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The use of antibiotics as major drugs in infectious diseases has always been
associated with two problems of side effects and drug resistance. The
compounds found in various plants have been used as a treatment method
since the past until today because medicinal plants possess side effects
compared to other drugs. Given that different species of Echinops dichorus
L. plant have indicated good antimicrobial effects, in this study
antimicrobial effects of ethanol and aqueous extracts of Echinops dichorus
L. plant have been investigated by disk diffusion method and determining
the minimum inhibitory concentration (MIC) on the 24-hr culture of
Escherichia coli (E. coli) standard strain. Echinops dichorus L. plant was
dried after collection and its ethanol and aqueous extracts of were prepared
by maceration method. Afterward, the concentrated and dried samples were
stored in clean containers under standard conditions for further tests. The
antibacterial effect of different concentrations of the extracts was
determined by agar diffusion and compared with penicillin, gentamicin, and
tetracycline antibiotics. Ethanol and aqueous extracts possessed a MIC of
31.25 pg/ml (diameter of the bacterial growth inhibition (halo): 12 mm) and
125 pg/ml (diameter of the bacterial growth inhibition (halo): 10 mm),
respectively, as anti-microbial effect against E. coli.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

rapid emergence of resistant bacteria can
decrease the efficacy of antibiotics, so many

Antibiotics are one of the great advances in
medicine; however, overprescribing them can be
led to resistant bacteria. Indeed, the use of
antibiotics as major drugs in infectious diseases
has always been associated with two problems of
side effects and drug resistance. Moreover, the
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decades after the first patients were treated with
antibiotics, bacterial infections have again
become a threat. In this regard, the lack of new
drugs development in the pharmaceutical
industries due to decrease economic incentives,
as well as challenges in regulatory requirements
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have led to fueling these problems, although, in
the past until today; the use of medicinal plants
has been the focus of many researchers and
possess special importance around the world to
treat the different diseases. Hence, many studies
have been carried out on different plants, and
their antibacterial effects have been evaluated.
The reports have shown that the compounds
found in various plants have been used as a
treatment method since the past until today
because medicinal plants possess fewer side
effects than other drugs. In this field, the
secondary metabolisms existent in the plants
have an important role in the treatment of
diseases. Given that different species of Echinops
dichorus L. plant have indicated good
antimicrobial and anti-inflammation effects, in
this study antimicrobial effects of ethanol and
aqueous extracts of Echinops dichorus L. plant
have been investigated by disk diffusion method
and determining the minimum inhibitory
concentration (MIC) on the 24-hr culture of
Escherichia coli (E. coli) standard strain.

Material and Methods

The desired plant was collected from an herbal
shop located in Babol City. Harvesting and
collecting the aerial parts of the plant containing
high sugar is done in August at an altitude of 450
meters in the city of Babol. It is caused by the
activity of a inspect species on the Tighal sugar

plant. The herbal samples were collected in the
middle of autumn, washed in water, and dried by
air, for 3-4 days (25 °C). Afterward, the samples
were powdered and 25 g of powdered plant were
added to 500 ml of ethanol and water, separately;
and were stirred at 100 rpm, at 25 °C and 65° C,
respectively, for 48 h. After that, the mixture of
plant and solvents was filtered by 0.4 micron
Whatman filter paper. The extracts were
concentrated by a rotary device at 35 °C and 55
°C respectively for alcohol and water were stirred
at 100 rpm and were placed in sterilized glass
plates in the open air and exposed to air, free
away from environmental dust. Finally, they
completely lost their solvent and dried.

Results

The results showed that the aqueous extract of
the Echinops dichorus L. plant can only inhibit
bacterial growth at a high concentration. No anti-
bacterial effect was observed in the 1.5 mg/ml
concentration of its aqueous extract. While, the 1
mg/ml concentration showed the diameter of the
bacterial growth inhibition (halo) of 10 mm,
Table 1 and Fig. 1. Notably, the penicillin
antibiotic disk could not suitably inhibit E. coli
growth due to high drug resistance of E. coli
against  penicillin  antibiotic. However,
tetracycline and gentamicin antibiotics showed a
diameter of bacterial growth inhibition (halo) of
17 and 25 mm, respectively.

