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ABSTRACT 
 

Egyptian Capsicum annum oil (Pepper oil) was chromatographically analyzed with gas chromatography-
mass spectroscopy (GC/ MS) to give thirty three compounds, characterization and identification of the five 
major components were identified as: Eicosane (12.11 %), Nonacosane (10.94 %), Nonadecane (5.75 %), 
capsaicin (5.37 %) and Octadecane5, 14-dibutyl (4.60 %) of the oil constituent.  The Pepper oil have toxic 
effect against Tetranychus urticae and 1st instars larvae of the cotton leaf-worm and least effect recorded against 
the newly hatched larvae of spiny bollworm (Earias insulana). The LC50 and LC90 values of pepper oil against 
1st instars larvae of the cotton leaf-worm were 37.35 and 64.07 %, respectively. The LC50 and LC90 values for 
red spider mite (T. urticae) recorded 2.47 and 7.83 % respectively. The treated newly hatched larvae of spiny 
bollworm using pepper oil at (60 and 70 %) concentrations had significant prolonged larval duration and 
shortened pre-oviposition and oviposition periods. Also, it decreased larval and pupal weight, pupation and 
hatchability percentages.  
 
Key words: Pepper oil, GC/ MS, Earias insulana, Tetranychus urticae, Spodoptera littoralis, chemical 

composition and latent effect.                                          

 
Introduction 
 

In Egypt, cotton plants attacks by many pests, they were divided in three major groups. The first group is 
sucking pests: aphids, leafhoppers, thrips, white flies, and mites, the second group included the Egyptian cotton 
leafworm, S. littoralis and the third group consists of cotton bollworms; pink bollworm, P. gossypiella, spiny 
bollworm, E. insulana and American bollworm, Helicoverpa armigera which cause serious damage to cotton 
bolls. The control strategy in cotton fields is based mainly on uses of synthetic insecticides to control the 
economic pests which created some problems such as environmental pollution and hazard effects on man and 
natural enemies of pest (Abbas, et al., 1996). Natural products of plants and plant derivatives are alternative 
agent to currently use for insect control because they constitute rich sources of bio-active chemicals. They are 
often biodegradable to non-toxic products. Additionally, plant-derived materials are found to be highly effective 
insect resistance to pesticides (Arnason et al., 1989; Kwon et al., 1996 and Ahn et al., 1997). Essential oil can 
be inhaled, ingested or skin absorbed by insects (Ozols and Bicevskis, 1979). The essential oils obtained from 
some other aromatic plants showed toxic effects on insects and mites (Tripathi et al., 2000 and Choi et al., 
2004). Peppers belong to the family Solanaceae, G.: Capsicum. They are widely used in many parts and their 
valued sensory attributes, colour, pungency and aroma (Nwokem 2010). There more,  pepper  is  used  dried  or  
fresh  in  various  pharmacological preparations and has a long history as a source of biologically active 
compounds, such as flavonoids, phenols, carotenoids, capsaicinoids and vitamins Cantrill, 2008. Capsaicinoids  
(capsaicin,  dihydrocapsaicin)  are  alkaloid  components  responsible  for  distinctive  taste  of  pepper fruits and 
seeds. The result for the mineral composition of Capsicum annum and C. frutescens oils. The Sodium (Na) / 
Potassium (K) ratio for sweet pepper variety of C. annum, bell pepper variety of C. annum, bird eye chilli 
pepper variety of C.  frutescens and bird pepper variety of C.  frutescens are  0.077, 0.124, 0.037 and 0.034, 
respectively (Na) is an important mineral that, assist in the regulation of body fluid and in the maintenance of 
electric potential in the body tissue (Raimi, 2014  & Alinnor and Oze 2011). Potassium is  an  essential  nutrient  
and  has  an  important  role  in  the  synthesis  of  amino  acids and proteins (Nwofia et al., 2012). High amount 
of (K) in the body was reported to increase iron utilization and beneficial to people taking  diuretics  to  control  
hypertension  and  suffer  from  excessive  excretion  of  potassium  through  the body  fluid (Elinge et al., 
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2012). The  presence  of  Na/K in  the  body  is  useful  for  intercellular  activities,  maintenance  of  the osmotic 
balance of the body fluid. The Na/K ratio obtained for the C. annum and C. frutescens oils are below 0.6 and 
thus suggesting that, the oils would inhibit blood pressure. Magnesium plays a significant role in carbohydrate 
metabolism, nucleic acids and binding agents of cell wall (Paul et al., 2013).  

