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A B S T R A C T

Pimpinella anisum L. (Apiaceae), known around the world as aniseed, is a widely cultivated crop, native of the sub-
Mediterranean area. Its essential oil (EO) is exploitable in different fields such as food and beverages, pharma-
ceutics, cosmetics, and nutraceuticals. Regardless of the geographic origin, the EO exhibited consistent trans-
anethole predominancy. Among the numerous biological properties exerted by aniseed EO, its antimicrobial,
antifungal, insecticidal, and acaricidal effects have been extensively investigated for the formulation of bio-
pesticides against larvae and adults of various pests and vectors. Hereafter, the published data on the insecticidal
and acaricidal activity of aniseed EO and its major compounds on agricultural pests, stored-product pests, and
arthropods of medical and veterinary interest is reviewed. For each study, the arthropod and the developmental
stage on which the aniseed EO or the aniseed EO-based formulation were tested, the mode of action, the main
constituents, and the exerted mortality, as well as the toxicity to non-target organisms and the possible sub-lethal
effects are reported. The advantages of the possible use of aniseed EO as a biopesticide are analysed, as well as the
current weaknesses and the critical points to be overcome to open the doors to the industrial utilization of
Apiaceae EOs by the agrochemical industry.
1. Introduction

1.1. Distribution and agronomic practices

The anise or aniseed, Pimpinella anisum L., is an aromatic plant
belonging to the family Apiaceae (Umbelliferae). Locally known with
several other names, such as anis vert, anisoon, sweet cumin, yansoon,
roomy, or saunf [1,2], this aromatic plant is native to Southwest Asia,
Greece, Egypt [3] and India [2]. Anise cultivation dates back to Roman,
Greek, and Egyptian times, when the fruits were employed for medical
purposes [3,4]. Nowadays, its cultivation has widely expanded due to its
several applications in food, beverages, andmedicinal industries. Turkey,
Mexico, Egypt, Italy, Spain, Syria, France, Brazil, South Africa, Latin
America, Bulgaria, and Tunisia are all important aniseed producers,
while Germany and India became the main exporters of this spice [3,
5–7]. The cultivation of aniseed requires sunshine and warm climates,
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although this plant may also thrive in areas where low temperatures do
not exceed 160–180 days. The plant prefers fertile, or relatively rich,
well-drained sandy loam soils, and requires regular care with sporadic
weeding [4,5]. Bhuvaneshwari et al. [4] demonstrated that the simul-
taneous use of 80 kg ha�1 of nitrogen and 60 kg ha�1 of phosphorus and
potassium led to improved yields in terms of number of leaves, plant
height, total leaf area, seed yield, number of fruits per umbel, and size of
the umbel. The traditional practice of aniseed farming involves plough-
ing the fields and adding fertilizer (manure) during autumn months,
while sowing should be conducted in April for successful cultivation [8,
9]. The germination of the shoots starts after a month, and the vegetative
growth is very swift following the development of the first leaves. The
fruits are the most used part of the plant and are harvested by shaking the
crop between August and September when they are still slightly damp
and dark in colour [8].
23
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Table 1
Metabolites detected in P. anisum.

Class Compounds Structures References

Phenolic acids Chlorogenic acid [40]

p-Coumaric acid

Rosmarinic acid

Gallic acid

Flavonoids Naringin [40]

Apigenin [41]

Coumarin

Rutin

Quercetin

Fatty acids Palmitic acid [40]

Petroselinic acid

Oleic acid

(continued on next page)
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Table 1 (continued )

Class Compounds Structures References

Linoleic acid

Volatile compounds trans-Anethole [7]

cis-Anethole

p-Anisaldehyde [153]

γ-Himachalene [154]

Limonene [55]

Methyl chavicol [153]

cis-Pseudoisoeugenyl 2-methylbutirate [7]

trans-Pseudoisoeugenyl 2-methylbutirate

Pregeijerene
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1.2. Morphology and anatomy

P. anisum is an annual grassy herb which grows up to 30–50 cm with
white flowers and small green to yellow seeds. The root primary state of
growth lasts two weeks, while the secondary growth takes place in the 3rd
and 4th weeks. Secondary phloem of older roots presents pericyclic secre-
tory canals. Casparian thickenings can be noted in the endodermis, and the
stems are often ribbed [10]. The leaves are dorsiventral, and the hairs are
non-glandular and come in unicellular, dendroid, and stellate types.
Secretory canals in the petiole and leaf lamina create a distinctive blend of
oils, resin, andmucilage. The petiole is usually providedwith an arc or ring
of vascular bundles [11,12]. Flowers are terminal, small, bisexual, and
epigynous. The sepals and calyx are absent. The corolla consists of five
incurved petals, white in colour and distinct, with a retuse and valvate apex
[13,14]. The fruit is a dry schizocarp, ovate and laterally compressed,
consisting of two mericarps, each corresponding to one carpel containing
one seed. The mericarp is about 3–5 mm long and 1.5–2 mm wide; it is
ovoid-conical, greyish-brown, rough to the touch, and equipped with a se-
ries of vittae arranged in a circle to protect the seed. Onemericarp is fertile,
and the other is usually sterile. The fruit is orthospermous, i.e., the seeds
contained in the carpels are flat on the inner surface, showing small dicot-
yledonous embryos at the apical end [15–17].
1.3. Traditional and medicinal uses

P. anisum fruits are traditionally used in many countries for the
treatment of several diseases [18–20]. The first documented use of
3

P. anisum fruits dates back to the 5th century in China, when they were
used as an herbal remedy [21,22]. In ancient medical books, aniseed is
reported as anti-asthma and anticonvulsant agent, and as a remedy for
digestive disorders, dyspnea, and gynaecological problems [23]. In the
Iranian traditional medicine, it is used as diuretic, carminative, and
analgesic [24], and it is reported against melancholy, nightmares,
seizure, and epilepsy in ancient texts [25,26].

Aniseed is part of the cultural experience of several countries, such as
India [5], Palestine [27], Lebanon [28], Korea [29], and also European
countries (e.g. United Kingdom and Italy) [6,30]. Notably, it is used for
bronchial catarrh, pertussis, spasmodic cough, flatulent colic, insomnia,
and constipation; externally, for pediculosis and scabies [29,31–33]. In
Turkish medicine, it has an important role for its antifungal, antibacte-
rial, and antiviral properties, as well as its anti-inflammatory, and hep-
ato–protective activities [18,34,35].
1.4. Application in food, beverages, and cosmetic industries

For their pleasant odour and flavour, aniseed fruits acquired a great
economic importance in food and beverages flavourings [36]. In some
countries, P. anisum fruits are used for liquor, which is prepared with
defined procedures and called with a specific name by each culture.
Specifically, they derive by the distillation of dregs, grapes, and other
fermented products, enriched with aniseed aroma. In the Mediterranean
area, many aniseed spirit drinks like ouzo (Greek), anesone (Spain),
pastis, and pernod (France), sambuca (Italy), zebib (Egypt), raki
(Turkey), and arak (Syria) can be found [37]. Moreover, it is extensively



Table 2
Biological activities reported for P. anisum essential oil (EO).

Biological activity Effect References

Antibacterial Paenibacillus larvae MICa of 300 μg/mL [155]
Streptococcus
haemolyticus

inhibition zone (IZ)
of 19 mm

[156]

Staphilococcus aureus MIC of 125.0 μg/mL [157]
Bacillus cereus MIC of 62.5 μg/mL
Escherichia coli MIC >500.0 μg/mL
Proteus vulgaris MIC of 62.5 μg/mL
Proteus mirabilis MIC of 125.0 μg/mL
Salmonella typhi MIC of 500.0 μg/mL
Salmonella typhimurium MIC of 250.0 μg/mL
Klebsiella pneumoniae MIC >500.0 μg/mL
Pseudomonas
aeruginosa

MIC >500.0 μg/mL

Bacillus thuringiensis IZ of 15 mm [158]
Bacillus subtilis IZ of 12 mm
native microflora of
Swiss chard

MIC of 0.05 mL/100
mL

[159]

Enterococcus faecalis MIC of 4.88% [160]
Lactobacillus casei MIC of 9.76%
Actinomyces naeslundii MIC of 4.88%
Aggregatibacter
actinomycetemcomitans

MIC of 9.76%

Antifungal Aspergillus flavus IZ of 20 mm [158]
Trichoderma harzianum complete IZ
Aspergillus niger complete growth

inhibition of the
aggregate strain

[161]

Aspergillus carbonarius complete growth
inhibition of the
aggregate strain

Aspergillus parasiticus reduced the
biosynthesis of
aflatoxin B1

[162]

Pseudocercospora
griseola

complete inhibition
of conidal
germination

[163]

Fusarium oxysporum
f.sp. lycopersici

MIC of 0.3 μL/mL of
air

[164]

Alternaria alternata IZ increasing at
increasing doses

[153]

Candida albicans MIC of 0.10–0.78%
(V/V)

[165]
Candida parapsilosis
Candida tropicalis
Candida
pseudotropicalis
Candida krusei
Trichophyton rubrum
Trichophyton
mentagrophytes
Microsporum canis
Microsporum gypseum

Antiviral PVX (potato virus) complete infection
inhibition at 3000
ppm

[166]
TMV (tobaccomosaic
virus)
TRSV (tobacco ring
spot virus)

Antioxidant – dose dependent
DPPHb radical
scavenging effect

[167]

Antiinflammatory NF-κB mediated
transcription in
SW1353 cells

IC50 < 100 μg/mL [168]

inhibit the COX-2
expression

IC50 of 10.7 μg/mL [169]

Anti-diabetic rat jejunum enhancement of
glucose absorption

[28]

Anti-convulsant rats decreased
hyperpolarization
potential, increased
firing frequency

[170]

extended latency of
seizure attacks

[171]

reduced amplitude
and duration of
epileptiform burst
discharges and

Table 2 (continued )

Biological activity Effect References

dark neurons
production

male mice suppressed tonic
convulsions

[172]

increased threshold
of PTZ-induced
clonic convulsion

Bronchodilatory tracheal muscles of
guinea pigs

relaxant effect [23]

Estrogenic YESc assay EC50 of 570 μg/mL [173]
Anticancer HepG2 cell line EC50 of 0.39 mg/mL [59]

MCF-7 cell line EC50 of 0.25 mg/mL
Caco2 cell line EC50 of 0.30 mg/mL
THP-1 cell line EC50 of 0.11 mg/mL
A549 cell line IC50 of 334.2 μg/mL [81]

Palliation of
nausea

patients (case study) relief from the
symptoms

[174]

Effect on
morphine
dependence

mice induced conditioned
place aversion and
reduced morphine
effect

[175]

Analgesic mice comparable to that
of morphine and
aspirin

[176]

Effect on broiler
performance

day-old broilers improved feed
conversion ratio by
approximately 6%

[177]

Influence on drug
effects

mice influenced effects of
codeine, diazepam,
midazolam,
pentobarbital,
imipramine, and
fluoxetine on the
central nervous
system

[178]

mice significant decrease
of plasma
concentration of
acetaminophen and
caffein in mice

[179]

a MIC, Minimum Inhibitory Concentration.
b DPPH, 2,2-diphenyl-1-picrylhydrazyl.
c YES, yeast estrogen screen.
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employed to produce teas and infusions due to the digestive and carmi-
native properties of the plant.
1.5. Secondary metabolites

P. anisum is a source of several secondary metabolites, and its
composition has been widely investigated. These compounds are
distributed in all plant parts, but they are particularly concentrated in
fruits inside the secretory structures (vittae) (Table 1). Generally, aniseed
is rich in volatile compounds, phenolic compounds including flavonoids,
and tannins [38,39]. Among phenolic compounds, chlorogenic, p-cou-
maric, rosmarinic, and gallic acids are the most abundant [40]. On the
other hand, the flavonoids detected in aniseed extracts are naringin,
apigenin, luteolin, rutin, and quercetin derivatives [40,41]. Phenolic
acids and flavonoids have been demonstrated to be responsible for the
antioxidant and antimicrobial activities of plant extracts [40]. The con-
tent of the above-mentioned secondary metabolites sensibly varies
through geographical regions, culture conditions, harvesting time, stor-
age, and manipulation procedures [42,43]. Concerning primary metab-
olites, aniseed contains fatty acids, such as petroselinic, oleic, and linoleic
acids as the most abundant unsaturated fatty acids, and palmitic acid as
the main saturated fatty acid [40] (see Table 1).

As mentioned above, P. anisum is characterized by a volatile fraction,
represented by a fragrant EO, which is mainly composed of



Table 3
P. anisum EO activity evaluated against immature and adult stages of arthropods of medical and veterinary interest. In addition to the mortality rates, the mode of action
and the percentage of main compounds are reported; n.a. ¼ not available data.

Order Family Target species Stage Mode of
action

Main constituents Mortality
rates or LC/LD

Notes References

Diptera Culicidae Aedes aegypti adults Vapor n.a. LC95 ¼ 392.9
mg/mat (1 h)

[110]

pupae Aqueous
solution

n.a. 3.84% (72 h) [180]

4th
instar
larvae

Aqueous
solution

n.a. 0.6% (24 h) [180]

Aqueous
solution

n.a. LD95 ¼ 115.7
μg/mL (24 h)

[110]

3rd
instar
larvae

Aqueous
solution

commercial EO LC50 ¼ 0.023
ppm (24 h)

LC25 ¼
0.016
(24 h)
LC25 ¼
0.014
(48 h)

[111]

LC50 ¼ 0.020
ppm (48 h)
LC90 ¼ 0.043
ppm (24 h)
LC90 ¼ 0.037
ppm (48 h)

eggs Aqueous
solution

n.a. EC95 ¼ 34.3
μg/mL

[110]

Diptera Culicidae Anopheles stephensi adults Vapor n.a. LC95 ¼ 378.5
mg/mat (1 h)

[110]

4th
instar
larvae

Aqueous
solution

n.a. LD95 ¼ 115.7
μg/mL (24 h)

[110]

eggs Aqueous
solution

n.a. EC95 ¼ 33.3
μg/mL

[110]

Diptera Culicidae Culex pipiens 3rd/4th
instar
larvae

Aqueous
solution

(E)-anethole (94.4%); methyl chavicol
(2.7%); γ-himachalene (1.3%); p-
anisaldehyde (0.3%); α-zingiberene
(0.1%); γ-terpinene (0.1%); p-cymene
(0.1%)

LC50 ¼ 15.24
mg/L (24 h)

[117]

LC90 ¼ 23.79
mg/L (24 h)

2nd/3rd
instar
larvae

Aqueous
solution

Anethole (94.16%); p-allylanisole (2.77%);
anisaldehyde (2.66%); γ-himachalene
(0.41%)

LC50 ¼ 28.7
ppm (48 h)
LC90 ¼ 49.5
ppm (48 h)

[181]

Diptera Culicidae Culex
quinquefasciatus

adults Tarsal
contact

(E)-Anethole (97.9%); (E)-
pseudoisoeugenyl 2-methyl butyrate
(1.3%); methyl cavicol (0.6%); (Z)-
anethole (0.1%)

LD50 > 200
μg/cm2 (24 h)

[88]

