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Gram-negative Enterobacteriaceae causing a wide range of infections with public health importance. 
Different samples from food as eggs, chases and milk were collected from different supermarkets in 
Egypt and isolate from it many types of bacteria. This study focuses on the resistance pattern of the 
most five resistant Enterobacteriaceae bacterial isolates with the antimicrobial effect of medicinal plant 
oil as thyme (Thymus vulgaris L.), caraway (Carum carvi L.), fennel (Foeniculum vulgare L.) and 
peppermint (Mentha  piperita L.) as compared with the synthetic antibiotic. Isolation was carried out 
using a classical method by using selective medium then the isolates were identified using modern 
techniques by PCR, and DNA sequencing techniques. The results indicated that in the various type of 
food there is much food contaminating resistant bacteria. Finally, treatment of multidrug resistant 
Enterobacteriaceae by medicinal plant oils had very significant value while the bacterial strains were 
multi drug resistant as peppermint oil increase sensitivity of E. coli to tetracycline while this strain was 
resistant to both of them separately. 
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INTRODUCTION 

Various species of Enterobacteriaceae are 
pathogenic and cause various infections as 
pneumonia, bacteremia and urinary tract 
infections (Badr AL-Deen et al., 2014). The most 
notable species of Enterobacter that are 
considered to be pathogenic are Enterobacter 
cloacae, Enterobacter aerogenes and 
Enterobacter agglomerans (Ye et al., 2006). A 
prolonged use of antimicrobial agents leads to 
bacterial adaptation even the use of antibiotics 
under therapeutic doses results in the 
development of multidrug resistance of bacteria 
(Tenover, 2006).The multi-drug resistance means 
that pathogenic bacteria are resistant to many 
antibiotics groups(Kazemi et al., 2012and Kwaku 
et al., 2016). On other hand, Kazemi et al., (2012) 
stated that fennel contains trans-anethol and 
antheole with its isomers are responsible for 
antimicrobial activities of the fennel oil. Moreover, 

Chauhan et al., (2009) stated that caraway 
contains phenolic compounds such as carvone 
and limonene; limonene is a carvone precursor 
which is toxic to most bacteria. Also, Uribe et al., 
(1985) reported that carvones isomers exert an 
antimicrobial effect by interacting with the 
microbial cell membrane which has lipophilicity 
properties. Some plant origin substances such as 
alkaloids may be considered as efflux pump 
inhibitors and therefore overcome antibiotic 
resistance (Holler et al., 2012). Carvacrol, thymol, 
and eugenol increased the sensitivity of bacteria 
to antibiotics (Johny et al., 2010). Since the 
mechanism of antimicrobial resistance of bacteria 
is mediated mainly by interactions between 
specific antibiotics transporters and efflux pumps, 
the plant compounds can act through modulation 
of these efflux pumps and thus increase the 
antibiotic sensitivity of bacteria(Quinn et al., 2006 
and Garvey coworkers, 2012). These multidrug 
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effluxes pump systems represented in the cell 
membrane of the bacteria, actively eliminate 
antimicrobial agents from bacterial cells 
preventing their desirable action (Andersen et al., 
2015). Medicinal plants, especially their volatile 
extracts are an important source of antimicrobial 
agents (Lakehal et al., 2016). So, this study was 
undertaken to isolate pathogenic bacteria from 
food collected from different places in Egypt, to 
detect the antibiotics resistance pattern of isolates 
to medicinal plant oil. 
 
MATERIALS AND METHODS 

Samples were isolated from food as milk, 
cheese and eggs using method described by EI-
Jakee et al., (2013).About 15 ml of each milk 
samples were transferred to sterile screw capped 
tube. The samples were incubated at 37°C for 24 
hours then the milk samples were centrifuged at 
2700 g for 20 minutes before bacteriological 
cultivation from the sediment. Samples of cheese 
(125g) were randomly collected from dairy 
markets. Sample homogenate was prepared by 
homogenizing 10g from each cheese sample 
separately in 90 ml of nutrient broth for 1.5 min 
using stomacher in sterile polyethylene bags then 
15 ml of each sample were transferred to sterile 
screw capped tube. The samples were incubated 
at 37°C for 24 hours. Edible egg samples: 
according to the method recommended by 
Cruickshank et al., (1978) surface of each of the 
eggs was first disinfected with 70% ethanol. Each 
of the eggs to be cultured was broken. A sterilized 
cotton wool was then introduced into the egg 
content, and transferred in to 90 ml nutrient broth 
media. 

