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ABSTRACT

The resistance of the toxigenic mycoflora to chemical treatments based on synthetic fungicides guides us in the
search for more effective and safer alternatives. In this context, the aim of this study was to evaluate the chemical
and antifungal properties of the essential oil of S. calamintha nepeta against three fungal strains namely: A.
flavus, A. parasiticus, and A. ochraceus. Indeed, the oil obtained by hydrodistillation had a yield of 1,36 %. The
chemical composition performed by GC-MS identified 110 compounds, dominated by oxygenated
monoterpenes. Piperitenone oxide, trans piperitenone oxide, caryophyllene oxide, 3-methyldiphenyl ether, (E) -
caryophyllene, gensmin, germacrene D, (Z) -jasmone, trans-calamenene, y-gurjunene, and pulegone are the main
constituents of this oil. The antifungal potency was studied by the poisoned food method in order to determine
the percentage inhibition of mycelial growth and the microdillution technique for the minimum inhibitory,
fungistatic and fungicidal concentrations. Overall, all tested molds were inhibited with 1/100 and 1/250 (v/v)
concentrations after seven days of incubation. The minimum inhibitory and fungicidal concentrations of EO were
in the order of 0.666-2.666 ul/ml and 2.666-5.333 ul/ml respectively. It can be concluded that the essential oil of
S. calamintha nepeta can be exploited in the food industry as natural fungicides against storage fungi to protect
food from spoilage caused by these microorganisms.

Keywords: Essential oil, Aspergillus, antifungal activity, Penicillium, Satureja.

1. INTRODUCTION

Food contamination by toxigenic molds is a serious concern that is receiving increased attention from
consumers, governments and producers due to the real danger to human and animal health, in
particular, in countries tropical and subtropical where unscientific harvesting, collecting, transporting
and storage practices promote mold growth and the secretion of highly toxic substances, generally
referred to as “secondary metabolites” or “mycotoxins” [1,2].
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These are toxic substances produced naturally by certain molds in a random fashion on the
plant in the open field or during storage. Environmental conditions such as temperature, humidity and
the nature of the substrate play a major role in the production of different types of mycotoxins, which
can contaminate different foodstuffs [3]. Aflatoxins and ochratoxin A are among the most toxic
mycotoxins and produced by certain strains of Aspergillus and penicillium. The range of harmful effects
of mycotoxins is very wide: they have carcinogenic, mutagenic, immunomodulatory, estrogenic,
necrotizing, neurotoxic, nephrotoxic, hepatotoxic and hematotoxic effects [4-8]. In addition, this
dangerous contamination causes enormous economic losses. In fact, the Food and Agriculture
Organization of the United Nations (FAO) estimates that 25% of the world's foodstuffs are
contaminated by mycotoxins [9].

The use of chemicals is currently the most widely used technique for controlling harmful molds,
due to their efficacy, as well as their easy and convenient applications. However, their use remains a
very delicate task because of their very high cost and their harmful side effects on consumers on the
one hand, and the emergence of strains resistant to certain common antifungals on the other hand
[10-13].

These various difficulties aroused our interest in the search for other fungitoxic substances of
natural origin which could constitute an alternative solution to chemicals. Medicinal and aromatic
plants constitute a very important natural wealth, the valuation of which requires a perfect knowledge
of the properties to be valued. The medicinal properties of medicinal plants depend on the presence
of various bioactive agents belonging to different chemical classes [14]. Among the natural substances
extracted from aromatic plants, there are essential oils (EOs) which are defined as fragrant products,
generally of complex composition, obtained from a botanically defined raw material, either by
entrainment with water vapor either by dry distillation or by a suitable mechanical process without
heating [15].

The geographical location and the diversity of the bioclimatic stages of Algeria, offer a rich and
diverse vegetation, mainly concerning medicinal aromatic plants which grow spontaneously, some of
them give natural substances with proven antifungal properties. From this vegetation, we have chosen
Satureja calamintha ssp. Nepeta (L.) Brig. (Syn: Calamintha nepeta) belonging to the lamiaceae family.
Itis a small perennial and annual plant 40 to 80 cm tall with a minty scent. The stems are soft and hairy,
bear opposite leaves, lanceolate and pointed at their tips. The flowers are clearly visible from July to
October, white to purple in color [16]. Several works has been done on the essential oil of this plant
regarding its antifungal, antibacterial, anti-inflammatory, and antioxidant activity [17-27]. Moreover,
thanks to its smell it is used in various culinary recipes [16].

