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ABSTRACT

Objective: The increasing incidence of resistance among pathogen towards synthetic fungicides is a cause of serious problem. For this, the fight
against fungi is directed to the use of natural products. The main objectives of this study were to investigate the chemical composition and
antifungal activity of the essential oil against two post harvest pathogenic fungi: fusarium. sp and Aspergillus. sp and then compare it with the effect
of two fungicides (Vapcotop and Propineb) on the same stem.

Methods: Essential oil samples of Satureja calamintha nepeta were analyzed using a Gas Chromatography/Mass Spectrometry (GC-MS) technique.
The in vitro antifungal activity of the essential oils was done by the poisoned food technique.

Results: The GC-MS analysis of the essential oil identified 35 components accounting for 99.40% of the total oil composition. The most abundant
components were Menthone (26.46%), piperitone oxide (22.26%), and pulegone (14.04%). Essential oil was found effective against all the tested
fungi, and was more potent then the two fungicides with minimum inhibitory concentration (MIC) value of 2 ul/ml.

Conclusion: The essential oil exhibited a significant reduction in mycelial growth with the two fungi species, and has a higher biological activity than
those of the two fungicides. This study suggests that essential oil represents a good alternative to eliminate fungi that can be pathogens for plants.
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INTRODUCTION

Plant pathogens that include fungi, nematodes, bacteria and viruses
can cause diseases or damages in plants. They cause yield losses in
numerous economically important crops [1].

Fungal species of Aspergillus and Fusarium genera are the most
species producer’s mycotoxins in food and in addition to diseases
such as mildew, seeds corruption, stem rot, wilt and dwarf plants
involved [2]. The application of synthetic fungicides has led to a
number of environmental and health problems because they are
themselves carcinogenic, teratogenic, and highly and acutely toxic
with long degradation periods [3-4].

New awareness to reduce the usage of the chemical pesticides by
developing alternative strategies or technologies in order to
improve plant disease resistance and control of pathogens are being
promoted. Therefore, there has been a growing interest in research
concerning the alternative pesticides and antimicrobial active
compounds, including the plant extracts and essential oils of
aromatic plants [5-7].

Various plant materials are believed to have antifungal activity and
many essential oils have been reported to have antifungal activities
with no side effects on humans and animals [8]. Previous in vitro and
in vivo investigations suggested that the essential oils could be used
as effective antifungal agents [9].

The genus Satureja, which belongs to the Lamiaceae, is represented
by about 200 species of herbs and shrubs, often aromatic, widely
distributed in the Mediterranean area, Asia and boreal America [10].

These are annual or perennial semi-bushy aromatic plants that
inhabit arid, sunny, stony and rocky regions. Many members of this
genus are well known for their aromatic and medicinal character.
They are used as culinary herbs and in folk medicine to treat various
ailments, based on the different plant activities [11-12].

Several studies have been made on the genus Satureja. However, few
works in Algeria have been devoted to the specie Satureja calamintha
nepeta and limited to the study of the antimicrobial activity of plant

extracts. This oil is highly volatile, and it can be used by spraying in
warehouses of agricultural products. The present study was undertaken
to investigate the phytochemical composition and the antifungal activity
of the oil of the Algerian Satureja calamintha nepeta against Fusarium. sp
and Asperygillus. sp, and then compare it with the effect of two fungicides
using as standard (Vapcotop and Propineb) on the same stem.

MATERIALS AND METHODS
Plant material

Aerial parts of Satureja calamintha nepeta at theflowering stage
(September 2012), were collected from Jijel in North-eastern of
Algeria. The samples of the plant were identified and performed in a
shady place at room temperature for 10 days

Isolation of the essential oil

Dried aerial parts (100 g) of the plant was cut and subjected to the
hydro-distillation for 2 h, using Clevenger type apparatus (1.48%
v/w). The resulting essential oil was dried over anhydrous sodium
sulfate and stored at 4 °C until tested.

