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(e essential oils from aromatic plants are today considered a suitable tool to protect stored grains from fungal attacks. (e
purpose of this work is to study the effect of formulations of thyme and oregano essential oil (EO) adsorbed on purified (Gh-P) and
sulfuric acid-activated (Gh-A) ghassoul on the biological activity of fungal pathogens. Purified and activated ghassoul were
characterized by XRD and FTIR, and EOs used in this study were issued from two medicinal plants known in Morocco and
commercially available.(eir chemical compositions were analyzed by the GC-MS technique.(emain constituents of thyme EO
were thymol (67.13%), ρ-cymene (4.85%), Z-caryophyllene (1.77%), and c-terpinene (2.74%). Oregano EO contained carvacrol
(59.82%), c-terpinene (10.85%), and α-pinene (9.89%).(is work focused on the study of the antifungal activity of EOsmixed with
purified and sulfuric acid-activated ghassoul, in order to look for new natural bioactive products and assess their antifungal
activity. Penicillium sp. was used as a pathogen agent for biological activity on Czapek agar medium. (e results showed that the
active ghassoul formulations had significant antifungal activity against Penicillium sp. Gh-A-thyme, Gh-A-thymol, and Gh-A-
oregano had an inhibitory potential of more than 75% and excelled to retain it over time even after fivemonths. On the other hand,
the three purified ghassoul formulations (Gh-P-thyme, Gh-P-thymol, and Gh-P-oregano) showed an initial inhibitory power of
less than 22%, which was decreasing over time.

1. Introduction

Essential oils (EOs) are natural volatile oils, responsible for
many odors produced by plants. (ese oils can be easily
obtained using various extraction techniques, such as sol-
vent extraction or distillation [1].(ey are usually composed
of single molecules, based on repetitive units of isoprene,
called terpenes. Numerous uses of EOs have been studied,
and they are highly appreciated in perfumery and cosmetics,
as well as in food conservation and the pharmaceutical
industry [2]. (e most widely studied properties of EOs are
their effects on microorganisms. (ey have been shown to

inhibit growth and, in some cases, kill a wide range of
bacteria, fungi, and parasites [1, 3–14]. Other studies have
been conducted on EOs as an alternative agent to control the
growth of food-borne fungi [15].

Cosmetics and perfumery manufacturers started to in-
tegrate EOs more into their formulations. (e substitution
of a synthetic product with an EO increases the added value
and does not harm the environment [16]. Moreover, Hos-
sain et al. have enlarged the study of EOs formulations for
storing cereals such as rice [10]. However, the industrial use
of EOs has to face many problems because of their cost, the
variability of their composition, their instability at storage
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since they are very volatile which poses a conservation
problem, and also the allergenic potential of some of their
constituents. Currently, it is recognized that temperature,
light, and oxygen availability have a major impact on the
preservation of EO integrity [17]. Besides, some of the
constituents of EOs are allergens and therefore have to face
restrictions of use. EOs are aromatic compounds, charac-
terized by their high volatility and complex composition
[18].

Some techniques reduce the effect of these problems
which affect the industrial use of EOs. Two commonly used
techniques are encapsulation and adsorption onto a sub-
strate such as clay or the so-called formulation.(ey are used
to immobilize the most volatile compounds in EO, stabilize
it, protect it from light and temperature, and modulate its
release by extending its kinetic profile. Also, to reduce costs
for the industrial sector, the encapsulation of expensive
active ingredients such as EOs makes it possible to reduce
the concentrations introduced without affecting the effi-
ciency of the finished product and the same thing for ad-
sorption. (e use of a clay powder flavored with EO has a
double advantage due to the combined effects of clay and
EO. Similar studies have been carried out for the adsorption
of EOs on clay for insecticide applications, especially on corn
weevil [19–21]. In the same sense, studies were done by
Hossian et al. and prepared formulations based on EOs and
nanocomposite to test the antifungal activities in vitro and in
situ against Aspergillus niger, Aspergillus flavus, Aspergillus
parasiticus, and Penicillium chrysogenum affecting rice [10].

