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The antibacterial effects of Cinnamon (Cinnamomum zeylanicum) essential oil and ethanolic extract 
against extended-spectrum β-lactamase (ESBL)-producing Escherichia coli and Pseudomonas 
aeruginosa strains were studied in the present study. The essential oil and ethanolic fraction of C. 
zeylanicum showed significant activities against all tested microorganisms and minimal inhibitory 
concentration values (MIC) of the essential oil ranged from 0.8 to 20.2 μg/ml. The MIC of ethanolic 
fraction at 60°C were in the range from 8 to 62.12 μg/ml, although at room temperature showed the 
highest and lowest activity at 14.5 and 64.11 μg/ml, respectively. The results show by these extracts 
recommends their potential use against multidrug resistant microorganisms. This study also shows that 
C. zeylanicum could be a potential source of new antimicrobial agents. PCR amplification reaction 
showed the presence of CTX-M β-lactamases gene in all tested organisms.  
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INTRODUCTION  
 
Medicinal plants are natural resources for the preparation 
of valuable products that can be used in the treatment of 
various ailments. Plant materials remain an important 
resource for combating illnesses, including infectious 
diseases, and many plants have been investigated with 
the intention to produce novel drugs for the development 
of new therapeutic agents (Tajkarimi et al., 2010; 
Sienkiewicz et al., 2013). Thus the emergence of multiple 
drug resistance of pathogenic organisms has caused an 
extensive research to find new antimicrobial substances 
from other sources including plants (Lin et al., 2005; 
Warnke et al., 2009; Yap et al., 2013). This interest have 

been triggered due to the increasing frequency of 
microorganisms that are resistant to common and 
generally accepted antibiotics which is on the increase. 
Antibiotic resistance refers to the ability of a 
microorganism to withstand the effects of an antibiotic. 
Resistance rate to these drugs is higher in developing 
compared to developed countries because of the 
extensive and indiscriminate use of antibiotics over the 
last few decades (Akram et al., 2007) and people 
propensity to self-medicate without a prescription from an 
expert.  

Among the wide array of antibiotics, beta (β)-Lactam
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(penicillins, cephamycins etc.) are the most varied and 
widely used (Bronson and Barrett, 2001). The most 
common cause of bacterial resistance to β-lactam 
antibiotics is the production of β-lactamases, enzymes 
that break the antibiotic structure. The majority of these 
enzymes have been described in Gram negative bacteria 
which are responsible for numerous infectious diseases 
and are generally multidrug resistant. Gram-negative 
bacteria are more resistant to antibiotics than the Gram-
positive bacteria due to the permeability barrier provided 
by the cell wall or to the membrane accumulation 
mechanism (Shanab et al., 2004).  

Bacterial resistance to β-lactam antibiotics has been 
attributed to the spread of plasmid-mediated extended 
spectrum β-lactamases (ESBLs) (Khan et al., 2010; 
Sienkiewicz et al., 2013). ESBL-producing 
Enterobacteriaceae and other kinds of bacteria have 
been reported widely. Infections caused by ESBL-
producing bacteria have become a clinical and 
therapeutic problem because these organisms are 
resistant not only to β-lactamases but also to many other 
antimicrobial agents (Velasco et al., 2007). A feasible 
approach of limiting the transmission of these pathogens 
is the use of essential oils as alternative or topical agents. 

Cinnamon is a plant that belongs to the family of 
Lauraceae most noted for its bark, which provides the 
world with the commonly known culinary spice, 
cinnamon. Cinnamon has medicinal property and has 
been used to treat gastrointestinal complaints and other 
ailments (Cao and Anderson, 2011; Varalakshmi et al., 
2014) and has been known as a popular remedy. It is 
reported to exhibit antimicrobial activity (Souza et al., 
2007; Mishra et al., 2009; Pritam et al., 2013). Its 
potential therapeutic roles such as diaphoretic, 
carminative, antispasmodic, antiseptic, insecticidal and 
parasiticide properties have also been recognized. 