Growth Media.  
Nutrient Broth, Nutrient agar, Mueller–Hinton 

agar, Eosin methylene blue Agar.  

Vitek identification of Enterobacteriaceae. 
Vitek II was used as for a biochemical 

identification of the isolated genera to the species 
level. 

Antibiotic susceptibility test. 
A sterile cotton wool swab dipped into the 

bacterial suspension, streak on the surface of 
Mueller–Hinton agar plates. The inoculated plates 
were allowed to dry before placing the diffusion 
antibiotic disks. Susceptibility of 5 tested isolates 
to various tested antibiotics was performed by 
disk diffusion method as described by Clinical and 
Laboratory Standards Institute (CLSI, 2012). 

Using commercially available antibiotic disks, 
purchased from Oxoid Ltd. Co. in England. The 
inoculated plates were then incubated at 37°C for 
24 h. Inhibition zone diameters were measured 
inclusive of the diameter of the disks. Results 
were expressed as sensitive, intermediate and 
resistant according to Clinical and Laboratory 
Standards Institute (CLSI, 2012). 

Molecular identification of most resistant strain 
(E. coli) using PCR.DNA extraction: Genomic 
DNA was extracted using method described by 
Menassa et al. (2010). 

Primers: 
Forward 
F(GGAAGAAGCTTGCTTCTTTGCTGAC)and Rev
erse R-(AGCCCGGGGATTTCACATCTGACTTA) 
Primers detecting E. coli 16S rDNA were 
designed based on GenBank database.  

Polymerase chain reaction (PCR). 
PCR conducted in Eppendorf containing 

reaction mixture of 25μl as following 2 μl of 
genomic DNA from the E. coli isolate, 12.5μl 
master mix, 2 μl of each primer specific for 
16SrRNA and 8.5 μl of deionized distilled water. 
The cycling conditions for amplification in a Gene 
Amp PCR System 9700 thermal cycler (Applied 
Biosystem, India) was as follows; 16SrRNA 
primer-initial denaturation step of 95oC for 3mins 
followed by 30 cycles consisting of (30 sec at 
95oC for extension then 30s at 55oC for annealing, 
30s at 72oC for extension step) and a final 
extension step of 1 min at 72°C. The 1% agarose 
gel was stained with 2 μl ethidium bromide 
solution, electrophoresis at 70 volt for 30 minutes 
and photographed under Trans illuminator 
ultraviolet light. A 100 bp DNA ladder (MBI 
Fermentas USA) were used as markers for 
determining the molecular weight of PCR 
products.  

Oil extraction and preparation. 
The oil extraction was done from 100 g of 

each plant part of thyme (Thymus vulgaris L.), 
caraway (Carum carvi L.), fennel (Foeniculum 
vulgare L.) and peppermint (Mentha  piperita L.), 
the powder were covered with sufficient amount of 
water in a flask and subjected to steam distillation 
according to the method described in British 
Pharmacopoeia (2013) for 4 h to obtain essential 
oil. The oils were dried over anhydrous sodium 
sulfate and stored in black vials at 5°C.  
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Gas chromatography. 
GC analyses of the obtained essential oils 

were carried out using HP5890 Series II Gas 
Chromatograph, HP 5972 Mass Selective 
Detector and Agilent 6890 Series Auto sampler 
(Agilent Technologies, USA).  

Antibacterial activity of medicinal plantsoil. 
Antibacterial activity of medicinal plant soil 

against various tested clinical bacterial isolates 
was studied by agar well diffusion method 
according to Parez et al., (1990) 100 µl of each 
tested oil was added to fill the wells of 10 mm 
diameter. After 24h incubation at 37ºC, all plates 
were observed for zones of growth inhibition, and 
the diameters of these zones were measured in 
millimeters. Less than 14 mm was considered 
resistant organism. 

