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Cymbopogon spp. are fast-growing C4 perennial sedges from the grass family Poaceae and are primarily cultivated for

their essential oils. The genus lemongrass comprises about 180 species, such as Cymbopogon citratus, Cymbopogon
flexuosus, Cymbopogon winterianus, Cymbopogon martinii, Cymbopogon nardus, and Cymbopogon refractus.

Lemongrass (Cymbopogonspp.) oil is a cocktail of various terpenes and terpenoids, out of which the major components

belong to cyclic and acyclic monoterpenes. The monoterpenes are derived from geranyl diphosphate (GPP).
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1. Antimicrobial Potential

Singh et al.  studied 1114 strains of different microbes including moulds, yeasts, and bacteria from 29 genera and 105

species, and circled out about 425 LEO-sensitive microbial isolates. It is suggested that a low concentration of LEO

inhibits microbial growth and development (bacteriostatic, fungistatic, and virustatic), while a higher concentration renders

irreversible destruction leading to microbial death (bactericidal, fungicidal, and virucidal) . Furthermore, one study

addressed LEO antimicrobial potential against 42 microorganisms, including 20 bacteria, 15 fungi, and 7 yeasts .

In microbial studies, IC  (half maximal inhibitory concentration) and MIC (minimum inhibitory concentration) values are

two important markers that can be considered to determine the antimicrobial potential of any chemical. The IC  of a drug

is the concentration that can bring a 50% reduction in the microbial activity, therefore it may be cytostatic but bacteria can

recover soon thereafter. In addition, concentrations are not always assessed precisely but are usually tested on a scalar

dilution, from 1 to 10, and so on. However, it is more informative to know the MIC of a drug or plant extract, i.e., the

concentration at which no visible growth of a microbe is detected. The MIC of LEO and citral against planktonic

Staphylococcus aureus were noticed to be 0.0781% (v/v) and 0.0313% (v/v), respectively . Similarly, LEO had higher

efficacy (MIC—0.65 % v/v) against Acinetobacter baumannii strains over citral (MIC—0.14% v/v) . 

1.1. Antibacterial Activity

The antibacterial characteristic of LEO is well established . It has been suggested that LEO induces the

destruction of bacterial biofilms and hinders further bacterial growth and development . Furthermore, LEO components

can destabilize the bonds between the lipid bilayer and neutralize the bacteria through membrane disintegration . LEO

can confer structural changes, as well, in different bacteria. It was reported to cause complete disfiguration and distortion

in the Pseudomonas spp. . The MIC values for LEO and citral against P. aeruginosa were calculated as >40% and

10%, respectively. Furthermore, LEO blocks biofilm formation in bacterial colonies , for example, 0.125% (v/v) of LEO

can restrict biofilm formation in methicillin-resistant Staphylococcus aureus strains . It can disrupt the cell membrane

and inhibit cytoplasmic metabolism, making LEO effective against both Gram-negative and Gram-positive bacteria 

. Cymbopogon khasianus essential oil inhibited the growth of Escherichia coli with the MIC and MBC (Minimum

Bactericidal Concentration) values of 20 μg/mL each. It can also retard the growth of Bacillus subtilis, Salmonella enterica
typhimurium, Staphylococcus aureus, Klebsiella pneumoniae with a MIC range of 25–50 μg/mL . Multiple recent studies

against MDR (multidrug-resistant) bacteria  show that, while a low concentration of LEO retards growth and biofilm

formation, a higher concentration can confer complete elimination of Salmonella Heidelberg.

The bacteriostatic and bactericidal characteristics of LEO primarily depend on the bacteria and oil concentration .

However, several other factors, such as oil composition, extraction method, plant developmental stage, and environmental

variables including temperature can influence the oil’s effectiveness. Therefore, lemongrass oils from different species

might exhibit effects of different nature and intensity. Nevertheless, the host organism can also decide oil effectiveness to

a certain extent depending on its morpho-physiological attributes . Therefore, EOs react differently with Gram-positive

and Gram-negative bacteria, owing to their dissimilar cell-wall structures . Costa et al.  examined Cymbopogon
flexuosus EO (μL mL ) against Listeria monocytogenes, Staphylococcus aureus, and Salmonella typhimurium and
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determined their MICs and MBCs as of 3.9 μL mL  each. The MICs of citral against Cronobacter sakazakii strains ranged

from 0.27 to 0.54 mg/mL. Scanning electron microscopy analysis further confirmed that C. sakazakii cell membranes were

damaged by citral .

