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The study was carried out to examine the fungi associated with some fruits 

and vegetables in mattancherry and kochi market also to screen the 

isolated fungi for amylytic and cellulolytic activity. Ten fungal pathogens 

were isolated which caused spoilage of vegetables. The isolation of fungi 

from different vegetable samples was done by sterilization technique and 

spread plate technique.  Samples were plated out on potato dextrose agar 

(PDA) medium and incubated at 28°C±2°C. Resulting growth was 

microscopically screened for fungal species. The isolated fungi were 

identified on the basis of macromorphological and micromorphological 

characteristics. The following morphological characteristics viz. colony 

growth, presence or absence of aerial mycelium, colony color, presence of 

wrinkles and furrows, pigment production etc. was recorded. Ten different 

fungal strains such as Aspergillus flavus species, Aspergillus niger species, 

Curvularia species, Fusarium species, Mucor species, Mucor mucedo 

species, Pencillum species, Rhizopus species, Rhizomucor species and 

Syncephalastrum racemosum species were isolated and identified. The 

five fungal isolates were screened for extracellular amylase and cellulose 

but only some possess cellulosic activity. All the fungal species possess 

degrading properties and secrete extracellular enzymes. This study 

confirms the isolated filamentous fungi from vegetable samples provide a 

basic data for investigation on degradative properties produced by 

extracellular enzymes.  This study has provided useful information about 

the toxigenic fungi associated with local vegetables which may affects the 

human health. Spoiled fruits should be sorted and eliminated to avoid 

toxins usually associated with the growth of fungi 
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INTRODUCTION 

Fungi are eukaryotic organisms classified as a 

kingdom fungi and the name is derived from 

‘mykos’ meaning mushroom. Water, soil and 

decaying organic debris are natural habitat. Some 

colonize on animals, plants and other fungi, living 

at their expense and cause diseases or even death 

and are called parasites.  
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Fungi possess rigid cell walls containing chitin, 

mannan and other polysaccharides and divide 

sexually and asexually (Baveja et al., 2001) some 

fungi are useful to man such as edible mushrooms. 

Fungi can produce both intracellular as well as 

extracellular enzymes. All fungi are heterotrophic 

and rely on carbon compounds synthesized by other 

living organisms. Small molecules like mono or 

disaccharides, fatty acids and amino acids can break 

down larger complex compounds like cellulose, 

amylase, pectinase and protease, fungi secrete 

extracellular enzymes. Fungal extracellular enzyme 

production facilitates the degradation process 

(Wankin, 1975). 

Fungal amylase have dominated 

applications in industrial sectors, a large number of 

them are available commercially (Kathiresan, 

2006), among them many fungi had been found to 

be good sources of amylolytic enzymes.  Cellulose 

is a linear polysaccharide of glucose residues 

connected by beta linkages. These enzymes chiefly 

produce by fungi that catalyze cellulolysis, the 

decomposition of cellulose and some of related 

polysaccharides. These enzymes hydrolyze the 

substrate carboxy methyl cellulose. Successful 

utilization of cellulosic materials as renewable 

carbon sources is dependent on the development of 

economically feasible processing technologies for 

the enzymatic hydrolysis of cellulosic materials to 

low molecular weight products such as hexoses and 

pentose. Carboxy methylcelluloses are 

predominantly endoglucanases able to catalyze the 

hydrolysis of glycosidic bonds in the soluble, 

substituted cellulose, carboxy methyl cellulose. 

These enzymes, formerly called CMCase are 

important components of the cellulose complex that 

catalyzes the degradation of crystalline cellulose. 

Several studies are carried out to produce cellulase 

under suitable conditions from different cellulolytic 

organisms including such as Aspergillus and 

Pencillum species etc. (Krishna et al., 2000). 

Annual reports have shown that 20 % of fruit and 

vegetables produced are lost to spoilage especially 

during post-harvest stages. This has been associated 

with spoilage fungi which can be toxigenic or 

pathogenic. Toxin producing fungi have been 

identified and isolated from spoilt fruits by previous 

researchers. Pathogenic fungi have been reported in 

cases of infections or allergies. 

