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Introduction

Insects harm crops in the field and
may cause extensive damage during
storage. The amount of insect damage
in stored grain is 10—40% in countries
that do not apply modern storage tech-
niques (Banga, Kotwaliwale, Mohapatra
& Giri, 2016; Pandey, Tripathi & Singh,
2018). In Africa the rate of insect dam-
age in stored products can potentially
reach 100% if control methods and stor-
age conditions are poor. These environ-
mental effects and the need to maintain
a sustainable environment have created
the need for environmental-safe, degra-

dable and target-specific insecticides
(Cheng et al., 2017; Bottrell & Schoenly,
2018; Costa, Freitas, Cruz, Silveira &
Morais, 2019). Many extracts and com-
pounds have insecticidal activities, most
being repellants, ovipositional deterrents
and antifeedants against both agricultur-
al pests and medically important insect
species (Singh & Kaur, 2018; Vetal &
Pardeshi, 2019; Isman, 2020).

The rather broad use of conven-
tional insecticides as grain protectants
remains a dominant pest management
tactic against stored product insects par-
ticularly in warmer climates (Lamich-
hane et al., 2016). Such use and recom-
mendations are largely based on acute
lethal studies, which although valuable,
neglect the likely occurrence and im-
portance of potential sublethal effects
of insecticides on these pest species and
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associated community (Vélez, Barbosa,
Quintero, Chediak & Guedes, 2017).
Nonetheless, sublethal effects of con-
ventional grain protectants have been
recorded in the granary, but compounds
of more recent use in stored product pro-
tection were not targeted in such studies,
as the biopesticide spinosad, in contrast
with pyrethroids (Awan, Ahmad, Saleem
& Shakoori, 2019).

The sustained levels of pyrethroid use
against grain weevils have been leading
to problems of resistance to these com-
pounds in Sitophilus granarius (Puthur,
Anoopkumar, Rebello & Aneesh, 2019).
Therefore, new alternatives have been
developed and launched in the market
as grain protectants. One of them is the
biopesticide spinosad, which belongs to
a class of naturally derived compounds
currently available in many countries
(Shah et al., 2019). Therefore, essential
oils have emerged as viable alternatives
to synthetic pesticides for control of
stored-grain insect pests; they are gener-
ally non-toxic to mammals, birds, fish,
or humans, have limited persistence, are
readily biodegradable, and are renewable
resources (Owolabi, Ogundajo, Alafia,
Ajelara & Setzer, 2020).

In this study, we assessed the insec-
ticidal activities of Eucalyptus globulus
and Rosmarinus officinalis essential oils
against Sitophilus granarius adults. We
also examined the effect of essential oils
on the microbial activity against: Staphy-
lococcus aureus, Enterococcus faecium,
Listeria monocytogenes, Bacillus subti-
lis, Escherichia coli, Yersinia enterocol-
itica and Candida albicans. This research
provides the first view of the molecular
events underlying the response to plant

essential oils in Sitophilus granarius. In
the future, it could provide the founda-
tion for developing plant essential oils as
a novel environmentally friendly bioin-
secticide against insect pests.

Material and methods

Plant material

The aerial part of plant were random-
ly collected from FEucalyptus globulus
and Rosmarinus officinalis in planting
base (the planting base belongs to EST-
-Khenifra) in Morocco country (Mid-
dle Atlas in Morocco, 32°58°22.9” N
5°39°38.7” W), and the samples were
collected once a month from March 2018
to May 2019. The plants were identified
by our team from the research laboratory
(University Sultan Moulay Slimane),
and a voucher specimen for each plant
(ESTK/2018/25 and ESTK/2018/29)
were deposited in the laboratory col-
lections. The herbs were air-dried in the
room and then were milled into 80 mesh
powder before hydrodistillation.