Tarsal
contact

trans-Anethole (81.33%); γ-himachalene
(12.32%); α-himachalene (0.96%); linalool
(0.85%); δ-elemene (0.54%)

LD50 ¼ 0.6
μg/cm2

at 2 μg/
cm2

[114]

LD90 ¼ 1.2
μg/cm2

LT50 ¼ 12 min
LT90 ¼ 25 min

Fumigation trans-Anethole (81.33%); γ-himachalene
(12.32%); α-himachalene (0.96%); linalool
(0.85%); δ-elemene (0.54%)

LD50 ¼ 1.9
μL/L

at 10 μL/
L (LC)
at 4 μL/L
(LT)

[114]

LD90 ¼ 3.1
μL/L
LT50 ¼ 180
min
LT90 ¼ 226
min

Spray trans-Anethole (81.33%); γ-himachalene
(12.32%); α-himachalene (0.96%); linalool
(0.85%); δ-elemene (0.54%)

LC50¼ 9.3 μL/
mL

at 50 μL/
mL (LC)
at 30 μL/
mL (LT)

[114]

LC90 ¼ 25.1
μL/mL
LT50 ¼ 9 min
LT90 ¼ 35 min

Vapor n.a. LC95 ¼ 354.9
mg/mat (1 h)

[110]

pupae Aqueous
solution

trans-Anethole (78.0%), β-myrcene
(15.3%), limonene (2.1%)

LC50 ¼ 51.6
μg/mL (24 h)

[182]

LC90 ¼ 102.0
μg/mL (24 h)

larvae Aqueous
solution

trans-Anethole (93.0%); methyl cavicol
(15.0%); p – anisaldehyde (1.7%);
γ-himachalene (1.5%)

LC50 ¼ 25.4
μL/L (24 h)

[46]

LC90 ¼ 29.3
μL/L (24 h)

(continued on next page)
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Table 3 (continued )

Order Family Target species Stage Mode of
action

Main constituents Mortality
rates or LC/LD

Notes References

4th
instar
larvae

Aqueous
solution

n.a. LD95 ¼ 149.7
μg/mL (24 h)

[110]

Aqueous
solution

trans-Anethole (81.33%); γ-himachalene
(12.32%); α-himachalene (0.96%); linalool
(0.85%); δ-elemene (0.54%)

LC50 ¼ 26.1
μL/L

at 100
μL/L
(LC)
at 40 μL/
L (LT)

[114]

LC90 ¼ 30.1
μL/L
LT50 ¼ 235
min
LT90 ¼ 284
min

3rd
instar
larvae

Aqueous
solution

trans-Anethole (78.0%), β-myrcene
(15.3%), limonene (2.1%)

LC50¼ 4.6 μg/
mL (24 h)

[182]

LC90¼ 9.0 μg/
mL (24 h)

Aqueous
solution

(E)-Anethole (97.9%); (E)-
pseudoisoeugenyl 2-methyl butyrate
(1.3%); methyl cavicol (0.6%); (Z)-
anethole (0.1%)

LC50 ¼ 25.9
μL/L (24 h)

[88]

LC90 ¼ 31.9
μL/L (24 h)

Aqueous
solution

trans-Anethole (81.33%); γ-himachalene
(12.32%); α-himachalene (0.96%); linalool
(0.85%); δ-elemene (0.54%)

LC50 ¼ 27.2
μL/L

at 100
μL/L
(LC)
at 40 μL/
L (LT)

[114]

LC90 ¼ 34.5
μL/L
LT50 ¼ 71 min
LT90 ¼ 167
min

2nd
instar
larvae

Aqueous
solution

trans-Anethole (81.33%); γ-himachalene
(12.32%); α-himachalene (0.96%); linalool
(0.85%); δ-elemene (0.54%)

LC50 ¼ 26.6
μL/L

at 100
μL/L
(LC)
at 40 μL/
L (LT)

[114]

LC90 ¼ 34.1
μL/L
LT50 ¼ 15 min
LT90 ¼ 27 min

eggs Aqueous
solution

trans-Anethole (81.33%); γ-himachalene
(12.32%); α-himachalene (0.96%); linalool
(0.85%); δ-elemene (0.54%)

n.d. at 100
μL/L
(LC)

[114]

Aqueous
solution

n.a. EC95 ¼ 33.8
μg/mL

[110]

Diptera Muscidae Lucilia sericata 3rd
instar
larvae

Ingestion Commercial EO LC50 ¼ 2.74% [183]
LC90 ¼
24.68%
LC95 ¼
46.04%

Diptera Muscidae Musca domestica adults Contact trans-Anethole (68.76%); α-himachalene
(11.88%); p-anisaldehyde (6.31%);
estragole (3.42%); β-bisabolene (1.25%)

LC50 ¼ 22.4
mg/dm3

After 30
min

[184]

Contact trans-anethole (93.0%); methyl cavicol
(15.0%); p–anisaldehyde (1.7%);
γ-himachalene (1.5%)

LC50 ¼ 54.8
μg/adult (24
h)

[46]

LC90 ¼ 99.7
μg/adult (24
h)

pupae Contact
(topical)

n.a. LC50 ¼ 3.5%
(10 days)

[180]

LC90 ¼ 8.7%
after (10 days)

3rd
instar
larvae

Aqueous
solution

n.a. LC50 ¼ 11.4%
(3 days)

[180]

LC90 ¼ 21.0%
(3 days)

Mesostigmata Dermanyssidae Dermanyssus gallinae adults Contact (E)-Anethole (94.8%); methyl chavicol
(2.6%); (E)-pseudoisoeugenyl 2-methylbu-
tyrate (1.3%); γ-himachalene (0.8%);
germacrene D (0.2%)

LC50 ¼ 47.5
μg/mL (24 h)

[185]

LC90 ¼ 121.9
μg/mL (24 h)

Vapor (E)-anethole (94.8%); methyl chavicol
(2.6%); (E)-pseudoisoeugenyl 2-methylbu-
tyrate (1.3%); γ-himachalene (0.8%);
germacrene D (0.2%)

y <10% with
open
container

[185]

y 55–60%
with closed
container

Sarcoptiformes Pyroglyphidae Dermatophagoides
farinae

adults Fumigation trans-Anethole (79.3%); estragole (8.8%);
p-anisaldehyde (2.9%); limonene (1.3%);
α-pinene (1.1%); α-caryophyllene (1.1%)

LC50 ¼ 9.11
μg/cm2

[186]

(continued on next page)
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Table 3 (continued )

Order Family Target species Stage Mode of
action

Main constituents Mortality
rates or LC/LD

Notes References

Sarcoptiformes Pyroglyphidae Dermatophagoides
pteronyssinus

adults Fumigation trans-Anethole (79.3%); estragole (8.8%);
p-anisaldehyde (2.9%); limonene (1.3%);
α-pinene (1.1%); α-caryophyllene (1.1%)

LC50 ¼ 7.59
μg/cm2

[186]

Anoplura Pediculidae Pediculus humanus
capitis

adutls Contact Anise camphor (85.2%); cadina-1,4-diene
(2.5%); estragole (1.8%); (þ) spthulenol
(0.5%); (þ) carvone (0.4%); β-biabolene
(0.3%)

KT50 ¼
45.37% at
0.25 mg/cm3

[187]

KT50 ¼
37.34% at 0.5
mg/cm3

Vapor n.a. KT50> 60min
at 60 μL

[188]

Hemiptera Reduviidae Triatoma infestans 4th
instar
larvae

Contact
(topical)

(E)-Anethole (74%) induces knock
down or death

[189]

Fumigation (E)-Anethole (74%) induces knock
down or death

[189]

eggs Fumigation (E)-Anethole (74%) induces knock
down or death

[189]

LC ¼ lethal concentration; LD ¼ lethal dose; LT¼ lethal time; KT ¼median lethal time; trans-anethole, (E)-anethole, anethole and anise camphor are synonyms. Methyl
chavicol and estragole are synonyms. n.d. ¼ not detected.

E. Spinozzi et al. Agriculture Communications 1 (2023) 100003
phenylpropanoids, being trans-anethole the major exponent of this
chemical class. p-Anisaldehyde, methyl chavicol, trans-pseudoisoeugenyl
2-methylbutirate, cis-anethole, the terpenes pregeijerene and γ-hima-
chalene are found in minor amounts. These compounds are the respon-
sible for the multiple biological activities associated with the EO
(Table 2). Notably, pregeijerene and pseudoisoeugenyl 2-methylbutirate
are phytochemical markers for the genus Pimpinella [7].

2. Essential oil

2.1. Essential oil extraction

The EO of P. anisum is usually obtained from dried schizocarps by
hydrodistillation (HD), which, together with steam distillation (SD), is
a traditional extractive technique for EOs. These methods are based on
the plant matrix contact with water (for HD) or steam (for SD) and, in
both cases, the aqueous steam crosses the plant material and allows the
transport of the volatile compounds inside an appropriate condenser
[44]. Several studies reported the use of HD, also recommended by the
European Pharmacopoeia [45], for the extraction of aniseed schizo-
carps in deionized water in a 1:10 or 1:20 plant/water ratio for
generally 2 or 3 h. The EO, which is of a light-yellow colour, is generally
obtained in a yield of 2.0% (w/w) estimated on a dry weight basis
[46–48]. This yield value is exceeded in the case of the Italian ‘Cas-
tignano ecotype’ aniseed samples, for which the highest obtained yield
was 5.5%, but also in the case of aniseed from Turkey (5.6%) and other
Italian regions (4.3%) [8]. This noticeable variability in EO amount can
be correlated with the changeable growing, pedoclimatic and storage
conditions of aniseed before being harvested and then commercialized
[8]. The effect of schizocarps pre-treatment with ultrasounds or mi-
crowaves has also been evaluated. In fact, Lotfy et al. [49] highlighted
that both pre-treatments led to higher yields if compared with the
traditional HD process, and the maximum yield (3.0% w/w) was ach-
ieved with 60% of ultrasonic power for 30 min. Moreover, microwave
and ultrasound pre-treatments led to an increase in the phenyl-
propanoids (mainly represented by trans-anethole) content compared
to the traditional HD.

Romdhane and Tizaoui [50] also reported the design of a pilot plant
to test SD for the determination of the optimal operating conditions for
7

P. anisum EO isolation on an industrial level. The EO was obtained in
2.55%w/w yield after 2.5 h of extraction, with a pressure of 200 kPa, and
a steam flow rate of 6 kg h�1 [50]. Besides the above-mentioned tradi-
tional extractive techniques, microwave-assisted extraction (MAE) is also
frequently performed [51,52]. For instance, Boumahdi et al. [53] carried
out a MAE on P. anisum schizocarps and compared it with traditional HD.
In terms of extraction yields, the HD process gave a higher EO yield than
the MAE (3.30 and 2.81%, respectively). However, MAE led to lower
time and energy consumption than HD (0.089 and 0.438 kWh/g of EO,
respectively) [53].

2.2. Main constituents and chemotypes

P. anisum contains an EO dominated by the phenylpropanoid trans-
anethole in percentage varying from 65.6 [54] to 96.9% [9]. Methyl
chavicol, also called p-allylanisole or estragole, is another phenyl-
propanoid that has been reported as the most abundant EO compound
only in the case of aniseed from Morocco (76.7%) and Yemen (85.3%)
[55]. Some studies reported that methyl chavicol was found in percent-
ages of 1.6 [56] and 9.8% [57], while others indicated the sesquiterpene
γ-himachalene (from 2.1 to 8.3%) [9] as the second most representative
constituent of aniseed EO. Other minor compounds are α-terpineol,
linalool [3], trans-pseudoisoeugenyl-2-methylbutyrate [58,59], cis-anet-
hole [60], and anisaldehyde [61]. Pimpinella anisum EO yield and
chemical composition are affected by several factors, including the
geographical origin, the growing, pedoclimatic, and harvesting condi-
tions, and the extraction methods and parameters. Orav et al. [7]
investigated the EO composition of aniseed from different European
countries, highlighting the highest contents of trans-anethole in EO from
Hungary, Greece, Scotland, Lithuania, Italy, and Germany, while those
from Estonia and Russia were particularly rich in γ-himachalene. More-
over, EOs from Estonia and France presented a significant amount of
pseudoisoeugenyl-2-methylbutyrate and anisaldehyde [7]. Khalid [54]
evidenced the importance of nitrogen and phosphorous micronutrients
application, especially in desert areas, to enhance aniseed EO yield and
content of the major compounds [54]. A higher amount of EO was also
produced at lower plant densities and in wider row spacing [62].
Moreover, P. anisum should be sown in the early spring, especially in
April, and seeds should be harvested at the waxy stage to obtain a higher



Table 4
Main components of aniseed oil insecticidal and acaricidal activity evaluated against immature and adult stages of arthropods of medical and veterinary interest. In
addition to the mortality rates, the mode of actions is reported; n.a. ¼ not available data.

Compound Order Family Targeted species Stage Mode of
action

Mortality rates or
LC/LD

Notes References

trans-anethole Diptera Culicidae Aedes aegypti adults contact LC50 ¼ 0.003 mg/mL
LC90 ¼ 0.57 mg/mL

[190]

pupae Aqueous
solution

LT50 ¼
163.2 h
LT90 ¼
247.8 h

y 0.8% -
dose
0.5%

Extracted from Illicium verum
(star anise).
Mortality (y) was checked (72 h).

[103]

LT50 ¼
142.5 h
LT90 ¼
218.1 h

y 3.2% -
dose 1%

LT50 ¼
47.9 h
LT90 ¼
58.1 h

y 52.6%
- dose
2.5%

LT50 ¼
6.9 h
LT90 ¼
11.5 h

y 100%
- dose
5%

4th
instar
larvae

Aqueous
solution

LT50 ¼
16.7 h
LT90 ¼
24.9 h

y 8% -
dose
0.5%

Extracted from Illicium verum
(star anise)
Mortality (y) was checked after 6
h.

