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Introduction 

In the recent past, WHO reported that the infections with drug-resistant bacteria were responsible 

for the higher threat of death rate at global level1. Increase in consumption of antimicrobial agent, 

inappropriate use of antibiotics and also the continuous migration of people leads to increasing of 

multidrug-resistant microbial strains2. A significant public health issue is the worldwide incidence 

of microbial infections and illnesses3. Due to their similar safety and efficacy, plants are being 

studied for their potential as antimicrobial substances against resistant strains as a result of the 

recent growth of antibiotic resistance and associated toxicity challenges, which constrain the 

effective application of antimicrobial compounds 4,5. In nations with limited resources, between 60 
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and 90 % of the populace takes medicine obtained from plants. Crude plant extracts have 

historically been utilised as herbal medicine to treat viral disorders in humans6. 

Natural goods are the source of more than half of all contemporary clinical medications, and they 

are crucial to pharmaceutical companies' in drug development initiatives7. According to Jayapriya 

and Gricilda8, medicinal plants are thought to be a significant source of novel compounds for drug 

development as well as a possible source of novel compounds with therapeutic applications. In 

order to defend themselves against bacteria and fungi, these plants produce a variety of chemical 

substances that function on the human body similarly to allopathic medications9,10,11.  

Numerous phytochemicals isolated from plants, such as flavonoids, terpenoids, alkaloids, and 

tannins, have been shown to have antibacterial and antifungal potential. These formulations 

mediate significant host responses, even though the mechanism of action and efficacy of these 

herbal extracts in most situations remain required to be verified scientifically12,13.  

In the present study, ethanolic extracts of leaves of 5 herbal medicinal plants (collected from 

Uttarakhand, India) were evaluated against some bacteria and fungi. 

 

Materials and methods 

Collection and extraction of plant materials 

Leaves of Artemisia annua, Artemisia vulgare, Picrorhiza kurroa, Origanum vulgare and Ajuga 

parviflora were collected and authenticated from Herbal Research and Development Institute 

(HRDI), Uttarakhand. Selection of the plants was done randomly after collection of some plants 

from HRDI based on their medicinal properties as those are being cultivated at larger scale in 

Uttarakhand. Those were washed with distilled water and then air dried at room temperature. After 

complete drying plant materials were grinded to make fine powder and stored for further use. 

1 gm of the grinded plant material was dissolved in 10 ml of ethanol and kept in sonicator for 10 

minutes at 40ºC temperature14. After that, extract were filtered (Whatmann Filter paper No. 1), and 

solvent was evaporated to obtain dry extract. Extractive values were calculated as mg/g.dw for 

each. 

 

Evaluation of antimicrobial activity 

Standard microbial technique - the agar well diffusion method was used for in-vitro antimicrobial 

assay15-19. For antibacterial activity, nutrient agar was used while for antifungal activity, potato 

dextrose agar was used. The different samples were diluted by using dimethyl sulphoxide (DMSO) 

and 4 different concentrations (25 mg/L, 50 mg/L, and 75 mg/mL and 100 mg/mL) of all 

compounds were prepared. Disinfected petri dishes holding the nutrient agar (NA) medium were 

used for the inoculation of test microorganisms, this inoculum spread all over the dish using 

spreader and kept standing for 30 min. Wells of 6 mm diameter were prepared in the seeded agar 

plates. In a different petri plate, standard drug was also loaded at similar concentrations. All 

different concentrations of all the samples and standard drug (30 µl in each well) poured into the 

preorganized wells of seeded plates. The plates were kept for incubation at 37ºC for 24 hrs. The 

antibacterial spectrum of the test sample was determined via inhibition zone (IZ) around each 

prepared well. The comparison of diameters of inhibition zone developed by the test sample and 

by the commercial control antibiotics (streptomycin and ketoconazole for antibacterial and 

antifungal respectively) was done. 

