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Abstract: Termites are one of the most challenging pests that agriculture and urban environments
are faced with. They bring substantial losses in annual and perennial crops and damage wood
components at construction sites. The development of natural products with biological activity for
termite control is an ecological alternative in the search to replace conventional products. Hence,
the aim of this research was to predict the termiticidal and repellent effects of the essential oil from
Ocotea quixos leaves on Nasutitermes corniger using a one-factor response surface methodology design.
The variable analysed was the concentration of essential oil in ethanol at an interval of 0.3–0.05%
for anti-termite activity and between 0.12 and 0.01% for repellent action. A 100% mortality rate was
found at concentrations higher than 0.12% and at the minimum concentration analysed, the effect
was 22.2%. As for the repellent action, the concentration of 0.12% was able to repel 100% of the
termites and at 0.01% it repelled 48.9%. The analysis of the essential oil from Ocotea quixos leaves
by GC-MS resulted in the presence of 42 compounds, 39 of them elucidated. The main compounds
were (E)-cinnamyl acetate (36.44%), (E)-cinnamaldehyde (27.03%), (E)-β-caryophyllene (5.21%) and
(E)-methyl isoeugenol (4.18%).

Keywords: (E)-cinnamyl acetate; (E)-cinnamaldehyde; biodegradation; biodeterioration; termiticide
action; Ocotea quixos

1. Introduction

Ocotea quixos (Lam.) Kosterm. (Lauraceae) is a low-growing tree, reaching 5–30 m
in height. The species has been reported in southern Colombia and Peru, although for
many years it had been considered endemic to the rainforests of Ecuador [1]. The plant
produces biannual calyxes with large, woody flowers, known as Ishpink or Ishpingo, which
are customarily used as a spice by Amazonian inhabitants, as a substitute for cinnamon
to flavour sweets and cakes. It can also be used as an aperitif, digestive, anti-diarrheal,
antiseptic and anaesthetic [2–4]. Its leaves are used as an ingredient for infusions and
drinks or to flavour food [2,3].

Ocotea quixos leaves are rich in essential oils (EOs), which people consider to be of
high commercial value for use in industry and as natural food preservatives [5–8], cosmetic
preservatives [9–11] or in general pharmaceutical applications [12–14]. The quantity of
leaves that can be harvested is between 135 and 180 kg/tree/year in wild plants of 20–30 m
height and between 45 and 100 kg in cultivated plants of 6–10 m [15].
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The chemical profile of O. quixos leaves identified in Ecuador’s Amazon region has
been reported by certain authors. Pino et al. (2018) identified more than one hundred
volatile compounds in EOs, of which 1,8-cineole (21.4%) and p-cymene (12.6%) stand out.
Radice et al. (2019) also identified these constituents to be the most abundant in the oil, with
concentration of 39.15% and 6.12% respectively. Other compounds present and likewise
reported by the previous authors are limonene (1.84–9.2%), α-terpineol (6.8–7.65%) and
terpinen-4-ol (4.22–5.0%). Other researchers for the same region indicated the highest
proportions to be (E)-β-caryophyllene (15.1%), cinnamyl acetate (11.4%), sabinene (7.6%),
geranial (5.6%) and trans-cinnamaldehyde (5.1%) [4], or (E)-β-caryophyllene (19.0%), hu-
mulene (14.3%) and eremophilene (11.4%) [16]. On the other hand, Scalvenzi et al. (2016)
found trans-cinnamaldehyde (16.6%), (E)-methyl isoeugenol (11.9%), (E)-β-caryophyllene
(10.6%) and α-pinene (9.4%) to be the majority compounds. The differences in the essential
oil profile of O. quixos can be assigned to certain factors, such as the plant’s age, climatic
conditions, plant metabolism and distillation conditions or the part of the plant under
analysis [17].