(e objective of this work is to regulate the volatilization
of terpene compounds of EOs in order to increase their
activity duration. To do this, the formulations were in the
first stage prepared with different materials using the ad-
sorption technique which makes it possible to immobilize
EOs. (e adsorption is made on purified ghassoul support
and sulfuric acid-activated one. (e EO of thyme as well as
for its majority component thymol and the EO of oregano
was used for this purpose.(en, the antifungal activity of the
prepared formulations was studied and compared.

2. Experimental

2.1. Materials. (e clay used in this study was a commercial
ghassoul. It corresponds to the natural product without any
treatment and dried at 100°C to remove the weakly bound
water, then crushed, and sifted. Only aggregates with a
diameter of less than 63 µm were selected. (ymol of purity
>99%, was supplied by Sigma-Aldrich. NaCl and H2SO4
were purchased from Aldrich, hexane (C6H14) of purity
>85% and thymol of purity >99% were, respectively, sup-
plied by Loba Chemie and Sigma-Aldrich. (e EOs used in
this study, oregano and thyme, are commercial oils.

2.2. 1e Fungal Strain. (e antifungal activity of the dif-
ferent formulations was evaluated on a Penicillium sp.
strain, provided by the mycology laboratory of the biology
department at Moulay Ismail University (Morocco). It was
chosen because of the high frequency of contamination of

food products and their involvement in human and animal
pathology. (is food-borne fungus was mainly isolated
from cereals in the region of Meknes city in Morocco [22].

2.3. Instrumentation. (e materials obtained were charac-
terized by physicochemical techniques (XRD and FTIR).

(e X-ray diffraction analyses were carried out on
powder using a Philips PW 1800 device (copper kα
λ� 1.5418 Å, 40 kV, 20mA), available in our laboratory. (e
spectra of the different samples were recorded in a 2θ range
of 5°–70°, with an angular increment of 0.04°.

Infrared spectra were obtained using a fourier trans-
form spectrometer (FTIR) of type JASCO 4000, equipped
with a detector (TGS) and a ceramic source, separated by an
optical system using a Michelson interferometer. (e
samples were packed in 12mm diameter pellets. (e ab-
sorption spectra were recorded in the range of 400 and
4000 cm−1 in absorbance or transmittance, with a resolu-
tion of 2 cm−1.

For identification of EO components, GC-MS THERMO
Scientific type equipped with a capillary column HP-5
(30m× 0.25mm) with a film thickness of 0.25 µm was used.
Identification of the constituents was based on a comparison
of the retention times and computer matching against Wiley
Data library. GC-MS chromatograms were scanned in the
EO data library.

2.4. Methods

2.4.1. Purification of Ghassoul. Ghassoul, previously crushed
and sieved to a size of less than 63 µm, was suspended in a
solution of NaCl to replace all exchangeable cations (Ca2+,
Mg2+, K+, etc.) of the natural clay by Na+ ions. For this
purpose, a mass m of clay was introduced into a beaker
containing 100ml of NaCl solution (1M). After 4 hours of
agitation, the clay particles were separated from the aqueous
phase by centrifugation at a speed of 3400 rpm for 10min.
After 4 successive treatments (saturation-centrifugation).
(e suspension was subsequently centrifuged and washed
several times with distilled water until the chloride ions were
completely removed and the silver nitrate test was negative.
(e resulting suspension was dried at 70°C overnight, and
the purified compound (Gh-P) was crushed with a porcelain
mortar [23].

