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ABSTRACT 

A member from the family of ginger (Zingiberaceae), Curcuma longa 

(Turmeric) is known in every household since ages due to its uses 

covering fields like medicine, food, dye, cosmetics and its uses in 

various spiritual and cultural practices. There have been many proven 

antimicrobial properties of turmeric. Contradictorily it is also seen to 

harbor certain endophytic fungi that can synthesize various secondary 

metabolites. Fusarium species have been found predominantly 

colonizing on C. longa. This genus notably affects the rhizomes of 

various vegetable plants, includes other plant pathogens, and also 

produces various mycotoxins. In some cases it has also been reported 

to control insects with promising anti-microbial and pest control 

characters like abundant sporulation and fast action causing a high 

mortality rate in plant pathogens. These phytopathogenic fungi can efficiently produce very 

specific extracellular enzymes that have and can have potential and practical applications in 

various bio-conversions, in the agro-industry and various biotechnological processes. This 

study endeavors to exploit various enzymes and secondary metabolites produced by the 

species and look for certain economical industrial applications of these enzymes. Turmeric 

infected with the fungus was used as a source for isolating Fusarium and purifying it through 

streaking and sub culturing. Its antimicrobial properties was checked through well diffusion 

method alongside checking its effect on adventitious roots like potato, colocassia, onion, 

ginger, carrot and tomato as control. Screening for various applications of various enzymes 

produced by Fusarium was also checked for. 
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INTRODUCTION 

Fusarium spp. has been denoted as mycotoxin producers as well as major plant Pathogenic 

fungi. Apart from that they are also known for endosymbiotic nature that is it is an 

endophyte, That ubiquitously exists in plants for the most part without even causing any harm 

or disease rather acting as a source of bioactive substances that might be helpful for the 

plant.
[1]

 These species of fungus are known to produce bioactive substances which potentially 

act against virus, diabetes, cancer, or mostly against bacteria.
[2]

 In some cases these fungi 

have also show the efficiency of control of pests and insects in crop plants through processes 

like abundant sporulation and fast action causing a high mortality rate in plant pathogens.
[2]

 

But surprisingly it is seen to infect Curcuma longa which is an ancient coloring spice used 

predominantly in Asian countries. In recent years curcumin is very trendy in scientific 

researches due to some of its special and unique characteristics.
[3]

 The content of curcumin in 

a Curcuma longa plant varies like many other plant varieties based on various factors like 

geographical region, hybridization with other variety of Curcuma longa species. So for a 

significant affect a plant that has a higher content of curcumin should be used for research 

purposes.
[4]

 It is seen that curcuminoides, which are known as some photochemical 

compounds, are found in Curcuma longa. Curcuma longa’s rhizome is commonly known as 

turmeric.
[5]

 For textile material, turmeric can also act as an antimicrobial agent. By the 

exhaustion method Curcumin along with chitosan and aloevera act against microbial growth 

in rabbit hair assessed, cotton, wool, etc.
[6]

 Various studies show that it can possess various 

effects such as anti-inflammatory, anti-gastroprotective activities, antioxidant, along with 

antimicrobial, anti-tumor activities.
[3]

 Raw or dried turmeric rhizome which is the rhizome of 

Curcuma longa also has insect repellence as well as antimicrobial activities and used in 

traditional medicine practice.
[7][8]

 Hexane and methanol combination  extracts of C. longa has 

some antibacterial effect which is against around 13 bacteria of  different genera like Vibrio, 

Bacillus, Aeromonas, Streptococcus, Staphylococcus namely Vibrio harveyi, Vibrio 

alginolyticus, Vibrio vulnificus, Vibrio parahaemolyticus, Vibrio cholerae, Bacillus subtilis, 

Bacillus cereus, Aeromonas hydrophila, Streptococcus agalactiae, Staphylococcus aureus, 

Staphylococcus intermedius, Staphylococcus epidermidis, and Edwardsiella tarda. however, 

curcuminoids can inhibit eight bacteria of Streptococcus agalactiae, Staphylococcus 

intermedius, Staphylococcus epidermidis, Staphylococcus aureus, Aeromonas hydrophila, 
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Bacillus subtilis, Bacillus cereus, and Edwardsiella tarda.
[9] 

