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Abstract: In this study, five different Gram-negative bacteria were 1solated from surgical specimens and minced
meat, then biochemically identified as Pseudomonas aeruginosa. The results of disk sensitivity testing for the
1solated P. aeruginosa showed that the five tested isolates were multiple-resistant to 6 antibiotics; amoxicillin,
augmentin, cephotaxime, clarthromycin, co-trimoxazole and nitrofurantoin. The most effective drugs were
gentamicin, imipenemn, polymyxin and ofloxacin. The antimicrobial activities of four different essential oils
against the multi-drug resistant P. aeruginosa 1solates were investigated. Black seed, citmamon and thyme oils
showed high inhibition of bacterial growth. Inhibition zones of about 30 to 40 mm were recorded for P.
aeruginosa (Isolates No. 1, 2 and 3). Lower sensitivity was observed for isolates number 4 and 5, where the
inhibition zones of their growth ranged from 25 to 30 mm using the tested essential cils. However, olive oil
exhibited the lowest inhubitory effect against all tested 1solates. The efficacy of some plant extracts; green
ginger, thyme, black tea, green tea and cinnamon were tested against the multi-drug resistant P. aeruginosa
isolates. The ginger extract was the most effective antimicrobial agent, followed by cinnamon, thyme, green tea
and black tea. Thus, ginger extract recorded mlibition zones ranged from 30 to 40 mm for the five tested 1solates
of P. aeruginosa. All tested bacterial isolates were sensitive to ginger extract at MIC ranged from 0.4 to 80
mg/ml. Cinnamon o1l mhibited the bacterial growth at mmimum concentrations of 0.64 to 0.96 mg/ml. The MICs

of thyme oil against all tested isclates of P. aeruginosa reached 0.32 - 0.48 mg/ml.
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INTRODUCTION

The problems associated with hospital infections
caused by Pseudomonas aeruginosa have become
increasingly evident. The ability of this opportunistic
human pathogen to acquire resistance to a broad range of
antibiotics has made effective therapy more difficult.
Several recent investigations have dealt with the problem
of antibiotic resistance mm P. aeruginosa [1-3]. A
superinfection in adults with cystic fibrosis chronically
colonized by P. aeruginosa was reported [4]. Multidrug
resistant P. aeruginosa strain caused an outbreak in a
neuroswrgery ward [5]. Furthermore, P. aeruginosa and
Acinetobacter baumannil infections were recorded 1n the
healthcare setting [6]. An alarming increase in bacterial
strains resistant to existing antimicrobial agents demands
a rtenewed effort to seek agents effective against
pathogenic bacteria resistant to current antimicrobials.

Essential oils are natural products extracted from
vegetal materials, which are characterized with their
antibacterial [7-9], antifungal [10], antioxidant and anti-
carcinogenic properties [11]. Most of the antimicrobial
activity in essential oils from spices and culinary herbs;
“cinnamon leaf, thyme, clove, black seed, oregano, olive
and tea tree” appears to be associated with phenolic
compounds [7-9, 12-15].

Medicinal plants are important elements of traditional
medicine in virtually all cultures. Many investigators have
demonstrated  the activity of  the
constituents of some higher plants. Tea consumption
provides protection against bacterial infection [16, 17];

antimicrobial

and also against viral mfection [18, 19]. The prophylactic
effect of green tea drinking on certain forms of cancer and
why tea extracts have been traditionally used in
“alternative medicine” as anticarcinogenic/antibiotic
agents could be also explained by Navarro-Peran et al.

Corresponding Author: Wagih A. El-Shouny, Faculty of Medical Sciences, Hodeidah University, Yeman



World J. Med. Sci., 4 (2): 104-111, 2009

[20]. The extract of the olive leaves inhibited a variety
of microorganisms [21]. This coincides with the natural
ability of olive tree to protect itself from microbial
attack using a variety of antimicrobial substances. The
antibacterial  activity of the aqueous and ethanolic
extracts of garlic and ginger was observed [22]. The
antibacterial enhancement of combinations of ethanol
extracts and/or methanol extracts of Rhus coriaria
and Thymus vulgaris against a clinical isolate of multiple
drug resistant P. aeruginosa was recorded [23]. The
antifungal efficacy of camation, cinnamon, garlic and
thyme tested as powders and/ or extracts was reported
[10, 24]. In diseases of microbial origin, the plants function
as a result of antimicrobial activity against the causative
agents [25].

