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ABSTRACT 

 

Antibiotics are probably the most successful family of drugs so far developed for 

improving human health. Because of increasing resistance to antibiotics of many bacteria, 

plant extracts and plant compounds are of new interest as antiseptics and antimicrobial agents 

in medicine. In this study, we researched antimicrobial effects of extracts of some medical 

plants (Tussilago farfara, Equisetum arvense, Sambucus nigra, Aesculus hippocastanum and 

Taraxacum officinale) from Slovakia to antibiotic resistant and antibiotic sensitive bacteria 

isolated from milk of cows and mare, which were breeded in different conditions. 

Microorganisms which were used in this experiment we isolated from milk from conventional 

breeding of cows (ten E. coli strains) and from ecological breeding of Lipican mare (ten 

E. coli strains) by sterile cotton swabs. For antibiotic susceptibility testing was used disc 

diffusion method according by EUCAST. After dried at room temperature we weighed 50 g 

of crushed medical plants (parts) and it were to extract in 400 ml methanol for two weeks at 

room temperature. For antimicrobial susceptibility testing of medical plants extract blank 
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discs with 6 mm diameter disc diffusion method was used. We determined that all 

Escherichia coli strains isolated from milk of conventional breeding of cows were resistant to 

ampicillin and chloramphenicol. We determined that all tested ampicillin and 

chloramphenicol resistant E. coli strains isolated from conventional breeding of cow showed 

susceptibility to all used medical plants extracts.  In difference, we determined that antibiotic 

susceptible E. coli strains isolated from ecological breeding of Lipican  mare were susceptible 

to Tussilago farfara extract only. From these results we could be conclude some observations, 

which could be important step in treatment of bacterial infections caused by antibiotic 

resistant bacteria and it could be important knowledge for treatment of livestock in 

conventional breeding. Of course, to confirm our analysis further studies are needed. 

 

Keywords: Antimicrobial activity, wild medical plants, E. coli, methanolic extracts 

 

 

INTRODUCTION 

 

Antibiotics are probably the most successful family of drugs so far developed for 

improving human health. Besides this fundamental application, antibiotics (antimicrobials at 

large) have also been used for preventing and treating animals and plants 

infections(McManus et al., 2002; Smith et al., 2002; Cabello et al., 2006; Singer et al., 

2003).All these applications made antibiotics to be released in large amounts in natural 

ecosystems (Sarmahet al., 2006). These antibiotics than lead to increasing antibiotic 

resistance in bacteria by prolong selective pressure of antibiotics (Kolář et al., 

2000).Infections caused by resistant strains of microorganisms causing costly treatment of 

animals and humans. Such infections prolong the pathological condition and if not treated 

with the right antibiotics may be increased mortality (Witte, 2006). Because of increasing 

resistance to antibiotics of many bacteria, plant extracts and plant compounds are of new 

interest as antiseptics and antimicrobial agents in medicine (Augustin and Hoch, 2004; 

Blascheket al., 2004; Norton, 2000). There has been a resurgence of interest in the 

development of drugs deriving from plants. These plant derived substances could be found in 

various parts like roots, leaves, shoots and bark of plants (Salamon and Fejer, 2011; 

Gruľová et al., 2012). Many plants are used in the form of crude extracts, infusions or 

plasters to treat common infections without any scientific evidence of efficacy (Noumi and 
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Yomi, 2001). However, scientific evidence of the antimicrobial effects of many of them has 

not been investigated yet.  

In this study, we researched antimicrobial effects of extracts of some medical plants 

from Slovakia to antibiotic resistant and antibiotic sensitive bacteria isolated from milk of 

cows and Lipican mare, which were breeded in different conditions.  

 

MATERIAL AND METHODS 

 

Collection of samples 

 

In this experiment we extracted five medical plants from Slovakia: Tussilago farfara, 

Equisetum arvense, Sambucus nigra, Aesculus hippocastanum and Taraxacum officinale. 

Additional information about collecting and used parts of medical plants are described in the 

Table 1. Medical plants was indentified by Kresánek and Krejča (1977). 

