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Abstract 

 

The antibacterial activity of ginger (Zingiber officinale) and garlic (Allium sativum) extracts was investigated on 

selected food borne pathogens using Agar well diffusion method. The organisms are Escherichia coli, Staphylococcus 

aureus, Salmonella species and Bacillus cereus. Two different extracts (cold water and ethanol) were obtained from the 

garlic bulbs and ginger rhizomes. The results indicated that the different bacteria species demonstrated different levels 

of sensitivity to the extracts. The cold water extract of the ginger produced maximum activity against Salmonella 

species (13.10mm), Staphylococcus aureus (9.67mm), Bacillus cereus (6.67mm) and no inhibition on Escherichia coli 

(0.0mm). The ethanolic extract produced maximum activity against Staphylococcus aureus (13.05mm), Salmonella 

species (10.09mm) and no inhibition on Escherichia coli (0.0mm) and Bacillus cereus (0.0mm). The extracts of garlic 

(cold water and ethanolic) produced the maximum inhibitory effect towards Staphylococcus aureus (38.67mm and 

31.00mm), Bacillus cereus (36.67mm and 30.21mm) respectively. The cold water extract produced an inhibition of 

26.00mm on E. coli and 27.33mm on Salmonella species while the ethanolic extract on E. coli (20.10mm) and 

Salmonella species (19.32mm). The minimum inhibitory concentration (MIC) of cold water and ethanol extracts of 

ginger were respectively 75% and 50% (S. aureus), 50% and 25% (Salmonella species), 100% and resistant (B. cereus) 

while E. coli was resistant to both extracts. The MIC (%) of the cold water and ethanol extract of garlic were 

respectively 25% and 75% (B. cereus), 25% and 50% (S. aureus) and 75% for both extracts on E. coli and Salmonella 

species respectively. The result revealed that garlic extracts were more effective against the test organisms than ginger 

extracts. However both plants can serve as potential inhibitors of food pathogens and can increase the shelf life of foods 

if properly incorporated. 
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1 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 [1], [2]. In addition they act as preservatives in many foods; they also have antioxidant [3] and 

antimicrobial properties [4]. Herbs have also been utilized in human and veterinary medicine [5].   

Ginger (Zingiber officinale Roscoe, Zingiberacae) is widely used around the world as herbs and as spices in foods 

especially in the East. It is a member of the family Zinberaceae and its scientific name is Zingiber officinale [3]. 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 [4]. For centuries, it has been an important 

ingredient in Chinese, Ayurvedic and Tibb-Unani herbal medicines for the treatment of catarrh, rheumatism, nervous 

diseases, gingivitis, toothache, asthma, stroke, constipation and diabetes [6], [7], [8]. Several reviews have appeared in 

the literature about this plant, and this may reflect the popularity of the subject and its common use as a spice and a 

medicinal plant [9], [10].  

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 [3]. 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 [11], [12].   

The antibacterial properties of crushed garlic have been known for a long time. Various garlic preparations have been 

shown to exhibit a wide spectrum of antibacterial activity against Gram-negative and Gram-positive bacteria including 

species of Escherichia, Salmonella, Staphylococcus, Streptococcus, Klebsiella, Proteus, Bacillus, and Clostridium. Even 
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acid-fast bacteria such as Mycobacterium tuberculosis are sensitive to garlic. Analysis of steam distillations of crushed 

garlic cloves performed over a century ago showed a variety of allyl Sulfides which are isolated and identified as the 

component responsible for the remarkable antibacterial activity of crushed garlic cloves. The compound turned out to be 

an oxygenated sulfur compound which they termed allicin from the Latin name of the garlic plant, Allium sativum [13], 

[14]. 

Food-borne pathogens are widely distributed in the environment and may be a significant cause of mortality and 

morbidity in the population [15]. Escherichia coli (EHEC), is a significant food borne hazard in many countries around 

the world. Infection often causes haemorrhagic diarrhoea, and occasionally to kidney failure and death. Salmonella is 

another bacterium that is the cause of food borne illness mainly from foods of animal origin throughout the world. 

