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The purpose of this study was to screen and evaluate the biological potential of secondary metabolites 
obtained from endophytic Cladosporium sphaerospermum isolated from stem of medicinal plant Citrus 
medica. Antifungal assay was evaluated from crude extract of endophytic fungal strain. The crude 
extract isolated from endophytic fungi showing potential activity against bacteria and fungi. The fungal 
crude extract showed potential activity at higher concentration 500 µg/mL inhibited the growth of R. 
stolonifur (10 mm), A. niger (9.9mm) P. chrysogenum (8.3mm) and T. horzianum (7.8mm) respectively. 
While lower zone of inhibition was observed at 20 µg/mL concentration against the pathogenic fungal 
strains i.e T. horzianum (2.3mm), P. chrysogenum (5.5mm) and A. niger (6.3mm) and no inhibition was 
recorded in the R. stolonifur (0). LCMS analysis showed that the crude extract have the presence of 
bioactive secondary metabolites. From the present study it is concluded that the crude extract obtained 
from endophytic fungi Cladosporium sphaerospermum contain bioactive compounds that have the 
potential to inhibit the growth of pathogenic bacteria and fungi. So it can be used as potent antifungal 
upon further purification and exploitation. 
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INTRODUCTION 

Fungi are eukaryotic microorganisms, initially, 
these microorganisms were placed with plants but 
later on due to their distinct characteristics, a 
separate kingdom was assigned to these 
microorganisms. Fungi occur in both unicellular 
and multicellular form (Wani et al. 2016). The 
word endophyte is of Greek origin in which word 
“endon” means inside or within and “phyte” means 
plants. De Bardy for the first time proposed the 
word “endophytes” in 1866 (Higgins et al. 2016).  

According to Wilson, “endophytes are 
bacterial and fungal species which infect plant 
tissues without producing any apparent symptoms 
and do not cause diseases in them”. Endophytic 
fungi exist in plant tissue in the form of mycelia 
and form biological association with plants in their 

life cycle and remain asymptomatic (Clay 1990).  
The fungal endophytes have the capability to 

protect the plant from attack of herbivorous 
insects by the help of toxins production (Crawford 
et al. 2010). Endophytic fungi can stimulate the 
growth of the plant by producing phytohormones 
or by increase the tolerance of plant to abiotic 
stress conditions. The properties of promoting the 
growth of plant are very important and have 
potential in the agricultural aspects (Khan et al. 
2011). Phyllostica sp. is the endophytic fungus 
that is important source of taxol in the artificial 
cultural media and this fungus has the potential to 
produce natural bioactive agent (Gangadevi & 
Muthumary 2017). The study of fungal secondary 
metabolites began in 1922 by Harold Raistrick 
who described more than 200 mould metabolites 
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with further classification. Endophytic fungi 
produce a wide variety of biologically important 
natural products. This diversity of fungal natural 
products is due to the fact that endophytic fungi 
are enormous in number growing in unique 
environments (plant tissues) covering nearly all 
the existing environments (Photita et al. 2001). 

The genus Cladosporium has great 
significance in the life of living organisms i.e. man, 
animals and plants. The species of this genus are 
pathogenic as they cause different diseases. 
Some are harmful and damage the food. Some of 
the species are also beneficial for the welfare of 
human being. So much productive research 
should carrying on endophytic Cladosporium 
sphaerospermum. Human pathogens develop 
drug resistance to antibiotics due to which the 
efficacy of antibiotics decrease. So it’s necessary 
to discover new biological active compounds. This 
can give relief and assistance in all aspects of life 
(Joseph & Priya 2011). Many groups of 
researchers have proved that bioactive compound 
produced by endophytic fungi could be the 
alternative approaches for discovery of novel 
drugs (Zhao et al. 2011). C. sphaerospermum is a 
fungus isolated from leaves of medicinal plant 
Citrus by Albert Julius Otto Penzing in 1866 (Anke 
2011). 

In analytical chemistry, most widely used 
technique for the identification and isolation of 
compound is LCMS that is liquid chromatography 
and mass spectrometry based on physical 
separation and mass analysis. Sample is 
separated by liquid chromatography and then 
production and detection of ions by mass 
spectrometry (James et al. 2009). Liquid 
chromatography has been used in food, chemical 
and pharmaceutical industries. This technique has 
significant role in the medical field. It is the 
quantitative and qualitative investigation, detect 
the compound and identify and separate on the 
basis of mass to charge ratio (Ahmad & Khan 
2013). 

The present study was conducted for the 
isolation of endophytic fungus, C. 
sphaerospermum, from the stem of Citrus medica 
and its exploitation for biologically active 
secondary metabolites to explore the potential of 
the isolated endophytic fungi that has antifungal 
properties and produce bioactive compounds. 
  
