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Abstract

Medicinal plants are the oldest known source for the treatment of diseases. The use of plants and plant
extracts for isolation of pharmaceutical compounds has received increasing attention from researchers
over the past decades. We determined the antibacterial activity of dried black lime (Citrus aurantifolia)
extracts on Gram-positive and Gram-negative human pathogens, including FEnferococcus faecalis,
Staphylococcus aureus, wmethicillin-resistant Staphylococcus aureus (MRSA), Escherichia coll,
Pseudomonas aeruginosa and Salmonella typhimurium by using agar well diffusion methods. Crude
extracts were obtained from different organic solvents and from sterile distilled water as an aqueous
solvent. Considerable antibacterial activity was observed for the methanolic extracts, particularly
against E. faecalis. P. aeruginosa was the most susceptible among the Gram-negative bacteria. HPLC
analysis of methanol dried lime extracts revealed a peak with a retention time of similar to that of the

standard gallic acid, which is known to have potent antibacterial activity.
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Abbreviations:

DLe: Dried Lime extracts; E. coli: Escherichia coli; E.
faecalis: Enterococcus faecalis; MRSA: Methicillin-Resistant

Staphylococcus — aureus; P aeruginosa:  Pseudomonas
aeruginosa; S. aureus: Staphylococcus aureus; S. typhimurium:
Salmonella typhimurium.

Introduction

Plant-derived products have been used for medicinal purposes
for many centuries. Herbs and spices, which are generally
considered safe, have proven to be effective against certain
ailments [1,2]. According to the World Health Organization,
approximately 80% of the global population use herbs to treat
ailments, with a lower usage in developed countries than in
less developed countries [2]. As bacterial resistance to
pharmaceutical agents becomes more common, several studies
have focused on the antibacterial activities and potential use of
plant-derived products, such as dried lime.

It is well-established that citrus fruits contain a wide range of
bioactive compounds, such as phenolics, flavonoids, vitamins
and essential oils, which are mainly responsible for the health-
beneficial effects, namely antimicrobial, anticancer, anti-
inflammatory, and antioxidant activities [3,4]. Lime (Citrus
aurantifolia) is a shrub originally native to South East Asia and
countries of the Middle East. The constituent flavonoids from
the leaves, stem, roots, and flowers are known for their
anticancer activity and antibacterial potential [5], antibacterial
and antifungal properties [6,7] and anticancer and immuno-
modulatory effects in humans [8]. A previous study conducted
on citrus fruits indicated that the Minimum Inhibitory
Concentration (MIC) of lemon (C. lemon L.) peel was found to
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be 1:20 in the presence of methanol for Pseudomonas
aeruginosa and MIC of 1:20 in the presence of acetone for
Salmonella typhimurium [9]. Lemon and lime extracts were
also found to inhibit the growth of vegetative cells and the
spores of microorganisms, although the non-inhibitory
concentrations of lemon extracts were found to be very low, at
approximately 10 ppm against Bacillus species and some lactic
acid bacteria [10]. Another study confirmed the antibacterial
activity of lemon against S. aureus, E. coli, and P. aeruginosa,
with a mean zone of inhibition of 15-30 mm, which was
suggestive of the presence of flavonoids, tannins, alkaloids,
glucosides, saponins, and terpenes that are believed to have
potent therapeutic activity [10]. Gallic acid, a flavonoid has
been validated through an HPLC analysis technique to have a
retention time of 3.60 min, which was in agreement with other
pharmaceutical studies [11].

The present study was conducted to assess the antibacterial
activity of aqueous and organic solvent extracts of the entire
fruit of dried lime against six bacterial species. The presence of
gallic acid, to which this antibacterial activity was attributed,
was revealed through HPLC analysis and comparison with a
gallic acid standard.
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Methods

Preparation of dried lime extracts (DLE)

Pre-dried lime pieces, dried at room temperature, were
purchased from a local market in Riyadh, Saudi Arabia. The
dried lime fruit samples were ground into a powder and 10 g
was extracted with 100 ml of methanol, acetone, and ethanol,
and water. The samples were incubated for 3 d at 27°C in a
rotating shaker at 120 rpm (Innova Lumberick, Thomas
Scientific, Germany), filtered through Whatman (number 2)
filter paper and aseptically filtered through a 0.45 pm filter
(Millipore, Merck, USA) [10]. The filter-sterilized DLEs were
stored in sterile Eppendorf tubes at -4°C until use.