The objective of this work is to highlight the characterization of the chemical composition of
the EO of S. calamintha nepeta, and to study its antifungal power against three fungal strains
synthesizing mycotoxins in order to develop a herbal formulation to reduce or inhibit the growth of
toxigenic molds in foods

2. MATERIELS AND METHODS

2.1. Plant material
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The plant species was collected in September 2019 from the mountains of the Skikda region located in
northeastern Algeria. First, the plant was cleaned thoroughly with tap water and sterile distilled water
to remove dust and other inert materials. The plant parts were dried in the open air, protected from
light and moisture for three weeks, and then stored until use.

2.2. Fungal strains

To evaluate the antifungal activity of our essential oil, we used a collection of three molds belonging
to the genus Aspergillus: A. flavus, A. parasiticus, and A. ochraceus. These molds were isolated by the
dilution method, from the traditional food marketed in Bechar city located in Southwest Algeria. The
microorganisms were then identified by the “Single Spore” technique. The choice of these molds was
based on their degree of toxicity and their ability to synthesize mycotoxins.

2.3. Extraction of essential oil

The essential oil extraction was carried out by steam distillation (hydrodistillation) by a clevenger type
apparatus [28]. By putting the dried plant material (100 g) in direct contact with 1 liter of distilled water
in a flask surmounted by a column of 60 cm in length, then brought to the boil. Heating is maintained
for four hours. The column is connected to a condenser which allows the accumulation of water vapor
charged with droplets of essential oil. The traces of water in the essential oil obtained were removed
by a micro syringe. To avoid their degradation, due to the action of air or light, we stored the essential
oil at 4 °C in the dark until use. The yield of essential oil is defined as the ratio between the mass of
essential oil obtained and the mass of the plant material to be treated. The yield is calculated by the
following formula:

_ \ weight of oil extracted in (g)
0% (=) = — > %100
w/  weight of the treated sample in (g)

2.4. Chromatographic analysis

GC-MS analysis was performed using the Hewlett-Packar 6890 gas chromatograph (Palo Alto, CA, USA)
interfaced with an HP 5973 mass spectrometry detector (Palo Alto, CA, USA). The settings were as
follows: The injector temperature was 280 °C and the volume of essential oil injected in split mode (50:
1) was 0.2 pl. The column was of the HP-5 MS type (5 % diphenyl and 95% dimethyl Ipolysyloxane;
diameter: 30 m x 0.25 mm; film thickness of 0.25 um). The initial oven temperature was maintained at
60 °C (0-8min), then it’s increased by 2 °C/min to 250 °C (8-113min), the carrier gas was helium with a
flow rate of 0.5 ml/min. The column was operated in electronic ionization mode at 70 eV with a transfer
temperature maintained at 270 °C, while the temperature of the quadrupole and ion source was
maintained at 230 °C. Mass spectrometry was obtained with a scanning range of 40-550 m/z with a
solvent delay of 3 min. A series of alkanes (Cs-Cx) was injected under the same chromatographic
conditions described for the sample. The identification of the compounds was carried out by
comparing their retention indices with those of the alkane series, by referring to compounds known in
the literature, and by comparing their mass spectra with those stored on the NIST and Wiley computer
libraries [29].

2.5. Antifungal activity
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Antifungal activity was assessed by the poisoned food method to determine the level of inhibition and
in liquid medium to determine the minimum inhibitory concentrations (MIC), minimum fungistatic
concentrations (MFCs), and minimum fungicidal concentrations (MFC).

2.6. Poisoned Food Method

The technique used was that reported by Satrani et al [21] and Remmal et al [30] with some minor
modifications. Due to the immiscibility of the essential oil with water and therefore with culture media,
the emulsification was carried out using dimethyl sulfoxide (DMSO) in order to disperse the
compounds and improve their contact with the germs tested. Dilutions were prepared at 1/10, 1/25,
1/50, 1/100, 1/200, 1/300 and 1/500 in DMSO. In test tubes each containing 13.5 ml of sterilized PDA
(20 min at 121 °C), acidified with 25% lactic acid and cooled to 45 °C, 1,5 ml of each of the dilutions of
so as to obtain the final concentrations of 1/100, 1/250, 1/500, 1/1000, 1/2000, 1/3000 and 1/5000
(v/v). The tubes were then shaken well before pouring them into Petri dishes (9 cm in diameter) with
enough care to avoid trapping air bubbles. Controls, containing the culture medium and DMSO alone,
were also prepared. Seeding was done by depositing 6 mm diameter discs taken from the periphery of
the 48 hour young cultures and aseptically inoculated in the center of the Petri dishes. Each test was
repeated three times, and the plates were incubated for 7 days at 28 °C in the dark, with the colony
diameter measured each day. The fungal toxicity of the essential oil was expressed as a percentage
inhibition of mycelial growth according to the following formula described by Philippe et al [31]:

Dt — Di
x 100

Inhibition rate % =

Where Dt = mean diameter of the control fungal colony; Di = mean diameter of the fungal colony
treated.