50 g dried of samples (50 g) were dis-
tilled by Clevenger-apparatus to collect
3 L of distillate (distillation time: 6 h),
and the distillate was collected for ex-
tracting essential oils of the plants using
100 mL anhydrous diethyl ether under
room temperature. The organic phases
were dehydrated with anhydrous sodium
sulfate and concentrated to obtain es-
sential oils for each biomass. The es-
sential oils were stored at —20°C in dark
glass bottles until required for chemical
and biological analyzes (maximum four
weeks). The process was executed in
10 replicates.
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Essential oil analysis

Gas chromatography-mass spec-
trometry (GC/MS) analysis was carried
out using a GC/MS apparatus (Hewlett
Packard 5971A, Vienna, Austria). The
samples of essential oils components
were separated on capillary column (30 m
x 0.25mm x 0.25 pm thickness). Helium
(99.999%) was employed as carrier gas
at a constant linear velocity of 35cm-s ™.
The sample volume of 1 puL. was injected
using AOC-20i+s autoinjector. The in-
jection port was set at 290°C in splitless
mode. The GC oven temperature was
programmed as follows: Smin at 50°C,
heated in 1 min from 2°C to 300°C and
held for 10 min. Ionization by MS of the
sample components was performed in
the EI mode (70eV).

The identification of the essential oil
constituents was accomplished by com-
paring retention indices from the litera-
ture data and mass spectra by computer
library search.

Insecticidal activity

The insects Sitophilus granarius
were reared respectively on wheat, ten-
der in plastic boxes of one-liter capacity,
transparent and wire mesh (Yattinamani,
Bharati & Chimmad, 2019). The whole
is placed in enclosures whose tempera-
ture is 30°C and the relative humidity
is 70%. The insecticide evaluation pro-
cedure used in this work is as follows:
in Petri dishes (experimental chambers)
containing 10 insects, the EOCS were
tested at increasing concentrations:
C;=0.01 uL-cm™, C, = 0.02 pL-cm™
and C3 = 0.03 pL-cm™ and at different
temperatures: 77 = 25°C, T, = 30°C and
T3 =35°C. The essential oils were placed

in steel cylinders with a constant depth
of 0.5 cm and diameters: D; = 1 cm,
D, =2 cm and D3 = 3 cm. The assem-
bly was introduced into a fumigation
chamber included in the experimental
enclosure (semi-ventilated). Repetitions
were carried out in triplicate for mini-
mize errors with an oil-free control. The
number of dead insects was recorded as
a function of time after 24 h (Paventi et
al., 2020).

Adjusted mortality in treated insects
is expressed according to the equation:

M =(—M’ _MCJIOO [%]
100- M,
where:
M — mortality;
M;— mortality observed in insects;
M — mortality observed in controls.

The determination of the lethal dose
of 50% LDs5, was determined by linear
interpolation on curves giving the per-
centage of mortality as a function of the
logarithm of the concentration tested.

Antimicrobial activity

Antimicrobial tests of essential oils
were performed against strains Gram(+)
bacteria such as: Staphylococcus au-
reus (CECT 976), Enterococcus faecium
(CECT 4932), Listeria monocytogenes
(CECT 911) and Bacillus subtilis (CECT
4071), strains Gram(-) bacteria such
as: Escherichia coli (CECT 431), Yer-
sinia enterocolitica (CECT 4315) and
the yeast Candida albicans.

The MIC and the MBC were deter-
mined in 96-well plates (12 columns
and 8 rows). For each EO, 10 different
concentrations were tested (3.125, 6.25,
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12.5, 25.0, 50.0 and 100.0 pl-mL7.
Negative (MH broth and DMSO) and
positive (MH broth and microbial inocu-
lum, without essential oils). The plates
were incubated overnight at 37°C. The
MIC values corresponded to the first well
of each row where no visible microbial
growth was detected. The MBC was de-
termined from the first three wells of each
row that showed no microbial growth af-
ter plate incubation (Man, Santacroce,
lacob, Mare & Man, 2019; Abedini ct
al., 2020). For that, 10 uL from the cor-
responding wells were seeded on Mac-
Conkey agar plates. After overnight in-
cubation at 37°C, any microbial growth
was checked. The MBC values represent
the concentrations from plates where no
bacterial colonies were found.