2.4.2. Preparation of Activated Ghassoul (Gh-A). (e
method used for acid activation of clays is that of Babaki
et al. [24]. In a 500ml flask, 25 g of clay (particle size less than
63 µm) and 150ml of sulfuric acid solution (2M) were in-
troduced. (e mixture is homogenized at a temperature of
90°C for 4 h. After this period, the mixture was filtered on
filter paper, and then the base was washed with distilled
water until a pH around 7 was obtained. (e activated clay
obtained is then dried in the oven at 70°C. (e resulting clay
was crushed with a porcelain mortar and stored in closed
glass drumsticks.
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2.4.3. Preparation of the Formulation: Ghassoul/EO. (e
objective is to prepare a powdery formulation based on
thymol, thyme EO, oregano EO, and purified ghassoul (Gh-
P) or acid-activated ghassoul (Gh-A). To prepare these
formulations, a mass of clay powder was transferred in a
100mL flask, and the appropriate quantity of thyme EO,
diluted in 10mL of hexane, was added with the ratio [25]:

mEO

mclay
� 0.1, (1)

with mEO: mass of essential oil and mclay: mass of clay.
After mixing for about 3 hours, the mixture is placed in a

water bath at 30°C until complete evaporation of the solvent.
In the end, a thyme EO-flavored powder was obtained. (e
formulation was left in the open air for one month, then 3
months, and finally 5 months, and antifungal tests were
carried out each time to evaluate the stability of the for-
mulation; by the samemethod was prepared the formulation
of Oregano EO and thymol.

2.4.4. Antifungal Activity of Materials

(1) Culture Medium. We used Czapek agar, a suitable and
commonly used medium, for growing fungi. Per 1 liter of
distilled water: 2 g of NaNO3; 1 g of K2HPO4; 0.5 g of
MgSO4∗ 7H2O; 0.5 g of KCl; 0.01 g of FeSO4∗ 7H2O; 30 g of
sucrose; 20 g of agar.

(2) Antifungal Tests. In 20ml of the Czapek Agar culture
medium, 0.06 g of each formulation was aseptically added,
then the mixture was poured into 90mm diameter Petri
dishes, and each box was seeded using a micropipette at the
surface of the substrate. (e fungus inoculum was prepared
in the form of a spore suspension in distilled sterile water. A
suspension volume was deposited in the center of the Petri
dish, and each Petri dish was sealed with a parafilm. Finally,
incubation was carried out at room temperature for 15 days.
(e incubation temperature was monitored to be 25°C. Each
test was repeated three times in order to minimize experi-
mental error. Colony diameters were monitored over time to
assess the inhibitory capacity of each formulation. (e in-
hibitory capacity of the formulations on the fungal strain was
calculated using the following formula [26]:

% inhibitory power �
control diameter − sample diameter

control diameter
∗ 100.

(2)

3. Results and Discussion

3.1. Characterization of Materials

3.1.1. XRD Analysis. According to the XRD patterns of the
purified ghassoul presented in Figure 1, one reveals the
presence of the characteristic lines of stevensite (S) towards
2θ� 5.91°, 19.60°, 37.29°, and 60.07°, and it is the majority

phase of ghassoul. (e presence of the dolomite phase (D)
was also clearly observed by the lines at 2θ� 30.76° and
41.11°. (e quartz phase (Q) in small quantity as an impurity
appears with the lines at 2θ � 21.05°, 26.61°, and 51.15°
[23, 27, 28].

(e activation of ghassoul by sulfuric acid causes a
decrease in the intensity of a few lines.(is occurs mainly for
stevensite and quartz, which means a reduction in its
content. (e decrease in intensity and the disappearance of
some lines indicate that the crystallinity of ghassoul is greatly
affected by the acidic activation, and the crystalline structure
of ghassoul decomposes. It is also noted that the intensity of
the dolomite phase decreases, which is due to the decom-
position of carbonates by sulfuric acid. Subsequently, the
activation process which is accompanied by the appearance
of new fine and intense peaks suggests the reorganization of
the ghassoul phases in the new structure, as shown in
Figure 1. Similar results have already been described in
literature [29, 30]. In addition, the X-ray results of the ac-
tivated ghassoul show that there is a change in the position of
a few peaks (for example, 2θ � 37.29° at 36.66° and 2θ� 30.93°
at 29.17°), which is related to the change in distance between
the layers. (is is an indication of the dissolution of tetra-
hedral and octahedral leaves and the subsequent release of
structural cations, that is, these cations were removed from
octahedral positions, leaving some gaps [30].

