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Abstract                                                                                                                                                  

Background: Antibiotic resistance is becoming a serious threat and has emerged as one of the 

eminent public health concerns of the 21st century. Recently, natural sources have replaced the 

synthetic drugs. Many medicinal plants are now used as sources of alternative remedies for 

treating various infections. Allium sativum (garlic) is well known for its medicinal value. 

Objective: To study the in vitro antimicrobial activity of Allium sativum (garlic) against wound 

infection pathogens.                                                                                                                                 

Materials and methods: The efficacy of antimicrobial activity of fresh garlic extract was 

tested against cultures of wound infection pathogens such as Escherichia coli, Staphylococcus 

aureus, Pseudomonas aeruginosa and Klebsiella pneumoniae, at different concentrations of 

garlic extract by the cup plate diffusion method.                                                                                           

Results: The zone of inhibition of 50% garlic extract concentration produced against 

Staphylococcus aureus and Pseudomonas aeruginosa was found more wider as compared to that 

produced against Escherichia coli.                                                                                                                                        

Conclusion: 50% aqueous Allium sativum extract had a significant antibacterial potential and 

may be used as an effective herbal antimicrobial agent against treatment of Staphylococcus 

aureus and Pseudomonas aeruginosa wound infections.  
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Introduction 
 

For management of infections, Man has been using natural products of animals, plants and 

microbial sources for thousands of years either in pure forms or crude extracts. Bioactive 

compounds from these diverse sources had been isolated and characterized worldwide1.  

 

Systematic screening of plant materials represented an important effort to find some new 

bioactive compounds with a therapeutic potential to fight pathogenic microorganisms, 

particularly those causing hospital-acquired infections. The elucidation of the chemical structures                            
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of some of these compounds had led to the synthesis and production of more potent and safer  

drugs. However, within the last few decades, microbial resistance had emerged against most 

available agents, thus necessitating the search for newer drugs2.                                                                       

 

The increasing reliance on drugs from natural sources had led to the development of several 

drugs and chemotherapeutic agents from traditional herbs that are present in abundance in the 

tropics. Wound infections and consequent mortality reached their peak in the 19th century. 

Important principles of hygiene and nursing were established. Further studies on the squeale of 

amputation, had established that sepsis, gangrene and pyeamia were common. The breakthrough 

of pathogenic bacteria in the 20th century provided a new phenomenon for the study of wound 

infection; and wound infections may be endogenous or exogenous3.                                                 

 

Staphylococcus aureus had been among the microorganisms most frequently isolated from 

wound infections among adult patients; and newborn children. It was also associated with wound 

infections most resistant to antibiotics. The commonest pyogenic bacteria documented were 

Staphylococcus aureus, Streptococcus pyogenes, Streptococcus pneumoniae, Escherichia coli, 

Proteus species and Pseudomonas aeruginosa. Analysis of pus and exudates from an infected 

wound or open abscess would be expected to reveal the etiologic agents of the infection4.                              

 

The use of various antibiotic drugs had controlled the increasing microbial pathogenicity of 

infectious diseases. However, over the last few decades there was an increase in the utility of 

natural sources as alternate medicines for the treatment of infections. This was because natural 

products had the least adverse effects. Many medicinal plants were documented to have 

antimicrobial activity. Among those, Allium sativum (garlic) is used not only in cooking but also 

as a medicinal agent5.                                                                                                                                       

 

The early Egyptians used garlic to treat diarrhoea; the ancient Greeks used it to treat intestinal 

and extra-intestinal diseases; while the ancient Japanese and Chinese used it to treat headache, 

flu, sore throat and fever. In Africa, particularly in Nigeria, it was used to treat abdominal 

discomfort, diarrhoea, otitis media and respiratory tract infections. It was utilized in different 

forms, e.g. whole garlic, garlic oil, garlic powder, capsules, and dietary supplement for various 

medicinal purposes. Garlic had been used for centuries worldwide by various associations to 

combat infectious diseases. It mainly helps in preventing tumor formation, cardiovascular 

disorders, liver damage, aging disturbances, hypertension, diabetes mellitus, hyper-

cholesterolemia. Garlic was also documented to have an in vivo antioxidant activity. Garlic has 

the power of destroying and inhibiting the growth of bacterial and fungal pathogens6.                                