Statistical analysis

All experiments were performed in
triplicate and data were expressed as
mean values £standard deviation (SD).
The statistical software used for this
analysis is SPSS V20.

Results and discussion

The results of chemical analysis car-
ried out by GC/MS of two essential oils
of Eucalyptus globulus and Rosmarinus
officinalis were mentioned in Tables 1
and 2, respectively. All spectroscopic
data revealed the presence of 82 organic
volatile compounds representing 98.63%
of the total constituents of Eucalyptus
globulus and the presence of 45 organic
volatile compounds representing 98.53%
of the total constituents of Rosmarinus
officinalis.

Moreover, the major compounds
for Eucalyptus globulus were estragole

(28.14%), terpinolene (7.12%), 1,4-hex-
adiene-5-methyl-3-(1-methylethylidene)
(7.01%), linalool (5.54%) and furfural
(4.66%). According to Ferrentino, Mo-
rozova, Horn and Scampicchio (2020),
1,8-cineole or/and eucalyptol are the
main constituents (70-80%) and the
other constituents are mainly terpene
with low concentration.

On the other hand, the major com-
pounds for Rosmarinus officinalis were
(-)-camphor (31.16%) and B-caryophyl-
lene (18.55%), 3,4-dimethyl-(Z,Z)-
-2,4-Hexadiene (9.08%), a-fenchene
(4.67%), cis-verbenone (4.33%) and
Bornyl acetate (3.4%). According to
numerous previous studies, the essen-
tial oil composition of Rosmarinus of-
ficinalis strongly related chemotypes as
well as the degree of development of the
plant. Its main constituents can be 1,8-
-cineole, a-pinene, camphor, other com-
pounds such as: borneol, bornyl acetate,
verbenone, p-cymene oOr p-myrcene.
They can be accompanied by B-caryo-
phyllene, limonene, linalool, sabinene,
y-terpinene, a-terpineol and terpinenol-4
(Conde-Hernandez, Espinosa-Victoria,
Trejo & Guerrero-Beltran, 2017; Chung,
Lee, Lee, Chung & Lee, 2020).

The results of the insecticidal tests of
the essential oils of Fucalyptus globulus
and Rosmarinus officinalis against Si-
tophilus granarius are displayed in Ta-
ble 3 in the form of lethal doses of 50%
(LDsgp), according to the studied parame-
ters such as: the cylinder diameter (D) and
the temperature of the incubation (7). The
study of the insecticidal activity of these
essential oils on an organism harmful to
stored products Sitophilus granarius con-
firmed that the two essential oils stud-
ied have important insecticidal activity.
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TABLE 1. Chemical composition of the essential oil of Fucalyptus globulus

Peak Ry Compound C [%]
1 4.19 | (-)-camphor 31.16
2 4.31 |(+)-2-Bornanone 2.17
3 4.64 |3.4-dimethyl-(Z.Z )-2.4-Hexadiene 9.08
4 4.82 | 3-Cyclopentene-1-ethanol. 2.2.4-trimethyl- 4.57
5 4.95 |Isoborneol 437
6 5.17 |a-Fenchene 4.67
7 5.25 |cis-Verbenone 433
8 5.35 | D-Verbenone 2.08
9 5.55 | Cyclohexanone. 5-methyl-2-(1-methylethylidene)- 0.24

