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Summary

Introduction: Fungal disseases are the most common opportunistic infection. 
Objective: The main aims of the study were to determine phenolic content and to evaluate the antioxidant 
and anti-candida activity of the selected Indian-origin plant extracts from the fruit pulp, stem, leaves, and 
seeds of three plants of Indian origin. 
Material and methods: The extracts from Terminalia chebula, Thuja occidentalic and Syzygium jambola-
num were investigated. The total phenolic content, antioxidant potential of different crude extracts was 
accessed using the free radical, 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS). Anti-candida activity was evaluated using disk diffusion method and 
broth dilution assay against Candida albicans. 
Results: Ethanol and methanol extracts of Indian traditional plants possessed high radical scavenging ac-
tivity: T. chebula 29.38±0.15, T. occidentalis 6.26±0.24 and S. jambolanum 25.64±0.18 at 0.32 mg/ml. The 
extracts exhibited good zones of inhibition diameters ranged between: for T. chebula 6.33±0.57 mm and 
19.66±1.52 mm in diameter, S. jambolanum 7.00±00 mm and 23.33±1.52 and T. occidentalis 7.66±0.57 and 
17.00±1.00 mm. C. albicans were susceptible to all three tested extract at different concentrations. The low-
est MIC 1.95 mg/ml was recorded with S. jambolanum while the T. chebula and T. occidentalis inhibited the 
growth at 3.90 mg/ml, respectively, against the C. albicans. 
Conclusion: The study result paves an overall view on the bioactivities of three traditional Indian medici-
nal plants crude extracts.
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compounds and their concentration which includes phe-
nolic acids, flavonoids and anthocyanins [13, 14]. More-
over, extensive research on phytochemical and antifungal 
properties of these selected plants has never been car-
ried out. Therefore, the current exploratory study was 
intended to compare total phenolic content, antioxidant 
and anti-candida activity of. S. jambolanum, T. chebula, 
and T. occidentalis. These three medicinal plants were se-
lected for this study based on their traditional application 
in modern day as potential healer.

MATERIALS AND METHODS

Chemicals and reagents

Culture media and chemical reagents (analytical 
grade) for this study were acquired from Himedia 
Laboratories Pvt. Ltd., Mumbai, India. Pure com-
pounds: gallic acid and standard drug for in-vitro 
antioxidant and antimicrobial studies were obtained 
from Sigma Chemicals, Bangalore, India.

Plant material

Terminalia chebula (fruit pulp), Thuja occidentalis 
(leaves and twigs) and Syzygium jambolanum (seeds) 
were collected from Herbal Garden of Central Me-
dicinal Plant Research Institute for Homeopathy 
emerald District, Tamil Nadu, India. The plants were 
identified by Prof. Dr. S Rajan, and a voucher speci-
men was submitted at the herbarium of CMPRIH for 
future reference. The raw drug material was collected 
into clean plastic zip-lock bags. Bags were labelled 
properly with drug name and taken to the laboratory. 
Then, identified raw drug material was washed with 
deionized water and air-dried in dark room.

Preparation of plant extract

The dried and powdered plant material of T. chebula 
(T.C.), T. occidentalis (T.O.) was extracted in ethanol 
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INTRODUCTION

Fungal diseases are the most common opportunistic in-
fection and have become a major threat to global com-
munity. Opportunistic fungal infections pose a serious 
risk, especially to immune-compromised patients, such 
as those who have cancer or human immune virus/ac-
quired immune deficiency syndrome (HIV/AIDS) [1]. 
More than 150 million people have severe fungal dis-
eases, which have a serious impact on their lives or are 
lethal. Nearly a billion people are likely to have skin, 
nail, and hair fungal infections, many 10s of millions 
mucosal candidiasis. Though, disease severity ranges 
from asymptomatic-mild mucocutaneous infections to 
potentially life-threatening systemic infections. More-
over, the mortality rate of the fungal disease is similar 
to tuberculosis and >3-fold higher than in malaria [2]. 
The emergence of antifungal resistance is becoming a 
significant concern and pose a serious risk for patients.

Fungal strain shows resistance against the available 
antifungal agents. Acquired antifungal resistance trend 
against the azole has recently been reported among non-
Candida albicans isolates, azoles resistance in Aspergillus 
fumigatus, and echinocandin resistance in Candida gla-
brata [3-5]. Multidrug resistance can eliminate treatment 
options, which has a devastating effect on patient out-
comes. Thus, there is a need of new antimicrobial agents 
that can control deadly opportunistic infections reported 
every year. Therefore, it is prompt to develop an alterna-
tive safe and efficacious treatment. Plants have served 
as natural antimicrobial agents since ancient times, and 
have become a major part of traditional medicinal and 
modern medical systems. Secondary metabolites from 
higher plants are referred as new and potential source of 
antimicrobial agents with possible unique mechanisms of 
action [6]. Among the secondary metabolites, especially 
phenolic compounds have gained interest of scientific 
community in the 21st century, due to their antibacterial, 
antifungal, and antiviral activity [7]. Except that, phenolic 
compounds possess antioxidative and anticarcinogenic 
effects. Flavonoid derivatives of phenolic compounds are 
well known for their anti-inflammatory, antiallergic, anti-
viral and antiproliferative activities. Phenolic compounds 
of plants are basically hydroxylated derivatives of ben-
zoic acid and cinnamic acids [8-12]. Antioxidant activ-
ity of medicinal plants might be associated with phenolic 
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(70%), while S. jambolanum (S.J.) was subjected for 
Soxhlet extraction in methanol (90%) at 1:5 plant ma-
terial/solvent (w/v) for five successive times at a room 
temperature. Afterwards, the extract was sonicated 
in ultrasound (30 min/day). The solvent was evapo-
rated under reduced pressure using rotary evapora-
tor, field-dried and lyophilized. Ethanolic extract of 
T. chebula was 9.26%, w/w, of T. occidentalis 8.19%, 
w/w and for S. jambolanum 7.25% w/w. Obtained 
extract of T.C. was solid brown, from T.O. blackish 
green and from S.J. was dark brown. All extracts were 
stored in air tight container at –20°C before in-vitro 
antioxidant and anti-candida studies.