Bacterial suspension preparation

The pure cultures of the standard microbial isolates tested in
this study were obtained from King Khalid University
Hospital, Microbiology Laboratory, Riyadh, Saudi Arabia.
Bacterial isolates, including Gram-positive bacteria such as
Staphylococcus aureus (ATCC 25923), methicillin-resistant
Staphylococcus  aureus (MRSA  ATCC 12498) and
Enterococcus faecalis (ATCC 29212) and Gram-negative
bacteria, namely Escherichia coli (ATCC  25966),
Pseudomonas aeruginosa (ATCC 27853) and Salmonella
typhimurium (LT2), were grown on nutrient agar plates and
nutrient broth (Oxoid). Small inoculums of the microbial
isolates were suspended in 5 ml sterile nutrient broth to prepare
microbial suspensions of 0.5 MacFarland turbidity.

In-vitro antibacterial assay

Antibacterial activity was assayed by using the agar well
diffusion technique described by Das et al. [12]. This activity
was evaluated through the measurement of the inhibition zone
around each well loaded with the extract. Each of the microbial
suspensions prepared was loaded on sterile Muller Hinton agar
plates surface (Oxoid, UK) by using sterile cotton swabs. The
loaded plates were then perforated at equal intervals with a
sterile cork borer (diameter, 6 mm). Seventy microliters of
each of the DLEs (acetone, methanol, ethanol, and water) was
loaded respectively into the appropriate wells. The plates were
left to stand for 30 min at room temperature and then incubated
at 37°C for 18-24 h.
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Antimicrobial activity was evaluated through the measurement
of the inhibition zone. All tests were performed in duplicate
and the mean size of the inhibition zone was recorded in
millimeters. Standard antibiotic discs (Oxoid, UK) of
ampicillin (10 pg), vancomycin (30 pg), trimethoprim-
sulfamethoxazole (25 pg), and tetracycline (30 pg) were used
as the positive controls and comparative agents for the study of
the efficacy of the DLEs.

HPLC analysis

Analytical High-Performance Liquid Chromatography (HPLC,
Shimadzu, Japan) was used to determine the predominant
chemical constituents of the methanol DLE, compared with a
standard gallic acid (GA), by separation on a C;g column at
25°C. Briefly, 30 uL of GA and methanol DLE were each
filtered through 0.45 um syringe filters (Millipore, USA). The
filtrate was then injected onto the column for a total run time of
45 min, with UV detection at 254 nm. The mobile phase was
water: methanol: tetrachloroacetic acid in the following ratio
(90:1:1).

All results were analysed statistically by using the Predictive
Analysis Software (PASW) version 20 (SPSS Inc., IBM,
Chicago, Illinois, USA).

Results

The comparison of the antibacterial activity of DLE with that
of standard commercial antibiotic discs is shown in Table 1.
The average inhibition zone of the methanol DLE was the
largest against E. faecalis (28 mm), followed by S. aureus and
MRSA, for which the average inhibition zone was 21 mm
(Figure 1A). All DLEs used for E. coli resulted in zones of
inhibition of between 15 and 16 mm (Figures 1B-1D). The
methanol and acetone DLEs used against P. aeruginosa
resulted in zones of inhibitions of 26 mm and 25 mm,
respectively (Figure 1E). Similarly, the methanol DLE used for
S. typhimurium resulted in an 18 mm zone of inhibition (Figure
1F). These data were comparable with that obtained for the
standard antibiotic discs, in which the inhibition zones varied
between 22 mm and 28 mm, which indicated the potent
antibacterial activity of the extracts.

Table 1. Average inhibition zones of DLEs (in mm) against Gram-positive and Gram-negative human pathogens.

