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 A B S T R A C T  
 
Ginger rhizome (Zingiber officinale), is an essential plant based product consumed as spice and can be used as naturopathy due to its 
potential antimicrobial activity against various pathogenic microbes and is also used in various food industries and traditional medicine. In this 
study, the antimicrobial potential of ginger was analyzed against Gram -ve Escherichia coli and Gram +ve Enterococcus faecalis and 
Staphylococcus aureus. Analysis of the results of sensitivity tests (disc diffusion assays) indicated each of the microorganisms to be 
completely inhibited. The formation of zones of inhibition indicated that the spice tested was effective as an antimicrobial agent when 
screened. Zones of inhibition (greater than 30 mm in diameter were obtained during positive disc diffusion assaying. Analysis of the results 
concluded that the active compounds present in the Ginger were effective against tested micro-organisms and may be used to treat bacterial 
infections. This could be an alternative treatment to antibiotics for one or all of the microbial species investigated and in so doing allow the 
healing powers of spices to be acknowledged. The observations of such inhibition zones were comparatively significant and demonstrated the 
potential use of these Ginger as antimicrobial agents with an efficacy that can be compared to that of the already recognized and widely used 
antibiotic, neomycin.  
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INTRODUCTION 

Ginger (Zingiber officanale) is one of the important spice crops that is preferred for its therapeutic values. An herbaceous 

perennial plant, of Zingiberaceae family (Sharma, 2010). The Zingiberaceous plants possess high medicinal and aromatic 

characteristics and are categorized as non-tuberous or tuberous rhizomes (Chen, 2008). It is propagated through rhizome, 
leafy stem, 30-90 cm in height. It is widely used in food beverages, confectionaries and medicines. Ginger (Zingiber officinale) 

is a medicinal plant broadly used throughout the globe, for a large range of unrelated ailments like arthritis, rheumatism, 

muscular aches, cramps, pain, sore throats, constipation, indigestion, vomiting, hypertension, dementia, fever and various 
other infectious diseases (Ali et al., 2008). Ginger may act as an antimicrobial agent and hence could be used for treating 

number of bacterial diseases (Tan & Vanitha, 2004). Ginger is relatively cheaper because of its easy availability, universal 

acceptability and is tolerated by the most people. At Indian Institute of Spices Research (IISR), Kozhikode, Kerala, scientists 
have developed three improved varieties of ginger, namely- Varadha, Mahima and Rajitha, which are suitable for growing all 

over India. It is grown mainly as a rain fed crop in Kerala and in north-eastern parts of India. It can also be grown as an 

irrigated crop (Sasikumar, 2011). Ginger is known as Adrak in Hindi, Ingi in Tamil, Inchi in Malayalam, Allamu in Telugu 
shounth in kashmiri and Shunthi in Kannada. About 1,500-1,800 kgs of seed rhizomes are required for planting in one hectare 
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(Sasikumar, 2011). Fresh ginger contains 80.9% moisture, 12.3% carbohydrates, 2.4% fiber, 2.3% protein, 0.9% fat and 1.2% 

minerals (calcium, iron and phosphorous). It also comprises of vitamins such as riboflavin, niacin, thiamine and ascorbic acid. 
With variety, type, curing methods, agronomic circumstances, storage and drying conditions, the composition varies 

(Govindarajan and Connell, 1982).  Traditionally, it is used to treat the headache, cold, muscular and rheumatic disorders 

(Yang et al., 2009). Various studies also examined the phytochemical composition of their rhizome, revealing zingiberene, 
gingerol, shogaol and their derivatives as the chief constituents (Sivasothy et al., 2011). Reported pharmacological activities 

on ginger involve antioxidant, anti-inflammatory, antimicrobial, antinociceptive and hepatoprotective (Abdel Azeem et al., 2013; 

Mostafa and Singab, 2016).     

