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Original article (Orijinal araştırma) 

Chemical composition and insecticidal potential of different  
Origanum spp. (Lamiaceae) essential oils against four stored product pests 

Farklı Origanum spp. (Lamiaceae) uçucu yağlarının kimyasal kompozisyonu ve dört 
depolanmış ürün zararlısına karşı insektisidal potansiyeli 

Mustafa ALKAN1* 
Abstract 

This study was conducted to determine the contact and fumigant toxicity of plant essential oils extracted from 
four Origanum spp. against four stored product pests, Rhyzopertha dominica (F., 1792) (Coleoptera: Bostrichidae), 
Tribolium confusum Jacquelin Du Val, 1863 (Coleoptera: Tenebrionidae), Sitophilus granarius (L., 1875) and Sitophilus 
oryzae (L., 1763) (Coleoptera: Curculionidae). Chemical composition of the essential oils was determined using GC-
MS. The trials were conducted under laboratory conditions in 2019 at Plant Protection Central Research Institute. 
Essential oils extracted from Origanum onites L. and Origanum vulgare L. var. hirtum caused 100% mortality of R. 
dominica and T. confusum. The computed LD50 value for O. vulgare var. verticium against R. dominica 24 h after 
application was 0.046 µl/insect. Single concentration fumigant study indicated that O. onites and O. vulgare var. hirtum 
essential oils cause high mortality (91 and 70%, respectively) of R. dominica within 24 h. Essential oils of O. vulgare 
showed the highest activity against R. dominica with LC50 and LC90 values of 0.0052 and 0.0144 µl/ml, respectively. 
The main components of O. onites essential oil were thymol (22.9%), γ-terpinene (13.0%), p-cymene (12.9%) and 
carvacrol (7.2%). Similarly, the essential oils of O. vulgare var. hirtum were composed of carvacrol (32.5%), thymol 
(16.1%), p-cymene (12.2%) and γ-terpinene (7.9%). Likewise, the essential oil of O. vulgare var. verticium had carvacrol 
(35.0%), p-cymene (11.6%), γ-terpinene (10.3%) and thymol (9.1%). Nonetheless, O. vulgare x O. onites essential oil 
had carvacrol (15.2%), cis-sabinene hydrate (14.6%), terpinen-4-ol (14.6%) and γ-terpinene (8.7%). 

Keywords: Contact activity, essential oils, fumigant activity, GC-MS, Lamiaceae 

Öz 

Bu çalışmanın amacı dört Origanum türünden elde edilen uçucu yağların kontakt ve fumigant etkinliklerini 
Rhyzopertha dominica (F., 1792) (Coleoptera: Bostrichidae), Tribolium confusum Jacquelin Du Val, 1863 (Coleoptera: 
Tenebrionidae), Sitophilus granarius (L., 1875) ve Sitophilus oryzae (L., 1763) (Coleoptera: Curculionidae) erginlerine 
karşı belirlemektir. Uçucu yağlarının kimyasal kompozisyonu GC-MS cihazı kullanılarak belirlenmiştir. Denemeler 
laboratuvar koşullarında 2019 yılında Zirai Mücadele Merkez Araştırma Enstitüsü’nde yürütülmüştür. Rhyzopertha 
dominica ve T. confusum erginlerinde Origanum onites L. ve Origanum vulgare L. var. hirtum uçucu yağları %100 
ölüme neden olmuştur. Yirmi dört saat sonunda O. vulgare var. verticium bitki uçucu yağının R. dominica için LD50 
değeri 0.046 µl/böcek olarak hesaplanmıştır. Tek konsantrasyon fumigant etki denemeleri sonucunda O. onites ve O. 
vulgare hirtum uçucu yağları 24 saat sonunda R. dominica’ya karşı yüksek aktivite (sırasıyla %91 ve %70) göstermiştir. 
Fumigant konsantrasyon etki denemeleri sonucunda bitki uçucu yağlarından O. vulgare uçucu yağı R. dominica için en 
yüksek etkinliği göstermiş ve 24 saat sonunda LC50 ve LC90 değerleri sırasıyla 0.0052 µl/ml ve 0.0144 µl/ml olarak 
hesaplanmıştır. Origanum onites’in ana bileşenleri, thymol %22.9; γ-terpinene %13.0; p-cymene %12.9; carvacrol 
%7.2, O. vulgare var. hitsitum ana bileşenleri carvacrol %32.5; thymol %16.1; p-cymene %12.2; γ-terpinene %7.9, O. 
vulgare var. verticium ana bileşenleri carvacrol %35.0; p-cymene %11.6; γ-terpinene %10.3; thymol %9.1, O. vulgare 
x O. onites’in ana bileşenleri carvacrol %15.2; cis-sabinene hydrate %14.6; terpinen-4-ol %14.6 ve γ-terpinene %8.7 
olarak belirlenmiştir. 

