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Background
Nowadays, bacteria are considered as the main cause of 
morbidity and mortality in many developing countries, 
especially amongst children. Among the bacterial patho-
gens, Escherichia coli, Salmonella spp, and Staphylococcus 
aureus are most prevalent.1 In the recent decades despite 
developments of different types of antibiotics by pharma-
cological industries, resistance to antibiotics has been in-
creased significantly in many bacterial pathogens.

In general, bacteria have several genetic mechanisms to 
transmit and acquire resistance to antibiotics.2-4 The anti-
bacterial resistance in the bacterial populations is rapidly 
spreading; this is a serious threat to successful treatment 

of infectious diseases.1,5 On the other hand, the side ef-
fects associated with the commercial antibiotics are fre-
quently reported.6 In this regard, there is an urgent and 
continuous need for finding and investigating novel anti-
microbial compounds. 

Most of the antibiotics have been developed from mi-
croorganisms. Moreover, the plant materials remain an 
important resource for finding the novel antimicrobial 
compounds.1,7 There are many published reports on the 
antibacterial effectiveness of the traditional herbs against 
the gram-positive and gram-negative bacteria.1 Microbial 
cells are  negatively affected by plant-derived substances 
via various mechanisms of actions as these substances at-
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tack the  phospholipid bilayer of the cell membrane and 
disrupt enzymatic systems. The medicinal herbs have the 
bacteriostatic effects on the enzymatic activity associated 
with energy production, or they can cause denaturation 
of  proteins, modifying cell wall permeability, or causing 
the  loss of macromolecules. Therefore, it is difficult  for 
the microorganisms to develop resistance against these 
medicinal herbs.8 

The genus Citrus is one of the most effective herbs in 
traditional medicine that belongs to the family of Ruta-
ceae. Citrus is the native genus of tropical and subtropical 
areas in Asia.9 The members of this genus are character-
ized by many  biologically active secondary metabolites 
such as flavonoids, limonoids, coumarins and furanocou-
marins, sterols, volatile oils, organic acids, and alkaloids. 
Many Citrus species are recognized for their medicinal, 
physiological, and pharmacological activities including 
antimicrobial,  antioxidant, anticancer, anti-inflamma-
tory, and hypoglycaemic activities.10 There has been an 
increasing interest in looking for the antimicrobial prop-
erties of the plant-derived extracts particularly the essen-
tial oils. Essential oils are rich sources of the biologically 
active compounds with antibacterial, antifungal, antiviral, 
insecticidal, and antioxidant properties.5 

Objectives
The purpose of this study was to determine the antibac-
terial  effects of  leaf methanolic extract and essential oil 
of three species of Citrus against Escherichia coli, Bacillus 
subtilis, S. aureus, and Salmonella typhi by agar disc diffu-
sion and E-test method.

Materials and Methods
Plant Collection and Identification
The fresh leaves of Citrus grandis, Citrus reticulata, and 
Citrus limon were collected in the Research Station of 
the Faculty of Agriculture (Shahid Chamran University 
of Ahvaz, Iran) in July 2015. The plants were identified 
phenotypically and confirmed for taxonomic identity by 
Dr. A. Eftekhari, Faculty of Agriculture, Shahid Chamran 
University. Voucher specimens were deposited at Faculty 
of Pharmacy, Ahvaz Jundishapur University of medical 
sciences, Iran.

Microbial Strains
The reference strains of four bacteria including S. aureus 
(PTCC 1112), E. coli (PTCC 1399), B. subtilis (PTCC 
1156), and S. typhi (PTCC 1609) were obtained from Per-
sian Type Culture Collection, Tehran, Iran. The strains 
were sub cultured for further use. The stock cultures were 
maintained on nutrient broth medium plus 10% glycerol 
at -80°C.

Extraction of Leaf Extract
The plants were shade-dried at room temperature for 72 
hours and powdered in a blender. One hundred grams of 

each sample powder was weighed accurately and allowed 
to soak in 500 mL of 80% methanol (Merck, Germany). 
These extracts were incubated at ambient temperature 
for 24 hours. The extract was filtered through Whatman 
filter paper No. 3 and the solvent was evaporated under 
reduced pressure using vacuum evaporator at 40°C to dry. 
The extracts were transferred to glass vials and kept at 4°C 
before use.11

Preparation of Different Concentrations of Methanolic 
Extracts
Different plant extracts used in this study were dissolved 
in 80% methanol for evaluation of their antimicrobial sus-
ceptibility. The concentrations were as follows: C. reticu-
lata 400 mg/mL, C. limon 150 mg/mL, and C. grandis 200 
mg/mL. 