Turmeric oil derieved during 

curcumin manufacture has shown inhibitory effect against  Bacillus coagulans, Bacillus 

subtilis, Bacillus cereus, Escherichia coli, Staphylococcus aureus, and Pseudomonas 

aeruginosa.
[10]

 Curcumin also has shown certain anti-biofilm activity against  P. aeruginosa 

strains of two types.
[11]

 Curcumin is a potential reductant of biofilm initiation genes, which 

inhibit 31 quorum sensing (QS) genes; It also causes down-regulation of acyl-homoserine 

lactone (HSL) production, which is a virulence factor, elastase/protease activity, and also 

cause biosynthesis of pyocyanin.
[7]

 The emergence of antiviral drug resistance, loss of 

powerful viral retailers, and the high fee of a few antiviral treatments boost up research to 

discover new effective antiviral compounds.
[12][13] 

it's been demonstrated that curcumin as a 

plant by-product has a wide variety of antiviral pastime towards distinct viruses. in the de 

novo synthesis of guanine nucleotides Inosine, monophosphate dehydrogenase (IMPDH) 

enzyme because of its price-proscribing activity act as a therapeutic goal for antiviral and 

anticancer compounds.
[14]

 Curcumin has such a lot of derivatives, which can be called 

reduced curcumin, allyl-curcumin, and tocopheryl-curcumin.
[15]

 The turmeric act as a 

considerable inhibitor against fungal contaminations whilst delivered to plant tissue 

subculture on the zero. eight and 1.0 g/L.
[16]

 Turmeric is not only used word wide as one of 

the most needed spices in regular food and a must-have in the kitchen but also it is used in the 

pharmaceutical industry and for medicinal purposes along with its use as a dying agent and in 

some cases, it is used as preservative like in preserving fish.
[17]

 Despite its different proved 

antifungal and antibacterial properties the surface of the C. longa has seen to harbor certain 

phytopathogenic or endophytic fungus. The most common are the Fusarium species that have 

been identified till now. Fusarium species is a very economically and scientifically important 

stain of fungus known to produces not only mycotoxins and cause diseases but for the 

production of various extracellular secondary metabolites or enzymes that have different 

effective applications in various industries.
[18]

 Enzymes are a key ingredient in various 

industrial sectors including textile, pharmaceutical, food as well as chemical sectors, and are 

very helpful in different bio-conversion processes.
[19]

 In this study, some light was showed up 

on the different antimicrobial and enzymatic activity of fungus, that is Fusarium species, and 

its effect on various adventitious roots like potato, colocasia, onion, ginger, carrot, and 

tomato was seen and its dominance over Aspergillus species was also checked by inoculating 

the Fusarium from C. longa and preparing pure cultures.the isolate was also screened for 

different enzymatic activities like amylases, proteases, and cellulases. 
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MATERIAL AND METHODS 

Sample collection 

The infected rhizomes of the Curcuma longa consisting of white cottony colonies were used 

as the sample. The sample was collected from the vegetable market of Bhubaneswar, Odisha, 

India. 

  

 

Fig. 1: Infected turmeric rhizome with white fungal colonies. 

 

Isolation of the fungal species 

For the isolation of the required fungus, firs the Curcuma longa rhizomes were first surface 

sterilized. This was done by first washing the rhizomes using 70% ethanol for three minutes, 

then with 5% NaOCl for three minutes again with 70% ethanol for thirty seconds. The 

rhizomes are then washed with distilled water three to four times.
[19]

 After the sterilization 

process, the rhizomes were cut into thin slices using a sterilized scalpel. The slices were 

placed on sterilized Petri plates with Czapekdox agar and PDA aseptically using sterilized 

forceps. Then the plates were kept at 25-degree centigrade for 3-4 days.  

 

 

Fig. 2: Sterilized sliced turmeric rhizome. 

