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Introduction: The use of chemical products to neutralize microorganisms has always been a subject of
discussion and research for alternative solutions, indeed, the use of essential oils has been a promising
natural methodology.
Methods: In our study we used the essential oils from different parts of Thapsia transtagana (Apiaceae),
obtained by hydrodistillation, were identified and using Gas chromatography–mass spectrometry (GC–
MS) and Gas Chromatography-Flame Ionization Detection (GC/FID) methods and evaluated against sev-
eral bacteria of Gram- and Gram + bacteria. Disk diffusion, Minimum Inhibitory Concentration (MIC) and
Minimum Microbicidal Concentration (MMC) methods have been used. Free radical-scavenging activity
and insecticidal activity of Thapsia transtagana essential oils were also identified.
Results: Majority products from different parts of Thapsia transtagana essential oil identified by GC–MS
and GC/FID methods are 2,6-Dimethylnaphthalene, Pinane and Hexahydrofarnesyl acetone. The highest
activity was found against Staphylococcus aureus using inflorescence essential oil with minimal inhibitory
concentration value for 0,56 lg/lL. Insecticidal activity was also the subject of this study, roots and inflo-
rescence essential oils demonstrated to have a remarkable potent against Acanthoscelides obtectus and
Sitophilus oryzae using contact assessment, inhalation assessment and ingestion assessment tests.
Insecticidal activity assay results showed a significant enhancement of mortality in both test insect pest
on increasing the dose and exposure period. In the other hand, the different essential oils of Thapsia
transtagana were evaluated for their radical scavenging activities by means of the 2,2-diphenyl-1-
picryl-hydrazyl (DPPH) assay. The strongest scavenging activity was observed in inflorescences essential
oil fraction scavenged radicals effectively at 100% using 500 mgL-1 concentration.
Conclusion: Its essential oils were proved to have strong antimicrobial, insecticidal and antioxidant activ-
ities that allows it to be used by the pharmaceutical and cosmetic industries as natural preservative.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Species of the Apiaceae are widely distributed in the Mediter-
ranean area, where they are often used commercially as spices or
drugs because of the presence of useful secondary metabolites.
The most characteristic constituents are coumarins, essential oils
and sesquiterpene lactones (Hegnauer, 1973; Holub and
Budesinsky, 1986).

Among the genera belonging to the Apiaceae, Thapsia has, in
recent years, been the subject of a great deal of interest. Intensive
chemotaxonomic studies have been performed in order to investi-
gate the distribution of specific bioactive polyoxygenated guaiano-
lides, named thapsigargins.

According to Flora Europaea (Tutin et al., 1986), the genus is
divided into three species: T. garganica L, (syn, T. transtagana Brot.),
T. maxima Miller and T. villosa L. However, another two species, T.
minor Hoffgg. and Link and T. laciniata Rouy, were formerly
described as being different from T. villosa (Rouy, 1895). Previous
studies (Adcock and Betts 1974; Avato et al., 1993) on the
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secondary metabolites of the genus Thapsia have shown clear vari-
ations between, and also within the species. Chemotaxonomic
studies have revealed that T. garganica and T. transtagana are sep-
arate species and that T. maxima includes two morphological types.
The most pronounced heterogeneity was found among plants iden-
tified as T. villosa.

Natural products provide a significant source of potential drugs
from which humankind has identified not only phytomedicines
and herbal remedies, but also most of our current antibiotics and
anticancer drugs. Essential oils and some of their constituents are
used not only in pharmaceutical products for their therapeutic
activities but also in agriculture, as food preservers and additives
for human or animal use, in cosmetics and perfumes, and other
industrial fields. Complex interactions between numerous compo-
nents of essential oils often contribute to the pharmacological
effect and therapeutic outcome.

Apiaceae plants are popular as drugs and spices as they contain
useful secondary compounds such as essential oils, coumarins and
sesquiterpenes. The genus Thapsia L. (family Apiaceae) is widely
distributed throughout the Mediterranean area and Iberian Penin-
sula, here represented by six species (Castroviejo, 2003). These
species are the natural source of thapsigargins, guaianolide
sesquiterpenes widely used for therapeutic purposes (Makunga
et al., 2003).

To the best of our knowledge, no data on essential oil biological
activity of Thapsia transtagana are available in the scientific
literature.

This study aimed to test the antibacterial, antioxidant and
insecticide potential of four parts of Thapsia transtagana essential
oils: inflorescences, leaves, stems and roots.

Antibacterial activity concerned six strains of Gram-negative
bacteria (Escherichia coli TG1, Escherichia coli DG5alfa, Escherichia
coli Cip54127, Klebsiella pneumoniae, Citrobacter freundii and Pseu-
domonas aeruginosa) and four strains of Gram-positive bacteria
(Staphylococcus aureus, Bacillus cereus MED5, Bacillus Sp, Enterococ-
cus faecalis Atcc19433) using the disc diffusion method, minimum
inhibitory concentration (MIC) and minimummicrobicidal concen-
tration (MMC). As for the antioxidant activity, free radical scaveng-
ing activity using DPPH has been performed.

The recent reports on severe implication of synthetic insecti-
cides to the human health and environment compelled agri-food
industries to search their biorational alternatives. In this study,
an effort has been made to find out the efficacy of Thapsia transta-
gana essential oils against Acanthoscelides obtectus and Sitophilus
oryzae as an ecofriendly alternative to synthetic insecticides.
2. Material and methods

2.1. Plant material

This study focused on the evaluation of the antibacterial,
antioxydant and insecticidal activity of essential oils obtained from
four parts (Leaves, Inflorescences, stems and roots) of Thapsia
transtagana. The plant selected for this study was harvested arbi-
trarily during the month of April (2019) from the Khouribga region,
located in the Beni Mellal-Khenifra region of Morocco, at the coor-
dinates: Latitude 32� 530 9.68280’ N and Longitude 6� 550 15.1140’
W.

