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Effect of Schinus terebinthifolius on Candida albicans growth kinetics,
cell wall formation and micromorphology
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Abstract
Objective: To evaluate the anti-fungal activity of a tincture from Schinus terebinthifolius (Brazilian pepper tree) on Candida
albicans (ATCC 289065), a micro-organism associated with fungal infections of the oral cavity. Materials and methods:
Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal Concentration (MFC) were determined through
microdilution technique, as well as the microbial growth curve of C. albicans promoted by S. terebinthifolius. In addition, this
study investigated a possible activity of the product on the fungal cell wall and its biological activity on fungal morphology.
Nystatin was used as control and all tests were performed in triplicate. Results: S. terebinthifolius showed MIC of 312.5 mg/mL
andMFC of 2500 mg/mL upon the strain tested, while Nystatin showedMIC andMFC of 6.25 mg/mL. As regards the microbial
growth curve, S. terebinthifolius was able to significantly reduce the number of CFU/mL when compared to growth control until
the time of 60 min. In the times 120 and 180 min there was no statistically significant difference between the growth control and
the experimental product. S. terebinthifolius possibly acts on the fungal cell wall, once the sorbitol test indicated aMIC of 1250 mg/
mL. In the fungal morphology, a reduction was observed of pseudo-hyphae, chlamydoconidia and blastoconidia in the presence
of the experimental product. Conclusion: S. terebinthifolius showed anti-fungal activity against C. albicans, inhibiting, probably,
the fungal cell wall formation.

Key Words: anacardiaceae, biological products, Candida albicans

Introduction

Oral candidiasis is an infection caused by Candida
genus yeasts, which commonly inhabit healthy
individuals’ mouths. Candida is a saprophyte micro-
organism that, depending on pre-disposing factors
that change organic integrity, may modify its yeast-
like conformation into a fusiform shape, becoming
pathogenic [1].
Candida strains have been associated to superficial

and systemic mycotic infections and may be found
in 60% of adults’ oral cavity. In this profile, Candida
albicans is considered to be the most prevalent
species [2].
Such a micro-organism presents virulence factors

involved in the biofilm formation [3] and that ability is
closely related to its aptitude in causing infections and

therefore an increasing resistance to anti-fungal drugs
and to host defense mechanisms [4,5].
Considering the shortcomings related to the use

of synthetic anti-fungals (increased resistance, unde-
sirable effects, among others), new agents have been
proposed in an attempt tominimize those problems. In
this respect, products originating from natural sources
with potential anti-microbial activity have been inves-
tigated [6–12]. Among those is Schinus terebinthifolius,
popularly known as Brazilian pepper tree.
S. terebinthifolius is native to Brazil and belongs

to the plant kingdom, division Tracheophyta, class
agnoliopsida, order Sapindales and family Anacardia-
ceae. The principal morpho-histological and chemical
characteristics of the species in view of recognizing it
as a drug are leaves and barks rich in tannins and
essential oil [13].
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This species has presented anti-inflammatory and
anti-ulcerogenic effects and has been used as an anti-
septic and in the treatment of stomatitis. Its leaves have
been commonly usedworldwide in themanagement of
venereal diseases, womb inflammation, urinary tract
infections, skinwounds, diarrhoea andgastroduodenal
ulcer [14,15]. Furthermore, S. terebinthifolius has been
found to be a promising anti-microbial agent against
gram-positive and negative bacteria [15,16] and some
species of Candida [16,17].
Thus, it was aimed to investigate the anti-fungal

effects of S. terebinthifolius on planktonic Candida
albicans.

Materials and methods

Research centre and fungal strains

Microbiological assays were performed in the Oral
Microbiology Laboratory of the Nucleus of Tropical
Medicine and in the Mycology Laboratory of the
Department of Pharmaceutical Sciences, Center for
Health Sciences, Federal University of Paraiba, Joao
Pessoa, Brazil.
Strains of Candida albicans (ATCC 289065) were

provided by the National Institute of Quality Control
in Health at Oswaldo Cruz Foundation (NIQCH).

Experimental product

The test product was a tincture from the stem bark of
Schinus terebinthifolius, which was provided by a com-
pounding pharmacy in Joao Pessoa, Paraiba, Brazil.
The product, detailed in Table I, met all required
specifications concerning its quality control according
to the technical survey provided by the supplier.

