
Introduction

Fungi are one of the least explored taxonomic groups with 

regard to the extent of their biodiversity, biochemical properties 

and biotechnological promise. This is in spite of the fact that 

more than 1000 new species are characterized every year and 

thousands more isolation and characterization awaited for 

(Heywood, 1995; Hawksworth, 2001). Thus, despite the 

incredible record of new taxonomic discoveries, the chemistry 

and utility of fungal products are largely unexplored. 

One of the most effective ways to search for metabolically 

active fungi, producing a wide diversity of secondary 

metabolites, is to look for these organisms in unique 

ecological niches. One niche that is relatively unexplored is 

the living tissues of higher plants. The fungi living in these 

niches are known as endophytes. 

The term “endophyte” originally introduced by de Bary 

(1866) refers to any organisms occurring within plant 

tissues, distinct from the epiphytes that live on plant 

surfaces. Endophytic fungi regarded as fascinating group of 

organisms colonize the living internal tissues of their host 

usually higher plants that do not cause any disease 

symptoms rather benefits plants in their secondary 

metabolite production (Azevedo ., 2000). Endophytic et al
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microorganisms can be divided into two groups: those that do 

not generate external structures from the host (group I) and those 

which are able to develop external structures such as the nodules 

of N2-fixing bacteria and mycorrhizal fungi (group II). 

However, microbes those colonize living internal tissues of 

plants without causing any immediate harm over negative 

effects (Petrini .,1992; Bacon ., 2000). Further, true et al et al

endophytes are the fungi whose colonization never results in 

visible diseases symptoms (Mostert L ., 2000). Furthermore, et al

fungi which spend whole or part of their life cycle colonizing 

inter and/or intra cellular spaces in stem, petiole, roots and 

leaves, inside the tissues of healthy plants, typically causing no 

apparent symptoms of disease are endophytic fungi. These 

endophytes are having immense potential to enhance host 

resistance against herbivores through the production of various 

secondary metabolites, nutrient uptake, and play key roles to 

affect host tolerance to heat, salinity, evolution and plant 

biodiversity. 

A noval and  promising area in the search for renewable biofuels 

and green chemicals is the discovery of microorganisms that 

produce fuel-related hydrocarbons (Mycodiesel) and other 

useful products. This is in contrast to yeast fermentation that 

utilizes expensive sugars or starch to produce ethanol, which is a 

proven and useful source of fuel but which for many reasons it is 

not ideal. Recently, a number of endophytic fungi produce a 

wide variety of secondary metabolites from which a low 

molecular– mass organics are derived which are known as 

Volatile organic compounds (Korpi ., 2009) such as mono-et al

terpenoids, alkanes, cyclohexanes, cyclopentanes, and alkyl 

alcohols/ketones, benzenes and polyaromatic hydrocarbons. 

Many of these compounds are either identical to or are closely 

related to those specific classes of molecules that are found in 

diesel. Most importantly, these organisms make hydrocarbons 

while utilizing cellulosic and hemicellulosic polymers found in 

all plant-based agricultural wastes (Hamdy ., 2009).et al

Since the use of fossil fuels has a several disadvantage include 

unsustainability, environmental pollution, and health hazards 

there occurs the search of alternative energy source with same 

efficiency, environment friendly, easily available sources with 

sustainability. Therefore the necessity to explore a new raw 

material ends in identifying endophytic fungi. Fungi accumulate 

lipids which is trans-esterified to form Myco-diesel. Where 

some other species include of familyGliocladium roseum  

Bionectriaceae produces a series of straight-chained alkenes and 

other hydrocarbon which is normally found associated with 

compounds of natural diesel and hence they can effectively 

replace fossil fuel products without any trans-esterification. 

They are renewable and that is compatible current commercial 

engines.