Anahtar sözcükler: Kontakt etkinlik, uçucu yağ, fumigant etkinlik, GC-MS, Lamiaceae  
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Introduction 

Cereals can be infested by many pests after harvest if not kept under appropriate storage conditions. 
Qualitative and quantitative losses occur in the stored products due to these pests. Different cultural, 
physicomechanical and chemical control methods are used to reduce the damage caused by stored product 
pests. Chemical control is the most widely and extensively used method to manage these pests globally. 
The most commonly used synthetic chemicals to control these pests are methyl bromide and aluminum 
phosphide (Bond, 1984; Taylor, 1994; Mutungi et al., 2014). The use of these chemicals is being prohibited 
in the scope of Montreal protocol due to their toxicity against warm-blooded organisms and damage to 
ozone layer but phosphide is the major fumigant in current use. 

Plants employ various defense mechanisms to protect themselves from enemies. Various secondary 
metabolites synthesized within the plant cells occupy an important place among these mechanisms. These 
compounds having insecticidal and behavioral activities against various pests (Güncan & Durmuşoğlu, 
2004) can be classified as alkaloids, glycosides, phenols, terpenoids, tannins and saponins (Shanker & 
Solanki, 2000). The plant essential oils contain terpenic or non-terpenic volatile compounds that are 
hydrocarbons and their derivatives (Başer, 2009). 

Origanum (Lamiaceae) includes important medicinal aromatic plants and many studies have been 
conducted on their biological activities. Different activities of Origanum spp. such as antioxidant (Dutra et 
al., 2019), cytotoxic (Coccimiglio et al., 2016), antimicrobial (Lesjak et al., 2016; Reyes-Jurado et al., 2019), 
anti-acetylcholinesterase (Abou-Taleb et al., 2016; Hajlaoui et al., 2016; López et al., 2018), antibacterial 
(da Cunha et al., 2018; Wijesundara & Rupasinghe, 2018), repellent (Govindarajan et al., 2016; La Pergola 
et al., 2017; Giatropoulos et al., 2018), antifungal (Vinciguerra et al., 2018), allelopathic (Boukaew et al., 
2017), phytotoxic (Ibáñez & Blázquez, 2018; Grul'ová et al., 2019) insecticidal (Kim et al., 2016; Szczepanik 
et al., 2018; Benelli et al., 2019) have been determined in a number of studies. 

The studies conducted to the determine the essential oil composition of Origanum spp. have reported 
that the main are carvacrol (Martucci et al., 2015; Lesjak et al., 2016), thymol (Mechergui et al., 2016), γ -
terpinene (Hajlaoui et al., 2016; Lesjak et al., 2016), p-cymene (Martucci et al., 2015; Hajlaoui et al., 2016; 
Mechergui et al., 2016), terpinen-4-ol (Hajlaoui et al., 2016), linalool (Aligiannis et al., 2001), sabinene 
(Hajlaoui et al., 2016), α-terpinene (Hajlaoui et al., 2016), cis-sabinene hydrate (Hajlaoui et al., 2016), 
terpinene , α-pinene (Martucci et al., 2015) and 4-terpineol (Couto et al., 2015). 

Coleoptera is the largest insect order and includes the most common and important stored product 
pests. The pests belonging to this order live in a wide variety of habitats. Stored product pests have different 
behavior patterns; thus, some of them are regarded as primary pests, while others are defined as secondary 
pests. The Curculionidae family includes some of the stored product pests. Sitophilus spp. belong to this 
family and considered as primary pests. The Tenebrionidae family comprises of >10,000 species, of which 
100 are stored product pests, and are regarded as secondary pests. Pests belonging to Tribolium are in 
this family. 

The contact and fumigant toxicity of essential oils extracted from four Origanum spp., Origanum 
onites L., Origanum vulgare L. var hirtum, Origanum vulgare L. var verticium and O. vulgare x O. onites 
(Lamiaceae) were determined against four important stored product pests, Rhyzopertha dominica (F., 
1792) (Coleoptera: Bostrichidae), Tribolium confusum Jacquelin Du Val, 1863 (Coleoptera: Tenebrionidae), 
Sitophilus granarius (L., 1875) and Sitophilus oryzae (L., 1763) (Coleoptera: Curculionidae). In addition, the 
essential oil components of these species were determined by GC-MS. Many studies have been conducted 
on the effect of Origanum spp. on storage pests, but the insecticidal activity of the essential oil of O. vulgare 
x O. onites was studied for the first time. The results of the study will help to devise alternative and 
environmentally safe management strategies for control of stored product pests. 
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Materials and Methods 
Plant material 

Shoots of O. onites, O. vulgare var. hirtum, O. vulgare var. verticium and O. vulgare x O. onites were 
collected during the flowering period July 2018 from the production area of Field Crops Central Research 
Institute, Ankara, Turkey. All vegetative parts of the plant were used in the production of essential oils. The 
species were identified by PhD Reyhan Bağdat Bahtiyarca. The herbaria of these species were prepared 
and deposited at the Directorate of Plant Protection Central Research Institute, Ankara, Turkey. 

Extraction of essential oils 

The aerial parts (100 g each) of the air-dried plant samples of all the species were separately hydro-
distilled for 4 h using a Clavenger apparatus. Oils yields were 2.2, 4.6, 2.8 and 3.1% for O. onites, O. 
vulgare var hirtum, O. vulgare var verticium, and O. vulgare x O. onites, respectively. The extracted oils 
were stored at -20°C until analyzed. 

