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In vitro Antibacterial Activity of Essential Oil from the
Fruits of Toddalia asiatica (L) Lam. (Rutaceae)
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3 Department of Biology, Faculty of Science, Mwenge
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Abstract: This study was aimed at evaluating the antibacterial prospective of essential oil (EO) extracted
from Toddalia asiatica L. against four pathogenic bacteria. The essential oil was steam-distilled using a modified
Clevenger-type apparatus and its chemical composition established by gas chromatography - mass spectrometry.
Disc diffusion method was used to assess the antimicrobial activity of the essential oil against the test pathogens
while tube dilution method was used for the determination of minimum inhibitory concentration and minimum
bactericidal concentration of the EO on the test bacteria. The highest activity of the EO was observed against
E. coli where a mean inhibition zone of 34.00 mm was recorded at a concentration of 100 % followed by B. cereus
where a mean inhibition zone of 32.33 mm was recorded at an oil concentration of 50 %. The minimum inhibitory
concentrations and minimum bactericidal concentrations of the EO on the test pathogens were in the range of
3.13 - 12.25 % and 12.25 - >50 %, respectively. When compared to tetracycline which was used as the standard,
crude essential oil of T. asiatica had significantly higher activity in three out of four studied bacterial strains.
These findings justify the continued use of T. asiatica extracts in traditional herbal medicine for the treatment
of bacterial-based infections.

Key words: Antimicrobial agent, Disc diffusion, Essential oil, Toddalia asiatica.

Introduction
Infectious diseases caused by microorganisms

such as bacteria and fungi represent a serious
health problem world over. It is estimated that in-
fectious diseases account for more than one-third
of all deaths in the world today; with the World
Health Organization (WHO) estimating that nearly
fifty thousand people die each day throughout the
world from infectious diseases 15. The discovery
of antibiotics in the early 20th century was one of
the most significant medical achievements of
modern times. Since their discovery, antibiotics

have helped to save countless lives and initially
provided some hope for a future free from infec-
tious diseases 21. However, many of the currently
available antibiotics have been rendered ineffica-
cious as a result of excessive and inappropriate
uses and subsequent development of resistance
9,40. Today, cases of multi-drug resistant micro-
bial strains have increasingly reduced the effec-
tiveness of available drugs, causing a global pub-
lic health concern 44. Examples include methicil-
lin-resistant staphylococci, vancomycin-resistant
enterococci and Mycobacterium tuberculosis
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and Neisseria gonorrhoeae, both of which are
resistant to common antibiotics 2.

Plants and plant products have for many years
served as the starting point for the discovery and
development of new antimicrobial agents. Fossil
records have revealed that human beings living in
Mesopotamia more than 60 000 years ago were
using medicinal plants to treat various infections
17. This is an indication that faced with the chal-
lenge of microbial infections, plants and plant prod-
ucts were the first curative and preventive de-
fense weapons that mankind turned to 1. The World
Health Organizations estimates that more than 80
% of the population of developing countries relies
on traditional plant-based medicine for their pri-
mary healthcare needs 39. Furthermore, at least
25 % of drugs in modern pharmacopoeia are de-
rived from plants with many synthetic drugs also
having been developed based on template com-
pounds isolated from plants 11. In recent years,
much focus has been directed at plants as both
sources of novel and more effective antimicro-
bial agents and as template for synthesis of new
drugs 3. The search for new botanical-based anti-
microbials has been greatly enhanced by exploi-
tation of the richness of ethnobotanical and
ethnopharmacological survey data from various
local communities around the world 4. For exam-
ple, ethnopharmacological research was the ba-
sis upon which the antiviral activity of prostratin,
a candidate drug for the treatment of HIV was
discovered 16.

Toddalia asiatica L. (Rutaceae), which is
known by the English common name, orange
climber, is a well known plant species in the evo-
lutionary history of humanity for its high medici-
nal value, particularly among the Africans and
Asians 41. For example in East Africa, the plant
has been prepared in various forms and used to
relief stomach problems, malaria, cough, chest
pain, food poisoning and sore throat 13,36. The
Maasai people use the fruits to treat cough prob-
lems, roots to treat indigestion and influenza while
the leaves have been used for the treatment of
lung diseases and rheumatism 13. In addition,
people in Madagascar use the plant’s roots and
barks to treat fever, malaria, cholera, diarrhea and
rheumatism 43. Scientific studies have revealed

that the roots of the plant have coumarins (5,7-
dimethoxy-8-(3'-hydroxy-3’methyl-1'-butene)-
coumarin (1)), compounds with antiplasmodial
activity 35, while Lu and co-workers 27 have shown
that the plant’s extracts have antiviral activity
against H1N1 influenza.