Microorganisms, especially fungi, are 

known to destroy vegetables, thereby reducing the 

quantity for consumption and the profits obtained 

from sales of vegetables. There is need to identify 

these microorganisms especially those that are 

pathogenic to humans so as to reduce the risk of 

contamination and infection arising from handling 

and consumption of fruits. Therefore, this study was 

undertaken to isolate and identify fungi associated 

with spoilt fruits and vegetables collected from 

local markets around Kochi. 

 

MATERIALS AND METHODS 

Collection of sample  

During the survey infected fruits and vegetables  viz 

,  Cocus L. (Coconut), Terminalia sp. (Haritaki), 

Carica sp. (Papaya), Fragaria sp. (Strawberry) and 

Solanum sp. (Tomato) , Solanum sp. (brinjal), 

Coccinia sp. (ivy gourd), and Benincasa sp. (ash 

gourd), Cucurbita sp. (pumpkin), Phaseolus sp. 

(beans)  were collected from different markets of 

Kochi. Samples were brought to the laboratory in a 

separate sterilized polyethylene bags. 

Isolation of fungi 

Sterilization technique  

Petri dish, conical flask, cotton, test tubes and other 

glass wares were sterilized in autoclaved for 30 

minutes at 121̊ c. After autoclaving all sterilized 

materials was dried in oven at 90̊ c. 

Media preparation: Potato Dextrose Agar (PDA) 

was used for fungal cultures growth. Commercially 

available potato dextrose agar was used as medium 

and prepared by adding 3.8 gm of potato dextrose 

agar to 100 ml of distilled water. The media was 

then autoclaved for 30 minutes at 121̊ c 

Spread plate method 

This technique was used for the enumeration of 

fungi from given sample.  From each fruit and 

vegetables sample the fungi was taken with the help 

of toothpick or needle. Then these were inoculated 

on sterile PDA plate’s in three replicates. The same 

was repeated for the rest and kept the plates for a 

week.  

Slant culture method 

An agar slant tube is a partly filled with an agar 

mix. To make it slant tube the agar is allowed to 

cool with the tube laying at an angle, resulting in a 

large surface area for spreading a culture. Agar slant 

are used for storing pure cultures for a long term. 

There is a minimal risk of contamination. Mouth of 

the tube covered with screw capped or a cotton 

plug. Inoculated the fungi after the agar is set for a 

week. The isolated fungi were identified on the 

basis of macromorphological and 

micromorphological characteristics.The following 

morphological characteristics viz. 
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Identification of fungi 

Colony growth, presence or absence of 

aerial mycelium, colony color, presence of wrinkles 

and furrows, pigment production etc. was recorded. 

In some cases the infected tissues were stained by 

Lacto phenol (Mc Lean and Ivimey, 1965) and 

observed under compound microscope. The 

morphological identification of fungal pathogen 

was based on the morphology of the fungal culture 

colony or hyphae, the characteristics of the spores 

and reproductive structures (Barnett and Hunter, 

1998). 

Macroscopic identification : Colonial morphology, 

color , texture and appearance of morphology 

Microscopic characteristics : Presence of 

reproductive structures and structure of conidia  

Extracellular enzymatic test 

Fungi secrete an extracellular enzyme that 

facilitates the degradative properties in fungi .There 

are various enzymatic test to determine the 

degradative properties in fungi  

Starch test 

Starch test to determine the ability of an organism 

to hydrolyze starch and also differentiate organism 

based on their amylase activity .Using a sterile 

needle or toothpick inoculate the organism into 

starch agar plate, keep the plates for 2-3 days .Flood 

the surface of the plate with iodine solution with a 

dropper for 30 seconds. Examine the clear zone 

around the fungal growth it indicates positive test, 

no clear zone determines negative result. 

