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Abstract 

The present study attempts to validate the native Indian variety Kodaikanal hill garlic Allium sativum’ 

antibacterial efficacy and antioxidant potential against pathogens isolated from wound infections. The 

agar well diffusion method was used to determine the antibacterial potential of Allium sativum aqueous 

extract against four Gram-negative bacterial strains and one multi drug resistance strain from the 

wounds. The findings demonstrate that aqueous extract of Allium sativum has significant inhibitory effect 

on MRSA with 42 mm zone formation. Similarly, it was found effective against E. coli and Proteus 

vulgari, which gave an inhibition zone of 26 mm and 30 mm respectively at higher dilutions. However, 

Pseudomonas aeruginosa displayed resistance to low dilutions of aqueous extract but inhibition was 

observed in higher concentration. This study does not undermine the value of antibiotic use but then 

indicates evidence supporting the traditional use of garlic for wound healing. 
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Introduction 

Wound infections can be mild, self-healing or severe and life threatening. The most frequent 

species of microorganisms that cause wound infections are Acinetobacter spp., Pseudomonas 

spp., Escherichia coli, Klebsiella, Proteus, Enterobacter, Citrobacter, and anaerobes such as 

Clostridium and Peptostreptococcus spp [1, 2]. It has become more challenging to treat wound 

infections because of the presence of polymicrobial flora, and methicillin-resistant 

Staphylococcus aureus (MRSA). Antimicrobial resistance, which has become a great threat to 

public health in the world, is also a major problem in all clinical settings [3]. MRSA is one of 

the most common strains of wound infections, affecting large areas of the skin that are deeper 

into the soft tissues, including abscesses, burns, cellulitis, or deep ulcers with infections. 

According to Ayurveda medicine, garlic is a common ingredient of many medicinal and 

dietary medicinal formulations as it possesses extensive range of pharmacological action. It is 

commonly also used as antimicrobial agents in their raw form for the treatment of wounds and 

injuries and joint pains etc. The natural products are found to be more effective with least side 

effects as compared to commercial antibiotics so that reason they are used an alternated 

remedy for treatment of various infections [4].  

Garlic also contains essential chemical compounds which are very good for the wound healing 

process including flavonoids, saponins, alkaloids, and phenolics which are known to have 

antibiotic principles, essential oils which have antibacterial and antiseptic properties to prevent 

infection in wounds. As garlic has been reported to possess the active substance allicin which 

has properties as an antimicrobial, antiseptic, antibiotic, anti-inflammatory and analgesic [5]. 

The present study aimed to determine in vitro antimicrobial activity of garlic aqueous extracts 

(Allium sativum) against isolated MRSA and other wound pathogens. 

Materials and Methods 

Preparation of aqueous garlic extract 

Fresh garlic (Allium sativum) was collected from a local market. They were peeled, washed, 

and blot-dried at room temperature. 25 g of peeled garlic was weighed, washed with 70% 

ethanol for 2 minutes for surface sterilization, and blot dried. The garlic was then crushed in a 

sterile mortar and pestle with 10 ml of autoclaved distilled water. The mixture was filtered 

through Whatman No. 1 filter paper, and the extract collected was considered 100% fresh 

aqueous extract (AGE) and kept at 4 °C for further analysis. 
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Phytochemical Screening 

The fresh garlic aqueous extract was screened for the 

presence of secondary metabolites [6]. 20 ml of the extract was 

measured into different test tubes and concentrated by placing 

them in a water bath. Tests were carried out for reducing 

sugars, tannins, flavonoids, alkaloids, and steroids. 

 

Pus sample collection 
The pus samples were collected from outpatients at Alpha 

Labs, Madurai. The skin around the wound was cleansed with 

sterile, normal saline. A total of 10 swab samples were 

aseptically collected from the inner surface of the infected 

area using sterile cotton swabs, immediately immersed in 

peptone broth, and brought to the microbiology laboratory 

within 2 hours. 

 

Isolation and identification of bacterial strains 

On reception, the swab immersed in peptone broth was then 

sub cultured on MacConkey Agar and Nutrient Agar (Hi-

Media). The plates were incubated at 37 °C for 24 to 48 

hours. Lactose fermentation was observed and recorded on a 

MacConkey agar plate for Methicillin Resistance 

Staphylococcus aureus MRSA, E. coli, Klebsiella 

pneumoniae, and non-lactose fermentation were observed for 

Pseudomonas aeruginosa, Proteus vulgaris, and Candida spp. 