After the harvest, the identification of Thapsia transtagana was
carried out at Ibn Zohr University in Agadir by Pr. Msanda. A spec-
imen of the plant was deposited in the herbarium of the Laboratory
of Environmental Sciences and Applied Materials (LSEMA) at the
Polydisciplinary Faculty of Khouribga. It was separated, cleaned
and air-dried, in the shade, in the laboratory and at room temper-
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ature. Afterwards, the sample was separated and ground in an elec-
tric mill.

2.2. Essential oils extraction

Aerial parts of Thapsia transtagana were subjected to hydrodis-
tillation using a Clevenger-type apparatus (European Directorate
for the Quality of Medicines, 2002). The oils obtained was sepa-
rated from water and kept in amber vials at 4 �C.

2.3. Measurement of essential oils yield

The yield of essential oils (REO, %) was calculated as follows:
REO (%)= (m EO/ m s)x100,where mEO and ms represent the mass
of EO (g) and the different dried parts of T. transtagana (g), respec-
tively (Boutekedjiret et al., 2003).

2.4. Identification of chemical compounds

GC–MS analysis was done on a thermo mass spectrometer
(Model trio 1000; Warrington, UK); combined with a thermo gas
chromatograph (Model 8000, Fisons Instruments, Rodano, Italy).
An OV- 17 capillary column (25 m long � 0.25 mm Hewlett- Pack-
ard Ltd., Stockport, UK) was employed for the analysis. The column
temperature program was 60 �C for 6 min, with 5 �C increases per
min to 150 �C, which was maintained for 10 min. The carrier gas
was helium at a flow rate of 2 mL min-1 (splitless mode). The
detector and injector temperature were maintained at 250 and
225 �C respectively.

The quadrupole mass spectrometer was scanned over the range
28–400 amu at 1 scan. s-1, with an ionizing voltage of 70 eV, and
an ionization current of 150 lA.

The individual compounds were identified by MS and their
identity was confirmed by comparing their Kováts Index (KI) and
their mass spectra and retention times with those of authentic
samples or with data already available in the NIST library and in
the literature (Adams, 2001).

The KI of a compound is a number obtained by interpolation,
relating the adjusted retention time of the sample compound to
the adjusted retention times of two standards (in our analysis C8
and C32) eluted before and after the peak of the sample compound.

The NIST employed was a compilation of 191,000 spectra,
163,000 chemical structures, 121,000 Kováts retention indices
and 5200 MS/MS spectra.

2.5. Antibacterial activity

2.5.1. Microbial strains
The in vitro antimicrobial activity of different parts of Thapsia

transtagana essential oils (inflorescences, leaves, stems and roots)
were tested against six strains of Gram-negative bacteria (Escheri-
chia coli TG1, Escherichia coli DG5alfa, Escherichia coli Cip54127,
Klebsiella pneumoniae, Citrobacter freundii and Pseudomonas aerugi-
nosa) and four strains of Gram-positive bacteria (Staphylococcus
aureus, Bacillus cereus MED5, Bacillus Sp, Enterococcus faecalis Atc-
c19433) were used in the antibacterial assay. All strains were rou-
tinely grown at 37 �C on Mueller Hinton. The bacteria were chosen
for their virulence and their ability to attack a wide range of food
products.

2.5.2. Disk diffusion method
The antimicrobial activity of Thapsia transtagana essential oils

was tested by the disc diffusion method as described by Rota
et al., (2004). Inocula were prepared by diluting overnight cultures
in Mueller Hinton medium to approximately 106 CFU/mL. Filter
paper discs (Whatman disc, 6 mm diameter) were impregnated
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with 5 ml, 10 ml and 15 ml of inflorescences, leaves, stems and roots
Thapsia transtagana essential oil and placed onto the inoculated
Petri dishes containing Mueller Hinton medium. 10 ll of Gentam-
icin and Chloramphenicol were used as positive control.

After being held at room temperature for 1 h. Petri dishes were
incubated at 37 �C for 24 h. Following incubation, zones of inhibi-
tion were measured (mm). Each test was performed in triplicate on
at least three separate experiments.
2.5.3. Determination of minimum inhibitory concentration (MIC) and
minimum microbicidal concentration (MMC)

The antibacterial activity of the Thapsia transtagana essential
oils was measured using a broth dilution method in microplates,
adapted from a previously described protocol (Rios et al., 1988).

The essential oils dissolved in sterile eppendorfs, containing
Dimethyl sulfoxide (DMSO). In a 96-well U-bottom microplate,
100 ll of Müller-Hinton broth was put in all wells of the plate.
The wells in the first vertical row are filled with 100 ll of the
microbial suspension at 108 CFU / mL as a microbial growth control
and the wells of the second vertical row are filled with a 100 ll
mixture of the microbial suspension at 108 CFU / mL with 100 ll
of DMSO as a negative control. From the third vertical row,
100 ll of each extract to be tested were transferred in order to
obtain a successive serial dilution by geometric progression of rea-
son 2, 100 ll the bacterial suspension at 108 CFU / mL was added.
Each test is performed in two repetitions. After one hour of seed-
ing, the microplate was incubated at 37 �C for 24 h.