3.1.2. FTIR Analysis. Figure 2 shows the FTIR spectra of the
two clays. From spectra FTIR, the absorption bands which
appear in the region 3400 to 3500 cm−1 correspond to the
vibrations of the structural hydroxyl groups characteristic of
ghassoul and to the elongation vibrations of the OH group of
the adsorbed water. (e exact position of these bands and
their intensities vary according to the nature of the bonds of
the molecules.(eymanifest themselves in purified ghassoul
at 3441 cm−1 and for activated ghassoul at 3493 cm−1. (ese
bands are preceded by two bands which appear as shoulders
at 3668 and 3625 cm−1 for Gh-P and 3604 and 3551 cm−1 for
Gh-A, which correspond to the stretching vibrations of
structural hydroxyl of the M-OH group (M�Al, Fe, Mg)
[31]. We note that, for activated ghassoul, these bands move
towards low frequencies, which suggests an increase in the
binding strength of M-OH groups after treatment of the clay
with H2SO4. (e deformation vibration of H-OH water
molecules appears at 1627 cm−1 and 1619 cm−1 for Gh-P and
Gh-A, respectively. While characteristic bands of carbonates
were detected at 1442 cm−1 and 879 cm−1 for Gh-P and
1382 cm−1 and 960 cm−1 for Gh-A.(ese last bands decrease
significantly in intensity after treatment by H2SO4, showing
elimination of carbonates and therefore disappearance of the
dolomite phase as was observed by XRD (Figure 1). (e
characteristic bands of the deformation vibrations of the Si-
O bond of quartz are manifested at 672 cm−1 and 464 cm−1,
for the purified ghassoul and its counterpart activated by
sulfuric acid at 607 cm−1 and 472 cm−1. (e infrared spectra
of these solids also show the bands corresponding to the Si-
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O-Si group elongation vibration of quartz towards
1017 cm−1 for the two purified and activated clays.

3.2.ChemicalCompositionofEOs. (eEOs were analyzed by
gas chromatography coupled with mass spectrometry (GC/
MS) to identify their main chemical components.(e results
obtained are presented in Tables 1 and 2.

(yme EO is composed mainly of thymol (67.13%). In
addition to this constituent, there are ρ-cymene (4.85%),
Z-caryophyllene (1.77%), and c-terpinene (2.74%). Similar
results were found by R. Ismaili et al. for the EO of 1ymus

vulgaris which consists mainly of thymol (42%), ρ-cymene
(23.7%), and c-terpinene (15.5%) [32]. On the other hand,
the EO of oregano is composed mainly of carvacrol
(59.82%), c-terpinene (10.85%), and α-pinene (9.89%),
which account for about three-quarters of the total chemical
composition accompanied by other constituents with rela-
tively low contents. Similar results were found by Rostro-
Alanis et al. for oregano EO whose majority compound is
carvacrol with a higher concentration of 60.03% [33]. (ere
is a slight difference in the chemical composition of the main
components of the two EOs with those of literature studies,
and this may be due to abiotic factors such as the specific
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Figure 1: XRD patterns of Gh-P and Gh-A.
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climate of the origin regions of the samples. Effectively,
geographic factors such as altitude, soil type, and harvest
season can affect the chemical composition.

3.3. Antifungal Activity of Formulations. (e antifungal
activity results of the prepared thymol, thyme, and oregano
formulations are summarized in Table 3.