Gas chromatography-mass spectrometry (GC/MS) analysis

Analyses were realized in the university Ouled Aissa (Jijel), Algeria.
The GC-MS used was a Shimudzu GCMS-QP 2010 Plus system
(Shimudzu, Kyoto, Japan). The column was a 30 m x 0.25 mm DB-5
MS capillary with 0.25um film thickness. The carrier gas was helium
at a flow rate of 2.0 ml min-1. Samples were injected by placing the
SPMe fiber in the GC inlet for 2 min. The starting temperature was
40 °C for 10 min, then raised to 200 °C at a rate of 5 °C min-1 and
held at 220 °C for 5 min. The mass spectrometer was operated in the
electron impact mode with ion source temperature of 250 °C, using
an ionization voltage of 70 eV. The mass range was 40-450 amu. The
components were identified by computerized bank ESO 2000
database: library Nist 05 and literature data [13].

Fungal strains

Two filamentous fungal strains Aspergillus. sp and Fusarium. sp
causes damping off in wheat were obtained from the Laboratory of
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Microbiology (BADJI Mokhtar University), Algeria. The fungal strain
cultures were maintained on a Potato Dextrose Agar (PDA) slant at 4 °C.

Antifungal activity assay

Antifungal activity of the essential oil was tested against the two fungal
strains reported above following the poisoned food technique [14].

Aliquots of the essential oil dissolved separately in 0.5 ml of 5%
(v/v) Tween-20 were pipetted aseptically onto glass Petri dishes (9
cmx1.5 cm) containing 9.5 ml PDA medium at a temperature of 45-
50 °C to produce concentrations of 1, 2, 3, 4, and 5 pl/ml. Control
plates (without essential oil) were inoculated following the same
procedure. A fungal disc (9 mm in diameter) of mycelium, cut from
the periphery of a five-day-old culture using a cork borer, was
inoculated aseptically into the center of each Petri dish. The plates
were sealed with polyethylene film and incubated at a temperature
of 28+2 °C. The efficacy of the treatment was evaluated daily for nine
days by measuring the average of two perpendicular diameters of
each colony. All tests were performed in triplicate. The percentage
inhibition of the radial growth of the two tested fungi by the oils,
compared with the control, was calculated at day 9, using the
following formula [15]:

Percentage mycelial inhibition = [(dc-dt) /dc] x100

Where dc is the mean colony diameter for the control sets and dt is
the mean colony diameter for the treatment sets. The lowest
concentration that completely inhibited the growth of the fungus
was considered the minimum inhibitory concentration (MIC).

In parallel we have tested activity of two fungicides: Propineb and
Vapcotop on the same stem. Whose purpose is to compare their
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effect with that of the essential oil. Propineb was used at the
concentration of (1.59 mg/Petri dishes), and Vapcotop at (2
mg/ml/Petri dishes).

Results and discussion
Chemical composition of essential oil

The aerial parts of Satureja calamintha nepeta (C. nepeta) yielded 1,
48% v/w essential oil by steam distillation. A total of thirty five
different components of the essential oil, accounting for 99.40% of
the total oil composition, were identified by GC-MS analyses. The
identified chemical composition, retention time, retention indice and
percentage composition are given in table 1. The most abundant
components of the essential oil were Menthone (26.46%), piperitone
oxide (22.26%), and pulegone (14.04%). The chemical composition
of our essential oil appears different compared to those reported in
the literature; this is may be due to many factors: the climate,
geographical area, seasons, soil conditions, crop period and
extraction technique [16-17].

Previous studies on the essential oil of many samples of C. nepeta
grown from seeds in the Botanical Garden of the State University of
Gent (Belgium), have shown that it contains Pulegone (11.5 to
33.2%), Piperitenone oxide (5.9 to 37.8%) and Menthone (4.9 to
8.9%) as major components [18]. That from Molina di Quosa (Italy)
on rocky, dry and calcareous soil showed that pulegone (46%),
piperitenone oxide (2.53%), piperetone oxide (2.29%), and
piperitenone (2.00%) were the dominant components [19]. The
study realized in Morocco found that: p-cymene (20.9%), vy-
terpinene (18.7%), and thymol (34.94%) were the most abundant
constituents [20].