10 5.61 | 5-Hepten-1-ol. 2-ethenyl-6-methyl- 0.11
11 5.65 |Cyclodecene. 1-methyl- 0.10
12 5.73 | Piperitone 0.15
13 6.26 |Bornyl acetate 3.44
14 6.47 | B-Terpinene 0.58
15 6.69 | p-Cymen-7-o0l 0.18
16 6.78 | 4-Hydroxy-3-methylacetophenone 0.17
17 6.89 | (Z)-Ocimenone 0.14
18 6.98 | 4-Hydroxy-3-methylacetophenone 0.24
19 7.11 | 2H-Inden-2-one. 1.4.5.6.7.7a-hexahydro-7a-methyl-. (S)- 0.33
20 7.45 | a-Copaene 0.51
21 8.51 | B-Caryophyllene 18.55
22 8.86 | 1.4.7.-Cycloundecatriene. 1.5.9.9- tetramethyl-. Z.Z.Z- 3.67
23 9.19 |y-Muurolene 0.43
24 9.39 | ar-Curcumene 0.48
25 9.52 | 9-epi-(E)-Caryophyllene 0.15
26 9.62 | a-Bergamotene 0.11
27 9.71 | a-Amorphene 0.23
28 9.85 | B-Bisabolene 0.85
29 9.95 | 9-Cadinene 0.24
30 10.01 | B-Sesquiphellandrene 0.23
31 10.19 | Caryophyllene oxide 0.27
32 10.69 | (-)-Globulol 1.85
33 11.02 | Humulene epoxide II 0.22
34 11.48 |pB-Longipinene 0.31
35 11.48 |10.10-Dimethyl-2.6-dimethylenebicyclo[7.2.0]undecan-5.beta.-ol 0.31
36 11.87 |trans-Z-o-Bisabolene epoxide 0.44
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TABLE 1, cont.

Peak Ry Compound C [%]
37 112.06 1-Methyl-6-methylenebicyclo[3.2.0] heptane 0.15
38 13.93 Succinic acid. 3-methylbut-2-yl non-5-yn-3-yl ester 0.12
39 |15.05 Isopimara-9(11).15-diene 0.19
20 11533 l(l?;:::RJR)-l 4.9.9-Tetramethyl-5.6.7.8-tetrahydro-4H-3a.7-methanoaz 016
41 16.05 Phosphonous dichloride. (1.7.7-trimethylbicyclo[2.2.1]hept-2-yl)- 0.18
42 |16.17 (2.6.6-Trimethylcyclohex-1-enylmethanesulfonyl)benzene 0.24
43 ]16.62 Cyclohexanemethanol. 3.3-dimethyl- 2-(3-methyl-1-butenyl)- 0.29
44 |17.17 | Aminosalicylic Acid 0.11
45 |17.55 |4-Carene. (1S.3R.6R)-(-)- 0.13

Ry — retention time.
TABLE 2. Chemical composition of the essential oil of Rosmarinus officinalis

Peak Ry Compound C [%]
1 3.17 | Terpinolene 7.12

2 3.27 |trans-Verbenol 0.47

3 3.36 |Linalool 5.54

4 3.35 |Spiro[2.4]heptane. 4-methylene- 1.00

5 3.58 |4-Acetyl-1-methylcyclohexene 0.51

6 3.68 | 1.4-Hexadiene. 5-methyl-3-(1-methylethylidene)- 7.01

7 3.83  |Tricyclo[4.1.0.0(2.7)]heptanes 2.15

8 3.90 |4-Methyl-1.4-heptadiene 0.94

9 4.05 | Dicyclopentadiene. tetrahydro. exo 0.83

10 4.11 |Isoborneol 0.66

11 4.24 | Terpinen-4-ol 2.07

12 4.33 | Furfural 4.66

13 4.43 | Myrtenal 1.50
14 4.69 | Estragole 28.14

15 5.04 |2.6-Dimethyl-3.5.7-octatriene-2-ol . Z.Z- 0.75

16 5.19 |Propanal. 2-methyl-3-phenyl- 0.27

17 5.30 |(-)-Carvone 1.59

18 5.79 | Dihydrocarveol 0.14

19 5.88 a-Terpinen-7-al 0.21
20 6.03 | Bornyl acetate 0.75
21 6.23 | 1-Methyltricyclo[2.2.1.0(2.6) ]heptane 0.97
22 6.29 | Artemisia triene 2.08

Evaluation of biological activities of two essential oils... 549



TABLE 2, cont.