2.7. Microdillution method

The determination of the minimum inhibitory concentration (MIC), the minimum fungistatic
concentration (MFCs) and the minimum fungicidal concentration (MFC) of this EO was carried out with
the microdilution method according to the CLSI M38-A3 protocol [32]. Briefly, the essential oil was
dissolved in DMSOQ, in order to obtain a final concentration of the stock solution of EO of 16 pl/ml. a
volume of 100 ul of PDP (Potato Dextrose Broth) was placed in the wells of a 96-well microplate.
Afterwards, a volume of 100 pl of the prepared mother solution was transferred into the first well, in
order to that a half (}2) dilution series was prepared in the culture medium. Then, a volume of 50 pl of
fungal inoculum (10° CFU/ml) is homogenized in each well. The final concentrations of the range thus
generated are between 5.33 and 0.08 ul/ml. Wells containing Amphotericin B (ATB) and Fungazol are
used as positive controls, and those containing DMSO are used as negative control. The plate was
incubated for 72 hours at 28 °C. Fungal growth was determined by adding 30 pl of an aqueous solution
of triphenyl tetrazolium chloride (TTC). In addition, the MFCs was defined as the lowest concentration
of essential oil that can remove 99.9% of the fungal inoculum. For this, 10 pul of the broth was taken
from each well without visible growth and inoculated in PDA for 7 days at 28 °C. Resumption of growth
was considered MFC, while resumption of fungal growth was defined as MFCs.

2.8. Statistical analysis
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All experiments were spotted three times. Ms Excel 2007 was used to express the values as the mean
t deviation.

3. RESULTS

3.1.Yield

The chemical composition of an essential oil is very complex and subject to many variables. Knowing
exactly the constituents of an essential oil is fundamental, both to check its quality, to explain its
properties and to predict its potential toxicity. The essential oil obtained forms a group of highly
volatile substances, with a mild aromatic minty odor, and pale yellow in color, with an average yield of
1.39 %.

3.2. Composition of essential oil

Chromatographic analysis of the chemical composition allowed us to identify 110 compounds
representing 95.677 % of the total oil of C. nepeta. Among the compounds identified, piperitenone
oxide is the major compound with a content of 26.062 %. The latter is followed by trans piperitenone
oxide (9.351 %), caryophyllene oxide (4.26 %), 3-methyldiphenyl ether (3.86 %), (E)-caryophyllene
(3.83 %), gensmin (2.86 %), germacrene D (2.85 %), (Z)-jasmone (2.70 %) and trans-calamenene (2.19
%), y-gurjunene (2.14 %), pulegone (2.06 %). Other compounds are identified but in relatively low
percentages such as cis-cadina-1(6), 4-diene (1.98 %), D-limonene (1.96 %), E-(B)-famesene (1.80 %),
viridiflorol (1.74 %), and thymol (1.56 %).

Table 1. Chemical composition of the essential oil of Satureja calamintha nepeta from the Skikda region
(North-Eastern Algeria).

N Compound Kl RT Concentration (%)
1 Ethyl 2-methylbutanoate 842 06.16 0.020
2 Tricyclene 925 09.82 0.042
3 a-Pinene 932 10.22 0.629
4 Camphene 949 11.32 0.263
5 Sabinene 972 12.77 0.213
6 B-Pinene 978 13.11 0.737
7 1-Octen-3-ol 982 13.41 0.292
8 B-Myrcene 990 13.88 0.268
9 Octan-3-ol 1000 14.5 0.058
10 a-Phellandrene 1005 14.87 0.012
11 Pseudo limonene 1007 15.05 0.027
12 a-Terpinene 1018 15.79 0.255
13 Para-cymene 1026 16.41 0.164
14 D-limonene 1030 16.71 1.962
15 1,8-Cineole 1034 16.95 0.134
16 (z)-B-Ocimene 1037 17.2 0.130
17 y-Terpinene 1059 18.78 0.428
18 cis- Sabinene hydrate 1073 19.79 0.161
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55
56
57
58
59

Terpinolene
p-Cymene
Linalool
1-Octen-3-yl acetate
cis p-Menth-2-en-1-ol
a-Campholenal
Dihydro linalool
trans-Pinocarveol
trans p-Menth-2-en-1-ol
Camphor
Menthone
Lavandulol
Isomenthol
2-methyl isoborneol
trans-isopulegone
Terpinen-4-ol
para-Cymen-8-ol
a-Terpineol
Methyl chavicol (estragol)
trans-Piperitol
a-Methylcinnamaldehyde
Coahuilensol methyl ether
Sobornyl formate
(2)-3-Hexanyl 3- methylbutyrate
Pulegone
Cumin aldehyde
trans-Piperitone oxide
cis-Carvone oxide

