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ABSTRACT 
 

Aqueous and ethanol extracts of   fruits and leaves (1000 ppm) of six important medicinal plants species, 
Foeniculum vulgare (Apiaceae), Priminella anisum (Apiaceae), Carum carvi L. (Apiaceae), Majorana   
hortensis L. (Labiateae), Mentha longifolia (Labiateae) and Salvia officnalis (lamiaceae) has been tested 
individually and in combination for their antibacterial activity against total of 5 E. coli O157:H7 resistant 
isolates collected from human, cattle and food. Results showed higher antibacterial activity in combination of 
extracts of the medicinal plants studied. The aqueous extracts of Foeniculum vulgare and ethanolic extracts of 
Salvia officnalis showed 1.4 and 1.2 cm zone of inhibition (ZI), respectively against E. coli O157:H7 when 
tested individually. Whereas, the combination of aqueous extracts of Foeniculum vulgare + Priminella  anisum+ 
Carum carvi L (1:1:1) showed 2.5 cm ZI against E. coli. Similarly, the highest antibacterial activity of 4.0 cm ZI 
was observed against E. coli O157:H7 collected from food in combination of aqueous extracts of plants. This 
study clearly demonstrates the synergistic activity of plant extracts against E. coli O157:H7. 
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Introduction 
 

It is well known fact that the medicinal plants are the resources of promising drugs for many diseases. The 
biological and pharmacological properties of many plants are still unknown. World-over, the scientists are 
exploring the possibilities of utilizing or finding out pharmacologically active compounds from medicinal 
plants. For example, screening of medicinal plants for their phytochemicals, antioxidant, anticancer and 
antimicrobial activities is the prime concern for finding out an effective phytochemically active principle 
(Ayyanar and Ignacimuthu, 2008; Agbafor et ai., 2011; Roy et ai., 2011; Vinoth et ai., 2011; Mishra and 
Tripathi, 2011). Majority of these kind of works are concerned with the study of aqueous or solvent extracts of 
plant parts and testing them individually for selective pharmacological activities, such as antibacterial (Mishra 
and Mishra, 2011), hepatoprotective (Dhanasekaran and Ganapathy, 2011), hypoglycemic and hypolipidemic 
activities (Sharma et ai., 2007). Recent studies show that the plant extracts in combination of two or more are 
exhibiting effective antibacterial activity against a wide range of microorganisms including drug resistant 
bacteria (Prakash et ai., 2006a, b; Karmegam et ai., 2008) However, their activity in combined form is 
unavailable. The medicinal plants selected for the present investigation viz. Foeniculum vulgare (Apiaceae), 
Priminella  anisum (Apiaceae), Carum carvi L. (Apiaceae), Majorana hortensis L. (Labiateae), Mentha  
longifolia (Labiateae) and Salvia officnalis (lamiaceae) exhibit various biological activities for 
entrohaemorrhagic Escherichia coli O157:H7 has been responsible for large outbreaks and sporadic cases of 
disease in countries such as Japan (Izumiya et ai., 1997) the United States (CDC1993), and the United 
Kingdom. E. coli strains range from highly pathogenic strains causing disease of the  gastrointestinal, urinary or 
central nervous system in even the most robust human hosts (Falagas et ai.,1996) to avirulent isolates which 
constitute part of the non-pathogenic facultative flora of the human intestine (Nataro et ai.,1998). The high 
prevalence of virulent E. coli strains as the primary causative agent of acute diarrhoeal diseases has been 
extensively reported (El-Sheikh SM and El-Assouli SM 2001) and remains a major public health problem for 
children and young infants (Galane PM, Le Roux M 2001). Over 500 million cases of acute diarrhea have been 
reported to occur yearly in children aged less than 5 years, worldwide (Snyder JD and Merson MH 1982). The 
pathogenicity of a particular E. coli strain is primarily determined by specific virulence factors which include 
adhesins, invasins, haemolysins, toxins, effacement factors, cytotoxic necrotic factors and capsules (Kuhnert P, 
Boerlin P and Frey J 2000 ; Galane PM, Le Roux M 2001). Hence the present study has been carried out to 
study the synergistic antibacterial activities of the medicinal plants E. coli O157:H7 resistant isolates collected 
from human, cattle and food. 
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Table1: List of plant spices tested 

