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ABSTRACT 

 

Antibacterial activity of extracts of Allium sativum (garlic) and Zingiber officinale 

(ginger) has been evaluated against four different bacteria namely Escherichia coli, 

Salmonella Typhi, Staphylococcus aureus and Bacillus cereus. Two methods were used to 

determine the antimicrobial activity of garlic and ginger extracts namely disk diffusion 

method and agar well diffusion method. Garlic extract exhibited excellent antibacterial 

activity against all four test organisms while ginger extract showed antibacterial activity 

against Bacillus cereus and Staphylococcus aureus only. In addition, agar well diffusion 

method showed higher zone in inhibition when compared with the zone of inhibition 

produced by the spice of same concentration against the test microorganism by disk diffusion 

method. 

Antibiotic sensitivity of the four different bacteria was tested with commercially 

available antibiotics namely Ciprofloxacin; Oxytetracycline; Vancomycin; Streptomycin; 

Gentamicin; Tetracycline; Novobiocin; Amikacin and Penicillin G. Penicillin G produced the 

highest zone of inhibition of 40.00±0.00against Staphylococcus aureus and the lowest zone of 

inhibition of 0.00±0.00against Escherichia coli. 

 

mailto:bandna.chand1@gmail.com


JMBFS  / Bandna Chand 2013 : 2 (4) 2481-2491 

 

 

  
2482 

 
  

Keywords: antibacterial activity, Escherichia coli, Salmonella Typhi, Staphylococcus aureus, 

Bacillus cereus, garlic, ginger 

 

 

INTRODUCTION 

 

Herbs and spices parts of plants from indigenous or exotic origin are essential part of 

human diet as they improve taste, color and aroma of foods (de Souza et al., 2005; 

Venugopal et al., 2009). In addition they act as preservatives in many foods; they also have 

antioxidant (Karuppiah and Rajaram, 2012) and antimicrobial properties (Singh et al., 

2008). Herbs have also been utilized in human and veterinary medicine (Alsaid et al., 2010).  

Ginger is used as a herb and also a spice especially in the East. It is a member of the 

family Zinberaceae and its scientific name is Zingiber officinale (Karuppiah and Rajaram, 

2012). Ginger is thick scaly rhizomes which are aromatic, thick lobed, branched, have a scaly 

structure and they possess a spicy lemon like scent. The rhizomes contain both aromatic and 

pungent components (Singh et al., 2008). 

Garlic belongs to a family of Alliaceae and its scientific name is Allium sativum. Other 

members of the family include onion, leek, shallot and leek. Garlic is widely used in culinary 

and medicine (Karuppiah and Rajaram, 2012). It has a pungent hot flavor but mellows and 

improves with cooking. It has been utilized to fight infections such as cold, cough, asthma, 

diarrhea, flu, headache, sore throat, abdominal discomfort and respiratory tract infections 

(Abubakar, 2009; Shobana et al., 2009).  

Food borne pathogens are widely distributed in the environment and may be a 

significant cause of mortality and morbidity in the population (Indu et al., 2006). Escherichia 

coli (EHEC), is a significant foodborne hazard in many countries around the world. Infection 

often causes haemorrhagic diarrhoea, and occasionally to kidney failure and death. 

Salmonella is another bacteria that is the cause of foodborne illness mainly from foods of 

animal origin throughout the world. Staphylococcus aureus  and Bacillus cereus cause 

foodborne illness due to their ability to form heat stable toxins (WHO, 2007) .  

The present study was aimed at determining the in vitro antibacterial activity of the 

widely used spices in Fiji namely garlic cloves and ginger rhizomes extract on the isolates of 

Escherichia coli, Staphylococcus aureus, Salmonella typhi and Bacillus cereus. The inhibitory 

effects of these spices were compared with nine antibiotics namely Ciprofloxacin, 
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Oxytetracycline, Vancomycin, Streptomycin, Gentamicin, Tetracycline, Novobiocin, 

Amikacin and Penicillin G. 

 

MATERIAL AND METHODS 

 

Microorganism 

 

Bacillus cereus, Escherichia coli, Staphylococcus aureus and Salmonella Typhi 

cultures were obtained from the culture collection of School of Applied Sciences, Fiji 

National University, Fiji. The stock cultures were streaked onto individual agar plates and 

incubated at 37 °C for 24 h. After 24 h of incubation, cultures were transferred to nutrient 

broth and incubated at 37 °C for 24 h. 