Peak Ry Compound C [%]
23 6.46 | Cyclohexane. 4-methyl-2-methylene-1-(1-methylethylidene)- 0.61
24 6.65 | p-Menth-8-ene. 3-methylene- 1.39
25 6.78 |2H-Inden-2-one. 1.4.5.6.7.7a-hexahydro-7a-methyl-. (S)- 0.91
26 6.90 |a-Longipinene 2.64
27 7.07 |4-(2.4.4-Trimethyl-bicyclo[4.1.0]hept-2-en-3-yl)-butan-2-one 0.83
28 7.14 | cis-Carvyl Acetate 1.91
29 7.42 | 5-Isopropenyl-2-methyl-7-oxabicyclo[4.1.0]heptan-2-o0l 1.10
30 7.58 |a-Bulnesene 0.78
31 769 \(/Zi}rllc}:/l?heptane. 4-methylene-1-methyl-2-(2-methyl-1-propen-1-yl)-1- 0.66
32 7.82 | a-Santalol 0.94
33 8.02 | (2S.4R)-p-Mentha-[1(7).8]-diene 2- hydroperoxide 0.89
34 8.23 | 5-Isopropenyl-2-methyl-7-oxabicyclo[4.1.0]heptan-2-ol 0.56
35 8.33 | cis-Sabinene hydrate 0.49
36 8.43 |a-Himachalene 0.50
37 8.63 | 8-Oxabicyclo[5.1.0]oct-5-en-2-ol.1.4.4-trimethyl- 0.52
38 8.93 | B-Humulene 0.44
39 9.26 | Eremophilene 0.59
40 9.36 |pB-Himachalene 0.65
41 9.79 | a-Sinensal 0.23
42 9.85 | pB-Longipinene 0.25
43 9.98 | Z-Ocimene 0.22
44 10.09 | Methane. tribromo- 0.36
45 10.29 | Ethanone. 1-(3-methylene cyclopentyl)- 0.15
46 10.44 | B-Ocimene 0.38
47 10.53 | Spiro[cyclopropane-1.6’-[3]oxatricyclo[3.2.1.0(2.4)]octane] 0.33
48 10.65 |p-Menth-8-ene. 3-methylene- 0.19
49 10.96 |Cyclohexane. (2-ethyl-1-methyl-1-butenyl)- 0.29
50 11.08 |Limonene dioxide 0.12
51 12.60 |cis.a-Santalol 0.13
52 12.77 | Ocimene 0.10
53 13.28 | (E)2.3-Dimethylcyclohex-2-en.oxime 0.37
54 13.38 | 1.2-Dipropylcyclopropene-3-carboxylic acid 0.36
55 14.13 | 2(5H)-Furanone. 4-methyl-3-(2-methyl-2-propenyl)- 0.16
56 14.78 | (3S.6R)-3-Hydroperoxy-3-methyl-6-(prop-1-en-2-yl)cyclohex-1-ene 0.17
57 15.00 |Camphene 0.16
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TABLE 2, cont.