Ginger is known for its strong antibacterial and fewer antifungal properties. Various in vitro studies have depicted that active 
constituents of ginger prevent colon bacterial multiplication. It can also prevent the growth of Proteus sp, Salmonella, 

Escherichia coli, Staphylococci and Streptococci (James, 1999).  At the concentration equivalent to 2 g/ ml, the ginger extract 

has strong antimicrobial action.  Ginger can also prevent the growth of aspergillus, a fungus known to produce a carcinogen 

agent i.e., aflatoxin, (Kapoor, 1997). Fresh ginger based juice can prevent the development of S.cerevisiae, A.niger, L. 

acidophilus and Mycoderma Spp. at 10, 4, 14and 12 % respectively at ambient conditions (Meena, 1997). Ginger are 

comparatively cheap due to its easy availability, wide acceptability and can be tolerated by the most people efficiently. It is 

“Generally Recognized as Safe” (GRAS) by the US FDA (ICMR Bulletin, 2010). The chief pungent components in ginger 
involve potentially active gingerols, which could be transformed to zingerone, shogaols, and paradol. The characteristic taste 

of ginger is mainly due to 6-gingerol and together with 6-shogaol which is also responsible for its analgesic, antipyretic, anti-

tussive, anti-inflammatory, and hypotenssive effects (Khushtar et al., 2009; Al-Tameme et al., 2015). These non-volatile 
phenylpropanoid based components, specifically shogaols and gingerols that form gingerols when ginger is cooked or dried. 

From gingerols, zingerone can be produced by this process. This component has lower pungency and a sweet-spicy aroma 

(McGee and Harold, 2004). In the present study, we analyzes the antimicrobial effect of the ginger extract against the food 
pathogens such as E. coli, E. faecalis and S.aureus. 

MATERIALS AND METHODS 

Medicinal plants are the excellent bio-resource of nutraceuticals, folk medicines, pharmaceutical intermediates, chemical 

entities for drugs and medicines both traditional and modern systems. Aromatic plants are also considered source of flavors, 

fragrances, cosmeceuticals, chemical terpenes and health beverages. Medicinal and aromatic plants (MAPs) are exported as 
such in bulk from different developing countries for further value addition in developed countries. In the value addition of MAP 

bio-resources, the herbal drug preparations (i.e. extracts) is considered as the initial step using a various processes from 

simple conventional technologies to advanced extraction methods. 

The test organisms, E. coli, S. aereus and E. faecalis were collected from Government medical college, Srinagar and was sub-
cultured using nutrient agar followed by preservation at 4°C till required for further analysis. The ginger rhizome was bought 

from local market and experimentally exploited at the microbiology laboratory, Islamic University of Science and Technology. 

Extraction of plant material (Ginger) 

The distilled water was used to wash ginger rhizome and allowed to air dry. Extraction was carried out using the following 

procedures; solvent extraction technique and Hydro distillation technique. 
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Solvent extraction technique 

Fresh ginger (2kg) was washed, weighed and dried in a hot air oven (Model No. NSW 101) at 60 0C. The dried ginger was 

crushed into fine powder and was divided into five equal parts (20 grams each). Weighed ginger powder was put into five 
bottles with tight lid. Mixture was prepared by using different organic solvents like ethanol, methanol, ethyl acetate, hexane 

and water. Then the bottles were tightly closed and were put inside incubator shaker (Model No.CIS 24BL) for 48 hours.  

The samples were filtered by using whattmans filter paper No. 1 to obtain the clear extract. The samples were evaporated so 

that the desirable oil is left behind. 

Hydro distillation technique   

In hydro distillation technique, fresh ginger was chopped into cubes and weighed for 60 grams and put into a 1Litre flask and 
water was added approximately to half of the flask. All the apparatus was set up properly and the temperature was set at 

55°C. Cold water was constantly circulated to condense the ginger oil. The boiling process was allowed to stand for 8 hours 

and constantly monitored for the formation of concentrated ginger extract in oil form. The condensed oil essence was carefully 

collected in a covered receiver flask to prevent the oil from being evaporated into the air because the ginger extract in oil 
essence is highly volatile. 

Growth media   

The medium used to grow the selected bacteria was prepared in 1 liter flask. In this experiment, the medium used was nutrient 

agar. Typically, nutrient agar contains 15% agar, 5% Sodium chloride, 5% peptic digest of animal tissue, 1.5% yeast extract 

and beef extract 1.5%. Distilled water is added to the nutrient agar powder in 1 litre flask and is autoclaved at pressure of 15 
psi at 121°C for 20 minutes. Media was poured into petriplates in liquid form under aseptic conditions. The agar was then 

allowed to stand until the medium became solid and carefully sealed. In order to avoid condensation from dripping down onto 

the agar surface, the nutrient plate was stored upside down that can assist the movement of microbes between the colonies 
when culturing bacteria on the agar.         