The aim of this study was to find new materials for potential use in controlling some cotton pests. Thus 
commercially available plant essential oil was screened against the newly hatched larvae of spiny bollworm, 
cotton leaf-worm larval instars and T.  urticae adult female, GC–MS analysis was used to identify the main 
constituents of pepper oil Capsicum annuum. 

     
Materials and Methods 
 
Analysis technique: 

Pepper oil was purchased from EL-Captain Company, Egypt, Egyptian Capsicum annum oil (Pepper oil) 
were subjected to further analysis using GC-MS analysis conditions( HP 6890 Series A (Agilent) by using A 
Thermo Scientific (TR-5 MS), (5% Phenyl Polysil Phenylene Siloxane) capillary column (30 m x 0.25 mm i.d.; 
0.25 µm film thickness. Helium (He), having a flow rate of 1.00 ml/min, was used as carrier gas. The GC oven 
temperature was kept at 50 ºC for five minutes and programmed to 250 ºC. The injector temperature was 250 
°C. The amount of injection was 1µL). Identification of components was based on comparison of their mass 
spectra with those of internal (computer) library, Wiley 7 n.1 and PMW_Tox3.1 libraries and some reference 
compounds according to the Van Den Dool method (Dool and Kratz, 1963). 

 
Pests used: 

Spiny bollworm larvae were reared on a modified artificial diet as described by (Rashad and Ammar 1985) 
and Amer et al., 2010 under laboratory conditions of 26 ± 1 °C and 70 ± 5 % R. H. , cotton leafworm larvae 
were reared in the laboratory on castor bean leaves (Ricinus cannapenus) as described by El-Defrawi et al., 
1964 rearing  on 27 ± 2°C and  60 ± 5 % R.H under laboratory conditions and Pure culture of T. urticae was 
initiated by transferring males and females using a fine hair brush to fresh discs of mulberry leaves in Petri-
dishes (10 cm in diameter), each leaf was put on a pad of cotton wool saturated with water as a source of 
moisture, and to prevent mite escaping, under laboratory conditions (27 ± 2°C and 75±5 % R.H.),for rearing 
adult females of known age, ten groups of twenty five adult females each, were transferred by fine hair brush to 
ten discs of mulberry leaves (10 cm in diameter) on moist cotton wool pads in Petri-dishes, the females were 
removed after 24 hours and the eggs were left to hatch. Care was taken to keep the cotton wool pads always wet. 

  
Toxicological studies: 

To evaluate the toxicity effect of pepper oil against the newly hatched larvae of E. insulana serial aqueous 
dilution of pepper oil concentrations (60 and 70 %) were prepared, serial aqueous dilution of pepper oil 
concentrations (70, 40 and 20 %) of 1st and 2nd larval instars (≤1-day-old) cotton leafworm and serial successive 
concentrations of each treatment which were prepared using distilled water (10, 8, 4, 1.25 %) of adult females of 
spider mite. Larval mortality was recorded after one day post treatment. The LC50 and LC90 values were 
calculated according to the method described by Finney, 1971 and corrected mortality using Abbott’s formula 
Abbott, 1925. 

