
Introduction

Medicinal plants are the one of the easily available, cost 

effective, and unique source of drug since ancient times and 

greatly influencing on the economic value of all over the world. 

Nature is the boon for all the organisms, fortunately blessed us 

with a very rich flora and favourable climatic conditions. The 

plant species growing in various parts of the country or the 

world, in various adverse climatic conditions are capable of 

producing several potential bioactive molecules. The literature 

available gives information about the role of the medicinal 

plants used in curing several health ailments of human beings.  

Plants used in ayurvedic medicinal system contain several 

potential bioactive molecules used in treating life threatening 

diseases of human beings (Alsheikh et al., 2009). Continuous 

use of a particular plant species results in reduction in number 

of plants population, ultimately when a particular species of 

plant population is reduced then its name is included in the 

red data book (Ahmedullah et al., 1999). A wide variety of 

medicinal plants used traditionally to cure several ailments. 

Pathogenic micro-organisms are responsible for causing 

many infectious diseases and to cure these, there are several 

drugs are available but the micro-organisms becoming 

resistant to presently available drugs (Eloff, 2000). For 

example Methicillin resistant , vancomycin Staphylococci

resistant , penicillin resistant are Enterococci Pneumococci 

the prominent examples of the drug resistance (Finch et al., 

2005). In the present scenario of emergence of multiple drug 

resistance to human pathogenic organisms, this has 

necessitated a search for natural, cost effective and least toxic 

antimicrobial substances. Several plants have been 

systematically investigated for novel compounds, but very 
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few plants have been systematically investigated for endophytic 

fungi. The endophytic fungi are those microbes that reside in 

healthy tissues of plants, at least for a part of their life cycle, 

without causing disease in their host (Petrini, 1991)    .

Endophytes are the proved rich sources of natural compounds 

with variety of pharmacological and biological activities. 

Mutualism interaction between endophytes and host plants may 

result in fitness benefits for both partners (Kogel et al., 2006). 

Each and every plant on the earth is the host for one or more 

endophytes (Storbel et al., 2003). The works  carried out so for   

regarding the role of endophytes  in host plant  shows that they 

can stimulate plant growth, increase disease resistance, improve 

plant's  ability to withstand or overcome  environmental stresses 

and recycle nutrients (Sturz et al., 2000). Recent reports had 

shown that fungal endophytes could also produce metabolites 

similar to or with more activity than their host plant (Storbel, 

2002). Since the microbial sources of bioactive compounds are 

easier and more economical for large-scale production than 

plant sources (Storbel et al., 2003). Endophytic fungi are the 

gold mines of plant Kingdom, in future it is the only such source 

that can fulfill the needs of human health problems.  India is the 

poor country but it has rich biodiversity that is not there in any 

other country in the world. So, it is the boon for scientists in their 

research to isolate several bioactive molecules, which helps in 

curing many dreadful diseases of human population Terminalia . 

arjuna, the versatile traditional medicinal plant belongs to the 

Combretaceae family, is the rich source of bioactive compounds 

with diverse chemical structure. The bark of has been T.arjuna 

recommended and used as cardiac tonic and bark  

powder/decoction is used to treat heart diseases, bone fractures,  

skin diseases, polyuria, hypercholesterolemia, white discharge,  

giddiness, fever and worms (Dwivedi et al., 1989; Maheshwari  

et al., 2011). Lot of work has been done on the photochemistry 

and pharmacological activity of this plant and very few reports 

are available on their fungal endophytes. As of now, little work 

has been done on the fungal endophytes and its biological 

activity, hence extensive investigation is needed to exploit the 

bioactive principles of endophytic fungi isolated from stem bark 

of  for therapeutic utility.T.arjuna  

Materials and methods

Collection of plant materials

 Fresh and symptom less stem barks of the was T. arjuna 

collected from the Malkhed near sedam.  The plant was 

authentically identified with the help of Flora of Gulbarga 

district. A specimen is deposited in the herbarium, Department 

of Botany, Gulbarga University, Kalaburagi, Karnataka, India. 

With voucher specimen number HGUG- 140 (Seetharam et al., 

2000). The stem barks were cut with the help of a sterile scalpel 

and placed in sterile plastic bag, then brought to the laboratory 

and processed within 24 h of collection.

