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ARTICLE INFO  ABSTRACT 

Submitted: 15 May 2023 Introduction: Medicinal plants have had a special value and 

importance in providing health and wellness of communities both 

in terms of treatment and prevention of diseases. The aim of this 

research was to investigate the antimicrobial activity of different 

extracts (aqueous, ethanolic, and methanolic) of two types of 

Echium (Helioteropium ellipticum and Anchusa strigosa) on 

Staphylococcus aureus, Bacillus Cereus, Escherichia Coli, 

Salmonella Typhi and Shigella dysentery bacteria. 

Material and Methods: Extracts were prepared by soaking 

method. Antimicrobial activity was determined by two methods: 

dilution sequence in liquid medium and diffusion from disk in solid 

medium. The data were analyzed with SPSS24 software. 

Results: Gram-positive bacteria showed more sensitivity to the 

extracts than Gram-negative bacteria. Antimicrobial activity of 

Heliotropium ellipticum was more than Anchusa strigosa. Aqueous 

extract has the lowest and ethanolic extract has the highest 

antimicrobial activity. Staphylococcus aureus showed the highest 

and Escherichia coli the lowest sensitivity to the extracts. 

Staphylococcus aureus bacteria showed the largest diameter of non-

growth aura (20.67 mm) at the concentration of 50 mg/ml of 

ethanolic extract, and the MIC of Staphylococcus aureus had the 

highest sensitivity at 312.5 PPM dilution. 

Conclusion: The two tested species have good antimicrobial 

activity and they can be used as natural substitutes for chemical 

antimicrobial agents. 
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Introduction 

chium amoenum or snake plant 

(scientific name: Echium) is the name 

of a genus of Borage family. This 

plant has many healing properties. The 

Boraginaceae family includes 95 genera and 

more than 1600 species. The plants of this 

family grow in all temperate and warm 

regions, especially in the Mediterranean 

regions, and are very rare in the arctic regions. 

Some plants of this family are herbaceous, 

such as Echium amoenum. The plants of this 

family have no edible or industrial use and 

instead have medicinal properties and almost 

all of them are glazed and contain sodium 

nitrate and are considered mild diuretics. 

Flowers, stems and roots of most of the plants 

of this family have a therapeutic effect (1-4). 

One of the local uses of Echium amoenum is 

for colds, anti-depressants, anti-stress, fever 

reducers, diuretics, disinfectants, and 

sedative properties (5-7). 

Infectious diseases are one of the most 

common diseases in the world that impose a 

great financial burden on human societies. 
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Although synthetic anti-biotics have been 

able to play an important role in the treatment 

of infectious diseases in the past decades, 

they have also had problems (8). As 

microorganisms become more resistant to 

antibiotic compounds, herbal antimicrobials 

are an interesting source of new active 

ingredients. It has been proven that the use of 

dried plant extracts strengthens the 

therapeutic effect and prevents side effects 

due to the accumulation of substances in the 

plant. These extracts are available in various 

medicinal forms such as tablets, capsules, 

ointments, syrups, etc., which are desirable 

for the people of the 21st century (1). 

Therefore, the search for alternative anti-

microbial agents is necessary. One of the 

possible strategies for this goal includes 

identifying and investigating the properties of 

bioactive plant materials that have 

antimicrobial activity (9). In one study shows 

that the aqueous extract of E. amoenum has 

significant antimicrobial activity against 

Staphylococcus aureus, Escherichia coli and 

Pseudomonas aeruginosa. Aqueous extract 

of E.  amoenum from dried flowers also 

showed concentration-dependent antibacte-

rial activity against Staphylococcus aureus 

10). The traditional use of Iranian borage 

flower for infectious diseases and fever 

control seems justified. Antibacterial activity 

of E. amoenum plant against Staphylococcus 

aureus 8327 was evaluated by agar well 

diffusion, disk diffusion and minimum 

inhibitory concentration (MIC) methods. The 

MIC of this extract was equal to 6.2 μg/ml 

and the results confirm the concentration-

dependent antibacterial activity of this plant 

extract against the studied bacteria (11). In 

another study, Bonjar et al evaluated the 

antibacterial activity of the methanol extract 

of E. amoenum against Micrococcus luteus, 

Serratia marcescens, Klebsiella pneumonia 

and Bordetella bronchiseptica using disk 

diffusion and MIC methods. The results 

showed that this extract is effective against B. 

