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Abstract
Eighteen antifungal drugs, five mentholated balms, sulphur and crude extracts of garlic (Allium
sativum), African basil (Ocimum gratissimum) and ginger (Zingiber officinale) were tested for in vitro
inhibitory potentials on 107 Candida strains obtained from human oral, high vaginal and endocervical
swabs. Between 47.1 and 92.0% (C. albicans); 50.0 and 100% (C. glabrata); 27.2 and 90.9% (C.
pseudotropicalis) and 57.1 and 100% (C. tropicalis) respectively were resistant to the antifungal drugs.
Only Candiderm cream (clotrimazole) was generally least resisted (27.3-57.1%) by the Candida species,
while all the Candida strains were resistant to the mentholated balms and sulphur. Garlic and ginger
were respectively inhibitory against 33.3-54.4% and 50.0-72.7% of the Candida strains but low (14.216.1%) inhibition was recorded in African basil. In conclusion, significant in vitro resistance among
vulvovaginal Candida species to some classes of antifungal drugs was recorded, indicating a serious
clinical challenge in treatment of oral and vulvovaginal candidasis. Meanwhile, this study also reported
significant in vitro inhibitory potentials of crude extracts of garlic and ginger on azole- / griseofulvinsusceptible and resistant Candida species, and thereby, can serve as natural adjunct options for the
treatment of oral and vulvovaginal candidasis, either as herbal toothpastes, topical anti-Candida agents,
suppositories or as douches.
Keywords: Allium sativum, antifungal resistance, medicinal plants, mentholated balms, vulvovaginal candidasis,
Zingiber officinale.
INTRODUCTION
Oral candidasis, which principally affect the oral cavities
of males and females, as well as vulvovaginal candidiasis
(VVC) that affect the vulva and vagina are caused by
abnormal growth of Candida species that normally inhabit
the oral and genital tracts. They are well-known infections
of public health importance that affects millions of
patients worldwide every year (Sobel, 1993; Shaheen
and Taha, 2006; Sobel, 2007; Abraham, 2011; DalbenDota et al., 2011). Incidences of oral and VVC have been
reportedly increasing in recent years (Shaheen and Taha,
2006; Ogunshe et al., 2009; Abraham, 2011; DalbenDota et al., 2011), while it is also recorded that
approximately 75% of adult women have at least 1
episode of VVC in
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their lifetimes, and of these, 40 - 50% will undergo new
outbreaks of which 5-8% result in recurrent vulvovaginal
candidiasis (RVVC), with 4 or more episodes per year
(Sobel, 2007). Also disturbing is the increasing resistance
to commonly available antifungal agents (Gallè et al.,
2011; Ogunshe et al., 2009, 2011a, b).
Certain Candida species are peculiar with oral and
VVC, while some rare Candida spp. are also occasionally
isolated from cases of oral and VVC, although the mostcommonly implicated principal aetiological agents of
candidasis include C. albicans, C. glabrata, C. tropicalis,
C. krusei, C. parapsilosis, C. lusitaniae etc. (Holland et
al., 2003;Ozcan et al., 2006; Rivera-Sánchez et al., 2006;
Shaheen and Taha, 2006; Dota et al., 2008; Vermitsky et
al., 2008; Ogunshe et al., 2009; Hetticarachchi et al.,
2010; Kennedy and Sobel, 2010; Abraham, 2011; Gallè
et al., 2011; Martins et al., 2011). Clinical experiences
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also indicated that induced virulence of these pathogens
in the oral and lower genital tracts and their causal role in
symptomatic patients require careful case-by-case
determination rather than routine administration of
antimycotic therapy (Kennedy and Sobel, 2010;
Abraham, 2011; Gallè et al., 2011).
Symptoms in oral candidosis are mostly general
(Abraham, 2011; Gallè et al., 2011) but overgrowth of
Candida in the vagina produces localised symptoms of
itching, burning and irritation, while abnormal discharge,
characterised by cottage cheese-like consistency may
also occur. VVC can cause serious discomforts in
females and also affects sexual activities (Sojakova et al.,
2004) and the increased number of oral (Gallè et al.,
2011) and vaginal yeast infections in the past few years
has however, been a disturbing trend, with several
theories being put forth to explain the apparent increase
by opportunistic fungal infections. Some women first
attempt to cure vulvovaginal yeast infections with do-ityourself treatments and natural remedies before turning
to over-the-counter antifungal preparations (Dun, 1999);
whereas, misuse of antifungal agents can also lead to
colonisation with less susceptible species and to
resistance among normally susceptible strains (Sobel et
al., 2001).
Management of patients with VVC is often difficult
because most of the commonly available antifungal
agents of choice for the treatment have been resisted,
leading to the need for new therapeutic options for VVC
(Damke et al., 2011). Unlike in some countries, (Bergner,
2001), there is current sparsity of scientific data on
bacteriostatic or bactericidal effects of medicinal plants
and other non-antifungal drugs on clinical Candida spp. in
Nigeria, especially with regards to isolates recovered
from VVC. The aim of this study therefore, was to
determine and compare in vitro inhibitory potentials of
three suggested plant extracts and non-antifungal drug
products (mentholated balms and sulphur) on clinical
Candida species. In vitro susceptibility / resistance of the
Candida species to various antifungal drugs that were
commonly available in Nigeria was also carried out.
MATERIALS AND METHODS