The objective of the present study was to evaluate
the antibiotic resistance of P. aeruginosa isolated from
clinical specimens; especially after surgical operations of
some patients attending El-Olafey Hospital, Hodeidah
Govemorate, Republic of Yemen. The antibacterial effects
of some essential oils and plant extracts towards the multi-

drug resistant isolates of P. aeruginosa were
mvestigated.

MATERIALS AND METHODS
Bacteria: Four selected blue-pigment producing

bacteria were 1isolated using swabs from surgical
of patients attending Fl-Olafey Hospital,
Hodeidah Governorate, Republic of Yemen. One isolate

wounds

producing greemsh-pigment was obtamed from minced
Each subjected standard
microbiological and biochemical techniques

meat. isolate  was to
for
identification in the Microbiology Laboratory, Medical
Laboratories Department, Faculty of Medical Sciences,
Hodeidah Umversity, Yemen Thus, the morphological
and biochemical tests included the motility, Gram-staining,
growth at a temperature range of 5-42°C, pyocyanin
production, oxidase reaction, mdole test, gelatin
liquefication, carbohydrate “glucose,

sucrose” fermentation on triple sugar iron agar slants;

lactose and

hydrogen sulphide production [26].

Culture Media and Maintainance of Bacteria:
Nutrient agar, blood agar, Mac Conkey agar and Muller
Hinton agar were used for the growth of P. aeruginosa
and production of pyocyamn. All bacterial isolates were
maintained on nutrient agar slants at 4°C with monthly

transfers.
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Antimicrobial Agents: The isolated P. aeruginosa were
tested for their sensitivity to some climcally used
Then, the selected multi-drug resistant
1solates were further tested for their sensitivity to
essential oils as well as a number of plant extracts. The
antibiotics and their concentrations, oils as well as plant
extracts and their preparation methods are mentioned in
the following:

antibiotics.

Antibiotics: Amoxicillin 10 pg, augmentin 30 g,
cephotaxime 30 pg, clarthromycin 15 pg, co-trimoxazole
25 pg, gentamicin 10 pg, imipenem 10 pg, polymyxin 10 ug,
nitrofurantoin 300 pg, ofloxacin 5 pg were used to
determine the antibiotic sensitivity of the isolated
F. aeruginosa.

Essential Oils: Black seed (Nigella sativa L.), ciimamon
(Cinnamonmum burmannil L.), olive (Olea europaea L.)
and thyme (Thymus vulgaris L.) oils were purchased from
local retail markets and stored in full dark vials at 4°C.
The oils were tested for their antimicrobial activities
against some clinical and food contaminating isolates of
FP. aeruginosa.

Plant Extracts: Some plant extracts of green ginger
(Zingiber officinale 1..), cinnamon (Cinramonuimn
burmannil 1..) and thyme seeds (Thymus vulgaris), black
and green teas (Camellia sinesis 1..) were tested for their
antimicrobial activities. The plant materials
purchased from local retail markets. The ginger was
washed, peeled, cut mnto pieces and ground using an
electric blender. 25 g of the ground material were soaked
in 100 ml of hot sterile water and allowed to stand for 24
hours. The dry plant materials of thyme seeds, black tea,
green tea and cinnamon (10 g each) were extracted with
100 ml of hot water. The crude extracts were obtained by
filtration through Whatman No. 2 filter paper under
suction. All extracts were collected in dark bottles and

Wwere

stored at 4°C when not in use.

Antibiotic Sensitivity Test: Disk sensitivity testing
was performed by the modified Kirby-Bauer single-disk
technique on Mdaller Hinton agar with the tested
antibiotics [27]. The agar plates were seeded with 1 ml of
test culture correspending to 10° of cells in nutrient broth.
After the moculum has been dried, antibiotic discs were
applied to moculated medium with sterile forceps and
pressed down gently to ensure even contact. Plates were
incubated for 24 h at 37°C and antibiotic resistance was
interpreted by diameter of mhibition zones around the
antibiotic discs [28].
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Antimicrobial Activity of Qils and Plant Extracts:
The antibacterial activity of essential oils and plant
extracts was assayed by agar wells diffusion. Agar plates
were prepared using Miuller Hinton agar. The plates were
seeded with 1 ml of test culture corresponding to 10° of
cells in nutrient broth. Wells of 3 mm m diameter were
made using a stenile cork borer in solidified agar and 20 ul
of the test oils or plant extracts were added to the wells.
Plates were left for one hour at 4°C and then incubated for
24 h at 37°C. Wells without oils were considered as
controls. Tnhibition zones were measured in mm and three
replicates were averaged [29].

