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            Abstract

            
               
 Ginger (Zingiber officinale) has been utilized since ancient times in various traditional systems of medicine like Ayurveda, Unani, and naturopathy because
                  of antifungal and antimicrobial potential against diverse fungal and microbial infections. Moreover, in the Asian subcontinent
                  like India, Pakistan, Bangladesh, etc., ginger is used in many food preparations as a condiment and boiled decoction to treat
                  cold-cough and indigestion. The present research was conducted to find out the antifungal potential of various extracts of
                  dried ginger powder, by means of paper disc diffusion method, with petroleum ether, ethyl acetate, ethanol and aqueous solvents
                  in 25 μml, 50 μml and 100 μml concentrations against Microsporum gypseum. Clotrimazole was used as a standard. The present
                  study revealed that ginger is a potent antifungal agent against Microsporum gypseum. The ethanol extract of ginger using 100 μml concentrations depicted the highest zone of inhibition of 19.840+ 0.65mm and
                  46.139% of mycelial inhibition against the tested pathogen. While other drug extracts in different solvents also revealed
                  reasonable to least antifungal potential. This finding tells us that ginger extracts tested proved to be a potent antifungal
                  agent against Microsporum gypseum. It was found that ethanol extract of ginger is best effective against tested strain. This exploration of ginger extracts
                  has confirmed its importance, particularly in the area of influence on dermatophytic fungal strain. 
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               Introduction

            Dermatophytes are one of the imperative classes of fungi resulting in human and animal infections around the globe. They have
               the capacity to invade keratinized tissues chiefly nails, skin, hair, which ultimately can generate dermatophytic infection,
               mainly referred to as a ringworm. There are multifarious types of harmful fungal diseases, including tinea corporis, tinea
               pedis, tinea capitis, tinea barbae, tinea cruris, manuum, and onychomycosis  (Weitzman & Summerbell, 1995). The present scenario of drug treatment for these infections is still restricted to not many antifungal agents  (Watanabe, 1999). Moreover, due to elevated toxicity and appearance of drug resistance, clinical values of existing antifungal agents have
               been restricted  (Pauw, 2000). Because of many harmful factors, a large fraction of researchers is motivated towards the development of effective herbal
               
            

            
                  
                  Table 1

                  Mean Zone of Inhibitionin different solvents (mm) of the Zingiber officinale

               

               
                     
                        
                           	
                              
                           
                           Crude 

                           
                           Drug

                           
                        
                        	
                              
                           
                           Concentration

                           
                            (μml)

                           
                        
                        	
                              
                           
                           Mean Zone of Inhibition in different solvents (mm)

                           
                        
                     

                     
                           	
                              
                           
                           Pet Ether

                           
                        
                        	
                              
                           
                           Ethyl acetate

                           
                        
                        	
                              
                           
                           Ethanol

                           
                        
                        	
                              
                           
                           Aqueous

                           
                        
                        	
                              
                           
                           Clotrimazole

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Zingiber officinale

                           
                        
                        	
                              
                           
                           25 μml

                           
                        
                        	
                              
                           
                           6.41+0.95

                           
                        
                        	
                              
                           
                           8.42+0.86

                           
                        
                        	
                              
                           
                           10.56+0.65

                           
                        
                        	
                              
                           
                           3.56+1.20

                           
                        
                        	
                              
                           
                           43mm

                           
                        
                     

                     
                           	
                              
                           
                           50 μml

                           
                        
                        	
                              
                           
                           10.91+0.85

                           
                        
                        	
                              
                           
                           11.48+0.65

                           
                        
                        	
                              
                           
                           14.13+0.86

                           
                        
                        	
                              
                           
                           9.55+0.95

                           
                        
                        	
                              
                           
                           -

                           
                        
                     

                     
                           	
                              
                           
                           100 μml

                           
                        
                        	
                              
                           
                           13.58+0.59

                           
                        
                        	
                              
                           
                           17.31+0.86

                           
                        
                        	
                              
                           
                           19.84+0.65

                           
                        
                        	
                              
                           
                           9.94+0.87

                           
                        
                        	
                              
                           
                           -

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Percentage inhibition (%) of various extracts ofthe Zingiber officinale
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                           Drug

                           
                        
                        	
                              
                           
                           Concentration 

                           
                           (μml)

                           
                        
                        	
                              
                           
                           Percentage inhibition (%)

                           
                        
                     

                     
                           	
                              
                           
                           Pet Ether

                           
                        
                        	
                              
                           
                           Ethyl acetate

                           
                        
                        	
                              
                           
                           Ethanol

                           
                        
                        	
                              
                           
                           Aqueous

                           
                        
                        	
                              
                           
                           Clotrimazole

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Zingiber officinale

                           
                        
                        	
                              
                           
                           25 μml

                           
                        
                        	
                              
                           
                           14.906

                           
                        
                        	
                              
                           
                           19.581

                           
                        
                        	
                              
                           
                           24.558

                           
                        
                        	
                              
                           
                           8.279

                           
                        
                        	
                              
                           
                           100

                           
                        
                     

                     
                           	
                              
                           
                           50 μml

                           
                        
                        	
                              
                           
                           24.810

                           
                        
                        	
                              
                           
                           26.009

                           
                        
                        	
                              
                           
                           32.230

                           
                        
                        	
                              
                           
                           21.478

                           
                        
                        	
                              
                           
                           -

                           
                        
                     

                     
                           	
                              
                           
                           100 μml

                           
                        
                        	
                              
                           
                           31.581

                           
                        
                        	
                              
                           
                           40.255

                           
                        
                        	
                              
                           
                           46.139

                           
                        
                        	
                              
                           
                           23.116

                           
                        
                        	
                              
                           
                           -

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Tests for standard physical parameters of theethanol extract ofthe Zingiber officinale.