Plant spices family Common name plant part 
Foeniculum vulgare Apiaceae fennel friut 
Priminella  anisum Apiaceae anise friut 
Carum carvi L. Apiaceae caraway friut 
Majorana hortensis L. Labiateae marjoram leaves 
Mentha longifolia Labiateae mint leaves 
Salvia officnalis lamiaceae sage leaves 

 

Materials And Methods 
 
Collection and identification of plants: 

 
In the present study, the medicinal plants (Family) namely, Foeniculum vulgare (Apiaceae), Priminella  

anisum (Apiaceae), Carum carvi L. (Apiaceae), Majorana   hortensis L. (Labiateae),Mentha  longifolia 
(Labiateae) and Salvia officnalis (lamiaceae)  were collected from the Herbarium of the Dept. of Biological 
Science, Faculty of Science, University of Cairo in Egypt. 
 
Preparation of crude leaf extracts: 

 
The crude extracts of the leaves  and fruits of all the six plant species were prepared separately using 

ethanol (95%) and distilled water as described below. 
 
Solvent extraction:  

 
The collected leaves and fruits of the plants were immediately transported to the laboratory and individually 

washed with tap water, blotted with filter paper and spread over news paper for air drying under shade. After 
complete dryness, the leaves of each plant were powdered using a mixer grinder. A known quantity of leaf 
powder (50 g) of each plant was taken in a 250 mL conical flask and added with 100 mL of ethanol (95%). The 
ethanol-leaf powder mixtures were kept at room temperature for 48 h and rapidly stirred using glass rod every 8 
h. After 48 h, the extract of each plant was filtered through Whatman No. 1 filter paper to exclude the leaf 
powder. Then each filtrate was concentrated using vacuum evaporator. A greasy final material (crude ethanolic-
leaf extract) obtained for each plant was transferred to screw cap bottles, labeled and stored under refrigerated 
(4°C) condition till use. 
 
Aqueous extraction: 

 
For aqueous extraction, 10 g of air-dried powder of each plant leaves or friuts was placed in 100 mL 

distilled water and boiled for 6 h. At 2 h intervals, it was filtered through eight layers of muslin cloth and 
centrifuged at 5000 rpm for 15 min. The supernatant was collected and concentrated to make the final volume 
one-fourth of the original volume. A greasy final material (crude aqueous- extract) obtained for each plant was 
transferred to screw cap bottles, labeled and stored under refrigerated (4°C) condition until use. 
 
Preparation of stock and test solutions: 

 
By using digital electronic balance, 200 mg of each aqueous and ethanolic extracts was carefully taken in a 

standard measuring flask and 5 mL of ethanol was added to dissolve the ethanolic extract and 5 mL of distilled 
water for aqueous extract respectively. One to two drops of emulsifier were added to completely dissolve both 
aqueous and ethanol extracts. Then each extract was made up to 200 mL by adding distilled water and stored 
under refrigerated (4°C) condition till use. This formed the stock solution of 1000 ppm. 
 
Bacterial susceptibility testing 
 
Bacterial culture: 

 
Six forty bacterial species resistant  E. coli  O157:H7 were used for the antibacterial activity test. The 

organisms were maintained on agar slope at 4°C and sub-cultured for 24 h before use. These organisms were 
originally obtained from human, cattle and food E. coli ATCC 25922 was used as positive control.  
 