rates to antifungal drugs, mentholated balms, sulphur and
crude extracts of three medicinal plants- garlic (Allium
sativum), African basil (Ocimum gratissimum) and ginger
(Zingiber officinale).
Antifungal drugs
Antifungal creams, caplets and powders were purchased
from registered pharmacies, which obtained their
products from the manufacturers. Presentations and
active ingredients of the antifungal agents used in this
study are as shown in Table 1. Ten gram each of the test
antifungal creams, tablets / capsules and powders were
separately homogenised in 10 ml (1:1 wt/vol) of sterile
distilled water to make pasty suspensions.
Preparation of plant samples
Freshly prepared crude plant extracts of garlic (Allium
sativum) [áayú: Yoruba], ginger (Zingiber officinale)
[ata’lè: Yoruba] and African basil (Ocimum gratissimum)
[efinrin: Yoruba] with no preservatives or chemicals were
aseptically used for bioassay studies. The extraction
method used was the simulation of the suggested
methods prescribed by herbal sellers. 100 g of each fresh
garlic cloves, ginger and African basil leaves were
separately marcerated with sterile pestle in sterile
stainless cups and the crude extracts (pastes) separately
dispensed directly into the agar wells (Ekanola et al.,
2013).
Mentholated balms
Mentholated balms (Robb, Aboliki, Heatol, Vilicin,
Essentials) were purchased from registered pharmacies,
which obtained their products from the manufacturers.
The mentholated balms were separately dissolved at
warm (450C) temperature, while crude sulphur were
separately powdered and dissolved in warm (450C) sterile
distilled water (10g/20ml wt/v) to prepare pasty
suspensions.

Candida cultures
A total of 107 identified Candida strains used in the
present study were C. albicans 87 (81.3%), C. glabrata 2
(1.97%), C. pseudotropicalis 11 (10.3%) and C. tropicalis
7 (6.54%). They were originally isolated from human oral
swabs, high vaginal swabs (HVS) and endocervical
swabs (ECS) of symptomatic patients presenting at the
Department of Microbiology, Faculty of Science,
University of Ibadan, Nigeria. The Candida strains were
assayed for their in vitro susceptibility and resistance

Antimicrobial assay for detection of in vitro inhibitory
activities
Detection of in vitro antagonistic activities of each
antifungal agent, crude plant extract, sulphur and
mentholated balm was determined using a modification of
agar well-diffusion method of Tagg et al. (1976). Wells,
6.0 mm in diameter were bored into sterile Sabouraud
dextrose agar (SDA) plates and each plate was later
seeded with 500µl of 103 cfu ml-1 each of the Candida
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Table 1. Presentations, active ingredients and overall resistance rates of antifungal agents

Lab codes Antifungal agents
Drugs
F1
Medcan capsule 50mg
F2
Vulcan-50 capsule 50mg
F3
Diflucan tablet
F4
Lucon tablet
G1
Fesovin tablet 500mg
G2
Grufin tablet 500mg
K4
Ketoconazole tablet 200mg
T2
Gyno-Tiocosid vaginal tablet
Creams
C1
Candiderm cream
C2
Canexcream
C3
Funbact A cream
C4
Mycoten cream
K3
Ketofung cream
K1
Nizoral cream
K2
Skineal cream
M1
Darktarin cream
Powders
M2
Fungusol powder
T1
Trosyd powder

strains by surface streaking. Prepared suspensions
(500µl) of each of the antifungal drugs, mentholated
balms, sulphur and crude plant extracts, were separately
dispensed into the agar wells. The plates were incubated
at 300C for 24-48 hours, after which zones of inhibition
were measured and recorded in mm diameter, while
zones of inhibition less than 10.0 mm in diameter or
absence of inhibition zones were recorded as resistant
(negative).
RESULTS
Out of a total of 18 antifungal drugs tested for their in vitro
inhibitory activities against the 107 Candida strains,
significantly high resistance rates were recorded, while
only few of the Candida strains were susceptible to the
antifungal drugs overall (Table 1). Among the
clotrimazoles, recorded resistance rates were between
27.3 and 100%, while 36.4-100% resistance rates were
recorded among the fluconazoles. Griseofulvin drugs
were also generally resisted by the Candida strains,
exhibiting resistance rates of 50.0-100%. Some of the
Candida strains were more susceptible to the test
ketoconazole tablet (0.0-92.0%) but higher overall
resistance were exhibited by the Candida strains towards
the ketoconazole creams (36.4-100%). The miconazoles
(45.5-100%) and tioconazole powder (54.5-100%) were
similarly moderately or highly resisted but some of the
Candida strains were more susceptible to the test
tioconazole tablet (0.0-71.4%).