bronchiseptica with an MIC of 15 mg/ml. In 

another study, the trypanocidal activity of E. 

amoenum against Trypanosoma cruzi was 

investigated and the minimum lethal 

concentration was calculated. The results 

showed that different extracts of E. amoenum 

did not show significant activity against T. 

cruzi epimastigotes (12). However, most of 

the plant species in Iran have not been widely 

investigated for antibacterial activities. The 

purpose of this research is to investigate the 

antimicrobial effect of various extracts of the 

E. amoenum species on gram-positive and 

gram-negative bacteria. 

Methods 

Collecting two types of E. amoenum 

The tested species of E.amoenum flower 

(Helioteropium ellipticum and Anchusa 

strigosa) were collected in the flowering 

stage in the summer of 2015 from the 

foothills of Delfan city located in the 

northwestern part of Lorestan province. 

Then, both species were completely dried in 

the shade, and then some of the dried plant 

was made into powder in a Chinese mortar 

and 25 grams of the powder was poured into 

closed containers (plastic-glass). Then it was 

placed in a 70-degree bain marie  for one 

hour, then in the refrigerator for one hour, and 

then at the laboratory temperature for 22 

hours, and this was repeated for three days. 

 

Preparation of extracts 

The soaking  method was used to prepare the 

extract. 25 g of plant powder was mixed with 

100 ml of solvent and after 48 hours of 

storage at ambient temperature, the mixture 

was filtered with Whatman No. 1 filter paper 

and dried at 40°C in an oven, then different 

concentrations were prepared and kept at 

refrigerator temperature until the start of 

microbial tests (1). To prepare different 

dilutions of the extracts, first 20% DMSO 

(20% DMSO and 80% sterile distilled water) 

was prepared and 3 concentrations of the 

extracts (10, 25 and 50 mg/ml) were 

prepared. 

 

Microorganisms 

In this study, the common human pathogenic 

bacteria (gram-positive and gram-negative) 

were used; including Staphylococcus aureus, 
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Bacillus cereus, Escherichia coli, Salmonella 

typhi, and Shigella dysenteriae, which were 

obtained from university centers. 

 

Preparation of microbial suspension 

Three milliliters of sterile saline (9 g of pure 

NaCl in 1 liter of distilled water) were poured 

into the cuvette of the device. Then, with a 

sterile swab, put some of the fresh bacterial 

culture (18-24 hours ago) in the saline inside 

the cuvette and make it completely uniform. 

So that the absorbance of this suspension 

containing bacteria is 0.1-0.115 at the 

wavelength of 600 nm.  This suspension 

contains about 108 bacteria per milliliter 

(CFU/ml) (7). 

 

Preparation of microbial culture medium 

Mueller Hinton culture medium was used for 

bacterial culture. To prepare Muller's Hinton 

Broth medium, first 1/2 gram of this medium 

was poured into 100 ml of distilled water and 

melted in a microwave oven and then 

sterilized in an autoclave at 121°C for 15 

minutes. During use, its temperature was 

lowered to below 40˚C. To prepare Mueller 

Hinton agar culture medium, 1.5 grams of 

agar was added for every 100 ml of distilled 

water and the previous steps were performed. 

 

Determining the antimicrobial activity of 

Borage plant extracts in solid medium 

(disc diffusion) 

After melting the culture medium and 

bringing its temperature to about 40˚C, the 

culture medium was poured into plates with a 

diameter of 10 cm. Then 100 μl of the 

microbial suspension were poured on the 

culture medium and spread over the surface 

of the culture medium with a completely 

sterile swab. Then, the blank paper disc 

purchased from Padten Teb Company was 

placed on the culture medium and 15 μl of the 

concentration prepared from the extract was 

poured on the disc. The bacterial medium 

was placed in a greenhouse at 37˚C for 24 

hours. Then, the diameter of the inhibition 

aura  was measured with a ruler. Finally, it 

was compared with positive control 

(tetracycline antibiotic) and negative control 

(solvent) (8). 