Determination of the minimum inhibitory
concentration (MIC)

The MIC determination of the S. terebinthifolius tinc-
ture was performed by microdilution technique
proposed by Ellof [18], using 96-well U-bottom
microtiter plates (ALAMAR�, Diadema, Sao Paulo,
Brazil). Initially, 100 mL of Sabouraud Dextrose
Broth (SDB, HIMEDIA�, Sao Paulo, Brazil) doubly
concentrated were distributed into the plate’s wells.
Then, 100 mL of the S. terebinthifolius tincture were
distributed at an initial concentration of 5000 mg/mL.
From these concentrations were conducted serial
dilutions by withdrawing an aliquot of 100 mL from
the most concentrated well and inserting it into the
following well. Concentrations then ranged between
5000 mg/mL and 39 mg/mL. Finally, aliquots of 10 mL
of inoculum (1–5 � 106 CFU/mL) were dispensed
into the wells of each column. In parallel, a yeast
viability control and also a susceptibility control
were conducted by using powdered nystatin at an

initial concentration of 100 mg/mL, ranging up to
0.78 mL/mL.
Tests were performed in triplicate and the plates

were incubated at 35�C for 48 h. The reading to
determine the tincture MIC on the yeast strain was
made by visual method. The formation or non-
formation of cellular clusters (‘button’) at the bottoms
of the wells were taken into consideration. MIC was
considered as the lowest concentration of the product
under test capable of producing visible inhibition on
the growth of yeast strains used in the microbiological
assay [18].

Determination of the minimum fungicidal
concentration (MFC)

After MIC determination, the inhibitory and two
following higher concentrations as well as the positive
controls were sub-cultivated on plates containing
Sabouraud Dextrose Agar, in triplicate. Then, after
24 h of incubation at 35�C, the readings of MFC were
carried out based on the growth controls. MFC was
considered as the lowest drug concentration that
hindered visible growth of the sub-culture.

Effect of S. terebinthifolius on yeasts growth kinetics

The study of interference of the test product
(S. terebinthifolius tincture) on the viability of fungal
strains was performed by means of the method of
counting viable cells. In this assay, the behaviour of
the yeasts strains submitted to the MIC found in the
microdilution technique was observed. Initially, fun-
gal suspension in 0.9% saline solution was prepared in
accordance with the 0.5 tube of McFarland scale,
which corresponds to ~1–5 � 106 CFU/mL. Test
tubes measuring 150 � 150 mm were prepared to
contain 4.5 mL of sterilized DSB. Then, the experi-
mental product or control anti-fungal was added at

Table I. Characterization of the experimental product containing
Schinus terebinthifolius.

Scientific name Schinus terebinthifolius

Popular name Brazilian pepper tree

Origin Stem bark

Pharm. Form Tincture

Initial concentration 100 mg/mL1

Physical-chemical
characteristics

pH: 4.99
Soluble in water
Density: 0.910 g/mL
Extractor liquid: hydroalcoholic
solution
Alcohol strength: 60� GL
Dry residue: 2.0%

Major active components* Alkaloids and tannins

*According to phytochemical analysis performed by the supplier.
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the following concentrations: MIC, MIC � 2 and
MIC � 4. Posteriorly, an aliquot of 0.5 mL of fungal
suspension (2.5 � 106 cells) was transferred to all the
test tubes. A growth control (culture medium plus
inoculum) was also prepared to allow for comparisons
and method assurance. Solutions were kept incubated
at 35�C during the whole assay (180 min).
In the previously set times (0, 30, 60, 120 and

180 min), an aliquot of 10 mL of the test and control
solutions was inoculated on plates containing
Dextrose Sabouraud Agar (HIMEDIA�, Sao Paulo,
Brazil) in order to determine the counting of colonies.
All tests were performed in triplicate [19].
After the incubation period, reading of results was

conducted by counting of grown colonies. Colony-
number average (log10 CFU/mL) was set vs time
period and the average and strength of anti-fungal
activity was compared in several concentrations. Data
analysis for the test product was considered as
showing fungicidal activity when reduced microbial
death ‡ 99.9% (‡ 3 log10) in CFU/mL in relation to
the initial inoculum [19].

Effect of S. terebinthifolius on fungal cell wall

MIC determination of S. terebinthifolius tincture in the
presence of sorbitol (0.8 M) was performed by micro-
dilution technique [18], in triplicate. In each well of
the plate were added 100 mL of SDB previously
supplemented with sorbitol presenting a molecular
weight of 132.17 g (Compounding pharmacy, Joao
Pessoa, Paraiba, Brazil), both doubly concentrated.
Subsequently, 100 mL of the tincture (100 mg/mL)
were also dispensed into the wells in the first row of
the plate. Also, through a serial dilution at a ratio of 2,
were obtained concentrations ranging between
5000 mL/mL and 39 mL/mL of the S. terebinthifolius
tincture and, in relation to sorbitol, a final concen-
tration of 0.8 M in each well. Finally, 10 mL
of inoculum (1–5 � 106 CFU/mL) was added into
the wells.
A micro-organism control was conducted by

placing 100 mL of DSB plus sorbitol (0.8 M) doubly
concentrated and 10 mL of inoculum (1–5 � 106

CFU/mL) into the wells. In addition, a sterility con-
trol was also done by placing the same culture
medium and sorbitol without fungal suspension.
Plates were incubated at 35�C for 48 h and read
afterwards [20].

