
Ennouri et al., J. Mater. Environ. Sci., 2020, 11(4), pp. 647-657 647 

 

 

 

J. Mater. Environ. Sci., 2020, Volume 11, Issue 4, Page 647-657 

 

http://www.jmaterenvironsci.com 

 

Journal of Materials and  
Environmental Sciences 
ISSN : 2028-2508 
CODEN : JMESCN 

 
Copyright © 2020, 
University of Mohammed Premier      
 Oujda Morocco 

 

Antifungal effect of natural extracts on fungal contamination in the vitro 

culture of Calodendrum capense (L.f.) Thunberg 
 

, 4, S. Krimi Bencheqroun2,3,  M. Mahfoudi3, O. Chlyah1A. Lamiri ,1,2A. Ennouri 
2M. Mdarhri  Alaoui, 1EssahliM.  

ience and Techniques, Laboratory of Applied Chemistry and Environment, P.O. Box University Hassan 1, Faculty of Sc1

577, Settat, Morocco. 

Rabat), P.O. Box 415, Rabat, -Research Unit in Biotechnology, National Institute of Agriculture Research (INRA, CRRA2

Morocco. 

V University of Rabat, 4 Avenue Ibn Battouta B.P. 1014 RP Rabat Maroc. Faculty of Science Mohammed3 

Settat), P.O. Box 589, Settat, Morocco.-National Institute of Agriculture Research (INRA, CRRA4 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Tissue culture is preferable for fast multiplication of healthy plants. Nevertheless, endogenous microbial 

or fungal contamination is known to be one of the most serious problems in tissue culture [1]. This 

contamination can occur in several ways, either through defective laboratory procedures or through the 

transfer of microorganisms to the surface or inner tissues of explants. Plant surfaces are areas where 

micro-organisms can live [2]. To solve this problem, we use organic products such as essential oils, 

which are natural compounds extracted from plants. From a physiological point of view, these products 

are secondary metabolites produced by plants to cope with various hazards encountered in nature such 

as hydric stress or phytopathogenic parasites. In addition, these natural compounds have a powerful 

fungicide and bactericide potential that enables them to be a good candidate to replace the use of 

chemical fungicides and antibiotics in plant tissue culture [3], [4]. Essential oils of plants have already 
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effect was obtained by the use of Oregano (MIC-0.15 µl/ml for chemotype 3, MIC-0.25 

µl/ml for chemotype 2 and 0.5 µl/ml for chemotype 1) and Thyme (MIC- 0.25µl/ml). In 

addition, the Eucalyptus essential oil showed an incomplete inhibition (74.37%) of 

Verticilium spp. and (51.28%) of Cylindrocarpon spp. However, fenugreek extract has the 

lowest activity compared to the other oils. The chemical composition of these essential oils 

was analyzed by mass spectrometric chromatography (GC-MS). The analysis revealed the 
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found their place in aromatherapy, perfumery, pharmacy, food preservation and cosmetics. Their use is 

linked either to their wide spectrum of biological activities or to very specific targeting [5].  

Nikkhah et Hashemi (2020) proved antifungal effect of some essential oils to control postharvest 

spoilage and preserving the jujube fruit quality [6]. Xie et al. (2017) tested Antifungal activity of several 

essential oils and major components against wood-rot fungi [7], and Hadizadeh et al. (2009) analyzed 

antifungal potential of five essential oils against Alternaria alternate [8]. Thyme covers a wide range of 

biological activities: antiseptic, antibacterial, antifungal, antispasmodic and antioxidant [9]. The 

essential oil of O. compactum contains a high level of carvacrol, which gives this oil powerful antibiotic 

and antiseptic property, as well as an antifungal capacity [10], [11]. Several authors have discussed the 

antimicrobial and antifungal activity of Eucalyptus essential oil [12], [13]. The biological activity of 

Fenugreek is employed mainly in human medicine [14], [15]. In addition, it was reported that this species 

exhibited a strong insecticidal activity against the small pests Tribolium castaneum and Acanthoscelides 

obtectus [16]. 

Many authors have reported that chemical composition of essential oils can vary with extraction 

methods, plant genotype, and growing conditions, also at different seasons of the year [17]–[19]. For 

this reason, it has been assessed using Gas Chromatography – Mass Spectrometry (GC-MS). This 

determination facilitates comparisons with other essential oils with an already known antifungal activity. 

This study is part of the scientific program of the botanical garden of Rabat, The aim of study was to 

evaluate the efficiency of some essential oils (3 chemotypes of O. compactum, T. vulgaris, E.  

Camaldulensis, and T. foenum-graecum) in controlling the contaminations of Calodendrum capense 

tissue cultures, to determine the minimum inhibitory concentration of essential oils needed to control 

pathogen growth (MIC), and to analyze the essential oils by GC-MS. 