The CTX-M β-lactamases are one of the groups of 
extended spectrum β-lactamases (ESBLs) identified after 
the introduction of the broad-spectrum cephalosporins. 
These enzymes are worldwide spread and 54 different 
types have already been identified in the last decade. 
The bla CTX-M genes are located on large plasmids (58-
320 kb) that are transformed into Escherichia coli and 
resulted in multiresistant transformants (Soge et al., 
2006). 

In the present study, essential oil and ethanolic extract 
of Cinnamomum zeylanicum were tested to screen their 
antimicrobial activity (MIC) against multi-drug resistant E. 
coli (ESBL positive) and Pseudomonas aeruginosa 
strains with verification of CTX-M β-lactamases. 
 
 

MATERIALS AND METHODS  
 

Plant materials  
 

The essential oil and the powder of C. zeylanicum were purchased 
from the Aroma Trading market (SH pharma), Egypt. 

Hamedo         293 
 
 
 
Preparation of plant extract  
 

The bark powder of C. zeylanicum (10 g) was refluxed with absolute 

ethanol (100 ml) for 6 h. The solvents were evaporated at a 
constant temperature of 60°C until a very concentrated extract was 
obtained (5 ml). Identification tests for the various chemicals were 
conducted to test the presence of different chemical constituents.  
 
 

Preliminary phytochemical analysis  
 

Qualitative phytochemical screening for various chemical 
constituents including alkaloids, flavonoids, glycosides, phenols, 
resins, sugars, amino acids, protein, steroids/terpenes and tannins 
were performed using the crude extract of C. zeylanicum. The 
presence of resins, alkaloids, tannin and proteins was determined 
according to the methods described by Afaq et al. (1994) and 
Evans (2002). The presence of amino acids, glycosides, 
sterols/terpenes, phenols and carbohydrates was demonstrated by 
the methods of Evans (2002). For the confirmation of the presence 

of flavonoids, the method of Fornasworth (1966) was used.  
 
 

Test organisms 
 

The bacterial strains were either reference strain acquired from 
King Khalid University, Medicine Collage, KSA or clinical isolates 
from Mansoura University hospital, Egypt. Clinical strains were 
identified by conventional techniques (Fornasworth, 1966). The 
isolates studied included Gram-negative bacteria E. coli spp. (six 
strains) and P. aeruginosa (two strains). They were tested against 
their ability to produce β-lactamases enzyme. The isolates studied 
were resistant to at least one β-lactam antibiotic. Reference 
bacterial strain was β-lactamase producer E. coli ATCC O1577. 
Antimicrobial susceptibility of these strains was determined by disc 
diffusion method test. Each strain was routinely sub-cultured, at 
37°C, on nutrient agar plate (Difco). 
 
  

Antibiotic susceptibility testing 
 

Susceptibility testing was performed according to Clinical and 
Laboratory Standards Institute (NCCLS) recommendations by using 
microtitre plates containing different dehydrated antibiotics. The 
initial screening was performed by testing the zone diameter for 
ceftriaxone, ceftazidime and cefotaxim (Aligiannis et al., 2001) 
alone and in combination with 4 g/mL clavulanic acid for phenotypic 

detection of β-lactamases. 
 
 

Antimicrobial activity test  
 

The antimicrobial activities of the essential oil and the ethanolic 
plant extract of C. zeylanicum were measured in vitro against the 9 
microbial cultures by using disc diffusion method (Anon, 1997). 
Filter paper discs (5 mm diameter) were placed on the pre-

inoculated agar surface and impregnated with 30 μl of each 
essential oil or ethanolic fraction. The plates were then incubated at 
37°C for 24 h before the diameters of inhibition zones around each 
disc were measured. All tests were performed twice and the 
antimicrobial activity was expressed as the mean of inhibition 
diameters (mm).  
 