Activity Index was calculated from comparison of activity of samples with the standard antibiotic 

drug. The activity index was calculated by the following formula: 

Activity Index (AI) = Inhibition zone of sample/Inhibition zone of standard 
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Results 

In each plant extractive values in ethanol was measured as mg/g in dry weight of plant. Results are 

shown in table 1. It was observed that among the selected plants, Artemisia vulgare showed 

maximum value (0.032 mg/g.dw) followed by Artemisia annua  (0.018 mg/g.dw), Ajuga parviflora 

(0.017 mg/g.dw), Picrorhiza kurroa (0.011 mg/g.dw) and Origanum vulgare (0.009 mg/g.dw). 

Against E. coli, all plants showed good activity except Ajuga parviflira which did not show any 

activity at the lowest concentration (25 mg/L). The highest activity was shown by Origanum vulgare 

(AI- 0.45 to 0.53) followed by Artemisia vulgare (AI- 0.33 to 0.53), Artemisia annua (AI- 0.29 to 

0.37) and Picrorhiza kurroa (AI- 0.29 to 0.34) (Table 2). 

Against S. aureus, all the plant parts showed inhibitory activity at the selected concentrations. The 

maximum activity was shown by Picrorhiza kurroa (AI- 0.35 to 0.44) followed by Artemisia annua 

(AI-0.25 to 0.39), Origanum vulgare (AI-0.22 to 0.42) and Artemisia vulgare (AI-0.22- 0.39) (Table 

3). 

Against A. niger, all the selected plants showed potential antimicrobial activity. At their highest 

concentrations, both Artemisia annua and Artemisia vulgare showed activity higher than the 

standard antifungal drug (AI-1.15 and 1.10 respectively) while at the similar concentration, 

Origanum vulgare and Ajuga parviflora showed activity similar to the antibiotic (AI-1.00 for both). 

Picrorhiza kurroa showed activity index from 0.53 to 0.94 (Table 4).  

Against Penicillum chrysogenum, all plant extracts showed efficient inhibitory potential.  All 

extracts showed almost similar antimicrobial potential. The activity index range for Artemisia 

annua, Artemisia vulgare, Picrorhiza kurroa, Origanum vulgare and Ajuga parviflora were 0.35 

to0.50, 0.35 to 0.41, 0.35 to 0.50, 0.40 to 0.50 and 0.35 to 0.45 respectively (Table 5). 

 

Table1: Extractive values of leaves of the selected plants in ethanol 

Plant name Artemisia 

annua 

Artemisia 

vulgare 

Picrorhiza 

kurroa 

Origanum 

vulgare 

Ajuga 

parviflora 

Extractive value (mg/g dry weight) 18 32 11 9 17 

 

Table 2: Antibacterial activity of the selected plant extracts against E. coli. 

Name of plant 

Activity at different concentrations (mg/L) 

25 50 75 100 

IZ 

(mm) AI 

IZ 

(mm) AI 

IZ 

(mm) AI 

IZ 

(mm) AI 

Artemisia annua 7 0.29 8 0.26 9 0.29 12 0.37 

Artemisia vulgare 8 0.33 10 0.33 15 0.48 17 0.53 

Picrorhiza kurroa 7 0.29 8 0.26 10 0.32 11 0.34 

Origanum vulgare 11 0.45 13 0.43 16 0.51 17 0.53 

Ajuga parviflora NA NA 7 0.23 9 0.29 10 0.31 

Standard  24  30  31  32  

 

Table 3: Antibacterial activity of the selected plant extracts against S. aureus. 

Name of plant 

Activity at different concentrations (mg/L) 

25 50 75 100 

IZ AI IZ AI IZ AI IZ AI 

Artemisia annua 8 0.25 12 0.34 14 0.38 15 0.39 

Artemisia vulgare 7 0.22 10 0.28 13 0.36 15 0.39 
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Picrorhiza kurroa 11 0.35 13 0.37 15 0.41 17 0.44 

Origanum vulgare 7 0.22 8 0.22 15 0.41 16 0.42 

Ajuga parviflora NA NA NA NA 8 0.22 10 0.26 

Standard  31  35  36  38  

 

Table 4: Antifungal activity of the selected plant extracts against A. niger. 