There are some studies regarding the biological properties of EO from O. quixos, includ-
ing the following studies on the following activities: antiplatelet [18], antithrombotic [18,19],
antifungal [20], antimicrobial [21,22], antioxidant [21,23], anti-inflammatory [24] and antivi-
ral [25]. Nevertheless, this continues to be a novel field for scientific research, since reports
are scarce. This field will allow for the development of natural products with biological
activities and one interesting biological property, which has not been reported to date, is
the anti-termite and repellent activity of O. quixos leaves, which would increase ecological
alternatives for pest control as opposed to conventional (synthetic) products that have
caused negative effects on the natural world and people’s health [26].

Out of all the factors that lead to deterioration, termites are one of the most challenging
pests threatening agriculture and cities. They cause substantial decreases of crop yield
and damage wood structures at construction sites [27–29]. Since termites have become a
great threat to the human economy, the use of essential oils, as an economic and ecologi-
cal alternative, has been a widely used strategy for their biological control. Many plant
oils have shown their termiticidal effect or have a repellent effect, for instance, Melaleuca
species [30], Allium sativum, Eugenia caryophyllata [31], Caesalpinia coriaria [32], Vernicia
fordii [33], Artemisia absinthium [34], Lavandula latifolia, Origanum vulgare, Syzygium aro-
maticum [35], Citrus aurantium, Cymbopogon citratus [36], Citrus grandis, Citrus paradisi [37],
Schinus terebinthifolius, Pittosporum undulatum, Lippia sidoides, Mentha arvensis, Lippia gra-
cilis, Croton cajucara [38], Eucalyptus citriodora [39] and Vetiveria zizanioides [40]. The active
compounds of essential oils are very volatile and of short persistence in the environment
due to their low molecular weight [41]. Therefore, these oil-based compounds appear
environmentally safe and as a viable alternative to dangerous insecticides used in pest
control [42].

The aim of this paper was therefore to predict the termiticidal and repellent activities
of essential oil from O. quixos leaves against N. corniger using a one-factor response surface
methodology design.

One dependable statistical technique of experiment design that is capable of predict-
ing the relationship between response and independent variables is a response surface
methodology (RSM) [43]. RSM statistically determines a regression model using a few
pieces of adequate experimental data. The design type selection is dependent upon the
number of variables in the study. In this study, RSM was applied in order to determine
an approximate function linking essential oil concentrations with termite mortality and
percentage of repellence. It is possible to employ a one-factor RSM design in order to
discover the most suitable design points when there is only one continuous numerical
factor within the investigation [44–46].
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2. Materials and Methods
2.1. Plant Material

Healthy O. quixos leaves were gathered in the morning hours of January 2020 from
ten remote individuals far apart located in the central campus of Universidad Estatal
Amazónica, Puyo, Pastaza, Ecuador (1◦28′00.1” S 77◦59′49.0” W). The scientific research
authorization number of this study is 14-20-IC-FAU/FLO-DPAN/MA.

2.2. Essential Oil Obtention

EO from O. quixos leaves was obtained from steam distillation in an essential oil
distiller (FIGMAY, Buenos Aires, Argentina). A 500 g sample of fresh leaves was put in
the apparatus. The extraction with a continuous flow of water vapour was stopped after
one hour when it was observed that successive readings of the volume of oil remained
constant [34]. Five runs were made to obtain the EO in a single fraction. The oil was
separated and placed on anhydrous sodium sulphate. A yield of 0.24% was obtained.

2.3. Essential Oil Analysis
2.3.1. Equipment and Sample Preparation

The analysis of O. quixos essential oil was performed by gas chromatography cou-
pled with mass spectrometry (GC-MS) (Agilent Technologies 6890N, Santa Clara, CA,
USA) and flame ionisation detection (GC-FID) (Agilent Technologies 7863, Little Falls,
DE, USA) . The GC-MS technique was utilised in the qualitative analysis, while GC-FID
was applied in the quantitative analysis. Both processes were carried out with an Agilent
Technologies 6890N gas chromatograph (Santa Clara, CA, USA) outfitted with a DB-5ms
(5% phenylpolydimethylsiloxane) capillary column that was 30 m long and had a 0.25 mm
internal diameter and 0.25 µm fixed-phase thickness (J&W Scientific, Folsom, CA, USA).
The injector was programmed in “Split” mode, with a 40:1 split ratio. The temperature was
250 ◦C, injecting a volume of 1 µL. The thermal program used was as follows: 50 ◦C for
5 min, thermal gradient of 3 ◦C/min up to 155 ◦C, then 15 ◦C/min up to 250 ◦C, which
was maintained for 2 min. The carrier gas was helium, in constant flow of 1 mL/ min. The
detector used in the GC-MS was an Agilent Technologies MSD 5963 mass spectrometer
programmed in “SCAN” mode with a mass detection range of 35–350 m/z. The ion source
was electronic ionization (EI), operating at 70 eV. In the GC-FID analysis, the detector was
fed with air (300 mL min-1) and hydrogen (30 mL/min), maintaining the temperature at
250 ◦C.