2. Material and Methods 

2.1. Plant materials and essential oil extraction 

The following medicinal plants: Oregano (O. compactum), Thyme (T. vulgaris), Eucalyptus (E. 

camaldulensis), and Fenugreek (T. foenum graecum L), were collected from their natural habitat at 

different locations in Morocco in July 2016 (Table 1).  Air-dried plant materials (leaves, 200 g) were 

placed in a 5 l round-bottom distillation flask and 3 l distilled water was added. The essential oils were 

obtained by steam distillation for 3 h using Clevenger-type apparatus. The isolated fractions of plant 

parts exhibited two distinct layers: an upper oily layer and the lower aqueous layer. Both the layers were 

separated.  

Table1: List of the essential oils used in this study and their origins. 

Essential oils Plant origin Family Origin Local name 

Oregano 

(chemotype 1) 

Origanum compactum Lamiaceae Ouazzane 

(commune Zoumi) 

Z'itrah 

Oregano 

(chemotype 2) 

Origanum compactum Lamiaceae Ouazzane 

(commune Brikcha) 

Z'itrah 

Oregano 

(chemotype 3) 

Origanum compactum Lamiaceae Ouazzane 

(commune Mokrisset) 

Z'itrah 

Thyme Thymus vulgaris Lamiaceae Marrakech Zaâtar 

Eucalyptus Eucalyptus camaldulensis Myrtaceae Khouribga Calibtus 

Fenugreek Trigonella foenum graecum L Fabaceae Settat Halba 

 

Fixed oil of Fenugreek was obtained using a soxhlet extraction, it was performed using a solvent 

extractor. For each extraction, dried seeds (100 g) were packed in a thimble and extracted with ethanol 

(500 mL). The immersion, washing, and recovery steps lasted for 4 h, with 17 cycles. The Soxhlet 
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method was used to extract the fixed oil of fenugreek and compare it with other essential oils extracted 

by hydrodistillation. The essential oils were then stored at 4°C in dark until use. The yields were 

calculated as the ratio of extracted oil mass to initial plant sample weight.  

2.2. Antifungal activity assays in vitro 

Fungal strains were selected on the basis of their frequency in vitro contaminations that are purified by 

successive subculturing. The purification steps were done in the laboratory of tissue culture on 

Biotechnology Unit in INRA- Rabat. The identification of these fungi was performed using fungal 

species identification keys [20]. The fungus (Cylindrocarpon spp and Verticillium spp) were multiplied 

on Potato Dextrose Agar medium (PDA) and incubated at 25°C in dark for 7 days.  

The antifungal activity assays were performed on PDA medium amended with different oils at the 

following concentrations: C0: 0% (control), C1: 0,0015% - C2: 0,0025%- C3: 0,005% - C4:0,015% - C5: 

0,025% - C6: 0,05% and C7:0,15%.  For essential oil of Thyme and Oregano, and at higher 

concentrations: C1:0,025% - C2: 0,05% -  C3:0,15% - C4: 0,25% - C5 :0,35% - C6: 0,45% -  C7: 0,55% - 

C8:1% for Eucalyptus and Fenugreek. Essential oils were prepared by dissolving them in Tween 20 (0.5 

%, v/v) and added to PDA immediately before pouring into 80 mm Petri dishes. The fungus was 

inoculated immediately by plating in the center 5 mm plugs from actively growing cultures. The Petri 

dishes were incubated at 25°C in the dark. Radial growth of colonies was measured every day during 10 

days.  

For each concentration, four replicate plates were used. The mean growth values were obtained and then 

converted in to the inhibition percentage of mycelial growth in relation to the control treatment by using 

the formula [13]: 

MGI (%) = ((dc-dt)/dc) × 100 

Where dc and dt represent mycelia growth diameter in control and treatment, respectively. 

The minimum inhibitory concentration (MIC) that produced a 100% growth reduction was estimated for 

each compound after 10 days of inoculation. 

2.3. Components separation and identification of essential oils composition  

Agilent Technologies 7890A gas chromatograph was used to analyze the chemical composition of the 

essential oils. It’s equipped with a Mass Selective Detector (MSD) and an HP-5MS capillary column 

(30 m long; 0.25 mm diameter). Helium was the carrier gas (1 ml/min flow rate). The initial temperature 

in the column was 50°C, increased to 150°C (+3°C/min) and maintained at 250°C (after an increase of 

+10°C/min). Essential oils were volumetrically diluted to a thousand times in ethyl acetate prior to gas 

chromatography (GC) injection.  

A volume of 1 μl of each sample was injected in split mode. The mass percentage of the different 

constituents of essential oils is given in relative peak area. The fragmentation is carried out in a 70 eV 

electric field. The fixed fenugreek oil obtained is used to carry out a preliminary phytochemical 

screening, which is a qualitative analysis based on coloring and/or precipitation reactions in order to 

highlight the major chemical groups. For this purpose, several types of reagents were used. We used the 

analytical techniques described in [21]–[24]. 

