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ABSTRACT 
 
Ripened mangoes are perishable sometimes as they contain large amount of water and carbon 
sources which make it susceptible to spoilage by different fungi. This study was therefore carried out 
through morphological characteristics, growth characteristics and control measure of two unknown 
fungal strains isolated from postharvest spoiled ‘Gopalvog’ and ‘Mollica’ mango varieties. Both the 
colony color of fungal strain isolated from ‘Gopalvog’ and ‘Mollica’ was initially white. Surprisingly, 
the colony of fungal strain from ‘Gopalvog’ became grayish brown after 72 hours. The optimum 
mycelial growth of fungal strain isolated from ‘Gopalvog’ was obtained at pH 8, temperature 35°C 
and 2% glucose concentration. The optimum pH and temperature for growth of the fungal strain 
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isolated from ‘Mollica’ were 6 and 35°C respectively. At 6% NaCl concentration, 100% inhibition of 
growth was obtained for both fungi. Growth of both the fungal strain was inhibited at 2% and 0.5-2% 
citric acid concentration respectively. 
 

 
Keywords: Mango; postharvest spoilage; fungi; isolation; inhibition. 
 
1. INTRODUCTION 
  
Huge amounts of fruits are cultivated across the 
world. The recommended quantity of fruits to be 
consumed by a healthy adult is 230 g/day, while 
the current per capita consumption of fruits is 
reported to be less than 160 g/day [1]. Mango 
was originated from India and Southeast Asia 
and nowadays it is one of the most important 
fruits cultivated in tropical countries [2].  
 
In accordance with several studies it was 
reported that different parts of M. indica contains 
phenolic compunds, polyphenols, phenolic acids, 
hydrocarbons, fatty acid, amino acids and 
triterpenes etc. and these chemical compounds 
present in the mango exhibited various biological 
activities like  anticancer, anti-inflammatory, 
antidiabetic, antioxidant, antibacterial, antifungal, 
anthelmintic, gastroprotective, hepatoprotective, 
immunomodulatory, antiplasmodial and 
antihyperlipemic effects [3]. 
 
Extension of mango cultivation has been 
occurred to several other parts of the world 
including Africa, the Americas and the Caribbean 
region [4]. Day by day consumption of mango get 
popularity in the developed countries [5]. Among 
highest mango producing countries, Bangladesh 
takes 8th position in the world [6].  In Bangladesh, 
total production of mango is 1047849 t annum-1 

with an average yield of 13.25 t ha-1 [6].The 
potential of mango as a commercial crop is 
markedly limited because of its high perishability, 
which results in considerable wastage [7]. 
Disease susceptibility due to microorganism, 
sensitivity to low storage temperatures and 
perishability due to ripening and softening are 
serious causes of postharvest losses in mango 
which are limiting its handling, storage and 
transport potential. The postharvest losses of 
fresh mango fruits are reported to be 25-40% in 
India and 69% in Pakistan; and microbial decay 
accounts for 17.0-26.9% of the total postharvest 
losses in Asian countries [8]. The postharvest 
spoilage in mangoes has been estimated to be in 
the range of 25-40% from harvesting till they 
reach consumers. It is well known that mango is 
climacteric in nature and ripen quickly after 
harvest. As a tropical fruit, mango is susceptible 

to a number of physiological disorders due to low 
temperature during storage and even suffers 
from chilling injury [9].  At ambient temperature, 
harvested mango fruit at the mature stage ripen 
quickly and have a short postharvest life, which 
is limited by physiological deterioration related to 
over ripening and by pathogen development 
leading to decay [10]. Rapid ripening in 
combination with infection by microorganism is a 
serious cause of postharvest spoilage in mango 
[11]. Most of cases microorganisms responsible 
for mango spoilage are fungi and bacteria where 
ripened mangoes are more susceptible to attack 
by a variety of microorganisms [12]. More than 
90 fungal strains are responsible for mango 
spoilage [13]. “Gopalvog” and “Mollica” are the 
two most cultivated mango varieties in 
Bangladesh. These two varieties are greatly 
affected by postharvest spoilage.  Current study 
was designed to characterize and control of fungi 
associated with the spoilage of postharvest 
mango varieties named Gopalvog and Mollica. 
 