These bacteria were selected based on their potential to cause 

skin and wound infections. The characterization of the 

bacterial isolates was done based on colonial morphology, 

Gram staining, and a series of secondary biochemical tests 

such as the catalase test, oxidase test, citrate utilization test, 

indole test, motility, mannitol, triple sugar iron agar, 

coagulase test, and urease test. Identification of all source test 

organisms obtained on MacConkey Agar was carried out 

according to Bergey’s Manual of Systematic Bacteriology [7]. 

 

Identification of MRSA 
Catalase test [8] 

2 ml of hydrogen peroxide solution was added in a test tube, 

and a sterile swab containing test organisms was put in the 

hydrogen peroxide solution. The positive results were 

indicated by immediate bubbling. 

 

Coagulase test [8] 

A culture of the test organism was emulsified in a drop of 

physiological saline and made into a thick suspension. Then a 

drop of plasma was added to it and mixed gently by rotating. 

The positive results were indicated by producing clumps 

within 10 seconds. 

 

Detection of Methicillin Resistance 

MRSA was identified based on colonial morphology, gram 

stain, biochemical responses to catalase, coagulase, Mannitol 

salt agar test and sensitivity to the second-generation 

cephalosporin medication cefoxitin (5 µg). After a 24-hour 

incubation period at 35 °C, the isolates were determined to be 

methicillin-resistant if there was evidence of growth (>1 

colony), sensitive if there was a zone of inhibition over 12 

mm, and intermediate if it was found between 11 and 12 mm 
[9]. 

 

Antimicrobial activity 

Various dilutions of garlic were used to prepare an aqueous 

extract, including 25%, 50%, and 75%. The isolated bacterial 

pathogens were inoculated into the Muller-Hinton agar plates 

and allowed them to dry in an incubator at 37 °C for 20 

minutes [10]. For agar well diffusion assay, the surface of the 

plates was cut using a micropipette tip borer with a diameter 

of 6 mm to create uniform wells. Each well was then filled 

with 100 µl of each dilution and the plates were then 

incubated at 37 °C for 24 hours. The zone of inhibition 

diameter was measured in millimetres (mm) [11]. 

  

Antioxidant activity 

0.1 mM DPPH (1, 1-diphenyl-2, -picryl-hydrazyl) solution 

was prepared by dissolving 3.94 mg of DPPH in 100 ml of 

ethanol. Each dilution of fresh aqueous garlic extracts 

prepared were made up to 40 µl with DMSO and 2.96 ml 

DPPH (0.1 mM) solution was added. The reaction mixture 

was incubated in a dark condition at room temperature for 20 

min. The absorbance was measured at λ max 517 nm [12]. The 

test results are compared with the ascorbic acid as positive 

control and ethanol as a blank. The percentage DPPH 

radicals’ inhibition of the test samples is calculated following 

the equation: 

 

% RSA = Abs control – Abs sample X 100 

Abs control 

 

where, RSA is the Radical Scavenging Activity; Abs control 

is the absorbance of DPPH radical + ethanol; Abs sample is 

the absorbance of DPPH radical + sample extract. 

 

Results 

The organisms isolated from wound samples were identified 

to be Escherichia coli, Klebsiella pneumoniae, Proteus 

vulgaris, Pseudomonas aeruginosa and Methicillin 

Resistance Staphylococcus aureus based on morphological 

and biochemical characteristics using Bergey’s Manual of 

Systematic Bacteriology (Table 1 & 2) (Figure 1). 

 

Table 1: Biochemical test for gram negative organism 
 

Biochemical tests Escherichia coli Klebsiella pneumoniae Pseudomonas aeruginosa Proteus vulgaris 

Gram’s stain - - - - 

Motility Motile Non-motile Motile Motile 

Indole test + - - + 

Methyl red + - - + 

Voges-Proskauer - + - - 

Citrate - + + + 

Mannitol + + - - 

TSI A/A with gas A/A with gas K/K K/A with H2S 

Urease - + - - 

+ = Positive, -- = Negative, A = Acid, `K = Alkali 
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Table 2: Biochemical test for gram positive organism 

Biochemical tests Staphylococcus aureus 

Gram’s stain + 

Motility - 

Indole test - 

Methyl red + 

Voges-Proskauer + 

Citrate + 

Mannitol + 

TSI A/A 

Urease + 

Catalase test + 

Coagulase test + 

Antibiotic sensitivity Cefoxitin resistant (12 mm) 

Fig 1: Biochemical tests for specific for MRSA identification  

(a) Urease plate (b) Gram’s stain (c) catalase test (d) coagulase test 

(e) Cefoxitin resistant 

Phytochemical Screening 
The qualitative phytochemical screening of Allium sativum 

aqueous extracts is presented in Table 3. The result indicated 

the presence of Alkaloids, flavonoids, steroids, phenols, and 

absence of reducing sugars and tannins. 