 

Determination of minimum inhibitory concentration 
 

The minimum inhibitory concentration (MIC) was defined as the 
lowest concentration that  prevents  visible  growth  of  the  bacteria  



 

294         Afr. J. Biotechnol. 
 
 
 
(Delaquis et al., 2002). One ml from the dissolved essential oil in 
ethanol and ethanolic extract (100 µg/ml) was used to determine 
MIC by serial dilution with nutrient broth (Murray et al., 1995). The 

bacterial cell number was adjusted at 10
6
 bacterial cells/ml (0.1 ml 

inoculum / tube) for the tested strains. All samples were incubated 
at 37°C during 18-24 h. As control, ethanol was used.  
 
 

DNA extraction 
 

Bacterial chromosomal DNA was obtained using Maxwell 16 DNA 
cell purification Kit with automatic DNA extraction machine 
according to instruction manual. The chromosomal DNA was 
checked by electro-phoresis in agarose gels, and the 
concentrations of the different extracts were standardized by 
spectrophotometric measurements (Sambrook et al., 1989). 
 
 

Detection of the CTX-M gene 
 

DNA from different E. coli strains and P. aeruginosa strains was 

used as the template in a PCR amplification. Amplification reactions 
were performed in a final volume of 50 μl. Mg

2+
-free PCR buffer 

was purchased as a 10× concentrate consisting of 500 mM KCl, 
100 mMTris-HCl (pH 9.0), and 1% Triton X-100 (Perkin-Elmer, 
Roche Molecular Systems, Inc., Nutley, N.J.) with 200 μM (each) 
dATP, dCTP, dGTP, and dTTP (Perkin-Elmer, Roche Molecular 
Systems, Inc.). The Mg

2+
 concentration was 2.5 mM, and the 

primers were used at 0.5 μM each. The primer pair CTX-M-1 (5′-
AACACGGATTGACCGTATTG-3′) and CTX-M-2 (5′-
TTACAGCCCTTCGGCGAT-3′) was used to amplify the CTX-M-14 
gene in the plasmid DNA. Amplification reactions were carried out 
in T100 thermal cycler (Bio-Rad, Germany), with an initial 
denaturation (10 min at 94°C) followed by 30 cycles of denaturation 
(30 s at 94°C), annealing (30 s at 58°C), and extension (2 min at 
72°C), with a single final extension of 10 min at 72°C. Aliquots (15 
μl) of each sample were subjected to electrophoresis in 1.0% 
agarose gels. Amplified products were detected after staining with 

ethidium bromide (50 μg/ml) and photographed with gel 
documentation system (BioScience, Taiwan).  
 
 

RESULTS AND DISCUSSION 
 

With the rise in the emergence of various multidrug 
resistant microorganisms and the scenario worsening 
through the indiscriminate use of antibiotics, new and/or 
alternative antimicrobial compounds must be developed 
to treat common infections (Shakil et al., 2010). New and 
safe antimicrobial agents are needed to prevent and 
overcome severe bacterial infections and the problems of 
bacterial resistance (Sienkiewicz et al., 2013). Plants 
essential oils and extracts especially cinnamon have 
been used for many thousands of years, in 
pharmaceuticals, alternative medicine, and natural 
therapies (Pritam et al., 2013). It is necessary to 
investigate this plant scientifically to improve the quality 
of healthcare.  

The initial screening was carried out to test inhibition 
zones of ceftriaxone, ceftazidime and cefotaxime, and the 
corresponding inhibitory diameters were 17, 15 and 14 
mm, respectively. Thus, it was possible that this strain 
might produce ESBLs. Moreover, the confirmation test of 
ESBL   production    indicated   that   inhibition  zones   of 

 
 
 
 
cefotaxime and ceftazidime with clavulanic acid were 20 
and 17 mm, respectively. The increase of 6 mm between 
the zones of cefotaxime and cefotaxime combined with 
clavulanic acid was considered to indicate the production 
of ESBLs. These results were confirmed with the results 
of Hongbin et al. (2008) who stated that the increased 
zone diameter for ceftazidime or cefotaxim tested in 
combination with clavulanate versus the zone when 
tested alone was considered indicative of ESBL 
production from E. coli isolates obtained from chicken 
livers. 

