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ABSTRACT 
Efficacy of essential oil mint, with four different solvents namely: acetone, ethanol, n-hexane and chloroform, was screened against the 

green peach aphid Myzus persicae, for their aphicidal effects under lab conditions. The aphid was reared in special insectary until reaching 
sensitive strain after ten generations. Bioassay was then applied to find lethal concentration after three different times; 24, 48 and 72 hours, 

and between four solvents efficacy. As the result shown, the mint oil with chloroform and ethanol was the most effective against 1st and 2nd 

nymph (early nymphal instars) of M. persicae .Determining mint oil showed  the most potential effects   with chloroform and ethanol with 
of 0.090 and 0.070 v/v.  Results indicated that there were significant  90of 0.004 (v/v) against early nymphal instars and LC 50the LC

differences in mean percentage mortalities after 24, 48, and 72 hours of the exposure at 10% concentration. Mint oil showed mortality 

ranged  between  85.12  to  88%.  The  study  showed  that  mint  essential  oil  is  promising  insecticide  and  may be used effectively in the 
 management of M. persicae to provide safe environment and high quality crops. 
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INTRODUCTION 

 

The green peach aphid (GPA) can attain very high population densities on young plant tissues due to its 

short generation time and tremendous fecundity [43]. It is able to cause severe injury directly by depriving the 

plant of its essential nutrients, resulting in wilting, deformation, premature leaf senescence, and retarded growth 

rate of the plant. It also acts indirectly by contamination of the fresh products with honeydew and sooty mould 

[3,12,13]. In addition, M. persicae is an important vector of over 100 plant viruses [8]. This notoriously 

polyphagous aphid species is known to develop populations adapted to specific host-plants, such as the 

populations of M. persicae colonizing tobacco, which have been previously described as a sibling species, 

Myzus nicotianae Blackman. Bakkali et al. [7] provided a good review of M. persicae life cycle. Development 

can be rapid, often 10 to 12 days for a complete generation and with over 20 annual generations reported in mild 

climates. Where suitable host plants cannot persist, the aphid overwinters in the egg stage on Prunus spp in 

Europe. In the spring, soon after the plant breaks dormancy and begins to grow, the eggs hatch and the nymphs 

feed on flowers, young foliage, and stems. After several generations, winged adults from overwintering Prunus 

spp. deposits nymphs on summer hosts. In cold climates, adults return to Prunus spp. in the autumn, where 

mating occurs, and eggs are deposited [29]. All generations except the autumn generation culminating in egg 

production are parthenogenetic (Asexual). Populations cycle might occur continuously on annual plants as in 

Florida and Jordan [3]. Furthermore, Foster et al. [14] studied the developmental biology of viviparous aphids 
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on radish in Pennsylvania. They reported four instars in this aphid. Females gave birth to offspring six to 17 

days after birth, with an average age of 10.8 days at first birth. The length of reproduction varied considerably, 

but averaged 14.8 days. Grossman and Hart [17] listed over 100 viruses transmitted by this species. Some of the 

particularly damaging diseases include potato leaf roll virus and potato virus Y to Solanaceae, beet western 

yellows and beet yellows viruses to Chenopodiaceae, lettuce mosaic virus to Compositae, cauliflower mosaic 

and turnip mosaic viruses to Cruciferae, and cucumber mosaic and watermelon mosaic viruses to Cucurbitaceae. 

Broadleaf weeds can be very suitable host plants for GPA, thereby creating pest problems in nearby crops. 

Resistance in M. persicae is more complex that has been described, with the participation of a broad array of 

resistance mechanisms [5]. The control of M. persicae on many crops has relied almost exclusively on the use of 

chemical insecticides, and their intensive use over many years has led to the development of widespread and 

multiple forms of resistance. The first report of resistance in this species dates back to1955 [5]. There is a global 

concern about pesticides negative effects such as ozone depletion, environmental pollution, and toxicity to non-

target organisms, pest resistance and pesticide residues [23,26,28]. The biochemical and molecular mechanisms 

under lying resistance in M. persicae that have been characterized to date and the insights this body of work has 

provided into resistance and adaptive evolution in insects more generally [10]. Overuse of chemical fertilizers 

and pesticides have effects on the soil organisms that are similar to human overuse of antibiotics. Indiscriminate 

use of chemicals might work for a few years, but after a while, there aren't enough beneficial soil organisms to 

hold onto the nutrients [24,28]. Pesticides can cause injury to plants and animals, ranging from beneficial soil 

microorganisms and insects, non-target plants, fish, birds, and other wildlife [11,28]. The GPA populations have 

high levels of esterase resistance for organophosphates. Many members of this main group of insecticides have 

excellent selectivity as aphicides [12,28]. Andrews et al. [4] reported that M. persicae have two genes. One gene 

was encoding the insecticide target termed ace -1, and the another gene termed ace -2. More recently behavioral 

avoidance has been suggested as mechanism or resistance of GPA to neonicotinoids [13]. The foliage parts of   

mints on distillation yields essential oils (EO). They do contain  a  large  number  of  aroma chemicals  like  

menthol,  menthone,  isomenthone, menthofuran,  carvone,  linalool,  linalyl  acetate  and piperitenone   oxide   

which are widely used pharmaceuticals and oral preparations [24]. Menthol also has high antifungal and 

antibacterial potentials, thus becoming one of the most demanded substances by the scents and essences industry 