 

Microscopic examination of isolated fungi 

After the incubation identity of the fungal genus was confirmed by performing lacto phenol 

cotton blue (LPCB) mounting and the stained slides were viewed under microscope for 

analysing their morphological characteristics. It was seen that the growth of fungal culture 

was adequate in the Czapekdox broth medium. 
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Preparation of pure culture plates 

Further single colonies from those plates were streaked in fresh Czapekdox agar plates as 

growth was better in Czapekdox agar media plates. The colonies those were taken for LPCB 

only were used. The streaked plates were then incubated for 3-4 days. 

 

Preparation of seed culture 

Then Czapekdox broth was prepared and sterilized. Single colonies from previously streaked 

Czapekdox agar plates were then inoculated in sterilized Czapekdox broth and were then 

incubated at 25ºC, after 3-5 days again LPCB mounting was performed. 

 

Effect of fungal species on various root vegetables 

A simple procedure was performed for studying how the Fusarium spp. infect different root 

vegetables. For this procedure potato (Solanum tuberosum), carrot (Daucus carota), colocasia 

(Colocasia esculenta), ginger (Zingiber officinale), onion (Allium cepa) were taken as 

samples and tomato (Solanum lycopersicum) was used as control. Each of these vegetables 

were kept as a whole in separated sterilised  beakers and 1ml of seed culture was inoculated 

in each of these beaker and then the beakers were sealed by using aluminum foil to prevent 

any  contamination these are kept for 5-7 days for proper incubation.  

 

 

Fig. 3: Root vegetables with fungal inoculums. 

 

Dominance check-up of fungal species  

To check the dominance of Fusarium species on Aspergillus spp. on onion the onion sample 

was done by again inoculating it with 1-2ml of Fusarium seed culture and incubating for 5-7 

days.  

 

Antimicrobial test 

For checking the antimicrobial activity of the isolated fungal spp. 1ml of seed culture was 

again inoculated in Czapekdox broth and incubated at 25ºC for 15 days, 2ml of this culture 

was centrifuged for 10 minutes at 4 ºC and at 6000rpm. The supernatant from the ependroff 
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tube was collected and this was used as sample for the antimicrobial test. The antimicrobial 

activity was checked against Escherichia coli and Staphylococcus aureus. Muller Hinton agar 

plates were prepared, sterilized and inoculated with a even bacterial lawn using cotton swab 

dipped in the overnight bacterial cultures of the given strain and left for a few minutes for 

drying and then wells were made using borer and well diffusion method was performed by 

adding about 50 μl of the sample, positive and negative control into the wells.
[2]

 The 

antimicrobial activity test was performed by using streptomycin which was taken as positive 

control and distilled water which was taken as negative control. The result of this test was 

concluded by observing and measuring the halo zone of inhibition found around the sample 

and the positive control. 

 

Enzymatic activity test 

The enzymatic activity of the sample was also checked by performing various enzymatic 

assays; the assays are performed for enzymes like amylase, protease and cellulase. For the 

amylase, protease and cellulose activity starch casein agar, skimmed milk agar and modified 

Czapekdox-cellulose agar (4.9gm Czapekdox agar and 1gm of cellulose powder was taken in 

a sterilised beaker and 100ml of distilled water was added) was used.
[18]

 The fungal seed 

culture was then streakedon sterilised agar plates and were incubated at 25 degree centigrade 

for 3 days for amylase and protease activity and 5 days for cellulase activity. After incubation 

the modified Czapekdox-cellulose agar plate and skimmed milk agar plates were taken and 

flooded with Congo red and grams iodine respectively and the activity of enzymes was 

confirmed by observing the halo zones around the colonies and the amylase activity can also 

be confirmed by observing the halo zones around the colonies.
[18]

 

 

RESULTS  

Fusarium infection is the measure cause of spoilage of root vegetables worldwide. Fusarium 

produces many bioactive compounds like enzymes. These enzymes are known to be natural 

and are not harmful like the artificial enzymes so these can be used as a alternative source of 

enzymes in various industries like food, detergent, leather industries, etc. 

 

Isolation of fungal species 

After incubating at 25ºC for 3-5 days adequate amount of fungal growth was seen on the petri 

plates. Therefore, to know what the identity of fungus grown on the plate is further test was 

carried out.  
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Fig. 4: Fungal growth on the Petri plates  

Containing the suitable media.                                               Fig. 5: Prepared seed culture. 

