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Abstract

:

Three natural oils extracted from Mentha piperita, Pinus roxburghii, and Rosa spp. were assessed in order to determine their insecticidal activity against the adults of three stored product insects: the rice weevil (Sitophilus oryzae L.), the lesser grain borer (Rhyzopertha dominica, Fabricius), and the red flour beetle (Tribolium castaneum, Herbst.). By Gas chromatography–mass spectrometry (GC/MS) analysis, the main compounds in the n-hexane oil from Rosa spp. were determined to be methyl eugenol (52.17%), phenylethyl alcohol (29.92%), diphenyl ether (7.75%), and geraniol (5.72%); in the essential oil from M. piperita, they were menthone (20.18%), 1,8-cineole (15.48%), menthyl acetate (13.13%), caryophyllene (4.82%), β-pinene (4.37%), and D-limonene (2.81%); and from the foliage of P. roxburghii, they were longifolene (19.52%), caryophyllene (9.45%), Δ-3-carene (7.01%), α-terpineol (6.75%), and γ-elemene (3.88%). S. oryzae and R. dominica were reared using sterilized wheat grains, and T. castaneum was reared on wheat flour mixed with yeast (10:1, w/w), all under laboratory conditions (27 ± 1 °C and 65% ± 5% Relative humidity (R.H). Two toxicity bioassays were used, as well as contact using thin film residues and fumigation bioassays. The results indicated that M. piperita caused a high toxicity for S. oryzae compared to other insects. High significant variations were observed between the tested M. piperita doses against the stored insects, and this natural material could be used to control insects that infect the grains. Also, the data indicated that the Rosa spp. oil had a low-toxicity effect against these insects compared to other oils. We recommend using natural oils against the stored weevils and petals, rather than the chemical agent, so as to serve human health.
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1. Introduction


Currently, the post-harvest losses of stored cereals range from 10%–20% of the overall yearly production and are caused by insect damage, microbial deterioration, and other factors [1]. A large part of these losses is caused by stored product insect pests, which damage the quality and quantity of grains [2].



Rice weevil S. oryzae L. (Coleoptera: Curculionidae) and the lesser grain borer R. dominica (Coleoptera: Bostrichidae) are major insects of stored grains, with both the adults and larvae feeding on whole grains. They attack wheat, corn, sorghum barley, dried beans, and cereal. They cause weight loss in grains, and they affect the quality of grains and stored products worldwide [3]. The red flour beetle, Tribolium castaneum (Coleoptera: Tenebrionidae), is a secondary pest of stored foods [4]. It feeds on broken grain, cereals, milled grain products, dried pet food, chocolate, nuts, and cereals previously infected with insects, and they cause serious economic losses [5].



Chemical control is most commonly used to control these insects, which include insecticides such as organophosphates, pyrethroids, and fumigants such as methyl bromide and phosphine, which are toxic to stored-grain pests [6,7]. These chemicals have several problems for the environment, although they are effective for pest control [8,9]. Besides these problems, their toxicity to nontarget organisms and human health are also of concern [10]. Therefore, we need to find new alternatives for the control methods of stored product insects, such as plant essential oils (EOs) and their constituents, which are effective and safe alternatives with low mammalian toxicity and biodegradation and are available in developing countries [11]. Several studies have described the toxicity of EOs and extracts, such as fumigants, repellents, ovicides, larvicides, insecticides, and insect growth regulators as well as their compounds, against many stored product insects [12,13,14,15,16]. Commercially, rose is cultivated for producing the “liquid gold” EO [17], which is confined to the fields of food, perfumes, cosmetics, and medicine. In dozens of studies, rose oil has been used for natural additives as an antibacterial, antifungal, and antioxidant agent [18,19]. There are several bioactive compounds identified in rose oil, such as citronellol, methyl eugenol geraniol, nerol, phenylethyl alcohol, nonadecane, eicosane, nonadecene, heneicosane, damascenones, and β-ionones [20,21,22]. Phenylethyl alcohol, abundant in rose flowers, has a rose-like odor, being one of the dominant scents emitted from the Damask rose [23]. Phenylethyl alcohol may occur in the volatile compounds of the Damask rose as phenyl ethyl alcohol-β-D-glucoside [24,25].



The EO of peppermint (M. piperita) is widely used in food and drink, condiments, cosmetics, pharmaceuticals, and biological activities [26,27]. The EOs of Mentha leaves show the presence of menthol, menthone, limonene, trans-carveol, pulegone, β-caryophyllene, pipertitinone oxide, and eucalyptol, which have been identified as the major components [28,29,30]. The oil has been shown to have potential antimicrobial and insecticidal activities against a wide range of pathogens [31,32,33].



The EOs extracted from different parts of Pinus roxburghii, such as wood, bark, and needles, include several bioactive chemical constituents such as caryophyllene, thunbergol, 3-carene, cembrene, α-thujene, terpinolen, α-pinene, α-caryophyllene, cembrene, longifolene, α-terpineol, caryophyllene oxide, β-pinene, and longifolene [34,35,36,37]. These EOs have been reported to have potential antimicrobial activities [35,37,38,39].



This study aimed to evaluate the toxicity effects of natural oils from M. piperita, Rosa spp., and P. roxburghii, using two methods—contact and fumigation toxicity bioassays—against three stored product insects, S. oryzae, R. dominica, and T. castaneum. The chemical profile of the oils was observed using Gas chromatography–mass spectrometry (GC/MS) analysis.




