetic industry as shown in Figure 1.

2.2.1. Q10 Coenzyme:

One of the most vital enzymes in skin-care products, coenzyme Q10 is created naturally by our
bodies. Its production decreases with age, causing skin aging, ultraviolet (UV) damage, or
wrinkles. This coenzyme may be added to skin treatments to rejuvenate skin, increase skin
elasticity or collagen synthesis, lessen free radical or UV damage, even out skin tone, as well as
provide many other advantages. Coenzymes function by making the body's enzymes more
effective. Coenzymes also have the benefit of having low molecular weights, which allow them
to penetrate the skin when administered topically. They are stable and simple to use in skincare
products, which is another benefit [10], [11].
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2.2.2. “Superoxide Dismutase” (SOD):

Superoxide Dismutase, or SOD, must always be mentioned in a piece on enzymes for cosmetics.
This enzyme is also naturally present in our bodies, but as we become older, less of it is
produced. SOD is a potent antioxidant enzyme that helps to protect cells by removing free
radicals. Include green vegetables like cabbage, broccoli, or Brussels sprouts in your diet to get
plenty of this. SOD and the found naturally enzyme catalase work together to stop oxidation-
related skin aging. The dismutation process does this by converting the dangerous oxygen
molecules as well as free radicals into a less reactive form. SOD is often generated from yeasts
and mixed with catalase in skin formulations for the beauty industry to avoid age-related skin
issues including wrinkles, liver spots, or fine lines. It also aids in the reduction of scar tissue or
keloid formation and promotes faster wound healing.

2.2.3. Peptidase enzymes:

Proteolytic enzymes occur naturally in enzymes that may be found in many types of living
things, including viruses, bacteria, algae, or mammals. Protease, Proteinase, or peptidase are
further names for them. The three most widely wused proteolytic enzymes are
bromelain, papain, and pepsin. In skin care products, the enzymes bromelain and papain, which
are produced from pineapple and papaya, respectively, are employed. The skin-friendly protein
is broken down by these enzymes to function.

Superoxide
Dismutases

Enzymes Used In Cosmetic
Industry

Figure 1: Major Enzymes, used in Cosmetic Industry.
2.2.4. Prolyl, Lysyl, and “diacylglycerol acyltransferase” (DGAT-1):

Enzymes used in skin care products can also help skin tighten up by promoting the production of
collagen and fat. The activity of retinoic acid is enhanced by DGAT-1, which accelerates the
process of skin and hair regeneration. When paired with vitamin C, enzyme-like lysyl or prolyl
hydroxylases boost skin collagen, firming the skin and preventing wrinkles and fine lines.
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2.2.5. Enzymes of peroxidase:

Peroxidase is another enzyme used in cosmetics, however, it has a distinct function. By stopping
bacterial development, these enzymes maintain the skin creams or other compositions. Without
oxygen, which is present in the formulation, these enzymes deplete the bacteria's ability to thrive.

2.3.  The Role of Enzymes in Skin Care:

People frequently overlook our skincare since we are too busy living our everyday life. Because
of this, our skin is exposed to dangerous pollutants and chemical items like face wash and
cosmetics, which can irritate it. To get flawless skin, you can experiment with a variety of
products, diets, supplements, and spa treatments. Enzymes, however, are a subtle alternative to
skincare that you may not be aware of. Digestive enzymes for the skin are quite beneficial. These
underappreciated supplements might aid in the body's normal digestion and nutrition breakdown.

Florent Yvergnaux et al. studied about in the ongoing search for non-polluting techniques to find
compounds for use in skin care products, enzymes are the preferred tool. In terms of ingredient
development, lipases among such biocatalysts have a lot of promise and are desirable for skin
dermo-cosmetic formulations with sensory or biological activity. Since they have been
researched for almost Thirty years, lipases often work under settings that are considered to be
mild, exhibiting impressive effectiveness, especially in terms of selectivity [12].

Nishat R. Khanet al. studied In terms of operational simplicity, product quality, and a decrease in
waste production, biocatalysis outperforms the chemical method. Because they can identify a
wide range of substrates or catalyze a large number of reactions, lipases are the most often
utilized enzymes for enzyme-catalyzed synthesis in the cosmetic industry. The review's second
part highlights the limits of traditional biocatalytic manufacturing of cosmetic esters and explores
the use of cutting-edge environmentally friendly methods like ultrasonication or microwave
irradiation to overcome these issues [13].

Oliver Thum et al. lipases that are immobilized in the cosmetics industry. As a result, there is a
sizable market for both consumer goods and specialty chemicals that make up their components.
In addition to playing a significant role as catalysts for the commercial synthesis of several
specialty esters, fragrance compounds, or active agents, lipases have begun to play a modest part
as active components in so-called “functional cosmetics”. Contrary to popular belief, both
applications nearly invariably demand preparation using effective immobilization methods. In
addition, due to these preparations' often low stability, unique reactor ideas frequently need to be
used for catalytic application. Despite this, these processes have specific benefits in terms of
product quality, environmental impact, and process simplicity, and are thus likely to replace
conventional chemical processes more often [14].

Hien Thi Hoang et al. studied plant extracts that provide natural antioxidants in skincare
cosmetics. The safety and versatility of natural antioxidants in cosmetic composition have raised
interest in their potential health benefits. The effectiveness of natural antioxidants in vivo is,
however, less well-researched than their prooxidant qualities. Vitamin, phenolic,
and flavonoid compound-rich plant extracts have both antioxidant and oxidative damage-
inducing effects on a variety of biomolecules. It is unknown if natural antioxidants are efficient
at slowing the process of aging because of the differences in their biological activity [15].
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3. DISCUSSION

The search for extremely highly active ingredients in cosmetics leads to the production of
compounds that are frequently challenging to obtain. Furthermore, synthesis is always moving
towards cleaner technologies due to research into environmentally friendly techniques (observe
the rise in green chemistry in this field). One such option that is perfectly acceptable is the
employment of enzymes. In contrast to chemical synthesis, the energy required by the
biocatalyst, which decreases the thermodynamic barrier separating the produced product from
the starting substrate, is significantly reduced. Complex proteins known as enzymes are created
by living things and serve as catalysts for particular biochemical processes. The first enzyme to
be taken from malt was diastase, which was later identified as amylase, an enzyme that turns
starch into sugar [16].

A cell's hundreds of processes are regulated by enzymes, ensuring that at any given time,
enzymes are doing all the work inside the cell. These pH- and temperature-sensitive organisms
are highly specialized chemical reaction mechanisms with unique characteristics. They are non-
by-product producing and can be particular for both the type of reaction and associated substrate
that are employed. The function of enzymes in a cell is to speed up processes, enabling the cell to
swiftly assemble or disassemble objects. This is because chemical processes necessary for cell
growth or reproduction do not complete quickly enough to preserve cell viability at the ambient
temperature and pH level of the majority of cells. With the right enzyme, processes that would
take years may happen in fractions of a second. Enzymes speed up reaction rates by more than a
million-fold [17].

3.1.  Cofactors and Coenzymes:

Some globular conjugated proteins need an extra chemical component known as a cofactor,
whereas some enzymes are made entirely of proteins and do not include any other chemical
groups. The cofactor may be an organic coenzyme or an inorganic compound. To stop skin
damage brought on by pollution, germs, tobacco, sunshine, and other causes, enzymes bind free
radicals. Numerous vitamins, including the water-soluble B vitamins calcium pantothenate,
niacin, or pyridoxine hydrochloride, are converted into coenzymes. Certain cofactor minerals,
such as zinc, magnesium, iron, and copper, as well as others, are required by other enzymes.

3.2.  Using Enzymes in Cosmetics:

For many years, the cosmetics industry has used pumpkin enzymes for skin resurfacing or
smoothing. Skin disorders related to acne, skin aging, congestion, or pigmentation have all been
successfully treated with enzymes. Their most popular advantages include free radical
scavenging, structural  strengthening, protein breakdown, antibacterial advantages, and
exfoliation, which are all detailed in more depth below.

Although the advantages of enzymes have long been understood, interest in enzymology for
aesthetic and dermatological uses has lately increased. In addition to their naturally occurring
and renewable qualities, this is at least partially attributable to improvements in their usefulness,
safety, as well as stability in cosmetic systems to give skin and product protection. Coenzymes or
cofactors, including the well-known coenzyme Q10, are safe ways to support the effective
operation of the skin's enzymes. Low molecular weights enable coenzymes or cofactors to get
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through the stratum corneum and aid in the activation of the enzymes that are already there.
Additionally, they are quite simple to synthesize into cosmetics or stable.

3.3.  Free Radical Scavenging:

Skin protection is one area where topical enzymes have demonstrated considerable advantages.
Because enzymes neutralize free radicals, they shield the skin from injury from germs, smoking,
sunlight, pollution, as well as other toxins. In this function, enzymes may effectively act on the
skin's surface without having to go deeper to reach live cells. Superoxide dismutase is maybe one
of the most widely used defensive enzymes (SOD). Almost all living things have this enzyme,
which is frequently isolated from yeast. In aqueous settings, it helps to shield cells from free
radicals. Additionally, it may be found in most green plants, brussels sprouts, barley grass,
broccoli, cabbage, or wheatgrass.

3.3.1. Barrier Strengthening and Protein Breakdown:

Proteolytic enzymes, also known as proteinase, protease, or peptidase, are utilized in cosmetics
in a different capacity to break down proteins into their shorter component peptides and
ultimately into amino acids. These substances are absorbed by the skin, encouraging the skin's
cell development and regeneration. Although they are most prevalent in mammals, proteolytic
enzymes may also be found in bacteria, archaea, some types of algae, plants, and viruses. Pepsin,
papain, or bromelain, are the three enzymes that break down proteins most frequently. While
bromelain or papain are food enzymes found in pineapple and papaya, respectively, pepsin is a
digestive enzyme generated naturally by the intestines. These last two are frequently used as
components in cosmetics.

3.3.2. Barrier Strengthening and Protein Breakdown:

Proteolytic enzymes, also known as proteinase, protease, or peptidase, are utilized in cosmetics
in a different capacity to break down proteins into their shorter component peptides and
ultimately into amino acids. These substances are absorbed by the skin, encouraging the skin's
cell development and regeneration. Although they are most prevalent in mammals, proteolytic
enzymes may also be found in archaea, bacteria, and some kinds of algae, plants, or viruses.
Pepsin, papain, or bromelain, are the three enzymes that break down proteins most frequently.
While bromelain or papain are food enzymes found in pineapple or papaya, correspondingly,
pepsin is a digestive enzyme generated naturally by the intestines. These last two are frequently
used as components in cosmetics [18].

3.3.3. Combining Advantages:

Certain enzymes are also used topically as exfoliants to break down and remove dead skin cells,
leaving the skin smooth, young, and radiant. The glue that keeps the cells together is broken
down by enzymes, which are kinder on the skin than AHAs. Dead skin cells are shed as a result,
hastening the natural exfoliation processes of the skin. Based on their level of activity, certain
enzymatic peels are applied in professional-grade solutions by skilled estheticians who might just
mix them with other peels, including vitamins, to increase their potency.

“Salicylic acid” (BHA), for example, is beneficial when coupled with enzymes on oily skin that
is prone to acne, while alpha hydroxy acids, such as retinoic acid, work well when paired with
enzymes on sun-damaged and unevenly toned skin. SOD, with its capacity to absorb free
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radicals, may also be coupled with peroxidase to increase its capacity to scavenge free radicals.
When administered topically, they all lessen erythema brought on by UV exposure.

3.4.  Enzymatic Peel Use

Irrespective of the phototype of the skin, enzymatic peels are advised for (hyper) pigmentation,
acne scars, oily or rough skin, as well as general skin care. Fruit enzymes gently exfoliate the
skin to give it a healthy shine. Enzymes gently resurface skin to provide a smooth, luminous
complexion as an exfoliant for all skin types. Even those who have the most sensitive skin can
use them because they are extremely gentle and effective. The keratin protein, which holds dead
skin cells together in the epidermis, is broken down by enzymes. Your skin will have an even
texture as a consequence, and the scarring and pigmentation are diminished throughout the
breakdown process. Figure 2, Give examples of how enzymes are used in the cosmetics industry
for various purposes.

Figure 2: Use of Enzymes for Various Purposes in the Cosmetic Industry.

3.4.1. Precautions:

In general, enzymatic peels are safer and more pleasant than chemical peels. It can be utilized as
a summer peel and is an excellent substitute for persons who have sensitive skin, high skin
phototypes, who could respond to irritation by developing post-inflammatory hyperchromasia, or
those who have allergies to glycolic acid. The stratum corneum cells are kept together by
proteins, which may be enzymatically hydrolyzed. About 10 to 20 minutes after the application
of an enzymatic peel, the dead cells are loosened and superficially removed. Masks made of
dried enzyme-containing vegetable juice extracts (latex) and water are widely used to accomplish
this effect. When done as directed, enzymatic peels are generally thought to have a mild effect on
the skin that is normally restricted to the skin's surface [19].

Proteolytic enzymes, including papain, bromelain, or ficain, have long been employed in skin
peeling and smoothing cosmetics. However, the main issue with such usage is skin irritability
brought on by their proteolytic actions. Their action is nonetheless less intense than that of
chemical exfoliation. There hasn't been much research done on enzyme usage in cosmetics.
There may not be enough research in this field due to technical challenges in analyzing enzyme
activity on human skin or enzymes' intrinsic volatility, which makes them difficult to synthesize
and stabilize in final cosmetics.
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In the ongoing search for non-polluting techniques to find compounds for use in skin care
products, enzymes are the preferred tool. In terms of ingredient development, lipases between
these biocatalysts have a lot of promise and are desirable for skin dermo-cosmetic formulations
with sensory or biological activity. In most situations, lipases act under settings that are thought
to be moderate, showing amazing effectiveness notably in terms of selectivity. Lipases have been
researched for almost thirty years. Through a typical synthesis, this very powerful approach will
be demonstrated, showing how ester or amide active components are produced [20].

3.4.2. Anti-aging Cosmetics Applications:

Exploration of time-turning techniques for endless hunger and perpetual youth is a major focus
of contemporary science. This has spurred the development of cutting-edge technology in the
cosmeceutical sector. Life expectancy has increased as a result of biomedical technology
advances in disease diagnosis and treatment. These days, having a young, appealing appearance
is more of a memory. Although people cannot constantly look and feel young, maintaining good
health or a youthful appearance. Through scientific study, several anti-aging cosmetics have been
developed and made available for purchase. Numerous various skincare cosmetic items and their
uses have been widely marketed, but both patients and doctors are unclear about the efficacy and
indications of these treatments. Commercially available products all promise to provide certain
skincare benefits when used under instructions. Although less dramatic, these benefits are
notable and, with sustained use, can dramatically improve skin look.

4. CONCLUSION

The cosmeceutical industry has recently attracted significant attention globally, owing to the
active engagement of customers who have recently started using these goods. Cosmetic
industries now have access to a wide range of cosmetically active chemicals, thanks in large part
to biotechnological breakthroughs. It is possible to synthesize various value-added enzymes and
other active components on a large scale using such a biotechnological approach. It is impossible
to overstate the potential applications of ligninolytic enzymes, especially lignin peroxidase, in
dermatological formulations or cosmetics. In addition to the purposes listed above, enzymes are
also utilized in raw and cream formulations as exfoliates to exfoliate dead skin cells or brighten
the skin. Raw exfoliates like papaya or pineapple are very common. Salicylic acid as well as
retinoic acid are combined with cosmetic enzymes to treat acne and level out skin tone. Enzymes
are increasingly being used in cosmetics not only for skin care but also in hair care, dental
hygiene, hair growth, and many other beauty items. The major goal of this study is to understand
more about how enzymes are used in the cosmetics business. This paper will educate readers
about enzymes and their advantageous applications in the cosmetics business in the future.
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ABSTRACT:

One of the oldest medicinal herbs, turmeric (Curcuma longa), has been utilized since ancient
times. The bioactive ingredient in turmeric is curcumin, which comes from the Zingiberaceae
family. Numerous studies have demonstrated that curcumin is the primary active ingredient in
turmeric. In addition to being a strong source of macro- and micronutrients including protein,
energy, vitamins, and minerals, turmeric is also well-known for its many therapeutic uses,
including its anti-inflammatory, anti-ulcer, and anticancer effects. Turmeric's antioxidant
properties, which boost cellular resistance to oxidative damage, as well as its ability to lower the
generation of pro-inflammatory cytokines are the main contributors to its hepatoprotective
benefits. Turmeric and curcumin therapy, in addition to their capacity to cure biliary hyperplasia,
necrosis, or fatty alterations, also markedly decreased liver damage in test animals compared to
controls. Turmeric extract also significantly reduced the production of the fungal toxin aflatoxin
by 90.00%. The objective of this study was to give a succinct overview of the therapeutic and
dietary benefits of curcumin.

KEYWORDS:
Aflatoxin, Antimutagenic, Curcumin, Curcuma Longa, Hepatoprotective, Turmeric, Vitamin.
1. INTRODUCTION

A plant known as turmeric has been used medicinally for approximately 4,000 years. Although it
is also used in religious rites, turmeric is still a widely used spice in Southeast Asia. Turmeric is
used and also referred to as “Indian saffron” due of its beautiful yellow color.

1.1.  Phytochemicals in Turmeric:

Although the medical benefits of turmeric and its abundance of curcumin have long been known,
it has only recently been possible to pinpoint the exact mechanism(s) of action or pinpoint the
bioactive components. Curcumin, also known as diferuloylmethane, is the primary herbal
polyphenol present in the rhizomes of Curcuma longa (turmeric) and other Curcuma species.
Curcuma longa has been used as medicine for a long time in Asian countries due to its
antioxidant, antibacterial, antimutagenic, and anticancer properties [1], [2]. The flavonoid
Curcuminoids that form aggregates are the active components of turmeric.
Monodexmethoxycurcumin, Bisdesmethoxycurcumin, or curcumin (diferuloylmethane) in Most
of the curcuminoid content in turmeric, or around 90%, is curcumin. Resins, proteins, or
carbohydrates are other components, which are shown in Table 1. The well-studied active
component, curcumin, makes up 35.5% of raw turmeric [3], [4].



Modern Biotechnology Techniques

Table 1: Turmeric and its Compound's Bioactive Compound.

Compound Name Biological Activity
Methylcurcumin Antiprotozoal
Volatile Ol Anti-inflammatory, Antifungal,

Antibacterial,

Curcuma longa

Antitumor, Anti-protozoan Anti-
inflammatory and Wound-healing

Bisdemethoxycurcumin and
Demethoxycurcumin

Antioxidant

Curcumin

Antibacterial, Antitumor, Antiprotozoan,
Antiviral, and Antioxidant

1.2.  Health Benefits of Turmeric:

A significant source of micro and macronutrients is turmeric. Table 2 demonstrates that it is a
healthy source of food, dietary fiber, and energy. Turmeric contains a substantial amount of
vitamins and minerals. Due to its numerous nutritional and therapeutic benefits, which aid in the
prevention of many diseases also and improve the flavor and color of food, turmeric was known
in the past as the Golden Spice. The minerals and vitamin content of turmeric are shown below.

Table 2: Constituents of Turmeric Per 100g.

Constituents Amount
Ash 6.13 ¢
Nutrient Total fat 5.03¢g
Protein 7.66 g
Total dietary fiber 2138 ¢
Carbohydrate 4922 g
Copper 0.44 mg
Minerals Calcium 122 mg
Sodium 2441 mg
Phosphorus 276 mg
Potassium 2374 mg
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Riboflavin 0.06 mg

Niacin 1.55 mg

Vitamins Pantothenic acid 0.13 mg
Thiamine 0.06 mg

Biotin 0.76 ug

1.3.  Turmeric Phytopharmacology:

A medicinal herb, turmeric has a range of therapeutic and pharmacologic effects. Turmeric has
some significant phytopharmacological and medicinal effects.

1.3.1. The activity of Antioxidants:

Curcumin lowers the production of reactive oxygen species in living organisms. Catalase,
glutathione peroxidase, and superoxide dismutase remain active Curcumin has recently been
discovered to protect against oxidative stress in indomethacin-induced gastric lesions by both
directly scavenging H,O, and OH as well as by blocking the inactivation of gastric peroxidase.
Due to turmeric's powerful antioxidant activity, which has been linked to the inhibition of the
development of several pathological illnesses caused by reactive oxygen species, these problems
can be controlled [5], [6].

1.3.2. Effects on the Digestive System:

The human gut is subjected to many protective effects of turmeric. Additionally, when rats are
exposed to gastrointestinal insults such as stress, Indomethacin, alcohol, reserpine, and pyloric
ligation, turmeric reduces the development of ulcers by increasing stomach wall mucus.
Additionally, it prevents intestinal spasms or boosts the release of pancreatic enzymes,
bicarbonate, gastrin, or secretin. An open, stage II clinical trial utilizing 600 mg of powdered
turmeric five times per day included 25 individuals with endoscopically seen peptic ulcers.
According to the findings, 48.00% of patients had made a full recovery. There were no side
effects or blood abnormalities noted [7], [8].

1.3.3. Osteoarthritis:

According to studies, using turmeric extracts either by itself or in combination with other herbal
ingredients may assist people with knee osteoarthritis better regulate their function. According to
several research, turmeric has osteoarthritis pain-relieving properties on par with ibuprofen.
However, it doesn't appear to be as effective as diclofenac at lowering pain and enhancing
function in patients with osteoarthritis.

1.3.4. Mellitus Diabetes:

When used in Madhumeha with amla juice and honey, turmeric rhizome powder is particularly
beneficial (diabetes mellitus). In healthy adults, consuming 6 g of turmeric elevated postprandial
serum insulin levels but didn't appear to have an impact on gastrointestinal or plasma glucose
levels [9], [10]. The findings suggest that Curcuma longa may have an impact on insulin release.
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By maintaining high levels of the antioxidant enzymes like superoxide dismutase, catalase, or
peroxidase, curcuminoids, the active components present in the rhizome of the turmeric plant,
prevent lipid peroxidation. Due to curcumin and its three derivatives, Curcuma longa has
antioxidant capabilities (demethoxycurcumin, diacetyl curcumin, and bisdemethoxycurcumin).

1.4.  The usefulness of Turmeric:

The “Food and Drug Administration” (FDA) has classified curcumin, turmeric's active
component, as GRAS (generally recognized as safe). Thus, curcumin, the active component of
turmeric, is widely used in American foods including chips, mustard, butter, and cheese.
Through the promotion of heart protection or functional recovery, a month's worth of
administration of 100 mg/kg of turmeric lowers cell death.

2. LITERATURE REVIEW

Rajesh. H et al. studied the phytochemical analysis of Curcuma longa Linn rhizome extract in
methanol. There are a lot of pharmacologically active compounds found in medicinal plants.
Scientists are presently concentrating on phytochemicals to cure a variety of human diseases. It
has antioxidant, antifungal, antimicrobial, virucidal, anti-inflammatory, or antimicrobial effects.
A phytochemical examination of the methanolic extract was conducted in light of this. The
investigation's goal was to conduct a preliminary phytochemical analysis of the turmeric
rhizome's methanolic extract [11].

Nagabhushan e al. In a Salmonella/microsome experiment, curcumin was evaluated against
tobacco products and a range of environmental mutagens with either Aroclor 1254-induced rat
liver homogenate (S-9 mix) or without it. In a dose-dependent way, curcumin reduced the
mutagenicity of tobacco extraction, masher (a tobacco product), bidi smoke condensate, and
cigarette smoke condensate. Curcumin's antimutagenic activities are only inhibited by mutagenic
substances that need metabolic activation [12].

Xu et al. examined how oral administration of curcumin affected rats' behavior in a prolonged
stress-induced depression scenario. The control was the antidepressant imipramine. Curcumin
therapy had effects that were equivalent to imipramine. These findings suggest that the potential
of curcumin to specifically boost brain-derived neurotropic factors in the rat's frontal cortex or
hippocampus may be responsible for the behavioral effects of chronic curcumin treatment in
chronically stressed rats. to control the “hypothalamic-pituitary-adrenal” (HPA) axis dysfunction
[13].

Azuine et al. female Swiss mice were used to study the anti-mutagenic and anti-clastogenic
effects of aqueous extracts on chemically induced mutations in Salmonella typhimurium strains.
Utilizing a model of stomach neoplasia brought on by benzo(a)pyrene, the anticarcinogenic
properties were examined. In addition to showing antimutagenic efficacy against directly acting
mutagens, aqueous turmeric extract significantly reduced the ability of Salmonella typhimurium
strains to mutate benzo (a) pyrene. Benzo(a) pyrene-induced stomach tumor development was
greatly slowed down by treatment with liquid turmeric extract [14].

Khattak et al. examined the ethanolic extracts of the turmeric's cytotoxic, antibacterial,
phytotoxic, antifungal, or insecticidal properties. The extract had mild antibacterial activities
against Staphylococcus aureus as well as antifungal activity against “Trichophyton longifusus”
or “Microsporum canis. Lemna Minor” was exposed to toxic activities [15].
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3. METHODOLOGY

Using a variety of precise keywords and a search technique in an electronic database (PubMed,
Scopus, Google Scholar, and Science Direct), the material for this review research was
discovered. Using filtered search, pertinent papers were discovered and organized. The phrases
antimutagenic, curcuma longa, hepatoprotective, turmeric, and vitamin were utilized. The current
review research approach is shown in Figure 1 below.

Keywords:
q g PubMed

Antimutagenic, |4 s

copus
(IR L‘mga’ Identification of Records Google
Hepatopr.'otectlve from Databases Scholar
, Turmeric, Sei
Vitamin. 4 c.lence

Direct

Screening of Records

v

Studies Sought for
Retrieval

v

Studies Screened for
Eligibility

A A

Studies Included for
analysis

Figure 1: Flow diagram of methodology
4. DISCUSSION
4.1 Traditional medical use for turmeric:

Turmeric has several medical uses in traditional medicine, including reducing gas, enhancing
digestion, getting rid of worms, controlling menstruation, relieving arthritis, removing gallstones,
and boosting general bodily vitality. Additionally, in several ayurvedic practices, such as blood
purification and treating skin disorders in India, turmeric or its paste is employed. To get rid of
extra hair, turmeric paste is helpful for hair. In many parts of India, Pakistan, and notably
Bangladesh, turmeric is applied on the bodies of the bride and the groom prior to marriage to
make the skin glow or shine and to aid in preventing harmful microbes from entering the body.
Turmeric is mostly used by multinational corporations to make various sunscreens or face
creams. In order to enhance digestion, reduce gas and bloating, cure intestinal disorders, as well
as treat colds and sore throats, many food manufacturers add turmeric to a variety of food
products such rice and bean meals.

Turmeric is regarded as a carminative and bitter digestive in both traditional Chinese and
Ayurveda medicine. In addition, it relieves edema and sprains, as recommended by Ayurveda
since ancient times. Additionally, turmeric functions as a dietary supplement as a digestive
stimulant that raises amylase, chymotrypsin, or pancreatic lipase activity. By combining with
other species like coriander, black pepper, cumin, or red chili, turmeric also increases bile flow,
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bile acid production, as well as the mucus content of gastric juice in rabbits. You may use
turmeric paste to treat wounds and prevent infection. Additionally, renal, heart and neurological
diseases can be treated with turmeric. Ischemia as well as the reperfusion model of myocardial
damage was used to assess the impact of turmeric on myocardial apoptosis or cardiac function.

4.2 Turmeric's Medical and Pharmacological Constituents:

Oral administration of curcumin was proven to have comparable anti-inflammatory effects to
cortisone and phenylbutazone in cases of acute inflammation. Curcuma longa dramatically
decreased inflammatory swelling when taken orally. The ability of C. longa to inhibit neutrophil
migration in stressful situations and the production of combustible prostaglandins from
arachidonic corrosive may both contribute to the organism's moderating effects. Curcuminoids
also inhibit the production of LOX, leukotrienes, phospholipases, thromboxane, prostaglandins,
“interferon-inducible protein”, “nitric oxide elastase, collagenase”, monocyte chemoattractant
protein-1, interferon-inducible protein, TNF, or interleukin-12. Additionally, they prevent
leukotriene from being produced by the lipoxygenase pathway and reduce the production of
prostaglandins [16].