Table 1 The diameter mean of E. coli growth inhibition (halo), against aqueous extract and penicillin,
gentamicin, and tetracycline antibiotics

1 mg/ml concentration of aqueous extract of Echinops dichorus L. plant on E. coli

aqueous extract penicillin gentamicin tetracycline
9 mm - - -
9 mm - 25 mm -
10 mm - - 18 mm

Fig. 1 The effect of aqueous extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics

The ethanol extract of Echinops dichorus L. plant
illustrated anti-bacterial effect in 0.5 mg/ml
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concentration, so that, the 1 mg/ml and 0.5
mg/ml concentrations of this extract showed the
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diameter of the bacterial growth inhibition (halo)
of 12 mm and 8 mm, respectively (Table 2,
Fig.2). The results also showed that the penicillin
antibiotic could not suitably inhibit E. coli
growth that can be due to drug resistance of E.
coli, against penicillin antibiotic, as well as, anti-
bacterial properties of the ethanol extract than

penicillin.  Tetracycline and  gentamicin
antibiotics also showed the diameter of the
bacterial growth inhibition (halo) of 19 mm and
26 mm (in 1 mg/ml concentration), and 25 mm
and 18 mm (in 0.5 mg/ml concentration),
respectively.

Table 2 The diameter mean of E. coli. Growth Inhibition (halo), against ethanol extract (0.5 mg/ml and 1
mg/ml) and penicillin, gentamicin, and tetracycline antibiotics

1 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
12 mm -
12 mm 26 mm
10 mm 19 mm

0.5 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
& mm -
& mm 25 mm
& mm 8 mm

Fig. 2 The effect of ethanol extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics

Conclusions

Screening, identification, and isolation of the
active compounds of plants can help investigate
their antimicrobial effects. In general, the
sugarcane plant can be used as an antimicrobial
agent; Especially for countries like Iran, where
this plant is native to its regions and can be a
suitable candidate for pharmaceutical industries.
The results of this research can be stated as
follows:

1. Both aqueous and alcoholic extracts of
Echinops dichorus L. were effective on
Escherichia coli.

2. The effect of alcoholic and aqueous extracts
showed that at the lowest concentration, they
cause sensitivity in E. coli and they were much
more effective than selected antibiotics.

Environment and Water Engineering

3. The antibacterial compounds present in the
alcoholic  (ethanolic) extract of Echinops
dichorus L. have the ability and effectiveness to
be used together with antibiotic regimens.

4. The used plant has an acceptable potential for
medicinal use against diseases caused by Gram-
negative bacteria.

Data Availability
The data used in this research are presented in
the text of the article.
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Table 1 The diameter mean of E. coli growth inhibition (halo), against aqueous extract and penicillin,
gentamicin, and tetracycline antibiotics

1 mg/ml concentration of aqueous extract of Echinops dichorus L. plant on E. coli

aqueous extract penicillin gentamicin tetracycline
9 mm - - -
9 mm - 25 mm -
10 mm - - 18 mm
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Fig. 1 Statistical comparison of the effect of aqueous extract of Echinops dichorus L. on E. coli bacteria with a
concentration of 1 mg/ml
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Table 2 The diameter mean of E. coli. growth inhibition (halo), against ethanol extract (0.5 mg/ml and 1 mg/ml)

and penicillin, gentamicin, and tetracycline antibiotics

1 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
12 mm -
12 mm 26 mm
10 mm 19 mm

0.5 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
8 mm -
8 mm 25 mm
8 mm 8 mm
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Table 1 The diameter mean of E. coli growth inhibition (halo), against aqueous extract and penicillin,
gentamicin, and tetracycline antibiotics

1 mg/ml concentration of aqueous extract of Echinops dichorus L. plant on E. coli

aqueous extract penicillin gentamicin tetracycline
9 mm - - -
9 mm - 25 mm -
10 mm - - 18 mm
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Fig. 1 Statistical comparison of the effect of aqueous extract of Echinops dichorus L. on E. coli bacteria with a
concentration of 1 mg/ml
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Fig. 2 The effect of aqueous extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics
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Table 2 The diameter mean of E. coli. growth inhibition (halo), against ethanol extract (0.5 mg/ml and 1 mg/ml)

and penicillin, gentamicin, and tetracycline antibiotics

1 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
12 mm -
12 mm 26 mm
10 mm 19 mm

0.5 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
8 mm -
8 mm 25 mm
8 mm 8 mm
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Fig. 3 Statistical comparison of the effect of alcoholic extract of Echinops orientalis Trauv on Escherichia coli
bacteria with a concentration of 1 mg/ml
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Fig. 4 Statistical comparison of the effect of alcoholic extract of Echinops dichorus L. on Escherichia coli
bacteria with a concentration of 0.5 mg/ml
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Fig. 5 The effect of ethanol extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics
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