Name of plant 

Activity at different concentrations (mg/L) 

25 50 75 100 

IZ AI IZ AI IZ AI IZ AI 

Artemisia annua 7 0.46 10 0.62 21 1.23 22 1.15 

Artemisia vulgare 9 0.6 11 0.68 15 0.88 21 1.10 

Picrorhiza kurroa 8 0.53 10 0.62 15 0.88 18 0.94 

Origanum vulgare 8 0.53 9 0.56 11 0.64 19 1 

Ajuga parviflora 9 0.6 11 0.68 16 0.94 19 1 

Standard  15  16  17  19  

 

Table 5: Antifungal activity of the selected plant extracts against P. chrysogenum. 

Name of plant 

Activity at different concentrations (mg/L) 

25 50 75 100 

IZ AI IZ AI IZ AI IZ AI 

Artemisia annua 7 0.35 8 0.38 10 0.43 12 0.5 

Artemisia vulgare 7 0.35 8 0.38 9 0.39 10 0.41 

Picrorhiza kurroa 7 0.35 9 0.42 11 0.47 12 0.5 

Origanum vulgare 8 0.4 9 0.42 11 0.47 12 0.5 

Ajuga parviflora 7 0.35 8 0.38 10 0.43 11 0.45 

Standard  20  21  23  24  

 

Discussion 

The problem of microbial resistance is growing by time and the outlook for the use of 

antimicrobial drugs in the future is still uncertain. Therefore, actions must be taken to face this 

problem and to introduce the antibacterial activity of medicinal plants20-26.  

In the present study, Artemisia annua, Artemisia vulgare, Picrorhiza kurroa, Origanum vulgare and 

Ajuga parviflora leaf extracts were evaluated for their inhibitory potential against bacteria (E. coli 

and S. aureus) and fungi (Aspergillus niger and Penicillum chrysogenum). The obtained inhibition 

zones were compared with standard antibiotic drugs. It was found that all plant extracts showed 

efficient antibacterial and antifungal activity. Even against Aspergillus niger, those plant extracts 

showed activity higher or approximately similar to antibiotic drug. 

Due to having antimicrobial properties, plant extracts can serve as natural preservatives in 

different food products, and they are gaining a tremendous amount of attention due to the 

deleterious effects of the synthetic counterparts27. Antimicrobials from medicinal plant extracts 

can be applied alone or in combination with standard antibiotics to achieve bactericidal synergism 

to broaden the antimicrobial spectrum, prevent the emergence of drug-resistant mutants, and 

minimize toxicity28. Despite all the benefits associated with using antimicrobials from medicinal 

plant extracts, there are some challenges when using them in a practical setting, including the 

absence of standardization in treatments and difficulties in reproducing the consistent 
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composition of plant extracts. To overcome these limitations, studies on the pharmacology of 

medicinal plant-derived compounds must be studied to achieve the standardization of the 

therapeutic regimens and the characterization of bioactive compounds to establish quality control 

procedures29. 

 

 
Figure 1: Antibacterial activity of the selected plant extracts against E. coli. 
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Figure 2: Antibacterial activity of the selected plant extracts against S. aureus. 
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Figure 3: Antifungal activity of the selected plant extracts against A. niger. 
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Figure 4: Antifungal activity of the selected plant extracts against P. chrysogenum 
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Conclusion 

The antimicrobial activities may be due to the strong occurrence of active compounds, i.e., 

saponins, tannin, alkaloids, steroids, phenols, and flavonoids. It has been concluded that extracts 

are suitable candidates for the development of novel antimicrobial compounds. The results showed 

that different plants have considerable antibacterial as well as antifungal action against the 

selected microorganisms. Further phytochemical analysis of these plant parts will be helpful for the 

elucidation of lead molecules in it may be employed as an eco-friendly, biodegradable alternative 

to prevent and treat bacterial cum fungal infections.  
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