Minimum Inhibitory Concentrations (MIC) of Oils and
Plant Extracts: The most active oils were tested for their
MICs for the individual P. aeruginosa strains by the agar
well diffusion method on Miller Hinton agar with an
inoculum of ca. 10° cfu/plate. Wells of 3 mm in diameter
were made using a sterile cork borer. The essential oils
diluted in absolute methanol to test concentrations
(0.08 - 1.44 mg/ml) were added to the wells (20 pl) and the
same volume of ethanol (20 ul) was used as a control.
Plates were left for one hour at 4°C and then incubated for
24 h at 37°C. The diameter (mm) of inhibition zones of
the oils was measured [30, 31]. The MIC of the selected
plant extract was similarly determined using different
concentrations of 0.4 to 80 mg/m1[32, 33]. The experiments
were performed 1n triplicate.

RESULTS AND DISCUSSION

Tsolation and Tdentification of Bacteria: In this study,
five different bacteria were
specimens (surgical wounds and pus) and minced meat
on nutrient agar (Table 1). The isolates appeared as
actively motile, gram-negative short rods and grew at a
temperature range of 5-42°C, optimally at 37°C. Pyocyanin

isolated from  climical

was produced on nutrient agar, blood agar, Mac Conkey
agar and Miller Hinton agar. Oxidase reaction was

positive, indole was not produced and gelatin was
liquefied 1n 18 hr, producing a greemsh-yellow colour.
Glucose, lactose and sucrose were not fermented on triple
sugar iron agar slants; no hydrogen sulplide or other gas
was produced, but the slant surface became slightly
alkaline. Thus, the morphological and biochemical tests
indicated the belonging of the five isolates to the
Pseudomonas aeruginosa [27].

Antibiotic Sensitivity Test: Table 2 gives the results of
disk sensitivity testing for the P. aeruginosa strains
isolated. The five strains tested were multiple-resistant
to 6 antibiotics; amoxicillin, augmentin, cephotaxime,
clarthromycin, co-trimoxazole and mtrofurantoin. The
most effective drugs were gentamicin,
polymyxin and ofloxacin. The sensitivity of the tested
bacterial 1solated showed variable levels to some potent
antibiotics. Many researchers reported mvestigated the
drug resistance of bacteria. P. aeruginosa strains and
members of Enterobacteriaceae tested were resistant to
amikacin, gentamicin, carbenicillin, tobramycin, ampicillin
and cephotaxime [34]. P. aeruginosa is inherently
resistant to a wide variety of the commonly used
antibictics due to the synergy between multi-drug
efflux systems or a type 1 AmpC p-lactamase and low

lmipenem,

outer membrane permeability [1]. A paralleled correlation
between bacterial plasmids, outer membrane proteins with
antibiotic resistance was observed [2]. Our findings
correspond to previous reports concerning the efficacy of
imipenem against isolates of Enterobacteriaceae and
P. aeruginosa [3, 34]. Aminoglycosides are bactericidal
agents mainly reserved for the treatment of sepsis due to
coliforms and other Gram negative aerobic bacilli. Side
effects include hypersensitivity reactions, ototoxicity and
nephrotoxicity [26]. As gentamicin is a member of this
group, although of its effectiveness against the herein
tested P. aeruginosa isolates, unfortunately it could not
be safely recommended for further use in vivo treatments.
Ofloxacin 1s belonging to quinoclines and has side effects

Table 1: Origin of Pseudomonas aeruginosa isolates, colour of the colonies on nutrient agar and growth in nutrient broth at different temperatures

Growth
Isolate No. Origin Colour 5°C 42°C
P. aeruginosea 1 Surgical wound Blue +
P. aeriginosa 2 Bone surgical wound Blue + +
P. aeruginosa 3 Abdominal surgical wound Blue + +
P. qeruginosa 4 Pus Greenish Blue + +
P. aeruginosa 5 Minced meat Greenish + +

The presence of greenish to blue colour indicated the production of pyocyanin pigment. All isolates grew at 24, 30, 37 and 40°C at pH 7.