Determination of total phenolic content

The ethanolic extracts of T.C., T.O., and methanolic ex-
tract of S.J. were dissolved in 2% DMSO to prepare the 
stock solution of 25 mg/ml and used for further pro-
cess. Total phenolic content in T.C., T.O., and S.J. was 
estimated by using the Folin-Ciocalteau method with 
slight modifications [15)]. Briefly, 20 µl volume of differ-
ent concentrations of T.C., T.O., and S.J. (12.5, 6.25, 3.12, 
1.56, and 0.75 mg/ml) were mixed with an equal volume 
of (20 µl) Folin-Ciocalteau reagent in microplate. Reac-
tion mixture was incubated at a room temperature for 
5 min. After that time, 100 µl of sodium bicarbonate 
(Na2CO3) solution (20% w/v in water) was added and 
further made up to 300 µl with distilled water before 
incubation at 37˚C for 30 min. After incubation, the 
plate containing all the samples was scanned at 765 nm, 
using a microplate reader (Bioteck, Epoch, India). Dif-
ferent concentrations of gallic acid ranging from 0 to 
400 µg/ml were used as a standard for phenol and op-
tical density (OD), was observed and calibration curve 
was plotted. The OD of each sample was recorded and 
expressed as total phenolic content equivalent to gallic 
acid µg/ml in different concentrations of each extract 
based on a standard calibration curve. 

In-vitro antioxidant activity

DPPH radical scavenging assay

Radical scavenging activity was determined using 
1,1-diphenyl-2-picrylhydrazyl (DPPH) as a standard 
method [16]. The DPPH is a stable free radical and 
commonly used to measure the radical scavenging 
activity of antioxidant complexes [17]. This pro-
cess is based on the reduction of DPPH in ethanol 
solution in the presence of a hydrogen contributing 

antioxidant due to the development of non-radical 
form DPPH-H. Briefly, 60 mM DPPH radical was 
prepared in methanol at least 24h before the experi-
ment and kept at room temperature to generate the 
stable radicals. DPPH radical solution was diluted to 
an OD of 0.75 at 515 nm. The reaction mixture (300 µl) 
contain 280 µl of DPPH in methanol (0.3 mM), 20 µl 
of different concentrations (12.5, 6.25, 3.12, 1.56 and 
0.75 mg/ml) of T.C., T.O. and S.J. Transformation in 
a color change from purple to colorless was recorded 
by measuring the OD of each sample at each minute 
interval of 30 min reaction kinetics using microplate 
reader (Bioteck, Eposch, India) at 515 nm. Radical 
scavenging of each group was analysed using OD of 
DPPH radical solution after 20 min of reaction initia-
tion as follows:

percentage of radical scavenging =  
    (OD DPPH-OD sample)×100,

where OD DPPH: optical density of DPPH alone; 
OD sample: optical density of DPPH with sample.

Gallic acid used as standard at a concentration of 
0–20 µg/ml was also tested. The calibration curve 
was generated with the OD of 20 min kinetics to 
calculate the antioxidant capacity of plant extract in 
terms of DPPH radical scavenging equivalent to gal-
lic acid (µg/ml).

ABTS radical scavenging assay

The 7 mM, 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) and 2.45 mM potassium 
persulfate were prepared in 5 ml of deionized wa-
ter followed by 16 h incubation in the dark to allow 
the formation of ABTS radical. Briefly, the reaction 
mixture consisting of 280 µl of ABTS solution was 
added in each well and the working concentration 
of ABTS was set with OD near about 0.7 at 732 nm. 
To determine the radical scavenging activity of T.C., 
T.O., and S.J., 20 µl of the different concentrations 
(12.5, 6.25, 3.12, 1.56 and 0.75 mg/ml) of each drug 
was added in their assigned well containing 280 µl 
ABTS working solution. Micro-plate was scanned 
for the measurement of the OD of each sample in a 
minute interval of 30 min kinetics, using microplate 
reader (Bioteck, Eposch, India). The percentage of 
antioxidant capacity ABTS radical quenching of 
each group was measured by using the OD of ABTS 
after 20 min of ABTS radical scavenging reaction as 
follows:

OD DPPH
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percentage of antioxidant capacity = 
     (OD ABTS-OD sample×100

where OD ABTS: optical density of ABTS alone; 
OD sample: optical density of ABTS with sample.

Gallic acid was used as standard with concentra-
tion (0-20 µg/ml) and was also tested with aqueous 
solution containing ABTS radicals and recorded the 
OD of each sample at 30 minute interval of kinet-
ics. The calibration curve was generated with OD at 
a 20 minute of kinetics to calculate the antioxidant 
capacity of plant extract in terms of ABTS radical 
scavenging equivalent to gallic acid (µg/ml).