2-Hydroxy-3-isopropyl-6- menthyl-2
cyclohexen-1-one
a-Terpinen-7-al
Bornylacelate
Dihydroedulan |
2-Undecanone
2-Hydroxypiperitone
Thymol
Carvacrol
p-vinyl-Guaiacol
6-Methoxy-1,2-dihydronaphthalene
trans-Carvyl acetate
Piperitenone
Piperitenone oxide

1986

1085
1092
1100
1111
1127
1130
1137
1142
1145
1151
1159
1168
1173
1176
1180
1183
1192
1199
1201
1213
1217
1221
1230
1239
1243
1248
1264
1266
1268

1281
1287
1294
1296
1300
1304
1313
1319
1329
1336
1343
1377

20.71
21.21
21.77
22.61
23.77
23.99
24.52
24.88
25.1
25.49
26.11
26.73
27.15
27.34
27.6
27.89
28.48
29
29.19
30
30.28
30.58
31.24
31.87
32.14
32.45
3362
3375
33.9

34.82
35.18
35.67
35.86
36.09
36.41
36.99
37.41
38.05
38.48
38.96
41.24

0.155
0.051
0.105
0.779
0.040
0.027
0.299
0.024
0.039
0.019
0.067
0.134
0.198
1.067
0.057
0.718
0.065
0.316
0.080
0.024
0.422
0.684
0.065
0.141
2.069
0.219
9.351
0.143
0.121

0.090
0.497
0.526
0.118
0.325
1.560
0.361
0.035
0.111
0.015
0.297
26.062
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60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

B-Bourbonene
B-Elemene
cis,trans-Nepetalactone
(Z)-jasmone
a-Gurjunene
B-Lonol
Gensmin
(E)-Caryophyllene
B-Cedrene
B-Copaen
cis-Muurola-3,5-diene
(E)-B-Famesene
Allo-Aromadendrene
Cis-Cadina-1(6),4-diene
a-Acoradiene
y-Gurjunene
Germacrene D
Aristolochene
Phenethyl 3-methylbutanoate
o-Silenene
cis-B-Guaiene
o-Muurolene

y-Amorphene
(Z2)-a-Bisabolene
o-Amorphene
trans-Calamenene
a-Cadinene
a-Calacorene
Muurol-5-en-4-a-ol
B-Calacorene
3-Methyldiphenyl ether
Spathulenol
Caryophyllene oxide
B-Copaen-4-a-ol
Viridiflorol
Ledol
Humulene epoxide
1,10-di-epi-cubenol
B-cedrene epoxide
1-epi-cubenol
Muurola-4,10(14)-dien-1-B-ol

a-epi-Cadinol

1987

1383
1390
1401
1403
1405
1408
1415
1420
1424
1429
1445
1455
1458
1462
1465
1475
1481
1485
1489
1491
1494
1497
1501
1508
1512
1521
1536
1441
1557
1562
1576
1581
1585
1588
1596
1604
1611
1616
1623
1628
1633
1643

41.64
42.07
42.83
42.93
43.07
43.22
43.72
44.02
44.24
44.56
45.55
46.17
46.39
46.66
46.82
47.46
47.85
48.09
48.3
48.45
45.66
48.85
49.08
49.46
49.73
50.25
51.14
51.45
52.41
52.69
53.3
53.83
54.06
54.19
54.7
55.18
55.54
55.85
56.21
56.52
56.8
57.37

0.591
0.386
1.052
2.708
0.210
0.249
2.862
3.838
0.087
0.087
0.175
1.803
0.151
1.981
0.079
2.141
2.856
0.026
0.214
0.039
0.222
0.063
0.046
0.200
0.293
2.190
0.396
0.059
0.278
0.027
3.868
1.313
4.296
0.310
1.749
0.144
0.762
1.537
0.077
0.081
0.231
0.324
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102
103
104
105
106
107
108
109
110

3-isi-thujospanone
A-Cadinol
trans-Calamenen-10-ol
Khusinol
cis-14-nor-Muurol-5-en-4-one
Amorpha-4,9-dien-2-ol
Calamenen-10-ol <10-nor->
6,10,14-Trimethylpentadecan-2-one
(5E,9E) Farnesylacetone
Total identified (%)
Hydrocarbon monoterpenes (%)
Oxygenated monoterpenes (%)
Hydrocarbon sesquiterpenes (%)
Oxygenated sesquiterpenes (%)
Other compounds (%)

1649
1658
1667
1680
1686
1692
1708
1843
1911

57.69
58.17
56.68
59.41
59.79
60.12
61
68.05
71.49

0.386
1.187
0.103
0.156
0.580
0.773
0.117
0.111
0.022
95.677
5.467
47.510
16.946
13.687
12.067