Preparation of Bacterial culture   

This experiment involved two different types of microorganism: gram -ve (E. coli) and gram +ve bacteria (S. aureus and E. 

faecalis). The starter culture was obtained from Government Medical College Srinagar. 

The culture was streaked in a laminar flow cabinet in sterile condition to prevent contamination and each Petri dish was sealed 

with a layer of parafilm around the edge. This facilitates the growth of the selected bacteria by providing a suitable temperature 
and moisture. The plate was then incubated at 37°C for 24 hours.    

The single colony was obtained from the streak plate which had been incubated for 24 hours. One colony of bacteria was 

isolated and cultured in 10 mL distilled water. This whole step was done in a laminar flow to prevent contamination. Nutrient 

agar petriplates were inoculated with 100 microlitre culture by micro pipette (Model No. H6YOO8131) , followed by proper 
spreading by sterilized spreader. A paper disc 0. 5cm in diameter was placed in center of inoculated petriplates. With the help 
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of micropipette fresh ginger oil 15 microlitre was picked and dropped over the sterilized disc. The process is followed for all the 

samples. Petriplates are sealed properly and were kept in an incubator for 16 hours.                                                  

Testing the ginger extract on Bacterial Culture   

A sterile paper disk with 0.5cm diameter was soaked in the sample (ginger extract) and carefully placed on the surface of the 
agar. The plate was then sealed by using parafilm and incubated for another 24 hours to allow the bacteria to grow. Positive 

results were obtained against tested bacteria (Staphylococcus aureus, Ecsherichia coli and Enterococcus). The zone of 

inhibition were measured by digital vernier caliper (Model No. HL1632).  

Control for the experiment   

One control plate was prepared in each experiment in which the disk paper was soaked into sterilized distilled water instead of 
ginger extract. The plate was also incubated at 37°C for 24 hours. Control plate was essential and very important in order to 

measure and determine whether the ginger extract was the substance that killed the bacteria and not cause by other elements 

and factors.  

Clear zone measurement on bacteria culture    

After leaving the plate overnight, the clear zone of inhibitions were measured by using a digital vernier caliper (Model No 

HL1632). 

Statistical analysis 

The whole date was taken from the laboratory work related to antimicrobial properties of ginger in the Department of Food 
Technology, IUST,Awantipora. All readings were taken in triplicates to minimize the error. The data was analyzed by applying 

one way Anova using Opstat software at 95% level of significance. 

RESULT AND DISCUSSION 

As regards, extraction of medicinal properties, it has been observed that hydro distillation can extract more medicinal 

properties than solvent extraction. In this regard, it may be of interest to record that most phenolic compounds present in 
vegetables are hydrophilic. Toor and Savage (2005) have stated that the hydrophilic phenolic compounds constitute 78% to 

87% of the total phenolics present in tomato pulp. In this context, Strack (1997) has well documented that the phenolics are 

micro-molecules comprising of one or more phenolic groups and displacing significant antioxidant activity, and that they have 
the essential role in the protection of plants against ultraviolet radiations predators and pathogens.  

Moreover, flavonoids are type of secondary metabolites and performs various biological activities like anti-inflamatory, anti-

allergic, anti-cancer and anti-microbial (Middleton et al., 2000). Meanwhile, Ji et al. (2011) have demonstrated that more 

flavonoids were dispersed in water extracts as compared to acetone extracts. These studies elucidate the observations 
reported in the present study regards superiority of hydro-distillation in exhibiting antimicrobial activity than solvent extracts. 
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Effect of ginger oil Against Selected Bacteria 

The appearance of zone of inhibition under the said media by the three bacterial strains under the investigation showed the 

positive results with regard to the antimicrobial properties of ginger. 