In-vitro antifungal activity of Terminalia che-
bula, Thuja occidentalis and Syzygium jambola-
num extract

Microorganisms tested

Antifungal activity and minimum inhibitory concen-
tration (MIC) value of the T.C., T.O. and S.O. were 
evaluated against Candida albicans (MTCC No. 3017). 
Isolates of pathogenic yeasts (C. albicans) were selected 
for MIC determination by broth microdilution meth-
ods. Lyophilized culture strains were obtained from the 
MTCC, Chandigarh, India, and revived/maintained 
on Sabouraud Dextrose Agar Media prior to use. Pu-
rity of the cultures was checked at regular intervals. 

Inoculum preparation

The yeast (C. albicans, MTCC No. 3017) isolates 
were maintained on SDA slants, as well as SDA pe-
tri plates 24 to 48 h. Old cultures were used for in-
oculum preparation. A small amount of growth from 
culture was inoculated in 5 ml of sterilized normal 
saline (0.85% NaCl). Yeast cell suspension was then 
mixed properly for 15–20 seconds and adjusted to 
0.5 McFarland standards corresponding to cell den-
sity 1x106 CFU/ml, by adding sufficient sterile saline 
(NCCLS, 2002).

Determination of antimicrobial activity by disk 
diffusion assay

Antimicrobial activity was tested using disk diffu-
sion assay [18]. Mueller Hinton Agar with 2% glucose 
with methylene blue (MHAGMB) was used for fungal 

susceptibility test. Approximately 25 ml sterile molten 
MHAGMB medium was transferred onto sterile petri-
dish and allowed to solidify. Subsequently, the yeast 
cell suspension were inoculated with the help of ster-
ile swab stick moistened with the yeast cell suspension 
on the solid plates. Different concentrations (500, 250, 
125, 62.5, 31.25, 15.62, 7.81, 3.90, and 1.95 mg/ml) of 
T. chebula, T. occidentalis, and S. jambolanum were pre-
pared in 1% v/v dimethyl sulfoxide (DMSO) as indi-
vidual stocks in sterile vials. Pre-sterilized paper disks 
(Whatman filter No. 1) were soaked with the extracts 
and air-dried carefully before the assay and extract im-
pregnated disk were placed on yeast-inoculated plates. 
Extract inoculated plates were labelled and placed in 
incubator at 35ºC for 24 h. After 24 h of incubation, 
each plate was observed for growth zone inhibition. 
The diameter of zone of inhibition around each disk 
was measured in mm. 1% DMSO was tested as nega-
tive control, however, 10 μg/ml of ketoconazole was 
used as positive control. Average of triplet readings for 
each extract was recorded as a final result.

Broth microdilution assay

The minimum inhibitory concentration (MIC) and 
minimum fungicidal concentration (MFC) of each 
plant extract were evaluated using the broth micro-
dilution method, according to Clinical and Labora-
tory Standards of Institute [19] against the reference 
strains of C. albicans. Plant extract of T. chebula, T. oc-
cidentalis, and S. jambolanum were dissolved in 1% 
dimethyl sulfoxide to achieve the stock concentration 
of 2500 µg/ml. Yeast cell suspension was prepared 
by transferring cells from the stock cultures to tubes 
with RPMI 1640 broth and placed for 24 h at 30°C 
in shaking incubator. The inoculum was diluted with 
the same broth to achieve cell density equal to 0.5 Mc-
Farland 106 colony-forming units per ml (CFU/ml) 
and 100 µl yeast cell suspension containing media 
in each well except sterility control was added with 
a multichannel pipette. Subsequently, 100 µl plant 
extract were transferred into the wells of rows 1 to 
12 in geometric progression from the first to twelfth 
well of the microdilution plates and 100 µl volumes 
from the twelfth well was discarded to achieve the 
concentration. Rows 1–12 contain the highest (T.C., 
T.O., and S.J. 250-0.97 mg/ml) plant extract concen-
tration. Every well was correspondingly diluted with 
microdilution inoculum suspension in 96-well mi-
crotitre plate in the presence of tested amalgams in 
the concentration range 103 colony-forming units per 
ml (CFU/ml). The growth control wells comprise of 

OD ABTS
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100 µl of drug-free medium and 100 µl of the corre-
sponding diluted yeast cell suspension. Two separate 
well were maintained for as the sterility control. Inoc-
ulated microdilution plates was placed in incubator 
at 35°C for 24 hrs. After the incubation, microdilu-
tion plates were observed for the presence or absence 
of visible growth. The lowest concentration of plant 
extract inhibiting the complete growth of yeast cells 
(100%) in comparison with control probes without 
antifungal compounds was referred as MIC [20]. For 
MFC determination100 µl of the suspension from 
each well without growth was inoculated on agar 
plates as a control of yeast viability and inoculated 
for 48 hrs. at 35°C. Afterwards, colony forming units 
(CFU) were determined. The MFC was referred as 
the minimal concentration of tested amalgams vital 
to kill 99.9% the tested organism [21].

Sorbitol assay

Sorbitol assay was performed to test the effect of 
plant extract (T. chebula, T. occidentalis, and S. jam-
bolanum) on the cell wall of C. albicans. The MICs of 
studied amalgams were analysed in the presence of 
sorbitol conferring to CLSI method (Method M27-
A2, Clinical and Laboratory Standards Institute 
[CLSI], 2008). 100 µl RPMI1640 media were trans-
ferred in each wells of microplate. Subsequently, se-
rial dilutions of T.C., T.O., and S.J. 250-0.97 mg/ml 
were carried out. Afterwards, yeast cell suspension 
were prepared by transferring cells from the stock 
cultures to tubes with RPMI1640 broth and incu-
bated in shaking incubator for 24 h at 35°C. The 
cell suspension were prepared in RPMI1640 ac-
companied with of 0.8 M (Sigma-Aldrich) sorbitol 
to achieve an OD corresponding to 0.5 McFarland 
106 colony-forming units per ml (CFU/ml). After 
filling each well with 100 µl of broth, plant extract 
were added into the each respective wells of rows 
1 to 12 in geometric progression by transferring the 
dilution of 100 µl volumes from the first to twelfth 
well and 100 µl was discarded from last wells. Row 
1 with the highest (250 mg/ml) plant extract con-
centration and Row 12 with the lowest plant extract 
concentration (0.97 mg/ml). Each corresponding 
well of a microdilution was diluted with inoculum 
suspension in 96-well microtitre plate in the pres-
ence of tested amalgams in the concentration range 
were 103 colony-forming units per ml (CFU/ml). 
Afterwards, inoculated microdilution plates were 
incubated at 30°C for 2 and 7 days.

