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An essential oil (EO) is a concentrated hydrophobic liquid containing volatile, easily evaporated at normal
temperatures, chemical compounds isolated from plants. Essential oils are also known as volatile oils, ethereal oils,
aetheroleum, or simply as the oil of the plant, from which they were extracted. EOs of various species of Lavandula
dentata (Lamiaceae) have a broad range of biological effects including sedative, antibacterial, antifungal,

antidepressant, antioxidant and anti-inflammatory properties.

sustainable environmentally friendly antiradical biofungicide bioinsecticide

pharmaceutical insect repellent

| 1. Introduction

Filamentous fungi are the most common type of pathogenic microorganisms that reduce agricultural productivity
and quality and cause major economic losses of crops [, Mycotoxigenic fungi are known for their ability to colonize
a wide range of cereal grains, vegetables, spices and fruits. This type of mold produces mycotoxins, which are
associated with various effects on health of humans, including genotoxicity, carcinogenicity and
immunosuppression [&. Currently, adoption of resistant cultivars and phytosanitary treatments are the main stays of
prevention strategies to control infection by fungi . To minimize accumulation of residues in soil and novel fungal
races with resistance to chemical treatments, new environmentally friendly, crop protection approaches are
required . In this context, essential oils (EOs) offer potential alternatives to synthetic fungicides to improve

protection measures against phytopathogenic fungi.

Due to its richness in dietary protein, minerals and vitamins, globally, chickpea (Cicer arietinum) is one of the most
nutritious seed legumes for human consumption Bl Losses of yields of leguminous crops during storage due to
various types of insects, especially bruchids, is a serious problem for traders and farmers €. Chickpea weevil
(Callosobruchus maculatus), is one of the most damaging pests of chickpea. This insect is able to lay eggs both in
cultivated fields and storage areas. Its larvae, which feed internally on seeds, are difficult to control with chemical
insecticides [Bl. Synthetic insecticides are routinely used to control pests in agricultural crops. However, their
indiscriminate and excessive usage has led to harmful consequences for human health, environmental pollution,
residues of pesticides on fruits, vegetables and seeds, insect pests and weeds resistant to effects of crop

protection chemicals. Currently, due to their specificity for agricultural pests, and biodegradability, biopesticides
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developed from EOs might be a viable option for protecting crops while reducing negative effects of synthetic

pesticides .

Free radicals are chemical species with a single electron on their peripheral layer resulting from cellular oxidation in
mammals. Free radicals can cause cytotoxic consequences and tissue lesions and also damage DNA. In order to
defend itself, the human body needs antioxidant agents that neutralize these free radicals. Plants, through their

secondary metabolites, provide powerful antioxidant agents to control and mitigate the harms of free radicals (&,

Recently, EOs produced from aromatic plants have attracted interest because of their many biological actions 2!,
An EO is a concentrated hydrophobic liquid containing volatile, easily evaporated at normal temperatures, chemical
compounds isolated from plants. Essential oils are also known as volatile oils, ethereal oils, aetheroleum, or simply
as the oil of the plant, from which they were extracted. EOs of various species of Lavandula dentata (Lamiaceae)
have a broad range of biological effects including sedative, antibacterial, antifungal, antidepressant, antioxidant
and anti-inflammatory properties (22, Due to its major terpenic components, such as linalool, camphor, eucalyptol,
and linalyl acetate, these essences have also demonstrated considerable success for control of insects .
However, there is a lack of information and research on other bioactivities of EOs from the Moroccan variety of L.
dentata, especially for insect pests in agriculture and some phytopathogenic fungi. Therefore, the purpose of this
study was to characterize and assess antioxidant capacity and antifungal activity of EOs isolated from the aerial
parts of L. dentata, against some phytopathogenic fungi implicated in contamination of leguminous products. The
study also investigated insecticidal activity of EOs of this emblematic Moroccan plant pharmacopoeia against the

chickpea weevil.

| 2. Yield of Essential Oil

Hydro-distillation of aerial parts of L. dentata gave a pale yellow-green solution of EO with a characteristic fresh
odor and yielded 3.46%. The yield obtained is higher than that of L. dentata studied in Tunisia (1.76%) (&, and also

Moroccan lavender (2.9%) 111,

| 3. Physical Parameters of the Essential Oil

Physical properties of L. dentata EO were used as parameters of quality according to recommendations set by the
European Pharmacopoeia 2. All parameters investigated complied with AFNOR standards (Table 1). This reflects

the efficiency of the hydro-distillation method used.

