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Abstract 
Garlic(Allium sativum) is a well-known plant used in folk remedies and in food. However, the 
main compounds in raw and crushed garlic are known to be strongly antimicrobial and 
antiparasitic. Thus, we propose the use of water-based garlic extract to be used as a disinfectant. 
Garlic extract is tested on common bacteria and fungi that may affect humans adversely, such as 
Bacillus cereus, Escherichia coli, and Aspergillus niger. The efficacy of garlic extract on 
Bacillus cereus, Escherichia coli, and Aspergillus niger were evaluated using a series of tests, 
where the zone of inhibition, number of colonies, minimum inhibitory concentration, and 
diameter of fungal growth were measured, evaluated and compared. Garlic extract was found to 
be effective in inhibiting the growth and/or killing said bacteria and fungi. However, due to time 
constraints, significance level was unknown and requires further testing.  

 
 
1 Introduction 
 
 
Garlic (Allium sativum) is a herb used since ancient times to treat different diseases, with               
significant effect. Current studies of garlic have also proven that garlic has the capability to kill                
many different strains of gram-positive and gram-negative bacteria, as well as possessing            
antifungal abilities and antiparasitic abilities (Ankri and Mirelman, 1999). Stoll and           
Seeback(1948) identified an oxygenated sulfur amino acid that is present in large quantities in              
garlic, which they called alliin. Alliin is converted into allicin by an enzyme called alliinase,               
which is also present in garlic (Ankri & Mirelman, 1999). Turning alliin into the allicin molecule                
involves crushing the garlic clove, and only takes a matter of seconds (Ankri & Mirelman, 1999).  
 
 
 
In addition, Bacteria’s development of resistance to allicin, which is found in garlic, arose 1000               
times less easily than it did to antibiotics (S. Shetty, Thomas, V. Shetty, Bhandary & R. M.                 
Shetty, 2013). Many bacterial strains resistant to antibiotics such as methicillin resistant            
Staphylococcus. aureus as well as other multidrug-resistant enterotoxigenic strains of          
Escherichia coli, Enterococcus, Shigella dysenteriae, Shigella flexneni, and Shigella sonnei cells,           
were all found to be sensitive to allicin (Hamza, 2014). Many studies have been conducted on                
garlic and its antibacterial, antifungal and antiparasitic properties, yet they do not really cover              
common causes of illness in households, such as E. coli and the like.  



 
Thus, in this study, we aimed to investigate the effectiveness of garlic extract against Bacillus               
cereus, E. coli and Aspergillus niger, and if proven effective, may be found to be a cheaper and                  
safer alternative to common household disinfectants such as bleach.  
  



2 Materials and Methods 
2.1.1 Preparation of Garlic Extract 
Raw garlic was bought from FairPrice. 800g of the garlic obtained was then peeled and blended                
with 800ml of deionised water. The resulting mixture was then strained with a strainer then               
centrifuged at 7500RPM for 15 minutes before being decanted. The supernatant, 1g/mℓ crushed             
garlic extract, was collected.  
 
2.1.2 Preparation of Bacterial Culture 
To prepare the bacterial culture for E. coli and Bacillus cereus, the respective bacteria were               
inoculated with a sterile inoculating loop into 9 mℓ of Luria-Bertani broth. The solution was then                
incubated for 24 hours with shaking in an orbital shaker. 
 
2.1.3 Preparation of Culture Media (Broth and agar plates) 
To make Luria-Bertani broth, 25 grams of Luria-Bertani Broth Powder was mixed with 1ℓ of               
deionised water. The solution was then autoclaved at 121°C for 15 min for sterilisation. Unused               
Luria-Bertani broth was stored in an airtight glass bottle at room temperature. 
 
To make Potato Dextrose broth, 24 grams of Potato Dextrose broth powder was added to 1ℓ of                 
deionised water. The solution was then autoclaved at 121°C for 15 min for sterilisation. Unused               
potato dextrose broth was stored in an airtight glass bottle at room temperature. 
 
To make Mueller Hinton agar plates, 19 grams of Mueller Hinton agar powder were mixed with                
500mℓ of deionised water. The solution was then autoclaved at 121°C for 15 min for               
sterilisation. 20mℓ of the autoclaved solution was poured into each petri dish under a laminar               
flow hood and allowed to solidify. Unused agar plates were stored in a fridge at 4°C. 

 
To make Potato Dextrose agar plates, 19.5 grams of Potato Dextrose agar powder were mixed               
with 500mℓ of deionised water. The solution was then autoclaved at 121°C for 15 min for                
sterilisation. 20mℓ of the autoclaved solution was poured into each petri dish under a laminar               
flow hood and allowed to solidify. Unused agar plates were stored in a fridge at 4°C. 
 
To make Potato Dextrose agar plates with crushed garlic extract, 3.9 grams of Potato Dextrose               
agar powder were mixed with 90 mℓ of deionised water. The solution was then autoclaved at                
121°C for 15 min for sterilisation and 10ml of 1g/mℓ Garlic Extract was added in after. 20mℓ of                  
the autoclaved 10 solution was poured into each petri dish under a laminar flow hood and                
allowed to solidify. Unused agar plates were stored in a fridge at 4°C. 
 