 

Morphological Characterization of fungal spp 

The morphological structures like sporangia, hyphae, mycelium resembles to the fungal 

genus Fusarium. According to various studies this fungal spp. is mainly responsible for the 

wilt disease of various root vegetables.    

 

 

Fig. 6: LPCB mounting of fungal species. 

 

Effect of fungal spp. on various root vegetables 

After inoculation with 1 ml sample and proper incubation white colour growth was observed 

on various root vegetables and no growth was seen on the control. 

 

        

Fig. 7: Fungal growth on A- Ginger B- Onion C- Colocasia D- Carrot E- Potato F- No 

growth on tomato. 

 

Dominance check-up test 

On the onion sample growth of other fungus was seen as black colonies morphological 

characterization of the fungus was confirmed by performing LPCB mounting for the 

dominance check-up and the onion sample was again inoculated with 1ml of culture and then 

A B C D E F 



www.wjpr.net                                 Vol 9, Issue 7, 2020.                                   

Smruti et al.                                                          World Journal of Pharmaceutical Research 

2087 

it was observed that both the Aspergillus spp and Fusarium do not inhibit each other and 

rather grow together simultaneously. 

 

   

Fig. 8: A-Growth of both Fusarium and Aspergillus on onion B- LPCB mounting of 

Aspergillus. 

 

Antimicrobial test 

The presence of antimicrobial activity in the isolate was checked by making Muller Hinton 

agar plates and forming a bacterial lawn of E. coli and S. aureus and creating wells of around 

6 μm and using well diffusion method for analyzing its antimicrobial property by comparing 

its zone of inhibition. 

 

   

Fig. 9: Halozone seen around positive and sample inoculated in Muller Hinton agar 

containing A- E. coli and B- S. aureus for antimicrobial activity.  

 

Table 1: Antimicrobial Test. 

Bacteria used Zone of inhibition (in mm) 

 
1% streptomycin Sample 

Gram+ve bacteria 
S.aureus 

10.2 4.3 

Gram-ve bacteria 
E.coli 

9.0 5.0 

 

Production of different enzymes 

For checking for the presence of various enzymes, different tests were done. The assays were 

performed for enzymes like amylase, protease and cellulase. For the amylase, protease 

and cellulose activity starch casein agar, skim milk agar and modified Czapekdox-

A B 

A B 
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cellulose agar (4.9gm Czapekdox agar and 1gm of cellulose powder in 100ml distilled 

water) was used respectively. The fungal culture was streaked and the plates were 

incubated for 3 days for amylase and protease activity and 5 days for cellulase activity. 

After incubation the modified Czapekdox-cellulose agar plate and skim milk agar were 

respectively flooded using Congo red dye and grams iodine.  And therefore the activity of 

enzymes was confirmed by the observation of the halo zones round the colonies in, skim 

milk agar and can was confirmed by observing the halo zones around the colonies in 

starch casein agar plates. 

 

DISCUSSION 

Since agriculture is import ant for economical progress as well as fulfilling need like hunfer 

and othr basic comodities the study of Plant disease is an important. Certain Phytopathogenic 

species of fungi of different genera tend to infect and also cause numerous crops infections, 

hence cause a great economic loss in agriculture.
[20]

 Fungi are the potential producer of 

mycotoxin. The mycotoxin is helpful in some cases for contamination but they also possess 

threat globally to different the food industries and some feed industries also.
[21][22]

 Taxonomy 

of the genus is complex containing up to 1,000 species with approaches varying between 

wide and narrow concepts of speciation. Endophytes, some organisms that live in an 

imperceptible type of relationship with certain plants. The plants  in which they reside in a 

relationship, basically inside the plants, their whole lifetime or a part of it.
[23]

 Endophytes can 

colonize on all the plants evaluated until now and maybe isolated from almost all of the plant 

elements like roots, stems leaves, barks, or even from dry seeds.
[24]

 Endophytic fungi are 

capability producers of diverse elegance of plant-related secondary metabolites with an 

extensive sort of organic activities which includes antimicrobial agent hypericin.
[25]

