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ABSTRACT 

The use of natural substances has been trending for past few years. In recent years, synthetic products obtained from plants 
have gained immense importance. Essential oils and volatile products obtained from plants are the sources of food flavoring, 
aroma products, and fragrance industries. Their use is also common to cure different ailments such as cancer, skin problems, 
and nosocomial infections. Vast research has shown the antimicrobial properties of essential oils obtained from plants.  
Essential oils of lemongrass and eucalyptus have antiviral, antibacterial, antioxidant, and insecticidal characteristics. 
Lemongrass and eucalyptus oils show their antibacterial activity towards Gram-positive bacteria such as Staphylococcus 
aureus, Bacillus subtilis, and Gram-negative bacteria such as Escherichia coli and Klebsiella pneumonia. The combination of 
these oils also depicts high antimicrobial activity against different strains of bacteria. This review highlights the use of essential 
oils of lemongrass and eucalyptus for their in vitro antimicrobial properties against different bacteria in planktonic and biofilm 
mode. Mode of action by which the oil shows its inhibitory activity will be discussed. Susceptibility shown by different bacteria 
towards these essential oils and their components will be described.  
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INTRODUCTION:  Medicinal plants are one of the most 
important sources of traditional medicines which are being 
used by the whole world. Nowadays, medicinal research has 
shown the importance of herbal remedies since these are the 
active means of bioactive compounds (Moosavy and Shavisi, 
2013). Volatile oils also called essential oils are derived from 
plant husk, buds, barks, wood, seeds, leaves, flowers, twigs, 
herbs, roots and fruit, and aromatic oily liquids. There is an 
estimation of about 2500-3000 volatile oils; in the fragrance 
market which are commercially important (Boyanova et al., 
2005). Essential oils have antiviral, antibacterial, antioxidant, 
and insecticidal characteristics. Additionally, the use of these 
oils in cancer treatment is also common. Lemongrass and 
eucalyptus are very well-known fragrant herbal plants. 
Lemongrass belongs to the Poaceae family and is cultivated in 
tropical and subtropical regions of the world. It is widely 
popular in Asian cuisine and medicinal practices for its aroma, 
active ingredients and health benefits (Santin et al., 2009). The 
Eucalyptus plant belongs to the family Myrtaceae. It was 
originally used in Australia but is now commonly found 
throughout the world. It is a large genus and has about 900 
types and subtypes. Dried leaves and hot water extracts of 
eucalyptus (lemon-scented eucalyptus) are used in analgesic, 
anti-inflammatory, and antipyretic treatments for the indication 
of respiratory inflammation, like sinus congestion, cold, and flu 
and cure for many other diseases (Silva et al., 2003).  
Lemongrass and eucalyptus plants have essential oils that are 
evaporative, intensive, and deliquescent liquids with nice and 
strong odors (Babayi et al., 2004). These oils are used in food 
preservatives, the fragrance industry, and aromatherapy 
(Boyanova et al., 2005). Lemongrass oil is one of the most 
widely used ingredients for its health benefits (Rauber et al., 

2005). Bioactive compounds present in this oil are utilized 
mainly for therapeutic motives and the treatment of different 
ailments (Oloyede, 2009). Eucalyptus oil also acts as an 
antioxidant and anticancer agent. Eucalyptus globulus and E. 
radiata essential oils are in great demand, as they are utilized 
for expectorant, astringent, febrifuge, fumigant, antiseptic, 
anesthetic, deodorant, inhalant, insect repellant, and abscess 
disinfectant. Furthermore, its use for folk remedies, wounds, 
arthritis, burns, boils, asthma, bronchitis, flu, inflammation, 
worms, and rhinitis is also common (Bachir and Benali, 2012). 
Bacterial resistance has become a major problem in the field of 
medicine and has developed due to the continuous use of 
antibiotics. The development of new chemicals and drugs 
against bacteria is very necessary (Lokhande et al., 2007). Due 
to resistance against antibiotics, medicines, and drugs derived 
from plants are being tested to check their effectiveness against 
different bacteria especially multi-drug resistant pathogens 
(Mulyaningsih et al., 2011). The phytochemical compounds in 
essential oils can act synergistically along with other 
antimicrobial compounds to eliminate the resistance problem 
(Chaves et al., 2016; Cristo et al., 2016; Morais-Braga et al., 
2016). 
Biofilm formed by bacteria is another major concern in the 
medical sector. Biofilm is the association of bacteria that attach 
themselves to a surface and form an extracellular matrix to 
attach. This forms a multicellular association that is highly 
resistant against antibiotics (Singh et al., 2017). Biofilm is a 
major cause of the development of diseases for example in 
patients suffering from diabetes and endocarditis (Thwaites et 
al., 2011). There are many pieces of evidence regarding the 
effect of plant essential oils on bacteria but much less is known 
about their effects on their biofilm-forming ability (Kavanaugh