Average zone of inhibition

Organisms Solvent used for DLE production Positive control

Methanol Acetone Ethanol Water Antibiotic (ug) Zone of inhibition
Staphylococcus aureus 21 mm 19 mm 18.5 mm 19 mm Ampicillin 10 ug 29 mm
Enterococcus faecalis 28 mm 24 mm 25.5 mm 23 mm SXT 25 ug 27 mm
MRSA 21 mm 18 mm 19 mm 15.5 mm Vancomycin 30 ug 25 mm
Escherichia coli 16 mm 15 mm 15 mm 15 mm Ampicillin 10 pg None
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Pseudomonas aeruginosa 26 mm 25 mm 23 mm

22 mm Tetracycline 30 pg 27 mm

Salmonella typhimurium LT2 18 mm 15 mm 16 mm

15 mm SXT 25 ug 19 mm

Note: The diameter of the zone of inhibition (mm) is presented as the mean of three replicates. SXT: Trimethoprim-Sulfamethoxazole.

Figure 1. A-F. Zones of inhibition (in mm) of DLEs produced using
Sfour different solvents: methanol, acetone, water and ethanol against
S. aureus (4), E. faecalis (B), MRSA (C), E. coli (D), P. aeruginosa
(E), and S. typhimurium (F). A: Acetone; DLE M: Methanol DLE, E:
Ethanol DLE extract W: Water DLE.
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Figure 2. HPLC chromatogram for methanol DLE (a) and the gallic
acid standard (b).

The HPLC analysis of methanol DLE revealed a peak with a
retention time of 12.2 corresponding to the presence of gallic
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acid; the peak of the standard gallic acid had a retention time of
3.6 this difference in retention time was due to volume
injected, the HPLC device used and the running time (Figure
2).

Discussion

Over the past few decades, the antibacterial potential of plant-
derived extracts has been studied extensively owing to the
emergence and increased resistance of several microorganisms
to pharmaceutical agents [1,2].

This study has focused on the antibacterial properties of lime
fruit extracts in their dried state in line with the reports of Burt
[6] and Ortuno et al. [7] which showed that lime contains
flavonoids with both antibacterial and antifungal properties. In
contrast with their studies, this study demonstrated the
antibacterial activity against S. aureus, E. faecalis, E. coli,
MRSA, P aeruginosa and S. typhimurium (Table 1).
Furthermore, in this study, the antibacterial activity of
methanol DLE, as indicated by a zone of inhibition against S.
aureus of 21 mm, was almost comparable with the 29 mm zone
of inhibition produced by the standard antibiotic ampicillin
against S. aureus. The same was true for the comparison of the
zone of inhibition produced by methanol DLE with the
antibacterial effect of vancomycin on MRSA (21 mm with
methanol DLE vs. 25 mm with vancomycin). In contrast, the
antibacterial effects of methanol DLE against E. faecalis (28
mm), P. aeruginosa (26 mm) and S. typhimurium (18 mm)
were comparable, if not higher than, the zones of inhibition
produced by sulfamethoxazole (27 mm), tetracycline (27 mm),
and sulfamethoxazole (19 mm), respectively.

These results confirmed the findings of Dhanavade et al. [9]
with respect to the antibacterial activity of lemon (peel) against
P, aeruginosa, and S. typhimurium. The HPLC results of this
study confirmed the presence of gallic acid in the methanol
DLE (Figure 2), which may explain the antibacterial activity of
the DLEs. Gallic acid, which is abundant in plants and fruits, is
reported to be active against S. aureus [13]. Furthermore, gallic
acid, alone or in combination with tannic acid, was found to
impair bacterial growth levels of Chromobacterium [14]. Other
researchers showed that gallic acid, in combination with
ampicillin and penicillin, had potent antibacterial activity
against MRSA [15].

The results obtained in this study indicated that the
antibacterial activity of DLEs was highly correlated with the
presence of phenolic compounds, particularly gallic acid.
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Conclusion

The DLEs, in particular the methanolic extract, exerted
significant antibacterial activity against Gram-positive and
Gram-negative human pathogens, including S. aureus, E.
faecalis, E. coli, MRSA, P. aeruginosa and S. typhimurium.
The DLEs were found to contain gallic acid, which may be the
cause of their antibacterial activity and may represent a
promising lead for the development of a clinical treatment.
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