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ABSTRACT

Objective: The present work aims to compare the essential oils (EOs) of Lemongrass (Cymbopogon citratus), Clove (Syzygium aromaticum), and Tulsi 
(Ocimum sp.) having antimicrobial activity and to find the most effective EO against different types of foodborne microorganisms.

Methods: The EOs were investigated for its antimicrobial activity against different types of Gram-negative and Gram-positive bacteria such as 
Escherichia coli, Micrococcus luteus, Staphylococcus aureus, and Bacillus cereus and fungal strains such as Aspergillus niger, Candida albicans, Chaetomium 
globosum, and Penicillium funiculosum by agar well diffusion method. The antimicrobial actions of these EOs were evaluated by calculating the zone 
of inhibition.

Results: Of the three EOs used in the study, the effect of clove oil was found greater against all the microorganisms followed by lemongrass 
and tulsi EOs. All the microorganisms used in the study were found sensitive to clove EO, wherein the highest zone of inhibition was observed 
in A. niger (41.56±5.05 mm) and P. funiculosum (40.34±4.83 mm), and C. globosum (39.53±1.69 mm) and smallest in S. aureus (9.77±0.93) and 
E. coli 1(11.07±0.52). Moreover, it was also found that EOs exhibit more sensitivity toward Gram-positive bacteria than Gram-negative bacteria.

Conclusion: The successful effectiveness of EO can play an important role in resolving the major problem of human health arising due to the use 
of chemical preservative. It was found that EO of clove oil was the most effective against fungal and bacterial strains than lemongrass and tulsi EOs. 
Furthermore, clove oil is less costly than lemongrass and tulsi oil; it can be more economic and promising to be used as a food preservative against 
foodborne pathogens.
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INTRODUCTION

Food preservatives are the compounds which are being tremendously 
used for increasing the lifespan of food, by preventing decomposition 
caused by the growth of microorganisms and maintaining the quality and 
integrity of food [1]. From the past few decades, the synthetic chemical 
compounds such as sodium benzoate, benzoic acid, sodium sorbate, 
potassium sorbate, and sodium nitrite and nuclear radiations are being 
used by food industries as preservatives. These have proved to be very 
efficacious in increasing the shelf life by preventing or delaying the 
growth of bacteria, molds, insects, and other harmful microorganisms. 
Synthetic compounds and radiations which are being used to preserve 
food are not only making foods toxic and radioactive but are also 
causing changes in the quality of food, color, taste, and texture [2] and 
cause severe harmful effects such as headache, palpitations, allergies, 
stomach cancer, skin rashes, and asthma [2,3]. The symptoms of disease 
or allergy can be simply noticed after consuming these foods, but some 
people develop these symptoms after certain period of time, so it 
becomes hard to know the cause of problem. Harmful effects arising 
from tremendous use of synthetic compounds have encouraged the 
idea of replacing the chemical additives with essential oils (EOs) having 
natural antimicrobial properties, antioxidant properties, and their 
application in food preservation.

EOs extracted from plants are volatile and aromatic liquids [4-6]. The 
chemical compositions of EOs play a significant role in antimicrobial 
properties and it depends on their content, concentration, and 
interactions between the main active compounds. Chemical compounds 
such as eugenol, thymol, linalool, sesquiterpenes, cymene, terpenoids, 
monoterpenes, and specially geranial [7] or their oxygenated 

derivatives present in plant-derived EOs can easily pass across the cell 
membrane to bring biological reactions [8,9]. There are numbers of EOs 
of medicinal and herbal plants which can be used as food preservative 
such as tea tree, thyme, lemongrass, oregano, rosemary, calamint, clove, 
tulsi or lavender, and many others [10].