2. MATERIALS AND METHODS 
 
2.1 Collection of Fruits 
 
Postharvest spoiled mangoes of Gopalvog and 
Mollica varieties were collected from Fruit 
Research Centre, Rajshahi, Bangladesh. The 
selected mangoes were separated by 
polyethylene bag for each type of infected fruit.  
 
2.2 Isolation of Fungi from Infected Fruits 
 
The fungi responsible for the spoiled Gopalvog 
and Mollica mangoes were isolated on PDA 
(Potato Dextrose Agar, (Hi-Media, India) medium 
by following the standard procedures described 
by [14] with a slight modification. 
 
2.3 Purification of Culture 
 
The fungus growing from the infected piece was 
removed and re inoculated on PDA medium for 
several times for pure culture. Single colony or 
sweep from the end of a hyphal tip was used as 
inoculum and inoculated on PDA for pure culture 
of respective fungus.  
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2.4 Microscopic Observation of Fungi 
 
Mycelia from pure cultures were examined under 
Optika digital microscope (Italy) and was 
identified by comparing their morphological and 
cultural characteristics with previously published 
descriptions [15,16]. 
 
2.5 Molecular Identification of Selected 

Fungal Isolates 
 
After 7 days of incubation of two fungal isolates 
on potato dextrose broth at 28±2°C, DNA was 
isolated from mycelium mat by using TIANamp 
Genomic DNA Kit (TIANGEN Biotech Beijing co. 
LTD) using manufacturer’s guidelines. The 
quality of the isolated DNA was determined using 
1% agarose (Sigma-Aldrich, Switzerland) gel 
electrophoresis. The primer pair ITS 1 (5’-
TCCGTAGGTGAACCTGCGG-3’) and ITS 4 (5’ –
TCCTCCGCTTTATTGATATG-3’) were used to 
amplify the ITS (Internal Transcribed Spacer) 
region which is the universal fungal primers using 
for identification of fungi, purchased from IDT, 
Malaysia [17]. The PCR amplification was carried 
out by following the Cycling condition where 
initial activation was at 94°C for 5 min., followed 
by 35 cycles at 94°C for 30 sec., annealing was 
at 52°C for 30 sec, and final extension was set at 
72°C for 1min. 
  
2.6 Growth Profiling of Both Fungi 
 
Potato Dextrose Agar (PDA) media was used to 
study the colony morphology whereas Czapeck 
Dox Agar (CDA) (Hi-Media, India)  and 
Sabouraud Dextrose Agar (SDA) (Hi-Media, 
India)  media were prepared to compare the 
morphology with PDA media. After 7 days of 
growth of fungi on the plates, different 
morphological characteristics of colony such as 
form, elevation, margin, colour, size, surface, and 
dry weight were observed on three different 
media and classified according to the cultural 
characteristics described in [18]. Different 
characteristics were identified for the growth 
profiling of the two fungal strains. Different 
carbohydrates such as glucose, fructose, 
sucrose and starch were added as sole carbon 
source to the medium at 2% concentration 
instead of dextrose to check the effect of them. 
The effect of temperature on the growth of fungi 
was identified by a incubating both the fungi at 
5°C, 15°C, 25°C and 35°C at 28±2°C for 7 days. 
The effect of pH on the growth of the two fungal 
strains was identified by inoculating both the 
fungi into the PDA medium of pH of 6.0, 7.0, 8.0 

and 9.0. Lastly, dry weight of all the fungi was 
measured. 
 
2.7 Study on Cellulolytic Activity 
 
Cellulolytic activity of the fungi was tested using 
Potato Dextrose liquid medium in which sterilized 
3 mm filter paper was inserted as a source of 
cellulose. Then, 5 mm diameter plug of a 7 days 
old colony of both fungal isolates were inoculated 
in the PDA liquid and incubated at 28±2°C for 7 
days and lastly flasks were observed to check 
the cellulose degrading ability of both fungi. 
 

2.8 Control Measure by Aqueous of Spice 
and Plants Extract 

 
Aqueous extracts of bulb of Allium sativum, root 
of Borussus flabellifer and leaves of Scaparia 
dulcis, Pandanus odoratissimus and Withania 
somnifera were used to investigate their 
effectiveness on the growth of the fungal strains. 
 

2.9 Control Measure by Treating with 
NACL 

 
The effect of salinity on the growth of the fungal 
strains was carried out by incubating the fungus 
in various NaCl (Carl Roth, Germany) 
concentrations- 0.5%, 1%, 2%, 4%, 6% (w/v). 
 