Isolation and identification of endophytic fungi

Sample was washed thoroughly in running tap water before 

processing. Stem bark was surface sterilized by sequential 

washes in 70% (v/v) ethanol (1 min) and 3.5% (v/v) NaOCl 

(2 min), rinsed with sterile water and allowed to surface dry 

under sterile conditions. The sterile plant material were cut 

in to small segments (0.5 X 0.5 cm) and placed on PDA 

medium which is  previously poured in sterile petriplates, 

supplemented with streptomycin and ketochonazole (100 

µg/ml ).Three segments were placed on PDA medium in 

each Petri dish. The Petri dishes were sealed using Para film 

and incubated in a light chamber for 2 weeks at 12h light 

and dark cycles at 23 C (Suryanarayanan, 1992). After 0   

incubation for 15 or more days, fungal colonies was 

observed, then individual fungal colonies were picked from 

the edge with a sterile fine tipped needle and transferred 

onto PDA and is maintained as pure culture. The fungi were 

identified based on fungal culture morphology and conidial 

characters and by using the available literature (Nagamani 

et al., 2006; Barnett et al., 1972). 

Preparation of crude extracts

The isolate is initially cultured on PDA and incubated as 

described previously. Cultured fungal fragments were 

obtained from the actively growing margin of the fungal 

colony culture and inoculated in to 500 ml conical flasks 

containing 300 ml PD broth (pH 5.8). The inoculated broth 

was incubated at 21±2°C for a period of 8-10 days kept on 

shaker for mass cultivation. The culture broth was filtered 

through three layered muslin cloth to separate out the 

mycelial mat from the culture filtrate. The mycelial mat was 

washed with double distilled water to remove the broth 

content and ground in a pestle and mortar using ethanol, 

methanol and ethyl acetate separately. The grounded 

mycelia was then transferred into three different conical 

flasks containing ethanol, methanol and  ethyl acetate, kept 

shaking for 3-4 days and filtered with cheese cloth. The 

filtrate was collected and evaporated to dryness. The extract 

residue was dissolved in dimethyl sulfoxide (DMSO) and 

stored at 4°C to be used as stock solution for determining 

the phytochemical and antimicrobial activity.

Phytochemical screening

The preliminary phytochemical studies were performed for 

the evaluation of different chemical groups present in 

methanol, alcohol and ethyl acetate extracts of .A. alternata

1) Test for Alkaloids

Dragendorff's test: To 2 mg of the extract 5 ml of distilled 

water was added, 2ml Hydrochloric acid was added until an 
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acid reaction occurs. To this 1 ml of Dragendorff's reagent extract 

was added. Formation of orange or orange red precipitate 

indicated the presence of alkaloids. 

Mayer's test:  To 2 mg of the extract taken in a test tube, a few 

drops of Mayer's reagent was added. Formation of a yellow / 

white precipitate confirmed the presence of alkaloids. 

Wagner's test: 2 mg of the extract was acidified with 1.5 % v/v of 

hydrochloric acid and a few drops of Wagner's reagent were 

added. A yellow or brown precipitate indicated the presence of 

alkaloids (Saldanha, 1984).

2) Test for Phenols

Ellagic Acid test: The test solution was treated with a few drops 
of 5% (w/v) glacial acetic acid and 5% (w/v) NaNO2 solution. 
The solution turned muddy or Niger brown precipitate occurred 
in the extract. It indicates the presence of phenol solution. 

Ferric chloride test: 0.5 ml of FeCl3 (w/v) solution was added in 2 

ml of test solution, formation of an intense color indicates the 
presence of phenols (Memelink et al., 2001). 

3) Test for Flavonoids 

 Shinoda's test: In a test tube containing 0.5 ml of the extract 10 
drops of dilute hydrochloric acid followed by a small piece of 
magnesium were added. Formation of pink, reddish or brown 
colour indicated the presence of flavonoids.

Ferric chloride test: Test solution with a few drops of ferric  
chloride solution shows intense green colour. 

Zinc-Hydrochloric acid reduction test: Test solution with zinc  

dust and a few drops of hydrochloric acid shows magenta red 
colour. 

Alkaline reagent test: Test solution when treated with sodium  
hydroxide solution, shows an increase in the intensity of yellow 
colour which becomes colourless on addition of a few drops of 
dilute acid. 

Lead acetate solution test: Test solution with a few drops of lead  
acetate (10%) solution gives a yellow precipitate.

4) Test for Triterpenoids 

Liebermann - Burchard's test (LB test): 2 mg of dry extract was 

dissolved in acetic anhydride, heated to boiling, cooled and then 
1 ml of concentrated sulphuric acid was added along the sides of 
the test tube. Formation of a violet coloured ring indicated the 
presence of triterpenoids. 

