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ABSTRACT
Cymbopogon flexuosus, more often known as lemongrass, is an aromatic plant that is widely utilized and recognized for
its numerous applications in the domains of culinary arts, medicine, and cosmetics. The antimicrobial properties of this
substance, in particular its antibacterial and antifungal activity, are the primary concentrate of this review. The
essential oil that is produced from lemongrass, which is predominantly constituted of chemicals such as citral, geraniol,
and limonene, has shown great activity against a wide variety of pathogenic microorganisms. These pathogens include
Gram-positive and Gram-negative bacteria, as well as a number of different fungal strains. Among the mechanisms of
action include the breakdown of microbial cell membranes, the suppression of enzyme activity, and the prevention of the
formation of biofilm. In view of the growing prevalence of antimicrobial resistance, research has shed light on the
potential of lemongrass to serve as a natural preservative in food systems and as a viable option for alternative
medicinal agents. Because of its low toxicity and broad-spectrum activity, lemongrass has emerged as a potentially
useful natural antibacterial agent. Furthermore, it is imperative that further research be conducted to investigate its
applications and mechanisms of action.
Keywords: Antimicrobial activity, anticancer, antioxidants, cancer signalling, citral, Cymbopogon, essential oil, lemon
rass.
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INTRODUCTION
Medicinal substances have been sourced from nature for thousands of years. Medicinal plants make up
the majority of plant species worldwide [1]. Lemongrass, or Cymbopogon citratus (DS.) stapf, is a species
of Cymbopogon. It tastes strongly like lemon and is gritty and grassy. Cultivated for its medicinal
properties, it is native to tropical and subtropical regions and is exported worldwide. Lemongrass has
medicinal uses in the treatment of various conditions, including coughs, gastrointestinal issues, malaria,
ophthalmia, pneumonia, and vascular illnesses [2]. The secondary metabolites are the primary
phytochemical components of most therapeutic plants. Specifically, alcohols, substances such as
glycosides, tannins, saponins, flavonoids, anthraquinones, volatile oils, terpenes, essential oils, and resins
[3]. Citral, geraniol, and geranyl acetate are the main components of lemongrass oil. Oils from
Cymbopogon spp. also include trace levels of these other compounds. Citral is an isomer blend of the
geranial and neral forms of the compound [4]. Citral facilitates the synthesis of both ionones and vitamin
A [5]. A wide variety of chemical substances exhibit antimicrobial action. The antifungal, antiyeast,
insecticidal, antiparasitic, antiviral, and antiprotozoal properties of lemongrass oil have been documented
in previous studies [6-7]. Additionally, it finds use in the cosmetics, food, flavour, and pharmaceutical
sectors, as well as in agriculture. To prevent plant diseases, some chemicals are utilised. Inhibitors of
sterol biosynthesis, aromatic hydrocarbons, and benzoimidazoles are these compounds. The researchers
discovered that gram-positive bacteria were more vulnerable than gram-negative bacteria, as shown in
their study [8]. Researchers discovered that lemongrass oil had antibacterial effects against the following
bacteria: Staphylococcus aureus, Acinetobacter baumannii, Aeromonas veronii, Enterococcus faecalis,
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Escherichia coli, Klebsiella pneumoniae, Serratia marcescens, Proteus vulgaris, Salmonella enterica serotype
typhlmurzum Enterobacter aerogenes, Corynebacterlum equii, S. aureus and P.

Figure 1. (Cymbopogon flexuosus)

Cultivation of Cymbopogon flexuosus

Essential oils are the main reason for cultivating Cymbopogon spp. are perennial sedges of the family
Poaceae that grow rapidly and are classified as C4. Some of the 180 species that make up the genus
Cymbopogon include Cymbopogon refractus, Cymbopogon martinii, Cymbopogon flexuosus, Cymbopogon
winterianus, and Cymbopogon citratus. Because of their many uses in fields as diverse as cosmetics, food,
and pharmaceuticals, these fragrant grasses are quite valuable to businesses. The plant looks to have no
stem at all, as its thin, lanceolate leaves seem to sprout straight from the dirt, and it spreads by means of
seed and slips [12]. India has a stranglehold on the lemongrass market, despite the fact that the plant is
grown all over the world [13]. In light of the increasing demand for essential oil and the size of the
essential oil market worldwide, several studies have proposed environmentally friendly ways to increase
lemongrass yields in both field and laboratory settings by utilising elicitors, nanoparticles, and metabolite
regulators [14]. Since 90% of the world's lemongrass exports originate from the port of Cochin in India,
the plant is also known as Cochin grass [15]. Vitamins A, C, E, folate, niacin, and riboflavin are abundant in
lemongrass, as are protein, antioxidants, and mineral nutrients like nitrogen (0.74%), phosphorus
(0.07%), potassium (2.12%), sulphur (0.19%), magnesium (0. 15%) calcium (0.36%), zinc (35.51 ppm),
manganese (155.82%), iron (126.73%),