After 24 h of incubation at 37 �C, the first well showing neither
haze nor bacterial pellet was considered corresponding to the min-
imum inhibitory concentration (MIC). To ensure the absence of live
bacteria, the strains were reseeded on the culture medium MH
with a loop and were incubated at 37 �C for 24 h (Wilkinson,
2016). The lowest concentration of the essential oils without
growth was the MMC. Gentamicin and chloramphenicol antimicro-
bial agents were used as a positive control in the assay (Babahmad
et al., 2018).
2.6. Free radical-scavenging activity

Radical scavenging using DPPH radicals is the main mechanism
by which antioxidants act in food. The DPPH method as summa-
rized below was introduced nearly 50 years ago by Blois (1958).
The free radical-scavenging activity of essential oils was measured
by 2,2-diphenyl-2-picrylhydrazyl (DPPH). Fifty lL of EO at differ-
ent concentrations (100, 250, 500, 750 and 1000 mgL-1) was mixed
with 2 mL of the 60 lM DPPH methanol solution. The samples
were shaken in the dark at room temperature (25 ± 1 �C) for
30 min. The absorbance of samples was read at 517 nm using a
spectrophotometer Schimadzu 160-UV, Radical-scavenging activ-
ity was calculated using the following equation: Scavenging
effect% = [(A0 - A1)/A0] * 100, where A0 was the absorbance of the
control sample (without essential oil) and A1 was the absorbance
in the presence of the sample (t = 5 min).
2.7. Insecticidal activity of Thapsia transtagana essential oils

2.7.1. Isolation, identification and farming of Acanthoscelides obtectus
and Sitophilus oryzae
2.7.1.1. Isolation and identification of Acanthoscelides obtectus and
Sitophilus oryzae. Strains of Acanthoscelides obtectus and Sitophilus
oryzae were successively isolated from beans and wheat bought
at the weekly souk of Khouribga. They were identified by the Phy-
tiatry Laboratory of Khouribga National Office of Sanitary Safety of
Food Products (ONSSA).
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2.7.1.2. Acanthoscelides obtectus farming. The individuals used in
the Acanthoscelides obtectus farming are of an unknown age. This
farm is maintained on a regular basis to supply the tests. The farm-
ing is carried out in jars containing approximately 250 g of healthy
beans, to which is added 50 individuals (males and females). After
labeling, the jars are kept in the dark at 24 to 28 �C and a humidity
of 70%.

To obtain the first individuals, the average latency time is
26 days, which corresponds to:

� 5 to 7 days embryogenesis;
� 15 to 20 days larval development;
� A nymph stage of about 6 days;
� During our experiments, the adults used were 14 days old.
2.7.1.3. Sitophilus oryzae farming. The farming was carried out in a
dark oven at a temperature of 24 to 28 �C and a humidity of 70%.
Eighty adults were placed in obstructed jars with a capacity of
1 L containing 250 g of common wheat grains and covered with
a piece of tulle. Cotton wool soaked in sugar water was placed
on the lid to activate the growth of insects.

In order to avoid the overcrowding phenomenon, adults were
regularly transferred to new jars, thus ensuring new infestations.
In our study, the adults used were 14 days old.
2.7.2. Contact assessment of essential oils toxicity
Three solutions of the essential oils obtained were prepared by

diluting known amounts of oils in acetone (5, 10 and 15 ll/mL of
acetone). 1,3 mL of each solution was poured onto a 9 cm diameter
filter paper disc using a micropipette. After complete evaporation
of the dilution solvent, each treated or control disc (solvent only)
was carefully placed in a Petri dish. Two repetitions were per-
formed for essential oil. A batch of 10 adult insects, 14 days old,
was placed in each Petri dish immediately closed with parafilm.
The number of dead insects was counted every 24 h for 6 days of
treatment.
2.7.3. Inhalation assessment of essential oils toxicity
The inhalation toxicity test of Thapsia transtagana essential oils

was evaluated relying to the method by Ma et al., (2014) with
minor modifications. Masses of cotton were fixed by a thread to
the center of the lids in 1 L in volume jars, 5, 10 and 15 ll essential
oils were deposited on the mass of cotton. A control who did not
receive essential oil was also planned. Five pairs of beetles aged
0 to 24 h (from the first day after the larval stage) were transferred
to the jars. Two repetitions were performed for each dose and the
control. The count of dead individuals is made after 24 h, 48 h, 72 h
and 96 h for each jar.
2.7.4. Ingestion assessment of essential oils toxicity
To evaluate the toxicity of essential oils on Acanthoscelides

obtectus and Sitophilus oryzae. 1,3 mL of an acetone solution con-
taining 5, 10 and 15 ll of essential oils are mixed with 10 g of
beans or soft wheat grains in a petri dish. Two repetitions were
performed for each dose. All petri dishes were infested with 10
insects 14 days old. Counts of dead insects were made daily for a
period of 6 days. The mortalities recorded in the treated grain lots
were expressed as a percentage of corrected mortality. Another
method was used to identify the toxicity of essential oils on the
two insects studied using commercial flour. Indeed, the same pro-
tocol was adopted by replacing the seeds with commercial flour.
This last method was used only for Sitophilus oryzae.



Table 1
Yields and colors of essential oils from different parts of T. transtagana.