Salkowaski test: When a few drops of concentrated sulphuric 
acid were added to the test solution, shaken and allowed to stand, 
lower layer turns yellow indicating the presence of triterpenoids. 

5) Test for Saponins 

Foam test: In a test tube containing about 5 ml of extract, a drop of  

sodium bicarbonate solution was added. The test tube was shaken 

vigorously and left for 3 minutes. Formation of honeycomb 

like froth indicated the presence of saponins. 

6) Test for Steroids 

Liebermann-Burchard's test: 2 mg of dry extract was 

dissolved in acetic anhydride, heated to boiling, cooled and 

then 1 ml of concentrated sulphuric acid was added along 

the sides of the test tube. Formation of green colour 

indicated the presence of steroids. 

Salkowaski reaction: 2 mg of dry extract was shaken with  

chloroform, to the chloroform layer sulphuric acid was 

added slowly by the sides of the test tube. Formation of red 

colour indicated the presence of steroids. 

7) Test for Tannins

Ferric chloride test: To 1-2 ml of the extract, few drops of  

5% w/v FeCl3 solution were added. A green colour 

indicated the presence of gallotannins, while brown colour 

indicated the presence of pseudotannins. 

Gelatin test: Test solution when treated with a gelatin  

solution gives white precipitate. colour This confirmed the 

presence of a naphthoquinon (Gibbs, 1974).

8) Test for glycosides

Baljet test: The test solution was treated with sodium picrate 

gives orange color. 

Keller-Killiani test: The test solution was treated with a few 

drops of ferric chloride solution and mixed. When 

concentrated sulphuric acid containing ferric chloride 

solution was added, it forms two layers, lower layer reddish 

brown and upper acetic acid layer turns bluish green. 

Raymond's test: Test solution when treated with dinitro-  

benzene in hot methanolic alkali, gives violet color.

Bromine water test: Test solution when treated with 

bromine water gives yellow precipitate.

Legal's test: Test solution when treated with pyridine (made  

alkaline by adding sodium nitroprusside solution) gives 

pink to red color.

Source of test microorganisms

Antimicrobial activity was carried out using the ethanol, 

methanol and ethyl acetate crude extracts of endophytic 

fungi against four bacteria and Candida strains using agar 

well diffusion method. Bacteria strains like S. aureus, E. 

coli, S. typhi K. pneumoniae and  and four candida species 

like Candida albicans, Candida glabrata, Candida 

haemulonii Candida tropicalis and  were used for 

antimicrobial activity. The above mentioned bacteria strains 

were obtained from the Medicinal plants and Microbiology 

laboratory, Department of Botany, Gulbarga University, 
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Kalaburagi, Karnataka, India. And candida species were taken 

from microbial type culture collection (MTCC) Chandigarh, 

India. 

Preparation of sample

For the preparation of test sample, the crude extract of 

endophytic fungi was dissolved in Dimethyl sulphoxide 

(DMSO). The corresponding concentration was expressed in 

terms of mg of extract per ml of solvent (mg/ml).

Antimicrobial activity

The crude extract from the endophyte  were tested  A. alternata

against four human pathogenic bacteria like S. typhi, S. aureus, 

K. pneumoniae E. coli C.  and and four candida species like  

albicans, C. glabrata, C. haemulonii  C. tropicalis and using a 

concentration of 100μl as inoculum for antimicrobial activity. 

The antimicrobial activity was carried out by agar well diffusion 

method. Nutrient agar and YPD plates were inoculated with an 

overnight culture of each bacteria and candida suspension The . 

inoculated organisms were evenly spread out using sterile cotton 

swabs. The wells were bored with 6mm cork borer and wells 

were poured with 40, 30, 20, and 10 mg/ml concentration of the 

sample. In other wells, supplements of DMSO (-ve) and 

reference antimicrobial drug Streptomycin (+ve) for bacteria and 

Ketoconazole (+ve) (100μg/ml) for fungi were used as negative 

and positive controls, respectively. The experiment was carried 

out in triplicate. The plates were incubated at 32ºC for 24h and 

results were recorded as zone of inhibition in mm.

Results

The figure a & b represents habit and stem bark of . T. arjuna

The figure c & d, showed mycelial morphology of 

endophytic fungi arising from plant segment and 

microscopic image of fungal conidia. Phytochemical 

screening of crude extracts of the endophyte  A. alternata

isolated from the stem bark of was done for the T. arjuna 

presence of various bioactive molecules. Alcohol extract 

contains alkaloids, flavonoids, steroids, phenol, saponins, 

terpinoids, tannins and glycosides and methanol extract 

contains all the biomolecules except tannins, whereas in 

ethyl acetate extract except saponins, steroids and tannins, 

all the components are present which is shown in table 1. 