The microbial resources endophytic populations are mostly 

unexplored. Thus, an investigation was carried out to 

isolate and characterize the endophytic fungi of selected 

medicinal plants  with the aim to Solanum trilobatum

establish a repository, explore their bioactive potential and 

isolate new leads for drug discovery, industry and 

agriculture. In this report, we described the characterization 

of endophytic fungi obtained from such plant and their 

bioactive potential. The extraction, characterization and 

identification of volatile compounds produced by fungal 

endophytes can only be studied using more sophisticated 

means, such as with the use of Gas- Chromatography Mass-

Spectrophotometry (GC-MS) (Strobel ., 2001).et al

Materials and methods

Plant sample collection

Selected medicinal is collected from Sathyamangalam 

forest and sealed in sterile bags and processed within 24hrs 

after sampling (Dobranic ., 1995; Schulz ., 1998).et al et al

Isolation of endophytic fungi

For isolation of endophytic fungi, first explants are washed 

under running tap water followed by surface sterilization, 

which varies depending on the type of plant material and 

contaminants. The stem, leaves (lateral and midrib) and 

petioles were cut into segments (0.5-1.0 cm). The samples 

are surface sterilized by method of (Chandrasekhar ., et al

2011; Dobarnic ., 1995). In case of leaves, after et al

washing under running tap water explants should be 

thoroughly washed using distilled water. These surface 

sterilized materials were further sterilized inside the 

laminar air flow cabinet with ethanol (75%) for 10 seconds 

followed by sodium hypochlorite (4%) for 90seconds 

followed by rinsing with double distilled deionized sterile 

water to remove remnants of the sterilets and blot dried on 

sterile tissue paper. The tissues are then examined for the 

presence or absence of endophytic fungi through culturing 

methods. The sterilized explants were cultured in Petri 

dishes containing Potato Dextrose Agar Medium (PDA) 

supplemented with 100 μg/ml of streptomycin, Ampicillin 

and Chloramphenicol (Monnanda ., 2014; et al

Suryanarayanan ., 1998) sealed with parafilm, et al

incubated at 25°C ± 2°C and were monitored every day for 

the growth of endophytic fungi. Further to the development 

of colonial growth on the media, the fungi were isolated 

from the main culture plate and made into pure cultures. 

The growth of the endophytic fungal colonies from the 

plant tissues were observed every day. 

Identification of endophytic fungi

These endophytes can be identified on the basis of their 
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morphological characteristics of spores and mycelium. Further, 

for morphological identification the cultures were stained with 

lactophenol cotton blue reagent and examined under research 

microscope (Verma ., 2007; Wei, 1979). et al

Preparation of fungal mycelial extract

To screen and select the hydrocarbons producing endophytic 

fungi among purified fungal isolates, they were cultured in 

Potato Dextrose broth, Potato Carrot broth, Czepak dox broth 

and YEPD broth respectively. Flasks were kept in shaker for 7 

days at 150 rpm at 28 C.The culture broths were filtered, using o

cheese cloth and the culture media and mycelia were separated. 

The mycelia was soaked in ethyl acetate and homogenized. 

Metabolite extraction was done by mixture of solvents like, Ethyl 

acetate, Chloroform, Dichloromethane with the ratio of 

3:2:1.Then the extracted mixture was dried in rotary evaporator 

to yield the crude. Crude were stored at 4°C until analysis 

(Tayung ., 2011).et al

Detection of bioactive compounds

The extracts obtained were subjected to instrumental analysis 

such as UV, FTIR and GC-MS to identify the bioactive 

compounds present in the fungal extracts. The instrumental 

conditions and the  by various compounds were detected

instruments were discussed below.

UV of fungal mycelial extract 

Fungal mycelial crude were subjected to UV analysis for 

absorbance of hydrocarbons. Ultraviolet Spectrum were run in 

JASCO-UV Model name V-630 were used the Data Array Type 

and Linear Data Array of Data Interval 1 nm of Measurement 

range 800-200nm wave-length UV/Vis bandwidth at 1.5 nm 

and received absorbance at (Max-Min ) at Scan speed of 400 

nm/min.

Fourier Transform Infrared Spectroscopy (FT-IR) analysis

Fungal mycelial crude were subjected to Spectroscopic analysis 

for identification of the functional groups of hydrocarbons. The 

crude extracts of endophytic fungus were analyzed by FTIR to 

know the different functional groups present in the fungal 

extracts. The crude fungal extract was subjected to analyze in 

FTIR in which the diffuse reflectance technique was followed. 

The crude sample was mixed with potassium bromide (KBr) to 

form a very fine powder. This powder was then compressed into a 

thin pellet which was analysed. KBr was also transparent in infra 

red light. The samples were irradiated by a broad spectrum of 

Infra Red Light and the level of absorbance at a particular 

frequency was plotted after Fourier transformation of the data. 

The resulting spectrum was characteristic of the organic 

molecule present in the sample ( ). Devi  2014et al.,

Gas Chromatography (GC-MS) analysis

Hydrocarbon derivatives and other composition of the 

strains were extracted by acid were determined by GC-MS 

(39) One μL of crude methanol extract of the plant was . 

subjected to analysis of its constituents using Agilent 

Technologies 6890N GC system coupled with JEOL Mass 

spectroscopy. The sample was injected to the Agilent J&W 

HP-5 capillary column (30 m × 0.2 mm × 0.25 μm) fused 

with silica. The injection temperature was maintained at 

220°C. The oven temperature of GC was programmed with 

an initial temperature of 50°C and increased up to 250°C at 

the rate of 10°C per min. Helium (He) was used as the 

carrier gas system with the flow rate of 1 mL/min. GC-MS 

interface temperature was maintained at 250°C. 

