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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

INSECTICIDAL ACTIVITY OF FOUR CITRUS PEEL OILS AND OIL 

NANOEMULSION FORMULATION AGAINST Sitophilus oryzae L. AND 

Corcyra cephalonica (St.) 

By 

ELMILIGY ELSAYED ELSAYED IBRAHIM 

January 2019 

Chairman :    Professor Dzolkhifli Omar, PhD 

Faculty  :    Agriculture 

The rice weevil, Sitophilus oryzae and rice moth, Corcyra cephalonica are primary 

destructive insect pests. The adults and larvae of S. oryzae and the larvae of C. 

cephalonica feed voraciously on a wide variety of grains causing quantitative and 

qualitative losses. This study was conducted to evaluate the insecticidal effects of 

citrus peel oils of sweet orange; Citrus sinensis, green lemon; Citrus aurantifolia, 

Kaffir lime; Citrus hystrix and calamansi lime; Citrus microcarpa against these two 

major stored product insects. Essential oils from four species of citrus plants were 

obtained from Best Formula Industries Company (Kuala Lumpur, Malaysia). The 

chemical components in these essential oils were identified using gas 

chromatography/mass spectrometry and they were tested for their insecticidal 

properties against adults of the rice weevil, S. oryzae L. and the 4th instar larvae of 

rice moth, C. cephalonica (St.). The major compounds found in tested essential oils 

were limonene, β-pinene, citronellal, α-terpineol, citronellol, and geraniol. The S. 

oryzae populations treated with C. hystrix, C. aurantifolia, C. sinensis, C. 

microcarpa showed contact toxicity with LC50 values of 119.44, 149.94, 183.26, and 

341.26 ppm after 72 hours, post exposure, respectively, compared to C. cephalonica 

populations with the LC50 values of 1176.43, 1889.24, 3965.71, and 6107.51 ppm 

after 72 hours, post exposure, respectively. In the case of fumigant toxicity, the S. 

oryzae populations treated with C. hystrix, C. aurantifolia, C. sinensis, C. 

microcarpa showed toxicity with LC50 values of 96.96, 192.21, 224.22, and 

276.99 ppm after 72 hours, post exposure, respectively, compared to C. cephalonica 

populations with the LC50 values of 533.48, 752.35, 959.82, and 1082.53 ppm after 

72 hours, post exposure, respectively. This variation in results and efficacy of 

essential oils is related to the chemical components of these essential oils. Oil nano-

emulsion system was developed for insecticide formulations of the citrus peel oils by 

constructing ternary phase diagrams, constituted of non-ionic surfactants, carriers, 

water, and C. hystrix oil as an active ingredient. The non-ionic surfactants were 

Emersense AM 8025, Triton X-100, and Tween 80. Three oils were used as a carrier 
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(Rapeseed methyl ester, Methyl oleate, and Agnique AMD 810). All phase diagrams 

revealed a range of 46 to 91% isotropic region. The phase diagram of Agnique AMD 

810/Triton X-100/water system gave the largest 91% one phase region, while that of 

Methyl oleate/Emersense/water system gave the smallest 46% one phase region. The 

points were selected from the isotropic regions which exhibited high proportion of 

oil, low proportion of water and adequate proportion of surfactant to mix with the 

active ingredient and to form oil-in-water (O/W) emulsion. Sixteen formulations 

miscible with C. hystrix oil were selected. In the stability study, all the selected 

formulations were stable under centrifugation and storage at room temperature 

(25°C) and at 54°C. The mean particle size of nano-emulsion ranged between 54.04 

to 461.30 nm except for F2, F3, and F15 with mean particle size >500 nm. All 

sixteen formulations showed surface tension, lower than water. The zeta potential 

values of all formulations ranged from 42.16 mV to 86.66 mV, except for F2, F3, F4, 

F6, and F8 were lower than 30 mV. The value is related to the stability of colloidal 

dispersions and high zeta potential value will confer stability. In the toxicity study, 

the formulated oils against the two insects showed the mortality was higher than that 

of the nonformulated oils. The contact toxicity against the S. oryzae populations 

showed that the oil nanoemulsion formulations were more toxic with LC50 ranging 

from 43.46 to117.25 ppm after 72 hours, post exposure, compared to C. cephalonica 

populations with LC50 ranging from 462.63 to 916.27 ppm. Similarly, the fumigant 

toxicity against the S. oryzae populations treated with the oil nano-emulsion 

formulations were more toxic with LC50 ranging from 43.38 to 91.71 ppm after 72 

hours post exposure, compared to C. cephalonica populations with LC50 ranging 

from 405.09 to 494.39 ppm. The findings suggested that the nano-emulsion 

formulations of C. hystrix essential oil were effective and could be used to control S. 

oryzae and C. cephalonica. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

AKTIVITI INSEKTISIDAL EMPAT MINYAK KULIT SITRUS DAN 

FORMULASI NANOEMULSI TERHADAP, Sitophilus oryzae L. DAN 

Corcyra cephalonica (St.) 