Results obtained in the present study reveal that the 
essential oil and the fractions of the plant extract tested 
possess potential antibacterial activity against the tested 
organisms. There are differences in the antimicrobial 
activities of the essential oil and the ethanolic plant 
extract as each might possess different compounds. This 
is in agreement with the report of Khan et al. (2010) 
which stated that the ability of the oil and extract of some 
medicinal plants to inhibit bacteria suggested the 
presence of broad spectrum antibiotic compounds. 
Schmidt et al. (2006) showed that the essential oil of C. 
zeylanicum is rich in eugenol and cinnamaldehyde which 
are the two major chemical components that are mainly 
responsible for its antimicrobial properties. Snyder (1997) 
stated that eugenol, a phenol compound, inhibits mold 
and adds flavor and aroma to bakery items. It also 
possesses antiviral properties in vitro while, Ali et al. 
(2005) confirmed that eugenol and cinnamaldehyde 
inhibit H. pylori growth at a low pH, showing their efficacy 
in eliminating the bacteria present in the human stomach. 

It has been published that various plant extracts have 
been demonstrated to possess antibacterial activity 
against microbial pathogens. The antimicrobial activity 
observed could be due to the varied phytochemicals 
presents (Aduol et al., 2014). Several metabolites from 
medicinal plants such as sterols, tannins and alkaloids 
have previously been associated with antimicrobial 
activity (Leven et al., 1979). It is necessary to identify the 
phytochemical component of the local medicinal plants to 
explain some of the biological activity of certain plant 
extracts observed.  

The phytochemical analysis of ethanolic extract of C. 
zeylanicum showed positive tests at room temperature 

and at 60C for the presence of many compounds like 
resins, sterols /terpenes, tannins, glycosides, alkaloids and 
flavonoids while reducing sugars, amino acids, phenols 
and proteins were not detected (Table 1).  
The antibacterial activity of cinammon ethanolic extract 
could be due to the presence of resins, sterols, terpenes, 
tannins, glycosides, alkaloids and flavonoids. Shuaib et al. 
(2013) concluded that the resin rich methanolic extracts 
of C. myrrha, O. turpethum and P. Roxburghii exhibited 
some degree of antimicrobial activity against Gram- 
positive (S. aureus, B. subtilis, M. luteus, E. faecalis) and 
Gram-negative bacterial strains (E. coli, P. aeruginosa, S.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shuaib%20M%5Bauth%5D
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Table 1. Qualitative test for various phytochemical constituents in 
ethanolic extract.  
 

Compound 
Ethanolic extract 

(at 60°C) 

Ethanolic extract  

(at room temperature) 

Resins +ve +ve 

Sterols/terpenes +ve +ve 

Reducing sugers -ve -ve 

Tannins +ve +ve 

Glycosides +ve +ve 

Alkaloid +ve +ve 

Amino acids -ve -ve 

Flavonoids +ve +ve 

Phenols -ve -ve 

Proteins -ve -ve 
 
 
 

Table 2. MIC (μg/ml) values of essential oil and ethanolic extract of C. zeylanicum studied against multi-drug 
resistant strains of bacteria. 
 

Strain number Essential oil 
Ethanolic extract  

(at 60˚C ) 

Ethanolic extract  

(at room temperature) 

P. aeruginosa 1 20.20 64.00 64.11 

P. aeruginosa 2 20.00 62.12 64.00 

E. coli 1 0.8 8.22 16.20 

E. coli 2 12.70 8.00 14.50 

E. coli 3 4.88 32.00 38.35 

E. coli 4 4.00 24.80 24.00 

E. coli 5 4.00 24.12 22.30 

E. coli 6 16.33 30.00 32.11 

E. coli ATCC O1577 16.00 32.00 60.00 
 

 
 