Detection of synergetic interaction between 
plantoil and antibiotics. 

According to a procedure by Moussaoui and 
Alaoui (2016) with modifications, the plates 
inoculated with 0.5 ml oil/50mlMueller–Hinton 
agar (MHA) then allowed drying before placing the 
diffusion antibiotic disks. Susceptibility of the 
tested isolate to various tested antibiotics was 
performed by disk diffusion method as described 
by CLSI (2012). 
 
RESULTS AND DISCUSSION 

1) Enterobacteriaceae isolation, antimicrobial 
susceptibility and resistance profile. 

The Citrobacter freundi, E. coli (from milk and 
cheese), Enterobacter cloacae and Enterobacter 
spp. strains were tested for susceptibility to 14 
antibiotics and 4 different medicinal oils thyme, 
fennel, caraway and peppermint. The antibiotic 
resistance profiles of the isolates against the 
antibiotics are presented inTable 1.The tested 
strains except Enterobacter cloacae isolated from 
egg were resistant to ampicillin/sulbactam, 
cefaclor, cefoperazone, ertapenem, meropenem, 
Sulphamethazole/trimethoprim resistance showed 
all identified strains except (E. coli isolated from 
cheese and Citrobacter freundi isolated from 
milk). All identified strains except E. coli isolated 
from cheese and Enterobacter spp. isolated from 
milk were resistant to doxycycline. Tetracycline 
resistance showed all identified strains except 
Citrobacter freundi sensitivity were intermediate). 
Pipracillin/tazobacta resistance showed all 
identified strains were intermediate except (E. coli 
from cheese and Enterobacter spp. isolated from 

milk was resistant). Nalidixic acid resistance 
showed all identified strains were intermediate 
except (E. coli isolated from milk and Citrobacter 
freundi isolated from milk were sensitive). Finally, 
all identified strains were sensitive to amikacin, 
gentamicin, levofloxacin (except E. coli isolated 
from cheese was resistant) and ciprofloxacin.The 
data illustrated in Table 1showing antibiotic 
susceptibility of various antibiotic groups against 
Citrobacter freundi, E. coli, Enterobacter 
cloacaeand Enterobacter spp. 

Enterobacteriaceae strains showed resistance 
to various antibiotics tested. In this respect, 
adequate sanitary measures cause decrease in 
cases of foodborne bacteria in developed 
countries (Dioneet al., 2011). Also, infection 
caused by foodborne bacteria remains an 
important public health importance (Anejo-Okopi 
et al., 2014). Moreover, carbapenemsare potent 
antibiotics for the treatment of gram-negative 
bacteria (Yong et al., 2009). At least 2 
mechanisms can be responsible for acquired 
carbapenem resistance in gram-negative bacteria: 
(i) decrease in outer membrane permeability by 
porin loss in combination with the production of an 
extended spectrum beta-lactamase or of AmpC-
type beta lactamase; and (ii) production of beta-
lactamases capable of hydrolysing carbapenems 
(Nordmann et al., 2012). Also, detection of 
carbapenemase producers in gram-negative 
bacteria is important, as they are also associated 
with many other resistance determinants, giving 
rise to multidrug resistance (Gomez et al., 2011). 
Moreover, the resistant pattern in the results 
agrees with the results obtained by Bansal and 
coworkers (2013) as they stated that the 
increasing incidence of carbapenemase-
producing strains worldwide has posed a 
challenge for diagnosing. This is due to their 
ability to hydrolyse all-lactam agents including 
cephalosporins, penicillins and carbapenems 
where their activity is inhibited by boronic acid, 
partially by clavulanic acid and tazobactam 
(Bansal et al., 2013).The resistance to 
aminoglycosides mainly caused by 
aminoglycoside-modifying enzymes such as 
(aminoglycoside adenyltransferases that catalyze 
the reaction between Mg-ATP and 
aminoglycoside molecules to form the O-
adenylated aminoglycoside. 
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Table 1. Antibiotic susceptibility tests for isolated strains using disk diffusion method. 