Essential oil, which are products of plants’ sec-
ondary metabolism have been recognized as some
of the most promising candidates for development
of novel, safe and eco-friendly pharmaceuticals.
Essential oil isolated from different aromatic plants
and their constituents have been shown to be ac-
tive against a wide variety of microorganisms es-
pecially bacteria and fungi 25,30. As a way of sup-
porting the traditional use of T. asiatica for the
treatment of bacterial-based infections, the cur-
rent study was aimed at evaluating the antibacte-
rial activity of steam-distilled essential oil from the
fruits of T. asiatica against four clinically impor-
tant bacteria strains, namely: methicillin-resistant
Staphylococcus aureus, Escherichia coli, Sta-
phylococcus aureus and Bacillus cereus.

Materials and methods
Description of Toddalia asiatica L. (Rutaceae)

Toddalia asiatica (L) Lam. (Rutaceae) (Syn:
Paullinia asiatica L., Scopolia aculeata Sm.,
Toddalia aculeata Pers.) is native to many coun-
tries in Africa and Asia, where it is found growing
along forest margins, riverine habitats or as sec-
ondary regrowth in grassland thickets. It is a woody
liana belonging to a monotipic genus, Toddalia
[(a genus with only one species) 36]. It grows as
a twig to a height of 2-15 m with hooked prick-
les of about 5 mm (Figure 1A). However, the
plant may grow into a large shrub when grown
in full sun but generally grows well in areas with
relatively high annual rainfall (Figure 1C). The
corky stems are covered with knobby thorns and
become yellow when cut. The plant has shiny
green citrus-scented leaves which are alternate
with leaflets appearing elliptic or slightly obo-
vate with the base cuneate, apex obtusely acumi-
nate, 3-8 by 1-3 cm, glabrous and margins some-
times crenulate. The small, greenish-yellow uni-
sexual flowers (5-merous, stamens 5) give rise
to berry-like drupe fruits measuring about 5-7
mm (Figure 1B).
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Collection of plant material
The fruits of T. asiatica were collected from

Maseno area (0o0’10.39"S, 34o36’71"E; 1524
MASL) in Kisumu County, Kenya with the assis-
tance of a Plant Taxonomist. In addition, other
plant parts useful in preparation of voucher speci-
men were collected. A sub-sample of the collected
plant materials was prepared, packaged and stored
according to the herbarium rules and regulations
for further identification, authentication and taxo-
nomic studies. Authentication of the collected plant
samples was performed by a Plant Taxonomist at
the School of Biological Sciences, University of
Nairobi and voucher Specimen (MMG2015)
deposited at the University herbarium.

Toddalia asiatica essential oil
The essential oil used in the current study was

originally steam-distilled from fruits of T. asiatica
as previously described 22. The essential oil whose
chemical composition was established using gas
chromatography coupled to mass spectrometry
(GC-MS) contained majorly a mixture of monot-
erpenes and sesquiterpenes and their analogues
namely; oxygenated monoterpenes and sesquit-
erpenes. The most abundant constituents in the
EO were sabinene (15.8 %), β-pinene (9.5 %)
and Linalool (8.3 %) 22. After extraction, the es-
sential oil of T. asiatica was stored at -20oC in a

refrigerator in a laboratory at the School of Bio-
logical Sciences, University of  Nairobi, Kenya
until when they were required for the antimicro-
bial bioassays.

Source and maintenance of test microorgan-
isms

The test microorganisms used were: methicil-
lin-resistant Staphylococcus aureus (MRSA)
ATCC 1385, obtained from the Centre for Micro-
biology Research, Kenya Medical Research In-
stitute (KEMRI), Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 25923 and Baci-
llus cereus ATCC 11778, which were obtained
from the Department of Public Health, Pharma-
cology and Toxicology, University of Nairobi. The
test microorganisms were maintained at -20°C on
nutrient agar (NA) and their identity confirmed
based on cultural, morphological and biochemical
characteristics.

