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Abstract

Essential oils (EOs) extracted from aromatic plants are interesting natural products due to their 
large therapeutic potential and benefits as natural preservatives. In the present work, the chem-
ical composition, antioxidant, and antifungal effects of the essential oils of Origanum vulgare 
(oregano) and Thymus vulgaris (thyme), alone or in combination, were investigated. The 
chemical analysis was performed by gas chromatography (GC) and gas chromatography-mass 
spectrometry (GC-MS) techniques. The antioxidant activity was investigated using a DPPH 
radical scavenging activity assay. The in vitro antifungal activity was evaluated by disc diffu-
sion, agar dilution, and spore germination inhibition methods against Fusarium species isolat-
ed from dry rot of potato tubers, whereas the combined effect of the two essential oils was 
evaluated by the checkerboard technique. GC and GC-MS analyses resulted in the identifica-
tion of 37 and 41 components in T. vulgaris and O. vulgare EOs, representing 80.17% and 
93.00% of the total oils, respectively. The main compound of thyme oil was thymol (46.97%) 
and that of oregano oil was carvacrol (59.03%). The DPPH scavenging assay showed a high 
antioxidant capacity for both essential oils, alone or in combination. The antifungal activity 
revealed that O. vulgare and T. vulgaris oils exhibited a great potential antifungal activity with 
minimal inhibitory concentration (MIC) values of 0.078 - 0.156 μL/mL and 0.156 - 0.313 μ
L/mL, respectively. The fractional inhibitory concentration index (FICI) of combined applica-
tions of the tested oils ranged from 0.375 to 0.500, suggesting synergistic interactions. Moreo-
ver, the oils were found to be effective against the spore germination of all tested Fusarium 
species. In vivo experiments against Fusarium oxysporum with wounded potato tubers 
supported these results. The findings indicated that both essential oils, alone or in combina-
tion, possess antioxidant and antifungal properties and can therefore be used as a potential 
source of bioactive molecules for preventing lipid peroxidation and fungal contamination of 
food. 
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Introduction

 Essential oils, also known as volatile oils, are 
concentrated volatile hydrophobic liquids extracted 
from aromatic plants and mainly include terpenes, 
terpenoids, and aromatic and aliphatic constituents, 
all having low molecular weights. These compounds 
are of growing interest in the food industry due to 
their benefits as natural preservatives (Prakash et al., 
2015). Several of them are known antioxidants 
(Teixeira et al., 2017; Aziz and Karboune, 2018); 
they have been proposed to replace synthetic antioxi-
dants used in the food industry, such as butylated 
hydroxyltoluene (BHT) and butylated hydroxylan-
isole (BHA), which have been shown to carry poten-
tial health risks and toxicity (Öğretmen and Inanan, 

2014). Additionally, essential oils are considered as 
new agents that exhibit strong antifungal activities 
against various storage fungi (Ferdes and Ungureanu, 
2012); they have a relatively safe status, are biode-
gradable and nontoxic, and enjoy wide consumer 
acceptance (Yen et al., 2015; Periasamy et al., 2016). 
 Potato Fusarium dry rot is one of the most 
important potato diseases worldwide, and among the 
most dangerous fungal diseases that contaminate 
members of the Solanaceae family (Al-Mughrabi et 
al., 2010). The disease causes significant losses in 
both quality and quantity of seed tubers. Fusarium 
spp. produce a range of toxic metabolites called 
mycotoxins, endangering human and animal health 
(Marin et al., 2013; Kocić-Tanackov and Dimić, 
2013). Alimentary intake of these metabolites in 
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animals and humans causes intoxication (mycotoxi-
cosis) that is manifested in the form of acute and 
chronic toxicity, including cytotoxicity, hepatotoxic-
ity, neurotoxicity, teratogenicity, mutagenicity, and 
carcinogenicity (Kocić-Tanackov and Dimić, 2013). 
The principal mean to control fungal growth and 
therefore the production of mycotoxins is based on 
the application of fungicides (Becher et al., 2010; 
Chowdhary et al., 2013). However, the use of 
synthetic chemical compounds has now been 
discouraged due to their possible adverse health 
effects (Hoppin et al., 2017; Mie et al., 2018). For 
this reason, natural substances, such as essential oils, 
have been considered as reservoirs of new therapeu-
tic and biopesticide agents (Garcia and Copetti, 
2019; Ishaq et al., 2019). Numerous scientific reports 
have described their strong ability to suppress the 
growth of Fusarium species (Nazzaro, 2017; Perczak 
et al., 2019). 
 Essential oils extracted from oregano (Ori-
ganum vulgare L.) and thyme (Thymus vulgaris L.) 
have achieved greater importance in the fragrance, 
pharmaceutical, food, and flavour industries (Teixei-
ra et al., 2013; Prasanth Reddy et al., 2014). In the 
present work, the essential oils extracted from Alge-
rian oregano and thyme were screened (alone and in 
combination) for the first time to detect their poten-
tial antioxidant and antifungal activities against 
Fusarium spp. that cause potato dry rot. In vivo 
bioassays were also performed to evaluate the fungi-
cidal potency against F. oxysporum. Furthermore, 
chemical analysis of the two essential oils was 
carried out using gas chromatography (GC) and mass 
spectroscopy (GC-MS) techniques. 

