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Abstract

Ticks seriously affect cattle in tropical areas, being Rhipicephalus mi-
croplus (Ixodida: Ixodidae) the most relevant species due to its ability to
transmit diseases and generate significant economic losses. The objec-
tive of this study was to evaluate the tick-killing action of the aqueous
extract of the leaf of Ocotea quixos against R. microplus. A completely
randomized design with a factorial arrangement was employed, in which
three concentrations of the hydrolate (25%, 62.5%, and 100%) and three
immersion times (1.0, 3.5, and 6.0 minutes) were analyzed, along with
positive and negative controls. The tests were conducted under contro-
lled conditions, and mortality was measured every 4 hours for 7 days.
The results showed that the hydrolate concentration and its interaction
with exposure time significantly influenced tick mortality (p < 0.0001),
highlighting the 100% treatment applied for 6 minutes, which achieved
87% mortality, a value comparable to the positive control (99.1%). The
predictive model showed a high fit (R? = 0.9973), allowing the effects of
the treatment to be accurately anticipated. It was verified that immersion
time only improves efficacy at low concentrations. The aqueous extract
of O. quixos represents an effective natural alternative to synthetic acari-
cides, contributing to the sustainability of livestock production through
biological control strategies with a lower environmental impact.

Keywords: Amazon cinnamon; cinnamaldehyde; hidrosol; ishpingo;
tick.

Resumen

Las garrapatas afectan gravemente al ganado bovino en zonas tropica-
les, siendo Rhipicephalus microplus (Ixodida: Ixodidae) de las especies
mas relevantes por su capacidad de transmitir enfermedades y generar
pérdidas econémicas significativas. El objetivo del trabajo fue evaluar
la accion garrapaticida del extracto acuoso de la hoja de Ocotea quixos
contra R. microplus. Se utiliz6 un disefio completamente aleatorizado
con arreglo factorial, donde se analizaron tres concentraciones del hi-
drolato (25%, 62,5% y 100%) y tres tiempos de inmersion (1,0; 3,5 y
6,0 minutos), ademas de controles positivos y negativos. Las pruebas se
realizaron en condiciones controladas y la mortalidad fue medida cada 4
horas durante 7 dias. Los resultados evidenciaron que la concentracion
del hidrolato y su interaccion con el tiempo de exposicion influyeron
significativamente en la mortalidad de las garrapatas (p < 0,0001), desta-
cando el tratamiento con 100% durante 6 minutos, con un 87 % de mor-
talidad, valor similar al control positivo (99,1%). El modelo predictivo
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mostrd un alto ajuste (R =0,9973), permitiendo anticipar con precision los efectos del tratamiento. Se comprobd que
el tiempo de inmersion solo mejora la eficacia en bajas concentraciones. El extracto acuoso de O. quixos representa una
alternativa natural eficaz frente a acaricidas sintéticos, aportando a la sostenibilidad de la produccion ganadera mediante
estrategias de control biolégico con menor impacto ambiental.

Palabras clave: canela amazonica; cinamaldehido; garrapata; hidrolato; ishpingo.

1. Introduction

Arthropod ectoparasites that feed on blood, such as
ticks, fleas, mites, and mosquitoes, are vectors of pa-
thogens that affect human and animal health world-
wide (Mendoza-Roldan et al., 2020). Among these,
ticks of the family Ixodidae are commonly known
as hard ticks due to the shield that covers the entire
dorsal surface of the male and only the anterior third
in females (de la Cruz Diaz et al., 2023). This fami-
ly accounts for approximately 78% of all known tick
species, including the most economically important
ones (Kasaija et al., 2021). Ticks affect 80% of the
global cattle population and are associated with nu-
merous health and economic impacts (Sultankulova
et al., 2022). Consequently, they cause financial los-
ses of approximately USD 13.9—-18.7 billion per year
worldwide (Betancur Hurtado & Giraldo-Rios, 2019).

