BioThink, Vol -2, Issue -2

ISSN: 3048-7943

Bioactivity of Thyme Essential Oil: A Promising Botanical Tool for Controlling
Insect Pests

Kasturi Sarmah®”, Rahul Borah?, Thandra Rakesh®

L3Department of Agricultural Entomology, Tamil Nadu Agricultural University, Coimbatore, Tamil

Nadu, India, 2Department of Entomology, Assam Agricultural University, Jorhat, Assam, India

Corresponding authors E-mail: kasturisarmah5005@gmail.com

Thyme is a perennial aromatic shrub of the
Lamiaceae family, originating from the
Mediterranean region. This shrub is widely
recognized for its significance in the food,
industries.

pharmaceutical, and cosmetic

Rich in phytonutrients, minerals, and
vitamins, thyme is known for its pungent
flavor and high content of moisture, protein,
crude fiber, and essential nutrients (Ouknin
2025). Although its

composition may vary depending on

et al chemical
geographical location, it is predominantly
composed of flavonoids and antioxidants
(Hammoudi Halat et al. 2022). The genus
Thymus L. comprises more than 214 species
and 36 subspecies worldwide (Saez 2002).
Various Thymus sp. have been recently
explored for their bioactivity against insect
pests due to increasing environmental issues
and heath problems caused by the
indiscriminate use of chemical pesticides.

Essential oils have now became an
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important area of research for testing their
potential in managing insect pest (Sarmah et
al. 2024). Essential oils from different plants
have demonstrated insecticidal, antifeedant,
repellent, oviposition deterrent, and growth
inhibitory properties (Kayedi et al. 2014).
They function as toxins or neurotropes of the
insect nervous system by disrupting
octopamine, a neuromodulator of insect
nervous system (Kostyukovsky et al. 2002)
or by blocking GABA-gated chloride
channels (Priestley et al. 2003). These oils
interfere with insect respiration by inhibiting
cellular oxidation or inducing asphyxiation
by forming an impermeable layer (Li et al.
2014). They also have enzyme inhibitory
activities (Duque et al. 2023). Hence, this
study was undertaken to study the insect
killing properties and chemical compositions

of various Thyme species.
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Gas spectrometry
(GC-MS) analysis of thyme oil obtained

chromatography-mass

from T. vulgaris consisted of thymol, p-
cymene, linalool, and carvacrol in 26.9,
1454, 1339 and 5.7 %,
(Goharrostami et al. 2022).

study, the major components of T. vulgaris

respectively

In another

oil were thymol, a-pinene and o-Cymene in
21.53, 17.43, and 15.37%,

In T. cariensis, the key components were

respectively.

germacrene D and carvacrol in 33.59, and
14.86% , whereas the primary composition
of of T. cilicicus essential oil were borneol,
1,8-cineol, camphor in 16.97, 16.78, and
12.54% (Ngongang et al. 2022). The major
components identified in T. broussonnetii
essential oil were p-cymene, borneol, o-
pinene, and thymol in 21.0, 16.5, 11.8, 11.3
% whereas T. maroccanus oil was primarily
composed of carvacrol, p-cymene, and a-
pinene in 33.0, 25.3 and 11.6% (Belagziz et
al. 2010).

essential oils of five Moroccan Thymus

In a comparative study, the

species were analyzed for their chemical
composition (Ouknin et al. 2025). The oils
were  predominantly  composed  of
oxygenated monoterpenes and monoterpene
hydrocarbons at a concentration of 40.1-

58.9 and 30.7-46.6% respectively, along
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with lesser amounts of hydrocarbon

sesquiterpenes and oxygenated
sesquiterpenes. Each species exhibited a
distinct chemical profile characterized by
specific ~ dominant  compounds. T.
willdenowii oil was rich in compunds like
thymol, y-terpinene, and p-cymene, which
were present in 48.3, 15.9 and 13.2%,
respectively with minor constituents such as
linalool and borneol in 3.4 and 3.2%. In T.
zygis subsp. gracilis, the key component was
thymol (41.5%) followed by p-cymene, -
terpinene, borneol, and linalool in 23.0, 8.9,
48 and 3.7%.

broussonnetii

T. Dbroussonnetii subsp.
showed a more balanced
composition, with thymol (17.4%), borneol
(16.8%), and p-cymene (16.9%) as dominant
components, along with camphene (7.2%)
and o-pinene (9.1%). T. maroccanus oil
contained high levels of thymol (38.1%), p-
cymene (18.8%), and carvacrol (12.9%),
with minor constituents like a-terpineol and
linalool. Finally, T. satureioides was notable
for its high borneol content (19.4%), along
with moderate levels of thymol (13.8%),
camphene (12.5%), and p-cymene (10.4%),
as well as a-pinene (6.8%) and trans-
caryophyllene (6.1%). In T. numidicus from
Algeria thymol (51.0 %) followed by
carvacrol (9.4 %), linalool (3.3 %), thymol-



BioThink, Vol -2, Issue -2

ISSN: 3048-7943

methyl-ether (3.2 %) and iso-caryophyllene
(2.7 %) were the primary components (Saidj
et al. 2008).

Ouknin et al. (2025) studied the aphicidal
The

effectiveness of the Thymus essential oils

activity of five Thymus species.

(EOs) varied among the species. Among the
five EOs evaluated, T. willdenowii exhibited
the highest insecticidal activity (LCso: 6.2
pL/mL) and maximum toxicity effect on
Aphis gossypii adults. T. maroccanus (LCso
7.2 pL/mL) and T. zygis (7.1 pL/mL)
showed moderate toxicity. In contrast, T.
broussonnetii (10.9) and T. satureioides (
15.9 pL/mL) demonstrated comparatively

lower toxicity.