[103]

LT50 ¼
2.1 h
LT90 ¼
4.9 h

y 70.8%
- dose
1%

LT50 ¼
0.4 h
LT90 ¼
0.7 h

y 97.5%
- dose
2.5%

LT50 ¼
0.2 h
LT90 ¼
0.4 h

y 100%
- dose
5%

Diptera Culicidae Aedes albopictus pupae Aqueous
solution

LT50 ¼
207.7 h
LT90 ¼
2967.7
h

y 2.4% -
dose
0.5%

Extracted from Illicium verum
(star anise)

[103]

LT50 ¼
174.5 h
LT90 ¼
232.7 h

y 2.6% -
dose 1%

LT50 ¼
57.6 h
LT90 ¼
60.4 h

y 41.7%
- dose
2.5%

LT50 ¼
28.8 h
LT90 ¼
55.8 h

y 86.4%
- dose
5%

4th
instar
larvae

Aqueous
solution

LT50 ¼
13.4 h
LT90 ¼
18.4 h

y 1.6% -
dose
0.5%

Extracted from Illicium verum
(star anise)

[103]

LT50 ¼
13.3 h
LT90 ¼
18.7 h

y 1.6% -
dose 1%

LT50 ¼
0.5 h
LT90 ¼
0.8 h

y 86.4%
- dose
2.5%

LT50 ¼
0.3 h
LT90 ¼
0.6 h

y 100%
- dose
5%

Diptera Culicidae Culex pipiens 3rd/4th
instar
larvae

Aqueous
solution

LD50 ¼ 16.56 mg/L
(24 h)
LD90 ¼ 25.29 mg/L
(24 h)

[117]

Diptera Culicidae Culex
quinquefasciatus

adults Contact LD50 ¼ 0.4 μg/cm2

LD90 ¼ 1.0 μg/cm2
at 2 μg/cm2 [114]

(continued on next page)
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Table 4 (continued )

Compound Order Family Targeted species Stage Mode of
action

Mortality rates or
LC/LD

Notes References

Fumigation LC50 ¼ 2.1 μL/L
LC90 ¼ 3.3 μL/L

at 10 μL/L [114]

Spray LC50 ¼ 8.1 μL/L
LC90 ¼ 22.5 μL/L

at 50 μL/L [114]

pupae Aqueous
solution

LD50 ¼ 28.6 μg/mL
(24 h)
LD90 ¼ 48.6 μg/mL
(24 h)

[182]

4th
instar
larvae

Aqueous
solution

LD50 ¼ 19.8 μL/L
LD90 ¼ 31.3 μL/L

at 100 μL/L [114]

3rd
instar
larvae

Aqueous
solution

LD50 ¼ 21 mg/L (24
h)
LD90 ¼ 34 mg/L (24
h)

synergistic → p-cymene,
γ-terpinene, eugenol,
isoeugenol, L-carvone,
(þ)-limonene, α-pinene,
β-citronellol, carvacrol, thymol,
α-terpinene, (þ)-camphor,
(�)-borneol, cinnamyl alcohol,
(�)-camphene, terpinolene, 4-
allylanisole, α-terpineol,
myrcene, menthone,
cinnamaldehyde
no effect →1,8-cineole, linalool,
(�)-citronellal, (�)-β-pinene,
trans-cinnamic acid, vanillin,
dimethyl sulfide
antagonistic → gallic acid

[113]

Aqueous
solution

LD50 ¼ 7.4 μg/mL
(24 h)
LD90 ¼ 18.8 μg/mL
(24 h)

[182]

3rd
instar
larvae

Aqueous
solution

LD50 ¼ 18.5 μL/L
LD90 ¼ 28.2 μL/L

at 100 μL/L [114]

Aqueous
solution

LD50 ¼ 24.8 μL/L
(24 h)
LD90 ¼ 32.1 μL/L
(24 h)

[88]

2nd
instar
larvae

Aqueous
solution

LD50 ¼ 15.3 μL/L
LD90 ¼ 25.1 μL/L

at 100 μL/L [114]

eggs Aqueous
solution

y 33% at 100 μL/L [114]

Diptera Muscidae Musca domestica adults Contact LD50 ¼ 20.5 mg/dm3

after 30min
[184]

Fumigation y 54% - dose 0.5%
(24 h)
y 56.1% - dose 1.0%
(24 h)

Extracted from Illicium verum [100]

Blattodea Blattellidae Blattella germanica adults Contact y 100% - dose 0.199,
0.159, 0.099, 0.049
mg/cm2 (♂)
y 100% - dose 0.199
mg/cm2 (♀)
y 76.7% - dose 0.159
mg/cm2 (♀)
y 33.3% - dose 0.099
mg/cm2 (♀)
y 3.3% - dose 0.049
mg/cm2 (♀)

Extracted from Illicium verum [97]

Contact y 100% - dose 1.0
mg/adult (♂)
y 100% - 0.5 mg/
adult (♂)
y 96.0% - 0.25 mg/
adult (♂)
y 6.0% - dose 0.125
mg/adult (♂)
y 100% - dose 1.0
mg/adult (♀)
y 96.0% - dose 0.5
mg/adult (♀)
y 14.0% - dose 0.25
mg/adult (♀)

[191]

Fumigation y 100% - dose 20, 10
and 5 mg/filter (♂)

[191]

(continued on next page)
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Table 4 (continued )

Compound Order Family Targeted species Stage Mode of
action

Mortality rates or
LC/LD

Notes References

y 77.5% - dose at 2.5
mg/filter (♂)
y 7.5% - dose 1.25
mg/filter (♂)
y 100% - dose 20 and
10 mg/filter (♀)
y 82.5% - dose 5 mg/
filter (♀)
y 15.0% - dose 2.5
mg/filter (♀)

Ixodida Ixodidae Dermacentor nitens nymphs Contact y 7.3% - dose 2.5 μL/
L
y 12.0% - dose 5.0
μL/L
y 52.3% - dose 10.0
μL/L
y 91.5% - dose 15.0
μL/L
y 100% - dose 20.0
μL/L

[192]

Ixodida Ixodidae Rhipicephalus
annulatus

adults Contact LC50 ¼ 2.36%
LC90 ¼ 5.49%

Extracted from Foeniculum
vulgare

[99]

Ixodida Ixodidae Rhipicephalus
microplus

adults Contact y 0% - dose 2.5 μL/L
y 73.4% - dose 5.0
μL/L
y 71.8% - dose 10.0
μL/L
y 95.9% - dose 15.0
μL/L
y 100% - dose 20.0
μL/L

[192]

Anoplura Pediculidae Pediculus humanus
capitis

adults Vapor KT50 > 60min at 60
μL

[188]

Hemiptera Reduviidae Triatoma infestans 4th
instar
nymphs

Contact LD50 ¼ 0.26 mg/cm2 [189]

1st instar
nymphs

Contact LD50 ¼ 0.83 mg/cm2 [189]

eggs Contact LC50 > 2 mg/cm2 [189]
3-carene Sarcoptiformes Pyroglyphidae Dermatophagoides

farinae
adults Fumigation LC50 ¼ 42.10 μg/cm2 [186]

Sarcoptiformes Pyroglyphidae Dermatophagoides
pteronyssus

adults Fumigation LC50 ¼ 39.84 μg/cm2 [186]

β-myrcene Blattodea Blattellidae Blattella germanica adults Contact y 42.0% - dose 1.0
mg/adult
y 18.0% - dose 0.5
mg/adult (♂)
y 34.0% - dose 1.0
mg/adult (♀)
y 5.0% - dose 20 mg/
filter (♂)
y 2.5% in - dose 20
mg/filter (♀)

[191]

Anoplura Pediculidae Pediculus humanus
capitis

adults Vapor KT50 ¼ 48.90 min at
60 μL

[188]

Diptera Culicidae Culex
quinquefasciatus

pupae Aqueous
solution

LC50 ¼ 74.8 μg/mL
(24 h)
LC90 ¼ 155.0 μg/mL
(24 h)

[182]

3rd
instar
larvae

Aqueous
solution

LD50 ¼ 14.2 μg/mL
(24 h)
LD90 ¼ 36.4 μg/mL
(24 h)

[182]

limonene Blattodea Blattellidae Blattella germanica adults Contact y 40.0% - dose 1.0
mg/adult
y 20.0% - dose 0.5
mg/adult (♂)
y 26.0% - dose 1.0
mg/adult (♀)
y 85.0% - dose 20
mg/filter
y 17.5% - dose 10
mg/filter (♂)
y 75.0% - 20 mg/
adult

[191]

(continued on next page)
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Table 4 (continued )

Compound Order Family Targeted species Stage Mode of
action

Mortality rates or
LC/LD

Notes References

y 10.0% - 10 mg/
filter (♀)

Anoplura Pediculidae Pediculus humanus
capitis

adults Vapor KT50 ¼ 27.20 min at
60 μL

[188]

Diptera Culicidae Culex
quinquefasciatus

pupae Aqueous
solution

LD50 ¼ 31.8 μg/mL
(24 h)
LD90 ¼ 59.1 μg/mL
(24 h)

[182]

3rd
instar
larvae

Aqueous
solution

LD50 ¼ 19.5 μg/mL
(24 h)
LD90 ¼ 40.0 μg/mL
(24 h)

[182]

Diptera Culicidae Aedes aegypti pupae Aqueous
solution

LD50 ¼ 3.7% ex Z. limonella [103]

4th
instar
larvae

Aqueous
solution

LD50 ¼ 2.9% ex Z. limonella [103]

Diptera Culicidae Aedes albopictus pupae Aqueous
solution

LD50 ¼ 3.7% ex Z. limonella [103]

4th
instar
larvae

Aqueous
solution

LD50 ¼ 3.1% ex Z. limonella [103]

estragol Sarcoptiformes Pyroglyphidae Dermatophagoides
farinae

adults Fumigation LC50 ¼ 43.23 μg/cm2 [186]

Sarcoptiformes Pyroglyphidae Dermatophagoides
pteronyssinus

adults Fumigation LC50 ¼ 40.11 μg/cm2 [186]

p-anisaldehyde Sarcoptiformes Pyroglyphidae Dermatophagoides
farinae

adults Fumigation LC50 ¼ 1.11 μg/cm2 [186]

Sarcoptiformes Pyroglyphidae Dermatophagoides
pteronyssinus

adults Fumigation LC50 ¼ 0.98 μg/cm2 [186]

LC ¼ lethal concentration; LD ¼ lethal dose; LT¼ lethal time; KT ¼median lethal time; trans-anethole, (E)-anethole, anethole and anise camphor are synonyms. Methyl
chavicol and estragole are synonyms. n.d. ¼ not detected.

E. Spinozzi et al. Agriculture Communications 1 (2023) 100003
EO yield and content of trans-anethole [63]. A lack of water during stem
elongation and umbel appearance decreased the EO production [64].

Genetic variations among plants belonging to the same species
(chemotypes) can result in the biosynthesis of different chemical con-
stituents, leading to widely diverse EO types, in terms of composition and
bioactivity [65,66]. In P. anisum, the enzyme S-adenosyl-L-methioni-
ne:anol-O-methyltransferase (OMT) was demonstrated to directly
participate in the development of the chemotype containing trans-anet-
hole. Moreover, several genes appeared to be involved in the different
biosynthetic pathways of either trans-anethole and methyl chavicol [67].
In general, according to the European Pharmacopoeia, a good aniseed
chemotype is characterized by more than 90% trans-anethole and less
than 1% methyl chavicol, because the latter was removed from the list of
flavours in food stuffs, due to its harmful effect on animals. Notably, the
populations with higher amounts of γ-himachalene and lower levels of
methyl chavicol are considered as sweeter accessions, which can be
employed in food products [68]. Additionally, significant differences in
the chemical profiles of aniseeds and roots EOs can be observed. In fact,
trans-epoxypseudoisoeugenyl-2-methylbutyrate, β-bisabolene, and pre-
geijerene were detected as the predominant components of the EO from
P. anisum roots [69].

2.3. Applications and patents

Aniseed EO plays a key role in food technology since it can be used as
a flavouring agent in several products, including bread, cakes, candies,
and beverages [70]. The highest levels of this product accepted by FDA
(Food and Drugs Administration) are 750 ppm for alcoholic beverages,
and 680 ppm for candies. Moreover, the EO, which is endowed with a
great antioxidant activity for the presence of high amounts of trans--
anethole, can be employed as an additive [71] and to prevent food
degradation. For this reason, it has an important economic impact due to
11
the current demand for biological foods [38,42,72,73]. Aniseed is in fact
‘generally recognised as safe’ (GRAS) in the USA, and as a natural source
of feed flavoring by the Council of Europe [74]. In several Mediterranean
countries, traditional alcoholic beverages are produced with P. anisum
thanks to the solubility of the EO and its main compounds in ethanol
[75]. However, the development of non-alcoholic beverages with this
product remains difficult since its constituents are insoluble in water. In
this respect, nanotechnology may represent a new alternative to prepare
non-alcoholic beverages with significant amounts of EO and their com-
ponents, by employing nanoparticles, nanocapsules, nanodispersions,
and nanoemulsions [76]. Nanotechnology would also offer other ad-
vantages to the food industry, through the development of safe products
with considerably low toxicity, improved bioavailability of functional
foods, and activity of preservatives [77]. Notably, the encapsulation of
P. anisum EO was successfully performed into chitosan nanomatrix in the
form of a nanoemulsion for the protection of stored rice against
fungal-mediated biodeterioration [65]. In addition, aniseed EO was
employed in different concentrations into gelatin–alginate coating for
treating zucchini fruit to be used as an active edible coating able to
extend the shelf life of this product during storage [78].

2.4. Toxicity and safety

The investigation of the toxicity and safety of botanical products is of
crucial importance for their development and exploitation in several
industrial fields. In this regard, the toxicity of P. anisum EOwas evaluated
on different cell lines. For instance, it was tested on Hep G2 cells, which
are usually employed as in vitro alternatives to primary human hepato-
cytes [79], leading to significant cytotoxicity at increasing concentra-
tions. In detail, it caused a 34 and 58% cell viability reduction at
concentrations of 1.2 and 1.6% without an apoptotic/necrotic mecha-
nism [60]. Aniseed EO was also tested on mouse fibroblasts (L929),



Table 5
P. anisum EO activity evaluated against immature and adult stages of stored product pests. In addition to the mortality rates, the mode of action and the percentage of
main compounds are reported; n.a. ¼ not available data.