Table 1. Physical parameters of L. dentata EO compared to AFNOR standards.

Physical Parameters Essential Oils AFNOR Standards
Relative density at 20 °C 0.899 0.891 <d <0.899
Refractive index at 20 °C 1.463 1.463<n<1.468
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Physical Parameters Essential Oils AFNOR Standards
Rotatory power at 20 °C -3.0° -7.0°<0a<-3.0°
- P 4 ]

Using GC-FID and GC-MS techniques, the chemical composition of EO extracted from L. dentata was identified
and quantified (Figure 1 and Figure 2). Constituents found are summarized in order of times of elution from the
HP-5MS column (Table 2). Sixteen compounds were identified in L. dentata EO representing 99.61% of the total
essence. The major constituent was linalool (45.06%) followed by camphor (15.62%), and borneol (8.28%), all of
which belong to the class of oxygenated monoterpenes that constitute the major class (91.18%) of the studied EO.
Sesquiterpene hydrocarbons were represented by only B-farnesene (0.86%) and other compounds comprised
7.57% of the EO of lavender. Other chemotypes of Moroccan lavender have been previously investigated. The 1,8
cineol (41.28%) was the major compound of L. dentata from eastern Morocco 23], while lavender collected from the
Moroccan middle Atlas was rich in Camphor (49.75%) 24, In Tunisia, EO extracted from leaves of L. dentata were
rich in camphor (26.52%) and 1,8 cineole (22.90%) 13l The 1,8 cineole was also observed to be a major
constituent of lavender cultivated in Brazil (63.25%) 18], and in Italy (69.08%) [XZ. These differences can be
attributed to seasonal conditions, circadian rhythms, and environmental influences (8. Some compounds in
characterized EO including linalool, camphor, borneol, thymol and carvacrol are potentially bioactive with multiple
pharmacological activities 18],
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Figure 1. GC-MS chromatographic profile of L. dentata EO.
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Figure 2. Molecular structure of phytochemical compounds of some molecules in L. dentata EO.

Table 2. Phytochemical compounds of the EO extracted from L. dentata.

RI

Peak RT Compounds Chemical Classes Cal Lit Area (%)
1 4.98 Limonene Monoterpene (MT) 1028 1029 0.58
2 5.01 1,8-Cineole MT 1030 1031 7.24
3 5.41 Cis-Linalool oxide MT 1070 1072 1.08
4 51577 Trans-Linalooloxide MT 1085 1086 1.06
5 5.67 Linalool MT 1090 1090 45.06
6 6.16 Camphor MT 1145 1146 15.62
7 6.28 Lavandulol MT 1160 1161 1.22
8 6.33 Borneol MT 1168 1169 8.28
9 6.42 y-Terpineol MT 1166 1166 7.01
10 6.47 Hexenyl butanoate Other (O) 1185 1186 0.47
11 6.53 o-Terpineol MT 1198 1199 1.54
12 7.01 Linalool acetate (@) 1233 1234 6.01
13 7.28 Lavandulyl acetate (0] 1290 1290 1.09
14 7.31 Thymol MT 1290 1290 1.68
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Peak RT Compounds Chemical Classes cal = Lit Area (%)
15 7.40 Carvacrol MT 1298 1299 0.81
16 8.49 B-Farnesene Sesquiterpene (ST) 1441 1442 0.86

Chemical Classes(% by mass)
Monoterpene (MT) 91.18
Sesquiterpene (ST) 0.86
Others (O) 7.57
Total 99.61

lybdenum

tests (Table 3) When the DPPH test was conducted to evaluate the hydrogen donating or radical-scavenging

PR ERLSHilreifm® il i LR R AL AisHRGRRY: ERICHUNEIRRY. (REAMLERple radical as a reagent, the

concentration of EO that caused a 50% inhibition (ICsp) of the free radical was 12,950 + 1300 mg EO/mL. The
ICs50 of the studied oil was significantly (o < 0.001) lesser than the value of the reference antioxidant (BHT), which
had an ICsg value of 0.134 + 0.028 mg/mL.