4.2.1 Oxidizing qualities:

Fat- or water-soluble turmeric formulations have significant antioxidant activity that is
comparable to that of vitamins C and E. Studies on ischemia shown that pretreatment with
curcumin decreased the negative effects on the heart. In an in vitro investigation, the effects of
curcumin on endothelial heme oxygenase-1, an inducible stress enzyme, in bovine aortic
endothelial cells were examined. After being incubated with curcumin, cells were more resistant
to oxidative damage.

4.2.3 Characteristics that preserve the liver:

Similar to silymarin, turmeric is recognized to have hepatoprotective properties. Studies have
that turmeric has hepatoprotective qualities against several hepatotoxic injuries, such as those
caused by acetaminophen and carbon tetrachloride (CCly) galactosamine (paracetamol).
Turmeric's capacity to prevent the production of proinflammatory cytokines and act as an
antioxidant is what primarily causes it to have a hepatoprotective effect. Administration of
curcumin dramatically reduced liver damage. Aspergillus parasiticus infection was decreased
and fungal aflatoxin production was 90% suppressed by turmeric. Features that protect the liver.
Aflatoxin production also resulted in lipid changes, graft, or biliary hyperplasia, all of which
were prevented by turmeric or curcumin. By increasing bile production of bile salts, cholesterol,
nor bilirubin and improving bile lysis efficiency, sodium curcumin, a salt of curcumin with
choleretic properties, can be used to treat and prevent cholelithiasis. Curcumin also shields cells
from the lipid peroxidation brought on by paracetamol. This could be the effect of curcumin's
phenolic clusters' antioxidative properties.

Curcumin has been shown to reduce blood levels of phospholipids, free fatty acids, and aspartate
transaminase or alkaline phosphatase activity. Tacrine's hepatotoxicity and ability to destroy T
cells are well recognized. In studies utilizing cultures of human hepatocytes injured by tacrine,
curcumin was shown to be roughly 10 times more efficient than the conventional treatment,
ascorbic acid. After ingesting curcumin, serum aspartate transaminase as well as alkaline
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phosphatase activity were both reduced. Additionally, the levels of phospholipids, cholesterol,
and serum-free fatty acids decreased.

3.1.1. Anticancer characteristics:

Animal studies show that all three phases of promotion, carcinogenesis initiation, and
progression—are inhibited. Curcumin inhibits pro-inflammatory cytokines, transcription factors
that are triggered by free radicals, the cyclooxygenase or lipoxygenase pathways involved in
arachidonic acid metabolism, as well as free radical scavenging, during the development and
advancement of cancer. The effectiveness of curcumin or turmeric extract in decreasing tumors
brought on by chemicals. When used in conjunction with each other and with controls, curcumin
or turmeric extract reduced the development of papillomas during carcinogenesis or promotion.
This demonstrates that the highest effects of curcumin as well as turmeric extract are shown
during tumor promotion.

3.1.2. Antidiuretic characteristics:

Adipocyte separation was assumed to be conditionally stimulated by a hexane extract, an
ethanolic extract, as well as methanol that separate from the accumulation of the hexane
extraction that contains demethoxycurcumin, curcumin, or bisdemethoxycurcumin. The results
show that sesquiterpenoids or curcuminoids found in turmeric ethanolic remove are substantially
stronger hypoglycemic compounds than sesquiterpenoids or curcuminoids alone. In healthy
workers, the impact of turmeric on postprandial plasma sugar or insulin levels was studied. 6g of
C. longa was shown to change the glycemic response.

3.1.3. Microbial resistance:

Curcuma longa essential oil or turmeric extraction prevents the growth of several bacteria,
parasites, and dangerous fungus. Eimeria maxima, a caecal parasite, and turmeric were both
found to increase weight gain and lessen the severity of small intestinal lesions in research on
chicks. Another study on sick guinea pigs showed that turmeric oil applied topically inhibited the
development of dermatophytes, or dangerous fungus. Seven days after starting to take turmeric,
the dermatophyte and fungal lesions on the guinea pigs showed signs of improvement.
Additionally, it has been discovered that the efficacy of curcumin against Plasmodium
falciparum as well as Leishmania major is limited.

3.1.4. A depressant's abilities:

The effects of curcumin were investigated using the chronic moderate stress (CMS) paradigm.
Rats having the CMS surgery consume considerably less sucrose than typical rats, and their
levels of IL-6, CRF, TNF, and cortisol are also greater. Treatment with ethanolic extract
increased sucrose intake to control-level levels, prevented increases in serum IL-6 or TNF
brought on by CMS, or decreased CRF levels in the blood or medulla oblongata to below-
average levels. Additionally, it made serum cortisol levels normal again. Turmeric's ability to
inhibit monoamine oxidase A is what gives it antidepressant qualities. After ingesting a Curcuma
longa ethanolic extract, serotonin, noradrenaline, but also dopamine levels fell whereas cortisol,
serotonin turnover, or serum corticotrophin-releasing factor levels rose.
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3.1.5. Vascular conditions:

Turmeric protects the cardiovascular system by lowering cholesterol and triglyceride levels,
lowering “low-density lipoprotein” (LDL) susceptibility to lipid peroxidation, or preventing
platelet aggregation. In addition to showing lower plasma levels of cholesterol and triglycerides,
turmeric extract also showed lower LDL susceptibility to lipid peroxidation. The impact of
turmeric extract on cholesterol levels may be caused by decreased intestinal absorption of
cholesterol or a rise in hepatic conversion of cholesterol to bile acids. The components of C.
longa are thought to reduce platelet aggregation by increasing prostacyclin production and
reducing thromboxane synthesis. As a result of mobilizing -tocopherol from adipose tissue,
curcumin offers protection from the oxidative harm caused by the development of
atherosclerosis. The increase in plasma “VLDL cholesterol transport” caused by curcumin raises
the amount of tocopherol. Since curcumin has been demonstrated to mobilize tocopherol from
adipose tissue, it can shield a person's body from the oxidative damage caused by
atherosclerosis. Numerous gastrointestinal conditions, including as dyspepsia, Crohn's disease,
peptic ulcer, irritable bowel syndrome, Helicobacter pylori infection, or ulcerative colitis, have
been shown to benefit from curcumin's anti-inflammatory characteristics.

3.1.6. Rheumatoid bowel syndrome:

The most typical symptoms of IBS patients include stomach discomfort, bloating, changed bowel
habits, as well as increased stool frequency. IBS patients participated in eight-week pilot
research. After four weeks, the prevalence of IBS decreased in those groups by 53.00% or
60.00%, respectively. The ratings for stomach discomfort and pain respectively dropped by 22 to
25% in the post-study analysis.

4. CONCLUSION

Since ancient times, turmeric, or Curcuma longa, has been used as a natural remedy. It is a
member of the Zingiberaceae family. Turmeric has a significant medicinal as well as nutritional
value, particularly in terms of protein or dietary fiber. Additionally, turmeric is a wonderful
source of both macro and micronutrients that support the body's regulatory processes and
promote good health. It offers a variety of beneficial antioxidant benefits and is also beneficial
for illnesses including cancer, ulcers, and inflammation. As a result, it may be able to combat
several illnesses, including cancer, arthritis, diabetes, allergies, Alzheimer's disease, as well as
other chronic or difficult-to-treat disorders. It is necessary to do further research on C. longa to
learn about its hidden applications in therapeutic settings. For several inflammatory diseases and
cancers, curcumin has a lot of potential as a treatment. As seen by the quantity of phase II or III
clinical trials now being done, there is a considerable deal of interest in its medicinal potential.
Curcumin's low systemic bioavailability has been the main barrier to its medicinal use, but
scientists are working to identify the best way to administer it.
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ABSTRACT:

Nutrition is critical to having a healthy lifestyle. A well-balanced diet should be consumed daily
to maintain optimum health. Eggs are a significant source of animal protein. In reality, the
bioactive components of the egg can have anti-antioxidant, inflammatory, anticancer, and cardio
protective effects. Therefore, the present study aims at reviewing the health benefits of eating
eggs. In addition to that, the present study also provides an aspect of egg consumption which are
the side effects and the conditions that are associated with its consumption. Egg consumption is
rising, and because eggs contain cholesterol, there is a concern that this might contribute to
cardiovascular disease. To what extent dietary cholesterol decreases LDL-C, however, there is
little research. Therefore, the review study suggests more research to put clear information about
the safe consumption of eggs as well as the various health implications caused by them to
vulnerable populations.

KEYWORDS:
Cholesterol, Egg, Egg protein, Egg Consumption, Health Benefits.
1. INTRODUCTION

The egg includes a variety of bioactive ingredients, antioxidants, and choline. It is a significant
source of vitamins, minerals, animal protein, vital fatty acids, phospholipids, high-quality
protein, lutein, sphingomyelin, lutein, and zeaxanthin. Eggs are a cost-effective and nutrient-
dense food. Because of its great biological value, the body uses practically all of it, and it is
displayed as a sample protein source alongside breast milk. The pathophysiology of diseases is
influenced by the anti- and pro-inflammatory mechanisms that are affected by bioactive
components in eggs [1], [2].Eggs should be emphasized as functional foods in this sense since
they are conventional food that contains nutrients that serve important functions beyond basic
nutrition. Because they provide a moderate calorie source, a high-quality protein, outstanding
culinary diversity, and a low price that puts eggs within the reach of the majority of the
population, eggs are particularly interesting from a functional perspective. Since eggs are
relatively rich in fat-soluble nutrients, they may be a nutrient-dense supplement to the diets for
individuals of all ages and at all phases of life. Eggs could be particularly advantageous for
people that are at risk for inadequate nutritional intake, including pregnant women, the aged, and
children [3], [4].

However, asthey contain cholesterol (200-300 mg/100 g) and saturated fat (approximately 3
2/100 g), eggs are a contentious food among nutritionists and health organizations. Due to these
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two characteristics high cholesterol content and probable relationship to CVD the public has
been advised against consuming them often for the past 40 years. This was based on the
assumption that high dietary cholesterol consumption is linked to elevated blood cholesterol
levels and CVD. Following that, contrast to TFA and SFA, more study reveals that dietary
cholesterol in principle, and cholesterol in egg in specific, have very little impacts on cholesterol
and CVD.

Eggs typically include 31% egg yolk, 11% egg white, 11% crust, and 58% egg white. There are
differences in the composition of egg white and egg yolk. The egg yolk contains lipids. Other
substances found in eggs include sphingomyelin, zeaxanthin, lutein, phospholipids, and as well
as minerals, vitamins, and high-quality protein. Because of its great biological value, the body
uses nearly all of it, and it can be transformed into body proteins (94%). The basic composition
of egg white and egg yolk is provided in Figure 1 and Figure 2 respectively.
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Figure 1: Illustrating the basic composition of Egg White” (French Agency for Food,
Environmental and Occupational Health & Safety. ANSES-CIQUAL)”.

26.71%

1.09%

55.02%

= Water

= Protein, crude

= Carbohydrates
Ash

= Fat



Modern Biotechnology Techniques

Figure 2: Illustrating the basic composition of Egg Yolk “(French Agency for Food,
Environmental and Occupational Health & Safety. ANSES-CIQUAL)”.

Therefore, the present study aims at reviewing the health benefits of eating eggs as well as
providing insights into another aspect which are the side effects of eggs and the present proteins
in them.

The present review paper is organized into a total of five sections, with the first section outlining
the importance of doing the study and giving some background information on the subject. The
health benefits of eggs are reviewed in the second section of the text. Additionally, the approach
for gathering the pertinent records needed to complete the review research is provided in this
section. The future advice on utilizing eggs is presented in the fourth section, and the conclusion
is presented in the fifth section.

2. LITERATURE REVIEW
2.1. Health benefits of Egg consumption

Humans have been eating eggs for a very long time. While there are various types of eggs,
chicken eggs are among the most common. A healthy diet must include a variety of vitamins and
minerals; which eggs abundantly supply. Eggs are a widely available, affordable meal that are
available everywhere. Regarding cholesterol in particular, there has been significant debate in the
past over whether eggs are healthy or not. Nonetheless, current research contends that eggs are
healthful when consumed in moderation since they are a wonderful source of protein and other
essential elements. This paper provides various health benefits of eating eggs including effects
on muscle protein

Egg Consumption/Egg Proteins

Increased Muscle Protein Synthesis / \ Cardioprotective activity

4 )’

Anti-inflammatory Anti-cancer

Health Benefits

Figure 3: Illustrating the Various Health Benefits of Egg Proteins and Its Other
Components.

2.1.1. In Vitro Studies
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Moon et al. demonstrated that "ovotransferrin” had cytotoxic effect against cancer cell lines from
humans in an MTT assay, and that this activity was greatly amplified by enzyme-mediated
hydrolysis. [5]. Furthermore, Lee et al. discovered that "2-step enzyme hydrolysates" of
ovotransferrin had higher cytotoxic action against cell lines than single enzyme hydrolysates [6].

2.1.2. In Vivo Studies
2.1.2.1. Human Studies

Moore et al. found that eating eggs increased muscular protein production. On five consecutive
instances, the author provides 0, 5, 10, 20, and 40 g of protein of whole egg to healthy young
men following “leg resistance exercise training”. The researchers have found that 20 g of egg
protein was more than enough to maximize muscle protein synthesis [7].Blesso et al. undertook a
12-week randomized, design research to assess meals comprising three whole eggs versus a
yolk-free egg replacement. Even though both the egg substitute group and a whole egg group
improved oxidized LDL, atherogenic lipoprotein subclasses, VLDL ppaper density, and the
whole egg group increased large HDL ppapers and HDL-C and reduced total VLDL more than
the egg substitute group [8].lannotti et al. recently demonstrated that when Ecuador children
began eating one egg per day for 6 months, the incidence of impairment and retardation was
reduced by 47% and the frequency of underweight was reduced by 74%, helping to the
achievement of normal growth. These astounding findings emphasize the critical role of high-
quality protein in combating malnutrition [9].

2.1.2.2. Animal Studies

Matsuoka et al. gave male rats meals comprising egg white proteins of 20% or casein for 28
days, with paired feeding to equal consumption. The study discovered that rats fed an egg white
protein diet had higher average gastrocnemius leg muscle weight and carcass protein mass, as
well as abdominal fat mass and lower carcass triacylglycerol. The researchers attributed
observed alterations to a few plausible reasons, notably higher net protein consumption for 95%
egg white protein in comparison to 70% casein emphasizing the high digestibility of egg protein
[10].According to Rao et al., hen egg white lysozyme hydrolysate possesses strong ACE-
inhibitory actions. Through the reduction of ACE activity, oligopeptides made from egg yolk
proteins have been proven to prevent the onset of high blood pressure in rats with spontaneous
hypertension [11].

3. METHODOLOGY

The current review study was conducted utilizing electronic data searches from Google Scholar,
Science Direct, PubMed, Research Gate, and other databases. To find the relevant records, a
keyword combination of “Egg consumption”, “Egg proteins”, “Yolk”, “Egg white”, “Egg
protein” “Ovalbumin”, “lysozyme”, “ovomucoid” is used. Furthermore, the abstract and title are
screened to provide better records for analysis. Records in languages other than English were

omitted. Figure 4 depicts the whole methods utilized to conduct the investigation.
4. DISCUSSION

Rich in important minerals, vitamins, and antioxidants, eggs are a nutrient-dense food. While
eggs are a good source of dietary cholesterol, recent research indicates that other variables are at
a greater risk for heart disease. Although dietary cholesterol can increase blood LDL levels, its
effects are generally insignificant when compared to saturated fatty acids, which have a far
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greater ability to boost LDL levels. Due to other dietary and lifestyle variables, the potential for
eggs to raise cholesterol has limited clinical significance. Djousse et al. found that eating seven
eggs per week elevated the incidence of T2D in both males ( CI 1.25-2.01, HR, 1.58,) and
women ( CI 1.28-2.43, HR, 1.77) in 20-year cohorts analysis of approximately 22,000 male
physicians (40 years at the entrance) and approx 40,000 female health-professionals (45 years at
entry) in the US [12].
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Figure 4: Illustrating the Methodological Design Used for Carrying Out the Study.
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Figure 5: Illustrating the Various Diseases and Conditions Associated with Egg
Consumption.
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Although the benefits of eating eggs as part of a balanced diet are undeniable, more information
is required about the number of eggs that are necessary for good health. One to two eggs per day,
according to the research, had no negative effects on endothelial function or total cholesterol.
Egg intake for the general population is not restricted by public health organizations like the
FSA. However, observational studies suggest that those with diabetes or high cholesterol may be
more susceptible to cardiovascular disease (CVD) if they consume more than seven eggs per
week. People with familial hypercholesterolemia, a hereditary disorder that causes increased
sensitivity to dietary cholesterol, are advised by Heart UK to limit their egg intake. Hence there
are side effects of eating eggs.

4.1. Side effects of Egg consumption
4.1.1. Heart Diseases

The relationship between consuming eggs and cardiac diseases is influenced by saturated fat and
cholesterol. Contrary to what proponents of low-carb, high-fat diets may claim, years of studies
show a connection between consuming high-cholesterol foods (like eggs) and developing heart
disease. When you consider what happens when people who already consume a high-cholesterol
diet add items high in cholesterol to their diets, confusion begins to emerge. Their blood
cholesterol levels are barely influenced by this. They already have a high chance of developing
heart disease and increasing that risk just slightly [13].

Nevertheless, while consuming a low-cholesterol diet, there is a direct link between blood
cholesterol levels, higher cholesterol intake, and an increased risk of developing heart disease.
High levels of cholesterol make it simpler for blood vessel walls to harden and impede blood
circulation to vital organs such as the heart and brain. A derivative of choline, an important
vitamin present in eggs, may also raise the risk of heart attack or stroke, according to recent
studies [14].

4.1.2. Cancer

Consuming eggs may raise your chance of developing cancers of the bladder, rectal,
colon, prostate, and breast. According to research, additionally, it increases the risk of cancer in
the digestive system. However, there is a risk associated with even small amounts of eggs; eating
just 1.5 eggs per week might result in a risk of colon cancer that is about five times higher than
that of eating less than 11 eggs per year [15]. These conclusions that eating more eggs increases
one's risk of digestive tract cancer were supported by a more recent evaluation of 37 research.

4.1.3. Diabetes

Diabetes risk and egg intake are closely related due to high cholesterol and saturated fat levels. A
diet heavy in fat can increase the risk of developing insulin resistance because fat prevents
insulin from working properly to transport glucose from the blood into the cells. People who eat
the most eggs had a 68% higher chance of developing diabetes, according to a study of 14
research in the journal Atherosclerosis. Similar findings were reported in another research, which
showed a 39% increased risk of diabetes in Americans who consume three or more eggs each
week.
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For the healthier population, frequent egg eating might have a good effect on diet quality, while
the aforementioned "at risk" persons may benefit from limiting their egg consumption to no more
than seven eggs per week. The vital minerals and high protein content of eggs may provide
health advantages. One intriguing discovery is the association between eating an egg-based
breakfast and experiencing feelings of fullness, which may affect body weight, but more research
is necessary.Other egg nutrients appear to play a promising function in terms of health outcomes.
It is commonly known that the majority of Westernized nations do not consume enough vitamin
D. Given that they contain more than 20% of the RDA per egg, eggs are a significant dietary
source of vitamin D and may assist increase daily intakes. Even though the scientific data is
continually developing, there is already enough evidence to support a US health claim for
selenium. It is important to note that selenium intakes in the UK fall well short of ideal levels.
More study is required to determine how other egg nutrients, including biotin and iodine, may
help to maintain health, but it is becoming much clearer that “choline” plays a crucial role in eye
health.

4.2. Substitute for egg and its protein

For binding, leavening, and moisture addition, eggs are occasionally used in cooking. But there
are other straightforward substitutions, such as powdered flaxseed or applesauce. Even
delectable recipes like tofu scrambled or garbanzo bean eggless salad may be made using beans
and other foods like tofu in place of eggs. Eggs can be replaced with plant-based meals, which
improves the quantity of fiber, antioxidants, vitamins, minerals, phytochemicals, and
phytocarriages while lowering cholesterol, saturated fat, and animal protein consumption. Long-
term health gains might result from this modification.

5. CONCLUSION

Numerous meta-analyses have evaluated the links between egg intake and the prevalence of
cancer, diabetes, cardiovascular disease, and other disorders that may be connected. In many
instances, though, several systematic studies on the same topic, sometimes only of poor or
middling quality, have generated contentious findings that may confuse people when they are
making decisions about their daily food. Future research should concentrate on resolving the
discrepancies between studies to produce high-quality and clear evidence for these connections.
There is a need for randomized controlled trials with a large sample size that are conducted
internationally.
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CHAPTER 14
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ABSTRACT:

Rhizobium, a gram-negative bacterium that lives in soil, symbiotically coexists with the roots of
leguminous plants. The accurate identification of signal molecules produced by the bacterial
partners and their plant hosts forms the basis of symbiosis. The bacteria obtain nutrients from the
plants via the biological nitrogen fixation process, which converts atmospheric nitrogen (N2)
into ammonia (NH3) and makes it available to plants. The bacteria in this genus are aerobic and
have an acidic reaction to either carbohydrates or mineral salt environments. The study found
that all four strains were gram-negative, rod-shaped, or mucous-producing based on a battery of
morphological and biochemistry tests. At pH 6 or 7, 34 °C, as well as 4% salt content, all strains
developed well. “Bradyrhizobium japonicum” tested negative for bromothymol blue, but the
other three strains all tested positive, indicating that the former grows slowly and the latter grows
quickly. All of the strains were Tetracycline-sensitive and Penicillin-resistant. In this paper, the
author talks about the characteristics and identification of Rhizobium bacteria. In the future, this
study will help to understand the importance of rhizobium bacteria for soil.

KEYWORDS:
Cyanobacteria, Enzyme, Rhizobium, Legumes, Nitrogen Fixation.
1. INTRODUCTION

Legumes can form an essential symbiotic relationship with bacteria that fix nitrogen, which
results in the production of a new plant organ (the legume nodule). Symbiosis is crucial for the
nitrogen cycle as well as legume crops. Through a process known as biological nitrogen fixation,
atmospheric nitrogen (N») is transformed into ammonia but also subsequently made accessible to
plants. Beans, clover, soybeans, and peas are examples of legumes that help feed both people and
meat-producing animals [1], [2]. Plant nodulation increases crop output. Around 80.00% of the
biologically fixed nitrogen in agriculture is produced through a symbiotic relationship between
leguminous plants or bacteria from the family Rhizobiaceae. Rhizobium is a Gram-negative,
motile, non-sporulating rod-shaped bacteria that fix atmospheric nitrogen but is found in soil.
The majority of its occurrences are in root nodules, where it forms symbiotic relationships with
the roots of leguminous plants or parasponia [3], [4].

1.1.  Rhizobium Microbes:

Within the root nodules, the Rhizobacteria essentially invade plant cells and do their atmospheric
nitrogen to ammonia conversion there. The bacteria aids the plants in obtaining organic
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nitrogenous chemicals including ureides or glutamine with the aid of an enzyme known as
nitrogenase. Rhizobium bacteria only acquire the capacity to fix atmospheric nitrogen as a
symbiont; they are unable to do it on their own [5], [6]. In this situation, bacteria also profit from
the plants' photosynthesis and preparation of organic molecules for the bacteria. In this approach,
the rhizobia and the plants might develop a beneficial connection. A legume's roots emit
chemical attractants, as well as bacteria that release nod factors that cause the root hairs to curl. It
results in cell wall deterioration and the development of an infection thread [7], [8].

1.2.  Enzymes of Nitrogenase:

Nitrogen is converted to ammonia by the enzyme nitrogenase, which is generated by certain
bacteria including Rhizobium or Cyanobacteria. It is composed of two protein components
named iron-molybdenum protein and non-heme iron protein, both of which are highly active in
anaerobic circumstances.

1.2.1. Fixation of Nitrogen by Rhizobium:

The process of atmospheric as well as molecular nitrogen being changed into ammonia by the
nitrogenase enzyme is sometimes referred to as biological nitrogen-fixing. It assists in making
free nitrogen accessible for plant uptake by converting it into nitrogenous salts. The following
describes the biological process that fixes nitrogen:

‘N2+8H+8e-—2NH3+H2”

Twelve ATP molecules are also required for the reduction of N2 into NH3, which calls for six
protons and Six electrons. Because nitrogen is a component of
chlorophyll, alkaloids, cytochromes, and many vitamins, nitrogenous substances play a major
role in plants. It is crucial to several functions, including metabolism, growth, reproduction, and
inheritance. Around 78% of the atmosphere is composed of nitrogen, while additional
nitrogenous molecules include nitrites, and nitrates, including ammonia [8]. The physiologically
important process of rhizobium nitrogen fixation is the first phase of the nitrogen cycle.
Azotobacter, Anabaena, Cyanobacteria, Nostoc, and Rhizobium are the bacteria that fix nitrogen
in the soil. Nitrogen fixation may also occur non-biologically, without the involvement of
microbes, and is observed following lightning in the rainy season.

Different kinds of biological nitrogen-fixing include:

1. Free-living microorganisms that fix nitrogen.
ii. Free-living cyanobacteria that fix nitrogen.
iil. Symbiotic microorganisms that fix nitrogen.
iv. Free-living cyanobacteria that fix nitrogen.

Leguminous plants develop nodules as a result of symbiotic Rhizobium nitrogen fixation.
Examples of Rhizobium bacteria that fix nitrogen together

i. Pea plants' Rhizobium leguminosarum.
ii. Beans contain Rhizobium phaseoli.

iii. In soybeans, rhizobium japonicum.

iv. Lupins contain Rhizobium lupini.
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1.3.  Role of Rhizobium

To give plants nitrogenous chemicals and create a symbiotic connection with them, Rhizobium's
primary duty is to fix atmospheric nitrogen. Additionally, Rhizobium contributes to increased
soil fertility and production, creating the ideal conditions for plants to thrive. Additionally,
Rhizobium bacteria address plant-behavioral issues such as nutrition insufficiency, salt stress,
drought stress, and the negative impacts of herbicides and fertilizers. Rhizobium plays a crucial
part in nitrogen fixation because, being a soil-dwelling bacterium, it aids in the uptake of
atmospheric nitrogen by leguminous plants. To create nodules, it is affixed to the plant's roots.
The atmospheric nitrogen is subsequently fixed by these nodules and transformed into ammonia,
which is useful for the plant's development and growth.

1.3.1. Rhizobium uses:

Rhizobium biofertilizer is a chemical that is applied to plant surfaces, seeds, or soil that includes
live microorganisms. Rhizobium bacteria invade the plant's interior, or rhizosphere, in this
instance to encourage development by improving the host plant's supply of nutrients. Rhizobium
fixes atmospheric nitrogen using the host plant, transforming it into usable organic compounds
that are beneficial to both the bacterium and the plant.

1.3.2. Structure of Rhizobium:

Rhizobium bacteria have a rod-like shape because they are Bacillus. Compared to other spherical
as well as spiral bacteria, it is unique. Its cell wall is made up of two cell membranes. Different
cell organelles, including ribosomes, mesosomes, cytoplasm, or capsules, are present in
rhizobium bacteria. Many Rhizobia found inside plants lack connected flagella, but the majority
of those found outside have flagella. The genus Rhizobium produces spores by a process known
as sporogenesis, which is an asexual form of reproduction.

i. Rhizobium is a member of the Rhizobiacea family, Rhizobiales order, or
Alphaproteobacteria class.

ii. Rhizobium means “root life” in Latin.

iii. The following list includes some of the different species that make up Rhizobium.

