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CHEMICAL COMPOSITION AND TOXICITY OF CITRUS ESSENTIAL OILS ON
Dysmicoccus brevipes (HEMIPTERA: PSEUDOCOCCIDAE)'

GISELE DOS SANTOS OLIVEIRA MARTINS?*, HUGO BO'LSONI'ZAGOZ, ADILSON VIDAL COSTA®, LUIS
MOREIRA DE ARAUJO JUNIOR?, JOSE ROMARIO DE CARVALHO?

ABSTRACT - The insect Dysmicoccus brevipes (Hemiptera: Pseudococcidae) has been reported as an
important pest for several crops, especially coffee. The citrus essential oils can be obtained as by-products of
the citrus-processing industry and have been tested as an alternative to control different insect groups.
Therefore, the objective of this work was to determine the chemical composition and evaluate the toxicity of
commercial sweet orange (Citrus sinensis), bitter orange (Citrus aurantium) and Sicilian lemon (Citrus limon)
essential oils and pure monoterpene D-limonene on D. brevipes. The essential oils were analyzed by gas
chromatography. Two bioassays were conducted; the first assessing the insect mortality in all oils and the
second assessing the lethal concentrations (LCsy and LCy;s) of the most effective oils. The main components of
the oils were D-limonene (83.33%) and Linalool (8.91%) (sweet orange); D-limonene (78.53%) and
v-terpinene (12.65%) (bitter orange); D-limonene (59.78%), beta-pinene (14.71%) and y-terpinene (10.19%)
(Sicilian lemon) and the compound D-limonene had 97% of purity. The highest mortalities were found with the
use of the Sicilian lemon (98.68%) and sweet orange (94.11%)oils. The sweet orange oil presented lethal
concentrations at 2.21% (LCsy) and 3.55% (LCys), and the Sicilian lemon oil at 0.72% (LCs,) and 2.91%
(LCys). The main component of the sweet orange and Sicilian lemon essential oils was the D-limonene, and the
Sicilian lemon oil was most effective oil to control D. brevipes.

Keywords: Cochineal. Mortality. Natural products.

CARACTERIZACAO QUIMICA E TOXICIDADE DE OLEOS ESSENCIAIS CITRICOS SOBRE
Dysmicoccus brevipes (HEMIPTERA: PSEUDOCOCCIDAE)

RESUMO - O inseto Dysmicoccus brevipes (Hemiptera: Pseudococcidae) tem sido relatado como uma praga
de importancia para diversas culturas, em especial a cafeicultura. Os 6leos essenciais citricos podem ser obtidos
como subprodutos da industria de sucos e vem sendo testados como alternativa no controle de diferentes grupos
de insetos. Logo, objetivou-se neste trabalho determinar a composi¢do quimica e avaliar a toxicidade de 6leos
essenciais comerciais de laranja doce (Citrus sinensis), laranja amarga (Citrus aurantium), limdo Siciliano
(Citrus limon) e do monoterpeno D-limoneno sobre a D. brevipes. Os 6leos essenciais foram analisados por
cromatografia gasosa. Foram realizados dois bioensaios. O primeiro para avaliar a mortalidade em todos os
6leos e o segundo para avaliar as concentragdes letais (CLsy € CLys) dos 6leos mais efetivos. Os constituintes
majoritarios do 6leo de laranja doce foram o D-limoneno (83,33%); linalol (8,91%), do dleo de laranja amarga
foram o D-limoneno (78,53%); y-terpineno (12,65%), do o6leo de limdo Siciliano foram o D-limoneno
(59,78%); beta-pineno (14,71%); y-terpineno (10,19%) e o composto D-limoneno (97% de pureza). O 6leo de
limdo Siciliano e laranja doce foram os que apresentaram maior percentual de mortalidade, sendo 98,68%,
94,11%.As CLsy ¢ CLys, para o 6leo de laranja doce foram de 2,21% e 3,55% e para o 6leo de limdo Siciliano
foram de 0,72% e 2,91%, respectivamente. Portanto, o composto majoritario presente na composi¢do quimica
do oleo essencial de laranja doce e do limao Siciliano foi o D-limoneno e o mais efetivo sobre D. brevipes foio
6leo de limao Siciliano.