[27].  Because of this and other reasons pepper mint essential oil ranks high in terms of total sales volume [21]. 

The objective of this work was to test the toxicity of the oil mint (Mentha pipperita L) against the green peach 

aphid (GPA) using four different solvents. The results of this work will be useful in controlling this pest or to be 

included in the practices of the integrated pest management to minimize the use of pesticides and to reduce 

environmental contamination. 

 

MATERIALS AND METHODS 

 

Rearing of the aphid: 

M. persicae adults reared in the laboratory at 22±2°C. The aphid was identified by Prof. Tawfiq Al- Antary, 

of the University of Jordan according to Blakman and Eastop [10]. The GPA was collected from unsprayed area 

in Ghore Al Safi region in Jordan valley in Jordan. A colony of GPA was established from apterous individuals 

obtained from a continuously maintained culture in an insectary in Department of Plant Protection at the School 

of Agriculture in the University of Jordan. M. persicae kept in cages with a wooden frame of (60 × 40 × 45) 

dimension, with 4(20x30cm) fine mesh doors. A continuous supply of new plants of sweet pepper was provided 

as needed for the colony replenishment.  Sweet pepper seeds Super Lamuyo (Scanttin seed company) were pre-

germinated for three days in plastic Petri dish (9 x1.5 cm) lined on the bottom with wet filter paper before being 

planted in plastic seedling trays (50 × 30 × 60 cm, 50 seeds/tray) containing commercial potting soil peat moss 

(Kasvuturvas). After growing for 10 days under greenhouse conditions, seedlings in the primary leaf stage 

individually transplanted into a plastic pot (15 cm diameter) filled with the soil. Plants kept in a greenhouse at 

22 ± 4°C in the campus of the University of Jordan. These plants were regularly irrigated. The pots of plants 

were placed on eight plastic cages in the insectary. Each cage contained twelve plant pots, supplemented with 

16: 8 L: D average of temperature 22±2°C regime and irrigated as needed. 

 

 Oil content active ingredients (essential oil) in oil extracts: 

The oil was bought from Talya Bitkisel Company (Amman-Jordan). Used oil was analyzed to determine the 

active ingredient percentage in the Laboratory of Fruits and Vegetables Processing at Department of Nutrition 

and Food Technology the University of Jordan as shown in Table 1. The quantity essential oil was carried out as 

following. Five milliliters of oil was taken in triplicates and placed into a previously weighed glass Petri dishes 

(12cm). Then it was placed in an oven at 75°C for 2 hours. After that they were taken from the oven, placed in a 

desiccator to cool down for15 minutes and weighed. The difference between the first weight and the second was 

calculated and considered to be the essential oil weight in grams. To determine the water contained in oil, the 
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glass Petri dish with the oil was again placed in the oven at 105°C for 3hr. Calculations for the water content % 

was done for oil. There were three replications for oil each time. 

 
Table 1: Means of essential oil% and water content% for mint oil 

Oil Name Part of the plant Essential oil % Water content% 

Mint oil  

 

Mentha pipperita leaf oil Leaves 1.14 88.41 

 

Bioassays: 

In order to test the toxicity of the essential oil against M. persicae, nymphal instars, 1st and 2nd (early 

instars), and 3rd and 4th nymphal instars (late instars) of apterous aphid were placed on a sweet pepper leaves in 

Petri dishes (9cm in diameter). Essential oil was diluted with distilled water and Tween 20 (0.005 ml) 

(adjuvant). There were four concentrations for mint oil used. There were four solvents for oil. The used solvents 

were: n- hexane (purity 99.5%), chloroform (purity 99.5%), ethanol (purity 99.9%), and acetone (purity 99.5%) 

and distilled water with Tween 20 as control. Each treatment was replicated four times. Oil was diluted 

separately with the four solvents in four replicates. In addition, each solvent (four replicates) in each treatment 

was tested separately against the green peach aphid. Each replicate has from 35to 50 aphids. The diluted oil with 

solvent was shaken for 5 minutes by hand. Each replicate was sprayed with the diluted oil with a sprayer on the 

placed aphids on the sweet pepper leaf in the Petri dish. The sprayer was consisted of 18 ml glass container .It 

was provided with an atomizer. One sprayer was separately used for each concentration.  Petri dishes were kept 

open to dry for 15 minutes of spraying.  Mortality rate of the aphids was assessed after exposure for 24, 48, and 