Order Family Target
species

Stage Mode of
action

Main constituents Mortality rates or
LC/LD

Notes References

Lepidoptera Pyralidae Ephestia
kuehniella

adults Fumigation n.a. at 4 μL/l air, y 26.3%
(96 h);
at 8 μL/l air, y 31.7%
(96 h);
at 16 μL/l air, y
45.0% (96 h);
at 32 μL/l air, y
50.0% (24 h);
at 64 μL/l air, y
100% (24 h)

[193]

1st
instar
larvae

Vapor at 135 μL/l, max
67.5% after 6 h;
at 108 μL/l, y 58.3%
after 9 h;
at 54 μL/l, y 65.8%
after 12 h;
at 27 μL/l, y 63.3%
(24 h);
at 108 μL/l, y 98.3%
(24 h)

[121]

Contact LC50 ¼ 20.92% (24
h)
LC99.9 ¼ 21.42% (24
h)

[193]

eggs Fumigation n.a. at 20 μL/l air, y
32.7% (24 h)

[194]

Vapor n.a. LT99 ¼ 60.9 h [120]
Lepidoptera Pyralidae Plodia

interpunctella
eggs Fumigation Commercial EO y 28.7% - 20 μL/L air

(24 h)
[194]

Coleoptera Silvanidae Oryzaephilus
surinamensis

adults Fumigation n.a. y 12% - dose 15 μL/L
and 10 μL/L (24 h)
y 7% - dose 5 μL/L
(24 h)

[195]

Coleoptera Curculionidae Sitophilus
granarius

adults Treated
wheat

Commercial EO 0.391 mL/kg (7
days)

[196]

Contact Anethole (88.6%) y 30% - dose 2.5 μL
(48 h)
y 12.5% - dose 5.0 μL
(48 h)
y 22.0% - dose 9.5 μL
(48 h)
y 25.0% - dose 14 μL
(48 h)

[197]

Fumigation Anethole (88.6%) y 40.58%
(24 h)
y 61.08%
(48 h)
y 68.67%
(72 h)

at
1.97
μL/mL
air

[197]

y 64.5%
(24 h)
y 87.0%
(48 h)
y 94.67%
(72 h)

at
5.91
μL/mL
air

Coleoptera Curculionidae Sitophilus oryzae adults Treated
wheat

Commercial EO LC50 ¼ 0.515 ppm
LC90 ¼ 3.245 ppm

[198]

Vapor Anethole (832.46 mg/mL); 1,8-
cineole (3.56 mg/mL); carvacrol
(2.46 mg/mL)

25.8% (6
h)
36.6% (9
h)
32.5%
(12 h)
95% (24
h)

at 135
μL/L

[121]

50% (24
h)

at 54
μL/L

Fumigation n.a. y 40% - dose 15 μL/L
(24 h)
y 0% - dose 10 μL/L
(24 h)
y 10% - 5 μL/L (24 h)

[195]

(continued on next page)
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Table 5 (continued )

Order Family Target
species

Stage Mode of
action

Main constituents Mortality rates or
LC/LD

Notes References

Fumigation E-Anethole (76.56 mg/mL); estragol
(13.01%); linalool (7.42%)

LC50 ¼ 292.04 μL/L
air (72 h)
LC95¼ 1281.12 μL/L
air (72 h)

[199]

Coleoptera Tenebrionidae Tenebrio molitor larvae Contact Anethole 88.6% No toxicity observed [197]
Fumigation Anethole 88.6% No toxicity observed [197]

Coleoptera Tenebrionidae Tribolium
castaneum

adults Contact trans-Anethole (91.4%); estragole
(3.4%); γ-himachalene (2.3%)

y 60.7% - dose 1.0 g/
kg (14 days)
y 72.0% - dose 2.5 g/
kg (14 days)
y 60.7% - dose 5.0 g/
kg (7 days)

[200]

Contact þ
Ingestion

E-Anethole (801 mg/g); limonene
(55.7 mg/g); a-himachalene (25.2
mg/g); trans-verbenol (24.7 mg/g);
linalool (16.4 mg/g); acethyl-
isoeugenol (11.3 mg/g)

LD50 ¼ 2.1% (v/v)
(94 h)

[93]

Contactþ
Fumigation

trans-Anethole (91.4%); estragole
(3.4%); γ-himachalene (2.3%)

y 67.7% - dose 0.25
mL/cm2 (14 days)
y 77.0% - dose 0.50
mL/cm2 (14 days)
y 55.0% - dose 1.00
mL/cm2 (7 days)
y 70.9% - dose 1.50
mL/cm2 (7 days)

[200]

Fumigation E-Anethole (76.56 mg/mL); estragol
(13.01%); linalool (7.42%)

LC50 ¼ 43.75 μL/L
(24 h)
LC95 ¼ 72.98 μL/L
(24 h)

[199]

Fumigation trans-Anethole (84.1%); methyl-
chavicol (2.54%); p-cymene (0.01%)

y 16.7% - dose 4 μL/
L air (96 h)
y 25.0% - dose 8 μL/
L air (96 h)
y 33.7% - dose 16
μL/L air (96 h)
y 50.0% - dose 32
μL/L air (48 h)
at 64 μL/L air, y 65%
(24 h)
at 128 μL/L air, y
100% (24 h)

[193]

Fumigation n.a. y 100% - dose 15 μL/
L (24 h)
y 100% - dose 10 μL/
L (24 h)
y 0% dose 5 μL/L
(24 h)

[195]

1st
instar
larvae

Contact trans-Anethole (84.1%); methyl-
chavicol (2.54%); p-cymene (0.01%)

LC50 ¼ 21.42% (24
h)
LC99 ¼ 40.85% (24
h)

[193]

Coleoptera Tenebrionidae Tribolium
confusum

adults Vapor Anethole (832.46 mg/mL); 1,8-
cineole (3.56 mg/mL); carvacrol
(2.46 mg/mL)

max 10% - dose 135
μL/L (6–9 h)
15.8% - dose 135
μL/L (12 h)
95% - dose 81 μL/L
(24 h)

[121]

eggs Fumigation Commercial EO LC50 ¼ 20.42 μL/L
air
LC90 ¼ 33.49 μL/L
air

[194]

Vapor n.a. LT99 ¼ 253.0 h at
98.5 μL/L

[120]

Coleoptera Tenebrionidae Trogoderma
granarium

adults Contact/
Ingestion

(E)-Anethole (93%); p-anysaldehyde
(1.8%); γ-himachalene (1.5%);
methyl chavicol (1.5%);
α-zingiberene (0.3%)

y 66.7% - dose 500
ppm (1 day)
y 51.1% - dose 1000
ppm (16 h)

[201]

Contact trans-Anethole (91.4%); estragole
(3.4%); γ-himachalene (2.3%)

y 60.3% - dose 1.0 g/
kg (14 days)
y 77.7% - dose 2.5 g/
kg (14 days)

[200]

(continued on next page)
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Table 5 (continued )

Order Family Target
species

Stage Mode of
action

Main constituents Mortality rates or
LC/LD

Notes References

y 56.1% - dose 5.0 g/
kg (7 days)

Contactþ
Fumigation

trans-Anethole (91.4%); estragole
(3.4%); γ-himachalene (2.3%)

y 67.0% - dose 0.25
mL/cm2 (14 days)
y 83.9% - dose 0.50
mL/cm2 (14 days)
y 60.0% - dose 1.0
mL/cm2 (7 days)
y 54.0% - dose 1.50
mL/cm2 (7 days)

[200]

larvae Contact/
Ingestion

(E)-Anethole (93%); p-anysaldehyde
(1.8%); γ-himachalene (1.5%);
methyl chavicol (1.5%);
α-zingiberene (0.3%)

y 65.6% - dose 500
ppm (1 day)
y 66.7% - dose 1000
ppm (16 h)

[201]

Coleoptera Chrysomelidae Callosobruchus
maculatus

adults Contact trans-anethole (86.74%); estragole
(4.08%); methyl chavicol (1.68%)

LC50 ¼ 4.9 mg/L (24
h)
LC50 ¼ 3.7 mg/L (48
h)
LC50 ¼ 2.5 mg/L (72
h)

[202]

Fumigation trans-Anethole (86.74%); estragole
(4.08%); methyl chavicol (1.68%)

LC50 ¼ 50.0 mg/L
(24 h)
LC50 ¼ 3.7 mg/L (48
h)
LC50 ¼ 32.34 mg/L
(72 h)

[202]

Treated
cowpea

Commercial EO LC50 ¼ 1.09 ppm
LC90 ¼ 6.82 ppm

y of 66.6% and
85.0% at LC50/
LC90 with EO (3
days), 80.0% and
95.0% after 7 d
y of 60.0% and
85.0% at LC50/
LC90 with
powder (3 days),
75.0% and
91.3% after 7 d

[198]

LC ¼ lethal concentration; LD ¼ lethal dose; LT¼ lethal time; KT ¼median lethal time; trans-anethole, (E)-anethole, anethole and anise camphor are synonyms. Methyl
chavicol and estragole are synonyms. n.d. ¼ not detected.
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resulting not cytotoxic at the tested concentrations (i.e., 20, 8, 4 and 2
mg/mL) [80], and on human foetal skin fibroblast cells (WRL-68) with an
IC50 of 334.2 μg/mL (dosages concentration 400 to 6.25 μg/mL) [81]. It
was also assayed on brine shrimp larvae (Artemia salina L.), which are
usually employed for cytotoxicity studies. In this regard, the study of
Khafagi et al. [82] reported a LC50 higher than 1000 μL/mL, while that of
Martins et al. [83] a LC50 of 293.8 μg/mL, classifying the EO as non-toxic.
However, Ghosh et al. [84] reported IC50 values for P. anisum EO of
2.86–3.06 μg/mL on brine shrimp larvae, and these results are in contrast
with the above-mentioned works.

Regarding P. anisum EO safety, this product is listed as GRAS by
the FDA [85]. This classification relies on its low intake as flavouring
agent (54 mg/kg body weight/day), metabolic detoxication in humans,
low genotoxic or mutagenic potential, No Observed Adverse Effect
Level (NOAEL) of 120 mg/kg body weight/day, and its low impact on the
increase of hepatocellular tumours. According to the European
Medicines Agency (EMA) assessment report on P. anisum (EMA, 2012),
the use of its EO is considered relatively safe. The British Herbal Phar-
macopoeia [86] recommends a posology of 0.05–0.2 mL three times per
day for the treatment of mild gastrointestinal complaints and as an ex-
pectorant, while the EO dosage per day recommended by the German
Commission E is 0.3 g (0.4 mL) [87]. However, since the EO contains
methyl chavicol and trans-anethole, for which a clear toxicological profile
has not been established, the use in sensitive groups such as children,
pregnant, and breastfeeding women should be reduced or avoided (EMA,
2012).
14
3. Insecticidal and acaricidal activity

Aniseed oil and its principal constituents have been extensively
studied for their toxicity against agricultural pests, stored-product
pests, and vectors [Tables 3-10]. In general, the insecticidal and
acaricidal effects of plant EOs, along with their primary constituents,
are substantially influenced by their chemical composition [88–90].
Depending on the dose, EOs can either attract or repel insects, or they
might serve as a toxin [91]. Because EOs are a complex mixture with
numerous constituents, their activity cannot be simplified to a single
mechanism of action. In insects, for example, P. anisum EO and its
primary component, trans-anethole, can impair protein activity and
inhibit key enzymes [92,93]. Trans-anethole can also act as acetyl-
cholinesterase (AChE) inhibitor with systemic effects, neutralizing in-
sect defence mechanisms in the midgut [94,95]. Monoterpenoids, in
general, act as AChE inhibitors, but only at large dosages, and their
inhibitory impact is reversible [91]. Several of aniseed oil main con-
stituents (e.g., trans-anethole and limonene) can be extracted from
other plants, such as Illicium verum, Clausena austroindica, Croton ani-
satum, Foeniculum vulgare, or Zanthoxylum limonella [96–103]. In the
following paragraphs, we reviewed the studies that investigated the
efficacy of P. anisum EO and its main constituents against veterinary,
medical, stored product, and agricultural pests [Tables 3–8]. In addi-
tion, assays using P. anisum EO-based micro- and nano-emulsions have
been reported as well as possible side-effects of aniseed EO and its
major compounds on non-target species [Tables 9 and 10].



Table 6
Main components of aniseed oil insecticidal and acaricidal activity evaluated against immature and adult stages of stored product pests. In addition to the mortality
rates, the mode of actions is reported; n.a. ¼ not available data.

Compound Order Family Targeted species Stage Mode of
action

Mortality rates or LC/LD Notes References

Estragol Coleoptera Laemophloeidae Cryptolestes
ferrugineus

adults Fumigation y <2.00% Extracted from Illicium verum [101]
Linalool y < 2.00%
D-Limonene y < 2.00%

trans-
Anethole

LC50 ¼ 11.56 μL/mL
LC90 ¼ 24.11 μL/mL

Coleoptera Curculionidae Sitophilus oryzae adults Contact LC50 ¼ 2543.20 μL/L
LC90 ¼ 4616.22 μL/L

Extracted from Clausena
austroindica

[102]

Fumigation n.a. LT50 ¼ 13.5 h – dose 11.6
mg/L air
LT99 ¼ 61.7 h – dose 11.6
mg/L air

[122]

Fumigation LC50 ¼ 76.98 μL/L
LC90 ¼ 125.39 μL/L

Extracted from Clausena
austroindica

[102]

Coleoptera Tenebrionidae Tribolium
castaneum

adults Contact LC50 ¼ 2050.84 μL/L
LC90 ¼ 2085.05 μL/L

Extracted from Clausena
austroindica

[102]

Fumigation LC50 ¼ 29.10 μL/L
LC90 ¼ 57.31 μL/L

Extracted from Clausena
austroindica

[102]

Coleoptera Tenebrionidae Tribolium confusum adults Fumigation LT50 ¼ 10.8 h – dose 11.6
mg/L air
LT99 ¼ 875.0 h – dose 11.6
mg/L air

[122]

eggs Fumigation LT50 ¼ 2.8 h – dose 11.6 mg/
L air
LT99 ¼ 218.8 h – dose 11.6
mg/L air

[122]

Lepidoptera Pyralidae Ephestia kuehniella eggs Fumigation LT50 ¼ 1.1 h
LT99 ¼ 117.5 h

dose 11.6 mg/L air [122]

LC ¼ lethal concentration; LD ¼ lethal dose; LT¼ lethal time; KT ¼median lethal time; trans-anethole, (E)-anethole, anethole and anise camphor are synonyms. Methyl
chavicol and estragole are synonyms. n.d. ¼ not detected.
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3.1. Arthropods of medical and veterinary interest

A number of arthropods play a crucial role in the transmission of par-
asites and pathogens from a vertebrate species to another, including
humans, livestock, pets, and wildlife [104]. Vector-disease arthropods,
especially mosquitoes, have been one of the primary focus of studies on the
insecticidal effects of aniseed oil and its major compounds (Tables 3 and
4). P. anisum EO has been tested on different mosquito species (Diptera:
Culicidae), which represent a major treat to millions of people globally
since they act as vectors of many diseases such as malaria, Zika, chi-
kungunya, dengue, and yellow fever [105–108]. Research is mainly
focused on the insecticidal activity on mosquito larval stages since larval
management is a critical part of a successful mosquito control program
[109]. So far, all the experiments conducted on mosquito larvae involving
EOs followed the standard procedures established by WHO (1996), with
slight modifications. Aniseed oil was very effective against 4th instar
larvae of Culex quinquefasciatus Say, Aedes aegypti L. and Anopheles stephensi
Liston, thoughA. aegypti andA. stephensi larvae weremore susceptible than
C. quinquefaciatus ones (LD95 ¼ 115.7 � 3.3 μg/mL, LD95 ¼ 115.7 � 2.6
μg/mL, LD95 ¼ 149.7 � 1.3 μg/mL, respectively) [110]. Even at low
concentration, P. anisum EO exerts a relevant toxic effect on A. aegypti 3rd
instar larvae (LC90 ¼ 0.043 ppm after 24 h) [111], and it has been proved
to have an ovideterrent effect on females and to cause morphological ab-
errations at pupal stage [112]. According to Benelli et al. [46], aniseed oil
had LC90 values of less than 100 ppm against C. quinquefasciatus 3rd instar
larvae, which is typically sufficient for developing botanical larvicides
[113]. In addition, the mosquitocidal activity of aniseed oil and
trans-anethole on mosquito larvae can be enhanced by combing P. anisum
EO with Trachyspermum ammi (L.) Sprague and Smyrnium olusatrum L.
(Apiaceae) EOs [88]. Moreover, trans-anethole was able to create a syn-
ergistic effect with other compounds (e.g., γ-terpinene, eugenol, α-pinene,
and carvacol) against C. quinquefasciatus larvae [113–115] (Table 4).
trans-Anethole was also highly effective toward Blattella germanica L.
(Blattodea: Blattellidae) in contact toxicity assays [116] and against the
West Nile vector Culex pipiens L. [117].
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3.2. Stored product pests

In commodities, aniseed oil showed high effectiveness against many
Coleoptera species, making it a promising candidate to protect stored
grain within integrated pest management (IPM) programmes (Table 5).
The insecticidal activity of aniseed oil was mainly determined via fumi-
gation assays, followed by contact and topical assays [118]. However, the
effectiveness of the EO is closely linked to the stage of development of the
pest on which it is tested. In general, for stored product pests, eggs, and
pupae represent a major challenge since they may be less affected by
chemicals than the active stages [119]. For instance, eggs of Tribolium
confusum du Val (Coleoptera: Tenebrionidae) are more tolerant to
P. anisum EO than the adults [120,121]. However, in fumigant experi-
ments with trans-anethole, the results were diametrically opposed, with
the eggs of T. confusum being more sensitive than adults [122].

