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Abstract: Volatile oils from the peels of sweet orange (Citrus sinensis), lime (Citrus aurantifolia) and lemon (Citrus 

Limon) were comparatively evaluated on carpenter ants (Camponotus nearcticus) for repellent and lethal activity. 

The volatile oils were extracted by means of steam distillation. The repellent activity was tested at 2%w∕v 

concentration with a modified version of World Health Organization’s (WHO’s) method for mosquito repellent 

testing. The extracts had strong repellent activity on the tested ants, C. sinensis recorded the lowest activity of 

82.5% and C. Limon recorded the highest activity of 95.0%. The lethal activity was determined using 2 mL aliquot 

of 5%w∕v, 10%w∕v, 20%w∕v, 40%w∕v and 80%w∕v concentrations of the volatile oil with acetone diluent. Activity 

was analyzed with probit analysis and C. aurantfolia showed the best activity levels whiles C. sinensis recorded the 

least activity. A duplicated experiment was run alongside negative and positive controls to reduce any false positive 

errors. The LC50 for C. aurantifolia, C. Limon and C. sinensis were 4.54%, 6.95% and 17.02% respectively. The 

LC99 values for C. aurantifolia, C. Limon and C. sinensis were 86.01%, 71.01% and 66.43% respectively. There was 

a strong 2 tailed Pearson correlation between dose and response of the oils.  

Keywords: Etiological, correlations, response, anaphylactic, aliquot, lethal, exponential, Increment, intervention, 

impregnated, biodegradability.  

1.    INTRODUCTION 

Camponotus nearcticus (Carpenter ants) are known in Ghana for their destructive feeding habits: tainting furniture, 

feeding on sweets and sugary products, consumable foods and for being nuisance in both homes and supermarkets. 

Control of these carpenter ants in homes and supermarkets therefore require highly selective and safer methods than most 

of the interventions available today. Some species of ants are considered health hazards, the bite and sting of these species 

may result in severe anaphylactic allergic reactions and even death, (Al-Shahwan et al., 2006, Hofman, 2010).  Control of 

indoor ants is done best in Ghana mainly by employing Chinese Miraculous Chalk, Sasso
TM

 insecticide spray, Raid insect 

killer or other similar products which may contain toxic compounds such as deltamethrin and cypermethrin, making them 

unsafe for the control of food-borne insects. Accidental poisoning of a child with Miraculous Chalk has been reported by 

Martínez-Navarrete et al., (2008). This is due to high toxicity, non-selectivity and the low biodegradability of most of 

these synthetic compounds (Zia et al, 2013). Very recently, a second year student of the University of Cape Coast, Ghana 

was reported dead of food poisoning together with 59 other students sustaining different levels of food poisoning, 

(Yankson N. 2014, myjoyonline.com). Dr. Kabiru Azeez who is the director for health services for the University of Cape 
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Coast confirmed it in an interview with Joy news presenter „Nyarko K. R.‟ According to Dr. Kabiru, all the cases of food 

poisoning could be traced to the consumption of two local dishes namely waakye and Kenkey, (Yankson N. 2014, 

myjoyonline.com). It is believed that the poison might have come from traces of non-biodegradable insecticides and other 

chemicals used during preservation of the beans used in making the Waakye or the chemicals used in preserving the 

maize used in making the kenkey. In light of these reports, it is clear that there is need for new and safer methods in 

fighting foodborne insects such as ants, beetles etc. in Ghana. 

Plant based bio-compounds are generally safer to humans and fish with very low toxicity levels (Koul et al., 2008). There 

is a surge in the search for bio-insecticides with the aim of finding safer options. Etiological reports reveal that peels of 

orange were burnt in Ghana in the past to control mosquitoes and houseflies but not until the 20
th
 century when there was 

a surge in the use of synthetic coils, sprays and chalks for insect control. Volatile extract of orange, lime and lemon peel 

oils have also been reported to have lethal activity on houseflies (Palacios et al 2009), and cockroaches and mosquitoes 

(Ezeonu et al., 2001). Lemon and lime peel volatile extract have also shown considerable levels of insecticidal activity in 

different studies, (Shalaby et al., 1998; Karamaouna et al., 2013; Palacios et al 2009; Siskos et al., 2007; Mansour et al., 

2004). Extensive work has also been done on volatile oils (VOs) on different domestic insects such as mosquitoes, beetles 

and houseflies (Mansour et al., 2004; Palacios et al., 2009) but not much on ants. Essential oil from citrus therefore 

presents a safer option with promising insecticidal and insect repellent properties (Kim et al., 2003).   