Trypan blue assay

To test the cell viability an overnight grown C. albi-
cans RPMI1640 broth cultures were diluted equal to 
0.5 McFarland standard. Tested plant extract amal-
gams were added to 1 ml of the yeast suspension in 
equivalent to MIC. Inoculated tubes were placed at 
35±2°C for 24 hrs. After that, 0.4% tryphan blue dye 
solution was mixed with overnight grown yeast cells 
suspension in a dilution ratio 1:1 and mixture were 
left for 2 minutes at room temperature. Afterwords, 
50 µl was sample was place on glass slide and cov-
ered with cover slip and evaluated for cell death us-
ing optical microscope Radical. dead cells were blue, 
live cells were unstained.

Statistics 

The results of each test are shown as mean (n=6) 
± standard error of the mean (SEM). The statisti-
cal analyses were performed using the Graph Pad 
Prism Software v 5.0, (La Jolla, USA). For differ-
ent comparisons between the groups, one-way 
analysis of variance (ANOVA) was used followed 
by Tukey’spost hoc test). The p-value less than 
0.05 (p≤0.05) is considered as significant between 
the groups. 

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

The medicinal plants (T. chebula, T. occidentalis and 
S. jambolanum) taken up for study are a part of tra-
ditional medicinal systems since ancient time. These 
plants are very common and they can be found all 
around the globe, T. occidentalis specially in the Eu-
ropean subcontinent. 

Estimation of total phenolic content 

Gallic acid calibration

Different concentrations of gallic acid ranging from 0 to 
400 µg/ml were tested and recorded for their OD. The 
calibration curve was plotted between OD versus dif-
ferent concentrations of gallic acid after blank subtrac-
tion. The straight-line curve was observed with all data 
points with equation y= 0.005X, R2 value is 0.996.
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Total phenolic content equivalent to gallic acid in 
different concentration of ethanolic extract from 
Terminalia chebula, Thuja occidentalis and me-
thanolic extract of Syzygium jambolanum

The result of Folin-Ciocalteau test showed the continu-
ous increase of TPC equivalent to Gallic acid in different 
concentrations of ethanolic extract of T. chebula, T. occi-
dentalis and methanolic extract of S. jambolanum rang-
ing from 0.004 to 5 mg/ml, respectively (tab. 1). Earlier 

macromolecules by inhibiting the propagation 
of the oxidizing chain reaction and can produce 
free radicals. It is well studied that the natural 
antioxidants are more capable than the synthetic 
antioxidant to control the oxidative stress and 
can prevent the commencement of disease pro-
liferation. Thus the scientific community has 
been keen towards the natural antioxidants over 
synthetic antioxidants [27].

Table 1.
Total phenolics content equivalent to GA (µg/ml) of medicinal plant extracts

Terminalia chebula Thuja occidentalis Syzygium jambolanum

Groups (mg/ml) Total phenol content equivalent 
to GA [µg/ml]

Total phenol content 
equivalent to GA [µg/ml]

Total phenol content 
equivalent to GA [µg/ml]

DMSO 2% 0 0 0
Water 0 0 0

0.04 19.01±0.12 4.08±0.72 9.81±0.46

0.08 37.68±0.35 5.48±0.35 17.95±0.31

0.16 69.01±0.90 11.68±0.60 34.61±0.31

0.32 136.01±1.81 19.21±0.31 69.95±0.46

0.63 243.21±4.35 42.95±0.42 131.75±0.46

1.25 462.01±2.60 85.75±0.70 287.08±1.80 

2.5 Over Flow 149.21±1.27 474.15±2.89

5.0 Over Flow 265.15±1.55 780.48±1.70

reported data suggest that 50% methanolic seeds extract 
of S. jambolanum possessed 108.7 mg/g of TPC, the etha-
nolic fruit pulp extract of T. chebula possessed 241±1.57 of 
TPC and total phenolics in T. occidentalis cones ethanolic 
extract were 7.80±0.04 [22-24]. In contrast, our results 
suggested T. chebula has 136.01±1.81, T. occidenta-
lis 19.21±0.3.1 and S. jambolanum 69.95±0.46 TPC at 
0.32 mg/ml concentration. However, the TPC value of 
T. chebula (2.5 and 5 mg/ml) could not be calculated due 
to absorption overflow beyond the maximum datectable 
limit of the instrument (tab. 1). A previously published 
study reveals that phenolic compounds are directly as-
sociated with the free radical-scavenging activity [25]. 
Natural phenolics have hydroxyl groups that act as re-
ducing agents and able to terminate the free radical chain 
reactions [26].

