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ABSTRACT
In the present study, the thrust was given to the isolation, purification and characterization of the active principle from fruit 
of Flacourtia inermis Roxb for developing a simple, but novel, antifungal agent of natural origin. The active principle was 
separated and purified by column chromatography and the molecular structure of the active compound was elucidated by 
spectroscopic analysis. The antifungal compound was identified as, 2, 3-dihydroxybenzoic acid, a simple phenolic 
compound. Antifungal efficiency of 2, 3-dihydroxybenzoic acid was tested against human opportunistic pathogens by agar 
well diffusion method. Results showed that 2, 3-dihydroxybenzoic acid was effective for inhibiting the growth of tested 
fungi at a concentration range of 15-60 mg/ml. Among the fungi, Aspergillus fumigatus showed highest susceptibility 
followed by Aspergillus flavus, Aspergillus niger and Chrysosporium species. From the results of the present studies, it is 
evident that 2, 3-dihydroxybenzoic acid isolated from the fruit extract of Flacourtia inermis possesses powerful antifungal 
activity against human opportunistic fungal pathogens and it can be developed as a prototype for large scale preparation of 
new antifungal drug. 
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INTRODUCTION
Antibiotic resistance by fungal pathogens and less 
availability of efficient antifungal drugs are the growing 
challenges in antifungal therapy. To overcome these 
problems, increased attentions have paid in isolating 
antifungal compounds from natural sources including plants. 
The last few decades have witnessed for the isolation and 
characterization of biologically active natural compounds as 
a natural remedy against cancer, viral, fungal, bacterial and 
other life threatening diseases and infections. [1-2] World 
Health Organization’s report reveals that the plant based 
natural compounds are the effective agents for developing 
potential drugs against various diseases and infections. [3-5]

Traditional systems of medicines are widely used with high 
degree of efficacy in different parts of the world. India, a 
country with highest population is still depending on plant 
derived medicines for curing various diseases. [6-7] Abundant 
occurrence in the local habitat, minimum side effects and 
availability at affordable prices are the major reasons for 
increased demand for plant-derived medicines. [8-9] In 
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traditional medicine, crude extract of whole plant or their 
parts are used for treating microbial and other infections. [10]

In the present era, efforts have given for purification of 
biologically active compounds from natural sources. 
Detecting the molecular structure of the compound is highly 
helpful for understanding the nature of the compound, 
expected mode of action and also for developing a prototype 
for large scale preparation of drugs to meet the needs of 
millions of people all around the world.   
Reports say that mycosis or fungal diseases are the prime 
cause for increased morbidity and mortality in many 
developing countries. [11-12] Fungal spores once established on 
the skin are very difficult to eliminate permanently and this 
shows the medicinal significance of fungi. The increased 
ability of fungal pathogens to resist against antibiotics creates 
new challenges in the modern antifungal therapy. [13] In this 
context, isolation of plant derived antifungal compounds for 
developing new drug is worthy. 
The present study deals with the identification of the fruit of 
Flacourtia inermis Roxb for its antifungal activity against 
human opportunistic fungi, isolation and purification of the 
active principles, characterization of the antifungal agent and 
studies on its antifungal activity against various fungal 
strains. Flacourtia inermis is a tree of Flacourtiaceae family 
and is very common in the rural areas of Kerala State, India. 
In Kerala, its fruits are commonly known as Louvi, Loika, or 
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Lavalolikka. Its medicinal properties are still uncertain. 
However, the antifungal and antibacterial properties of the 
crude extracts of its fruits were reported. [14-15]  In the present 
investigation, the active principle was isolated and 
characterized from the fruit extracts of Flacourtia inermis
and it was purified, characterized and studies were done to 
establish its antifungal efficiency against human 
opportunistic pathogens.

MATERIALS AND METHODS
Soxhlet extraction followed by chromatography was 
employed for the isolation and purification of the antifungal 
compound form the fruit extract of Flacourtia inermis. Fresh 
fruits were collected from rural areas of Kerala State, India 
and washed thoroughly, cut into small pieces, dried in hot air 
oven at 60°C and were powdered in a mixer grinder.                                                 
250 g of the dried powder was serially extracted with 500 ml 
each of petroleum ether, chloroform and acetone using a 
Soxhlet extractor.  When these crude extracts were tested for 
antifungal activity by agar well diffusion method against 
opportunistic pathogenic fungi, the acetone extract was found 
to be more active; therefore, this fraction was used for further 
studies. The acetone fraction was concentrated on a vacuum 
rotary evaporator and the extract was subjected to 
chromatographic analyses. 
Thin Layer Chromatography (TLC)
From TLC study, a mixture of chloroform-methanol in the 
ratio of 85:15 was identified as the eluent for column 
separation. 
Column chromatography
Using activated silica gel of 60-120 mesh size, the acetone 
extract was eluted out with chloroform-methanol in the ratio 
85:15. The different fractions were concentrated by 
evaporation and antifungal activities were tested. The active 
antifungal fraction was identified and again subjected to 
stepwise gradient elution using chloroform- methanol 
mixture for removing the impurities.  The antifungal fraction 
eluted with chloroform-methanol in the ratio of 90:10 was 
found to be pure and subjected to spectroscopic analysis.
Spectroscopic analysis of the antibacterial compound of 
Flacourtia inermis fruit
Mass of the compound obtained in GCMS was 154.1 (Fig. 
1). CHN analysis showed 54% C, 41.5% O and 3.8% H in 
the compound. UV-visible spectrum showed peaks at 294 nm 
and 269 nm. Infrared (IR) spectral analysis showed peaks at 
3204 cm-1, 1675 cm-1, 1598 cm-1, 1296 cm-1 and 1126 cm-1

(Fig. 2). In 1H NMR spectrum,  peaks were obtained at δ 
9.518, two doublets at δ 7.519 and δ 6.880, double doublets 
at δ 7.449 and δ 7.469, and a peak at δ 3.45 (Fig. 3).  13C-
NMR spectrum showed signals at 167.07, 149.97, 144.73, 
122.70, 122.17, 116.56 and 114.77 ppm (Fig. 4). Based on 
the data obtained from CHN analysis, GC-MS, IR, UV, 1H 
NMR and 13C NMR, the isolated antifungal compound of 
Flacourtia inermis fruit was identified as 2, 3-
dihydroxybenzoic acid (2, 3 -DHB), a phenolic compound 
with a molecular formula of C7H6O4 . 

