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ABSTRACT 

    The goal of this research was to determine the antibacterial activity of four different 

medicinal plant extracts including Tridax procumbens, Nigella sativa, Acalypha indica, Vitex 

negundo as well as the phytochemicals present in the extract. In this study, ethanol and 

methanol solvents were used for the plant extraction. The antibacterial activity of crude 

extracts of four plants was investigated using agar well diffusion method against 

Staphylococcus aureus, Enterococci sp.  Pseudomonas aeruginosa, Escherichia coli, 

Klebsiella sp., and Proteus sp. by agar well diffusion method. Standard antibiotic 

Ciprofloxacin is used as a positive control. The best plant extract was analyzed qualitatively 

for the presence of phytochemicals. Both the methanolic and ethanolic extract of Nigella 

sativa seeds showed higher zone of inhibition against gram-positive bacteria viz. 

Staphylococcus aureus, Enterococci when compared to gram-negative organisms. Among the 

four plant extracts, N. sativa seeds extract showed effective inhibition against the tested 

organisms. Phytochemical analysis revealed that tannin, saponin, alkaloids, flavonoids, 

phenol were present in the methanolic extract of N. sativa but terpenoids was absent. N. 
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sativa seeds extract might be helpful in preparing the alternative drug against the bacteria 

causing wound infection which are cost-effective and non-toxic to human. 

Keywords: Plant extracts, antibacterial activity, methanol, ethanol, wound pathogens 

INTRODUCTION 

       Wound provides a suitable site for the 

bacterial infection which causes pain, 

swelling, redness to the skin and delays rate 

of healing [1]. Some of the most common 

bacterial pathogens associated with wound 

infection includes S. aureus, Enterococci 

sp., E. coli, P. aeruginosa, Klebsiella sp., 

Proteus sp., etc. [2]. These bacteria can 

slow wound healing process by interfering 

with normal clotting mechanisms, altering 

white blood cell’s function, formation of 

poor-quality granulation tissue, lowering 

connective tissue tensile strength and 

weakening epithelialization [3]. 

      The emergence of antibiotic resistant 

organisms and their spread is becoming a 

major threat to the world population. 

Infectious diseases are the second largest 

cause of fatality in the world recording for 

more than 13 million deaths annually [4]. 

Overuse of antibiotics, use of unprescribed 

antibiotics and continuous use of topical 

antimicrobial agents has led to the 

condition where the pathogens become 

resistant to the used antibiotics [5]. Since 

the multidrug resistant strains have been 

increased, the choice of therapy often 

becomes very limited [4]. The reason for 

becoming multi-drug resistant in the wound 

infection is due to the misuse and overuse 

of antibiotics. New therapy and expensive 

antibiotics were also increases due to 

increase in resistance to the used antibiotics 

[6]. Moreover, usage of continuous 

antibiotics leads to severe complications 

such as nausea, hypersensitivity reactions, 

gastrointestinal disorders, nephrotoxicity 

and continuous use of topical antimicrobial 

agent may result in a fungal infection. 

Because of such concern, the necessity to 

find an effective, safer and natural 

alternative way is increased. 

       An alternative way is the use of 

phytobiotics that can be used as a 

promising therapeutic agent in the 

treatment of infected wounds [6]. Plants 

have been used for both therapeutic and 

nutritional purposes for centuries [7]. 

Herbal medicine has been found to be 

effective against infectious diseases for 

over the years [8]. Medicinal plants which 

contain a wide range of biological 

properties are used for the treatment of 

various diseases across the world [7]. 

       Plants contain secondary metabolites 

including alkaloids, phenolic compounds, 

flavonoids, saponin and tannin which are 

reported to possess multiple biological 

activities such as antibacterial, free-radical 

scavenging ability, anti-inflammatory, anti-
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carcinogenic effect [9]. Phenolic 

compounds are important secondary 

metabolites because it has free-radical 

scavenging ability [10]. Flavonoids contain 

various properties such as antimicrobial, 

anticancer, anti-inflammatory and anti-

histamines activities [11]. Tannins are a 

heterogenous group of polyphenols which 

are found to be responsible for antioxidant 

and antibacterial activities [12]. Alkaloids 

possess anticancer, antibacterial properties 

and responsible for many healing properties 

in traditional medicine. Saponin is a 

potential medicinal phytochemical [9]. 

       Many researchers recommended the 

use of methanol and ethanol solvent for the 

extraction of wide variety of compounds 

from the plants [13]. Ethanol is a suitable 

solvent for the extraction of polyphenols. 

Methanol is found to be more effective in 

the extraction of polyphenols having low 

molecular weight [14]. 