Oleh 

ELMILIGY ELSAYED ELSAYED IBRAHIM 

Januari 2019 

Pengerusi :   Profesor Dzolkhifli Omar, PhD 

Fakulti :   Pertanian 

Kumbang padi, Sitophilus oryzae dan rama-rama padi, Corcyra cephalonica 

merupakan perosak haiwan destruktif yang utama.  Kumbang dewasa dan larva S. 

oryzae serta larva C. cephalonica memakan secara rakus pelbagai jenis bijian yang 

menyebabkan kerugian secara kuantitatif dan kualitatif. Kajian ini dijalankan  bagi 

menilai kesan insektisidal minyak kulit sitrus daripada oren manis; Citrus sinensis, 

lemon hijau; Citrus aurantifolia, limau purut; Citrus hystrix dan limau kalamansi; 

Citrus microcarpa terhadap dua serangga produk tersimpan utama. Minyak pati 

daripada empat spesis tumbuhan sitrus telah diperoleh daripada Syarikat Industri 

Best Formula (Kuala Lumpur, Malaysia). Komponen kimia dalam minyak pati 

tersebut telah dikenal pasti menggunakan gas kromatografi/spektrometri jisim dan 

komponen tersebut telah diuji bagi sifat insektisidal mereka terhadap kumbang 

dewasa padi, S. oryzae L. dan instar keempat larva rama-rama padi, C. cephalonica 

(St.). Kompaun utama yang dijumpai dalam minyak pati yang diuji ialah limonena, 

β-pinena, sitronelal, α-terpineol, sitronelol, dan geraniol. Populasi S. oryzae yang 

dirawat dengan C. hystrix, C. aurantifolia, C. sinensis, C. microcarpa menunjukkan 

ketoksikan kontak dengan nilai LC50, masing-masing ialah 119.44, 149.94, 183.26, 

dan 341.26 ppm selepas 72 jam pascapendedahan, berbanding dengan populasi C. 

cephalonica, dengan nilai LC50 ialah masing-masing 1176.43, 1889.24, 3965.71 dan 

6107.51 ppm selepas 72 jam pascapendedahan. Dalam kes ketoksikan fumigan, 

populasi S. oryzae yang dirawat dengan C. hystrix, C. aurantifolia, C. sinensis, C. 

microcarpa menunjukkan ketoksikan dengan nilai LC50, masing–masing ialah 96.96, 

192.21, 224.22 dan 276.99 selepas 72 jam pascapendedahan, berbanding dengan 

  populasi C. cephalonica, dengan nilai LC50 ialah masing-masing 533.48, 752.35, 

959.82 dan 1082.53 ppm selepas 72 jam pascapendedahan. Variasi tersebut dari segi 

dapatan dan kemujaraban minyak pati berkaitan dengan komponen kimia bagi 

minyak pati tersebut. Sistem minyak nanoemulsi telah dihasilkan bagi formulasi 

insektisid minyak kulit sitrus melalui pembinaan rajah fasa ternari yang terdiri 
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daripada surfaktan bukan ionik, pembawa, air, dan minyak C. hystrix sebagai bahan 

aktif. Surfaktan bukan ionik ialah Emersense AM 8025, Triton X-100, dan Tween 

80. Tiga jenis minyak telah digunakan sebagai pembawa (Rapeseed metil ester,

Metil oleate, dan Agnique AMD 810). Semua rajah fasa menunjukkan julat antara 46 

hingga 91% lingkungan isotropik. Rajah fasa Agnique AMD 810/Triton X-

100/sistem air mengutarakan 91% lingkungan fasa satu terbesar, manakala Metil 

oleate/Emersense/sistem air memberikan 46% lingkungan fasa satu terkecil. Titik 

tersebut telah dipilih daripada lingkungan isotropik yang memperlihatkan kadar 

minyak yang tinggi, kadar air yang rendah dan kadar surfaktan yang mencukupi bagi 

mencampurkannya dengan bahan aktif dan bagi membentuk emulsi minyak dalam 

air (O/W). Enam belas formulasi larut campur dengan minyak C. hystrix telah 

dipilih. Dalam kajian stabiliti, semua formulasi yang dipilih adalah stabil di bawah 

pengemparan dan penyimpanan pada suhu bilik (25°C) dan pada 54°C. Min saiz 

partikel nanoemulsi berjulat antara 54.04 hingga 461.30 nm kecuali bagi F2, F3, dan 