 

Louis Pasteur was the first to describe the antibacterial effect of onion and garlic juices. Allium 

vegetables, particularly garlic exhibit a broad antibiotic activity against both Gram-positive and 

Gram-negative bacteria. Therapeutic effect of garlic is possible because of its oil- and water-

soluble organo-sulfur compounds, which are responsible for the typical odor and flavor of garlic. 

Thiosulfinates play an important role in the antibiotic activity of garlic. The antimicrobial  
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activity of garlic is completely abolished when the thiosulfinates (e.g., allicin) are removed from 

the extract. Also, upon reduction of allicin to diallyl disulfide, the antibacterial activity is greatly 

reduced7.                                                                                                                                                              

 

Allicin exhibits its antimicrobial activity mainly by immediate and total inhibition of RNA 

synthesis, although DNA and protein syntheses are also partially inhibited, suggesting that RNA 

is the primary target of allicin action. The structural differences of the bacterial strains may also  

play a role in the bacterial susceptibility to garlic constituents. Due to the occurrence of 

unpleasant side effects and increasing resistance to the synthetic pharmaceuticals, there has been 

increasing interest in the quest for natural alternatives. Researchers are looking for plants that 

had been used as alternative therapies for generations. However, the efficacy of aqueous garlic 

extract is poorly documented8.                                                                                                                            

Hence, the present study aimed to evaluate the efficacy of antimicrobial activity of aqueous 

garlic extract against various microorganisms including Escherichia coli, Staphylococcus aureus, 

Proteus species and Klebsiella pneumoniae.   

Materials and methods                                                                                                           

 
Allium sativum (garlic) bulbs used in this study was purchased from the local market. Its extract 

was prepared according to the methods described by Zahira and Al-Delaimy (1982)9 and Kumar 

and Berwal (1998)10. Briefly, the garlic bulbs were cleaned with tap water and the  detergent (0.2 

% mercuric chloride) for 2 min. to remove any adhering soil on their surfaces.                                               

This was followed by 5-6 washings with distilled water. Bulbs were then peeled and washed 

from the foreign particles. 250 grams of the bulbs were squeezed. The squeezed sample was 

soaked in methanol for 8 hrs with 10 minutes interval shaking (methanolic concentration). The 

extract was filtered using muslin cloth and Whatman No. 1 filter paper.                                                                       

The filtrate was evaporated at 45ºC to dryness and the dried substance was kept in a sterile bottle 

under refrigerated condition until use. The dry weight of the extract was obtained by allowing the 

solvent to evaporate and then it was used to determine its concentration in mg/ml. The 

concentrations prepared were 50%, 25%, 10%, and 5 % w/v.                                                                            

These concentrations were prepared by re-suspending the dried extract in methanol separately. 

Similar aqueous concentrations were re-suspended in sterile distilled water. All concentrations of 

the extract were stored in the refrigerator till use.  

One Gram positive bacterium (Staphylococcus aureus) and three Gram negative bacteria (E.coli , 

Pseudomonas aeruginosa and Klebsiella pneumoniae) were isolated from wound infection cases 

at the Microbiology Department of Omdurman Military Hospital (Omdurman, Sudan). The study 

was processed at the Department of Medical Microbiology (Faculty of Medical Laboratory 

Science, Al Neelain University) and the Sudan Institute of Agriculture, Technology, and 

Sciences (Khartoum).                                                                                                                                                

 

A loop-full of each microorganism was inoculated in a nutrient broth medium and incubated at  
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37°C for 24 hrs to obtain a viscous growth. The antimicrobial activity of the crude garlic extract 

was determined by the cup-plate, agar-well diffusion method described by Ross and his 

colleagues11. This method was used to test the antibacterial activities of the aqueous and 

methanolic concentrations of Allium sativum against the bacteria isolates. Broth cultures were 

diluted appropriately using Mc Farland scale (0.5 Mc Farland = 106 cfu/ml).                                                               

A molten, sterile, nutrient agar (20 ml) was poured in a sterile Petri dish and allowed to set. The 

sterile nutrient agar plates were flooded with 0.2 ml of the bacterial inoculum. A sterile cork 

borer (No. 6) was used to bore equidistant cups into the agar plate. One drop of the molten agar 

was used to seal the bottom of the bored hole, so that the extract will not seep beneath the agar.  
 