Materials and methods 

Plant materials
 The aerial parts of thyme and oregano were 
collected in 2018 in the north east of Algeria. The 
plant identification was confirmed in the botanical 
department of the High National School of Agrono-
my (ENSA), Algiers, Algeria. After transport to the 
laboratory, the samples were thoroughly rinsed and 
shade-dried. The dry plants were then ground and 
stored for further use.

Essential oil isolation 
 The shade-dried and finely powdered plant 
leaves were hydrodistilled for 3 h using a modified 
Clevenger-type apparatus. The oil was extracted 
from distilled water with diethyl ether, dried over 
anhydrous sodium sulphate, filtered and the solvent 
was removed at room temperature under reduced 

pressure on a rotary evaporator, thus yielding the oil. 
The resulting oil was stored in the dark at 4°C until 
analysis. 

Chromatographic analysis 
 Both essential oils were subjected to analysis 
by using gas chromatography (GC) and gas chroma-
tography-mass spectrometry (GC-MS). The GC 
analysis was performed on a model 6890 N gas chro-
matograph (Agilent Technologies, Sta. Clara, CA), 
equipped with a flame ionisation detector (FID) and 
split ratio of 1:50 using a fused silica capillary 
column, HP5-MS (30 m × 250 μm i.d., 0.25 μm film 
thickness). The injector and detector temperature for 
each analysis were held at 220 and 280°C, respec-
tively. The carrier gas was helium at a flow rate of 1 
mL/min. The gas chromatography-mass spectrome-
try (GC-MS) was carried out on an Agilent model 
5975 mass spectrometry (Agilent Technologies, Sta. 
Clara, CA) operating in the ionising energy mode at 
70 eV, combined with the GC described earlier. The 
temperature of the column was programmed from 60 
to 240°C at a rate of 4°C/min. The injector and ion 
source temperatures were the same as mentioned 
earlier. Scanning was performed from m/z 50 - 550 at 
1.9 scan/s. The retention indices (RI) were deter-
mined in relation to homologous series of n-alkanes 
(C8 - C22) under similar operating conditions. Identifi-
cation of the compounds was made by visual inter-
pretation, comparing their retention indices and mass 
spectra with data published in the literature (Adams, 
2007) and by matching their recorded mass spectra 
with reference spectra in the computer library (NIST 
MS library, Version 2.0). Quantification was com-
puted as the percentage contribution of each com-
pound to the total amount present.

Antioxidant activity
DPPH radical scavenging activity assay
 The method of Braca et al. (2002) was used 
for the determination of the scavenging activity of 
DPPH free radical. α-tocopherol and BHT served as 
standards. The inhibition of the DPPH free radical in 
percent (I%) was calculated based on control read-
ing, which contained equal volumes of DPPH 
solution and methanol without any test compound 
using Eq. 1:

% inhibition = [(AC - AS)/AC] × 100             (Eq. 1)

where, AC = absorbance of control reaction, and AS = 
absorbance of the sample. The essential oil concen-
tration providing 50% inhibition (IC50) was calculat-
ed from the graph of scavenging effect percentage 
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against essential oil concentration. 