active ingredients overall resistance rates

fluconazole
fluconazole
fluconazole
fluconazole
griseofulvin
griseofulvin
ketoconazole
tioconazole

36.4-85.7%
54.5-100%
50.0-90.9%
72.7-100%
50.0-100%
54.5-100%
0.0-92.0%
0.0-71.4%

clotrimazole
clotrimazole
clotrimazole
clotrimazole
ketoconazole
ketoconazole
ketoconazole
miconazole

27.3-57.1%
71.4-100%
71.4-100%
45.5-82.8%
72.7-100%
36.4-71.4%
50.0-86.2%
45.5-100%

miconazole
tioconazole

50.0-100%
54.5-100%

Low to significantly high percentage multiple antifungal
resistance (%MAR) of 16.7-100%, 44.4-88.9%, 22.288.9% and 44.4-94.4% were recorded among the C.
albicans, C. glabrata, C. pseudotropicalis and C.
tropicalis respectively (Table 2). Based on zones of
inhibitions, apart from the significantly wider zones of
inhibition (25.0 mm) recorded among some strains of C.
albicans, similar range of zones of inhibition (10.0-15.0 /
10.0-20.0 mm) were generally recorded among the
remaining Candida strains (Table 2).
Crude extract of Ocimum gratissimum (African basil)
was the least inhibitory plant extract in vitro, to which
14.3% of the C. tropicalis and 16.1% C. albicans strains
were susceptible, while moderate and high in vitro
inhibition rates were exhibited by ginger (Zingiber
officinale) and garlic (Allium sativum), to which 33.354.5% and 50.0-72.7% of the Candida strains were
susceptible respectively. Although none of the C. glabrata
and C. pseudotropicalis was inhibited but based on zones
of inhibition, similar in vitro inhibitory profiles were
exhibited by the Candida strains towards the plant
extracts, Ocimum gratissimum (10.0-20.0 mm diameter),
Zingiber officinale (10.0-16.0 mm diameter) and Allium
sativum (10.0-20.0 mm diameter). All the five
mentholated balms and sulphur were however; totally
resisted in vitro by all the 107 Candida strains (Table 3).
DISCUSSION
Many antimycotics are available as therapeutic agents for
treatment of VVC, usually in topical and oral forms, as
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Table 2. In vitro percentage resistance rates of clinical Candida strains against antifungal drugs

Candida species

Antifungal drugs

C1
C2
C3
C4
F1
F2
F3
% Resistance rates / Zones of inhibition (mm diameter)

F4

G1

G2

K1

K2

K3

K4

M1

M2

T1

T2

%MAR

C. albicans [87] 47.1
16.7-100
(10.025.0)
C. glabrata [2] 50.0
44.4-88.9
(20.0)
C. pseudo27.3
22.8-88.9
tropicalis [11]
(10.020.0)
C. tropicalis [7] 57.1
44.4-94.4
(15.0
25.0

90.8

82.8

82.8

65.5

69.0

87.4

92.0

75.9

74.7

67.8

86.2

81.6

92.0

63.2

94.3

75.9

58.6

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(15.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

15.0)

20.0)

20.0)

25.0)

25.0)

20.0)

20.0)

25.0)

25.0)

25.0)

20.0)

25.0)

25.0)

25.0)

20.0)

30.0)

30.0)

100

100

50.0

50.0

100

50.0

100

50.0

100

50.0

50.0

100

0.0

100

50.0

100

0.0

(-)

(-)

(15.0)

(20.0)

(-)

(10.0)

(20.0)

(-)

(20.0)

(10.0)

(-)

(10.0)

(-)

(15.0)

(-)

(10.0)

81.8

90.9

45.5

36.4

54.5

90.9

72.7

90.9

54.5

36.4

72.7

72.7

81.8

45.5

63.5

54.5

36.4

(10.0-

(10.0)

(10.0-

(10.0-

(10.0-

(15.0)

(10.0)

(14.0)

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

(10.0-

15.0)

20.0)

20.0)

20.0)

20.0)

20.0)

20.0)

20.0)

20.0)

20.0)

20.0)

15.0)

20.0)

(-)

71.4

71.4

57.1

85.7

71.4

85.7

100

100

85.7

71.4

85.7

100

85.7

71.4

100

85.7

71.4

(10.0-

(10.0-

(10.0)

(15.0)

(15.0)

(20.0)

(-)

(-)

(20.0)

(10.0-

(10.0-

(-)

(10.0-

(15.0)

(-)

(20.0)

(20.0)

20.0)

20.0)

20.0)

20.0)

20.0)