Yield (%) Color of
essential oil

Inflorescences Thapsia trantagana essential oil 1.2 blue
Leaves Thapsia trantagana essential oil 0.7 blue
Stems Thapsia trantagana essential oil 0.5 blue
Roots Thapsia trantagana essential oil 1 blue
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3. Results

3.1. Extraction yield

The color of all parts of Thapsia transtagana essential oils is blue.
As for the yields, we note that the inflorescence has the highest
rate followed by the roots, leaves and stems (Table 1).
3.2. Identification of chemical compounds

Chemical composition of volatile oils isolated from the different
parts of Thapsia transtagana essential oil were analysed with the
help of GC–MS and GC/FID methods method. The volatile com-
pounds were identified by comparing the retention time and
molecular weight with the reference compounds in the NIST
library 2020/2017. The leaves, stems, inflorescences and roots were
found to contain 19 volatile components and the results are pre-
sented in the Table 2. The volatile components of different parts
of Thapsia transtagana essential oil belong to monoterpenoid,
sesquiterpene and sesquiterpene alcohol, etc. The three major
volatile constituents identified include 2,6-Dimethylnaphthalene
(30,94%, 36,26%, 20,55% and 32,65% respectively for leaves, inflo-
rescences, stems and roots) is a polycyclic aromatic hydrocarbon.
It is one of the ten dimethylnaphthalene isomers, which are
derived from naphthalene by the addition of two methyl groups.
Pinane is a bicyclic monoterpene represented respectively
14,52%, 10,55%, 15,23% and 1856% for leaves, inflorescences, stems
and roots). Hexahydrofarnesyl acetone is an oxygenated sesquiter-
pene representing respectively 20,05%, 28,23%, 24,32% and 16.23%
for leaves, inflorescences, stems and roots was identified.
Table 2
Composition of the essential oils from different parts of Thapsia transtagana.

Compounds identified RT Percent com

Leaves

2-Bornene 21,66 2,62
b-caryophyllene 23,94 0,59
a-caryophyllene 25,00 0,88
a-Amorphene 25,71 0,84
b-lonone 25,97 0,76
a-Muurolene 26,43 0,42
Gamma-Muurolene 26,85 0,72
Myristicin 27,03 0,66
b-Cadinene 27,13 1,97
2,6-Dimethylnaphthalene 27,82 30,94
Elemicin 28,06 1,87
Cedrol 29,40 3,06
Chamazulen 32,93 0,72
Pinane 35,78 14,52
Hexahydrofarnesyl acetone 35,92 20,05
Biformen 39,55 0,91
Chamigrene 42,16 0,43
Phytol 42,29 3,56
Totarol 46,49 0,90
Total 86,42
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3.3. Evaluation of antimicrobial properties

The results of antimicrobial tests using two techniques of disc
diffusion and broth microdilution are shown in Table 3 and Table 4
respectively. Thapsia transtagana essential oils in both methods
were effective on all tested microbial strains. The results of disc dif-
fusion showed that the diameter of the inhibition zone of microbial
strains were, in general, higher than the positive control (Table 3).
The results showed that the diameter of the inhibition zone of
inflorescences and leaves Thapsia transtagana essentials oil is very
important than that of the stems and roots. The highest diameter of
the inhibition zone of 41 mm (CMI = 0,56 lg/lL) was with S, aureus
using 15 ll of inflorescences essential oil and the lowest diameter
of the inhibition zone of 16 mm (CMI = 0,26 lg/lL) using roots
essential oil was with C. freundii (Tables 3 and 4).
3.4. Antioxidant activity of essential oils from different parts of Thapsia
transtagana

Extraction of active compound in natural plants is potent to
protect biological system against damaging effect of natural oxida-
tion process in organism. In this study, the antioxidant capacity of
essential oils from different parts of Thapsia transtagana was eval-
uate by the DPPH test.

The antioxidant potential of inflorescences, leaves, stems and
roots essentials oils was evaluated on the basis of their ability to
scavenge stable free DPPH radicals and results are shown in
Fig. 1. This test is based on change in color of DPPH solution from
purple to yellow, due to scavenging of stable free DPPH radicals
(Khadri et al., 2010). A stronger yellow color indicates a greater
ability of the extract to scavenge free DPPH radicals and stronger
antioxidant potential. The strongest scavenging activity was
observed in the inflorescences essential oil fraction with a percent-
age of 100% using 750 mgL-1 concentration. The same essential oil
was 95% effective an 500 mgL-1 concentration. As for the roots
essential oil, it also presented an antioxidant activity of 100% and
80% using 1000 mgL-1 and 500 mgL-1 concentrations respectively.
Leaves essential oil showed a significant antioxidant activity esti-
mated at 80% an 1000 mgL-1 concentration, contrary of stems
which only proved a moderate activity estimated at 50%. It is
position

Inflorescences Stems Roots

3,25 2,22 3,23
0,50 1,25 1,36
1,02 0,54 0,66
0,52 0,69 0,56
0,23 0,85 0,29
0,50 0,23 0,44
0,52 0,69 0,78
0,70 0,54 0,95
2,25 0,26 1,26
36,26 20,55 32,65
1,90 2,25 1,22
4,25 2,55 3,56
0,23 0,26 0,26
10,55 15,23 18,56
28,23 24,32 16,23
0,52 0,92 0,55
0,50 0,45 0,48
5,25 4,23 3,26
0,56 0,28 0,19
97,74 78,31 86,49



Table 3
Antibacterial activity of inflorescences, leaves and roots Thapsia transtagana essential oils using disc diffusion assay.

