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ABSTRACT 

BACKGROUND AND OBJECTIVE: Due to bacterial resistance to antibiotics, new antibacterial agents is essential. 

In Persian medicine Fennel (Fuenoculum vulgare Mill.) and Ajwain (Carum copticum (L.) Benth. & Hook.f.) are 

recommended for the treatment of some infections. In this research, bacteriostatic and bactericidal effects of aqueous 

and hydroalcoholic extracts of fennel and Ajwain on E. coli were investigated. 

METHODS: In an in-vitro study 30 clinical isolates of urine culture of children with urinary tract infection from 

Amirkola Pediatric Hospital in Babol and a standard sample were used. Antibacterial effects of 4 grouos including 

aqueous and hydroalcoholic extracts of fennel and Ajwain by measuring the diameter of the inhibition zone using disc 

diffusion (concentrations 16, 32, 64, 128, 256 and 512 mg/disc) and determination of Minimum Inhibitory 

Concentrations (MIC) and Minimum Bactericidal Concentration (MBC) with Microdilution method was compared 

with Gentamicin (30mg/disc) as a positive control 

FINDINGS: There was no significant difference in inhibition zone with Gentamicin at concentrations of 64, 128, 256, 

and 512 mg/disc in standard and clinical samples. At concentrations of 16 and 32, Gentamicin was significantly better. 

The extract of 512 mg/disc (12.93±2.66) of hydroalcoholic extract of Carum copticum was significantly better than 256 

mg/disc (9.53±1) (p=0.002). The MIC and MBC for standard samples were 4 and 8, respectively, and for clinical 

samples 3.83±2.36 and 5.8 mg/ml, respectively. Other extracts were not able to inhibit the growth of Escherichia coli. 

CONCLUSION: The results showed that the Hydroalcoholic extract of Carum copticum has bacteriostatic and 

bactericidal effects on standard and clinical isolates of Escherichia coli. 
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Introduction 

Urinary tract infection is one of the most common 

bacterial infections in the population. The prevalence 

of urinary tract infection varies according to age and 

sex, and is more common in women due to anatomical 

causes (1). According to available statistics, 1% of 

boys and 3% of girls suffer from urinary tract infection 

in the first decade of life (2). In girls, 75 – 90% of 

cases of infection are caused by E. coli, and in the next 

stage by Klebsiella and Proteus. In some reports, boys 

above one year have an equal prevalence of E. coli (3). 

Microorganisms can adapt to the environment in a 

variety of ways. One of these adaptations is drug 

resistance (4, 5).  

Due to drug resistance and side effects of chemical 

drugs, the approach of scientific researches to natural 

and herbal sources has increased in recent decades (6 – 

12). One of the medicinal herbs used in the treatment 

of urinary tract infections in Iranian medicine is fennel 

and ajwain (13). Thymol is a major chemical 

compound in ajwain and is known as an antimicrobial, 

antispasmodic and antifungal agent (14). In addition, 

the active ingredients of essential oils of the fennel 

include carvacrol and trans-anethole (15).  

Various studies have been carried out on the 

antimicrobial effects of the fennel and ajwain extract. 

Fennel seeds essential oil has antimicrobial activity 

against foodborne pathogens such as E. coli (16, 17). 

Limited studies have been conducted on the 

antimicrobial effects of fennel and ajwain extracts (12 

– 18). In a study in Pakistan, the methanolic and 

ethanolic extracts of ajwain at concentrations of 30 

mg/ml did not have antimicrobial effects on the 

standard strain of E. coli (19).  

In another study, aqueous and ethanolic extracts of 

fennel and ajwain (200 mg/ml) showed significant 

antimicrobial effects on standard strains of E. coli 

compared to gentamicin (10 mg/ml) (20, 21). In 

another study, the antimicrobial effect of aqueous 

extract of fennel and ajwain (10% concentration) on E. 

coli was found to be significant compared to 

gentamicin (10 mg/ml) and cefixime (5 mg/ml) (22). 