Retrieval of test pathogens and preparation
of inocula

Stock culture of each of the test bacterial strain
was retrieved by sub-culturing on Mueller Hinton
agar (MHA). For each microorganism, three pure
colonies of the same morphological type were
selected from agar plates and aseptically trans-
ferred into test tubes containing 10 mL of Mueller

Figure 1. A branch with hooked prickles of the plant specimen of Toddalia asiatica (A), fruits
from which the essential oil was extracted (B) and the distribution of the plant in Kenya represented
by black dots (C)
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Hinton broth (MHB) using a sterile loop. The cul-
ture tubes were then incubated at 37°C for 24
hours to obtain fresh cultures. Bacterial suspen-
sions were adjusted to match a turbidity of 1.5 ×
108 colony forming units (CFU) mL-1 equivalent
to 0.5 McFarland standard (prepared by mixing
0.05 ml of 1% barium chloride dehydrate with 9.9
5 mL of 1% sulfuric acid).

Antimicrobial assay-Disc diffusion method
Disc diffusion method as described by Balouiri

et al.,8 was used to evaluate antibacterial activ-
ity of two concentrations i.e. 100 % (crude EO)
and 50 % (diluted with DMSO) of the essential
oil T. asiatica against the test pathogens. Twenty
milliliters of molten MHA was poured into ster-
ile Petri plates (9 cm in diameter) and allowed
to set. Lawn culture of the test microorganisms
(20 μl) were made on the Muller Hinton agar
plates using sterile cotton swab and the plates
were dried for 15 minutes. Sterile Whatman fil-
ter paper discs (No. 1, 6 mm in diameter) were
each impregnated with 10 μL of Toddalia
asiatica essential oil and aseptically placed at
the center of the inoculated plates using a sterile
pair of forceps.

Commercial tetracycline susceptibility discs (30
μg/disc) were used as positive control. Tetracy-
clines are a broad-spectrum antibiotics exhibiting
activity against a wide range of Gram-positive and
Gram-negative bacteria. Dimethyl sulphoxide
(DMSO) was used as a negative control. The la-
belled plates were refrigerated at 4oC for 2 hours
to allow the essen-tial oil to diffuse into the agar
medium and finally incubated upside down at 37°C
for 24 hours.

Antimicrobial activity was detected by measur-
ing zones of inhibition to the nearest millimeter at
the end of the incubation period. The sensitivity
of individual bacterial strain to the essential oil was
classified based on the mean inhibition zones ex-
pressed as millimeters (mm) as follows: not sen-
sitive (-) for total zone diameters < 8 mm; sensi-
tive (+) for diameters between 8 and 14 mm; very
sensitive (++) for zone diameters between 15 and
19 mm and extremely sensitive (+++) for zone
diameters > 20 mm 7.

All the tests were run in triplicates in a biologi-

cal safety cabinet and in accordance with the pro-
tocols of Clinical and Laboratory Standards Insti-
tute (CLSI) formerly National Committee for Clini-
cal Laboratory Standards (NCCLS).

Determination of minimum inhibitory and
minimum bactericidal concentration

Turbidimetric or tube dilution method as de-
scribed by Dhiman et al., 18 with some modifica-
tion was used for the determination of minimum
inhibitory concentration (MIC) and minimum bac-
tericidal concentration (MBC) of the EO on the
test bacteria. Serial two-fold dilutions of the essen-
tial oil were made in Mueller-Hinton broth as fol-
lows: One milliliter of sterilized MHB was poured
into a sterile screw-capped test tube. One millili-
ter of crude essential oil containing 0.5 % Tween
80 was added to the test tube and vortexed to
homogenize the mixture. This was then serially
diluted to give concentrations of 50, 25, 12.5, 6.25,
3.13, 1.56 and 0.78 % essential oil in test tubes
containing 1 mL of sterile MHB. The tubes were
then inoculated with 15 μL of standardized inocu-
lum and incubated aerobically at 37°C for 24
hours. Tubes containing MHB but no essential oil
were seeded with the test microorganisms to serve
as controls. After incubation, the tubes were ex-
amined for growth by observing for any turbidity.
The lowest concentration (highest dilution) of the
essential oil that produced no visible growth (tur-
bidity) when compared with the control tubes was
regarded as the MIC of the oil on the test patho-
gen 6. To determine the MBC, the tubes which
had showed no visible growth were shaken to ho-
mogenize the content and 0.01 mL of the content
of each tube subcultured on freshly prepared
MHA plates. The plates were incubated at 37°C
for 24 hours. Minimum bactericidal concentration
was determined as the highest dilution (lowest con-
centration) at which no growth occurred follow-
ing the subculturing onto MHA plates 28.

Data analysis
Data on inhibition of test pathogens by the two

essential oil concentrations and the standard were
analyzed using the PROC ANOVA procedure of
GENSTAT version 15 and significant differences
amongst means compared using Fisher’s Protec-
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ted LSD at 5 % probability level of significance.
The inhibitory effects of the essential oil against
the test pathogens were expressed as mean ± stan-
dard error of the mean inhibition zones diameter
(mm).