In fact, the monoterpene fraction is larger and represents about 52.977 % of the overall
chemical composition of the oil, of which the oxygenated monoterpenes and the hydrocarbon
monoterpenes have 47.510 % and 5.467 % respectively of this fraction. The sesquiterpene fraction is
smaller, representing 30.633 % of the overall chemical composition of the oil, and is shared between
the hydrocarbon sesquiterpenes (16.946 %), and the oxygenated sesquiterpenes (13.687 %). In
addition, oxygenated monoterpenes are distributed among ketones (38.511 %), alcohols (4.950 %),
esters (2.393 %), ethers (0.898 %), and aldehydes (0.758 %). While, the oxygenated sesquiterpenes are
distributed between alcohols (15 compounds) and ethers (3 compounds), the contents of which were
8.552 % and 5.135 % respectively (Table 2).
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Chemical classes

Hydrocarbon monoterpenes

Hydrocarbon sesquiterpenes

Ketones
Oxygenated Alcohols
monoterpenes
Esters
Ethers
Adehydes
Alcohols
Oxygenated
sesquiterpenes Ethers
Ethers
Other compounds
Ketones
Alcohols

Kl

925,932,949, 972,978,990 ; 1005 ; 1007 ; 1018 ; 1026 ; 1030 ;
1037 ;1059 ; 1073 ; 1085 ; 1092
1383;1390; 1405 ; 1420 ; 1424 ; 1429 ; 1445 ; 1455 ; 1458 ;
1462 ; 1465 ; 1475 ; 1481 ; 1485 ; 1491 ; 1494 ; 1497 ; 1501 ;
1508 ;1512 ;1521 ;1536 ;1541 ;1562 ; 1151 ; 1159 ; 1180 ;
1243 ;1264 ;1266 ;1268 ;1300 ; 1343 ; 1377

1151; 1159, 1180; 1243 ;1264 ; 1266 ; 1268 ; 1300 ; 1343 ; 1377

1100; 1127; 1137 ; 1142 ;1145 ; 1168 ; 1173 ; 1176 ; 1183 ; 1192 ;
1199 ; 1213 ; 1304 ; 1313
1111; 1230 ; 1287 ; 1401
1034 ;1201 ; 1221

1130; 1217 ; 1248 ; 1281
1408 ; 1557 ; 1581 ; 1588 ; 1596 ; 1604 ; 1616 ; 1628 ; 1633 ; 1643 ;
1658 ; 1667 ; 1680 ; 1692 ; 1708

1585;1611; 1623
1294 ;1329; 1576

1296 ; 1403 ; 1649 ; 1843 ; 1911 ; 1686

982;1000; 1319; 1415

1989

Number of
compounds
16
(5.467 %)

24
(16.946 %)

10
(38.511 %)

14
(4.950 %)
4(2.393 %)
3(0.898 %)

4 (0.758 %)
4 (0.758 %)
4 (0.758 %)
3(5.135%)

3 (4.505 %)
6 (3.925 %)

Majority compounds

D-limonene

(E)-Caryophyllene
Germacrene D
y-Gurjunene

Piperitenone oxide
Trans-piperitone oxide
Pulegone
Thymol

cis, trans-Nepetalactone

Coahuilensol methyl ether
a-Methylcinnamaldehyde
Viridiflorol
1,10-di-epi-cubenol

Caryophyllene oxide
3-Methyldiphenyl ether

(2)-jasmone

Gensmine
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Esters 842 ;1239; 1336; 1489 4 (3.247 %) Phenethyl 3-methylbutanoate

Table 2. Main constituents of the different chemical classes of essential oil of Satureja calamintha nepeta from the Skikda region (north-eastern Algeria).

1990



Nat. Volatiles & Essent. Qils, 2022; 9(1): 1981-2000

- OH
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D-Limonene (E)-Caryophyllene Germacrene D 1-Gurjunene Thymol  caryophyllene oxide
OH 0
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.\\H ! CH3
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Viridiflorol 1,10-di-epi-cubenol trans-piperitone oxide piperitenone oxide pulegone
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geosmin (z)-jasmone
3-methyldiphenyl ether

Figure 1. Chemical structures of the major compounds.
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3.3. Antifungal activity

Faced with the problems linked to the resistance of various microorganisms to synthetic antibiotics,
much work has been done on the antimicrobial power of natural products such as the essential oils of
certain aromatic plants. In this study, the antifungal potency of C. nepeta EO was investigated against
three pathogenic fungal strains. This power was evaluated by determining the inhibition rate (Table
3), MIC, MFCs, and the MFC (Table 4,5).

Table 3. Mycelial growth inhibition rate (%) of the essential oil of S. Calamintha nepeta on three

toxinogenic molds after seven days of incubation.