Palavras-chave: Cochonilha-branca. Mortalidade. Produtos naturais.
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INTRODUCTION

Cochineals (Hemiptera: Coccoidea) constitute
one of the main groups of insect pests in various
production systems, and may infest cultivated and
wild plants (SANTA-CECILIA, 2005). The species
Dysmicoccus brevipes (Hemiptera: Pseudococcidae)
has been found attacking economically important
crops such as coffee and  pineapple
(SANTA-CECILIA et al., 2007; CULIK, 2008). This
cochineal is a polyphagous species that infests roots,
leaves and  fruits of  different cultures
(SANTA-CECILIA et al., 2007).

In coffee crops, the cochineals have been
causing yield losses due to injuries to the plant
rosettes from flowering to harvest
(SANTA-CECILIA et al, 2007). Infestation of
coffee crops by cochineal in the State of Espirito
Santo (ES), Brazil, have caused fruit dehydration and
consequently yield reductions (MATIELLO;
COSTA, 2010).

The method used to control insect-pests in
Brazil has been predominantly the use of
conventional insecticides, which can cause several
problems related to their toxicity to humans,
contamination of the environment and remaining
residues in foods (THOMAZINI; VENDRAMIM;
LOPES, 2000). Therefore, studies on alternatives to
mitigate such problems are needed, such as the use
of essential oils.

Essential oils are complex compounds that
consist of several components, however, they are
often characterized by their components of higher
concentrations (BAKKALLI, AVERBECK;
AVERBECK, 2008). The insecticidal activity of
natural products has been studied, since several
plants have the potential to affect the insect behavior
and metabolism, either by toxicity or repellency
(SOUSA et al, 2005, BRITO; OLIVEIRA;
BORTOLI 2006).

Essential oils from plants of the genus Citrus
are obtained as by-products of the citrus-processing
industry. Their major component is the D-limonene,
whose content vary from one species to another
(BIZZO; HOVELL; REZENDE, 2009). Some
researchers tested these oils as potential insecticides
to control  Spodoptera litura  (Lepidoptera:
Noctuidae), Myzuspersicae (Hemiptera: Aphididae)
(ISMAN, 2000), Aedes albopictus (Diptera:
Culicidae) and Musca domestica  (Diptera:
Muscidae) (GIATROPOULOS et al., 2012;
KUMAR et al., 2012).

Therefore, the objective of this work was to
determine the chemical composition and evaluate the
toxicity of commercial sweet orange (Citrus
sinensis), bitter orange (Citrus aurantium) and
Sicilian lemon (Citrus limon) essential oils and pure
monoterpene D-limonene on D. brevipes.

MATERIAL AND METHODS

The experiments were conducted in the
laboratories of the Center for Agricultural Sciences
of the Espirito Santo Federal University
(CCA-UFES). The chemical composition of the oils
was assessed at the Analytical Center and their
toxicity was evaluated through bioassays at the
Center  for  Scientific and  Technological
Development on Phytosanitary Management of Pests
and Diseases.

Origin and chemical analysis of the essential oils

Commercial essential oils from sweet orange,
bitter orange and Sicilian lemon were obtained from
the citrus-processing (fruit peel) and provided by the
industry Ferquima Industria e Comércio LTDA, and
the pure D-limonene (97% purity) was provided by
the company Sigma Aldrich.

The essential oils were analyzed through gas
chromatography coupled to mass spectrometry
(GC-MS, QP-PLUS-2010, Shimadzu), using a
fused-silica capillary chromatographic column (30 m
long and 0.25 mm of internal diameter), with
stationary phase Rtx-5MS, helium as the carrier gas
and temperatures of 220°C (injector) and 300°C
(detector). The initial temperature of the column was
60°C, increasing by 3°C every minute until reaching
the maximum temperature of 240°C (COSTA et al.,
2013).

The chemical composition of the essential oils
was analyzed by gas chromatography in a
GC-2010-Plus (Shimadzu) equipped with flame
ionization detector (GC-FID), using a capillary
column (30 m long and 0.25 mm of internal
diameter) with stationary phase Rtx-5SMS, nitrogen
as the carrier gas and temperatures of 240°C
(injector) and 250°C (detector). The temperature of
the column was the same used in the GC-MS
analyzes. Samples of the oils (10 mg) was diluted in
1 mL of dichloromethane, and 1 pL of this solution
was injected for evaluation (COSTA et al., 2013).