Peak Ry Compound C [%]
58 15.08 | Triselenothane 0.22
59 15.26 |a-Farnesene 0.46
60 15.34 | Acetic acid. 2.2-selenobis- 0.10
61 15.39 |(E.E.E)-3.7.11.15-Tetramethylhexadeca-1.3.6.10.14-pentaene 0.24
62 15.69 (1.361.1%g.){?.f/%:)Z_Z-TetracosahexaenJ- ol. 2.6.10.15.19.23-hexamethyl-. 043
63 15.84 | (Z)-B-Santalol 0.32
64 16.02 | p-Menth-8-ene. 3-methylene- 0.28
65 16.13 | p-Camphorene 0.91
66 16.2 | B-Terpinene 0.21
67 16.35 |Hexane. 1-chloro-5-methyl- 0.45
68 16.55 |B-Bisabolene 0.57
69 16.71 | Acetic acid. 2.2’-selenobis- 0.39
70 17.02 | Succinic acid. 2-methylpent-3-yl 2.2-dichloroethyl ester 0.73
71 17.27 | (3R.6R)-3-Hydroperoxy-3-methyl-6-(prop-1-en-2-yl)cyclohex-1-ene 0.31
72 17.43 | Formic acid. 3.7.11-trimethyl-1.6.10-dodecatrien-3-yl ester 0.47
73 17.57 | Acetic acid. 2.2’-selenobis- 0.75
74 17.83 | 7-Methylene-bicyclo[3.3.1]nonan-3-one oxime 0.33
75 18.41 |Formic acid. 3.7.11-trimethyl-1.6. 10-dodecatrien-3-yl ester 0.55
76 20.21 |1.5.6.7-Tetrahydro-4-indolone 0.23
77 20.61 |B-Elemenone 0.26
78 20.84 |(Z)-epi-B-Santalol 0.12
79 21.00 |2-Ethyl-2-[(E)-(4-methoxyphenyl)diazenyl]malononitrile 0.16
80 21.30 |Epi-p-Santalol 0.12
81 22.18 | (3R.6R)-3-Hydroperoxy-3-methyl-6-( prop-1-en-2-yl)cyclohex-1-ene 0.10
82 28.12 | Phenol. 2-(2-aminoethyl)- 0.18

Ry — retention time.

According to the lethal dose of 50%
(LDsp), the activity of the essential oils
tested varies widely depending on the
nature of the essential oil and the factors
used (Diniz do Nascimento et al., 2020).
In addition, the insecticidal activities of
these essential oils studied are probably
due to the major constituents of each es-
sential oil, thus and their synergetic. All

these tests carried out can confirm that
the treatment of foodstuffs with essential
oil from aromatic and medicinal plants
can be very effective in controlling pests
of stored foodstuffs. All these tests car-
ried out can confirm that the treatment of
foodstuffs with these two essential oils
can be very effective in controlling pests
of stored foodstuffs (Ainane et al., 2019).
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TABLE 3. LDs insecticide activities of different essential oils

Diameter Temperature Eucalyptus globules Rosmarinus officinalis
T, =25°C 0.041 +£0.005 0.016 +0.005
Dy=1cm T, =30°C 0.007 £0.005 0.003 +0.005
T5=35°C 0.005 +0.005 0.002 +0.005
T, =25°C 0.020 +0.005 0.011 +£0.005
Dy=2cm T, =30°C 0.009 +0.005 0.002 +0.005
T3 =35°C 0.004 +0.005 0.001 +0.005
T1=25°C 0.020 +£0.005 0.007 +0.005
D3=3cm T, =30°C 0.007 £0.005 0.002 +0.005
T5=135°C 0.002 +£0.005 *

*LDsy is less than 0.001 pL-cm ™.

TABLE 4. Parameters of the antibacterial activity of two essential oils

Strains Parameter Eucalyptus globules | Rosmarinus officinalis
MIC [pl'mL™"] 655.13 4731
Staphylococcus aureus MBC [ul'mL™] 815.13 58.21
MBC | MIC 1.24 1.23
MIC [pl-mL™"] 713.11 54.23
Enterococcus faecium MBC [pl'mL™] 992.11 84.32
MBC /| MIC 1.39 1.55
MIC [pl'mL™"] 791.31 68.33
Listeria monocytogenes MBC [pl'mL™] 871.31 89.53
MBC /| MIC 1.10 1.31
MIC [pl'mL "] 803.35 64.23
Bacillus subtilis MBC [pl'mL ™ 996.35 74.33
MBC | MIC 1.24 1.16
MIC [pl'mL™"] 941.21 69.21
Escherichia coli MBC [ul-mL_l] 1471.21 88.21
MBC /| MIC 1.56 1.27
MIC [pl'mL™"] 804.61 71.53
Yersinia enterocolitica MBC [ul'mLfl] 994.41 91.13
MBC | MIC 1.24 1.27
MIC [pl'ml™"] not detected 56.23
Pseudomonas aeruginosa MBC [pl'mL ™ not detected 78.13
MBC | MIC not detected 1.39
MIC [pl'mL™"] 867.75 89.15
Candida albicans MBC [ul~mL71] 1234.75 101.05
MBC /| MIC 1.42 1.13
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FIGURE. Graphical representation of parameter data: MIC, MBC and MBC / MIC