2.The antibiotic sensitivity: 
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The antibiotic sensitivity of the isolates was determined using the disc diffusion method. Standardized 
inoculum of the overnight grown LB broth cultures were spread on Mueller-Hinton agar plates using sterile 
swabs. The plates were dried at room temperature for 2 h before placing the antibiotic discs at equidistance. The 
plates were incubated for 24 h at 37°C and the diameter of zone of inhibition was measured. Organisms were 
classified as sensitive, intermediate or resistant, based on the NCCLS standards. E. coli ATCC 25922 was used 
as the MIC control in accordance with the NCCLS standards. A total of 15 antibiotics (belonging to 8 classes) 
were used in this study as shown in Table 2 
 
Antimicrobial susceptibility determination:  

 
Antimicrobial susceptibility profiles were performed via broth microdilution in accordance with National 

Committee for Clinical Laboratory Standards guidelines (2001) using the PASCO MIC/ID system (Becton 
Dickinson) and recommended quality control organisms. The following antimicrobial agents were included in 
the panels: chloramphenicol, ampicillin, amoxicillin-clavulanic acid, cephalothin, ceftiofur, ceftriaxone, 
gentamicin, sulfamethoxazole, trimethoprim-sulfamethoxazole, nalidixic acid, ciprofloxacin, tetracycline, and 
cefoxitin 
 
Antibacterial assay: 

 
Standardized inoculums of each bacterium, i.e., 1 to 2x107 CFU (Colony Forming Units)/mL with 0.5 

McFarland standard was introduced onto the surface of sterile Muller-Hinton (MH) agar plates and a sterile 
glass spreader was used for even distribution of inoculums. A sterile paper disc previously soaked in known 
concentration of extracts (20 μg/mL/disc) was carefully placed at the centre of the seeded and labeled MH agar. 
Sterile paper discs containing physiological saline alone was served as control. For each test solution, three 
replicates were maintained.. The aqueous and ethanolic test extracts were individually tested at a concentration 
of 1000 ppm against test organisms. The crude ethanolic extracts were mixed in equal proportions in 
combination of two, three, four, five or six extracts. For comparison, individual plant extracts (aqueous and 
ethanol) were also tested for antibacterial activity. The same procedure was followed for the preparation of 
different combinations of aqueous extracts. Whatman No.1 filter paper discs (5 mm diameter) were dipped in 
each test solution, evaporated to dryness in hot air oven and used for antibacterial assay. The plates were 
incubated aerobically at 37°C and examined for zone of inhibition after 24 h. Each zone of inhibition was 
measured with a ruler and compared with the control (Bauer et ai., 1966). 
 
Results And Discussion 

 
In this study, six commonly available medicinal plants used by traditional users in  Egypt were tested 

against. The result of antibacterial susceptibility testing showed that all the bacteria, E. coli O157: H7 were 
highly susceptible to Nalidixic acid, Cefuroxime, Cephalothine, Cefoxitin, Ceftazidine, Gentamicin, 
Tobramycin,but no isolates from three different sources were susceptible to Cefoxitin, Ceftazidine and 
Tobramycin, proportional resistance of total number of E. coli O157: H7 isolates from sources to different 
classes of antibiotics  ranged from 3 to 8 classes, (Table 2) The respective MICs for the most resistant strains are 
listed in Table (3). in Quinolones three strains had a MICs of> 32  μg/ml and the remaining two strains had 
MICs of >32  μg/ml, but in phenol, Ampicillin (B-lactam), Tetracyclines and Glycopeptides (Vancomycin) 
groups start the high   -level resistance demonstrated  with MICs of > 128 μg/ml,256,μg/m l and 512μg/ml for 
these antibiotics. In other hand , Cephalosporin, Aminoglycoside (Streptomycin)  showed low-level resistance 
with MICs of >8 μg/ml, >16, μg/ml, >32 μg/ml and > 64 μg/ml, respective  as showed in (Table 3) The 
antibiotic resistance patterns of the isolates obtained in this study corroborate results from previous 
investigations (Wasfy et ai., 1966; Obi CL et ai., 2004b). Nalidixic acid is a synthetic chemotheraputic agent 
effective against Gram-negative bacteria by binding to DNA gyrase enzyme (topoisomerase), thus inhibits DNA 
duplication. It is mainly used in the treatment of urinary tract infections. Chloramphenicol inhibits translation 
during protein synthesis and causes aplastic anemia in a small percentage of patients, and its use is very minimal 
in non life-threatening situations. The observed rare the drug Cefotaxin inhibited the growth of most isolates, 
while cefuroxime, ceftriaxone, gentamicin and tobramycin inhibited the growth of all the isolates except 
oneisolates. Aminoglycosides are protein synthesis inhibitors binding to bacterial ribosomes to prevent the 
initiation of protein synthesis. Aminoglycosides usage has been limited because prolonged use was found to 
cause kidney damage and injury to the auditory nerves leading to deafness (Goni-Urriza et ai.,  2000). The 
reduced use of this class of antibiotics may explain the low resistance to ampicillin levels of the isolates to the 
antibiotics in this class, except streptomycin which is primarily used for treating tuberculosis patients. Beta-
lactam antibiotics inhibit the last step in the bacterial cell wall synthesis, while tetracyclines block protein 
synthesis. The extremely low toxicity of the antibiotics in these classes has resulted in their overuse in the 
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medical community, hence the observed increased resistance. The observed 100% resistance to ampicillin in this 
study corroborates the findings of (Al-Ghazali et ai,1998) and found that 45 and 90%, respectively of E. coli 
strains were resistant to ampicillin, and( 41) also observed a 50% resistance to ceftrixone, tetracycline, and 
streptomycin among 752 STEC strains. Which  are lower rates than those obsereved in our study. 