Extraction of Leaf Essential Oil
The fresh leaves (50 g) of C. grandis, C. reticulata, and C. 
limon were separately subjected to hydro-distillation for 6 
hours using a Clevenger-type apparatus. All essential oils 
were dried over anhydrous sodium sulphate and stored 
in brown vials in the refrigerator at 4°C for the next step 
of test.10,11

Preparation of Different Concentrations of Essential 
Oils
The stock solution of essential oils was prepared by dis-
solving 10 mg of leaf essential oils of three Citrus species 
in 10 mL of 80% methanol. Eight dilutions of these essen-
tial oils were made for determination of minimum inhib-
itory concentration (MIC). The concentrations of the C. 
limon leaf essential oil were prepared as follows: 160, 80, 
40, 20, 10, 5, 2.5, and 1.25 mg/mL. The concentrations of 
the C. reticulata leaf essential oil were prepared as: 180, 
90, 45, 22.5, 11.25, 5.75, 3, and 1.5 mg/mL and those of the 
C. grandis as: 120, 60, 30, 15, 7.5, 3.75, 2, and 1 mg/mL.12

Antimicrobial Susceptibility Test
Antibacterial activity was measured by disc diffusion 
method (Kirby-Bauer method). The paper disc diffusion 
(CLSI, 2015) was employed to determine the antibacterial 
activity of both essential oil and extract of the respective 
herbal preparations. All bacterial strains were grown sep-
arately in sterile Mueller Hinton agar (Merck, Germany) 
plate for 4 hours at 37°C. The turbidity of the inoculum 
was adjusted to 0.5 McFarland standard. The inoculum 
was spread over Mueller Hinton agar plate using a sterile 
cotton swab for obtaining a uniform microbial growth. 
The blank discs (Patan teb, Iran) were loaded with 10 µL 
of essential oils and extracts of three Citrus leaf species 
according to concentrations of the sterile condition. A 
blank disc was also loaded with 10 µL of 80% methanol as 
negative control. The plates were incubated for 24 hours 
at 37°C. After incubation, the diameters of the growth in-
hibition zones were measured.
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Determination of Minimum Inhibitory Concentration
MIC was measured by modified E-test method.12,13 All 
bacterial strains were grown separately in sterile Muel-
ler Hinton Broth (Merck, Germany) tube for 4 hours at 
37°C. The turbidity of the inoculum was adjusted to 0.5 
McFarland standard. The inoculums were spread over the 
Mueller Hinton agar plate using a sterile cotton swab for 
obtaining a uniform microbial growth. The plates were 
dried at ambient temperature for 15 minutes before ap-
plying the discs. Eight sterile discs (6 mm in diameter) 
were kept on the agar surface in a line. Ten microliters of 
each dilution was separately impregnated with the disc. 
The diluted inoculum was incubated for 24 h at 37°C. The 
final concentrations of the essential oil of C. limon leaf 
were prepared as follows: 1600, 800, 400, 200, 100, 50, 25, 
and 12.5 µg/mL. The final concentrations of the essential 
oil of C. reticulata leaf were prepared as: 1800, 900, 450, 
225, 112.5, 56.25, 28, and 14 µg/mL, and those of the es-
sential oil of C. grandis leaf were prepared as: 1200, 600, 
300, 150, 75, 37.5, 18.75, and 9.5 µg/mL. After incubation, 
the MICs were determined by detecting cut-off disc of the 
growth inhibition zones (Figure 1). This test was repeated 
for three times and the average results were reported.

Results
In this study, MICs of different Citrus leaf extracts were 
determined against four food-borne pathogens. The es-
sential oils obtained from C. grandis leaf exhibited a sig-
nificant antimicrobial activity against four tested patho-
gens. The essential oils extracted from leaves of C. limon 
and C. reticulata exhibited effective antimicrobial activ-
ities against S. aureus, E. coli, and B. subtilis. However, 
none of methanolic extracts derived from these three 
Citrus species showed antimicrobial activity against the 
tested bacteria. The C. grandis leaf essential oil had potent 
antimicrobial activity against all four pathogens, and the 
C. limon leaf essential oil was effective on Gram-positive 
bacteria. Salmonella typhi was resistant against two leaves’ 
essential oils. The result of antibacterial activity of Citrus 
leaf essential oil is shown in Table 1.

Overall, the essential oils obtained from C. grandis leaf 
exhibited significantly higher activity against Gram neg-
ative bacteria like E. coli and S. typhi than those against 
Gram positive bacteria like S. aureus and B. subtilis. The 
essential oils extracted from leaf of C. limon showed sig-
nificantly higher antibacterial activity against Gram pos-
itive bacteria such as S. aureus and B. subtilis than those 
against Gram negative bacteria like E. coli and S. typhi. 
The essential oils obtained from C. limon and C. reticulata 
had no activity against S. typhi.

