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longa) has long been used in traditional Asian medicine 

animal research have demonstrated enormous biological 
properties of Curcuma longa. Here we have carried out the 

for both sensitive and resistant strains. Ergosterol content 

Curcuma longa. 

I. INTRODUCTION

Fungal infections have increased at an alarming rate, resulting 

antimicrobial resistance and populations of patients at some risk, 
in relation with the extremely limited number of commercially 
available antifungal drugs that still create many side effects, are 
the main cause for this problem [2, 3]. Of the two major classes 
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of antifungals; polyenes guide to intense host toxicity [4, 5]. 
While as azoles are fungistatic, and their utilization leads to the 

develop effective strategies for the treatment of candidiasis and 
other fungal infections. 

Curcuma longa is a tropical plant belonging to Zingiberaceae 

C. longa rhizome is the source of the spice turmeric, 
and it is because of this ingredient that gives curry powder its 
characteristic yellow color [10]. C. longa rhizome has been 
traditionally used as antimicrobial agent as well as an insect 

C. longa
have shown broad-spectrum antifungal, antibacterial, antiviral 

hepatoprotective, and antimicrobial properties.

C. longa rhizome, little 
work has been done to examine its effect on growth and total 
ergosterol content of yeast cells. In our earlier studies we have 

of by studying its effect on membrane integrity by 

MS analysis for phytochemical characterization of ethanolic 
rhizome extract and then examined its antifungal effect against 
different Candida
activity was carried out by evaluating MIC, growth curve study 

action, we made an effort to assess the antifungal role of this 
test extract by studying its effect on ergosterol biosynthesis in 
different Candida

rat cardiac myoblast cells.
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II. MATERIALS AND METHODS

A. Collection and Extraction

C. longa was purchased from 

further reference. After collection the rhizomes were washed 

phytochemical and anticandidal investigation after clearance of 
biosafety and ethical committee of the Institute.

B. Phytochemical Examination

C. Gas Chromatography, Mass Spectrometry Analysis 

Mass Spectrometry analysis of the extract was carried out using 

chromatographic peaks with those of authentic compound with 

D. Growth Conditions and Determination of MIC90

Candida

tube test, nitrogen assimilation test and ascospore production on 

6
600

were inoculated into the fresh media. Growth was followed 

testing procedure was carried out in microtitre plates as done 
earlier [22].

E. Growth Curve Studies

For growth studies, inoculation was done from Candida 6

ml medium and grown aerobically at 35oC and 120 rpm, in 

of the test extract were added in the medium.  At pre-

Optical density was recorded for 

F. Time Kill Kinetics

5

G. Ergosterol Extraction and Estimation Assay

Candida 
colony from an overnight  agar plate culture was used 

concentrations of the test extract.

potassium hydroxide solution was added to each pellet and 
vortex mixed for 1 min. Sterol extraction was carried out by the 
addition of a mixture of 1 ml of sterile distilled water and 3 ml of 
n-heptane followed by vigorous vortex mixing for 3 min. After 

100% ethanol and scanned spectrophotometrically between 240 

weight,
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230

H. MTT Cell Viability Assay

with 5% CO2 [26]. For treatments, test extract stock solutions 

concentration was 0.2% in all wells including the untreated 

C in 5% CO2
untreated control sample. After incubation cells were washed in 

C. 

treated versus untreated control cells.

III. RESULTS AND DISCUSSION

After preliminary phytochemical analysis of the ethanolic 
rhizome extract of C. longa, the results obtained showed the 
presence of alkaloids, diterpenes, cardiac glycosides, amino 
acids and tannins, whereas phenols were absent in the test extract 

by the GC-MS analysis of this extract, out of which 5 were found 

based on the molecular weight, molecular formulae, retention-
time and % of presence. In table 2, the compounds showing less 
than 0.32 % presence were expelled and so we have shown only 

TABLE I: PHYTOCHEMICAL ANALYSIS OF ETHANOLIC RHIZOME EXTRACT OF C. LONGA. THE TEST IS BASED ON THE COLOUR INTENSITY

Phytochemical Name of Test Colour observed Colour intensity

Alkaloids

Wagner’s

Dragendroff’s

Creamy ppt.