Table 3. Antioxidant activities of L. dentata EO (means + SD).

DPPH (IC5y mg/mL) FRAP (ECso mg/mL) TAC (mg AAEIg EO)

Essential oil 12.950 + 1.300 @ 11.880 +0.225 2 81.280 + 2.278 2
BHT 0.134 +0.028 0.362 +0.010 b 47540 +1.200 P
Quercetin - 0.032 +0.003 ¢ 28.390 + 1.248 ¢

Essential oils are mixtures of several volatile and semi- volatile compounds with various polarity and functional
é’%‘d%% Wv{/ ic ﬁr%rseu Esleltrtleésv ar, ebt)9 E)F ) hne?né}gglct?elz rg\ﬂoargse Bglng ntgy ditt renés(p utlpzeg) these mixtures might give
different results. It was, therefore, necessary to use a multi-assay approach to assess antioxidant ability of EO
studied. In this regard, Results of the TAC test showed that the total antioxidant capacity of EO and reference
antioxidants (BHT and quercetin) expressed as ascorbic acid equivalents (mg AAE/g EO) were 81.280 + 2.278
mg/mL, 47.540 £ 1.200 mg/mL and 28.390 * 1.248 mg/mL respectively (Table 3).

In the present study, the antioxidant potential was also assessed utilizing the FRAP assay (Table 3). Lavender EO
were able to reduce Fe3* to Fe2* with an ECsp value of 11.880 + 0.225 mg/mL, but this reducing capacity was
found significantly (p < 0.001) less potent than those of the synthetic antioxidants BHT and quercetin with an
ECsp values of 0.362 + 0.010 mg/mL and 0.032 + 0.003 mg/mL respectively.

Findings of the study, results of which are reported here, were compared with those published in previously, all of
which exhibited lesser antioxidant potencies for L. dentata EOs based on various assays [21819] Several studies

conducted on other species belonging to the genus Lavandula reported a significant antioxidant potential in the
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case of L. pedunculata, L. stoechas and L. officinalis 2921l Moderate antioxidant potential of the EO extracted
from L. dentata is probably due to the complex mixture of compounds it contains and to the large proportion of
oxygenated compounds (91.18%). Furthermore, unsaturated compounds, especially those with more than one
hydroxyl group are more involved in antioxidant processes of lavender, in particular the ability to reduce the free
radical DPPH [2€l. Several studies conducted on antioxidant potencies of several compounds suggested that
linalool and 1,8 cineole, which are major constituents of the lavender EOs, exhibited a moderate antioxidant
potential compared to carvacrol, which is a minor compound in EOs of lavender 22, Similar work has reported that
linalool performs through several assays a stronger antioxidant potential compared to 1.8 cineole, camphor,
borneol and terpinen-4-ol. While thymol and carvacrol were the strongest in terms of antioxidant activity 18],
Consequently, this diversity of chemicals from the studied EO, in addition to their potential action mode and
interactions, make it difficult to attribute antioxidant effect to one or a few active compounds. Antioxidants can
exhibit a wide range of biological effects, including anti-atherogenic, anti-allergic, antimicrobial, antioxidant and
anti-inflammatory and their quantification and identification can be considered an important step to discover

biological and chemical properties of this natural compounds 22!,

| 6. Antifungal Activity of Essential Oil

Fungi are frequently implicated in the contamination of fruit and legume crops during harvest or storage, which is
the case for the genera Fusarium, Alternaria and Botrytis 24, These mycotoxin-producing filamentous molds are
pathogenic and constitute a real danger to human health 2. In the present study, three different concentrations
of L. dentata EO were tested to evaluate, in vitro, their antifungal effects on growth of B. cinerea, A. alternata and F.
oxysporum on Czapek-Dox agar medium (Figure 3, Figure 4 and Figure 5). Lavender EO exerted various
antifungal actions on growth of the studied fungi and inhibited its mycelial growth in a dose dependent manner.
During the entire incubation time, L. dentata oil totally inhibited B. cinerea mycelial growth at all doses tested. Oil
concentrations of 5 and 10 ug/mL were ineffective against A. alternata mycelial growth, while the concentration of
40 pg/mL showed partial antifungal activity. Against F. oxysporum, all three concentrations, especially 5 pg/mL,
exhibited an inhibitory effect compared to the control, by retarding the mycelial growth kinetics of the fungus, which