[
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Table 2: Sensitivity of different isolates of Pseudomonas aeruginosato antibiotics as determined by disk diffusion on Miiller-Hinton agar

Sensitivity of P. aeruginosaisolates

Tested antibiotics Pal Pa2 Pa3 Pa4 Pas
Amoxicillin 10 pg R R R R R
Augmentin 30 pg R R R R R
cephotaxime 30 g R R R R R
Clarthromycin 15 pg R R R R R
Co-trimoxazole 25 pg R R R R R
Gentamicin 10 pg s 8 g S 8
Imipenem 10 pg S 8 8 S 8
Polymyxin 10 pug K} ] ] K} ]
Nitrofurantoin 300 pg R R R R R
Ofloxacin 5 pg K} ) ] K} ]
Pa: P. aeruginosa, R resistant, 8: sensitive, $": Highly sensitive.

Table 3:
by agar-wells diffusion)

Antibacterial activities of essential oils against multi-drug resistant strains of Pseudomonas aeruginosa grown on Miller-Hinton plates (assayed

Tnhibition zone (mm) of P. aegruginosa strains (1-5)

Tested oils Pal Pa2 Pa3 Pa4 Pa s
Black seed 40 35 35 30 35
Cinnameon 40 35 35 34 35
Olive 33 33 30 26 29
Thyme 35 35 35 28 36

Pa: P. aeruginosa Each value is the mean of three readings

mn treating bacterial nfections in the cluldren [26].
Therefore, it is conditionally prescribed although its
potency recorded mn this investigation. The increase in
resistance to antibiotics along with the adverse side
effects associated with the conventional treatments
led researchers to investigate other options ncluding
essential oils [3, 8, 9] and plant extracts [22, 23, 32] in
treating the multi-drug resistant infections.

Antibacterial Activity of Oils: Data presented in
Table (3) mdicated the antimicrobial activities of four
different essential oils against the multi-drug resistant
P. aeruginosa 1solates. Black seed, ciumamon and
thyme oils showed high inhibition of bacterial growth.
Inhibition zones of about 30 to 40 mm were recorded for
P. aeruginosa (Isolates No. 1, 2 and 3). Lower sensitivity
was observed for isolates number 4 and 5, where the
mhibition zones of their growth ranged from 25 to 30 mm
using the tested essential oils. However, olive oil
exhibited the lowest inhibitory effect against all tested
isolates.

The antibacterial activities of the black seed fixed oils
against food spoilage and/or pathogenic and lactic acid

107

bacteria was reported [7]. Therefore, the o1l of black seed
may be used in food as a preservative. The oils at 2.0%
concentration m absolute methanol were more effective
than the other concentrations (0.5% and 1.0%). The
antibacterial effects may be closely related to their high
percentage of thymoquinone, p-cymene and carvacrol.
The antimicrobial activity of black cumin oil against multi-
drug resistant bacteria from clinical 1solates meluding S.
aureus, P. aeruginosa and others was recorded [9]. The
antimicrobial activity of this oil may be attributed to the
presence of thymoquinone, thymohydroquinone and
thymol in the oil “all of which possessed antimicrobial
activity”. However, another finding was not completely
coincided with the herein mentioned data. Thus, both
Saudi Nigella sativa oil and whole seed exhibited fairly
good antimicrobial activity against most of Gram-positive
bacteria and some of Gram-negative ones. On contrary,
the study was umable to aclieve any degree of
susceptibility to P. aeruginosa, FE. coli and Candida
albicans even with double or four times mncrease in
volumes of oil or whole seed added [34]. This variation in
reported in the different
investigations could be explained by the use of the active

antimicrobial activities
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Table 4: Antibacterial activities of plant extracts against multi-drug resistant strains of Pseudomonas aertginosa grown on Miller-Hinton plates (assayed

by agar-wells diffusion)

Inhibition zone (mm) of P. geruginosa strains (1-5)

Tested plant extracts Pal Pa2 Pa3 Pa4 Pas
Green ginger 40 40 40 30 40
Thyme 32 35 35 25 36
Black tea 30 35 35 28 35
Green tea 30 35 37 28 36
Clinnamon 35 40 37 26 37

Pa: P. aeriginosa. BEach value is the mean of three readings

principle compound, designated thymoquinone, utilized
mn the different studies or possibly to some ecological
factors related to the plant species.