2, 3-dihydroxybenzoic acid

For determining the antifungal efficiency, different 
concentrations of 2, 3-DHB was tested against human 
opportunistic pathogenic fungi.
Fungal strains 
Antifungal activity of the 2, 3-DHB was tested against 
opportunistic pathogenic fungi such as Chrysosporium sp, 
Aspergillus fumigatus, Aspergillus flavus and Aspergillus
niger. These strains were collected from Tropical Institute of 
Ecological Sciences, Kottayam-Kerala. They were sub-
cultured on Sabouraud’s Dextrose Agar (SDA) medium, 
incubated at 25°C to 28°C for 2 to 10 days, and were 
maintained at 4°C in a refrigerator. 
Antifungal test
Antifungal activity of the 2, 3-DHB was tested by Agar Well 
Diffusion Method. [16-17] After adding the fungal spores into 
the SDA medium aseptically, it was poured into petri plates 
and allowed to set. Into a well of 6 mm, 1 ml each of various 
concentrations, 60mg/ml, 30mg/ml, 15mg/ml, 8mg/ml and 
4mg/ml of 2, 3-DHB dissolved in warm distilled water was 
added. For control test, 1 ml of sterile distilled water, without 
compound, was added. Test and control plates were 
incubated 25°C to 29°C for 2-10 days. After the incubation 
period, activity was determined by measuring the diameter of 
zone of inhibition in millimeters. Tests were repeated three 
times and the mean value was calculated (mean fractions 
were avoided) and recorded.
RESULTS 
Results are given in the Table 1. The control experiment did 
not show any activity where as all the tested fungi were 
sensitive towards the sample. Among the strains, Aspergillus 
fumigatus showed highest susceptibility and Chrysosporium
species showed least susceptibility against all the tested 
concentrations of the compound. Aspergillus fumigatus (Fig. 
5) was active even at a concentration of 8 mg/ml where as 
Aspergillus flavus and Aspergillus niger were active at 15 
mg/ml. Activity was found to be increased along with 
increasing the concentration of the 2, 3-DHB. Chrysosporium
species showed effective inhibition at a concentration of 30 
mg/ml. However, a concentration of 60mg/ml is ideal for 
controlling the growth of Chrysosporium.

Table 1: Antifungal activity of 2, 3-dihydroxybenzoic acid of Flacourtia 
inermis fruit against opportunistic pathogenic fungi

S. No. Tested strains
Zone of inhibition in mm

60 
mg

30 
mg

15 
mg

8 
mg

4 
mg

1. Aspergillus fumigatus 37 30 25 16 0
2. Aspergillus flavus 31 24 18 0 0
3. Aspergillus niger 33 22 19 0 0
4. Chrysosporium species 27 15 0 0 0

DISCUSSION
Like bacteria, fungi have developed drug resistance. 
Injudicious, indiscriminate and over uses of antibiotics are 
the major factors causing drug resistance. [18] Most of the 
early day’s non-pathogenic saprophytic fungi have now 
transformed as opportunistic and invasive human pathogen 
and their infection is more severe in immuno-incompetent 
patients. [19-20] Among the invasive pathogens, Aspergillus 
species such as Aspergillus fumigatus, Aspergillus flavus and 
Aspergillus niger stand the first place. Nasal to bronchial 
membranes of the respiratory tract are the major sites for 
their attack. HIV infected patients and those with over use of 
drugs are found to more susceptible to aspergillus infections. 
[21] ‘Aflatoxin’, a secondary metabolite of Aspergillus 
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Fig. 1: Mass spectrum of  2, 3-DHB
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Fig. 2: IR spectrum of 2, 3-DHB

Fig. 3: 1H NMR of  2, 3-DHB
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Fig. 4:  13C NMR of  2, 3-DHB

Fig. 5: Aspergillus fumigatus:-30mg/ml sample

fumigatus and Aspergillus flavus are dangerous human 
carcinogens. [22]   Chrysosporium is also developed as an 
opportunistic skin and respiratory tract pathogen. [23]

The tested pathogens were effectively inhibited by the 
isolated 2, 3-DHB of the Flacourtia inermis. The antifungal 
activity of the crude extract of Flacourtia inermis fruit has 
already been reported but the active fraction was uncertain.
[14] In the present study, the active fraction was identified as 
2, 3-DHB. The antifungal activity of 2, 3-DHB is limited in 
the literature. The present studies suggest that the 2, 3- DHB 
can be used as a powerful antifungal agent against 
aspergillus and chrysosporium species.
For centuries, the people of Kerala have been used the fruits 
of Flacourtia inermis in fresh form or cooked. No toxicity or 
side effects of this fruit have reported so far. Therefore, 2, 3-
DHB of Flacourtia inermis is expected to be a non-toxic 

compound to human cells. Simple compounds are easy to 
metabolize and eliminate by the body cells. Hence, 2, 3-DHB 
will be a valuable compound in modern medicine.
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