Interference on fungal micromorphology

In view of observing morphological changes in the
C. albicans strain, this study employed the technique
of microculture for yeasts, using cornmeal agar in a
moist chamber [21–24].
Cornmeal agar was prepared (100 mL) and the

total amount was divided into three parts containing
the same volume. Then, the test product at MIC
concentration, standard anti-fungal and other third
part were added. The trial was performed using Petri
dishes of 90 � 15 mm containing a glass slide on a
supporter for the microcultive and filter paper (30 �
30 mm) soaked in water (moist chamber) properly
sterilized.
Posteriorly, the culture medium containing test

product, anti-fungal and the part without anti-
microbial agents was molten and 1 mL transferred
and spread on the slider, creating a thin layer. After
cornmeal agar solidification, the yeast was seeded by a
needle-like bacteriological loop, making two parallel
strias. A coverslip was added to cover the microcultive
and 1 mL distilled and sterilized water was included
to keep system humidity. Each plate was closed and
incubated at 35�C for 48 h.
After the incubation period, each preparation was

examined under optical microscopy in view of obser-
ving formation or non-formation of yeast-typical
structures like blastoconidia, pseudo-hyphae and
chlamydoconidia.

Data analysis

Data gathered in the kinetics assay were analysed
by inferential statistics by means of ANOVA test
followed by Tukey’s post-test (Graphpad Prism,
version 5.0, San Diego, CA). Type I error (a error)
was set at 0.05. For other tests, descriptive statistics
were employed.

Results

Table II includes the anti-fungal activity of S. terebinthi-
folius upon Candida albicans according to the assays of
Minimum Inhibitory Concentration and Minimum
Fungicidal Concentration.
Microbial growth kinetics and growth curve of

C. albicans under activity of S. terebinthifolius tincture
and nystatin at different concentrations (MIC,

Table II. Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of Schinus terebinthifolius tincture on
Candida albicans (values expressed in mg/mL).

S. terebinthifolius tincture Nystatin

Strain MIC MFC MIC MFC

Candida albicans
(ATCC 289065)

312.5 mg/mL 2500 mg/mL 6.25 mg/mL 6.25 mg/mL

Antifungal activity of S. terebinthifolius 967
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MIC� 2 andMIC� 4) are disposed in Figures 1,2,3,
respectively. Data showed that S. terebinthifolius was
able to reduce significantly (p < 0.05) the number of
CFU/mL when compared to growth control from
0 up to 60 min. In the times 120 and 180 min no
statistically significant difference (p < 0.05) was found
between growth control and the tincture.
MIC values of S. terebinthifolius in presence and

absence of sorbitol (0.8 M)—an osmotic protector—
were 312.5 and 1250 mg/mL, respectively. As can be
seen, such a test suggests that sorbitol protects cells
from the inhibitory effects promoted by the tincture,
once there were changes in the MIC of the experi-
mental product upon the strain assayed.
The control with sorbitol guaranteed reliability of the

methods employed and outcomes obtained, conside-
ring that the strain was able to grow in the presence
of sorbitol and absence of the tincture. These results
indicate the anti-fungal effect of the S. terebinthifolius
tincture somehow involve a direct interaction with the
C. albicans cell wall.
C. albicans micromorphology test under optical

microscopy revealed the presence of structures indi-
cating fungal growth: pseudo-hyphae, blastoconidia
and chlamydoconidia (Figure 4). In the growth con-
trol, the presence of pseudo-hyphae, blastoconidia
and chlamydoconidia was observed. In the presence
of the tincture were seen blastoconidia, a few pseudo-
hyphae and rare chlamydoconidia. Under nystatin

activity, only blastoconidia and rare pseudo-hyphae
were visualized.