 
 

Antibiotic classes 
Antibiotic disks 

 (Concentration/disk) 

Milk Milk Cheese Egg Milk 

E. coli 
Citrobacter  

freundi 
E. coli 

Enterobacter 
 cloacae 

Enterobacter 
 spp. 

β-lactams 
(β-lactamase inhibitor combination) 

Ampicillin/sulbactam (20 µg) 0(R) 7(R) 8(R) 8(R) 7(R) 

Piperacillin/tazobactam(110 µg) 20(I) 19(I) 16(R) 18(I) 14(R) 

2nd  generation cephalosporens Cefaclor (30 µg) 8(R) 7(R) 8(R) 8(R) 7(R) 

3rd  generation cephalosporins Cefoperazone (75µg) 15(R) 15(R) 15(R) 0 (R) 0 (R) 

Carbapenems 
(β-lactam) 

Ertapenem (10µg) 13(R) 10 (R) 10 (R) 9(R) 8(R) 

Meropenem (10µg) 0 (R) 0 (R) 0 (R) 20(I) 0 (R) 

Aminoglycosides 
Gentamicin (10µg) 20(S) 15(S) 15(S) 15(S) 15(S) 

Amikacin (30μg) 20(S) 22(S) 22(S) 20(S) 20(S) 

Folate pathway inhibitors Sulphamethazole/trimethoprim (25µg) 16(S) 25(S) 0 (R) 0 (R) 0 (R) 

Fluoroquinolones 
Ciprofloxacin (5µg) 29 (S) 30(S) 29(S) 28(S) 30(S) 

Levofloxacin (5µg) 30(S) 25(S) 0 (R) 22(S) 22(S) 

Quinolones Nalidixic acid (30µg) 21(S) 21(S) 18(I) 16(I) 16(I) 

Tetracycline 
Doxycycline (30µg) 0 (R) 9(R) 15(S) 0 (R) 15(S) 

Tetracycline (30µg) 0 (R) 13(I) 0 (R) 0 (R) 0 (R) 

 
Inhibition zone measured in (mm). Abbreviations: (R) Resistant, (S) sensitive  
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 The magnesium chelates of inorganic 
pyrophosphate or by APH enzymes 
(aminoglycoside phosphor transferases) which 
are group of enzymes considered as second-
largest group of aminoglycoside-modifying 
enzymes as these enzymes catalyze the transfer 
of the γ-phosphoryl group from ATP to hydroxyl 
groups on aminoglycoside antibiotic where this 
catalysis prevent interaction between the hydroxyl 
group and specific site of bacterial rRNA causing 
poor binding of the antibiotic to its target on the 
ribosome (Maria and Blanchard, 2009). The 
majority of the enzymes belong to the APH (3′) 
subfamily are also the most widespread among 
pathogenic microorganisms (Kim and Mobashery, 
2005). Amikacin is effective antibiotic in the 
treatment of resistant to other aminoglycosides 
bacteria (Smith and Baker, 2002). Amikacin is 
less susceptible to the harmful action of many 
aminoglycoside-modifying enzymes (Maria and 
Blanchard, 2009). Both sulfonamides and 
trimethroprim competitively inhibit enzymes within 
the folate biosynthesis pathway, so mutations of 
the DHFR (dihydropteroate synthase and 
dihydrofolate reductase) enzymes cause reduce 
affinity for sulfonamides and trimethroprim 
respectively; and provide tolerance to the 
antibiotics (Huovinen et al., 1995). Both 
sulfonamide and trimethroprim resistant enzymes 
are present on mobile DNA elements providing 
resistance to numerous bacteria (Alekshun and 
Levy, 2007) the presence of such mobile 
elements may be the reason of the resistance to 
sulfonamides and trimethroprim observed for E. 
coli isolated from cheese, Enterobacter cloacae 
and Enterobacter spp. Antibacterial effects of 
quinolone antibiotics are caused by inhibiting 
certain bacterial topoisomerase enzymes, namely 
DNA gyrase (bacterial topoisomerase II) and 
topoisomerase IV (Everett andPiddock,1998). 
Also, quinolones act by binding to complexes that 
form between DNA and DNA gyrase. Shortly after 
binding, the quinolones cause a molecular change 
to the DNA gyrase enzyme (Hashem et al., 2013). 
In this respect, mutations of gyrase or 
topoisomerase IV enzymes cause resistance to 
fluoroquinolones antibiotics (Hooper, 1999) by 
reducing affinity of enzyme-DNA complex to 
fluoroquinolones (Willmott and Maxwell, 1993). 
Such changes may be the cause of the resistance 
of E. coli isolated from cheese to levofloxacin as 
the mutations responsible for resistance to 
fluoroquinolones antibiotic.Tetracycline actions 
thought the inhibition of the growth of bacteria by 
binding to bacterial ribosomes, and stopping 