Rhizobium is often present in the soil and contributes to the development of nodules after
infecting the roots of legume plants. As a result, they contribute to the fixation of atmospheric
nitrogen and are crucial for the development or growth of plants.

2. LITERATURE REVIEW

Ashok Kumar et al. studied rhizobia's function in sustainable agriculture. The ability of rhizobia
to promote plant development is further demonstrated by a series of molecular interactions
between the plant as well as the bacteria. Understanding these pathways provided new
information on the multifunctional role that rhizobia play in the rhizosphere of legumes or
related plants. Enzymes, phytohormones, or siderophores work together to promote the
development and growth of the target plant as well as simple nutrient absorption or
phytoremediation. Additionally, rhizobia contribute to biocontrol through parasitism, antibiosis,
as well as competition for vital nutrients with other diseases. Due to this, it is a strong contender
for sustainable agriculture in many different economies throughout the world [9].
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Latifa Jahan Setu et al. studied rhizobium bacteria identification and characterization. The
purpose of the experiment was to identify the rhizobium bacteria found in the roots of
leguminous plants. The roots of the leguminous plants were thoroughly cleaned under running
water to eliminate the sticky soil ppapers before being gently plucked. Healthy, undamaged pink
nodules were chosen for the experiment. Through the required procedures, the morphological
traits and colony features were observed in the lab. It had a reasonable size, a smooth surface, a
yellow tint, a circular shape with an entire perimeter that climbed in height, as well as a yellow
color [10].

Tolera Abera Field pea output and productivity are increased via integrated production inputs.
Field pea nodulation and grain yield were studied using a factorial arrangement in a randomly
selected complete block design with three replications to determine the effects of fertilizer,
rhizobium strain, or lime rate as well as how they interacted. When compared to untreated soil,
the application of rhizobium strains dramatically decreased mean seed output, indicating the
presence of a local strain that is suited for the area or high nitrogen content in the soil. The
number of nodule plants was dramatically reduced after lime application. Field pea means seed
output considerably improved at both locations with an increase in lime rate. Field pea means
seed yield at both locations considerably increased as a consequence of the interaction of NP
fertilizer rate with rhizobium inoculation and lime treatment, highlighting the significance of
employing integrated inputs production for field pea production [11].

3. METHODOLOGY

Databases:
Databases for Records + Science Direct
Identification —>| - PubMed
Keywords: * Research Gate
“Cyanobacteria”, * Google scholar
“Enzyme, Rhizobium, . * Scopus
Legumes, Nitrogen AL
Fixation™ Exclusion:
Screening of Records »| © Inappropriate Title
* Abstract

Retrieval of Screened
Records

Review and Analysis of
Eligible Records

Figure 1: Illustrate the Design of the Methodology of the Current Work.

The present review study was carried out using a database search on PubMed, Research Gate,
Google Scholar, Science Direct, and other websites. In the review process, terms like
“Cyanobacteria, Enzyme, Rhizobium, Legumes, and Nitrogen Fixation” were combined. The
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records' first assessment employed title and abstract screening. Insufficient information,
redundant research, or non-extractable data were some reasons to exclude the Records. More
details about the review study's methodology are provided in Figure 1 below.

4. DISCUSSION

In the top 8 - 12 inches of the soil profile, there is the greatest amount of biological activity.
Intense microbial activity occurs in the rhizosphere, also known as the rooting zone, which is
crucial to the interactions between plants and soil. The microbial population in the soil below is
significantly influenced by the plants that are cultivated there. Either autotrophic or heterotrophic
microorganisms inhabit the soil. The majority of soil bacteria are heterotrophic, meaning they
obtain both their carbon and energy requirements from organic materials. There are many
different types of microorganisms in the soil, and they come in a wide variety of shapes, sizes,
and functions. The soil's microhabitat changes in the area around a root, which affects the soil
microorganisms that live there. The root's organic and inorganic components boost the local
microbial population. The roots of higher plants have a variety of connections with soil
microbes. Symbiotic relationships, such as those seen in legume nodules or mycorrhizal
associations, are the most significant. For instance, both the plant and the bacteria share genetic
coding for the crucial oxygen-binding protein leghemoglobin found in the root nodule [12], [13].

A group of bacteria called rhizobium fixes nitrogen from the environment in a balanced manner,
reviving and supporting plant growth. The bacterial population is important for understanding
the depiction, differentiating evidence of circulation, and variety of native bacteria in the
rhizosphere of crop yields. The district that was mentioned specifically used certain microbial
strains as growth-improving/advancing inoculums to achieve desired harvest creation and their
usage replace the use of compound bio manure.

Numerous different species of microorganisms, including bacteria, actinomycetes, fungi, and
algae, are present in the soil. The physical, chemical and biological characteristics of the soil are
influenced by the crucial soil microbes. For instance, a wide variety of microbes operate to cause
the decomposition, disintegration, and disappearance of dead plant and animal components. Plant
Growth Promoting Rhizobacteria are the typical name for the helpful free-living soil bacteria
(PGPR). The rhizosphere, the rhizoplane, or the roots themselves can all be colonized by PGPRs
regardless of the processes that promote vegetal development. In the rhizosphere, 1-2% of
bacteria stimulate plant development. The area of soil surrounded and influenced by plant roots
is known as the rhizosphere, as well as the surfaces of the roots or tightly adhering soil ppapers
are known as the rhizoplane [13], [14].

A distinct class of bacteria in the soil known as Rhizobia has a positive impact on the
development of legumes. Rhizobium is a kind of soil-dwelling bacterium that helps to create root
nodules wherever symbiotic biological nitrogen fixation takes place. The bacteria in the soil are
mobile and free-living, feasting on the leftovers of deceased species. Free-living rhizobia are
unable to fix nitrogen and differ in form from the bacteria found in root nodules. They have a
regular structure or resemble straight rods; in root nodules, the nitrogen-fixing form lives as
bacteroids, which are atypical cells that are frequently club- or Y-shaped. Rhizobia are known as
saprophytes when they exist in soil [15]. Rhizobia that thrive in many soils without a legume
partner are known as native rhizobia, whereas rhizobia that farmers apply as an inoculant are
known as imported rhizobia. Native rhizobia populations can include a wide variety of species
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and strains inside every species. Rhizobia per gram (gm) of soil can range from 0 to more than 1
million.

The bacteria known as rhizobium coexist symbiotically with the root nodules of leguminous
plants. The fixation of nitrogen cannot occur on its own. Rhizobium needs a plant host because
of this. A crucial supplier of nitrogen for agricultural soils, notably those in dry areas, is
rhizobium. Dinitrogen is changed into ammonia by them. Ammonia is quickly incorporated into
organic molecules while being poisonous by nature. The first stage of the nitrogen cycle and a
vital biological activity is nitrogen fixation. Several bacterial species, including Rhizobium and
Azotobacter, transform the free nitrogen in the atmosphere into ammonia (another form of
nitrogen) through this process, which is ultimately carried out by natural occurrences.

4.1.  The function of Rhizobium:

Rhizobia are prokaryotes whose primary role is to transform stable atmospheric nitrogen gas into
a physiologically usable form, thus the plural form Rhizobium. An enzyme system called
nitrogenase converts dinitrogen to ammonia. The nitrogen fixation process requires a tremendous
amount of energy, and oxygen inactivates the nitrogenase enzymes permanently. The nitrogenase
activity is assessed using an acetylene reduction test. Only a very small percentage of organisms
can fix nitrogen. That includes more than two genera of cyanobacteria, roughly two genera of
archaea, and more.

Even though a significant amount of nitrogen is removed when grains are harvested, a symbolic
amount of nitrogen is still present after harvest. It is mostly considered when nitrogen fertilizers
are not used. It typically occurs in less developed nations. Since soils frequently lack nitrogen, it
is one of the nutrients that plants need the most. Numerous environmental issues are brought up
concerning nitrogen delivery to the soil [16].

Leguminous plants that have roots are infected by rhizobium. They are often found in the soil,
where they infect the root of leguminous plants but then create nodules. Nitrogen gas is
afterward fixed from the environment. The availability of this nitrogen to plants aids in their
growth or development. Nodules will disintegrate as the legume dies. Rhizobium is thus returned
to the cell where it might infect a fresh host. To carry out the procedure, certain strains of
Rhizobium are needed to make the nodules functional [17], [18]. As a result, the crops produce
more. Legume inoculation has been used in agriculture for a while and has become better over
time.

Rhizobia are extremely valuable in both agriculture and commerce since they are the main
source of nitrogen added to agricultural soils. Numerous rhizobial strains also produce
phytohormones, siderophores, and “l1-aminocyclopropane-1-carboxylic acid” (ACC) deaminase,
and they solubilize inorganic phosphate in addition to their ability to fix nitrogen. Rhizobia now
has value for both legumes and non-legumes as a result of these. To enhance plant development,
effective rhizobial strains have been identified and utilized as inoculants. Rhizobia are used as
biofertilizers to increase agricultural output and lessen the demand for costly commercial
fertilizers that damage the environment. The large increase in plant-growth promotion has been
demonstrated by inoculations of rhizobia as well as other “plant-growth-promoting
rhizobacteria” (PGPR). Numerous rhizobial strains have also been noted for their capacity for
bioremediation.
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Rhizobia are a varied genus of nodule-producing bacteria that are well-known for living in the
soil and building cooperative relationships with legume plants. Due to rhizobial capacity to fix
atmospheric nitrogen, rhizobial inoculants are frequently used in agricultural operations to
minimize nitrogen fertilizer inputs on legume crops. Here, humans make the case that using
rhizobia as a plant disease control technique must also be considered an alternative to using
agricultural pesticides. Numerous rhizobial strains have been observed to boost plant yield or
biomass while also improving disease resistance. Particularly when it comes to illnesses
affecting plant roots, the biocontrol abilities of rhizobia may be linked to the production of lytic
enzymes or antimicrobial secondary metabolites. In addition to the activity of antifungal
compounds, rhizobial plant growth stimulation or symbiotic effectiveness may be associated
with the suppression of plant diseases. Additionally, it has been shown that rhizobia can elicit
systemic resistance in plants, immunizing them against foliar and viral infections. This paper will
concentrate on the mechanisms and effectiveness of rhizobial biocontrol of illnesses brought on
by several kinds of pathogens that affect both leguminous and non-leguminous plants.

4.2.  Plant Growth Promoting Rhizobacteria (PGPR):

Numerous and varied interactions between its chemical, physical, or biological components
contribute to the soil ecosystem's complexity. Particularly, the diverse genetic or functional
activities of the various microbial populations have a significant impact on soil functions since
these microorganisms are thought to be important players in several essential metabolic
processes that are mediated by enzymes. The heightened microbial variety as well as the
increased numbers and activity of the microorganisms in the rhizosphere are the result of the
soils' special Physico-chemical and biological features as compared to soils away from the root
and root surface. Plant roots release organic compounds that are consumed by root-associated
microorganisms as nutrients during plant-microbe interactions. Organic compounds are also
supplied to the soil microbiota during the death and decay of dead and decaying plants as either
growth substrates, structural components, or signal molecules. The rooting pattern and
availability of nutrients to the plants are impacted by microbial activity in the rhizosphere.

Beneficial, rhizosphere-colonizing bacteria: Growth of Plants A kind of bacteria known as
“promoting bacteria” colonizes the roots and thrives in the microhabitats found on the surface of
the roots to support plant development and defense. These are naturally occurring, soil-borne
bacteria that, when added to seeds, soil, or crops, promote plant development by supplying
nutrients and lessening the harm caused by soil-borne diseases. Commercial agricultural
productivity or crop output is impacted by plant-rhizosphere interactions.

Rhizobium is the most well-known species in the group of bacteria that live in symbiotic
harmony with leguminous plants. They get their nutrients from the plants, and they produce
nitrogen-fixing root nodules through a process called biological nitrogen fixation. Through the
bacterial enzyme system, the host plant continuously supplies the bacteria with energy in the
form of nutrients for their metabolic processes. According to a thorough examination of the
literature, Rhizobium is a gram-negative, motile rod that contains granules of -hydroxybutyrate.
These bacteria may thrive on a synthetic medium, such as Yeast Extract Mannitol Agar (YEMA)
Medium, and are aerobic. Rhizobia can be divided into those that grow slowly and quickly.
Rhizobium is now divided into the following subgenera: Rhizobium, Azorhizobium,
Bradyrhizobium, Mesorhizobium, and Sinorhizobium.
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A type of naturally occurring soil bacteria called “Plant Growth Promoting Rhizobacteria”
(PGPR) lives on the surface of the roots and is either directly or indirectly engaged in the growth
and development of plants. Indirect mechanisms of action of PGPR include stress, biocontrol
action, as well as antibiotic production, whereas direct mechanisms include biological nitrogen
fixation, phytohormones, phosphate solubilization, siderophores, or HCN production. A
thorough analysis of the literature indicates that Rhizobium has been a successful PGPR, aiding
in the promotion of plant development and agricultural production. Microbial biofertilizers are
an effective addition to chemical fertilizers used in agriculture.

5. CONCLUSION

Due to their capacity to successfully create symbioses with leguminous plants, rhizobia are
perhaps the bacteria in agricultural techniques that have been studied the most and most
realistically. Additionally, the biological control agent rhizobia is an effective, secure, and cost-
effective substitute for chemical control in the treatment of plant diseases. Nevertheless, despite
the significant progress made so far, we believe that one of the most untapped and promising
areas of rhizobial study is the use of rhizobia for the biocontrol of plant diseases. Undoubtedly,
more investigation is needed to uncover more rhizobial traits that might be useful realistically in
reaping the greatest rewards from such an organism.
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ABSTRACT:

Medications, goods, and drugs are investigated for efficacy using animal experiments. Before
being assessed on humans, many goods products, and medications are administered to animals to
determine respective toxicity and safety levels. It's occasionally referred to as animal experiment
or animal experimenting. The main objective of this paper is to use test results for risk
assessment decisions aimed at protecting human and animal health. However, chemical toxicity
and vaccine testing can lead to injury, illness, and death involving significant pain and distress.
Prevention of pain and discomfort in animals during testing is problematic because regulations
allow treatment only if the treatment does not interfere with the study. In the future, this paper
will help further progress in reducing animal pain and distress as a result of regulatory testing as
scientific and technological advances are made to incorporate testing procedures and strategies.

KEYWORDS:
Animal, Animal Testing, Animal Experiments, Death, Pain.
1. INTRODUCTION

Animals are used for a diverse range of biological, economical, and healthcare purposes,
including the creation of pharmaceutical therapies, testing the toxicity of pharmaceuticals,
establishing the safety of items intended for human exploitation, and more. Around since least
500 BC, studies have been made on living creatures [1]. The use of human testing assists
researchers in better comprehending a variety of disorders, which is a significant subject of
medicinal chemistry. To undertake studies, creatures will be intentionally infected with different
illnesses. These illnesses are developed in labs to resemble real diseases that affect people. This
makes it possible for investigators to create a novel pharmaceutical and test it on animals [2]. To
learn more about how the illness expresses itself inside the body, researchers will do scientific
research. Scientists may discover what causes illness, how it develops, and what features of
genetics, the environment, or food affect the progression of the disease by studying animal
models [3]. Mice are a traditional animal model, but other organisms such as rabbits, guinea
pigs, lambs, albino rats, monkeys, primates, frogs, and many others are also utilized in this study,
and the uses of the animals for drug testing are mentioned in Figure 1 below.

To ensure the safety of a prescription, it is important to look at all aspects of a drug, such as how
it is consumed, including its absorption, redistribution, metabolism, and excretion, and how it
affects other bodily systems. The effectiveness and safety of drugs should always be ensured
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through development. According to proponents and detractors of animal testing, there is no
alternative method for examining an entire living organism, and stricter regulation prevents the
abuse of animals in laboratories. They also claim that meat production has made it possible to
develop many life-saving treatment methods for both humans and animals [4]. Animal testing is
condemned because the procedure is painful and unethical, serious research techniques are
available, and because humans and dogs are so contrasting, animal experiments sometimes
produce unnecessary conclusions.

Other Animals
18%

Primates
9%

Farm Animals
10%

Rabbits
17%

Hamsters
12%

Figure 1: Illustrated the uses of the different animals in the Medical Laboratory in
percentage.

According to the paper, approximately 58% of the animals were engaged in pain-free treatment,
33% in surgical operations including the administration of analgesics, and 9% in painful
procedures involving the omission of drugs. This reflects the trend of using animals which were
seen in a very similar way last year [5]. It is important to note that animals that are not protected
by the Animal Welfare Act are not included in these rankings. The vast majority of the
organisms used in the experiment, including rats, mice, birds, and fish, account for about 95% of
all animals employed. As a result, far more animals are used in testing, including education, than
has been historically accepted [6].

Additionally, since they do not address some very fundamental topics, such as how animals are
used throughout the country, i.e. the purpose of the experiment, the new figures give the public
an entirely different picture of animal exploitation in this country provide. In a petition for a
regulation presented in the 2020 report, the Animal and Plant Health Inspection Service was
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urged to increase the quality of its annual reports by providing more specific information, such as
special uses of animals across the country [7].

The authors await a decision from the animal and plant health inspection service (APHIS)
regarding whether or not to change their rules to accommodate this important information as they
requested comments on your petition last year. The author appreciates that APHIS has made the
most current numbers readily accessible to the public and is pleased to note that the total number
of animals employed in research, testing, and instruction has decreased significantly since the
past year [8]. The author is deeply saddened to learn that the use of many animal species has
increased during this period. As such information is critical to our efforts to assess the reduction,
refinement, and deployment of replacements for the use of animals in research, teaching, and
testing it will continue to demand that the United States be more open, transparent, and
accountable to the use of animals for studies in our country. Animals and people interact in many
different ways. The author enjoyed experiencing them as puppies or in their natural settings, such
as natural or wild parks [9]. Positive beings are treated with great care and have spiritual
significance in many cultures. Nevertheless, people often raise animals for food as well as
clothing. Animals are used in sports, transportation, and the workplace. The authors use several
strategies to keep an animal population stable in its natural environment whether it conflicts with
a human population, or wipes it out [10]. For example, rodents such as rats and mice as well as
pests such as flies, mosquitoes, and flies are all removed. The above examples show that various
human-animal interactions depend on the benefits that animals provide to people. This essay
focuses on the ethical dilemmas raised by employing animals in both fundamental and applied
research. Animal studies have played an important role in biology research and will continue to
do so.

1.1.Necessary of Animal Research in Laboratory:

Biopharmaceutical firms are mandated by statute and ethics to continuously evaluate prescription
drugs before disseminating them to patients. Before starting clinical trials on the human race, the
U.S. Regulatory organizations around the world, including the Food and Drug Administration,
require that all potential new pharmaceuticals undergo safety checks in whole animals [11]. One
of the first processes in the pharmaceutical process of discovery and development is
understanding how a disease operates in the body using animal models. Animals assist in the
advancement of biology and medicine, the creation of novel treatments and drugs, and the
protection of public and environmental health.

1.2.Animal use for Research:

In the research center, 99% of the animals under our care are rats and mice. Rabbits, hamsters,
guinea pigs, ferrets, dogs, and non-human mammals are examples of other species. Our research
animals are procured from licensed suppliers whose programs and procedures related to animal
welfare are regularly evaluated by the organization. Additionally, the author contracts our
breeders to comply with all laws, rules, and regulations which are mentioned in Figure 2 that are
consistent with their companies as well as the organization's standards for animal care [12].

Unlike their use in research, which attempts to advance the discovery of new cures or treatments
while elucidating certain biological processes, the purpose of using animals in instruction is to
demonstrate or demonstrate already established procedures. Scientific studies on animals have
made possible advances in medicine [13]. Animal conservation efforts are still being carried out
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by non-governmental organizations (NGOs). Some experts claim that such studies have limited
predictive value, may provide biased or inaccurate conclusions, cause unnecessary animal
suffering, and elicit knowledge that is not helpful for patient treatment [14]. Thus, animal
experimentation can be considered a standard practice in the scientific community. However, it
has provoked heavy criticism, and both society and academia have been quite active in
discussing the practice. Our goal was to provide recommendations for alternatives while
providing a narrative review of the ethics and welfare of animal experiments.

Control Organization Testing Pianning

Figure 2: Illustrated the different stages of Drug Testing on the Animal.

The study animals used must be inexpensive to get and suitable for something like the
experiment. The animal ought to be manageable. They should have an easy-to-feed diet that is at
once affordable and accessible. The unique animal should be able to survive imprisonment while
yet being able to reproduce beyond restriction. The animal should live in a consistent
environment with the right temperature, humidity, and brightness. Finally, the animal has to be in
perfect shape and disease-resistant; a sick or injured animal is not suitable for research. The
employment of animals for exploration and training is a topic of continuing discussion in the
area [15]. There is no denying that each one of these experiments has produced a plethora of vital
compounds, such as medicine and vaccinations, for maintaining human health. Since animals
were sentient creatures that shouldn't be overly abused, the real quantity of such scientific
experiments should be considered as well. These experimental animals' care, as well as comfort,
are the responsibility of the researchers. Additionally, alternative procedures should be used
wherever possible. When required, the animal should then be put to death painlessly at any point
throughout the procedure, when it becomes suddenly asleep, when its heart and breathing cease,
and when its brain function begins to deteriorate [16].

First off, using secondhand animals for research is a violation of their rights. Senior professor
Tom-Regan from North Carolina State University says "There is a moral need to treat animals
with consideration. When an animal's inherent value is reduced to being employed as a tool in an
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experimental procedure, this neglect occurs”. People and animals have several characteristics,
including the ability to think, feel, act, and experience pain [17]. Therefore, people and animals
should be treated equally. Nevertheless, when utilized in research, animals' rights are violated
since they are not given a choice. Without ever being given the chance to decline, animals are
subjected to tests that are often uncomfortable, detrimental to them for the majority of their lives,
or even lethal. For instance, Regan says, "Using animals for research is immoral since the
creatures' basic rights have been violated, regardless of how beneficial it may be to mankind.
Morally, those who don't take chances can't profit from someone who does [17].” Animals don't
actively put their lives in danger to benefit human well-being or science. Children cannot express
their preferences or choices, thus things are decided for them. When individuals make decisions
about what happens to animals in scientific settings with little regard for their well-being or
quality of life, such decisions violate the animals' rights. Therefore, animal testing should be
prohibited since it infringes on the rights of animals.

The suffering and suffering that animals go through in research are not worth any potential
advantages for humans. According to the American Veterinary Medical Association, "tissue
injury" is "an unpleasant psychological involvement that seems to originate from a specific
location on the body and is linked to either existing or future tissue damage." In general, because
animals and people both feel pain in some of the same ways, their responses to it are fairly
comparable [18]. People and animals both scream, for instance. Animals are subjected to
distressing and often fatal testing when used for scientific research or innovation safety. The
LD50 test and the Draize test, two of the largest toxicological investigations, are notorious for
subjecting animals to excruciating pain and suffering throughout their research. A rabbit is often
used in the Draize-test, which involves stroking the object under an inquiry into the animal's
eyes. The rabbit is then observed for any symptoms of damage to the cornea or other ocular
structures. The examination is very painful for the animal, and the most common outcomes are
scarring vision loss and death.

Second, the enhanced dickey fuller test has come under fire for wasting animal lives and being
unreliable. The LD50 test is used to determine the dosage of a medication required to render
50% of animal test subjects dead within a certain time frame. Large volumes of test material are
constantly injected into the animals' stomachs via pipes until they die. Animals will have a very
difficult trial since passing might take many weeks. Orlan claims that the animals are showing
"paralysis, spasms, and internal damage." Because death is the desired outcome, euthanasia does
not lessen suffering in ill animals. This LD-50 test is "systematically inappropriate," according to
Michael Balls, chairman of the FRAME board and a professor of medial-cell biology at the
University of Nottingham. The stated precision is an illusion caused by arbitrary biological
processes. The Drez test and LDS50 test are no longer routinely used to evaluate product toxicity,
however, their use has lately decreased. Animal research must end since it puts animals through
excruciating pain, suffering, and death. This will save more lives from being wasted [18].

Last but not least, reliance on animal experimentation is entirely unnecessary since there are
efficient substitutes. For instance, several cosmetics businesses have found more effective
approaches to testing their goods that don't include using animals. In their brochure, Whole Body
Shop, a prominent cosmetic and bath product firm with headquarters in London, encourages the
development of goods that: For "natural components, such as banana and basil nut oils, and
assures such a high degree of human consumption “animal usage is forbidden. Now essentially
worthless due to the development of synthetic cellular tissue that closely mimics human skin



Modern Biotechnology Techniques

[19]. Scientists may test the items on this synthetic "skin" to see whether they can damage skin
instead of testing them on animals. A tool-like item may be used for charity instead of this test.
When anything hits this polymer covering, it becomes opaque, simulating how and why the
human eye could respond to hazardous substances. Additionally, the effects of harmful items
were detected using human tissue and cells. There have been computer models and experimental
studies of the possible damage caused by a product or by chemicals [20]. The use of in vitro
procedures, which include doing a cellular investigation in a test tube, is another tactic. All of
these technologies are trustworthy and effective alternatives to live animal experimentation.
Theoretically, there is no need to test hazardous materials on animals, however, there are
efficient techniques to assess an operator's toxicity without relying on animal samples.

1.3. Selection of the Animal's Model:

Before beginning any project, careful study should be conducted to prevent using real animals in
tests. They are used in many different types of research, including toxicity testing and study on
human disorders. Medical therapies are often taught to and practiced by health professionals on
animals. The physiology, reproductive characteristics, developmental tasks, specific behaviors,
and food requirements of the species the researcher wishes to use should be known to them. In
practice, rather than taking into account the concept of the experiment or the biological
applicability, the appropriate animal species is chosen for a study based on how easy it is to
handle and care for the animal species. One of the most popular lab animals is the rodent,
specifically the rat and the mouse. 26 million rats and mice are deployed yearly in the United
States for 96 to 98% of all animal experiments. Mice provide great model organisms for
investigations into shock, hepatitis, cancer, sepsis, obesity, digestive function, wound-healing,
gastric-ulcer, polyclonal-phagocytic system, spleen, and organ transplanting, as well as other
conditions.

Main animal models for hRSV studies: recommendations of use.

¥ £ w

Non-human primates

Bovine (Bos primigenius taurus) Advanced vaccine testing studies Sheep (vis aries)
-Clinical disease modelling -Maternal immunization studies
-Vaccine development studies -Preterm infection model

(i.¢. subunit vaccines)

(it

Mice (Mus musculus)
-Determination of immunological mechanisms
-Negative selection of vaccine candidates
-Therapeutic antibody testing

-Pulmonary pathology studies

5

Fevret (Mustela putorius fure)
-Immunocompromised host model
-Pulmonary pathology studies
-Antiviral efficacy studies

Cotton rat (Sigmeden hispidus)
- Development and testing of’
immunoprophylactic and therapeutic drugs
- Vaccine testing, rejecting vaccine candidates
- Enhanced disease model /

Figure 3: Illustrated the different Protocols which is followed during the Experiment on the
Animals [21].
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The author's request to use animals is detailed in the animal study protocol, also known as the
institutional animal care and use committee-protocol (IACUCP), which is submitted to the
IACUC for approval. Animal testing, experimentation, and teaching activities cannot be
beginning unless the IACUC has reviewed them as well as given its approval. Figure 3 displays
the procedures that anyone that does animal exploitation must adhere to.