MATERIALS AND METHODS 

Isolation and Identification of Endophytic 
Fungi 

SDA and PDA media was used for the growth 
of fungi (Khan 2009 & Ibrar et al. 2011). 
Endophytic fungi were isolated from Citrus medica 
L. using the particular method of   Petrini, (1986). 
Slides has been prepared, observed the 
microscopic features and identified 
morphologically and microscopically by mycologist 
and with available literature. 

Preliminary Antibacterial potential 
Nutrient agar medium and Nutrient broth was 

used for determination of antibacterial potential. 
The isolated fungus was subjected for preliminary 
antibacterial activity against different bacterial 
species. The endophytic C. sphaerospermum 
showed zone of inhibition that was biologically 
active and further used for biological activities 
(Khan 2009). 

Test Microorganisms 
Antimicrobial activity of endophytic C. 

sphaerospermum was determined against 
pathogenic fungal strains i.e., R. stolonifur, T. 
horzianum, P. chrysogenum and  A. niger. 

Extraction of Secondary Metabolites 
The fungal isolate was incubated for 10 to 20 

days in the shaking incubator at 150 rpm and 
28oC, using Czapek yeast extract broth media. 
The fungal culture was acidified by few drops of 
HCL after incubation period and fungal medium 
was filtered with filter paper. Equal volume of ethyl 
acetate was added to the media continuously 
shake it for 20 minutes. Mixture was transferred to 
separating funnel, two layers has been formed 
ethyl acetate and sample.  Sodium chloride and 
sodium sulphate was added in the ethyl acetate 
layer for purification. The metabolites were 
obtained by rotary evaporator and to recover 
crude extract from rotary evaporator, methanol 
was used.  

Antifungal bioassay 
Crude metabolite of C. sphaerospermum was 

subjected to determined antifungal potential 
against different pathogenic fungal strains. 
Method used for antifungal activity was agar tube 
diffusion method (Khan & Shahzad 2010). 

Sabouraud dextrose agar medium was used 
for evaluating the antifungal activity of fungal 
extract. After autoclaving medium has been 
poured in test tubes than these were placed in tilt 
position. Different fungal species were transferred 
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in test tubes with the help of sterile loop and then 
placed in the fungal growth incubator for 6 to 7 
days at 28oC. Concentrations of fungal crude 
extract20 µg/mL, 50 µg/mL, 100 µg/mL, 250 
µg/mL and 500 µg/mL was used for antifungal 
potential against fungal strains and zone of growth 
inhibition was measured in millimeters. Dimethyl 
sulpho oxide was used as negative control and 
Mecanazole  was used as positive control. 

This activity was performed in triplicate. After 
incubation period the formula given below was 
used to determine the percent zone of inhibition 
(Dugan et al. 2013). 

Inhibition % = Zone of sample× 100 
                         Zone of control  

LCMS Analysis 
Liquid chromatography and mass 

spectrometery is the technique used for the 
identification and isolation of biologically active 
compounds (James, 2009). The sample was 
prepared at dose of concentration10mg/mL in the 
solvent methanol. This solution was filtered with 
the help of cheese cloth, which was helpful to 
remove the impurities. After filtration, sample was 
purified by centrifugation at 1000 rpm for 2 
minutes for removing the impurities that has been 
left in the form of pallet.Waters ZQ spectrometer 
with electrospray ionization (ES) was used for LC-
MS. Twenty microliters of the sample was taken 
with the help of micropipette and was injected into 
the reverse phase column. The column was 
protected from mechanical shear by additional 
column called the guard column (Luna C-5 300). 
Compounds were detected at 200-400 nm in the 
crude sample. 

Solvent systems used for preparative and 
analytical runs were: 

(A) Ultra-pure water, H20 (HPLC grade) with 
0.050% formic acid,  

(B) Methanol, MeOH (HPLC grade) with 
0.045% formic ac id, 

(C) Acetonitrile, CH3CN (HPLC grade) with 
0.045% formic acid), 
 
RESULTS  

Growth of Fungal Plate 
SDA media was used for the cultivation of 

endophytic fungi Cladosporium sphaerospermum. 
Colonies on SDA medium reaching to 20-42 mm 
and are velvety, light brown, olive, due to profuse 
sporulation either with white and regular margin or 
undulate. Optimum temperature for growth of 
fungi Cladosporium sphaerospermum growth rate 

is 25°C to 27°C and no growth was observed at 
maximum temperature at 37 °C and minimum 
temperature at 4°C. Colonies was observed flat or 
rarely radially furrowed with elevated colony at 
center. Fig 1 showed the growth of endophytic 
fungi on SDA media. 

 
 
 
 
 
 
 
 
 
 

Figure1: An Endophytic C. sphaerospermum 
isolated from Citrus medica on SDA plate 

Identification 
C. sphaerospermum, is identified by globose 

conidia, thick-walled, septate mycelium, spherical 
and terminal conidia showed in fig. 2. 