3.3. Statistical analyses  

Data were subjected to analysis of variance (ANOVA) using GenStat Procedure Library Release PL23.1. 

The significance of differences among treated samples was evaluated using Duncan’s multiple range 

tests. 
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3. Results  

1.1.Antifungal activity of essential oils in vitro 

Two fungal species were isolated from in vitro infected roots. The identification of the fungus was done 

in the laboratory of phytopathology in INRA- Settat, Morocco. Based on morphological characteristics 

observed by optical microscopy, isolates were identified, as Cylindrocarpon spp and Verticillium spp 

according to Barnett et al. (1998) [20]. The results will be published in another paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of essential oils on mycelial growth of Cylindrocarpon spp. in vitro: Oregano-ch1 (a), Oregano-ch3 (b), 

Thyme (c), Oregano-ch2 (d), Eucalyptus (e) and Fenugreek (f) 

 

The action of essential oils on mycelial growth of both Cylindrocarpon spp. and Verticillium spp. are 

illustrated in Figure 1 and 2. Mycelium growth of the pathogen was measured within the first 24 hours 

of incubation. The essential oils tested (three chemotypes of Oregano and one of Thyme) have a 

significant activity against fungal growth at low concentrations (0,0015% - 0,05%). However in the case 

of Eucalyptus and Fenugreek oils, there’s no significant antifungal activity compared to the control 

(Figure 1, 2). 
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Figure 2: Effect of essential oils on the mycelial growth of Verticillium spp. in vitro: Oregano-ch2 (a), Oregano-ch3 (b), 

Thyme (c), Oregano-ch1 (d), Eucalyptus (e), and Fenugreek (f). 

The minimum inhibitory concentration (MIC) was determined for all essential oils when radial growth 

in the control is maximal, and it is presented in Figure 3 and 4. Four essential oils completely suppressed 

pathogen growth (MGI= 100%) within 10 days of incubation. These oils were Oregano chemotype 1, 

chemotype 2, chemotype 3, and Thyme.  

 
Figure 3: Effects of six essential oils: Oregano (chemotype 1, 2 and 3), Thyme, Fenugreek, and Eucalyptus; at different 

concentrations on mycelial growth inhibition of Cylindrocarpon spp. Concentrations with the same letters represent values 

that are not significantly different (P≤0.05). 
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Figure 4: Effects of six essential oils: Oregano (chemotype 1, 2 and 3), Thyme, Fenugreek, and Eucalyptus; at different 

concentrations on mycelial growth inhibition of Verticillium spp. Concentrations with the same letters represent values that 

are not significantly different (P≤0.05). 

 

1.2.Extraction and chemical compositions of essential oils 

The yield of essential oils isolated from the aerial parts of O. compactum populations varied considerably 

from sample to the other. Yields were (2.2 - 1.78 - 1.89%) of all three samples depending on the origin 

of accession. The oils yields of thyme, eucalyptus and fenugreek are (1.42 - 1.2 - 17.2%) successively. 

The analysis of O. compactum essential oils showed great chemical variability and three chemotypes 

were distinguished for this Oregano species in Ouazzan Morocco region. Chemotype 1: The predominant 

constituents were carvacrol (38.67%), thymol (25.90%), and γ -terpinene (17.56%) that presented 

approximately 82% of the oil.; chemotype 2: This chemotype is characterized by a thymol content of 

46% and p-cymene content of 30%; and chemotype 3: the sample classified in this chemotype was 30% 

thymol, 45% carvacrol and 14,79% p-cymene. This chemical identification allowed us to distinguish the 

three following chemotypes: carvacrol/thymol/γ -terpinene chemotype; thymol/p-cymene/γ -terpinene 

chemotype and carvacrol/thymol/ p-cymene chemotype. In Thyme oil, 24 compounds were identified 

with the dominance of 3 components: Thymol (41,39%), γ-terpinene (22,25%) and p-cymen (15,59%).  

The major compounds of Eucalyptus oil were 1,8-cineole (34.22%), followed by cedrol (16.13%) and 

myrtenal (11.34%). Furthermore, to determine the chemical composition of fenugreek’s extract, several 

procedures have been completed, the results showed that fenugreek seeds are rich in phenols, alkaloids, 

flavonoids and tannins.  