2.10 Control Measure by Citric Acid 
 
Citric acid is one of the predominant organic 
acids present in mango. To observe the effect of 
citric acid, different citric acid concentrations of 
0.25%, 0.5%, 1% and 2% (w/v) were added into 
the potato dextrose liquid medium and pH was 
adjusted to 6.5. All the inhibition percentage were 
measured by the following formula,  
 

ܫ%	 ൌ
஼ି்

஼
×100  

 
Where, I= Percentage of inhibition, C= radial 
growth in control, T= radial growth in treatment. 
 

2.11 Statistical Analysis 
 
All data are the average of triplicates. All the 
graphs and standard error were analyzed using 
Microsoft Excel 2016.  
 

3. RESULTS 
 

3.1 Isolation of Fungi 
 
The two unknown fungal strains i.e. fungal strain-
1 and fungal strain-2 were from post-harvest 
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spoilage of mangoes of Gopalvog and Mollica 
varieties which is showed in Fig. 1. 
 
3.2 Microscopic Identification 
 
Mycelia of the two fungi were examined and 
identified under microscope. In fungal strain 1, 
colonies grew faster, mycelium was fine threaded 
shape and the color was white from the front 
initially and became grayish brown in time. In 
addition, hyphae of the fungal strain-1 were 
branched, broad and the diameter of          
hyphae was about 63.35 µm and no spore was 
appeared. On the other hand, in fungal strain-2, 
colonies were very fast growing and                  
appeared cottony to fluffy, colony color was white 

from the front and the shape of hyphae was very 
fine thin thread like. Hyphae were about 14 µm  
in diameter and spore was not found. 
Microscopic view of both the fungal strain are 
given in Fig. 2. 
 
3.3 Molecular Identification 
 
DNA isolated from the fungal strains showed 
high molecular weight and bright band on 1%   
agarose gel electrophoresis where band 1 kb 
plus DNA ladder was used as a marker showed 
in Fig. 3. The consensus primers ITS1 and ITS4 
were used to amplify a region of the rDNA gene 
repeat unit. Both the isolates yielded a single 
band of ~550 bp. 

 
 

 

Fig. 1. Isolated strains from the postharvest spoiled mangoes. (A) And (C) are the selected 
postharvest spoiled mangoes. (B) and (D) are the pure culture of fungal strains named stain-1 

and strain-2 isolated from Gopalvog and Mollica respectively 
 

Fig. 2. Microscopic observation of the isolated fungal strains. (A) Shows thicker hyphae with 
conidia indicated by arrow. (B) Shows thinner hyphae with spore indicated by the arrow 
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Fig. 3. Molecular identification of the isolated fungal strains. L, S-1 and S-2 indicate the Ladder, 

Strain-1 and Strain-2 respectively. (A) High molecular weight DNA band with ladder (B) PCR 
amplification of ITS region showed around 550 bp band in both strain 

 

3.4 Colony Characterization on Different 
Media 

 

Characterization of the colony of the two fungi 
were done according to (18) by culturing them on 
three different types of media i.e. Potato 
Dextrose Agar, Czapek Dox Agar, Sabouraud 
Dextrose Agar. Among three types of media, 
SDA media increased growth of the fungal strain-
1 where the growth of the fungal strain-2 was 
promoted by PDA media. The results are shown 
in Tables 1 & 2 and in Fig. 4 (A). 
 

3.5 Effect of Carbohydrate on the Growth 
of Two Selected Fungal Strains 

 

To identify the effect of different carbohydrates 
on the growth of the two fungal strains, different 
carbohydrates such as glucose, fructose, 
sucrose and starch were added as sole carbon 
source to the medium at 2% concentration 
instead of dextrose. It was found that all the 
carbohydrates stimulated the growth of both 
isolates but glucose was more stimulatory than 

the other carbohydrates for the growth of fungal 
isolate-1 where sucrose enhanced the growth of 
fungal isolate-2 comparative to other 
carbohydrates. So, the obtained result is much 
closer to the referred one. The results are 
showed in in Fig. 4 (B). 
 
3.6 Effect of Temperature on the Growth 

of Two Selected Fungal Strains 
 
The effect of different temperatures on the 
growth of both fungal strains were observed after 
incubation both of them at 5°C, 15°C, 30°C, and 
35°C temperature for 7 days. Interestingly, both 
the fungal strains showed maximum mycelial 
growth at 35°C temperature. The results are 
showed in Fig. 4 (C). 
 