Staphylococcus aureus and Bacillus cereus causes food borne illness due to their ability to form heat stable toxins [16].  

Hence, this work aimed at evaluating the in-vitro antibacterial activity of the widely used spices, garlic cloves and 

ginger rhizomes extracts on these food-borne pathogens, Escherichia coli, Staphylococcus aureus, Salmonella sp. and 

Bacillus cereus. 

 

2 Materials and methods 

2.1   Sources of materials 
 

The fresh forms of Zingiber officinale (ginger rhizomes) and Allium sativum (Garlic bulbs) were purchased from Eke 

Okigwe market, Imo State Nigeria. The test organisms used in this research consisted of two Gram-positive and two 

Gram-negative bacteria isolates obtained from the Department of Microbiology, Abia State University, Uturu. 

Microorganisms used to assess the antimicrobial properties of the plants extracts were Escherichia coli, Staphylococcus 

aureus, Salmonella species and Bacillus cereus. The test organisms were cultured on agar slants and stored in the 

refrigerator at 4°C. Subcultures were made at two-week intervals. 

 

2.2   Preparation of cold water extract of zingiber officinale and allium sativum 
 

The method of [17] was adopted for the extraction of the plant. This was carried out by measuring 20g of each of fine 

grounded powder of rhizome of Zingiber officinale and Allium sativum on an electronic weighing balance. This was 

dispensed into two beakers, each containing 100ml of distilled water. These were soaked for 48hours after which the 

solution was carefully filtered with muslin cloth into a sterilized conical flask of 100ml and the filtrates obtained were 

stored in the refrigerator at a temperature of 4°C until required. 

 

2.3   Preparation of ethanol extract of zingiber officinale and allium sativum 
 

This also followed the method in 2.2 above. Twenty grammes of each fine grounded powder of Zingiber officinale and 

Allium sativum were dispensed into a beaker containing 100ml of 70% ethanol respectively. They were soaked for 

48hours while the resulting supernatant was decanted into a conical flask of 100ml and kept in the refrigerator for 

further study. The extraction of the plants was carried out according to the method of [17]. 

 

2.4   Sterility test of the extracts  
 

Each of the above extracts (Aqueous extract and Ethanolic extract) was tested for contaminants. This was carried out by 

inoculating them on nutrient agar and incubation at 370C for 24 hours. The plates were observed for growth. No growth 

in the extracts after incubation indicated that the extracts are sterile. The extracts were then assessed for antibacterial 

activity [18]. 

 

2.5   Antibacterial tests of zingiber officinale and allium sativum extracts  
 

The agar diffusion method of [17] was used from the 48h old cultures of the test organisms with the aid of sterile 

syringes. 0.5ml of each of the test organisms was inoculated into different sterile Petri dishes. About 20ml of sterile 

media was aseptically poured into each dish. The dishes were gently rocked for proper mixture and the nutrient agar 

was allowed to solidify. Afterwards, wells were dug in the plates with the aid of a sterilized cork borer of 6mm 

diameter. Wells were bored on each plate and were filled with a particular extract. They were allowed to stand for one 

hour for proper diffusion; selected solvent of extraction was used as negative control. The efficacy of extracts against 

bacteria was compared with the broad spectrum antibiotic Ciprofloxacin (positive control). The plates were incubated at 

370C for 24hrs in an incubator and the diameter of the zones of inhibition was measured in millimeter. Each sample 
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was assayed in triplicate and the mean values were observed. The antibacterial activity was interpreted from the size of 

the diameter of zone of inhibition measured to the nearest millimeter (mm) as observed from the clear zones 

surrounding the wells. 