Ocimum tenuiflorum or Ocimum sanctum (Tulsi) is commonly known as 
“Queen of plants” and the “mother medicine of nature” due to its unique 
antimicrobial properties. Tulsi EO and their principal constituents 
thymol (53.2%), γ-terpinene (25.7%), eugenol (12.7%), and p-cymene 
(7.3%) are known to exhibit properties such as antimicrobial, 
antioxidants, analgesics, stress reducers, inflammation reliever, anti-
asthmatic, hypotensive, and immune modulatory agents [11].

Clove (Syzygium aromaticum) is found to be one of the richest sources 
of phenolic compounds such as eugenol (76.8%), β-caryophyllene 
(17.4%), α-humulene (2.1%), and eugenyl acetate (1.2%) and 
possesses great potential for pharmaceutical, antioxidant, and 
antimicrobial activity. These properties are found much higher in clove 
than in fruits, vegetables, and other spices so it should deserve special 
attention [12].

Cymbopogon citratus, commonly known as lemongrass, is herbal 
plant which belongs to the grass family of Poaceae. The major 
constituents of EO from this which is responsible for its antimicrobial 
activity are geranial (45.7%), myrcene (3.9%), and 6-methylhept-5-
en-2-one (2.7%). The lemongrass is more efficacious as compare to 
penicillin and its effectiveness is due to its bacterial and antifungal 
properties [13].
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As no previous comparative study of EOs (lemongrass, clove, and tulsi) 
against all the selected pathogens has been carried out; therefore, 
the study is novel. The objective of this research paper is to perform 
a comparative study of the antimicrobial activity of lemongrass, clove, 
and tulsi (EOs) oils against nine different types of foodborne pathogens 
(bacterial and fungi) and to find the most effective EO against these 
microorganisms.

METHODS

The present study was conducted to investigate the activity of 
lemongrass, clove, and tulsi oil against various selected foodborne 
microorganisms.

Procurement of chemicals
The EO of lemongrass, clove, and tulsi was procured from Sigma-
Aldrich, India.

Bacterial and fungal strains
The standard strains of pathogens were purchased from National 
Collection of Industrial Microorganisms, Pune. Two strains of Gram-
negative bacteria, namely Escherichia coli 1 (ATCC No-8739) and 
E. coli 2 (ATCC No-10536), and three strains of Gram-positive bacteria, 
namely; Micrococcus luteus (ATCC No-9341), Bacillus cereus (ATCC No-
11778), and Staphylococcus aureus (ATCC No-29737), and against four 
strains of fungus, namely Candida albicans (ATCC No-3471), Aspergillus 
niger (ATCC No-16404), Penicillium funiculosum (ATCC No-11797), and 
Chaetomium globosum (ATCC No-6205).

Preparation of inoculum
Nutrient agar slants were used to streak the bacteria followed by 
incubation overnight at 37°C, whereas Chloramphenicol Yeast Glucose 
Agar slants were used to streak the fungus followed by incubation for 
5 days at 22°C.

Preparation of EOs
About 30% of concentrations (v/v) of EO were prepared aseptically 
using sterile Tween-80.

Antibacterial activity
The activities of bacterial and fungal cultures for the inhibitory effect 
of EO for 30% concentration were performed using agar well diffusion 
method [14].

Agar well diffusion assay (inhibition of zone evaluation)
Antimicrobial activity and resistance were estimated using agar 
well diffusion assay method. 0.5 McFarland density of bacterial 
and 0.8 McFarland density of fungal culture were adjusted to 
1.0 × 108 CFU/ml using normal saline (0.85% NaCl) and Densitometer 
(Biosan) instrument. 100 µl of each adjusted cultures were added to 
individual molten cool MHA (Mueller-Hinton agar), sterile Petri plates 
and these plates were allowed to solidify. Sterile cork was used to punch 
6 mm diameter wells at different places of plates. About 100 µl of all 
EOs were added into the wells of assay plates. Plates with bacterial 
growth were kept for incubation at 37°C overnight whereas with fungal 
growth were kept for incubation at 22°C for 5 days. After incubation, 
Vernier caliper was used to measure the diameters of zone of inhibition 
observed on the Petri plates.