 
 



 
 
2.2.1 Well Diffusion Test 

The bacterial culture was spread evenly on a Mueller-Hinton agar plate with a sterile              
cotton swab. The agar plate was then divided into 3 sections: test, positive control, and negative                
control. A sterile pipette tip was then used to drill wells of diameter 1 cm in the center of each                    
section, and the wells were filled with 80 microliters of the following solutions:  
Test: 1g/mℓ crushed garlic extract 
Negative Control: Sterile Water  
Positive Control: 10% bleach 
 
The agar plates were then sealed with parafilm and incubated at 30°C for 24 hours. After 24                 
hours, the diameter of the zone of inhibition was measured with a ruler.  
 
2.2.2 Colony Count Test 

The following solutions were first prepared:  
Test Setup: 9mℓ of Luria-Bertani broth + 0.5mℓ of bacterial culture + 0.5mℓ of 2g/mℓ crushed                
garlic extract  
Negative Control Setup: 9mℓ of Luria-Bertani broth + 0.5mℓ of bacterial culture + 0.5mℓ of               
sterile water 
Positive Control Setup: 9mℓ of Luria-Bertani broth + 0.5mℓ of bacterial culture + 0.5mℓ of 10%                
bleach 
 

The setups were then incubated with shaking at 30°C for 24 hours in an orbital shaker.                
After that, the setups were diluted with 0.85% saline to dilution factor -6. 100μℓ from each setup                 
was then pipetted onto the surface of a Mueller-Hinton agar plate, and spread evenly with an                
L-Shaped cell spreader. The agar plates were sealed tightly with parafilm and incubated at 30°C               
for 24 hours, to allow individual bacteria colonies to grow. 
 

After 24 hours, the counting of colonies was performed. 
 
2.2.3 Minimum Inhibitory Test 

500μℓ of Luria-Bertani broth and 500μℓ of 100% 1g/mℓ Crushed Garlic Extract were 
added into a microcentrifuge tube. 7 Serial 2-fold dilutions will then be conducted using 
Luria-Bertani broth to get different concentrations of crushed garlic extract (1g/mℓ, 0.5g/mℓ, 
0.25g/mℓ, 0.125g/mℓ, 0.0625g/mℓ, 0.03125g/mℓ, 0.015625g/mℓ, 0.0078125g/mℓ). 50μℓ of the 
respective bacterial culture was then added into each microcentrifuge tube. A microcentrifuge 
tube with 550μℓ of Luria-Bertani broth served as the broth control and a microcentrifuge tube 
with 500μℓ of Luria-Bertani broth and 50μℓ of the respective bacteria culture served as the 



bacteria control. The microcentrifuge tubes were then incubated at 30°C for 24 hours in an 
incubator.  
 

After 24 hours of incubation, a small volume from each microcentrifuge tube was spread              
on a Mueller-Hinton agar plate with a sterile inoculating loop. The agar plate was then sealed                
tightly with parafilm and incubated at 30°C for 96 hours in an incubator to allow the bacteria to                  
grow.  
 

After 96 hours, the Mueller-Hinton agar plates were observed to see if bacterial growth              
was present. The lowest concentration of the crushed garlic extract that successfully killed the              
bacteria, indicated with no bacteria growth on the Mueller Hinton agar plate, was recorded as the                
minimum inhibitory concentration. 
 
2.2.4 Fungi Growth Test 

For the test setup, a 1cm by 1cm square of Aspergillus niger was put face down in the                  
center of a Potato Dextrose agar plate with crushed garlic extract. 
 

For the control setup, a 1cm by 1cm square of Aspergillus niger was put face down in the                  
center of a Potato Dextrose agar plate.  
 

The agar plates was then be sealed tightly with parafilm and incubated in an incubator at                
30°C for 168 hours.  
 

The diameter of fungal growth was measured after 72 hours, 120 hours and 168 hours               
with a meter rule. 
  



3 Results 
  

We conducted the well diffusion test and colony count test to investigate the effect of               
garlic on bacterial growth. 
 

As shown in Fig. 1a, the diameter of inhibition in the well diffusion test for Bacillus                
cereus was an average of 1.6cm for bleach, 0.83cm for water and 3.13cm for garlic extract. From                 
the Fig. 1b, the diameter of inhibition in the well diffusion test for E. coli ranged from 1.2cm                  
exactly for bleach, an average of 0.83cm for water, and an average of 2.7cm for garlic extract. 

 
As shown in Fig. 2a, the average number of colonies in the setups in the colony count test                  

was 1140 for bleach, 1574 for water, and around 827 for garlic extract when tested on Bacillus                 
cereus, with garlic extract having the lowest number of bacterial colonies on average. However,              
as opposed to the results from Fig. 3c, the results from Fig. 2b show, on average, bleach having                  
796 colonies, water having 1463 colonies and garlic having around 1515 colonies when tested on               
E. coli, with garlic extract instead having the most number of bacterial colonies on average.  