Carboxy methyl cellulose test 

Carboxy methyl test to determine the ability of 

organism that hydrolyzes cellulose and also 

differentiate organism based on their cellulase 

activity. Using sterile needle or toothpick inoculates 

the organisms on carboxy methyl agar plate for 2-5 

days. Examine the zone of clearance by using 

staining with 1% Congo red and 1M NaCl. 

 

RESULTS AND DISCUSSION  

From the collected samples ten different major 

species are isolated and identified. The species are 

Aspergillus flavus species, Aspergillus niger 

species, Curvularia species, Fusarium species , 

Mucor species , Mucor mucedo species, Pencillum 

species, Rhizopus species, Rhizomucor species and 

Syncephalastrum racemosum species are obtained. 

Aspergillus flavus is green powered colony. 

Rhizopus has cotton candy like white colony. Mucor 

has white colony with short mycelium. Mucor 

mucedo has cottony white colony. Fusarium has a 

pale greyish colony. Aspergillus niger is black 

powered colony. Curvularia, is Colony black with a 

woolly surface. Pencillum is Green colony. 

Syncephalastrum racemosum is White powdery 

colony. Rhizomucor is white fluffy cotton candy 

growth. In table 1 shows that the morphological 

characteristics of fungi by using traditional method 

such as macroscopic and microscopic identification. 

Table 1. shows that ten fungal isolates were 

associated with the fruits and vegetables of Kochi.  

Screening of enzymztic assay  

           Fungi have the ability to produce 

extracellular enzymes. The screening of fungal 

species against production of extracellular   

enzymes such as amylase and cellulase. shown in 

table 2. 

Carboxy methyl cellulose test 
 The isolates grew on CMC agar plate on 

initial isolation using Congo red staining and 1M 

NaCl and a yellow colour of zones is formed around 

the fungal colony. 
 This result indicates that fruit fungi are good 

producers of enzymes that degrade complex matters 

into simple forms. Fungi can produce both 

intracellular as well as extracellular enzymes. All 

fungi are heterotrophic, and rely on carbon 

compounds synthesized by other living organisms. 

Small molecules like mono or disaccharides, fatty 

acids and amino acids can break down of larger 

complex compounds like cellulase and amylase 

fungi secrete extracellular enzymes. Fungal 

extracellular enzymes production facilitates the 

degradation process (Hankin, 1975).  

 Studies of physiological variation among fungi that 

degrade would, cotton and varies food products as 

well as soil – inhabiting microorganisms, it often is 

desirable to determine and compare the cellulolytic 

activity of various species. Convention methods to 

determine such activity involve either assessment of 

activity in culture filtrates or direct study of 

growing organisms (Rautela and cowling, 1966). 

Beth and scales, (1913) first measured cellulolytic 

ability by determining the magnitude of a yellow 

clear zone formed cellulosic medium. The fungi 

colonizing plant litter play a very important role in 

degrading organic matter which remains in a bound 

and complex form, and in releasing energy rich 

compounds in the soil (Dwivedi and Singh, 1974). 

Bhatt, (2000) reported that, according to the 

estimation approximately 20% of the >1 billion US 

dollars of the worlds scale of industrial enzymes 

consists of cellulase and hemicellulases.  
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Table 1. Fungal isolates associated with the fruits and vegetables of Kochi 

 

Some of the above fungi were isolated by other 

workers also. Recent studies regarding fungal 

contamination are conducted all over the world.  

