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The present in vitro study was undertaken to evaluate the antimicrobial efficacy of essential oils of
nine medicinal plants including: Prunus dulcisvar, Nigella sativa, Elettaria cardamomum, Eugenia
caryophyllus, Linum usitatissimum, Allium sativum, Brassica nigra, Mentha piperita, and Sesamum
indicum against the growth of two pathogenic microorganisms: two; Staphylococcus aureus (gram-
positive bacteria) and Proteus spp. (gram-negative bacteria). The method employed to test the

antimicrobial efficacy was the Agar Well Diffusion Technique.

The essential oil of Nigella sativa exhibited maximum activity (at p<0.05) against Staphylococcus
aureus with mean diameter of zone of inhibition; 48.11+2.10 mm, followed by 26+0.37 mm for Eugenia
caryophyllus, 16.77+2.07 mm for Sesamum indicum, 15.77+0.32 mm for Mentha piperita, 14.11+0.53 mm
for Elettaria cardamomum, 13.77+0.87 mm for Brassica campestris which represented the lowest value
among the positive results of essential oils, where as essential oils of Prunus dulcisvar, Linum
usitatissimum and Allium sativum showed no activity against growth of Staphylococcus aureus. On the
other hand, Proteus spp. was sensitive only to the essential oils of Elettaria cardamomum and Allium
sativum with mean diameter of zone of inhibition; 19+0.78 mm, 10.44+0.33 mm respectively, but it was
resistant to the other test essential oils. This study had also been depended on the use of nine standard
antibiotics as a positive control for each of the test microorganism, they included; Lomefloxacin,
Erythromycin, Amoxicillin, Sparfloxacin, Pipemidic acid, Ciprofloxacin, Novobiocin, Cefprozil and
Piperacillin. Staphylococcus aureus was sensitive to the first seven antibiotics and resistant to Cefprozil

and Piperacillin, in contrast, Proteus spp. was sensitive to Piperacillin only.




Introduction

The research for components with antimicrobial activity has gained increasing importance
in recent times due to growing worldwide concern about the alarming increase in the rate of

infection by antibiotic-resistant microorganisms (1).

Bacteria are very adaptable organisms because of their very short generation time (as little
as 15 to 20 minutes for some species under ideal conditions) and their propensity for sharing
genetic information-even among different species of bacteria. The presence of an antibiotic may
kill most of the bacteria in an environment but the resistant survivors can eventually re-establish
themselves and pass their resistance genes on to their offspring and often to other species of
bacteria. Both medical and veterinary uses of antibiotics have resulted in the appearance of

resistant strains of bacteria which may cause disease that are difficult to treat (2, 3).

Also the problem posed by the high cost, adulteration and increasing toxic side effects of
antibiotic coupled with their inadequacy in diseases treatment found more especially in the
developing countries cannot be over emphasized (4). However, there has also been a rising
interest in the research for natural products from plants for the discovery of new antimicrobial

agents in the last three decades and in recent times (5, 6).

More so, many of these plants have been known to synthesize active secondary metabolites
such as phenolic compounds found in essential oils (7, 8, 9) with established potent
antimicrobial activities which indeed was formed the basis for their applications in some
pharmaceuticals, alternative medicines and natural therapies (10, 11). Santos et al., 1995 (12)
remarked the World Health Organization has indeed recognized medicinal plants as the best
source for obtaining a variety of synthetic drugs. No doubts, some studies have identified and

isolated the main active ingredients in the plants responsible for this antimicrobial activity.

The purpose of this study was to investigate the antimicrobial efficacy of essential oils of
four known medicinal plants; Prunus dulcisvar, Nigella sativa, Elettaria cardamomum,

Eugenia caryophyllus, Linum usitatissimum, Allium sativum, Brassica nigra, Mentha




piperita, and Sesamum indicum against the growth of Staphylococcus aureus and Proteus spp.

in order to prove the folkloric claims.