F15 dengan min saiz partikel >500 nm. Semua enam belas formulasi menunjukkan 

tekanan permukaan yang rendah daripada air. Nilai potensi zeta bagi semua 

formulasi berjulat dari 42.16 mV hingga 86.66 mV, kecuali bagi F2, F3, F4, F6, dan 

F8 yang lebih rendah daripada 30 mV. Nilai tersebut berkaitan dengan stabiliti 

penyebaran koloid dan nilai potensi zeta tinggi yang akan memberikan stabiliti. 

Dalam kajian ketoksikan, minyak formulasi terhadap kedua-dua haiwan tersebut 

menunjukkan mortaliti yang lebih tinggi daripada minyak bukan formulasi. 

Ketoksikan kontak terhadap populasi S. oryzae menunjukkan bahawa formulasi 

minyak nanoemulsi adalah lebih toksik dengan nilai LC50 berjulat dari 43.46 hingga 

117.25 ppm selepas 72 jam pascapendedahan, berbanding dengan populasi C. 

cephalonica dengan LC50 berjulat dari 462.63 hingga 916.29 ppm. Begitu juga, 

fumigan ketoksikan terhadap populasi S. oryzae yang dirawat dengan formulasi 

minyak nanoemulsi adalah lebih toksik dengan LC50 berjulat dari 43.38 hingga 91.71 

ppm selepas 72 jam pascapendedahan, berbanding dengan populasi C. cephalonica 

dengan nilai LC50 berjulat dari 405.09 hingga 494.39 ppm. Dapatan kajian ini 

mengesyorkan formulasi minyak nanoemulsi minyak pati C. hystrix adalah efektif 

dan dapat digunakan bagi mengawal S. oryzae dan C. cephalonica. 
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CHAPTER 1 

1 INTRODUCTION 

Cereal crops are continuing to be the most fundamental food supply in the world, so 

they are considered as the main food for peoples in many countries (Alonso-Amelot 

and Avila-Nú˜nez, 2011). Rice, Oryza sativa is contemplated as the most important 

grain, as it is the second highest worldwide production, after maize (FAO, 2005). 

Rice is cultivated annually, mostly in countries with low labor cost and high 

waterfall; likewise, 90% of the world's rice is produced and consumed in Asia. In 

granaries, rice is suspected to be attacked by many stored-product insect pests, 

causing a great loss of the stored grains, then a serious problem with the national 

economy. It is recorded that 5−10% in the temperate regions of the world and as 

high as 20−30% in tropical regions of the different stored grains are lost annually by 

the action of insect pests attack (Haque et al., 2000). The rice weevil, Sitophilus 

oryzae (Linnaeus, 1763) and the rice moth, Cocyra cephalonica are the most 

important pests of the stored rice, causing quantitative and qualitative losses (Sartori 

et al., 1990).  

The rice weevil, S. oryzae (Coleoptera; Curculionidae) is a major and severe insect 

pest. Insect adults and larvae feed voraciously on a wide variety of grains; especially 

rice (Bougherra et al., 2015). It is a widespread pest, it has been noted that about one 

million of S. oryzae can be produced by only two of its adults under suitable 

conditions. The adults have brown/black colored body of 2 mm long, they are can fly 

and live for up to two years. They feed on rice and lay their eggs inside rice kernels 

(Estalle and Riudavets, 1999). The larvae emerged inside the holes in rice kernels 

and feed on the germ of the grains. Both stages feeding can cause a severe reduction 

in grain weight by more than 75%, and decrease the nutritional value of the grains 

(Dal Bello et al., 2001). The rice moth, C. cephalonica (Stainton) (Lepidoptera: 

Pyralidae), is the major cosmopolitan and destructive pest of stored commodities in 

the tropics, Asia, South America, and Africa. The larvae feed on rice, corn, cocoa, 

dried fruits, and many other grains, causing extensive loss. They not only consume 

the products, but also contaminate them by weaving hard, dense webbing threads 

containing their fecal matter and exuviae (Huang and Subramanyam, 2004). In this 

study, the rice weevil, S. oryzae (L) and the rice moth, C. cephalonica (Staint.), the 

important pest in milled rice, were selected as the animal models for biological 

control by natural plant products (Sartori et al., 1990).  