(e results obtained in this study (Table 3 and Figure 3)
show that, after one month, all formulations have maximum
inhibitory power except Gh-A-oregano which has a potency
of 86.25± 4.31%. While after three months, this power re-
mains maximum for Gh-A-thymol and decreased for all
formulations, with a remarkable decrease for Gh-P-thyme
from 100± 5% to 52.94± 2.64%. However, after 5months the
inhibitory power reaches minimum values of 22.66± 1.13%,
18.33%, and 19.04± 0.95% for the formulations Gh-P-oreg-
ano, Gh-P-thyme, and Gh-P-thymol, respectively.

(e other compounds showed significant inhibition on
the growth of the fungus. (e formulations Gh-A-oregano,
Gh-A-thyme, and Gh-A-thymol showed the highest activity
compared to the other formulations after 5 months, as
shown in Table 3, Gh-A-thyme has a significant fungicidal
activity of 93± 4.66%, Gh-A-oregano has an inhibitory
potency of 80± 4%, and Gh-A-thymol has 76.19± 3.80%. It
can be seen that the antifungal activity of Gh-A-thyme

formulation (93.33± 4.66%) is higher than that of Gh-A-
thymol formulation (76.19± 3.80%), and this significant
activity is related to the synergistic effect between the
components of the EO [34, 35]. Figure 4 shows the inhibition
rate of some formulations used in this work.

(is antifungal activity is related to the active substance:
thymol, carvacrol, and the amount adsorbed by Gh-A.
Similar results were found by Abbaszadeh et al. who found
potent thymol inhibitory activity against fungi in the study
of thymol antifungal activity, carvacrol, eugenol, and
menthol to control the growth of food-borne fungi [15].

Table 1: Chemical composition of commercial thyme EO.

N° Compound Formula Molar mass RT KI Percentage
1 α-Pinene C10H16 136 9.71 939 0.68
2 ρ-Cymene C10H16 134 10.61 1024 4.85
3 c-Terpinene C10H16 136 11.98 1059 2.74
4 Terpinen-4-ol C10H18O 154 15.89 1177 1.07
5 (ymol C10H14O 150 20.74 1290 67.13
6 Carvacrol C10H14O 150 20.93 1299 0.12
7 Eugnol C10H12O2 164 21.82 1359 0.80
8 Z-caryophyllene C15H24 204 26.26 1408 1.77
9 β-Bisabolene C15H24 204 27.12 1505 0.78
10 Trans-cadina-1(6); 4-diene C15H24 204 27.42 1476 0.65
11 Caryophyllene oxide C15H24O 220 28.76 1583 1.26
(e bold values are the majority compounds of this essential oil.

Table 2: Chemical composition of commercial oregano EO.

N° Compound Formula Molar mass RT KI Percentage
1 α-Pinene C10H16 136 9.72 939 9.89
2 α-Terpinene C10H16 136 10.48 1017 0.19
3 Ο-cymene C10H14 134 10.63 1026 6.60
4 c-Terpinene C10H16 136 12.03 1059 10.85
5 Linalool C10H18O 154 13.40 1096 1.56
6 Terpinene-4-ol C10H18O 154 15.90 1177 0.75
7 α-Terpineol C10H18O 154 16.36 1188 0.24
8 Carvacrol, methyl ether C11H16O 164 18.30 1244 0.21
9 (ymol C10H15O 150 20.16 1290 4.05
10 Carvacrol C10H14O 150 20.74 1299 59.82
11 Z-caryophyllene C15H24 204 24.28 1408 2.94
12 Trans-cadina-1(6); 4-diene C15H24 204 27.42 1476 0.52
13 Caryophyllene oxide C15H24O 220 28.76 1583 0.48
(e bold values are the majority compounds of this essential oil.

Table 3: (e antifungal activity of the prepared formulations of
thymol, thyme, and oregano.