Dijksterhuis et al., 2013 found that Alternaria 

Alternata, Aspergillus flavus, Aspergillus 

ochraceus, Aspergillus parasiticus, Fusarium 

proliferatum and Penicillium citrinum are involved 

in spoilage of Beans and peas. Onuorah and Orji 

(2015) isolated Aspergillus Niger, Rhizopus 

stolonifer, Fusarium oxysporum, 

Saccharomyces cerevisiae, Alternaria alternata, 

Penicillium digitatum and Geotrichum candidum 

from spoiled tomatoes. Etebu et al., 2013 reported 

that fungi affecting tomatoes include Aspergillus 

phoenicis, Absidia sp., Trichoderma sp., Alternaria 

alternata, Fusarium oxysporum, Fusarium 

moniliformis, Aspergillius niger, Mucor sp., 

Rhizopus stolonifer, Penicillium sp., Geotrichum sp. 

and Phytophthora sp. Wogu and Ofuase (2014) 

isolated Aspegillius sp., Penicillum sp., Fusarium 

sp. and Saccharomyces sp. from spoilt tomato fruits. 

Mbajiuka and Enya (2014) also isolated 

Aspergillius sp., Penicillum sp. and 

Saccharomyces cerevisiae from spoilt tomatoes. 

Oyemaechi et al. (2014) observed 6 species of fungi 

Candidatropicalis, Penicillium notatum, Aspergillus 

Niger, Fusarium oxysporum, Absidia corynbifera, 

Rhizopus stonolifer in spoilt tomatoes. 

Niturea et al. (2008) reported that both 

acidic and alkaline conditions of the organism 

produced significant level of inducible amylase 

enzyme and the cellulose was lower compared with 

other enzyems . Earlier researchers such as in the 

work of Iniekong et al. (2015) which studies fungi 

playing role in the spoilage of consumable fruits 

and vegetables and was able to isolate Rhizopus 

stolonifer , Aspergillus niger and several other 

species of Fusarium. Studies on the fungi associated 

with tomato rot showed seven fungi associated with 

fruit rot of Tomato including Fusarium equiseti , 

A.flavus and A.niger, they were all pathogenic on 

tomato fruits (Oladiran and Iure, 1993). Peach and 

orange has been studied for fungal decay in storage 

and its relation to shop (local shops) and a number 

of Aspergillus species have been isolated . Al-Hindi 

et al. studied  different fresh postharvest fruits sold 

in Jeddah city and isolated different species of 

Fusarium, Aspergillus and Rhizopus. 

 

Sl. 

No 

Macroscopic features Microscopic features Identification 

fungi 

 1 

Green powdered colony. Reverse 

goldish to red brown 

Conidiophores hyaline and appear 

rough  Aspergillus flavus  

 2 

White cotton candy dense growth. 

Reverse white  

Well developed rhizoids at the point on 

the stolon and unbranched 

sporangiophores  Rhizopus 

 3 

White cotton candy fluffy 

appearance 

Branched sporangiophores and rhizoids 

absent  Mucor  

 4 

Colony cottony and white in colour  Rhizoids are absent . Unbranched 

sporangiophore  Mucor mucedo  

5 

Pale greyish colony  Terminal chlamydospores with 

nonseptate hyphae , fusiform , slightly 

curved macroconidia  

 

 

Fusarium 

6      

Black powdered colony. 

 Reverse white to yellow 

Presence conidiophores that look like a 

vesicle Aspergillus niger  

7 

Green colony. Reverse usually 

white,  

but may be red or brown 

Presence of conidiophores & appeared 

as in chains. Bears flask shaped 

phialides Pencillum 

8 Colony black with a woolly surface Large conidia containing usually 4 cells Curvularia  

9 

White fluffy cotton candy growth Branched sporangiophores and rhizoids 

at points between sporangiophores Rhizomucor 

10  

White powdery colony Finger like tubular sporangia Syncephalastrum 

racemosum 
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Plate 1: Fungal isolates associated with the fruits and vegetables of Kochi  

Sample Macroscopic view  Microscopic view Digrammatic view  
Aspergillus flavus 

 
Coconut    

Rhizopus 

    
Mucor 

 
Papaya  

 
 

Mucor mucedo 

 
Strawberry    
Fusarium 

 
Tomato    
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Aspergillus niger 

 

Ivy gourd 

   

Penicillium 

 

Ash gourd  

 
 

 

Curvularia 

 

Brinjal 
 

 
 

Rhizomucor 

 

Pumpkin 
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Syncephalastrum racemosum 

 
Beans 

   

 

These fungi on screening for extracellular enzymes 

showed degradative properties. In India, studies 

conducted on fungal contamination levels are few. 