The samples, both for qualitative and quantitative analyses, were prepared in dupli-
cate; 10 µL of essential oil was weighed and diluting with 1 mL of a 0.7 mg/mL n-nonane
solution (process standard, 99% purity, BDH, Dubai, UAE) in cyclohexane (>98% purity,
Sigma-Aldrich, St. Louis, MO, USA).

2.3.2. Qualitative Analysis

The qualitative analysis was conducted by working out the linear retention rate of
each component, following Van den Dool and Kratz [47], and comparing this parameter
and the corresponding mass spectrum with the data reported in the reference literature [48].
The retention rates were calculated by mixing of alkanes, from n-nonane to n-pentacosane
(99% purity, Sigma-Aldrich, St. Louis, MO, USA). Assignments were accepted by mass
spectrum matching within a range of retention rates of +/−10 units.

2.3.3. Quantitative Analysis

The quantitative analysis was realized by calculating the relative response factor (RRF)
of each component in line with its combustion enthalpy [49,50] with respect to isopropyl
caproate as a standard of quantification. Each constituent was quantified with a calibration
curve, using dilutions of 0.6, 1.8, 4.3, 8.3, 16.8 and 34.3 mg of isopropyl caproate in 10 mL
of cyclohexane. Each dilution also had 7.0 mg of n-nonane added as a process standard.
The standard curve produced a correlation coefficient of 0.995. In the author’s laboratory,
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isopropyl caproate was obtained by synthesis (purity 97% GC). Quantitative results were
obtained as average values of the duplicate samples.

2.4. Termite Collection and Identification

Nasutitermes corniger were collected in areas surrounding the Universidad Estatal
Amazónica, Puyo, Pastaza, Ecuador (1◦27′57.4” S 77◦59′56.7” W). Some affected portions
of wood were removed from a tree trunk with a hand saw and transported with their own
termite mounds to the laboratory in a plastic container. Additionally, wet filter papers were
placed on the termites to maintain moisture. Termites selected were maintained at 24 ◦C
and 92% relative humidity, and they were monitored for the next 24 h before being used
for testing. For each analysis thirty healthy and active adult termites (25 workers along
with 5 soldiers) were collected in a Petri dish with wet filter paper.

The entomological identification of insects was carried out in two different laboratories
belonging to the Phyto and Zoosanitary Regulation and Control Agency (AGROCALIDAD)
of Ecuador. The first one is located between Gonzalo Zaldumbide and Ernesto Noboa
streets, in the Huachi Chico Sector, Ambato (voucher code PGT/LRD-E-18/09-F001). The
other is located between the Via Interoceánica km 14 1

2 and Eloy Alfaro Street, Tumbaco,
Quito (voucher code PGT/E/09-F001).

2.5. Mortality and Repellency Tests Experimental Design
2.5.1. One-Factor Response Surface Methodology

Before applying the experimental design model, preliminary tests were carried out to
determine the termite mortality concentration range of the O. quixos EO (0.05–1% v/v) in
ethanol 95% (HPLC grade, Sigma-Aldrich, St. Louis, MO, USA).

The results of these tests showed that concentrations greater than 0.3% generated
a mortality of termites greater than 100% and this value was inserted together with the
minimum concentration of 0.05% in Design Expert software, version 12 (serial number 9847-
9696-7992-6750, Minneapolis, MN, USA). The program suggested a pool of concentrations
to be tested for the one-factor RSM design (Table 1) between concentrations of EO from
0.05 to 0.30%.