ISSN (Online) =   2522-6754 ISSN (Print)    =    2522-6746 

www.sciplatform.com Review Manuscript 

mailto:iramliaq@hotmail.com


Volume Number 6 ‖ Issue Number 2 ‖ Year 2021 ‖Page Number 22  

et al., 2012).  
OBJECTIVES: This review will summarize information on the 
antimicrobial effect of eucalyptus oil and lemongrass oil and 
their combined effect from previous researches and studies. 
The effect on Gram-positive and Gram-negative bacteria in 
planktonic and biofilm forms is being discussed to understand 
their antimicrobial potential to improve and promote their use 
as a medicinal compound in pharmaceutical industries and 
cosmetics. 
Effect of eucalyptus oil on Gram-positive and Gram-
negative bacteria: Essential oil of eucalyptus is widely used as 
an antibacterial agent. Its antimicrobial action mainly depends 
on its chemical constituents. The major component of 
eucalyptus oil is terpene 1, 8-cineole also called eucalyptol. 
Compounds have functional groups such as 1,8-cineole, but 
terpineol is a major subsidizer for activity since it proved to 
have 8 times more effective compared to 1,8-cineole against S. 
aureus. Essential oils are extracted from many species of 
eucalyptus plant, for example, Eucalyptus camaldulensis, E. 
radiata and E. citriodora are used to obtain oil but commercially 
available essential oil is extracted from E. globulus (Silva et al., 
2003). E. globulus oil has main constituents i.e., 1, 8-cineole, 
which is eucalyptol (63.81%), as compared to E. radiata oil, in 
which the major constituent is limonene (68.51%). The number 
of components fluctuates from 44% to 84% and these 
components are mainly responsible for antimicrobial activity 
(Goldbeck et al., 2014). The essential oils of E. globulus and E. 
radiata are also equally important; the demands of their 
essential oils are very high in the market, and they possess 
antimicrobial, antioxidant, and anti-quorum detecting 
characteristics (figure 1) (Preethi et al., 2010). 
 

 
Figure 1: Some characteristics of essential oil 
 E. citriodora oils are used for pharmaceutical and medicinal 
purposes.  The effect of eucalyptus essential oil against bacteria 
had been widely observed by agar well diffusion assay in which 
wells are made in agar plates which are filled by volatile oil and 
showed the inhibitory effect in the form of zones of inhibition 
(Kruthi et al., 2014; Adnan, 2019). Eucalyptus oil showed 
antimicrobial potential against different pathogenic bacterial 
strains such as P. aeruginosa and Staphylococcus aureus 
(Ishnava et al., 2013). By using high concentration of oil, a 
greater inhibition zone was observed and by using a low 
concentration of oil little or less inhibition zone was observed 
(Tyagi and Malik, 2011). It was found that the inhibitory effect 
of the eucalyptus oil is more towards Gram-positive bacteria 
and is less towards Gram-negative bacterial strains (Oussalah et 
al., 2006). Using agar well diffusion assay, E. globulus oil 
showed antimicrobial potential against different pathogenic 
bacterial strains like P. aeruginosa and S. aureus. It was 