1.2. Antifungal Activity

The antifungal activity of LEO has been reported against multiple fungi . Volatiles from lemongrass oil, such as

phenols, flavonoids, and flavones, are effective against numerous fungal strains . Helal et al.  reported that

LEO caused plasma membrane disruption and disorganization of mitochondria and resulted in Ca , K  and Mg

leakage. The loss of ions can further affect signal transduction and fungal germination. Moreover, Alviano et al. 

observed that LEO components induce cell size reduction and inhibit the spore germination in Candida albicans. LEO can

directly act upon the fungal lipid bilayer owing to its readily volatile and lipophilic nature. It can form a charge–transfer

complex with the lipid bilayer, destabilizing the membrane and inhibiting further membrane synthesis, and retards fungal

spore formation and cellular respiration . Boukhatem et al.  found that the vapor form of LEO inhibits mycotic

growth and development more effectively than the liquid phase, probably because of the direct accumulation of LEO

vapors on fungal mycelium. 

LEO components including citral, geraniol, myrcene, limonene, and linalool, have significant antifungal activity 

. Geraniol increases the outward leakage rate of potassium ions, while citral damages the

microtubules and exhibits cytotoxicity in fungi . Linalool, a monoterpene alcohol, comprises numerous fungicidal

properties . It retards the overall development and propagation of different fungi through the respiratory restriction of

their aerial mycelia . Additionally, other aldehydes of LEO can confer antimycotic activity through cross-linkage reaction

within the fungal membrane .

EOs can remain effective for a longer duration against fungal spore production, ensuring improved shelf life for food

products . It was also suggested that lemongrass oil induces reactive oxygen species (ROS) production in fungi

and afflicts severe oxidative damage that leads to subsequent cellular death . This can also enable EOs as a

sustainable alternative in the food preservation and packaging industries . Edible coating of EOs, including LEO

on stored fruits, meat, and dairy products, discourages fungal attack and food spoilage through restricting fungal growth

and reproduction . The edible coatings of EOs have increased antimicrobial potential over the free EOs due

to their altered surface charge and amplified action on multiple target sites in the mycotic membrane . This extends

edibility and maintains physicochemical qualities, including the tastes and odours of such products . However,

different EOs have different antimicrobial mechanisms, and thus acquisition of resistance by microbes against the wide

array of compounds in EOs is rare .

1.3. Antiviral Activity

In addition to its fungal and bacterial efficacy, LEO is also effective against numerous viruses. The antiviral activity of

lemongrass oil was tested against herpes simplex virus-I (HSV-I)  and murine norovirus (MNV) . The studies

demonstrated that 0.1% and 2% of LEO concentration were sufficiently potent to inhibit the replication of HSV-I and MNV,

respectively. Furthermore, LEO can weaken the HIV transcription and virus reactivation by interfering with the Tat/TAR-

RNA complex. As the Tat protein enhances the efficiency of viral transcription, LEO’s interference with the Tat/TAR-RNA

complex results in the downregulation of HIV activity . Lemongrass volatiles were also able to cause more than 50%

inhibition of the tobacco mosaic virus at a 100 µg/mL concentration . Human mastadenovirus (HAdV) causes numerous

ailments, such as respiratory infection, gastroenteritis, hepatitis, meningoencephalitis, pneumonia, and multiple others.

Lemongrass extracts also induced cytotoxicity in a human lung adenocarcinoma cell line and monkey kidney cell lines and

showed antiviral activity against HAdV . In the recent pandemic upsurge, the efficacy of LEO was suggested against

influenza and coronaviruses SARS-CoV-2, as well, enhancing the relevance and importance of lemongrass oil even more

.