The results of the antibacterial activ-
ities of the microdilution broth method
applied to the essential oils of Eucalyptus
globulus and of Rosmarinus officinalis
are expressed in terms of the minimum
inhibitory concentration (MIC), the min-
imum bactericidal concentration (MBC)

and the fraction (MBC/MIC). All the
values obtained are shown in Table 4 and
the figure. It can be concluded after re-
sults obtained, that the two essential oils
have interesting antimicrobial activities
against Staphylococcus aureus, Entero-
coccus faecium, Listeria monocytogenes,
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Bacillus subtilis, Escherichia coli, Yer-
sinia enterocolitica and Candida albi-
cans. The minimum inhibitory concen-
trations MIC vary from 47.31 to 941.21
pl'mL™!" and the minimum bactericide
concentrations MBC vary in the range
from 58.21 to 1,234.75 pl'mL~'. The
essential oil of Eucalyptus globulus has
weak antimicrobial activities while the
essential oil of Rosmarinus officinalis
has moderate and acceptable antimicro-
bial activities (E1 Abboubi et al., 2019).
Finally, all the results obtained dur-
ing the insecticidal activities and the
complementary antibacterial activities,
we can target the two essential oils in ag-
ricultural uses as bioinsecticides. They
can be used as natural insecticides while
respecting environmental standards.

Conclusions

During this study, the research car-
ried out gave us a general work of view
on the development of these two es-
sential oils of Fucalyptus globulus and
Rosmarinus officinalis, from where, we
carried out a chemical composition with
other biological studies for agricultural
applications. The results obtained have
shown that the two essential oils have
interesting prospects for the conserva-
tion of seeds against biotic aggressions
(insect pests and infection microbials).
These results can help reduce the amount
of insecticides applied, and subsequently
decrease the negative impact of synthetic
agents, such as residues, resistance and
environmental pollution.
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Summary

Evaluation of biological activities of
two essential oils as a safe environmental
bioinsecticides: case of Eucalyptus globu-
lus and Rosmarinus officinalis. All works
of this article were conducted to investi-
gate chemical composition and insecticidal
and antimicrobial properties of Eucalyptus
globulus and Rosmarinus officinalis essen-
tial oils isolated by hydro-distillation of its
aerial parts. Analysis of the essential oils on
the basis of gas chromatography and mass
spectrometry (GC/FID and GC/MS) re-
vealed the presence of 82 organic volatiles
representing 98.63% of the total constituents
of Eucalyptus globulus and the presence of
45 organic volatiles representing 98.53% of
the total constituents of Rosmarinus offici-
nalis. The major compounds for Eucalyptus
globulus were estragole (28.14%), terpino-
lene (7.12%), 1,4-hexadiene-5-methyl-3-(1-
-methylethylidene) (7.01%), linalool (5.54%)
and furfural (4.66%) and for Rosmarinus of-
ficinalis were (-)-camphor (31.16%) and
B-caryophyllene (18.55%), 3,4-dimethyl-
-(Z,2)-2,4-Hexadiene (9.08%), o-fenchene
(4.67%), cis-verbenone (4.33%) and Bornyl
acetate (3.4%). The efficacy of the two es-
sential oils was evaluated on the insect pests

Sitophilus granarius of wheat and was re-
markable with lethal doses of 50% tending
towards 1 pL-cm . The broth microdilution
method as a complementary test was con-
ducted to test the antimicrobial activity of the
essential oil against: Staphylococcus aureus,
Enterococcus  faecium, Listeria monocy-
togenes, Bacillus subtilis, Escherichia coli,
Yersinia enterocolitica, Pseudomonas aeru-
ginosa and Candida albicans, further for the
two oils of shows promising activity against
all strains.
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