Inhibition of mycelial growth (%)

Concentration (v/v) A. flavus A. parasiticus A. ochraceus
1/5000 67.52+0.74 53.90+1.88 58.53+1.21
1/3000 78.20+1.28 68.72+0.71 62.60+1.86
1/2000 84.18+0.74 77.77+1.23 67.07+1.21
1/1000 100.00+0.00 95.88+0.71 74.79+1.40
1/500 100.00+0.00 100.00+0.00 92.68+1.21

1/250 100.00+0.00 100.00+0.00 100.00+0.00
1/100 100.00+0.00 100.00+0.00 100.00+0.00

The results obtained showed that this oil had significant antifungal activity against all the molds
tested. Complete inhibition of mycelial growth was observed at a concentration of 1/100 and 1/250
(v/v) for all fungi tested. However, A. flavus was shown to be the most sensitive, it was completely
inhibited from the 1/1000 (v/v) concentration. Thus, the concentration of 1/500 (v/v) was sufficient to
stop the growth of A. parasiticus. Whereas, the strain that showed some remarkable resistance is A.
ochraceus which resisted up to the oil concentration 1/250 (v/v) (Table 3).

The minimum inhibitory and fungicidal concentrations of EO were in the order of 0.666-2.666
pl/ml and 2.666-5.333 ul/ml, respectively. Indeed, this inhibitory activity is more marked on A. flavus
by completely inhibiting its growth from an MIC = 0.666 ul/ml, while the MIC for A. partasiticus
corresponded to 1.333 pl/ml. While A. ochraceus was the most resistant strain with a MIC = 2.666
ul/ml (Table 4,5).

Table 4. The sensitivity of different strains studied to essential oil and classic antifungals by the
microdilution method

Inhibition of mycelial growth (%)

Concentration (pl/ml) A. flavus A. parasiticus A. ochraceus
0,083 +++ +++ +++
0,166 +++ ++ ++
0,333 ++ ++ ++
0,666 - + +
1,333 - - +
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2,666 - - -
5,333 - - -
ATB + + +
Fungazol - - -
DMSO + + +

- Inhibition; + low growth; + + average growth; + + + very strong growth

Furthermore, the fungitoxic nature shows that the fungal strains tested are all sensitive to this
oil. The latter shows a fungicidal activity MFC = 2.666 pl/ml, and fungistatic MFCs = 0.666 pl/ml for A.
flavus. Whereas, for A. parasiticus, the oil showed a fungicidal activity CMF = 2.666 ul/ml and a
fungistatic effect MFCs = 1.333 pl/ml. While, the oil studied showed a fungicidal activity MFC = 5.333
ul/ml, and fungistatic MFCs = 2.666 pl/ml for A. ochraceus, which shows that at least double the MIC
is required to obtain the fungicidal effect on these two fungal species (Table 4,5). It can be concluded
that the essential oil of S. calamintha nepeta can be exploited in the food industry as natural fungicides
against storage fungi to protect food from spoilage caused by these microorganisms.

Table 5. Summary of antifungal parameters of the effects of C. nepeta EO on the growth of strains
studied by the microdilution method

Fungal strain MmiC MFCs MFC

A. flavus 0,666 0,666 2,666
A. parasiticus 1,333 1,333 2,666
A. ochraceus 2,666 2,666 5,333

In addition, this study allowed us to make an interesting comparison of the inhibitory activity
of the growth of germs with commercial fungicides on the one hand, and our essential oil on the other
hand. The results obtained are shown to be very effective, since all the strains studied for this study
showed almost total resistance to fungazol. In contrast, all strains have some resistance to ATB (Table
4). This finding leads us to conclude that this EO can be used as an antifungal alternative for toxinogenic
molds resistant to commercial antifungals.

4. DISCUSSION

The yield found in our study is appreciable and can be profitable on an industrial scale. The comparison
of yield obtained in our study with those reported in the literature clearly shows that C. nepeta from
the Skikda region is richer in essential oil. Indeed, this rate is similar to that found by Kerbouche et al
[25] (1.4 %), Labiod et al [27] (1.48 %), and Bouzidi et al [33] (1.3 %) for different populations of C.
nepeta from Algeria. In addition, our yield is higher than that found by Cozzolino et al [34] (0.6 %), and
Velasco-Negueruela et al [35] (0.3 %). On the other hand, it is lower compared to that by Souleles et
al [36] (2 %). These variations in content may be due to several factors including the degree of maturity,
the interaction with the environment (type of climate, soil), the time of harvest, and the method of
extraction [37].