2. Antioxidant-Related Effects

Plant and animal cells produce various oxidative compounds, such as H O , O , and OH , which can damage lipids,

proteins, and DNA and can induce several health complications including cancer, aging, and neurological disorders in

humans . However, another group of compounds, known as antioxidants, has the potential to counter these effects 

. Lemongrass possesses antioxidants that render protective measures against reactive species . Lemongrass

extracts have been reported to reduce reactive species concentration, lipid peroxidation, and decolourisation of 2,2-

diphenyl-1-picrylhydrazyl . Lemongrass extract can also buttress the endogenous antioxidant defence system in

alveolar macrophages cells through augmenting superoxide dismutase activity and glutathione formation . A vast
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array of plant extracts has been studied for their beneficial antioxidant properties. In particular, plant antioxidant potential

may protect cells and organs from radical oxygen species. The natural extracts are usually compared to controls, such as

butylated hydroxy anisol (BHA) or buthylhydrotoluene (BHT), for their antioxidant profile. Radical scavenging activity is

evaluated by their activity towards a stable free radical, 2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS). To

date, there are no published reports on the antioxidant power of LEO. These data could be useful in comparing different

cultivars or different methods of cultivation. Plant extracts have been studied, on cultured cells, for their antioxidant

properties, their enzymes, and their redox potentials. In particular, regulation of redox status in cells may affect the levels

of methyl group donor S-adenosylmethionine (SAM). SAM is a cofactor for histone methyltransferases and DNA

methyltransferases. The consumption of glutathione, as occurs during oxidative stress, with an increase of its oxidized

form, glutathione disulfide, may inhibit S-adenosylmethionine (SAM) synthetase, with a reduction of SAM synthesis 

influencing the epigenetic modifications of proteins and DNA. Citral was shown to increase intracellular oxygen radicals,

while inhibition of glutathione synthesis increased citral’s anticancer effect . Citral was shown to modulate oxidative

stress preferentially in cancer cells and to induce the endoplasmic reticulum stress exerting thus an antiproliferative action

. Lemongrass has a competitive advantage over other synthetic antioxidants, such as butylated hydroxytoluene, since

they can induce haemorrhage: in this view, lemongrass oil is regarded as ‘safe’ for human consumption . This opens a

new vista for lemongrass oil in the food preservation and safety industries, including the meat, and dairy industries . In

the food industry, the oxidation of lipids is an important determinant of meat and dairy products. However, their highly rich

nutritional profiles are prone to lipid peroxidation and quality deterioration. In this regard, coating such products with LEO

minimizes lipid peroxidation and increases their shelf life and quality . Furthermore, the antioxidant nature of citral is

exploited in animal skin cancer models . Soares et al.  reported that LEO, which was characterised in its major

components, showed high antioxidant activity compared to the methanolic and aqueous extracts of lemongrass. In detail,

they showed higher antioxidant capacity of LEO compared to the aqueous extracts of leaves: Using the 2,2-diphenyl-1-

picrylhydrazyl free radical as a control, they obtained similar antioxidant power, at levels of 41 μg/mL. The antioxidant

activity of LEO can further be enhanced through mixing it with other potent antioxidative agents. On this note, a mixture of

LEO with Ocimum gratissimum, and Thymus vulgaris oil had enhanced effects against Bipolaris oryzae and Alternaria
alternata . A review on the antioxidant, antimicrobial and antifungal properties of LEO and recent updates on the

possible applicative uses has been recently published .

3. Anticancer Activity

According to the World Health Organization (WHO), cancer caused an approximated 10 million deaths, or one in six

deaths, in 2020. This situation is not going to be relieved, as there is estimated to be an increase of 45% in cancer

mortality rate between 2008–2030. Among cancers, the most common types are breast cancer, lung cancer, colorectal

cancer, prostate cancer, skin, and stomach cancer. The ongoing conventional chemotherapies, radiotherapy treatment,

and surgeries have shown a large number of involuntary side effects due to insufficient knowledge of treatment specificity,

and are not recommended for long-term usage .

Medicinal plants emerge as potential candidates in the cancer world and raise hopes for the scientific community.