Keys: C1 = candiderm cream [clotrimazole]; C2 = canexcream [clotrimazole]; C3 = Funbact A cream [clotrimazole]; C4 = Mycoten cream [clotrimazole]; F1 = Medican capsule 50mg [fluconazole]; F2 =
Vulcan-50 capsule 50mg [fluconazole]; F3 = Diflucan [fluconazole]; F4 = Lucon tablet [fluconazole]; G1 = Fesovin tablet 500mg [griseofulvin]; G2 = Grufin tablet 500mg [griseofulvin]; K1 = Nizoral cream
[ketoconazole]; K2 = Skineal cream [ketoconazole]; K3 = Ketofung cream [ketoconazole]; K4 = Ketoconazole tablet 200mg [ketoconazole]; M1 = Darktarin cream [miconazole]; M2 = Fungusol powder
[miconazole]; T1 = Trosyd powder [tioconazole]; T2 = Gyno-Tiocosid vaginal tablet [tioconazole].
Values in parenthesis are zones of inhibition in mm diameter
*** = least resisted; ** = less resisted; * = moderately resisted; ± = most resisted; % MAR= % multiple antibiotic resistance.

well as some vaginal formulations (Sobel, 1993;
Watson and Calabretto, 2007), and among them
are fluconazoles, miconazoles, itraconazoles,
ketoconazoles, griseofulvins and polyenes, such
as nystatin. However, certain factors tend to
reduce the availability of the antifungal agents
below that of the effective therapeutic
concentrations, and the yeasts thereby, undergo

only a limited exposure to the antifungals during
therapy (Ellepola and Samaranayake, 1998). In
Nigeria, azoles and other few available classes of
antifungal agents are used by a larger population
of females as treatment of choice for VVC, most
times indiscriminately. Whereas, in the current
study, apart from the two C. glabrata strains,
which were susceptible to the azoles, and also the

moderate 36.4% resistance recorded among the
C. pseudotropicalis strains, as high as 50.0-100%
resistance rates were recorded towards the test
antifungal agents, while even as high as 44.4100% multiple antifungal resistance rates were
recorded. These findings therefore, highlighted
that antifungal resistance to azoles and
griseofulvin was apparent in the study population,
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Table 3. In vitro anti-candidal activities of crude plant extracts, mentholated balms and sulphur on clinical Candida strains

Candida species
Sulphur

Plant extracts

Mentholated balms

Garlic

Ocimum

Ginger

Aboliki

Essential

Heat-on Robb

Vilcin

C. albicans [87]

72.4
(10.0-20.0)

16.1
(10.0-20.0)

33.3
(10.0-16.0)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
( - )

C. glabrata [2]

50.0
(15.0)

0.0
(-)

50.0
(15.0)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
( - )

C. pseudotropicalis [11]

72.7
(10.0-15.0)

0.0
(10.0)

54.5
(10.0-15.0)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

C. tropicalis [7]

71.4
(10.0-15.0)

14.3
(10.0)

42.9
(10.0-15.0)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

0.0
(-)

Keys: garlic (Allium sativum), ginger (Zingiber officinale), efinrin (Ocimum gratissimum)
Values in parenthesis are zones of inhibition in mm diameter

just as previously documented in other similar
studies (Ribeiro et al., 2001; Richter et al., 2005;
Fan et al., 2007; Asticcioli et al., 2009; Ogunshe
et al., 2011).
Long-term and intense azole-based and other
antifungal treatments have been linked to
increase in resistant Candida and non-Candida
fungal species (Dun, 1999), as well as adverse
side effects like toxicity and kidney / renal
problems. Meanwhile, in spite that higher rates of
antifungal resistance is being considered a
serious concern in several developed countries,
current studies on pathogenic fungi in Nigeria are
quite limited, and are also not attracting required
attention and redress. The future of limiting such
clinical disadvantages thus, lies in identifying the
factors that promote resistance, and implementing
policies to prevent them, most especially since
there is noticeable and significant increasing
resistance by Candida species to commonly
available antifungal drugs in Nigeria. by Candida

species. A major alternative has been
development of natural agents as therapeutic
agents for treatment of oral and VVC, and in a
study conducted through the use of questionnaire
administration, it was reported that a large number
of Nigerian females across various age ranges
used mentholated balms (with menthol being the
active ingredient) as topical relief therapy in cases
of vulvovaginal itching (Pers. Comm.).
Menthol (C10H20O) is a waxy, crystalline, clear
or white in colour organic terpenoid compound
that is extracted from peppermint and other mints,
although it can be synthetically prepared. It is
solid at room temperature but melts slightly above
room temperature and its antibacterial property
makes it to be used in topical preparations to
assist their permeation through the skin surface
(http://www.assistpainrelief.com/dyn/303/
Menthol.html).However, all the five brands of
commonly available mentholated balms in the
country used in the current study, which were with