       Tridax procumbens is a wild herb 

which is found all over India. It possesses 

several potential therapeutic activities such 

as antimicrobial, anticoagulant, antioxidant, 

wound healing property, insecticidal and 

anti-inflammatory activity [15].  Nigella 

sativa is an herbaceous plant.  It is also 

called as Black seeds. Its seeds have been 

reported to contain many pharmacological 

activities including anti-parasitic, 

antimicrobial, antioxidant and anti-

inflammatory activities [16].  Acalypha 

indica is an herb widely distributed across 

India and reported to be effective in the 

treatment of asthma, pneumoniae, 

rheumatoid arthritis etc. [17].  Rural people 

used paste of leaves to treat skin diseases 

[18].  Vitex negundo Linn. is an important 

plant with various medicinal properties and 

it is distributed across India. It is commonly 

known as Chinese chaste tree and nochhi in 

Tamil. It has bitter, pungent, thermogenic, 

expectorant, stomachic and digestive 

properties. The extracts of the plant possess 

anti-inflammatory, antimicrobial, 

antiseptic, antipyretic, diuretic properties 

[19]. Natural products from the higher 

plants are generally known for its fast cure, 

inexpensive, non-toxic and cost-effective, 

which may lead to the search of new drug. 

Hence, the present study is focussed to 

study the antibacterial activity of 

methanolic and ethanolic extracts of four 

medicinal plants against the wound 

associated bacteria and to analyse 

phytochemicals present in the plant extract 

having higher zone of inhibition. 

MATERIALS AND METHODS 

Plant collection  

      Fresh leaves of Tridax procumbens 

(Vettukkaaya), Acalypha indica 

(kuppaimeni), Vitex negundo (Nocchi illai) 

were collected and Nigella sativa seeds 

were bought from shop in and around 

Chennai. 
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Plant extract preparation  

      The collected medicinal plant leaves 

and seeds were carefully washed with 

running tap water to remove the dust [20] 

and allowed it to shade dry for 10 

days [21] and powdered using grinder. 

Then the powdered leaves and seeds were 

subjected to extraction using methanol and 

ethanol solvents separately with the ratio of 

10:100 (25g in 250 ml) in an Erlenmeyer 

flask and then kept in shaker at room 

temperature for 3 days. Then the solution 

was strained using muslin cloth and filtered 

through Whatman no.1 filter paper [22]. 

The filtrates were evaporated to dryness to 

obtain the concentrated extract. 

Bacterial strains: 

        A total of 6 bacterial strains were used 

for the experiment for the antibacterial 

sensitivity test. Bacteria such as S. aureus, 

Enterococci sp., E. coli, P. aeruginosa, 

Proteus sp., Klebsiella sp. were obtained 

from Basic Institute of Medical Science, 

Taramani, Chennai.  

Media used for culturing: Muller Hinton 

Agar, Brain Heart Infusion broth. 

Determination of the antibacterial 

activity of the different plant extract: 

       Agar well diffusion method was 

performed to evaluate the antibacterial 

activity of the different plant extract [23].  

A stock solution of 1000mg/ml was 

prepared.100µl, 200µl of the stock solution 

of plant extracts were added into the well 

using micropipette. Standard antibiotic 

Ciprofloxacin (5µg/ml) was used as a 

positive control. All the experiments were 

done in triplicates. The resulting data 

represented as mean ±SD (standard 

deviation). Results are examined using 

student’s t-test and found to be significant 

at p-value˂0.05.  

Qualitative Phytochemical Analysis:  

      The plant extract with high antibacterial 

activity was used to analyse for its 

phytochemical’s presence. The tests were 

performed by the following protocols.  

Tannin test: 1ml of the plant extract was 

added in 5ml of distilled H2O and 2 drops 

of FeCl3 solution were then added. 

Presence of tannins was indicated by the 

colour change to bluish/greenish to black 

colour [24].    

Saponin test: Extract was combined with 

2ml of H2O and agitated vigorously. 

Persistent foam formation for 10mins 

indicates the presence of saponin [25]. 

Flavonoid test: To 50mg of extract, a few 

drops of sodium hydroxide was added. The 

intense yellow colour changes to colourless 

when dil. acid was added into it. This 

indicates the presence of flavonoids [26]. 

Phenol test: 3-4 drops of FeCl3 solution 

was added to the extract. Bluish black 

colouration denotes the presence of phenol 

[27].  

Terpenoids test: To 0.2 g of plant extract, 2 

ml CHCl3 and 3 ml of conc. sulphuric acid 
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was added. Reddish-brown coloration 

implies the presence of terpenoids [28]. 

Alkaloid test: Meyer’s reagent (Potassium 

Mercuric Iodide) was added to the plant 

extract. Pale-yellow precipitation denotes 

for the alkaloid’s presence [27]. 

RESULTS 

Antibacterial activity of Plant extracts 

       Four plant extracts (Tridax 

procumbens, Acalypha indica, Vitex 

negundo and Nigella sativa seeds) were 

investigated to evaluate the antibacterial 

activity against the wound associated 

bacteria such as S. aureus, Enterococci sp., 

E. coli, P. aeruginosa, Klebsiella sp., 

Proteus sp. Figure 1 shows the 

antibacterial activity of N. sativa seeds 

extract. Graphical representation of zone of 

inhibition of ethanolic and methanolic 

extracts of four plants and ciprofloxacin 

against the test organisms were shown in 

Figure 2 and Figure 3 respectively. The 

comparison of the antibacterial activity of 

ethanolic and methanolic extracts was 

shown in Figure 4. 