Identification of compounds was based on the comparison 

of the spectral values with the National Institute of 

Standards and Technology (NIST) Chemical Web book 

database. In addition, the peak area percentage contributed 

by each of the compounds detected was calculated. 

(Meghan  2010).et al.,

Results

Altogether Fifty segments (approx.0.5cm ) from each of the 2

leaf, petiole and stem tissues of  were Solanum trilobatum

screened for the presence of endophytic fungi. A total of 21 

fungal isolates were obtained from 150 segments of 

medicinal plant parts screened using a modified surface 

sterilization technique.  Among the isolates, 10 were sterile 

forms. The remaining isolates were classified into 20 

species belonging to 8 genera of fungi. Endophytic fungi 

were isolated  plants include: from the selected medicinal

Colletotrichum Lunata , Curvularia lunanta,  Phomo ,  Sp Sp

Fusarium oxysporum,  Cladosporium ,  cladosporioides

Rhizopus stolonifer,  Aspergillus niger, Drechslera bisepata 

(Figure 1).

Figure 1. Petriplates showing pure cultures of endophytic 
fungi (a) sp (b) Sp (c)  Phoma .   Curvularia Colletotrichum 
lunanta  Fusarium oxysporum(d) 
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Sporulating structures of fungi were considered as diagnostic 

features for identification of endophytes. Sporulating isolates 

such as Sp SpColletotrichum  , Curvularia lunanta,  Phomo ,  

Fusarium oxysporum,  Cladosporium ,  cladosporioides

Rhizopus stolonifer,  Aspergillus niger, Drechslera bisepata  

were shown in Figure 2.

Figure 2 Micrographs of identified endophytic fungal species  

(a) Sp (b)  (c)  Dreshlera biseptata  Curvularia Colletotrichum 

lunata   Fusarium oxysporum Phoma S(d)   (e) p

Extraction for hydrocarbon of Curvularia lunata 

production

Figure 3. Mass culture of Curvularia lunata 

UV analysis of crude extract from Curvularia lunata

The UV analysis of crude extract from Curvularia lunata 

shows maximum wavelength of absorbance at 0.049 λ Max. 

The minimum absorbance at the range of 800 nm. The 

maximum absorbance at the range of 200nm is 7. This 

indicates the absorbance range of maximum in UV and less 

comparable in visible range.

Figure 4. UV Analysis of endophytic fungal Curvularia 

lunata Mycelial Extract

FTIR spectral analysis of Curvularia lunata

The FTIR spectral analysis of the ethyl acetate crude 

extracts of  showed the major peaks with Curvularia lunata

intensity of 3358.21cm-1 (sp C-H stretch, sp  C-H stretch, 2

alcohol O-H stretch, carboxylic acid O-H stretch, 1 N-H2 ͦ

stretch, 2 N-H stretch), 2944.46cm  (Sp  C-H stretch, ͦ -1 3

aldehyde C-H stretch, carboxylic acid O-H stretch) 

respectively.  The minor peaks in the FTIR spectrum were 

observed with the intensity of   1452.46 cm  (C=C stretch   -1

aromatic) 1113.94 cm (alkoxy C-O, C-N, acyl C-O phenol -1

C-O) 1029.07cm  (alkoxy C-O, C-N), respectively as in -1

Table  1.Fig  5. 

Table 1. Functional groups of Hydrocarbons present in FT-

IR of  Solanum trilobatum

www.apjonline.in
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S. No. Wave No Functional groups

1 1029.07 alkoxy C-O,C-N

2 1113.94 alkoxy C-O,C-N, acyl C-O phenol C-O

3 1452.46 C=C stretch aromatic

4 1664.64 C=O stretch, C=N stretch, C=C stretch alkene, C=C

stretch aromatic, N-H bend, nitro

5 2047.53 thiol S-H stretch

6 2944.46 Sp3 C-H stretch, aldehyde C-H stretch, carboxylic acid

O-H stretch

7 3358.21 sp C-H stretch, sp2 C-H stretch, alcohol O-H stretch,

carboxylic acid O-H stretch,1o N-H2 stretch,2o N-H

stretch

129Advance Pharmaceutical Journal 2016; 1(5): 126-132



Figure 5. FT-IR analysis of selected endophytic fungal 

Curvularia lunata Solanum trilobatum strain from 

Figure 6. GC-MS analysis of fungi from Solanum trilobatum

GC-MS analysis of Curvularia lunata

Interpretation on mass spectrum of GC-MS was done using the 

database of National Institute Standard and Technology (NIST) 

having more than 62,000 patterns. The chromatogram and 

the spectral analysis along with the name, molecular weight 

and structure of the components of the endophytic fungus 

Curvularia lunata. were ascertained below in Table 2. 