Citrus cultivation and its commercial value in Ghana have increase dramatically in the last few decades for consumption 

and as feedstock for juice factories in the country. The rind and the pulp which form over 50% of the fruit go to waste, 

adding up to the urban waste problem in the country. Most of the citrus essential oils used in cosmetics and the 

pharmaceutical industries are imported from other countries due to lack of scientific data on the indigenous fruits‟ extract. 

A possible breakthrough with its insecticidal activity would therefore be a major public health and economic relieve.  

The abundance of the components of the volatile oil varies between plant species (Ahmad et al., 2006; Azar et al., 2011). 

Rodriguez (2008) identified a total of 51 different compounds in C. limon peel extract (Rodriguez et al., 1998). D-

limonene is the most abundant component in citrus peel‟s volatile extract and constitutes 51.97% -95.35% of the total 

amount (Azar et al., 2011; Mansour et al., 2004). Rodriguez (2008) reported 65.65% d-limonene composition for C. limon 

peel‟s volatile extract, 61.08% d-limonene composition was reported in the peel‟s volatile extract for C.senensis (Ahmad 

et al., 2006; Azar et al., 2011). Recently, Karoui and Marzouk (Karoui and Marzouk, 2013) also reported 90.25% d-

limonene composition in C. aurantifolia peel essential oil extract. D-limonene has been reported to be the principal active 

principle in the citrus‟ volatile oil responsible for the anti-insect activity (Tripathi et al., 2003; Karr et al., 1988). As a 

result, the potency of the essential oil extract is also affected by the citrus species concern and the target insect concerned 

(Lota et al., 2002;, Su.. and Hovart., 1987) due to variations in d-limonene content. This research was therefore carried out 

to compare the repellent and lethal potency between three different citrus species on carpenter ants in the University of 

Cape Coast, Ghana.  

Problem Statement: There has been quiet substantial research work on insecticidal properties of citrus volatile extract on 

insects such as mosquitoes, beetle, houseflies etc. But not much of such work has been done on carpenter ants. In 

addition, there has not been much material at Cape Coast sub-region of Ghana to verify the etiological reports and claims 

of the volatile extract. It became imperative to carry out this study in Cape Coast, Ghana to comparatively evaluate the 

anti-insect activity of the volatile oil for future line of foodborne insect control in the sub-region. 

2.    MATERIALS AND METHOD 

The study was carried out at University of Cape Coast (UCC), Ghana. The extraction of volatile oil was done in C-5 

chemical laboratory at the Department of Chemistry and the activity testing was done in the Research Laboratory of the 

Department of Biochemistry, UCC. Fruits of C. Senesis (sweet orange) were obtained from the Botanical gardens of the 

University of Cape Coast, the fruits of C. limon (lemon) and C. aurantifolia were bought from Cape Coast central market. 

Direct steam distillation without modification was carried out on the peels to obtain a distillate containing volatile oil-

water mixture. The oil was extracted with pure acetone in solvent-solvent extraction. The organic phase was dried with 

anhydrous CaSO4. Acetone was removed with rotary evaporator and the final product of interest was kept in sealed vials 
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prior to activity testing. Camponotus nearcticus were collected from ant-infected apartments within the catchment areas of 

the university and transported to Biochemistry Research laboratory for repellent and lethal activity testing. 