Analysis of essential oils 

The GC-MS analysis was performed with an Agilent 5975C InertXL EI/CI MSD system. In the 
preparation of essential oil samples for analysis GC-MS 20 ml of essential oil and 180 ml of hexane was 
added to vials. The GC-MS analysis was conducted using an Innowax FSC column (60 m x 0.25 mm) 
containing helium carrier gas (1 ml/min) with temperature program. The oven temperature was kept at 60°C 
for 10 min and then raised to 220°C at 4°C/min. The oven was kept at this temperature for 10 min and then 
temperature was raised to 240°C at 1°C/min. Mass spectra were recorded in the 70 eVita mass range/load 
ratio of 35-450. GC/FID analysis was performed simultaneously in the same column where GC-MS analysis 
was conducted with same gas, gas flow and temperature used in GC-MS analysis. RRI (relative retention 
index) values of the essential oil components were compared with those previously reported in the literature 
(Başer et al., 1998, 2000, 2001, 2002a, b, 2009; Kirimer et al., 2000; Demirci et al., 2003, 2004, 2006; Jiang 
& Kubota, 2004; Lourens et al., 2004; Kürkçüoğlu et al., 2006; Tabanca et al., 2006; Özkan et al., 2008; 
Bardakci et al., 2012; Maggio et al., 2012; Polatoğlu et al., 2012a, b, c, 2013, 2017). 

Insect rearing 

The insect cultures were obtained from the stock cultures of the Plant Protection Central Research 
Institute, Ankara, Turkey. A mixture of ground soft bread wheat and dry yeast [Saccharomyces cerevisiae 
Meyen ex E. C. Hansen, 1883 (Saccharomycetales: Saccharomycetaceae)] was used to rear T. confusum 
and R. dominica. The wheat was crushed to coarse size in feed crushing machine and kept in freezer at -
18°C for 72 h to eliminate possible contamination by insect and mites. Dry yeast was ground in a grinding 
mill, sieved through 100 mesh sieves and added to wheat at 5% w/w. Whole wheat grains were used for 
rearing S. granarius and S. oryzae. In order to obtain the adults of desired age, adult emergence was 
recorded daily about 3 weeks after the eggs were taken into jars. The adults emerging between 7 and 28 d 
after first emergence were used in the study. 

Contact toxicity assay 

In single-dose contact activity assays, essential oils were prepared with acetone at a concentration 
of 0.15% v/v and applied to the ventral of each insect abdomen (1 μl/insect) with micro applicator (Hamilton, 
Bonaduz, GR, Switzerland). The same amount of acetone was applied to the insects in control treatment 
of the study. Twenty adult individuals were used in each replication, which were transferred to Petri dishes 
(6 cm diameter) containing food, and mortality was recorded after 24 and 48 h. The insects unable to move 
synchronously upon touching with a sable brush were considered as to be dead. The Petri dishes were 
kept in an incubator at 25±2°C and 65% RH (Polatoğlu et al., 2013). The experiment was laid out according 
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in a completely randomized design with five replicates. The plant essential oils showing 70% or higher 
mortality were included in the dose-response assays. The essential oils of all Origanum spp. were applied 
against R. dominica, T. confusum, S. granarius and S. oryzae at different doses ranging from 0.025 to 0.2% 
v/v and LD50 and LD90 values were calculated. 

Fumigant toxicity assay 

Glass tubes (10 ml) with airtight caps were used in single concentration fumigant activity assays. 
Five adult individuals were released in each tube. Discs of 10 mm diameter were cut from Whatman No1 
filter paper and attached to the caps of the glass tubes with a needle. Concentrations of essential oils 0.1% 
v/v were prepared with acetone and 10 µl was applied to each filter paper disc with a micropipette. The 
same amount of acetone was applied to the insects in a control treatment. The tubes were kept under fume 
hood for 5 min to allow the acetone to evaporate. The silicon septic caps of the tubes were then closed with 
a motor creeper. The tubes were incubated in a temperature controlled climatic chamber at 25±2°C and 
dying insects were recorded after 24 and 48 h of exposures (Polatoğlu et al., 2013). The experiment was 
laid out in a completely randomized design with 18 replicates. The plant essential oils showing 70% or higher 
mortality were included in dose-response assays. The essential oils of O. onites, O. vulgare var hirtum and 
O. vulgare var verticium were applied against R. dominica and S. oryzae at different doses ranging from 
0.025 to 0.2% v/v and LC50 and LC90 values were calculated. 

Statistical analysis 

The mortality data recorded in single-dose assays were converted to percent mortality and then 
transformed by arcsine transformation. One-way analysis of variance was used to test the significance, and 
treatment means were separated by Tukey’s multiple comparison test. The statistical analyses were carried 
out on MINITAB (Release 16) computer program. The data recorded form dose-response assays were 
analyzed by Polo-PC probit package program and LC/LD50 and LC/LD90 values and confidence intervals 
were computed. Principle component analysis (PCA) was performed with GenStat statistical software. 