 
Latent effect of pepper oil on the spiny bollworm larvae: 

To study the latent effects of the pepper oil on biological aspects of E. insulana larvae. The newly hatched 
larvae of the spiny bollworm were fed on artificial diet treated with the different concentrations of pepper oil (60 
and 70 %) for 24 hrs. The tested concentration was replicated six times (50 / larvae / replicate) as well as the 
untreated check. The alive larvae were transferred individually into clean glass tubes (2 x 7.5 cm) containing 
about 5g of untreated artificial diet and covered with a piece of absorbent cotton and held in incubator under the 
above mentioned conditions. The live larvae were inspected daily till pupation to recorded larval duration, 
weight of 4th larval instars and mortality percentages. Newly emerged moths of the spiny bollworm were sexed 
and transferred to glass cages (three pairs / cage) and it was replicated four times. The moths were feed on 10 % 
sugar solution. Pupae were transferred individually into glass tubes and incubated till moth's emergence. Pupal 
duration, percent of pupal mortality and pupal weight were recorded. The number of deposited eggs / female, 
pre oviposition, oviposition and post-oviposition periods, female and male longevity and hatchability 
percentages were recorded. 
 
Statistical analysis: 

The obtained results of each mortality and biological parameters were subjected to analysis of variance to 
clear toxicity and latent effect parameters using Costat software computer program Cohort Software. P.O. Box 
1149, Berkeley CA 9471 Costat 1990 program. 
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Results and Discussions 
 
Chemical composition of the volatile oil: 

As can be seen from Fig. (1) and Table (1) thirty three compounds were characterized and identified. The 
major five components were identified as: Eicosane (12.11%), Nonacosane (10.94 %), Nonadecane was (5.75 
%), capsaicin (5.37 %) and Octadecane5, 14-dibutyl was (4.60 %) of the oil constituent.   

        

 
 

Fig. 1: Gas Chromatography -Mass Spectroscopy (GC/ MS) of the volatile oil of red pepper. 
            

Table 1: The volatile compounds identified from the volatile oil of  red pepper by using GC-MS.  
Molecular  

weight 
Relative content 

 (%)  
Retention time 

(min.)  
Volatile     compounds  No. 

224.43 0.12 38.72 1-Hexadecene   1 
310 1.83 39.14 Docosane  2 

240.47 0.21 40.36  Heptadecane  3 
284 0.96 40.77 Nondecanol 4 
268 5.75 41.73 Nonadecane 5 

254.49 0.14 42.35 Octadecane  6 
364 0.89 43.37 Eicosane,2-cyclohexyl 7 
282 12.11 44.19  Eicosane  8 

280.53 0.24 44.33 5-Eicosene 9 
366 1.13 45.65  Octadecane3-ethyl-5-(2-ethyl butyl)  10 
364 3.63 45.85  Eicosane2-cyclohexyl  11 
490 1.18 45.94  17-Pentatriacontene  12 
408 10.94 46.54  Nonacosane 13 
288 1.13 46.72 14-a-H-PREGNA  14  

281.48 0.40 46.85 9-Octadecenamide 15 
326 1.41 47.22 1-Docosanol  16  
340 1.32  47.82 1-Tricosanol  17 

293.40 1.91 47.90 Nonivamide 18 
293.40 2.29 48.22  Nor dihydrocapsaicin  19 
305.41 5.37 48.71 capsaicin 20 
307.43 1.03 48.94 dihydrocapsaicin  21 

362 2.35 49.17 Cyclohexan1,1-dodecylidenebis(4-methyl) 22 
366 4.60 49.53  Octadecane5,14-dibutyl  23  

319.44 1.44 49.81 Homocapsaicin 24 
364 3.33 50.49 1-Hexacosene 25 
618 1.40 50.89 Tetratetracontane 26 
546 1.08 51.21 Cyclohexane1-hexadecylheptadecyl 27 
348 1.03 52.22 Bis(pentamethylcyclopentadienyl)titanium(N-methyl 

nitrogen)hydride complex 
28 

401 1.36 52.27 Colchifoleine 29  
382 0.96 52.39 1-Hexacosanol 30 

382.71 1.20 52.41 Pentacosane 31 
340 1.80 52.62 1-Tricosanol 32 
182 1.26 54.65 Heptylcyclohexane 33 
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Fig. 1: Gas chromatography-mass spectroscopy (GC-MS) of the volatile oil of pepper oil.  
 