Table 1. One-factor response surface methodology design based upon independent variables (EO concentration) and
experimental and predicted results of the antitermitic and repellent activities.

Experiment Concentration of
Essential Oil (%; v/v)

Termite Mortality (%) Concentration of
Essential Oil (%; v/v) Termite Repellency (%)

Experimental * Predicted Experimental * Predicted

1 0.24 100 ± 0.0 100 0.06 58.9 ± 1.9 62.0
2 0.05 20.0 ± 3.3 20.5 0.12 100 ± 0.0 99.2
3 0.30 100 ± 0.0 100 0.06 60.0 ± 3.3 62.0
4 0.18 100 ± 0.0 99.67 0.01 50.0 ± 3.3 49.5
5 0.30 100 ± 0.0 100 0.03 54.4 ± 3.8 52.7
6 0.11 96.7 ± 1.9 96.6 0.11 97.8 ± 1.9 99.2
7 0.05 22.2 ± 1.9 20.5 0.09 80.0 ± 3.3 77.5
8 0.18 100 ± 0.0 99.7 0.01 48.9 ± 1.9 49.5
9 0.18 98.9 ± 1.9 99.7 0.06 62.2 ± 1.9 62.0

* These values were conveyed as means of three determinations ± SD.

Based on the theoretical value of the minimum oil concentration predicted by the
response surface model, for which mortality corresponded to 100%, a new design was made
to evaluate repellent activity. The maximum value selected was 0.12% and the minimum
was 0.01%.

Both designs—the mortality test and the repellent activity—were executed with three
replicates and the mean values were used for the analyses. The variance analysis was har-
nessed to estimate the influence of O. quixos EO concentration as an independent variable
(p < 0.05). The model’s fitness was determined using the coefficient of determination (R2)
and significance (p). The results for the predicted and experimental data are shown in
Table 1.
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2.5.2. Model Validation

The validity of the experimental design was verified using additional experiments
with three replicates using the predicted concentration.

2.6. Mortality Test

The in vitro termiticide activity test [51] was performed at different concentrations
of O. quixos EO in 95% ethanol (see experimental design in Section 2.5.1). First, 1 mL of
each EO concentration in ethanol was placed on a 9 cm diameter filter paper, according to
the experimental design, and the solvent was left to fully evaporate at room temperature.
The filter paper treated with 1 mL of ethanol was taken as a blank. Then, 1 mL of distilled
water was added to each treatment. Thirty termites were placed (5 soldiers and 25 workers)
on each piece of filter paper saturated with the evaluated concentrations of essential oil in
a Petri dish (9 cm diameter × 1.5 cm high). The percentage of mortality was evaluated at
24 h using the following equation (Equation (1)):

% of dead termites =

(
Mean of dead termites

No. of termites taken initially

)
× 100 (1)

2.7. Repellency Test

The repellent activity was established in line with Bakaruddin et al. [52]. The filter
papers were cut according to the size of the Petri dish and divided into half. To one
of the halves was added 0.5 mL of each EO concentration (see experimental design in
Section 2.5.1) and the other half was used as a blank with 95% ethanol and distilled water.
Thirty worker termites were released into the centre. The quantity of termites in the treated
and untreated zones was counted after a time interval of 60 min.

3. Results
3.1. Termiticidal and Repellent Activity of EO

Based on the one-factor RSM design, nine runs were conducted to find the minimum
optimal concentration of O. quixos EO that would produce 100% termite mortality and the
greatest repellent action. Table 1 shows which experimental and predicted values were
utilized to develop the model. Mortality values between 20.00% ± 3.3 and 100.00% ± 0.0
were observed for the entire concentration range evaluated.

The fourth order polynomial model (Table 2) consisted of the best fit. The R2 value
corresponded to 0.9998 for the termiticide test, indicating that 99.98% of the total variation
in termite death was determined by the EO concentration.

Table 2. Summary of the polynomial models analysed by Design Expert software in the optimization
of the O. quixos EO concentration.