1.4. Major and Different Explanations to Stop Animal Testing:

During vivisection studies, animals are routinely poisoned, burned, startled, and killed. These
heinous acts would be crimes when outside research facilities. Laboratory animals, on the other
hand, endure daily suffering without any protection against abuse:

i Unnecessary-action: Animal experimentation is terrifying science that kills animals
and human life as well as essential minerals by attempting to infect them with
diseases they would ordinarily never get, claims research published in prestigious
medical publications. Fortunately, the wide range of non-animal research techniques
promises a more promising future for both humans and animals. Common reasons in
support of animal use are listed below, followed by denial. Animals have the power to
influence people in various ways. Some people view animals as friends, while others
use them in experimental studies or to increase medical knowledge.

il. Dishonorable: It is unethical to intentionally torment 100 million sensitive,
vulnerable animals by isolating them in cages and laboratories.

iii. Bad-effect: The National Institutes of Health estimates that 95 out of 100 drugs that
make it through animal testing in humans fail. This negatively affects the animal
experiment that is being supported.

iv. Wasteful: Because animal tests mislead experimenters and waste time, money, and
other resources that could be used for human-relevant research, people have to wait
longer for effective drugs. Half the animal experiments are never published because
they are so useless.

V. Archaic: In vitro techniques, human patient simulators, spheroids, arterioles, human-
based micro-dosing, in vitro techniques, cultured computer simulations, and human
patient simulators are some of the non-invasive methods created by forward-thinking
research teams. These methods are faster, less expensive, and more accurate than
animal experiments.

In this paper, the author has discussed the animals used in medical science and the tests that were
done on them. Medical science today has reached its level to great heights and it has achieved
this height only by doing various experiments. While in a way it is also true that animals and
animals have to face problems due to this test, there is no other option available for this. In this
paper, the author has first shown the number of animals in use through a pie chart, and after that,
his selection has been shown.

2. LITERATURE REVIEW

B. Prashad illustrated that experiments on animals for both educational and commercial purposes
take place annually throughout the country. Animals are used for a variety of biological,
economic, and healthcare purposes, including the development of medical treatments, testing the
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toxicity of pharmaceuticals, determining the safety of items for human use, and more. People
have done research on living beings since time immemorial. To learn more about how the
disease manifests inside the body, the author employed animal experiments. This essay intends
to examine the controversial issue of animal testing by bringing forth some key points for a
better understanding of the ethics surrounding the use of animals in research. It also attempts to
represent different perspectives from both scientific and ethical angles, establishing different
ways of looking at animals. This essay examines the methodology of animal experiments as well
as research that does not use animals [22].

M. Santha et al. stated that since ancient times, animal studies have helped advance our
understanding of diseases and therapeutic strategies. Animal testing is now a common method of
drug research and preclinical testing, including toxicity and safety investigations in medical,
biological, and veterinary research. Significant efforts have recently been made to transform
animal studies into cultured cells or ganoid culture techniques and silicone predation, according
to various plans to reduce, refine and replace animals in experimental testing set by the European
Commission. Here, we provide a brief overview of the history of animal testing, as well as
alternative in vitro and silicone techniques, which may, sometime shortly, at least partially
replace animal testing [23].

A. Ajmera and P. Shendge embellish that animals are used in each drug discovery strategy, from
a "trial-and-error" approach to current novel therapeutic synthesis, to evaluate the effectiveness
and cytotoxicity of substances. As a result, millions of animals are slaughtered every year.
Because of the worldwide awareness of animal cruelty, various laws were passed and
implemented for the protection of endangered species. As a result of these nature conservation
methods, drug discovery professionals began to look for alternatives to animal studies to study.
This study aims to collect a sample of the most important non-animal models that have been
employed to investigate the effectiveness and safety of pharmaceuticals during the preclinical
phase [24].

3. DISCUSSION

Furthermore, since ritual killing is important to develop new goods that are also fit for human
consumption, many people think the method is morally sound. This argument possesses a flaw in
that it often ignores the welfare, happiness, and viability of animals. All of this research, which
includes model organisms that are tortured and killed, are undertaken with total disdain for the
abuse of animals. Others claim that utilizing animals in research is good for the creatures. But we
put a value on their lifestyle quality based on what we think is significant to people. The reason it
would enhance human life should not be employed to excuse animal cruelty or exploitation. The
same criteria which it applies to human life should also apply to animal life.

Everyone else claims that it's appropriate to test animals since those who don't have rights are
less valuable than people. They argue that while animals are capable of understanding and
intentionally defending their rights, they do not deserve rights. On the other hand, the idea that
animals are much less advanced than humans when it comes to evolution may be prepared to
help scientific research in the areas of health and attractiveness testing. Many animals,
particularly very big mammals, have inner ear systems that, in terms of size and structure,
resemble the human heart and lungs. Since humans' greed has also given animals the ability to
feel pain and have thoughts, wants, and purposes comparable to those of humans, these
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connections should be recognized rather than exploited. Animals have intrinsic worth because
they constitute subjects of life, just as individuals are, according to Tom Regan. Animals should
then be respected since they have the right to a dignified existence by nature.

4. CONCLUSION

It is becoming increasingly clear that findings from animal studies cannot be accurately
generalized to biological issues and conditions. Animals and humans have many biological and
pathological symptoms, especially general experiences of restlessness, fear, and sadness. But on
the other hand, it shows that using animals as research participants for human diseases,
treatments, and some other difficulties is ineffective because of the vast biochemical and
biological differences between both humans and animals. The vast majority of synthetic
biologists acknowledge that using animal models and testing, in general, is insufficient for
predicting treatment benefits in humans. This can cause serious and unavoidable injury to
people. Laws regulating animal use must be respected, animal experiments must not cause pain
or suffering, and there are better ways to assess product hazards. It seems unimaginable that
hundreds of animals are slaughtered and tortured every year in the name of improving human
welfare. The care of animals should be carried out with the highest care; when they are used for
futile human benefit, this right is violated. In addition, people are generally omnivores. When
considering the ethical justification for using creatures in the study, we must consider whether it
is morally acceptable to limit people's resources, opportunities, aspirations, or even their lives
also be robbed to find out the answers which are not there. The authors believe that animal
research may precede the introduction of more precise, human-based systems.
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ABSTRACT:

The pungency of long pepper and black pepper is due to the alkaloid piperine and its isomer
chavicin. It has been applied in various traditional medicine practices. The amide alkaloid
piperine has pleiotropic properties, including antioxidant, anticancer, antihypertensive
hepatoprotective, and anti-inflammatory and neuroprotective effects. It also increases
bioavailability and has an effect on fertility. Drug-metabolizing enzymes, gastrointestinal
problems, and the bioavailability of many drugs can all be affected by piperine. It has been
studied for many nutritional but also trace elements and may have antibacterial, anti-pyretic,
anti-apoptotic and analgesic properties. The history, uses or applications of piperine were
discussed in this paper. To meet the demand in the pharmaceutical and food industry sectors,
there is a need for a comprehensive study of such a valuable product in order to devise the best
techniques for its abundant production. The main objective of the importance of piperine for
human health. In future this paper will make people aware about various importance of piperine
for human health.

KEYWORDS:
Anti-Inflammatory, Anticancer, Human Health, Piperine, Piper Nigrum.
1. INTRODUCTION

Piper nigrum L. is said to be the most prevalent species in the globe because to its principal
chemical, piperine. It has been referred to as “Yogvahi” in Ayurveda since the beginning of time.
It is a significant alkaloid present in the fruits of pepper plants (Family Piperaceae), and research
has shown that it has a variety of therapeutic benefits, including antioxidant, anti-thyroid, anti-
inflammatory, antihypertensive, antiplatelet, hepatoprotective, anti-tumor, or anti-asthmatic
activity. Additionally, it significantly contributes to improving fertility. This study discusses the
piperine production route, extraction process, chemistry, and several analytical methods [1]. It
also examines the structural modification of piperine and its many biological effects. The value
of piperine as a potent inhibitor of drug metabolism and a bioenhancer for a number of
antibacterial drugs is also stressed. Evaluation therefore provides informed information about the
piperine, opening the door for further investigation [2].

Chemical molecules piperine and its isomer, chavicine, can be classified as either members of
the lipid family, which contains lipids and lipid-like chemicals, or the alkaloid family, which
comprises nitrogenous compounds with specific physiological properties. This is one of the
ingredients that gives fruits like long pepper and black pepper (Piper nigrum) its intense flavor
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(Piper longum). The strong flavor of peppers is due to the isomer chavicine, which shares the
same chemical formula as piperine but has a distinct molecular structure. Since chavicine
progressively turns into piperine when peppers are kept for a long time, their pungency is lost.
Figure 1, shows the of “Piperine's” Chemical Structure

Figure 1: A Depiction of the Chemical Structure of ‘“Piperine”.

The piperine level in black and white pepper ranges from 5-9%. Due to piperine's intractable
nature in water, it is commonly extracted from pepper using dichloromethane as well as other
organic solvents that can function as substitutes. Additionally, piperine may be produced
chemically by combining a concentrated alcoholic pepper extract with an alcoholic potassium
hydroxide solution. This process is being started to get rid of resin that actually includes
chavicine, a piperine monomer [3], [4]. After separating this solution from its insoluble residue,
it is allowed to stand overnight. This procedure is carried out to encourage the solution's
alkaloids to begin crystallizing and becoming piperine. The active component of black pepper,
piperine, is what gives the spice its distinct flavor. While this basic cooking ingredient may
surely add flavor to a dish, it also offers amazing medical benefits, making it even more crucial
for you to eat. Figure 2. Shows the Piperine's Vital Function in Human Health.

Improved Nutrient

Metabolism absorption

Improved
Immunity

Figure 2: Illustrate the Important Role of Piperine for Human Health.
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1.1.  Uses and health advantages of Piperine

Modern herbal medicine frequently makes use of piperine. It has also been used for a very long
time in traditional medical procedures. These are excellent sources of relief for chronic illnesses
like indigestion, headaches, nausea, and cough. Additionally, it has inflammatory
qualities.Because it helps to increase the bioavailability of various vitamins and minerals,
piperine is thought to be highly helpful in dietary supplements. The human body's p-glycoprotein
or CYP3A4 enzymes, which aid in metabolism and transport different metabolic substances
throughout the body, are likewise inhibited by piperine. It is also used to treat stomach ulcers,
joint discomfort, or healthy breathing patterns.

The following are a few examples of piperine's health advantages:-

i. Stress management: The body produces enzymes like adrenaline and catecholamines to
control the degree of stress in our minds. It has been noted that consuming piperine in
conjunction with vitamin C stimulates the production of these hormones as well as aids in
improved stress management.

ii. Weight management: Research indicates that piperine also has some thermogenic
qualities that raise the body's resting metabolic rate, which aids in weight loss by
reducing the number of extra fatty cells.

iii. Boost Bioavailability: The unique feature of piperine aids in the assimilation of important
nutrients in the body, such as amino acids, vitamin B6, beta carotene, or selenium.

2. LITERATURE REVIEW

Iahtisham-Ul Hagq et al. studied about Traditional medicine has long employed medicinal plants
as a source of nutrition spices, or treatments for a variety of illnesses. A member of the
Piperaceae family, Piper nigrum has become one of the most often used spices worldwide. Its
distinctively sour flavor is ascribed to the phytochemical piperine being present. In multiple in
vitro or in vivo experimental studies, piperine has a wide range of pharmacological actions,
including antiproliferative, anticancer, antioxidant, antiangiogenesis, antidiabetic,
cardioprotective, anti-obesity, antibacterial, antiaging, and immunomodulatory properties.
Additionally, piperine's hepatoprotective, anti-inflammatory, anti-allergic, or neuroprotective
characteristics have also been confirmed [5].Giuseppe Derosa et al. studied about a class of
natural sources chemical compounds with a predominance of basic nitrogen atoms is known as
an alkaloids. The distinctive biting quality of black pepper is due to piperine. Piperine offers a
wide range of pharmacological actions and health advantages, especially when used to treat
chronic conditions. Some of these advantages include the treatment of hepatic steatosis and the
lowering of insulin resistance. This chapter aims to provide an overview of piperine's impact on
chronic illnesses, whether used alone or in conjunction with other medications or phytochemicals
[6].Masood Sadiq Butt et al. studied about Health Benefits of Black Pepper. Due to its anti-
microbial, anti-oxidant, or gastro-protective components, black pepper (Piper Nigrum L.) is a
significant healthy food. Piperine, the active component in black pepper, is part of a complex
phytochemistry that also contains volatile oil, alkaloids and oleoresins. Recent research on cell
culture and animal models anticipated the effectiveness of black pepper against a variety of
diseases. Black pepper as well as its active components may aid in chemoprevention or tumor
development management due to its capacity to scavenge free radicals. Furthermore, animal
studies have demonstrated the aforementioned health advantages of black pepper [7].K.
Srinivasan studied about Peppermint, Black Pepper's Pungent Principle. Among spices, black
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pepper (Piper nigrum) is among the most popular. It is prized for the characteristic biting quality
that the alkaloid piperine is responsible for. In addition to being utilized in human diets, black
pepper is also used for a number of other things, including as a medicine, a preservative, and also
in fragrance. The most significant property of piperine has been its inhibitory effect on the liver's
enzymatic drug biotransformation processes. Early reports on the safety of black pepper as a
food additive were debatable, according to the author. Later research, however, have proven the
safety of black pepper or its active ingredient, piperine, in numerous animal tests. Despite not
being a genotoxic substance, piperine has been proven to have anti-mutagenic or anti-tumor
effects [8].

3. DISCUSSION

3.1.  Increasing nutrient uptake with piperine:

It has been demonstrated that the bio-enhancer piperine increases the body's absorption of a
number of nutrients. You will thus eat more nutrients from your diet if you take piperine. This is
true for popular vitamins and minerals including vitamin A, selenium, vitamin b6, vitamin c,
or beta-carotene.Benefits of piperine that increase nutritional absorption also apply to curcumin,
the bioactive component of turmeric, a crucial but difficult-to-absorb vitamin. Along with having
potent anti-cancer capabilities, curcumin provides significant advantages for your heart and
mind. Curcumin is unfortunately not readily taken into the circulation due to its limited
availability. Piperine makes it simpler for curcumin to pass through the intestinal walls, which
considerably improves the absorption of the compound. And for that reason, make sure piperine
is a component of your curcumin pills [9].

3.1.1. Decreasing inflammation:

Your immune system's reaction to adverse stimuli like viruses and poisonous substances is
inflammation. It aids in the beginning of the healing process and safeguards your body from
disease and infection. Figure 3 are shows the use of Piperine for health care. However, if this
immune reaction persists, it may cause chronic inflammation, which may harm your organs and
tissue and raise your chance of developing major illnesses like diabetes and heart disease. Strong
anti-inflammatory properties of piperine can support a balanced immune response [10].

ot

Anti-
microbi

a

Figure 3: Illustrate the Major Healthcare Prospective of Piperine.
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3.1.2. Increased Brain Activity:

Your brain's executive processes may benefit from piperine in a number of ways. For starters,
piperine has effects similar to those of antidepressants because it could enhance the
neurotransmission of several neurotransmitters, such as dopamine, serotonin, or beta-endorphin.
Additionally, these substances are crucial for enhancing memory. Additionally, as piperine
reduces inflammation, it can support brain health, enhance cognitive function, and enhance your
ability to pay attention or reason. Piperine may also help safeguard the insulating layer that
surrounds nerve fibers in the brain and spinal cord, according to one research. The possible
health advantages of this, however, are still being investigated [11], [12].

3.1.3. Maintaining Healthy Blood Sugar Levels:

Improved blood sugar control may be supported by the use of piperine. It aids in preventing
insulin resistance, a disease that makes it difficult for your cells to respond to insulin effectively.
As a result, piperine can be used to manage diabetes when taken with anti-diabetic drugs. Some
studies have indicated that piperine's bio-enhancing qualities boost the efficiency of metformin, a
drug used to control blood sugar levels. According to one investigation on piperine's impact on
obesity-related insulin resistance, piperine can dramatically lower body weight, fat mass, and
blood sugar levels.

3.1.4. Encouragement of a Healthy Weight Loss:

Thermogenic characteristics of piperine may raise the body's resting metabolic rate. In actuality,
the primary mechanism through which piperine improves food absorption in the body is
thermogenesis. Piperine raises internal temperature via enhancing thermogenesis in your body,
which aids in the breakdown of fat cells. Piperine can therefore be helpful in weight management
support or advantageous when included in a weight loss strategy.

3.1.5. Antioxidant Properties:

Free radicals are unstable molecules that your body creates in response to stress and
environmental stresses. An antioxidant is a chemical that stops these unstable molecules from
damaging your cells. Strong antioxidant qualities found in piperine can aid in reducing the risk of
chronic diseases including atherosclerosis and heart disease. Black gold was originally the
nickname for black pepper, which is derived from the Sanskrit term pippali. Due to its versatility
as a spice that can flavor food, serve as a preservative, and provide heat to a meal, it has one of
the oldest histories of being a sought-after spice. In addition to its ability to enhance flavor, black
pepper has a number of health advantages [13], [14].

The tropical woods along the Malabar Coast in southwest India, close to the states of Kerala,
Karnataka, and Goa are the natural habitat of the Piper nigrum plant. The peppercorn of the
trailing vine plant, which is used to make this spice, is an immature dried fruit that changes color
depending on when it is gathered. Most people use black pepper. Picking almost-ripe
peppercorns and letting them dry until they are completely black is how you acquire black
pepper. Ancient Greece and Rome valued black pepper as a precious commodity, and the middle
ages and the Renaissance saw an even larger rise in its esteem. Vietnam now contributes to
around 39% of global black pepper output. Brazil and India both generate roughly 10%, while
Indonesia produces about 15%.
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3.1.6. Health Advantages:

Black pepper is more than simply a taste enhancer for food; it also has health advantages, with
piperine being the most significant of its bioactive constituents. The natural alkaloid piperine is
what gives black pepper its strong flavor. It is also the primary ingredient that provides black
pepper its benefits for health. Antioxidants like piperine are thought to help reduce the risk of
chronic diseases including cardiovascular disease, atherosclerosis, or neurological disorders.
Additionally, this substance has a favorable impact on nutrient bioavailability. The number of
nutrients that are absorbed into your circulation is increased when you add black pepper to your
meal [15], [16].

Key nutrients may be made more readily available with the use of piperine. Additionally, it
could be helpful for things like stress and weight control. On the numerous health impacts of
piperine, there is a wealth of scientific research. a thorough examination of the proven benefits
of piperine for health, including its ability to treat a variety of ailments and illnesses and its
methods of action. Details regarding piperine's known effects against various illnesses and
disorders are provided below.

3.1.6.1.Anticancer:

The second biggest cause of mortality in the world, cancer is a terrible illness that claims
thousands of lives every year. Although resistance, toxicity, or target mutation are the main
reasons chemotherapy fails, it is still a viable choice for the treatment of some malignancies.
Therefore, further study is required to identify and create innovative anticancer drugs that can get
around these reasons for chemotherapy failures. Unquestionably, clinical studies for anticancer
drugs with natural sources are supported nowadays. In this regard, substantial research has been
done on the anticancer effects of many natural substances, including piperine.

3.1.6.2.Antidiabetic:

The world's fastest-growing metabolic illness may be diabetes mellitus. Diabetes mellitus, one of
the primary causes of disease and mortality worldwide, affects between 2.6% to 7% of the global
population. Chronic hyperglycemia, which is brought on by both the increased expression of
glucose into to the circulation by hepatic gluconeogenesis and the impaired use of glucose by
various organs, is a complication of diabetes mellitus. Additionally, diabetes is a major risk
factor for cardiovascular disease, since diabetic people are susceptible to developing diabetic
cardiomyopathy, or heart problems, in the absence of hypertension as well as coronary heart
disease. Because they come from natural sources and have fewer adverse effects than synthetic
medications, chemicals derived from medicinal plants are being used more and more often as
hypoglycemic agents all over the world. This is because many plant species with hypoglycemic
characteristics are used in traditional medicine throughout cultures to treat diabetes mellitus[17],
[18].

3.1.6.3.Anti-obesity

A sizable portion of the global population is afflicted by obesity and type 2 diabetes. This is
largely caused by excessive food consumption and a decline in physical exercise. Along with
utilizing medications, a healthy lifestyle, a low-calorie diet, or increasing physical exercise are
some ways to manage obesity. In this regard, Nogara and colleagues have recently discovered a
technique that would cure type 2 diabetes and excess weight by boosting the metabolic rate of
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skeletal muscles during rest. These researchers discovered that piperine exhibits promising anti-
obesity properties and may be a useful lead molecule for the creation of treatments for these
illnesses.

3.1.6.4.Cardioprotective:

Researchers are looking for preventative measures to maintain heart health and lessen
malfunctions as a result of rising rates of cardiac illnesses. Numerous mechanisms that contribute
to piperine's cardioprotective effects have been discovered in this regard.
Accordingly, inflammation, oxidative stress, and cardiac apoptosis are all involved in
doxorubicin (DOX)-induced cardiac damage. Piperine treatment significantly reduced DOX-
induced cardiac damage in mice, enhanced cardiac function, as well as inflammation, decreased
oxidative stress, or apoptosis in the myocardium. Piperine worked by activating the PPAR-
receptor in mice to produce its effects. Similarly, when piperine is utilized as a therapeutic
treatment, PPAR-/Akt pathways are engaged in the reduction of pathological cardiac fibrosis.
The function of piperine in preventing cardiotoxicity brought on by cyclophosphamide when
combined with curcumin. They discovered that piperine and curcumin together were the most
beneficial combination, with piperine (20 mg/kg) or curcumin (50 mg/kg) acting less effectively
when used alone. Compared to curcumin alone, this combination had a considerable
cardioprotective benefit. Through its antioxidant or antidyslipidemic actions, it also helped male
Wistar rats with myocardial ischemia recover. Additionally, the post-piperine therapy revealed
suppression of the change of endothelial cells to fibroblast as a viable method to cure cardiac
fibrosis.

3.1.7. Systemic and Internal Health:

Your stomach's hydrochloric acid can be stimulated by black pepper to help you better digest and
absorb the food you eat. Additionally, it possesses carminative qualities that aid in easing pain
and gas accumulation in your intestines. Your ability to stay healthy depends on having a robust
immune system, which black pepper can also support. White blood cells, which your body
employs to fight off invasive germs and viruses, are increased by the active substances in it.
Figure 4 shows Major Functions of Piperine in the Treatment of Health Issues.

Stress management support .

Piperine increases the production of y

adrenalin and other catecholamines,

which could make it useful for managing

temporary stress. This use of piperine is

often combined with buffered vitamin C. Increase bioavailability
. — 4 Key nutrients that piperine may make

Weight management support | easier to assimilate include beta-

Piperine may have thermogenic properties carotene, curcumin, selenium and vitamin

that increase the body's basal metabolic BE. It may also enhance the assimilation

rate. These properties may be useful in of amino acids.

helping you to maintain a healthy weight.

Additional benefits

Piperine may provide other benefits such
as supporting the digestive system and
maintaining healthy breathing patterns. It
may also help to manage joint conditions
and stomach ulcers.

Figure 5: Illustrate the Major Role of Piperine for the Health Problem Management [19].
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Piperine (PIP) is a naturally occurring alkaloid that has been isolated from the Piper longum L.
plant. It has pharmacological effects that include being an antioxidant, anticonvulsant,
antibacterial, neuroprotective, antiparasitic, larvicidal, or anticancer. But the biggest obstacle
to its transition from the lab to the clinic as a medication is its low water solubility. The
inclusion of PIP into various drug delivery systems proved to be one of the most effective
methods for overcoming this challenge [20]. Furthermore, a number of techniques for the both
quantitative and qualitative examination of PIP in a variety of raw materials, such biological
fluids (metabolites, plasma, urine, brain), plants, and medication delivery systems, were looked
into. For this, high-performance liquid chromatography has most recently been combined with
a number of detectors. In order to maximize the analytical signal, boost sensitivity, selectivity,
and lessen the impacts of interference for this medication, this review provides a description of
the physical, chemical, or biological aspects of PIP as well as a number of methodologies as
well as analytical methods.

4. CONCLUSION
An effort has been undertaken in the current review to gather the knowledge on the versatile
chemical Piperine. Although it has been used medicinally since the dawn of time, current
medications must be developed with thorough examination of their bioactivity, mechanisms of
action, pharmacotherapeutics, and toxicity, as well as after appropriate standardization and
clinical trials. The extensive range of biological actions that piperine is capable of is what has
sparked global interest among researchers in the structural modification or synthesis of new
analogues. Given that it has been utilized as a bioenhancer for Ayurvedic, Allopathic, and Unani
medications, it looks to be at the top of the list of bioenhancers. Many preparations that are both
medically and commercially helpful have been developed, which encourages scientists to
research this crucial component of medicine. The appropriate modification of the molecule and
synthesis of its analogues to attenuate the toxic effects with better financial investment also with
beneficial clinical utilization introduces greater benefit, especially in various therapies and
treatments as it is very clear from the literature that piperine has got tremendous potential. A
thorough analysis of such a priceless product is required in order to develop the most effective
methods for its plentiful manufacturing in order to fulfill the demand in the pharmaceutical and
food business sectors. The relevance of piperine for human health is its major goal. People will
become aware of the different benefits of piperine for human health as a result of this research in
the future.
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CHAPTER 17

AN ASSESSMENT OF SPIRULINA FOR ITS POTENTIAL
PHARMACEUTICAL APPLICATIONS IN THE HEALTHCARE
INDUSTRY
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ABSTRACT:

Spirulina is a free-floating filamentous microalga that grows in alkaline water bodies. Spirulina
has been utilized as food for generations due to its great nutritional content which is mainly
attributed to proteins. It is currently widely utilized as a nutraceutical dietary supplement around
the world. Recently, much effort and significant research have been given to evaluating its
therapeutic advantages on a variety of diseased conditions. However, it has been noted that there
is a relatively scarce comprehensive approach to documenting recent evidence of health benefits
associated with spirulina and its bioactive components. Hence, The current study was conducted
to assess the role of Spirulina in diabetes, cancer, microbial infections, and brain health. The
majority of human clinical studies, however, have the inadequate experimental method and small
sample sizes. Numerous preclinical investigations have proven various bioactive properties of
spirulina. Yet, only a small number of clinical experiments have been conducted to verify these
responses in humans. Therefore, a lot more studies are now needed to fill this gap.

KEYWORDS:
Cancer, Diabetes, Microalgae, Spirulina.
1. INTRODUCTION

Spirulina is the dry material of the cyanobacterium Arthrospira platensis. It has been used
extensively in many countries, is regarded as GRAS (generally recognized as safe), has no toxic
negative effects, and has received FDA and ANVISA approval [1]. Spirulina has been grown and
utilized as a source of food all over the world because it is abundant in protein (up to 65%) and is
safe for ingestion by both humans and animals. Spirulina can only be used as a food ingredient in
amounts of 0.5 to 3.0 grams per serving since the U.S. Food and Drug Administration has not
challenged the rationale for the attribution of "Generally Recognized as Safe" to it under the
parameters of its intended usage.

With a compound annual growth rate (CAGR) of 18.1%, the spirulina and spirulina-based
market structure are anticipated to continue expanding quickly through 2028. A little more than
5% of the world's food and feed microalgae market is accounted for by European businesses,
whereas the majority of the commercial microalgae-based products are manufactured in Asia or
Australia. The market for Spirulina products is due to rising health awareness and veganism,
malnourishment, nutritional supplement use, and the need for natural colorings. Currently, 75%
of stated applications are accounted for by the manufacture of food, supplements, and
nutraceuticals. Producers and seller’s market spirulina supplements as healthy food, with powder
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being the most common form. Tablets, capsules, flakes, frozen spirulina, and phycocyanin
extract are all available. Dr. Darwin, a German Algae researcher, found the spiral-shaped algae
and termed it Spirulina. Given horrendous conditions and limited resources, Dr. Clement of
France discovered in 1962 that the Ganimou Kanembu people who are living surrounding Lake
Chades in Africa had healthier bodies than some other cultured individuals at the time. Ganimou
people consume blue-green algae that float on the bottom of lakes. This microalga was called
Spirulina.