Results and discussion
Antibacterial activity of Toddalia asiatica es-
sential oil

The in vitro studies demonstrated strong anti-
bacterial activity of the essential oil of Toddalia
asiatica against the four test bacteria strains
namely, Bacillus cereus, Staphylococcus aureus,
Escherichia coli and methicillin-resistant Staphy-
lococcus aureus (Figure 2). There were varia-

tions in the antibacterial activity of the two stud-
ied concentrations of essential oil among the test
bacterial strains (Table 1). The highest activity of
the essential oil was observed against E. coli
where a mean inhibition zone of 34.00 mm was
recorded at a concentration of 100 %, followed
by B. cereus where a mean inhibition zone of
32.33 mm was recorded at an oil concentration
of 50 %. The lowest activity of the essential oil
was observed against S. aureus where a mean
inhibition zone of 19.00 mm was recorded at an
oil concentration of 50 %. The undiluted crude
essential oil had a significantly higher activity (p <
0.05) in S. aureus, and E. coli in comparison to
the activity recorded at an oil concentration of 50

Figure 2. Inhibition zones of essential oil of T. asiatica at concentrations of 50 and 100 %,
tetracycline (positive control) and dimethyl sulphoxide (negative control) after 24 hours incubation
for. E. coli (A), B. cereus (B), S. aureus (C) and methicillin-resistant S. aureus (D)
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%. The activity of the essential oil against B.
cereus and methicillin-resistant S. aureus at a
concentration of 50 % was significantly greater
(p < 0.05) than that recorded in the undiluted es-
sential oil. In the case of B. cereus and methicil-
lin-resistant S. aureus therefore, higher inhibitory
activity was observed in the diluted essential oil in
comparison to the activity observed in the undi-
luted essential oil. Instances where a more con-
centrated essential oil produce smaller inhibition
zones in comparison to less concentrated essen-
tial oil have been reported in literature 23. Such
observations are attributed to the fact that dilute
essential oil diffuse more easily in the agar me-
dium (i.e. aqueous environment) than the undi-
luted essential oil 23,32.

Based on the criteria that was adopted for cat-
egorization of sensitivity of individual bacterial
strain to the essential oil 7, three (B. cereus, me-
thicillin-resistant S. aureus and E. coli) out of four
test bacteria fell within the category of extremely
sensitive (mean inhibition zone > 20 mm) at an
essential oil concentration of 50 %. One test patho-
gen (S. aureus) was within the category of very
sensitive (mean inhibition zone of 15-19 mm) at
the same essential oil concentration. In the case
of the crude essential oil (100 %), all the four bac-
teria strains were within the category of extremely
sensitive. Generally, the activities of the two con-
centrations of the essential oil against the four
bacterial strains were significantly different (p <

Table 1. Mean inhibition zones (mm) of Toddalia asiatica essential oil,
tetracycline (positive control) and dimethyl sulphoxide (negative

control) on four pathogenic bacteria after 24 hours

Bacteria species       Essential oil (% concentration) Tetracycline DMSO
50 % 100 % (positive control) (negative control)

Bacillus cereus 32.33±1.45a 25.33±0.88bc 31.67±1.20a 0.00
Staphylococcus aureus 19.00±1.16d 21.67±1.45cd 11.67±0.88e 0.00
Escherichia coli 21.00±2.08d 34.00±2.65a 26.00±0.58b 0.00
MRSA 22.33±1.67bcd 20.00±1.15d 9.00±0.58e 0.00

Values are mean ± standard error of the mean for bioassay conducted in triplicates.
Means followed by the same superscript alphabetical letter(s) are not significantly different (Multivariate
analysis, Fisher’s protected LSD at p < 0.05).
MRSA: Methicillin-resistant Staphylococcus aureus
DMSO: Dimethyl sulphoxide