a menthol smell, were totally resisted in vitro by all
the Candida strains, indicating the non-inhibitory
potentials of the mentholated balms in vitro. In
spite of all the information available in literature,
no studies on synthetic antifungal potentials of
menthol were obtained; rather, inhibitory
potentials of natural menthol from essential oils
and medicinal plants were reported. Therefore,
the industrial mentholated balms, which were
used in the current study probably assisted in
temporary relief due to the menthol effect during
itching or after-cool effects of menthol on the skin.
Menthol is an ingredient known for its cooling
properties, by reacting with thermoreceptors in the
skin, thereby, replacing the pain message with a
cooling sensation in order to provide temporary
relief from localised pain, and also provides relief
from itching by engendering a thermal sensation
that
replaces
the
irritation
(http://www
.assistpainrelief .com/dyn/303/Menthol.html).
Elemental sulphur is a bright yellow crystalline
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solid at room temperature, and being abundant in native
form; sulphur was known and used in ancient times as
fumigants, while sulphur-containing medicinal mixtures
were used as balms and antiparasitics (Wikipedia, 2013).
Sulphur was documented to have antifungal, antibacterial
and keratolytic activities (Weld and Gunther, 1947), while
10% topical sulphur was even found comparable to the
performance of oral tetracycline (Gupta and Nicol, 2004).
However, crude sulphur samples, which were assayed
for in this study were totally resisted in vitro by all the
Candida strains, indicating their non-inhibitory potentials
on Candida in vitro, in spite of the fact that sulphur is
commonly used as crude suphur powder added to some
body creams or local shear butter, and also sometimes
used for treating fungal infections as industrial suphur
ointments. Sulphur ointment, with generic name of
precipitated sulfur (5% - 10 %), is available over the
counter under many brand names and has been reported
to have mild antifungal and antibacterial qualities and
also useful for treating some skin disorders, like scabies
seborrheic dermatitis (a flaky skin condition known as
cradle cap in infant), pimples, acne in adults and children
(Green, 2013). Therefore, it is likely that the potency of
sulphur may be enhanced in combined form with other
agents as in the cases of sulphur formulations for
treatment of candidosis.
Consistent reports of antifungal resistance has led to
search for alternative bio-agents, such as, investigating
the potentials of various medicinal plants as antifungal
agents, which had been a longtime advocacy of possible
treatment regimen for vulvovaginal candidasis. Few
studies have reported the antimicrobial activities of
ethanolic extracts of same medicinal plants / spices used
(Ficker et al., 2003; Nweze and Eze, 2009; Oboh et al.,
2009; Atai et al., 2009; Wikipedia, 2011a) but in this
study, crude extract of Ocimum gratissimum was
minimally inhibitory in vitro, while crude extracts of ginger
and garlic were moderately and highly inhibitory in vitro
respectively. Ginger (Zingiber officinale), which is a
rhizome with a warm, sweet, strongly aromatic odour and
sharp pungent flavour is popularly known for its culinary
and medicinal properties (Wikipedia, 2011b). However,
just as it was reported for its moderate inhibitory
potentials against wound-borne Gram-positive and Gramnegative bacteria in the study of Ekanola et al. (2013),
ginger also generally exhibited moderate inhibitory
potentials towards human clinical Candida species,
probably due to the known identified active agents,
gingerol and shagelol (Ficker et al., 2003; Zahra et al.,
2009; Supreetha et al., 2011).
Garlic (Allium sativum) has been used as a spice, food
and folk medicine since ancient times (Block, 1985), and
in addition to garlic and ginger being listed on the Food
and Drug Administration (FDA) asgenerally recognised
as safe GRAS (O’Hara et al., 1998; Weidner and Sigwart,
2000) for human consumption, numerous reports
indicated that garlic extract has broad spectrum

antimicrobial activities (Tynecka and Gos,1973; Appleton
and Tansey, 1975; Barone and Tansey, 1977; Adetumbi
et al., 1983; Wikipedia, 2011b, c; Ekanola et al., 2013). It
also has been reported to have protective effect against
in vivo experimental fungal infections (Prasad et al.,
1982), including Candida vaginitis (Sandhu et al., 1980).
Garlic and elephant garlic clove homogenates /
supplement products have also been documented to
demonstrate greater anti-candidal activities than a
number of onion types, with the major growth inhibitory
components recognised as diallyl thiosulphinate (allicin),
methyl allyl thiosulphinate and allyl methyl thiosulphinate,
found in aqueous garlic clove and powder homogenates
(Cavallito and Bailey, 1944; Stoll and Seeback, 1951;
Wills, 1956; Amonkar and Banerji, 1971; Appleton and
Tansey, 1975; Barone and Tansey, 1977; Hughes and
Lawson, 1991; Wikipedia, 2011c).
Kabelik (1970) also demonstrated that garlic extract
was more effective against pathogenic yeasts, especially
C. albicans than nystatin, gentian violet or methylene
blue. In the study of Adetumbi et al. (1986), it was found
that the anti-candidal effect of aqueous garlic extract on
C. albicans was by complete inhibition of biosyntheses of
macromolecules of lipid synthesis, i.e., blockage of lipid
production by garlic extract is an important physiological
mechanism for growth inhibition in Candida. Based on
scanning electron microscopy and cell leakage studies on
the mode of action of aqueous garlic extract in C.
albicans, it was observed that garlic treatment affected
the structure and integrity of the outer surface of the
yeast cells (Ghannoum, 1988; Wikipedia, 2011c). All
these mechanisms of action probably accounted for the
significant in vitro inhibitory potentials recorded in garlic
against pathogenic Candida species in this study. It
therefore confirms that medicinal plants are not only
inhibitory on indigenous oral bacterial pathogens
(Ogunshe and Odumosu, 2010) but also on oral, as well
as vulvovaginal Candida.
In conclusion, the current study indicated that oral and
vulvovaginal Candida strains from a number of Nigerian
patients were mostly azole- and griseofulvin-resistant but
the moderate in vitro inhibitory potentials of crude
extracts of garlic and ginger on the azole- / griseofulvinsusceptible and multi-resistant Candida species further
suggested their potentials in serving as natural adjunct
options for the treatment of oral and vulvovaginal
candidasis, either as anti- Candida or as oral agents
incorporated into toothpastes or as suppositories,
douches. agents like herbal toothpastes.