Testing Of Repellent Property On Ants: WHO‟s method for mosquito repellent testing was modified and used for this 

research (WHO, 2013). Repellent activities of the volatile extracts were evaluated by preparing 2% w ∕v of the extract in 

acetone. Commercial insect repellent „Odomos
TM

‟ was obtained from the license chemical shop. A volume of 1 mL of 2% 

w∕v solution of the volatile oil was used to soak the edges of a 9 cm Whatman filter paper and was introduced into petri 

dishes. A bait of 2 g of sugar was placed in the center of the filter paper. The controls were 1 mL of acetone (negative 

control) and a 1 mL of 2% w∕v Odomos
TM

 insect repellent (positive control). A total of 40 live ants were introduced onto 

each petri dish (150 mm x 25 mm) but outside the 9 cm Whatman filter paper. A setup of five separate petri dishes for 

duplicate experiment with 2% w∕v extract and controls were monitored at 5 minutes intervals for 180 minutes for repellent 

activity. The final repellent activity was calculated after 180 minutes of exposure time with the modified WHO‟s landing 

inhibition  formula as used by Thavara et al., 2007; percentage repellent (% w∕v ) = 100-(T x 100)/N. Where „T‟ stands for 

the number of ants found inside the treated zone containing the bait and „N‟ represents the total number of ants per set-up, 

which in this experiment it was 40 ants per each set-up. 

Lethal Activity Evaluation: Fumigant activity of the volatile extracts of C. aurentifolia, C. senensis and C. limon were 

ascertained using 2 mL aliquots of 5% w∕v, 10% w∕v, 20% w∕v, 40% w∕v and 80% w∕v volatile oil. Laboratory grade 100% 

w∕v acetone was used as solvent and 2 mL aliquot of acetone without volatile extract as negative control for each level of 

concentration. Solution of 5% w∕v, 10% w∕v, 20% w∕v, 40% w∕v and 80 % w∕v of Chinese Miraculous Chalk with warm 

water as solvent were used as positive control for the experiment. Whatman no.1 filter paper (90 mm x 15 mm) was 

impregnated with the 2 mL aliquot of the prepared solution for each concentration and for each extract, negative and 

positive controls. The experiment was run in triplicate for each concentration to reduce false positive errors. The 

impregnated filter papers were air-dried for three minutes prior to their introduction into the standard Petri dish (90 mm x 

15mm). A number of 40 active adult ants were introduced into each Petri dish lined with the impregnated filter paper. The 

setups were covered with veil to enhance ventilation and to avoid suffocation for lack of oxygen. Dead ants were counted 

after three hours of exposure time. Correlations between dose and response and between plant species were determined 

with correlation and regression in SPSS probit analysis. The inclusion criterion to be counted dead was the inability of the 

ants to respond to the weak touch with a counting pin.     

In this study solid sugar bait was used base on the nature of our study. It is imperative to say that the choice of ants‟ bait 

as attractant is critical in ants repellent testing; (Chow-Yang Lee, 2008).  

3.    RESULTS 

 

Figure 1; Repellent activity in percentage of the volatile extract of C. sinensis, C. Limon, C. aurantifolia and positive control on Camponotus 

nearcticus. The activity was generally high on C. nearcticus with positive control recording 100% activity, C. Limon having 95% and C. sinensis 

having the lowest activity of 82.5% activity. 
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Figure 2; Observed percentage lethal activity of the volatile extracts on C. nearcticus at five concentration points after 180 minutes of exposure 

time. At 5% w∕v concentration, C. sinensis recorded the least activity of 22% toxicity whiles C. aurantifolia recorded the highest activity of 50% 

toxicity at same level of concentration. C. Limon and positive control had 36% toxicity at this 5% w∕v level of concentration. C. Aurantifolia and C. 

sinensis levels out at 10% w∕v concentration and a sharp rise to over 90% toxicity.  C. lemon and Miraculous Chalk had steep increase in toxicity as 

the concentration increased from 5% w∕v to 80% w∕v. 

 

Figure 3; Expected lethal activity as projected by probit analyzer for the volatile extracts on C. nearcticus at five concentration levels after 180 

minutes of exposure time. C. sinensis showed a low level of activity below 50% when the concentration level was below 17% w∕v . There was a 

50% letheal activity at 17% w∕v concentration level. C. aurantifolia, magic chalk and C. Limon showed high activities even at low 

concentrations.  The LC50s for C. aurantifolia, Miraculous Chalk and C. Limon were all below 10% w∕v concentrations. Very high lethal 

activities were observed at 40% w∕v concentrations for all the volatile extracts and almost complete lethality at 80% w∕v concentration level. 