- Flgure 2. Cymbopogon flexuosus (Nees ex Steud ) W. Watson

Lemongrass growing is a very lucrative industry. The immense potential of lemongrass in the food,
cosmetics, and pharmaceutical sectors is a major motivator for its cultivation. Worldwide, lemongrass is
grown on more than 16,000 acres, and each year, the plants produce about 1,000 metric tonnes of
essential oil (LEO) [17]. This source accounts for 25% of global production and arable land, with India
being the leading producer. An annual yield of about $300 USD per hectare is possible from lemongrass
cultivation [18]. After reaching 247 million USD in 2019, the global market for lemongrass oil is projected
to reach 421 million USD by 2027, according to recent data from Polisher Market data. This represents a
growth rate of 7% CAGR. The demand for lemongrass has been on the rise since 2001, with an export
growth of more than 1,250 per percent from 2001 to 2020, according to the Indian city of Kolkata's
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directorate general of commercial intelligence and statistics. Not to mention how big the essential oil
industry is an estimate that several market research firms provide. Facts and Factors predicts that this
industry would grow from its current size of $3 billion to $7 billion by 2027, doubling its anticipated size.
This study aims to give a complete and up-to-date evaluation of LEO's ability to fight bacteria and cancer,
and to look into creating commercial uses that are both practical and easy to reproduce [18]. Figure 2.
shows physical characteristics of the Cymbopogon flexuosus (Steud.) Wats plant, particularly the trichome
and stomata characteristics. It is shown in Table 1.
Table 1. Taxonomic Details of the Lemon grass

Kingdom Plantae
Division Magnoliophyta
Class Liliopsida
Order Poales
Family Poaceae
Genus Cymbopogon
Species C.citrus

Plant profile:

Scientific classification of Cymbopogon flexuosus

Botanical description:

The aromatic perennial tall grass Cymbopogon flexuosus is characterised by its rhizomes and densely
tufted fibrous roots. Its narrow, ringed-segment subterranean stems bear narrow, slightly leathery leaves
that are displayed in dense clusters [19]. The plant is an indigenous plant that originates in India and is
grown in a number of nations that are tropical or subtropical20. Here you may see how lemongrass is
arranged in the plant kingdom Table 1. Countries such as India, China, and Australia are home to several
varieties of lemongrass. Among these species are Cymbopogon bombycinus, ambiguus, obtectus, refractus,
citrate, nardus, and Schoenanthus, among others.

Citral Isomers
CHjy CH;, Physical and chemical properties
S b * Mol.weight:152.23g/mol

* Physical description: clear yellow

| So colored liquid with a lemon like odor
* Boiling point- . C

HsC CH HaC CH Bofling point 228 2
3Geronicl g ’ Neral ’ * Melting point:<-10 %

* Density:0.885 g/mol at 25 °¢
* Solubility: 0.059g/100 ml at 25 °¢
* Log P:3.45

Main sources
Cymbopogon citrus (80%)
Litsea cubeba (70-80%)
Ocimum basilium L.(60-75%)
Others

Figure 3.(Citral (3,7-dimethyl-2,6-octadienal), a mixture of two E/Z-isomeric acyclic monoterpene
aldehydes)