2. Materials and Methods


2.1. Plant Materials and Preparation of the Essential Oils


Essential oils from M. piperita (leaves) and P. roxburghii (foliage) were extracted using the Clevenger apparatus method, where about 100 g of the fresh material was subjected to 3 h of a hydro-distillation procedure. The resulting oils were separated from the aqueous phase, dried over anhydrous Na2SO4 (Sigma-Aldrich, Darmstadt, Germany), weighed, and the reported yield was calculated with respect to the mass of the fresh weight of the leaves (mL/100 g fresh weight). The oil was kept dry in sealed brown bottles and stored at 4 °C before the chemical analysis [40].



The Rosa spp. (flowers) oil was extracted using an n-hexane solvent (Loba Chemie Pvt. Ltd., laboratory reagents & fine chemicals, Mumbai, India), according to the method of Patrascu and Radoiu [41], with minor modifications, where about 50 g of fresh flowers were extracted using a soaking method in 150 mL of n-hexane for 6 h.




2.2. GC-MS Analysis of the Oils


The chemical composition of the oils was performed using a Trace GC 1300-TSQ Quantum mass spectrometer with a direct capillary column TG–5MS (30 m × 0.25 mm × 0.25 µm film thickness) (Thermo Scientific, Austin, TX, USA). The column oven temperatures and program can be found in previous work [15]. The components were identified by comparing their retention times and mass spectra with those of the WILEY 09 and NIST 14 mass spectral databases. The Xcalibur data system (3.0, Thermo Fisher Scientific Inc., Austin, TX, USA, 2014) of GC/MS with threshold values was used to confirm that all of the mass spectra (MS) were attached to the library by measuring the standard index (SI) and reverse standard index (RSI), where a value of ≥650 was acceptable to confirm the compounds [42,43,44,45].




2.3. Insect Culture


S. oryzae (Coleoptera: Curculionidae) and R. dominica (Coleoptera: Bostrichidae) were reared under laboratory conditions (27 ± 1 °C and 65% ± 5% Relative humidity (R.H) using sterilized wheat grains, and T. castaneum (Coleoptera: Tenebrionidae) was reared on wheat flour mixed with yeast (10:1, w/w), both in 1 L glass jars that were covered with a fine mesh cloth for ventilation [46]. The adult insects used in the toxicity tests were about one to two weeks old. All of the experimental procedures were carried out under the same conditions as the culture.




2.4. Contact Toxicity Bioassay


The insecticidal activity of the different EOs was assessed using a film residue method [47]. Bioassays were done in Petri dishes (9 cm in diameter) (Adge industries, Ahmedabad, India). Then, 1 mL of the dilution was spread on the surface of the Petri dishes. The acetone solvent (El Nasr Pharmaceutical chemicals Co, Alexandria, Egypt) was allowed to evaporate for few minutes, leaving a thin film of EOs on the floor of the dishes. The control Petri dishes were treated with acetone alone. Twenty adults each of S. oryzae, R. domonica, and T. castanium (one to two weeks old) were released separately into each Petri dish and were covered. Three replicates of each treatment, each insect species, and control were set up. The mortality was recorded after 48 and 72 h, and the Lethal Concentration 50% (LC50) values were calculated [48].




2.5. Fumigation Toxicity Bioassay


The vapor toxicity of the three evaluated oils against the adults of S. oryzae, R. domonica, and T. castanium were investigated by transferring twenty adults into glass jars (250 mL) (Adge industries, Ahmedabad, India) containing 10 g of wheat grains and exposing them to vapors with different doses of oils dissolved in 100 µL of acetone and applied to filter paper (9 cm diameter). The treated filter papers were attached to the inner surface of the screw lids of the jar using adhesive tape, which was made to be airtight, after allowing the solvent to evaporate for 5 min. The control jars were treated with acetone alone. All of the treatments and controls were replicated three times [47,49]. The mortality percentage (M%) was determined after 24, 48, and 72 h, and the LC50 values were calculated as previously described and the values were presented as mean ± standard deviation.





3. Results


3.1. Chemical Composition of the Oils


Table 1 shows the chemical composition of the n-hexane oil from Rosa spp., where the main compounds were methyl eugenol (52.17%), phenylethyl alcohol (29.92%), diphenyl ether (7.75%), geraniol (5.72%), and geranyl acetate (2.58%). Table 2 presents the chemical compounds identified in the EO of M. piperita. The main compounds were menthone (20.18%), 1,8-cineole (15.48%), menthyl acetate (13.13%), caryophyllene (4.82%), β-pinene (4.37%), D-limonene (2.81%), and α-pinene (2.25%).



The chemical composition of the EO from the foliage of P. roxburghii is shown in Table 3. The main compounds in the EO were longifolene (19.52%), caryophyllene (9.45%), Δ-3-carene (7.01%), α-terpineol (6.75%), γ-elemene (3.88%), aromadendrene (3.51%), α-caryophyllene (3.45%), pentadecane (3.35%), hexadecane (2.38%), tetradecane (2.75%), borneol (2.16%), α-pinene (2.12%), 3-(2-methyl-propenyl)-1H-indene (1.98%), 1,7-dimethyl-naphthalene (1.84%), 2,6,10-trimethyl tetradecane (1.83%), longicyclene (1.80%), and terpinen-4-ol (1.77%).