 

Table 1 Information overview about collected medical plants 

Plants / information Family Harvest area Used parts 

Tussilago farfara Asteraceae Gelnica Flower + stem 

Equisetum arvense Equisetaceae Partizánske Leaf + stem 

Sambucus nigra Asteraceae Nitra Flower 

Aesculus hippogastanum Aesculaceae Nitra Flower 

Taraxacum officinale  Asteraceae Nitra Flower 

 

Microorganisms which were used in this experiment we isolated from milk from 

conventional breeding of cows (ten Escherichia coli strains) and from ecological breeding of 

Lipican mare (ten E. coli strains) by sterile cotton swabs (Copan Inovation, Italy)in sterile 

transport medium and transported to Department of microbiology laboratory of Faculty of 

biotechnology and food sciences in SUA in Nitra.  

 

Isolation and identification of microorganisms 

 

Bacterial samples were spread on the surface of agar by sterile cotton swab directly. 

For cultivation of bacterial strains MacConkey agar (Biomark, Pune) was used. Cultivation of 

Enterobacteriaceae genera was done at 35±2 °C during 24 hours. After the first incubation 
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was need recultivation to obtain pure cultures of E. coli in the same conditions. For purifying 

of E. coli colonies and probably identification of E. coli strains Chromogenic coliform agar 

(Oxoid, UK) was used. For obtaining the pure culture of E. coli four-ways streak plate method 

was used. Every these steps of recultivation was done in the same conditions. After the 

purifying of individual microorganisms we identified E. coli by biochemical test Enterotest 24 

(Erba Lachema, Brno) and TNW Lite software (Erba Lachema, Brno). Methodical procedure 

for Enterotest 24 is described in manufacturer manual.  

 

Antibiotic susceptibility testing  

 

The pure overnight inoculums of E. coli strains were prepared by suspending of 

colonies into the physiological solution from agar plates and every suspensions were adjusted 

to equal a 0.5 McFarland standard. The sensitivity of all E. coli strains was tested against: 

ampicillin (AMP 10) 10 µg.disc-1, chloramphenicol (C 30) 30µg.disc-1, imipenem (IMP 10) 

10 µg.disc-1, tetracycline (TE 30) 30 µg.disc-1 (Oxoid, UK). For antibiotic susceptibility 

testing was used disc diffusion method according by EUCAST (European Committee on 

Antimicrobial Susceptibility Testing). Incubation of E. coli strains were done at 35±2 °C on 

Mueller-Hinton agar (Biomark, Pune). Interpretation of inhibition zones around the disc was 

according by EUCAST (Breakpoint tables for interpretation of zone diameters Version 2.0, 

valid from 2012-01-01). The inhibition zones were controlled with the references susceptible 

E. coli CCM 3988. 

 

Preparing of medical plants extract 

 

After dried at room temperature we weighed 50 g of crushed medical plants (parts) 

and it were to extract in 400 ml methanol for two weeks at room temperature. From created 

extract sediments and plants residues were filtered by Whatman no. 54 filter paper (GE 

Healthcare, UK). The crude extracts solution were put to the glass and methanol was 

evaporated by rotary vacuum evaporator (Stuart RE300DB, UK) at 40 °C at -800 mbar. The 

pure created extract was weighed. The yields after methanol evaporation for each medical 

plants extracts were: Tussilago farfara extract (757.6 mg), Equisetum arvense extract (392.5 

mg), Sambucus nigra extract (442.4 mg), Aesculus hippocastanum extract (509.5 mg) and 

Taraxucum officinale extract (269.7 mg). For dissolving of medical plants extracts we used 
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different volume of DMSO (dimethylsulfoxide) to equal value 512 µg/ml. Dissolved extracts 

in DMSO were storage in a fridge at -16 °C.   

 

Antimicrobial susceptibility testing of medical plants extract 

 

Simultaneously with antibiotic susceptibility testing pure overnight inoculums           

of E. coli strains were prepared by suspending of colonies into the physiological solution from 

agar plates and every suspensions were adjusted to equal a 0.5 McFarland standard. The 100 

µl bacterial solutions were spread on the surface of Mueller Hinton agar (Biomark, Pune) 

evenly. Petri dishes were dried in dryer machine at 60 °C. For antimicrobial susceptibility 

testing of medical plants extract blank discs (Oxoid, UK) with 6 mm diameter disc diffusion 

method was used. Every discs were impregnated by 20 µl of 512 µg/ml medical plants 

extracts dissolved in DMSO. Therefore of each discs contained 10.24 µg active compounds 

from medical plant extracts. After the impregnation discs were spread on the surface of 

Mueller Hinton agar evenly. Antimicrobial susceptibility testing was done at 35 ±2 °C during 

18-20 hours. The inhibition zones were controlled with discs impregnated with pure DMSO. 