Mortality Sequential
p-Value

Lack of Fit
p-Value

Adjusted
R-Squared

Predicted
R-Squared

Linear 0.0153 <0.0001 0.5342 0.2688
Quadratic 0.0018 <0.0001 0.9049 0.8743
Cubic 0.0031 <0.0001 0.9829 0.9343
Quartic <0.0001 0.9998 Suggested
Fifth Aliased

Repellency Sequential
p-value

Lack of Fit
p-value

Adjusted
R-Squared

Predicted
R-Squared

Linear 0.0001 0.0030 0.8820 0.8244
Quadratic 0.0004 0.1540 0.9858 0.9796 Suggested
Cubic 0.9266 0.0679 0.9830 0.9499
Quartic 0.0679 0.9917
Fifth Aliased
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The predicted values of mortality relative to the model and those obtained empirically
were compared and can be visualized in Figure 1a. The distribution of points confirmed
the model’s capacity to cover the entire range of experiments studied, which suggested
that the model could be applied effectively [53,54]. The values of R2 and adjusted R2 of
both regression lines were close to 1, indicating a good agreement between the model’s
experimental and predicted values at the design points. In Figure 1c, it can be seen that the
experimental data met the normal distribution assumption. Moreover, according to the
results of Table 3, it was confirmed that concentration was a significant factor (p < 0.05).
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Figure 1. Experimental versus predicted values for one-factor design: (a) termite mortality
(R2 = 0.9999; adjusted R2 = 0.9998), (b) repellency (R2 = 0.9894; adjusted R2 = 0.9858). (c, d) Normal
distribution of experimental data.

For the repellent action, the polynomial model was of the second order, with an R2

value of 0.9858 (Figure 1b, Table 2), which also indicated the dose-dependent effect and
that 98.58% of the total variance of the repellent action was influenced by the concentration.
The experimental data also complied with the normal distribution (Figure 1d).
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Table 3. ANOVA test for response surface quartic model (termite mortality) and for response surface
quadratic model (repellency).

Mortality Sum of Squares df Mean Square F-Value p-Value Prob > F

Quartic model 9685.78 4 2421.44 8302.09 <0.0001 Significant
A—concentration 21.20 1 21.20 72.70 0.0010
A2 1.52 1 1.52 5.20 0.0848
A3 587.25 1 587.25 2013.44 <0.0001
A4 102.45 1 102.45 351.27 <0.0001
Pure error 1.17 4 0.29
Total corr. 9686.94 8

Repellency Sum of Squares df Mean Square F-Value p-Value Prob > F
Quadratic model 3061.19 2 1530.60 279.14 <0.0001 Significant
A—concentration 2774.63 1 2774.63 506.02 <0.0001
A2 286.57 1 286.57 52.26 0.0004
Pure error 12.91 4 3.23
Total corr. 3094.09 8

The software generated fourth- and second-order polynomial equations for termitici-
dal and repellent activity respectively. These models made it possible to find the relation-
ship between the O. quixos EO concentration (EOC, % v/v) and the predicted response:
percentage of dead termites (Equation (2)) and percentage of repellency (Equation (3)).

Termite mortality = −183.55 + 6053.87 × EOC− 46, 722.94 × EOC2 + 1.55E005 × EOC3 − 1.85E005 × EOC4 (2)

Percentage of repellency = 49.92− 79.81 × EOC + 4086.83 × EOC2 (3)

The statistical significance of the regression equations with regard to the polynomial
model of the surface response was checked using the F and ANOVA tests (Table 3), and
the representations of the regression equations simulated by the software are shown in
Figure 2a,b.

According to the models, the minimum optimal concentration at which 100% of ter-
mites would die was 0.12% and for repellency—with more than 99% of termites repelled—
the minimum concentration was also 0.12%. Figure 2c,d show the high correlation between
the concentration of EO and the responses found. These minimum concentrations were
validated experimentally and at 0.12% both termite mortality and repellency were 100%.