 

Figure 4; The LC50, LC75 and LC99 values of C. sinensis, C. aurantifolia, C. limon and positive control obtained from probit analysis. The LC50 

value for C.sinensis is 3 times higher than the LC50 for C. aurantifolia and twice higher than C. Limon and positive control. The LC75 and LC99 

values (3 times lower in activity) for C. aurantifolia were generally high across the group and were found to be the inverse for the order at low 

concentrations. This indicates that C. aurantifolia is more active in lower concentrations than it is in the higher concentrations. C. sinensis is more 

active in higher concentrations than in the lower concentrations. 
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The effect of carrier for the lethal activity was corrected by making use of Abbott‟s formula (Tripathi et al., 2000). The 

results were analyzed by carrying out probit regression analysis with IBM‟s SPSS version 17, at 95% w∕v confidence 

interval. All the three volatile oil extracts showed lethal activity with the tested insects which confirms etiological studies 

and earlier reports on different insects. The lethal activity of the extracts and the positive control showed general increase 

as the concentrations got increased.  

4.    DISCUSSION 

All the extracts showed fumigant activity against C. nearcticus with LC50s ranging between 4.5% w∕v to 17% w∕v level of 

concentration. Lethal activity at 5% w∕v level of concentration was highest in C. aurantifolia and lowest in C. sinensis. 

Lethal activities at 5% w∕v  concentration ranged from 28% w∕v  to 56% w∕v. C. sinensis showed the lowest lethal activity 

of 28.57% at 5% w∕v concentration whiles C. limon had activity of 47.17% and C. aurantifolia showed a lethal effect with 

the highest activity of 50.05%. The positive control showed substantial activity of 46.73% at 5% w∕v concentration. The 

concentration was doubled to 10% w∕v and this led to a marginal increase in the lethal activity across the group with C. 

sinensis recording the highest increment of 8.48% and C. aurantifolia recording the lowest increment of 4.88% in activity. 

From fig. 2, activity at 10% w∕v level of concentration was found to be 27.75% for C. sinensis, 54.07% activity for C. 

limon and 58.16% activity for C. aurantifolia. C. sinensis recorded the least activity at concentrations less than 17% w∕v 

fig. 2 and 3 whiles C. limon and C. aurantifolia showed substantial activity at this same level of concentration and they 

agree with the literature of Shalaby et al., 1998 and Ntalli et al., 2010 . From Fig. 2, it could be realized that the activity of 

C. sinensis increased steadily from 27.75% at 10% w∕v level of concentration to 55.58% activity when the concentration 

was increased by two fold; 20% w∕v. C. aurantifolia recorded activity of 64.77% whiles C. limon showed activity of 

68.22%. The positive control showed a similar pattern of increased activity at 20% w∕v concentration.  

An increase in concentration 8 folds from 5% w∕v to 40% w∕v led to a three-fold increase in lethal activity, from 28.57% 

to 80.04% for C. sinensis; there were similar but lower increments in the other extracts. C. aurantifolia recorded the least 

increment by a factor of 1.60 fold with a 4 fold increment in concentration whiles C. limon and Chinese Miraculous Chalk 

recorded increase by a factor of 1.88 fold and 1.78 fold respectively at 4 fold increase in concentration; 40% w∕v 

concentration. This finding reveals that, exponential increase in concentration does not confer a corresponding 

exponential response in activity. C. aurantifolia and the positive control were almost constant when the concentration was 

increased from 10% w∕v to 20% w∕v (fig. 2). There was a gentle increase in activity for C. limon from 58.16% to 80.68% 

whiles C. sinensis recorded a steep increase from 27.75 to 65.26% lethal effect when the concentration was increased 

from 10% w∕v to 20% w∕v (fig. 2). 

At 80% w∕v concentration, C. Limon recorded the highest activity of 99.60% and the least activity was exhibited by C. 

aurantifolia showing 96.79% lethality effect. Activity of 99.45% and 98.41% were showed by C. sinensis and positive 

control respectively at 80% level of concentration. There was a general increase in activity with increasing concentration 

across the groups. C. aurantifolia showed the highest potency at low level of concentration; a sign of novel insecticide. 

