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Table 1. Chemical composition of the essential oil of rosemary (Rosmarinus officinalis L.)

Components Formula and Retention time Area percentage
classification (minute)
Tricyclene (C1oH16)M" 5.99 0.27
a-Pinene (CloHle)MH 6.33 9.39
2-Carene (C1oH16)MH 6.85 1.47
Camphene (CroH1)MH 7.07 8.31
B-Pinene (CroH16)MH 7.64 4.19
3-Octanone (CgH160)° 8.15 1.07
B-Myrcene (CloHle)MH 8.37 3.31
Cymene (CroH14)MH 9.17 0.26
B-Ocimene (CloHle)MH 9.85 0.23
1,8-Cine0|e (ClongO)MO 9.56 7.86
y-Terpinene (CaoH16)MH 10.30 0.15
Pentamethyl cyclopentadiene (CroH16)MH 10.42 0.21
a-Terpinolene (CaoH16)MH 11.13 0.93
B-Thujone (CloHleO)Mo 11.69 0.75
Linalool (ClongO)MO 11.83 5.81
Camphor (C1oH1s0)MO 12.98 8.82
Isopinocamphone (C10H1s0)MO 13.43 1.17
Borneol (C10H180)MO 13.84 8.54
4-Terpine0| (ClongO)MO 14.03 3.03
Isoborneol (C1oH150)MO 13.56 2.52
Verbenone (C10H14O)MO 18.98 11.86
Carveol (ClonO)MO 15.51 0.29
Myrtanol (Clongoz)Mo 16.33 0.13
Bornyl acetate (C12H2002)MO 16.62 471
a-Terpinyl acetate (C12H2002)MO 17.97 1.09
Nerol (Clongoz)Mo 18.60 0.11
Sobrerol (Clongoz)Mo 18.87 0.37
Caryophyllene (CisHa4)®" 20.184 2.94
B-bisabolene (C15H24)SH 21.17 0.15
Caryophyllenyl alcohol (C1sH260)™° 22.59 0.10
Caryophyllene oxide (C15H240)%° 22.90 2.61
1,2-Humulene epoxide (C15H240)%° 23.28 0.33
a-Bisabolol (C15H260)SO 2457 0.10
a-Bisabolene epoxide (C15H240)° 25.90 0.11
Monoterpene Hydrocarbons: MH 28.72
Monoterpenoids: MO 57.03
Sesquiterpene hydrocarbons: SH 3.09
Sesquiterpenoids: SO 3.25
Others: O 1.07
Total identified 93.19

Compounds lower than 0.1 were not shown.
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Figure 1. Mean mortality percentage (£ SE) of the flour beetle adults (Tribolium confusum du Val)

exposed to different concentrations of rosemary (Rosmarinus officinalis L.) essential oil after 24 and
48 h. Different letters indicate a significant difference between the corresponding means.
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Table 2. Probit analysis of the mortality of flour beetle (Tribolium confusum du Val) adults affected by
fumigation of rosemary (Rosmarinus officinalis L.) essential oil after 24 h-exposure time

Lethal Concentrations with 95% confidence limits

2
(pl/1 air) Intercept Slope (dfx- 3) Significant R?

LC40 LCSO LCQO -
26.73 35.52 149.41 -3.18 2.05 4.93 0.18* 0.93

(23.01-30.40) (31.24-41.08) (106.84 - 258.48)

* Since the significance level is greater than 0.05, no heterogeneity factor is used in the calculation of confidence
limits. Number of tested insects 360.
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Abstract

The flour beetle (Tribolium confusum du Val) is one of the most important coleopteran pests on
stored products, especially cereal grains and flour. Frequent application of chemical pesticides in insect
pest management has resulted in numerous side effects such as environmental contamination, threat to
human health and non-target organisms, and the development of pest resistance. In the present study,
the fumigant toxicity and anti-nutritional effects of rosemary essential oil on flour beetle adults were
investigated. Due to the relationship between the chemical compositions of essential oils with their
biological effects, the compounds of rosemary essential oil were studied by gas chromatography-mass
spectrometry. Rosemary essential oil was rich in terpenic compounds, including the hydrocarbon
monoterpenes (28.72%), monoterpenoids (57.03%), hydrocarbon sesquiterpenes (3.09%), and
sesquiterpenoids (3.25%). The concentration of 73.5 pl/I air of essential oil caused 90.0% mortality of
the pest after 24 h, which was increased to 100% by 48 h. The use of 24-h LCys and LCs values of
essential oil, respectively equal to 26.7 and 35.5 ul/l air, reduces the nutritional indices of the pest,
including consumption index, relative consumption rate, and relative growth rate after 5 and 10 days. In
addition, the feeding deterrence index of the mentioned values was estimated at 40.7 and 45.9% after 5
days and 53.4 and 59.5% after 10 days, respectively. Therefore, rosemary essential oil can be introduced
as one of the available and efficient agents in the management of flour beetle for further research.
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