Recent studies not only investigated P. anisum EO and trans-anethole
toxic effect but also observed their action at an enzymatic level. For
instance, trans-anethole was responsible for the decline of AChE activity
in Sitophilus oryzae (L.) (Coleoptera: Curculionidae) (LC50 ¼ 5.02 mg/L
air, after 24 h) [123], for the interaction with the detoxicant system of
Tribolium castaneum (Herbst) (Coleoptera: Tenebrionidae) [92,95] and an
increased activity of superoxide dismutase (SOD), catalase (CAT), and
peroxidase (POX) in Ephestia kuehniella Zeller (Lepidoptera: Pyralidae),
enzymes that play a pivotal role in the elimination of reactive oxygen
species (ROS) products in cells [124].

3.3. Agricultural pests

The efficacy of P. anisum EO was evaluated on several species of agri-
cultural interest (Tables 7 and 8). On adults of the green peach aphid,
Myzus persicae Sulzer (Hemiptera: Aphididae), P. anisum EO showed
promising results in acute toxicity assays when tested by contact (spraying)
[46], while M. persicae nymphs were more resistant compared to nymphs
of Acyrthosiphon pisum Harris (Hemiptera: Aphididae) in fumigation assays
[125]. Indeed, the lowest dose (i.e., 0.25 μL/L of air) caused the 87.5% of



Table 7
P. anisum EO activity evaluated against immature and adult stages of agricultural pests. In addition to the mortality rates, the mode of action and the percentage of main
compounds are reported; n.a. ¼ not available data.

Order Family Target species Stage Mode of
action

Main constituents Mortality rates or LC/LD Notes References

Coleoptera Chrysomelidae Leptinotarsa
decemlineata

2nd
instar
larvae

Contact Commercial EO LC50 ¼ 1.76% (v/v) (24 h)
LC50 ¼ 0.45% (v/v) (120
h) LC90 ¼ 8.29% (v/v) (24
h) LC90 ¼ 1.01% (v/v)
(120 h)

[203]

Contact Commercial EO LC50 ¼ 1.7
ppm (24 h)

LC90 ¼ 9.5
ppm (24 h)

[139]

Contact
(topical)

Commercial EO LC50 >

20.0 ppm
(24 h)

LC90 >

20.0 ppm
(24 h)

[139]

Ingestion Commercial EO LC50 ¼
1.17 μL/
larva (24
h), LC50 ¼
0.43 μL/
larva (120
h)

LC90 ¼
2.86 μL/
larva (24
h), LC90 ¼
1.78 μL/
larva (120
h)

[139]

Coleoptera Bostrichidae Ips typographus adults Contact Anethole 88.6%; estragol 4.4%;
linalool 1.4%; camphene 0.8%;
α-pinene 0.7%; α-phellandrene
0.5%; isocaryophyllene 0.3%;
4-terpineol 0.2%

LD50 ¼ 0.117 μL/cm2 (72
h)
LD50 ¼ 0.053 μL/cm2 (96
h)
LD90 ¼ 0.645 μL/cm2 (72
h)
LD90 ¼ 0.139 μL/cm2 (96
h)

[204]

Coleoptera Bostrichidae Rhyzopertha
dominica

adults Fumigation n.a. y 75% - dose 15 μL/L (24
h)
y 62% - dose 10 μL/L (24
h)
y 10% - dose 5 μL/L (24 h)

[195]

Hemiptera Aphididae Acyrthosiphon
pisum

nymphs Fumigation n.a. 100% y - dose 2 μL/L air, 1
μL/L air, and 0.5 μL/L
87.28% y - dose 0.25 μL/L

[125]

Hemiptera Aphididae Aphis gossypii adults Vapor See Saraç & Tunc 1995 y 96.7% (24 h) dose 2.00
μL/L

[205]

Hemiptera Aphididae Brevicoryne
brassicae

adults Fumigation Commercial EO y 26.6% (daily deaths/
daily offspring)

[206]

Spray n.a. cumulative y 27% - dose
1% (72 h)
cumulative y 43% - dose
10% (72 h)

[207]

nymphs Spray n.a. cumulative y 17% - dose
1% (72 h)
cumulative y 27% - dose
10% (72 h)

[207]

Hemiptera Aphididae Lipaphis
pseudobrassicae

adults Contact (E)-Anethole (85%); methyl
chavicol (6%)

LC50 ¼ 4.6 mg/mL (60
min)
LC50 ¼ 4.9 mg/mL (30
min)
LC50 ¼ 6.9 mg/mL (10
min)

[208]

Hemiptera Aphididae Macrosiphum
euphorbiae

2nd/3rd
nymphs

Fumigation trans-Anethole (87.3%);
estragol (3.91%); linalool
(1.86%); limonene (1.14%);
folliculin (1.07%); linalyle
benzoate (0.66%); α-pinene
(0.58%); anisaldehyde (0.52%)

LC50 ¼ 6.6 μL/L (24 h) [209]

Hemiptera Aphididae Myzus persicae n.a. Contact LC50 ¼ 0.03 μL/mL [210]
adults Spray trans-Anethole (93.0%); methyl

cavicol (15.0%);
p–anisaldehyde (1.7%);
γ-himachalene (1.5%)

LC50 ¼ 4.3 mL/L (48 h)
LC90 ¼ 9.5 mL/L (48 h)

[46]

nymphs Fumigation n.a. y 95% - dose 2 μL/L air
y 80% - dose 1 μL/L air

[125]

Hemiptera Aphididae Nasonovia
ribisnigri

adults Contact
(growth
chamber)

Commercial EO EO 0.4%, efficacy of 53.8
after 1 d, 64.8 after 2 d,
70.2 (3 days), 68.2 after 6
d

[137]

Contact
(greenhouse)

Commercial EO EO 0.4%, efficacy
17.4–31.8 after 1 d,
27.4–47.1 after 2 d,
40.1–47.5 (3 days),

[137]

(continued on next page)
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Table 7 (continued )

Order Family Target species Stage Mode of
action

Main constituents Mortality rates or LC/LD Notes References

25.0–44.1 after 6 d; with
EO 0.2%, efficacy 16.3
after 1 d, 22.7 after 2 d,
15.0 (3 days), 25.9 after 6
d;

Contact (open
field)

Commercial EO EO 0.2%, efficacy 62.6
after 1 d, 51.8 after 2 d,
17.1 after 1w
EO 0.3%, efficacy 47.6
after 1 d, 52.0 after 2 d,
�18.3 after 1w

[137]

Diptera Tephritidae Bactrocera oleae adults Ingestion trans-Anethole (98.3%); methyl
chavicol (0.8%); (E)-
pseudoisoeugenyl 2-methylbu-
tyrate (0.6)

LC50 ¼ 771 ppm
LC90 ¼ 1981 ppm

y Checked
daily for 4
days

[211]

Diptera Sciaridae Lycoriella
ingenua

larvae Fumigation Commercial EO y100% - dose 25 μL/L and
10 μL/L
y 96.6% - dose 5 μL/L and
2.5 μL/L
y 93.3% - dose 1.25 μL/L

[212]

Lepidoptera Noctuidae Spodoptera
littoralis

3rd
instar
larvae

Contact trans-Anethole (93.0%); methyl
chavicol (15.0%);
p–anisaldehyde (1.7%);
γ-himachalene (1.5%)

LC50 ¼ 57.3 μg/larva (24
h)
LC90 ¼ 87.8 μg/larva (24
h)

[46]

Lepidoptera Noctuidae 4th
instar
larvae

Ingestion n.a. LC50 ¼ 38.5 ppm (24 h)
LC95 ¼ 78.0 ppm (24 h)

[213]

eggs Fumigation n.a. at 100 ppm, y 78.6% after
120 h
at 100 ppm, y 78.6% after
120 h

[213]

Trombidiformes Tetranychidae Tetranychus
cinnabarinus

adults Vapor n.a. LT50 ¼
27.5
LT50 ¼
20.9
LT50 ¼
14.0
LT50 ¼
17.4

LT90 ¼
182.0
LT90 ¼
61.7
LT90 ¼
51.3
LT90 ¼
63.1

Dose 0.25
μL/L
Dose 0.50
μL/L
Dose 1.00
μL/L
Dose 2.00
μL/L

[205]

Trombidiformes Tetranychidae Tetranychus
urticae

adults Contact trans-Anethole (53.23%);
estragole (13.52%);
caryophyllene (1.26%)

LC50 ¼
22.32 μL/l
(24 h)
LC50 ¼
21.73 μL/l
(48 h)
LC50 ¼
20.94 μL/l
(72 h)

LC90 ¼
43.98 μL/l
(24 h)
LC90 ¼
39.99 μL/l
(48 h)
LC90 ¼
35.80 μL/l
(72 h)

[127]

LC ¼ lethal concentration; LD ¼ lethal dose; LT¼ lethal time; KT ¼median lethal time; trans-anethole, (E)-anethole, anethole and anise camphor are synonyms. Methyl
chavicol and estragole are synonyms. n.d. ¼ not detected.
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mortality on A. pisum, but no mortality was observed forM. persicae [125].
A possible explanation for this discrepancy lies in the wide host-range of
M. persicae. Indeed, generalist phytophagous insects that feed on a wide
variety of plants have been discovered to have higher amounts of cyto-
chrome P450 monooxygenase activity in their gut, which allows them to
detoxify plant defensive compounds more efficiently [126]. As in the case
of stored product pests, studies have been conducted for some agricultural
pests to assess the effect of EOs at a physiological level. Aniseed oil at 40
μL/L could fully control the two-spotted spider mite, Tetranychus urticae
C.L. Koch (Trombidiformes), causing 96% ofmortality after 72 h [127] and
affecting the functioning of AChE and protease. Investigating the neuro-
toxic effect of trans-anethole on Hypantria cunea (Drury) larvae (Lepidop-
tera: Arctiidae), Pour et al. [128] noted that this compound strongly
suppressed the AChE activity, exhibiting neurotoxic effects. Lastly,
trans-anethole exhibits a synergistic effect when used in combination with
thymol and α-terpineol against moths of agricultural interest, such as
Spodoptera litura (Fabricius), Spodoptera littoralis (Boisduval), Helicoverpa
armigera (Hübner) (Lepidoptera: Noctuidae), and Chilo partellus (C. Swin-
hoe) (Lepidoptera: Pyralidae) [129–131].
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3.4. Micro- and nano-emulsions

Some of the limitations to the use of EO as biopesticides are their
low chemical stability, limited persistence in the environment, and the
poor hydrophilicity [92,132]. A good strategy to overcome these
drawbacks is represented by the development of micro- (MEs) and
nanoemulsion (NEs) EO-based formulations [92,132]. Aniseed
EO-based nanotechnologies proved to be effective on different pest
species and developmental stages, even at low concentrations,
compared to conventional EO formulations. For instance, in a study
carried out by Draz et al. [133], aniseed NE formulations were signif-
icantly more toxic (1.50 and 1.41 times) against T. castaneum and
S. oryzae than the conventional EO, without affecting the wheat
germination rate. Corn derived zein-based nanocapsules loaded with
aniseed EO have been successfully tested against 3rd instar larvae of
C. quinquefasciatus, showing to be effective at lower doses than aniseed
EO alone (P. anisum EO: LC50 ¼ 25.9 μL/L and LC90 ¼ 31.9 μL/L;
P. anisum EO microemulsion: LC50 ¼ 2.39 μL/L and LC90 ¼ 4.13 μL/L)
[134].



Table 8
Main components of aniseed oil insecticidal and acaricidal activity evaluated against immature and adult stages of agricultural pests. In addition to the mortality rates,
the mode of actions is reported; n.a. ¼ not available data.

Compound Order Family Targeted
species

Stage Mode of action Mortality rates or LC/LD Notes References

estragol Diptera Tephritidae Bactrocera
cucurbitae

adults Fumigation LT90 ¼ 15 min [214]

Diptera Tephritidae Bactrocera
dorsalis

adults Fumigation LT90 ¼ 8 min [214]

Diptera Tephritidae Ceratitis
capitata

adults Fumigation LT90 ¼ 15 min [214]

trans-
anethole

Hemiptera Aphididae Myzus persicae adults Fumigation LC50 ¼ 1.292 mL/L (SD)
LC50 ¼ 0.415 mL/L (OEE)
LC50 ¼ 0.336 mL/L free vapors
LC90 ¼ 3.383 mL/L (SD)
LC90 ¼ 0.780 mL/L (OEE)
LC90 ¼ 1.043 mL/L free vapors

[215]

Hemiptera Aphididae Nasonovia
ribisnigri

adults Contact (growth
chamber)

Dose 0.4% efficacy 51.9% (1 day),
55.1% (2 days), 59.4% (3 days), 23.1%
(6 days)

[137]

Contact
(greenhouse)

Dose 0.4% efficacy 14.7–30.0% (1
day), 37.6–42.2% (2 days),
40.7–41.8% (3 days), 21.6–41.9% (6
days)
Dose 0.2% efficacy 18.1% (1 day),
20.7% (2 days), 16.5% (3 days), 32.2%
(6 days)

Contact (open
field)

Dose 0.3% efficacy 49.0% (1 day),
50.5% (2 days), 38.4% (1 week)
Dose 0.2% efficacy 44.2% (1 day),
39.8% (2 days), �8.8% (1 week)

Diptera Tephritidae Bactrocera
cucurbitae

adults Fumigation LT90 ¼ 29 min [214]

Diptera Tephritidae Bactrocera
dorsalis

adults Fumigation LT90 ¼ 26 min [214]

Diptera Tephritidae Ceratitis
capitata

adults Fumigation LT90 ¼ 17 min [214]

Diptera Drosophilidae Drosophila
suzukii

adults Contact LD50 ¼ 1.75 mg/L ♂ (24 h)
LD50 ¼ 3.0 mg/L ♀ (24 h)

Extracted from
Illicium verum and
Croton anisatum

[98]

Diptera Sciaridae Lycoriella
ingenua

larvae Fumigation LC50 ¼ 0.20 μL/L (24 h) [212]

Lepidoptera Crambidae Chilo partellus 3rd
instar
larvae

Contact (topical) LD50 ¼ 409.7 μg/larva [216]
Lepidoptera Pyralidae Ephestia

kuehniella
Fumigation LT50 ¼ 40.7 at 2.9 mg/L

LT50 ¼ 2.5 at 5.8 mg/L
LT50 ¼ 1.1 and at 11.6 mg/L
LT99 ¼ 117.5 at 11.6 mg/L

[122]

Lepidoptera Erebidae Hyphantria
cunea

4th
instar
larvae

Ingestion LC50 ¼ 1.41 μL/mL
LC90 ¼ 7.20 μL/mL

At LC50 showed 87%
feeding deterrence

[128]

Lepidoptera Noctuidae Helicoverpa
armigera

3rd
instar
larvae

Contact (topical) LD50 ¼ 378.6 μg/larva [216]

Lepidoptera Noctuidae Spodoptera
litura

4th
instar
larvae

Contact (topical) LD50 ¼ 65.5 μg/larva
LD90 ¼ 98.8 μg/larva

[129]

3rd
instar
larvae

Contact (topical) LD50 ¼ 64.3 μg/larva [216]

LC ¼ lethal concentration; LD ¼ lethal dose; LT¼ lethal time; KT ¼median lethal time; trans-anethole, (E)-anethole, anethole and anise camphor are synonyms. Methyl
chavicol and estragole are synonyms. n.d. ¼ not detected.
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Thanks to their structure and composition, ME and NE droplets may
show increased dispersion and facilitate the release of EO active com-
pounds in the environment, and also reduce the occurrence of undesir-
able phytotoxic effects on treated plants [135,136]. P. anisum NE at 0.4%
(v/v) reduced the colony development of the aphid Nasonovia ribisnigri
(Mosley) (Hemiptera: Aphididae) without causing phytotoxicity on
sprayed lettuces in growth chambers, greenhouses, and open-field ex-
periments [137]. Sometimes, nanoformulations may not be better in
terms of increased toxicity but, due to their chemical–physical properties,
they may enhance other effects, like repellence and deterrence [134].
Olives treated with aniseed NE at 7.5% showed a significant reduction in
oviposition by the olive fly Bactrocera oleae (Rossi) (Diptera: Teph-
ritidae), although the formulation did not exert a relevant contact
18
toxicity [138]. In trials conducted on 2nd instar larvae of Leptinotarsa
decemlineata Say (Coleoptera: Chrysomelidae), Skuhrovec et al. [139]
found that conventional aniseed EO is slightly more efficient against this
beetle compared to NE formulations when applied topically, by contact
or orally, but the NE formulation exhibits more than 20 times the
persistency and almost twice the antifeedant activity of the conventional
EO.