After the incubation inhibition zones were measured by according EUCAST in mm. 

 

Statistical evaluation 

 

For this experiment we used statistical software STATGRAPHIC and we calculated 

some basic statistical values like: average, standard deviation, coefficient of variation, 

minimum, maximum and range. Equally, we determined significant differences between study 

groups by One-way analysis of variance with Tukey HSD Test.  

 

RESULTS AND DISCUSSION 

 

In this research we focused to comparison between antimicrobial effect of crude 

medical plants extracts to antibiotic resistant and antibiotic susceptible E. coli isolated from 

milk of conventional breeding of cow and ecological breeding of Lipican mare. After the 

isolation of Enterobacteriaceae genera strains from MacConkey agar and their purifying on 

the Chromogenic coliform agar we identified followed E. coli strain by Enterotest 24 and 

TNW Lite Software, which is described into the Table 2. 
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Table 2 Identified E. coli strains and itself antibiotic resistance or susceptibility profile 

Microorganisms Isolated 
from AMP 10 C 30 TE 30 IMP 10 

Percentage 
of 

identification 
E. coli Cow milk R R S S 99.98 
E. coli Mare milk S S S S 100 
Legend: AMP 10 – ampicillin, C 30 – chloramphenicol, TE 30 – tetracycline, IMP 10 – imipenem, R – resistant, 

S - sensitive 

 

We identified E. coli from milk samples only. We determined that all E. coli strains 

isolated from milk of conventional breeding of cows were resistant to ampicillin and 

chloramphenicol. Resistance to another used antibiotics were not detected. All strains             

of E. coli isolated from mare milk from ecological breeding showed no resistance to used 

antibiotics. Equally, Roopnarinet al. (2005) examined antibiotic resistance in E. coli isolated 

from milk samples and they determined ampicillin resistant E. coli too. Resistance to 

chloramphenicol determined Hleba et al. (2010) who isolated strains from 

Enterobacteriaceae genera from milk products.  

After the antibiotic susceptibility testing we tested antimicrobial activity of medical 

plants extract to pure E. coli strains. We measured diameter of inhibition zones around the 

discs, which are described in the Table 3. We determined that all tested ampicillin and 

chloramphenicol resistant E. coli strains isolated from conventional breeding of cow showed 

susceptibility to all used medical plants extracts.  In difference, we determined that antibiotic 

susceptible E. coli strains isolated from ecological breeding of mare were susceptible to 

Tussilago farfara extract only. Others used medical plants extracts had not effects to E. coli 

strains isolated from ecological breeding of mare. Not many scientists researched 

antimicrobial effects of similar medical plants. However, Kokoska et al. (2002) determined 

that Tussilago farfara extract had antimicrobial effect to Bacillus cereus (15.63 mg/ml) and 

Staphylococcus aureus (62.50 mg/ml) by MIC susceptibility testing. Antimicrobial effects of 

Tussilago farfara to E. coli they not determined. But they determined that many others 

medical plants had antimicrobial effects to E. coli.  

By basic statistic (Table 3) we calculated that the most antimicrobial activity had 