protein synthesis as it binds strongly to a single 
site on the 30S ribosomal subunit and the 70S 
ribosomal protein), and inhibiting protein synthesis 
(Goldman et al., 1983). However, a highly 
conserved region of 16S rRNA may also be part 
of the tetracycline binding site (Rasmussen et al., 
1991). In past years, Olivera and Chopra (1992) 
proposed to divide tetracyclines into 2 types on 
the basis of their modes of action: those that 
inhibit protein synthesis (e.g., tetracycline, 
chlortetracycline, and minocycline) and those that 
interact with the cytoplasmic membrane (e.g., 
chelocardin, anhydrotetracycline, thiatetracycline). 
Mechanisms of microorganism resistance to 
tetracycline are based on 3 strategies 1-limiting 
the access of tetracycline to the ribosomes, 2-
altering the ribosomes structures to prevent 
effective binding of tetracycline on the ribosome 
and 3-producing tetracycline-inactivating 
enzymes. All of these types of resistance may be 
found in clinical isolates (Brenda et al., 1992). 
Finally, the results agree with the results of 
research done by Hung and coworkers (2015) 
where the authors showed that the Clostridium 
Difficile resistance to doxycycline was smaller 
than to tetracycline. Doxycyclineis 2nd generation 
tetracycline-group antibiotic and differs structurally 
from the tetracycline molecule by modifications at 
positions 5 and 6 of the ring system which make it 
more soluble in lipids (Valentin et al., 2009). 

Molecular identification of resistant strains. 
Data presented in Figure 1 revealed that E. 

coli isolated from raw milk and E. coli isolated 
from ready to eat cheese showed the highest 
percentage of resistance to various tested 
antibiotics groups (β-lactams combined with β-
lactamase inhibitor, 2nd generation 
cephalosporens, 3rd generation cephalosporins, 
carbapenems, aminoglycosides, folate pathway 
inhibitors, fluoroquinolones, quinolones and 
tetracycline). 

PCR assay for 16S rRNA gene was done to 
identify the E. coli isolated from raw milk as most 
resistant strain is presented in Figure 2.The 16S 
rRNAPCR product from E. coli isolated from raw 
milk was sequenced by Sanger sequencing. This 
sequence was blasted against available 
sequences on the NCBI gene bank to confirm the 
identification of the different Escherichia coli. The 
sequence was submitted to the NCBI genbank 
database with accession number KX922880 
(Escherichia coli strain E. COLI2016) gene partial 
sequence. 
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Figure 1.Antibacterial effect of some 
antibiotics against E. coli isolated from milk. 

 
 

Figure 2. PCR product of electrophoresis on 
agarose gel 1 % (70 vol).  
Lane M: marker (100 bp DNA ladder), Lane A: 
PCR product of E.coli (544 bp) and Lane B: 
Negative control. 