Discussion

There has been an increasing interest in studying
medicinal plants as sources of agents to treat infec-
tious diseases. In this respect, experimental scientific
studies are needed to be carried out in order to
confirm possible antibiotic properties of a great
number of plants and their derivates [24].
The Brazilian Ministry of Health released, in

February 2009, a list containing 71 medicinal plants
which may be used as phytotherapic drugs by the
Brazilian Health Unified System in order to guide
studies and researches. Among those plant species is
Schinus terebinthifolius [25].
The present investigation assessed the anti-fungal

activity of S. terebinthifolius tincture and found a MIC
of 312.5 mg/mL and MFC of 2500 mg/mL upon
C. albicans. Some studies evaluating the MIC of
S. terebinthifolius can be found in the literature
[15,16], but there is no mention of MFC, which
makes this study unique in such an assessment.
A study evaluated the susceptibility of strains of

C. albicans, C. tropicalis and C. krusei to nystatin, and
MIC andMFC were found ranging from 0.5–8 mg/mL
and from 8–64 mg/mL, respectively [26]. Wingeter
et al. [27] investigated the sensitivity of isolated and
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Figure 1. Effect of the MIC of S. terebinthifolius tincture on C. albicans (ATCC 289065) growth kinetics.
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Figure 2. Effect of the MIC � 2 of S. terebinthifolius tincture on C. albicans (ATCC 289065) growth kinetics.
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non-isolated strains of C. albicans from patients presen-
ting prosthetics stomatitis and observed Nystatin MIC
values ranging between 2–64 mg/mL. Similar results
were found in the present study, in which Nystatin
showedMICandMFCof 6.25mg/mLuponC.albicans.
An extract from S. terebinthifolius leaves (ethanol,

30%) was tested by the agar diffusion method, in
different concentrations, against some gram-positive
and gram-negative micro-organisms and also upon
C. albicans yeasts. Results revealed that, in the lowest
test concentration (10%), there was no microbial
growth inhibition. However, in the 50% and 100%
concentrations there was inhibition of gram-positive
and gram-negative bacteria, but the yeast was not
affected [15]. That differs from our findings, once
S. terebinthifolius tincture presented anti-fungal
activity with MIC of 312.5 mg/mL on C. albicans.
Guerra et al. [25] assessed the anti-microbial activity

of the extract from S. terebinthifolius leaves (ethanol,
80%) against gram-positive and gram-negative

micro-organisms and C. albicans yeast. It was verified
that such an extract presented an anti-microbial effect
in the concentrations 80, 60, 40, 30, 15, 5 and1%onall
tested micro-organisms. In the present investigation,
S. terebinthifolius tincture was found to exhibit activity
up to the concentration of 0.3125%.
Some methodological approaches are important to

be distinguished between the studies by Martínez
et al. [15] and Guerra et al. [16] and the present
investigation. Those researches employed an agar
diffusion method to determine MIC; their experi-
mental product contained active compounds from
S. terebinthifolius leaves in an extract form, and
micro-organisms ATCC were distinct. In this study,
MIC was obtained by a micro-dilution technique; the
test substance had its origin in S. terebinthifolius stem
bark and it is in tincture form. In this respect, it is
noteworthy to point out the solvent used for preparing
the pharmaceutical form (extract, tincture, etc.)
rather influence the quantity and type of extracted

Legend:

GC: Growth Control

ST: Schinus terebinthifolius �ncture

N: Nysta�n 

1: Pseudo-hyphae

2: Chlamydoconidia

3: Blastoconidia
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N

Figure 4. Micromorphology of Candida albicans cultivated in presence of Schinus terebinthifolius tincture and Nystatin.
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Figure 3. Effect of the MIC � 4 of S. terebinthifolius tincture on C. albicans (ATCC 289065) growth kinetics.
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phytochemicals (e.g. tannins) responsible for biolo-
gical activity. Among other reasons, this may contri-
bute to the differences found between extracts and
tinctures.
In another study, Freires et al. [28] evaluated

the anti-fungal activity of a 10% tincture from
S. terebinthifolius stem bark upon C. albicans. The
authors found mean diameters of growth inhibition
halos of 25.32 mm promoted by the Brazilian pepper
tree against 33.32 mm corresponding to the control
(Nystatin).
The findings of this work complement what was

found by Freires et al. [28], because it also assessed
anti-fungal activity of Brazilian pepper tree tincture
(10%) on C. albicans yeast (MIC and MFC), in addi-
tion to microbial growth curve, action on fungal cell
wall and interference with fungal micromorphology.
This research brings a quite relevant contribution to

fungal microbiology, seeing that until now no study
has deeply evaluated the anti-fungal potential of the
S. terebinthifolius tincture, according to the literature,
because research is more often conducted to assess
this species anti-bacterial activity.
In the kinetics assay, analysis of the microbial

growth curve under S. terebinthifolius activity revealed
that it was able to significantly reduce the number of
CFU/mL when compared to growth control up to the
time of 60 min. In the times 120 and 180 min there
was no statistically significant difference between
growth control and test product. These results
show that up to 1 h the Brazilian pepper tree may
inhibit fungal growth, but its action decreases over
time and the yeast may have growth returned to
normal. This situation, therefore, implies a possible
low substantivity of S. terebinthifolius, ~ 1 h.
Accordingly, it is suggested to associate the tincture