Tussilago farfara extract in the both cases. Averages of inhibition zones were 16.7±3.65 mm 

for ampicillin and chloramphenicol resistant E. coli isolated from conventional breeding of 

cows and 8.3±1.41 mm for antibiotic susceptible E. coli isolated from ecological breeding of 

mare. Conversely, the smallest antimicrobial effect had methanolic extract from Aesculus 
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hippocastanum (average of inhibition zones 9±1.88 mm). Effects of others medical plants 

extracts to antibiotic susceptible E. coli isolated from ecological breeding of mare were not 

detected. Similarly, Basaran and Gonuz (2004) researched antimicrobial effect of Tussilago 

farfara extract by disc diffusion method to E. coli and they determined 10 mm inhibition 

zone. In contrast with antibiotic susceptible E. coli isolated from ecological breeding of mare, 

ampicillin and chloramphenicol resistant E. coli isolated from conventional breeding were 

susceptible to others medical plants extracts (Tussilago farfara, Equisetum arvense, Sambucus 

nigra, Aesculus hippocastanum and Taraxacum officinale). Milanović et al. (2007) 

researched antimicrobial effects of Equisetum arvense extract and they determined 12.1±0.5 

mm. We determined 11.5±2.95 mm inhibition zone. For example Woods-Panzaruet 

al.(2009) detected no antibacterial effect of Taraxacum officinale to E. coli isolates. They 

determined antimicrobial effect of Alium sativum (15-16 mm) only.  We determined that 

Taraxacum officinale extract had antimicrobial effect in 12.8±3.19 mm in diameter. 

Researchers Hearst et al.(2010) examined antimicrobial effect of Sambucus nigra extract and 

they determined 7 mm inhibition zone.  In our experiment we used methanolic Sambucus 

nigra extract and we determined 13.5±4.06 mm inhibition zone.  

 

Table 3 Summary statistic for inhibition zones of resistant and sensitive E. coli isolated from 

conventional breeding of cow and ecological breeding of mare to medical plants extracts 

Statistical value / 
plants 

Tussilago 
farfara 

Equisetum 
arvense 

Sambucus 
nigra 

Aesculus 
hippocastanum 

Taraxacum 
officinale 

 ATB resistant E. coli isolated from conventional breeding of cow 
Count 10 10 10 10 10 
Average 16.7 11.5 13.5 9.0 12.8 
SD 3.65 2.95 4.06 1.88 3.19 
CV 21.87% 25.68% 30.08% 20.95% 24.92% 
Min 11.0 8.0 9.0 7.0 10.0 
Max 22.0 17.0 20.0 12.0 19.0 
Range 11.0 9.0 11.0 5.0 9.0 
 ATB susceptible E. coli isolated from ecological breeding of mare 
Count 10 10 10 10 10 
Average 8.3 ND ND ND ND 
SD 1.41 ND ND ND ND 
CV 17.08% ND ND ND ND 
Min 7.0 ND ND ND ND 
Max 10.0 ND ND ND ND 
Range 3.0 ND ND ND ND 

Legend: ATB – antibiotics, ND – not determined 
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By the statistical evaluation with using One-way ANOVA we determined that 

significant differences were between groups because P-value was 0.0001. Also we used 

multiple range test (Tukey HSD test) and we determined significant differences between 

antimicrobial effects of medical plants extracts of Tussilago farfara and Equisetum arvense, 

Tussilago farfara and Aesculus hippocastanum, Sambucus nigra and Aesculus hippocastanum 

to Escherichia coli isolated from milk from conventional breeding of cow. Equally, statistical 

significant differences were between antimicrobial effects of Tussilago farfara extracts and 

others medical plants extracts to E. coli isolated from milk of mare from ecological breeding, 

because antimicrobial effect of others used medical plants extracts were not detected. 

Comparison of antimicrobial effects of medical plants extracts to E. coli between isolates 

from cow milk (conventional breeding) and isolates from mare milk (ecological breeding) 

showed that E. coli isolated from conventional breeding was more susceptible to medical 

plants extracts like E. coli isolated from ecological breeding.    

 

CONCLUSION 

 

From these results we could be conclude some observations. We determined that 

medical plants extracts were more effective to antibiotic resistant E. coli like to antibiotic 

susceptible E. coli. It could be important step in treatment of bacterial infections caused by 

antibiotic resistant bacteria. Equally we determined that E. coli isolated from conventional 

breeding was more susceptible to medical plants extracts like E. coli isolated form ecological 

breeding. Apart from antibiotic resistance of bacteria, it could be important knowledge for 

treatment of livestock in conventional breeding. We think that animals from ecological 

breeding have access to live multifloral feeds and therefore microcenosis from intestinal tracts 

were resistant to medical plants extracts. Of course, to confirm our analysis further studies are 

needed. 
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