As for classical EO formulations, NEs may exhibit variable effects
depending on the developmental stage on which they are tested. Kaval-
lieratos et al. [132] showed that aniseed EO-based NE at 4%w/w has low
mortality rate on the adults of T. castaneum and T. confusum (30.1% and
13.3% at 1000 ppm after 7 days of exposure, respectively) while exerting
a moderate to strong effect on their larval stages (mortality of 81.4% after



Table 9
Micro- and nano-emulsion of aniseed oil and its major component toward medical, veterinary, stored product and agricultural pests. In addition to the mortality rates,
the mode of actions is reported; n.a. ¼ not available data.

Order Family Target species Stage Formulation Mode of
action

Mortality rates or LC/
LD

notes references

Diptera Culicidae Culex
quinquefasciatus

3rd
instar
larvae

Loaded-
zein NC

n.a. Aqueous
solution

LC50 ¼ 40.6 μL/L (24
h)
LC90 ¼ 66.4 μL/L (24
h)

[134]

ME n.a. Aqueous
solution

LC50 ¼ 2.39 μL/L (24
h)
LC90 ¼ 4.13 μL/L (24
h)

[134]

ME 1.5% n.a. Contact LC50 ¼ 2.39 mL/L
(24 h)
LC90 ¼ 4.13 mL/L
(24 h)

[56]

ME
1.125

n.a. Contact LC50 ¼ 4.01 mL/L
(24 h)
LC90 ¼ 6.48 mL/L
(24 h)

[56]

Sarcoptiformes Acaridae Acarus siro adults NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

Treated
wheat

y 18.6% - dose 500
ppm (7 days)
y 38.1% - dose 1000
ppm (7 days)

NE (3% T. ammi EO
- P. anisum EO) was
also investigated

[132]

nymphs NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

Treated
wheat

y 18.6% - dose 4% (7
days)

NE (3% T. ammi EO
- P. anisum EO) was
also investigated

[132]

Coleoptera Curculionidae Sitophilus oryzae adults NE 5% (o/w)
P. anisum EO þ
10% TWEEN80

? LC50¼ 3858.88 mg/L [133]

Coleoptera Tenebrionidae Tenebrio molitor adults NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

Treated
wheat

y 17.5% - dose 4% (7
days)

[132]

larvae NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

Treated
wheat

y 2.2% - dose 4% (7
days)

[132]

Coleoptera Tenebrionidae Tribolium
castaneum

adults NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

Treated
wheat

y 0%
(4–16 h)
y 0%
(1–2
days)
y 2.2%
(3–4
days)

y 5.6%
(5 days)
y 6.8%
(6 days)
y 8.2%
(7 days)

Dose 4% [132]

NE 5% P. anisum EOþ
10% TWEEN80

n.a. LC50 ¼ 4985.1 mg/L Essential oil in
water (O/W) nano-
emulsions

[133]

NE 14% P. anisum EO þ
ethanol 3% þ
Tween 80 (3%)

Contactþ
Ingestion

LC50 ¼ 9.8% (v/v) Essential oil in
water (O/W) nano-
emulsions

[92]

NE 14% P. anisum EO þ
ethanol 3% þ
Tween 80 (3%)

Contactþ
Ingestion

LC50 ¼ 9.8% (v/v) [93]

larvae NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

Treated
wheat

y 1.1%
(4 h)
y 7.8%
(8 h)
y 10%
(16 h)
y 21.1%
(1 days)
y 38.9%
(2 days)

y 57.8%
(3 days)
y 68.6%
(4 days)
y 76.3%
(5 days)
y 78.4%
(6 days)
y 81.4%
(7 days)

Dose 4% [132]

Coleoptera Tenebrionidae Tribolium
confusum

adults NE n.a. aerosol LC50 ¼ 2.561 mg/L
(24 h)
LC50¼ 2.099mg/L (1
week)

RC50 ¼ 0.042 mg
(24 h)
RC50 ¼ 0.033 mg
(48 h)

[217]

NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

treated
wheat

y 2.2% (7 days) Dose 4% [132]

larvae NE 4% (w/w)
P. anisum EOþ 4%

treated
wheat

y 3.3%
(1 day)

y 21.1%
(5 days)

[132]

(continued on next page)
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Table 9 (continued )

Order Family Target species Stage Formulation Mode of
action

Mortality rates or LC/
LD

notes references

(w/w) polysorbate
80

y 6.7%
(2 days)
y 12.2%
(3 days)
y 18.9%
(4 days)

y 25.6%
(6 days)
y 27% (7
days)

Coleoptera Dermestidae Trogoderma
granarium

adults NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

treated
wheat

y 1.1%
(16 h)
y 6.7%
(1 day)
y 16.7%
(2 days)
y 28.9%
(3 days)

y 40.6%
(4 days)
y 47.5%
(5 days)
y 58% (6
days)
y 64.8%
(7 days)

Dose 4% [132]

larvae NE 4% (w/w)
P. anisum EOþ 4%
(w/w) polysorbate
80

treated
wheat

y 1.2% (6 days)
y 2.5% (7 days)

[132]

Coleoptera Chrysomelidae Leptinotarsa
decemlineata

2nd
instar
larvae

MC 10% P. anisum þ
Tween 80

contact LC50 ¼ 3.1 ppm (24
h)
LC90 ¼ 14.3 ppm (24
h)

[139]

MC contact
(topical)

LC50 > 20.0 ppm (24
h)

[139]

MC ingestion LC50 ¼ 0.47 μL/larva
(24 h)
LC50 ¼ 0.09 μL/larva
(120 h)
LC90 ¼ 1.46 μL/larva
(24 h)
LC90 ¼ 0.42 μL/larva
(120 h)

[139]

Diptera Tephritidae Bactrocera oleae adults NE 15% P. anisum EO
þ 5% Tween 80 þ
80% H2O

contact no y at under 3.75%
dose.
at 5.00% and 7.50%
dose, y 1.67%;

Essential oil in
water (O/W) nano-
emulsions

[138]

LC ¼ lethal concentration; LD ¼ lethal dose; LT ¼ lethal time. n.d. ¼ not detected.
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7 days of exposure at 500 ppm or 98.9% after 5 days at 1000 ppm on
T. castaneum larvae; 63.1% after 7 days at 1000 ppm on T. confusum
larvae). Against particularly resistant pests, EO-based nanoformulations
may be useful to overcome the limited efficacy of classical natural or
synthetic insecticides. Aniseed and ajwain, T. ammi, NE formulations
showed low to moderate mortality when tested on adults of Tenebrio
molitor L. (Coleoptera: Tenebrionidae) separately, but a stronger effect
emerged when combined in a 3% w/w P. anisum þ 3% w/w T. ammi
nanoemulsion, indicating that certain combinations of EOs in NEs may
exhibit additive effects on certain species or developmental stages [132].
Similar results have been obtained by Pavela et al. [56], testing highly
stable MEs loaded with P. anisum EO in combination with two other EOs
extracted from Apiaceae, i.e., T. ammi and Crithmum maritimum L. All the
tested MEs caused acute toxicity to C. quinquefasciatus 3rd instar larvae
(LC50 values ranging 1.45–4.01 mL/L) and a significant synergistic effect
emerged in MEs loaded with P. anisum and T. ammi EOs [56]. In both
cases, a possible explanationmay be related to the combined action of the
twomajor compounds in themixture, i.e., trans-anethole (from P. anisum)
and thymol (from T. ammi), the first one acting by neutralizing the
detoxification system of the insect (cytochrome P450,
glutathione-S-transferases and esterases) and second one being able to
inhibit the acetylcholinesterase and interact with octopamine receptors
modulating GABA channels [56,88,94,124,140].

3.5. Effects of aniseed EO on non-target species

Table 7 summarizes the current knowledge about the toxicity of
aniseed EOs and their main chemical constituents against different non-
target vertebrate and invertebrate species. The available data depict a
limited though complex scenario: even though studies investigating the
20
insecticidal and acaricidal potential of EOs became more and more
widespread, most of them tested the efficacy of a single or more EOs on
one or more target organisms, forgetting to extend effect assessments to
non-target organisms as well, a critical point in the procedure for the
authorisation of a biopesticide [141–143].

In the case of P. anisum, Pavela [114] observed that both the EO and
its main compound, trans-anethole, were toxic for Daphnia magna Straus
(Cladocera: Daphniidae) and negatively influenced its fertility at high
concentrations (35–50 μL/mL) and long exposure (48 h), but these effects
were extremely reduced at lower concentrations (20 μL/mL) and short
exposures (6 h). Similarly, S�anchez-G�omez et al. [134] found that
P. anisum EO-loaded nanocapsules had a negative impact on D. magna
adults after a 48-h exposure but argued that this effect significantly
decreased with exposures shorter than 24 h. Testing aniseed EO in lab-
oratory assays, Benelli et al. [46] found scarce toxicity on 3rd instar
larvae of the multi-coloured Asian ladybug Harmonia axyridis (Pallas)
(Coleoptera: Coccinellidae), a useful predator for the control of aphid
populations (maximummortality 16.3% at 5.5 mL/L), while no mortality
was observed on adults. However, a particular attention must be paid to
how these formulations are used, as high doses and long exposure may
have sub-lethal effects, such as reduced fertility or behavioural modifi-
cations, in non-target organisms [131,144]. For instance, aniseed EO has
been shown to have low toxicity (i.e., high LCs) on Nesidiocoris tenuis
(Reuter) (Hemiptera: Miridae), a voracious predatory mirid largely
employed in the biological control of pests in the Mediterranean area
[145], even if higher concentrations of the oil may result in decrease of
the insect's fertility and orientation ability [144]. Aniseed oil showed to
drastically reduce the emergence rate of wasps from the parasitized eggs
of E. kuehniella, by the parasitoid Trichogramma evanescens Westwood
(Hymenoptera: Trichogrammatidae), while its impact on parasitoid



Table 10
Aniseed EO, its nanoformulation and major compounds against non-target organisms. In addition to the mortality rates, the mode of actions is reported; n.a. ¼ not
available data.

Order Family Target species Stage Tested
product

Mode of
action

Main constituents Mortality
rates or
LC/LD

Notes References

Cladocera Daphniidae Daphnia magna adults EO Aqueous
solution

trans-anethole (81.33%);
γ-himachalene (12.32%);
α-himachalene (0.96%);
linalool (0.85%);
δ-elemene (0.54%)

LC50 ¼ 31
μL/L

[114]

trans-
anethole

Aqueous
solution

– LC50 ¼ 29
μL/L

[114]

P. anisum
loaded-
zein NC

Aqueous
solution

trans-anethole (93.0%) y 29.3% -
dose 30
μL/L (48
h)

[134]

Haplotaxida Lumbricidae Eisenia fetida adults NC Soil
mixture

trans-anethole (93.0%) y 2.5% -
dose 30
μL/kg (7
days)

[134]

EO Soil
mixture

trans-anethole (93.0%); p-
anisaldehyde (1.7%);
γ-himachalene (1.5%);
methyl chavicol (1.5%);
(E)-pseudoisoeugenyl 2-
methylbutyrate (1.1%);
α-zingiberene (0.3%)

y 0.0% -
dose 30
μL/kg (7
days)

[46]

Hemiptera Miridae Nesodiocoris
tenuis

adults NE Topical
contact

trans-anethole (86.54%)
(Campolo et al., 2020)

LC30 ¼
4.547 mg/
mL

Effect on
fertility and
orientation

[144]

Coleoptera Coccinellidae Harmonia
axiridis

adults EO Spray trans-anethole (93.0%); p-
anisaldehyde (1.7%);
γ-himachalene (1.5%);
methyl chavicol (1.5%);
(E)-pseudoisoeugenyl 2-
methylbutyrate (1.1%);
α-zingiberene (0.3%)

y 0% - dose
5.5 mL/L

[46]

3rd instar
larvae

Spray trans-anethole (93.0%); p-
anisaldehyde (1.7%);
γ-himachalene (1.5%);
methyl chavicol (1.5%);
(E)-pseudoisoeugenyl 2-
methylbutyrate (1.1%);
α-zingiberene (0.3%)

y 16.3% -
dose 5.5
mL/L

[46]

Hymenoptera Trichogrammatidae Trichogramma
evanescens

parasitized
eggs

EO Fumigation commercial EO Anise EO are
highly toxic
for parasitoid
development

[146]

LC ¼ lethal concentration; LD ¼ lethal dose; LT¼ lethal time; KT ¼median lethal time; trans-anethole, (E)-anethole, anethole and anise camphor are synonyms. Methyl
chavicol and estragole are synonyms. n.d. ¼ not detected.
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behaviour (repellence vs. attraction) may vary according to the selected
strain of the wasp, a further aspect to be considered when selecting the
EO [146].

