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ABSTRACT 

Ginger and Turmeric are not just used for culinary but exhibits good 

therapeutic qualities used for the prevention and treatment of various 

ailments. Chemical analysis has proved that each consists of over 400 

different phytochemicals. This work investigates the antimicrobial 

activities of the aqueous and the inorganic extracts of ginger and 

turmeric with gram +ve (S. aureus) and gram – ve (E. coli and S. typhi) 

strains using Ciprofloxacin as the standard antibiotic. Disc diffusion 

and serial dilution were the methods used in carrying out the tests.  The 

zone of inhibition which determines if the bacteria are resistant, 

intermediate or susceptible to the extracts and minimum inhibitory 

concentration which determines the lowest value at which the extracts 

are efficient. The zone of inhibition ranged from 9-13 mm for the ginger extracts and 11-16.2 

mm for the turmeric extracts while the MIC values ranged 0.05-.06 mg/ml for the ginger 

extract and 0.1-1.0 mg/ml for the turmeric extract. In conclusion, the test bacteria showed 

susceptibility to all extracts, however, the bacteria showed overall higher susceptibility to the 

ginger extracts. 
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INTRODUCTION 

Humans developed antimicrobials to destroy disease-causing microbes. The most commonly 

known antimicrobials are antibiotics, which target bacteria (Giedraitienė et al., 2011). Other 

forms of antimicrobials are antivirals, antifungals, and antiparasitics (Okonko, et al., 2008). 

Antimicrobial drugs have caused a dramatic change not only in the treatment of infectious 

diseases but in the fate of mankind (Saga et al., 2009). Antimicrobial chemotherapy made 

remarkable advances, resulting in the overly optimistic view that infectious diseases would be 

conquered in the near future (Pathak et al., 2018). However, in reality, emerging and re-

emerging infectious diseases have left us facing a counter-charge from infections (Iroha et al., 

2013). Infections with drug-resistant organisms have become a grave problem in clinical 

practice that is difficult to solve. (Saga, 2009). 

 

Infections caused by antimicrobial-resistant micro-organisms are difficult to treat, resulting in 

poor outcomes for patients and economic impacts through increased healthcare costs and lost 

productivity (Regea, 2018).The incidence of AMR is rapidly increasing in frequency and 

geographical spread. A recent high profile report estimates that, by 2050, 10 million people 

will die every year due to AMR unless a global response to the problem of AMR is mounted 

(Nikhil et al, 2017). 

 

Ginger as a natural antibiotic is the earliest known medicinal plant. It has been shown to be 

effective in treating diseases in humans, poultry and aquaculture owing to its antimicrobial, 

antioxidant, growth promotion and immune stimulant properties. An optimized dose of 

ginger is recommended in diets. Ginger has been used as a spice for over 2000 years (Shubha, 

2015). It is also called “The Great Medicament” in Ayurvedic medicines and is generally 

considered as a safe herbal medicine (Yuan et al., 2016). Ginger contains natural organic 

materials beneficial to health and enhances resistance to infectious diseases by increasing 

non-specific and specific immune mechanisms (Shagufta, 2010).The rhizome of ginger has 

been shown to be effective in the control of a range of illnesses including diarrhea, stomach 

ache, asthma etc. (Yassan et al., 2016). 

 

Turmeric is an ancient spice derived from the rhizomes of curcuma longa, which is a member 

of the ginger family (Anusha et al., 2016). According to the Indians, turmeric is known as the 

golden spice. This rhizome is also used in India for medicine purposes; traditional medicine 
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as a household remedy for various diseases including anorexia, cough, diabetic wounds, 

hepatic disorders etc (Yadav et al., 2017). In addition to its use as spice, turmeric and its 

components especially curcumin and essential oils so wide spectrum of biological actions 

(Rathaur et al., 2012). Turmeric contains proteins (6.3%), fat (5.1%), minerals (3.5%), 

carbohydrate (69.4%) and moisture (23.1%). Curcumin is one of the curcuminoids and is a 

bioactive compound found in turmeric(Faten et al., 2016). It is commonly referred to as holy 

powder and is a natural antioxidant. Turmeric is widely applied in culinary, dye, as indicator 

for chemical analysis and traditional uses (Bagchi Anamika, 2012). 

 

This study is geared at determining the antimicrobial activity of the extracts of ginger and 

turmeric including its aqueous, ethanolic and n-hexane extracts and hence determine its level 

of efficacy compared to a standard antimicrobial drug (ciprofloxacin) which is itself in 

conformity with standards set by the National Agency for Food and Drug Administration and 

Control (NAFDAC) and the World Health Organization (WHO, 2001). 

 

MATERIALS AND METHODS 

Preparation of Extracts 

Three types of extracts; aqueous, ethanol and n-hexane extracts each from ginger and 

turmeric were prepared separately. The fresh ginger and turmeric rhizomes were washed, 

peeled, sliced and oven dried at low heat to remove all moisture. After drying, the ginger and 

turmeric rhizomes were ground to fine powder separately using an electric blender. 