 
Figure 2. Showed microscopic features of 

endophytic C. sphaerospermum 

Antifungal activity 
Endophytic fungus C. sphaerospermum has 

been successfully isolated from Citrus medica and 
was investigated to yield the bioactive secondary 
metabolites. The results obtained after biological 
screening of crude metabolites of C. 
sphaerospermum of antifungal activity are given 
below. 

Antifungal activity against Rhizopus stolonifur 
Crude fungal extract of C. sphaerospermum 

was tested against R. stolonifur using different 
dose of concentrations 20 µg/mL, 50 µg/mL, 100 
µg/mL, 250 µg/mL and 500 µg/mL. Greater 
antifungal potential (10mm) was noted against the 
pathogenic fungal strain used at 500 µg/mL 
concentration showed in fig. 3.while at 50 µg/mL, 
100 µg/mL and 250 µg/mL, antifungal activity was 
recorded as 1.4mm, 3.9mm and 4mm 
respectively. No antifungal potential was noted at 
lower concentration 20 µg/mL, the results are 
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showed in fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure3: Maximum antifungal activity of C. 
sphaerospermum crude extract against R. 
stolonifur 

 

 
Figure 4 : Antifungal activity of endophytic C. 

sphaerospermum extract against  R. stolonifur 
Antifungal activity against T. horzianum 
Data showed that various concentrations (20 

µg/mL, 50 µg/mL, 100 µg/mL, 250 µg/mL and 500 
µg/mL) of crude metabolites of C. 
sphaerospermum significantly affected the growth 
inhibition of T. horzianum. The ethyl acetate crude 
extract  having concentration of 500 µg/mL 
showed a maximum antifungal activity 7.8mm 

zone of inhibition against T. horzianum, showed in 
fig. 5. While other lower concentrations of 250 
µg/mL, 100 µg/mL, 50 µg/mL and 20 µg/mL have 
shown lower antifungal potential and zone of 
inhibition was observed as 5mm, 3.1mm, 2.9mm 
and 2.3 mm respectively, given in the fig. 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure5: Maximum antifungal activity of 
endophytic C. sphaerospermum against T. 
horzianum 

 
Figure 6: Maximum antifungal activity of 

endophytic C. sphaerospermum against T. 
horzianum 

Antifungal activity against Penicillium 
chrysogenum 

Antifungal activity showed that different dose 
of C. sphaerospermum crude extract was active to 
inhibit the growth of P. chrysogenum. Maximum 
antifungal activity of C. sphaerospermum was 
measured against P. chrysogenum showed in fig. 
7. At other lower concentrations of 250 µg/mL, 
100 µg/mL, 50 µg/mL and 20 µg/mL have showed 
lower zone of inhibition 7.2mm, 6.8mm, 6.4mm 
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and 5.5mm respectively. Higher zone of inhibition 
(8.3mm) was noted for the maximum 
concentration 500 µg/mL.The results are 
presented in fig. 8. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Maximum antifungal activity of 
endophytic Cladosporium sphaerospermum 

against P.chrysogenum 

 
 

Fig.8. Antifungal activity of C.  
sphaerospermum crude extract against  P. 

chrysogenum 

Antifungal activity against Aspergillus niger 
Maximum antifungal activity of the crude 

metabolites of C. sphaerospermum was observed 
against Aspergillus niger showed in fig.9. Result 
showed that zone of growth inhibition was 
recorded (6.3mm) at lower concentration 20 
µg/mL while zone of inhibition was highest (9.9) at 
higher concentration 500 µg/mL (figure 9).  At 
concentrations of 50 µg/mL, 100 µg/mL and 250 
µg/mL growth inhibition was observed as 6.8, 9.2 
and 9.3 respectively shown in fig. 10. The results 
of present study described that different 
concentrations of crude extract C. 
sphaerospermum showed commendable 

antifungal potential against the pathogenic fungal 
specie A. niger. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9: Maximum antifungal activity of 

Cladosporium  sphaerospermum crude extract 
against A. niger 

 

 
 

Figure 10: Antifungal activity of crude extract 
of  C. sphaerospermum  against  A. niger 

Liquid chromatography and mass 
spectrometery 

The fig. 10 showed the LCMS chromatogram 
of fungus Cladosporium sphaerospermumin which 
the trace A show the UV profile of the crude 
extract, the Trace B shows ES negative and trace 
C shows ES positive. UV strong peaks which can 
be seen from the dectarea seeming of the LCMS 
graph. Additional the ES positive and ES negative 
graph are also very strong. From this graph it can 
suggest that this fungus has the potential to 
produce bioactive metabolites upon further 
purification and exploitation. 