Inhibition zone diameter (mm)

Bacteria Inflorescences EO Leaves EO Stems EO Roots EO Antibiotics

Gentamicin Chloramphenicol

5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

Gram-negative
E. coli TG1 33 ± 0.2 37 ± 0.1 37 ± 0.3 30 ± 0.1 32 ± 0.1 34 ± 0.1 20 ± 0.2 21 ± 0.5 210.2 22 ± 0.2 25 ± 0.1 25 ± 0.1 18 ± 0.5 19 ± 0.2 20 ± 0.1 17 ± 0.3 18 ± 0.1 16 ± 0.1
E. coli DG5alfa, 30 ± 0.2 33 ± 0.3 33 ± 0.4 35 ± 0.2 35 ± 0.2 38 ± 0.1 25 ± 0.3 25 ± 0.2 25 ± 0.1 20 ± 0.1 20 ± 0.2 24 ± 0.4 18 ± 0.2 19 ± 0.3 20 ± 0.4 16 ± 0.3 18 ± 0.3 20 ± 0.1
E. coli Cip54127 28 ± 0.3 29 ± 0.4 30 ± 0.2 22 ± 0.3 25 ± 0.2 28 ± 0.2 17 ± 0.3 17 ± 0.2 22 ± 0.1 17 ± 0.2 17 ± 0.2 22 ± 0.1 16 ± 0.5 16 ± 0.2 17 ± 0.4 19 ± 0.1 22 ± 0.2 24 ± 0.3
K. pneumoniae 20 ± 0.1 20 ± 0.3 22 ± 0.1 28 ± 0.1 30 ± 0.1 33 ± 0.3 22 ± 0.3 24 ± 0.1 25 ± 0.5 14 ± 0.1 15 ± 0.3 17 ± 0.2 10 ± 0.2 12 ± 0.1 12 ± 0.2 17 ± 0.3 17 ± 0.1 19 ± 0.4
C. freundii 26 ± 0.3 30 ± 0.3 35 ± 0.2 22 ± 0.2 24 ± 0.3 26 ± 0.2 18 ± 0.1 20 ± 0.4 22 ± 0.4 16 ± 0.3 17 ± 0.1 19 ± 0.3 14 ± 0.2 15 ± 0.2 17 ± 0.1 18 ± 0.2 20 ± 0.3 22 ± 0.2
P. aeruginosa 22 ± 0.2 25 ± 0.2 29 ± 0.4 30 ± 0.1 32 ± 0.2 34 ± 0.3 23 ± 0.3 24 ± 0.3 24 ± 0.2 20 ± 0.2 22 ± 0.2 24 ± 0.2 18 ± 0.1 20 ± 0.1 22 ± 0.2 21 ± 0.2 22 ± 0.1 23 ± 0.1
Gram-positive
S. aureus 35 ± 0.4 39 ± 0.2 41 ± 0.1 30 ± 0.1 32 ± 0.2 33 ± 0.1 26 ± 0.4 27 ± 0.4 29 ± 0.3 30 ± 0.2 33 ± 0.2 35 ± 0.3 18 ± 0.2 18 ± 0.3 20 ± 0.1 18 ± 0.5 19 ± 0.2 22 ± 0.2
B. cereus MED5 38 ± 0.4 39 ± 0.3 40 ± 0.2 32 ± 0.3 34 ± 0.1 36 ± 0.3 24 ± 0.1 27 ± 0.1 28 ± 0.4 26 ± 0.1 27 ± 0.3 33 ± 0.3 21 ± 0.5 22 ± 0.2 22 ± 0.2 16 ± 0.1 18 ± 0.4 20 ± 0.1
Bacillus Sp, 33 ± 0.3 32 ± 0.4 36 ± 0.2 25 ± 0.2 29 ± 0.1 33 ± 0.3 24 ± 0.3 25 ± 0.2 25 ± 0.2 29 ± 0.3 30 ± 0.1 35 ± 0.3 18 ± 0.3 18 ± 0.4 19 ± 0.5 18 ± 0.1 21 ± 0.2 22 ± 0.3
E. faecalis Atcc19433 22 ± 0.1 24 ± 0.2 26 ± 0.1 23 ± 0.3 25 ± 0.4 27 ± 0.2 22 ± 0.3 22 ± 0.3 23 ± 0.1 21 ± 0.3 24 ± 0.3 27 ± 0.1 17 ± 0.2 18 ± 0.2 20 ± 0.1 19 ± 0.2 20 ± 0.1 21 ± 0.3

able 4
inimum inhibitory concentration (MIC) and minimum microbicidal concentration (MMC) of inflorescences, leaves and roots Thapsia transtagana essential oils using microdilution method.

Bacteria Inflorescences EO (lg/lL) Leaves EO (lg/lL) Stems EO (lg/lL) Roots EO (lg/lL) Antibiotics (lg/lL)

