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Abstract

To evaluate the antifungal activity of four essential oils against Saccharomyces cerevisiae in vitro, four commercial essential oils
extracted from Thymus vulgaris, Echinacea Angustifolia, Rosmarinus officinalis and Salvia officinalis were tested at three different
concentrations (10, 50 or 100 ppm) for their antimicrobial activity against Saccharomyces cerevisiae using well diffusion method. S.
cerevisiae was least susceptible to the essential oils. The diameter of zone inhibition ranged between 0 and 3 mm. E. angustifolia, and
R. officinalis oils appeared to be the most active, while Tvulgaris and S. officinalis oils exhibited most weak antifungal activity against
S. cerevisiae. These findings increase the possibility of exploiting these essential oils as a safe alternative natural preservative.
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Introduction

Yeasts can have positive and negative effects on fermented
products consumed by humans and animals. They are used
as starter cultures in cheeses and bread, but they can also
initiate spoilage in foods, such as yoghurt, fruit juice, salads, and
mayonnaise [1]. Most spoilage incidents caused by yeasts are
controlled by preservative systems. However, certain yeast species
show resistance, especially to weak-acid preservatives. These
strains belong to the fermentative yeast species Saccharomyces
cerevisiae, Schizosaccharomyces pombe, Zygosaccharomyces spp.,
and Dekkera spp [2]. Saccharomyces cerevisiae is the most frequent
spoiler of lemonades and fruit juices. This organism produces
an alcoholic fermentation resulting in fermented off-flavour due
to the presence of ethanol and carbon dioxide. Some strains also
tolerate benzoates, sorbates and sulphates [3]. In recent years,
interest in natural antimicrobial compounds has increased and
numerous studies have been reported on the antimicrobial activity
of a wide range of natural compounds [4]. The essential oils and
extracts of many plant species have become popular and attempts
to characterize their bioactive principles have gained momentum
in many pharmaceutical and food-processing applications. The
plant essential oils received major considerations about possessing
a wide range of antimicrobial effects against different groups of

pathogenic organisms. So, essential oils with antimicrobial activity
are potential candidates, as natural antimicrobial preservatives,
that can be used in controlling microbial food contaminations
[5,6]. The aim of this study was to evaluate the antifungal effects
of four commercial essential oil from Thymus vulgaris, Echinacea
Angustifolia, Rosmarinus officinalis and Salvia officinalis against S.

cerevisiae.

Material and Methods

Essential Oils

The essential oil of Rosmarinus officinalis, Thymus vulgaris,
Echinacea angustifolia and Salvia officinalis was of commercial
origin and purchased from Farmalabor (Canosa di Puglia, Italy) as
liquid extract. The essential oil samples were stored in dark amber
bottles with teflon-sealed caps.

Yeast strain

Saccharomyces cerevisiae EC1118 (Lallemand Inc.) was
obtained from the German Collection of Microorganisms and
Cell Cultures (Deutsche SammLung von Mikroorganismen und

Zellkulturen GmbH, DSMZ, Germany).
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Evaluation of Antifungal Activity

Antimicrobial susceptibility testing was done using the well
diffusion method to detect the presence of antifungal activities of
the four commercial essential oils. The overnight culture of the
microorganism’s cultures were inoculated on Nutrient agar plates
using sterilized cotton swabs. After media were solidified, three
holes were made by using a sterilized cork borer each hole was
filled with 10, 50 or 100ppm of plant extract. Plates were incubated
at 25 °C for 24 hours. The zones of inhibition were then recorded
in millimeters.

Results and Discussions

Table 1: Antifungal activity as diameter of inhibition zone (mm)
of the tested essential oils against S. cereviceae.

Plant specie 0il Concentration S.cereviceae
Thymus vulgaris 10 2
50 2
100 NI
Echinacea Angustifolia 10 2
50 2.5
100 3
Rosmarinus officinalis 10 1
50 2.5
100 2.5
Salvia officinalis 10 1
50 2
100 1

Table 1 below summarises the antifungal properties of the
four essential oils (Tvulgaris, E. angustifolia, R. officinalis, and
S. officinalis). The yeast susceptibility to the essential oils, as
determined by the well diffusion method, showed that oils with
the weak inhibitory effects produced inhibition zones of 0-3 mm
diameter. Among the four essential oils, E. angustifolia oils showed
the highest activity, inhibiting the tested yeast with diameter of
zone inhibition ranged between 2 to 3 mm. S. officinalis oils were
the weakest in activity with diameter of zone inhibition ranged
between 1 to 2 mm. The highest inhibition zone values (3 mm)
observed against S. cereviceae with 100 ppm E. angustifolia oils.
While 100 ppm of Tvulgaris oil did not show any antifungal activity.
Many previous studies have demonstrated inhibitory activities
of thyme, rosemary, coneflower and sage [6-20] against various
pathogens. Giordani R [21] studied the antifungal activity of
essential oils of various chemotypes of T vulgaris against Candida
albicans. They reported significant activity of the essential oil of the
thymol chemotype of T vulgaris, with MIC of 0.016 pL/mL. Such
activity was attributed to the high concentration of thymol (63.2%).
In addition, both thymol and the essential oil of T vulgaris, whose
p-cymene and thymol contents are 36.5% and 33.0% respectively
exhibited strong fungistatic and fungicidal activities against

Aspergillus, Penicillium, Cladosporium, Trichoderma, Mucor and
Rhizopus. The inhibition effect of thymol was three times greater
than the essential oil of T. vulgaris [22].