The data illustrated in Figure 3 revealed that 
the similarity and neighbor joining phylogenetic 
tree of the partial 16S ribosomal RNA genes 
sequence of KX922880matched with the 
reference sequence of Escherichia coli strain 
VGC54 in BLST data base. The sequence 
submitted to NCBI GenBank using following link 
(submit.ncbi.nlm.nih.gov/subs/genbank/).The tree 
was constructed by using the neighbor-joining 
method with online Clustal Omega. Result 
showed that 99% similarity to (Escherichia coli 
strain).  

Regarding to antimicrobial effect of carvacrol, 
thymol, anethol,limonene, cineole, menthone and 
menthol against Enterobacteriaceae the 
antimicrobial activities of thyme, fennel, caraway 
and peppermint oils had done against E. coli, 
Citrobacter freundi,E. coli, Enterobacter cloacae, 
Enterobacter spp. are presented in Table (2) 

indicated that all strains were sensitive to thyme 
oil, sensitive to fennel oil except (E. coli from 
cheese and Enterobacter spp. were resistant), 
sensitive to caraway (except Citrobacter freundi 
and Enterobacter spp.) and sensitive to 
peppermint (except E. coli from milk, Citrobacter 
freundi and Enterobacter spp.).Essential oils are 
natural components used as raw materials in 
many fields, including antimicrobial that makes 
many scientists to screen plants and studying the 
biological activities of their oils from and 
therapeutic investigations, thyme contains 
phenolic compounds such as carvacrol and 
thymol which have bactericidal activities 
(Veldhuizen et al., 2006). On other hand, fennel 
contains trans-anethol. The results agree with 
Kazemi et al., (2012) who stated that antheole 
and its isomers are responsible for antimicrobial 
activities of the fennel oil. Moreover, Caraway 
contains phenolic compounds such as carvone 
and limonene. Chauhan et al., (2009) stated that 
limonene is a carvone precursor which is toxic to 
most bacteria. Also, Uribe et al. (1985) reported 
that carvones isomers exert an antimicrobial effect 
by interacting with the microbial cell membrane 
they have lipophilicity property. But the 
combination of R- and S-carvone indicated that 
carvones have a high affinity for the bacterial cell 
membrane and may interact on functional and 
structural properties of the microbial cell 
membrane (Sikkema et al., 1995). Using the 
transmission electron microscope, Mun et al. 
(2014) revealed cytoplasmic disruption and 
separation of the cytoplasmic contents of resistant 
bacteria following exposure to R-carvone. Finally, 
Thompson et al., (2013) stated that peppermint 
has antibacterial activity against E. coli in three 
separate assays, so it might reduce numbers of E. 
coli in the gastrointestinal tract. The data 
illustrated in Figure 4showing antimicrobial activity 
of thyme, caraway, fennel and peppermint against  

 
Citrobacter freundi. 

The data illustrated in Figure 5 showing 
antimicrobial activity of thyme, caraway, fennel 
and peppermint against Citrobacter freundi, E. 
coli, Enterobacter cloacae and Enterobacter 
spp.From previous results the peppermint oil was 
considered the weakest antimicrobial oil against 
tested strains. A weak antimicrobial effect of 
peppermint oil may be due to fault in oil extraction 
or breakdown in peppermint oil active compounds. 
So GC analysis must be done to detect its active 
components percentage compatibility with British 
Pharmacopoeia. 
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Figure 3. Dendrogram showing the neighbor joining phylogenetic tree relationships for Escherichia coli isolated from milk. 

 
Table (2): Antibacterial effect of some medicinal plants oils using well diffusion method. 

 

Source milk milk cheese Egg Milk 

Oil E. coli Citrobacter freundi E. coli Enterobacter cloacae Enterobacter spp. 

Thyme 40 18 30 27 44 

Fennel 18 19 0 (R) 0 (R) 0 (R) 

Caraway 18 0 (R) 18 14 0 (R) 

Peppermint 0 (R) 0 (R) 20 15 0 (R) 

 
Inhibition zone measured in (mm), (R) Resistant. 
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.  
Figure 4. Antibacterial effect of some medicinal plants oils against Citrobacter freundi isolated 

from milk. 

 
 

Figure 5. Antibacterial effect diagram of some medicinal plants oils.