Statistical analysis
The experimentations were performed in quadruplicate and the results 
were depicted in mean ± standard deviation for each microorganism 
in the tables and mean ± standard error in the graph using the SPSS 
software.

RESULTS

In this study, EOs were tested against different foodborne 
microorganisms containing both Gram-positive bacteria and Gram-
negative bacteria and fungi. The mechanism of the chemical composition 

of EOs and their components can have a single target or multiple targets 
of their activity. All the selected microorganisms exhibited difference in 
their sensitivity against different EOs when tested by agar well diffusion 
assay (Table 1).

The diameter of the zones of inhibition varied depending on EOs (30%) 
and bacterial or fungal species used. The strongest inhibition activity 
of lemongrass EO was observed against A. niger (50.15±0.82 mm), 
C. albicans (37.17±2.03 mm), C. globosum (34.73±1.21 mm), and 
M. luteus (20.47±1.47 mm) (Table 1), (Figs. 1 and 2) as compared to 
clove and tulsi oils tested. Clove oil showed higher activity against 
A. niger (41.56±5.05 mm), P. funiculosum (40.34±4.83 mm), and 
C. globosum (39.53±1.69 mm), respectively, compared to other 
oils (Fig. 1). Similar greater zone of inhibition was observed in 
P. funiculosum (21.17±1.37 mm), A. niger (19.26±1.78 mm), and 
C. globosum (18.62±0.37 mm) against tulsi oil (Fig. 1). Clove and tulsi oil 
showed shorter zones of inhibition against S. aureus (9.77±0.93 mm), 
respectively (Fig. 2), when compared to other bacterial isolates. Clove 
(11.07±0.52 mm) and tulsi (14.26±0.82 mm) oils produced smaller 
sizes of zones against E. coli 1 (Fig. 3) relative to other bacteria studied. 
Tulsi oil showed no zone of inhibition against M. luteus as compared 
to lemongrass (20.47±1.47 mm) and clove oils (14.55±4.60 mm). 
Similarly, no zone of inhibition was measured in B. cereus isolate against 
tulsi oil whereas against lemongrass (19.41±1.03 mm) and clove oil 
(13.86±1.19 mm), smaller zone size was observed. In E. coli 2 isolate, 
zone of inhibition was observed only against clove oil (12.8±2.05 mm). 
Results of the antimicrobial action of EOs by agar well diffusion method 
exhibited that Gram-positive bacteria are much sensitive against the 
EOs than Gram-negative bacteria (Table 1).

A. niger was found to be more sensitive to lemongrass followed by 
clove and tulsi oils used in this experiment. Hammer [5] reported 
similar antimicrobial activity of EOs. In this study, clove and lemongrass 
oils were found most microfungicidal against C. globosum species. 
The antimicrobial activity of lemongrass has also been reported 
against Cymbopogon citrates [14] and their large percentage of citral 
(3,7-dimethyl-2,6-octadienal) constituent [15-17]. The lemongrass oil 
can easily attach and penetrate to the cell wall of pathogens and cause cell 
lysis due to the presence of high lipophilicity and volatility [18]. Several 
studies have revealed the antimicrobial effects of clove oil [19,20]. 
Clove oil inhibits the activity of pathogens due to the presence of 
several main active constituents such as eugenol, eugenyl acetate, beta-
caryophyllene, and 2-heptanone [21]. All the microorganisms used in 
the study, namely A. niger, C. albicans, C. globosum, M. luteus, S. aureus, 
B. cereus, P. funiculosum, E. coli 1, and E. coli 2 were found sensitive 

Table 1: Antimicrobial activity of EOs against various foodborne 
microorganisms

Zone of inhibition (mean±SD)

Name of 
microorganisms

Lemongrass Clove Tulsi

Gram-negative bacteria
E. coli 1 13.88±1.32 11.07±0.52 14.26±0.82
E. coli 2 0 12.8±2.05 0