Results and Discussion 
Composition of essential oils 

A total of 54 compounds were identified from the essential oil of O. onites, which represented 99.1% 
of the essential oil. Similarly, 50 compounds were recognized from O. vulgare var. hirtum essential oil, 
which constituted 97.9% of the oil. The GC-MS analysis identified 43 compounds in the essential oil of O. 
vulgare var. verticium, and the identified compounds represented 98.7% of the total essential oil. Likewise, 
57 essential oil components of O. vulgare x O. onites were identified and represented 97.0% of the oil 
(Table 1). 

The major components of O. onites essential oil were thymol (22.9%), γ-terpinene (13.0%), p-
cymene (12.9%) and carvacrol (7.2%). Similarly, the main components of O. vulgare var. hirtum essential 
oil were carvacrol (32.5%), thymol (16.1%), p-cymene (12.2%) and γ-terpinene (7.9%). Likewise, the major 
components identified from the essential oil of O. vulgare var. verticium were carvacrol (35.0%), p-cymene 
(11.6%), γ-terpinene (10.3%) and thymol (9.1%). Nonetheless, the major essential oil components of O. 
vulgare x O. onites were carvacrol (15.2%), cis-sabinene hydrate (14.6%), terpinen-4-ol (14.6%) and γ-
terpinene (8.7%). PCA divided the species in two groups based on their essential oil components. The PCA 
indicated that O. vulgare var. hirtum and O. vulgare var. verticium had similar essential oils, but O. onites 
and O. vulgare x O. onites are different (Figure 1). 
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Table 1. Essential oil composition of Origanum onites (Ao), O. vulgare var. verticium (Ovv), O. vulgare var. hirtum (Ovh) and O. vulgare 
x Origanum onites (Ovo) (All components were identified by mass spectrometry database matches and comparison of relative 
retention index from the literature) 

Compound RRI RRI L. Ao (%) Ovv (%) Ovh (%) Ovo (%) 

α-Pinene 1024 1026 0.80 1.75 1.52 0.89 
α-thujene 1028 1028 2.16 0.46 2.54 1.38 
Camphene 1070 1069 0.25 0.32 0.28 0.06 
Hexanal 1090 1087 - - - 0.01 
β-Pinene 1115 1114 0.19 0.19 0.29 0.38 
Sabinene 1129 1126 - - - 4.03 
δ-3-carene 1156 1159 0.15 0.20 0.20 0.03 
Myrcene 1171 1168 2.83 3.18 3.06 1.69 
p-Mentha-1(7).8-diene  1177 1183 - - - 0.04 
α-Terpinene 1187 1183 4.95 2.27 2.21 6.12 
Dehydro 1.8-cineole 1197 1194 - - - 0.03 
Limonene 1206 1202 0.64 0.51 0.50 0.70 
1.8-Cineole (=Eucalyptol) 1214 1212 - 0.06 - 0.06 
β-Phellandrene 1216 1218 0.39 0.38 0.42 0.98 
(E)-2-Hexanal 1229 1232 0.18 0.07 - 0.14 
β-Z-ocimene 1244 1246 0.12 - 0.07 0.57 
γ-Terpinene 1257 1251 13.00 7.93 10.33 8.69 
β-E-ocimene 1261 1265 0.10 0.08 0.08 0.10 
5-Methyl-3-heptanone 1263 1265 - 0.29 0.38 - 
p-cymene 1281 1277 12.94 12.17 11.62 3.54 
α-Terpinolene 1292 1290 0.35 0.23 0.11 2.24 
1-Octenyl acetate 1387 1386 - 0.07 - 0.16 
3-Octanol 1397 1393 0.25 0.09 0.14 - 
α. p-Dimethylstyrene 1451 1452 - 0.09 - - 
1-Octen-3-ol 1456 1457 2.01 0.75 1.23 0.16 
trans-Sabinene hydrate 1473 1469 2.12 0.43 0.71 4.40 
α-Campholene aldehyde 1505 1500 0.14 - - 0.03 
Linalool 1555 1552 0.68 1.24 0.09 1.95 
cis-Sabinene hydrate 1557 1554 1.34 0.36 0.40 14.58 
Linalyl acetate 1568 1565 0.85 0.34 - 0.28 
trans-p-Menth-2-en-1-ol 1575 1570 0.30 0.10 - 2.24 
Bornyl acetate 1596 1593 - 0.08 - 0.12 
trans-β-bergamotene 1598 1594 0.11 - - - 
β-Caryophyllene 1616 1609 6.82 5.77 8.71 - 
Carvacrol methyl ether 1619 1614 - 0.36 0.17 - 
Terpinen-4-ol 1620 1611 - - - 14.57 
Aromadendrene 1625 1628 0.21 - 0.06 - 
cis-Dihydrocarvone 1627 1624  0.18 0.06 0.41 
p-Menth-3-en-1-ol (=Terpinen-1-ol) 1639 1638 0.13 0.07 - - 
Terpinen-1-ol 1640 1628 - - - 1.37 
trans-Dihydrocarvone 1647 1645 - - 0.03 - 
cis-Isodihydrocarvone 1649 1645 - - - 0.48 
trans-Pinocarveol 1672 1667 0.08 - - 0.06 
α-Humulene (=α-Caryophyllene) 1690 1685 0.19 0.35 0.83 0.16 
trans-Piperitol 1693 1688 - - - 0.59 
γ-Muurolene 1706 1702 - 0.14 0.08 - 
α-Terpineol 1710 1706 0.67 0.62 0.25 4.37 
Borneol 1717 1717 1.57 0.95 0.65 0.16 
Germacrene D 1730 1726 - - - 0.05 
β-Bisabolene 1742 1741 5.58 0.71 1.49 0.31 
Bicyclogermacrene 1756 1755 - - - 0.56 
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Table 1. Continued 