 Concentration of ginger extract 

Ginger oil which had been extracted out from ginger rhizome by using hydro distillation method and filtration technique showed 
an impressive antibacterial activity by massive killing of almost all the bacteria tested. An experiment had been carried out to 

test the sensitivity of three bacterial strains viz- gram -ve E. coli and gram +ve S. aureus and E. faecalis against for various 

treatments of ginger extract-T1 (10%), T2 (25%), T3 (50%) and T4 (100%).  Each of this experiment was done in triplicate.  The 
highly susceptible bacteria against ginger antibacterial activity was S. aureus which is gram +ve bacteria followed by E. coli 

which is gram -ve bacteria. The data also revealed that different amounts and concentrations of ginger extract were required to 

kill different types of bacterial strains which also indicated that each bacterium had its own resistant and susceptibility level 

against antibacterial substances. The antibacterial activity of ginger extract rises consequently with the increase in 
concentration of ginger from 10% to 100%.  

Table 1: Treatment effect of different extracts of ginger against Escherichia coli 

Treatment Methanol Ethanol Ethyl 

acetate 

n-Hexane Oil 

T1 10.78a 18.86a 14.38a 12.03a 5.60a 

T2 16.22b 19.80ab 14.07ab 13.98ab 6.36ab 

T3 20.48c 22.18c 17.99c 15.88c 17.80c 

T4 24.76d 25.26d 23.34d 17.14d 29.00d 

T1=10%; T2=25%; T3=50%; T4=100% ginger extract 

From the above table (1) and graph (1) it may be concluded that all the treatments differed significantly at 5% level of 

significance. However, the zone of inhibitions followed the increased trend with increase in concentrations from 10 % to 100% 
of ginger oil and ginger extracts. The zone of inhibitions measured from (10.78- 24.76 mm), (18.86- 25.26 mm), (14.38- 23.34 

mm), (12.03- 17.14 mm) and (5.60- 29.00 mm) for methanol, ethanol, ethyl acetate, n- hexane and oil against Escherichia coli. 

In case of methanol, Ethanol and n-Hexane all the treatments varied significantly at 5% level of significance. However, in case 
of Ethyl acetate, n- Hexane and oil, comparison between treatment T1 and T2 was non-significant. All the ginger extracts 

(Methanol, ethanol, Ethyl acetate and n-Hexane) and Ginger oil inhibited the growth of Escherichia coli. Pure oil was most 

effective followed by Ethanol. However, aqueous extract was ineffective (Ekwenye et al., 2005). Effectiveness of different 
ginger extracts and ginger oil followed the trend as- Ginger oil>Ethnanol>Methanol>Ethyl acetate>n-Hexane.  

These results suggest that in comparison to solvent extraction, hydro distillation can extract more volatile compounds. Similar 

finding were reported by Natta et al. (2008). From above result it may be concluded that Ethanol was best solvent for inhibiting 

the growth of E.coli as compared to methanol, Ethyl acetate and n- Hexane. These results can be seen from figure (1).  
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Table 2: Treatment effect of different Extracts against Enterococcus faecalis 

Treatment Methanol Ethanol Ethyl 

acetate 

n-Hexane Oil 

T1 17.66a 17.60a 14.23a 16.87a 0 

T2 19.96ab 20.27b 16.26ab 19.62b 0 

T3 23.66cd 23.83c 17.48c 21.22c 0 

T4 25.42d 26.09d 20.61d 24.18d 0 

T1 10%; T2=25%; T3=50%; T4=100 % ginger extract 

 From the Table (2) and graph (2),  it is evident that all the Ginger extracts showed the positive results, inhibited the growth of 

Enterococcus feacilis.  However, ginger oil was found ineffective but all the extracts of Ginger (Methanol, ethanol, ethyl acetate 
and n-Hexane) showed the clear zone of inhibition. On comparison, treatment T1 and T2 in Methanol and Ethyl acetate differ 

non- significantly as compared to Treatment T3 and T4 differ significantly at 5% level of significance while in ethanol and n- 

hexane all the treatments differ significantly. Among solvents (Ethanol, Methanol, Ethyl acetate and n-Hexane) used for 
extraction of Ginger Ethanol was most effective in inhibiting the growth of Enterococcus faecalis. These results can be seen 

from figure (2). 