3.2. Essential Oil Analysis

A GC-MS analysis of the EO from O. quixos leaves made it possible to establish the
presence of 42 compounds and to identify 39 different substances (Figure 3, Table 4).

The essential oil was mostly composed of esters (37.62%), aromatic aldehydes (28.07%)
and sesquiterpenes (13.95%). The main compounds were (E)-cinnamyl acetate (36.44%), (E)-
cinnamaldehyde (27.03%), (E)-β-caryophyllene (5.21%) and (E)-methyl isoeugenol (4.18%).
Although the data found by [19] regarding EO from O. quixos leaves revealed a different
chromatographic profile, the main compounds were similar.
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Figure 3. GC-MS chromatogram of O. quixos essential oil in DB-5ms column.
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Table 4. O. quixos leaf essential oil composition.

No. RT (min) LIRcal LIRref
A Compound %

1 8.93 930 923 α-pinene 3.09
2 9.66 945 946 camphene 0.13
3 10.28 958 952 benzaldehyde 0.79
4 10.79 969 975 sabinene 0.70
5 10.98 973 979 β-pinene 1.91
6 11.68 988 988 β-myrcene 0.21
7 13.56 1026 1024 limonene 0.55
8 13.70 1029 1026 1,8-cineole 0.68
9 15.04 1056 1054 γ-terpinene 0.08

10 17.25 1100 1095 linalool 0.13
11 20.19 1160 1160 B hydrocinnamaldehyde 0.12
12 21.07 1178 1174 4-terpineol 0.16
13 21.82 1193 1186 α-terpineol 0.20
14 22.89 1216 1217 (Z)-cinnamaldehyde 0.13
15 25.53 1272 1267 (E)-cinnamaldehyde 27.03
16 29.94 1371 1374 α-copaene 1.46
17 30.39 1381 1376 (E)-methyl cinnamate

2.45 *18 30.49 1384 1376 β-cubebene
19 30.57 1385 1389 β-elemene
20 31.78 1414 1417 (E)-β-caryophyllene 5.21
21 33.12 1446 1443 (E)-cinnamyl acetate 36.44
22 33.27 1450 1452 α-humulene 0.29
23 33.90 1465 1471 4,5-di-epi-aristolochene 0.34
24 34.31 1475 1480 germacrene D 0.48
25 34.65 1483 1489 β-selinene 0.61
26 34.93 1490 1500 bicyclogermacrene 1.81
27 35.11 1494 1491 (E)-methyl isoeugenol 4.18
28 35.54 1505 1505 β-bisabolene 0.46
29 35.78 1511 1514 cubebol 0.23
30 35.89 1514 1522 δ-cadinene 0.66
31 36.27 1523 1529 (E)-γ-bisabolene 0.77
32 36.76 1536 1544 α-calacorene 0.23
33 38.15 1571 1577 spathulenol 0.24
34 38.32 1576 1582 caryophyllene oxide 3.70
35 39.39 1604 1608 humulene epoxide II

0.77 **36 40.07 1629 1630 β-muurola-4,10(14)-dien-1-ol
37 40.30 1637 undetermined (MW 220)

0.23 ***
38 40.42 1641 1639 β-caryophylla-4(12),8(13)-dien-

5-ol
39 41.02 1663 undetermined (MW 222) 0.50
40 41.22 1670 undetermined (MW 220) 0.35
41 41.37 1675 undetermined (MW 220) 0.36
42 43.09 1769 1759 benzyl benzoate 0.36

Monoterpenes 6.67
Oxygenated monoterpenes 1.16
Aromatic aldehydes 28.07
Sesquiterpenes 13.95
Oxygenated sesquiterpenes 6.38
Esters 37.62
Others 4.18
Total 98.02

RT: retention time; LRIcal: calculated linear retention index; LRIref: reference linear retention index; A [48]; B [55];
MW: molecular weight. * The composition corresponds to the sum of (E)-methyl cinnamate, β-cubebene and
β-elemene. ** The composition corresponds to the sum of humulene epoxide II and β-muurola-4,10(14)-dien-1-ol.
*** The composition corresponds to the sum of the indeterminate compounds and β-caryophylla-4(12),8(13)-dien-
5-ol.