Gentamicin Chloramphenicol

MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC MIC MMC

Gram-negative
E. coli TG1 0.42 ± 0.01 0.52 ± 0.05 0.32 ± 0.03 0.42 ± 0.10 0.55 ± 0.11 0.55 ± 0.07 0.54 ± 0.10 0.58 ± 0.07 0.07 ± 0.02 0.10 ± 0.01 0.10 ± 0.02 0.12 ± 0.01
E. coli DG5alfa, 0.51 ± 0.11 0.56 ± 0.06 0.34 ± 0.08 0.43 ± 0.08 0.45 ± 0.08 0.50 ± 0.05 0.46 ± 0.02 0.51 ± 0.08 0.08 ± 0.03 0.11 ± 0.02 0.09 ± 0.01 0.10 ± 0.02
E. coli Cip54127 0.45 ± 0.05 0.56 ± 0.04 0.36 ± 0.01 0.41 ± 0.12 0.58 ± 0.05 0.59 ± 0.09 0.39 ± 0.05 0.43 ± 0.12 0.08 ± 0.01 0.10 ± 0.01 0.11 ± 0.02 0.13 ± 0.05
K. pneumoniae 0.33 ± 0.07 0.41 ± 0.05 0.42 ± 0.02 0.52 ± 0.06 0.56 ± 0.02 0.56 ± 0.10 0.50 ± 0.03 0.55 ± 0.03 0.09 ± 0.03 0.13 ± 0.00 0.08 ± 0.03 0.11 ± 0.02
C. freundii 0.42 ± 0.08 0.50 ± 0.09 0.52 ± 0.03 0.52 ± 0.07 0.44 ± 0.02 0.51 ± 0.09 0.26 ± 0.02 0.32 ± 0.07 0.08 ± 0.02 0.11 ± 0.01 0.09 ± 0.01 0.09 ± 0.01
P. aeruginosa 0.35 ± 0.04 0.45 ± 0.10 0.55 ± 0.01 0.55 ± 0.07 0.45 ± 0.01 0.49 ± 0.06 0.35 ± 0.02 0.41 ± 0.08 0.07 ± 0.03 0.10 ± 0.01 0.03 ± 0.00 0.4 ± 0.04
Gram-positive
S. aureus 0.56 ± 0.01 0.56 ± 0.05 0.30 ± 0.02 0.41 ± 0.07 0.35 ± 0.03 0.42 ± 0.07 0.32 ± 0.05 0.44 ± 0.07 0.05 ± 0.01 0.10 ± 0.01 0.05 ± 0.01 0.07 ± 0.02
B. cereus MED5 0.21 ± 0.02 0.32 ± 0.06 0.29 ± 0.01 0.32 ± 0.09 0.39 ± 0.13 0.43 ± 0.07 0.36 ± 0.02 0.39 ± 0.08 0.05 ± 0.10 0.13 ± 0.00 0.07 ± 0.04 0.10 ± 0.01
Bacillus Sp 0.23 ± 0.05 0.31 ± 0.07 0.31 ± 0.02 0.34 ± 0.07 0.28 ± 0.02 0.32 ± 0.08 0.29 ± 0.03 0.32 ± 0.03 0.06 ± 0.05 0.11 ± 0.01 0.06 ± 0.01 0.09 ± 0.10
E. faecalis Atcc19433 0.26 ± 0.02 0.29 ± 0.09 0.31 ± 0.05 0.41 ± 0.08 0.31 ± 0.02 0.34 ± 0.06 0.31 ± 0.05 0.34 ± 0.01 0.08 ± 0.03 0.12 ± 0.04 0.04 ± 0.10 0.08 ± 0.02
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Fig. 1. Percent antioxidant activity of inflorescences, leaves and roots Thapsia transtagana essential oil.
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important to note that an increase in DPPH scavenging ability was
observed with increase in concentration of essential oils.

3.5. Insecticidal activity of essential oils from different parts of Thapsia
transtagana against Sitophilus oryzae and Acanthoscelides obtectus

In this study, we evaluated the insecticidal potential of essential
oils Thapsia transtagana against Sitophilus oryzae. Four organs were
the subject of this study: inflorescences, stems, roots and leaves.
According to the results obtained from the various tests, the mor-
tality rate increases with the increase in the volume of essential
oils applied (Tables 5–11). The results of the contact treatment
Table 5
Insecticidal activity of different parts of Thapsia transatagana essential oil against Sitophilu

Inflorescences EO Leaves EO

5 ml 10 ml 15 ml 5 ml 10 ml 15 m

1st day 50 60 90 30 50 70
2nd day 80 90 100 40 50 80
3rd day 90 100 100 60 60 90
4th day 100 100 100 70 80 100
5th day 100 100 100 100 100 100
6th day 100 100 100 100 100 100

Table 6
Insecticidal activity of different parts of Thapsia transatagana essential oil against Sitophilu

Inflorescences EO Leaves EO

5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

24 h 60 70 80 50 60 60
48 h 90 90 100 60 70 80
72 h 100 100 100 80 90 80
96 h 100 100 100 100 100 100

Table 7
Insecticidal activity of different parts of Thapsia transatagana essential oil against Sitophilu

Inflorescences EO Leaves EO

5 ml 10 ml 15 ml 5 ml 10 ml 15 m

1st day 50 60 90 30 50 70
2nd day 100 100 100 40 50 80
3rd day 90 100 100 60 60 90
4th day 100 100 100 70 80 100
5th day 100 100 100 90 90 100
6th day 100 100 100 100 100 100
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showed a total mortality of the Sitophilus oryzae from the 2nd
day for the essential oils of inflorescences and roots. As for Acan-
thoscelides obtectus, it presented a sensitivity from the first day.
The leaves and stems essential oils do not start the insecticidal
activity against Sitophilus oryzae until the 4th day, contrary to
Acanthoscelides obtectus which starts on the 2nd day. It is impor-
tant to note that the inflorescences and roots essential oils have
a very powerful insecticidal power than the leaves and stems
against the two insects studied (Tables 5 and 9).

For assessment of inhalation toxicity, 15 ml of inflorescences and
the roots essential oils was sufficient for a total mortality of Sito-
philus oryzae and Acanthoscelides obtectus from 48 h. Thus, the
s oryzae using assessment of contact toxicity method.

Stems EO Roots EO

l 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

20 20 30 70 90 100
20 50 60 90 100 100
40 70 80 100 100 100
70 90 100 100 100 100
100 100 100 100 100 100
100 100 100 100 100 100

s oryzae using an inhalation toxicity assessment method.

Stems EO Roots EO

5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

40 50 50 70 80 80
50 60 60 90 90 100
80 80 80 100 100 100
100 100 100 100 100 100

s oryzae using assessment of ingestion toxicity on soft wheat grains method.