In-vitro antioxidant activity

Antioxidants are chemical substance that in-
hibits the oxidation of essential biological 

DPPH radical scavenging activity of different con-
centration of ethanolic extract of Terminalia che-
bula, Thuja occidentalis and methanolic extract of 
Syzygium jambolanum

The electron donating ability of the plant extract 
(T.C., T.O. and S.J.) were measured by the 1,1-Di-
phenyl-2-picrylhydrazyl radical purple colored so-
lution. Previously published study reported that 
ethanolic extract of S. cumini seeds showed a DPPH 
radical scavenging activity of 140 mg/GAE/g dry 
weight and 19.1 mg/g dry weight, T. chebula fruit 
extract show results comparable with ascorbic acid. 
The EC90 of T. chebula as 30.52±2.85 and T. occiden-
talis cone extract showed DPPH radical scavenging 
activity 25.52 ± 1.92% [22-24]. In spite of above re-
sults the present study results showed the percent-
age of DPPH radical scavenging in different concen-
trations of ethanolic extract of T. chebula, T. occiden-
talis and methanolic extract of S. jambolanum (fig. 
1 a-c) The DPPH scavenging potential equivalent 
to GA (µg/ml) at 0.32 mg/ml of ethanolic extract of 
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T. chebula was found 29.38±0.15 higher antioxidant 
potential than T. occidentalis 6.26±0.24, and S. jam-
bolanum 25.64±0.18. The data of DPPH scavenging 
equivalent to GA (µg/ml) of different concentration 
of ethanolic extract of T. chebula, T. occidentalis and 
S. jambolanum is shown in figure 1d. Our DPPH 
radical scavenging assay results indicate that all the 

GA (µg/ml) and highest for T. chebula at 0.32 mg/ml 
21.75 ±0.01 ABTS scavenging equivalent to GA (µg/ml) 
and S. jambolanum at 0.32 mg/ml 21.70±0.01 ABTS 
scavenging equivalent to GA (µg/ml) (fig. 2 a-d). ABTS 
scavenging activities of gallic acid and T.C., T.O. and 
S.J. extract were almost found at the same level and 
the concentration ranged from 0.04 to 5.0 mg/ml. A 

Figure 1
Free radical scavenging activities of Terminalia chebula (a), Thuja occidentalis (b), Syzygium jambolanum 

(c) DPPH scavenging equivalent to GA (µg/ml) and (d) antioxidant capacity of T. chebula, T. occidentalis and 
S. jambolanum extracts DPPH scavenging equivalent to GA (µg/ml).

three tested plant extract could be a good source of 
natural antioxidant.

ABTS radical scavenging activity of different concen-
tration of Terminalia chebula, Thuja occidentalis and 
methanolic extract of Syzygium jambolanum

The (ABTS) radical scavenging activity of T.C., T.O. and 
S.J. are demonstrated in Figure 2d. Ethanolic extract 
of T. chebula, T. occidentalis and methanolic extract 
of S. jambolanum was indicated the highest % inhibi-
tion. The lowest value was observed for T. occidentalis 
at 0.32 mg/ml 5.5±0.07 ABTS scavenging equivalent to 

previous study with T. chebula reveals that the ABTS 
scavenging activities of ascorbic acid and ultrasonic-
assisted extraction extract were at the same level con-
centration ranged from 0.09 to 0.13 mg/ml (p>0.05), 
T. occidentalis revealed the % scavenging activity of 
73.35% at 0.3 mg/ml and the IC50 value was found to be 
202.46 µg/m and S. cumini 70% methanolic extraction 
of Trivendrum variant exhibited the highest ABTS scav-
enging ability (IC50 – 1.43±0.05 µg/ml) [28-30].These 
findings revealed that in the present study above tested 
plant extract showed similar ABTS scavenging activity 
as gallic acid. 

Antifungal activity
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Plants have served as natural antimicrobial agents 
since ancient times, and have become major part 
of traditional medicinal and modern medical sys-
tems. The plants have natural phytoconstituents 
and secondary metabolites which are liable for 
pharmacological activity. Due to this, plants ap-
pear to be one of the alternatives for the control of 
antimicrobial-resistant human pathogens. In this 
era, plants have become a major source for the de-
velopment of new drugs and are perceived to be 
non-toxic, safe; effective as there is a growing in-
terest in the use of natural products by the general 
public in recent times [31]. Medicinal plants are 
supposed to be a better choice with wide range of 
bioactive compounds [32].

Disk diffusion assay

The antifungal activity of T. chebula, S. jambolanum 
and T. occidentalis varied depending on the various 
concentrations used against the tested microorgan-
isms (fig.3). The zones of inhibition ranged between 

(T.C.) 06.33±00.57 mm and 19.66±1.52 mm in 
diameter, (S.J.) 7.00±00 mm and 23.33±1.52 and 
(T.O.) 7.66±0.57 and 17.00±1.00 mm in diameter. 
C. albicans were susceptible to all the three tested 
extract at different concentrations. The present 
study revealed that the TC showed significant in-
hibitory activity against C. albicans at minimum 
concentration of 12.5 mg/ml. The highest zones of 
inhibition were recorded at high concentrations 
of S.J. 500 mg/ml and S.J. 250 mg/ml which was 
23.33±1.52 and 19.66±1.00 mm and the least activ-
ity was 7.00±00.57 mm at 1.95 mg/ml. It has been 
previously described that the plants extract such as 
leaves of Myrcia splendens, and further spices pos-
sess significant (p<0.05) antimicrobial activities 
against wide range of microbes [33-35]. Our find-
ings suggest that T.C., T.O. and S.J. plant extracts 
have potential to inhibit the growth of C. albicans 
in dose dependent manner.