3.2. Contact and Fumigant Toxicity Methods


The results of the contact toxicity of the three natural extracted oils were obtained from M. piperita, Rosa spp., and P. roxburghii, and their efficiency was tested against stored insects such as S. oryzae, T. castaneum, and R. dominica, as found in Table 1. The results of M. piperita by contact toxicity in Table 4 showed that with the increase of time to 72 h, the LC50 (mg/cm2) values decreased from 0.036 mg/cm2 (range of 0.030–0.042 at 48 h) to 0.022 mg/cm2 (range of 0.019–0.026 at 72 h), 0.083 mg/cm2 (range of 0.069–0.102) to 0.055 mg/cm2 (range of 0.044–0.070), and from 0.088 mg/cm2 (range of 0.088–0.099) to 0.084 mg/cm2 (range of 0.074–0.101), respectively, for S. oryzae, T. castaneum, and R. dominica. The results indicated that M. piperita was highly toxic to S. oryzae compared to the other insects.



The mortality percentage (M%) of S. oryzae was 100% under high doses (0.2 and 0.4 mg/cm2) for both exposure times (48 and 72 h) compared to the control (0.0%), and the other two insects, T. castaneum and R. dominica, had morality percentages of 70% and 90% (48 h exposure time) and 100% and 100% (72 h exposure time), respectively (Table 5). The lowest M. piperita dose (0.02 mg/cm2) showed a moderate mortality percentage for S. oryzae, which was 36.3% and 40% after 48 and 72 h, compared with T. castaneum, which showed the response of 0.0% (48 h) and 30% (72 h). R. dominica was not affected by this dose (0.0%) for both of the exposure times (Table 5). The data showed that with the increase of M. piperita dose from 0.02 to 0.4 mg/cm2, the mortality percentage increased, especially for the rice weevil S. oryzae. Highly significant variations were observed between the tested M. piperita doses against the stored insects, and this natural material could be used to control the insects that infect the grains.



Using Rosa spp. oil as a contact film showed a low toxicity against S. oryzae, T. castaneum, and R. dominica, with respective LC50 (mg/cm2) values after 48 h of treatment of 0.520 mg/cm2 (range of 0.381–0.995) to 0.421 (0.313–0.784, after 72 h), >1.00 mg/cm2 (48 h) to 0.826 (range of 0.463–0.7.257, after 72 h), and 0.949 mg/cm2 (range of 0.514–4.487, after 48 h), while after 72 h the LC50 was 0.706 mg/cm2 (range of 0.428–2.192; Table 4). The results indicate clearly that S. oryzae was more susceptible to Rosa spp. oil, which resulted in a high toxicity compared to the other insects. The data in Table 5 showed no effect for the lowest concentrations of rose (from 0.02 to 0.04 mg/cm2). The highest concentration, 0.4 mg/cm2, showed a low mortality percentage during both exposure times of 48 and 72 h, which were 40% to 50% in S. oryzae, 30% to 35% in T. castaneum, and 35% to 40% in R. dominica. The concentration of 0.06 mg/cm2 showed no mortality percentage for S. oryzae and T. castaneum under both exposure times (Table 5).



For P. roxburghii oil’s toxicity, the data in Table 4 show that the LC50 (mg/cm2) values were 0.076 mg/cm2 (range of 0.061–0.095), 0.061 mg/cm2 (range of 0.047–0.078), 0.383 mg/cm2 (range of 0.317–0.516), 0.318 mg/cm2 (range of 0.254–0.461), 0.194 mg/cm2 (range of 0.169–0.238), and 0.156 mg/cm2 (range of 0.128–0.196) for 48 and 72 h, recorded for the three insects S. oryzae, T. castaneum, and R. dominica, respectively. Also, the data in Table 2 for P. roxburghii showed no toxicity against the three tested insects at the 0.02 mg/cm2 concentration; in addition, the previous concentration of 0.06 mg/cm2 showed no toxicity for T. castaneum (Table 5). S. oryzae and R. dominica showed the highest mortality under the highest P. roxburghii dose (0.4 mg/cm2), which was 80% and 70% under the two exposure times (Table 5).



The second method to test the efficiency of the three extract oils was fumigation for 72 h, as found in Table 6 and Table 7. The data indicated that a very high concentration of Rosa spp. should be used to kill 50% of the insects, compared to the other oils. The LC50 (µL/L) for Rosa spp. oil was more than >100 µL/L. For M. piperita, the LC50 values were 3.79 µL/L (range of 2.39–5.50), 8.28 µL/L (range of 7.47–10.75), and 13.72 µL/L (range of 11.81–16.07), and for P. roxburghii oil, the LC50 values were 21.31 µL/L (range of 16.97–28.37), 24.48 µL/L (range of 19.61–32.73), and 34.63 µL/L (range of 28.21–44.04), recorded for S. oryzae, T. castaneum, and R. dominica, respectively (Table 6).



The results showed that S. oryzae recorded the lowest LC50 compared to the other two insects. Six different concentrations were used, which were 2, 4, 10, 20, 40, and 70 µL/L (Table 7), to calculate the morality percentages. From 20 to 70 µL/L, mortality was 100% in S. oryzae, and mortality was also at 100% at 70 µL/L for both of the other insects. S. oryzae was very susceptible to all mint doses; the M% ranged from 40% (2 µL/L) to 66.6% under 10 µL/L (Table 7). On the other hand, R. dominica showed the lowest mortality percentage, ranging from 5% to 45% under the same concentrations. Concentrations of 20 and 40 µL/L recorded high values of M%, which were 55% and 85%.