Discussion
Essential oil and extract of plants have many potential 
applications and have been used for many thousands of 
years in food preservation, pharmaceuticals, alternative 
medicine, and natural therapies.10,12 Essential oils are po-
tential sources of novel antimicrobial compounds espe-
cially those against bacterial pathogens.12 The volatile oils 
particularly essential oils of Citrus spp have shown bacte-
ricidal and fungicidal activities.10 Citrus essential oils are 
a mixture of volatile compounds and are consisted mainly 
of monoterpene hydrocarbons. The studies have shown 
that monoterpenes exert damaging effects on microbial 
membrane.13 An important characteristic of essential oils 
is their hydrophobicity, which enables them to divide 
the lipids of bacterial cell membrane and mitochondrial 
membrane, thereby disturbing the cell structure and mak-
ing it more permeable. Extensive leakage from bacterial 
cells or the exit of critical molecules and ions would lead 
to bacterial death. Gram-negative bacteria were more sen-
sitive to the essential oils than gram-positive bacteria.12

Microbes are all around us and because of their resis-
tance to many antibiotics, it has now become difficult to 
control them.4 Staphylococcus aureus is a common cause 
of food poisoning in releasing enterotoxins into food. 
Escherichia coli are bacteria found in the environment, 
food, and intestines of both humans and animals. Esche-
richia coli cause serious food poisoning in their hosts. Ba-
cillus subtilis is found in soil and in gastrointestinal tract 
of ruminants and humans. Bacillus subtilis presents some 
risk to humans. Typhoid fever is a potentially fatal multi-
systemic bacterial infection caused by S. typhi. 

A large number of researchers have focused on the 
study of peel of Citrus fruits and their antimicrobial ac-
tivities,2,6,16-19 however our search of the literature revealed 
that there is a few studies about the antimicrobial activity 
of Citrus leaves. Therefore, the current study was done 
on antimicrobial activity of methanolic extract and hy-
dro-distilled essential oil of citrus leaves.

In this study, MICs were determined for the antimicro-
bial activities of a few Citrus leaf extracts and essential oils 
and assayed against all four food-borne pathogens (S. au-
reus, E. coli, B. subtilis, and S. typhi). Among them, the C. 
grandis leaf essential oil had potent antimicrobial activity 
against all four pathogens, and the C. limon leaf essential 
oil was the most effective agent against gram-positive bac-
teria. S. typhi was observed resistant against two leaves’ 
essential oils. No antimicrobial activity was observed 
for the citrus leaf extracts against the selected bacterial 
strains. Leaf extracts might show antimicrobial activity 
against other bacterial strains or may show such activity 

Table 1. The Minimum Inhibitory Concentration Values (µg/mL) of the Essential Oils of Citrus Leaves Against Tested Bacteria

Name of Plants Staphylococcus aureus Escherichia coli Bacillussubtilis Salmonella typhi

Citrus limon 200 400 200 -

Citrus reticulata 900 900 1800 -

Citrus grandis 900 150 600 300
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with further modifications in the extraction protocols.
Ekwenye and Edeha in 2010 evaluated the antibacteri-

al activity of ethanolic and aqueous leaf extract of Citrus 
sinensis against bacterial strains like E. coli, Pseudomonas 
aeruginosa, Klebsiella pneumoniae, and S. aureus. The 
antibacterial effect of aqueous extract showed a zone of 
inhibition on E. coli, which was 7 mm in diameter, while 
on the other organisms it showed little or no zones of in-
hibition ranging from 0-3 mm in diameter. The ethanolic 
extract also showed little zones of inhibition on the test 
organisms ranging from 1-3 mm in diameter. The MIC 
evaluated on the ethanolic and aqueous extracts using a 
2-fold serial dilution showed no zones of inhibition.20 A 
similar study was conducted by Hamdan et al in 2013 on 
the antimicrobial activity of the hydro-distilled essential 
oil of the fruit peel and the leaf of the Egyptian Cleopatra 
mandarin. The results revealed that all the tested essential 
oils had moderate antibacterial activities against bacteria 
including S. aureus, E. coli, K. pneumonia, and P. aerugi-
nosa.10 Adnan et al in his 2014 study observed that the 
methanolic extracts of leaves of C. sinensis and Citrus par-
adisi had high antitumor activities, whereas there was no 
antimicrobial activity against specified strains including S. 
aureus, Micrococcus luteus, E. coli, Bordetella bronchisepti-
ca, Salmonella typhimurium, and Enterobacter aerogens.21

The C. limon leaf essential oil showed broad spectrum 
inhibitory against all gram-positive test bacteria. The 
higher antibacterial activity of the hydro-distillated es-
sential oil from C. lemon leaf against gram-positive bac-
teria was related to Limonene content. There are high-
er amounts of Limonene in C. limon leaf oil (29.13%). 
The other compounds are Neral (12.72%), neryl ace-
tate (8.53%), p-menth-1-en-7-al (4.63%), beta-pinene 
(6.35%), and nerol (4.42).22 Therefore Limonene could be 
a potential component which contributed to the antibac-
terial activity of C. limon. These findings encourage the 
use of these oils as antimicrobial agents topically or inter-
nally from Citrus spp. 

In the present study, C. grandis leaf essential oil had the 
most powerful antimicrobial properties and was found 
to be effective on both Gram positive and Gram negative 
organisms. Our present results demonstrated that the Cit-

rus leaves could be very good source for the extraction 
of antimicrobial components. In addition, the resulting 
Citrus leaves’ essential oils showed a wide spectrum of 
antimicrobial activities against tested bacteria, thereby 
suggesting their use as natural preservative in foods or an 
effective medicine against different pathogenic microbes. 
These results suggest that essential oils not only would be 
a natural alternative for chemicals in food preservation, 
but also could be used as a drug after proper pharmaco-
logical evaluation and clinical trials. 
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