Aqueous and ethanolic extracts when tested individually for their antibacterial activity, showed various 
degrees of activity (Table 4 ). The ethanolic extracts of Foeniculum vulgare showed comparatively a high 
degree of activity followed by Majorana hortensis L and Salvia officnalis.. The diameter of ZI was 1.4 cm for 
Foeniculum vulgare aqueous  extract against E. coli O157:H7 isolated from food. The lowest antibacterial 
activity was shown by ethanolic extract of Priminella  anisum and Mentha longifolia against E. coli O157:H7 
isolated from cattle and food (Table 4). 
 
Table 2: Antibiograms of E. coli isolates from human, cattle and food sources in Egypt. 

Antibiotic class Antibiotic 
Antibiotic resistant no. (%) 
Human 
(n = 28) 

Cattle 
(n = 6) 

Food 
(n = 12) 

E. coli ATCC 
25922 

Fluoroquinolones 
Ciprofloxazin (5 μg) 0 1  (16.6) 5  (41.6) - 
Levofloxacin(5 μg) 2 (7.1) 4 (66.6) 3  (25) - 

Phenicols Chloramphenicol (30 μg) 6 (21.4) 4(66.6) 5 (41.6) - 
 Quinolones Nalidixic acid (30 μg) 0 1 (16.6) 2 (16.6) - 
Cephalosporin Cefuroxime (30 μg) 1 (3.57) 0 0 - 

Cephalothin (30 μg) 0 2 (33.3) 3 (25.00) - 
Cefotaxime (30 μg) 6 (21.4) 2 (33.3) 2 (16.6) - 
Ceftazidine (30 μg) 0 0 0 - 
Ceftriaxone (30 μg) 8 (28.57) 6 (100) 4 (33.3) - 
Cefoxitin (30 μg) 0 0 0 - 

Aminoglycosides Gentamicin (10 μg) 0 1 (16.6) 0 - 
Tobramycin (10 μg) 0 0 1 (8.33) - 
Amikacin (30 μg) 3 (10.7) 2 (23.3) 3 (25) - 
Streptomycin (10 μg) 12 (42.85) 5 (83.3) 12 (100) - 

Tetracyclines Tetracycline (30 μg) 12 (42.85) 4 (66.6) 10(83.3) - 
Glycopeptides Vancomycin(10 μg) 5 (17.85) 3 (50) 5 (41.6) - 
Sulfdrug  Sulfamethaxole / trimethoprim 4(14.2) 4 (66.6) 3 (25) - 
β-lactam  Ampicillin  28 (100) 6 (100) 12 (100) 1 (100) 

Amoxicillin/clavunlinic acid 14 (50) 4 (66.6) 5 (41.6) - 
 
Table 3: The Mic of most antibiotic-Resistant E. coli 0157 

Class and    antibiotics 

Dilution Mic μg/ml 

Class and 
anibiotics range 
(μg) 