Determine active component percentage in the 
peppermint oil. 

The data obtained from peppermint oil GC 
analysis presented in Figure 6 indicate that it 
comply with British Pharmacopoeia (2013) 
specifications where the cineole 9.8% (must be 
3.5% to 14%), menthone 17.1 (must be 14% to 
32%) and menthol 51.5% (must be 30% to 55%).  

Detection of interaction between 
peppermintoil and antibiotics. 

Antibacterial of peppermintoil against various 
clinical tested strains was weak or not existed. 
The data obtained from Table 3 and Figure 7 
revealed that significant potentiating effect of 
peppermint oil to tetracycline antibiotic against E.  

coli from milk, while this bacteria was resistant 
to this oil. And for other antibiotics there are no 
changes in medium contained peppermintoil. 
Previous results agree with (Lorenzi et al., 2009) 
who reported that there is a synergistic significant 
effect against multi-drug resistant bacteria when 
plant oil is combined with antibiotics. Also, 
synergistic effect of antibiotics and essential oils 
may be due to inhibition of efflux pump 
(Mikulasova et al., 2016). Finally, medicinal plant 
oils improve the antimicrobial effect of antibiotics 
against resistant bacteria as plant compounds 
disrupt cell membrane of the bacteria, where 
facilitating antibiotic penetration to the bacteria 
(Aelenei et al., 2016). 

 

0
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Figure 6.  GC analysis illustrating peppermint oil main active compounds concentration. 
 

Tetracycline antibiotic only Tetracycline antibiotic with 
peppermint 

  

 
Figure 7. Effect of peppermint oil on antimicrobial activity of tetracycline against E. coli isolated 

from milk using disk diffusion method. 
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Table 3. Antibiotic susceptibility using disk diffusion method in combination with 1ml peppermint 
oil/100ml media (V/V). 

Antibiotic disks (Concentration/disk) 

Milk Milk Cheese Egg Milk 

E. coli 
Citrobacter  

freundi 
E. coli 

Enterobacter  
cloacae 

Enterobacter 
 spp. 

Ampicillin/sulbactam (20µg) 0 (R) 0 (R) 0 (R) 0 (R) 7(R) 

Pipracillin/tazobactam (110µg) 20(I) 19(I) 16(R) 18(I) 14(R) 

Cefaclor (30µg) 0 (R) 0 (R) 0 (R) 0 (R) 7(R) 

Cefoperazone (75µg) 15(R) 15(R) 15(R) 0 (R) 0 (R) 

Ertapenem (10µg) 13(R) 10(R) 10(R) 9(R) 8(R) 

Meropenem (10µg) 0 (R) 0 (R) 0 (R) 20(I) -(R) 

Gentamycin (10µg) 20(S) 15(S) 15(S) 15(S) 15(S) 

Amikacin (30μg) 20(S) 22(S) 22(S) 20(S) 20(S) 

Sulphamethazole/trimethoprim (25µg) 16(S) 25(S) 0 (R) 0 (R) 0 (R) 

Ciprofloxacin (5µg) 30(S) 30(S) 30(S) 30(R) 30(R) 

Levofloxacin (5µg) 30(S) 25(S) 0 (R) 22(S) 22(S) 

Nalidixic acid (30µg) 21(S) 21(S) 18(I) 16(I) 16(I) 

Doxycycline (30µg) 0 (R) 9(R) 15(S) 0 (R) 15(S) 

Tetracycline (30µg) 13(I) 13(I) 0 (R) 0 (R) 0 (R) 

 
Red color indicates increase in inhibition zone measurement, Inhibition zone measured in (mm). 

Abbreviations: (R) Resistant, (S) sensitive. 

 

CONCLUSION 
In conclusion, that multidrug resistance 

concern becomes a big problem must take 
resolution consideration. PCR provide reliable, 
simple and rapid identification for the bacteria. 
Peppermint oil increase sensitivity of tetracycline. 
Finally treatment of multi-drug resistant 
Enterobacteriaceae by medicinal plants oils has 
great value. 
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