 

Determination of MBC and MIC 

To determine MIC (minimum inhibitory 

concentration) and MBC (minimum 

bactericidal concentration), dilution 

sequence method was used in 96-well 

microplate. First, 150 μl of Mueller Hinton 

Broth culture medium were poured into all 

the wells. Then, in the first well, 150 

microliters of the concentration of 80 mg/ml 

of the extract were poured, and after mixing, 

150 μl were removed and added to the second 

well. This was done to the last well and the 

last 150 μl was discarded. Then, 10 μl of 

microbial suspension were added to each 

well. Greenhouse planting was done like the 

disk diffusion method. After the end of the 

observation wells greenhouse time, the last 

well that did not have turbidity caused by the 

growth of microbes was introduced as MIC. 

To determine the MBC of the contents of the 

well, which was considered as MIC. Two 

wells that were cultivated in advance and 

placed in the greenhouse in the right 

environment, temperature and time. The 

concentration of the well in which the target 

microbe did not grow was considered MBC 

(9). 

 

Statistical analysis 

The experiment was conducted in the form of 

a random design with three repetitions, then 

the laboratory data was collected and entered 

into the computer. The normality of the data 

was ensured. Then, analysis was done using 

ANOVA test with via of SPSS 24 software 

with alpha 0.05. 

Results 

Determination of MIC, MBC of extracts 

In Table 1, gram-positive bacteria have 

lower MIC and MBC than gram-negative 

bacteria, and in other words, they are more 

sensitive to the antimicrobial activity of 

extracts. So that Staphylococcus aureus had 

the lowest and Escherichia coli the highest 

amounts. Regarding the type of extracts, the 

polar extract (blue) produced more MIC and 
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MBC, and in other words, they showed less 

antimicrobial activity than the ethanolic and 

methanolic extracts. 

 

The effect of aqueous, ethanolic and 

methanolic extracts of Echium amoenum 

(Anchusa strigosa and Helioteropium 

ellipticum) on the studied bacteria 

Table 2 and 3 examine the aura of non-

growth in the studied samples in three 

replications with different concentrations of 

Staphylococcus aureus, Bacillus cereus, 

Escherichia coli, Salmonella Typhi and 

Shigella dysenteriae bacteria. The diameter 

of the aura of non-growth at the 

concentration of 50 mg/ml is greater than the 

lower dilutions in all three types of extracts. 

Also, the diameter of the non-growth aura of 

the positive control is greater in all three 

dilutions than all three types of extracts. 
 

Table 1. The results of determining MIC and MBC (concentration in ppm) 

Bacteria 

Anchusa strigosa Helioteropium ellipticum 

Aqueous 

extract 

Ethanolic 

extract 

Methanolic 

extract 

Aqueous 

extract 

Ethanolic 

extract 

Methanolic 

extract 

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

Staphylococcus 
aureus 

5000 5000 625 625 2500 5000 2500 5000 312.5 312.5 312.5 625 

Bacillus cereus 5000 10000 625 1250 5000 5000 5000 5000 625 625 312.5 625 

Escherichia coli 20000 40000 2500 5000 10000 20000 20000 20000 5000 2500 2500 5000 
Salmonella typhi 5000 10000 1250 2500 10000 10000 5000 10000 1250 1250 625 1250 

Shigella 
dysentery 

20000 20000 2500 5000 20000 20000 20000 20000 2500 2500 1250 2500 

 

Table 2. The effect of aqueous, ethanolic and methanolic extracts of Echium amoenum (Anchusa strigosa 