Gram-positive bacteria
M. luteus 20.47±1.47 14.55±4.60 0
B. cereus 19.41±1.03 13.86±1.19 0
S. aureus 19.56±5.83 9.77±0.93 9.25±0.67

Fungi
A. niger 50.15±0.82 41.56±5.05 19.26±1.78
C. albicans 37.17±2.03 18.16±1.27 10.66±0.68
C. globosum 34.73±1.21 39.53±1.69 18.62±0.37
P. funiculosum 15.17±1.01 40.34±4.83 21.17±1.37

n=4, Zone of inhibition (mean±SD). EOs: Essential oils, SD: Standard deviation, 
E. coli: Escherichia coli, M. luteus: Micrococcus luteus, B. cereus: Bacillus cereus, 
S. aureus: Staphylococcus aureus, A. niger: Aspergillus niger, C. albicans: Candida 
albicans, C. globosum: Chaetomium globosum, P. funiculosum: Penicillium 
funiculosum
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Fig. 1: Zone of inhibition of fungus against different essential oils

Graph 1: Comparison between the zones of inhibition of essential oils against all test microorganisms as mean ± standard error. x (axis) = 
Name of microorganisms, y (axis) = Zone of inhibition (in mm)
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to clove EO, wherein the highest zone of inhibition was observed in 
A. niger, C. globosum, and P. funiculosum and the smallest zone size was 
observed in S. aureus and E. coli 1 (Graph 1).

Mishra reported the antibacterial activity of tulsi oil against Gram-
positive and Gram-negative bacteria [22]. Our results exhibit fungistatic 
activity of tulsi oil against P. funiculosum, A. niger, and C. globosum. 

However, less or no activity was observed against S. aureus, M. luteus, 
B. cereus, and E. coli 2 (Graph 1).

DISCUSSION

Some EOs exhibit distinct activity in inhibiting the mycelia growth [23]. 
Tyagi and Malik [24] have reported in their study that fungal cells lose 
their original shape and appeared shrunken and partially deformed. 

Fig. 2: Zone of inhibition of Gram-positive bacteria against different essential oils

Fig. 3: Zone of inhibition of Gram-negative bacteria against different essential oils
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Several investigators have reported that EOs affect and damage 
bacterial cell membrane [25-27]. Moreover, EOs exhibit more sensitivity 
toward Gram-positive bacteria than Gram-negative bacteria [26]. This 
might be attributed to the inflexible, complex and lipopolysaccharide 
(LPS)-rich external layer of Gram-negative bacteria, which inhibits 
passage of hydrophobic compounds through its membrane, unlike 
Gram-positive bacteria which have thick peptidoglycan wall that is 
inefficient to prohibit the passage of small antimicrobial molecules 
through it [28-30]. In addition, Gram-positive bacteria may facilitate 
the passage of hydrophobic compounds of EOs due to the lipophilic 
ends of lipoteichoic acid present in the cell membrane. The comparative 
study of the effectiveness of EOs (lemongrass, clove, and tulsi) in the 
present work on the various test microorganisms suggests them as 
an efficacious antimicrobial agent where strong inhibition activity 
was found against fungal strains than bacterial (Gram-positive 
and -negative) strains (Fig. 2). Furthermore, of the three EOs used in 
the study, effect or sensitivity of clove oil was found greatest against all 
the microorganisms followed by lemongrass and tulsi EOs.

CONCLUSION

All EOs included in this study possess good antimicrobial activity and 
can thus be consumed in context of the health benefit as they inhibit 
the growth against common foodborne pathogens. It was found that EO 
of clove oil was the most effective against fungal and bacterial strains 
than lemongrass and tulsi EOs. Furthermore, clove oil is less costly than 
lemongrass and tulsi oil; it can be more economic and promising to be 
used as a food preservative against foodborne pathogens.
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