 Taxol is 

anticanceragent
[26] 

and rohitukine also anticancer agent
[27] 

acetylcholinesterase inhibitor 

huperzine A.
[28] 

From the LPCB mounts we get to know that the grown organism is Fusarium 

because the various fungal structures like mycelia, hyphae sporangia etc resembles with 

Fusarium genera. In our study we also noticed that Fusarium greatly affect different types of 

root vegetables which cause a great economic loss which is very harmful for the economic 

growth of developing countries like India. We also noticed that Fusarium and aspergillus 

genera grow on the host simultaneously. These two genera are the main reason of fruits and 

vegetables spoilages in different part of the world. Fusariums also show certain antibacterial 

activity which was checked against E.coli and S.aureus. These two are the main reason of 

various human diseases, so the genera of Fusarium can also be used for the production of 
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drugs against these two bacteria spp. Our isolate is positive in the production of amylases, 

protease and cellulases. A scientist, Erhard Friedrich Leuchs who found out that the 

hydrolysis of starch through saliva, because of the presence of an enzyme in saliva. This is 

"ptyalin"(old name), and named amylase in the year 1831.
[29] [30]

 It becomes named after the 

historic Greek name for saliva that is sialon and for ptyalin its miles ptyalon. There are in 

particular 3 styles of amylases that are α-amylases (EC 3.2.1.1), γ-Amylase (EC three.2.1.3), 

β-amylase (EC three.2.1.2). Applications of α-amylases are within the starch industry are 

very extensively spreaded. α amylase enables in  the  starch hydrolysis and starch liquefaction 

technique which in turn converts the starch into fructose and glucose syrups
[31] 

(Nielsen and 

borchert, 2000). The primary purchasers of enzymes are the detergent industries. The usage 

of enzymes in detergents production enhances the potential of the detergents to take away 

stains and also make the detergent surroundings friendly without causing pollution. Amylases 

are the second kind of enzymes that are used in the production of detergent. About ninety% 

of all liquid detergents comprise amylases as a prime supply.
[32] [33] [34]

 Ethanol is one of the 

most applied liquid bio-fuels. For the ethanol manufacturing, the most extensively used 

substrate, starch, due to some unique traits including its low rate and easy availability of  raw 

fabric in maximum regions, also globally.
[35] 

Within the food enterprise the applications of 

amylases encompass baking, brewing, practise of digestive aids, manufacturing of desserts, 

fruit juices and starch syrups.
[35]

 Desizing is one of the main approaches within the textile 

industries. On these desizing method, amylases are the capacity workers. Before fabric 

manufacturing starch are implemented into yarn as a sizing agent to make a certain, quick and 

secure weaving process. Starch is a completely appealing sizing agent due to a few unique 

traits which are cheap, easy availability in most regions and it may be eliminated pretty 

effortlessly. Starch is later eliminated from the woven cloth in a wet-process inside the textile 

finishing industry. The process of desizing entails elimination of starch from the cloth. Starch 

serves because the strengthening agent which prevents breaking of the warp thread in the 

course of the weaving technique. The α-amylases get rid of selectively the sizing agent and 

do not attack the fibers of the textile.
[36] [37]

 The α-amylases also are used considerably within 

the pulp and paper industries. Here amylases are used for the amendment of starch of lined 

paper for the manufacturing of low-viscosity, high molecular weight starch.
[38]

 Microbial 

proteases are hydrolytic enzymes. They were studied considerably for the reason that 

advancement of enzymology research. presently, there is a new interest in the take a look at 

of proteolytic enzymes, popularity that these enzymes do no longer only play an essential 

function in mobile metabolic strategies however also due to the fact they've won great interest 
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in due to the fact they may be industrially vital enzymes.
[39]

 Microbial proteases are labeled 

into three organizations, primarily based on whether or not or no longer there activation 

capacity under acidic, impartial, or alkaline environment.
[39]

 The extracellular proteases 

produced with the resource of microorganisms that are launched out within the booming 

media have big applications in numerous commercial and commercial fields, but, only a few 

proteases generating microbes are appeared as business manufacturers of the protease 

enzyme.
[39]