 

Preparation of spice extract 

 

The fresh spices were obtained from the local market. The spices were cleaned and 

washed using sterile distilled water. Hundred grams of each spice was homogenized using a 

sterile blender and the extract was sieved using sterile cheesecloth. The extract was 

considered 100 % concentration of the extract. The concentrations of 75 %, 50 % and 25 % 

were prepared by mixing with appropriate volumes of sterile distilled water. 

 

Antibacterial Activity 

 

The antibacterial properties of ginger and garlic were studied by agar well diffusion 

method and disk diffusion methods (Bauer et al., 1996). 

 

Agar well diffusion method 

 

The selected bacterial strains were inoculated into 10 ml of sterile nutrient broth and 

incubated at 37 °C for 16-18 h. Using a sterile cotton swab, the nutrients broth cultures was 

swabbed on the surface of sterile agar plates.  Agar wells were prepared with the help of 

sterilized cork borer with 6 mm diameter. Using a micropipette, 100 µL solution of ginger and 

garlic were added to different wells in the plates. The plates were incubated in an upright 

position at 37 °C for 24 h. The diameters of inhibition zone (in mm) were measured. 
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Disk diffusion method 

 

Filter paper discs (Whatman no.1) of 6 mm diameter were prepared and sterilized. 

Using an ethanol dipped and flamed forceps these discs were aseptically placed over nutrient 

agar plates seeded with the respective test microorganism.  Hundred microlitres of ginger and 

garlic extract of various concentrations was aseptically transferred to these discs. The plates 

were incubated in an upright position at 37 °C for 24 h. The diameters of inhibition zone (in 

mm) were measured. 

 

Antibiotic sensitivity testing 

 

The test microorganisms were also tested for their sensitivity against the antibiotics 

Ciprofloxacin, Oxytetracycline, Vancomycin, Streptomycin, Gentamicin, Tetracycline, 

Novobiocin, Amikacin and Penicillin G by disc diffusion method. The cultures of test 

microorganism were enriched in sterile nutrient broth for 16-16 h at 37 °C. Sterile cotton 

swabs were used to transfer the test cultures aseptically on the surface of sterile nutrient agar 

plates. An ethanol dipped and flamed forceps was used to place the antibiotic disc aseptically 

over the seeded agar plates. The plates were incubated at 37 °C for 24 h and the diameters of 

inhibition zones were measured. 

 

RESULTS AND DISCUSSION 

 

Antibacterial activity using well diffusion method 

 

The results of the antibacterial investigations using the well diffusion method are given 

in Table 1. It indicates that different bacterial species demonstrated different levels of 

sensitivities towards the tested samples of garlic and ginger extracts. The zone of inhibition of 

the garlic extract was higher than that of the ginger extract for the corresponding 

concentrations. The diameter for zone of inhibition for garlic extract ranged from 38.67±0.57 

to 19.33±0.57 mm at various concentrations used. Maximum inhibitory effect was towards on 

Staphylococcus aureus and minimum inhibitory effect was towards on E. coli. The ginger 

extract had lower zone of inhibition that ranged from 6.67±0.57 mm to no inhibition. 

Maximum inhibitory effect was towards on Bacillus cereus and Staphylococcus aureus. E. 

coli and Salmonella Typhi were completely resistant to all the ginger extract samples tested. 
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In agar well method, the zone of inhibition were larger for all bacteria found to be sensitive 

than the disk diffusion method. 

 

Table 1 Antibacterial activity of ginger and garlic using the well diffusion method 

Sample tested 

 

Concentration 

(%) 

Zone of inhibition (mm) 

 

 BC  EC  SA  ST  

Garlic 

  

25 28.67±1.03 19.33±0.57 34.00±3.46 21.67±0.57 

50 31.00±0.00 24.00±0.00 30.33±0.57 24.33±1.15 

75 34.00±0.00 25.33±0.57 36.67±1.15 26.33±1.15 

100 36.67±0.52 26.00±0.57 38.67±0.57 
 

27.33±0.57 

 

Ginger 

25 6.00±0.00 - 6.00±0.00 
 
- 

 

50 6.00±0.00 - 6.00±0.00 
 
- 

 

75 6.67±0.57 - 6.67±0.57 
 
- 
 

100 6.67±0.57 - 6.67±0.57 

 

- 
 

Legend: BC=Bacillus cereus; EC=Escherichia coli; SA= Staphylococcus aureus; ST=Salmonella Typhi;  