Determination of antioxidant combination Index (CI)
 To evaluate a possible synergistic antioxi-
dant activity between the essential oils tested, an 
isobologram analysis based on the median effect 
index IC50 was used (Bounimi and Chebli, 2017):

CI = (D)1/(Dx)1+(D)2/(Dx)2                    (Eq. 2)

where, (D)1 and (D)2 = IC50 values of two essential 
oils in combination; (Dx)1 and (Dx)2 = IC50 values of 
two active essential oils individually. The antioxidant 
interaction was interpreted based on CI values as 
follows: CI < 1: synergistic; CI = 1: additive; CI > 1: 
antagonistic.

Antifungal activity 
Fungal material
 The fungal pathogens Fusarium spp. used in 
this experiment were isolated from infected potato 
tubers that showed typical dry rot symptoms. As 
reported by Rapilly (1968), the identification of the 
fungi was performed according to the macro- and 
micro-morphological characteristics, as described by 
Toussoun and Nelson (1968), Booth (1971), Domsch 
et al. (1980), Nelson et al. (1983), and Pitt and Hock-
ing (1999). The identification was confirmed at the 
Pasteur Institute in Algiers. Conidia were isolated 
from agar media using sterile 0.85% saline contain-
ing 0.1% Tween-80 (v/v), and the inoculum size was 
assessed using a chamber cell counting (haemocy-
tometer) and adjusted to approximately 107 
spores/mL for each strain.

In vitro experiment
Disk diffusion assay
 The method of Rota et al. (2004) was 
followed with slight modifications. Sterile blank 
filter discs (6 mm diameter, Whatman Paper No 3) 
containing 3 µL of each pure essential oil were 
applied onto the surface of potato dextrose agar 
(Difco Laboratories), which was previously seeded 
by spreading 1 mL of overnight fresh inoculum 
suspension (107 spores/mL) of each fungal strain. All 
Petri dishes were stored in the dark at 4°C for one 
hour to enable diffusion of the essential oil and were 
incubated for up to 72 h at 25°C. Discs without oil 
were used as a control.
 The antifungal activity was evaluated by 
measuring the diameters of the inhibition zones 
including the disc diameter (6 mm). Clear inhibition 
zones around the discs indicate the presence of 
antifungal activity. The values shown are the means 

of tests performed in triplicate.

Agar dilution method 
 The minimum inhibitory concentration 
(MIC) was assessed by the agar dilution method 
(Fandohan et al., 2004) with slight modifications. 
The agar medium (potato dextrose agar) was supple-
mented with various concentrations of essential oils, 
ranging from (0.039 to 5 µL/mL), which were imme-
diately mixed and poured into Petri dishes. Tween-20 
(0.1%) was used to dissolve each essential oil in the 
medium. The plates were spot inoculated with 1 µL 
of strain suspension that contained 107 conidia/mL 
and were then incubated for up to 72 h at 25°C. 
 The MIC was determined as the lowest EO 
concentration showing complete growth inhibition of 
the tested fungal strains under a binocular micro-
scope compared with the negative control (agar 
medium without essential oil). 
 Minimal fungicidal concentration (MFC) 
was assessed by re-inoculation of the treated inocu-
lums onto sterile PDA. The lowest concentrations of 
the tested EOs giving no visible growth after re-inoc-
ulation were regarded as MFCs.

Effect of oregano and thyme oils by checkerboard 
assay 
 The antifungal effect of the combination of 
the two EOs against Fusarium spp. was evaluated 
using the checkerboard method, followed by the FIC 
index calculation as described by Turgis et al. 
(2012). Serial two-fold dilutions corresponding to the 
MIC, 1/2 MIC, 1/4 MIC, and 1/8 MIC of each essen-
tial oil were prepared, and all the oregano oil 
dilutions were then mixed with the same proportions 
of thyme oil. The MICs of the essential oils in combi-
nation were determined by the dilution method. The 
fractional inhibitory concentration index (FICI) was 
calculated using Eq. 3:

FICI = FICa + FICb                     (Eq. 3)

where, FICa = MIC of EOa in combination / MIC of 
EOa alone, and FICb = MIC of EOb in combination / 
MIC of EOb alone. The results were interpreted 
according to the FIC indices as follows: FIC ≤ 0.5 
synergy; ≤ 1.0 additive; ≤ 2.0 indifference; > 2.0 
antagonistic. All experiments were performed in 
triplicate (Pillai et al., 2005). 