Chemical structure of compounds present in ethyl acetate 

extract for . are Glycine, N-(phenyl Curvularia lunata

acetyl)-, ethyl ester , 4-(6-Methoxypyridazinyl-3-amino)- 

1,2 –naphthoquinone, Hexadecanoic acid,14-methyl-, 

Methyl ester, 6-Octadecenoic acid, methyl ester, [3-Methyl-

2-(4- nitro phenyl)-4-oxo-1,2,3,4 tetrahydo-phthalazin-

1yl]-, acetic acid, methyl ester,  9,15-Octadecadienoic acid, 

methyl ester, (ZZ)-, Pentadecanoic acid,14-methyl-, methyl 

ester-, Octa-decanedioic acid,3,16-dioxo-, dimethyl ester 

(Table 2; Figure 6).

Discussion

Medicinal plants are considered as a repository of 

“endophytic microbes” living in the internal tissues of 

plants. The quest for identifying novel bioactive from the 

endophytic fungi has resulted in the sampling of host plants 

such as herbs, shrubs, tree species, and vines in unique 

places of ecological adaptations around the rainforests of 

the world.

The medicinal plant species were sampled from the Tala 

cauvery subcluster situated in the Kodagu District of 

Western Ghats of Southern India (Kshirsagar  2001).  et al.,

Endophytes such as , , , Colletotrichum Phoma Acremonium

Chaetomium Botryodiplodia Trichoderma , , and species  

were isolated with % D>2.0.  Few fungal taxa that are less 

frequently isolated are Sp, Pestalotiopsis Penicillium 

islandicum Cladosporium herbarum Alternaria alternata, , , 

www.apjonline.in

Retention

Time

Name of Compounds (IUPAC) Molecular

Formula

Molecular Weight

(Da)

15.98 Glycine, N-(phenyl acetyl)-, ethyl ester C12H15NO3 221.252

17.58 4-(6-Methoxypyridazinyl-3-amino)- 1,2 -naphthoquinone C15H11N3O3 281.266

18.18 Hexa-decanoic acid,14-methyl-,Methyl ester C18H36O2 284.477

19.15 6-Octadecenoic acid, methyl ester C19H36O2 296.4879

23.23 [3-Methyl-2-(4- nitro phenyl)-4-oxo-1,2,3,4 tetrahydo-

phthalazin-1yl]-, acetic acid, methyl ester

C18H17N3O5 355.345

18.9 9,15-Octadecadienoic acid, methyl ester, (ZZ)- C19H34O2 294.472

17.17 Pentadecanoic acid,14-methyl-, methyl ester- C17H34O2 270. 4507

25.32 Octa-decanedioic acid,3,16-dioxo-, dimethyl ester C20H34O6 370.48036

Table 2. Hydrocarbons present in GC-MS of fungal extract of from LCurvularia lunata Solanum trilobatum 
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F. graminearum Phomopsis Sphaeronema Colletotrichum , and . 

Sp. are the most frequently encountered endophytic fungi 

(Photita  2015), whereas Sp. are well et al., Pestalotiopsis 

documented as endophytes of many rainforest plants (Raj, 1993), 

Strobel ( 2002)  tropical tree species, namely, Terminalia arjuna 

(Tejesvi , 2005),  (Mahesh, 2005). In the Azadirachta  indica 

present study totally 21 fungal species were isolated, where 2 

belonging to coelomycetes, 6 belonging to hyphomycetes and 11 

were sterile forms. Diversed in the stem, leaves and petioles of 

Solanum trilobatum. Endophytes are capable of producing 

biologically active compounds as their secondary metabolites. 

Isolated  when were provided with essential Curvularia lunata

nutrients produce hydrocarbon derivatives, that conformed by 

UV, FT-IR and GC-MS analysis.

In the report, in order to determine which volatile compounds 

were produced by the fungus, the volatile organic compounds 

(VOCs) found in the GC-MS analysis of controls were removed 

from the list of VOCs appearing in the flask supporting fungal 

growth as done previously (Strobel ., 2001). However, an et al

examination of this approach has revealed that it was inaccurate 

for the study. The automated library search results generated 

from the NIST 2005 database spectral search were used as the 

only means of compound comparison between fungal products 

and those of the control. Due to the similarity of many alkane 

fragmentation patterns the automated search is not always 

reliable (Schulz and Dickschat, 2007).

Conclusion

The above results confirmed that fungal endophyte Curvularia 

lunata can produce a variety of hydrocarbon derivative similar to 

myco-diesel. Further investigation on this fungus for myco-

diesel  production and commercial enhancement will be future 

goals.

The present investigation is the first isolation of endophytes from 

the medicinal species and their plant parts. Though isolation of 

endophytes has been accomplished from various forest types and 

locations around the globe, each study is unique in documenting 

the newer endophytic taxa.

Our finding also emphasizes that  could be Curvularia lunata

explored for hydrocarbons for fuel production.  
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