1.1. Microalgae

Microalgae are among the most potent sources of organic compounds with biological activity
that might be employed as functional components, and as a result, they are attracting more and
more attention. They can be used in the production of unique food items because of their
fascinating properties and well-balanced chemical composition [2], [3].Because of its remarkable
ability to produce high-quality concentrated food with more efficiency compared to any other
algae, spirulina is being promoted as the "food of the future." All of the necessary amino acids
are present in perfect proportion and make up 65 to 71 percent of the protein in spirulina. At the
International Food Expo in West Germany, spirulina was named "the best natural food."
Spirulina was the subject of five-year toxicological research by the UN, and it was discovered to
be non-toxic [4]. One kg of spirulina has the same nutritious value as 1,000 kilograms of a
variety of fruits and vegetables, according to research by National Aeronautics and Space
Administration (NASA) scientists in the USA.The study is organized into five sections. The first
section introduces the agenda, and the second section presents a thorough analysis of the
literature on the health benefits or the pharmaceutical applications of spirulina with
morphological characteristics and bioactive molecules. Furthermore, the review approach is
presented in the third section, then the discussion follows in the fourth section. Lastly, the fifth
section concludes with a remark.

2. LITERATURE REVIEW
2.1.Spirulina

As illustrated in Figure 1, Spirulina, a filamentous blue-green microalga or cyanobacterium, is
well recognized as a protein resource (60—70 g/100 g) of high biological importance because it is
a rich source of vitamins, particularly pro-vitamin A and vitamin B12, minerals, linolenic acid,
an essential fatty acid predecessor. Additionally, as demonstrated by numerous authors for in
vitro and in vivo experiments, spirulina includes components such as phycocyanin, "carotene and
xanthophyll pigments, "alpha-tocopherol, and phenols, that is accountable for the antioxidant
properties of these microalgae. Furthermore, benefits spirulina benefits as a dietary supplement
for both people and animals have been the subject of the majority of studies [5].

& KJ
Figure 1: Illustrating the Filamentous Structure, Enlarged Image, and Powder Form of
Spirulina Biomass.
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2.2.Bioactive components of Spirulina

The chemical composition of Spirulina biomass has been the subject of several investigations,
and those studies show an exceptionally high protein concentration. Spirulina has an
exceptionally high amount of protein. Spirulina protein boasts an exceptional amino acid
composition. All of the other required amino acids are present in sufficient amounts, except
cysteine and lysine, which are slightly below that of the standard protein. Spirulina has a
reputation for having the potential to be used as a source of protein for humans [6], [7]. Because
cellulose is absent in Spirulina, its sugars are easily digested. Furthermore, the lack of free
carbohydrates makes it an excellent nutritional additive for obesity, diabetes, and other disorders.
An additional advantage of spirulina is its lipid makeup, which itself is cholesterol-free and high
in polyunsaturated vital fatty acids, making it excellent for disorders such as obesity,
atherosclerosis, and high blood pressure. In addition to the above, other bioactive components
are present in spirulina chemical composition as illustrated in figure 2.

.

S

= Proteins = Minerals Carbohydrates Moisture = Fats

Figure 2: Illustrating the Nutritional Composition of Spirulina with Majority of Protein
Content.

2.3. Pharmaceutical and Bioactive Properties

Figure 3 provides the various bioactive and pharmacological properties of spirulina which is also
been reviewed below with research evidence.

2.3.1. Diabetes

Diabetes mellitus (DM) is a chronic metabolic condition characterized by elevated blood glucose
levels. The etiology of diabetes is controlled by environmental, genetic, and immunological
variables, and projections show that the number of people affected by diabetes will climb to 592
million by 2035. Individual lifestyle decisions have resulted in higher diabetes rates, particularly
among young people. Spirulina is one of the natural resources which is being studied for its anti-
diabetic property.

Lee et al. carried out In vitro and in vivo studies using a type 1 diabetes model driven by
cytokines and diabetic Wistar rats produced with streptozotocin, respectively, were done to
examine the protective benefits of Spirulina maxima extracts. Interleukin-1 and interferon-
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gamma significantly increased the expression of endoplasmic reticulum (ER) stress
genes, activation of mitogen-activated protein kinases, nitric oxide (NO) production, nuclear
factor-kappa B (NF-B) activity, and the expression of key genes associated to apoptotic cell
death. These findings imply that Spirulina extract may be useful in protecting pancreatic beta-
cell viability and function from cytotoxic circumstances [8].

Anti-
Diabetic

Anti-
bacterial

Anti-Fungal

Figure 3: Illustrating the various Pharmaceutical Applications of Spirulina and its
Bioactive compounds.

Liu et al. examined the structure, content, toxicity, and in vitro hypoglycemic action of
polysaccharides derived from Spirulina platensis (PSP1) and its breakdown components (PSP2,
PSP3). The scientists found that PSP3 suppressed alpha-glucosidase and increased the glucose
absorption capacity of 3T3-L1 preadipocytes in vitro. PSP3 controlled lipid and
glucose metabolism in diabetic mice in vivo. PSP3 reduced diabetes symptoms by modulating
liver function markers and antioxidant system activity.

2.3.2. Cancer

Worldwide, malignant tumors are a major cause of death and place a significant societal cost on
society. Nowadays, the primary line of treatment for early-stage cancer is surgical resection,
although chemotherapy is essential for advanced malignancy. The overall survival of people with
cancer has significantly risen over the past several decades as a result of the expansion of
chemotherapeutic options and the development of new anti-cancer medications. Spirulina is one
of the natural sources which is found to have a lot of bioactive components targeting cancer
cells.

In a study by Czerwonka et al., the human non-small-cell lung carcinoma A549 cell line was
used to assess the anticancer activity of a water extract from a commercial Spirulina preparation.
According to the investigations, Spirulina extract drastically decreased the viability and
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multiplication of cancer cells. This was followed by notable morphological alterations, cell cycle
arrest in the G1 phase, and activation of apoptosis. The studied Spirulina extract had no cytotoxic
effects on the normal skin fibroblasts [9].

Uppin et al. tested Spirulina polysaccharide (Sp) for its ability to modulate galectin-3 activity in
gastric cancer cells (AGS). Relative to the well-known anticancer medicine doxorubicin, the Sp
reduced the growth of AGS cells by 48% without having any effect on healthy NIH/3T3 cells.
Additionally, Sp demonstrated a substantial inhibition with a MIC of 9.37 g/mL as opposed to
galactose (6.25 g/mL), a sugar that inhibits galectin-3.

2.3.3. Anti-microbial

Abdel-Moneim EidAbdel-Moneim et al. looked studied the ability of three Spirulina extracts and
biological selenium nanoppapers (SeNPs) produced by Bacillus subtilis AL43 to combat
microbes and protect cells from free radical damage. The findings demonstrated that Spirulina
extracts have antibacterial efficacy against the microorganisms under investigation. Additionally,
ABTS and DPPH radicals were effectively scavenged in a dose-dependent manner by spirulina
extracts. The methanolic extract was superior to other extracts in terms of its total phenolic
content, and antioxidant and antibacterial activity.

2.3.4. Brain Health

Koh et al. investigated the effects of SM70EE in animal models with cognitive decline caused by
an A1-42 intracerebroventricular injection. Scientists found that SM70EE lowered A1-42
levels and hindered APP processing mechanisms. Furthermore, SM70EE inhibited cholinesterase
activity, raised GPx and GR expression levels, and hence glutathione levels [10].In recent
research, Sinha et al. found that maternal dietary supplementation with microalgae
spirulina during lactation and pregnancy decreased astrocytic and microglial activation in F1
offspring in protein-malnourished (PMN) rats. Spirulina in particular reduced PMN-induced
astrogliosis by efficiently lowering the astrocytic population labeled with glial fibrillary acidic
protein (GFAP) and S100, as well as with larger cell bodies and thick processes, a feature that
distinguishes active astrocytes. Additionally, it was shown that Spirulina reduced the expression
of MHC II and CR3 on microglia cells, causing them to lose the usual morphology of active
phagocytic cells [11].Khan et al. showed that C-PC improved the restoration of cardiac function
following ischemia-reperfusion (I/R)-induced myocardial damage decreasing p38 MAPK and by
enhancing Bcl-2 expression and ERK1/2 activation [12].

3. METHODOLOGY

Utilizing electronic databases including PubMed, Research Gate, Scopus, Science Direct, and
Google Scholar, the information for this review was obtained and compiled. The relevant
publications were retrieved and sorted using a range of pertinent keywords and their
combinations. The keywords included “Spirulina”, “Neuroprotective effects”, “Diabetes”, “Anti-
diabetic agents”, and "Cancer," ‘“anti-cancer activity”, as well as "antiviral activity,"
"antibacterial activity," "antifungal activity," and "antimicrobial activity." Figure 4 below
outlines the method used to find pertinent records.
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4. DISCUSSION

Spirulina is one of the potent, all-natural nutrients bestowed by nature with barely detectable
adverse effects. The potential for spirulina as a "miracle food supplement" exists. It became well-
known as a thriving source of medicines and nutraceuticals. To combat the problem of societal
malnutrition may be used extremely effectively as a food supplement in developing nations like
India. Production of spirulina is currently limited to a few nations (i.e. United States of America
and China). It should be greatly expanded in India, especially in the coastal and alkaline regions
where traditional agriculture struggles due to the rising effect of salination and greater
susceptibility to natural disasters. Then, by using Spirulina as an agricultural business, young
people may benefit.

v

Refinced Databasce Scarch with Sclective Keywords(“Spirulina”, “Ncuroprotective

eifecis™, “Diabeies”, “Anii-diabeiic agenis”, and “"Cancer,” eic.)
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Figure 4: Illustrating the Methodological Design Used to Retrieve Relevant Records for
Review Study.

In addition to offering people work possibilities, it has a healthy turnover with little capital input.
More than 20 years have passed since spirulina was first used as a food supplement for people,
but it is only recently that it has been employed as a feed supplement for animals. For a future
with sustainable and feasible food security, spirulina is proven to be a cost-effective way to
increase animal output. As a substitute for a fish meal, spirulina might be a wise choice. As a
biofortification agent, spirulina is also useful. To increase the protein content of spirulina, proper
crop planning, growth-promoting methods, and the usage of organic fertilizer may be used. In
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addition to the above possibilities, its therapeutic applications are gaining a lot more attention
which can be seen in the above-reviewed studies. However, there are also side effects associated
with it. Spirulina may have certain side effects and disadvantages, even though it is usually
regarded as harmless, particularly for those who have specific medical problems. There is a
considerable chance of contamination when wild spirulina is gathered. If the algae grow in a
body of water that is contaminated with heavy metals, bacteria, or dangerous ppapers known as
microcystins, it may contain poisons. In actuality, blue-green algae create microcystins to protect
themselves from predators. They are liver toxic when ingested in large quantities.

Spirulina strengthens the immune system, which may make some autoimmune disorders, in
which the immune system assaults the body, worse. These diseases include multiple
sclerosis, lupus, and rheumatoid arthritis. The immune system is strengthened by spirulina by
enhancing natural killer (NK) cells, which go after cellular dangers that are seen as threats.
Studies on both animals and humans suggest that this impact could aid in reducing inflammation,
enhancing resilience to sickness, and slowing the formation of tumors. However, this alga may
make autoimmune disorders worse in persons who already have them by enhancing their NK
cells. Although this side effect seems to be extremely uncommon, spirulina supplements have
also been associated with severe autoimmune reactions that harm the skin and muscles. People
should refrain from using spirulina and other algae supplements if they have an autoimmune
disease.

It can thin the blood and prolong the duration it takes for blood to coagulate since spirulina has
an anticoagulant effect. Clotting assists in limiting excessive bleeding or bruising after an injury.
Spirulina could be risky for those who are using blood thinners or who suffer from bleeding
problems since it may reduce the blood's capacity to clot, which would lead to increased bruising
and bleeding.The effects of spirulina on patients who are already using blood thinners remain
unknown, despite some research suggesting that it does not affect blood clotting time. Spirulina
should not be consumed by anybody with a bleeding condition or who is taking blood thinners.

S. CONCLUSION

Despite the limited number of human studies that have been conducted so far on the health
advantages of spirulina, the proof for its potential therapeutic use is compelling in the fields of
immunomodulation, anti-cancer, anti-diabetic and cholesterol-reduction effects. Traditional
treatments usually focus on using natural ingredients, and they have provided knowledge that has
been used to find many of the medications we use today. The current movement towards
wellness, alternative medicine, self-care, and a clearer understanding of the relationship between
nutrition and health care is being driven by the rising expense of health care.
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ABSTRACT:

Yogurt is a famous fermented milk product that has acquired considerable market acceptability
as a healthy food. It contains a high concentration of nutrients in comparison to its calorie and fat
levels, rendering it a nutrient-dense diet. Yogurt, in particular, providesthe body with
considerable quantities of calcium in a bioavailable form. Moreover, yogurt offers other health
advantages in addition to providing basic nourishment, such as enhanced lactose tolerance, a
probable involvement in fat loss and body weight, and a range of health benefits attributed to
the probiotic bacteria. However, the present study aims at reviewing the history, compositional
characteristics, associated factors as well as the health benefits of consuming Yogurt. The author
specifies different human and animal model studies with their evidence for promising attributes
of yogurt in reducing inflammatory markers, maintaining cardiac health, and fighting microbial
infections, especially those associated with the gastrointestinal tract and respiratory tract.

KEYWORDS:
Inflammation, Lactobacillus, Yogurt, Milk, Probiotic.
1. INTRODUCTION

Yogurt has been employed as a treatment in the Ayurvedic medical field in India since ancient
times. A slew of studies on the health benefits of yogurt has been conducted in recent years. Now
is the moment to raise public knowledge about the benefits of including yogurt in daily diet as a
natural probiotic, food, and cure [1], [2]. One of the most widely consumed fermented dairy
products, yogurt has a long history of being appreciated for its health and nutritional advantages.
The history of Yogurt may be traced back to 6000 B.C. when the Neolithic people of Central
Asia transitioned from being food gatherers to producers and started the practice of milking their
livestock [3], [4]. It is widely believed that yogurt and other fermented milk products were
accidentally discovered when milk was being stored in sheepskin bags. Over the centuries,
commercial yogurt production progressed, opening the door for a variety of commercially
available variants with different forms, flavors, and textures.

Yogurt is a complicated gel system chemically, with lipids, protein, and carbohydrates making
up its structure. Additionally, yogurt is regarded as the healthiest and most natural probiotic. In
actuality, beneficial probiotics are living bacteria that, when eaten in sufficient quantities,
provide a variety of health-improving effects. According to research, yogurt can enhance
immunity, metabolism, and the digestive system. It may also stop carcinogenic responses, which
lowers the risk of developing cancer. Consuming yogurt has a variety of positive health effects
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on the host, including enhancing food quality, supporting bone health, and lowering the
prevalence of chronic disorders including obesity and cardiovascular disease(CVD).

There is mounting evidence that regular yogurt eating is related to improved metabolic profiles
both in adults and children. Greater yogurt intake has been linked to lower tiers of circulatory
glucose, triglycerides, and systolic blood pressure in adults, and several recent meta-analyses
have found that increasing yogurt intake is linked to a decreased likelihood of developing type 2
diabetes (T2D).

The present study aims to put some light on the history, common names as well as
pharmacological benefits of Yogurt with some detail on composition.

2. LITERATURE REVIEW
2.1.History

Most regulatory organizations across the globe regard Yogurt, which is often written "yogurt,"
or "yogurt"to be a fermented dairy product that contains digested lactose and specially
identified, live bacterial cells, generally, Lactobacillus bulgaricus and Streptococcus
thermophilus. It is a source of various vital nutrients, such as potassium, calcium,
protein, phosphorus, and vitamins B2 and B12, as well as a means of fortification.

According to popular belief, the Turkish term "yourmak," which means to thicken, coagulate, or
curdle, is where the name "Yogurt" originated. In the 11th-century works Kutadgu Bilig by K.
H. Yusuf and Diwan Lughat al-Turk by Mahmud Kashgari, yogurt consumption by medieval
Turks is documented. The manuscripts refer to "Yogurt" and describe how nomadic Turks used
it. The Turks were also the first to research the medical benefits of yogurt for a range of
conditions and symptoms, such as diarrhea and cramps, as well as to ease the pain of burnt skin.

To inspire bravery in his soldiers, Genghis Khan, the founder of the Mongol Empire, is said to
have fed them Yogurt, a cornerstone of Mongolian cuisine. Following a recommendation
from Turkish allies of France for the treatment of spells of acute diarrhea, King Francoise 1 of
France presented this fermented milk product to Western Europe in 1542. Eventually, it was
blended with other components, including fruits, honey, sweets, and cinnamon, and served as a
dessert. There have been a lot various countries of traditional names for Yogurt, Table 1, Table
2, and Table 3 provides various names given yogurt in different regions and places.




Modern Biotechnology Techniques

Figure 1: Illustrating the Scanning Electron Microscopy Images of Lactobacillus bulgaricus
and Streptococcus thermophilus.

Table 1: Enlisting various Countries/Locations of the European Region and Traditional
Name of Yogurt.

Country/Region of Origin The traditional name of Yogurt
Portugal Iogurte
Yugoslavia Gruzoviz
Iceland Skyr
Scandinavia Filmjolk/fillbunke/filbunk/surmelk/taettem
Finland Viili
Hungary Tarho/taho
Sardinia Gioddu
Sicily Mezzoradu
Italy Cieddu
Greece Yiaourti
Balkan mountains Urgotnic
Balkans Kisselmleka/naja/yaourt
Turkey Jugurt/eyra/ayran

Table 2: Enlisting various Countries/ Locations of the Middle East and Asia with
Respective Traditional Names of Yogurt.

Nepal sho/Shosim/ thara
Mongolia Tarag
India Dahi/dadhi/dahee
Iraq Rob/ Roba
Iran and Afghanistan Mast/dough/doogh
Egypt and Sudan Zabady/zabade
Lebanon and some Arab countries Leban/laban

Table 3: Enlisting various Countries/ Locations of Eurasia with Respective Traditional
Names of Yogurt.
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Armenia Matsoni, Mazun/matzoon, matsun, madzoon
Transcaucasia Katyk
Turkestan Busa
Russia Donskaya/varenetes/kurugna/ryzhenka/guslyanka

2.2.Composition of Yogurt

There has been a wide range of studies trying to evaluate the basic nutritional composition of
yogurt. However, it has been noted that the nutritional composition differs with a range of factors
that are illustrated in Figure 2 below.

Serafeimidou et al. evaluated the fatty acid content of several yogurts from the Greek market
prepared from sheep, cow, or goat milk on the third day following manufacturing. Yogurts had
fat levels comparable to cow, goat, and sheep, with the c-9, and t-11 CLA isomers being the
most abundant. CLA concentration in cow, sheep, and goat milk yogurts varied from 0.128-
1.501, 0.405-1.250, and 0.433-0.976 (g/100 g fat), correspondingly. Low-fat yogurts contained
lower amounts of c-9 and t-11 CLA than full-fat yogurts on a lipid basis. Mountains samples
exhibited higher average c-9, t-11 CLA concentrations than grassland ones [5].
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Figure 2: Illustrating the Various Factors on which the Diversity of Yogurt Depend.
2.3.Evidence of Health Benefits in Yogurt Consumption

Yogurt is regarded as a nutrient-dense diet since it provides vital elements including protein,
vitamins, and minerals required for growth. Yogurt consumption, for example, improves the
quality of the diet generally and increases the likelihood that a person would meet dietary
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standards such as the Dietary Guidelines Allowances for each component regularly. Figure 3
provides various health benefits of consuming yogurt.

Anti-bacterial

Health
Anto-inflammtory benefits of Cardioprotective
Yogurt

Anti-viral

Figure 3: Illustrating Various Health Benefits of Consuming Yogurt.

A portion of 50 g of yogurt, for example, is claimed to provide 41% of the daily calcium
requirement for a 5-year-old, making milk products such as yogurt a rich source of calcium in
bio-available form. It appears that fermented dairy products, such as yogurt, have had a long
history of positive health effects.

2.3.1. Inflammation

In a nine-week clinical trial, Pei et al. discovered that 339 g of yogurt per day reduced
inflammatory response and suppressed endotoxin through strengthening intestinal barrier
functioning. As a result, the involvement of probiotics in controlling microbiota and lowering
endotoxin exposure may explain some of the anti-inflammatory advantages of yogurt when
compared to other dairy meals [6].

On the other hand, a recent meta-analysis of nine studies found that consumption of probiotic
yogurt reduced CRP levels but had minimal influence on TNF and IL-6 [7].

Tanaka et al. discovered that heat-killed Lactobacillus plantarum 1.-137 reduced inflammation
and increased lipid profile in obese healthy people. They discovered that serum concentrations of
alanine aminotransferase (ALT) and aspartate transaminase (AST), which are bioindicators of
hepatic inflammation, were reduced when compared to a placebo [8].
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2.3.2. Heart Diseases

Yogurt consumption has been linked positively to cardiovascular disease risk variables in
observational studies and meta-analyses. Hu et al. did a meta-analysis to synthesize the data from
large perspective studies on the relationship between stroke risk and dairy food. They discovered
that yogurt consumption protects against stroke, however, only three research were included in
the pooled analysis [9].

Schmid et al. looked studied the relationship between frequent yogurt eating and the risk of all-
cause and cause-specific death in men and women in the United States. The findings of their
study showed that replacing yogurt with red meat, processed meat (men and women), and milk
or other dairy meals (women) was related to an increase in mortality. Regular yogurt eating was
linked to a decreased risk of death in women. Given the lack of a clear dose-response
relationship, this finding should be regarded with care [10].

Buendia et al. discovered that yogurt consumption was negatively correlated with the risk of
CVDs (myocardial infarction and stroke) in persons with hypertension (P 0.01 in both cohorts).
Individuals who had 2 servings/week of yogurt had a decreased risk of CVD by 17% for NHS
women and 21% for HPFS men compared to those who consumed 1 serving/month. Particularly
when combined with a balanced diet, yogurt consumption by hypertensive men and women was
associated with a decreased risk of CVD [11].

2.3.3. Microbial infections

Kim et al. looked at how immunity and defense against IAV infection were affected by daily
ingestion of heat-treated L. plantarum nF1-fortified yogurt. Mice given Yogurt enriched with
heat-treated L. plantarum nF1 displayed increased NK cell-related cytokine expression. Prior to
IAV infection, everyday treatment of the fortified Yogurt improved lung inflammatory cytokine
responses, survival rate and splenic NK activity [12].

Makino et al. showed that Yogurt containing L. delbrueckii ssp. bulgaricus OLL1073R-1 also
decreased the probability of contracting the common cold in the senior population when
compared to only drinking milk [13].

Pu et al. proposed that elderly people may get less acute upper tract infections if they consume
Yogurt containing particular probiotic strains, such as N1115. One of the crucial underlying
mechanisms for probiotics to manifest their anti-infective properties may be the improvement of
the T-cell-mediated innate immune response [14].

3. METHODOLOGY

Google Scholar, PubMed, Science Direct, Scopus, and Research Gate were used to conduct the
electronic database search for this review study. A search method was used to get the pertinent
information using a combination of keywords. Records were excluded if they had unextractable
data, inadequate information, or duplicate research. To find any pertinent records that may have
been overlooked, manual retrieval of the studies was also done. Figure 4 below depicts the
methodology utilized to conduct the review research.
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4. DISCUSSION

Based on taste, the yogurt segment of the dairy industry is projected to continue growing and
innovating. For instance, new products in the luxury, and smoothies sectors may be introduced,
as well as new and much more exotic varieties to keep customers engaged. The multifunctional
yogurt market has enormous development potential in terms of nutrition and health since it
appeals to health-conscious consumers. Science will be the driving force behind the market
expansion in this industry since any health claims made about these foods must be well
supported.

The probiotic market is growing quickly as a result of globalization and rising health
consciousness. As a result of this realization, the dairy industry underwent a paradigm shift and
began producing yogurt or probiotics instead of more conventional milk products. Probiotics
have shown a lot of promise in treating a variety of illnesses and ailments, but consumers should
be aware that anything in excess is not always beneficial. Many studies in this direction have
been conducted over the last few decades, but as long as studies in this area are ongoing, it will
be necessary to wait before any firm conclusions can be formed. Consumers should be aware of
the phrase "probiotic rather than medicine" till then.
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Figure 4: Illustrating the Methodology Used to Carry out the Present Review Study.
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The clinical evidence supporting the health benefits of yogurt eating is growing. Recent research
has focused on lactose digestion, gut microbiota regulation, immune system
activation, cholesterol reduction, and cancer prevention. Other benefits have been noted in the
areas of dentistry and bone health, hypertension, and liver disease. The preponderance of these
health benefits is attributed to lactic acid bacteria in yogurt, but since all of these good qualities
are unlikely to be present within the same strains, further research is needed to choose the ideal
strains matched to specific health goals. Additionally, these strains must be able to withstand the
manufacturing process and being active during storage.

In addition to that, yogurt consumption patterns differ widely from nation to country, although
they are often modest. Only approximately 6% of people in the United States regularly consume
yogurt, despite the fact that consumption of dairy products is widely recommended through
nutrition education initiatives.

Yogurt generally has 3.4% lactose compared to 6.0% of milk, which suggests that it may be
more palatable for those who have lactose intolerance than milk. This may be because
yogurt's slower intestinal transit and delayed gastric emptying make it less likely to cause
stomach upset. The European Food Safety Authority's opinion that live yogurt can be included in
the diets of people who have lactose maldigestion was supported by the fact that the cultures in
live yogurt help the gut's bacteria break down lactose into lactic acid, which is a more palatable
form for those with lactose maldigestion. Due to this, yogurts and fermented milk with a minimal
amount of living cultures are now allowed to make the official EU health claim of "improved
lactose digesting." Dietitians may confidently advise patients who are lactose intolerant or who
choose to avoid lactose on this topic at this point.

Target-specific products with well-characterized microorganisms that have certain health-
improving traits are probably going to garner more attention. The idea of prebiotics and
synbiotics is another potential growth area for improvements in the functional dairy sector. In
1995, the word "prebiotic" was first used. According to their definition, prebiotics are
"nondigestible dietary elements that advantageously affect the host by selectively encouraging
the development and/or activity of one or a restricted number of bacteria in the colon." Prebiotics
such oligosaccharides, which are indigestible carbohydrates, are most likely to exist. For
instance, it has been demonstrated that fructo-oligosaccharides and inulin, which are largely
present in chicory, onions, leeks, garlic, and artichokes, can specifically boost the growth of
bifidobacteria.

The observational studies or indirectly from research that have assessed the impact of isolated
nutrients or probiotics known to be plentiful in Yogurt on various health outcomes provide the
strongest evidence to date that shows a possible benefit of Yogurt intake on senior health
outcomes. The impact of Yogurt as a complete diet on biological indicators of health or disease
in older people has only been examined in a small number of clinical investigations. However,
the studies that are now available are positive and show that Yogurt, when included in a balanced
diet, might play a significant role in enhancing the nutritional and health status of the elderly.
Further research into the function of Yogurt in young, healthy, and active adults is also supported
by these investigations. To assess the long-term effects of Yogurt on older persons' nutritional
status and health, in particular, clinical trials and research carried out over longer time periods
are required.
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S. CONCLUSION

Yogurt is a traditional food that has been consumed by humans for millions of years and it has
long been hailed as a nutritious option. Low yogurt intake is a missed opportunity to encourage a
healthier life since yogurt is excellent exceptional form of highly nutritious proteins, an amazing
resource of calcium, and a supply of bacteria that may have a variety of health advantages.
Yogurt is a dairy product that may be eaten with any meal and is not considered a snack or a
dessert. It is abundant in potassium and calcium which is particularly significant for African
American, Asian, and American Indian groups where lactose intolerance predominates and
discourages the use of dairy foods.
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ABSTRACT:

Drug development is the process of bringing a new pharmaceutical drug to market after a lead
compound has been identified through the process of drug discovery. Drug development is a
pillar industry for many developed countries, yet has recently been highly daring. Similarly, new
anti-cancer drug discovery, development, and manufacturing parameters are constantly evolving
during the past decades. Techniques and tumor models for drug screening slow progress in
anticancer drug discovery and development. To promote the efficiency of anticancer drug
development, it is indispensable to keep up with the pace of modern anticancer drug
development and progress. A lot of topics need attention and updating. This paper addresses
important factors influencing the efficiency of anticancer drug development, including potential
innovations of drug screening models, incorporation of the latest scientific advances, state-of-
the-art technology utility, emerging clinical therapeutic criteria, and so on. In the future, this
paper will conclude the proper information about cancer drug development and separate the
proper information about cancer drug development for students and other researchers. With the
help of this paper, other researchers can be started their work that is it will provide a base for
general work.