started on the second day.
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Figure 3. Mycelial growth kinetic of A. alternata treated by three concentrations of L. dentate EO.
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Figure 4. Mycelial growth kinetic of B. cinerea treated by three concentrations of L. dentata EO.
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Figure 5. Mycelial growth kinetic of FE oxysporum treated by three concentrations of L. dentata EO.

Inhibition of growth of the three fungal strains studied was calculated after the 6th day of incubation for all
concentrations of EO studied (Figure 6). B. cinerea seems to be the most sensitive to lavender EO, since growth
of that fungus was completely (100%) inhibited. F. oxysporum and A. alternata were less sensitive to inhibition by
EO of L. dentata, but growths of these fungi were partially inhibited. Thus, after 6 days of incubation, 40 pug/mL of
the EO inhibited A. alternata growth up to 66.48 + 2.41%. The same oil inhibited growth of mycelium of F
oxysporum by 44.81 + 1.36% at a concentration of 5 pg/mL. The 1Cgy value corresponding to the EO concentration
responsible for 50% inhibition of mycelial growth, after the 6th day of incubation, was also calculated for F.

oxysporum (23.95 + 2.83 ug/mL), whereas it was incalculable in the case of B. cinerea and A. alternate.
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Figure 6. Growth inhibition rate of A. alternata, B. cinerea and F. oxysporum after the 6th day of treatment by three
concentrations of L. dentata EO. For every fungal strain values with different letters are significantly different (p <
0.05).

Results of this study are better than those in which exposure to 1 mg L. dentata EO/mL inhibited growth of mycelia
of A. alternata and S. cucurbitacearum by 54% and 73.92% respectively 2 with higher ICg, values of 893 pg/mL
and 389 pg/mL, respectively. It has been reported also that a concentration of 0.1% of L. dentata EO inhibited
mycelium growth of A. carbonarius by 63.7% [2. Results of other studies have shown that a concentration of 60
pL/disc of EO extracted from L. stoechas inhibited mycelium extensions of F. oxysporum and R. solani by 71.3—
76.6% and 100%, respectively 22, Antifungal effects of Eos are related to their chemical compositions. Potential
individual or synergetic effects between the major and minor compounds can occur. Linalool, borneol, 1,8-cineole
and camphor, which are major constituents of L. dentata EO, might be responsible for the observed fungicidal
action. Results of other studies have indicated that linalool followed by 1,8-cineole have a strong toxic effect
against growth of mycelia of A. pullulans, D. hansenii and four fungi of the genus Penicillium 2. Furthermore,
growth of mycelia and germination of spores of Botrytis cinerea in vitro were strongly reduced by application of
carvacrol and thymol, which are minor constituents of the lavender EO studied here [281. Consequently, this
diversity of chemicals present in the studied EO, in addition to their various antifungal potency, make it difficult to
attribute the antifungal action to one or more active components. Different mechanisms have been reported to
explain the toxicity of EOs against fungi. Indeed, the lavender antifungal effect could be related to EO terpenes and
phenolic chemicals, which are known to damage cell membranes, causing leakage of cellular materials, and
responsible for the inhibition of electron transport and ATPase in the mitochondria and ultimately the
microorganism death 2. In closer works, it was stated that some EOs reduced significantly the production of the

phospholipase enzyme produced by C. albicans strains decreasing strongly its virulence [28],
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| 7. Insecticidal Activity of Essential Oil
7.1. Toxicity of Essential Oil against C. maculatus