Human Cattle Food 
Positive 
control 

1 2 1 1 2 
E. coli 
ATCC 
25922 

Fluoroquinolones (Levofloxacin) 1-64 32 64 64 32 32 4 
Quinolones  (Nalidixic acid) 1-32 8 32 16 32 32 8 
Phenicols  (Chloramphenicol ) 2-128 64 128 128 128 64 8 

Cephalosporin (Cefotaxime) (Ceftriaxone) 
1-128 64  32  16     64     128   4 
1-128 32 32 16 32 64 4 

Tetracyclines 1-512 256 256 128 512 256 16 
Aminoglycoside  
( Streptomycin) 

1-32 8 8 16 32 32 8 

Sulfdrug ( Sulfamethaxole / trimethoprim) 1-64 16 32 8 32 64 16 
Glycopeptides(Vancomycin) 1-128 64 128 128 64 128 0.1 
β-lactam (Ampicillin 
Amoxicillin/clavunlinic acid) 
 

1-512          256  128   512      512    256    32 

0.1-32 16 8 32 16 32 4 

 
Table 4: Effect of crude aqueous and ethanolic extracts of selected plant on resistant E. coli isolates from human, cattle and food sources in 
Egypt. 

Plant    species Type of extraction 

Inhibition Zone(IZ)in cm 

Human Cattle Food 
E. coli 
ATCC 
25922 

Foeniculum vulgare 
crude aqueous  1.4 1.2 1.3 1.5 1.1 2.0 
ethanolic extracts 1.2 1.0 1.1 1.0 1.2 1.7 

Carum carvi L.  
crude aqueous  1.1 1.0 1.2 0.9 1.0 2.0 
ethanolic extracts 0.9 1.0 1.0  1.0   0.9   1.9 

Majorana hortensis L 
crude aqueous  1.2 1.0 1.4 1.6 1.3 2.1 
ethanolic extracts 1.1 1.0 1.2 1.0 1.2 2.0 

Mentha longifolia 
crude aqueous  1.0 0.8 0.8 1.0 1.0 1.7 
ethanolic extracts 0.9 0.8 0.9 0.8 1.2 1.5 
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Priminella  anisum s 
crude aqueous 0.9 0.8 0.8 0.8 1.0 1.5 
ethanolic extracts 0.8 0.7 0.8 0.7     0.9   1.2 

Salvia officnalis 
crude aqueous  1.3 1.6 1.4 1.1 1.6 2.2 
ethanolic extracts 1.1 1.1 1.2 1.1 1.3 2.0 

Values are mean of three replicates 

 
Table 5: Synergistic activity of aqueous and ethanolic extracts of selected plant leaves in combination of two against bacteria 

Plant    species Type of extraction 
Inhibition Zone(IZ)in cm 

Human Cattle Food 
E. coli ATCC 
25922 

A+B+C 
crude aqueous  3.6 33 2.8 3.2 2.5 4.0 
ethanolic extracts 2.6 2.4 2.6 3 3.4 4.2 

A+B+D 
crude aqueous  3 2.6 3 2.6 3.5 3.8 
ethanolic extracts 2.5 2.3 3.1 2.8 3.2 3.6 

A+B+E 
crude aqueous  2.9 2.5 3 2.9 3.6 4.0 
ethanolic extracts 2.5 2.8 2.2 2.8 3.5 3.8 

A+B+F 
crude aqueous  3.9 3.5 3.8 3.8 4 4.1 
ethanolic extracts 3.5 3.2 3.5 3.5 4.2 3.9 

A+C+D 
crude aqueous  3.5 2.8 2.5 2.8 4.1 4.1 
ethanolic extracts 3 2.5 2.1 2.5 2.9 4.0 

A+E+F 
crude aqueous  3.5 3.2 2.5 3.5 2.9 3.5 
ethanolic extracts 3 3 2 2.8 2.5 3.5 

A+D+ E 
crude aqueous 3 3 2 2.8 2.5 3.2 
ethanolic extracts 2.6 2.5 1.9 2.6 2 3.0 

A+D+F 
crude aqueous 3.9 3.5 3.8 3.8 4 4.5 
ethanolic extracts 3.5 3.2 3.5 3.5 3.4 3.9 