Finally, under M. piperita concentrations of 20 and 40 µL/L, the mortality percentages were 65% and 90% with respect to T. castaneum (Table 4). Only one concentration of P. roxburghii (70 µL/L) showed 100% mortality for S. oryzae and T. castaneum, while R. dominica showed a low value (70%) under the same concentration (Table 7). No mortality was observed for T. castaneum and R. dominica under 2 and 4 µL/L of P. roxburghii. Only high doses of Rosa spp. showed mortality, although mortality was very low, ranging from 10% to 30% in S. oryzae, 3.3% to 16.6% in T. castaneum, and 5% to 35% in R. dominica (Table 7). These data indicate that Rosa spp. oil had a low-toxicity effect against these insects compared to other oils, and the data recommend using natural oil against stored weevils and petals rather than using chemical agents.



The present results agree with previous studies, which demonstrated that the toxicities of the essential oils extracted from various plant samples were mainly related to their major components.





4. Discussion


Nowadays, many different types of plants are used as insecticides. Saheb and Mouhouche [50] detected that clove and thyme EOs in a fumigant method indicated the highest efficiency, showing a 100% mortality of S. oryzae. In addition, the results of Jairoce et al. [51] indicated that the EOs of clove caused 100% mortality after 48 h at a dose of 17.9 μL/g. Also, the peel oil reported a highly toxic effect against the rice weevil, S. oryzae [52]. Moreover, orange peel essential oil was also found to have an insecticide effect against Sitophilus spp. The fumigant toxicity was evaluated by Jayakumar et al. [53] at different concentrations of lemon oil (10 and 50 μL for 24, 48, and 72 h) and showed the highest activity of LD50 values (58.86, 44.90, and 40.38, respectively).



Wahba et al. [54] detected the fumigant and admixing toxicity of four monoterpenoid compounds (eugenol, isoeugenol, carvacrol, and thymol) against the cowpea weevil, Callosobruchus maculatus. They found that the fumigant toxicities of eugenol and carvacrol were high, with LC50 values of 34.58 and 37.34 mg/L, respectively, after 72 h of exposure time. Many studies have evaluated EO compounds to demonstrate their efficacy against a variety of stored product insects, including studies by Rastegar et al. [55], Tandorost and Karimpour [56], Saglam and Ozder [57], Abdelgaleil et al. [14], and Jarrahi et al. [58]. Brari and Thakur [59] showed that eugenol and thymol have potent fumigant toxicities against C. analis, S. oryzae, Stegobium paniceum, and T. castaneum.



Rose oil is one of the essential oils that contains methyl eugenol at a relatively high percentage. Methyl eugenol has been identified in high amounts, which is in agreement with previous studies [60,61,62]. In addition, in the present work, phenylethyl alcohol was found at a high level in the oil, which agreed with Ulusoy et al. [63], who reported that rose oil’s main constituent is phenylethyl alcohol. Bulgarian rose oil (Rosa damascena mill.) showed the main compounds of β-citronellol, trans-geraniol, n-heneicosane, n-nonadecane, nonadecene, and phenylethyl alcohol [64]. R. damascena EO and its two major constituents, geraniol and citronellol, had contact, repellent, and ovicidal effects on the different life stages of Tetranychus urticae [65].



The main compounds identified in the EO of M. piperita were menthone, 1,8-cineole, menthyl acetate, caryophyllene, β-pinene, D-limonene, and α-pinene. The Iranian M. piperita contained α-terpinene, isomenthone, trans-carveol, pipertitinone oxide, and β-caryophyllene as the major compounds, respectively, with a high antimicrobial activity [30]. The major constituents of the EO from the Algerian plant were menthol, menthone, and menthyl acetate [66]. Limonene and eucalyptol were found in the plant from Girona (Spain), while menthone and menthol were found in the plant from Barcelona (Spain) [67]. The plants grown in Norway showed the presence of menthol and menthone as the main compounds [68].



The present study showed that the M. piperita oil has potential insecticidal activity against S. oryzae, R. dominica, and T. castaneum. Previously, the application of EOs in 3 mL/m2 of water observed a 100% mortality within 24 h for Culex quinquefasciatus, 90% for Aedes aegypti, and 85% for Anopheles stephensi. For A. aegypti, 100% mortality was achieved at 3 mL/m2 in 48 h, or 4 mL/m2 in 24 h, and for A. stephensi, 100% mortality was observed at 4 mL/m2 in 72 h [69]. The EO extracted from M. piperita leaves possessed LC50 and LC90 values of 111.9 and 295.18 ppm, respectively, after 24 h of exposure, with an excellent larvicidal efficiency against the dengue vector of adult A. aegypti [70].



The EO from the foliage of P. roxburghii contained longifolene, caryophyllene, Δ-3-carene, α-terpineol, γ-elemene, aromadendrene, α-caryophyllene, and pentadecane as the main compounds. Salem et al. [37] reported that the major chemical constituents of EO in the wood were caryophyllene, thunbergol, 3-carene, cembrene, α-thujene, terpinolen, α-pinene, and α-caryophyllene; in the bark, they were α-pinene, 3-carene, cembrene, and longifolene; and in the needles, they were α-pinene, 3-carene, β-pinene, and longifolene. The main compounds of essential oil in needles were α-pinene, caryophyllene, 3-carene (14.2%), α-terpineol, and caryophyllene oxide, as reported by Zafar et al. [35]; in the stem, they were α-pinene, 3-carene, and caryophyllene [34]; and in the bark, they were (E)-caryophyllene, α-humulene, terpinen-4-ol, and α-terpineol [36].



For the LC50 values from the oils from M. piperita, Rosa spp., and P. roxburghii, which were calculated against S. oryzae, T. castaneum, and R. dominica, these results were in agreement with the authors of [14], who also worked with S. oryzae.