REFERENCES
Abraham CM (2011). Advances and emerging techniques in the
identification, diagnosis and treatment of oral candidiasis. The Open
Pathol J. 5: 8-12.
Adetumbi MA, Lau BHS (1983). Allium sativum (garlic)-a natural
antibiotic. Med. Hypothes. 12: 227-237.

10 Int. Res. J. Biochem. Bioinform

Adetumbi MA, Javor GT, Lau BHS (1986). Allium sativum (garlic)
inhibits lipid synthesis by Candida albicans. Antimicrob Agents
Chemother. 30 (3): 499-501.
Al-Bayati FA (2009) Isolation and identification of antimicrobial
compound from Mentha longifolia L. leaves grown wild in Iraq.
Annals Clin Microbiol Antimicrob. 8:20.
Amonkar SV, Banerji A (1971). Isolation and characterization of
larvacidal principle of garlic. Sci. 174: 1343-1344.
Appleton JA, Tansey MR (1975). Inhibition of growth of zoopathogenic
fungi by garlic extract. Mycolog. 67: 882-885.
AssistPainRelief.com (2005). assistpainrelief Albany St Pharmacy, 27
Albany St, Dunedin, New Zealand.
http://www.assistpainrelief.com/dyn/303/Menthol.html
Accessed
April 24, 2013
Asticcioli S, Sacco L, Daturi R, Matti C, Nucleo E, Zara F, Pagani L
(2009). Trends in frequency and in vitro antifungal susceptibility
patterns of Candida isolates from women attending the STD
outpatients clinic of a tertiary care hospital in Northern Italy during
the years 2002–2007. New Microbiol. 32: 199–204.
Atai Z, Atapour M, Mohseni M (2009). Inhibitory effect of ginger extract
on Candida albicans. Am J Appl Sci. 6 (6): 1067.
Barone FE, Tansey MR (1977). Isolation, purification, synthesis and
kinetics of activity of the anti-candidal components of Allium sativum
and hypothesis for its mode of action. Mycolog. 69: 793-825.
Bergner P (2001). Female - garlic and vaginal infection. Med Herbalism.
7(1-2): 18-19
Block E (1985). The chemistry of garlic and onions. Scientif Am. 252:
114–119.
Cavallito CJ, Bailey JH (1944). Allicin: the antibacterial principle of
Allium sativum. 1. Isolation, physical propel-ties and antibacterial
action. J. Am. Chem. Soc. 66: 1950-1951.
Dalben-Dota KF, Freitas AR, Consolaro MEL, Svidzinski TIE (2011). A
challenge for clinical laboratories: detection of antifungal resistance
in Candida species causing vulvovaginal candidiasis. Lab
Med. 42(2): 87-93.
Damke E, Tsuzuki JK, Cortez DAG, Ferreira ICP, Bertoni TA, Batista
MR, Donati L, Svidzinski TIE, Consolaro MEL (2011). In vivo activity
of Sapindus saponaria against azole-susceptible and -resistant
human vaginal Candida species. BMC Complement Altern Med. 11:
35.
Dota KFD, Shinobu CS, Patussi EV, Consolaro MEL, Svidzinski TIE
(2008). Susceptibility to vaginal yeast in most used antifungal in
Maringá, Paraná, Brazil. Acta Bioquim Clin Latinoam. 42: 561–566
(in Portuguese).
Dun E (1999). Antifungal resistance in yeast vaginitis. Yale J Biol Med.
72: 281-285.
Ekanola YA, Ogunshe AAO, Azeez DL, Opasola O (2012). Studies on
in vitro antimycotic potentials of local and industrial soaps on
vulvovaginal Candida species. Int J Plant, Animal and Environ Sci. 2
(3): 69-74.
Ekanola YA. Ogunshe AAO, Bajela TT, Ajimosun MA, Okeowo AW
(2013). In vitro inhibitory potentials of crude plant extracts on
multidrug resistant bacterial species from infected human wounds.
Int J Green Pharm. [In Press].
Ellepola AN, Samaranayake LP (1998). The post-antifungal effect
(PAFE) of antimycotics on oral C. albicans isolates and its impact on
candidal adhesion. Oral Dis. 4(4): 260-267.
Fan SR, Liu XP (2007). Non-albicans Candida species and antifungal
susceptibility. Int J Gynaecol Obstet. 98: 158–159.
Ficker CE, Smith ML, Susiarti S, Leaman DJ, Irawati C, Arnason JT
(2003). Inhibition of human pathogenic fungi by members of
Zingiberaceae. J. Ethnopharmacol. 85: 289-293.
Gallè F, Sanguinetti M, Colella G, Di Onofrio V, Torelli R, Rossano F,
Liguori G (2011). Oral candidosis: characterization of a sample of
recurrent infections and study of resistance determinants. New
Microbiol. 34, 379-389.
Ghannoum MA (1988). Studies on the Anticandidal Mode of Action of
Allium sativum (Garlic). J Gen Microbiol. 134: 2917-2924.
Green C (2013).Uses of sulphur ointment. http://www.ehow.
com/list_7490918_uses-sulphur-ointment.html Accessed April 26,
2013