4. Discussion  

C. capense is a species of the Rutaceae family. It is rich in polyunsaturated fatty acids and in metabolites 

such as terpenoids, limonoides or coumarin. It also contains many substances used in traditional 

medicine and cosmetics. The seeds of C. capense produce oil that could be used as a FAME biofuel. It 

was introduced to North Africa in the twentieth century, where it is an ornamental tree, grown for its 

highly aesthetic, fragrant pink flowers. It is known to have a shallow root system. Calodendrum has 

never been grown in vitro, probably because of its high availability but also because of its low growth 

rate. In our work, a preliminary study of the culture of juvenile explants of the species achieved green 

sprouts, but the subcultures were contaminated by the persistent presence of endogenous fungi in the 

media. The fungal contaminant found associated with tissue culture plants includes Cylindrocarpon spp 

and Verticillium spp. In order to overcome this problem, we experimented with the addition of natural 

extracts to the culture medium in order inhibit in vitro infectious agents. We tested essential oils from 

oregano (3 chemotypes), thyme, and Eucalyptus at different concentrations, in addition to fenugreek’s 

absolute extract. 
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Table 2.Chemical composite on percentage of essential oils of Oregano (three sample), Thyme, and Eucalyptus from 

Morocco by gas chromatography/mass spectroscopy (GC/MS). 
 

Compound a RT b RI c Oregano d Oregano e Oregano f Thyme Eucalyptus 

   % peak area 

Anisole 3.10 923 - - - - 1,31 

α-thujene 3.28 925 - - - 1,76 - 

Tricyclene 3.41 926 - - - - 1,14 

α-pinene 3.58 931 - - - - - 

β-pinene 6.58 974 - - - 1,63 - 

α-terpinene 8.50 1015 - - - 3,25 - 

p-cymen 9.96 1023 5,82 30,01 14,79 15,59 10,56 

Limonene 10.13 1027 - - - - 4,51 

1,8-cineole 11.10 1036 - - - - 34,22 

γ-terpinène 11.34 1057 17,56 15,20 1,51 22,25 - 

Linalol 12.94 1100 - - - 1,79 - 

4-terpineol 15.85 1176 2,15 0,54 0,53 1,15 3,84 

Myrtenal 16.79 1197 - - - - 11,34 

Nopol 16.30 1212 - - - - 2,66 

Careen (2) 17.50 1227 - - - - 1,01 

Carvone 18.82 1231 - - - - 2,81 

Thymolmethylether 19.03 1233 - - - 1,18 - 

Carvacryl methyl oxide 19.96 1244 5,05 - - - - 

Geraniol 20.40 1245 - - - - - 

Pulegone 20.42 1247 - - - - - 

Thymol 21.50 1293 25,9 46,62 30,43 41,39 - 

Carvacrol 21.87 1311 38,67 0.88 45,78 2,06 - 

Myrtenyl acetate 23.20 1328 - - - - - 

Caryophyllene 26.76 1417 - - - 1,3 - 

Guaiol 42.54 1596 - - - - 6.28 

Cedrol 42.52 1607 - - - - 16.13 

a The compounds that present lower than 1 % were not showed 
b Retention time (min) 
c Retention indices on the HP 5MS column 
d Chemotypes 1 
e Chemotypes 2 
f Chemotypes 3 
 

The preliminary study showed that oregano essential oil (chemotype 3) gave the best mycelial inhibition 

results (100%) at low doses (0.15%), followed by thyme and oregano chemotype 2 at doses (0.25%). 

Several studies have shown that oregano essential oil completely inhibits the development of many 

pathogens such as Eurotium herbariorum, Aspergillus wentii, Aspergilus tamarii, Botrytis cinerea, 

Alternaria alternata, common Penicillium,  Stachybotrys chartarum, Penicilliumim plicatum and 

Cladosporium cladosporioides [25–27]. Oregano essential oil has significant antifungal activity against 

Aspergillus flavus and Aspergillus niger at a concentration of 0.072 µL/ml [28]. Thus, Greek oregano 

essential oil at a dose of 4µL can also significantly inhibit the growth of Verticillium dahlia, Sclerotina 

sclerotiorum, and Pythium spp, isolated from infested tomato plants [29]. Thyme essential oil is also 

completely inhibited the growth of many plant pathogenic fungi, such as, Penicillium digitatum, 
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Galactomyces citri-aurantii, Penicillium italicum, Alternaria citri and Botrytis cinerea [25], [30–32]. 

These results are consistent with those obtained in our study, where oregano and thyme have good 

antifungal activity against Cylindrocarpon spp and Verticillium spp at low concentrations. Stević et al. 

(2014) indicated that many tested fungi were relatively uniformly susceptible to Oregano and Thyme 

oils. This represents a good basis for the formulation of products with potential efficiency in controlling 

fungal contamination [33]. The three Oregano oils gave different results in antifungal activity, so it was 

necessary to determine the chemical composition for each oils to know the major components, which 

can be the cause of a good antifungal activity, not to forget the role of minor components. 