 

Soxhlet Extraction 

This process was used for both the ethanolic and n-hexane extracts of ginger and turmeric 

and is named as Ginger ethanol extract and Turmeric ethanol extract, Ginger n-hexane extract 

and Turmeric n-hexane extract.  

 

The ground plant material was placed in the extraction chamber which was suspended above 

the flask containing ethanol and n-hexane solvents respectively and below a condenser. 

 

The flask was heated and the solvent evaporated and moved into the condenser where it was 

converted into a liquid that trickled into the extraction chamber containing the plant material.  

 

The extraction chamber was designed so that when the solvent surrounding the sample 

exceeded a certain level, it overflowed and trickled back down into the boiling flask. At the 

end of the extraction process, the flask containing the ethanol and n-hexane extracts was 
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removed and each concentrated on a water bath at 78
o
C and then left to dry at room 

temperature. 

 

Aqueous Extraction 

The ground plant samples of ginger and turmeric were extracted with distilled water by 

maceration. 30g of the samples was soaked with 200ml of distilled water for 72h at room 

temperature. After that, the resulting extracts was filtered using filter paper (Whatman no.) 

The filtrates obtained were concentrated by heating over water bath. The extracts were 

labeled Ginger Aqueous Extract and Turmeric Aqueous Extract respectively. 

 

Preparation of Test Bacteria 

Three different bacterial strains were used. Two species of gram negative bacteria, E. coli and 

S. typhi and one gram positive specie, S. aureus were obtained from stock cultures of the 

department of Applied Microbiology, Esut, Nigeria. The bacteria were sub cultured on 

appropriate agar then incubated at 37
0
c overnight. They were then standardized by matching 

to the 0.5 McFarland turbidity standards using sterile saline to produce approximately 

1.5x10
8 
colony forming units (cfu) per ml. 

 

Antimicrobial Assay 

As described in the NCCLS manual (CLSI, 2015) the surface of the Mueller Hinton agar 

plate sub cultured was divided into quadrants by drawing horizontal and vertical lines across 

the middle point. The plates are inoculated by streaking evenly the suspension of the test 

organism (E. coli) using sterile cotton swabs. The plates were kept aside and left to air dry. 

 

Paper disks (6mm) were then impregnated with the extracts labeled Ginger ethanol extract, 

Turmeric ethanol extract, Ginger aqueous extract, Turmeric aqueous extract Ginger n-hexane 

Extract and Turmeric n-hexane Extract and kept aside. Ciprofloxacin (10µg) disks were used 

as standard. 

 

To each quadrant of the agar plate, inoculate a paper disk using forceps sterilized before and 

after use by dipping in ethanol and passing through a Bunsen burner. Plates used were 

incubated at 37
o
C for 24hrs. After incubation period, the plates were examined and the 

diameter of each zone was measured for inhibition zone around the disks for each extract and 

recorded. The procedure was repeated for the two other test bacteria. 
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Determination of Minimum Inhibitory Concentration  

Ginger and turmeric extracts with different solvents were examined for their Minimum 

Inhibitory Concentrations using method described by Iram Gull et al (2012). The extracts 

were diluted ranging from 100mg/ml to 0.01mg/ml and studied for their effects against the 

various bacterial strains. Sterile discs were dipped in different dilutions of the aqueous, 

ethanolic and n-hexane extracts of ginger and turmeric and placed over agar plates seeded 

with uniform concentration of each bacterial culture separately. The zone of inhibition in 

each case was measured as the diameter of the clearing zones and recorded. 

 

RESULTS 

The results obtained in this study are summarized below. Table 1 shows the antibacterial 

activity of ginger extracts measured as diameter (mm) of zone of inhibition. The zone of 

inhibition for the standard is high when compared with the aqueous, ethanolic and n-hexane 

extracts. Also, the zone of inhibition is high for the ethanolic extract when compared with 

aqueous and n-hexane extract in E. coli. The ethanolic extract showed a high zone of 

inhibition when compared with aqueous and n-hexane extract in S. aureus. The n-hexane 

extract showed a high zone of inhibition when compared with the aqueous and ethanolic 

extract while the aqueous and ethanolic extract had the same zone of inhibition in S. typhi. 

 

Furthermore, the aqueous extract had a high zone of inhibition in S. typhi compared to E. coli 

and S. aureus. Also, the ethanolic extract had high zone of inhibition in E. coli compared to S. 

aureus and S. typhi. The n-hexane extract had high zone of inhibition in S. typhi compared to 

E. coli and S. aureus in the study.    

 

Table 1: Antibacterial activity of Ginger extracts measured as diameter (mm) of zone of 

inhibition.  