Scientists are constantly looking for natural sources to uncover the potential plant-based therapeutic agents having

immense anticancer properties . In this sense, the essential oil of lemongrass counts among such plants for its

cytotoxicity on human cancer cells. Its active ingredients, including geraniol, geranyl acetate, α-bisabolol, and iso-

intermedeol have individually been found to impart cytotoxic effects on cancer cells . Lemongrass EO has exhibited

inhibition of human mouth epidermal carcinoma (KB) and murine leukemia cell lines (P388) .

Among LEO terpenes, citral, the major component of lemongrass oil, plays a potential role as antiproliferative against

several types of cancer cells, such as the two human prostate cancer cell lines, LNCaP and PC-3 , HL60, U937 ovarian

cancer cells , cervical cancer cell lines , and the breast cancer cell line, MCF-7 . Interestingly, citral does not

exert cytotoxicity to normal epithelial cells but exhibits toxic effects against human breast cancer cell lines, confirming its

cancer-specific efficacy .

Although a large number of studies evinced the anticancer activity of lemongrass, scarce data are available on its mode of

action. Studies based on different cancer cell types substantiated citral efficacy via activated procaspase-3, induction of

apoptosis, and cell cycle arrest in the G2/M phase . Citral consists of a double bond in conjugation with an aldehyde

(α, β-unsaturated) group in its core structure, which serves as a potent caspase 3 activator, responsible for pro-apoptotic

activity . Moreover, citral-induced apoptotic activity was associated with DNA fragmentation and induced caspase 3

activity against hematopoietic cancer cell lines and ovarian cancer cell lines.
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The Src-tyrosine kinase is expressed in small cell lung cancer and can phosphorylate transcription factor Stat3(Y705) ,

which sequentially enhances the expression of downstream genes engaged in the antiapoptotic activity, i.e., Bcl-xL and

Mcl-1 . An experimental study showed the inhibitory effects of LEO and citral on phosphorylation of Src(Y416) blocking

its activation, resulting in reduced phosphorylation of Stat3 (Y705). Non-phosphorylated Stat3 disrupts cell growth and the

signal pathways that upregulate the expression of Bcl-xL and Mcl-1 . Citral-dependent apoptosis induction has also

been observed against prostate cancer cell lines. Citral induced gene activation initiates AMPK (an enzyme necessary in

the fatty acid metabolism) phosphorylation resulting in the activation of BAX and the downregulation of Bcl-2, which

initiates an apoptosis cascade in prostate cancer cell lines . Citral-mediated breast tumour growth inhibition via the

inhibition of ALDH1A3 was reported . The up-regulation of retinoic acid (RA) signalling by ALDH1A3 can cause breast

cancer growth, and citral inhibited the expression of RA-inducible genes mediated by ALDH1A3 . Microtubule affinity

regulating kinase 4 (MARK4), an AMP-activated protein kinase , is reported to mediate apoptosis, inflammation, and

distinct regulatory pathways . Alterations in MARK4 expression hamper the cell cycle and eventually cause cancer.

Citral potentially binds to MARK4 and inhibits its kinase activity, and is being considered an effective strategy to prevent

the growth of cancer cells and other MARK4 associated diseases . Citral has been reported inducing the

phosphorylation of p53 protein and the expression of Bax, while reducing the expression of the antiapoptotic factors Bc-2

and Bcl-xL in human colorectal cancer lines, i.e., HT116 and HT29 . Citral interferes with the ERK1/2 pathway and

reduces the translocation of ERK1/2 protein to the nucleus. There is a certain possibility of the involvement of ERK1/2 in

melanoma carcinogenesis and the progression in presence of mutated N-Ras and B-Raf. Therefore, citral could

negatively affect cancer growth by inhibiting the final step of the MAPK cascade .