Gupta AK, Nicol K (2004). The use of sulfur in dermatology. J Drugs
Dermatol. 3 (4): 427-431.
Hetticarachchi N, Ashbee HR, Wilson JD (2010). Prevalence and
management of non-albicans vaginal candidiasis. Sex Transm
Infect. 86: 99–100.
Holland J, Young OL, Chen SCA (2003). Vulvovaginal carriage of
yeasts other than Candida albicans. Sex Transmit Infect. 79: 249–
250.
Hughes BG, Lawson LD (1991). Antimicrobial effects of Allium sativum
L. (garlic), Allium ampeloprasum L. (elephant garlic), and Allium
cepa L. (onion), garlic compounds and commercial garlic
supplement products. Phytother Res. 5 (4): 154–158.
Kabelik JC (1970). Antimikrobialle Eigenschaften des Knoblauchs.
Pharmazie. 25,266-270. (In Chemical Abstracts 73, 11795r, 1970.)
Kennedy MA, Sobel JD (2010). Vulvovaginal candidiasis caused by
non-albicans Candida species: new insights. Curr Infect Dis Rep.
12(6): 465-70.
Martins HPR, da Silva MC, Paiva LCF, Svidzinski TIE, Consolaro MEL
(2011). Efficacy of fluconazole and nystatin in the treatment of
vaginal Candida Species. Acta Derm Venereol. 91:
Moore GS, Atkins RD (1977). The fungicidal and fungistatic effects of
an aqueous garlic extract on medically important yeast-like fungi.
Mycolog. 69: 341-348.
Nweze EI, Eze EE (2009). Justification for the use of Ocimum
gratissimum L in herbal medicine and its interaction with disc
antibiotics BMC Complement Altern Med. 9 (37): Article No. 1472.
O'Hara M, Kiefer D, Farrell K, Kemper K (1998). A review of 12
commonly used medicinal herbs. Archive Fam Med. 7 (7): 523–536.
Oboh FOJ, Madsodje HI, Enabulele SA (2009). Nutritional and
antimicrobial properties of Ocimum gratissimum leaves. J Biol Sci.
9: 4 (377-380).
Ogunshe AAO, Odumesi OG (2010). Users’ perceptions and efficacy of
indigenous adjunct teeth-cleansing agents on the bacterial flora of
human dental caries. Afr J Clin Experiment Microbiol. 11 (3), 182191.
Ogunshe AAO, Bakare RA, Fasina NA (2009). Microbial pathogens
implicated in reproductive health infections in a special treatment
clinic in Ibadan, Nigeria. J Fam Repr Health. 3 (1): 9-18.
Ogunshe AAO, Adepoju AA, Oladimeji ME (2011). Clinical efficacy and
health implications of inconsistency in different production batches
of antimycotic drugs in a developing country. J Pharm Appl Biosci. 3
(1): 158-164.
Ogunshe AAO, Omotoso OA, Akindele TM (2011). Soaps and
germicides as adjunct topical antimycotic agents on Candida
species implicated in vulvovaginal candidasis. Advan Biol Res. 5
(6): 282-290.
Ozcan SK, Budak F, Yucesoy G, Susever S, Willke A (2006).
Prevalence, susceptibility profile and proteinase production of
yeasts causing vulvovaginitis in Turkish women. APMIS. 114: 139–
145.
Prasad G, Sharma VD, Kumar A (1982). Efficacy of garlic (Allium
sativum L.) therapy against experimental dermatophytosis in rabbits.
Indian J Med Res. 75: 465-467.
Ribeiro MA, Dietze R, Paula CR, Matta, DA, Colombo AL (2001).
Susceptibility profile of vaginal yeast isolates from Brazil.
Mycopathol. 151: 5–10.
Richter SS, Galask RP, Messer SA, et al. (2005). Antifungal
susceptibilities of Candida species causing vulvovaginitis and
epidemiology of recurrent cases. J Clin Microbiol. 43: 2155–2162.
Rivera-Sánchez R, Flores-Paz R, Arriaga-Alba M (2006). Identificación
de especies de Candida causantes de vaginitis en la población
Mexicana. Enferm Infect Microbiol Clin. 24: 634–636.
Sandhu DK, Warraich MK, Singh S (1980). Sensitivity of yeasts isolated
from cases of vaginitis to aqueous extracts of garlic. Mykosen.
23(12): 691-698
Sell CS (2003) A fragrant introduction to terpenoid chemistry. Royal Soc
Chem. 76-77.
Shaheen MA, Taha M (2006). Species identification of Candida isolates
obtained from oral lesions of hospitalized and non hospitalized
patients with oral candidiasis. Egypt Dermatol Online J, 2 (1): 14.