3.7 Effect of pH on the Growth of Two 

Selected Fungal Strains 
 
pH is one of the major criteria for the optimal 
growth of any fungi. The mycelial growth of the 

 

Table 1. Morphological characterization of fungal strain-1 on different growth media 
 

Characteristics Potato dextrose agar 
(PDA) 

Czapek dox agar (CDA) Sabouraud dextrose 
agar (SDA) 

1.Form 
2.Elevation 
3.Margin 
4.Surface 
5.Color 
6.Size (cm) 
7. Dry weight (gm) 

Irregular and 
Filamentous 
Raised 
Filiform 
Smooth 
Greyish White 
6.65 cm 
0.1464 gm 

Irregular and 
Filamentous 
Cateriform 
Filiform 
Smooth 
Greyish White  
5.9 cm 
0.1020 gm 

Irregular 
Convex 
Undulated 
Smooth 
Greyish White 
8.6 cm 
0.2845 gm 
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Table 2. Morphological characterization of fungal strain-2 on different growth media 
 

Characteristics 
 

Potato dextrose agar 
(PDA) 

Czapek dox agar 
(CDA) 

Sabouraud dextrose 
agar (SDA) 

1.Form 
 
2.Elevation 
3.Margin 
4.Surface 
5.Color 
6.Size (cm) 
7.Dry weight (gm) 

 Irregular and 
Filamentous 
Nmbonate 
Undulated 
Smooth 
white 
4.45 
0.1020 gm 

Irregular and 
Filamentous 
Nmbonate 
Undulated 
Smooth 
White 
2.9 
0.0262 gm

Irregular and 
Filamentous 
Convex 
Undulated 
Smooth 
White 
4.35 
0.0870 gm 

 
two fungal strains was observed in pH values of 
6.0, 7.0, 8.0 and 9.0. It was found that the fungal 
strain-1 showed maximum growth at pH 8.0. On 
the other hand, the fungal strain-2 showed 
maximum growth at pH 6.0. The results are 
showed in Fig. 4 (D).  
 

3.8 Study of Cellulolytic Activity 
 

Cellulolytic activity is the ability of the cellulose 
enzyme to degrade cellulose. In this study, after 
7 days of inoculation of fungi, it was observed 
that the filter papers in the cultural flasks were 
not degraded which indicates that both of the 
strains do not have any ability to degrade 
cellulose.  

3.9 Control Measurement by Treating with 
Plant Extracts 

 
Different concentrations of aqueous extracts                  
of plant parts of Allium sativum, Scaparia              
dulcis, Borussus flabellifer, Pandanus 
odoratissimus and Withania somnifera                 
plants were used to investigate the inhibition  
rate on both fungi. In the present study,               
growth of both the fungi could not be               
controlled by 10%, 15%, 20% concentrations of 
aqueous extracts of the above plants. Growths of 
both fungi cultured with aqueous extract were 
close to control where the aqueous extract was 
absent. 

 
 

 

Fig. 4. Growth profiling of the isolated fungal strains. (A) Highest growth was found on SDA in 
case of strain 1 whereas strain-1 exhibited highest growth on PDA. (B) Different growth pattern 

showed on different carbohydrate level. (C) Showed similar growth at 35°C temperature& (D) 
Optimum pH for strain-1 and strain-2 was 8 and 6 respectively 
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3.10 Control Measurement by Treating 
with NaCl 

 
It was found that the increasing concentration of 
NaCl had a greater inhibitory effect on the growth 
of both fungi. It was observed that the 
percentage of inhibition of growth rose with the 
increase of the concentration of NaCl. At 6% 
concentration, 100% inhibition of growth of both 
fungal strains was observed respectively. The 
results are showed in Fig. 5.  
 
3.11 Control Measurement by Treating 

with Organic Acid 
 

To identify the effect of organic acids on the 
growth of both the fungi, different concentrations 
of citric acid e.g., 0.25%, 0.5%, 1%, 2% w/v were 
added to the potato dextrose liquid media. No 
growth of the fungal strain-1 was observed at 2% 
concentration of citric acid. On the other hand, 
fungal strain-2 did not show significant growth at 

0.25% concentration and no growth was noticed 
at 0.5-2% concentration. The results are showed 
in Fig. 6. 
 