Phytochemical constituents: Qualitative and quantitative phytochemical screening has found important
chemical compounds that contribute to the healing effects of Cymbopogon flexuosus [21]. Acidic fats,
tannins, aldehydes, phenols, terpenes, flavonoids, saponins, steroids, polyphenols, alkaloids, and esters
are among the bioactive components that have been identified by researchers. According to studies, the
most significant components found in Cymbopogon flexuosus are its essential oil and flavonoids [22]. The
pharmacological and therapeutic properties of the plant are due to these compounds. The leaves are the
principal source of essential oils from lemongrass plants. Essential oils can make up to 5% of the plant's
dry weight, which is found in these leaves [23]. Citral, the oil's active component, is responsible for its
unique lemon aroma [24].
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Figure 4. The molecular formula of the active ingredients in lemongrass essential oil
Therapeutics
Research on the bioactivities of essential oils and lemongrass extract has increased at an exponential rate
in the last several decades [25]. According to feeding studies, lemongrass oil and extract have a wide
variety of antimicrobial, anticancer, antidiarrheal, ant filarial, antitussive, antiseptic, larvicidal,
insecticidal, miticidal, ovicidal, acaricidal, analgesic, cosmetic, anti-inflammatory, antioxidant,
antinociceptive, antihypertensive, anti-obesity, anxiolytic, and possibly antimutagenic, cardioprotective,
antirheumatic, and haematological uses properties [26]. The bioactivities in question are the end result of
various main and minor LEO components acting alone or in combination with one another [27]. Because
of its low cost, biocompatibility, and inherent naturalness, LEO therapy is quickly becoming a viable
substitute for synthetic medications. This review aims to gather the latest studies on LEO's properties and
how they might be used in fields such as farming, food storage, animal health, human safety for cleaning
surfaces and prosthetics, and potential cancer-fighting effects when LEO components are used alongside
standard chemotherapy treatments [28].
Antimicrobial Potential
Both the oil and extract of lemongrass are powerful antimicrobials. On numerous occasions, LEO has been
employed as an agent against bacteria, fungi, and viruses. In a similar vein, certain strains of bacteria
were found to be hindered in their growth by lemongrass extract, including These include Staphylococcus
aureus, Candida albicans, Escherichia coli, Klebsiella pneumoniae, and Bacillus cereus [29]. Essential oil
components' antibacterial potential differs among functional groups. For instance, phenols and aldehydes
exhibit the highest activity, while esters and hydrocarbons exhibit the lowest. One of the most popular
theories regarding the antibacterial effects of lemongrass oil is that it contains citral, an aldehyde. The
antibacterial activity of the complete essential oil, however, was found to be greater than that of a mixture
of the main oil components. Researchers found that about 425 of the 1,114 different strains of microbes
(e.g., molds, yeasts, bacteria, etc.) from 29 different genera and 105 different species were LEO-sensitive.
A tiny quantity of LEO is believed to stop the growth of bacteria, fungi, and viruses, while a larger amount
is believed to Kkill them, leading to the death of microbes. In addition, LEO has been investigated for its
antibacterial properties against 42 different microbes, including 20 different bacteria, 15 different fungi,
and 7 different yeasts [33].To find out how effective a chemical is against microbes, researchers in the
field of microbiology look at two key markers: the half maximum inhibitory concentration (IC50) and the
minimum inhibitory concentration (MIC). Although the medication may have cytostatic effects, bacteria
can quickly bounce back once exposed to concentrations below its half-life (IC50), the point at which its
antimicrobial efficacy is 50% reduced. Furthermore, concentrations are typically evaluated using a scalar
dilution, ranging from 1 to 10 and so on, rather than an exact method. But knowing the minimum
inhibitory concentration It is more instructive to determine the minimum inhibitory concentration (MIC)
an extract from a plant or medicine at which no measurable microbial growth occurs. When tested
against Staphylococcus aureus in liquid and LEO formes, citral showed a minimum inhibitory concentration
(MIC) of 0.0313% (v/v) and 0.0781% (v/v), respectively. When tested against Acinetobacter baumannii
bacteria, citral had a MIC of 0.14 v/v and LEO a MIC of 0.65 v/v. You can increase the effectiveness of the
oil in two ways: either by adding the key elements or by adding the oil's components, which include
limonene, linalool, and myrcene [35].
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ANTIMICROBIAL ACTIVITY

Lemongrass (Cymbopogon flexuosus) exhibits notable antimicrobial activity due to its rich composition of
essential oils, primarily citral, which has been shown to inhibit the growth of various bacteria, fungi, and
viruses. Studies indicate that lemongrass oil can be effective against pathogens such as Staphylococcus
aureus, Escherichia coli, and Candida species [36]. The antimicrobial effects are attributed to mechanisms
such as disruption of microbial cell membranes, interference with metabolic processes, and modulation of
enzyme activities. Additionally, lemongrass has been used in traditional medicine for its potential health
benefits, including its role as a natural preservative in food products [37].

Antifungal Activity:

Lemongrass (Cymbopogon flexuosus) has garnered attention for its antifungal properties, primarily
attributed to its essential oil, which contains compounds like citral, geraniol, and limonene. Research has
shown that lemongrass oil can effectively inhibit the growth of various fungal pathogens, including
Candida species, Aspergillus, and Trichophyton [38].

Mechanisms of Action

1. Cell Membrane Disruption: The essential oils can penetrate fungal cell membranes, leading to
increased permeability and ultimately cell death [39].

2. Inhibition of Biofilm Formation: Lemongrass has shown potential in preventing biofilm formation,
which is crucial for the pathogenicity of many fungi [40].

3. Metabolic Interference: Active compounds may disrupt metabolic pathways essential for fungal
growth and reproduction [41].