Ekanola et al. 11

Shuford JA, Steckelberg JM, Patel R (2005). Effects of fresh garlic
extract on Candida albicans biofilms. Antimicrob Agents Chemother.
49 (1): 473.
Sobel JD (1993) Candidal vulvovaginitis. Clin Obstet Gynecol. 36: 153–
165.
Sobel JD (2007). Vulvovaginal candidosis. Lancet. 369: 1961–1971.
Sobel JD, Ohmit SE, Schuman P, Klein RS, Mayer K, Duerr A, Vazquez
JA, Rampalo A (2001). HIV Epidemiology Research Study (HERS)
Group. The evolution of Candida species and fluconazole
susceptibility among oral and vaginal isolates recovered from
human immunodeficiency virus (HIV)-seropositive and at-risk HIVseronegative women. J Infect Dis. 15; 183 (2): 286-293.
Sojakova M, Liptajova D, Borovsky M, Subik J (2004). Fluconazole and
itraconazole susceptibility of vaginal yeasts isolated from Slovakia.
Mycopathol. 157: 163–169.
Stoll A, Seeback E (1951). Chemical investigations on allicin, the
specific principle of garlic. Adv. Enzymol. 11: 377-400.
Supreetha S, Sharadadevi M, Sequeira PS, Jithesh J, Shreyas T, Amit
M (2011). Antifungal activity of ginger extract on Candida albicans:
an in-vitro study. J Dental Sci Res. 2 (2) 1-5.
Tagg JR, Dajani AS, Wannamaker LW (1976). Bacteriocins of Grampositive bacteria. Bacteriol Revs. 40: 722-756.
Tynecka A, Gos A (1973). The inhibitory action of garlic (Allium sativum
L.) on growth and respiration of some microorganisms.
Acta Microbiol Polonica. 5B: 51-62.
Vermitsky JP, Self MJ, Chadwick SG, Trama JP, Adelson ME,
Mordechai E, Gygax SE (2008). Survey of vaginal-flora Candida
species isolates from women of different age groups by use of
species-specific PCR detection. J Clin Microbiol. 46: 1501–1503.

Watson C, Calabretto H (2007). Comprehensive review of conventional
and non-conventional methods of management of recurrent
vulvovaginal candidiasis. Aust N Z J Obstet Gynaecol. 47: 262–272.
Weidner MS, Sigwart K (2000). The safety of a ginger extract in the rat,
J. Ethno Pharmacol. 73: 513-520.
Weld JT, Gunther A (1947). The antibacterial properties of sulfur. J
Exper Med. 85 (5): 531-542.
Wikipedia (2011a). Ocimum gratissimum. http://en.wikipedia.
org/wiki/Ocimum_gratissimum Accessed November 01/11/2011
Wikipedia (2011b). Ginger. http://en.wikipedia.org/wiki/Ginger Accessed
02/11/2011.
Wikipedia (2011c). Garlic. http://en.wikipedia.org/wiki/Garlic Accessed
02/11/2011.
Wikipedia (2013). Sulfur. http://en.wikipedia.org/wiki/Sulphur Accessed
April 26 2013
Wills ED (1956). Enzyme inhibition by allicin: the active principle of
garlic. Biochem. J. 63: 514-520.
Zahra A, Manjieh A, Mohsen M (2009). Inhibitory effect of ginger extract
on Candida albicans. Am. J. Appl. Sci., 6(6): 1067-1069.

How to cite this article: Ekanola Y.A., Ogunshe A.A.O., Olugbodi
R.J., Ajibade J.G., Ojediran Y.O. (2014). In vitro susceptibility of
clinical Candida species to some natural and synthetic antimycotic
agents. Int. Res. J. Biochem. Bioinform. 4(1):4-11