Formulation
Power of inhibition (%)

After 1 month After 3 months After 5 months
Gh-P-oregano 100± 5 93.90± 4.69 22.66± 1.13
Gh-P-thyme 100± 5 52.94± 2.64 18.33± 0.91
Gh-P-thymol 100± 5 72± 3.6 19.04± 0.95
Gh-A-
oregano 86.25± 4.31 84.14± 4.2 80± 4

Gh-A-thyme 100± 5 94.11± 4.7 93.33± 4.66
Gh-A-thymol 100± 5 100± 5 76.19± 3.80
(e bold values represent formulations that provide the best inhibition
results.
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In another study, Bedoya-Serna et al. studied the anti-
fungal activity of nanoemulsions encapsulating oregano
(Origanum vulgare) EO: in vitro study and application in
Minas Padrão cheese [12]. (ey reported that nano-
emulsions encapsulating oregano essential oil had an in-
hibitory effect against Cladosporium, Fusarium, and
Penicillium genera. Also, similar studies have been done by
Hossain et al. and have shown that chitosan-based nano-
composite films loaded with EOmixtures of thyme-oregano,
thyme-tea tree, and thyme-peppermint EOmixtures showed
significant antifungal activity against Aspergillus niger,

Aspergillus flavus, Aspergillus parasiticus, and Penicillium
chrysogenum, reducing their growth by 51–77% [10].

While the formulations based on Gh-P showed the lowest
activity, this is due to the material of Gh-P which adsorbs less
than Gh-A. During the activation process, a considerable
amount of interfoliar cations was substituted by H+, which
increases the specific surface [24, 36].(ese transformations in
layers of clay result in significant changes in cationic exchange
capacity (CEC) and chemical and mineralogical characteristics
[37]. More than that, when Ghassoul is activated by sulfuric
acid, the surface of the material becomes rich in hydrogenated
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protons, so these protons create hydrogenic interactions. (is
phenomenon favors the adsorption of the active ingredient of
the EO on the clay. Based on these results, the formulation
based on GH-A better retains the components of the EOs
studied. Hence, this Gh-A-EO formulation is more stable than
Gh-P-EO. (is leads us to say that acid-activated clays have a
much less negative surface charge than basic clays, and oxy-
genated terpene compounds would be subject to several types
of interactions, both specific and nonspecific, namely, hy-
drogen bonds, on the one hand, and electrostatic and Van der
Waals on the other, while hydrocarbon compounds would
simply be limited to Van der Waals interactions.

4. Conclusion

(e formulations of the two materials showed that, in in
vitro, a significant antifungal activity against the tested
fungus (Penicillium sp.) especially for the acid-activated
ghassoul, according to the results, found that this material
keeps its inhibitory power with time even after 5months
either for Gh-A-thyme or Gh-A-thymol or Gh-A-oregano
which have an inhibition power higher than 75%. On the
other hand, for the material which is purified Ghassoul, its
inhibiting power decreases with time for the three for-
mulations, Gh-P-thyme or Gh-P-thymol or Gh-P-oregano,
which have an inhibiting power less than 22%. (is great
bioactive power observed in the tested formulations based
on activated ghassoul is attributed to the active principle of
the EOs tested, essentially thymol from thyme and car-
vacrol from oregano, and secondly to the quantity adsorbed
by the active ghassoul which is greater than the quantity
adsorbed by the purified ghassoul. (us, the use of these
plant-derived components with clays, in particular, the
material Ghassoul which presents a capacity to retain the
active principles for EOs, could be considered as an al-
ternative to synthetic fungicides to inhibit fungal growth
during grain storage.

Nomenclature

EO: Essential oil
Gh-P: Purified ghassoul
Gh-A: Activated ghassoul
Gh-A-thyme: Formulation-activated ghassoul-thyme
Gh-A-thymol: Formulation-activated ghassoul-thymol
Gh-A-
oregano:

Formulation-activated ghassoul-oregano

Gh-P-thyme: Formulation-purified ghassoul-thyme
Gh-P-thymol: Formulation-purified ghassoul-thymol
Gh-P-
oregano:

Formulation-purified ghassoul-oregano

Gh-A-EO: Formulation-activated ghassoul-essential
oil

Gh-P-EO: Formulation-purified ghassoul-essential oil.
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