The probit estimated activity of the extract (fig. 3) follows a similar pattern to the observed (fig. 2). 

C. sinensis recorded the highest LC50 value of 17.02% w∕v with the least activity and the lowest value of LC50 while the 

highest activity was recorded for C. aurantifolia with concentration of 4.54% w∕v, whiles 6.95% w∕v and 7.76% w∕v were 

recorded for C. Limon and positive control respectively. These LC50 findings agree with previous report (Kumar et al., 

2010; Karamaouna et al., 2013) at low concentrations.  It was also in congruent with that of Palacios et al of citrus EOs on 

houseflies. There was a differential response in high concentrations; this could be due to the fact that different insects 

were use in these studies. Concentrations as high as 32.04% w∕v of C. aurantifolia or as low as 25.56% w∕v of C. Limon 

are therefore required to terminate 75% of the C. nearcticus, whiles 31.35% w∕v of C. sinensis or 30.45% w∕v of positive 

control would be required to obtain 75% lethality effect (LC75) on C. nearcticus.  

It was observed that, in order to obtain a complete control of 99% efficacy, it would be to apply 99.4% w∕v concentration 

of C. aurantifolia or 86.01% of the positive control. C. sinensis and C. Limon also recorded LC99 values of 66.43% w∕v 

and 71.01% w∕v respectively. C. aurantifolia recorded the highest activity at low concentration with the lowest LC50 value 

of 4.54% w∕v and C. sinensis recorded the lowest activity at low concentration with LC50 of 17.02% w∕v. The reverse was 

realized at high concentrations with LC99 for C. aurantifolia being 99.4% w∕v and LC99 for C. sinensis being 66.5% w∕v 

concentration.  
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The activities were further analyzed for correlation between groups as well as between dose and response with the aid of 

SPSS. There was a strong correlation between the extracts, the positive control and the concentrations. There was a 0.940 

Pearson bivariate 2-tailed correlation between C. sinensis and the concentration whiles C. Limon, C. aurantifolia and 

positive control showed 0.944, 0.981 and 0.968 respectively.  A comparison between C. sinensis and the other extracts 

showed a 2-tailed Pearson correlation of 0.989 with C. aurantifolia, 0.999 with C. Limon and 0.995 with the positive 

control indicating the similar pattern with which the test organism responded to the extracts. There was a correlation of 

0.990 between C.limon and C. aurantifolia and also a correlation of 0.996 between C. Limon and Positive control. 

Furthermore, a value of 0.999 of a 2-tailed Pearson correlation was recorded for C. aurantifolia-Positive control 

interaction signifying a similar line of effect and dose one the ants.  

Mechanism of action of the extract is not quite clear, but according to Koul et al 2008, some constituents of the essential 

oil interfere with octopaminergic nervous system which are absent in human and fishes, thereby giving it its safety and 

selectivity. C. aurantifolia has the highest limonene composition which could be a reason for the C. aurantifolia’s high 

lethal activity, Bourgou et al., 2012. The oils had very strong repellent activities in congruent with literature. C. limon 

showed the highest repellent activity of 95%, 92.5% for C. aurantifolia and 82.5% for C. sinensis. The positive control 

recorded 100% repellent activity, a sign of very potent repellent. 

5.    CONCLUSION 

All the citrus volatile extracts studied showed significant levels of toxic and repellent activity on the studied subject. It 

was observed that the extracts which were very potent with C. aurantifolia according to literature have the highest d-

limonene content recorded the highest activity whiles C. sisnensis which by literature has the least d-limonene content 

recorded the lowest lethal activity. Small deviations to this logical rule were only observed at very high concentration 

levels where the inverse was found to be true. Comparatively, C. aurantifolia recorded the highest lethal activity in low 

concentration (least LC50 value) while C. seninse recorded the highest activity at high concentration with least LC99 value. 

It was observed that the repellent activities did not correlate well with d-limonene concentrations. C. Limon which 

according to literature has intermediate d-limonene content recorded the highest repellent activity in this study. 
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