Data are mean of  three replicates; - No inhibition was observed 

 

Antibacterial Activity using disk diffusion method 

 

Results pertaining to the antibacterial investigations using the disk diffusion method 

are given in Table 2 and shows that diverse bacterial species demonstrated different levels of 

sensitivities towards the tested samples of garlic and ginger extracts. Once again, the zone of 

inhibition of the garlic extract was higher than that of the ginger extract for the corresponding 

concentrations. The diameter for zone of inhibition for garlic extract ranged from 26.00±1.73 

to 7.33±1.54 at various concentrations used. The ginger extract had lower zone of inhibition 

which ranged from 6.67±0.57 to no inhibition. E. coli and Salmonella Typhi were completely 
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resistant to all the ginger extract samples tested. The antimicrobial activity of ginger may be 

due to the considerable amounts of phenolic compounds present in ginger (Singh et al., 

2008). The solvent used in preparation of the spice extract plays a major role in the inhibitory 

effect of the spice (Ekwenye and Elegalam, 2005). In the current study, water was utilized to 

prepare the extracts with various concentrations. This would have prevented the liberation of 

active organic compounds thus affected the results of this study. If ethanol had been utilized 

as a solvent, the results would have shown larger inhibitory zones for the microbes tested 

(Shobana et al., 2009). In contrast, water extracts of garlic were reported to be more potent 

than ethanol and chloroform extracts against the tested microbes in a study (Abubakar, 

2009). 

 

Table 2 Antibacterial activity of ginger and garlic using the disk diffusion method 

Sample tested 

 

Concentration 

(%) 

Zone of inhibition (mm) 

 

 BC  EC  SA  ST  

Garlic 

  

25 19.00±0.00 14.67±0.57 17.67±0.57 13.67±.15 

50 23.33±0.57 9.67±0.57 19.33±1.54 8.67±0.57 

75 22.33±0.57 7.33±1.54 25.33±0.57 13.33±5.77 

100 26.00±1.73 17.33±0.57 14.67±0.57 17.33±0.57 

Ginger 

25 6.00±0.00 - 6.00±0.00 
 
- 
 

50 6.00±0.00 - 6.00±0.00 

 

- 
 

75 6.67±0.57 - 6.67±0.57 

 

- 
 

100 6.67±0.57 - 6.67±0.57 

 

- 
 

Legend: BC=Bacillus cereus; EC=Escherichia coli; SA= Staphylococcus aureus; ST=Salmonella Typhi;  

Data are mean of three replicates; - No inhibition was observed 
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Allicin has been found to be the active ingredient in garlic and it works as an 

antimicrobial agent by inhibiting DNA and protein synthesis moderately and inhibiting RNA 

synthesis completely as a primary target (Shobana et al., 2009; Rahman et al., 2011). Garlic 

is also rich in anionic components such as nitrates, chlorides and sulfates and other water 

soluble components found in plants and these components may have antimicrobial properties 

(Shobana et al., 2009).  

Previous authors have described the antibacterial activity of garlic extract against 

microorganisms. Bulbs belonging to the Allium genus had the most antibacterial activity 

against Streptococcus mutans (Ohara et al., 2008) and against Streptococcus agalactiae 

(Alsaid et al., 2010). In addition, garlic was shown to have antimicrobial activity against 

Streptococcus olaris, Streptococcus mitis, Staphylococcus aureus (Silva and Fernandes, 

2010; Daka, 2011); Escherichia coli, Salmonella typhi, Shigella flexineri, Proteus mirabilis 

(Shobana et al., 2009); and Vibrio parahaemolyticus, Escherichia coli and Staphylococcus 

aureus (Vuddhakul et al, 2007). Few studies have shown some bacteria to be resistant 

towards garlic extract and these include Escherichia coli and Staphylococcus aureus 

(Esimone et al., 2010). 

In ginger, the gingerol related components have been found to have antimicrobial 

activities (Rahman et al., 2011). There are several reports of the inhibitory effect of ginger in 

the form of extract against several bacteria (Nanasombat et al., 2005; Joe et al., 2009; Patel 

et al., 2011). Moderate to good antimicrobial properties of ginger were shown in previous 

studies (Ibrahim et al., 2003; Singh et al., 2008; Venugopal et al., 2009). Ginger has been 

reported to decrease 3 log cycles of the microorganisms in beef sausages after two to three 

months of frozen storage when used as an antimicrobial agent at the concentration of 1% 

(Sediek et al., 2012).  