4. Discussion

The results obtained demonstrate the effectiveness of EO from O. quixos leaves at low
concentrations. It is known that many plant-derived essential oils and their constituents
exhibit anti-termite activity against various species of termites. Gupta [54] evaluated
the effects of six species (Mentha arvensis, Carum capticum, Cymbopogon citrates, Eugenia
caryophyllata, Cedrus deodara and Eucalyptus globulus) against the termite Odontotermes obesus
and found that M. arvensis oil yielded the best results (100% mortality in 30 min with a 10%
oil concentration and in 10 h with 0.12%). In second and third places were C. capticum and
C. citrates. For all oils evaluated at concentrations above 10%, termite mortality at 30 min
was 100%. Variable mortality rates were detected with oils at concentrations below 10%.
Nonetheless, EO concentrations as low as 0.12% were sufficient for the death of all termites
at 18 h. Chang and Cheng [56] reported that the anti-termite activity of Cinnamomum
osmophloeum leaf essential oil at a dose of 0.5% exterminated all termites over a 14 day time
period. Cheng et al. [57] stated that the leaf oil of Calocedrus macrolepis var. formosana
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with the same dose and time achieved 77% mortality. Several eucalyptus essential oils
(E. camaldulensis, E. citriodora, E. tereticornis, E. pseudoglobulus and E. maidenii) have been
evaluated for toxicity against Coptotermes gestroi. All oils tested instigated 100% mortality
of C. gestroi at 10%. At 5%, only E. citriodora, E. ereticornis and E. maidenii oils produced
mortality rates of 80% or more. Lastly, at 1.25%, only E. citriodora oil resulted in mortality
of 80% or more [58].

Other researchers have confirmed that certain essential oils, for instance, cedarwood
oil (common name of EOs from many species of the family Cupressaceae) [59], Cinnamo-
mum spp. [60], Vetiveria zizanioides, Cinnamomum cassia, Eugenia caryophyllata, Juniperus
virginiana, Eucalyptus globulus, Eucalyptus citriodora, Cymbopogon citratus and Pelargonium
graveolens [61], exercise termite-repelling activity.

In accordance with the oil’s chemical composition, it is possible to attribute the anti-
termite activity to its main components: (E)-cinnamyl acetate and (E)-cinnamaldehyde.
The high effectiveness of these compounds against Coptotermes formosanus has been inde-
pendently evaluated by Chang and Cheng [56]. The toxicity of Cinnamomum osmophleum
(cinnamon) EO with the presence of cinnamaldehyde at 76% has also been reported against
Macrotermes gilvus [62]. Preparations with cinnamaldehyde and cinnamic acid have shown
effective activity against the subterranean termites species of C. formosanus Shiraki [60].
Since the present study pertained to the biological activity of a specific botanical batch,
it did not take into account the possible variance in the chemical composition of the EO.
For this reason, we actually consider this study as a preliminary approach to the prob-
lem. However, all the data from literature show that the known EOs of O. quixos mainly
present a similar chemical profile, always characterised by cinnamic acid derivatives as
major components. Hence, we think that similar results could be expected in a wider
investigation.

5. Conclusions

The surface response methodology made it possible to find a preliminary predictive
model for the evaluation of the optimal O. quixos essential oil concentration at which 100%
termite mortality is achieved. This study demonstrated that O. quixos essential oil, at very
low concentrations (0.12%), presents termiticidal and repellent effect against N. corniger.
The findings theoretically open the way to the use of this EO as a natural biopesticide
against termites, viable also in the rural context where different plantations are cultivated.
Future research should examine the formulation of biopreparations in the hope of finding
useful and renewable substitutes for some currently used chemical biocides. The O. quixos
essential oil studied is rich in esters and aromatic aldehydes, particularly (E)-cinnamyl
acetate (36.44%) and (E)-cinnamaldehyde (27.03%). Finally, the O. quixos EO is suggested
for further and wider research in order to deepen the termiticidal and repelling activity
with consideration of the ecological chemical variance of this species.
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