When toxic potencies of L. dentata EO against C. maculatus adults was studied through two inhalation and contact
tests to evaluate their insecticidal activity against this chickpea pest, lavender EO exhibited a very significant
insecticidal effects in both contact and inhalation tests (Figure 7 and Figure 8). In fact, mortality of adult C.
maculatus increased with greater doses of EO and durations of exposure. The least concentration (1 pL/L) of EO
of L. dentata caused lethality 23.33 = 5.77% of adult C. maculatus, in both tests studied. Mortality increased
considerably (p < 0.05) with the duration of exposure up to 96 h. At greater concentrations, total mortality (100%)
was observed from the first 24 h in chickpea bruchid adults treated with 10 pyL/L and 20 pL/L of the EO in contact

and inhalation tests respectively. No mortality (0%) was observed in the control jar.
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Figure 7. Mortality (means + SD) of C. maculatus adults exposed to a contact toxicity test of different

concentrations of L. dentata EO. Values with different letters are significantly different (p < 0.05).
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Figure 8. Mortality (means + SD) of C. maculatus adults exposed to an inhalation toxicity test of different

concentrations of L. dentata EO. Values with different letters are significantly different (p < 0.05).

Concentrations of the lavender EO that cause 50% (LCsp) and 95% (LCgs) mortality in C. maculatus adults during
24 h were also calculated (Table 4). The biocide effect was more important in the case of the contact test, for which
the LCsq (LCsq = 4.01 pL/L air) was less than during the inhalation test (LCsq = 5.90 yL/L air).

Table 4. LCsy and LCgqg (uL/L air) responsible of mortality of C. maculatus adults in contact and inhalation toxicity
tests after 24 h treatment with L. dentata EO.

Bioassays LCso (ML/L Air) LCos (ML/L Air) Chi-Square (X?)
Inhalation test 05.90 74.83 64.68
Contact test 04.01 16.48 62.80

When effects of L. dentata EO on oviposition by females and emergence of new C. maculatus individuals were
also studied, the number of eggs laid was inversely proportional to concentrations of EO (Figure 9 and Figure 10).
The least concentration (1 pL/L), resulted in a decrease in oviposition to 22 + 7 eggs/female, corresponding to
89.39% lesser fecundity, compared to the control. At the greatest concentration (20 pL/L), mean number of eggs
laid per female was significantly less at 1.67 + 1.15 eggs/female, which is equivalent to 99.2% less oviposition.

Mean oviposition of unexposed, female C. maculatus was 207.33 = 12.5 eggs/female.
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Figure 9. Fecundity of females (mean values of eggs laid =+ SD) and Emergence (means * SD) of C.

maculatus adults after a direct contact toxicity test with different concentrations of L. dentata EO.
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Figure 10. Inhibition of fecundity and emergence (means = SD) of C. maculatus adults after a direct contact toxicity

test with different concentrations of L. dentata EO.

Alternatively, the number of emergences was significantly less in a dose-dependent manner with concentrations of
EO to which they were exposed (Figure 9 and Figure 10). At the least concentration of 1 uL EO/L, the number of
emergences of C. maculatus individuals after embryonic development in chickpea seeds was 3.33 + 0.58
individuals compared to 163 %= 7.94 individuals in the control, which corresponds to 97.96% inhibition of

emergence. Exposure to 5 pL EO/L resulted in 100% inhibition of emergence of new individuals.
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7.3. Repellent Activity of Essential Oil against C. maculatus

When the repellent activity against C. maculatus insects was also tested, the EO of lavender, based on the
classification of McDonald (1970), exhibited only moderate repellent activity (Table 5) 29, The rate of repulsion
was dose-dependent with a maximum of 43.33 + 5.77% observed after 120 min of exposure to the concentration of

0.315 pL/cm? of the EO and a mean repulsion of 34.44% for the same period.

Table 5. Results of the repellent activity of L. dentata EO against C. maculatus depending on the treatment time.