The essential oil of S. officinalis L. has been documented to have
wide range of antimicrobial effects. The antimicrobial actions are
suggested due to its chemical constituents dominated by camphor,
1,8-cineole, a-thujone, and p-thujone [23-26]. The antifungal
activity of S. officinalis is reported in several studies. Miladinovi¢ D
[23] observed that the essential oil (2% and 1% in ethylene glycol)
from the sage leaves was found to be active against Aspergillus niger.
Khalil R [27] observed that the inhibitory effect of the sage essential
oil on Candida albicans was total and definitive within a minimum
of contact time and oil concentration. Similarly [28] reported that
S. officinalis L. essential oil exhibited strong anticandidal activity
against all strains of C. albicans with inhibition zone ranging from
40.5 mmto 19.5 mm and the MICand MLC of the oil were determined
as 2.780 g/L against all test strains. Abu-Darwish et al (2013)
reported that S. officinalis extracts have good inhibitory activities
against dermatophytes in comparison with yeast and Aspergillus
sp, especially Trichophyton rubrum and Epidermophyton floccosum,
with MIC of 0.64 pL/mL, in their study to the antimicrobial activity
of sage extract against five yeast, seven dermatophytes and three
Aspergillus strains. Similarly [29] reported that essential oil of sage
has a broad spectrum of antifungal activity, against dermatophytes,
Candida sp. and filamentous fungi. Antifungal activity of Rosemary
essential oil is reported in other investigations. It was exploited
by [30], who demonstrated a MIC of 60, 90, 120, 120 and 180 pg/
mL for Schizosaccharomyces pombe, Candida albicans, Rhodotorula
glutinis, Yarrowia lipolytica and Saccharomyces cerevisiae
respectively. Jiang Y [31] find a MIC of 1000 pg/mL and a MFC
of 4000 pg/mL of rosemary oil on Aspergillus niger. The effect
antifungal of rosemary oil is directly related to its main component
a-pinene, camphor, verbenone and 1, 8-cineole [32], which reported
to have antimicrobial activity [33-36].

Theantifungal activities of essential oils of Echinacea Angustifolia
were reported by some researchers. Binns SE [11] tested Echinacea
extracts for antifungal activity against Saccharomyces cerevisiae
and Candida spp. They showed phototoxic effects, inhibiting the
growth of the two pathogenic yeasts, especially root extracts. Non-
phototoxic effects were also examined, and the extracts still showed
activity but it was reduced. The activity against these two fungi
was determined to be by polyacetylenes and aklomides. Merali S
[37] tested antifungal activity of five wild and three commercially
used Echinacea varieties against pathogenic filamentous fungi
(Trichophyton tonsurans, T. mentagrophytes, Microsporum gypseum,
and Pseudallescheria boydii) and yeasts (Candida albicans and
Cryptococcus neoformans) by bioassay with and without near UV
light radiation. The results show that Root extracts of the three-
commercial species of Echinacea (E. purpurea, E. pallida var.
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angustifolia, E. pallida var. pallida) inhibited the 5-LOX enzyme
and E. pallida var. angustifolia was the most potent of the three.
Sharma et al (2008) studied the antimicrobial properties of six
different commerecial Echinacea extracts against 15 different human
pathogenic bacteria and two pathogenic fungi (Candida albicans
and Trichoderma viride) and their results showed that fungi were
either slightly sensitive to one or more extracts or were totally
resistant. Similarly, [17] conducted a study where they screened
the antimicrobial effect of ethanol extracts from different organs of
E. angustifolia (herba, radix and rhizome) against five bacteria and
four fungi (Alternaria alternata, Aspergillus fumigatus, Microsporum
gypseum and Trichophyton terrestre). They found that Radix extract
had the highest antifungal activity against filamentous fungi. Mir-
Rashed et al (2010) reported the antifungal activity of all Echinacea
extracts tested against the wild type S. cerevisiae S288C. Three
groups of phytochemicals are determined such as caffeic acid
derivatives, polysaccharides and liphophilic alkamides, which
are responsible for the genus medicinal properties [38]. Each
constituent has shown individual bioactivity and contributes to the
pharmacological activity of a given extract [39].

Echinacoside - a caffeic acid derivative- found in E. angistifolia
oils has weak antimicrobial activity against Staphylococcus aureus
[40]. In research conducted by Cruz et al (2014) on the effect of
Alkamides from Echinacea on cell wall-membrane complex of
Saccharomyces cerevisiae, they found that this antifungal activity
can be attributed to the presence of alkamides in Echinacea extracts,
with diynoic alkamides being more effective than dienic aklomides.
Previous investigations have shown that many polysaccharides
isolated from herbs possess biological activities [41-44]. In
immunosuppressed mice, prophylactic treatment with Echinacea
polysaccharides prior to infection with Candida albicans reduced
renal Candida load by 80%, compared to controls. Similarly,
Echinacea treatment prior to infection with a lethal dose of Listeria
monocytogenes reduced the bacterial counts in both liver and
spleen by 95% compared to the levels in control mice. By between
days 4 and 6 following infection, all untreated mice died, while 68%
of those that received polysaccharides lived. In a similar study in
immunodeficient mice, treatment with E. purpurea polysaccharide
led to enhanced production of TNF-a and enhanced cytotoxicity
against Leishmania enrietti and protected the mice against lethal
infections with Listeria monocytogenes and Candida albicans [45].
The lowest level of antifungal activity of the tested essential oil
against Saccharomyces cerevisiae founded in the present study
could be explained by the absence of the active compounds or they
are presented in low amount.

Conclusion

This study showed that the essential oil of Tvulgaris,
officinalis, and S.
antifungal activity against Saccharomyces cerevisiae. Therefore,

E. angustifolia, R. officinalis have weak

pharmacological and chemical tests are necessary to isolate and
characterize their active compounds. Moreover, these plants extract
should be investigated in vivo to better understand their safety,
efficacy and properties.
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