 

2.6   Determination of minimum inhibitory concentrations (MICS) 
 

The MIC of the extracts (Aqueous and Ethanol) was performed by agar well diffusion method for all selected test 

pathogens. Concentration of 100, 75, 50, 25, 12.5 of the extracts (Hot water and ethanol) were prepared separately and 

dissolved in l ml of fresh water and ethanol. The MIC of the extracts for the test micro-organisms were regarded as the 

lowest concentration that inhibited visible growth of the test organisms on the agar plate after 24hrs incubation at 370C. 

 

3 Results 

The results of the antibacterial activity of ginger (Zingiber officinale) and garlic (Allium sativum) extracts indicated that 

different bacterial species demonstrated different levels of sensitivity towards the tested samples of ginger and garlic 

extracts. The diameter for zone of inhibition for ginger extracts was lower than that of garlic for the corresponding 

concentrations. The cold water extract of the ginger produced maximum activity against Salmonella species (13.10mm), 

Staphylococcus aureus (9.67mm), Bacillus cereus (6.67mm) and no inhibition on Escherichia coli (0.0mm). The 

ethanolic extract of ginger produced maximum activity against Staphylococcus aureus (13.05mm), Salmonella species 

(10.09mm) and no inhibition on Escherichia coli (0.0mm) and Bacillus cereus (0.0mm) (Table 1). 

Fig. 1. Showed the mean zones of inhibition following exposure of test bacteria to extracts of Zingiber officinale 

(Ginger rhizomes) and Ciprofloxacin. 

The extracts of garlic (cold water and ethanolic) produced the maximum inhibitory effect towards Staphylococcus 

aureus (38.67mm and 31.00mm), Bacillus cereus (36.67mm and 30.21mm) respectively. The cold water extract 

produced an inhibition of 26.00mm on E. coli and 27.33mm on Salmonella species while the ethanolic extract on E. coli 

(20.10mm) and Salmonella species (19.32mm) (Table 2). Fig. 2 showed mean zones of inhibition following exposure of 

test bacteria to extracts of Allium sativum (Garlic bulbs) and Ciprofloxacin. 

Table 3 represented the minimum inhibitory concentration (%) of cold water extract of ginger. The results showed that 

75% was the least concentration for S. aureus, 50% for Salmonella species, 100% for B. cereus and no inhibition was 

produced on E. coli. 

Table 4 showed the MIC (%) of the ethanolic extract of ginger. 50% was the least concentration for S. aureus, 25% for 

Salmonella species, while E. coli and B. cereus were resistant to the highest concentration used (100%).The minimum 

inhibitory value of cold water extract of garlic against the Gram negative bacteria (E. coli and Salmonella species) was 

75%, while the Gram positive bacteria (S. aureus) was 25% as shown in Table 5.  

Table 6 showed the MIC (%) of the ethanolic extract of garlic, 75% was the least concentration for E. coli, Salmonella 

species and B. cereus while 50% was the least concentration for S. aureus. 

 
Table 1: Antimicrobial susceptibility pattern of extracts of zingiber officinale (ginger rhizomes) 

Organisms  Diameters of the inhibition zone (mm) 

 Cold water extract Ethanolic extract Ciprofloxacin 

E. coli 0.00 0.00 37.00 ± 1.73 

S. aureus 9.67±0.57 13.05±0.52 26.67 ± 1.15 

Salmonella species 13.10±0.52 10.09±0.53 34.33 ± 2.88 

Bacillus cereus 6.67±0.57 10.09±0.53 26.67 ± 1.52 

 

 
Table 2: Antimicrobial susceptibility pattern of extracts of allium sativum (garlic bulb) 

Organisms Diameters of the inhibition zone (mm) 

 Cold water extract Ethanolic extract Ciprofloxacin 

E. coli 26.00±0.57 20.10±1.12 37.00 ± 1.73 

S. aureus 38.67±0.57 31.00±0.59 26.67 ± 1.15 

Salmonella species 27.33±0.57 19.32±1.52 34.33 ± 2.88 

Bacillus cereus 36.67±0.52 30.21±0.58 26.67 ± 1.52 

 

 



 

 

 
390 International Journal of Basic and Applied Sciences 

 

 
Fig. 1: Mean zones of inhibition following exposure of test bacteria to extracts of zingiber officinale (ginger rhizomes) and ciprofloxacin 

 

 
Fig. 2: Mean zones of inhibition following exposure of test bacteria to extracts of allium sativum (garlic bulbs) and ciprofloxacin. 