5. Conclusions


In the present work, the natural oils extracted from M. piperita (leaves), P. roxburghii (foliage), and Rosa spp. (flowers) were studied for their toxicity and insecticidal activities against three stored product insects, S. oryzae, T. castaneum, and R. dominica. P. roxburghii oil was shown to be a moderate insecticide, while the Rosa spp. oil had a low-toxicity effect against these insects. The results indicated that M. piperita was highly toxic to S. oryzae compared to the other insects. The M% of S. oryzae was 100% under high doses (0.2 and 0.4 mg/cm2) for both of the exposure times (48 and 72 h) compared to the control, and the other two insects, T. castaneum and R. dominica, had mortalities of 70% and 90% (48 h) and 100% and 100% (72 h), respectively. Our results show that with the increase of M. piperita dose from 0.02 to 0.4 mg/cm2, the mortality percentage increased, especially for the rice weevil, S. oryzae. Highly significant variations were observed between the tested M. piperita doses against the stored insects, and this natural material could be used to control insects that infect grains. This means that the essential oil from M. piperita had the highest toxic effects against the three stored product insects, and it could be considered as a good alternative to the production of commercial insecticidal agents.







Author Contributions


M.I.M., M.E.-H. and T.F.W. designed and carried out the methodology, as well as the laboratory analyses; M.B.-J. and A.A.A. contributed reagents/materials/analytical tools; and all of the authors shared in writing and revising the article.




Funding


This research was funded by the Deanship of Scientific Research at Princess Nourah bint Abdulrahman University, through the Fast-Track Research Funding Program.




Acknowledgments


We extend our appreciation to the Deanship of Scientific Research at Princess Nourah bint Abdulrahman University, through the Fast-Track Research Funding Program.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Phillips, T.W.; Throne, J.E. Biorational approaches to managing stored product insects. Annu. Rev. Ent. 2010, 55, 375–397. [Google Scholar] [CrossRef] [PubMed]

	



Weaver, D.K.; Subramanyam, B. Botanicals. In Alternatives to Pesticides in Stored Product IPM, Kluwer Academic Publishers; Subramanyam, B., Hagstrum, D.W., Eds.; Springer: Berlin/Heidelberg, Germany, 2000; pp. 303–320. [Google Scholar]

	



Madrid, F.J.; White, N.D.G.; Loschiavo, S.R. Insects in stored cereals, and their association with farming practices in southern Manitoba. Canad. Entomol. 1990, 122, 515–523. [Google Scholar] [CrossRef]

	



Robinson, W. Coleoptera. Handbook of Urban Insects and Arachnids; Cambridge University Press: Cambridge, UK, 2005. [Google Scholar]

	



Via, S. Cannibalism facilitates the use of a novel environment in the flour beetle. Tribolium Castaneum Hered. 1999, 82, 267–275. [Google Scholar] [CrossRef] [PubMed]

	



Park, I.K.; Lee, S.G.; Choi, D.H.; Park, J.D.; Ahn, Y.J. Insecticidal activities of constituents identified in the essential oil from leaves of Chamaecyparis obtuse against Callosobruchus chinensis (L.) and Sitophilus oryzae (L.). J. Stor. Prod. Res. 2003, 39, 375–384. [Google Scholar] [CrossRef]

	



Kljajic, P.; Peric, I. Susceptibility to contact insecticides of granary weevil Sitophilus granarius (L.) (Coleoptera: Curculionidae) originating from different locations in the former Yugoslavia. J. Stor. Prod. Res. 2006, 42, 149–161. [Google Scholar] [CrossRef]

	



Subramanyam, B.; Hagstrum, D.W. Resistance measurement and management. In Integrated Managements of Insects in Stored Products; Subramanyam, B., Hagstrum, D.W., Eds.; CRC Press: Boca Raton, FL, USA, 1995; pp. 331–339. [Google Scholar]

	



Okonkwo, E.U.; Okoye, W.J. The efficacy of four seed powders and the essential oils as protectants of cowpea and maize grain against infestation by Callosobruchus maculates (Fabricius) (Coleoptera: Bruchidae) and Sitophilus zeamais (Motschulsky) (Coleoptera: Curculionidae) in Nigeria. Inter. J. Pest Managem. 1996, 42, 143–146. [Google Scholar]

	



Lee, S.E.; Kim, J.E.; Lee, H.S. Insecticide resistance in increasing interest. Agric. Chem. Biotechnol. 2001, 44, 105–112. [Google Scholar]

	



Isman, M.B. Botanical insecticides, deterrents, and repellents in modern agriculture and an increasingly regulated world. Annu. Rev. Entomol. 2006, 51, 45–66. [Google Scholar] [CrossRef]

	



Ayvaz, A.; Karaborklu, S.; Sagdic, O. Fumigant toxicity of five essential oils against the eggs of Ephestia kuehniella Zeller. and Plodia interpunctella (Hübner.) (Lepidoptera: Pyralidae). Asian J. Chem. 2009, 21, 596–604. [Google Scholar]

	



Hamad, Y.K.; Abobakr, Y.; Salem, M.Z.M.; Ali, H.M.; Al-Sarar, A.S.; Al-Zabib, A.A. Activity of plant extracts/essential oils against some plant pathogenic fungi and mosquitoes: GC/MS analysis of bioactive compounds. BioResources 2019, 14, 4489–4511. [Google Scholar]

	