The differences observed in chemical composition of O. compactum chemotypes can be attributed to 

exogenous factors such as altitude where the plant grows, temperature, nature and soil composition, or 

even to endogenous factors such as genetic characteristics [17], [19]. Analysis of the chemical 

composition of the essential oils (thyme and three chemotypes of oregano) tested in our study reveals 

that they contain mainly aromatic mono-terpenes such as carvacrol, thymol and p-cymene. Numerous 

studies show that the activity of these oils is often attributed to these compounds (carvacrol and thymol) 

[34], [35]. In another study, the individual application of thymol and carvacrol showed a significant 

antifungal effect against the pathogens Colletotrichum acutatum and Botryodiplodia theobromae. These 

substances could be used as alternatives to chemical fungicides in pre- and post-harvest phases of many 

fruit and vegetable species [36]. Therefore, carvacrol and thymol may play an important role in the 

antifungal activity of oregano and thyme demonstrated in our study. However, in our study, E. 

camaldulensis essential oil was found to be relatively less active on mycelial growth compared to the 

other oils tested, this is clear when comparing inhibitory concentrations, equally, this oil was proven as 

a moderate antifungal agent against domestic moulds, wood rot fungi [37] and plant pathogenic fungi 

[38,39]. Antifungal activity of Eucalyptus oil in our experiment was low, despite being positive in other 

filamentous fungi [12,13]. 1,8-cineole is the major component of eucalyptus oil, and its antifungal 

activity against several pathogens has been proven by many researchers [40,41]. 

On the other hand, a higher concentration than 10μl/ml of Fenugreeks extract may be required to observe 

minimal mycelial growth inhibition of both fungi (Figure 3 and 4). Other results showed that fenugreek 

aerial parts are rich in phenols, alkaloids, flavonoids and tannins; and they possess high antifungal 

activities [32-34]. Whereas Fenugreek’s absolute does not seem have an inhibitory effect. 

Some investigators reported that the antifungal activity resulted from a direct effect of essential oil on 

fungal mycelium. This effect may be due to an attack on the phospholipid bilayer of the cell membrane, 

subsequent a breakdown of the enzymatic systems, followed by the modification of the genetic material 

of the fungi. As well as the formation of fatty acid hydroperoxides by the oxygenation of unsaturated 

fatty acids, which leads to the coagulation of the cytoplasm and the damage of lipids and proteins, in 

addition, the disruption of the protonic motive force of fungi [42]. 

The antifungal activity of essential oils could be influenced by the major components of these oils or 

due to a synergistic effect between the major and minor components. Synergistic and antagonistic effects 

of the compounds may also play an important role in the inhibition of fungi [48, 49]. In this respect, it 

is remarkable to note that the observed difference in the antifungal activity of the three chymotypes of 

oregano and thyme oil tested in our study may also be due to the synergistic effect between thymol and 

carvacrol, because the synergy between these two phenols has been observed in several studies [43], 

[44]. Therefore, the use of essential oils of oregano and thyme can help prevent fungal growth, with the 

advantage of having a positive impact on plant growth. The other advantage of using these oils is their 

non-toxicity for the explant and the fact that they do not interfere with the regeneration and 

differentiation process of plant tissues. 
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Conclusion 

In this work, two fungal species, Cylindrocarpon spp. and Verticillium spp, were isolated from infected 

roots in tissue culture of Calodendrum capense. Six essential oils were tested on these fungi (three 

chemotypes of Oregano, Thyme, Eucalyptus and Fenugreek). The results confirm a good antifungal 

activity of three chemotypes of Oregano and Thyme essential oils, against both fungus Cylindrocarpon 

spp. and Verticillium spp. in vitro, and that the chemotype 3 has the lowest MIC (0.15 µl/ml). The 

evaluation of chemical compositions of collected Oregano samples made it possible to characterize three 

distinct chemical varieties: carvacrol/thymol/γ -terpinene chemotype, thymol/p-cymene/γ -terpinene 

chemotype and carvacrol/thymol/ p-cymene chemotype.  In addition, Thyme oil includes thymol as the 

major component. Therefore, it is likely that these compounds (thymol and carvacrol) may constitute 

the main active compounds against the fungal strains Cylindrocarpon spp. and Verticillium spp. Further 

studies may be considered to test the efficiency of these compounds against these fungi. The findings of 

this study constitute preliminary evidence supporting the use of essential oils for contamination control 

in vegetative micropropagation of Calodendrum.  

Acknowledgements-The author acknowledges the financial support of the National Center for Scientific and 

Technical Research (CNRST). 
 

References 

1. O. I. Odutayo, N. A. Amusa, O. O. Okutade, and Y. R. Ogunsanwo, Sources of microbial 

contamination in tissue culture laboratories in southwestern Nigeria,  African J. Agric. Res., 2(3) 

(2007) 067–072. 

2. W. Aragón, J. J. Reina-Pinto, M. Serrano, The intimate talk between plants and microorganisms 

at the leaf surface, J. Exp. Bot, 68(19) (2017) 5339–5350. https://doi.org/10.1093/jxb/erx327 

3. D. Chandler, A. S. Bailey, G. Mark Tatchell, G. Davidson, J. Greaves, W. P. Grant, The 

development, regulation and use of biopesticides for integrated pest management,  Philos. Trans. 