Stems EO Roots EO

l 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

0 20 30 100 100 100
20 50 60 100 100 100
40 70 80 100 100 100
50 90 100 100 100 100
70 100 100 100 100 100
100 100 100 100 100 100



Table 8
Insecticidal activity of different parts of Thapsia transatagana essential oil against Sitophilus oryzae using assessment of ingestion toxicity on commercial flour method.

Inflorescences EO Leaves EO Stems EO Roots EO

5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

1st day 40 60 80 20 30 30 40 60 60 80 80 90
2nd day 50 60 80 30 40 40 50 70 70 90 90 90
3rd day 70 70 90 50 50 60 60 80 80 100 100 100
4th day 90 90 100 60 70 80 60 80 90 100 100 100
5th day 100 100 100 70 80 100 70 90 100 100 100 100
6th day 100 100 100 100 100 100 100 100 100 100 100 100

Table 9
Insecticidal activity of different parts of Thapsia transatagana essential oil against Acanthoscelides obtectus using assessment of contact toxicity method.

Inflorescences EO Leaves EO Stems EO Roots EO

5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

1st day 80 90 100 80 90 90 70 80 90 90 100 100
2nd day 100 100 100 80 100 100 80 90 90 100 100 100
3rd day 100 100 100 100 100 100 100 100 100 100 100 100
4th day 100 100 100 100 100 100 100 100 100 100 100 100
5th day 100 100 100 100 100 100 100 100 100 100 100 100
6th day 100 100 100 100 100 100 100 100 100 100 100 100

Table 10
Insecticidal activity of different parts of Thapsia transatagana essential oil against Acanthoscelides obtectus using an inhalation toxicity assessment method.

Inflorescences EO Leaves EO Stems EO Roots EO

5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

24 h 80 90 90 60 60 60 80 90 90 90 90 90
48 h 90 95 100 60 70 80 90 95 95 95 95 100
72 h 100 100 100 90 90 100 100 100 100 100 100 100
96 h 100 100 100 100 100 100 100 100 100 100 100 100

Table 11
Insecticidal activity of different parts of Thapsia transatagana essential oil against Acanthoscelides obtectus using assessment of ingestion toxicity method.

Inflorescences EO Leaves EO Stems EO Roots EO

5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml 5 ml 10 ml 15 ml

1st day 80 80 90 70 80 90 50 60 80 80 80 90
2nd day 90 90 100 80 90 90 60 80 90 100 100 100
3rd day 100 100 100 100 100 100 80 100 100 100 100 100
4th day 100 100 100 100 100 100 100 100 100 100 100 100
5th day 100 100 100 100 100 100 100 100 100 100 100 100
6th day 100 100 100 100 100 100 100 100 100 100 100 100
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stems and leaves which showed total toxicity after 96 h against
Sitophilus oryzae and 72 h against Acanthoscelides obtectus (Tables
6 and 10).

Using assessment of ingestion toxicity on soft wheat grains
method, roots essential oil has shown a powerful toxicity against
Sitophilus oryzae since the first day. The inflorescence essential oil
only showed its effectiveness after the 2nd day and those of the
stems and leaves until the 4th day (Table 7).

The insecticidal activity of different parts of the essential oils of
Thapsia transatagana against Sitophilus oryzae using an assessment
of the ingestion toxicity on the commercial flour method showed a
mortality rate of 100% for the of the roots, inflorescences, stems
and leaves essential oil from 2nd, 3rd and 4th day respectively
(Table 8).

From the 2nd day, the evaluation of the ingestion toxicity test
showed the complete mortality of Acanthoscelides obtectus using
roots and inflorescences essential oils (Table 11).
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4. Discussion

The composition of the essential oils from different parts of this
plant is clearly different from the other species within the genus
Thapsia. Indeed, fruits of Thapsia villosa showed that limonene,
methyl eugenol and geranyl acetate were the major constituents
(Avato et al., 1996). As for Thapsia minor, it is rich in oxygenated
monoterpenes represented the main fraction with geranyl acetate
(Goncalves et al., 2012). Thapsia garganica is different from Thapsia
transtagana because it contains myristicin, b-thujone and elemicin
as major products (Hachem et al., 2017)

Concerning the evaluation of antimicrobial properties, contrary
to T. transtagana, the essential oil which has a remarkable effect
against Staphylococcus aureus, T. garganica shows a moderate activ-
ity against this bacterium (Casiglia et al., 2015). Moreover, the
good antibacterial activity of (E)-phytol against Staphylococcus
ssp., present in T. laciniata (6,3%) has been already proved (Inoue
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et al, 2005; Xiong et al., 2013) and neophytadiene (5,1% in T. lacini-
ata) was identified as strong bactericidal compound (Mendiola
et al., 2008).

Antibacterial activity of essential oils is associated with the
presence of active components, including 2,6-
Dimethylnaphthalene such as aromatic hydrocarbon, Pinane is a
bicyclic monoterpene and Hexahydrofarnesyl acetone is an oxy-
genated sesquiterpene. Some researchers have reported the rela-
tionship between the chemical structures of some of the
dominant components in the essential oil with their antibacterial
activity (Burt, 2004). Also, Hexahydrofarnesyl acetone had been
proven to exhibit a potent antimicrobial and cytotoxic activity
(Filipowicz et al., 2003; Razavi and Nejad-Ebrahimi, 2010). The
genus Thapsia is characterized by the dominance of sesquiterpenes
and monoterpenes known for their antimicrobial activity (Avato
and Smitt, 2000; Avato et al., 1996). Indeed T. villosa is character-
ized by the presence of a high proportion of sesquiterpenoid con-
stituents, plus, in some cases, by high amounts of elemicin (up to
30%). As for Thapsia minor, it is rich in Oxygen containing monoter-
penes representing 87% (Goncalves et al., 2012). Elemicin (54–73%)
and latifolone (20–32%) represent the two dominant compounds in
all the analysed root extracts from Thapsia garganica. Chemical
investigation of fruit and flower oils from Thapsia garganica already
showed a peculiar composition for this plant, compared to the
other species within the genus. Benzene derivatives were also
characteristic constituents of those oils, but, in contrast to the root
composition, vinylguaiacol represented the main volatile (48%,
flowers; 61%, fruits) (Avato and Rosito, 2002).