typhi, S. dysenteriae). Dherbomez et al. (1995), stated 
that a sterol, 7-amino- cholesterol displayed antibiotic 
activity against Saccharomyces cerevisiae, S. aureus, 
Enterococcus hirae and Bacillus cereus, while, Cantrell et 
al. (2001), investigated the importance of terpenes and 
terpenoids for their antimicrobial activity. Haslam (1996) 
reported that a wide range of anti-infective actions have 
been assigned to tannins. Iyengaroside-A (2), a glycoside 
isolated from the methanolic extract of the marine green 
alga Codium iyengarii has been reported to show 
bactericidal activity (Ali et al., 2002). Bromotyrosine 
alkaloids have demonstrated high antimicrobial activity 
against a number of Gram-positive organisms, including 
Mycobacteria and Staphylococci (Pick et al., 2006). 
Flavonoids have been found to show in vitro antimicrobial 
activity against a wide range of bacteria (Cowan, 1999). 

The ethanolic extract of cinammon showed significant 
activity against the investigated bacterial strains, which is 
promising. It is interesting to note that the extract is not 
pure compounds and in spite of it, antimicrobial results 
were obtained, which only suggests the potency of this 

extract. The potential for developing antimicrobials from 
plants is rewarding as it will lead to the development of a 
phytomedicine to act against microbes. Plant based 
antimicrobials have enormous therapeutic potential as 
they can serve the purpose without any adverse effects 
that are often associated with synthetic compounds; 
hence isolation and purification of phytoconstituents from 
our plant may yield significant novel antimicrobials. 

The essential oil and ethanolic fraction of C. 
zeylanicum showed significant activities against all the 
microorganisms and the values of MICs for the essential 
oil ranged from 0.8 (E.coli no.1) to 20.2 μg/ml (P. 
aeruginosa no.1) (Table 2). On the other hand, MICs of 
the ethanolic fraction at 60

o
C showed highest activity 

against E. coli no.2 (8 μg/ml) while the lowest activity was 
against P. aeruginosa no.1 (64.00 μg/ml). The MICs of 
ethanolic fraction at room temperature showed the 
highest activity against E. coli no.2 (14.5 μg/ml) and the 
lowest in P. aeruginosa no.1 (64.11 μg/ml). Ethanol was 
used as a control which did not show any inhibitory 
activity against each bacterial species. 
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Figure 1. PCR amplification products of CTX-M gene. From left to right; DNA marker: 

100bp DNA ladder; lanes 1-6, E. coli isolates; lanes 7 and 8 P. aeruginosa isolates; 
lane 9, positive control E. coli ATCC O1577 strain containing of CTX-M gene of about 
550 bp. 

 
 

 

Tests have shown that cinnamon oil have strong 
antimicrobial effects against the most bacteria and fungi, 
even more than the cinnamon ethanolic extract. Gupta et 
al. (2008), showed that cinnamon oil was effective 
against 10 examined bacteria, including S. aureus, 
Listeria monocytogenes, and E. coli while cinnamon 
extract was only effective against most of the food-borne 
microorganisms. In another study which examined the 
antibacterial effects of various plant essential oils, 
cinnamon oil showed maximum activity against the gram 
positive bacteria B. subtilis and K. pneumoniae and the 
gram negative bacteria P. aeruginosa and E. coli 18 
(Ankri and Mirelman, 1999). 

There has been a dramatic increase in the number of 
organisms reported in the literature that produce CTX-M-
β-lactamases. This class of β-lactamases has been 
recognized worldwide as an important mechanism of 
resistance to oxyimino-cephalosporins used by gram-
negative pathogens (Bonnet, 2004) (Figure 1). 

To overtake the technical difficulties encountered in 
molecular detection and characterization of these β-
lactamases simultaneous amplification PCR methods 
have been successfully developed (Colom et al., 2003). 
The specific fragments at 550 bp was clearly separated 
and visualized by gel electrophoresis. E. coli isolates 
harboring ESBLs are significantly more frequently found 
to be resistant to other antibiotics, in particular fluro-
quinolones. Due to the increased complexity of β-lactam 
resistance in Gram-negative organisms, the key to 
effective surveillance is the use of both phenotypic and 
genotypic analyses (Eisner et al., 2006). This high ESBL 
frequency may have been caused by the excessive use 
of broad-spectrum antibiotics in our hospital, together 

with a lack of attention to laboratory screening of ESBL 
production by clinical isolates. On the other hand, the 
high rate of ESBL production could possibly be due to the 
spread of 1 single clone and/or plasmid within our 
hospital setting. Owing to a number of limitations, we 
could not exclude this possibility by determining plasmid 
profiles and pulsed-field gel electrophoresis patterns of 
the isolates. As the available treatment options are 
limited, antibiotic control policies together with the 
implementation of infection control measures remain of 
high importance. 
 