and Helioteropium ellipticum) on the studied bacteria 

Bacteria Extract 

Aqueous extract in 

three dilutions 

Ethanolic extract in 

three dilutions 

Methanolic extract in 

three dilutions 
Control 

10 

mg 

25 

mg 

50 

mg 

10 

mg 

25 

mg 

50 

mg 

10 

mg 

25 

mg 

50 

mg 

Staphylococcus 

aureus 

Anchusa strigose 9 9.6 13 9 10 17 9 10 15 

22 Helioteropium 
ellipticum 

11.6 13 15.6 16 17 20.6 12.7 14 17 

Bacillus cereus 

Anchusa strigose 7.67 10.6 14.3 8.3 11.6 16.7 7.3 11 14 

18 Helioteropium 
ellipticum 

10.6 12 14 12 14 17 11.3 11 16.6 

Escherichia coli 

Anchusa strigose 6 7 11 7 7.6 14 7 7 12 

17 Helioteropium 

ellipticum 
6 7 11.6 7.3 8.3 15 6.3 8 14 

Salmonella typhi 

Anchusa strigose 7.3 9 11.6 9.6 10 12.3 7.3 8 12 

18 Helioteropium 

ellipticum 
8 10 12 8.3 11 14.6 8 12 14 

Shigella 

dysentery 

Anchusa strigose 7.3 7 11 7 7.6 14.6 7 7 14 
16 Helioteropium 

ellipticum 
7.3 8 10 8.3 11 15 10.6 13 14 

 

Discussion 

For about two decades, the use of 

antimicrobial properties of plants in the 

pharmaceutical, agricultural and food 

industries has been growing day by day. 

According to the results of this research, in 

general, the antimicrobial properties of H. 

ellipticum species are more than A. strigosa 

species, which could be due to various 

reasons. Climatic and weather conditions 

(precipitation rate, altitude above sea level, 

soil type, temperature and environmental 

stresses), genus, species and subspecies of 

medicinal plant and the way of maintaining 

medicinal plant cause destructive 

physiological changes in the plant. And this 

affects the secondary and effective 

compounds in medicinal plants. The stages of 

plant growth also have a great impact on the 

antimicrobial activity of medicinal plants. 

The antimicrobial compounds of these plants 

are strongly influenced by the growth stage of 

the plant, so that generally the most 

antimicrobial activity of medicinal plants is 

related to their flowering stage. The 

extraction method is also one of the other 

things that affect the antimicrobial activity of 

medicinal plants (13, 14). Therefore, it is 
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obvious and acceptable that different species 

have different effective compounds and, as a 

result, different antimicrobial activity, and in 

almost all the researches conducted in this 

field, results similar to this research have 

been obtained. In a study conducted by Bagci 

on the antimicrobial activity of two species of 

Tanacetum balsamita plants, it was shown 

that these two species have different 

antimicrobial compounds and therefore 

different antimicrobial activity, which is in 

accordance with the results of this research 

(15, 16). Also, the results of this research are 

consistent with the results of Kotan, who 

investigated the antimicrobial activity of 

different extracts of several medicinal plants 

(9, 17). In the conducted research, there is a 

significant difference between the 

antimicrobial activity of the extracts. So that 

aqueous extract showed the least and 

ethanolic extract showed the most 

antimicrobial activity. The antimicrobial 

compounds of medicinal plants are very 

diverse, among these compounds, terpenes, 

terpenoids, and glucosinolates can be 

mentioned. Each of the compounds in 

essential oils and extracts of medicinal plants 

have a certain antimicrobial activity, which of 

course is subject to several factors. According 

to the results of similar research conducted in 

the past, it is clear that the major 

antimicrobial activity of medicinal plants is 

related to hydrophobic compounds such as 

monoterpenes. The higher the amount of 

these compounds in the extract of medicinal 

plants, the more antimicrobial activity they 

have  (18). Water is a polar compound and 

solvent that can dissolve a large number of 

polar substances in itself, and on the contrary, 

it does not have much ability to dissolve non-

polar and hydrophobic compounds, the 

opposite is true for ethanol and methanol. For 

this reason, the hydrophobic compounds of 

medicinal plants that have a lot of 

antimicrobial activity are dissolved in less 

amount in water and are mostly extracted by 

non-polar solvents. Therefore, the lower 

antimicrobial activity of the aqueous extract 

of the investigated species compared to the 

other two extracts is mentioned for this 

reason. Shataye performed the antimicrobial 

activity of the aqueous and ethanolic extracts 

of the roots of Anchusa strigosa by disc 

diffusion method on a number of Gram-

positive and Gram-negative bacteria. The 

results showed that the antimicrobial activity 

of the ethanolic extract was higher than that 

of the aqueous extract, and Staphylococcus 

bacteria was the most sensitive bacterium to 

the components of the ethanolic extract. 