observed that different concentrations showed different 
inhibition zones, the larger zone with 100% concentration of oil 
was observed. Also, experimentation showed that eucalyptus 
oil has a higher inhibitory effect against S. aureus which is a 
Gram-positive bacterium compared to P. aeruginosa which is 
Gram-negative bacteria (Adnan, 2019). Mota et al. (2015) 
showed inhibitory effect of eucalyptus oil against S. aureus and 
Escherichia coli. However, this study showed that the oil had not 
inhibited Gram-negative bacteria such as Pseudomonas and 
Salmonella. Kruthi et al. (2014) showed that essential oil of E. 
globulus was effective against other tested bacterial strains 
such as S. aureus, B. subtilis, E. coli and K. pneumonia. It was 
found that Gram-negative bacteria were less sensitive 
compared to Gram-positive ones which showed more inhibitory 
effect of the oil. Gram-negative bacterial strains were 
moderately affected by the eucalyptus oil. Another study 
showed that oil from two species of eucalyptus that is E. 
globulus and E. camaldulensis inhibited bacterial growth at 
higher concentrations of 5 to 20 microliters when tested against 
E. coli and S. aureus strains. But it was not effective when used 
in low concentrations of 1 and 2 microliters. Higher zones of 
inhibition corresponding to high concentrations were observed  

(Ghalem et al., 2008). Essential oil of E. camaldulensis has 
shown antimicrobial activity by agar well diffusion method 
against a vast range of bacteria like E. coli, S. aureus, S. typhi, P. 
mirabilis and K. pneumonia. Aqueous extract of eucalyptus has 
shown zones of inhibition towards E. coli (7mm), K. pneumonia 
(9mm), S. typhi (12mm), S. aureus (12mm) and P. mirabilis 
(13mm). Likewise, acetone extract showed inhibition zones 
against E. coli (12mm) K. pneumonia (13mm), S. typhi (14mm) 
P. mirabilis (15mm) and S. aureus (14mm) (Abubakar, 
2010)(table 1). 
Bacteria Eucalyptus 

camaldulensis 
Eucalyptus camaldulensis Reference  

Clinical 
isolates 

Diameter of 
zones of 
inhibition by 
Aqueous 
extract 

Diameter of zones of 
inhibition by Acetone 
extract 

(Khalaf 
and Zahra, 
2020) 

E. coli 7mm 12mm 
K. pneumonia 9mm 13mm 
S. typhi 12mm 14mm 
S. aureus 12mm 14mm 
P. mirabilis 13mm 15mm 

Table 1: Zone of inhibition (in mm) of Eucalyptus aqueous and 
acetone extract against various pathogen. 
Effect of eucalyptus oil on planktonic bacteria: Planktonic 
bacteria are free-living bacteria that float in liquid media. Effect 
on the planktonic mode of bacterial growth has been measured 
by determining minimum inhibitory concentration (MIC). MIC 
is the lowest amount or concentration of oil that inhibits 
microbial growth in the case of essential oil used as an 
antimicrobial agent (Rodriguez-Tudela et al., 2003). It is 
determined by broth dilution assay in most of the studies and 
the result is measured in the form of turbidity or optical density 
(Rodriguez-Tudela et al., 2003). Eucalyptus oil showed effect on 
different bacterial strains at different concentrations in the 
form of MIC. Some bacterial isolates like Proteus vulgaris were 
inhibited when 25% concentration of oil was used. S. pyogenes 
and S. epidermidis were inhibited at 50% concentration. S. 
aureus and E. coli was inhibited by the highest concentration of 
oil i.e. 100% (Khalaf and Zahra, 2020). Gram-positive bacteria 
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had been widely used for testing the efficacy of essential oil. 
Eucalyptus oil obtained from E. camaldulensis showed 
moderate effect against S. aureus and its MIC ranged from 0.07 
to 0.5%. MIC for other bacterial strains like B. subtilis was 0.17 
to 0.34%; 0.2 to 0.4% against M. luteus and 0.4 to 1.1% against 
S. Pyogenes (Rasooli et al., 2009; Akin et al., 2010; Khubeiz et al., 
2016; Knezevic et al., 2016; Reda et al., 2017). Similarly, the MIC 
values against Gram negative bacterial strains were also 
observed. Among these the most commonly used bacteria was 
E. coli for which MIC value ranged from 0.15 to 3.2%. 0.05 to 
0.32% for K. pneumonia (Khubeiz et al., 2016; Ostad Asiaei et 
al., 2018). A multi drug-resistant bacteria, A. baumannii 
exhibited MIC value of 0.05 to 0.1% (Knezevic et al., 2016) and 
the lowest value of 0.01% was obtained for the bacterium V. 
parachaemoliticus (Khubeiz et al., 2016) (table 2). Another 
study revealed the antimicrobial potential of essential oil 
obtained from E. globulus. The oil proved to be effective against 
all the strains tested with the lowest activity of 3.13 mg/ml for 
P. aeruginosa and S. infantis. The highest activity of oil was 
observed against S. aureus, S. pyogenes and E. coli with MIC of 
0.09 mg/mL (Damjanović-Vratnica et al., 2011). 