Abdelgaleil, S.A.; Mohamed, M.I.; Shawir, M.S.; Abou-Taleb, H.K. Chemical composition, insecticidal and biochemical effects of essential oils of different plant species from Northern Egypt on the rice weevil, Sitophilus oryzae L. J. Pest Sci. 2016, 89, 219–229. [Google Scholar] [CrossRef]

	



Abdelsalam, N.R.; Salem, M.Z.M.; Ali, H.M.; Mackled, M.I.; EL-Hefny, M.; Elshikh, M.S.; Hatamleh, A.A. Morphological, biochemical, molecular, and oil toxicity properties of Taxodium trees from different locations. Ind. Crops Prod. 2019, 139, 111515. [Google Scholar] [CrossRef]

	



Rodríguez-González, Á.; Álvarez-García, S.; González-López, Ó.; Da Silva, F.; Casquero, P.A. Insecticidal Properties of Ocimum basilicum and Cymbopogon winterianus against Acanthoscelides obtectus, Insect Pest of the Common Bean (Phaseolus vulgaris L.). Insects 2019, 10, 151. [Google Scholar] [CrossRef]

	



Mohamadi, M.; Shamspur, T.; Mostafai, A. Comparison of microwave-assistant distillation and conventional hydrodistillation in the essential oil extraction of flowers Rosa damascena Mill. J. Essent. Oil Res. 2013, 25, 55–61. [Google Scholar] [CrossRef]

	



Lis-Balchin, M.; Deans, S.G.; Eaglesham, E. Relationship between bioactivity and chemical composition of commercial essential oils. Flavour Frag. J. 1998, 13, 98–104. [Google Scholar] [CrossRef]

	



Rojas-Grau, M.A.; Avena-Bustillos, R.J.; Olsen, C.; Friedman, M.; Henika, P.R.; Martın-Belloso, O.; Pan, Z.; McHugh, T.H. Effects of plant essential oils and oil compounds on mechanical, barrier and antimicrobial properties of alginate-apple puree edible films. J. Food Eng. 2007, 81, 634–641. [Google Scholar] [CrossRef]

	



Başer, K.H.C. Turkish rose oil. Perfum. Flavor. 1992, 17, 45–52. [Google Scholar]

	



Almasirad, A.; Amanzadeh, Y.; Taheri, A. Composition of a historical rose oil sample (Rosa damascena Mill., Rosaceae). J. Essent. Oil Res. 2007, 19, 110–112. [Google Scholar] [CrossRef]

	



Baldermann, S.; Yang, Z.; Sakai, M.; Fleischmann, P.; Watanabe, N. Volatile constituents in the scent of roses. Floricult. Ornament. Biotechnol. 2009, 3, 89–97. [Google Scholar]

	



Verma, R.S.; Padalia, R.C.; Chauhan, A.; Singh, A.; Yadav, A.K. Volatile constituents of essential oil and rose water of damask rose (Rosa damascena Mill.) cultivars from North Indian hills. Nat. Prod. Res. 2011, 25, 1577–1584. [Google Scholar] [CrossRef]

	



Oka, N.; Ohishi, H.; Hatano, T.; Hornberger, M.; Sakata, K.; Watanabe, N. Aroma evolution during flower opening in Rosa damascena Mill. Z. Nat. C 1999, 54, 889–895. [Google Scholar] [CrossRef]

	



Watanabe, S.; Hashimoto, I.; Hayashi, K.; Yagi, K.; Asai, T.; Knapp, H.; Straubinger, M.; Winterhalter, P.; Watanabe, N. Isolation and Identification of 2-Phenylethyl Disaccharide Glycosides and Mono Glycosides from Rose Flowers, and Their Potential Role in Scent Formation. Biosci. Biotechnol. Biochem. 2001, 65, 442–445. [Google Scholar] [CrossRef] [PubMed]

	



Areias, F.M.; Valentão, P.; Andrade, P.B.; Ferreres, F.; Seabra, R.M. Phenolic fingerprint of peppermint leaves. Food Chem. 2001, 73, 307–311. [Google Scholar] [CrossRef]

	



Lv, J.; Huang, H.; Yu, L.; Whent, M.; Niu, Y.; Shi, H.; Wang, T.T.Y.; Luthria, D.; Charles, D.; Yu, L.L. Phenolic composition and nutraceutical properties of organic and conventional cinnamon and peppermint. Food Chem. 2012, 132, 1442–1450. [Google Scholar] [CrossRef]

	



Ciobanu, A.; Mallard, I.; Landy, D.; Brabie, G.; Nistor, D.; Fourmentin, S. Retention of aroma compounds from Mentha piperita essential oil by cyclodextrins and crosslinked cyclodextrin polymers. Food Chem. 2013, 138, 291–297. [Google Scholar] [CrossRef]

	



Maffei, M.; Camusso, W.; Sacco, S. Effect of Mentha × piperita essential oil and monoterpenes on cucumber root membrane potential. Phytochemistry 2001, 58, 703–707. [Google Scholar] [CrossRef]

	



Yadegarinia, D.; Gachkar, L.; Rezaei, M.B.; Taghizadeh, M.; Astaneh, S.A.; Rasooli, I. Biochemical activities of Iranian Mentha piperita L. and Myrtus communis L. essential oils. Phytochemistry 2006, 67, 1249–1255. [Google Scholar] [CrossRef]

	



Başer, K.H.C.; Kürkçüoglu, M.; Tarimcilar, G.; Kaynak, G. Essential Oils of Mentha Species from Northern Turkey. J. Ess. Oil Res. 1999, 11, 579–588. [Google Scholar] [CrossRef]

	