Minimal inhibitory concentration (MIC) and mi-
nimal fungicidal concentration (MFC) assays

Figure 2
Terminalia chebula (a), Thuja occidentalis (b) and Syzygium jambolanum (c) % inhibition measured by the ABTS 

scavenging equivalent to GA(µg/ml) and (d) % inhibition measured by the ABTS scavenging equivalent to GA (µg/ml)
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The tested plants extracts of T. chebula, S. jambola-
num and T. occidentalis exhibit potential anti-can-
dida activity in-vitro. The plant extract of S.J. in-
hibits the growth of C. albicans at 1.95 mg/ml and 
recorded as lowest MIC while that of T.C. and 
T.O. inhibits the growth at 3.90 mg/ml respectively 
against the C. albicans. ketoconazole were used as 
standard antifungal drug and DMSO (1%) were also 
tested as vehicle control for comparison purposes. 
The fungicidal effect ranged from S.J. 3.90 mg/ml 
and T.C. and T.O. was 7.81 mg/ml respectively. The 
tested plant extracts significantly inhibit the growth 
of C. albicans, but they did not show near of effi-
cacy as compared of positive control ketoconazole 
(tab. 2). The MFC against C. albicans was recorded 

lowest with 3.90 mg/ml with S.J. and 7.81 mg/ml 
with T.C. and T.O. respectively, however, the MFC 
of Ketoconazole was 25 μg/ml.

Sorbitol assay

Sorbitol acts as an osmotic stabilizer, upholds ap-
propriate osmotic pressure, by this means providing 
an appropriate environment for the cell wall biosyn-
thesis pathway. Our results suggest that there was 
no significant difference between MIC of the tested 
plant extract amalgams against C. albicans either in 
the absence or presence of sorbitol, at the same time 
the control groups exhibited the capacity to grow in 

Figure 3
Antifungal activity of the Terminalia chebula (T.C.), Thuja occidentalis (T.O.) and Syzygium jambolanum (S.J.) at different 

concentration from 1.95 to 500 mg/ml against the Candida albicans determined by disc diffusion method on Muller Hinton 
Methylene Blue with 2% Glucose Agar media. All values are mean ±SEM (n=6), ap≤0.05 compared to control, bp≤0.05 compared 
to vehicle control,cp≤0.05 compared to positive control (one way ANOVA followed by Tukey’s post hoc test)

Table 2 

MIC in the presence and absence of sorbitol 0.8M and MFC in mg/ml of Terminalia chebula (T.C.),  Syzygium 
jambolanum (S.J.) and Thuja occidentalis (T.O.) extract and ketoconazole against Candida albicans.

Strain
C. albicans

MIC in the absence of 
sorbitol

MIC in the presence of 
0.8M sorbitol

Growth 
control

MFC

Terminalia chebula (T.C.) 3.90 mg/ml 3.90 mg/ml + 7.81 mg/ml

Thuja occidentalis
(T.O.)

3.90 mg/ml 3.90 mg/ml + 7.81 mg/ml

Syzygium jambolanum
(S.J.)

1.95 mg/ml 1.95 mg/ml + 3.90 mg/ml

Ketoconazole 12.5 µg/ml – + 25 µg/ml

MIC - minimal  inhibitory concentration; MFC -  minimal fungicinal concentrations
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the existence of sorbitol.

Trypan blue assay

The yeast cell death was accessed by staining C. al-
bicans strains with trypan blue. Blue stained yeast 
cells indicating the cell death by means of changes 
in cell membrane permeability after exposure with 
T. chebula, T. occidentalis and S. jambolanum plant 
extract amalgams. In contrast, control cells and un-
treated cells did not stain with trypan blue. Those 
indicating cell viability with intact cell membranes 
and appeared unstained under the micro-scope (fig. 
4 A-E).

CONCLUSION

From the present study it may be concluded that 

and further characterization of phytochemicals to 
identify the active components responsible for the 
anti-candida effect, as well as to declare the  in-vi-
vo activities of these ingredients.
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Figure 4
Effect of Terminalia chebula (T.C.), Thuja occidentalis (T.O.) and Syzygium jambolanum (S.J.) plant extract on Candida al-

bicans cells (A-E). Light microscopy images of the C. albicans (A-E) in the control absence (A) and presence of ketoconazole 
25 µg/ml (B), T.C. 7.81 (C), T.O. 7.81 (D) and S.J. 3.90 mg/ml (E), strains stained with trypan blue, magnification at 40x

extract of T. chebula, T. occidentalis and S. jambo-
lanum showed very strong antioxidant activity. 
Therefore, fruit pulp of T. chebula; seed of S. jam-
bolanum and leaves and twigs of T. occidentalis may 
be considered as an important source of antioxidant 
compounds and may commercially be applied in 
the future. The results of drug sensitivity assay of 
study gives a clear indication that the tested plant 
extracts amalgams of the T. chebula, T. occidentalis 
and S. jambolanum exhibited beneficial antifungal 
activity against C. albicans (MTCC-3017). The high-
est antifungal activity was detected for the extract 
of  S. jambolanum which showed a MIC value of 
3.90 mg/ml. It can be concluded that the medicinal 
plants native to India studied in the present study 
have significant antioxidant and antifungal activ-
ity. Antifungal activity of these plants may be due to 
polyphenolic constituents and alkaloids present in 
plants. Further scientific assessment of tested plant 
amalgams should be done including fractionation 

REFERENCES

1. Centre for Disease Control and Prevention. Fungal 
Diseases. www.cdc.gov/fungal/global/index.html

2. Bongomin F, Gago S, Oladele RO, Denning DW. 
Global and multi-national prevalence of fun-
gal diseases – estimate precision. J Fungi 2017; 
3(4):57. doi: http://dx.doi.org/10.3390/jof3040057