The antibacterial and anticandida activity of various 

extracts of  and its comparison with reference A. alternata

drugs is showed in table 2. Among four bacteria and four 

candida strains tested,  and  showed S. aureus C. albicans

maximum zone of inhibition to methanol and alcoholic 

extract of  respectively.  The inhibition zones A. alternata

were nearly as comparable to reference drug (Streptomycin 

and Ketoconazole). The results shows that bioactive 

principles having antibacterial and anticandida activity are 

present in the culture filtrate of the endophytic fungi.

www.ajpp.in

Figure 1.  (a). Habit of (b). Stem bark of (c). T. arjuna T. arjuna 

Mycelia of (d). Microscopic image of A. alternata A. alternata

Table 1. Phytochemical Screening of different extracts of 

endophytic  isolated from stem bark of A. alternata T. arjuna

 Phytochemical Tests Methanolic 

extract 

Ethanolic 

extract 

Ethyl acetate 

extract 

Alkaloids  

- 

- 

+ 

 

- 

- 

+ 

 

+ 

+ 

- 

Dragendorff’s test 

Wagner’s test 

Mayer’s test 

Flavonoids  

- 

+ 

- 

+ 

+ 

 

- 

+ 

- 

+ 

+ 

 

+ 

+ 

- 

- 

+ 

Shinoda test 

Ferric chloride test 

Zinc Hydrochloric acid 

reduction test 

Alkaline reagent test 

Lead acetate test 

Phenols  

+ 

- 

 

+ 

- 

 

+ 

+ 

Feric chloride test 

Ellagic acid test 

Terpinoids                                  

+ 

+ 

 

+ 

+ 

 

+ 

+ 

Liebermann Burchard’s test 

Salkowaski test 

Saponins   

+ 

 

+ 

 

- Foam test 

Steroids   

+ 

- 

 

+ 

- 

 

- 

- 

Liebermann - Burchard’s test 

Salkowaski test 

Tannins   

- 

- 

 

+ 

- 

 

- 

- 

Ferric chloride test 

Gelatin test 

Glycosides   

- 

+ 

- 

+ 

- 

 

- 

+ 

- 

+ 

- 

 

- 

+ 

- 

- 

+ 

Baljet test 

Keller-Killiani test 

Raymond’s test 

Bromine water test 

Legal’s test 
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Discussion

Medicinal plants are the warehouse of several potential 

bioactive molecules and are well known for curing several 

human ailments. The available literature describes about the 

efficacy of  leaf, fruit and stem bark extracts on many T. arjuna

human pathogenic microorganisms. The n-butanolic extract of 

leaf shows maxium inhibition against (Riazunnisa et B. subtillis 

al., 2013) and the alcoholic extract of leaf-fruit showed 

maximum activity against  (Abdullah-Al-Emran et coliform spp

al., 2011). Chloroform, Methanolic and water extract of stem 

bark were used for screening antimicrobial assay, here 

chloroform extract is ineffective against all tested organisms and 

methanolic extract shows greater potency towards gram-

negative bacteria, as compared to water extract (Sukalyani et al., 

2003). Keeping in view of the medicinal properties of T. arjuna, 

the endophytic fungi was isolated and identified by 

morphological and microscopic study. The Phytochemical 

screening of different extracts of endophytic  A. alternata

isolated from stem bark of  consists several bioactive T. arjuna

molecules which are also present in plant. This proves that the 

endophytic fungi have the capacity to produce same compounds 

as that of its host plant. Many previous reports give information 

about endophytic fungi producing novel bioactive natural 

products from medicinal plants (Huang et al., 2010; Song et al., 

2005). The endophytic fungi have been isolated from all the 

parts like leaf, fruit, root and stem or inner bark tissues (Kusari et 

al., 2009). The present study proves that the methanol and 

alcoholic extracts of this fungus could be a possible source of 

new therapeutic agent against various infectious diseases. 

Hence the endophytic fungi  isolated from stem bark A. alternata

of  has ability to produce several bioactive molecules T. arjuna

which will be useful in curing several human health problems.

Conclusion

It is interesting to note that crude extracts of A. alternata 

possess several bioactive molecules which are responsible 

for antimicrobial potential, which might be further explored 

to be used as an alternative source for the treatment and 

control of some microbial infections. Further investigations 

are needed to develop a standard anti-microbial drug.
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