Efficacy Against Specific Fungi -

Candida albicans: Studies have demonstrated significant inhibitory effects on growth and biofilm
formation-Aspergillus species. Lemongrass oil exhibits antifungal activity, particularly against A. flavus
and A. niger, which are known for their role in food spoilage and mycotoxin production [42].
Trichophyton: Some research indicates effectiveness against dermatophytes responsible for skin
infections [43].

Antibacterial Activity: Lemongrass is recognized for its antibacterial properties, primarily due to its
essential oils, which contain fragrant and active ingredients including limonene, geraniol, and citral.
These substances have undergone the focus of various studies investigating lemongrass's effectiveness
against a range of bacterial pathogens [44].

Mechanisms of Action

1. Cell Membrane Disruption: The essential oils can penetrate bacterial membranes, leading to
increased permeability and cell lysis [45].

2. Inhibition of Enzymatic Activity: Compounds in lemongrass may inhibit key enzymes involved in
bacterial metabolism and growth [46].

3. Biofilm Disruption: Lemongrass has shown potential in preventing or disrupting biofilm formation,
which is crucial for bacterial survival and resistance [47].

Efficacy against Specific Bacteria

Gram-positive Bacteria: Lemongrass has demonstrated strong activity against pathogens like
Staphylococcus aureus and Streptococcus species, which are significant in both clinical and food safety
contexts [48].

Gram-negative Bacteria: It has also been effective against Escherichia coli, Salmonella typhimurium,
and Pseudomonas aeruginosa, highlighting its broad-spectrum potential [49].

Food borne Pathogens: The antibacterial properties of lemongrass are particularly relevant in food
preservation, helping to inhibit pathogens that cause spoilage and food borne illness [50].

Applications

1. Food Preservation: Due to its antibacterial activity, lemongrass oil fragrant and active ingredients
including limonene, geraniol, and citral. These substances have undergone [51].

2. Pharmaceuticals: Its antibacterial properties make it a candidate for developing alternative
treatments, especially in the face of increasing antibiotic resistance [52].

3. Cosmetics and Personal Care: Lemongrass oil is also utilized in products for its antimicrobial effects,
contributing to skin care formulations [53].

Antioxidant activity: There has been interest in phenolic acid and flavonoids as possible natural
antioxidants and free radical scavengers because of their pharmacological activity. The plant exhibited
the anti-oxidant profile, which included acids, phenolics, [54].

Anti-Diarrhoeal Activity: Actually, to cure diarrhoea, the entire lemongrass plant is boiled and then
swallowed. Citral, the principal chemical component of C. citrates stalk decoction, is used extensively in
traditional medicine, hence its efficacy as investigated a potential anti-diarrheal [55].
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Protecting Cells from Damage: The anti-mutagenic properties of Salmonella typhimurium strains TA98
and TA99 were found to be induced by an ethanolic extract of lemongrass. 100 TA.

Anti-inflammatory activity: For the treatment of inflammation-related disorders, especially those
impacting the gastrointestinal system, researchers investigated the anti-inflammatory capabilities of
dendritic cells stimulated by lip polysaccharide. Activity against malaria: Researchers looked at the effects
of Cymbopogon citratus on mice infected with Plasmodium berghei investigated [56].

Anti-nociceptive properties: These are the characteristics of citrates essential oil. A strong analgesic
impact. In three distinct nociception models—the hot-plate, mice writhing in acetic acid, and the formalin
test—results showed that essential oil acts both peripherally and centrally [57].

Traditional importance

People in Africa, Asia, and South America have been drinking the leaves as a decoction or tea for a long
time. Analgesic, antipyretic, tranquillizer, antiherpetic, diuretic, anti-inflammatory, antiseptic, anti-
dyspeptic, and anti-fever actions are all regulated by the plant's essential bioactive components found in
the leaves. Many products use them as a deodorant, such as candles, local soaps, perfume, and bug
repellents. It has a history of use as a snake and reptile repellent in certain Asian and African countries
[58-60].

CONCLUSION

Lemongrass, a natural plant with antimicrobial activity, has potential for both industrial and therapeutic
applications. Its antibacterial and antifungal properties make it an appealing alternative for developing
new antibacterial and antifungal solutions. Lemongrass's Essential oils are highly sought-after due to
their extensive use in both traditional medicine and culinary technology. To learn more about its
workings, optimal dosages, and possible synergistic effects with other natural antibacterial agents, a
comprehensive phytochemical and pharmacological study is required. The anti-depressant, analgesic,
antipyretic, bactericidal, anti-septic, and carminative qualities of lemongrass essential oil make it useful in
the pharmaceutical industry. More and more people are looking to lemongrass for its natural ingredients,
which could lead to better treatments and more clinical trials.
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