Materials and methods

Selection of medicinal plant materials:

Essential oils of eight medicinal plants including: Prunus dulcisvar (Bitter almond oil,
HEMANI-IRP), Nigella sativa (Black cumin oil, HEMANI-IRP), Elettaria cardamomum
(Cardamom oil, HEMANI-IRP), Eugenia caryophyllus (Clove oil, HEMANI-IRP), Linum
usitatissimum (Flax seed oil, Ashams for 0il-ROI), Allium sativum (Garlic pearls, RANBAXY -
India), Brassica nigra (Mustard oil, HEMANI-IRP), Mentha piperita (Peppermint oil, El-
Captain Company-Egypt), Sesamum indicum (Sesame oil, HEMANI-IRP) where utilized in this
study. All these plant oils were purchased from the local market and identified at the National

Iraqi Institute for Herbs, Baghdad, Iraqg.
Antibiotics:

Nine standard antibiotics had been chosen according to their broad-spectrum activity used
as positive control against the test microorganisms (Staphylococcus aureus and Proteus spp.),
they include: LOM 10 (Lomefloxacin-10 mcg), E 15 (Erythromycin-15 mcg), Ax 25
(Amoxicillin-25 mcg), CIP 5 (Ciprofloxacin-5 mcg), CPR 30 (Cefprozil 30 mcg), Pl 20
(Pipemidic acid-20 mcg), PRL 100 (Piperacillin-100 mcg), SPX 5 (Sparfloxacin-5 mcg), NV 30

(Novobiocin-30 mcg) (Bioanalyse) ®.

Microorganisms:

Microorganisms used were standard strains of gram-positive bacteria: Staphylococcus
aureus and gram-negative bacteria: Proteus spp. These strains were obtained from the
Laboratory of Microbiology at the College of Veterinary Medicine, Al-Qadisiya University and
all were identified and confirmed at the Central Laboratory of Health, Baghdad, Irag.

3




Antibacterial activity:

Inhibition of microbial growth was tested by using the agar well diffusion method (13). All
the test microorganisms were subcultured in nutrient broth media (HIMEDIA Laboratories,
Mumbai-India) which was prepared by dissolving 13 gm of nutrient broth in 1000 ml of
distilled water, shaked well and heated for several minutes using water bath at a temperature of
80°C to ensure complete dissolving, then sterilized for 15 minutes at 15 Ib pressure in an
autoclave. Nutrient broth media was later poured into two sterile test tubes at average of 10 mli
of media for each tube, after that several colonies of each bacteria were picked by sterile
inoculating loop and inoculated in its own test tube containing 10 ml of sterile nutrient broth,
after mixing well, the tubes were incubated at 37°C for 24 hours to produce bacterial
suspensions that revealed by the presence of turbidity. As well as, Mueller Hinton Agar
(HIMEDIA Laboratories, Mumbai-India) which is a growth media used for testing antibiotics
and the chosen plant oils susceptibility of the test microorganisms was prepared by dissolving
38 gm of Mueller Hinton agar in 1000 ml distilled water, shaked, heated, and sterilized by
autoclave in a similar way to the preparation of nutrient broth. This media was poured
aseptically at 45°C into sterilized Petri plates (two plates were used for each three plant oils for
each of the test microorganisms besides six plates for the chosen antibiotic discs distributed as
three discs over each plate for each bacteria, so that the final number of Petri plates used in this
study was eighteen plates). After complete solidification, 4 Wells of 5 mm diameter were bored
into each plate with sterile un-drawn Pasteur pipette and plugs were removed with sterile tips
(14) (plates which were used for antibiotic study were left without boring). A sterile cotton swab
was dipped into the bacterial suspension produced by Staphylococcus aureus to be inoculated
on the Mueller Hinton agar surface by streaking of the swab over its. This step was repeated
with the other bacterial suspension resulted from Proteus spp. on its own plates. Finally and
after the inoculums were dried, 0.1 ml of each plant oil at a concentration of 100% was poured
into the wells of its inoculated plates by using micropipette. The plates were kept at room
temperature for 15 minutes to allow the extracts to seep into the media before incubation. On the
other hand, using an ethanol dipped and flamed forceps, the antibiotic discs were
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aseptically placed over their seeded agar plates sufficiently separated from each other to

avoid overlapping of inhibition zones.

All these plates were incubated in an upright position at 37°C for 24 hours. The diameter of
inhibition or no inhibition zones produced by each plant oil was measured in mm with the aid of
ruler, three readings were recorded for each zone and average zone size was taken. The values
were given as mean * standard deviation. The data were analyzed by ANOVA test with least
significant differences (LSD) at a significant level of (P<0.05) by using SPSS (Version 10).

Results and Discussion

One gram-positive bacteria; Staphylococcus aureus and one gram-negative bacteria; Proteus
spp. were used in the present study. The results of in vitro antimicrobial activity of essential oils
of Prunus dulcisvar, Nigella sativa, Elettaria cardamomum, Eugenia caryophyllus, Linum
usitatissimum, Allium sativum, Brassica nigra, Mentha piperita and Sesamum indicum are

presented in Table (1), and Figure (1).