Table 3: Qualitative phytochemical profile of A. sativum aqueous 

extract 

Phytochemicals Aqueous extract 

Alkaloids ++ 

Flavonoids ++ 

Reducing Sugar -- 

Tannins -- 

Steroids ++ 

 + present; - absent 

Antimicrobial Activity 

The antimicrobial effectiveness of fresh garlic extract at 

various dilutions (25%, 50%, and 75%) was assessed by 

measuring inhibition zones against MRSA and other bacterial 

pathogens. The results indicated that aqueous garlic extract 

possessed antibacterial activity against all organisms tested, 

with different levels of sensitivity. Among all the tested 

pathogens, aqueous garlic extract exhibited the highest 

efficacy against MRSA (ZOI - 42mm). In contrast, 

Pseudomonas aeruginosa exhibited resistance to 25 µl 

concentration (Figure 2a- 2e). 

Table 4: Effect of aqueous garlic extract against isolated pus 

pathogens 

Pathogens isolated from wound specimens 25 µl 50 µl 75 µl 

MRSA 30 mm 35 mm 42 mm 

Escherichia coli 22 mm 24 mm 26 mm 

Klebsiella pneumoniae 22 mm 20 mm 26 mm 

Pseudomonas aeruginosa Resistant 15 mm 20 mm 

Proteus vulgaris 25 mm 27 mm 30 mm 

Fig 2(a): Antibacterial activity of aqueous garlic extract against 

Methicillin Resistance Staphylococcus aureus 

Fig 2(b): Antibacterial activity of AGE against E. coli 

Fig 2(c): Antibacterial activity of AGE against Klebsiella 

pneumoniae 

Fig 2(d): Antibacterial activity of AGE against Pseudomonas 

aeruginosa 

Fig 2(e): Antibacterial activity of AGE against Proteus vulgaris 

Antioxidant activity 

The results of Allium sativum aqueous extract's free radical 

scavenging abilities in comparison to ascorbic acid was 

reported in Figure 3. When compared to regular ascorbic acid, 
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the aqueous garlic extract's DPPH radical scavenging activity 

was less pronounced but still significantly reduced ROS. 

 

 
 

Fig 3: Antioxidant activities of aqueous extract of A. sativum as 

compared to ascorbic acid 

 

Discussions 

There are several reports of antibacterial activity of aqueous 

garlic extract (AGE) against a variety of wound infection 

causing pathogens [13-17]. Different studies reported that AGE 

exhibited activity against a large variety of Gram-positive and 

Gram-positive pathogenic bacteria including MDR strains [18]. 

A similar trend was reported, where aqueous extract of Allium 

sativum at the minimal concentration of 6.25% successfully 

inhibited the growth of methicillin-resistant S. aureus MRSA 
[19]. It has been reported that aqueous extracts of garlic 

showed antibacterial activity against MRSA [20, 21]. P. 

aeruginosa showed no inhibition against A. sativum aqueous 

extract [22]. Correspondingly, antimicrobial activity of garlic 

extracts against P. aeruginosa found no activity but 

susceptible to higher concentrations while, growth of E. coli 

was significantly reduced by distilled water extracts of aged 

garlic [23, 24]. Research has proven that garlic extract can 

accelerate wound healing and decrease infection risk by 

activating fibrinogen, an essential factor for wound healing, 

using Allicin, a compound found in garlic [25]. Although the 

mechanism by which garlic acts on polymicrobial flora of 

wound is not fully understood, but has a significant effect on 

the growth reduction of bacterial species. This may be 

because of its secondary metabolites particularly allicin, affect 

bacterial growth by inhibiting their DNA and protein 

synthesis [26]. Several studies have suggested that garlic 

contains plentiful phenol, flavonoid, and various sulfur 

compounds such as S-ally-(L)-cysteine (SAC, hydrophilic) 

and disulfide (hydrophobic) with high radical scavenging 

activities [27]. The use of medicinal plants as an alternative 

could bring about a wide range of therapeutic options, 

including the prevention of microbial drug resistance [28, 29]. 

 

Conclusion 

This study has demonstrated the effectiveness of aqueous 

garlic extract against lacerated wound pathogens and 

displayed inhibition much greater in MRSA. Due to frequent 

use of commercial topical antibiotics for the wound infections 

there is rapid emergence of antibiotic resistance strains. 

Therefore, research should be extensively focused on the 

characterization of secondary metabolites, stability, 

bioavailability, solubility and essentially to understand the 

precise mechanism of the compounds.  
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