Considering the fact that most studies have been 

conducted regarding the effect of fennel extract on 

standard strains of E. coli strain, this study was 

conducted to determine the effects of various 

concentrations of aqueous and hydroalcoholic extracts 

of fennel and ajwain on the strains of E. coli isolated 

from urine culture samples of children with urinary 

tract infection.  

Methods 

This experimental laboratory study was conducted 

after being approved by the Ethics Committee of Babol 

University of Medical Sciences (code 

MUBABOL.REC.1396.47). Sample size was 

determined to be 30 using PASS software (Power 

Analysis & Sample Size) with a confidence level of 

5% and a power of 80%, assuming a correlation of 

0.45 between the two groups.  

Preparation of extracts: Soaking or maceration 

method was used to prepare the hydroalcoholic extract. 

After weighing and powdering, 50 g of fennel and 

ajwain seeds was added to 300 ml of 80% ethanol and 

kept for three days at laboratory temperature. The 

solution was then filtered by Whatman 42 Filter Paper 

and placed at room temperature to evaporate the 

solvent. To prepare the aqueous extracts, the seeds of 

fennel and ajwain were first weighed to be 100 g and 

powdered and then, distilled water was added six times 

its weight. The resulting mixture was placed in a hot 

bath at 60 °C for 15 minutes and then passed through a 

Whatman 42 Filter Paper. Eventually, each was 

separately exposed at ambient temperature to 

evaporate the solvent.   

Studied microbial strains: In this study, the standard 

strain of E. coli (ATCC25922) was used. In addition, 

30 clinical samples of E. coli from the urine culture of 

children with urinary tract infection, which were 

feverish, had pyuria and (from the middle urine 

samples in children with the ability to use a toilet and a 

catheter sample in the rest) had positive urine culture 

with E. coli were collected from Amirkola Children's 

Hospital in Babol. Clinical strains were identified 

again by biochemical tests. 

Measurement of antimicrobial activity using disc 

diffusion method: In this culture method, the bacteria 

were prepared at a concentration equal to the standard 

opacity of 0.5 McFarland. The surface of the plate, 

containing the Mueller Hinton Agar, was inoculated 

uniformly using sterile cotton swab. Then, according 

to the six studied concentrations study (16, 32, 64, 128, 

256 and 512 mg/disc), six blank discs were placed in 

culture media and the concentrations of hydroalcoholic 

extract of each plant were separately added (23). Plates 

were kept in incubator at 37 °C for 18 – 24 h. After the 

intended time, the inhibition zone diameter was 

measured using a ruler and the results were recorded. 

Gentamycin (30 mg/disc) was also used to test positive 

control. All of the above steps were performed for 

standard and clinical samples with two replications. 
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Measurement of antimicrobial activity by 

microdilution method: Determination of the 

minimum inhibitory concentration of the extracts was 

done by microdilution method and based on the 

standard protocol of the Clinical and Laboratory 

Standards Institute (CLSI) (24). In this method, 96–

well microplate was used. First, 100 μl of 

concentrations of 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 

mg/ml of the extracts were added to the first 10 wells 

of each row of microplate by serial dilution method 

(25). Then, 100 μl of microbial suspension, equal to 

0.5 McFarland, was added to each well. Wells 11 and 

12 were considered as negative control (culture 

medium containing no bacteria) and positive (culture 

medium containing bacteria), respectively. Microplates 

were then incubated at 37 °C for 18-24 hours and the 

first well without opacity was considered as the 

minimum inhibitor concentration (MIC). Minimum 

bactericidal concentration (MBC) of the extract was 

determined according to the results of minimum 

inhibitor concentration.  

Five microliters of wells, in which bacterial growth 

was completely stopped, were transferred to the plates 

containing the medium and kept in incubator at 37 °C 

for 18-24 hours. Concentrations that did not have 

bacterial growth were reported as minimum 

bactericidal concentration (MBC). All the steps were 

performed for standard samples and clinical samples 

with two replications. In this study, gentamicin disks 

(10 mg/disc) were used as a positive control. After 

collecting the data, they were analyzed by correlation 

coefficient analysis and p<0.05 was considered 

significant. 