++

+

+

Ferric chloride Green ++

Ferric chloride

Diterpenes Copper acetate Emerald green +

Amino acids Ninhydrin Violet ++

Cardiac Glycosides +

+

TABLE II: CHEMICAL COMPOSITIONS OF ETHANOLIC RHIZOME EXTRACT OF C. LONGA

Name of Compound Molecular 
Formula

Molecular 
weight

Retention 
Time

% of Presence

Durenol C10 14O 150 11.41 1.13

Caryophyllene C15 24 204 1.34

Curcumene C15 22 202

C15 24 204 15.61

C15 24 204

C15 24 204 16.31

Cis-Nerolidol C15 26O 222 1.22

Epiglobulol C15 26O 222 1.56

1-Isobutyl-2,5-dimethylbenzene C12 162 4.64
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C15 24 204 1.11

Curlone C15 22O 20.61 13.36

Ar-tumerone C15 20O 216

Artemisia ketone C10 16O 152 1.06

C15 22O 21.60 1.12

Cyclopentancarbonsaeure C 30O2 21.40 2.13

Germacron C15 22O 2.40

C16 22O2 246 24.30

Cyclohexane ketone C13 22O 26.46 1.63

C15 26O 222

2-Norpinanone, 3,6,6-trimethyl C10 16O 152

C O

C13 20O2 22.55

C 30O 262 25.53

Zingiberenol C15 26O 222

122 4.22

Dehydrozingerone C11 12O3 23.31

Chrysanthenyl Acetate C12 16O2 0.43

Cyclohexanecarboxylic acid, 1-adamantylmethyl ester C O2 0.51

C15 N 211 1.34

ChrysanthenylAetcate C12 16O2 0.43

Cloven N C15 24 204 16.43 0.40

C15 30O2 242 0.61

Methyl 10,12-pentacosadiynoate C26 44O2 20.16

Dehydrozingerone C11 12O3 25.14 0.32

Available data shows that ethanolic rhizome extract of C. longa
has antifungal properties against large number of dermatophytes 

its antifungal action is not clear. 
reports that  show the  effect  of ethanolic rhizome extract 
of C. longa on ergosterol biosynthesis in different yeast species. 
Only the initial screening experiments have been performed till 

ergosterol content of the treated samples. Ergosterol is unique 
to fungi, and the potential fungicidal effect of the test extract 

hence its biosynthesis pathway. In an attempt to discover plant 

opportunistic fungi, we examined the antifungal effect of 
ethanolic rhizome extract of C. longa by performing some 
initial screening experiments and then studying the effect 
on the sterol biosynthesis. 
effective against all tested Candida strains. Initial screening for 
antifungal activity of test extract was carried out by evaluating 
MIC against 5 clinical sensitive and 10 clinical resistant isolates 
of Candida species.  MIC results obtained in this study showed 
that the test extract exhibited varying degrees of antifungal 
activity. Generally, all the yeast isolates investigated were 

obtained gave a good evidence of the overall antimicrobial 

not be better equipped to counteract the antifungal properties of 
the extract. Ethanolic rhizome extract of C. longa showed the 

ethanolic rhizome extract of C. longa may be attributed to the 

Growth curve has been plotted by recording in time vs absorbance 
C. albicans 

C. tropicalis  C. krusei  
MIC and sub-MIC concentrations of ethanolic rhizome extract 
of C. longa. In these growth curves, the top curve depicted 
the normal or control cells which showed the lag phase of 2-4 
hours and after which the cells entered log phase which lasted 
till 10-12th

of test extract, third curve from top depicted growth pattern at 

extract. All the Candida isolates used in the present study were 
sensitive to the extract tested. Increase in concentration of test 
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TABLE III:  MINIMUM INHIBITORY CONCENTRATION (MIC90) OF ETHANOLIC RHIZOME EXTRACT OF C. LONGA AGAINST FLUCONAZOLE 
SENSITIVE AND RESISTANT ISOLATES  USED IN THE STUDY

Strains S. No Species MIC (µg/ml)

Clinical Sensitive

1. C. albicans 1500

2. C. albicans 1000

3. C. tropicals

4. C. kruesi 1600

5. C. tropicals 1300

1. C. glabrata 1500

2. C. guilliermondii

3. C. glabrata 1400

4. C. kruesi 1500

5. C. tropicals 2200

6. C. tropicals 1400

C. albicans

C. albicans 1600

C. albicans

10. C. glabrata 2000

and delayed exponential phases with respect to control. At MIC 
values almost complete cessation of growth was observed for all 

the lag phase was also observed with increasing concentrations 

concentrations of the test extracts lag phase was extended by 

couple of hours respectively with respect to control. It was 
encouraging to see that the test extracts used in this study 
decreased cell growth and the decrease was concentration 
dependent. At higher concentrations of test extracts, the normal 

was observed indicating negligible growth.