Spore germination assay
 The antifungal activities of the plants were 
also evaluated by inhibition of spore germination 
using the slide technique (Paul et al., 1993), with 
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some modifications. Each essential oil of oregano 
and thyme was dissolved with 0.1% Tween-20 to 
obtain 0.019, 0.039, 0.078 and 0.156 µL/mL concen-
trations of the oils. Aliquots of 25 µL of the essential 
oil solutions at different concentrations were mixed 
with 25 µL of 5% dextrose solution and 50 µL of the 
strain spore suspension (approximately 107 conid-
ia/mL) in a cavity slide; these were then incubated in 
a moist chamber at 25°C for 24 h. After incubation, 
the slides were fixed in lactophenol cotton blue and 
examined under a light microscope to record the 
percentage of spore germination. The spores that 
generated germ tubes were enumerated, and percent-
age of spore germination was calculated in compari-
son with the control assay. A spore was considered 
germinated when the length of its germinal tube 
reached one-half of the spore diameter (Paul et al., 
1993). The germination rate was measured for 
approximately 100 spores per treatment. Each treat-
ment was replicated three times, and the experiment 
was repeated twice. The control (0.01% Tween-20 
without EOs) was tested separately for spore germi-
nation of the tested Fusarium spp.

In vivo experiment with wounded potato tubers
 F. oxysporum was selected for the in vivo 
study based on frequency of isolation and the in vitro 
results. This assay was carried out following the 
method of Feng et al. (2011) with some modifica-
tions. Fresh unspoiled potato tubers were purchased 
from a local market in Algiers. The potatoes were 
chosen based on the absence of physical defects, their 
uniform size, and being devoid of injuries and infec-
tions. After disinfection in 2% sodium hypochlorite 
for 3 min, the potatoes were washed with autoclaved 
tap water, dried on sterile filter paper and were 
wounded with a sterile puncher to make one uniform 
4 mm deep by 4 mm wide wound on their peel at the 
equatorial region. Aliquots of 20 µL of different 
dilutions of oregano and thyme EOs alone (prepared 
at the highest MIC value obtained against F. 
oxysporum) or in combination (prepared using a 
checkerboard process described above) were pipetted 
onto the wounds. After 1 h, 10 µL of conidial suspen-
sion (107 conidia/mL) of F. oxysporum was added 
into each wound. The tubers inoculated with the 
pathogens without essential oil were considered as 
control. The treated potatoes were stored at 25°C. 
Following 2 w of incubation, each tuber was cut 
through the wound sites using a clean, flame-steri-
lised knife, and the width and depth of the rotted 
tissue was measured. As reported by Peters et al. 
(2008), rots were assumed to be conical for the 
purposes of analysis. Therefore, the volume of each 

rot was calculated using Eq. 4: 

Volume = ӆ r2 (h/3)         (Eq. 4)

where, r = half the width of the rot, and h = depth of 
the rot. Each treatment was replicated three times 
with 20 tubers per replicate, and the entire experi-
ment was repeated twice. 

Statistical analysis
 All experiments were carried out in tripli-
cate. The data were expressed as means ± standard 
deviation (SD). Differences were evaluated by 
one-way analysis of variance (ANOVA) and 
Student’s t-test. Differences were considered signifi-
cant at p < 0.05. 

Results 

Chemical composition of EOs
 The essential oils of the aerial parts of thyme 
and oregano were obtained with a yield of 0.85 and 
1.97% (w/w), respectively, based on the dry weight 
of the plants. The chemical constituents of the essen-
tial oils identified by GC and GC-MS are listed in 
Table 1. As can be seen, 37 and 41 components were 
identified in the EOs of thyme and oregano, repre-
senting 80.17% and 93.00% of total oil, respectively. 
The major components of thyme oil were thymol 
(46.97%), linalool (3.94%), p-cymene (3.32%), and 
carvacrol (3.20%). The oregano oil predominantly 
contained carvacrol (59.03%), p-cymene (12.32%), 
γ-terpinene (4.63%), thymol (2.42%), and ß-caryo-
phyllene (2.21%). The analysis indicated that the 
thyme and oregano used in the present work 
belonged to the “thymol chemotype” and “carvacrol 
chemotype”, respectively. Both essential oils were 
characterised by high percentage of monoterpene 
fractions, especially oxygenated monoterpenes, 
which was the most abundant compound class.