Compound RRI RRI L. Ao (%) Ovv (%) Ovh (%) Ovo (%) 

cis-Piperitol 1759 1756 0.16 - - 0.89 
Carvone 1760 1755 - 0.11 - - 
Geranyl acetate 1769 1765 0.22 0.12 - 0.06 
γ-Cadinene 1781 1774 0.23 0.09 0.08 - 
β-Sesquiphellandrene 1787 1783 0.22 - - - 
trans-Carveol 1850 1845 - - - 0.10 
Geraniol 1856 1852 0.21 0.11 - 0.08 
p-Cymen-8-ol 1865 1860 0.09 0.08 0.08 0.06 
Thymyl acetate 1870 1868 0.34 - - - 
Carvacryl acetate 1894 1890 - 0.32 0.48 0.16 
Piperitenone oxide 1987 1983 0.13 - 0.17 - 
Isocaryophyllene oxide 2007 2001 0.13 0.41 0.52 - 
Caryophyllene oxide 2022 2007 1.15 4.02 3.56 0.07 
(E)-Nerolidol 2052 2045 0.13 - - - 
Humulene epoxide-III 2080 2081 - 0.26 0.25 - 
Elemol 2101 2096 0.31 - - - 
Globulol 2102 2098 - - - 0.07 
Cumin alcohol 2124 2113 - - 0.07 - 
Spathulenol 2154 2142 0.58 0.15 0.31 0.71 
Isothymol 2185 2180 0.12 0.39 0.25 - 
Eugenol 2194 2187 0.08 - - - 
Thymol 2203 2198 22.94 16.05 9.13 0.46 
4-Isopropyl-2-methylphenol 2223 2219 0.12 0.43 0.32 - 
Carvacrol 2236 2239 7.22 32.49 35.00 15.23 
α-Eudesmol 2252 2242 0.54 - - - 
α-Cadinol 2260 2255 - - - 0.04 
β-Eudesmol 2262 2250 0.50 - - - 
Caryophylla-2(12).6(13)-dien-5β-ol 
caryophylladienol-I) 2325 2317 - - - 0.06 

14-Hydroxy-β-caryophyllene 2362 2357 1.23 0.07 - - 
Manoyl oxide 2384 2375 0.35 - - - 
Caryophylla-2(12).6-dien-5β-ol 
(=caryophyllenol-II) 2404 2392 - - - 0.04 

Aromadendren oxide 2406 2399 - - - 0.11 
Pseudo phytol 2550 2551 - - - 0.15 
Monoterpene hydrocarbons   38,87 29,76 33,23 31,44 
Oxygenated monoterpenes   47,35 56,51 50,65 63,98 
Sesquiterpene hydrocarbons   7,78 6,35 9,83 0,16 
Oxygenated sesquiterpene   4,57 4,91 4,64 1,10 
Oxygenated diterpenes   0,35 - - 0,15 
Others   0,18 0,36 0,38 0,15 
Total   99.10 97.89 98.73 96.98 

RRI, relative retention index; RRI L., RRI of the compound at same GC column and similar GC condition. 
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Figure 1. Principal component analysis of essential oil composition of Origanum spp. A: O. onites; B: O. vulgare var. hirtum; C: O. 

vulgare var. verticium; D: O. vulgare x Origanum onites. 

The chemical composition of the essential oils obtained from O. onites, O. vulgare var. verticium, O. 
vulgare var. hirtum and O. vulgare x O. onites was in line with the findings of previous studies (Aligiannis 
et al., 2001; Hajlaoui et al., 2016; Mechergui et al., 2016). However, the percentage of different compounds 
in total oil varied. In a previous study, Tanacetum chiliophyllum (Fisch. & C. A. Mey.) Sch.Bip. var. 
chiliophyllum (Asteraceae) was collected from the same region at different times. The essential oil 
components of the specie as well as biological activities varied with respect to collection time (Polatoğlu et 
al., 2012c). On the other hand, in a previous study it was reported that the essential oil of O. vulgare, 
contains pulegone, menthone, cis-isopulegone, piperitone and β-myrcene (Abdelgaleil et al., 2016). The 
current study used subspecies of O. vulgare, i.e., O. vulgare var. hirtum and O. vulgare var. verticium and 
the main components of essential oils were carvacrol, thymol, p-cymene and γ-terpinene. Numerous 
studies have suggested that plant essential oils and their main components have considerable potential to 
be used in the management of different pests (Isman, 2000; Koul et al., 2008; Lopez et al., 2008; Tripathi 
et al., 2009). 