The cinnamon leaf oil had an excellent mhibitory
effect against nine strains of bacteria. The MIC values of
the leaf oils were 500 pg/ml against K. prewnoniae and
Salmonella sp. The MIC of 250 pg/ml was recorded
against F. coli, P. aeruginosa, S. aureus, S. epidermidis,
Enterococcus faecalis and Vibrio parahemolyticus.
Cinnamaldehyde possessed the strongest antibacterial
activity compared to the other comstituents of the
essential oils [12]. Thyme oil contained two phenolic
compounds, thymol (33%) and carvacrol (5.6%)and
a hydrocarbon p-cymene (29%) as shown by Abo-
Ghalia et al [13]. The high inhibitory action of thyme
o1l was due to the presence of these two phenolic OH
groups (thymol and carvacrol), which is quite reactive
and easily forms hydrogen bonds with the active sites
of target enzymes or as a H' carrier, depleting adenosine
triphosphate pool [12, 14]. The mlubitory effect of
thyme essential oil, thymol and carvacrol towards
Shigella sonnei and S. flexneri was postulated [31]. The
essential oils of cimmamon, thyme and clove recorded the
highest antimicrobial efficacy against some multiple
antibiotic resistant bacteria (E. coli, K. preumoniae, P.
aeruginosa, S. aureus, Streptococcus pnewmoniae,
Bacillus subtilis). The recorded MIC values for thyme
oil ranged from 0.64 to 2.56 mg/ml, while the MIC values
of cinnamon oil varied from 1.28 to 2.56 mg/ml for the
different tested bacteria. The MIC values of thyme and
cinnamon oils against . aeruginosa were 1.28 and 2.56
mg/ml, respectively [3]. Several homeopathic substances
were tested to determine activity against drug resistant
straing of microorganisms. The most effective were tea
tree oil, oregano oil, wintergreen oil and lemon oil.
Oregano oil was determined to have the greatest
antimicrobial activity with a mean MIC of 0.56% v/v
followed by thyme o1l with a mean MIC of 2.47% v/v [8].
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Antibacterial Activity of Plant Extracts: The antibacterial
activity of some plant extracts; green ginger, thyme,
black tea, green tea and cinnamon were tested against the
multi-drug resistant P. aeruginosa 1solates. The results
(Table 4) showed that ginger extract was the most
effective agent, followed by cinmamon, thyme, green tea
and black tea. Thus, ginger extract recorded inlibition
zones ranged from 30 to 40 mm for the five tested isolates
of P. aeruginosa.

The aqueous and ethanolic extracts of garlic and
ginger singly did not inhibit any of the test organisms;
S. aureus, Bacillus spp., E. coli and Salmonella spp.
The highest inhibition zone of 19 mm was observed with
a combination of extracts on S. aureus, while Salmonella
spp. was resistant to all the extracts except lime [22].

In her book ’10 Essential Herbs” author Lalitha
Thomas reported the major active ingredients in ginger
are terpenes (quite similar to the chemical action of
turpentine) and an oleo-resin called ginger oil. These two
and other active ingredient i ginger, provide antiseptic,
lymph-cleansing, circulation-stimulating  and  mild
constipation relief qualities action that is quite effective in
cleansing the system of toxins.

Combinations of ethanol extracts and/or methanol
of  Rhus and  Thymus vulgaris
(100 mg/ml each) showed an additive action (antibacterial
enhancement) against a clinical isolate of multiple drug
resistant P. aeruginosa [23]. The fact that allicin of freshly
crushed garlic and thymogquinone of black cumin seeds

extracts coriaria

are the major components, which have great therapeutic
potential as antimicrobial agents against different
pathogens of wurinary tract infections including
Staphylococcus aureus and E. coli species was confirmed
[24]. The high significant inhibitory effect on radial
fungal growth for different concentrations of carnation,
cimnamon, garlic and thyme. Concentrations of 8% of
powdered spices and 6% of their extracts added to the
cultire medium were able to cause complete growth
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Table 5: Minimum inhibitory concentrations of ginger extract, cinnamon and thyme oils against multi-drug resistant strains of Pseudomonas aertginosa

grown on Milller-Hinton agar

Ginger extract Cinnamon oil Thyme oil
Tested bacteria MIC (mg/ml)
P. aeruginosa 1 0.4 0.64 032
P. aeruginosa 2 40.0 0.64 0.32
P. aqeruginosa 3 40.0 0.64 032
P. aeruginosa 4 80.0 0.96 048
P. aeruginosa 5 4.0 0.64 0.32