The hydrophobic nature of the hydrocarbon skeleton and the
hydrophobicity of their functional groups are the main reasons
for the antibacterial activity of the essential oils (Taghizadeh
et al., 2018).

According to different investigations, the sensitivity of Gram-
positive bacteria to essential oils is higher than Gram-negative
ones. The difference in antimicrobial actions of essential oils
against Gram-positive and Gram-negative bacteria is based on
their different cellular structure (Hasheminya et al., 2018). Due
to the presence of outer membranes surrounding the cell wall
in Gram-negative bacteria, it seems that these bacteria are less
susceptible to the antibacterial effect of the essential oils. One
of the important properties of essential oil and their constituent
elements is their hydrophobic property, which enables them to
partition into the lipids of bacterial cell membranes and mito-
chondria, and disrupt their structures and increases their perme-
ability. This leads to the leakage of ions and other cellular
contents. Although the release of limited amounts of these mate-
rials is tolerable to the bacteria, the extensive loss of cellular con-
tents or the release of important ions and molecules can lead to
cell death (Burt, 2004).

The antioxidant activity of essential oils from different parts of
Thapsia transtagana may be correlated to the high percentage of
sesquiterpenoids, especially oxygenated ones. The oxygenated
sesquiterpenoids were reported to have radical scavenging activ-
ity. (Barbieri et al., 2016; Abd El-Gawad et al., 2019). The free
hydroxy groups in the oxygenated sesquiterpenoids were docu-
mented to play a significant role to increase antioxidant abilities
due to the highly donating of hydrogen atoms. (Ruberto and
Baratta, 2000). Hexahydrofarnesyl acetone, with a significant
amount from the total mass in our study, might act a leading
antioxidant agent as described in previous studies. As example,
EOs derived from Heliotropium curassavicum (Abd-ElGawad et al.,
2019), Launaea mucronata, and Launaea nudicaulis (Elshamy et al.,
2019) were described to have significant antioxidant activities
due to the abundance of hexahydrofarnesyl acetone.
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The highest antioxidant activity in the inflorescence essential
oil fraction could be related to the high hexahydrofarnesyl acetone
content in the Thapsia transtagana. We can conclude that the inflo-
rescences essential oil was the most effective in this respect.

As for the insecticidal activity of different parts of Thapsia
transtagana essential oils against Sitophilus oryzae and Acan-
thoscelides obtectus, we note the increase in insect mortality rate
with the increase in the volume of essential oils applied. The pos-
sible reason for this could be the increased accumulation of bioac-
tive volatile constituents of essential oil in desiccators during
increased period of exposure as has been earlier emphasized by
Salunke et al., (2005) and Prakash et al., (2013). However, variation
in toxicity results to test insect pest exposed to essential oils may
be due to the difference in their texture, a decrease in penetration,
or biochemical and physiological changes in insect itself (Regnault-
Roger, 1997; Zapata and Smagghe 2010; Choi et al., 2003).

Using the inhalation technique, the total mortality was very
remarkable. So, the genus Thapsia is known by the presence of
monoterpenes like geranyl acetate at 82% in Thapsia minor
(Goncalves et al., 2012). It is possible that as the essential oils
and their constituent monoterpenoids act against insects as neuro-
toxins (Ryan and Byrne, 1988; Karr et al., 1990; Keane and Ryan,
1999; Enan, 2001).

In general, the biological effectiveness of essential oils related to
their different chemical constituents (major,minor and theirmutual
ratios) acting either synergistically or antagonistically with major
components (Hummelbrunner and Isman, 2001; Pavela, 2014).

A perusal of the literature revealed that pesticidal potential of
essential oil is depend on their chemical profile and variation in
profile may affect their bioactivity (Burt, 2004; Prakash et al.,
2010, 2012).

The literature study revealed that the major compounds of
essential oil of genus Thapsia are sesquiterpenes with exhibited
strong insecticidal potential against the wide range of insect pest
(Lee et al., 2001; Pavela, 2014; Lopez and Pascual-Villalobos, 2010).

The presence of thapsigargine in the genus Thapsia which inhi-
bits the membrane proteins which pump calcium inside the endo-
plasmic reticulum could be the cause of mortality of the insects
studied (Winther et al., 2010).

Therefore, further research warrant to explore and standardized
the role of major or minor substances and their various combina-
tions responsible for biological activity of essential oil, which could
facilitate the development of an in vitro synergistic formulation of
essential oils-based insecticides to overcome the resistance
challenges.

5. Conclusion

Inflorescences and roots essential oils of Thapsia transtagana has
strong scavenging activity determined by the DPPH method, and
can be used for the control of free radicals. They also presented
strong in vitro inhibitory and bactericidal action against S. aureus
and E. coli TG1. The same essential oils displayed greater insectici-
dal activity. Thapsia transtagana is a promising source of essential
oils, especially from its inflorescences and roots. Its essential oils
were proved to have strong antimicrobial, insecticidal and antiox-
idant activities that allows it to be used by the pharmaceutical and
cosmetic industries as natural preservative.
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