Elansary, H.O.; Ashmawy, N.A. Essential oils of mint between benefits and hazards. J. Ess. Oil Bear. Plants 2013, 16, 429–438. [Google Scholar] [CrossRef]

	



Hussain, A.I.; Anwar, F.; Shahid, M.; Ashraf, M.; Przybylski, R. Chemical composition, and antioxidant and antimicrobial activities of essential oil of spearmint (Mentha spicata L.) from Pakistan. J. Ess. Oil Res. 2010, 22, 78–84. [Google Scholar] [CrossRef]

	



Hassan, A.; Amjid, I. Gas chromatography-mass spectrometric studies of essential oil of P. roxburghaii stems and their antibacterial and antifungal activities. J. Med. Plants Res. 2009, 3, 670–673. [Google Scholar]

	



Zafar, I.; Fatima, A.; Khan, S.J.; Rehman, Z.; Mehmud, S. GC-MS studies of needles essential oil of Pinus roxburghii and their antimicrobial activity from Pakistan. Electron. J. Env. Agric. Food Chem. 2010, 9, 468–473. [Google Scholar]

	



Satyal, P.; Paudel, P.; Raut, J.; Deo, A.; Noura, S.; Setzer, N. Volatile constituents of Pinus roxburghii from Nepal. Pharmacogn. Res. 2013, 5, 43–48. [Google Scholar]

	



Salem, M.Z.M.; Ali, H.M.; Basalah, M.O. Essential oils from wood, bark, and needles of Pinus roxburghii Sarg. from Alexandria, Egypt: Antibacterial and antioxidant activities. BioResources 2014, 9, 7454–7466. [Google Scholar] [CrossRef]

	



Bissa, S.; Bohra, A.; Bohra, A. Antibacterial potential of three naked-seeded (Gymnosperm) plants. Nat. Prod. Rad. 2008, 7, 420–425. [Google Scholar]

	



Parihar, P.; Parihar, L.; Bohr, A. Antibacterial activity of extracts of Pinus roxburghii SARG. Bangladesh J. Bot. 2006, 35, 85–86. [Google Scholar]

	



Salem, M.Z.M.; Ali, H.M.; El-Shanhorey, N.A.; Abdel-Megeed, A. Evaluation of extracts and essential oil from Callistemon viminalis leaves: Antibacterial and antioxidant activities, total phenolic and flavonoid contents. Asian Pac. J. Trop. Med. 2013, 6, 785–791. [Google Scholar] [CrossRef]

	



Patrascu, M.; Marilena, M. Rose essential oil extraction from fresh petals using synergetic microwave & ultrasound energy: Chemical composition and antioxidant activity assessment. J. Chem. Chem. Eng. 2016, 10, 136–142. [Google Scholar]

	



Salem, M.Z.M.; Mansour, M.M.A.; Elansary, H.O. Evaluation of the effect of inner and outer bark extracts of Sugar Maple (Acer saccharum var. saccharum) in combination with citric acid against the growth of three common molds. J. Wood Chem. Technol. 2019, 39, 136–147. [Google Scholar] [CrossRef]

	



Mohamed, W.A.; Mansour, M.M.A.; Salem, M.Z.M. Lemna gibba and Eichhornia crassipes extracts: Clean alternatives for deacidification, antioxidation and fungicidal treatment of historical paper. J. Clean. Prod. 2019, 219, 846–855. [Google Scholar] [CrossRef]

	



Salem, M.Z.M.; Behiry, S.I.; EL-Hefny, M. Inhibition of Fusarium culmorum, Penicillium chrysogenum and Rhizoctonia solani by n-hexane extracts of three plant species as a wood-treated oil fungicide. J. Appl. Microbiol. 2019, 126, 1683–1699. [Google Scholar] [CrossRef] [PubMed]

	



Okla, M.K.; Alamri, S.A.; Salem, M.Z.M.; Ali, H.M.; Behiry, S.I.; Nasser, R.A.; Alaraidh, I.A.; Al-Ghtani, S.M.; Soufan, W. Yield, phytochemical constituents, and antibacterial activity of essential oils from the leaves/twigs, branches, branch wood, and branch bark of Sour Orange (Citrus aurantium L.). Processes 2019, 7, 363. [Google Scholar] [CrossRef]

	



Chakraborty, S.; Mondal, P. Age species and female fecundity life table of Callsobrauchus chinensis Linn. on green gram. Int. J. Pure Appl. Basic. 2015, 3, 284–291. [Google Scholar]

	



Broussalis, A.M.; Ferraro, G.E.; Martino, V.S.; Pinzon, R.; Coussio, J.D.; Alvarez, J.C. Argentine plants as potential source of insecticidal compounds. J. Ethnopharmacol. 1999, 67, 219–223. [Google Scholar] [CrossRef]

	



Finney, D.J. Probit Analysis, 2nd ed.; Cambridge University Press: Cambridge, UK, 1971; p. 318. [Google Scholar]

	



Qi, Y.; Burkholder, W. Protection of stored wheat from the granary weevil by vegetables oil. J. Econ. Entomol. 1981, 74, 502–505. [Google Scholar] [CrossRef]

	



Rastegar, F.; Moharramipour, S.; Shojai, M.; Abbasipour, H. Chemical composition and insecticidal activity of essential oil of Zataria multiflora Boiss. (Lamiaceae) against Callosobruchus maculatus (F.) (Coleoptera: Bruchidae). IOBCWPRS Bull. 2011, 69, 281–288. [Google Scholar]

	