               

               
                     
                        
                           	
                              
                           
                           S No

                           
                        
                        	
                              
                           
                           Parameters

                           
                        
                        	
                              
                           
                           Ethanolic Ginger Extract

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Water content (%v/w)

                           
                        
                        	
                              
                           
                           9.00

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           Volatile matter

                           
                        
                        	
                              
                           
                           11.94

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           Extractable matter in water (%w/w)

                           
                        
                        	
                              
                           
                           10.85

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           Extractable matter in ethanol (%w/w)

                           
                        
                        	
                              
                           
                           61.24

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           Specific gravity (g/mL)

                           
                        
                        	
                              
                           
                           1.18

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           Extract yield (%w/w)

                           
                        
                        	
                              
                           
                           15.47

                           
                        
                     

                     
                           	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           Alkaloid

                           
                        
                        	
                              
                           
                           −

                           
                        
                     

                     
                           	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           Flavonoids

                           
                        
                        	
                              
                           
                           +

                           
                        
                     

                     
                           	
                              
                           
                           9

                           
                        
                        	
                              
                           
                           Tannin

                           
                        
                        	
                              
                           
                           −

                           
                        
                     

                     
                           	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           Phenol

                           
                        
                        	
                              
                           
                           +

                           
                        
                     

                     
                           	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           Saponin

                           
                        
                        	
                              
                           
                           −

                           
                        
                     

                     
                           	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           Quinones

                           
                        
                        	
                              
                           
                           +

                           
                        
                     

                     
                           	
                              
                           
                           13

                           
                        
                        	
                              
                           
                           Steroid/triterpenoid

                           
                        
                        	
                              
                           
                           +

                           
                        
                     

                  
               

            

            

            
                  
                  Figure 1

                  Mean Zone of Inhibition in Different Solvents(mm) of the Zingiber officinate
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                  Figure 2

                  Percentage inhibition (%) of Various exracts of the Zingiber officianate
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            alternatives. Since the last decades, plant extracts and potent phytoconstituents, because of lesser adverse effects, low
               cost, and easy accessibility, have been valuable sources that are widely utilized to treat an ample variety of infectious
               diseases  (Rocha, Almeida, Macêdo, & Barbosa-Filho, 2005). Zingiber officinale, which is commonly known as ginger, belongs to a Zingiberaceae family, is widely used as a spice or potent medicinal plant
               in traditional medicines. Potent source of the plant responsible for its medicinal property is rhizomes, which are employed
               in the traditional system of medicine for the treatment of multifarious infections  (Pakrashi & Ginger, 2003). The essential oil extracted from ginger had revealed Antidermatophytic potential against fungal strains like Trichophyton rubrum and Microsporum gypseum. Moreover, a synergistic effect of ginger oil with Curcuma longa was also reported in previous research against Trichophyton rubrum and Microsporum gypseum  (Sharma & Sharma, 2011). Ginger essential oil with zingiberene (37.6 %), δ-amorphene (19.7%), α-curcumin (11.3%), and α-bisabolene (10.4%) had considerable potential as antifungal on the growth of
               Aspergillus flavus and aflatoxin B1 and B2 production  (Ali, El-Shaffey, Selim, El-Massry, & Sabry, 2011). The fresh rhizomes of ginger essential oil containing α-zingiberene (23.9%) and citral (21.7%) repressed Fusarium verticillioides with the MIC value of 2.5 mg/ml. Fluctuation in production of ergosterol was reported after exposure to 0.5-3 mg/ml ginger
               essential oil and ergosterol production was repressed in elevated concentrations of ginger essential oil (57-100%). Ginger
               essential oil inhibited the production of fumonisin B1 and B2. The correlation between the inhibition of ergosterol biosynthesis and fumonisin production is associated with the reduction
               in fungal biomass. Ginger essential oil decreased cytoplasmic content of fungi and interrupted membrane integrity  (Yamamoto-Ribeiro et al., 2013).
            

         

         
               Materials and Methods

            
               Preparation of plant extract
               
            

            Plant materials were collected from the local market and dried in the shade before the preparation of the extract. The dried
               plant material was grounded to form a powder with the help of a mechanical grinder. Herbarium sheet is submitted with the
               Pharmacognosy department Chandigarh college of Pharmacy-Landran Mohali with voucher no. CCP/ZO/066. Extracts were prepared
               by extracting ginger powder successively with petroleum ether, ethyl acetate, ethanol and aqueous solvents and tested against
               Microsporum gypseum. The prepared extract was weighed and stored in airtight sample bottles. The filtered extracts were tested against dermatophytes
               at three different concentrations viz. 25 μml, 50 μml and 100 μml. Standardization of ethanol extract was also performed by
               performing the TLC profile and various tests regarding quality control published by   (WHO, 1998). 
            