 
We conducted the minimum inhibitory concentration test to investigate the lowest           

concentration needed to inhibit the growth of bacteria 
 
For the minimum inhibitory test, the minimum inhibitory concentration was 0.5 for the             

test with E. coli and for the test with Bacillus cereus.  
 

We conducted the fungal growth test to investigate the effects of garlic extract on fungal               
growth 
 

As shown in Fig. 3, the diameter of fungal growth of Aspergillus niger in potato dextrose                
agar (PDA) plates with garlic extract was 0cm after 24h, but started increasing after that, up to an                  
average diameter of 1.47cm after 72h. The diameter of fungal growth in control PDA plates was                
about 1.17cm average after 24h, but increased to up to 1.9cm average after 72h. 
  

Due to time and ability constraints, we are not able to do 5 replicates to obtain p-values                  
for our setups. 
 
 



a) 
 

 

b) 

 

Fig 1. Effect of garlic extract of the diameter of inhibited bacterial growth. a) Effect of garlic extract on diameter                    
of inhibited Bacillus cereus growth and b) Effect of garlic extract on diameter of inhibited E. coli growth. Well                   
diffusion test with garlic extract (1g/ml) as independent variable, sterile water and 10% bleach as negative and positive                  
control respectively. The diameter of the zone of inhibition after 24h was measured with a metre rule. The diameter of                    
the zone of inhibition in garlic extract is larger than that of the positive control in both experiments a) and b). 3                      
replicates conducted 

 



a) 

 

b) 

 

Fig. 2 Effect of garlic extract on number of bacterial colonies formed. a) Effect of garlic extract on number of                    
Bacillus cereus colonies formed and b) Effect of garlic extract on number of E. coli colonies formed.. Colony count                   
test done with garlic extract (1g/ml), and sterile water and 10% bleach as negative and positive control respectively.                  
The number of colonies after 24h was evaluated using a colony counter. In a), the garlic extract shows better inhibitive                    
function against Bacillus cereus than the positive control, while in b), the garlic extract is shown to be less effective at                     
inhibiting E.coli growth than the negative control. 3 replicates performed. 

 



 

 

Fig. 3 Effect of garlic extract on diameter of fungal growth. Fungi growth test done over 72h using potato dextrose agar 
(PDA) plates containing garlic extract (1g/ml) and normal PDA plates as control. Diameter of fungal growth was measured with 
a metre rule. Diameter of fungal growth in control plates is larger than the test plates in all 3 cases, each over 24h apart. 3 
replicates performed. 

 
4 Discussion 
 

Crushed garlic (Allium sativum) is a rich source of allicin which has antibacterial             
properties, as it is shown to kill a considerable amount of E. coli and Bacillus cereus. 
 

Past research by Ankri and Mirelman (1999) has shown that pure allicin has been found               
to exhibit antimicrobial activity against most strains of gram-positive and gram-negative           
bacteria, antifungal activity particularly against Candida albicans, antiparasitic activity,         
including major human intestinal protozoan parasites such as Entamoeba histolytica and Giardia            
lamblia, as well as antiviral activity. A study by Zabihi et al. (2017), shows that nanoliposome                
encapsulated garlic essential oil has antimicrobial activities towards E. Coli 0157:H7 and more             
so than non-encapsulated garlic essential oil. Garlic is also shown to be effective against              
periodontal pathogens such as P. gingivalis and A. actinomycetemcomitans (Shetty, Thomas,           
Shetty, Bhandary and Shetty, 2013).. According to Hamza (2014), Strains of drug-resistant            
bacteria such as multidrug-resistant enterotoxigenic strains of E. coli, Enterococcus,          
Shigelladysenteriae, S. flexneri, and S. sonnei cells, were all found to be sensitive to allicin, as                
well as methicillin-resistant S. aureus.  
 

However, many of these previous tests did not investigate common household strains of             
bacteria such as E. coli or Bacillus Cereus, nor did they do so for more commonly found fungi                  



such as Aspergillus Niger. From our research, we have come to the conclusion that allicin in                
garlic extract is also effective against common household bacteria and fungi, and could             
potentially be used in everyday life for sanitization purposes, especially since detergents are             
acutely toxic to fish in concentrations between 0.4 and 40 mg/1 ( Abel, 1974).  

 
Garlic extract also seems especially potent against Bacillus cereus, a bacterium which            

produces heat-stable toxins that can cause symptoms of nausea, vomiting, and diarrhea, and is a               
major cause of food poisoning. 
 
5 Conclusion 

Garlic is clearly shown to be able to a certain extent, kill and inhibit growth of bacteria                 
and fungi. This is probably due to its organosulfur compounds. However, it most likely cannot               
replace bleach as it has an odour as well as not being able to completely kill all bacteria and                   
fungi.  
 

However, garlic extract can be tested in the future as a potential way to inhibit or even                  
kill mildew in houses as it definitely has some antimicrobial properties. Garlic is definitely less               
toxic than bleach and other cleaning agents, shown as we can consume garlic raw or cooked.                
Thus, it can be an alternative to bleach and/or other cleaning agents in households with children                
to reduce risk of poisoning. 
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