 

 

Results 

Patients in the two study groups did not have a 

statistically significant difference in demographic 

characteristics (Table 1). The highest incidence of 

pruritus was from 30 to 60 minutes after injection. Of 

the 45 patients, 10 (22.2%) patients in the ondansetron 

group and 12 (26.7%) patients in the propofol group 

had pruritus during the procedure. Considering the 

sample size and type 1 error with alpha 0.05, and 

according to the ratio of pruritus in the study group 

(22.2% to 26.7%), the power of the statistical test in 

this study was 66%. Three (6.7%) patients in the 

ondansetron group, and four (8.9%) patients in 

propofol groups had pruritus in recovery (p=0.41) 

(p=0.5) (Table 2).  

Table 1. Demographic characteristics of patients in 

the two groups 

 

Group 

Variable  

Propofol 

Mean±SD 
Ondansetron P-value 

Age (year) 32.42±6.21 32.78±5.67 0.23 

Height(centimeters) 159.61±3.83 160.02±3.25 0.12 

Weight (kg) 83.73±7.69 84.02±8.07 0.36 

BMI (Kg/m2) 33.9±3.23 32.85±3.44 0.9 

Operation duration 

(min) 
89.9±11.93 88.07±8.28 0.29 

 

 

Table 2. Distribution of absolute and relative 

frequency of pruritus during surgery and recovery 

in the two groups 

 

P-value 
Propofol 

N(%) 

Ondansetron 

N(%) 

Group 

Variable  

0.4 12(26.7) 10(22.2) Pruritus during surgery 

0.5 4(8.9) 3(6.7) Pruritus in recovery 

 

Comparing the severity of pruritus during the 

operation between the two groups, the mean severity 

of pruritus in the ondansetron group was 1.85±0.69 

and in the propofol group was 1.66±0.81 (p = 0.65). 

The mean severity of pruritus in the ondansetron group 

was 1.33±0.57 and in the propofol group was 1.25±0.5 

in recovery (p=0.84). 12 (26.7%) patients in the 

ondansetron group, and 22 (48.9%) patients propofol 

group had nausea during the operation (p=0.02). 

Nausea in the recovery was reported in three (6.7%) 

patients in the ondansetron group and two (4.4%) 

patients in the propofol group (p=0.26). Four (8.9%) 

patients in the ondansetron group and six (13.3%) 

patients in the propofol group had vomiting during the 

operation (p=0.37). Two (4.4%) patients in the 

ondansetron group and one (2.2%) patient in the 

propofol group had vomiting in the recovery (Table 3).   

 

Table 3. Distribution of absolute and relative 

frequency of nausea and vomiting during operation 

and recovery in two groups 

 

P-value 
Propofol 

N(%) 

Ondansetron 

N(%) 

Group 

Variable 

0.02 22(48.9) 12(26.7) Nausea during surgery 

0.26 2(4.4) 3(6.7) Nausea in recovery 

0.37 6(13.3) 4(8.9) Vomiting during surgery 

0.5 1(2.2) 2(4.4) Vomiting in recovery 
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Discussion 

Based on the results of this study, hydroalcoholic 

extract (80%) of fennel and ajwain were found to have 

antimicrobial effects on standard samples and clinical 

samples of E. coli isolated from children with urinary 

tract infections. In some studies, the antibacterial 

effects of hydroalcoholic extract on the standard 

sample of E. coli have been shown.  

In the study of Shafaghat et al., hydroalcoholic 

extract (70%) of ajwain with a minimum inhibitor 

concentration of 5 mg/ml was able to inhibit the 

growth of standard strains of E. coli resistant to 

cefixime, erythromycin and tetracycline (26). Amiri et 

al. reported the antimicrobial effect of hydroalcoholic 

extract (50%) of ajwain on a standard strain of E. coli 

with a minimum inhibitory concentration of 50 mg/ml. 

In this study, there was no statistical comparison with 

antibiotics (27).  