R. Soc. B Biol. Sci., 366 (2011) 1987–1998. DOI: 10.1098/rstb.2010.0390. 

4. J. J. Villaverde, P. Sandín-España, B. Sevilla-Morán, C. López-Goti, J. L. Alonso-Prados, 

Biopesticides from natural products: Current development, legislative framework, and future 

trends, BioResources, 11(2) (2016), 5618–5640. DOI: 10.15376/biores.11.2.Villaverde. 

5. V. V. Ebani, B. Najar, F. Bertelloni, L. Pistelli, F. Mancianti, S. Nardoni, Chemical composition 

and in vitro antimicrobial efficacy of sixteen essential oils against Escherichia coli and 

Aspergillus fumigatus isolated from poultry, Vet. Sci., 5(3) (2018) 1–13. DOI: 

10.3390/vetsci5030062 

6. M. Nikkhah, M. Hashemi, Boosting antifungal effect of essential oils using combination 

approach as an efficient strategy to control postharvest spoilage and preserving the jujube fruit 

quality, Postharvest Biol. Technol., 164 (2020)111159. DOI:10.1016/j.postharvbio.2020.111159 

7. Y. Xie, Z. Wang, Q. Huang, D. Zhang, Antifungal activity of several essential oils and major 

components against wood-rot fungi, Ind. Crops Prod., 108 (2017) 278–285. DOI: 

10.1016/j.indcrop.2017.06.041 

8. I. Hadizadeh, B. Peivastegan, H. Hamzehzarghani, Antifungal Activity of Essential Oils from 

Some Medicinal Plants of Iran against Alternaria alternate, Am. J. Appl. Sci., 6 (2009) 857–861. 

DOI: 10.3844/ajassp.2009.857.861 

9. B. Salehi et al., Thymus spp. plants - Food applications and phytopharmacy properties, Trends 

Food Sci. Technol., 85 (2019) 287–306. DOI: 10.1016/j.tifs.2019.01.020 

10. A. Bouyahya, J. Abrini, N. Dakka, Y. Bakri, Essential oils of Origanum compactum increase 

membrane permeability, disturb cell membrane integrity, and suppress quorum-sensing 

phenotype in bacteria, J. Pharm. Anal., 9 (2019) 301–311. DOI: 10.1016/j.jpha.2019.03.001 

11. Y. Laghmouchi, O. Belmehdi, N. S. Senhaji, J. Abrini, Chemical composition and antibacterial 

activity of Origanum compactum Benth. essential oils from different areas at northern Morocco, 

South African J. Bot., 115 (2018) 120–125. DOI: 10.1016/j.sajb.2018.02.002 

javascript:;
javascript:;
javascript:;
https://doi.org/10.1093/jxb/erx327


Ennouri et al., J. Mater. Environ. Sci., 2020, 11(4), pp. 647-657 656 

 

12. A. Hussein, M. M. A. Abdel-Mottaleb, M. El-assal, O. Sammour, Novel biocompatible essential 

oil-based lipid nanocapsules with antifungal properties, J. Drug Deliv. Sci. Technol., 56 (2020) 

101605. DOI: 10.1016/j.jddst.2020.101605 

13. M. Jahani, M. Pira, M. H. Aminifard, Antifungal effects of essential oils against Aspergillus 

niger in vitro and in vivo on pomegranate (Punica granatum) fruits, Sci. Hortic. (Amsterdam)., 

264 (2020) 109188. https://doi.org/10.1016/j.scienta.2020.109188 

14. D. Salarbashi, J. Bazeli, E. Fahmideh-Rad, Fenugreek seed gum: Biological properties, chemical 

modifications, and structural analysis– A review, Int. J. Biol. Macromol., 138 (2019) 386–393. 

https://doi.org/10.1016/j.ijbiomac.2019.07.006 

15. W. N. Hozzein, A. M. Saleh, T. H. Habeeb, M. A. M. Wadaan, H. AbdElgawad, CO2 treatment 

improves the hypocholesterolemic and antioxidant properties of fenugreek seeds,  Food Chem., 

308 (2020) 125661. https://doi.org/10.1016/j.ijbiomac.2019.07.006 

16. A. Evidente, M. Fernández-Aparicio, A. Andolfi, D. Rubiales, A. Motta, Trigoxazonane, a 

monosubstituted trioxazonane from Trigonella foenum-graecum root exudate, inhibits 

Orobanche crenata seed germination, Phytochemistry, 68 (19) (2007) 2487–2492. DOI: 

10.1016/j.phytochem.2007.05.016 

17. K. Aboukhalid et al., Analysis of genetic diversity and population structure of the endangered 

Origanum compactum from Morocco , using SSR markers : Implication for conservation, Biol. 