Toxicological effect of pepper oil on some cotton pests: 
Data in tables (2 and 3) revealed that, the LC50 and LC90 values of pepper oil against 1st instars larvae of 

cotton leaf-worm recorded 37.35 and 64.07 % .While in case of red spider mite it were 2.47 and 7.93 % which 
recorded highly affect, followed by 1st instars larvae of cotton leaf-worm. The least effect on 2nd larval instars of 
the cotton leaf-worm was noticed after one day post treatment at concentration 70 % recorded 70 % larval 
mortality. But at the concentration of 60 % it was recorded 59 % larval mortality. Meanwhile the tested 
concentration 40 % caused 37 % larval mortality, respectively. On the other hand, the newly hatched larvae of 
spiny bollworm was noticed after one day from treatment at concentration 70 % recorded 42 % larval mortality, 
while at 60 % concentration it was recorded 31 % larval mortality. At LC90 level pepper oil was highly affect on 
red spider mite followed by 1st instars larvae of cotton leaf-worm. In case of spiny bollworm result indicated 
that, pepper oil had the least effect of on the newly hatched larvae one day of treatment.  

These results agree with. Asawalam et al., 2007.They found that, 2 % concentration powders of P.  
guineense and C. frutescens had the highest percentage mortality against S. zeamais, 79.8 and 75.1 %, 
respectively. Donald et al., 2008, supports that, black pepper and red pepper powder are effective in causing 
mortality of different insect species. 

Bhatt and  Srivastava  2012 recorded the  P. nigrum had toxic effect against  3rd instars  larvae  of  Asian  
army  worm, S.  litura. The 2nd larval instars of S. litura were most susceptible to both compounds Pipernonaline 
and piperoctadecalidine showed potential insecticidal activities against S. litura at LD50s of 125 and 95.5 ppm, 
also, investigated that, piperidine alkaloids showed similar levels of insecticidal activities against M. persicae 
and S. litura. The two piperidine alkaloids did not show any insecticidal activities against N. lugens or P. 
xylostella  (Assefa, 1999 and Byeoung et al., 2002). 
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Table 2: Toxic effect of pepper oil on some cotton pests.  

Pests LC50 LC90 Slope 
Lower  limit Upper limit Lower  limit Upper limit 

LC50 % LC90 % 

Cotton leaf-worm 
larvae 

37.35 64.07 5.47 34.69 39.89 58.01 73.76 

Red spider 
mite 

2.47 7.93 2.53 2.11 2.81 6.58 10.26 

 

Table 3: Effect of pepper oil concentrations on some cotton pests. 
Insects Concentrations % Larval mortality % 

The newly hatched larvae of  spiny bollworm 
70 42 
60 31 
40 14 

Cotton leaf-worm  2nd  larval instars  
70 70 
60 59 
40 37 

       
Cruz et al., 2014 tested the following hypothesis: the combination of long pepper oil (P. hispidinervum ) 

and clove (Syzygium aromaticum ) oils in two concentrations with Xentari WG (Bta) yields a more effective 
control of S. frugiperda. Wahedi et al., 2014 the efficacy of Allium  sativum,  C. frutescens,  and  C.  annum 
along side a synthetic insecticides (Rambo) was evaluated for their toxicity  against cowpea  weevils 
(Callosobruchus maculatus) and their ability on seed protection, at 5 % probability level P<0.05. The  results  
showed  that,  the  treatments  were  effective  in  controlling adult C. maculatus and the treatments had no effect 
on seed protection as treated seeds performed significantly equal to  the  control (untreated). Therefore, it is 
recommended that, the yellow pepper, red pepper and garlic could be used to control weevils on stored 
cowpea17.4, 19; LC95 = 21.0, 20.3 and 53.1 ppm).  

 
Latent effect of pepper oil (60 and 70 %) concentrations on some biological aspects of the spiny 
bollworm: 
 
Larval stage: 

Data in Table (4) showed that, the concentration of pepper oil (60 and 70 %) significantly prolonged larval 
duration, the mean period of larval duration were 16.60 and 17.71 days compared with 13.43 days for control, 
highly significant reduction in larval weight compared with control, the larval weights were 0.0482 and 0.0476 g 
for the two tested concentrations compared with 0.0.912 g for control and high significant increasing in larval 
mortality percentages 41.67 and 67.5 %, respectively as compared with 12.67 % in untreated check. 
 