Table 1: Chemical composition of the essential oil of calamintha nepeta

S. No. Compounds? RT? IR¢ % composition
1 a-Thujene 4.46 924 0.09
2 1R-a-Pinene 4.60 932 0.7

3 L-B-Pinene 5.54 980 1.33
4 3-Octanol 5.61 988 0.96
5 a-Terpinene 6.16 1014 0.27
6 (+)-4-Carene 6.87 1015 0.31
7 D-Limonene 7.19 1024 1.94
8 B-Phellandrene 7.27 1025 0.26
9 [-cis-Ocimene 7.66 1035 0.76
10 y-Terpinene 8.29 1054 0.23
11 Cis-Sabinene hydrate 9.38 1065 0.14
12 Cyclohexanone,2-(1 methylethylidene)- 11.42 1099 9.37
13 3-Octanol-acetate 11.84 1120 0.35
14 Menthone 12.04 1148 26.46
15 Cis-Carveol 12.95 1226 0.16
16 Pulegone 14.82 1233 14.04
17 Piperitone oxide 16.42 1253 22.26
18 Thymol 17.42 1289 0.26
19 Diosphenol 17.57 1309 0.43
20 Piperitenone 17.89 1340 0.2
21 Jasmatone 18.74 1378 0.25
22 B-Cubebene 19.84 1387 5.51
23 B-Elemen 19.98 1389 0.27
24 Caryophyllene 21.10 1419 4.33
25 Z-B-Farnesene 22.22 1440 0.48
26 a-Caryophellene 22.51 1455 0.73
27 Elixene 22.69 1456 1.93
28 Allo-aromadendrene 22.79 1458 0.6
29 y-Muurolene 22.90 1478 0.16
30 a-Muurolene 23.19 1500 0.93
31 y-cadinene 24.47 1513 0.77
32 (-)-a-Panasinsen 24.63 1530 0.23
33 a-Cadinene 25.36 1537 1.84
34 3-Oxo-a-ionone 25.98 1675 0.25
35 Phytol 39.92 1942 0.56
TOTAL 99.40

a: Compounds listed in order of their elution., b: Retention time (as min)., ©: Retention indices.
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Antifungal activity assay

Phytopathogenic fungi are controlled by synthetic fungicides;
however, the use of these is increasingly restricted due to the harmful
effects of pesticides on human health and the environment [21].

Propineb and Vapcotop are an active substance of plant protection
products (phytopharmaceutical products or pesticide) which have a
fungicidal effect.

Propineb is a dithiocarbamate fungicide of German origin (Bayer),
(1962), the molecule is quite persistent, insignificant toxicity (LD50
for rats by ingestion of 8500 mg ¢ kg-1), the propineb is used alone
or in combination, to the fight against late blight of potato, tobacco,
scab, botrytis garlic and onion. The first brand name is marketed
Antracol [22].

Vapcotop fungicide is belonging to the Thiophanate-methyl (TM)
group. TM is used on a variety of trees, vine, and root crops, as well
as on canola and wheat. It may be applied as a dip treatment for cut
flowers, rose bud wood, or nursery stock; and as a seed treatment
for peanuts and potato pieces. TM was first registered as a pesticide
in the United States in 1973 for use as a fungicide. EPA issued a
Registration Standard for TM in March, 1996.

TM generally has been shown to have low acute
oral/dermal/inhalation toxicity (toxicity categories I1I/IV). TM is not
an irritant to the skin and only a slight occular irritant (toxicity
category IV) and is a skin sensitizer. TM is classified as “likely to be
carcinogenic to humans based on dose-dependent increases in liver
tumors in male and female mice [23].

The activity of propineb and Vapcotop on our steam is giving in table
2. These two fungicides were used in our work that aims to compare
their effects to that of the essential oil.

As already mentioned above Vapcotop and propineb were used at
concentrations (2 mg/ml/Petri dish) and (1.59 mg/Petri dish),
respectively. (Concentrations were selected based on the
concentrations mentioned on bags of both products).

The results show that propineb had a less effective on Fusarium. sp
than Vapcotop. However, it gave a percentage mycelial inhibition
greater than 50% on Aspergillus. Unlike Vapcotop gave a percentage
inhibition greater than 50% over the two fungal strains.

Recently, the scientific interest in biological properties of essential
oil (EO) has been increased. New researches about biological active
secondary compounds present in EO of plants have been seen as a
potential way to control fungal contamination. Our study had
assessed potential antifungal activity of essential oil C. nepeta.