The essential oil of Nigella sativa exhibited the maximum activity (at p<0.05) against
growth of Staphylococcus aureus on agar plate surface with mean diameter of zone of inhibition
48.11+2.10 mm; followed by 26+0.37 mm for Eugenia caryophyllus, 16.77£2.07 mm for
Sesamum indicum, 15.77+0.32 mm for Mentha piperita, 14.11+0.53 mm for Elettaria
cardamomum, 13.77+0.87 mm for Brassica nigra which represented the lowest value among
the positive results of essential oils, where as essential oils of Prunus dulcisvar, Linum
usitatissimum and Allium sativum showed no activity against growth of Staphylococcus aureus.
See Figure (2, 3, 4).

On the other hand, Proteus spp. was sensitive to the essential oils of Elettaria cardamomum
(cardamom showed strong antimicrobial activity against Proteus spp.) and Allium sativum,with
mean diameters of zone of inhibition were 19+0.78 mm , 10.44+£0.33 mm respectively, but it
was resistant to the other test essential oils (Prunus dulcisvar, Eugenia caryophyllus, Linum
usitatissimum, Brassica campestris, Mentha piperita and Sesamum indicum). See Figure (5,6).




The present study had also been depended on the use of nine standard antibiotics as a
positive control for each of the test microorganism (Table 2). Lomefloxacin was the strongest
among the used antibiotics in producing significant inhibitory effect (at p<0.05) against the
growth of Staphylococcus aureus with mean diameter of zone of inhibition; 29.44+0.41 mm,
followed by Erythromycin; 23.22+0.46 mm, Amoxicillin; 21.77£0.36 mm, Sparfloxacin;
21.55+0.44 mm, Pipemidic acid; 20.66+0.37 mm, Ciprofloxacin; 19.88+0.42 mm, and
Novobiocin; 19+0.4 mm that revealed the lowest antibacterial activity in comparison to the
other antibiotics used in the study, where as Cefprozil and Piperacillin were resisted by
Staphylococcus aureus. Proteus spp. was sensitive only to Piperacillin among all of the used
antibiotics, the mean diameter of zone of inhibition was 14.33+0.28 mm. while it was resistant
to all of the other used antibiotics (Lomefloxacin, Erythromycin, Amoxicillin, Sparfloxacin,
Pipemidic acid, Ciprofloxacin, Novobiocin, and Cefprozil).

Table (1): Inhibition zones (mm) of Staphylococcus aureus growth  produced by
tested plant oils in culture media.

icroorganisms Staphylococcus Proteus spp.
Essential oils aureus

Bitter almond ol 0+0 A 0+0 A
Black cumin oil 48.112.10 B 0+0 A
Cardamom oil 14.11+0.53 C 19+0.78 B

Clove oil 2620.37 D 0x0C
Flax seed oil 0+0 E 0+0 C
Garlic oil 0+0 E 10.44+0.33 D
Mustard oil 13.77+0.87 F 0+0 E
Peppermint oll 15.77£0.32 F 00 E
Sesame oil 16.77+2.07 F 0+0 E

* Different capital letters mean significant changes for vertical values at level (p<0.05).
* Results were expressed as mean * SE.




Table (2): Inhibition zones (mm) of Staphylococcus aureus growth produced by antibiotic drugs in culture
media when used as positive control.

icroorganisms Staphylococcus Proteus spp.
Antibiotics aureus

LOM 29.44+0.41 A 0+0 A
E 23.22+0.46 B 0+0 A
AX 21.77+0.36 C 0+0 A
SPX 21.55+0.44 C 0+0 A
Pl 20.66+0.37 C 0+0 A
CIP 19.88+0.42 C 0+0 A
NV 19+0.4 CA 0+0 A
CPR 0+0 0+0 A
PRL 0+0 14.33+0.28 B

* Different capital letters mean significant changes for vertical values at level (p<0.05).
* Results were expressed as mean % SE.
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Figure (1): Inhibition zones of Staphylococcus aureus and Proteus spp. exhibited by tested plant oils.




Figure (2): Zones of inhibition produced by Sesame, Clove, and Flax seed oils against growth of
Staphylococcus aureus.

Figure (3): Zones of inhibition produced by Garlic, Black cumin and Bitter almond oils against growth
of Staphylococcus aureus.




Figure (4): Zones of inhibition produced by Sesame, Clove, and Flax seed oils against growth of
Staphylococcus aureus.

Figure (5): Zones of inhibition produced by Cardamom oil against growth of Proteus spp.
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Figure (6): Zones of inhibition produced by Garlic oil against growth of Proteus spp.