(natural product economically feasible and with
proven antifungal property) with a synthetic anti-
fungal so as toprovide this newproduct a longer action.
As such, this combination seems to be a worthy alter-
native, considering that a synergic effect achieved by
bothproductsmaybe responsible for an increasedanti-
fungal action, compared to the use of the agents by
themselves. Thus, studies on this sort of association
may contribute to improve care related to prevention
and treatment of oral candidiasis.
The test with sorbitol performed in this study is

based on the extent and capacity of the injuries that
substances with anti-fungal activity generally promote
on the fungal cell wall. Whether the agent somehow
acts on the cell wall it will cause cell lysis when in the
absence of an osmotic stabilizer. So, this test com-
pares anti-fungals MIC in the absence and presence
of 0.8 M sorbitol, which is an osmotic protector used
to stabilize fungal protoplasts [29].
Based on the results of the present study,S. terebinthi-

folius was found to have a possible mechanism of action
on the fungal cell wall, since MIC in the absence of

sorbitol was 312.5 mg/mL and in the presence of the
osmotic stabilizer was 1250 mg/mL. That implies that
the tincture action was diminished in the presence of
sorbitol, which precluded test product action on the
fungal cell wall.
Fungal micromorphology assay indicated that the

test product was able to inhibit formation of chlamy-
doconidia and pseudo-hyphae. According to Romani
et al. [30], the formation of pseudo-hyphae is related
to virulence factors expressed by C. albicans, since
these structures represent a barrier for phagocytosis
and allow liquidation of yeasts in the epithelial tissue.
Morphological changes are associated to micro-
organism pathogenicity and environmental factors
are believed to influence physiological status of com-
mensal yeasts.
This is the first study to demonstrate activity of

S. terebinthifolius tincture on fungal micromorphology,
which hinders comparison with other research. In
the study by Castro [31], the micromorphology
of C. albicans was evaluated in the presence of
Cinnamomum zeylanicum essential oil, Nystatin
and a combination of both substances. The results
indicated these products were able to inhibit
formation of pseudo-hyphae, chlamydoconidia and
blastoconidia.
It is important to consider that the trials performed

in the present investigation represent an initial assess-
ment to determine anti-fungal activity of S. terebinthi-
folius tincture, being therefore necessary to carry out
further studies including analysis in Candida biofilms
and toxicological assays.
Lima et al. [32] evaluated acute and sub-acute

toxicity of S. terebinthifolius used orally for 45 days
in Wistar rats of both genders. No toxic signal or
deaths were observed relating to acute and sub-acute
administration of that species extract.
Paulo et al. [33] conducted a phase I toxicological

clinical trial with 28 volunteers assessing a phyto-
therapic formulation containing: Schinus terebinthi-
folius Raddi, Plectranthus amboinicus Lour and
Eucalyptus globulus Labill. In that study, participants
took orally 15 mL of the test product 3-times a day for
8 weeks. Acute toxicity was evaluated from the 1st to
the 7th days of ingestion. After that, up to the 8th
week, chronic toxicity was inspected. The authors
concluded that oral administration of a 45 mL max-
imum per day for 2 months was well tolerated and
neither clinical and laboratorial changes nor relevant
adverse effects were observed.
The current study outcomes provide the continuity

of the researches about S. terebinthifolius, taking into
consideration its potential anti-fungal activity upon
C. albicans. Clinical trials should be carried out in
order to confirm the therapeutic efficacy of this
species against oral candidiasis.
Hence, according to the present findings it may be

concluded that:
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. Schinus terebinthifolius tincture (Brazilian pepper
tree) was found to present in vitro anti-fungal
activity (fungistatic and fungicidal) on Candida
albicans;

. As regards microbial growth kinetics ofC. albicans,
tincture was able to diminish fungal growth up to
the time of 60 min;

. S. terebinthifolius presents a possible mechanism of
action on the fungal cell wall in the presence of
sorbitol; and

. Concerning fungal micromorphology, the test
product was able to decrease the number of
blastoconidia and chlamydoconidia.

The results obtained point to the possibility to
clinically use this species in Dentistry as a low-cost,
accessible and efficient alternative in treating oral
candidiasis.
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