      The methanolic and ethanolic extract of 

Tridax procumbens revealed sensitive 

against all the tested organisms. T. 

procumbens methanolic extract showed 

larger zone of all the organisms than the 

ethanolic extract. 

       The methanolic and ethanolic extract 

of Acalypha indica revealed sensitive 

against Staphylococcus aureus, 

Enterococcus sp., Escherichia coli, P. 

aeruginosa, but resistant to Klebsiella sp., 

Proteus sp. 

      The methanolic and ethanolic extract of 

Vitex negundo showed sensitive against 

Staphylococcus aureus, Enterococcus sp., 

Pseudomonas sp., Proteus sp. but resistant 

to Escherichia coli and Klebsiella sp. V. 

negundo ethanolic extract showed bigger 

zone than the methanolic extract. 

      Both the methanolic and ethanolic 

extract of Nigella sativa seeds showed 

sensitive against all the tested organisms. 

Methanolic extract gives larger zone than 

the ethanolic extract. 

Phytochemical analysis: 

      Results of the phytochemical screening 

of the methanolic extract of Nigella sativa 

seeds extracts in qualitative basis were 

summarized in the Table 1. 
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Figure 1: Antibacterial activity test. 

NSE1- N. sativa ethanolic extract (100µl), NSE2- N. sativa ethanolic extract (200µl), NSM1- N. sativa methanolic 
extract (100µl), NSM2- N. sativa methanolic extract (200µl), PC1- Positive control- (100µl), PC2- Positive 

control- (200µl) 
 
 
 
 

 
Figure 2: Antibacterial activity of ethanolic extract of four plants and ciprofloxacin against the test organisms 
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Figure 3: Antibacterial activity of methanolic extract of four plants and ciprofloxacin against the test organisms 

 
 

 
Figure 4: Comparison of antibacterial activity of ethanolic and methanolic extracts. 

 
Table 1: Phytochemical analysis of the methanolic extracts of N. sativa. 
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examined for their antibacterial activity 
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According to Bharathi V et al., the 

methanolic extract of T. procumbens 

revealed significant zone against S. aureus, 

Klebsiella and E. coli [7]. In the present 

study, the methanolic extract of A. indica, it 

showed sensitive to S. aureus, Enterococci, 

P. aeruginosa, E. coli. Previous study also 

reported that the methanolic extract of A. 

indica produced remarkable zone of 

inhibition against S. aureus and P. 

aeruginosa [17]. In the present study, 

ethanolic and methanolic extracts of V. 

negundo produced good zone of inhibition 

against S. aureus, Enterococci, Proteus, P. 

aeruginosa but resistant to E. coli and 

Klebsiella, however, Kurapatti P et al., 

2017 reported that the ethanolic extract of 

V. negundo showed significant zone against 

S. aureus and Klebsiella and less activity 

against E. coli, P. aeruginosa and 

maximum activity against S. aureus in case 

of methanolic extract [29]. Ethanolic and 

methanolic extracts of N. sativa showed 

sensitive against all the tested organisms. 

N. sativa extract was found to be more 

effective against gram-positive organisms 

such as Staphylococcus aureus and 

Enterococci sp. than the gram-negative 

organisms Previously it was reported that 

the methanolic extract of N.  sativa showed 

remarkable zone against E. faecalis, E. coli, 

P. aeruginosa, but resistant to S. aureus 

[30].  N. sativa seeds extract exhibited 

larger zone of inhibition than the other 

plant extracts. Methanolic extract was 

found to be more effective than ethanolic 

extract in all plant extracts except A. indica 

which ethanolic extract is more effective 

than methanolic extract. 

      Results of phytochemical analysis of 

methanolic extract of medicinal plant N. 

sativa revealed the presence of tannin, 

saponin, alkaloids, flavonoids and phenol. 

Previous study also revealed that the 

methanolic extract of N. sativa contains 

tannin, saponin, alkaloids [31]. Volatile oil 

of N. sativa seeds has been reported to 

possess antimicrobial activity [32]. This 

study also revealed that N. sativa seeds 

extract possess antibacterial activity against 

all the test organisms.  

CONCLUSION 

      The present study concludes that 

Nigella sativa seeds extract have higher 

antibacterial activity against all the test 

organisms when compared to the other 

plant extracts. Phytochemical analysis of 

the extract gives an information about the 

secondary metabolites which is responsible 

for the antibacterial activity. Hence, 

methanolic extract of N. sativa seeds 

extract was found to have significant effect 

against wound associated organisms such 

as S. aureus, P. aeruginosa, E. coli, 

Klebsiella sp., Proteus sp. and Enterococci 

sp. and can be used as an alternative drug 

for the wound infections which are cost-

effective and non-toxic to human. Further 
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investigation should be done for the 

toxicity of the Nigella sativa seeds extract. 
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