A constant war should be made with stored-grain pests to conserve the grains. 

Control of these pests depends mainly on the direct application of synthetic 

insecticides which include, organochlorines (lindane), organophosphates 

(malathion), carbamates (carbaryl), pyrethroids (deltamethrin) and fumigants 

including methyl bromide, phosphine, and sulfuryl fluoride; however, many 

organochlorine and organophosphate chemicals are already banned, while others are 

under restriction, regarding their drawbacks (Forget, 1993). The intensive use of 

synthetic insecticides has created serious environmental and health problems. The 
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problems have been arisen from using synthetic insecticides are high toxicity, non-

biodegradability of pesticides, lack of exact scientific formulations, ozone depletion, 

toxicity to non-target organisms, and resistance of stored-grain insects (Opit et al., 

2012); consequently, research efforts have been done to search for safe, cheap, 

highly selective and biodegradable pesticides (Cantrell et al., 2012). In this regard, 

natural compounds from plants are efficient alternatives to synthetic insecticides 

because of their innate biodegradability, low toxicity to mammals, and regional 

availability (Rajendran and Sriranjini, 2008).  

It has been documented that higher plants are considered as a rich source of many 

natural substances that can be used safely to control insect pests. The essential oils 

extracted from many aromatic plants revealed toxicity to stored-product insects 

during the last decade (Huang et al., 2002). Rutaceae is the large family containing 

130 genera in seven subfamilies with many important fruits and the essential oil 

products, for example, Citrus sinensis, Citrus aurantifolia, Citrus reticulate, Citrus 

hystrix, Citrus microcarpa. It has been reported that the fruit peels of some citrus 

species, especially their essential oils have insecticidal properties against many 

insect pests (Elhag, 2000). The essential oils were used in a broad spectrum showing 

insecticidal activity against many stored-product insect pests (Mbata and Payton, 

2013). Many problems evolved from the use of essential oils as insecticides, 

comprise: (1) short lasting of essential oils was reported by Barnard and Xue (2004), 

(2) Lack of persistent efficacy in the field (Chen et al., 2013), (3) hydrophobicity, 

reactivity, and volatility of the bioactive molecules constituting the essential oils 

(Huang et al., 2010), so the amount of used essential oils can be reduced by 

formulating them into transparent nanoemulsions.  

According to the above-mentioned problems of using essential oil, there is an urgent 

need to provide innovative techniques to develop the use of essential oils and 

enhance their efficacy; hence, nanotechnology has been emerging as a new research 

field to strengthen the use of plant-based products. Many efforts devoted to develop, 

improve and use nanoscale structures for biological efficacy (Tadros et al., 2004). 

There is an evolution in nanostructure techniques due to the increased number of 

their promising applications in material science, medicine, pharmacology, and 

agriculture. Nanoemulsion-based pesticides have a particle size of 100−200 nm, 

which exhibit many properties such as stiffness, permeability, crystallinity, thermal 

stability, solubility, biodegradability, and large specific surface area to increase 

affinity to the target (Khot et al., 2012). They rapidly penetrate different types of 

cells like epithelial and endothelial cells by transcytosis and accumulate in them, 

then, traveling along the dendrites, axons, the blood, and lymph inducing oxidative 

stress and other consequences (Oberdörster et al., 2005).  
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Hence, the current study aimed to: 

1- Evaluate the insecticidal activity of the peel essential oils of four citrus plants, 

namely, C. hystrix DC, C. aurantifolia (Cristm.) Swingle, C. microcarpa 

(Bunge) Wijnands, C. sinensis (L.) Osbeck, against S. oryzae and C. 

cephalonica, 

2- Investigate the chemical composition of the four peel essential oils, 

3- Prepare oil nanoemulsion formulations of the most effective essential oil and 

determine the physiochemical properties of the formulations, and 

4- Evaluate the toxicity of oil nanoemulsion formulations against S. oryzae and 

C. cephalonica. 
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