Bacterial strains MIC values 
as % 

References  

Gram positive bacteria (Rasooli et al., 2009; Akin et al., 
2010; Knezevic et al., 2016; 
Reda et al., 2017; Ostad Asiaei et 
al., 2018) 

S. aureus 0.07 - 0.5 
B. subtilis 0.17 - 0.34 
M. luteus 0.2 - 0.4 
S. pyogenes 0.4 - 1.1 
Gram negative bacteria  

(Khubeiz et al., 2016; Ostad 
Asiaei et al., 2018) 

E. coli 0.15 - 3.2 
K. pneumoniae 0.05 - 0.32 
A. baumannii 0.05 - 0.1 (Knezevic et al., 2016) 
V. parachaemoliticus 0.01 (Khubeiz et al., 2016) 

Table 2: MIC values of eucalyptus oil against different bacteria 
Antibiofilm activity of eucalyptus essential oil: Recently, it 
was observed that among biofilm-forming bacteria, some 
bacteria form strong biofilms like E. coli while other form 
moderate biofilms like S. aureus. The essential oil of E. 
camaldulensis had shown inhibition against these biofilms at 
different concentrations. Results of the study showing the effect 
of eucalyptus volatile oil against biofilms showed that S. 
epidermidis was inhibited by all concentrations of the oil (72%, 
74%, and 76%). Similarly, the bacteria, K. pneumoniae, E. coli 
and P. vulgaris also showed inhibition at all concentrations but 
in the case of E. coli, the highest inhibition was observed at final 
concentration (97%) of the oil (Khalaf and Zahra, 2020). In the 
above-discussed experiment, the oil was applied before the 
formation of biofilm and had shown a positive effect in 
inhibition of biofilm formation. Another study done on P. 
aeruginosa confirmed that the oil from E. camaldulensis has an 
antibacterial effect against its biofilm. In this experiment, the oil 
was used alone and in combination with ciprofloxacin against 
the bacterial biofilm. The results showed that oil inhibited both 
planktonic and biofilm when used alone and also have a 
synergistic effect when used in combination with ciprofloxacin. 
These experimental observations were obtained by 
determining MIC, BIC (biofilm inhibitory concentration), and 
checkerboard assays of oil and antibiotics against bacteria. 
Checkerboard assays were done by preparing serial dilution of 
oils and antibiotics whereas BIC was determined by using 
serially diluted volatile oil in 48 well plates (Al-Qaysi et al., 