Tandorost, R.; Karimpour, Y. Evaluation of fumigant toxicity of orange peel Citrus sinensis (L.) essential oil against three stored product insects in laboratory condition. Munis Entomol. Zool. 2012, 7, 352–358. [Google Scholar]

	



Saglam, O.; Ozder, N. Fumigant toxicity of monoterpenoid compounds against the confused flour beetle, Tribolium confusum Jacquelin du Val. (Coleoptera: Tenebrionidae). Turk. Entomol. Derg. 2013, 37, 457–466. [Google Scholar]

	



Jarrahi, A.; Moharramipour, S.; Imani, S. Chemical composition and fumigant toxicity of essential oil from Thymus daenensis against two stored product pests. J. Crop Protec. 2016, 5, 243–250. [Google Scholar] [CrossRef]

	



Brari, J.; Thakur, D.R. Fumigant toxicity and cytotoxicity evaluation of monoterpenes against four stored products pests. Inter. J. Develop. Res. 2015, 5, 5661–5667. [Google Scholar]

	



Deshpande, R.S.; Adhikary, P.R.; Tipnis, H.P. Stored grain pest control agents from Nigella sativa and Pogostemon heyneanus. Bull. Grain Technol. 1974, 12, 232–234. [Google Scholar]

	



Deshpande, R.S.; Tipnis, H.P. Insecticidal activity of Ocimum basilicum Linn. Pesticides 1977, 11, 11–12. [Google Scholar]

	



Kalemba, D.; Gora, J.; Kurowska, A.; Majda, T. Studies on essential oils with respect to their effects on insects. III. Essential oil of goldenrod (Solidago canadenis L.). Zesz. Nauk. Politech Lodzkiej Technol. I Chem. Spoz. 1990, 609, 91–97. [Google Scholar]

	



Thakur, A.K.; Sankhyan, S.D. Studies on the persistent toxicity of some plant oils to storage pests of wheat. Indian Perfum. 1992, 36, 6–16. [Google Scholar]

	



Kurowska, A.; Kalemba, D.; Gora, J.; Majda, T. Analysis of essential oils: Influence on insects. Part IV. Essential oil or garden thyme (Thymus vulgaris L.). Pestycydy 1991, 2, 25–29. [Google Scholar]

	



Andoğan, B.C.; Baydar, H.; Kaya, S.; Demirci, M.; Özbasar, D.; Mumcu, E. Antimicrobial activity and chemical composition of some essential oils. Arch. Pharm. Res. 2002, 25, 860–864. [Google Scholar] [CrossRef]

	



Özkan, G.; Sağdic, O.; Baydar, N.G.; Baydar, H. Antioxidant and antibacterial activities of Rosa damascena flower extracts. Food Sci. Technol. Int. 2004, 10, 277–281. [Google Scholar] [CrossRef]

	



Loghmani-Khouzani, H.; Sabzi-Fini, O.; Safari, J. Essential oil composition of Rosa damascena Mill cultivated in central Iran. Sci. Iran. 2007, 14, 316–319. [Google Scholar]

	



Ulusoy, S.; Boşgelmez-Tinaz, G.; Seçilmiş-Canbay, H. Tocopherol, carotene, phenolic contents and antibacterial properties of rose essential oil, hydrosol and absolute. Curr. Microbiol. 2009, 59, 554–558. [Google Scholar] [CrossRef]

	



Atanasova, T.; Kakalova, M.; Stefanof, L.; Petkova, M.; Stoyanova, A.; Damyanova, S.; Desyk, M. Chemical composition of essential oil from Rosa damascena Mill., growing in new region of Bulgaria. Ukrain. Food J. 2016, 5, 492–498. [Google Scholar] [CrossRef]

	



Salman, S.Y.; Erbaş, S. Contact and repellency effects of Rosa damascena Mill. essential oil and its two major constituents against Tetranychus urticae Koch. (Acari: Tetranychidae). Türk. Entomol. Derg. 2014, 38, 365–376. [Google Scholar] [CrossRef]

	



Djenane, D.; Aïder, M.; Yangüela, J.; Idir, L.; Gómez, D.; Roncalés, P. Antioxidant and antibacterial effects of Lavandula and Mentha essential oils in minced beef inoculated with E. coli O157:H7 and S. aureus during storage at abuse refrigeration temperature. Meat Sci. 2012, 92, 667–674. [Google Scholar] [CrossRef] [PubMed]

	



Ruiz del Castillo, M.L.; Blanch, G.P.; Herraiz, M. Natural variability of the enantiomeric composition of bioactive chiral terpenes in Mentha piperita. J. Chromatog. A 2004, 1054, 87–93. [Google Scholar] [CrossRef]

	



Rohloff, J.; Dragland, S.; Mordal, R.; Iversen, T.H. Effect of harvest time and drying method on biomass production, essential oil yield, and quality of peppermint (Mentha×piperita L.). J. Agric. Food Chem. 2005, 53, 4143–4148. [Google Scholar] [CrossRef] [PubMed]

	



Ansari, M.A.; Vasudevan, P.; Tandon, M.; Razdan, R.K. Larvicidal and mosquito repellent action of peppermint (Mentha piperita) oil. Biores. Technol. 2000, 71, 267–271. [Google Scholar] [CrossRef]

	



Kumar, S.; Wahab, N.; Warikoo, R. Bioefficacy of Mentha piperita essential oil against dengue fever mosquito Aedes aegypti L. Asian Pac. J. Trop. Biomed. 2011, 1, 85–88. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Chemical composition of the oil from Rosa spp.
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	Compound Name
	RT * (min.)
	Rela