Essential oils are well known in traditional medicine as antiseptic and antimicrobial
agents. Gram-positive bacteria were shown to be more sensitive to the spice essential oils than
gram-negative bacteria.

Black cumin oil showed high activity against Staphylococcus aureus (The widest inhibition
zone), and no activity against Proteus spp. This confirms the study of Agarwal et al., 1979 (15)
and Salman et al., 2005 (16), who reported that the oil inhibited growth of S. aureus where as
proteus spp. was insensitive. Our observation is also in accordance with the study of Toama et
al., 1974 (17) who reported the volatile oil obtained by steam distillation of fixed oil showed
marked antibacterial activity against Staphylococcus aureus. Activity against S. aureus has
also been reported with the fixed oil (18), crude oil (19) and extracts (20). A number of
compounds derived from plants often show considerable activity against gram +ve bacteria but
not against gram-ve species. gram-negative bacteria have an effective permeability barrier,
comprised of the outer membrane, which restricts the penetration of amphipathic compounds,
and multidrug resistance pumps that extrude toxins across this barrier. It is possible that the
apparent ineffectiveness of plant antimicrobials is largely due to the permeability barrier (16).
The Antimicrobial activity of Nigella sativa oil may be attributed to the presence of
Thymoquinonel6, Thymohydroquinonel0 and Thymol2 in the essential oil, all of which have
been shown to possess Antimicrobial activity (21).
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The essential oil extracted from the dried flower buds of Eugenia caryophyllus is used
as a topical application to relieve pain and to promote healing (22). Several constituents of
Eugenia caryophyllus had been identified mainly eugenol, eugenyl acetate, f-caryophyllene, 2-
heptanone (23), acetyl eugenol, a-humolene, methyl salicylate, isoeugenol, methyl eugenol
(24), phenyl propranoides, dehydrodieugenol, trans-confireryl aldehyde, biflorin, kaempferol,
rhamnocitrin, myricetin, gallic acid, ellagic acid and oleanolic acid (25). The main constituents
of essential oil are phenylpropanoides such as carvacrol, thymol, eugenol and cinnamaldehyde
(22). The antimicrobial activity of Eugenia caryophyllus had been studied by several authors
(26). The spectrum of activity is fairly broad, with action against gram-positive and gram-
negative rods and cocci, yeast and fungi (27). The present study revealed strong antimicrobial
activity of Eugenia caryophyllus essential oil against Staphylococcus aureus where as Proteus
spp. was resistant. Our findings agreed with those found by some workers; Rams, 1999 (28),
Nzeako et al., 2006 (29), Saeed and Tariq, 2008 (30), Ali et al., 2009 (31), but differ from them
in producing positive results against the growth of Proteus spp. A possible explanation for these
diverse results is the fact that Eugenia caryophyllus oil composition is variable depending on
the region and season that it is collected (32). Consequently, the active compounds may not
present in sufficient quantities or quality. The mechanism of antimicrobial action of Eugenia
caryophyllus oil, though not completely understood, seems to be complex and may vary
according to its composition. The compounds known to have antimicrobial action are mainly
the flavonoids and cinamic acids (33).

The results of our study had also shown the antimicrobial activity of Sesamum indicum oil.
Staphylococcus aureus growth was sensitive and significantly inhibited by Sesamum indicum
oil with no efficacy on Proteus spp. growth. Sesamum indicum contained mainly essential oils
such as aromatic phenolic compounds-sesamol, sesaminol, sesamin, carboxylic acids and other
classes of compounds including fatty acids like palmitic acids, arachidonic acid, arachidic acid,
stearic acid, myristic acid, oleic acid, linoleic acid, thiazole, pyrroles, disulphide and aldehyde
(34). Many studies had proven the antimicrobial effect of Sesamum indicum oil and leaves
extract as general. Bankole et al., 2007 (35) and Asokan et al., 2009 (36) had investigated
significant inhibitory effect of Sesamum indicum oil against the growth of Staphylococcus
aureus, but there is no any available study about the antibacterial efficacy of Sesamum indicum
oil against the growth of Proteus spp. The mechanism by which Sesamum indicum oil cause
bacterial growth inhibition is not well known. Sesamum indicum oil has three lignans; sesamin,
sesamolin, and sesaminol that have antioxidant properties, it has increased polyunsaturated fatty
acids and reduced the lipid peroxidation (37). The other possible mechanism might be the
saponification or the soap making process that occurs as a result of the alkali hydrolysis of fat
(38). The unsaponifiable fraction, a class of substances not found in the fats (sesamin or
sesamolin) can probably protect against infection by its antioxidant property. These
mechanisms could have been the reason for the reduction of microorganism growth, but more
studies have to be done to check and prove the antimicrobial effect of compounds of Sesamum
indicum oil (36).
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Peppermint oil showed activity against Staphylococcus aureus, however, the test gram-
negative bacteria (Proteus spp.) was found to be resistant. Positive results obtained by the
present study against Staphylococcus aureus was exactly resembling to those recorded by Gupta
et al., 2008 (39). The antimicrobial activity of peppermint oil is due to the presence of
terpenoids-menthol, menthone, 1,8-cineole, methyl acetate, methofuran, isomenthone,
limonene, b-pinene, a-pinene, germacrene-d, trans-sabinene hydrate and pulegone (40).