72h. Petri dishes provided with sterile water and Tween 20 was served as a negative control, and Calypso 

(neonicotinoid) insecticide at the recommended rate of the application as a positive control. Four replicates for 

each concentration was used. Each treatment was tested to find the lowest concentration which gave around 

30% mortality, and the highest concentration which gave around 95% mortality. The concentrations for mint 

were 0.1, 0.01, 0.001, 0.0001and 0.00001. The LC50 and LC90 for oil were obtained after repeating the 

experimental work several times. Slope and confidence of limits were also reported. 

 

Statistical analysis: 

Data were analyzed using Statistical Analysis Software (SAS 2014) for LC50, LC90 and finding 

differences between means. 

 

Results: 

The lethal concentrations for LC50s and LC90s of the aphid population of green peach aphid (GPA), was 

determined and shown in Tables (2and 3) to essential oil mint, with four different solvents: ethanol, acetone, n-

hexane, and chloroform after 24 hours. The software version SAS program (SAS, 2014) was used to estimate 

parameters of toxicity, 95% confidence limits (CL) for the concentrations used and the slope. In addition,   

Pearson's Chi- square test was used. The comparison between effect of the mint oil with different solvents 

against early nymphal (1st and 2nd) instars and late (3rd and 4th) of M.persicae are found in Tables (4and 5) 

after different times (24, 48 and 72 hours).  

 

Lethal concentrations of mint oils:   

Testing mint oil against the early nymphal instars of M.persicae, ethanol and chloroform showed 

significantly the most potent toxic activity; the LC50 were 0.004 and 0.004, respectively. The LC90 values were 

0.070 and 0.090, respectively. Mint oil with n-hexane and acetone showed significantly the least effective 

activity with LC50 and LC90 values of 0.017, 0.007, 0.112 and 0.107, respectively (Table 2). 

 
Table 2: Concentration (v/v) -mortality data for the different solvents of mint oil on early nymphal instars of M. persicae after 24 hours of 

treatment. 

Pr > Chi-

Square 
Chi-Square 95%CL *** LC90 ** 95%CL *** LC50* Slope Solvent 

0.0004 12.35 0.044 - 0.165 0.070a -0.010 - 0.018 0.004a 33.67 Ethanol 

<.0001 15.83 0.076 - 0.224 0.112c -0.022 - 0.027 0.007b 20.92 Acetone 

<.0001 294.63 0.096 -0.119 0.107b 0.008 - 0.024 0.017c 24.42 n-hexane 

<.0001 17.39 0.061 - 0.173 0.090a -0.013 - 0.017 0.004a 25.51 Chloroform 

*LC50 values sharing the same letters do not differ significantly (95%of CL aren't overlapping). 

**LC90 values sharing the same letters do not differ significantly (95%of CL aren't overlapping). 

***95% confidence limit for LC50, LC90. 
 

Mint oil when tested against the late nymphal instars of M .persicae with four different solvents, the most 

toxic solvents was significantly chloroform and ethanol; the LC50 were 0.007 and 0.008, respectively. Ethanol 
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and chloroform LC90 values were 0.075 and 0.096, respectively. Acetone and n-hexane showed significantly the 

least activity; the LC50 and LC90 were 0.011, 0.010, 0.118 and 0.097, respectively (Table 3).  

 

 
Table 3: Concentration (v/v) -mortality data for the different solvents of mint on late nymphal instars of M. persicae after 24 hours of 

treatment. 

Pr > Chi-
Square 

Chi-
Square 

95%CL LC90** 95%CL*** LC50*
 Slope Solvent 

0.0018 9.70 0.046 - 0.222 0.075a -0.006 - 0.028 0.008a 32.67 Ethanol 

<.0001 25.47 0.084 - 0.201 0.118c -0.008 - 0.028 0.011a 20.56 Acetone 

<.0001 232.88 0.086 - 0.110 0.097b -0.0005-0.0194 0.010a 25.28 n-hexane 

0.0001 14.81 0.064 - 0.201 0.096b -0.013 - 0.024 0.007a 24.50 Chloroform 

*LC50 values sharing the same letters do not differ significantly (95%of CL aren't overlapping). 