Antioxidant activity
 The potential antioxidant activity of oregano 
and thyme essential oils and their mixture was deter-
mined based on the scavenging activity of the stable 
free radical DPPH. As shown in Table 2, thyme 
essential oil exhibited stronger antioxidant potential 
than oregano essential oil, and the oregano/thyme 
essential oil combination displayed a synergistic 
antioxidant interaction. The examined samples 
possessed stronger antioxidant effects than standard 
BHT.
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Peak No. aRT bRI cCompound Relative content (%) 
Oregano oil Thyme oil 

1 5.28 922 Tricyclene n.d. 0.11 
2 5.63 927 α-Thujene 0.64 0.58 
3 5.89 934 α-Pinene 0.52 2.12 
4 6.12 948 camphene 0.10 0.27 
5 6.94 954 Verbenene n.d. 0.29 
6 7.06 973 Sabinene 0.12 n.d. 
7 7.21 976 β-Pinene 0.19 1.18 
8 7.30 982 1-Octen-3-ol 0.48 n.d. 
9 7.58 987 Octanone-3 0.17 0.15 
10 7.76 994 β-Myrcene 1.15 0.27 
11 7.92 998 α-Phellandrene 0.18 0.12 
12 8.03 1010 δ-3-Carene 0.11 n.d. 
13 8.19 1020 α-Terpinene 2.51 1. 20 
14 8.24 1026 p-Cymene 12.32 3.32 
15 8.28 1029 Limonene 0.29 0.31 
16 8.36 1032 β-Phellandrene 0.17 n.d. 
17 8.83 1035 1,8-cineole 0.10 2.12 
18 9.48 1047 Trans-β-Ocimene 0.41 0.17 
19 10.20 1058 γ-Terpinene 4.63 0.81 
20 10.86 1072 Cis-Sabinene- 0.26 1.01 
21 10.93 1084 hydrate n.d. 0.15 
22 11.69 1087 Camphenilone 0.18 0.47 
23 12.25 1093 Terpinolene 1.36 3.94 
24 12.98 1100 Linalool 0.41 n.d. 
25 13.28 1120 Sabinene hydrate n.d. 0.08 
26 13.70 1139 Campholenal 0.16 1.38 
27 14.28 1158 Camphor 0.11 1.76 
28 14.44 1167 Borneol 0.28 1.8 
29 14.63 1178 Terpinen-4-ol n.d. 1.20 
30 14.88 1185 p-Cymen-8-ol 0.13 1.21 
31 15.42 1223 α-Terpineol 0.21 0.16 
32 15.70 1237 Thymol methyl-ether 0.11 n.d. 
33 16.21 1265 Carvone 0.15 0.2 
34 16.76 1290 Bornyl acetate 2.42 46.97 
35 18.26 1300 Thymol 59.03 3.20 
36 20.08 1356 Carvacrol 2.21 0.13 
37 21.62 1393 β-Caryophyllene 0.10 n.d. 
38 21.97 1441 α-Humulene 0.16 0.16 
39 22.73 1498 Germacrene D 0.12 0.28 
40 23.54 1510 α-Terpineol 0.07 0.14 
41 24.17 1559 γ-Cadinene 0.15 n.d. 
42 24.63 1562 δ-Cadinene 0.29 0.37 
43 25.49 1579 α-Bisabolene 0.55 2.04 
44 25.64 1586 Spathulenol 0.12 0.22 
45 26.21 1637 Caryophyllene oxide 0.15 0.28 
46 27.76 1656 Viridiflorol 0.11 n.d. 
   β-Eudesmol   
   δ-Muurolene   
   γ-Cadinene   
      

Monoterpenes hydrocarbons 24.19% 12.38% 
Oxygenated monoterpenes 64.13% 64.02% 
Sesquiterpenes hydrocarbons 2.92% 0.71% 
Oxygenated sesquiterpenes 1.11% 2.91% 
Others 0.65% 0.15% 
Total oils 93.00% 80.17% 

Table 1. Composition of oregano and thyme essential oils as assessed using GC and GC-MS analyses.

atime retention; bretention index; ccompounds are listed in order of their elution from an HP column using the 
homologous series of n-alkanes. n.d. = not detected.