4. Conclusion and future challenges

Due to the negative effects of massive pesticide use on agro-ecosystem
biodiversity and human health [147], as well as the withdrawal of
several recently revealed harmful products, the use of alternative
plant-based pesticides, such as EOs, should be encouraged. In this
perspective, P. anisum EO proved its efficacy against many arthropods by
exerting neurotoxic effects, via GABA receptors, octopamine synapses,
and the inhibition of AChE [92]. One of the most promising areas of
application of P. anisum EO is against arthropods of medical and veteri-
nary importance, where it was successfully tested against several mos-
quito species [46,105,110,112–115]. At low doses and short time of
exposure, either the EO or the nanoformulations showed low toxicity
toward aquatic non-target species, while maintaining their effectiveness
toward vector larval stages [114,134]. In addition, dilution in water may
facilitate the delivery of the substance to target organisms [105–110,
112–115]. However, to date, most studies concerning EOs, including
21
P. anisum, are based on standardized laboratory bioassays, while field
studies are still uncommon. The possibility of discrepant results between
laboratory assays and field tests must be considered. There are still
several limits to be overcome in the application of EO-based bio-
insecticides in IPM programs [91,94]. Further studies are needed to
carefully evaluate the effects of EOs on organisms according to their
developmental stage or genetic strain, as well as their toxic or sublethal
effects on non-target species and the post-application impacts.

Because of its use in food, beverages, cosmetics, and fragrances,
aniseed cultivation all over the world, particularly in the Mediterranean
and Western Asian countries, ensures the plant biomass required to
extract the EO and its use in the agrochemical industry even without
further crop system implementation. Its low cost (1 kg of EO costs 7–50
euro/kg depending on geographic origin and growth system) is another
advantage for using this EO to make biopesticides [8,148]. It is essential
to conduct additional research on enhancing the intensification of
farming technology to increase yields. A high biological yield can be
achieved by a proper agronomic practice and a profitable selection va-
riety or different stages of plant maturity [149,150], or by changing the
EOs isolation technology [151]. Furthermore, the constancy of the
aniseed chemical profile documented in the literature, resulting in an
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almost 'monocomponent' EO, eliminates the possibility of insecticidal
efficacy fluctuation. Botanical compound-based micro- and/or
nano-systems may represent a stumbling block in pest management
programs. The encapsulation of active compounds can partially address
some of the issues in EO application, such as thermolability and pho-
tolability, increasing their overall efficiency. Among available nano-
systems, MEs and NEs are the most suited for EOs given their high
lipophilicity [152]. Moreover, through the creation of binary or tertiary
mixtures of different EOs, micro- and nanocapsules can allow the arise of
synergic effects related to a conjugate action of their major constituent,
although some of the mechanisms underlying these interactions remain
to be clarified. Lastly, a cost reduction of the overall process should be
pursued.
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Júnior EF. The role of natural and nature-based compounds against
Chikungunya and Mayaro alphaviruses and their vectors. Stud Nat Prod Chem
2021;68:459–97.

[108] Giovanni B, Angelo C, Andrea L, Di Giovanni F. Insects and mites of medical and
veterinary importance: a broad overview. Encycl Infect Immun 2022;2:793–800.

http://refhub.elsevier.com/S2949-7981(23)00003-0/sref52
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref52
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref52
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref52
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref53
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref53
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref53
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref53
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref54
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref54
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref54
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref54
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref55
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref55
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref55
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref55
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref56
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref56
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref56
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref56
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref56
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref57
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref57
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref57
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref57
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref57
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref58
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref58
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref58
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref58
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref59
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref59
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref59
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref59
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref59
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref60
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref60
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref60
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref61
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref61
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref61
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref62
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref62
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref62
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref62
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref63
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref63
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref63
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref63
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref64
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref64
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref64
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref64
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref65
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref65
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref65
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref65
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref66
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref66
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref66
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref67
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref67
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref67
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref67
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref67
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref68
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref68
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref68
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref68
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref69
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref69
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref69
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref69
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref70
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref70
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref70
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref70
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref71
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref71
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref71
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref71
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref72
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref72
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref73
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref73
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref73
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref73
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref74
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref74
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref74
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref75
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref75
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref75
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref76
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref76
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref76
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref77
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref77
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref77
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref77
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref77
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref78
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref78
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref78
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref78
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref79
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref79
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref79
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref79
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref79
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref79
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref80
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref80
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref80
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref80
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref80
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref81
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref81
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref81
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref81
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref82
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref82
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref82
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref83
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref83
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref83
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref83
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref84
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref84
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref84
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref84
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref85
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref85
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref85
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref85
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref86
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref86
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref87
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref87
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref87
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref87
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref87
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref88
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref88
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref88
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref88
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref88
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref89
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref89
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref90
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref90
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref90
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref90
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref90
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref91
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref91
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref91
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref91
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref92
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref92
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref92
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref92
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref92
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref93
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref93
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref93
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref93
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref94
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref94
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref94
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref95
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref95
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref95
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref95
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref95
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref96
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref96
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref96
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref97
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref97
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref97
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref98
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref98
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref99
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref99
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref99
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref99
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref100
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref100
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref100
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref100
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref100
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref101
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref101
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref101
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref102
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref102
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref102
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref102
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref103
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref103
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref103
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref104
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref104
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref104
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref104
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref105
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref105
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref105
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref105
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref105
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref105
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref106
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref106
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref106
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref106
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref107
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref107
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref107
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref107
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref107
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref107
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref107
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref108
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref108
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref108


E. Spinozzi et al. Agriculture Communications 1 (2023) 100003
[109] Marcombe S, Chonephetsarath S, Thammavong P, Brey PT. Alternative
insecticides for larval control of the dengue vector Aedes aegypti in Lao PDR:
insecticide resistance and semi-field trial study. Parasites Vectors 2018;11:1–8.

[110] Prajapati V, Tripathi AK, Aggarwal KK, Khanuja SPS. Insecticidal, repellent and
oviposition-deterrent activity of selected essential oils against Anopheles
stephensi, Aedes aegypti and Culex quinquefasciatus. Bioresour Technol 2005;96:
1749–57.

[111] Laojun S, Damapong P, Damapong P, Wassanasompong W, Suwandittakul N,
Kamoltham T, et al. Efficacy of commercial botanical pure essential oils of garlic
(Allium sativum) and anise (Pimpinella anisum) against larvae of the mosquito Aedes
aegypti. J Appl Biol Biotechnol 2020;8:88–92.

[112] Chantawee A, Soonwera M. Efficacies of four plant essential oils as larvicide,
pupicide and oviposition deterrent agents against dengue fever mosquito, Aedes
aegypti Linn.(Diptera: Culicidae). Asian Pac J Trop Biomed 2018;8:217–25.

[113] Pavela R. Essential oils for the development of eco-friendly mosquito larvicides: a
review. Ind Crop Prod 2015;76:174–87.

[114] Pavela R. Insecticidal properties of Pimpinella anisum essential oils against the
Culex quinquefasciatus and the non-target organism Daphnia magna. J Asia Pac
Entomol 2014;17:287–93.

[115] Pavela R. Acute toxicity and synergistic and antagonistic effects of the aromatic
compounds of some essential oils against Culex quinquefasciatus Say larvae.
Parasitol Res 2015;114:3835–53.

[116] Yeom HJ, Jung CS, Kang J, Kim J, Lee JH, Kim DS, et al. Insecticidal and
acetylcholine esterase inhibition activity of asteraceae plant essential oils and their
constituents against adults of the German cockroach (Blattella germanica). J Agric
Food Chem 2015;63:2241–8.

[117] Kimbaris AC, Koliopoulos G, Michaelakis A, Konstantopoulou MA. Bioactivity of
Dianthus caryophyllus, Lepidium sativum, Pimpinella anisum, and Illicium verum
essential oils and their major components against the West Nile vector Culex
pipiens. Parasitol Res 2012;111:2403–10.

[118] Campolo O, Giunti G, Russo A, Palmeri V, Zappal�a L. Essential oils in stored
product insect pest control. J Food Qual 2018;2018.

[119] Bell CH. Limiting concentrations for fumigant efficiency in the control of insect
pests. Proc. Second Int. Work. Conf. Stored-Product Entomol. Ibadan, Negeria
1978:182–92.

[120] Tunç I, Berger BM, Erler F, Dagli F. Ovicidal activity of essential oils from five
plants against two stored-product insects. J Stored Prod Res 2000;36:161–8.

[121] Sarac A, Tunc I. Toxicity of essential oil vapours to stored-product insects/Die
Toxizit€at von €atherischen €Ol-D€ampfen auf vorratssch€adliche Insekten.
Zeitschrift Für Pflanzenkrankheiten Und Pflanzenschutz/Journal Plant Dis Prot
1995:69–74.

[122] Tunç I, Erler F. Fumigant activity of anethole, a major component of essential oil of
anise Pimpinella anisum L. IOBC-WPRS Bull 2000;23:221–6.

[123] Kim S, Kang J, Park I. Journal of Asia-Pacific entomology fumigant toxicity of
Apiaceae essential oils and their constituents against Sitophilus oryzae and
their acetylcholinesterase inhibitory activity. J Asia Pac Entomol 2013;16:
443–8.

[124] Shahriari M, Zibaee A, Sahebzadeh N, Shamakhi L. Effects of α-pinene, trans-
anethole, and thymol as the essential oil constituents on antioxidant system and
acetylcholine esterase of Ephestia kuehniella Zeller (Lepidoptera: Pyralidae). Pestic
Biochem Physiol 2018;150:40–7.

[125] Digilio MC, Mancini E, Voto E, De Feo V. Insecticide activity of Mediterranean
essential oils. J Plant Interact 2008;3:17–23.

[126] Yu SJ. Detoxification mechanisms in insects. Encycl Entomol 2004.
[127] El-Sayed SM, Ahmed N, Selim S, Al-Khalaf AA, Nahhas N El, Abdel-Hafez SH, et al.

Acaricidal and antioxidant activities of anise oil (Pimpinella anisum) and the oil’s
effect on protease and acetylcholinesterase in the two-spotted spider mite
(Tetranychus urticae koch). Agric For 2022;12:1–13.

[128] Pour SA, Shahriari M, Zibaee A, Mojarab-Mahboubkar M, Sahebzadeh N, Hoda H.
Toxicity, antifeedant and physiological effects of trans-anethole against Hyphantria
cunea Drury (Lep: Arctiidae). Pestic Biochem Physiol 2022;185:105135.

[129] Hummelbrunner LA, Isman MB. Acute, sublethal, antifeedant, and synergistic
effects of monoterpenoid essential oil compounds on the tobacco cutworm,
Spodoptera litura (Lep., Noctuidae). J Agric Food Chem 2001;49:715–20.

[130] Koul O, Singh R, Kaur B, Kanda D. Comparative study on the behavioral response
and acute toxicity of some essential oil compounds and their binary mixtures to
larvae of Helicoverpa armigera, Spodoptera litura and Chilo partellus. Ind Crop Prod
2013;49:428–36.

[131] Pavela R. Acute, synergistic and antagonistic effects of some aromatic compounds
on the Spodoptera littoralis Boisd. (Lep., Noctuidae) larvae. Ind Crop Prod 2014;60:
247–58.

[132] Kavallieratos NG, Nika EP, Skourti A, Perinelli DR, Spinozzi E, Bonacucina G, et al.
Apiaceae essential oil nanoemulsions as effective wheat protectants against five
arthropod pests. Ind Crop Prod 2022;186:115001.

[133] Draz KA, Tabikha RM, Eldosouky MI, Darwish AA, Abdelnasser M. Biotoxicity of
essential oils and their nano-emulsions against the coleopteran stored product
insect pests Sitophilus oryzae L. and Tribolium castaneum herbst. Int J Pest Manag
2022;0:1–15.

[134] S�anchez-G�omez S, Pag�an R, Pavela R, Mazzara E, Spinozzi E, Marinelli O, et al.
Lethal and sublethal effects of essential oil-loaded zein nanocapsules on a zoonotic
disease vector mosquito, and their non-target impact. Ind Crop Prod 2022;176.

[135] Sekhon BS. Nanotechnology in agri-food production: an overview. Nanotechnol
Sci Appl 2014;7:31–53.

[136] Cespi M, Quassinti L, Perinelli DR, Bramucci M, Iannarelli R, Papa F, et al.
Microemulsions enhance the shelf-life and processability of Smyrnium olusatrum L.
essential oil. Flavour Fragrance J 2017;32:159–64.
24
[137] Cant�o-Tejero M, Pascual-Villalobos MJ, Guirao P. Aniseed essential oil botanical
insecticides for the management of the currant-lettuce aphid. Ind Crop Prod 2022;
181.

[138] Giunti G, Laudani F, Lo Presti E, Bacchi M, Palmeri V, Campolo O. Contact toxicity
and ovideterrent activity of three essential oil-based nano-emulsions against the
olive fruit fly Bactrocera oleae. Horticulturae 2022;8.

[139] Skuhrovec J, Douda O, Zouhar M, Ma�nasov�a M, Bo�zik M, Klou�cek P. Insecticidal
and behavioral effect of microparticles of Pimpinella anisum essential oil on larvae
of Leptinotarsa decemlineata (Coleoptera: chrysomelidae). J Econ Entomol 2020;
113:255–62.

[140] Seo SM, Jung CS, Kang J, Lee HR, Kim SW, Hyun J, et al. Larvicidal and
acetylcholinesterase inhibitory activities of Apiaceae plant essential oils and their
constituents against Aedes albopictus and formulation development. J Agric Food
Chem 2015;63:9977–86.

[141] Isman MB, Grieneisen ML. Botanical insecticide research : many publications,
limited useful data. Trends Plant Sci 2014;19:140–5.

[142] Benelli G, Mehlhorn H. Declining malaria, rising of dengue and Zika virus: insights
for mosquito vector control, vol. 115; 2016. p. 1747–54.

[143] Haddi K, Turchen LM, Viteri Jumbo LO, Guedes RNC, Pereira EJG, Aguiar RWS,
et al. Rethinking biorational insecticides for pest management: unintended effects
and consequences. Pest Manag Sci 2020;76:2286–93.

[144] Passos LC, Ricupero M, Gugliuzzo A, Soares MA, Desneux N, Campolo O, et al.
Sublethal effects of plant essential oils toward the zoophytophagous mirid
Nesidiocoris tenuis. J Pest Sci 2004;2022(95):1609–19.

[145] Zappal�a L, Biondi A, Alma A, Al-Jboory IJ, Arn�o J, Bayram A, et al. Natural enemies
of the South American moth, Tuta absoluta, in Europe, North Africa and Middle East,
and their potential use in pest control strategies. J Pest Sci 2004;86:635–47. 2013.

[146] van Oudenhove L, Cazier A, Fillaud M, Lavoir A-V, Fatnassi H, P�erez G, et al. Non-
target effects of ten essential oils on the egg parasitoid Trichogramma evanescens.
Peer Community J 2023;3.