Contact toxicity of essential oils 

Single-dose assay indicated that essential oils of all Origanum spp. exhibited >70% contact activity 
against R. dominica after 24 h (F=289; df=4,24; P < 0.001). The essential oils of O. onites and O. vulgare 
var. hirtum caused 100% mortality of R. dominica. Similarly, the essential oils of O. onites and O. vulgare 
var. hirtum caused 100% mortality in T. confusum, whereas 18.3% and 7.7% mortality were recorded with 
essential oils of O. vulgare var. verticium and O. vulgare x O. onites, respectively (F=58.3; df=4,24; P < 
0.001). S. oryzae showed high sensitivity to applied essential oils as >90% mortality was recorded with the 
essential oils of all species except O. vulgare x O. onites (F=150; df=4,24; P < 0.001). The essential oils 
included in the study indicated high contact activity against S. granarius as >99.2% mortality was recorded 
with all essential oils after 24 h except O. vulgare x O. onites which caused 21.5% mortality (F=537; df=4,24; 
P < 0.001). The activity of plant essential oils was linearly increased with time after 48 h (Table 2).  
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Table 2. Single-dose (0.15% v/v) contact activities of different Origanum spp. essential oils against test insect species 

  Mortality±SE (%) 
  Control Ao Ovh Ovv Ovo 

24 ETH 

Rd 0.2±0.45 c1 100.0±0.00 a 100.0±0.00 a 99.8±0.45 a 75.7±0.76 b 

Tc 0.2±0.45 c 99.6±0.92 a 99.2±0.68 a 18.3±5.44 b 7.7±1.45 bc 

So 1.7±1.37 d 100.0±0.00 a 100.0±0.00 a 92.8±1.08 b 48.0±0.38 c 

Sg 0.0±0.00 c 100.0±0.00 a 100.0±0.00 a 99.2±0.68 a 21.5±0.43 b 

48 ETH 

Rd 0.2±0.45 c 100.0±0.00 a 100.0±0.00 a 99.8±0.45 a 82.4±0.35 b 

Tc 0.2±0.45 c 99.6±0.92 a 99.8±0.45 a 19.9±5.83 b 8.6±1.56 bc 

So 1.7±1.37 c 100.0±0.00 a 100.0±0.00 a 98.8±1.05 a 73.3±0.38 b 

Sg 0.0±0.00 c 100.0±0.00 a 100.0±0.00 a 100.0±0.00 a 25.7±0.34 b 
1 Values followed by the same letter within a row are not statistically different (ANOVA P < 0.05, Tukey test). Ao, Origanum onites; 
Ovh, O. vulgare var. hirtum; Ovv, O. vulgare var. verticium; Ovo, O. vulgare x O. onites; ETH, exposure time (h); Rd, 
Rhyzopertha dominica; Tc, Tribolium confusum; So, Sitophilus oryzae; and Sg, S. granarius. 

The LD50 and LD90 values of essential oils included in dose-response assays were computed. The 
essential oils exhibited varying activity against R. dominica. Essential oils of O. vulgare var. verticium 
exhibited the highest contact activity against R. dominica with LD50 value of 0.046 µl/insect, which was 
followed by the essential oils of O. vulgare var. hirtum and O. onites with LD50 values of 0.068 and 0.070 
µl/insect, respectively. The highest contact activity against T. confusum was recorded for the essential oils 
of O. onites with LD50 value of 0.083 µl/insect 24 h after application, which was followed by the essential 
oils of O. vulgare var. verticium and O. vulgare var. hirtum with LD50 values of 0.095 and 0.103 µl/insect, 
respectively. The lowest LD50 value of 0.061 µl/insect against S. oryzae was recorded for the essential oil 
of O. vulgare var. verticium. The highest activity against S. granarius after 24 h was determined for the 
essential oil of O. vulgare var. verticium with LD50 value of 0.066 µl/insect. Keeping in view the LD90 values, 
the highest activity against S. granarius was recorded with the essential oil of O. vulgare var. hirtum having 
LD90 value of 0.092 µl/insect (Table 3). 

The biological activity of Origanum spp. has been tested by different researchers against various 
storage pests in earlier studies (Kim et al., 2010; Qari & Abdel-Fattah, 2017; Benelli et al., 2019). 
Furthermore, some of the main components of the essential oils of this genus have been tested for their 
biological activities under laboratory conditions against storage pests (Ertürk et al., 2017; Shahriari et al., 
2018). The highest contact activity against R. dominica was recorded with the essential oil of O. vulgare 
var. verticium after 24 h (LD50 0.046 µl/insect) in the current study. Two of the main constituents of the 
essential oil of O. vulgare var. verticium were carvacrol and thymol. The main components of essential of 
Satureja spp. are carvacrol and thymol, displayed contact activity against Tribolium castaneum (Herbst, 
1797) (Coleoptera: Tenebrionidae) with LD50 value of 20.1-40.6 µg/adult (Taban et al., 2017). The four 
storage pests included in the study exhibited varying response to the essential oil of the same species. This 
might be explained with the chemical composition of the essential oil, as well as the physiological and 
biochemical differences of different pest species. Previous studies have shown that insects of the same 
genus or different species to which the same plant essential oil or extract were applied showed varying 
response (Negehban et al., 2007; Guo et al., 2017; Liang et al., 2017). These results are consistent with 
the results of the current study. 
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Table 3. The results of dose-response assays used to determine the contact activity of different essential oils against test insect 
species 