Bounar, R., et al./IFRJ 27(1) : 66 - 7771

In vitro antifungal efficacy 
Isolated and identified fungi
 Six species were identified, and their 
frequency varied from 4.38% to 38.75%. F. 
oxysporum was isolated from the greatest number of 
samples with a high frequency (38.75%), followed 
by F. culmorum (24.85%), F. moniliforme (16.75%), 
F. equiseti (13.75%), F. avenaceum (8.66%), and F. 
solani (4.38%). The relative density reached 33.33% 
for F. oxysporum and dropped to 5.64% for F. solani.

Single antifungal effect
 The in vitro antifungal activity assessed by 
the disc diffusion assay was estimated by the diame-
ter of the inhibition zone (mm). As shown in Table 3, 
both essential oils were shown to be effective against 

all Fusarium species, and the diameters of growth 
inhibition ranged from 23.77 ± 1.17 mm to 51.50 ± 
0.65 mm for oregano essential oil, and from 20.43 ± 
0.79 to 45.13 ± 2.13 mm for thyme essential oil. F. 
moniliforme was the most sensitive species, exhibit-
ing the highest diameters of inhibition zone (51.50 ± 
0.65 and 45.13 ± 2.13 mm for oregano and thyme 
essential oils, respectively), whereas F. oxysporum 
was the most resistant to the oils, showing a clear 
zone of inhibition. The efficiency of oregano and 
thyme essential oils estimated by the minimum inhib-
itory concentration (MIC) and minimum fungicidal 
concentration (MFC) are shown in Table 3. Oregano 
essential oil showed an excellent inhibitory effect 
against all tested species, with MIC values ranging 
from 0.156 to 0.078 µL/mL. It could inhibit the 
development of four species (F. culmorum, F. equi-
seti, F. avenaceum, and F. moniliforme) at a MIC 
value of 0.078 µL/mL. 
 The essential oil of thyme had the same 
efficiency against different strains, but its MIC 
values were two-fold lower than those of oregano, 
indicating the stronger antifungal effect of oregano 
essential oil. Regarding the MFC values of the essen-
tial oils, the MFC values of the thyme essential oil 
were almost similar to their MIC values and were 
2-fold higher in the case of oregano essential oil 
(Table 3). In fact, the MFC values of thyme and 
oregano essential oils ranged from 0.313 to 0.156 
µL/mL. Thus, it can be concluded that both essential 
oils exhibited a fungicidal effect.

Table 2. The in vitro antioxidant activities of oregano and 
thyme essential oils (individual and in combination) and 
BHT in DPPH radical scavenging test.

CI = antioxidant combination index. 

Sample DPPH (IC50 in 
µg/mL) CI 

Oregano oil 745.90 ± 8.12 - 

Thyme oil 616.90 ± 5.11 - 

Oregano/thyme oils 305.00 ± 2.00 0.89 

BHT > 1 - 

 1 

Table 3. Determination of antifungal activity, Fractional Inhibitory Concentration Index, and antifungal effect 
of the investigated essential oils against the tested Fusarium species.

Ɵ = diameter of the inhibition zone (mm); acontrol (the disc without oils); bMinimal Inhibitory Concentration; cMinimal Fungicidal 
Concentration; dFractional Inhibitory Concentration Index; esynergistic effect; (-) = no inhibition zone. Values are means ± standard 
deviation (SD) of three experiments (n = 3).

Fusarium species 

Oregano oil Thyme oil Combined oil 

Ɵ inhibition zone 
(mm) 