Geraniol, the second major constituent of LEO, has garnered heed for its potentiality in cancer treatment. It has been

reported that geraniol induces the production of ROS and inhibits the phosphorylation of tyrosine kinases, which, in turn,

induce apoptosis of cancer cells . Several studies have been conducted to gain insights into its anticancer activity 

. Ornithine decarboxylase (ODC) plays a prime role in the synthesis of polyamines, providing stabilization to DNA

structure . A decrease in ODC activity after geraniol treatment has been observed in the intestinal adenocarcinoma

Caco-2 cell line, which, in turn, caused DNA synthesis inhibition and cell cycle arrest in the S phase . Polyamine

metabolism is a potential target in the development of cancer-preventive drugs, therefore, geraniol mediated decline in

ODC activity might have a useful clinical role . Geraniol-induced inhibition of the proliferation of A453 and A549 human

lung cancer cell lines has been reported. Geraniol alters the tubulin polymerization and disrupts the active property of both

the studied cell lines, resulting in cell apoptosis. Geraniol arrested the G0/G1 phase in A431 cells, with no effects on sub-

diploid cells, and the G2/M phase of A549 with the increased population of sub-diploid cells, in a dose-dependent manner.

The inhibitory effects of geraniol might be interrelated with the observed alteration in the ODC activity . Geraniol caused

inhibition of cell cycle progression, exerting altered expression of cyclins D1, A, B1, CDK2, and the cyclin kinase inhibitor

proteins p21 and p27 . Geraniol has been reported to induce the expression of pro-apoptotic proteins Bcl-2, Bax, Bak,

and caspase3/8/9 in several human cancer cell lines . Moreover, the considerable increase in these proteins

indicates that geraniol induces apoptosis through the mitochondrial intrinsic pathway . The antiangiogenic activity of

geraniol has been confirmed by both in-vivo and in-vitro studies. Geraniol suppresses the endothelioma cell line and

reduces Ki67-positive cells and CD3-microvessela by suppressing the expression of VEGFR-2 in Balb/c mice . This

activity might play a role in reducing tumour growth, as the tumour needs a new blood vessel to grow. Geraniol arrested

the proliferation of two pancreatic cancer cell lines, MIA PaCa-2 and BxPC, in hamsters when injected with PC-1

pancreatic ductal adenocarcinoma cells. In both the cell lines, it arrested the G1 phase of the cell cycle along with

increasing the expression of the cyclin kinase inhibitor proteins p21  and p27  while suppressing those of cyclin A,

B1, and CDK2 . Figure 1 indicates a series of distinctive signalling pathways activated in cancer cells via different

components of LEO.
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Figure 1. Distinctive signalling pathways activated in cancer cells via different components of LEO. Every component acts

differently against cancer cells and involves diverse signalling pathways. All the involved pathways lead to inhibition of cell

migration, cell cycle, and DNA synthesis. All these events eventually cause cell death (apoptosis). MARK4, Microtubule

affinity-regulating kinase 4; AMPK, 5′ adenosine monophosphate-activated protein kinase; BAX, BCl2- associated X

protein; BCL2, B-cell lymphoma 2; BID, BH3-only activator protein; tBid, truncated Bid, ROS, reactive oxygen species;

ODC, ornithine decarboxylase; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor

receptor; AKT, Ak strain transforming; ERK, extracellular regulated kinase; TNF-α, tumour necrosis factor; RIP1, receptor-

interacting serine-threonine protein kinase 1; RIP3, receptor-interacting serine-threonine protein kinase 3; PARP, poly ADP

ribose polymerase; DNA, deoxyribonucleic acid.

D-limonene, another constituent of LEO, was also reported to possess antineoplastic activity. D-limonene enhances the

activity of carcinogen metabolizing enzymes, such as cytochrome P450, responsible for the conversion of carcinogens

into less harmful forms and blocks their interaction with DNA . Treatment of D-limonene on LS174T human colon

cancer cells inhibited the P13K/Akt pathway and induced cell apoptosis. An increase in PARP cleavage and activation of

caspase-3 indicates the involvement of the mitochondrial apoptotic pathway . Limonene-mediated induction of

apoptosis via increased expression of Bax and caspase-3 and decreased Bcl-2 expression has been reported in T24

bladder cancer cells. Moreover, limonene arrested the cell cycle in the G2/M phase and wound healing and transwell

assay using Matrigel has confirmed the limonene mediated suppression of cancer cell migration and invasion .