 

Conclusion 
 

The essential oil and the ethanolic extract of C. 
zeylanicum showed varying degrees of antimicrobial 
activity against the ESBL producing multidrug resistant 
isolates. The presence of phytochemicals may be 
responsible for its therapeutic effects. This plant could be 
a source of new antibiotic compounds which could be 
more effective against multidrug resistant strains of 
microorganisms. To test and identify the specific 
antimicrobial compounds, further work is needed. 
 
 

Conflict of interests 
 

The authors have not declared any conflict of interests. 
 

 

ACKNOWLEDGEMENT 
 

The author expresses her thanks to Dr. Rehab Abdeen 
Herzallah Assis, Prof. Of chemistry at King Khalid 
University, for her helping in chemical analysis work. 



 

 
 
 
 
REFERENCES 

 
Aduol OM, Ogila KO, John K (2014). Evaluation of antibacterial effects 

and phyto-chemical screening of the aqueous and methanolic 

extracts of Hibiscus diversifolius. Journal of Microbiology and 
Antimicrobials 6.5:88-93. 

Afaq SH, Tajuddin, Siddiqui MMH (1994). Standardization of Herbal 

Drugs. AMU Press, Aligarh. pp. 93-94:143-46. 
Akram M, Shahid M, Khan AU (2007). Etiology and Antibiotics 

Resistance Pattern of Community Acquired Urinary Infections in J N 

M C Hospital Aligarh India. Ann. Clin. Microbiol. Antimicrob. 6:4. 
Ali M, Saleem M, Yamdagni R, Ali M (2002). Steroid and Anti-bacterial 

Steroidal Glycosides from Marine Green Alga Codium Iyengarii 

Borgesen. Nat Prod Lett 16:407-13.  
Ali SM, Khan AA, Ahmed I, Musaddiq M, Ahmed KS, Polasa H, Rao LV, 

Habibullah CM, Sechi LA, Ahmed N (2005). Antimicrobial activities of 

Eugenol and Cinnamaldehyde against the human gastric pathogen 
Helicobacter pylori. Annals of Clinical Microbiology and Antimicrobials 

Vol. 4 (Issue 20). BioMed Central. PubMed Central ID: PMC1373661. 

Aligiannis N, Kalpoutzakis E, Mitaku S, Chinou BI (2001). Composition 
and antimicrobial activity of the essential oils of two Origanum 
species. J Agric Food Chem 49:4168-4170. 

Ankri S, Mirelman D (1999). Antimicrobial properties of allicin from 
garlic. Microbes and Infections. 1 (2):125-129. SciVerse Science 
Direct.  

Anon (1997). Methods for dilution antimicrobial susceptibility tests. 4th 
ed.Approved standards M2-A4 (M100-S7), Wayne, PA: National 
Committee for Clinical Laboratory Standards. 16.  

Bonnet R (2004). Growing group of extended-spectrum 
betalactamases: The CTX-M enzymes. Antimicrob Agents 
Chemother. 48:1-14. 

Bronson JJ, Barrett JF (2001). Quinolone, Everninomycin, 
Glycylcycline, Carbapenem, Lipopeptide and Cephem Antibacterials 
in Clinical Development. Curr. Med. Chem. 8:1775-1793. 

Cantrell CF, Franzblau SG, Fischer NH (2001). Antimycobacterial Plant 
Terpenoids. Planta Medica 67:685-694. 