However, some studies have reported as ginger having weak antimicrobial effects 

(Indu et al., 2006; Eruteya and Odunfa, 2009; ; Esimone et al., 2010; Silva and 

Frenandes, 2010) and it compares well with this study where E. coli and Salmonella typhi 

were resistant towards all ginger extract samples. Similar results were reported where ginger 

did not show any antibacterial activity against the multidrug resistant bacteria viz: 

Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella Typhi 

(Adeshina et al., 2011). Study by Vuddhakul et al., (2007) also showed no antibacterial 

activity of ginger to Vibrio parahaemolyticus, Escherichia coli and Staphylococcus aureus. 
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Antibiotic sensitivity testing 

 

Table 3 Diameters of inhibition zones of antibiotics with Staphylococcus aureus, E coli, 

Bacillus cereus and   Salmonella typhi. 

Diameter of inhibition 

zone (mm) 

 Pathogenic bacteria 

 

Staphylococcus 
aureus 

Escherichia coli  Bacillus cereus 
Salmonella 

Typhi 

CIP 
 

26.67 
± 

1.15 

37.00 
± 

1.73 

26.67 
± 

1.52 

34.33 
± 

2.88 

OT 
 

30.00 
± 

0.00 

24.33 
± 

0.57 

29.33 
± 

1.15 

28.00 
± 

0.00 

VA 
 

14.67 

± 
0.57 

24.67 

± 
0.57 

16.33 

± 
0.57 

10.67 

± 
1.15 

S 17.33 

± 
0.57 

14.67 

± 
1.15 

18.00 

± 
0.00 

18.00 

± 
0.00 

CN 11.67 

± 
0.57 

14.00 

± 
1.73 

 

17.00 

± 
0.00 

15.33 

± 
2.88 

TE 

 

30.00 
± 

0.00 

25.33 
± 

0.57 

 
27.33 

± 

0.57 

25.33 
± 

2.31 

NV 
 

30.00 
± 

0.00 

13.33 
± 

1.15 

 
16.67 

± 

1.15 

20.67 
± 

0.57 

AK 
 

14.00 
± 

1.00 

16.00 
± 

1.73 
 

9.33 
± 

1.15 

20.67 
± 

0.57 

P 
 

40.00 
± 

0.00 
-  

9.33 
± 

0.57 

11.33 
± 

1.15 

Legend: CIP-Ciprofloxacin; OT-Oxytetracycline; VA-Vancomycin; S-Streptomycin; CN-Gentamicin; TE-

Tetracycline; NV-Novobiocin; AK-Amikacin; P-Penicillin G; Data are mean of three replicates; - No inhibition 

was observed 

 

Table 3 represents the antimicrobial activity of commercial antibiotics against 

Escherichia coli, Staphylococcus aureus, Salmonella Typhi and Bacillus cereus. The control 

experiment showed that Penicillin G had the widest zone of inhibition against Staphylococcus 

aureus showing 40.00 ±0.00 mm zone of inhibition. This indicates that Pencillin G is the right 

antibiotic for treating infection caused by Staphylococcus aureus. This was followed by 
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Ciprofloxacin against Escherichia coli with 37.00±0.00 mm zone of inhibition. Lowest zone 

of inhibition was produced by Penicillin G against Escherichia coli with 0.00±0.00 mm zone 

of inhibition. Hence, Penicillin G is not appropriate for infections caused by Escherichia coli. 

Penicillin G also produced lower zone of inbition against Bacillus cereus and Salmonella 

Typhi. This indicates that it may not be ideal broad spectrum antibiotic against certain 

bacterial infections. However, Ciprofloxacin, Oxytetracycline and Tetracycline produced 

higher zone of inhibition of more than 20mm for all the four bacteria tested hence these 

antibiotics can be used  as a broad spectrum drug against many bacterial infections. 

 

CONCLUSION 

 

Garlic can be utilized for the development of broad spectrum antibiotics as it has wide 

spectrum antibacterial activity. It can also be used as a potential inhibitor of food pathogens 

and prevent food poisoning. Shelf life of processed foods could be increased if garlic is used 

in the preservation of foods. In comparison, ginger has weaker antibacterial and may be used 

along with garlic as an antibacterial agent. However, further studies needs to be conducted to 

determine if better antibacterial activity is achieved by combining the two spices. 
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