Bacteria strain Aqueous extract Ethanol extract n-Hexane extract Standard 

E. coli (-ve) 10.30 13.00 9.30 19.00 

S. aureus (+ve) 9.00 9.30 8.20 22.00 

S. typhi (-ve) 11.00 11.00 13.00 20.00 

 

Table 2 shows the antibacterial activity of turmeric extracts measured as diameter (mm) of 

zone of inhibition. The zone of inhibition for the standard is high when compared with the 

aqueous, ethanolic and n-hexane extracts. Also, the zone of inhibition is high for the aqueous 

extract when compared with ethanolic and n-hexane extract in E. coli. The ethanolic extract 

showed a high zone of inhibition when compared with aqueous and n-hexane extract in S. 
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aureus. The aqueous extract showed a high zone of inhibition when compared with the 

ethanolic and n-hexan extract while the ethanolic and n-hexane extract had the same zone of 

inhibition in S. typhi. 

 

Furthermore, the aqueous extract had a high zone of inhibition in S. aureus compared to E. 

coli and S. typhi. Also, the ethanolic extract had high zone of inhibition in S. aureus 

compared to E. coli and S. typhi. The n-hexane extract had high zone of inhibition in S. 

aureus compared to E. coli and S. typhi in the study. 

 

Table 2: Antibacterial activity of Turmeric extracts measured as diameter (mm) of zone 

of inhibition. 

Bacteria strain Aqueous extract Ethanol extract n-Hexane extract Standard 

E. coli (-ve) 14.20 13.20 12.20 19.00 

S. aureus (+ve) 15.00 16.20 14.00 22.00 

S. typhi (-ve) 12.00 11.00 11.00 20.00 

 

The results in table 3 and 4 have shown that the MIC values of turmeric and ginger against 

bacterial strains ranged from 0.05 mg/ml to 0.1 mg/ml. The data in table 3 shows that the 

ethanol and n-hexane extract of ginger had lower MIC values in comparison to the aqueous 

extract tested against the bacterial strains. In the case of the extracts, the lowest MIC value 

for E. coli 0.08 mg/ml, S.aureus 0.5 mg/ml and S. typhi 0.09 mg/ml was observed with the 

ginger extract. The data in table 4 indicates the lowest values of turmeric extracts for E. coli, 

S.aureus and S. typhi were 0.1 mg/ml, 0.2 mg/ml and 0.2 mg/ml. 

 

Table 3: Minimum Inhibitory Concentration of Ginger in mg/ml against test bacteria. 

Bacteria strain Aqueous extract Ethanol extract n-Hexane extract Standard 

E. coli (-ve) 0.1 0.05 0.08 0.00018 

S. aureus (+ve) 0.6 0.5 0.5 0.0005 

S. typhi (-ve) 0.2 0.1 0.09 0.00026 

 

Table 4: Minimum Inhibitory Concentration of Turmeric in mg/ml against test 

bacteria. 

Bacteria strain Aqueous extract Ethanol extract n-Hexane extract Standard 

E. coli (-ve) 0.1 0.3 0.2 0.00018 

S. aureus (+ve) 0.2 0.8 1.0 0.0005 

S. typhi (-ve) 0.2 0.9 1.0 0.00026 
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DISCUSSION 

The antimicrobial effect of ginger and turmeric was evaluated by disc diffusion method. The 

results indicated that the different extracts of the spices have broad spectrum antimicrobial 

activity with variable degrees of sensitivity of the test bacteria toward the extracts. 

 

The data showed in table 1 and 2 reveals that all the turmeric extracts exhibited higher 

inhibition zone on all test bacteria except on the ethanolic or n-hexane extracts of ginger 

which showed equal or higher degree of inhibition. These findings are in accordance with 

Mohammad et al, (2010). Similarly, the essential oil extracted from Zingiber officinale 

exhibited activity against food-borne pathogenic fungal and bacterial species (Singh et al., 

2008). Though the exact antibacterial mechanism of action of ginger and turmeric is not yet 

clear, there are hypothesis which involves hydrophobic and hydrogen bonding of phenolic 

compounds to membrane proteins, followed by partition in lipid bilayer, membrane 

disruption, destruction of electrons transport systems, cell wall perturbation (Souza et al., 

2005). 

 

The minimum inhibitory concentration was determined by making dilutions of the different 

extracts of ginger and turmeric using method described by Iram Gull et al., (2012). It was 

interesting to note that, both gram +ve and gram –ve bacteria were sensitive to all the extracts 

of ginger and turmeric but gram -ve bacteria showed overall sensitive than the gram +ve 

bacteria. This result is in accordance with results seen in Chandarana et al., (2005) and 

Onyeagba et al., (2004). 

 

CONCLUSION 

The results of this present study have provided justification for the therapeutic potential of 

medicinal plants. The practice of using this plants as supplementary or alternative medicine in 

developing countries like Nigeria will not only reduce the clinical burden of drug resistance 

development but also side effects and cost of treatment with allopathic medicine. However, 

further clinical evaluation of medicinal plants in vivo experiments is required to be carried 

out for enablement of low cost treatment with little or no side effects and for the prevention 

of recurring infections. 
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