[147] Jactel H, Verheggen F, Thi�ery D, Escobar-Guti�errez AJ, Gachet E, Desneux N.
Alternatives to neonicotinoids. Environ Int 2019;129:423–9.

[148] Lubbe A, Verpoorte R. Cultivation of medicinal and aromatic plants for specialty
industrial materials. Ind Crop Prod 2011;34:785–801.

[149] Balkhyour MA, Hassan AH, Halawani RF, Summan AS, AbdElgawad H. Effect of
elevated CO2 on seed yield, essential oil metabolism, nutritive value, and
biological activity of Pimpinella anisum L. accessions at different seed maturity
stages. Biology 2021;10:979.

[150] Oezel A. Anise (Pimpinella anisum): changes in yields and component composition
on harvesting at different stages of plant maturity. Exp Agric 2009;45:117–26.

[151] Pavela R, �Zabka M, Bedn�a�r J, T�ríska J, Vrchotov�a N. New knowledge for yield,
composition and insecticidal activity of essential oils obtained from the aerial
parts or seeds of fennel (Foeniculum vulgare Mill.). Ind Crop Prod 2016;83:275–82.

[152] Pavoni L, Maggi F, Mancianti F, Nardoni S, Virginia V, Cespi M, et al.
Microemulsions: an effective encapsulation tool to enhance the antimicrobial
activity of selected EOs. J Drug Deliv Sci Technol 2019;53:101101.

[153] Ozcan MM, Chalchat JC. Chemical composition and antifungal effect of anise
(Pimpinella anisum L.) fruit oil at ripening stage. Ann Microbiol 2006;56:353–8.

[154] Rodrigues VM, Rosa PTV, Marques MOM, Petenate AJ, Meireles MAA. Supercritical
extraction of essential oil from aniseed (Pimpinella anisum L.) using CO2: solubility,
kinetics, and composition data. J Agric Food Chem 2003;51:1518–23.

[155] Gende LB, Maggi MD, Fritz R, Eguaras MJ, Bailac PN, Ponzi MI. Antimicrobial
activity of Pimpinella anisum and Foeniculum vulgare essential oils against
paenibacillus larvae. J Essent Oil Res 2009;21:91–3.

[156] Singh G, Kapoor IPS, Pandey SK, Singh UK, Singh RK. Studies on essential oils: Part
10; antibacterial activity of volatile oils of some spices. Phyther Res 2002;16:680–2.

[157] Al-Bayati FA. Synergistic antibacterial activity between Thymus vulgaris and
Pimpinella anisum essential oils and methanol extracts. J Ethnopharmacol 2008;
116:403–6.

[158] Dawidar AM, Mogib MA, El-Ghorab AH, Mahfouz M, Elsaid FG, Hussien K.
Chemical composition and effect of photo-oxygenation on biological activities of
Egyptian commercial anise and fennel essential oils. J Essent Oil-Bearing Plants
2008;11:124–36.

[159] Ponce AG, Fritz R, Del Valle C, Roura SI. Antimicrobial activity of essential oils on
the native microflora of organic Swiss chard. Lwt 2003;36:679–84.

[160] Bakhshi M, Kamalinejad M, Shokri M, Forouzani G, Heidari F, Tofangchiha M. In
vitro antibacterial effect of Pimpinella anisum essential oil on Enterococcus faecalis,
Lactobacillus casei, Actinomyces naeslundii, and Aggregatibacter
actinomycetemcomitans. Folia Med (Plovdiv) 2022;64:799–806.

[161] Passone MA, Girardi NS, Ferrand CA, Etcheverry M. Invitro evaluation of five
essential oils as botanical fungitoxicants for the protection of stored peanuts from
Aspergillus flavus and A. parasiticus contamination. Int Biodeterior Biodegrad 2012;
70:82–8.

[162] Passone MA, Girardi NS, Etcheverry M. Evaluation of the control ability of five
essential oils against Aspergillus section Nigri growth and ochratoxin A
accumulation in peanut meal extract agar conditioned at different water activities
levels. Int J Food Microbiol 2012;159:198–206.

[163] Hoyos JM�A, Alves E, Rozwalka LC, de Souza EA, Zeviani WM. Atividade
antifúngica e alteraç~oes ultraestruturais em Pseudocercospora griseola tratado com
�oleos essenciais. Cienc E Agrotecnol 2012;36:270–84.

[164] Djordjevic M, Djordjevic O, Djordjevic R, Mijatovic M, Kostic M, Todorovic G,
et al. Alternative approach in control of tomato pathogen by using essential oils in
vitro. Pakistan J Bot 2013;45:1069–72.

[165] Kosalec I, Pepeljnjak S, Ku�strack D. Antifungal activity of fluid extract and
essential oil from anise fruits (Pimpinella anisum L., Apiaceae). Acta Pharm 2005;
55:377–85.

http://refhub.elsevier.com/S2949-7981(23)00003-0/sref109
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref109
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref109
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref109
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref110
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref110
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref110
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref110
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref110
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref111
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref111
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref111
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref111
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref111
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref112
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref112
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref112
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref112
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref113
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref113
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref113
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref114
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref114
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref114
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref114
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref115
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref115
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref115
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref115
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref116
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref116
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref116
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref116
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref116
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref117
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref117
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref117
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref117
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref117
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref118
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref118
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref118
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref119
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref119
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref119
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref119
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref120
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref120
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref120
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref121
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref122
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref122
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref122
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref123
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref123
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref123
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref123
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref123
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref124
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref124
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref124
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref124
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref124
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref124
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref125
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref125
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref125
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref126
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref127
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref127
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref127
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref127
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref127
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref128
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref128
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref128
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref129
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref129
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref129
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref129
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref130
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref130
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref130
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref130
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref130
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref131
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref131
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref131
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref131
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref132
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref132
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref132
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref133
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref133
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref133
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref133
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref133
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref134
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref134
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref134
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref134
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref134
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref134
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref135
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref135
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref135
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref136
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref136
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref136
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref136
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref137
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref137
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref137
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref137
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref138
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref138
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref138
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref139
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref140
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref140
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref140
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref140
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref140
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref141
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref141
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref141
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref142
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref142
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref142
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref143
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref143
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref143
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref143
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref144
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref144
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref144
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref144
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref145
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref145
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref145
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref145
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref145
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref145
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref146
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref146
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref146
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref146
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref147
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref147
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref147
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref147
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref147
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref148
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref148
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref148
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref149
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref149
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref149
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref149
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref149
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref150
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref150
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref150
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref151
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref151
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref151
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref151
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref151
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref151
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref151
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref151
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref152
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref152
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref152
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref153
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref153
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref153
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref154
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref154
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref154
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref154
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref155
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref155
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref155
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref155
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref156
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref156
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref156
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref157
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref157
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref157
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref157
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref158
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref158
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref158
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref158
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref158
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref159
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref159
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref159
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref160
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref160
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref160
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref160
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref160
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref161
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref161
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref161
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref161
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref161
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref162
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref162
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref162
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref162
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref162
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref163
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref163
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref163
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref163
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref163
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref163
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref164
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref164
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref164
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref164
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref165
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref165
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref165
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref165
http://refhub.elsevier.com/S2949-7981(23)00003-0/sref165


E. Spinozzi et al. Agriculture Communications 1 (2023) 100003
[166] Shukla HS, Dubey P, Chaturvedi RV. Antiviral properties of essential oils of
Foeniculum vulgare and Pimpinella anisum L. Agronomie 1989;9:277–9.

[167] Singh G, Kapoor IPS, Singh P, de Heluani CS, Catalan CAN. Chemical composition
and antioxidant potential of essential oil and oleoresins from anise seeds
(Pimpinella anisum L.). Int J Essent Oil Ther 2008;2:122–30.

[168] Tabanca N, Ma G, Pasco DS, Bedir E, Kirimer N, Baser KHC, et al. Effect of essential
oils and isolated compounds from Pimpinella species on NF-κB: a target for
antiinflammatory therapy. Phyther Res 2007;21:741–5.

[169] Alomar HA, Fathallah N, Abdel-Aziz MM, Ibrahim TA, Elkady WM. GC-MS
Profiling, Anti-Helicobacter pylori, and anti-inflammatory activities of three
apiaceous fruits’ essential oils. Plants 2022;11.

[170] Janahmadi M, Farajnia S, Vatanparast J, Abbasipour H, Kamalinejad M. The fruit
essential oil of Pimpinella anisum L. (Umbelliferae) induces neuronal
hyperexcitability in snail partly through attenuation of after-hyperpolarization.
J Ethnopharmacol 2008;120:360–5.

[171] Karimzadeh F, Hosseini M, Mangeng D, Alavi H, Hassanzadeh GR, Bayat M, et al.
Anticonvulsant and neuroprotective effects of Pimpinella anisum in rat brain. BMC
Compl Alternative Med 2012;12.

[172] Pourgholami MH, Majzoob S, Javadi M, Kamalinejad M, Fanaee GHR, Sayyah M.
The fruit essential oil of Pimpinella anisum exerts anticonvulsant effects in mice.
J Ethnopharmacol 1999;66:211–5.

[173] Tabanca N, Khan SI, Bedir E, Annavarapu S, Willett K, Khan IA, et al. Estrogenic
activity of isolated compounds and essential oils of Pimpinella species from
Turkey, evaluated using a recombinant yeast screen. Planta Med 2004;70:728–35.

[174] Gilligan NP. The palliation of nausea in hospice and palliative care patients with
essential oils of Pimpinella anisum (aniseed), Foeniculum vulgare var. dulce (sweet
fennel), Anthemis nobilis (Roman chamomile) and Mentha x piperita (peppermint).
Int J Aromather 2005;15:163–7.

[175] Sahraei H, Ghoshooni H, Hossein Salimi S, Mohseni Astani A, Shafaghi B,
Falahi M, et al. The effects of fruit essential oil of the Pimpinella anisum on
acquisition and expression of morphine induced conditioned place preference in
mice. J Ethnopharmacol 2002;80:43–7.

[176] Tas A. Analgesic effect of Pimpinella anisum L. essential oil extract in mice. Indian
Vet J 2009;86:145–7.

[177] Ciftci M, Güler T, Dalkiliç B, Nihat Ertas O. The effect of anise oil (Pimpinella
anisum L.) on broiler performance. Int J Poultry Sci 2005;4:851–5.

[178] Samojlik I, Petkovic S, Stilinovic N, Vukmirovic S, Mijatovic V, Bo�zin B.
Pharmacokinetic herb-drug interaction between essential oil of aniseed (Pimpinella
anisum L., apiaceae) and acetaminophen and caffeine: a potential risk for clinical
practice. Phyther Res 2016;30:253–9.

[179] Samojlik I, Mijatovi�c V, Petkovi�c S, �Skrbi�c B, Bo�zin B. The influence of essential oil
of aniseed (Pimpinella anisum L.) on drug effects on the central nervous system.
Fitoterapia 2012;83:1466–73.

[180] Chantawee A, Soonwera M. Larvicidal, pupicidal and oviposition deterrent
activities of essential oils from Umbelliferae plants against house fly Musca
domestica. Asian Pac J Tropical Med 2018;11:621.

[181] Oz E, Koç S, Çinbilgel _I, Yanıko�glu A, Çetin H. Chemical composition and
larvicidal activity of essential oils from Nepeta cadmea Boiss. and Pimpinella anisum
L. on the larvae of Culex pipiens L. Marmara Pharm J 2018;22:322–7.

[182] Andrade-Ochoa S, S�anchez-Aldana D, Chac�on-Vargas KF, Rivera-Chavira BE,
S�anchez-Torres LE, Camacho AD, et al. Oviposition deterrent and larvicidal and
pupaecidal activity of seven essential oils and their major components against
Culex quinquefasciatus say (Diptera: Culicidae): synergism–antagonism effects.
Insects 2018;9.

[183] Khater HF, Hanafy A, Abdel-mageed AD, Ramadan MY, El-madawy RS. Control of
the myiasis-producing fly, Lucilia sericata, with Egyptian essential oils. Int J
Dermatol 2011;50:187–94.

[184] Palacios SM, Bertoni A, Rossi Y, Santander R, Urzúa A. Efficacy of essential oils
from edible plants as insecticides against the house fly, Musca domestica L.
Molecules 2009;14:1938–47.

[185] Tabari MA, Rostami A, Khodashenas A, Maggi F, Petrelli R, Giordani C, et al.
Acaricidal activity, mode of action, and persistent efficacy of selected essential oils
on the poultry red mite (Dermanyssus gallinae). Food Chem Toxicol 2020;138.

[186] Lee H-S. p-Anisaldehyde: acaricidal component of Pimpinella anisum seed oil
against the house dust mites Dermatophagoides farinae and Dermatophagoides
pteronyssinus. Planta Med 2004;70:279–81.

[187] Yones DA, Bakir HY, Bayoumi SAL. Chemical composition and efficacy of some
selected plant oils against Pediculus humanus capitis in vitro. Parasitol Res 2016;
115:3209–18.

[188] Toloza AC, Zygadlo J, Biurrun F, Rotman A, Picollo MI. Bioactivity of Argentinean
essential oils against permethrin- resistant head lice, Pediculus humanus capitis.
J Insect Sci 2010;10:1–8.

[189] Laurent D, Vilaseca LA, Chantraine JM, Ballivian C, Saavedra G, Iba~nez R.
Insecticidal activity of essential oils on Triatoma infestans. Phyther Res 1997;11:
285–90.

[190] Ajmal L, Hamid A, Ahmed F, Safee R, Chaudhary U, Iman K, et al. Repellent activity
of trans-anethole and tea tree oil against Aedes aegypti and their interaction with
OBP1, a protein involved in olfaction. Entomol Exp Appl 2022;170:547–54.

[191] Yeom H-J, Kang JS, Kim G-H, Park I-K. Insecticidal and acetylcholine esterase
inhibition activity of Apiaceae plant essential oils and their constituents against
adults of German cockroach (Blattella germanica). J Agric Food Chem 2012;60:
7194–203.
25
[192] Oliveira T De, Senra S, Zering�ota V. Assessment of the acaricidal activity of
carvacrol, (E) -cinnamaldehyde, trans-anethole, and linalool on larvae of
Rhipicephalus microplus and Dermacentor nitens (Acari:Ixodidae), vol. 112; 2013.
p. 1461–6.

[193] Mikhaiel AA. Potential of some volatile oils in protecting packages of irradiated
wheat flour against Ephestia kuehniella and Tribolium castaneum. J Stored Prod Res
2011;47:357–64.
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