bMIC 
μL/m

L 

cMFC 
μL/m

L 

Ɵ inhibition zone 
(mm) bMIC 

μL/mL 

cMFC 
μL/m

L 

dFICI eEffect 
aC Treated aC Treated 

F. oxysporum - 23.77 ± 1.17 0.156 0.313 - 20.43 ± 0.79 0.313 0.313 0.499 S 

F. culmorum - 35.43 ± 1.54 0.078 0.313 - 30.93 ± 1.13 0.156 0.313 0.500 S 

F. solani - 27.33 ± 0.69 0.313 0.313 - 24.53 ± 0.24 0.313 0.313 0.499 S 

F. equiseti - 38.80 ± 0.33 0.156 0.156 - 36.50 ± 0.30 0.156 0.156 0.500 S 

F. avenaceum - 33.67 ± 0.50 0.078 0.313 - 31.40 ± 0.37 0.156 0.313 0.375 S 

F. moniliforme - 51.50 ± 0.65 0.078 0.156 - 45.13 ± 2.13 0.156 0.156 0.375 S 
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Combined antifungal effect
 Interactions between the EOs in combination 
were assessed by the checkerboard technique, which 
was used to investigate the effects of various combi-
nations of thyme and oregano essential oil fractions. 
Combining these oils together caused a significant 
decrease in the MIC of each oil against the tested 
Fusarium species as compared to the individual MIC 
values. For example, the MIC of oregano essential oil 
alone against F. oxysporum was 0.156 µL/mL, but 
was reduced to 0.078 µL/mL in the presence of 
thyme essential oil. Similarly, the MIC of thyme 
essential oil alone was 0.313 µL/mL, but was 
reduced to 0.039 µL/mL when it was combined with 
oregano essential oil. The FIC index calculated from 
these results was approximately 0.5, which indicated 
a synergistic effect of the target essential oils in com-
bination. 
 Regarding the other tested species, the 
results demonstrated that all four combinations 
generated by the checkerboard assay displayed FIC 
index values ranging from 0.375 to 0.5 (Table 3), 
thus indicating the synergistic effect of the essential 
oils. 

Effect of oregano and thyme essential oils on spore 
germination
 The results obtained for the essential oils of 
the spore germination assay for each of the test fungi 
are shown in Figure 1. The control (Tween-20, 0.1%  
v/v) did not inhibit the spore germination of any of 
the tested species. There was a significant inhibition 
of fungal spore germination at different essential oil 

concentrations, and the inhibitory effects were 
enhanced with increasing concentrations of each 
essential oil alone or in combination (Figure 1). A 
100% inhibition of all tested fungal spore germina-
tions was observed at 0.078 µL/mL of the combined 
essential oil.

In vivo antifungal efficacy against Fusarium 
oxysporum
 The in vivo antifungal experiments were 
performed using the wounded potato tuber technique. 
Following incubation at 25°C, the tubers in the 
control group developed a rot volume equal to 1.711 
± 0.054 cm3. In the group treated with essential oils, 
a very significant reduction (p < 0.05) in the rot 
volume was found as compared to that of the control 
group (Figure 2). 
 In addition, an inverse relationship between 
the concentration of the essential oils and the rot 
volume was observed, indicating that growth inhibi-
tion due to the essential oils was dose-dependent 
against the target strain. In general, oregano essential 
oil was shown to be slightly more active than thyme 
essential oil. The effect of combining the essential 
oils was tested based on the checkerboard method. It 
was clearly shown that the same concentrations in 
combination had more inhibitory activity than the 
individual concentrations. The analysis of fractional 
inhibitory concentration obviously revealed a highly 
synergistic interaction against F. oxysporum (FIC 
index ≈ 0.5). 

Figure 1. Effects of different concentrations of oregano and thyme essential oils alone and in combination on the 
inhibition of spore germination of targeted Fusarium species. FO = F. oxysporum; FC = F. culmorum; FS = F. 
solani; FE = F. equiseti; FA = F. avenaceum; FM = F. moniliforme.
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Discussion

 Many reports have shown that essential oils 
derived from aromatic plants can be considered as 
non-phytotoxic, easily biodegradable, and have 
prominent biological activities (Dhifi et al., 2016; 
Ayaz et al., 2017). Our results demonstrated that the 
tested oils were characterised by a high percentage of 
monoterpene fractions, amounting to 88.52% and 
76.40% in the thyme and oregano essential oils, 
respectively, with oxygenated monoterpenes (OMT) 
being the most important fraction. These results are 
in accordance with previous reports that have shown 
OMTs as predominant components with a similar 
chemotype (Moghtader, 2012; Miladi et al., 2013; 
Stupar et al., 2014). However, Nguefack et al. (2012) 
found that thyme essential oil contained almost as 
much monoterpene hydrocarbon as OMT, and 
thymol was not the primary component. Similarly, 
Khosravi et al. (2011) revealed that oregano 
belonged to the chemotype linalool, while Bharti et 
al. (2013) reported that the major compound of 
oregano essential oil collected from India was 
carvacrol (86.50%). The different essential oil com-
positions found in different studies can be due to 
physiological variation, genetic factors, and evolu-
tion, as well as to the time of harvest, species, season, 
environmental factors, the technique employed for 
plant drying, the part of plant studied and the oil 
extraction method (Lee and Ding, 2016; Tsasi et al., 
2017; Sampaio and Da Costa, 2018). 
 To evaluate the antioxidant activity, the 
DPPH radical scavenging assay was employed. This 
assay is widely used to measure the ability of com-
pounds to act as free radical scavengers or hydrogen 
donors (Pyrzynska and Pękal, 2013; Han et al., 
2017). The results obtained in the present work are 
consistent with previous studies. Several studies have 
reported the high radical scavenging activity of 