Cardamom seed oil obtained naturally from dried ripe seeds of Elettaria cardamomum.
Major components in the oil were 1,8-cineole, a-terpineol, bL-limonene, nerolidol, 4-terpineol,
o-terpineol, 0-3-carene, f-myrcene, germacrene D, a-terpinene and longifolenaldehyde (41). In
this study, essential oil of cardamom seed displayed variable degrees of antimicrobial activity
on the tested microorganisms. Proteus spp. was found to be more sensitive strain than
Staphylococcus aureus, the widest inhibition zone was formed around Proteus spp. Present
study is in agreement with Norajit et al., 2007 (42) and Patil and Kamble, 2011 (43) regarding
inhibition effect of cardamom oil against Staphylococcus aureus besides some of the gram-
negative bacteria but not Proteus spp. Antimicrobial characteristics of the herbs are due to
various chemical compounds including volatile oils, alkaloids, tannins and lipids that are
presented in their tissue (44). The inhibitory effect of cardamom detected in the present study
may be due to the presence of the major component, y-terpinene in its oil (42).

The seeds of Brassica nigra (mustard oil) have important medicinal uses such as in
treatment of rheumatism and joint pains, indurations of the liver and spleen, throat
tumors and as a laxative (45). Mustard oil like peppermint oil, also demonstrated preferentially
to produce slight inhibitory activity against Staphylococcus aureus (46) as compared to
Proteus spp. Phytochemical analyses as done by Obi et al., 2009 (46) revealed that the oil
extract of mustard seeds contain tannins, alkaloids and flavonoids which have been
reported to be responsible for antimicrobial properties in some plant extracts and as a result,
it could serve as antimicrobial agents for the treatment of microbial infections.

There is extensive literature on the antibacterial effects of fresh garlic juice, aqueous and
alcoholic extracts, lyophilized powders, steam distilled oil and other commercial preparations
of garlic. Tested gram-negative bacteria Proteus spp. was sensitive to garlic oil, where as gram-
positive staphylococcus aureus was resistant. This is in agreement with the work of Onwuliri
and Wonang, 2005 (47), An et al., 2009 (48), Ayaz and Alpsy, 2007 (49), but disagreed with
those found by Olubunmi et al., 2010 (50), Deresse, 2010 (51), and Durairaj et al., 2009 (52).
They demonstrated the inhibitory effect of aqueous extract of garlic on Staphylococcus aureus
along with Proteus spp. Garlic yields allicin - a powerful antibiotic (53), it also contains Allin,
Ajoene, enzymes, vitamin B, minerals and flavonoids. Garlic consists of not less than 200
components, these include antioxidants, the volatile oils, (allin, allicin and ajoene) consisting of
sulfur, enzymes (allinase, peroxidase and miracynase), carbohydrates (sucrose, glucose),
mineral (germanium, selenium, Zinc), amino acids like cysteine, glutamine isoleucine and
methionine, bi-flavonoids like quercetin and cyanidin and allistatin I and I1,C,E and A vitamins
and niacin, B1,B2 vitamins and beta carotene (54).
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Feldberg et al., 1988 (55) showed that allicin exhibits its antimicrobial activity mainly by
Immediate and total inhibition of RNA synthesis, although DNA and protein syntheses are also
partially inhibited, suggesting that RNA is the primary target of allicin action. The structural
differences of the bacterial strains may also play a role in the bacterial susceptibility to garlic
constituents. The lipid content of the membranes will have an effect on the permeability of
allicin and other garlic constituents. On the basis of this hypothesis, it is interesting to recall the
difference in susceptibility we observed between gram-negative Proteus spp. and gram positive
Staphylococcus aureus to garlic extract (56).

Bitter almond oil and Flax seed oil also used in this study, but they had produced negative
activity against both microorganisms.
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