Each value represents three repetitions of the experiment.

inhibition of the major tested fungi [10]. Olive leaves
extract at low concentrations (5 mg/ml) showed significant
inhibition of some fungi, Gram positive and Gram negative
bacteria, with exception of P. aeruginosa. The high
content of oleuropein and the other phenolic compounds
dentified in the extract might contribute for its
antimicrobial properties agaimnst the tested human
intestinal or respiratory tract pathogens [32].

Tea consumption provides protection agaimst
bacterial infection [16, 17] and against viral infection [18,
19]. Polyphenolic compounds present i tea may reduce
the risk of a variety of illness, including cancer and
coronary heart disease. Most of the polyphenols in green
tea are flavanols, commonly known as catechins. In black
tea, the major polyphenols are theaflavin and thearubigin
[15]. It was suggested that the prophylactic effect of
green tea drinking on certain forms of cancer is due to the
mhibition of dihydrofolate reductase by the natural
polyphynol; epigallocatechin gallate (EGCG) and 1t could
also explained why tea extracts have been traditionally
used m “alternative medicine” as anticarcinogenic/
antibiotic agents or in the treatment of conditions such as
psoriasis [20].

Minimum Inhibitory Concentrations (MIC) of Qils and
Plant Extracts: The essential oils and plant extract that
were determined to have the greatest antibacterial effect
were tested further using the agar-well diffusion method
to determine minimum inhibitory concentrations. Table (5)
showed the MICs of ginger extract, cinnamon and thyme
oils against P. aeruginosa strains grown on Muller-
Hinton agar. All tested bacterial isolates were sensitive to
ginger extract at MIC ranged from 0.4 to 80 mg/ml. The
data also indicated that cinnamon oil inhibited the
bacterial growth at mimmimum concentrations of 0.64 to
0.96 mg/ml. The MICs of thyme oil against all tested
isolates of P. aeruginosa reached 0.32 - 0.48 mg/ml. Tn this
concern, previous studies showed that the cinnamon leaf
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oil had an excellent inhibitory effect against nine strains
of bacteria. Among the tested strains, P. aeruginosa,
E. coli, S. aureus, S. epidermidis, Enterococcus faecalis
and Vibrio parahemolyticus were affected with MIC of
250 pg/ml [12]. The MIC values of thyme and cinnamon
oils agamst P. aeruginosa were 1.28 and 2.56 mg/ml,
respectively [3]. The antinicrobial activity of thyme oil
against drug resistant strains of microorganisms at a mean
MIC of 2.47% v/v [8].

In a conclusion, this study reflects the defect of the
extensive use and misuse of antibiotics which have
favoured the emergence and swurvival of resistant
strains of microorganisms. In the treatment and control
of infectious diseases, especially when caused by
pathogens that are often drug resistant, sensitivity testing
must be used to select effective antimicrobial drugs.

Taken together, according the pharmacological
criteria of the essential oils and the plant extracts, the
antimicrobial doses of thyme and cinnamon oils as well as
ginger extract against P. aeruginosa could be adjusted
singly or possibly in combmation In addition, the use of
these natural antimicrobial components along with
other preservation techniques, ‘e.g. in combination with
reduced temperature and reduced pH’ may improve food
safety and overall microbial quality. Furthermore, the use
of extracts 1s recommended to achieve health benefits due
to the additive and synergistic effects of phytochemicals
present in whole extracts.

The tested essential cils and plant extracts possessed
antimicrobial activities agamst all multi-drug resistant
P. aeruginosa and may be used topically m treating
various wounds, burns and serious infections. Further in
vitro studies would be rewarding to test more pathogenic
bacteria and fungi in order to recommend future use of the
effective oils and plant extracts in the possible treatment
of multi-drug resistant infectious microbes. In vivo trials
are required to advocate the systemic use of the potent
antinicrobials in infectious diseases.
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