Pupal stage: 

Data in Table (4) proved that, the tested concentration of pepper oil (60 and 70 %) caused high significant 
reduction in pupal weight compared with control. The pupal weight  
 
Table 4: Effect of pepper oil on immature stages of the spiny bollworm. 

Concentrations % 
Larval 

duration/ 
(days) 

Larval 
weight/ 

(g) 

Laval mortality 
% 

Pupal 
weight/ 

(g) 

Pupal 
duration/ 

(days) 
Pupation % 

60 16.60b 0.0482b 41.67a 0.0445b 9.64a 92.00a 
70 17.71a 0.0476b 67.50a 0.0392bc 9.75a 87.00ab 
Control water 13.43c 0.0912a 12.67c 0.0699a 10.08a 91.33a 
Control alcohol 17.25a 0.0816a 6.67d 0.068a 9.51a 89.67a 
F. Test *** *** *** *** NS NS 
LSD0.05 1.53 0.022 6.98 0.0081 1.14 8.88 

 NS: Non-significant      *: Significant     **: Highly significant. 
 
Were 0.0445and 0.0392 g, respectively for the tested concentrations as compared with 0.0699 g for control 

treatment. 
 
Pupal duration: 

The present data in table (4) showed that, the pupal duration of the spiny bollworm was insignificant as 
influenced by concentrations of pepper oil (60 and 70 %) concentrations which recorded 9.64 and 9.75 days, 
respectively as compared with 10.08 days for control. 
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Pupation percentages: 
Data given in table (4) showed that, the statistical analysis showed highly significant effects of pepper oil 

(60 and 70 %) concentrations on pupation percentages as compared with control. The pupation percentages of 
pepper oil (60 and 70 %) concentrations were 92.00 and 87.00 % mortality as compared with 91.33 % for 
control. 
 
Adult emergence: 

Data in table (5) showed that, non-significant effects found between pepper oil (60 and 70 %) 
concentrations on adult emergence percentages as compared with control. Adult emergence percentages 
recorded 92.00 and 87.00 % as compared with 91.33 % in control.    
 
Pre-oviposition period: 

The tested concentrations of pepper oil (60 and 70 %) were significant effect. The lowest tested 
concentration 60 % was shortened Pre-oviposition period than control table (5). 

 
Oviposition period:  

Statistical analysis of the present data in table (5) indicated that, the oviposition period of female resulted 
from treated newly hatched larvae of spiny bollworm with pepper oil (60 and 70 %) concentrations were highly 
significant in shortened Oviposition period  as compared with control.     
 
Post-Oviposition period:  

The present data in table (5) indicated that, statistical analysis of pepper oil (60 and 70 %) tested 
concentrations were significant influence on post oviposion periods of E. insulana female moths as compared 
with control.   
 
Male longevity: 

Data in table (5) showed that, the tested concentration of pepper oil (60 and 70 %) were significant 
shortened in the male longevity of the spiny bollworm male moths resulted from treated newly hatched larvae 
treated with the two tested concentration of pepper oil as compared with control. 
 
Female longevity: 

Results in table (5) shown the highest significant differences between female longevity of the spiny 
bollworm moths resulted from treated newly hatched larvae with pepper oil (60 and 70 %) concentrations as 
compared with untreated one.     
Sex ratio: 

Statistical analysis of variance of the data in table (5) showed that, the sex ratio of male and female of the 
spiny bollworm moths resulted from treated newly hatched larvae with the two tested concentrations 60 and 70 
% pepper oil was insignificant effect as compared with control.     
 
 Number of deposited eggs/ female: 

Data given in table (5) showed that, the mean number of deposited eggs of female resulted from treated 
newly hatched larvae with pepper oil (60 and 70%) tested concentrations were high significant effect as 
compared with control. The mean numbers of the deposited eggs were 117.50 and 91.00 egg / female in the two 
tested concentration of pepper oil 70 and 60 %, respectively as compared with 249.67 eggs/female in un treated 
one.      
 