 
Table 3: Determination of minimum inhibitory concentration (MIC) value of cold water extract of zingiber officinale against tested organisms. 

  Test organisms 

Concentration (%) E. coli S. aureus Salmonella sp. B. cereus 

100 + - - - 

75 + - - + 

50 + + - + 

25 + + + + 

12.5 + + + + 
(-) = Absence of growth, (+) = Presence of growth 

 
Table 4: Determination of minimum inhibitory concentration (MIC) value of ethanolic extract of zingiber officinale against tested organisms. 

 Test organisms 

Concentration (%) E. coli S. aureus Salmonella sp. B. cereus 

100 + - - + 

75 + - - + 

50 + - - + 

25 + + - + 

12.5 + + + + 
(-) = Absence of growth, (+) = Presence of growth 
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Table 5: Determination of minimum inhibitory concentration (MIC) value of cold water extract of allium sativum against tested organisms. 

 Test organisms 

Concentration (%) E. coli S. aureus Salmonella sp. B. cereus 

100 - - - - 

75 - - - - 

50 - - - - 

25 + - + - 

12.5 + + + + 
(-) = Absence of growth, (+) = Presence of growth 

 
Table 6: Determination of minimum inhibitory concentration (MIC) value of ethanolic extract of allium sativum against tested organisms. 

 Test organisms 

Concentration (%) E. coli S. aureus Salmonella sp. B. cereus 

100 - - - - 

75 - - - - 

50 + - + + 

25 + + + + 

12.5 + + + + 
(-) = Absence of growth, (+) = Presence of growth 

 

4 Discussion  

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 [12], [13]. 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 [12]. 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 [19] and against Streptococcus agalactiae [5]. In addition, garlic was shown to have 

antimicrobial activity against Streptococcus olaris, Streptococcus mitis, Staphylococcus aureus [20], [21]; Escherichia 

coli, Salmonella typhi, Shigella flexineri, Proteus mirabilis [12]; and Vibrio parahaemolyticus, Escherichia coli and 

Staphylococcus aureus [22]. Few studies have shown some bacteria to be resistant towards garlic extract and these 

include Escherichia coli and Staphylococcus aureus [23]. In ginger, the gingerol related components have been found to 

have antimicrobial activities [13]. There are several reports of the inhibitory effect of ginger in the form of extract 

against several bacteria [24], [25], [26]. Moderate to good antimicrobial properties of ginger were shown in previous 

studies [4], [2], [27]. 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% [28]. However, some 

studies have reported as ginger having weak antimicrobial effects [15], [20], [23], [29] 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 [30]. Study by [22] also showed no 

antibacterial activity of ginger to Vibrio parahaemolyticus, Escherichia coli and Staphylococcus aureus. 

In the current study, water and ethanol were utilized to prepare the extracts of ginger and garlic with various 

corresponding concentrations. The water extracts showed larger inhibitory zones for the bacteria tested than the 

ethanolic extracts, this could be that water liberated more the active organic compounds than the ethanol. In support, 

water extracts of garlic and ginger were reported to be more potent than ethanol and chloroform extracts against the 

tested microbes in a study [11]. Once again, the zones of inhibition of the garlic extracts were higher than that of the 

ginger extracts for the corresponding concentrations. The diameter for zone of inhibition for garlic water extract ranged 

from 38.67±0.57 to 26.00±0.57 at various concentrations used and the ethanolic extract had lower inhibition ranged 

from 31.00±0.59 to 19.32±1.52. The ginger water extract had lower zone of inhibition which ranged from 13.10±0.52 to 

no inhibition in E. coli while the ethanolic extract of ginger had no effect on E. coli and B. cereus respectively. 

 

5 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 
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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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