Essential oil Insect ETH Slope±SE LD50 (µl/insect) 
(95% fiducial Limit) 

LD90 (µl/insect) 
(95% fiducial Limit) 

Ao 

Rd 
24 5.97±0.55 0.070 (0.065-0.075) 0.115 (0.105-0.129) 

48 5.51±0.53 0.067 (0.062-0.073) 0.115 (0.104-0.131) 

Tc 
24 4.33±0.43 0.083 (0.073-0.092) 0.165 (0.143-0.202) 

48 4.15±0.42 0.080 (0.070-0.090) 0.164 (0.141-0.204) 

So 
24 5.87±0.63 0.075 (0.067-0.082) 0.124 (0.115-0.138) 

48 5.26±0.48 0.054 (0.047-0.060) 0.094 (0.085-0.108) 

Sg 
24 9.37±0.72 0.075 (0.072-0.079) 0.103 (0.098-0.110) 

48 9.44±0.83 0.072 (0.069-0.075) 0.099 (0.093-0.106) 

Ovh 

Rd 
24 4.40±0.47 0.068 (0.058-0.076) 0.132 (0.113-0.171) 

48 4.26±0.46 0.065 (0.054-0.074) 0.130 (0.110-0.172) 

Tc 
24 9.54±0.97 0.103 (0.099-0.108) 0.141 (0.133-0.152) 

48 9.15±0.99 0.102 (0.097-0.106) 0.140 (0.1032-0.152) 

So 
24 7.64±0.70 0.069 (0.065-0.073) 0.102 (0.096-0.111) 

48 6.91±0.64 0.065 (0.060-0.069) 0.100 (0.093-0.108) 

Sg 
24 10.19±0.88 0.068 (0.065-0.071) 0.092 (0.087-0.098) 

48 10.51±0.92 0.067 (0.064-0.070) 0.089 (0.084-0.095) 

Ovv 

Rd 
24 3.78±0.53 0.046 (0.028-0.057) 0.100 (0.081-0.153) 

48 3.32±0.54 0.038 (0.017-0.051) 0.093 (0.074-0.150) 

Tc 
24 9.55±0.83 0.095 (0.091-0.099) 0.130 (0.123-0.139) 

48 9.93±0.86 0.093 (0.089-0.097) 0.125 (0.119-0.133) 

So 
24 3.15±0.46 0.061 (0.050-0.070) 0.156 (0.131-0.207) 

48 3.33±0.70 0.032 (0.018-0.041) 0.077 (0.065-0.096) 

Sg 
24 7.19±0.64 0.066 (0.062-0.071) 0.100 (0.092-0.112) 

48 8.25±0.74 0.065 (0.061-0.068) 0.092 (0.086-0.101) 

Ovo Rd 
24 3.46±0.43 0.100 (0.090-0.111) 0.234 (0.192-0.317) 

48 3.75±0.42 0.091 (0.083-0.101) 0.200 (0.170-0.256) 

Ao, Origanum onites; Ovh, O. vulgare var. hirtum; Ovv, O. vulgare var. verticium; Ovo, O. vulgare x O. onites; ETH, exposure 
time (h); Rd, Rhyzopertha dominica; Tc, Tribolium confusum; So, Sitophilus oryzae; and Sg, S. granarius. 

Fumigant toxicity of essential oils 

Single-dose (0.1 v/v) fumigant assays exhibited a varying degree of fumigant activity according to 
insect species and exposure time (Table 4). The plant essential oils of O. onites and O. vulgare var. hirtum 
showed 90.95% and 70.42% activity against R. dominica after 24 h (F=55.0; df=4,89; P < 0.001). The other 
essential oils did not exhibit a significant activity against this pest. Among different essential oils tested, 
only O. onites essential oil gave 52.7% mortality of T. confusum, which was statistically different from the 
control treatment (F=48.8; df=4,89; P < 0.001). When essential oils were evaluated for fumigant activity 
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against S. oryzae, essential oil of O. vulgare var. verticium gave 75.5% mortality after 24 h, followed by O. 
onites essential oil which caused 70.3% mortality (F=30.9; df=4,89; P < 0.001). None the tested essential 
oils had significant toxicity to S. granarius. 
Table 4. Single-dose fumigant activities of different essential oils against test insect species 

  Mortality±SE (%) 