Table 2: Percentage of mycelial inhibition of the two fongicides
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Fig. 1: Effects of the different concentrations of EO on colony
diameter (mm) growth of Fusarium sp. Values are means
(n=3)+standard deviations. Sample size: 9 mm
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Fig. 1: Effects of the different concentrations of EO on colony
diameter (mm) growth of Aspergillus sp. Values are means
(n=3)+standard deviations. Sample size: 9 mm

Table 3: Percentage of mycelial inhibition of essential oil of
Satureja calamintha nepeta

Concentrations(pl/ml) Percentage mycelial inhibition %2

Fusarium. sp Aspergillus. sp

1 66,29+1,69 62,18+1,72
2 100+0,00 100+0,00
3 100+0,00 100+0,00
4 100+0,00 100+0,00
5 100+0,00 100+0,00

fungicides Percentage mycelial inhibition %?
Fusarium. sp Aspergillus. sp

Propineb 11.11+0.00 56.11+3.85

Vapcotop 55.55+0.00 67.22+7.69

a:Values expressed are means+SD of three parallel measurements.

The growth of the two fungal species over the nine days is shown in
(fig.1), and Percentage of mycelial inhibition of essential oil is shown
in table 3. The results showed that growth increased with incubation
time but mycelial growth was considerably reduced with increasing
concentration of essential oil. Growth was delayed by five days for
Fusarium sp, and six days for Aspergillus sp at 1 pl/ml concentration.
A MIC of 2 pl/ml was obtained after nine days of incubation.

The percentage inhibition of mycelia growth was determined at day
9. The oil produced a significant reduction in mycelial growth with
the two fungi species at 1 pl/ml concentration with percentage
reduction of 66,29+1,69 for Fusarium. sp and 62,72+0,64 for
Aspergillus. sp. The growth of fungi was completely inhibited at
concentration of 2, 3, 4 and 5 pl/ml which indicates the excellent
antifungal property of the oil.

a:Values expressed are means*SD of three parallel measurements

It would seem possible that the antifungal mode of action of
essential oils might be attributed to the presence of menthone,
pulegone and pipertone oxide. These three compounds have been
shown to possess strong antimicrobial properties: Carvone, Menthol
and Menthone are structurally related fungicidal bioactive
compounds having low MIC values and negligible cytotoxicity.

Mint essential oil and its three lead compounds (Carvone, Menthol
and Menthone) not only reduce the transition of Candida albicans
from yeast to the invasive and more pathogenic hyphal form at sub-
inhibitory concentrations but has also a significant effect on the
production of the hydrolytic enzymes (Proteinase and
phospholipase) secreted by the fungal cell during an interaction with
a substance to be possessed antifungal activity [24]. The pulegone
has pronounced activity against fungi and bacteria [25].

When we compare between the effects of C. nepeta essential oil with
that of the two fungicides, we find that the essential oil was more
effective against Fusarium than both fungicides, it was more
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powerful than propineb against Aspergillus, and its effect was very
similar to that of Vapcotop on the same stock.

CONCLUSION

The results of in vitro study are a clear demonstration of the excellent
antifungal property of C. nepeta essential oil against Fusarium sp and
Aspergillus sp, and have a higher biological activity than those of the
two fungicides. The antifungal activity of the oil can be attributed by its
high content of menthone, piperetone oxide or pulegone.

This study indicated that C. nepeta essential oil can be exploited as
an ideal treatment for future plant disease management programs
eliminating fungal spread.

These results are also of interest for the use of this oil in the food
industry in order to increase the life of many food products, in the
control of the food borne pathogens, as well as in the prevention of
lipid oxidation. However, the presence of pulegone should be
considered, according to the regulations described in the
application guide of EFFA [26] this molecule is counted among the
undesirable substances as such. For this purpose it is necessary to
improve the quality of our essential oil by the method of fractional
distillation in vacuo. It is also interesting to identify the products
of hydrolyse resulting to the interaction Essential oil/fungi,
because some of the microorganisms are able to neutralize the
inhibitory effect of essential oil. This can be exploited in the field
of fine chemistry for the bioconversion of molecules [27-28].
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