KEYWORDS:
Anticancer Drug, Cancer, Drug Development, Drug Research,Pharmaceutical.
1. INTRODUCTION

Simply put, without a massive increase in research and development (R&D) production, the
pharmaceutical company organization cannot support innovation enough to make up for the
revenue lost as a result of the expiration of patents for established products [1]. The development
of next-generation technologies for healing has attracted considerable interest from businesses,
academia, and government agencies to address this dilemma. The authors committed to
significantly reducing costs by strengthening drug discovery performance using artificial
intelligence based in silico infrastructure. According to a comprehensive assessment, the funded
cost of discovery and developmental development accounts for 46% of total R&D expenditure,
compared to 54 percent for clinical development [2]. Strangely, the cost of preclinical discovery
and development should account for such a large component of the total cost. Start-to-turn costs
are severely affected by the high rate of implementation failure and the length between the start of
a project and pharmaceuticals. Therefore, performance enhancement during initial testing can
significantly reduce the overall cost of putting the drug into commercialization [3].
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Much of the controversy and disagreement over pricing and competitors in the pharmaceutical
industry is based on the fact that patent law allows businesses to charge exorbitant prices for
potentially life-saving drugs. Without patents, substantial profits made by major corporations
would drive other enterprises into business [4]. By reducing spending and increasing access to
critical pharmaceuticals, such penetration would improve current-period satisfaction. However,
society seeks to enact laws that restrict this entry into medical products and other businesses that
rely on intellectual property, allowing high cost-cost margins to remain for a while. To give
businesses the right incentive to make significant fixed-cost investments in innovative goods,
policymakers recognize lower output due to increased prices [5]. To establish ample opportunity
for future innovation, there is an untold trade-off where some of the current well-being is
sacrificed. A large amount of data supports this trade-off by demonstrating a strong correlation
between predicted pharmaceutical product performance and investment in R&D [6]. Compromise
should not last forever. The emergence of therapeutic replacements that engage in "manufacturer”
competition with mild results on costs or general post-patent competition that further lowers
prices, both designed to increase competition for patented treatments over time. Policies and
competitive pressures ultimately work together to determine the level and type of competitors [7].

The longevity and strength of patent applications, among other variables that affect complex
trade-offs and dynamic potential, are meant to encourage the right amount of creativity. As a
result, these characteristics are essentially context-specific, and governments must re-evaluate the
fundamentals of the tradeoff as the market for research and distribution of drugs changes [8]. For
example, factors that reduce the cost of producing goods, such as the specification for clinical
research, or those that provide an economic boost to potential revenue, such as a significant
expansion in the coverage of prescription drugs. Or the ability to develop products that address
intentionally fatal diseases, a brief or weak intellectual property protection may support [9]. From
another perspective, variables that lengthen or complicate the development process, such as a
focus on diseases where proving efficacy is more problematic, would encourage stronger or
longer monopoly rights.

==
=5 =

Figure 1: Illustrates the Different Classical Phases of Drug Development.
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Given the dependence of pharmaceutical product production based on current statistical
knowledge, the optimality of the trade-off between today and invention is likely to be influenced
by medical discoveries, as shown in Figure 1. The author examined the impact of the changes.
The drug planning process on the economics of prescription development, value, and innovation
in conjunction with several authors of reports in several works [10]. The ability of enterprises to
develop goods for a limited number of patient populations that are often associated with tests and
treatments that suggest a manufacturer's potential efficacy in a particular is investigated in a
single line of investigation. These drugs, in particular, are a component of the learning area of
precision medicine [11]. The potential for businesses to make such items goes beyond mere
science and technology or curiosity. The economic conditions that exist today are vastly different
from those that occurred when our current intellectual property law regulations were developed
in the pharmaceutical business, which primarily includes drugs targeting smaller patient groups.
The current iteration of drug research and government policy is inconsistent, valuing both the
best course of action and business strategy to pursue [9].

1.1.Scenarios of Current Drug Development:

It is important to take into account the various anticancer pharmaceutical purposes to advance
new findings and effectively take advantage of technological advances. Currently,
pharmaceuticals are classified according to the following ranges, which are listed below:

i Different Therapeutic Modality:

A variety of therapeutic approaches are used to treat this condition, including broad and narrow
anticancer drugs, as well as a variety of different targets apoptosis, cancer suppressor genes,
various cancer genes, biological molecules, and cellular mechanisms. The future. Developmental
or developmental tumor models should be separated into several series and evaluated using a
variety of promising anticancer chemicals and compositions [12].

ii. Drug model Narrow-down or Broad-up:

There are many different types of current animal or human tumor models that are either in vitro
or in vivo. The new rules of the budget, as appropriate and necessary, should be followed.
However, most of those tumor models from animals or humans have retained their original
genetics or phenotype due to extensive in vivo or in vitro pathways. Advanced agricultural new
therapeutics and system upgrades in anticancer cancers must account for the tumor mode,
whether contracting or expanding [13].

iii. Tumor Origin and Inoculation Variations:

Many tumor transduction methods or animal models are used in experimental or procedure
information, regarding compound responses or efficacy, for statistical analysis of cancer and
physiological data. To assess the anticancer or anti-metastatic operation of a drug, the results of
tumor inoculation site or condition, such as intravenous injection of tumor tissue, intraperitoneal,
intravenous, hollow-fiber, orthotropic, carcinogen-induced, and so on, can affect. The initial
stage of the drug discovery process. Additionally, tumor recipients such as immune-deficient
animals, healthy animals, genetically manipulated mice models (GEMM) and others may also
have an impact on the therapeutic effects of drug activity and the mechanisms of drug
development. Similarity, tumor accommodation, and how tumor tissue originally persisted and
developed in the human body should be systematically investigated [14].
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iv. Anti-metastatic Drug Developments:

90% of cancer deaths are generated by neoplasm metastasis, especially in elderly patients who
are terminally ill, so the development of antineoplastic therapy or drugs should be increased.
Although awareness of many elements of the biology and psychology of neoplasm proliferation
has increased, their therapeutic modalities, especially the notion of advanced translational
technologies, have been repeatedly overlooked. In individuals with longstanding neoplastic
tumors, some anti-metastatic agents or drugs also demonstrated significant beneficial benefits. A
significant obstacle to prognostic and therapeutic utility is the lack of broad-spectrum anti-
metastatic drugs [15].

1.2.Evolving of Anticancer Drug Screening Models:

As seen in Figure 2, tumor models change over time by developing pharmaceutical targets.
Although the landscape of holistic approaches to anticancer drug research systems is quietly
changing, in vitro or in vivo tumor models are constantly evolving. While we are getting closer
to our ultimate objectives, we have yet to develop any anticancer drug that hit the mark. All
innovative concepts, such as inhibitors of angiogenesis, cancer stem cells, and pharmacological
examination of genomic, or mathematical networks, should be welcomed [16].

Biological selections

{(Bi6-Fi-i0 and so on)

AV/

Pharmacological selections
(Drug-resistant tumor cell lines and so on)

Molecular targets
(Genomic detections and gene-knock-out)

Figure 2: Illustrated the Block Diagram of Tumor Cell Lines Innovations.

However, even little biochemical or pathological details can give us the tools to directly piece
together a comprehensive picture of cancer and develop efficient therapeutic administration
pathways. The most recent tumor simulators are more expensive and focus on minute features
under conditions of tumor modality up gradation. So this is not the time to argue against or deny
what was identified in the previous procedures. Now is the time to put these puzzle pieces
together and put them all together to keep up with the pace of anti-cancer drug studies.
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L. Facing a Great Diversity of Biomedical Information:

Oncogenic and metastasis gene dynamic mechanisms of action studies have serious technical and
translational relevance. Furthermore, a large range of tumor models is readily available for
clinical confirmation and clinical applications in this phase of randomized drug trial systems.
The following points are responsible for the current situation:

i. Long Passage of Tumor Models:

The frequency of human cancer cell lines in psychopharmacological research laboratories is
approximately 1,200. However, after the prolonged passage of human tumor cells in vitro and in
vivo, these characteristics of human cell populations have many similarities with their tendency
to malignancy. If we stay in this direction the author will spend a huge amount. A clever strategy
must be implemented [17].

ii. Tumor Stroma as a Therapeutic Target:

Tumors from cancer patients contain much more than just tumor cells. Despite its different
compositions and proportions, the tumor-stroma also contributes significantly to tumor growth
and dissemination. Tumor-stroma as a target of treatment is one of the most controversial issues,
and it is increasingly receiving attention from health professionals. Despite experimental trials,
this tumor modality has yet to meet clinical needs or economic benefits. There is a need for more
effort and commitment in the field of treatment of cancer research. Further research into human
endothelial cells and stroma is important because clinical settings appear to be more complex
than synthetic, involving future generations of metastatic modalities [18].

iii. Tumor Metastatic Models:

As the prevalence of neoplasms accounts for 90% of cancer incidence, especially in older
patients who are critically ill, anti-metastatic therapeutic discoveries must keep up with the latest
developments. Few anti-metastatic agents or drugs have so far been established to improve the
survival of any treatment for individuals with malignant metastases [19]. This is the most
significant clinical failure of a cancer drug. Lately, the undiscovered cause must be discovered.

1.3.Good Governance of Drug Development:

Healthy transformational mechanisms can be developed to improve the landscape with the help
of healthy government decisions, regulatory networks for drug research, and international
safeguards for intellectual property protection. After all, by carefully developing national
relations and exchanges, we can ultimately help the whole world. However, today's political
regulatory network is not very effective. There are many boundaries between different
nationalities around the world. Across the world, inconsistent regulatory frameworks have been
created to protect national security. Their predominance is due to social division and solitude. To
have a comprehensive discussion on them, general meetings and conventions should be
scheduled. Following these efforts and successful acts, a healthier regulatory framework will be
intensified.

1.4.Pharmaceutical Characters and Evolution:

The pharmaceutical nature of chemotherapeutic drugs is an important way to enhance treatment.
The therapeutic efficacy of different chemotherapeutic drugs for tumor growth and distant
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dissemination may vary. Several sources support this position and propose the use of
nanotechnology in anticancer treatment development. However, many of these references
exaggerate the clinical applicability and therapeutic efficacy. At least, there is no market
breakthrough in this whole area yet. Although many nano-ppaper patterns have been used, the
primary question still exists. Early papers also claimed that many traditional chemical
pharmaceuticals had similar therapeutic benefits and the potential to penetrate many clinical
conditions. If we ignore these exaggerations, government funding or strong financial operations
will be permanently weakened. Of course, we really shouldn't give up on the development of
nano-drugs. Great achievements can be anticipated with more conscious choices and determined
efforts.

In addition to nanotechnology, drug administration methods and dosages play an important role
in treatment practice and therapeutic outcomes. Targeted anticancer therapies were once widely
believed to require low human toxicity. However, this is a false assumption. High doses of
targeted anticancer pharmaceuticals are also particularly dangerous in clinical situations. It is not
recommended that you conduct these medicinal and pharmacological experiments using only one
method. Clinical cancer management practices are imperative to balancing drug benefits and
effectiveness.

Murine leukemia cells
(Anti-proliferative drugs)

l

Six murine and two human tumor models
(Cytotoxic drugs)

Mechanisms of action

(Targeted drugs)

v
Comprehensive tumor models

(New anticancer drugs and antimetastatic drugs)

Clinical therapeutic options
(Modemn diagnostics and workable drug combinations)

Figure 3: Illustrated the Association between Tumor Models and Drug Develop.

The proliferation of neoplasms and multi-drug resistance appear to be the two most challenging
issues in chemotherapeutics. Between these two complex problems, the treatment of neoplasm
proliferation is particularly difficult and should be addressed at the stage of pharmacological
development and testing. Additionally, metastatic cancers simultaneously exhibit signs of
different therapeutic resistance. Since these factors are responsible for more than 90% of cancer-
related deaths. Scientific investigations may focus on the possible relationship between cancer
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stem cells, which may self-regulate in primary tumor tissue, and pathogenesis. It seems
reasonable to assume that they should be given increasing priority.

2. LITERATURE REVIEW

C. Ma illustrated that the medical establishment is looking for effective alternatives to drug
discovery. Organ-on-a-Chip, a state-of-the-art technology, has the potential to completely
transform the drug discovery process by simulating the physiological environment and functions
of human organs on a chip for disease modeling and drug testing. This still needs to be
accomplished, however, to successfully apply this innovative engineering platform to specific
medicinal and medical situations. The author describes how hematopoietic technology can play
an important role in various preclinical stages of drug discovery in this review, and we also draw
attention to current difficulties in the translation and manufacturing, and delivery of this
technology to pharmacological commercial medical end users. Huh. The pharmaceutical industry
will benefit from having a platform for the next generation of organs-on-a-chip to bridge the gap
in animal studies and clinical trials as this review ties into the development trend [20].

T. Gaudelet et al. illustrated that the pharmaceutical and biotech sectors are becoming more
enthusiastic about graph machine learning (GML) because of its ability to integrate
multidimensional information, model bimolecular architectures, and their functional links, and
represent bimolecular configurations. In the context of drug development and development, the
author gives a comprehensive pedagogical-industrial assessment of the topic. Functions
including target identification, small molecule, biological design, and drug repurposing are
discussed and summarized after key terminology and computational methods are introduced.
Then we go chronologically through the medicinal chemistry pipeline. Although the domain is
still in its infancy, significant changes, such as the entry of reconstituted pharmaceuticals into in
vivo tests, indicated would soon become a modeling approach of choice within biological
machine learning [21].

D. Sanders et al. stated that several other drugs have received regulatory approval since the
initial treatment for cystic fibrosis was approved. Over the same period, the median survival
estimate for cystic fibrosis patients in the United States increased from about 30 years to 44
years. Approximately 90% of cystic fibrosis patients have access to a highly efficient modulator
of the membrane conduction regulator of the cystic fibrosis tract. The drug discovery process has
advanced along with survival and cystic fibrosis drugs, as well as the complexity of cystic
fibrosis management. Additionally, as the health status of people with cystic fibrosis improves, it
has become more challenging to identify substantial changes in outcome indicators. To advance
cystic fibrosis drug research, new strategies are needed [22].

3. DISCUSSION

The cost of developing a prescription varies according to the type of drug and the country of
manufacture. The cost of analyzing drug responses and drug modes of action for diseases,
including in multinational paper publications, has been tremendous. The possibilities for
toxicological investigations are also endless. The various pharmaceutical research expenditure
subcategories are depicted. It takes clever enterprise to optimize the cost of all publicly funded
research divisions. However, in-depth research on the basic pharmacological mechanisms unique
to commonly prescribed drugs is invaluable. The key is to avoid each category of
chemotherapeutic agent development branches from deviating excessively from the other
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disciplines. Using these balanced forms of drug research activities, especially in underdeveloped
countries, medicinal chemistry can be increasingly fruitful but still somewhat profitable in the
long run. In addition to ensuring an adequate supply of effective chemotherapeutic or
antineoplastic drugs, promoting cancer treatments also benefit from having accurate predictive
models of their clinical efficacy. These initiatives, known as personalized cancer therapy or
personalized cancer therapy, integrate the fields of thermodynamics, drug sensitivity assessment,
cancer biomarkers or bioinformatics, anti-metastatic therapy, pharmacological combinations, and
other relevant disciplines. Technological improvements will eventually move from the
workspace to the bedside. Future personalized cancer procedures in industrialized countries may
need to include an increasing number of cancer diagnoses, and such treatments may eventually
become the standard across the board.

4. CONCLUSION

The success, cost, and productivity of drug development can be revolutionized significantly and
permanently through protocol design. Our growing awareness of interesting opportunities that
can be used to optimize predetermined specifications and quality is the result of studies
conducted as well as other research. There is no doubt that the pharmaceutical and biotechnology
businesses will adopt and put into practice innovative approaches to evaluate and transform the
feasibility of study designs to best conduct scientific research. More flexible and adaptive
testing, by forcing sponsor corporations to adopt more rigorous control practices and simulations,
and to integrate pre-planned adaptations that can reduce long-term fixed expenses and ultimately
improve the chances of program success. Concepts are expected to play a rapidly growing role in
helping. Optimization of study design. A future solution for promoting a high quality of
anticancer pharmaceutical research and manufacturing due to the cost of the advanced
pharmaceutical industry, anticancer drug development, and licensing, respectively, by joint
ventures in a significant portion of the world's industry sectors, emerging economic entities, or
developing countries. Maybe, which is needed globally. Government or pharmaceutical
regulatory agencies may offer new requirements to ensure that drug licensing and clinical drug
use proceed smoothly. Revising drug approval or licensing policy for more categories of
anticancer drugs or health care systems, such as conventional medicine, could achieve valuable
compromise or feedback.
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ABSTRACT:

Foods that have undergone fermentation have been increasingly popular around the world over
many generations, largely because they are more marketable and contain prominent nutrients and
richer tastes. Recent research on the health advantages of fermented foods that go beyond their
previously understood effects on the digestive system has further encouraged their use in food. In
light of recent developments in our knowledge of the interaction between the gut and the brain,
there have also recently been findings pointing to the potential benefits of fermented foods,
notably for the enhancement of cognitive performance. Therefore, the present study aims to
explore fermented food products, and their efficacy in delaying cognitive decline as well as the
improvement in neurological diseases like Alzheimer’s, Parkinson’s disease, and depression
which is also known as depressive disorder. In addition to that, the study also provides a
discussion on future consideration of fermented food products for improving the health of
patients with mental disorders.

KEYWORDS:
Alzheimer's disease (AD), Fermented Food, Fermentation, Mental Health.
1. INTRODUCTION

Anaerobic degradation of carbohydrates into alcohol or organic acids is a hallmark of the
metabolic activities known as fermentation, which is induced by a bacterium. The profound
positive impacts of fermented products on the absorption of nutrients through the enteral route
and on the condition of the gastrointestinal tract have been extensively studied in the literature.
The host's energy metabolism, immune system, and even certain aspects of brain activity like the
stress response have all been attributed to the intestinal microbiota in recent years, according to a
significant surge in publications and research in this area [1], [2].

There has been evidence linking the rising incidence of depression and other mental health
problems to the abandonment of traditional lifestyles. Nutrition has emerged as at least one solid
contender among the factors that can have protective or resilience effects against mental
disorders (depression in particular). On the surface, it would appear logical that diet should serve
as the focus of study in mental health, considering that the brain depends on nutrition for both its
structure and function. Surprisingly, this field of study, currently referred to as nutritional
psychiatry, has long been ignored or the focus of poor research [3], [4].Traditional dietary
practices, which are frequently epitomized by the Peninsula and Japanese models, are generally
characterized by (relative to Western practices) higher consumption of vegetables and fruits, fish
and seafood, cereal grains with narrow processing, fibre, yet only moderate quantities of dairy
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and lean meats. Numerous demographic statistics have associated following traditional dietary
practices with a reduced incidence of depression and anxiety. Current prospective studies
indicating a higher adherence to traditional healthy eating patterns are connected with a 25 to
30% decreased prevalence of depression andare among the more compelling of this research.
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Figure 1: Proportional contribution of various neurological disorders to the overall
burden of neurological disorders Proportions (%) of disability-adjusted life-years (A)
and deaths (B). Based on data from Feigin and colleagues.
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The burden of neurological disorders-related fatalities and disabilities is becoming more widely
acknowledged as a worldwide public health concern, and this burden is expected to increase over
the next several decades. Despite the decrease in infectious neurological disorders during the past
30 years, the number of deaths has grown in absolute terms by 39% and years of life adjusted for
disability have risen by 15%. Low- and middle-income countries carry the heaviest strain. The
large and growing burden of neurological diseases is primarily caused by the aging process of
the population and all these rapid changes in demographic variables, as well as modifications in
risk variables in both high-income countries (HICs) and low-income countries (LMICs), have
made it difficult to comprehend the burden of neurodegenerative disorder.

2. LITERATURE REVIEW
2.1. Fermented Foods

Consumption of fermented foods is widespread across the world. Each country has its distinct
varieties of fermented food that reflect the local staple diet and raw material availability. Even
though the products are widely known to the person, they could not be connected to
fermentation. It's possible that many of the fermented foods consumed worldwide were created
accidentally and rely on undiscovered production techniques [5]—[7]. Alcoholic drinks include
some of the most well-known fermented fruit and vegetable products, such as beers and wines.
However, several other fermented fruit and vegetable products that result from lactic acid
fermentation are crucial for satisfying the nutritional needs of a significant section of the global
population.

According to Marco et al., fermented foods can improve health by affecting the intestine and
overall systemic function as well as the immune response and composition as well as activity of
gut microbiota. A recent assessment of studies on the advantages of fermented foods for health
[8]. Fermented foods are available in a variety of forms to enrich regular meals as illustrated in
Figure 2.
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Figure 2: Illustrating different types of Ferment Food Products.
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Starch crop products: Ang-kak, kefir, tape ketella gari, Poi, and bwiru

Beverages: Arak, Wine, schnaps, beer and kombucha, coffee and cocoa

Meat products: Raw ham (bacon), Sausages, fermented meat products, e.g., salami
Legumes: soy sauce, miso,Soymilk, tempeh, natto, kinema, tofu, dosa, , soumbal andaidli
Fruit and vegetable products: Sauerkraut, Kimchi, and pickles

Fish products: Fish sauce

Dairy products: Yoghurt, Curd, kumis, lassi, and cheese

ok L=

An increasing amount of research suggests that fermented foods may have benefits for the brain
and the enhancement of cognitive health. However, the majority of research largely concentrated
on certain functional foods linked to emotional valence and stress-related health promotion and
ignored their significance in modulating cognition as well as product variety. As illustrated in
Figure 3, the present study provides a thorough review of the effects of fermented foods on
neurological diseases like Alzheimer's disease, depressive disorder, and Parkinson's disease [9].

Fermenied Foods

/ Depressive Disorder \

Alzheimer's Disease Parkinson’s Disease

Figure 3: Illustrating Three Different Types Of Mental Health Conditions Affected and
Benefitted From Fermented Food Products.

2.1.1. Alzheimer's Disease

Chung et al. examined the effect on cognitive performance in healthy older individuals with
Lactobacillus helveticus IDCC3801 fermented in processed skim milk powder. A randomized,
double-blinded, and controlled experiment that lasted 12 weeks was carried out in the study.
Assessments of the brain-derived neurotrophic factor (BDNF), perceived stress scale (PSS),
whole blood viscosity (WBYV), geriatric depression scale-short form (GDS-SF), were taken
before and after the trial, as well as cognitive assessments including neuropsychological and
cognitive fatigue. The research demonstrated that the cognitive performance of healthy older
adults was enhanced by Lactobacillus helveticus IDCC3801 fermented in processed skim milk
powder administration over 12 weeks [10].

Ton et al. discovered that daily use of milk kefir improved cognitive and metabolic abnormalities
in Alzheimer's disease patients. It was uncontrolled clinical research that looked at the influence
of milk kefir supplement (2 mL/kg/daily) on cognitive impairments in Alzheimer's disease
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patients. The researchers looked at cognitive performance, blood cell damage, systemic oxidative
stress, cytokine expression, and indicators before and after consuming milk kefir. The study
showed that most Alzheimer's disease patients who augmented with milk kefir improved
significantly in executive/language skills, memory, and visual-spatial/abstraction abilities [11].

Using a mouse model of AD caused by streptozotocin (STZ), Sayed et al. studied the efficacy of
Probiotics Fermentation Technology (PFT), a kefir product, in reducing symptoms of AD by
regulating the gut microbiota and compared its activity with simvastatin, a medication that is an
effective treatment for AD.

PFT was given orally for three weeks at doses of 100, 300, and 600 mg/kg along with
simvastatin (20 mg/kg). PFT supplementation reduced STZ-induced neuronal degeneration in the
cortex and hippocampus, recovered levels of acetylcholine in the hippocampal formation, and
enhanced cognition in a dose-dependent manner. Reduced production of pro-inflammatory
cytokines, tau hyperphosphorylation, apoptosis, and oxidative damage, were also seen in
conjunction with these effects [12].

2.2.Depressive Disorder

Depression, often known as depressive disorder, is a form of mood illness characterized by
persistently negative emotions. Long-term sadness, lack of drive, loss of enjoyment, and physical
dysfunction are the most common symptoms. The exact pathophysiology of depression
encompasses abnormalities in synaptic, plasticity, immune, neuroendocrine, synaptic, and
neurogenesis pathways.

Several research is being conducted on this topic since there is mounting evidence that perhaps
the gut microbiota plays important role in the development of depression. According to research,
the gut microbiomes of those without depression and healthy people are quite different.
According to Aizawa et al.,, both the total number of bacteria in lactobacilli and the
Bifidobacterium levels were considerably lower in depressed patients compared to healthy
individuals [13].

2.3.Parkinson’s Disease

Parkinson's disease (PD), which has an incidence of 10 to 18 per 100,000 people each year, is a
relatively prevalent neurological condition. Compared to women, men are more likely to have
the illness. The cardinal symptom of Parkinson's disease is bradykinesia. Other significant
symptoms include muscle stiffness, rest tremor, and gait impairment. According to Petrov et al.,
PD patients have a substantial differential in microbe distribution across 9 genera and 15 species.
This paper will provide an overview of microbiome alterations that may predict the start of
Parkinson's disease. Actinobacteria, Firmicutes, Proteobacteria Verrucomicrobia, and
Bacteroidetes, will be included, as well as their families, genus, and species [14].

3. METHODOLOGY

The electronic databases searched for this review study were Google Scholar, PubMed, Science
Direct, Scopus, and Research Gate. Using a combination of keywords, a search approach was
used to find the relevant data. If records contained duplicate research, insufficient information, or
data that couldn't be extracted, they were eliminated. The studies were also manually retrieved to
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locate any relevant records that could have gone unnoticed. The approach taken to carry out the
review research is shown in Figure 4 below.

Databases for Records

Records Exclu

No full text access

Not extractable informati
|

Figure 4: Illustrating the Methodological Design used to retrieve the Records for Review.
4. DISCUSSION

Fermentation used on purpose for food preservation, flavor, and other purposes is an age-old
technique. Ancestral dietary traditions may have benefits for mental health, including resilience
to depression, according to recent studies. Additionally, there has been a significant advancement
in our knowledge of the roles that low-grade inflammation and gut microbiota play in human
health and psychological well-being.

Researchers discovered that the diversity and health of the gut microbiota have a wide range of
effects on psychological health and are interrelated as illustrated in Figure 5, including:

1. Changing neurotransmitters synthesis (chemical messengers that communicate between
neurons; abnormalities of the norepinephrine, serotonin, and dopamine have been
associated with depression)

Stimulating the neuronal connections that connect the stomach and the brain

Controlling inflammatory processes

Enhancing nutritional status

Rl
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5. Controlling pathogens and bacterial overgrowth in the intestine
6. Offering analgesic (pain-relief) characteristics
7. lowering the toxin load

<)

Figure 5: Illustrating the relationship and interaction of Fermented foods, Gut Microbiota,
and associated Mental Health.