 Insect Control Ao Ovh Ovv Ovo 

24 ETH 

Rd 0.0±0.00 d1 91.0±2.08 a 70.4±2.90 b 44.0±0.93 c 26.7±1.90 c 

Tc 0.0±0.00 b 52.7±2.05 a 0.8±1.03 b 1.1±0.91 b 0.4±0.84 b 

So 1.7±1.06 c 70.3±2.50 a 64.3±1.87 a 75.5±2.09 a 32.1±2.31b 

Sg 0.0±0.00 b 0.07±0.28 b 16.4±2.82 a 3.6±1.88 b 0.0±0.00 b 

48 ETH 

Rd 0.0±0.00 c 91.1±2.87 b 99.9±0.61 a 99.7±0.53 a 78.9±2.64 b 

Tc 0.0±0.00 c 84.7±3.22 a 17.5±1.75 b 3.7±1.48 c 0.1±0.28 c 

So 1.7±1.06 d 99.4±0.74 a 87.2±2.86 b 92.9±1.48 ab 38.0±1.48 c 

Sg 0.0±0.00 c 23.7±1.60 b 63.4±2.06 a 26.5±2.66 b 1.0±1.31 c 

1 Values followed by the same letter within a row are not statistically different (ANOVA P < 0.05, Tukey test). Ao, Origanum onites; 
Ovh, O. vulgare var. hirtum; Ovv, O. vulgare var. verticium; Ovo, O. vulgare x O. onites; ETH, exposure time (h); Rd, 
Rhyzopertha dominica; Tc, Tribolium confusum; So, Sitophilus oryzae; and Sg, S. granarius. 

In dose-response assays, essential oil of O. onites showed the highest activity against R. dominica 
and LC50 and LC90 values after 24 h were 0.0052 and 0.0144 µl/ml air, respectively (Table 5). These values 
were 0.0047 and 0.0124 µl/ml air, respectively after 48 h. The essential oil of O. onites showed a significant 
fumigant activity against S. oryzae after 24 h with LC50 and LC90 values of 0.0135 and 0.0653 µl/ml air, 
respectively. These LC50 and LC90 values after 48 h were 0.0101 and 0.0512 µl/ml air, respectively. The LC50 
and LC90 values of O. vulgare var. hirtum against R. dominica after 24 h were 0.0080 and 0.0144 µl/ml air, 
respectively. The essential oil of O. vulgare var. verticium was evaluated for fumigant activity only against S. 
oryzae, and LC50 and LC90 values at the end of 24 h were 0.0104 and 0.0262 µl/ml air, respectively. 

Table 5. The results of dose-response assays used to determine the fumigant activity of different essential oils against test insect species 

Essential oil Insect ETH Slope±SE LC50 (µl/ml) 
(95% fiducial Limit) 

LC90 (µl/ml) 
(95% fiducial Limit) 

Ao 

Rd 
24 2.91±0.27 0.0052 (0.0046-0.0058) 0.0144 (0.0122-0.0180) 

48 3.03±0.28 0.0047 (0.0041-0.0052) 0.0124 (0.0107-0.0151) 

So 
24 1.87±0.38 0.0135 (0.0111-0.0200) 0.0653 (0.0345-0.0745) 

48 1.81±0.36 0.0101 (0.0080-0.0136) 0.0512 (0.0272-0.0654) 

Ovh Rd 
24 5.01±0.58 0.0080 (0.0070-0.0087) 0.0144 (0.0132-0.0164) 

48 5.37±0.76 0.0065 (0.0051-0.0074) 0.0112 (0.0103-0.0127) 

Ovv So 
24 3.19±0.40 0.0104 (0.0092-0.0119) 0.0262 (0.0201-0.0435) 

48 2.76±0.38 0.0087 (0.0074-0.0099) 0.0252 (0.0190-0.0446) 

Ao, Origanum onites; Ovh, O. vulgare var. hirtum; Ovv, O. vulgare var. verticium; Ovo, O. vulgare x O. onites; ETH, exposure 
time (h); Rd, Rhyzopertha dominica; Tc, Tribolium confusum; So, Sitophilus oryzae; and Sg, S. granarius. 
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Origanum spp. used in the study showed significant fumigant activity against S. oryzae and R. 
dominica. Several earlier studies determined the fumigant of plant essential oils against S. oryzae (Kim et 
al., 2003; Kim & Park 2008; Cardiet et al., 2012) and R. dominica (Shaaya et al., 1991; Lee et al., 2004). 
The current study indicated that the essential oil of O. onites var. hirtum had the strongest fumigant activity 
against R. dominica, while O. vulgare had the strongest fumigant activity against S. oryzae. Lee et al., 
(2001) indicated that essential oil of eucalyptus exhibited fumigant activity with LD50 of 28.9 µl/ml air against 
tested insect species. Previously, several studies have determined the insecticidal activity of essential oils 
of the Lamiaceae family against storage pests (Chu et al., 2011; Conti et al., 2011; Kim et al., 2016). The 
main components of the essential oils exhibiting the highest fumigant activity in the current study are thymol 
and carvacrol. Previous studies with these two essential oil components or essential oils containing high 
percentage of these components have found a high fumigant activity against different storage pests (Erler, 
2005; Kim & Park, 2008). 

In this study, insecticidal effects of essential oils obtained from Origanum spp. against four important 
stored product pests that cause significant damage in warehouses were tested under laboratory conditions 
and main components of plant essential oils were determined. As a result of the study, it was determined 
that these plant essential oils have both contact and fumigant activity. It was also concluded that the activity 
varies depending on the chemical composition of plant essential oils and the insect species applied. This 
study is a basic study and its future applicability will be demonstrated with the studies to be done. 
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