2020). The experimentation on oral Streptococci showed that 
eucalyptus oil has an inhibitory effect on Streptococci biofilm. A 
strong inhibitory effect on biofilm was observed against seven 
samples out of total of 10 bacterial samples. Reduction in the 
biofilm of most oral Streptococci was also observed in 
concentration-dependent way of oil. However, few Streptococci 
strains were observed to stimulate biofilm formation (Bahjat, 
2019).  Research on anti-biofilm activity of eucalyptus oil from 
E. globulus against P. aeruginosa and S. aureus showed that 
essential oil from this plant had a strong inhibitory effect 
against these bacteria and may also affect other Gram positive 
and negative bacteria in similar manner. It was observed that 
both biofilm producers and non-biofilm producers were 
sensitive to eucalyptus oil. 65.43% sensitivity by P. aeruginosa 
biofilm producers and 80.32% sensitivity by non-biofilm 
producer strains of P. aeruginosa was observed. In case of S. 
aureus, the sensitivity by biofilm producers was 54.16% and 
that form on biofilm producers was 68.75%. Biofilm of the 
latter had shown a high degree of sensitivity (Sambyal et al., 
2017). The anti-biofilm activity of essential oil from eucalyptus 
species against P.mirabilis, which is a urinary tract pathogen 
also showed 90% inhibition of the biofilm formation by this 
bacteria (Mathur and Gutte, 2013). 
Effect of lemongrass oil against bacteria: Lemongrass is 
widely used as an antibacterial and antifungal agent6. It has 
proved to be effective against a diverse range of bacteria 
including Streptococcus and Pseudomonas species; these 
bacteria are responsible for food poisoning, lungs, and skin 
diseases (Cimanga et al., 2002). It has also been found to be 
effective against fungi and is used in a large number of 
antifungal skin products as an active ingredient. The 
antimicrobial properties of lemongrass oil mainly depend on 
three components which are geranial, neral, and myrcene. 
Geranial and neral are effective against a vast range of Gram-
positive and Gram-negative bacteria when used individually or 
in combination (Akhila, 2009). On the other hand, myrcene is a 
weak antimicrobial agent showing moderate inhibitory activity 
(Vadlapudi and Naidu, 2009). Antimicrobial activity of essential 
oil of three lemongrass species i.e., Pragati, Praman, and 
Suvarna were tested against Gram-positive bacteria (S. aureus 
and B. subtilis) and Gram-negative bacteria (E. coli and P. 
aeruginosa). The powerful antimicrobial effects were showed 
by essential oil obtained from Suvarna. These three distinct 
essential oils showed effective antimicrobial action towards all 
microbes except for B. subtilis. Likewise, S. aureus was found to 
be more inhibited by use of these essential oils (Kumar et al., 
2016). Much of the research has shown the effect of active 
ingredients of lemongrass oil alone and in combination with 
other essential oils to be more effective against Gram-positive 
bacteria than Gram-negative bacteria (Mith et al., 
2014).  Lemongrass essential oil was tested against S. aureus, B. 
cereus, B. subtilis, E. coli, K. pneumonia and P.  aeruginosa (Naik 
et al., 2010). All of the bacteria were susceptible to various 
concentrations of lemongrass essential oil except for P. 
aeruginosa which did not respond to any of the tested 
concentrations even the pure one. This indicates the 
effectiveness of essential oils against a large bacterial 
population that is responsible for a wide variety of diseases 
(Premathilake et al., 2018). Lemongrass essential oil was also 
found to be effective against bacteria related to food poisonings 
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such as Listeria monocytogenes and Salmonella typhimurium as 
reported by Reis‐Teixeira et al. (2019). This proves its potential 
candidate for food preservation while not compromising the 
quality and nutrition of the food. Various studies on 1400 
bacterial and fungal isolates were tested for their susceptibility 
to lemongrass oil and around 40% of the species were 
effectively eliminated using lemongrass oil at different 
concentrations (Singh et al., 2017). 
Antibiofilm activity of lemongrass oil: Diseases that were 
previously very easy to treat with antibiotics are no longer 
responding to even high doses giving rise to multidrug-resistant 
bacteria (MDR) bacteria. Those bacteria have acquired 
antibiotic-resistant genes that make antibiotics completely 
ineffective. Some bacteria, however, in addition to acquiring 
antibiotic resistance have developed other strategies such as 
aggregation of bacteria in a protective coating or biofilms 
(Watnick and Kolter, 2000). These biofilms protect the bacteria 
from a range of biotic and abiotic factors rendering most of the 
treatments ineffective against them. Among the many 
advantages of biofilms is their ability to make the colony of the 
bacteria more resistant to typical bactericidal agents such as 
antibiotics, chlorine, and detergents. That is because of the 
exopolysaccharide, which bacteria secrete in biofilm mode 
(Watnick and Kolter, 2000). Most chronic infectious diseases in 
humans such as pneumonia and other life-threatening diseases 
are caused by Streptococci. P. aeruginosa forms biofilms and 
causes lung infections in patients suffering from cystic fibrosis. 
Essential oils of lemongrass have components that can break 
this biofilm protective covering and interferes with the 
molecular mechanisms of bacteria thus reducing their ability to 
reproduce and disrupting their cytoplasm (Brooker and Kleinig, 
2004). Essential oil from lemongrass has proved to be an 
effective treatment for such biofilms forming bacteria.  
The combined effect of eucalyptus and lemongrass oils: 
Lemongrass and eucalyptus in combination possess remarkable 
strength against different bacteria and diseases. Ghalem and 
Mohamed (Ghalem et al., 2008) observed great inhibitory 
activity by both oils against Gram-positive bacteria B. subtilis 
and K. pneumonia and a moderate effect on Gram-negative 
bacteria E. coli and S. aureus. Combination of eucalyptus and 
lemongrass in 1:1 express a high inhibitory effect towards B. 
subtilis and K. pneumonia and less inhibitory effect towards E. 
coli and S. aureus (Alma et al., 2004). Essential oils extracted 
from lemongrass and eucalyptus is used traditionally for the 
cure of typhoid fever and malaria. In the treatment of diseases 
like stomach ache and typhoid fever, a mixture of leaves and 
grass of both plants were found to be effective (Kakarla and 
Ganjewala, 2009). There has been so much research on the 
antimicrobial potential of lemongrass and eucalyptus against 
different bacterial and fungal diseases in the eastern medicine 
system (Mohamed and Ibrahim, 2007). Some authors also 
suggested the use of these oils as an anti-inflammatory agent 
because of their ability to modify the immune response in 
localized areas (Akin-Osanaiye et al., 2007; Dabur et al., 2007). 
Thus these oils have a special place in traditional herbal 
medicine. More research is needed to effectively manipulate the 
true potential of these oils as bactericidal agents without 
inducing resistance in bacteria and fungi (Jafari et al., 2012). 
Mode of action of eucalyptus and lemongrass oils: 
Lemongrass and eucalyptus oils are composed of many 