The components of the oils were identified by
comparing the mass spectra obtained with those in
the Willey 330,000 spectrographic database, and by
the Kovats index (KI) calculated for each component
(ADAMS, 2007).

The relative percentage of each compound
was calculated by the ratio between the integral area
of their respective peaks and the total area of all
constituents of the sample, whose data were obtained
by the gas chromatograph with flame ionization
detector.

Culture of D. brevipes
(Hemiptera: Pseudococcidae)

(Cockerell, 1893)

The insects used in the bioassays were
collected from coffee plants (Coffea canephora) in
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Alegre ES (20°47'09"S; 41°3128"W) and cultivated
in laboratory. The culture was maintained in the
Laboratory of Entomology of the CCA-UFES in an
air-conditioned room at 25 + 1°C, relative humidity
of 70 £ 10% and 12-hour photophase, on Japanese
pumpkins (Tetsukabuto), which served as food
substrate, following the methodology described by
Sanches and Carvalho (2010).

Bioassays

The mortality (toxicity) of insects in the
bioassays was evaluated following the methodology
described by Santa-Cecilia et al. (2010), using
4.5-cm-diameter leaf discs of conil on coffee leaves,
arranged in  9-cm-diameter Petri dishes with
5-mm-deep layer of a 3% agar-water solution. Each
leaf disc was infested with 15 second-instar nymphs
of D. brevipes, and each treatment had 3 replications.

The bioassays were conducted in an
air-conditioned chamber (25 £ 1°C, relative humidity
of 70 = 10% and photophase of 12h). Evaluations
were carried out at 24, 48 and 72 hours after
applying the treatments to the leaf discs, by counting
the dead individuals, which are characterized by a
change to darker colors compared with those at the
beginning of the experiment, and absence of
movements.

In Bioassay I, the sweet orange, bitter orange,
Sicilian lemon and pure D-limonene solutions were
used at concentrations of 10% (v v'') to identify the
most toxic products. The sweet orange and Sicilian
lemon essential oils promoted the highest mortality
rates (above 90%), thus, they were subjected to
concentration-mortality curves (LCsy and CLgs) in
Bioassay II. The essential oil concentrations were
1.4,1.9,2.7,3.7 and 5.2% (v v'") (sweet orange), and
1.4, 1.9, 3.7, 5.2 and 7.2% (v v"') (Sicilian lemon).
The essential oil solutions were solubilized in
Tween® 80 (0.05% v v'') and distilled water.

The control treatment consisted of water,
using the Tween® 80 (0.05% v v™') as solvent. The
Bioassay Il was evaluatedat three periods, in order to
analyze the effect of the products on different
generations of the insects.

Data analysis

The Bioassay I was arranged in a completely
randomized design, with means compared by the
Tukey's test (p<0.05) and mortality values corrected
using the Abbott’s formula (1925) in the program R
Development Core Team (2009). The mortality data
(number of dead insects) in Bioassay II were
analyzed using the Probit regression (FINNEY,
1952), estimating the lethal concentrations LCsy and
CLys. The program POLO-PC was used for the

analysis, which determined the lethal concentration
with a confidence interval of 95% (LEORA
SOFTWORE, 1987). The curves were compared
(between generations in the same oil and between
oils) through confidence intervals (ROBERTSON et
al., 2007).

RESULTS AND DISCUSSION

The main components of the oils were
D-limonene (83.33%) and Linalool (8.91%) (sweet
orange); D-limonene (78.53%) and vy-terpinene
(12.65%) (bitter orange); D-limonene (59.78%),
beta-pinene (14.71%) and y-terpinene (10.19%)
(Sicilian lemon) (Table 1).

These results were similar, with some
numerical differences, to the works of Assuncdo
(2013) and Koketsu et al. (1983). These variations
probably occur due to factors related to the oil
extraction method, genetic characteristics of the
species and environmental conditions in which they
were grown (ASSUNCAO, 2013).