**LC90 values sharing the same letters do not differ significantly (95%of CL aren't overlapping). 

***95% confidence limit for LC50, LC90. 

 

Comparisons between solvents effect: 

Mint with different solvents: 

Comparing mortality of mint oil at various solvents against early nymphal instars of M. persicae indicated 

that ethanol was the highest  in effect after 24 hours exposure ( 92.25% mortality) and n-hexane lowest in effect 

(88.00%). After 72h exposure ethanol was the highest in effect (95.75%) (Table 4). 

 
Table 4: Effect of different solvent on efficacy of mint oil against early nymphal of  M. persicae using 10% (0.1) concentration at three 

times of treatment. 

Solvents 

 

% mortality, ±SE 

After 24hours After 48hours After 72hours 

Ethanol 92.25a± 1.10 94.00a ± 1.29 95.75a ± 0.94 

Acetone 88.25b ± 1.10 89.25b ± 1.43 89.75b ± 1.18 

Chloroform 87.25b ± 1.10 88.75b ± 1.10 90.25b ± 1.37 

n-Hexane 85.75b ± 1.75 87.00b ± 1.87 88.00b ± 2.41 

Calypso 94.00a ± 0.57 94.00a ± 0.57 96.00a ± 1.22 

Control 4.00c ± 0.70 4.50c ± 1.19 6.75c ± 0.75 

*Means within the same column sharing the same letters do not differ significantly at 5% level using LSD test. 

 

The results in Table 5 showed significantly that the mint with ethanol caused highest mortality against the 

late nymphal instars of the green peach aphid when compared at the different times of exposure. The determined 

mortality values at 24, 48 and 72 hours were 89.75, 90.75 and 91.75%, respectively. Mint with n-hexane showed 

significantly the least in toxicity rather than the different solvents at 24,48 and 72 hours of exposure but 

significantly higher  than Calypso and control. They were 84.00, 85.00 and 86.00 %, respectively.        

 
Table 5: Effect of different solvent on efficacy of mint oil against late nymphal of  M. persicae using 10% (0.1) concentration at three times 

of treatment. 

Solvents 
 

% mortality, ±SE 

After 24hours After 48hours After 72hours 

Ethanol 89.75b ± 0.47 90.75ab ± 0.47 91.75ab ± 0.75 

Acetone 85.00c ± 1.77 87.25cb ± 2.01 88.00cb ± 1.77 

Chloroform 85.75c ± 0.75 86.75c ± 1.03 88.25cb ± 1.31 

n-Hexane 84.00c ± 1.77 85.00c ± 1.77 86.00c ± 2.41 

Calypso 94.00a ± 0.57 94.00a ± 0.57 96.00a ± 1.22 

Control 4.00d ± 0.70 4.50d ± 1.19 6.75d ± 0.75 

*Means within the same column sharing the same letters do not differ significantly at 5% level using LSD test. 

 

Discussion: 

Increased use of the insecticides in public health and agriculture for the control of vector and pest species 

has created different problems, such as the development of physiological resistance in major insect species, 

environmental pollution and toxic hazards to human and other non- target organisms due to their broad spectrum 

of activity [26,44]. The use of natural plant products is considered more sustainable, cheaper and safer. Natural 

pesticides are preferred for many reasons. Of these, they are cheaper compared with the chemical pesticides. In 

addition, they are made from local resources and safer to humans than chemical pesticides [38]. They concluded 

that essential oil of garlic plant and mint oil could be used as effective natural products and to be included in the 

integrated pest management programs. However, essential oils may be effective when used in pest management 

practices against several insect pests [40]. 

Essential oil has a great ability to penetrate through the cuticle of aphids than to be absorbed from the gut. 

They have also been shown to act as a contact neurotoxin against several insects [1] including the green peach 

aphid, by damaging their olfactory senses [19]. Manimaran et al. [29] tested 25 essential oils against 

mosquitoes, they observed that lemon oil recorded LC50 value of 43.79 ppm and orange oil LC50 values of 
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54.97 ppm, after 24 h of the exposure. Ben-Guo et al. [8] reported that anise Illicium verum fruit extract in 

different solvents were toxic to M. persicae adults. The contact toxicity effects of the extract in three solvents 

were distinctly enhanced by increasing concentrations extracts. The highest concentration of 1.000 mg/l caused 

M. persicae mortalities of 68.93%, 89.95%, and 74.46% at 72 h after treatment, respectively. This agreed with 

the present study as shown in Table 5.In this table anise oils with n- hexane against nymphs of GPA caused 

mortality after the different times of exposure of 69.20,73,52 and 74, 52 %, respectively. In the present study, 

LC50 and LC90 values of 0.010, 0.215 (Table 3) were similar to those mentioned by [8]. They were 0.31, 0.14 

and 0.27 mg/l at 72 h after treatment. They reported that anise oil extracts were potential as an eco-friendly 

biopesticide in integrated pest management against M. persicae. 
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