0.05). The activity of the essential oil at concen-
trations of 50 and 100 % was significantly (p <
0.05) higher (with the exception of E. coli at 50
% and B. cereus at 100 %) in comparison to the
activity of tetracycline, which was used as a posi-
tive control. The highest activity of the standard
antibiotic was observed against B. cereus and E.
coli where mean inhibition zones of 31.67 and
26.00 mm, respectively were recorded. The low-
est activity of the standard antibiotic on the other
hand was observed in methicillin-resistant S.
aureus and S. aureus in which the mean inhibi-
tion zones of 9.00 and 11.67 mm respectively, were
recorded. These low values of mean inhibition
zones are however, signals of confirmation of S.
aureus being notorious for its ability to resist a
wide range of antibiotics and antimicrobial agents.
This limits the treatment options in healthcare sys-
tems for Staphylococcus aureus-based infections
as previously reported 9,14,32,42. These findings are
in agreement with a number of previous studies
that have showed promising antimicrobial activity
of the essential oil, aqueous and organic extracts
from T. asiatica against a wide range of patho-
genic fungi and bacteria 31,34. For instance, high
to moderate activity of the essential oil of T.
asiatica has been reported against clinically im-
portant bacterial and fungal pathogens such as S.
aureus, Candida albicans, Candida krusei,
Cryptococcus neoformans, Trichophyton
mentagrophyte and Microsporum gypseum 5.
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Table 2. Minimum inhibitory and minimum bactericidal concentration
of Toddalia asiatica essential oil on the test bacterial strains

Bacteria species  Toddalia asiatica essential oil concentration (%)
MIC MBC

Bacillus cereus 3.13 12.25
Staphylococcus aureus 25.00 50.00
Escherichia coli 12.25 >50.00
MRSA 6.25 25.00

MIC: Minimum inhibitory concentration
MBC:  Minimum bactericidal concentration
MRSA: Methicillin-resistant Staphylococcus aureus

The current study is an important addition to pre-
vious diversity of studies on antiplasmodial, anti-
viral, analgesic, anti-inflammatory, antifungal, anti-
diabetic, tumor selective cytotoxicity, larvicidal,
antioxidant, radical scavenging and antinociceptive
activities of T. asiatica 12,26,27. The study thus
confirmed the widely claimed myriad folkloric
ethnomedicinal and nutritional values of T.
asiatica in Africa and Asia, where the plant spe-
cies is prevalent and well acquainted with the lo-
cal and native communities.

Minimum inhibitory and minimum bacteri-
cidal concentrations

The results of the minimum inhibitory concen-
trations (MICs) and minimum bactericidal con-
centrations (MBCs) of the essential oil of T.
asiatica on the test bacteria are shown in Table
2. The MICs of the essential oil of T. asiatica on
the studied bacteria strains ranged from 3.13 to
25.00 % with B. cereus and S. aureus having the
lowest and highest MIC values, respectively. The
MBCs were in the range of 12.25 to >50 % of
the essential oil concentration. Escherichia coli
MBC was greater than 50 % of the essential oil.
Toddalia asiatica crude essential oil produced
the largest mean inhibition zone (34.00 mm)
against E. coli in the disc diffusion bioassays.
However, the tube dilution bioassay results re-
vealed E. coli as the least susceptible bacteria
species to the inhibitory action of the essential oil.
This was shown by the fact that the essential oil
had the highest MBC against E. coli (> 50.00).
The findings that E. coli was least susceptible to

the essential oil of T. asiatica in the current study
are in accordance with previous studies 19,38. It
has been reported in literature that generally, Gram
positive bacteria are more susceptible to essen-
tial oil than Gram negative bacteria 20,24,33. The
low susceptibility of Gram negative bacteria in
comparison to Gram positive bacteria to essential
oil is ascribed to the presence of an outer lipo-
polysaccharide (LPS) layer in Gram-negative
bacteria. This hydrophilic LPS layer acts as a
barrier to hydrophobic essential oil hence offer-
ing greater protection to Gram-negative bacteria
against many essential oil and indeed other anti-
microbial agents 24,37. However an in-depth sci-
entific study is needed to understand the under-
lying science and henceforth promote the use of
essential oil in the management of bacterial-based
infections.

Conclusions
The growth inhibitory effects of plant extracts

and secondary metabolites such as essential oil
against microorganisms of clinical importance re-
main a focal priority area for future research. The
current study showed promising antibacterial ac-
tivity of essential oil of T. asiatica against the four
studied bacterial strains. The activity of the es-
sential oil of T. asiatica was comparable to the
commercial antibiotic, tetracycline. In fact on av-
erage the essential oil of T. asiatica had a greater
inhibitory effect than the standard antibiotic.
These findings therefore confirms the antibacte-
rial properties of the essential oil of T. asiatica
and thus justifies the continued use of extracts
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from this plant in folkloric medicinal practices of
local and native communities in the management
of bacterial infections. However, further in-depth
scientific studies on the toxicity and in vivo activ-
ity of the essential oil are required in order to un-
derstand the underlying science and position them
as future sources of cheap, safe and effective
antibacterial agents for possible deployment in the
control and management of a wide range of mi-
crobial-based infections.
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