3. Vallabhaneni S, Cleveland AA, Farley MM. Epi-
demiology and risk factors for echinocandin 
nonsusceptible Candida glabrata bloodstream 
infections: data from a large multisite population-
based candidemia surveillance program, 2008–
2014. Open Forum Infect Dis 2015; 2(4):ofv163. 
doi: http://dx.doi.org/10.1093/ofid/ofv163

4. Verweij PE, Chowdhary A, Melchers WJ, Meis 
JF. Azole resistance in Aspergillus fumigatus: can 
we retain the clinical use of mold-active antifun-

https://dx.doi.org/10.3390%2Fjof3040057


11 Antioxidant and anti-candida activity of selected medicinal plants of Indian origin

Vol. 66 No. 3 2020

gal azoles? Clin Infect Dis 2016; 62(3):362-368. 
http://dx.doi.org/10.1093/cid/civ885

5. Rivero-Menendez O, Alastruey-Izquierdo A, 
Mellado E, Cuenca-Estrella M. Triazole resist-
ance in Aspergillus spp.: a worldwide problem? J 
Fungi 2016; 2(3):21. doi: http://dx.doi.org/10.3390/
jof2030021

6. Bhalodia NR, ShuklaVJ. Antibacterial and antifun-
gal activities from leaf extracts of Cassia fistula L.: 
An ethnomedicinal plant. J Adv Pharm Technol 
Res 2011; 2(2):104-109. doi: 10.4103/2231-4040. 
doi: http://dx.doi.org/10.4103/2231-4040.82956. 

7. Szabo M, Radu D, Gavrilas S, Chambre D, Idi-
toiu C. Antioxidant and antimicrobial prop-
erties of selected spice extracts. Int J Food 
Prop 2010; 13(3):535–54. doi: http://dx.doi.
org/10.1080/10942910802713149

8. Ndhlala AR, Kasiyamhuru A, Mupure C, Chitin-
dingu K, Benhura MA, Muchuweti M. Phenolic 
composition of Flacourtia indica, Opuntia mega-
cantha and Sclerocarya birrea, Food Chem 2007; 
103(1):82-87. doi: http://dx.doi.org/10.1016/j.food-
chem.2006.06.066

9. Wallace G, Fry SC. Phenolic components of the 
plant cell wall. Int Rev Cytol 1994; 151:229-267. doi: 
http://dx.doi.org/10.1016/S0074-7696(08)62634-0

10. Frankel EN, Kanner J, German JB, Parks E, Kin-
sella JE. Inhibition of oxidation of human low-
density lipoprotein by phenolic substances in red 
wine. The Lancet 1993; (341)8843:454-457. doi: 
http://dx.doi.org/10.1016/0140-6736(93)90206-V

11. Kuda T, Tsunekawa M, Goto H, Araki Y. Anti-
oxidant properties of four edible algae harvest-
ed in the Noto Peninsula, Japan. J Food Comp 
Anal 2005; 18(7):625-633. doi: http://dx.doi.
org/10.1016/j.jfca.2004.06.015

12. Sharma S, Stutzman JD, Kelloff GJ, Steele VE. 
Screening of potential chemopreventive agents 
using biochemical markers of carcinogenesis. 
Cancer Res 1994; 54(22):5848-5855. PMID: 
7954413

13. Djeridane A, Yousfi M, Nadjemi B, Boutassouna 
D, Stocker P, Vidal N. Antioxidant activity of 
some Algerian medicinal plants extracts contain-
ing phenolic compounds. Food Chem 2006; 97 

(4):654-660. doi: http://dx.doi.org/10.1016/j.food-
chem.2005.04.028

14. Wong CC, Li HB, Cheng KW, Chen F.A. Sys-
tematic survey of antioxidant activity of 30 Chi-
nese medicinal plants using the ferric reduc-
ing antioxidant power assay. Food Chem 2006; 
97(4):705-711. doi: http://dx.doi.org/10.1016/j.
foodchem.2005.05.049

15. Rahiman S, Ahmad B, Tantry BA, Kumar A. Vari-
ation of antioxidant activity and phenolic content 
of some common home remedies with storage 
time. Afr J Tradit Complement Altern Med 2013; 
10(1):124-127. doi: http://dx.doi.org/10.4314/ajt-
cam.v10i1.16

16. Aquino R, Morelli S, Lauro MR, Abdo S, Saija A, 
Tomaino A. Phenolic constituents and antioxi-
dant activity peroxyl radical trapping capacity of 
human plasma. Anal Biochem 2001; 269: 39–44.
doi: http://dx.doi.org/10.1021/np0101245

17. Bursal E, Koksal E, Gulcin I, Bilsel G, Goren AC. 
Antioxidant activity and polyphenol content of 
cherry stem (Cerasus avium L.) determined by 
LC–MS/MS. Food Res Int 2013; 51:66-74. doi: 
http://dx.doi.org/10.1080/10942912.2016.1168438

18. Bauer AW, Kirby WM, Sherris JC, Turck M. 
Antibiotic susceptibility testing by a standard-
ized single disk method. Am J Clin Pathol 1966; 
45(4):493-496. PMID: 5325707

19. Reference method for broth dilution antifungal 
susceptibility testing of yeasts. Approved stand-
ard. 2nd ed. M27-A2 Vol. 22 No. 15. 