Thiyam and Sharma (2013) studied fruits 

collected from local markets  of Barak valley, 

Assam . They were able to isolate 23 fungal 

pathogens from different fruit samples collected , 

which include Aspergillus , Curvularia, Mucor , 

Pencillium,  Rhizopus , Fusarium etc. Among the 

fungal isolates Aspergillus was found to be the most 

dominant ones responsible for extensive damage of 

fruits in the markets of Cachar district of Southern 

Assam. These pathogens were screened for 

extracellular enzymes and results were similar to 

the present study. Rathod (2010) reported post-

harvest fungal diseases of some fruits of 

Marathwada regions of Maharashtra. . Post harvest 

pathogens on some fruits were reported by Basha et 

al., 2009; Rao, 1963; Srivastava et al., 1964 and 

Mandal and Dasgupta, 1983. Extensive damage of 

the citrus fruits by pathogens (Kanaujia, 1979 and 

Mukerji and Bhasin, 1986). Similar finding has 

been reported by Dange (1998) and Cherian (2005). 

Ghurde and Pachkhede (2010) was reported the 

market and storage diseases of fruits from 

Amravati.Recently, Gadgile et al. (2011) has 

reported post harvest fungi associated with mango 

fruits. The most common fungi isolated were 

Aspergillus sp., Rhizopus sp., Mucor sp., and 

Fusarium. Physical conditions like the temperature 

and the pH of the extracellular environment greatly 

affects the growth and enzymatic activities of the 

microorganisms (Hyde et al., 2019). So the 

occurrence of these fungal species is largely 

dependent on the local environmental conditions as 

well.  

Many fungal species, including those 

present in the air, may be responsible for the 

production of metabolites with the most varied 

industrial and biological applications, enzymatic 

and antimicrobial activities (Viriato, 2014). Fungi 

have both good and bad facets (Pointing and Hyde, 

2001). They are essential for nutrient cycling 

because of their ability to degrade cellulose and 

lignin (Pointing et al., 2001). On the other hand, 

they cause serious human, animal and plant diseases 

and have numerous negative aspects on human life 

(Hyde et al., 2018a). Fungi can have a variety of 

applications such as in strategies against human 

disease, strategies against plant disease, enhancing 

crops and forestry, food and beverages from fungi 

etc. Also fungal species can be used in the effective 

management of solid wastes. Fungi can completely 

degrade the materials without leaving any possibly 

harmful toxins. The former studies show that 

majority of the fungal species show degradative 

property on various enzymes and it is useful for the 

industrial production of enzymes. Aspergillus flavus 

can be found in variety of environments throughout 

the world gives that their growth is largely 

determined by the availability of moisture usually 

found in foods. Rhizopus species prefers warm and 

dry habitat and are found in wide variety of organic 

substances including “mature fruits and vegetables”, 

jellies, syrups, leather, bread, peanuts and tobacco. 

Mucor species are not thermotolerant except Mucor 

indicus . Hence they are unable to infect humans 

and endothermic animals. They are commonly 

found in soil, digestive systems, plant surfaces, 

some cheeses, rotten vegetable and fruit matter. 

Fusarium species are widely distributed in soil and 

are associated with plants. Some Fusarium species 

are among the most important fungal pathogens of 

plants and animals. Aspergillus niger can found in 

variety of environments throughout the world gives 

that their growth is largely determined by the 

availability of moisture usually found in foods. 