Another component of the EO of lemongrass, citronellol, is also found to exert cytotoxic effects on several cancer cell

lines . Citronellol showed its anticancer activity via increased reactive oxygen species production, alterations in

mitochondrial permeability, DNA fragmentation, changes in cytochrome c activities, and activation of caspase, against the

MCF-7 human mammary tumour cell line . The cytotoxicity of α-bisabolol has been reported against human and rat

malignant glioma cancer cell lines. In α-bisabolol-treated cell lines, the rapid loss of inner transmembrane potential and an

increase in cytochrome-c translocation indicate that α-bisabolol can trigger apoptosis through mitochondrial intrinsic

pathway . Another experimental study has confirmed the cytotoxic effect of α-bisabolol against several cancer cell

lines. α-bisabolol arrested cell cycle and initiated cancer cell death via a BID (BH3-only activator protein)-dependent

mechanism . It induces the permeability of the outer mitochondrial membrane and plays a crucial role during apoptosis

. α-bisabolol-induced damage to lysosomal and mitochondrial membranes via BID resulted in autophagy and

regulated cell death, enlightening its modes of action .

All of the mentioned components of LEO have presented their chemo-preventative effects via arrest of different phases of

the cell cycle, suppression of cyclins and cyclin-dependent kinases, DNA fragmentation, and antiangiogenic activity,

against different cancer cell lines. Several distinct signalling pathways and mechanisms of action have been reported in

experimental studies exhibiting the anticancer activities of these mentioned component.

Epigenetic modifications play a key role in cancer proliferation. Several chromatin remodelling complex components are

found mutated, silenced, or overexpressed in cancers. Epigenetic mechanisms may be taken into account to explain the

regulation of various protein-coding and protein non-coding genes. One type of regulation of gene transcription is based

on the level of DNA methylation on promoters, controlled by DNA methyltransferases. A second mechanism is dependent

on chromatin accessibility mediated by remodelling complexes, recruitment of Polycomb repressing complexes, and

histone-modifying enzymes . An involvement of non-coding RNAs (nc-RNAs) is at the basis of these mechanisms;

therefore, the expression of long and small non-coding RNAs determines whether an antioncogenic pathway is repressed

or downregulated, or oncogenes are set free to induce cell transformation. Therefore, chromatin accessibility (opening or

compaction), access to transcription machinery, and promoter methylation are the principal mechanisms that are targeted

by plant extracts, essential oils, and individual bioactives. Various classes of bioactives were shown to exert anticancer

effects through the downregulation of microRNAs, most often oncomiRs, and the release of mRNAs coding for

antiproliferative proteins. The review by Sabo  and that by Cherng  showed the relationship between natural

compounds and nc-RNAs in cancer cells, and the potential use of their bioactives in cancer therapies. Xu and colleagues

described, for the first time, the involvement of pinene, one component of LEO, in the upregulation of p27/CDKN1B, a cell

cycle-blocking protein, through the downregulation of miR-221 . The most well-known group of nc-RNAs are

microRNAs . When they are abundant, they silence mRNA transcription by sequestering them and destining them to

degradation. Long non-coding RNAs, such as competing endogenous RNAs (ceRNAs), may sponge a group of miRNAs

and the relative abundance thereof determines whether the miRNA can exert its effects or is bound to the sponge .

This has been clearly reviewed for stilbenes  and other plant bioactives .
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In conclusion, the bioactive LEO phytocomponents are useful for a myriad of medicinal properties including anti-microbial,

anticancer, antioxidant, insecticidal, and antimalarial activities (Figure 2). Although LEO and its constituents have shown

anticancer activity in vitro, and, in some cases, in animal studies, only a few researchers to date have tested the delivery

of its bioactive components combined with nanoparticles or delivery systems. a variety of applications, from food safety

and food preservation, in terms of antioxidant potential as well as for antifungal properties, to applications in agriculture

and veterinary medicine, and as coatings on biopolymers for surgery (maxillofacial silicone specimens in dentistry, other

medical implants) have been recently proposed. The ability of LEO terpenes to stop bacteria and fungi from growing in

biofilms has also a wide array of applicative uses in medicine and surgical devices, and in industrial solutions to

biocorrosion, biofouling, biodegradation, water microbiology, and the control of bacterial quorum sensing signals [103].

The ability to modify the materials used in medical devices allows the application of LEO components to make such

surfaces resistant to biofilm formation.
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