4. DISCUSSION 
 
Mango is one of the most popular fruits in the 
tropical region and its consuming rate is 
increasing in the developed countries day by day 
[5]. But one of the reasons for not being 
economically much important fruit in the world is 
its susceptibility to postharvest diseases [19]. 
Ripened mangoes are more susceptible to attack 
by a variety of microorganisms and several 
studies found that the main microorganisms that 
cause mango spoilage are fungi and bacteria 
[12,13]. “Gopalvog” and “Mollica” are two most 
cultivated varieties of mango in northern region 
of Bangladesh. Postharvest spoiled mango of 
those two varieties was collected and two 
unknown fungal strains i.e. fungal strain-1 and 
fungal strain-2 were isolated from them in PDA

 
 

 
Fig. 5. Inhibition of the fungal isolates by NaCl. 6% NaCl showed highest inhibition for the 

growth of both fungal strains 
 

 

 
Fig. 6. Growth pattern of the fungal isolates in different citric acid concentration. 2% and 0.5-

2% citric acid inhibited 100% growth of fungal strain-1 and strain-2 respectively 
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media. Mycelia of the two fungi were identified by 
comparing with the previously published 
descriptions in several studies [15,16] and it was 
found that both the colonies of fungal strain 1 
and 2 show different characteristics. Isolated 
DNA from both fungi were amplified and run on 
gel electrophoresis which confirms the presence 
of the region which is specific for fungi. Colony 
characterization of the two fungi were done 
according to [18] by culturing them on three 
different types of media where SDA and PDA 
media increased growth of the fungal strain-1 
and  fungal strain-2 respectively. The results 
showed that all the carbohydrates stimulated the 
growth of both isolates but glucose was more 
stimulatory than the other carbohydrates for the 
growth of fungal isolate-1 where sucrose 
enhanced the growth of fungal isolate-2 
comparative to other carbohydrates which are 
close previous studies [20,21]. Both the fungal 
strains showed maximum mycelial growth at 
35°C temperature which were also showed in 
several that fungi may grow well from 
temperature of 25°C to 37°C [22,23]. The 
mycelial growth of the two fungal strains showed 
maximum growth at pH 8.0 and 6.0 respectively. 
[22,23]. The isolated fungi strains are not 
cellulolytic as they cannot produce cellulase 
enzyme like  Trichoderma, Humicola, Penicillium 
and Aspergillus [24]. Growth of both the fungi 
could not be controlled by different 
concentrations of aqueous extracts of the part 
extracts of Allium sativum, Scapariadulcis, 
Borussus flabellifer, Pandanus odoratissimus 
and Withania somnifera plants which all have  
the antifungal properties described in several 
studies [25-28]. NaCl has the ability to apply 
stress in the growth of fungi and it was found that 
the increasing concentration of NaCl had a 
greater inhibitory effect on the growth of both 
fungi and at 6% concentration, 100% inhibition of 
growth of both fungal strains was observed. 
Several studies have been done on the effect                
of those organic acids on the growth of the                
fungi [29]. No growth of both the fungal                 
strains was observed at 2% concentration of 
citric acid.  
 
5. CONCLUSION 
 
In the present study, colony morphology of both 
fungi grown on different media showed different 
characteristics. Similar characteristics were also 
noticed especially in color. The maximum growth 
of the fungal strains was achieved at Potato 
dextrose agar and Sabouraud dextrose agar 
media respectively. The optimum temperature 

(35°C) and pH (8 and 6) for growth of the fungal 
strains were successfully identified. The most 
efficient carbohydrates (glucose and sucrose) for 
growth of the fungal strains were investigated. 
No cellulose degrading activity was shown by 
both fungi. It was identified that growth of                 
both fungi could not be controlled by                  
aqueous extracts of five types of plant. The 
control measurement of growth of the fungal 
strains was carried out with the treatment of 
NaCl. With the increase in the concentration of 
NaCl, the percentage of growth inhibition was 
increased. It was noticed that the growth of both 
fungal strain decreased with the increase in the 
concentration of organic acid. These findings will 
assist to prevent postharvest mango spoilage 
attacked by the both fungal strains. If we can 
restrict the conditions that increase the growth of 
the fungi, it is possible to prevent mango 
spoilage. 
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