B+C + D 
crude aqueous 2.6 2.4 2.6 3 2.4 2.8 
ethanolic extracts 2.4 2 2.1 2.5 1.8 3.1 

B+C+E 
crude aqueous 2.2 2.4 2.3 2.9 2.4 3.2 
ethanolic extracts 2.1 2 2.1 2.5 1.8 2.6 

B+D+E 
crude aqueous - - 0.7 - - 2.5 
ethanolic extracts 1.6 2.2 1.4 1.8 0.9 2.4 

B+D+F 
crude aqueous 2.2 2.5 2.2 1.9 2 2.7 
ethanolic extracts 1.5 1.6 1.8 1.4 1.9 3.0 

B+E+F 
crude aqueous 2.3 2.4 2.0 2.6 2.4 2.9 
ethanolic extracts 2.0 1.6 1.4 2.0 2.0 3.2 

C+D+E 
crude aqueous 3.0 3.2 2.8 2.9 3.0 3.8 
ethanolic extracts 2.0 2.5 2.1 2.3 2.6 3.1 

A= Foeniculum vulgare, B= Carum carvi L ,C= Majorana hortensis L ,D= Mentha longifolia, E= Priminella  anisum s ,F= Salvia officnalis 
 
The studies on screening the extracts of specific plant parts alone obtained by many workers fall in line with 

the present investigation: Different solvent extracts of Zapoteca portoricensis (Agbafor et ai., 2011), 
antibacterial ester from root bark extracts of Vitellaria paradoxa (Garba and Salihu, 2011), methanolic leaf 
extracts of Anogeissus leiocarpus (Ichor and Ekoja, 2011) and antibacterial activity of Artemisia dracunculus 
essential oil against multi-drug resistant Acinetobacter baumannii (Jazani et ai., 2011). 

The antibacterial activities of extracts in combination of three plants showed different degrees of ZI as 
shown in Table 5. The average diameter above 2.0 cm ZI was observed in the following aqueous and ethanolic 
extract combinations: A +B+F, A +D +C. and.A +D.+F followed by other combinations. ZI of 0.00 cm was 
observed in aqueous extract combination of B+D+E against most isolates). The highest ZI of 4.2 cm against E. 
coli isolates from food sources in Egypt was observed in ethanolic leaf extract combination of A+B+F (1:1:1) 
(Table 5). The combination of aqueous extracts of all the six plants in equal proportion showed a maximum of 
6.0 cm ZI against E. coli O157: H7 isolates from food sources in Egypt followed by 5 cm ZI against E. coli 
O157: H7 isolates from Human sources in Egypt (don’t showen). These findings are in coherece with the study 
reported earlier on synergistic activity of six different plants against pathogenic bacteria by Karmegam et ai. 
(2008). Synergistic activity of aqueous and ethanolic extracts of selected plant leaves, in combination of two, 
three, four, five and six against test organisms ranged from 0-2.8 cm zone of inhibition. The highest ZI of 2.8 
cm was observed against S. aureus in ethanolic leaf extract combinations of Balanites aegyptiaca +Lobelia 
nicotianaefolia (Karmegam et ai., 2008). Similarly, Prakash et ai. (2006b) reported that the ethanolic leaf 
extracts of Catharanthus roseus, Lawsonia inermis and Chrysanthemum odoratum showed least activity against 
methicillin resistant Staphylococcus aureus (MRSA) when used individually. Whereas, the combination of these 
three plant-extracts exerted a higher activity of 26 mm zone of inhibition followed by C. roseus +L. inermis (2.3 
cm) and L. inermis +C. odoratum (2.0 cm) extract combinations against MRSA. 
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Conclusion: 

 
The antimicrobial activity of aqueous and ethanolic extracts of Mentha longifolia, Priminella  anisum and 

Carum carvi L showed lower inhibition zones when used alone than that of the extract combinations. The ZI 
reached 4.2 cm against certain bacteria by the combination of aqueous extracts of all the six plants used in the 
study, indicating the high potential of combined use of plant extracts against pathogenic microorganisms. There 
is a possibility of using plant extracts in combinations against pathogenic bacteria as has been observed from the 
results. 
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