4.1. Side effects of Fermented foods

The bacteria that break down the foods create some waste material throughout food fermentation
or decomposition. Acids, vinegar, alcohol, and ammonia are the main byproducts. Soy sauce is
one example of a fermented meal that contains a lot of alcohol. Even though the alcohol in
fermented foods is often at modest levels, it nevertheless has an impact on the cells [15].
Ammonia is a further byproduct of fermentation. There may be up to 15% ammonia in fermented
soy, which would be harmful to health. Another byproduct of food fermentation is vinegar,
which takes the form of acetic acid . Fermented foods have a sour or sharp flavor because of this
acid. A meal shouldn't be consumed because it is dangerous, according to the body's warning
taste. Foods cannot be digested when they include vinegar, therefore meals containing vinegar
and other similar byproducts would appear to be indigestible. Lactic acid, a byproduct of
fermentation that produces acid, is the acid that is created. Muscles may get tight or painful after
working out more or working harder. An accumulation of lactic acid in the muscles is the cause
of that rigidity. To avoid stiffness, try to eat fermented foods with lactic acid. In fermented foods,
there are also other acids. Foods and soft beverages that have undergone fermentation contain
carbonic acid.

Numerous foods labeled as "fermented" but sold as such have never been fermented and instead
had chemicals added to mimic some of the characteristics of naturally fermented foods. Lye
treatment is followed by the soaking of the olives in a brine solution containing acetic, lactic, and
other acids as well as compounds like potassium sorbate and sodium benzoate. Similar to
pickles, which are instead steeped in salt and vinegar, they are not fermented. Instead of
permitting the natural sour flavor to emerge as a result of mentation, sauerkraut frequently has
vinegar added to generate a sour taste. Most commercially produced fermented goods are
pasteurized.
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S. CONCLUSION

Neurological conditions are the primary contributor to disability and the second largest cause of
death worldwide, and the size of their burden is expected to increase as the population grows and
age, particularly in low- and middle-income countries. Policymakers and government officials
must act quickly to reduce the risks and burden of neurological disorders. Research has shown
that eating more traditionally and consuming fermented foods both have significant positive
effects on general health and moods. Additionally, the research indicates that consuming high-
fat, fast, or high-sugar foods is detrimental to the microbiota and the capacity of the brain to
operate in addition to being detrimental to the nutritional condition.
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ABSTRACT:

The use of herbal medicine as an alternative to chemical medications has gained significant
attention in recent years. The beneficial role of medicinal plants in the prevention as well as
treatment of a wide variety of ailments is supported by a number of lines of evidence. The
majority of the benefits of Nigella sativa are mostly attributable to thymoquinone (TQ), which is
the most prevalent component of the volatile oil of the plant's seeds. TQ has been studied for its
anti-oxidant, anti-microbial, immunomodulatory, anti-histaminic, anti-inflammatory, and anti-
tumor properties, among other pharmacological activities. Additionally, it exhibits
nephroprotective, gastroprotective, neuroprotective, and hepatoprotective properties. In addition,
studies have indicated that TQ has beneficial benefits in the treatment of fibrosis as well as bone
problems, diabetes, reproductive abnormalities, and cardiovascular and diabetic illnesses. A
substantial amount of research demonstrates that TQ has no significant toxicity and only very
minor side effects. Researchers explore thymoquinone's potential as an anticancer chemical, its
mode of action, and its possible future use in clinical applications in this paper.

KEYWORDS:
Anticancer, Breast Cancer, Nigella sativa, Phytochemical, Thymoquinone.
1. INTRODUCTION

A phytochemical called thymoquinone is present in the Nigella sativa plant. It may also be found
in specific cultivated Monarda fistulosa plants, the essential oil from which can be steam
distilled. It has been labeled as a pan-assay interference chemical that binds to several proteins
without preference. Initiative study is being done on it to determine any potential biological
qualities [1], [2]. A variety of pharmacological effects of thymoquinone include anti-
inflammatory, anti-oxidative, hepatoprotective, immunomodulatory, anti-cancer, anti-microbial,
hypoglycemic and antidiabetic, neuroprotective, gastroprotective,
cardioprotective,hypolipidemic, nephroprotective, and anti-histaminic effects. It also shown a
preventive effect against illnesses of the respiratory system, reproductive system, or bones [3],

[4].

The Middle East has a long history of using Nigella sativa (fennel flower, black seed) as natural
medicine and referring to it as Habat Elbaraka: "the Blessed Seed" as a cure for a variety of
illnesses. They have been used for many years to treat a variety of illnesses throughout the
Middle East, India, or North Africa, including asthma, inflammatory disorders, bronchitis. They
have been used for many years to treat a variety of illnesses throughout the Middle East, India,
or North Africa, including asthma, inflammatory disorders, bronchitis, it is also employed to
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improve mothers' milk production while nursing and to promote appetite [5], [6]. In addition to
proteins, saponins, alkaloids, or 36 to 38% oil, nigella sativa also includes 0.4 to 0.45% volatile
oil. The main compound included in Nigella sativa seeds is TQ, which has a number of
medicinal advantages and little potential for toxicity or negative effects. TQ is a lipophilic
monoterpene diketone having a molecular weight of 164.205 g/mol (Figure 1). It has the
potential to pass the blood-brain barrier because of its low molecular weight or lipophilic nature.
As a result, it is regarded as a possible chemical that targets the central nervous system. By
oxidizing quinone with heat, thymol is created, which may then be heated under control to
become thymohydroquinone. Additionally, if the heating process is continued, TQ will be
produced [7], [8].

Thymoquinone belongs to the family of 1,4-benzoquinones, which are 1,4-benzoquinones with
methyl and isopropyl groups in lieu of the hydrogen atoms at positions 2 and 5, respectively. It is
a naturally occurring substance that was extracted from Nigella sativa and has shown promise
chemotherapeutic efficacy, and the chemical structure of thymoquinone as shown in Figure 1. It
serves as an anti-inflammatory, antineoplastic, antioxidant,
adjuvant, antidepressant, cardioprotective, and plant metabolite in addition to these other roles.

0

0

Figure 1: Illustrate the chemical structure of Thymoquinone.
1.1.  Effect of TQ against Organ Toxicity Caused by Chemotherapy:

The toxicity of chemotherapy medicines is a big problem. Some of the most used chemotherapy
medications have organ damage, which increases financial burden and lowers quality of life.
Isolated phytoconstituents are less harmful than synthetic equivalents and are equivalent to them.

1.1.1. Effective Cardiotoxicity Protection:

Numerous investigations have shown that TQ protects the heart against the cardiotoxicity caused
by chemotherapy drugs. The antitumor antibiotic doxorubicin is used to treat several forms of
cancer, however its usage is constrained due to its dose-limiting cardiotoxicity. a research which
showed that ALT, AST, CK-MB, and LDH blood enzyme indicators of cardiotoxicity were
raised in doxorubicin treated groups. In doxorubicin-treated groups, MDA levels increased while
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antioxidant enzymes including CAT, GPx, SOD, GST, GR, and GSH levels dropped. MDA is a
byproduct of lipid peroxidation or serves as a biomarker of oxidative stress. Increased production
of reactive oxygen species or reduced antioxidant defenses cause oxidative stress. The increased
levels in mice treated with TQ (20 mg/kg, 10 mg/kg) returned to normal. They further proposed
that the high antioxidant capacity of thymoquinone in the myocardium may be responsible for
repair, reducing the harm that doxorubicin causes to the cardiac muscle fibers. The increased
levels of the inflammatory cytokine (IL2) in cardiac tissue were likewise restored by co-
treatment with TQ. These findings were consistent with prior research on the cardiotoxicity
caused by doxorubicin [9].

Myocardial fibril disarray was seen in groups treated with DOX but was virtually completely
resolved following treatment with TQ (10 mg/kgi.p.). When the ANP and NT-proBNP levels
were calculated, it was discovered that doxorubicin at a dosage of 15 mg/kg, i.p., caused cardiac
dysfunction or heart failure. Thymoquinone was administered both before and after DOX
treatment to lower these levels. By bringing back the aberrant levels of blood cardiac
indicators, antioxidant enzymes, lipid peroxidation, and inflammatory mediators, TQ
supplementation also protected cyclophosphamide-induced cardiotoxicity. Histopathological
analysis showed that cisplatin therapy resulted in cardiac tissue necrosis and apoptosis, which
was reduced following TQ injection [10], [11].

1.1.2. Effects that Reduce Hepatotoxicity:

Patients with breast cancer are frequently prescribed tamoxifen. It has the rare adverse effect of
hepatotoxicity, which makes long-term usage difficult. Tamoxifen treatment in rats caused levels
of ALT, AST, ALP, LDH, GT, or total bilirubin to significantly rise. Interstitial tissue edema and
Von Kuppfer cell inflammation as well as atrophy were among the histopathological alterations.
Antioxidant levels, I nflammatory marker (TNF-) levels, as well as lipid peroxidation levels all
significantly increased. Following the administration of TQ, all these modifications improved.
Similar improvements in hepatic serum indicators, inflammatory markers, lipid peroxidation, as
well as antioxidant levels were also seen. It also shown hepatoprotective action against the
toxicity of cyclophosphamide, cisplatin, or methotrexate. Inducible nitric oxide synthase (iNOs)
is known to create considerable amounts of nitric oxide as a defense mechanism; nevertheless,
the excess synthesis may harm the liver. Methotrexate-treated rats' livers were
immunohistochemically stained, and it was found that iNOs expression was elevated, confirming
nitrosative stress. Nitric oxide levels rose along with the hepatotoxicity brought on by cisplatin
[12], [13]. After receiving TQ, these effects were reversed, indicating that it has an
antinitrosative action. These studies demonstrate that TQ has hepatoprotective properties and can
be employed as an adjuvant in the treatment of liver damage brought on by chemotherapy.

1.1.3. Effects that Reduce Nephrotoxicity:

When administered together with doxorubicin, cisplatin, and ifosfamide, thymoquinone protects
rats from nephrotoxicity, according to a literature review. Treatment with doxorubicin led to
renal alterations as shown in hypoproteinemia, albuminuria, proteinuria, hyperlipidemia, and
hypoproteinemia. Additionally, they assessed oxidative stress in the kidney tissue as measured
by lipid peroxide production, non-protein sulthydryl (NPSH) concentration, or catalase (CAT)
activity. In the cisplatin-treated group, it was discovered that blood urea and creatinine levels
were higher with reduced creatinine clearance, increased urine volume, or renal tubular injury.
Similar alterations were also seen in the nephrotoxicity caused by ifosfamide. TQ treatment
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caused the elevated levels to return to normal. By increasing antioxidant levels, nitrosative stress
indicators, nitrosative stress markers, lipid peroxidation, and inflammatory markers, TQ
demonstrated protection against doxorubicin-induced nephrotoxicity [12], [13].

1.1.4. Effects that Reduce Intestinal Toxicity:

It is well known that methotrexate has substantial intestinal toxicity. The mechanism through
which TQ exhibits protection against methotrexate-induced intestinal toxicity has been made
clear by a study. It works by reducing the expression of inflammatory indicators (TNF-, NF-B,
and COX-2) in the intestinal mucosa, lowering nitrosative and antioxidant stress markers, and
suppressing apoptosis. Another research by other authors calculated the impact of prolonged
cisplatin usage in rat intestines as well as the contribution of TQ to toxicity prevention. In the
intestinal mucosa, it was shown that repeated doses of cisplatin raised MDA levels, reduced GSH
as well as TSH levels, and increased or decreased other antioxidant enzymes including
SOD, CAT, GST, GSH-Px, GR, or TR. The primary GSH-dependent antioxidant enzymes are
glutathione reductase, glutathione peroxidase, or glutathione s-transferase. The morphological
abnormalities identified by brush border mucosa (BBM) histopathology included congestion,
swollen villi, altered shape, and increased lymphocytic infiltration in the lamina propria in
conjunction with a decrease in the crypt/villus ratio. Further observation revealed a considerable
decrease in the levels of the brush border mucosa enzyme markers sucrase, ALP, GGTase, and
LAP. They also noticed changes in the enzymes responsible for the metabolism of
carbohydrates. Following TQ treatment, these anomalies in either methotrexate or cisplatin
returned to normal [14].

1.1.5. Effects that Reduce Urotoxicity:
The dose-limiting toxicity harming the urothelium of the bladder mucosa is hemorrhagic cystitis
brought on by cyclophosphamide. By boosting antioxidant enzymes, lowering lipid peroxidation,
lowering levels of inflammatory indicators, and preserving the integrity and shape of the urinary
bladder by raising Nrf2 expression, TQ treatment has demonstrated protective effect against it.
Oxidative stress results in a reduction in Nrf2 levels.

1.1.6. Effects that Reduce Ototoxicity:
An enhancement in ABR thresholds as well as a decrease in DPOAE responses are the main
contributors to the ototoxicity that cisplatin causes in rats. ABR study determines the level of
sound at which a brain reaction first manifests. “Distortion product otoacoustic emissions”
(DPOAEs) are sound waves that are produced when several frequencies are played
simultaneously. The buildup of cisplatin in cochlear tissues causes an overabundance of free
radicals as well as a reduction in antioxidant enzymes, which causes damage or cell death to the
cochlea. The effects of cisplatin therapy were maintained by TQ administration.

1.1.7. Effects that Prevent Testicular Injury:
Enhanced myeloperoxidase activity shows neutrophil buildup that causes oxidative testicular
damage, whereas increased TAC is a result of the body compensating for the oxidative stress
produced. Seminiferous tubule diameter was decreased, and the spermatogenetic cell lines were
impacted by the significant disruption of the seminiferous epithelium. Additionally, it led to
decreased cell size and cytoplasmic swelling in mice, while also causing interstitial space
enlargement and edema. TQ restored the anomalies brought on by the methotrexate therapy,
hence exerting its protective function.
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1.1.8. Effects that Reduce Pulmonary Toxicity:

The author carried out a study to show the acute lung toxicity brought on by cyclophosphamide.
They saw a rise in MDA levels, a compensatory increase in SOD, total protein, a fall in GSH,
and increases in serum LDH or TNF-. A histopathological analysis of the lung indicated
infiltration of polymorphonuclear leukocytes, interalveolar septum edema, congestion, or
damage. TQ supplementation caused the Cyclophosphamide-induced alterations to be reversed.

1.2.Thymoquinone's role in combating chemotherapy Stress Oxidative Induced:

Oxidative stress is a product of several cellular processes involving endogenous and external
mechanisms that create reactive oxygen species (ROS). Oxidative phosphorylation, and
inflammation are examples of endogenous routes, whereas radiation, xenobiotics, or pollution
are examples of exogenous processes. Chemotherapy's anticancer action involves ROS, which
has negative side effects. In other words, it is known that chemotherapy drugs may cause
oxidative stress when administering the medication. The family of anticancer medications known
as anthracyclines was shown to have the greatest levels of oxidative stress, followed by platinum
compounds, epipodophyllotoxins, alkylating agents, and camptothecins, while taxanes,
antimetabolites, and vinca alkaloids had the lowest levels. As a result, the production of ROS
after the administration of chemotherapy drugs reduces the effectiveness of such drugs.
Antioxidants are advised in order to minimize adverse effects and improve response to treatment.
Antioxidant enzymes SOD and CAT are principally in charge of obliterating reactive oxygen
metabolites. The secondary defense provided by glutathione enzymes (GPx, GSH, GR, and GST)
against oxidative damage brought on by the production of ROS is crucial. The addition of
thymoquinone to experimental animals receiving chemotherapy drugs boosted antioxidant
enzyme activity and hence demonstrated some organ damage prevention.

1.3.  New Research Directions and Trends for TQ

TQ's usage in humans is restricted because of its poor pharmacokinetic properties, which cause it
to be quickly removed and poorly absorbed. Researchers created nanoformulations of TQ with
significantly improved pharmacokinetic characteristics to increase bioavailability. A clinical
investigation evaluating the chemopreventive impact of TQ on oral possibly malignant lesions
was filed by the US government in 2017. There are currently two active studies and three
finished trials filed for thymoquinone. The use of thymoquinone to lessen the toxicity of
anticancer medications hasn't yet been the subject of any registered clinical research, though.
Future clinical research in this area might be interesting in order to increase the effectiveness of
chemotherapy by lowering the side effects brought on by treatment, as there are enough in
studies in vitro and in vivo indicating the potential of TQ in decreasing chemotherapeutic drug-
induced toxicity.

2. LITERATURE REVIEW

Omar H.Alobaedi et al. studied about antitumor effect of thymoquinone. To examine the
possible anticancer effects of thymoquinone (TQ) and resveratrol against mouse breast cancer.
The MTT test was used to evaluate the antiproliferative effect of TQ, resveratrol and their
combination against three breast cancer cell lines or one normal cell line. With a 60% cure rate,
the combined treatment also resulted in a considerable reduction in tumor size. Geographic
necrosis, increased apoptosis, and reduced VEGF expression were all brought on by the combo
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treatment [15]. Chern ChiuhWoo et al. studied have been done on its original Nigella sativa
extraction from the 1960s, which was found to be very successful, to see if it has any anti-
inflammatory, anti-oxidant, or anticancer properties in both in vitro and in vivo settings.
Thymoquinone's anticancer effects are attributed to a number of different modes of action,
including anti-proliferation, cell cycle arrest, apoptosis induction, ROS generation, or anti-
angiogenesis/anti-metastasis. To maximize therapeutic impact while reducing toxicity,
thymoquinone and standard chemotherapeutic drugs can be used in combination. Anti-
inflammatory, antioxidant, or anticancer effects are all exhibited by thymoquinone. In this
analysis, the author highlights its molecular targets and discusses its potential application in the
treatment of inflammatory diseases and cancer [16].Muhammadlmran et al. studied about
thymoquinone: A new method to fight cancer. Due to the presence of bioactive chemicals in
herbs, fruit, spices, or vegetables, increasing consumption of these foods is a well-known and
effective technique to treat human malignancies. Amongst which, Nigella sativa is a prospective
source of bioactive substances such p-cymene, -piene, monoterpenes, or thymoquinone. It also
functions as an anticancer agent against a variety of human malignancies, including
cervical, lung, liver, blood, oral, head and neck, pancreatic, or prostate. The current review paper
focuses on the human thymoquinone anticancer viewpoint through multiple mechanisms, and the
application of this molecule as diet-based therapy has demonstrated a novel pharmacological
agent against many tumors [17].

3. METHODOLOGY

The present review study was carried out using a database search on PubMed, Research Gate,
Science Direct, Google Scholar, and other websites. In the review method, keywords such as
Anticancer, Breast Cancer, Nigella sativa, Phytochemical, Thymoquinone were combined. The
records preliminary review employed title and abstract screening. Insufficient information,
redundant research, and non-extractable data were some reasons to exclude the Records. More
details about the review study's methodology are provided in Figure 2 below.

Databases:
) ¢ Science Direct
Databases for Records «  PubMed
Keywords: Identification * Research Gate
“Anticancer”, “Breast +  Google scholar
Cancer”, “Nigella |- Scopus |
sativa”, <
“Phytochemical”,
“Thymoquinone” o a—
Screening of Records ° emprpiiie Ik
*  Abstract
"| Records Excluded:
*  No full-text access
* Language other than
. English
Retrieval of Screened e o
* Duplicate Publication
Records « Not extractable information

Review and Analysis of
Eligible Records

Figure 2: Illustrate the Design of Methodology of Current Study.
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4. DISCUSSION

Black cumin frequently contains the anticancer phytochemical thymoquinone. We go through the
potential of thymoquinone as an anticancer chemical, its mode of action, as well as its possible
future use in clinical applications in this analysis. Thymoquinone inhibits the growth of cancer
cells through a variety of methods, including selective antioxidant or oxidant activity,
interference with DNA structure, impacting carcinogenic signaling molecules or pathways,
including immunomodulation. Thymoquinone's in vitro action has also been linked to cancer in
animal models, but no therapeutic use has yet been shown n figure 3. The best moment to
concentrate on thymoquinone clinical trials as a potential cancer treatment medication is now.

Bone and joint care Anti- allergic
Neuroprotective Anti- microbial
T
. h
Pulmonary Protective y Anti-histaminic
m
Reproductive system care 0 Hypolipidemic
q
Anti- fibrotic u Anti- inflammatory
i
n
Anti-cancer o Nephroprotective
n
Gastro protective € Immunomodulant
Anti-diabetic & Hypoglycemic Cardiovascular Care

FIGURE 3: ILLUSTRATE THE VARIOUSTHERAPEUTIC POTENTIALS OF
THYMOQUINONE.

4.1.  Thymogquinone's Function in Cancer:

The impact of TQ, either alone or in combination with other chemotherapeutic drugs, has been
shown in several preclinical trials (both in vivo and in vitro). It is known to target a number of
cancer-related processes, including tumor metastasis and migration as well as cell cycle
progression, proliferation, apoptosis, angiogenesis, and tumor invasion. Additionally, it guards
against oxidative harm and reduces inflammatory reactions. TQ demonstrated therapeutic
effectiveness against a variety of cancers, including ovarian, pancreatic, lung,
breast, fibrosarcoma, osteosarcoma, myeloma, neuroblastoma, oral, squamous cell carcinoma,
colon, cervical, liver, prostate, gastric, leukemia, or skin cancers. It also lessens the harmful side
effects brought on by chemotherapeutic medicines in addition towards its chemotherapeutic
benefits [18].

Among all cancer types, breast cancer is the most common cause of death. It has been
demonstrated that TQ's antitumor effect in breast cancer is mediated by a variety of mechanisms,
including the production of apoptosis, stimulation of the immune system, and suppression of
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VEGF expression. RES demonstrated the capacity to boost TQ's anticancer activity by
combining with the same mechanisms that TQ uses. TQ was shown to be extremely effective
over tumor cell growth, invasion, or migration. It decreased the rate at which breast cancer cells
proliferated. It was established that the TQ binds to the receptors and affects their regulated gene
products to provide its anti-cancer actions through the PPAR-c pathway. It was also shown that
thymoquinone increases the generation of ROS, which in turn causes the phosphorylation of p38,
causing thymoquinone's antiproliferative or pro-apoptotic effects in breast cancer. Scientists
demonstrated how thymoquinone may stop breast cancer from spreading in the xenograft mice
model, as well as they found that adding doxorubicin to the therapy regimen dramatically
improved tumor suppression. Additionally, thymoquinone demonstrated decreased levels of the
anti-apoptotic proteins XIAP, Bcl-xL, survivin, or Bcl-2 as well as increased expression of the p-
p38 protein in malignancies.

The focus of current research has been on innovative treatment approaches that are preferably
derived from natural resources or can produce some effective anti-cancer chemicals suitable for
use in clinical settings. Numerous natural substances with a wide range of pharmacological
characteristics have been researched. TQ has been the subject of several investigations, and there
is mounting proof that it can be applied in a variety of in-vitro and in-vivo designs. In the current
publication, we provided evidence from the literature that TQ has significant potential for use as
a chemopreventive drug in cancer research along with in anti-tumor treatment paradigms.
Additionally, we have gathered several publications that briefly describe the chemistry,
biosynthetic process, presence in natural resources, or various pharmacological effects of TQ
synthesis.

This dietary phytochemical has received a lot of attention recently, and there is growing interest
in studying it in pre-clinical and clinical studies to determine its potential health benefits. Here,
humans discuss and examine a number of TQ features that have therapeutic promise for a variety
of diseases. TQ 1is the active component of N. sativa seeds. We also include the potential
medication action mechanisms. According to the facts presented, TQ ought to be developed as a
new medication in clinical trials.

CONCLUSION

Thymoquinone has the potential to be an effective therapeutic small molecule in the cancer
treatment and prevention because of its ability to regulate various molecular pathways. The
moment is opportune to consider clinical studies, particularly Phase I trials. Thymoquinone can
be delivered at extremely small doses by encapsulating it in lipophilic biogels or nanoppapers, or
it can be combined with other well-known chemotherapy medications. Laboratory research
should continue in the interim to gain a deeper understanding of the molecular basis of
thymoquinone action in order to create powerful analogs with fewer side effects and a more
convenient drug delivery system, ultimately leading to an improvement in the cancer
management system.
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ABSTRACT:

A flavonol, quercetin is a member of the group of secondary plant compounds called flavonoids.
It is a staple of the average man's diet and exhibits a number of biological properties, including
those of an antioxidant, an antiviral, an anticancer, an antibacterial, and an anti-inflammatory.
Since quercetin has been shown to have antioxidant or antiviral properties, in addition to being
used as such, there is potential for its many derivatized forms to be developed into medications
for the treatment of illnesses brought on by oxidative stress or deadly viruses. Because of its
direct proapoptotic actions on tumor cells, quercetin has the ability to slow the spread of many
types of human cancer. Numerous in vitro and in vivo investigations using a variety of cell lines
and animal models have shown that quercetin has an anticancer impact. Contrarily, quercetin has
a substantial cytotoxic impact against cancer cells while having little to no negative effects on
healthy cells. In light of this, this review provides an overview on the use of quercetin against
various cancer types as well as its mechanisms of action.

KEYWORDS:
Antimicrobial, Antioxidant, Diseases, Flavonoids, Quercetin.
1. INTRODUCTION

A significant amount of quercetin, a pigment found in abundance in many ethnic plants,
including onions and tea, may be ingested each day. In terms of ethnopharmacology, quercetin is
significant due to its function as an antioxidant, anticancer agent, and neuroprotective. It is said
to be a powerful free radical scavenger (antioxidant). Quercetin has been found to have an
inhibitory impact on tyrosine kinase in clinical trials (phase-I), which raises the possibility that it
has anticancer therapeutic potentials [1], [2]. The review, which includes the literature over the
previous ten years, was created utilizing databases including IST Web of Knowledge, Science
Direct, and Google Scholar.
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Figure 1: Illustrate the Chemical Structure of Quercetin.
1.1.  Structure, Properties, Production or Occurrence:

Insoluble in water, mildly soluble in alcohol, accessible in glacial acetic acid, or soluble in
aqueous alkaline solutions, quercetin is a bitter-tasting, yellow, crystalline solid. As illustrated in
figure 1, quercetin belongs to the class of naturally occurring substances known as flavonoids,
which share a flavone nucleus made up of two benzene rings connected by a heterocyclic pyrone
ring. Animals are unable to produce the nucleus of flavones, hence flavonoids are only found in
the plant kingdom [3], [4]. More than 2,000 additional flavonoids, including quercetin, are
produced as condensation byproducts of p-glycosides. Fruits, vegetables, bracken fern,
coffee, seeds, tea, as well as other plants all contain quercetin, as do natural colors. Although it
can also be manufactured, quercetin is typically produced by hydrolyzing rutin (quercetin-3-
rutinoside), a found naturally flavonoid glycoside.

A polyphenolic flavonoid with possible chemopreventive properties is quercetin. Quercetin,
which is widely present in plant food sources and is a significant bioflavonoid in the diet of
humans, may have antiproliferative effects by altering the signal transduction pathways mediated
by either EGFR or estrogen receptors. Although the exact mechanism of action is unknown, this
compound has been shown to have the following effects in vitro: Cell cycle arrest at the Gl
phase, reduced expression of mutant pS3 protein and p21-ras oncogene, and suppression of heat
shock protein production. When coupled with chemotherapeutic medicines in vitro, this
substance also exhibits synergy and the ability to reverse the multidrug resistant phenotype.
Through the inhibition of the cyclooxygenase as well as lipoxygenase pathways, quercetin also
has anti-inflammatory or anti-allergy actions that stop the synthesis of pro-inflammatory
mediators [5], [6].The therapeutic and harmful effects of quercetin were investigated in this
review. The primary polyphenolic flavonoid known as quercetin is found in many food items and
it has demonstrated a wide range of pharmacological activity, including the treatment of allergy,
metabolic, or inflammatory illnesses, ocular and cardiovascular diseases, as well as arthritis [7].