20. Espinel-Ingroff A, Colombo AL, Cordoba S, Du-
fresne PJ, Fuller J, Ghannoum M, et al. Internation-
al evaluation of MIC distributions and epidemio-
logical cutoff value (ECV) definitions for Fusarium 
species identified by molecular methods for the 
CLSI broth microdilution method. Antimicrob 
Agents Chemother 2016; 60:1079-1084. doi: http://
dx.doi.org/10.1128/AAC.02456-15

21. Halasa R, Turecka K, Orlewska C, Werel W. 
Comparison of fluorescence optical respirom-
etry and microbroth dilution methods for testing 
antimicrobial compounds. J Microbiol Methods 
2014; 107:98-105. doi: http://dx.doi.org/10.1016/j.
mimet.2014.09.008

https://doi.org/10.4314/ajtcam.v10i1.16
https://doi.org/10.4314/ajtcam.v10i1.16


12 S. Prajapati, A. Bhardwaj, P. Gupta

22. Bajpai M, Pande A, Tewari SK, Prakash D. 
Phenolic content and antioxidant activity of 
some food and medicinal plants. Int J Food 
Sci Nutr 2005; 56:287-291. doi: http://dx.doi.
org/10.1080/09637480500146606

23. Saha S, Verma RJ. Antioxidant activity of poly-
phenolic extract of Terminalia chebula Retzius 
fruits. J Taibah Uni Sci 2018; 10(6):805-812, doi: 
http://dx.doi.org/10.1016/j.jtusci.2014.09.003

24. Yogesh K, Ali J. Antioxidant potential of thuja 
(Thuja occidentalis) cones and peach (Prunus-
persia) seeds in raw chicken ground meat during 
refrigerated (4 ± 1oC) storage. J Food Sci Technol 
2014; 51:1547-1553. doi: http://dx.doi.org/10.1007/
s13197-012-0672-5

25. Hazarika N, Singh P, Hussain A, Das S. Phenolics 
content and antioxidant activity of crude extract 
of Oldenlandia corymbosa and Bryophyllum pin-
natum. Res J Pharm Biol Chem Sci 2012; 3:297-
303.

26. Guler GO. Studies on antioxidant properties of 
the different solvent extracts and fatty acid com-
position of Hyoscyamus reticulatus L. J Food 
Biochem 2011; 36:532-538. doi: http://dx.doi.
org/10.1111/j.1745-4514.2011.00564.x

27. Kuo PC, Damu AG, Cherng CY, Jeng JF, Teng 
CM, Lee EJ et al. Isolation of a natural antioxi-
dant, dehydrozingerone from Zingiber officinale 
and synthesis of its analogues for recognition of 
effective antioxidant and antityrosinase agents. 
Arch Pharm Res 2005; 28:518-528. doi: http://
dx.doi.org/10.1007/BF02977752

28. Sheng Z, Zhao J, Muhammad I, Zhang Y. Opti-
mization of total phenolic content from Termi-
nalia chebula Retz. fruits using response surface 
methodology and evaluation of their antioxidant 
activities. PLoS ONE. 2018; 13(8):e0202368. doi: 
http://dx.doi.org/10.1371/journal.pone.0202368

29. Yogesh K, Ali J. Antioxidant potential of thuja 
(Thuja occidentalis) cones and peach (Prunus  
persia) seeds in raw chicken ground meat during 

refrigerated (4±1oC) storage. J Food Sci Tech-
nol 2014; 51(8):1547-1553. doi: http://dx.doi.
org/10.1007/s13197-012-0672-5 

30. Hari Priya S, Prakasan N, Purushothaman J. An-
tioxidant activity, phenolic-flavonoid content and 
high-performance liquid chromatography profil-
ing of three different variants of Syzygium cumini 
seeds: A comparative study. J Intercult Ethnop-
harmacol 2017; 6:107-114. doi: http://dx.doi.
org/10.5455/jice.20161229055555

31. Abdulhamid A, Sani I, Kankiya IH, Fakai IM. 
Phytochemical screening, analgesic effect and 
anti-inflammatory activity of crude methanolic 
stem bark extract of Acacia nilotica (Linn.). Asian 
J Biol Sci 2019; 12(3): 450-456. doi: http://dx.doi.
org/10.3923/ajbs.2019.450.456

32. Jeyaseelan EC, Jashothan PTJ. In vitro control of 
Staphylococcus aureus (NCTC 6571) and Escheri-
chia coli (ATCC 25922) by Ricinus communis L. 
Asian Pac J Trop Biomed 2012; 2(10):717-721. doi: 
http://dx.doi.org/10.1016/S2221-1691(12)60216-0

33. Pontesa FC, Abdallaa VCP, Imatomia M, Fuente-
sa LFG, Gualtieria SCJ. Antifungal and antioxi-
dant activities of mature leaves of Myrcia splen-
dens (Sw.) DC. Braz J Biol 2019; 79(1):127-132. 
doi: http://dx.doi.org/10.1590/1519-6984.179829

34. Nassan MA, Mohamed EH, Abdelhafez S, Is-
mail TA. Effect of clove and cinnamon extracts 
on experimental model of acute hematogenous 
pyelonephritis in albino rats: immunopathologi-
cal and antimicrobial study. Int J Immunopathol 
Pharmacol 2015; 28:60-68. doi: http://dx.doi.
org/10.1177/0394632015572075

35. Liu Q, Meng X, Li Y, Zhao CN, Tang GY, Li HB. 
Antibacterial and antifungal activities of spices. 
Int J Mol Sci 2017; 18:E1283. doi: http://dx.doi.
org/10.3390/ijms18061283. PMID: 28621716

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4108658/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4108658/
https://dx.doi.org/10.1007%2Fs13197-012-0672-5