According to the preliminary tests in Bioassay
I, using the products at concentration of 10% (v v™),
the Sicilian lemon (98.68%) and sweet orange
(94.11%) essential oils and the pure D-limonene
(69.03%) presented the highest percentages of
mortality. The bitter orange essential oil presented
the lowest mortality rate, which did not differ from
the pure D-limonene (Table 2).

Based on the results of the Bioassay I, the
sweet orange and Sicilian lemon essential oils
presented mortality above 90% at the concentration
of 10% (v v, thus, they were selected for the
Bioassay II, in which the LCsyand CLos were
estimated.

The inclination of the LCsy and LCys curves
of the sweet orange and Sicilian lemon essential oils
on D. brevipes, with their respective confidence
intervals are described in Table 3. No significant
differences were found between the generations,
regardless of the essential oil used.

The inclinationof the curve indicates the
variability among individuals in the population
(KERNS; GAYLOR, 1992). Curves with lower
inclinationindicate = greater  genetic  variability,
suggesting the presence of more than one genotype
in the population, i.e., a greater heterogeneity of
response to the applied treatment, resulting in
resistance of the population to the product used
(SIQUEIRA; GUEDES; PICANCO, 2000). The
inclination of the mortality curve was higher for
sweet orange oil, indicating higher mortality in small
doses, compared with the curve for Sicilian lemon
oil.
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Table 1. Chemical composition of bitter orange (BO), sweet orange (SO) and Sicilian lemon (SL) essential oils.

Constituents KI cal KI tab BO SO SL
Monoterpene Hydrocarbons (MH)
a-thujene 929 931 0.70% - 0.62%
a-Pinene 935 939 2.06% 1.08% 2.90%
p-Pinene 976 980 1.57% - 14.71%
Myrcene 992 991 1.28% 3.60% 0.54%
a-Terpinene 1016 1018 0.35% - 0.22%
D-D-limonene 1033 1031 78.53% 83.33% 59.78%
y-Terpinene 1061 1062 12.65% - 10.19%
Terpinoline 1089 1088 0.78% - 0.66%
Canphene 950 953 - - 0.11%
cis-ocimene 1042 1040 - - 0.08%
trans-ocimene 1052 1050 - - 0.16%
Sabinene 974 980 - 1.02% -
Oxygenated Monoterpenes (OM)
trans-B-terpineol 1165 1163 - 0.14% -
Terpin-4-ol 1176 1177 - - 0.20%
a-terpineol 1189 1189 0.41% - 0.58%
Linalol 1099 1098 0.35% 8.91% 0.26%
n-octanal 1000 1001 0.12% - 0.12%
Cis- para-menth-2-em-1-o0l 1121 1121 0.06% - -
Cis-D-limonene-oxide 1134 1134 0.14% 0.18% 0.30%
trans-D-limonene- oxide 1139 1139 - 0.16% 0.26%
Citronellal 1155 1153 - 0.08% -
n-decanal 1204 1204 0.18% 0.62% -
Geranial 1272 1270 - 0.21% 2.18
Neral 1242 1240 - - 1.45%
Sesquiterpene Hydrocarbons (SH)
trans-caryophillene 1417 1418 0.18% - 0.38%
B-bisabolene 1507 1509 - - 1.66%
a-Copaene 1367 1376 - 0.10% -
Oxygenated Sesquiterpenes (OS)
n-decanal 1205 1204 0.18% 0.62% -
Geranyl acetate 1384 1383 0.39% - 0.64%
trans-nerolidol 1563 1564 0.25% - -
n-octanol 1075 1070 - 0.57% -
neryl acetate 1366 1365 - - 0.99%
o - trans-Bergamotene 1435 1436 - - 1.01%
MH/OM - - 97.92/1.26 89.03/10.3 89.97/5.35
HS/OS - - 0.18/0.64 0.10/0.57 2.04/2.64

KI cal = Kovats index calculated, KI tab = Kovats index tabled (ADAMS, 2007).

Table 2. Mean mortality rate of Dysmicoccus brevipes treated with different citrus essential oils at 10% concentration
(v v’ (temperature of 25 £ 1°C, relative humidity of 70 + 10% and photophase of 12h).