Cao H, Anderson RA (2011). Cinnamon polyphenol extract regulates 

tristetraprolin and related gene expression in mouse adipocytes. J. 
Agric. Food Chem. 59:2739-2744. 

Colom K, Perez J, Alonso R, Fernandez-Aranguiz A, Larino E, Cisterna 

R (2003). Simple and reliable multiplex PCR assay for detection of 
blaTEM, bla(SHV) and blaOXA-1 genes in Entero-bacteriaceae. 
FEMS Microbiol. Lett. 223:147-151. 

Cowan MM (1999). Plant products as Antimicrobial Agents. Clin. 
Microbiol. Rev. 12:564-582. 

Delaquis PJ, Stanich K, Girard B, Mazza G (2002). Antimicrobial activity 

of individual and mixed fractions of dill, cilantro, coriander and 
eucalyptus essential oils. Int. J. Food Microbiol. 74:101-109. 

Dherbomez M, El kihel L, Letourneux Y (1995). Antibacterial activity of 

7-aminocholesterol, a new sterol. FEMS Microbiol. Lett. 126:91-92.  
Eisner A, Fagan EJ, Feierl G, Kessler HH, Marth E, Livermore DM, 

Woodford N (2006). Emergence of Entero-bacteriaceae isolates 
producing CTX-M extended-spectrum beta-lactamase in Austria. 

Antimicrob Agents Chemother. 50:785-787.    
Evans WC (2002). Trease and Evan's Pharmacognosy. 15th edition. 

Elsevier Science Limited. pp.156-336. 

Fornasworth WR (1966). Biological and phytochemical screening of 
plants. J. Pharma. Sci. 55:225. 

Gupta C, Garg AP, Uniyal RC, Kumari A (2008). Comparative analysis 

of the antimicrobial activity of cinnamon oil and cinnamon extract on 
some food-borne microbes. Afr. J. Microbiol. Res. 2(9):247-251. 

Haslam E (1996). Natural Polyphenols (vegetable tannins) as drugs: 

possible modes of action. J. Nat. Prod. 59:205-215. 
Hongbin S, Jinqiang H, Zhichang L, Zhen-ling Z (2008).Antibacterial 

e،ectof oregano essential oil alone and in combinationwith antibiotics 
against extended-spectrum β-lactamase-producing Escherichia coli. 

FEMS Immunol. Med. Microbiol. (53):190-194. 
Khan R,Zakir M, Afaq H, Latif A, Khan A (2010). Activity of solvent 

extracts of Prosopis spicigera, Zingiber officinale and 
Trachyspermum   ammi  against  multidrug   resistant   bacterial   and  

Hamedo         297 
 
 
 

fungal strains. J. Infect. Dev. Ctries. 4(5):292-300. 
Leven MD, Vanden-Berghe DA, Marten T, Vilientmick A, Lomweas EC 

(1979). Screening of higher plants for biological activity. Planta 

Medica 36:311-312.  
Lin RD, Chin YP, Lee MH (2005). Antimicrobial activity of antibiotics in 

combination with natural flavonoids against clinical extended-
spectrum beta-lactamase (ESBL)-producing Klebsiella pneumoniae. 

Phytother. Res. 19:612-17.  
Mishra AK, Mishra A, Kehri HK, Sharma B, Pandey AK (2009). 

Inhibitory activity of Indian spice plant Cinnamomum zeylanicum 
extracts against Alternaria solani and Curvularia lunata, the 

pathogenic dematiaceous moulds. Ann. Clin. Microbiol. Antimicrob. 

8:9.  
Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolke RH (1995). 

Manual of clinical microbiology, 6th Edn., American Society for 

Microbiology, Washington, DC. P. 282. 
Pick N, Rawat M, Arad D, Lan J, Fan J, Kende AS, Av-Gay Y (2006). In 

vitro properties of antimicrobial bromotyrosine alkaloids. J. Med. 

Microbiol. 55:407-15.  
Pritam DN, Hemant G, Anu G, Niharika S, Monica K,RamalingamC 

(2013). Comparison of antimicrobial activity of Cinnamomum 

zeylanicum and Cinnamomum cassia on food spoilage bacteria and 
water borne bacteria. Scholars Research Library Der Pharmacia Lett. 
5(1):53-59. 