 The enzyme, proteases generally have packages within the detergent and 

industrial meals industries. Proteases for industries are prepared in bulk quantities and used as 

crude samples, whilst proteases with medical packages are synthetically synthetic in small 

portions and are drastically purified.
[40]

 Proteases have their good-sized programs inside the 

agency, medicine and they may be drastically applied as an essential organic research 

device.
[41] [42]

 Cellulases are the magnificence of enzymes which might be composed of 

independently folding, structurally, and functionally precise units referred to as domains or 

modules.
[43]

 Cellulases are the enzymes which have been available commercially and 

drastically for extra than 3 decades, and people enzymes have been used for each 

instructional and moreover in industrial research.
[44] [45]

 Cellulases also are broadly utilized in 

pulp and paper corporations. The application of different kinds of cellulases within the pulp 

and paper company has extended appreciably during the last 10 years.
[46]

 Cellulases are also 

utilized in material wet processing, those are the most fulfillment enzymes in this kind of 

industry, the one's enzymes are in particular finishing of cellulose-primarily based textiles, 

the number one intention is to enhance the advent of the textile.
[47] [48]

 For bio-gas 

manufacturing, that is a completely latest concern rely now upon an afternoon‘s, it is possibly 

the maximum famous software of cellulases enzymes presently being investigated 

extensively.
[49]

 Microbial cellulases perform an essential role in fermentation techniques at 

the same time as producing alcoholic drinks like beers and wines.
[50]

 The enzyme cellulases 

have very enormous and potential programs in food manufacturing industries. The production 

of fruit and vegetable juices requires advanced strategies for the extraction of juices from 

their respective fruits and vegetables. Cellulases act as a critical difficulty of macerating 

enzymes complex. The complicated consists of 3 high-quality enzymes which may be 

cellulases, xylanases, and pectinases.the maceration enzyme complicated used for extraction 

and clarification of fruit and vegetable juices, which is beneficial for an increase in the yield 

of juices.
[51] [52]

 Cellulase enzymes actually have a big variety of applications within the feed 

industry, additionally, the enzyme named hemicellulase is quite crucial in this example. The 

ones 2 enzymes have obtained giant attention due to their capability to decorate the price of 



www.wjpr.net                                 Vol 9, Issue 7, 2020.                                   

Smruti et al.                                                          World Journal of Pharmaceutical Research 

2091 

feed and ordinary overall performance of animals.
[53]

 distinctive combinations of various 

styles of enzymes like cellulases, hemicellulases, and pectinases have huge applications in 

agriculture, it's miles used for enhancing the growth of flora and controlling remarkable kinds 

of plant ailments.
[54] [55]

 Cellulases also are used to decrease the viscosity of olive paste in 

olive oil manufacturing. The olive fruit includes polyphenolic substances, the enzyme used to 

intensify the extraction gadget.
[56]

 The state-of-the-art innovation in the business method is to 

use cellulases in conjunction with lipase and protease inside the system of detergent 

production.
[45]

 Within the 21st century, the use of different enzymes in several industries will 

increase pretty lots. The continuously developing call for enzymes in lots of industries is 

because of meet call for of suddenly developing population and to save you the extinction of 

natural resources of numerous compounds. 

 

CONCLUSION 

In the study we conducted to isolate the fungus growing on the surface of the C. longa and 

grew it on Czapekdox medium and screened for its morphological and other characteristics 

like its effect on root vegetables as well as its enzymatic activity. Through this study we 

confirmed the species as Fussarium, which infected the rhizomes of C. longa through lacto 

phenol cotton blue staining. The isolated fungus showed certain antimicrobial activity which 

was against both E. coli and S. aureus through well diffusion method. The fungus was able to 

infect other root vegetables like potato, colocassia, carrot, ginger and onion. On onion the 

fungus was re inoculated to check its dominance with Aspergillus species and found that both 

grew on onion as black and white colonies were seen simultaneously. Further the isolated 

fungus also showed various positive results in production of enzymes like amylase, cellulose 

as well as protease. The fungus isolated from one of the most commonly known spice that is 

seen to have various antimicrobial and medicinal effects was seen to have various qualities 

that can make it a possible industrial strain for production of bio based non synthetic enzymes 

or may be used for its anti microbial properties. 
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