 

5.5
6.4 6.8 7.2

8.3

0

2

4

6

8

10

20 50 100 250 500

%
 i

n
h

ib
it

io
n

Fungal extract µg/mL

6.3 6.8

9.2 9.3
9.9

0

2

4

6

8

10

12

20 50 100 250 500

%
 i

n
h

ib
it

io
n

Fungal extract µg/mL



Akmal et al.                                  Antifungal Potential of Endophytic Cladosporium sphaerospermum L.  

 

    Bioscience Research, 2021 volume 18(1): 805-812                                                             810 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 11: Shows the LCMS chromatogram of 
fungus Cladosporium sphaerospermu 

 
DISCUSSION 

Fungus was identified as C. sphaerospermum 
through slide culture technique and further 
confirmed by plant pathology Department 
University of Agriculture Peshawar. The conidia  
are very small and in the form of branched chains, 
easily spread from one place to another place. 
Other species of this genus are pathogenic to 
plants, cause leaf spots and other diseases 
(Crous et al. 2001).These microscopic features 
were also observed in our microscopic study 
using slide culture technique. 

CYB was the best media for growing fungi 
also for manufacture of bioactive secondary 
metabolites of marine fungi. Different colonies of 
fungi were grown on plates having agar media, 
and analysis of genomic DNA was isolated and 
explained (Redman et al. 2002). We used 
different sources of Carbon and Nitrogen by using 
different culture media i.e (Czapek–dox Broth 
(CB), CYB and PDB. CYB showed best result for 
production of bioactive secondary metabolites. 
The researcher used Sabourad dextrose agar for 
the growth of fungus. As Dr. Saeed and Dr. Abid 
department of Microbiology and Biotechnology, 
University of Peshawar had already worked on the 
endophytic fungi in the laboratory and they have 
optimized these conditions for the fungus growth 
on SDA, therefore I follow this. 

The bioactive compound Fusapyrone was 
isolated from Fusarium semitectum. This was 
tested against fungal strain R. stolonifer to 
determine the antifungal potential and growth 
inhibition was noted that exhibit the properties to 
fight against fungal pathogens (Altomere2000). In 
another study the crude metabolite of  endophytic 
fungus Aspergillus spp. was tested  against 
pathogenic fungi R. stolonifer to checked the 
antifungal potential.At dose concentration of. 50 
mg/mL  the fungal extract showed antifungal 
potential (Faheem 2012). 

A study conducted in 2016 the crude 
metabolites of Aspergillus spp. was tested against 
P. chrysogenum for determining the antifungal 
potential, using maximum concentration of 500 
µg/mL, showed the percent inhibition was 65%, 
that showed with the dose of higher concentration 
of fungal extract the growth inhibition was also 
increase (Asif 2016).) The crude metabolites 
isolated from endophytic C. sphaerospermum for 
the biological screening of antifungal activity and 
showed significant results (Wang et al. 2013). The 
antifungal potential was tested against 
Colletotrichum and Phomopsis viticola. Less 
growth inhibition was noted at 30μM against these 
fungal species. The study of peel of Punica spp 
showed the antifungal activity  against A. niger  
that showed pomegranate  have highest  
antifungal activity against the fungal strain and 
observed the zone of inhibition as 23mm 
(Dahham et al. 2010). The results are similar with 
another study that showed higher antifungal 
potential of A. niger against Punica spp i.e 13 and 
10 mm respectively (Naseem Ullah et al. 2012; 
Naeem et al. 2020) 

Thus it is concluded that overall microbial 
activity that is bacteria or fungi were similar. The 
higher concentration of fungal metabolite crude 
extract inhibited the growth inhibition as compare 
to lower dose concentration extract. 

The current study showed that LCMS is an 
important technique for the identification of 
compounds and the endophytic fungus C. 
sphaerospermum has the potential to produce 
bioactive metabolites upon further purification and 
exploitation. LCMS is sensitive and wide used 
technique for the identification of compound on 
the basis of Liquid Chromatography and Mass 
Spectrometry. LCMS help to identify class of 
compound and masses characteristic (James 
2009; Sarah et al. 2019). 

CONCLUSION 
In the present study it can be concluded that 

endophytic fungi isolated from Citrus medica L. 
has been used for the production of secondary 
metabolites that can be used as antibiotics 
against pathogenic fungal strains. The bioactive 
secondary metabolites isolated from C. 
sphaerospermum have the capability to fight 
against microorganisms and have showed 
significant result against fungal species. LCMS is 
the technique for the identification of compound, 
also used in chemical, medical and food 
industries. Fungal extract is used for the treatment 
of fungal and bacterial diseases, that will also 
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supportive and helpful for the economy of the 
country. The present results showed that the 
endophytic fungi can play a vigorous role as 
antifungal and future experiments in biological 
sciences. 
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