Conserv., 212 (2017) 172–182. http://dx.doi.org/10.1016/j.biocon.2017.05.030 

18. R. Zgheib et al., Chemometric Tools to Highlight the Variability of the Chemical Composition 

and Yield of Lebanese Origanum syriacum L. Essential Oil, Chem. Biodivers., (2016) 1326–

1347. DOI: 10.1002/cbdv.201600061 

19. B. Benyelles, H. Allali, M. E. A. Diba, N. Djaboub, J. Paolinic,  J. Costac, Chemical Composition 

Variability of Essential Oils of Daucus gracilis Steinh. from Algeria, Chem. Biodivers., 38 

(2017) 42–49. DOI: 10.1111/ijlh.12426 

20. H. L. Barnett, B. B. Hunter, Illustrated Genera of Imperfect Fungi 4th Edition, (1998) 218.  

21. F. Ronchetti, G. Russo, E. Bombardelli, and A. Bonati, A new alkaloid from Rauwolfia 

vomitoria, Phytochemistry, 10 (1971) 1385–1388. DOI: 10.1016/S0031-9422(00)84347-2 

22. Amélie Lhuillier, Contribution à l’étude phytochimique de quatre plantes malgaches : Agauria 

salicifolia Hook.f ex Oliver, Agauria polyphylla Baker (Ericaceae), Tambourissa trichophylla 

Baker (Monimiaceae) et Embelia concinna Baker (Myrsinaceae),” PhD, Inst. Natl. Polytech. 

Toulouse, (2007) 214. 

23. H. Wagner, S. Bladt, Plant drug analysis. A Thin Layer Chromatography Atlas, Springer, Berlin, 

(2001) 349-364. DOI : 10.1016/s0031-9422(97)80771-6 

24. Y.A. Bekro, J. Mamyrbekova, B. Boua, F. Tra Bi,  E. Ehile, Étude ethnobotanique et screening 

phytochimique de Caesalpinia benthamiana (Baill.) Herend. et Zarucchi (Caesalpiniaceae), Sci. 

Nat., 4 (2007) 217–225. DOI: 10.4314/scinat.v4i2.42146 

25. C. Bouchra, M. Achouri, L. M. I. Hassani, M. Hmamouchi, Chemical composition and antifungal 

activity of essential oils of seven Moroccan Labiatae against Botrytis cinerea Pers: Fr., J. 

Ethnopharmacol., 89 (2003)165–169. DOI: 10.1016/S0378-8741(03)00275-7 

26. S. Kocić-Tanackov, G. Dimić, I. Tanackov, D. Pejin, L. Mojović, J. Pejin, The inhibitory effect 

of oregano extract on the growth of Aspergillus spp. and on sterigmatocystin biosynthesis, LWT 

- Food Sci. Technol., 49 (2012) 14–20. https://doi.org/10.1016/j.lwt.2012.04.013 

27. M. Zabka, R. Pavela, E. Prokinova, Antifungal activity and chemical composition of twenty 

essential oils against significant indoor and outdoor toxigenic and aeroallergenic fungi, 

Chemosphere, 112 (2014) 443–448. https://doi.org/10.1016/j.chemosphere.2014.05.014  

28. M. Viuda-Martos, Y. Ruiz-Navajas, J. Fernández-López, J. A. Pérez-Álvarez, Antifungal 

activities of thyme, clove and oregano essential oils, J. Food Saf., 27 (2007) 91–101. 

https://doi.org/10.1111/j.1745-4565.2007.00063.x 

29. E. Wogiatzi, N. Gougoulias, A. Papachatzis, I. Vagelas, N. Chouliaras, Greek oregano essential 

oils production, phytotoxicity and antifungal activity, Biotechnol. Biotechnol. Equip., 23 (2009) 

https://doi.org/10.1016/j.phytochem.2007.05.016
https://doi.org/10.1016/S0378-8741(03)00275-7
https://doi.org/10.1016/j.lwt.2012.04.013
https://doi.org/10.1016/j.chemosphere.2014.05.014
https://doi.org/10.1111/j.1745-4565.2007.00063.x


Ennouri et al., J. Mater. Environ. Sci., 2020, 11(4), pp. 647-657 657 

 

1150–1152. https://doi.org/10.1080/13102818.2009.10817630 

30. G. Arras, M. Usai, Fungitoxic activity of 12 essential oils against four postharvest citrus 

pathogens: Chemical analysis of Thymus capitatus oil and its effect in subatmospheric pressure 

conditions, J. Food Prot., 64 (7) (2001) 1025–1029. DOI: 10.4315/0362-028x-64.7.1025 

31. M. Yahyazadeh, R. Omidbaigi, R. Zare, H. Taheri, Effect of some essential oils on mycelial 

growth of Penicillium digitatum Sacc., World J. Microbiol. Biotechnol., 24 (8) (2008) 1445–

1450. DOI: 10.1007/s11274-007-9636-8 

32. X. Liu, L. P. Wang, Y. C. Li, H. Y. Li, T. Yu, X. D. Zheng, Antifungal activity of thyme oil 

against Geotrichum citri-aurantii in vitro and in vivo, J. Appl. Microbiol., 107(5) (2009) 1450–