essential oils extracted from Origanum and Thymus 
species (Gavaric et al., 2015; Khadir et al., 2016). 
The antioxidant activity detected in oregano and 
thyme essential oils may be due to their major com-
pounds, carvacrol and thymol, respectively. These 
compounds can act alone or together with other 
minority compounds that could act synergistically 
(Gavaric et al., 2015; Bounimi and Chebli, 2017). 
Our work was focused on the antifungal activity 
effect of oregano and thyme essential oils against 
Fusarium species. For this, six isolates known for 
their high ability to produce rot in potato tubers were 
selected. F. oxysporum was found to be the most 
isolated species; this result is in accordance with that 
obtained by Gachango et al. (2012). Nevertheless, 
Aydin and Inal (2018) observed that F. coeruleum 
was the more prevalent strain among the Fusarium 
species isolated from dry rot potato tubers. 
 Our results showed that both oils had high 
antifungal activity against all targeted species and 
that they were also effective in inhibiting spore 
germination of the tested species, with the highest 
efficacy displayed by a combination of the essential 
oils. Several previous reports have also found an 
antifungal activity of essential oils, including that of 
thyme and oregano, against different Fusarium 
species (Sumalan et al., 2013; Stevic et al., 2014; 
Gao et al., 2016). The present work confirms previ-
ous findings regarding the antifungal activity of 
essential oils on spore germination (Costa et al., 
2015; López-Meneses et al., 2015; Sharma et al., 
2017). However, the MIC and MFC results indicated 
that thyme essential oil was slightly less efficient in 
inhibiting mycelial growth as compared to oregano 
essential oil. 
 Based on GC and GC-MS analysis, the 
antifungal activity observed could be related to their 
high content of the OMT. These observations 
confirmed the strongest antimicrobial activity of 
OMT, especially carvacrol and thymol, as reported 
by several authors (Stevic et al., 2014; Memar et al., 
2017).
 Regarding the combined antifungal effects, 
the oregano and thyme essential oil combinations 
exhibited a synergistic effect against all the tested 
Fusarium species and caused a significant decrease 
in the MICs as compared to their individual MIC 
values. This could mainly be due to interactions 
between the major and/or minor components of the 
two combined essential oils. In the literature, an 
increase in the antifungal activity of combined essen-
tial oils has been explained by the combination of the 
major compounds, such as carvacrol and thymol, in a 
mixture of oregano and thyme essential oils 

Figure 2. Antifungal effect of tested oils against F. 
oxysporum rot.
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(Stevic et al., 2014). Moreover, it has also been 
suggested that the antifungal activity of the main 
components may be modulated by the minor compo-
nents, consequently contributing to the final interac-
tive effect of the combination (Ouedrhiri et al., 2017; 
Nikkhah et al., 2017). Based on previous studies, it 
was supposed that the interaction between aldehydes, 
alcohols, esters, and phenolic components (thymol 
and carvacrol) and their precursors (p-cymene and 
γ-terpinene) leads to an increase in the inhibitory 
effect against Fusarium species. The increase of 
antifungal activity via the synergistic effect between 
different components of essential oils would be an 
advantage in pre- and post-harvest protection, 
because pathogens cannot easily acquire resistance to 
the multiple components contained in two or more 
essential oils (Stevic et al., 2014).

Conclusion

 The present work clearly demonstrated that 
oregano and thyme EOs in combination exhibited 
both synergistic antioxidant and antifungal activities. 
Thymol and carvacrol were the likely bioactive com-
pounds responsible for the biological activities and 
the synergistic interaction observed. These findings 
suggest that the mixture of oregano and thyme EO at 
suitably low concentrations should find a practical 
application in the control of Fusarium dry rot in pota-
toes. Furthermore, these natural biological com-
pounds may successfully replace synthetic and 
chemical antimicrobial and antioxidant agents and 
provide an alternative method of preservation.
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