These results are in accordance with the 

results of this research. In the research that 

was conducted on two Gram-positive bacteria 

(Staphylococcus aureus, Bacillus cereus) and 

three Gram-negative bacteria (Escherichia 

coli, Salmonella typhi, and Shigella 

dysenteriae), it was found that the microbes 

showed different resistance and sensitivity to 

the extracts. In general, gram-positive 

bacteria were less resistant than gram-

negative bacteria. Generally, Staphylococcus 

aureus had the least resistance and 

Escherichia coli the most resistance to the 

antimicrobial compounds of different 

extracts. Bacteria show a wide range of 

resistance or sensitivity to the compounds of 

essential oils and extracts of medicinal plants. 

Gram-positive bacteria generally have a thick 

Peptidoglycan wall around them. Although 

this wall is thick, it does not have much 

resistance to the passage of medicinal plant 

compounds, and for this reason, these 

compounds easily enter the bacterial cell and 

cause the death of the bacteria by disrupting 

its various parts (disruption and disintegration 

of the membrane, release of cytoplasmic 

contents, and disruption of the work of 

mitochondria and...). Gram-negative bacteria 

have a lipopolysaccharide membrane. This 

membrane shows a significant resistance 

against the penetration of medicinal plant 

compounds, and therefore, in general, gram-

negative bacteria show more resistance to the 

essence and extracts of medicinal plants (18). 

According to the results of Desiree et al., the 

results in similar research also obtained 

similar results with this research (7). Also, in 

one research, which examined the extract 

from the medicinal plant of Echium amoenum 

and investigated its antimicrobial effect, the 
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result showed that the antibacterial effect on 

bacteria such as micrococci is significant. The 

results of the experiment showed that the 

aqueous-alcoholic extract of burdock leaves 

has significant antimicrobial effects on gram-

positive micrococcus bacteria, while it has no 

significant effect on Escherichia coli 

bacteria. The results of this study agree with 

the results of our study that the ethanolic 

extract of Echium amoenum has an 

antibacterial effect on Staphylococcus aureus 

(19). In this study, three concentrations (10, 

25 and 50 mg/ml) were used. The obtained 

results showed that there is a significant 

difference between the antimicrobial activity 

of the concentrations. With the increase in 

concentration, the antimicrobial activity of 

the extracts and the diameter of the aura of 

non-growth also increased, which is due to 

the penetration of larger amounts of extract 

compounds into the bacterial cell and, as a 

result, more effect. Jabrian and his colleagues 

investigated the antimicrobial effect of 

different concentrations of several extracts of 

Falcaria vulgaris plant on gram-negative and 

gram-positive bacteria. The results, which are 

completely consistent with the results of this 

research, showed that the antimicrobial 

activity of the extracts increases with the 

increase in concentration. Also, the anti-

microbial activity in liquid and solid 

environment, which was determined by disk 

diffusion method and dilution sequence, 

respectively, was consistent. So that an 

extract that has a higher antimicrobial activity 

in a solid environment also has approximately 

the same effect in a liquid environment 

compared to other extracts (20). In one 

research also evaluated the antibacterial, 

antifungal and antioxidant activity of the 

extracts of Echium amoenum and Marrubium 

anisodan plants. The results showed that the 

methanolic extract of the root of the borage 

had the highest inhibition on the gram-

positive bacteria Staphylococcus aureus and 

Bacillus subtilis. Considering the importance 

of flavonoid compounds in treating human 

diseases and preventing lipid oxidation in 

food, the high number of flavonoids in the 

leaves of Echium amoenum plant and 

Sugarcane plant is significant. These results 

are consistent with the results of our research 

in which increasing the concentration of the 

extract led to the inhibition of Staphylococcus 

aureus and Bacillus cereus bacteria (21).  

Conclusion 

In general, it can be concluded that the two 

tested species have good antimicrobial 

activity. As a result, the extracts of these 

plants can be used as natural antimicrobial 

substances in the pharmaceutical, food, 

agricultural industry or the production of 

cosmetics. 
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