In young larvae of Alphitobius
with 1%

concentrations of thyme oil, thymol, and

diaperinus, treatment
carvacrol resulted in mortality rates of 50.0,
86.67% 85.0%,
(Szczepanik et al. 2012). In contrast, the

and respectively

same treatments produced significantly
lower mortality in older larvae, with rates of
17.5%, 27.5%, and 27.5%, respectively. At
2%, thyme oil, thymol, and carvacrol caused

mortality rates of 62.5, 91.67, and 97.5% in
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young larvae. These findings indicate that
thymol and carvacrol are more potent than
crude thyme oil in controlling A. diaperinus
larvae, suggesting their potential as effective
botanical insecticidal agents. The ovicidal,
larvicidal, and biochemical effects of T.
vulgaris (thyme) oil and the carbamate
insecticide methomyl were evaluated against
the cotton leafworm, Spodoptera littoralis
(EI-Aw et al. 2021). Thyme oil reduced egg
hatchability by 32.5% and 57.1% at 2% and
4%, respectively, while methomyl caused
21.3% and 28.2% reduction at 2 and 4 ppm.
At higher doses (12% thyme oil and 20 ppm
both achieved 100% egg

mortality. In larval feeding assays, LCso

methomyl),

values for thyme oil decreased over time
(0.701%, 0.324%, and 0.108% at 24, 48, and
72 h), while for methomyl they were 1.60,
0.918, and 0.51 ppm, respectively. Topical
assays showed higher LCso values for both.
ACNhE inhibition in 4th instar larvae showed
that 6% thyme oil caused 68.6% (head) and
68.7% (midgut) inhibition, while 20 ppm
methomyl resulted in 81.8% and 80.4%
inhibition, respectively. T. algeriensis oil
showed strong insecticidal activity (LCsp:
44.25-112.75 pl/l
leafworm larvae (Ali et al. 2015).

air)  against  cotton
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Khaled et al. (2017) evaluated the
insecticidal potential of Thymus capitatus
essential oil and two natural abrasives, viz.,
kaolin and diatomaceous earth against
Myzus persicae. In vitro applications
both
fumigation and spray, with LCso values of
20.01 and 13.26 pL/L air after 24 h,

bioinsecticide

showed significant toxicity via

respectively. In  vivo
formulations (LCso thyme oil + abrasive)
caused 74.19% and 97.84% mortality when
combined with kaolin and diatomaceous
earth, respectively. Additionally, emulsions
containing 1 pL of thyme oil induced
55.55% mortality within 24 h. The abrasives'
mechanical action caused dehydration,
shrinkage, and cuticle deformation, with the
thyme oil-diatomaceous earth combination
the aphid

vulgaris)

proving most  effective in
control. Thyme oil (T.
demonstrated significant knockdown and
larvicidal effects against the tomato borer,
Tuta absoluta (Ngongang et al. 2022). In
contact toxicity assays, the KDso and LDso
values were 0.592 and 0.608 pL/mL,
respectively, while in fumigation assays,
KDso and LDso values were 2.565 and 3.046
puL/mL,

potential through both application methods .

indicating effective insecticidal

40

Nazarahari et al. (2024) evaluated
the insecticidal efficacy of water, ethanol,
and n-hexane extracts of Eucalyptus and T.
vulgaris (thyme), along with their wettable
powder formulations against the cotton
bollworm, Helicoverpa armigera. Larvae
with extracts  showed

treated these

developmental abnormalities and dose-

dependent mortality. N-hexane extracts were
most toxic, with LCso values of 0.404%
(eucalyptus) and 0.490% (thyme). Ethanol
extracts showed moderate toxicity (LCso:
10.171% and 23.264%), while water extracts
were least effective. Wettable powder
formulations enhanced activity, particularly
for ethanol extracts, with LCso values of
36.17% (thyme) and 74.65% (eucalyptus).
These results highlight the potential of
formulated eucalyptus and thyme extracts as
effective botanical insecticides for H.

armigera management.

Bas et al. (2023) investigated various
thyme species viz., Origanum majorana,
Origanum saccatum, and Thymbra spicata
var. spicata (Lamiaceae) for their
insecticidal activity against wheat weevil,
Sitophilus granarius L. and rice weevil, S.
oryzae L. On day 4, 100% mortality of
Sitophilus granarius adults was recorded at
the highest treated doses of T. spicata var.
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spicata and O. majorana, while O.
73.75%  mortality.
Corresponding LCoso values were 0.9, 0.1,
and 1.3 pl/mL, respectively. For S. oryzae
adults, O. majorana (0.5% and 1% v/v)
achieved 100% mortality, whereas 1% T.
spicata and O. saccatum resulted in 72.5

saccatum  caused

and 46.25% mortality, respectively.

Thymus species, particularly  Thymus
vulgaris, possess a diverse and potent array
of bioactive constituents such as thymol,
carvacrol, p-cymene, and linalool, which
contribute significantly to their insecticidal
efficacy. Variations in chemical composition
among different species and regions further
enhance the versatility of thyme oils in pest
control applications. Extensive laboratory

investigations have demonstrated the oils'

strong ovicidal, larvicidal, and adulticidal
activities against a range of economically
important  pests, including Spodoptera
Aphis

gossypii, and Sitophilus spp. These effects

littoralis, Helicoverpa armigera,
are mediated through multiple modes of
action, including neurotoxicity, respiratory
inhibition, and
Additionally,

enzymatic  disruption.

thyme oils have shown
synergistic potential when combined with
inert carriers or formulated into wettable

powders, enhancing their applicability in

integrated  pest management  (IPM)
strategies. Given their broad-spectrum
bioactivity, environmental safety, and

reduced risk of resistance development,
thyme essential oils represent a promising,
alternative  to

eco-friendly synthetic

pesticides for sustainable pest management.
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