In another study, Khosravipour et al. showed the 

antibacterial and dose-dependent effects of ajwain 

essential oil on bacterial agents such as E. coli (28). In 

other studies, the antimicrobial effect of ajwain 

essential oil has been considered (29, 30). In all of the 

mentioned studies, the standard samples of E. coli has 

been used. However, the study of clinical samples 

isolated from urinary tract infections is important due 

to their pathogenicity in accordance with geographical 

area (31). In this study, one standard sample and 30 

clinical samples collected from urinary tract infection 

at the Medical Education Center were used and the 

effect of hydroalcoholic and aqueous extracts of fennel 

and ajwain on this pathogen was studied.  

Considering the fact that, other than hydroalcoholic 

extract of ajwain, other extracts did not show 

antimicrobial effects neither on standard strain nor on 

the clinical samples and given the similar condition of 

extraction, the effect of geographic area of the plant on 

its components can be mentioned.  

In the study of Zakeri et al. that examined the 

effects of ecosystem on the antimicrobial activity of 

the extract of medicinal plants, there was a significant 

difference between the minimum inhibitory 

concentrations of plants in different regions on 

bacterial agents (32). 

In another study in Pakistan, the methanolic and 

ethanolic extracts of fennel at concentrations of 30 

mg/ml did not have antimicrobial effects on the strains 

of the E. coli (33). Moreover, Manonmani et al. 

showed that ethanolic extract of fennel had no 

antibacterial effect on strains of Escherichia coli, 

Salmonella typhi and Staphylococcus aureus (34). In 

addition to the impact of the geographic area on the 

antibacterial agents of plants, gram-negative bacteria 

are generally more resistant to the antimicrobial effects 

of the plants due to the presence of the cell wall 

lipopolysaccharide (35). Gulfraz et al. reported that the 

effect antimicrobial activity of ethanolic extract of 

fennel on gram-positive bacteria is higher than gram-

negative bacteria (36).  

In another study in Turkey, fennel did not show 

any developmental inhibitory effect on microorganisms, 

including E. coli (37). But in another study, the 

aqueous and ethanolic extracts of fennel and ajwain 

with relatively high concentrations (200 mg/ml) 

showed antimicrobial effects on standard strains of E. 

coli (38, 39). In this study, two methods of disc 

diffusion and microdilution have been used to 

investigate the antibacterial effect of fennel and ajwain 

plants, which were also used in other studies. 

Regarding the extraction of aqueous and 

hydroalcoholic extracts, contrary to other studies, in 

order to maintain the maximum effective amount of 

the plant, heating for concentration of the extract was 

avoided in this study and the extracts were 

concentrated at ambient temperature. In a study, Kaur 

et al. showed that with increasing temperature in the 

process of preparation of aqueous extract from ajwain 

and fennel, the antimicrobial effects of ajwain were 

significantly decreased and the aqueous extract of 

fennel did not have an antimicrobial effect on E. coli 

(38). In addition to the differences in the method of 

extraction, according to the different results of studies, 

the variation in the amount of chemical compounds 

present in plants is considered.  

The most important active ingredients of essential 

oils are Thymol, gamma-terpinene, beta-Pinene, 

saimin and Sabinene, whose antimicrobial effects have 

been reported in various studies (40). Other 

compounds in the extract of ajwain include flavonoid 

compounds with antimicrobial effect. The presence of 

various amounts of different compounds in the plant 

extract increases their biological effect and increases 

the effect against microbial resistance (41). In this 

study, gentamicin was used as a standard antibiotic. 

One of the limitations of this study is the lack of use of 

other antibiotics to evaluate the probable microbial 

resistance of clinical strains.  

By examining the data obtained from the study on 

the standard sample and clinical sample of E. coli, it 

can be concluded that the hydroalcoholic extract of 
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ajwain has bacteriostatic and bactericidal effects on the 

standard and clinical samples of E. coli. Further studies 

are required to investigate the antimicrobial activity of 

ajwain extract on antibiotic-resistant strains and also to 

investigate the synergistic effects of ajwain extract 

with common antibiotics.  
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