1456. DOI:10.1111/j.1365-2672.2009.04328.x 

33. T. Stević et al., Antifungal activity of selected essential oils against fungi isolated from medicinal 

plant, Ind. Crops Prod., 55 (2014) 116–122. DOI: 10.1016/j.indcrop.2014.02.011 

34. G. Esen, A.D. Azaz, M. Kurkcuoglu, K. Husnu, C. Baser, A. Tinmaz, Essential oil and 

antimicrobial activity of wild and cultivated Origanum vulgare L . subsp . hirtum ( Link ) 

Ietswaart from the Marmara region , Turkey, Flavour Fragr. J., 22 (2007) 371–376. DOI: 

10.1002/ffj 

35. M. Bendahou et al., Antimicrobial activity and chemical composition of Origanum glandulosum 

Desf. essential oil and extract obtained by microwave extraction: Comparison with 

hydrodistillation, Food Chem., 106 (2008) 132–139. DOI: 10.1016/j.foodchem.2007.05.050 

36. M. A. Numpaque, L. A. Oviedo, J. H. Gil, C. M. García,  D. L. Durango, Thymol and carvacrol: 

biotransformation and antifungal activity against the plant pathogenic fungi Colletotrichum 

acutatum and Botryodiplodia theobromae, Trop. Plant Pathol., 36 (2011) 3–13. DOI: 

10.1590/s1982-56762011000100001 

37. P. Siramon, Y. Ohtani,  H. Ichiura, Chemical composition and antifungal property of Eucalyptus 

camaldulensis leaf oils from Thailand, Rec. Nat. Prod., 7 (2013) 49–53.  

38. M. M. Gakuubi, A. W. Maina,  J. M. Wagacha, Antifungal Activity of Essential Oil of Eucalyptus 

camaldulensis Dehnh. against Selected Fusarium spp., Int. J. Microbiol., (2017) 1–7. 

https://doi.org/10.1155/2017/8761610. 

39. M. Mehani, N. Salhi, T. Valeria, S. Ladjel, Antifungal Effect of Essential Oil of Eucalyptus 

Camaldulensis Plant on Fusarium Graminearum and Fusarium Sporotrichioide, Int. J. Curr. 

Res., 6 (12) (2014) 10795–10797. http://www.journalcra.com 

40. R. Shukla, P. Singh, B. Prakash, N. K. Dubey, Antifungal, aflatoxin inhibition and antioxidant 

activity of Callistemon lanceolatus (Sm.) Sweet essential oil and its major component 1,8-

cineole against fungal isolates from chickpea seeds, Food Control, 25 (2012) 27–33. 

http://dx.doi.org/10.1016/j.foodcont.2011.10.010  

41. H. M. Kim, H. Kwon, K. Kim, S. E. Lee, Antifungal and antiaflatoxigenic activities of 1,8-

Cineole and t-Cinnamaldehyde on Aspergillus flavus, Appl. Sci., 8 (2018) 1–9. DOI: 

10.3390/app8091655 

42. Y. Xing, Q. Xu, X. Li, Z. Che, J. Yun, Antifungal Activities of Clove Oil Against Rhizopus 

Nigricans, Aspergillus Flavus and Penicillium Citrinum in Vitro and in Wounded Fruit Test, J. 

Food Saf., 32 (2012) 84–93. DOI: 10.1111/j.1745-4565.2011.00347.x 

43. N. Didry, L. Dubreuil, M. Pinkas, Activity of thymol, carvacrol, cinnamaldehyde and eugenol 

on oral bacteria, Pharm. Acta Helv., 69 (1994) 25–28. DOI: 10.1016/0031-6865(94)90027-2 

44. D. J. Daferera, B. N. Ziogas, M. G. Polissiou, GC-MS analysis of essential oils from some Greek 

aromatic plants and their fungitoxicity on Penicillium digitatum, J. Agric. Food Chem., 48 (2000) 

2576–258. DOI: 10.1021/jf990835x 

 
   

(2020) ; http://www.jmaterenvironsci.com  

https://doi.org/10.1080/13102818.2009.10817630
https://doi.org/10.4315/0362-028x-64.7.1025
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs11274-007-9636-8?_sg%5B0%5D=CcVdkrs5xvK3bExBymkL8W9l6g3TYcVdnFHscP-GTBPgbBTLt29Qj6ESvJ7VpuVLzDKvZMV1nBMXQhSFSoyIr4JU5A.ZrWI4Bbv-nn2fhRPFqVF505MevluhsQJ3LnjJeXYcDcyaGRrVUuJzZvvxEMcFxlxV7pHO11FpHbPtznT_Jec2w
https://doi.org/10.1111/j.1365-2672.2009.04328.x
https://doi.org/10.1155/2017/8761610
http://www.journalcra.com/
https://doi.org/10.1021/jf990835x
http://www.jmaterenvironsci.com/