Treatments Corrected Mortality
Sweet orange essential oil 94.1142.39a
Bitter orange essential oil 48.52+6.21b
Sicilian lemon essential oil 98.68+1.31a
Pure D-limonene 69.0349.84ab
Coefficient of variation(%) 21.72

Means followed by the same letter did not significantly differ by the Tukey's test at 5% probability. Mortality corrected by

the Abbott's formula.

The treatment with Sicilian lemon essential
oil presented a more heterogeneous D. brevipes
population compared with the treatment with sweet
orange essential oil. This variability among
individuals of the same population is denoted by the
inclination of the concentration-mortality curve

(KERNS; GAYLOR, 1992). This result indicates an
intra-populational genetic diversity or different
selective pressures on the individuals, which
contribute to the development of insect resistance in
the case of continuous use of these oils, and may
explain the variability obtained in these results.
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Table 3. Inclination of curves of lethal concentrations (LCsy and LCys) of sweet orange and Sicilian lemon essential oils to
Dysmicoccus brevipes(Temperature 25 + 1°C, relative humidity of 70 + 10% and photophase of 12h).

Oils Generation N Inclination+SE LCs0(%) (CI95) LCoys(%)(CI95) X

1 247 4.81+0.72 2.11(1.87-2.32) 4.64 (3.92-6.22) 1.88™

Sweet 2 281 5.77+0.64 2.47 (2.29-2.65) 4.76 (4.21-5.74) 2.11™
orange 3 267 5.72+0.57 2.26 (2.09-2.42) 4.39 (3.96-5.08) 5.64™
Total 795 6.22+0.51 2.21(2.12-2.30) 4.43 (3.64-6.80) 5.75"

T 202 209:040  078(038-112)  278(1L64361) 359"

Sicilian 2 234 3.82+1.06 0.80 (0.40-0.98) 2.35(2.02-3.91) 2.91™
lemon 3 199 2.78+0.53 0.68 (0.45-0.88) 2.99 (2.01-4.12) 4.90™
Total 635 2.11+0.36 0.72 (0.47-0.97) 2.91 (2.42-3.40) 2.77%

N = number of individuals of the sampled population; Inclination + SE = inclination of the curve + standard error;
LCso= Lethal Concentration to 50% of the sample population; LCys= Lethal Concentration to 95% of the sample
population; CI95 = Confidence interval of the LC at 95% of probability; y* =Chi-square test.

The Sicilian lemon oil was more toxic to D.
brevipes than the sweet orange oil because its lower
lethal concentration (LCsy of 0.72% and LCy of
2.91%). Most of the insecticidal capacity of citrus
essential oils are due to the substances D-limonene
and Linalool, which have contact (degrade
exoskeleton cuticle lipids) and fumigant actions
against insects (BUSS; PARK-BROWN, 2002;
ROZMAN; KALINOVIC; KORUNIC, 2007).

The insecticidal activityof the pure
D-limonene (at 10% of the solution) was evaluated
because it is the most common compound in the
essential oils tested, however, when applied singly, it
caused mortalities below 90%, denoting that the
bioactivity of the essential oils is usually due to the
major constituents.

However, the bioactivity may also be affected
by minor constituents, which may promote a
synergism with the major constituents, thus
increasing mortality (JIANG et al., 2009). The
interactions between major and minor constituents
are complex and may affect the characteristics of the
essential oil, as well as the deleterious effects on
insects.

The greater insecticidal activity of the Sicilian
lemon and sweet orange essential oils, compared
with the pure D-limonene, was probably due to the
synergy of their compounds. Moreover, the
complexinteractions  between components of
essential oils can change the physiology of insects
(KHALFI et al., 2008; RATTAN, 2010).

Therefore, the Sicilian lemon (Citrus limon)
and sweet orange (Citrus sinensis) essential oils
showed insecticidal activity on D. brevipes, which
can be attributed to interactions between major and
minor constituents, since the chemical compounds
are very important for the insecticidal activity,
regardless of their concentration in the essential oil.

CONCLUSION

The major compound present in the chemical
composition of the sweet orange (Citrus sinensis),
bitter orange (Citrus aurantium) and Sicilian lemon
(Citrus limon) essential oils was the D-limonene.
The Sicilian lemon essential oil promoted the highest
mortality rates of D. brevipes with a lower lethal
concentration and thus, it was the most effective for
controlling this insect.
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