In time kill assay, Fig. 2 shows the killing activity of ethanolic 
rhizome extract of C. longa against C. albicans C. 
tropicalis  C. krusei  

test extract showed 
potential killing activity against all the tested Candida isolates. A 

both sensitive and resistant Candida strains. Complete fungicidal 
endpoint was reached in an average time of 14-16 h following 
incubation with MIC of the test extract.  No systematic difference 

Results obtained demonstrated that the ability to kill Candida
species is concentration as well as time dependent. Increase in 

Candida

Ergosterol is important component of cell membrane of yeasts 
which differentiates it from animal and plant cells. In this assay 
as described in materials and methods, a characteristic four 
peaked curve is obtained due to presence of ergosterol and the 

extracted sample. Ergosterol biosynthesis is thus an important 
target pathway of existing antifungals like azoles, as also for 
development of new antifungals. Ergosterol biosynthesis is 
also affected by changes in physical and chemical environment 
of yeasts. Conditions that affect membrane also play a role 
in regulating ergosterol biosynthesis. Decreased biosynthesis 

of ergosterol leads to decreased viability of yeasts. Effect of 
promising antifungals can therefore be explained by estimating 
ergosterol in their presence. Fig. 3, shows the effect of ethanolic 
rhizome extract of C. longaon the UV spectrophotometric 

Candida
C. albicans C. tropicalis 

and C. krusei  
control cell with normal ergosterol content show characteristic 

distinguish the inhibitory effect of various concentrations of test 
Candida strains. Average percent 

decrease in total ergosterol content for 5 clinical-sensitive and 
10 clinical-resistant Candida isolates after exposure to MIC 

of C. longa
in ergosterol content for clinical sensitive strains ranged from 

of the test extract. Similarly, for clinical resistant strain decrease 

extract of C. longa, respectively. From the results, it is clear that
as the concentration of test extract increases, ergosterol content 

near absence of ergosterol in the sample. 
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  Fig. 1. Growth curves of C. albicans C. tropicalis C. krusei
rhizome extract of C. longa

                                                           

C. albicans C. tropicalis C. krusei
exposure to ethanolic rhizome extract of C. longa. At MIC  values almost complete cessation of growth was observed

C. albicans C. tropicalis C. krusei
C. longa. UV- Spectral 

ethanolic rhizome 
extract of C. longa

treated with increasing concentrations of test extract, and the 

and ethanolic rhizome extract of C. longa. It was observed 
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TABLE IV:  % ERGOSTEROL DECREASE IN CLINICAL-SENSITIVE 
AND CLINICAL-RESISTANT CANDIDA ISOLATES GROWN 
IN MIC/4, MIC/2 AND MIC OF ETHANOLIC RHIZOME 
EXTRACT OF C. LONGA

Ergosterol decrease in cells grown in presence of test extract

Test 
extract

Concentration Clinical sen-
sitive (n=5)

Clinical resis-
tant

(n=10)

Control 0 0

Etha-
nolic 
rhizome 
extract 
of C. 
longa

24

MIC 65

 

rhizome extract of C. longa

IV. CONCLUSION

Finally, plant derived ethanolic rhizome extract of C. longa

effectiveness would be co-related with the presence of highly 

in ergosterol content co-related well with MIC  suggesting that 

cause of antifungal action. With these studies, it was not possible 

ergosterol biosynthesis or decrease in ergosterol is a consequence 
of disruption of membrane integrity. If mechanism of action of 
this test extract is taken as same, it would indicate that killing 
originates from loss of membrane integrity, and decrease in 

taken together with the limited toxicity of ethanolic rhizome 
extract of towards 
make it eligible for further development as antifungal.
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