Concerning the chemical composition, this work complements and enriches the studies carried
out on the essential oils of S. calamintha nepeta. In Algeria, the chemical composition of C. nepeta EOs
has been reported previously, and it differs from region to region. Studies carried out in different
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regions of Algeria have shown a clearly observed chemical variability depending on the origin of the
samples. The study carried out by Kerbouche et al [27], shows that the EO of C. nepeta collected in the
Blida region is mainly composed of oxygenated monoterpenes (97.4 %) including pulegone (39.5 %),
neo-menthol (33 %) and | somenthone (19.6 %) were the main components of this oil. The same result
was reported by Bouzidi et al [33] where the EO of C. nepeta, collected in the region of Bouhanifia near
Mascara, was dominated by pulegone (73.54 %) associated with isomenthone (7.89 %), cis-peperitone
oxide (2.28 %), limonene (1.37 %) and trans-isopulegone (1.09 %). Contrary to these results, Labiod et
al [27] declared that the EO of C. nepeta from the lJijel region had menthone (26.46 %) as the major
component, associated with piperitone oxide (22.26 %) and pulegone (14.04 %). While in Morocco,
completely different results were recorded compared to those of Algerian studies. The study carried
out by Satrani et al [21] reports that Moroccan oil contained p-cymene (20.9 %), y-terpinene (18.7 %),
and thymol (34.94 %) as predominant products.

In Europe, a study carried out by Marongiu et al [38] on essential oils obtained by
hydrodistillation (HD) and by supercritical fluid (SFE) from C. nepeta species collected in Portugal as
well as in the region of Sardinia (ltaly), show that EOs were characterized by high contents of pulegone
(64.4 - 39.9 %), piperitone (6.4 - 7.7 %) and piperitenone oxide (2.5 - 19.1 %), with the presence of
other minority compounds such as limonene (4,8 - 2,8 %), menthone (2.8 - 2.5 %) and | somenthone
(1.9-2.0 %). The Portuguese EO chemical composition appeared to be quite different from the Italian
variety.

Another study carried out by Riela et al [39] on EO obtained by a solvent free extraction
assisted by microwave (SFME) and by hydrodistillation (HD) from C. nepeta collected in Sicily (Italy),
the main compounds were pulegone (25.2 % and 21.4 %, respectively, in oils obtained by SFME and
HD), piperitone (13.1 %, SFME and 6.4 %, HD), piperite-none (12.3 %, SFME and 16.4 %, HD), menthone
(11.6%, SFME and 19.8%, HD) and | somenthone (12.0 %, SFME and 2.1 %, HD). In addition, Flamini et
al [40] reported the chemical composition of the essential oil of C. nepeta collected in Tuscany (ltaly).
The main constituent was pulegone (about 50 %), with the presence of other minor compounds:
menthone (9.4 %), limonene (7.0 %), menthol (4.6 %), piperitenone oxide (4.6 %) and piperitone oxide
(3.9 %). Similar results have been described by Panizzi et al [41] whose pulegone was the major
constituent of EO in the region of Tuscany in Italy. In France, Rossi et al [42] reported pulegone (49 %)
as the main compound followed by menthone (21,5 %), | somenthone (8.3 %) and limonene (3.5 %) of
the EO of C. nepeta collected in Corsica. The same results were reported in the work carried out by
Couladis and Tzakou [43] on the EO of Korinthos in Greece. In addition, several experiments carried
out in several countries around the world have reported results similar to that of our study, where the
oxides of piperitone and piperitone were the major components of EOs [36, 44 - 46].

An important chemical variability of EOs from Calamintha nepeta has been shown by two
studies carried out by Baldovini et al [47] and Negro et al [48] on species collected respectively in
Ajaccio (France) and in Apulia in the south-eastern Italy. The results of Baldovini et al [47] on 40 species
showed that 16 were characterized by the predominance of menthone (43.4 %) associated with
pulegone (18.9 %), with piperitone Il oxide (8.3 %) and limonene (5.2 %), and 11 were characterized by
high contents of piperitone Il oxide (30.5 %) and piperitone oxide (12.5 %). While 13 species were
characterized by a strong predominance of pulegone (55.6 %) with the presence of regular amounts of
limonene (6 %). However, the results of Negro et al [48] on 46 species show that 10 were characterized
by the predominance of piperitone oxide (49 %) associated with piperitone oxide (14 %), D-limonene
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(8 %) and thymol (4 %), and 2 were strongly characterized by the presence of piperitone oxide (39 %
and 48 % respectively. While, 9 species were characterized by the strong presence of piperitone (21.4
%) and menthone (22.53 %), while 25 species were characterized by a strong predominance of
pulegone (42 %).