Penicillium and Rhizomucor are found in soil, 

decaying vegetation and air.Curvularia it to thrive 

near hot springs in soil temperatures of up to 104 °F 

(40 °C). The fungus confers this protective effect 

only when itself infected by the Curvularia thermal 
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tolerance virus. Syncephalastrum racemosum is 

foundcan found in variety of environments largely 

determined by the availability of moisture usually 

found in foods. A clear zone around the line of 

growth after addition of iodine solution indicates 

that the organism has hydrolyzed starch. Five fungal 

isolates show degradative property of enzymes that 

indicates clear zone around fungi. 

 

Table 2. The degradative properties of filamentous fungi. (+) represents as present   (-) represent as 

absent 

  

SPECIES  AMYLASE  CELLULASE 

Aspergillus flavus + + 

Rhizopus + + 

Mucor + + 

Mucor mucedo  + + 

Fusarium + - 

Aspergillus niger + - 

Pencillum + - 

Curvularia  ++ - 

Rhizomucor + - 

Syncephalastrum racemosum + - 

 
Concusion 

The present study has investigated that, screening of 

filamentous fungi for degradative properties isolated 

from fruits. In this work 10 different fungal strains 

such as Aspergillus flavus, Rhizopus species, Mucor 
species, Mucor mucedo, Aspergillus niger, 

Curvularia, Pencillum, Syncephalastrum racemosum, 

Rhizomucor and Fusarium species were isolated. Most 

of the fungi isolated in this study belonged to the 

family Mucorales which does not pose much risk to 

human health. Their ingestion may cause irritation or 

allergic reactions. But both Aspergillus species and 

Fusarium pose serious health risk as they are known 

human pathogens. For people with healthy immune 

systems, breathing in Aspergillus is not harmful. 

However, for people who have weakened immune 

systems, breathing in Aspergillus spores can cause an 

infection in the lungs or sinuses which can spread to 

other parts of the body. Penicillium species are 

diverse and widely distributed in the environment but 

they are not commonly associated with human and 

animal infections. With some of the few pathogenic 

species affecting plants, P. citrinum, P. chrysogenum 

are commonly associated with humans/animals and 

the mode of infection being mostly through inhalation 

and sometimes ingestion diseases that are keratitis, 

endophtalmitis, otomycosis, pneumonia, endocarditis 

and urinary tract infections. Mucormycosis belong to 

Rhizomucor cause invasive, cutaneous, pulmonary or 

disseminated infection. Curvularia are known to cause 

onychomycosis, ocular keratitis, sinusitis, 

mycetoma, pneumonia, endocarditis, cerebral abscess, 

and disseminated infection. Syncephalastrum is a very 

rare causative agent of human zygomycosis.  It has so 

far been isolated in cases of cutaneous infection   and 

otomycosis. It is therefore recommended for timely 

spraying of the fruits with fungicides to reduce the 

damaging activities of the fungal pathogen and 

contamination with mycotoxins and other related 

fungal metabolites that might be hazardous to human 

health.  

The 10 fungal isolates were screened for 

extracellular amylase and cellulose. All fungal species 

possess starch degrading properties and secrete 

extracellular enzymes amylase. This study confirms 

the isolated filamentous fungi on fruit and vegetable 

samples provide a basic data for investigations on 

degradative properties produce by extracellular 

enzymes. On the basis of enzymatic test it can be 

stated that most of the filamentous fungi isolated from 

fruit and vegetable samples produce extracellular 

enzymatic activity that degrade complex organic 

matters into simple forms. Aspergillus flavus, 

Rhizopus species, Mucor species, Mucor mucedo, 

Aspergillus niger, Curvularia, Pencillum, 

Syncephalastrum racemosum, Rhizomucor and 

Fusarium species showed starch degrading properties. 

Curvularia shows high amylase degradative property. 

Cellulose degrading properties were shown only by 

A.flavus , Mucor species, Mucor mucedo. and 
Rhizopus  species. Fusarium species, Aspergillus 

niger, Curvularia, Pencillum, 

Syncephalastrumracemosum and Rhizomucor lacked 

cellulose degrading properties. The filamentous fungi 

played a major role in the degradation of organic 

matter present in fruits from Mattancherry. 
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