components and their antibacterial activity depends on the site 
of the attack on bacteria. Both plant oils attack on different sites 
depending on the lipophilicity of constituents of the oil. Thus, 
lipophilicity performs an important function in antibacterial 
activity by penetrating the lipid layer of the cell of bacteria, and 
due to this penetration mitochondria cause’s cell to lose its 
structural organization (Burt, 2004). Oil components first bind 
with the surface of the bacterial cell wall causing it to swell and 
then disrupts the membrane of cytoplasm and cell shrink in 
response to oil components. The disruption in the structural 
organization of cytoplasm occurs more than cell walls. Thus, a 
major component of the bacterial cell that is affected by oil is 
cytoplasm (Aiemsaard et al., 2011) figure 2. 

 
Figure 2: Steps of mode of action of essential oil. 
CONCLUSION: Essential oils of lemongrass and eucalyptus are 
reported to have a promising effect against Gram-positive 
bacteria compared to Gram-negative bacteria. The combination 
of both oils has proven inhibitory effect against a vast range of 
microbial strains either Gram-positive or Gram-negative 
bacteria in planktonic mode and biofilm mode. The 
antimicrobial action of the oil mainly depends on its chemical 
constituents. Essential oil components show antimicrobial 
activity by disrupting the structural organization of cells of 
bacteria mainly by destroying cytoplasm. Therefore, they can be 
used to overcome the problem of bacterial resistance which is 
due to the repetitive use of antibiotics. Thus, these oils can be a 
good and natural replacement for different drugs and 
medicines. Further study is needed to combine oils with other 
herbal plants extracts and oils, antimicrobial drugs, and 
products to determine their synergistic effect with those 
compounds. Such studies will be beneficial in developing new 
drugs and medicines that will flourish the area of medicine and 
pharmaceutics. Research efforts must be directed toward 
detailed mechanism understanding. Detail studies will reduce 
the problems related to antibiotics, reducing the burden on the 
healthcare system, and aversion of the antibiotic apocalypse. 
Furthermore, studies on herbal compounds and oils can cause 
pharmaceutical industries to develop different drugs from 
natural products. 
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