Approximately 50 µl of each crude Allium sativum extract at different methanolic and aqueous 

concentrations (5 %, 10 %, 25 %, and 50 % w/v) was dropped into the wells. A control was 

prepared by dropping 200 µl of freshly prepared sterile distilled water in one bored hole in the 

plates containing aqueous suspensions. 50 µl of methanol was dropped in the plates containing 

methanolic suspensions. One hour pre-diffusion time was allowed, then the plates were 

incubated at 37°C for 18 hrs. The zones of inhibition were then measured in millimeter.                                    

The above method was carried out in triplicates and the mean of the triplicate results was 

calculated. Freshly prepared and autoclaved Muller Hinton agar media were poured in Petri 

plates. After cooling to 45°C and solidification, cotton-wool swabs were dipped in the broth 

culture of each test organism and swabbed on the surfaces of these media.                                                     

 

The turbidity of the broth culture was adjusted to 0.5 McFarland units. To ensure a uniform, 

confluent growth, the swab was streaked three times over the entire plate surface. The guidelines 

of the National Committee for Clinical Laboratory Standards12 were carefully followed.                                                                                         

 

To test antibacterial activity of the different concentrations of garlic extracts, they were soaked 

on autoclaved discs of Whatman filter paper. These filter paper discs were placed on a Muller-

Hinton agar plate surface previously streaked with the broth culture of each test organism.                              

Then the plates were incubated overnight at 37° C for 18-24 hours. The antimicrobial activity 

was detected by measuring zones of inhibition. The synthetic antibiotics tested for their 

antibacterial activity by the agar disc diffusion method were ciprofloxacin (5μg), gentamycin 

(10μg) and amoxicillin (25μg); and the antimicrobial activity was detected by measuring zones 

of inhibition. 
 

Results:  

Garlic extract was found to exhibit a good antibacterial activity at 50 %, 25%, and 10% 

concentrations. It was found effective against all micro-organisms tested. The maximum 

antibacterial activity was observed at the 50 % concentration.                                                                           

 

The antibacterial activity decreases with decreasing concentrations, and disappears at 5% 

concentration. The maximum activity of garlic extract was detected against Staphylococcus  
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aureus (40 ± 3); and the minimum activity was noted against Escherichia coli (25 ± 3). The  

aqueous extract of Allium sativum showed a better antibacterial activity as compared with the 

methanolic extract in all concentrations tested  (Table I).  

Table (I):    Mean zones of inhibition (in mm) for different concentrations                                                            

of Allium sativum extract 

 

Bacterial strains tested 

 

Concentrations of Allium sativum extract  

Methanolic Extract Aqueous extract 

50 % 25 % 10% 5% 50 % 

Staphylococcus aureus  40 ± 3 23± 3 12 ± 3 ----- 43 

Escherichia coli  25 ± 3 18 ± 3 7 ± 3 ----- 30 

Klebsiella pneumoniae  35 ± 3 28 ± 3 15 ± 3 ----- 40 

Proteus species  30 ± 3 22 ± 3 17± 3 ----- 35 

 

 

Furthermore, the antibacterial activity of 50% garlic extract concentration against 

Staphylococcus aureus was found higher (40 mm) when compared to amoxicillin (28-36 mm) 

and gentamycin (19 mm) antibiotics. Also the antibacterial activity of 50% garlic extract 

concentration against Klebsiella pneumoniae was found higher (35 mm) when compared to 

gentamycin (20-25 mm) and ciprofloxacin (20 mm) antibiotics (Table II).   

 

Table (II):  Mean zones of inhibition (in mm) for different                                                                            

antibiotic and extract concentrations 

 

Bacterial strains 
 50% Antibiotic concentration 

 

50% Garlic Extract                           

concentration 

 AMX GM CIP  

E. coli ----- 20-25 30-40 
 

25 

K. pneumoniae ----- 20-25 20 35 

P. species ----- ----- 20 30 

S. aureus 28-36 19 ----- 40 

 
 

CIP = Ciprofloxacin          GM = Gentamycin    AMX = Amoxicillin 
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Against Klebsiella pneumoniae there was significant difference of antimicrobial activity of leaf 

extract at concentration of 50µg/disc when compared with the antibiotics ciprofloxacin, 

erythromycin and gentamicin (p = 0.001, 0.006 and 0.009) respectively. 