Sambrook J, Fritsch EF, Maniatis T (1989). Molecular cloning: a 
laboratory manual. Vol. 3.Cold Spring Harbor Laboratory Press, Cold 
Spring, New York. pp. 71-787. 

Schmidt E, Jirovetz L, Buchbauer G, Gernot A, Stoilova I, Krastanov A, 
Stoyanova A (2006).Composition and Antioxidant Activities of the 
Essential Oil of Cinnamon (Cinnamomum zeylanicum Blume) Leaves 

from Sri Lanka. Jeobp, 9(2):170-182. 
Shakil S, Ali SZ, Akram M, Ali SM, Khan AU (2010). Risk factors for 

ESBL producing E. coli and K. pneumonia acquisition in a neonatal 

care unit. J. Trop. Pediatr. Apr. 56(2):90-6. 
Shanab AB, Ghaleb A, D`ahood AS, Naser J, Kanel A (2004). Anti-

bacterial activity of some plant extracts and utilized in popular 

medicine in Palestine. Turk. J. Biol. 28:99-102. 
Sienkiewicz M, Lysakowska M, Pastuszka M, Bienias W, Kowalczyk E 

(2013). The potential of use basil and rosemary essential oils as 

effective antibacterial agents. Molecules. 18:9334-9351. 
Snyder OP (1997). Hospitality Institute of Technology and Management. 

Antimicrobial Effects of Spices and Herbs.  

Soge O, Queenan A, Ojo K, Adeniyi BA, Roberts MC (2006). CTX-M-15 
extended-spectrum β-lactamase from Nigerian Klebsiella 
pneumoniae. J. Antimicrob. Chemother. 57:24-30.   

Souza
 
L, Moreira P,

 
Lima E, de Souza EL, Van Dingenen MA, Trajano 

VN (2007). Inhibitory effect of Cinnamomum zeylanicum Blume 

(Lauraceae) essential oil and β-pinene on the growth of 

dematiaceous moulds. Braz. J. Microbiol. 38(1) São Paulo Jan./Mar. 
Shuaib M,  Ali A,  Ali M, Panda BP, Ahmad

 
MI (2013). Antibacterial 

activity of resin rich plant extracts. J. Pharm. Bioallied. Sci. 5(4):265-

269. 
Tajkarimi MM, Ibrahim SA, Cliver DO (2010). Antimicrobial herb and 

spice compounds in food. Food Contr. 21:1199-1218. 

Varalakshmi A, Vijayaanand A, Karpagam T, Sugunabai J, Manikandan 
(2014). In vitro antimicrobial and anticancer activity of Cinnamomum 

zeylanicum Linn bark extracts. Int. J. Pharm. Pharmaceut. Sci. 

6(Suppl 1):12-18. 
Velasco C, Romero L, Martınez JMR, Rodrıguez-Bano J, Pascual A 

(2007). Analysis of plasmids encoding extended-spectrum β- 
lactamases (ESBLs) from Escherichia coli isolated from non- 

hospitalised patients in Seville. Int. J. Antimicrob. Agents. 29:89-92.  
Warnke PH, Becker ST, Podschun R, Sivananthan S, Springer IN, 

Russo PA, Wiltfang J, Fickenscher H, Sherry E (2009). The battle 
against multi-resistantstrains: renaissance of antimicrobial essential 
oils as a promising force to fight hospital-acquired infections. J. 

Cranio-Maxillo-Facial Surg. 37:392-397.  
Yap PSX, Limb SHE, Huc CP, Yiap BC (2013). Combination of 

essential oils and antibiotics reduce antibiotic resistance in plasmid-

conferred multidrug resistant bacteria. Phytomedicine 20:710-713.  

http://www.ncbi.nlm.nih.gov/pubmed/19608665
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shuaib%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Panda%20BP%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20MI%5Bauth%5D