Hatchability of eggs: 

Present data in table (5) proved that, the tested concentrations of pepper oil (60 and 70%) was decreased 
significantly, the mean hatchability percentages of eggs were 80 and 70 %, respectively as compared with 96 % 
hatchability for control.  

These results agree with Asawalam et al, .2007 found that, 2% concentration the powders of P.  guineense 
and C.  frutescens had significantly reduced  adult  emergence  S.  zeamais compared  with control. Donald et 
al., 2008 stated that, 5 and 10 % powder of P. guineense was significantly toxic to S. zeamais and suppressed F1 
progeny emergence compared to 1% powder and the control. Ashraf et al, 2010 tested some pepper, C. annum 
and cucumber, Cucumis sativus on some biological aspects of Polyphagotarsonemus latus in the laboratory at 
24 ± 2°C, 70 ± 5% RH and 16L: 8D photoperiod. The results revealed that, pepper plant is a more suitable diet 
than cucumber for  by lower duration periods of developmental stages and greater number of eggs which are 
essential for mite survival and population build up.  
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Table 5: Effect of pepper oil on some biological aspects of the spiny bollworm moths. 

Concentration 
% 

Adult 
emergence 

% 

Oviposition  period / female / day 
Adult longevity in 

days 
Sex 
ratio% 

Number of  
laid 

eggs/female 

Hatchability 
% 

Pre- 
oviposition  
period/day 

Ovi-
position 

Period/day 

Post-
oviposition 
period/day 

Male Female Female 

60% 92.00a 1.00b 6.00b 1.50a 8.50b 8.50c 53.67 117.50b 80.00b 
70% 87.00ab 3.00a 7.00b 2.00a 10.00b 12.00bc 60.00 91.00b 70.00c 
Control water 91.33 a 3.00a 14.00a 0.33b 13.67a 17.33a 51.78 249.67a 96.00a 
Control 
alcohol 

89.67 a 2.00ab 12.00a 0.67ab 13.67a 15.00ab 51.33b 261.67a 93.00a 

F. test NS * ** * * ** NS *** *** 
LSD0.05 8.88 1.79 5.65 1.71 4.70 4.92 15.39 94.75 12.19 

NS: Non-significant   *: Significant **: Highly significant. 
 
Popoola, 2013stated that, the bio insecticidal potency of three botanicals, namely: A. sativum (Garlic), A. 

cepa (Onion) and C. annum   (Red pepper) were tested on O. surinamensis (Saw toothed grain beetle) infested 
with Phoenix dactylifera (Date fruits) at exposure periods of three weeks and six weeks.  The  bio insecticides  
used  were  in  powdered  and  whole  forms  at  three  different concentrations of 1.25g, 2.50g and 5.00g. 
Potency was determined through, fecundity, emergence and mortality rate of the pest under study. At three and 
six weeks of exposure, mortality between 5.00g concentration of garlic and the control,  onion  and  control   
were  significantly  different  at  p< 0.05.  Application of whole red pepper as bio insecticide was more potent 
than powdered form, which was significantly different at p< 0.05. From the study it may be deduced that, the 
tree botanicals have insecticidal potentials which reduced in potency with increase in time and that, garlic was 
more potent than the onion and red pepper. Cruz et al., 2014 mentioned the combination of long pepper 
oil, Piper hispidinervum and clove, Syzygium aromaticum oils in two concentrations with Xentari WG (Bta) 
yields a more effective control of S. frugiperda affecting biological and reproductive parameters and leading to 
changes in the levels of phenoloxidase and nitric oxide in the hemolymph of the pest. The results demonstrate 
that, only long pepper oil, at the highest concentration with Xentari WG (Bta), promotes reduced larval 
survival. All treatments caused a decrease in the amount of eggs; therefore, the use of these oils is a promising 
alternative for the integrated management of S. frugiperda.   
 

Conclusion: 
GC-MS analysis of the pepper oil showed alkaloids and hydrocarbon substances exhibited varying 

toxicity effect against different cotton pests and latent effect against the newly hatched larvae of spiny 
bollworm. Pepper oil prolonged the larval duration and shortened pupal duration & oviposition period and 
decreases the rate of hatchability percentages. 
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