Discussion  
 

In this study, the antimicrobial action of the aqueous extract of Allium sativum was found 

stronger than that produced by its methanolic extract and that produced by synthetic antibiotics. 

This strong action may be attributed to the water-soluble components that are naturally available 

in Allium sativum. The methanolic extract of Allium sativum showed a lower antimicrobial action 

as compared with its aqueous extract. This may be due to the few diffusion properties of the 

methanolic extract in the susceptibility agar media or because the fresh Allium sativum bulbs 

(used in this study) contain active substances that may be ascribed to this solvent.                                         

Iram and his co-workers13 reported that 100 mg/ml concentration of aqueous garlic extract 

produced an inhibition zone of 19.3 mm against Staphylococcus aureus; and the 100 mg/ml 

concentration of methanolic garlic extract produced an inhibition zone of 11mm against this 

organism. Though there are several commercial, synthetic drugs that are applied for therapeutic 

use, yet the natural, herbal preparations possess the best power in inhibiting bacterial growth.                       

In this study, Allium sativum extract showed an efficient antibacterial activity against 

Staphylococcus aureus E. coli, Proteus species and Klebsiella pneumoniae. Staphylococcus 

aureus is known to be one of the major bacteria causing wound infections, skin infections, 

abscesses, boils, furunclitis, and cellulitis.                                                                                                                                                 

The antimicrobial activity of garlic extract has been recognized for many years in all parts of the 

world. Garlic contains 0.3-0.5% allicin (an antimicrobial component). According to Zaika and 

his co-authors14, the Gram- positive bacteria are generally more sensitive to allicin than Gram-

negative bacteria. The main effect being the phospholipid biolayer of the bacterial cell wall 

which cannot form correctly in both Gram positive and Gram negative bacteria. This contributes 

to the growth inhibition of bacteria in presence of allicin, resulting in a significant bactericidal 

effect of garlic extract against pyogenic bacteria.                                                                          

When garlic is consumed as a dietary supplement, its overall antimicrobial activity showed a 

partial decrease in contrast to their antimicrobial inhibitory effect in culture media. This decrease 

may be due to the presence of spices and oils consumed with garlic in food leading to the 

solubility of the garlic antimicrobial components found in the food lipid fraction15.                                                                                                                                                  

Daka16 reported that Allium sativum extract has both an in vitro bacteriostatic and bactericidal 

activity; and it may be used successfully for treating food poisoning caused by Staphylococcus 

aureus.                                                                                                                                   

Moreover, a decreased risk of gastric cancer was reported with an increased consumption of 

Allium sativum; possibly due to its efficient antimicrobial activity against Helicobacter pylori  
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that is associated with gastric cancer. On the other hand, the antimicrobial activity of the aqueous 

garlic extract against multi-drug resistant Gram-positive and Gram negative bacterial isolates 

(Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pneumoniae, Streptococcus 

pyogenes, Haemophilus influenzae, Salmonella typhi, Pseudomonas aeruginosa, E. coli, Shigella 

spp. , Proteus spp.) were studied. The findings of this study supported the use of garlic as dietary 

supplements and as herbal remedies17. These findings were in good agreement with the findings 

reported in our study.                                                                                                                                  

Further studies are needed to confirm our findings and to investigate the active components of 

the Allium sativum extract. It is clear that garlic satisfies all criteria as an antibacterial agent. Its 

cost is cheap and its use is safe. Since the discovery of antibiotics there has been tremendous 

increase in drug resistance by many bacterial pathogens. Scientists are now directing their 

attention to study new bacterial targets that may be selected to attack bacterial pathogens. Garlic 

is known to act synergistically with antibiotics, and no resistance was reported against garlic. 

Such medicinal properties of garlic definitely merit scientists consideration.                                                                                                                             

Conclusion: 50% aqueous Allium sativum extract had a significant antibacterial potential and 

may be used as an effective herbal antimicrobial agent against treatment of Staphylococcus 

aureus and Pseudomonas aeruginosa wound infections.  
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