2. LITERATURE REVIEW

Aneela Maalik et al. studied about application of quercetin in pharmacology. Quercetin is a
flavonol, which belongs to the class of secondary plant chemicals known as flavonoids. It is a
mainstay of the diet of the ordinary man and possesses a wide range of biological qualities, such
as antiviral, anticancer, antibacterial, antioxidant, or anti-inflammatory ones. Quercetin has the
potential to be developed into drugs for the treatment of diseases brought on by oxidative stress
and lethal viruses because of its antioxidant and antiviral capabilities [8].Abdur Rauf et al.
studied about Quercetin's ability to fight cancer. Dietitians and medicinal chemists have been
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interested in quercetin, a unique bioactive flavonoid found in food, as a result of its many
positive health benefits. It is a superb antioxidant with a well-established effect in lowering many
human malignancies. Since quercetin directly promotes apoptosis in tumor cells, it can slow the
spread of many types of human cancer. In light of this, this study provides an overview of
current research concerning the use of quercetin against various cancer types as well as its
mechanisms of action. The current study also includes a summary of the research on quercetin as
an anticancer agent as well as evaluates its potential use as a complementary or complementary
medicine for the prevention and treatment of cancer [9].Bahare Salehi et al. studied about
Quercetin's Potential for Treatment. Naturally produced phytochemicals with promising
biological effects are quercetin (Que) as well as its derivatives. Que has been well studied for its
antidiabetic, antioxidant, anti-inflammatory, antibacterial, cardiovascular, anti- Alzheimer's, anti-
arthritic, or wound-healing properties. Its anticancer efficacy against several cancer cell lines has
also recently been revealed. The majority of the Western diet contains que and its derivatives,
therefore consuming them as part of a meal or as a dietary supplement may be sufficient for
people to take advantage of their preventive effects. Que nanoppapers seem as a viable platform
to increase their bioavailability. The purpose of this study is to offer a concise summary of the
therapeutic benefits, fresh understandings, and potential future applications of Que [10].

3. METHODOLOGY

In order to perform the current review study, the author searched a database on PubMed,
Research Gate, Science Direct, Google Scholar, and other websites. In the review approach,
keywords like “Antimicrobial, Antioxidant, Diseases, Flavonoids, Quercetin” were combined.
The records underwent a title and abstract screening as well as a first review. Insufficient
information, redundant research, and non-extractable data were some reasons to exclude the
Records. More details about the review study's methodology are provided in Figure 2 below.

Databases:

Science Direct
Databases for Records +  PubMed

Identification «  Research Gate

* Google scholar
Keywords. * Scopus

Antimicrobial,
Antioxidant, Diseases,
Flavonoids, Quercetin.

Exclusion:

Screening of Records * Inappropriate Title
* Abstract

"l Records Excluded:
¢ No full-text access
* Duplicate Publication

Retrieval of Screened « Language other than
Records English

Review and Analysis of
Eligible Records

Figure 2: Illustrate the design of methodology of current work.
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4. DISCUSSION

Diet is important for keeping a healthy lifestyle. Many natural ingredients in our diet, such
flavonoids, help stop the spread of cancer. Dietitians and medicinal chemists have been
interested in quercetin, a unique bioactive flavonoid found in food, as a result of its many
positive health benefits. It is a superb antioxidant with a well-established effect in lowering many
human malignancies [11], [12].

4.1.  Quercetin's Pharmacological Importance:

The versatile chemical quercetin has a wide range of therapeutic benefits, including
antioxidant, antiviral, neurologic, anticancer, hepatoprotectiveand cardiovascular, antibacterial,
anti-inflammatory, hepatoprotective, or anti-obesity activities, pharmacological activity of
Quercetin, which are shown in figure 3. This review has provided a summary of the literature on
these qualities.
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Figure 3: Illustarte the pharmacological activity of Quercetin.
4.1.1. Anti-oxidant function:

Quercetin has the ability to scavenge reactive oxygen species, but this free radical scavenging
action is what gives it its antioxidant potential. In tests conducted in vitro, quercetin's antioxidant
properties enable it to prevent cataract development brought on by oxidative stress in rat eye
lenses cultivated in a hydrogen peroxide environment.

According to a recent in vivo investigation, quercetin-containing methanolic extract of the plant
Heterotheca inuloides can significantly prevent the oxidative damage produced by the industrial
chemical CCl4. Additionally, it has been noted that quercetin has an inhibitory impact in vivo
when tert-butylhydroperoxide causes lipid peroxidation in human sperm cells [13], [14].

Another study discovered that quercetin, at dosages of 25 to 50 mg/kg, had antioxidant effects
against the oxidative stress caused by streptozotocin-induced diabetic mellitus in rats. Quercetin
has also been acknowledged as an efficient antioxidant or stabilizer in polyethylene, with a level
of 250 ppm being classified as enhancing the long-term residual stability of the polymer.
Quercetin is used as a chelating agent in chelation treatment to eliminate toxic metal ions since it
has been demonstrated that quercetin-cadmium complexes have a higher stability constant (Kf)
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value [14]. Quercetin consists of wide range of pharmacological properties and is documented to
use for treatment and prevention of disorders of various origins, i.e., antioxidant, antidiabetic,
anti-inflammatory, hepatoprotective, anticancer, cardioprotective, neuroprotective or antiseizure
as shown in Figure 4.

4.1.2. Cognitive Effects:

Both neurotoxic and neuroprotective effects of quercetin exist. As a result, when combined with
fish oil, it has been demonstrated to act as a neuroprotector in rat brain. According to reports,
quercetin has protective properties against neurodegenerative illnesses (such as Alzheimer's
disease) through inhibiting acetylcholinesterase. In addition, quercetin has been shown to lessen
the oxidative stress brought on by 6-hydroxydopamine in rat brain striatum neurons. According
to a study on healthy P19 neurons, quercetin therapy had no effect on neuron survival, but it did
cause a decrease in intracellular glutathione levels, which might have an impact on how well the
nervous system functions. However, it is still unclear if regular consumption of antioxidant
supplements is healthy for human health [15].

Anticancer

Figure 4: Illustrate the Therapeutic Potential of Quercetin.
4.1.3. Cardiovascular Defense:

According to some reports, quercetin may help prevent cardiovascular disorders due to its anti-
inflammatory properties. It has been proven that quercetin in its a-glycan form is a vasodilator
during an in vitro experiment on isolated rat arteries. According to epidemiological research, a
diet high in quercetin is associated with less cardiovascular issues. Nevertheless, quercetin has
also been linked to a decrease in cardiovascular risk markers in human transgenic mice, such as
fibrinogen or human C-reactive protein. Additionally, a mouse in vivo study found that quercetin
could shield against the abdominal aortic aneurism that calcium chloride could cause due to its
anti-inflammatory properties.
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4.1.4. Anti-microbiological Action:

As an antibacterial agent, quercetin has a function in the flesh of lambs used for fattening; when
the meat is frozen, there is a documented reduction in microbial development. Additionally,
chitosan exhibits significant antibacterial effect against bacterial species including Salmonellae
enterica, Escherichia coli, or Listeria monocytogenes when quercetin functions as chitosan in the
presence of Lucas. Due to its ability to stop D-Ala-D-Ala ligation in bacterial cells by blocking
the enzyme

D-alanine: Dalanine ligase, quercetin also has bacteriostatic properties. Because germs are
becoming increasingly resistant to the antibacterial medications that are now accessible, more
sophisticated and potent medications are needed to combat these resistant bacteria. Being
bacteriostatic, quercetin is a useful chemical for the development of antibacterial drugs.

4.1.5. Anti-Cancer properties:

The human body has cancer in sixty various locations, and novel therapies are now needed to
treat it. Various cancer cell lines in vitro studies and animals, particularly mice in vivo
investigations have shown quercetin to be a strong anticancer drug. Because quercetin has the
ability to scavenge free radicals, it helps guard against cancer brought on by oxidative stress.
Quercetin is a promising contender as a possible anticancer drug due to its chemoprotective
activity against tumor cell lines through apoptosis and metastasis. In addition, quercetin and
intratumoral doxorubicin injection have been shown to improve immune responses against breast
tumor development. However, a research conducted in vitro on human MCF-7 cells (Michigan
Cancer Foundation-7) revealed that quercetin inhibits angiogenesis in tamoxifen-resistant breast
cancer cells [16], [17].

4.1.6. Hepatoprotective Activity:

According to an in vivo research done on gerbils with non-alcoholic steatohepatitis, those given
quercetin orally had less fat formation in their liver cells, saving them from fibrosis.
Furthermore, a mouse in vivo investigation investigating the hepatoprotective mechanisms of
quercetin revealed that hemeoxygenase initiates quercetin's protective action against induced
toxicity. Hepatoprotectivity was subsequently confirmed by a decline in plasma alanine
aminotransferase concentration. The injection of quercetin has been found to reverse ethanol-
induced oxidative damage in rat hepatocytes. Quercetin might be a suitable natural product as a
hepatoprotective agent due to its hepatoprotectivity, which indicates that its administration may
aid to avoid liver injury.

4.1.7. Antiviral Activity:

A variety of viruses have been demonstrated to be susceptible to quercetin's antiviral effects. For
instance, quercetin's effectiveness against the human T-lymphotropic virus and the Japanese
encephalitis virus (JEV), which is responsible for the mosquito-borne illness Japanese
encephalitis, has been demonstrated. The nonstructural protein protease activity of the hepatitis C
virus and type 2 dengue virus has also been shown to be suppressed by quercetin. Other
quercetin preparations have been shown to be effective against the influenza a virus or porcine
epidemic diarrhea virus, respectively. These preparations include quercetin-enriched lecithin
formulations, quercetin-3-O-D-glucuronide, or quercetin 7-rhamnoside [18].
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S. CONCLUSION

In recent years, research has focused on the pharmacological characteristics of quercetin as well
as its derivatives. The antiviral, anticancer, antioxidant, antibacterial, anti-inflammatory,
neurological impacts, cardiovascular, or hepatoprotective pharmacological characteristics have
been covered. However, the amount of published research on quercetin and its derivatives' anti-
inflammatory properties is insufficient for use in people. Because of its versatility, quercetin as
well as its derivatives should be more thoroughly studied for their potential therapeutic uses in
human health.
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ABSTRACT:

In recent years, naturally occurring compounds with anti-cancer potential have attracted a lot of
attention. Since its initial extraction in the 1960s, “thymoquinone”, an “active component”
derived from the seeds of “Nigella sativa”, has been studied for its “anti-inflammatory”, “anti-
oxidant”, and “anti-cancer” effects in both in vitro and in vivo settings. The ability of
thymoquinone to halt various stages of cancer, including proliferative, migratory, and invading
behavior, has been demonstrated. In addition, it functions as an anticancer agent against a variety
of human malignancies, including those of the breast, blood, prostate, oral, bone, head, pancreas,
neck, liver, cervical, and lung. Here, the present study aims to review the potential of active
compound Thymoquinone isolated from Nigella sativa seed. In this review, a compilation of the
investigational studies assessing the therapeutic effect of thymoquinone is provided which was
then followed by the potential proposed mechanism of action. The findings of the present study
revealed that thymoquinone can inhibit the development of cancerous cells with a wide range of
mechanisms of action. This studywill provides a plateform for researchers to explore more about
the properties and action mechanism of thymoquinone for the cancer therapeutic use. It may
further be required thorough insights into the pharmacokinetics and pharmacodynamics profile
of thymoquinone.

KEYWORDS:
Active Compound, Anticancer, Cancer, Chemotherapy, Nigella sativa, Thymoquinone.
1. INTRODUCTION

Cancer is a multifactorial genomic abnormality that causes aberrant cells to multiply and divide
uncontrollably in the body as well as spread to certain other body regions. It is one of the most
frightening diseases of the 20™ century, and in the 21%' century, its prevalence is rising and it is
spreading more widely. In women, “breast cancer” is the most common form of cancer. "Pink
Ribbon Day" is held annually to raise awareness of this disease [1]-[3]. With 150 per 100,000
women receiving a diagnosis each year, it is one of the most serious life-threatening diseases a
woman may encounter in her lifespan. It takes about 16% of all female cancers and is estimated
to result in 500,000 fatalities per year. Although breast cancer affects men considerably less
frequently than it does women, it still kills approximately 400 men in the US every year and
affects around 2,000 men [4]. This review aims to provide insight into the “In vivo” and “In
vitro” studies assessing the efficacy of “Thymoquinone” against various categories of cancers
and malignancies. The first section provides an overview and the background behind the
significance of natural sources for the future development of novel drugs with an emphasis on
bioactive compunds of seed extract.
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2. LITERATURE REVIEW

As illustrated in Figure 1, and Figure 2, “Breast cancer” is the foremost common cancer among
women globally, measuring for 1 in 4 cancer diagnoses. Women frequently get lung,
colorectal, cervical, and thyroid cancers. The two cancers that affect men the most frequently are
prostate and lung cancer, which together make up over one-third of all cancers in males [5].

6.50%

OBreast Cancer B Colorectum O Lung I Cervix uteri
B Thyroid 0 Stomach B Corpus uteri B Other Cancers

Figure 1: Illustrating the New Estimated Cases of Cancers in Females, 2021[5].

N\

10.20%

4.20%
4.40%

DOLung O Prostate I Colorectum O Liver
B Stomach O Bladder B Oesophagus B Other cancers

Figure 2: Illustrating the New Estimated Cases of Cancers in Males, 2021[5].

Chemotherapy is currently one of the most popular cancer treatment options, which leads to a
growth in the consumption of anticancer drugs. Despite this, most patients combine therapies,
such as surgery with radiation and chemotherapy. Thre are several negative side effects caused
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by chemotherapy [6], [7]. Due to the widespread belief that natural products are less toxic, non-
hazardous, and have fewer side effects, many of the natural products have anticancerous
bioactive compounds and can be explore for therapeutic applications. Which may have less side
effects in coperision to synthetic drugs. For hundreds of years ago, people all around the world
have used medicines made from nature plants. To find and extract active components for the
development of new drugs, scientists have focused on a variety of folk or traditional medicines in
tandem with modern medicine using experimental validatation. Due to the availability of
bioactive compounds, increased consumption of vegetables, spices, fruits, and herbs has been
employed as a realistic method to prevent several forms of human cancers as well as other
diseases such as cardiovascular disease, diabetes, and obesity. Among these phytoconstituents,
the bioactive component thymoquinone is isolated from the seeds of N. sativa, is highly useful
against a variety of human diseases, including cancer revival, obesity prevalence, diabetes,
inflammatory responses, cardiovascular problems, and oxidative damage, as well as increased
chances of infections of highly contagious microbial pathogen.

2.1. “Nigella sativa” and “Thymoquinone”

The “N. sativa” seed, also referred to as "Alhabba Al-sauda" in Arabic, "black seed" in English,
and "Kalvanji" in Hindi and Urdu, is widely used throughout the world. Thymoquinone has
shows promise in combating free radicals that cause oxidative damage as well as cardiotoxicity-
inducing agents like doxorubicin. It has an inhibitory action on carcinogenesis, membrane lipid
peroxidation, eicosanoids generation. Thymoquinone also has a hyperproliferative effect on rats
and eliminates oxidative stress caused by Fe-NTA in addition to acting as an efficient
chemoprotective bioactive compound [8].

It contains a variety of bioactive compounds, which include thymoquinone and monoterpenes
like a-piene and p-cymene, which have a spectrum of pharmacological features,
including analgesic, antineoplastic, antimicrobial, anti-hypertensive, antioxidant, anti-
asthmatic, anti-inflammatory, antipyretic, effects. In addition to thymohydroquinone,
dithymoquinone, t-anethol, 4-terpineol, and p-cymene, “N. sativa” is a significant and potential
source of other active compounds. It contains additional nutrients as well, such as minerals,
lipids, proteins, carbohydrates, vitamins, and essential amino acids. There have also been
discoveries of saponine, nigellimine, nigellcine, nigellidine, and water-soluble triterpenes in N.
sativa seed [9]-[11]. In Figure 3 shows the a) Flower of N. sativa and b) Seeds of N. sativa
(black seeds).

V!

Figure 3: a) Flower of N. sativa and b) Seeds of N. sativa (black seeds).
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Thymoquinone treatment protects against immune system deterioration and protects people from
being more prone to disease. Additionally, it guards against oxidative stress to human healthy
cells and prolongs cell restoration by avoiding toxic side effects. Thymoquinone has anti-
proliferative effects on a variety of cancer cell lines, including those from the larynx, breast,
ovary, colon, myeloblastic leukemia, and osteosarcoma, among other diseases. The anticancer
properties of Thymoquinone first attracted the attention of several experts more than ten years
ago. Since then, several investigations have been conducted to assess the antitumor or
chemopreventive effects of this compound in various cancer cell lines and animal studies of
various cancer varieties, as well as the mode of action of this compound. Figure 4 shows the 2-D
structure of Thymoquinone; (Source PubChem).

Figure 4: 2-D structure of Thymoquinone; (Source PubChem).

Table 1: Enlisting the Chemical Properties of Thymoquinone.

Compound Thymoquinone

Molecular formula | C;(H,0,

Synonyms “p-Cymene-2,5-dione”, “Thymoquinone”,
2-“Isopropyl-5-methyl-1,4-benzoquinone”

Molecular Weight 164.20 gmol ™'

2.2.Clinical Investigation of Thymoquinone efficacy in different types of Cancer:

Thymoquinone's effectiveness against cancer has been examined in several research. It
has shows significant antineoplastic activity against several types of cancer, notably stomach,
bone, colon, breast, bladder, prostate, and lung cancer. The anti-cancer effect of
Thymoquinone is mediated by many mechanisms of action, as shows by in vivo and in vitro
studies in the below-reviewed studies. It influences several biological processes that are
implicated in the control of carcinogenesis, angiogenesis, apoptosis, cell cycle, and metastasis of
cancer, among many others.
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2.2.1. Pancreatic Cancer

Relles et al. built a pancreatic ductal adenocarcinoma (PDAC), xenograft model, using
subcutaneous injections of "AsPC-1" or "Hs766T PDAC cells" into 4-week-old male nude mice.
Thymoquinone in a dose of 30 mg/kg, was administered to the mouse. Mice were sacrificed at
week 5 to assess the levels of acetylation expression and analyze tumors. Thymoquinone therapy
significantly reduced tumor sizes by 67 %. Additionally, Thymoquinone also altered H4
acetylation through reduced histone deacetylases (HDACSs) production, which activates the pro-
apoptotic biochemical pathway [12].

Mu et al. studied the effect of thymoquinone on an orthotopic mice model of pancreatic cancer
using PANC-1 cells. Four different treatment arms, each consisting of a 6 weeks old female
BALB/c nude mouse, have been used: “Thymoquinone”, “GEM”, and a combination of
thymoquinone and GEM therapy. The mice were killed after 35 days, and tumors were removed.
In mice given thymoquinone and GEM alone, the average weight of “pancreatic tumor tissues”
was noticeably lighter, but when GEM and thymoquinone were given together, the tumor
weight was reduced by 81.7% and 85%, respectively. Furthermore, whereas
Thymoquinone therapy alone only slightly reduced NF-B activity, mice treated with GEM and
thymoquinone demonstrated a rise in “caspase-3” activity and a significant “reduction” in NF-B
DNA-binding activity, as well as a decrease in survival proteins, “Bcl-xL”, and “Bcl-2”. On the
other side, analysis was done on “PTEN”, “mTOR”, “Notchl”, “NICD”, “Akt”, and S6
expression. The methods by which TQ inhibited GEM insensitivity in pancreatic cancer and
caused apoptosis are suggested by the authors to include Akt/mTOR/S6 and Notchl/PTEN
regulatory pathways [13].

Al-Trad et al. carried out an In vivo investigation on six ‘“Wistar” rats given 50 mg/kg of
thymoquinone orally for 2 weeks demonstrating the potential protective benefits of
Thymoquinone against the formation of “benign prostatic hyperplasia (BPH)”. The outcomes
demonstrated Thymoquinone's capacity to decrease “epithelial hyperplasia”, ‘“serum interleukin
6 (IL-6) levels”, “prostate weight/body weight ratio”, and the “expressions of VEGF-A” and
“TGF-1” and in the groups with thymoquinone [14].

2.2.2. Breast Cancer

With a high death rate, particularly in advanced cases, this is one of the most common tumors in
women. Angiogenesis inhibition, immune system activation, and apoptosis induction were found
to be the mechanisms by which Thymoquinone with piperine reduced the proliferative capacity
of breast cancer cells. By focusing on the PPAR- pathway and preventing cancer cells from
migrating and invading healthy tissue, thymoquinone has also affected breast cancer.

According to research by Fatfat et al., Inhibiting Bcl2 and Akt phosphorylation and increasing
the expression of apoptosis-related regulators including cleaved PARP, Bax, cleaved caspases,
p21 and p53, and PTEN were found to occur in doxorubicin-resistant MCF-7/DOX cells after
treatment with Thymoquinone [15].

2.2.3. Colon Cancer

“Colorectal cancer” primarily targets the rectum and colon, which are the last portions of the
digestive system. An investigation by Chen et al. using the "irinotecan-resistant (CPT-11-R)
LoVo colon cancer cell line" demonstrated that 2uM Thymoquinone activated outer membrane
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permeability in mitochondria, is likely to induce “autophagic cell death™ at the starting of the
autophagosome by causing induction of the “autophagy proteins” Atg7, AtgS, Atgl2, JC-1,
Beclin-1, LAMP2, LC3. In addition to that, it also induced apoptosis [16].

2.2.4. Skin Cancer

29 <

Skin cancer: “basal cell carcinoma”, “melanoma”, and “squamous cell carcinoma” are the three
primary forms, each with unique epidemiological features, clinical subtypes, and therapeutic
approaches. It is vitally necessary to find affordable, cutting-edge, and effective treatment
options for skin cancer since it regularly develops resistance to chemotherapy or radiation
therapy.

In a research study conducted by Jeong et al. Thymoquinone (10, 15, and 20 M) was shows to be
effective against cell motility, proliferation, and differentiation in the "B16F10 mouse melanoma
cell line". Thymoquinone also inhibited the Wnt signaling pathway by decreasing the tyrosinase
expression, expression of “microphthalmia-associated transcription factor (MITF)”, as well as
activity of “tyrosinase” [17]. In an in vivo xenograft study by Park et al., mice were given a
subcutaneous injection with human epidermoid carcinoma A431 cells before receiving TQ (5
mg/kg) intraperitoneal injection 3 times a week for 14 days. According to the results, tumor
development in mice treated with Thymoquinone was dramatically slowed down as contrasted to
animals in the placebo group [7].

2.3. Safety and Toxicology studies

Toxicology and safety focus on detecting and assessing the effects of thymoquinone on living
things as well as the signs and mechanisms that lead to Thymoquinone intoxications. Adverse
effects can influence a tissue or organ locally at various levels of the organism's body and range
in severity from mild to severe. In a study carried out by Abukhader, Wistar rats were used to
establish the maximum tolerated dosage for both oral and intravenous Thymoquinone. Rats who
got an i.p. injection showed distinct toxicity signs to rats that were administered with a PO
injection. Rats receiving an intraperitoneal injection of thymoquinone exhibited immediate
pancreatitis-related toxicity, whereas rats of oral Thymoquinone had transient toxicity. At a
dosage of 500 mg/kg, fatalities from intestinal obstruction-related consequences have been
documented. Within forty eight hours of ingesting 300 and 500 mg/kg, thirty four percent (34%)
of rats showed symptoms of widespread peritonitis, including diarrhea, mild abdominal
distension, weight loss, and shortness of breath [18].

Above reviewed studies carried out one investigation at a time to assess the efficacy of
thymoquinone against one type of cancer in different studies involving In vivo and In vitro
studies as methodologies. Apart from that clinical trials have also been taken into account which
is dominantly on smaller subject numbers. Here, this study provides a one-stop solution to
provide evidence based on the existing literature search for a better understanding the
thymoquinone and its chemical properties.

3. DISCUSSION

Currently utilized as a single or combination of herbal and herbs-mineral composition, “N.
sativa” is one of the most powerful medicinal spices. The traditional writings inform us of its
numerous characteristics and formulas used to treat a variety of conditions, including anemia,
inflammation, kidney stones, anemia, joint discomfort, and jaundice. As an adoptogenic,
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immunopotentiator, anti-stress, anti-diabetic, and antioxidant in a variety of conditions, this plant
has also been shows to be effective in modern research. Research nowadays has been
concentrating on new therapeutic strategies that are primarily derived from natural sources and
can give some effective anticancer molecules appropriate for application in medical settings.
Natural sources with a wide range of pharmacological effects have been researched in a wide
variety of ways. There is emerging evidence that Thymoquinone is being used in a variety of
designs as a result of several research that has been conducted on the subject. In the present
work, we provided evidence based on the literature that thymoquinone has tremendous potential
to function as a chemo-preventive agent in cancer research as well as, can be used in antitumor
treatment paradigms.

Additionally, the present review has summarised several studies that briefly describe the
chemistry and several its pharmacological effects in different types of cancer and other
malignancies giving the main emphasis on breast cancer, prostatic cancer, and skin cancer. The
current paper also takes into account toxicological and safety studies of thymoquinone which has
also demonstrated the great safety profile of thymoquinone with low or no toxicity. The research
that is now accessible describes Thymoquinone as having the ability to function at a variety of
different stages in a variety of disease mechanisms, including but not restricted to tumor
metastasis, cell cycle control, apoptosis, inflammation, angiogenesis, etc. The precise function of
thymoquinone in its ability to target various cancer types has already been described. Evidence
from clinical trials suggests that Thymoquinone may have a good effect on cancer patients in
addition to its capacity to inhibit cancer growth in experimental carcinogenesis, xenograft
tumors, and various cancer cell lines. In addition to clinical trials and other studies assessing the
efficacy of thymoquinone, a lot many studies have also investigated and proposed several
mechanisms of action behind the anti-cancer activity of Thymoquinone, four of which are
illustrated in Figure 5 below.

Continuous biological and biochemical research should be conducted to get a greater
understanding of Thymoquinone machinery in cancer “prevention” and “treatment”, taking into
account the many mechanisms of action of TQ present in the published studies. Additionally, it
is believed that the multitargeting ability of thymoquinone makes it preferable to targeted
therapy for cancer treatment. However, additional research is advised to improve
the bioavailability of Thymoquinone due to its hydrophobic property, which will potentiate its
action. Future studies should be conducted to see whether encapsulating Thymoquinone with
nanomaterial might result in a more potent novel form with efficient pharmacokinetics. The
additional Thymoquinone targeting mechanisms that result in ARE-luciferase activity, which
mediates its antioxidant impact, need to be clarified in further research. In Figure 5 shows the
Mechanisms of Action of Thymoquinone against Cancer and Malignancies.
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Figure 5: Mechanisms of Action of Thymoquinone against Cancer and Malignancies.

A strong recommendation for future research and compilation of pharmacokinetic properties and
pharmacodynamics properties can be made here which can further help in better understanding
of the compound's applicability in clinical settings. Before Thymoquinone is fully used in
clinical settings, several extensive dose-dependent toxicity investigations of Thymoquinone must
be conducted.

4. CONCLUSION

We may infer from the review of anti acncerous properties of Nigella sativa seeds have a wide
range of therapeutic benefits due to its variety of pharmacological constituents. It can be further
explored on toxicity and other criteria to create a viable commercial product. It has been noticed
that thymoquinone exerts a potent anticancer effect through several mechanisms that are
controlled by several routes. The instruction of proliferation, cell cycle, and apoptosis are some
of these aspects, as well as antioxidant, anti-inflammatory, and immunomodulatory actions.
Additionally, for better yield, the chemical components that have been proven to be successful
can be synthesized to produce a pharmacophore that could be helpful in the development of new
drugs.
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