Table 3: Treatment effect of different extracts against Staphylococcus aerus 

Treatment Methanol Ethanol Ethyl 

acetate 

n-Hexane Oil 

T1 18.67a 17.63a 13.72a 15.28a 9.71a 

T2 21.18b 18.79ab 14.07ab 16.74ab 11.82b 

T3 23.10c 29.54c 17.99c 18.36bc 19.50c 

T4 25.06d 34.68d 23.34d 19.22d 28.60d 

T1=10%; T2=25%; T3=50%; T4=100% ginger extract 

From the Table (3) and graph (3), it is evident that all the extracts showed the positive results, inhibited the growth of 

Staphylococcus aureus. Results indicated that the treatmentsT1 and T2 of ethanol and Ethyl acetate was non-significant while 

Treatment T3 and T4 varied non-significantly. In case of methanol and ginger oil all the treatments varied significantly at 5% 
level of significance. In case of n hexane treatments T4 differed significantly from the rest of the treatments. However, T1 and 

T2 were found at par. Among all the ginger extracts, Ethanol was found most effective in inhibiting the growth of 

Staphylococcus aureus. These results can be seen from figure (3). 

Over all, the results obtained have the support of the  reported  literature  in general - Tan and  Vanitha (2010),  Al- AMin 
(2006), Kemper et al. (2010),  Skrinjaret et al. (2009),  Fuhrman et al. (2000), Rehman et al. (2011), Namita and Mukesh  

(2012).  For ginger extracts results  obtained have the support of reported literature of (Sebiomo et al. (2010),  Auta et al. 

(2011),  Robert et al. (2008), Edward et al. (2012), Poeloengan (2011),  Anjan et al. (2012), Ekwenya et al. (2005), Karuppiah 
and Rajaram (2012) and Nguanpuag et al. (2011), El- baroty et al. (2010), Narojit et al. (2007),  Lee et al. ( 2006) for Ginger 

oil; Ekwenya et al. (2005) have opined that ethanol extracts of ginger exhibited prominent inhibitory zone  against E.coli. 

According to Lee et al. 2006, gingerol is the active principle in exhibiting antimicrobial and hence anticancerous effects. Akram 
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et al. (2007) have proved that the ginger inhibits the production of free radicles, and hence it is the richest source of 

antioxidant in comparison to other foods. Namita and Mukesh (2012) have also reported the present finding that ginger 
exhibits antibacterial activities. 

 

Graph 1: Treatment vs Escherichia coli 

 

Graph 2: Treatment vs Enterococcus faecalis 

 

Graph 3: Treatment vs Staphylococcus aureus 
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Figure 1: Zone of inhibition at different concentrations against Escherichia coli 

 

Figure 2: Zone of inhibition at different concentration against Enterococcus faecalis 

 

Figure 3: Zone of inhibitions at different concentrations against Staphylococcus aureus 

CONCLUSION  

Bacteria’s like Staphlococcus and E.coli are causes of various dangerous diseases which results in the loss of lives. Antibiotics 

used to cure such diseases had resulted in many side effects. Ginger can be used as an antibiotic to cure dangerous diseases 

like tumour and cardiovascular disease without any side effects, since times immoral. Thirdly, it is the economical to use.  It 
can be concluded from the determination of the antimicrobial activity of ginger by disc diffusion assay that ginger possess the 

broad spectrum of antimicrobial against gram +ve and gram -ve bacteria. Staphylococcus aureus, a gram positive bacterium 

was significantly inhibited as compared to Enterococus faecalis and a gram negative Escherichia coli. Ginger oil (steam 
distillation) had the greatest antimicrobial activity followed by ethanol extract. All the extracts (Ethnolic, Methanolic, hexane 

and ethyl acetate) and essential oil were tested for antimicrobial properties. The microorganism used to test the sensitivity was 
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completely inhibited by all the Ginger extracts. Microorganism tested belong to two different classes of bacteria- gram +ve and 

gram -ve bacteria. Among gram +ve bacteria Staphylococcus aureus and Enterococcus faecalis was used, while among gram 
negative Escherichia coli was tested. Organic extracts used for extractions showed the positive results dominated by essential 

oil followed by ethanolic extracts. Among three bacteria’s tested gram positive Staphylococcus aureus was mostly influenced 

as compared to gram negative Escherichia coli. The difference in inhibition may be due to difference in physiology and cell 
structure of tested bacteria’s. However essential oil obtained by hydro disstillation showed no results against Enterococcus 

faecalis. This may be due absence of active ingredients in volatile portion of oil which might have antimicrobial activity againt 

Enterococcus faecalis. 
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