In conclusion, we can see a very important chemical polymorphism, of which most of the
studies reported in the literature, three types of oils can be distinguished. The first type is characterized
by pulegone as the main component, associated with a range of compounds: menthone, menthol and
its isomers, piperite, piperitone and oxides of piperite. The second type is characterized by the
predominance of piperitone oxide and/or piperitone oxide. Finally, as a third type, an atypical sample
is distinguished by the presence of carvone and 1,8-cineole as main components [49]. Our results
reinforce previous data on the variability of essential oils, which may be due to many factors: climate,
geographic area, seasons, soil conditions, period of cultivation and extraction technique.

Furthermore, all the results obtained in the present study show that the essential oil of C.
nepeta exhibited significant antifungal activity against the fungi tested. However, numerous studies
have shown that the antifungal activities of EOs in aromatic plants are linked to their chemical
composition and in particular to the major compounds. Thus, the nature of the chemical structures
which constitute it, and their proportions play a determining role. However, it is likely that this activity
will also depend on the presence of minority compounds which can interact directly, or synergistically
or antagonistically, to create a mixture with antifungal activity [50, 51].

In addition, several studies have shown the antifungal activity of this oil. Labiod et al [27], by
studying the antifungal activity of EO of Calamintha nepeta from the Jijel region located in eastern
Algeria, showed that the minimum dose used to totally inhibit the growth of some post-pathogenic
fungal strains harvest (Fusarium and Aspergillus spp) summer 2 pl/ml. The results demonstrated an
excellent antifungal property of this oil. The authors pointed out that this antifungal action can be
attributed to the high content of menthone, piperitone oxide and pulegone in this oil, which agrees
with our results.

Another study carried out in Egypt, on this oil which showed remarkable antifungal activity
against a frequent contaminant of many foodstuffs, namely A. niger [52]. In addition, Marongiu et al
[38], during a study carried out on two samples of C. nepeta from Italy and Portugal, reported that
Italian oil was more active than Portuguese oil, showing a Significant antifungal activity against certain
strains of Aspergillus (A. flavus, A. fumigatus and A. niger), with minimum inhibitory concentration
values ranging from 0.32 up to 1.25 pl/ml. The authors concluded that the higher antifungal activity of
Italian oil could be associated with the contribution of pulegone, and suggested its use for therapeutic
purposes, in particular in the treatment of certain aspergillosis. In addition, the antifungal activities of
C. nepeta of the Italian vegetation coming more precisely from the region of Pisa carried out against
certain pathogenic fungi, namely: Fusarium moniliforme, Botrytis cinerea, A. niger and Pyricularia
oryzae. The oil has shown a broad spectrum of antifungal action with inhibition diameters ranging from
10.33 up to 14.67 mm. The authors suggested that the major constituents of this oil (pulegone and
piperitenone oxide) were responsible for its antimicrobial activities [19].

The antifungal potency of Italian EO has also been proven by Panizzi el al [41], against two
fungi (Saccharomyces cerevisiae and C. albicans). The oil was very rich in pulegone, piperitone and
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piperite with their oxides, and showed good potency against the microorganisms tested (MIC = 2
pg/ml). According to the authors, the activity of this oil could be mainly due to its major constituents.

Still in the same context, the EO of C. nepeta from Montenegro proved to be hyper potent on
several microorganisms, and in particular A. niger (diameter of the zone of inhibition = 40 mm)
responsible for the production of some toxic metabolites [22] This was confirmed by another study
carried out on C. nepeta collected in Serbia, and which included the same test microorganisms
previously [52]. In both experiments, the essential oils had pulegone, piperitone and piperitone with
their oxides as the major compounds. In addition, a study carried out on the EO of C. nepeta collected
in Italy with the aim of knowing its antifungal capacities against two fungi namely Microsporum canis
and Microsporum gypseum responsible for human cutaneous mycosis disseminated by domestic
animals. The authors reported very remarkable fungistatic and fungicidal minimum concentrations.
This oil is characterized by pulegone, piperitenone and piperitenone oxide as major compounds [53].

This essential oil antifungal property of C. nepeta can be attributed to its complex chemical
makeup. On one side, the oxygenated monoterpenes that go into its composition are generally more
active than the hydrocarbon monoterpenes which on the other hand, are known for their low
antifungal power [54]. On the other hand, sesquiterpenes can have strong antifungal potency,
sometimes even greater than that of monoterpenes [55]. The mode of action responsible for this
growth reduction until complete inhibition, components known for their strong antifungal power are
hydrophobic. This property facilitates their penetration between membrane phospholipids of fungal
cells, which leads to the leakage of the contents of vital cells, the impairment of fungal enzyme systems
consequently disrupting cellular functions [56]. It is then concluded that the antifungal activity of this
EO is due to the presence of both sesquiterpenes and monoterpenes and to the synergy between its
components. Therefore, more in-depth studies can be undertaken for the development of natural
products based on essential oil to exploit its antifungal properties in the prevention, and treatment of
certain fungal infections, and to combat molds resistant to conventional antifungals.
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