            
               Procurement of strain and method followed 
               
            

            The Paper disc diffusion method was used to evaluate the antifungal potential of plant extracts. The test organisms used were
               the dermatophyte strains of Microsporum gypseum, which  was procured from IMTECH, Chandigarh. MTCC No. was 2829. Sabouraud Dextrose agar was used as a culture media according to
               the manufacturer’s direction. The dermatophyte cultures were aseptically inoculated on Sabouraud agar plate and subjected
               to incubation at 28oC for approximately 3 days.  
            

            
               Antifungal activity 
               
            

            In this research, the Paper disc diffusion method was employed and some amount of Sabouraud Dextrose agar was dispersed in
               Petri dishes, which were allowed to solidify. A micropipette was employed to introduce 0.1 ml. Spores on agar medium and was
               spread with the help of glass rod spreader under aseptic conditions. Sterilized discs (5 mm, Whatman No. 1 filter paper) were
               prepared by soaking in different concentrations of the extracts, i.e., 25 μml, 50 μml and 100 μml for approximately 5- 6 hour.
               After this duration, discs were removed and then allowed to dry. To evaluate the antifungal potential of ginger extracts,
               various discs impregnated with different concentrations of the ginger extracts were positioned on the fungal spore or mycelium
               with the help of sterilized forceps. The Petri dishes incubated at 28 ºC for 72 hours. The antifungal potential was determined
               by measuring the zone of inhibition (ZOI) around the discs and percentage inhibition after the period of incubation  (Rawal & Adhikari, 2016). 
            

            
               Data Analysis 
               
            

            Data from antifungal screening was analyzed with the help of simple statistics from Microsoft Excel and recorded in appropriate
               tables as a mean ± standard deviation of the mean. 
            

            

            
                  
                  Figure 3

                  TLC  Profile of Ethanol extract (A) under visible light (B) Under UV light with λ 254nm (C) under UV light with λ 366 nm (D)after
                     spraying H2So4 10% in methanol
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               Results and Discussion

             Table  1 depicted that the extract of rhizomes of Zingiber officinale was very effective against the tested pathogen Microsporum gypseum. The Pet ether extract showed a 6.41 mm inhibition zone at 25 μml concentration. 50 μml concentrations were moderately effective
               with a 10.97 mm inhibition zone. At 100 μml, the zone of inhibition was observed to be as 13.58 mm. The ethyl acetate extract
               showed an 8.42 mm inhibition zone at 25 μml concentration. 50 μml concentrations were effective with an 11.48 mm inhibition
               zone. 17.31 mm inhibition zone was observed at 100 μml. The ethanol extract showed a 10.56 mm inhibition zone at 25 μml concentration.
               50 μml concentrations were moderately effective with 14.13 mm inhibition zone. At 100 μml, the inhibition zone was observed
               to be as 19.84 mm. While it's aqueous extract showed a 3.56 mm inhibition zone at 25 μml concentration. 50 μml concentrations
               were effective with a 9.55 mm inhibition zone. 9.94 mm inhibition zone was observed at 100 μml concentration. The antifungal
               potential was determined by comparing the activity of extracts with the Clotrimazole, in which the zone of inhibition was
               43mm. Percentage inhibition was also calculated, which was 46.139 with 100 μml ethanol extract depicted in Table  2. Graphical representation can be seen in Figure  1 and Figure  2. Many important phytoconstituents obtained from plants, having antifungal and antidermatophytic properties, is of vital significance
               to medicinal treatments  (Bondad-Reantaso et al., 2005). The results of this study showed that of all the extracts screened, Zingiber officinale ethanol extract had higher inhibitory activity against the test organism in comparison to the standard drug. This could be
               as a result of better extraction with ethanol solvent. Other solvents also showed promising effects against the tested pathogen.
               Zingiber officinale extract containing Gingerol as an important constituent which inhibits the growth of many fungi and other microorganisms
               in- vitro  and the activity might be contributed to the preventive effects of its different agents  (Ficker et al., 2003). Standardization is a significant consideration to make sure of the relevance between the phytoconstituents and its multifarious
               pharmacological activities. For standardization, the TLC profile of the ethanol extract was performed with silica gel, followed
               by organic compound monitored by spraying H2SO4 10% in methanol, observed under UV light 254 nm and 366 nm. The chromatogram is shown in Figure  3. Various tests were also performed and recorded in Table  3.
            

         

         
               Conclusions

             Ethanol extract of ginger rhizomes comes out to be a highly potent extract against Microsporum gypseum. There are several compounds in ethanol extract of ginger that possessed antifungal effects which can be seen through the
               TLC profile. It has been concluded from the present research that among all extracts, ethanol extract has the highest antifungal
               potential and is the cheap and effective source of an antifungal agent.
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