Repellent Activity at Different Doses of Essential
. PR Average
oil Class *

0,
0.079 (uLicm?) 0.157 (uLicm?) 0.315 (uLicm?) (%)
30min  13.33+5.77 20.00 + 10.00 26.67 +5.77 20.00 MOderate('lf) repellent
60min  20.00 + 10.00 33.33+5.77 40.00 +0.00 31.11 MOderate(h’) el
r1n2|2 26.67 +5.77 33.33 +5.77 4333 +5.77 34.44 MOderate('ﬁ’) LESl

L. dentata EO exhibited significant insecticidal potency against C. maculatus at several levels. Mortality, oviposition
sRdassebiepeltegbatieciaasaliagdeodae TiassificadiansohMddprrlebftWlh. those of Wagner et al. (2021) ©, who
observed a strong toxic potency of L. dentata EO against T. castaneum and S. zeamais during 6 h exposures. With
the same approach, L. angustifolia EO exhibited significant toxic potency against two types of aphid pests of the

chili and bean M. persicae and A. pisum, with a mortality of 100% after exposure to 2 pL/L in air (29

Insecticidal effects of L. dentata EO against the pests studied can be attributed to its main constituents, camphor,
eucalyptol and fenchone, all of which exhibited strong potency against insects of stored cereal and legume seeds,
including S. zeamais and T. castaneum U2 These results are consistent with those of other studies which have
found that EOs, rich in camphor and eucalyptol exhibit significant toxic potency against phytophagous 221241
Although the mechanism of action of lavender EO on insects has was not investigated directly in this paper, studies
have reported the effect of terpenoids such as eucalyptol, and camphor, which affect the nervous system, by
blocking the action of the acetylcholinesterase enzyme (AChE) of insects BUBESISEIET | addition, a study
conducted on the action of M. arvensis EO tested by contact against adults S. granarius, reported rapid paralysis
and altered walking [21][38] During the same study, essences of M. arvensis also induced spectacular physiological
changes in treated insects, marked by up-regulation of the majority of differentially expressed proteins (DEP),
which are involved in development and function of the nervous and muscular systems, protein synthesis, cellular
respiration, and detoxification 29 These findings suggest that EOs can affect a wide range of biological processes,

and highlight the repair mechanisms used by surviving insects to restore the harm caused.

A significant reduction in fecundity and emergence was also observed in the insect C. maculatus, which was
indicative of the strong ovicidal and larvicidal activity of L. dentata EO. Indeed, the ovicidal effect of EO tested was

probably caused by blockage of embryogenesis after penetration of volatile oils into eggs through the respiratory

https://encyclopedia.pub/entry/19222 14/19



Essential Oil Extracted from Lavandula dentata L. | Encyclopedia.pub

tract of C. maculatus B941], This is due to the direct toxicity of these compounds, which inhibit metabolic activity of
eggs. This was the case for piperitone isolated from the EO of C. schoenanthus tested on C. maculatus eggs 42
and B-asarone identified in the oil of A. calamus tested on C. chinensis, S. oryzae and S. granarius eggs 23!,
Further work on another bruchid species has demonstrated that the degree of sensitivity and vulnerability of eggs
to the vapours of three EOs including L. hybrida varied according to ages of eggs and stages of embryonic

development 441 Alternatively, some reports have indicated that EOs have a sterilizing effect on eggs 43,

Results of this study demonstrated total elimination of emergence when eggs were exposed to 5 yL EO/L, which
could be explained by larvicidal effects of lavender EO and their major constituent linalool. This conclusion was
consistent with previous results where young larvae (L1) of the cereal seed pest T. confusum were most sensitive
to toxic effects of L. spica EO and linalool, with LCsq = 19.535 pL/L air and LCsq = 14.198 uL/L air, respectively
during 24 h of exposure 43, In the same study, linalool caused greater mortality of eggs than did L. spica oil at

equal concentrations and reduced emergence of surviving adults, larvae and pupae 421,

Repellency of L. dentata EO was moderate at all concentrations tested. Efficacy of EO-based repellents is usually
short-lived and related to their volatility. Furthermore, synthetic repellents tend to be more effective and/or persist
longer than natural repellents 8. The degree of recursiveness of EOs is mainly due to their composition.
Monoterpenes such as camphor, a-pinene, thymol and cineole are frequent components of a variety of EOs
mentioned in the literature as repelling mosquitoes 748l
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