In Mexico, 65% of cattle are infested with Rhipi-
cephalus microplus (Canestrini, 1888) (Ixodida: Ixo-
didae) and are susceptible to tick-borne pathogens,
resulting in annual economic losses of 573.6 million
dollars (Lagunes-Quintanilla et al., 2024). Meanwhi-
le, in Brazil, it is the most important ectoparasite
affecting cattle and has caused estimated losses exce-
eding three billion dollars (Klafke et al., 2024).

In Ecuador, livestock farming plays a fundamen-
tal role in economic and social development, having
adapted to a diversity of production systems and to
the contrasting conditions that characterize the coun-
try’s four regions (Maya-Delgado et al., 2020). The
main pathogens transmitted by ticks cause the fo-
llowing diseases: bovine babesiosis, bovine anaplas-
mosis, bovine theileriosis, and hemorrhagic diseases
in cattle (Henker et al., 2020; Souza et al., 2013). In
the country, more than 75% of cattle are in tick-infes-
ted areas (Rodriguez Trujillo et al., 2021), resulting in
multimillion-dollar economic losses each year. These
losses are mainly due to mortality caused by diseases
transmitted by these infected ectoparasites, as well as
the consequent reduction in meat and milk produc-
tion.

Added to this problem is the frequent and indis-
criminate use of synthetic biocides, which has favo-
red the proliferation of naturally resistant individuals.
This resistance is not induced by the biocides; rather,
by eliminating susceptible individuals, only the resis-

tant ones remain, and their proportion increases after
each application. In addition, these products have side
effects on the environment by contaminating soil and
water, affecting local ecosystems, and they may be
present in animal-derived foods, as they are excreted
in milk or deposited in meat, thereby compromising
human health (Paucar-Quishpe et al., 2024).

Authors such as Pérez-Otafiez et al. (2024), iden-
tified resistance levels to acaricidal products on 96
cattle farms in the country, 72% of which showed re-
sistance to amitraz, 70% to ivermectin, and 64% to
alpha-cypermethrin. Tick resistance to chemical aca-
ricides represents a problem for livestock production,
especially in tropical and subtropical regions where
species such as R. microplus are common (Castafie-
da Arriola et al., 2021). This resistance compromises
the effectiveness of treatments, increases production
costs, and poses environmental and human health ris-
ks due to the accumulation of chemical residues that
are excreted in milk and other bovine tissues (Klafke
et al., 2024).

Ocotea quixos (Lam.) Kosterm. (Laurales: Laura-
ceae) is an aromatic botanical species native to and
cultivated in Ecuador, widely distributed in the An-
dean and Amazonian regions, especially in the Ama-
zon provinces (Gilardoni et al., 2021). Commonly
known as “ishpingo” (from the Quechua ishpinku),
its essential oils have been identified as having va-
rious biological activities, including antimicrobial,
antioxidant, antiplatelet, anti-inflammatory, and lar-
vicidal properties against Aedes aegypti (Valarezo et
al., 2021).

The use of plant extracts as acaricides has beco-
me a promising alternative to the problems associa-
ted with the use of synthetic chemical products (Hagg
et al., 2024). Extracts obtained from plants contain
bioactive compounds, such as alkaloids, flavonoids,
and tannins, which have demonstrated toxic effects on
ticks (Quadros et al., 2020).

Hydrolate, also known as floral water, is the water
obtained from the condensation of plants during the
water distillation or steam distillation process used to
extract essential oils (A¢imovi¢ et al., 2020). Althou-
gh hydrolate and essential oils are not miscible, they
often share similar properties, containing a reduced
proportion of aromatic compounds and other wa-
ter-soluble chemical elements, which confer appre-
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ciable functional properties. Wang et al. (2024), in
characterizing the oil and hydrolate of Cinnamomum
osmophloeum Kanehira, reported that the chemical
composition of the hydrolate closely resembles that
of the essential oil, identifying trans-cinnamaldehy-
de (65.03%), trans-cinnamyl acetate (7.57%), and
coumarin (4.31%) as the main volatile compounds.
This indicates the presence of potentially potent com-
pounds within the aqueous fraction that constitutes
the hydrolate.

The literature review identified authors such as Ke-
mal et al. (2020), who evaluated methanolic extracts
of Vernonia amygdalina, Calpurnia aurea, Schinus
moll, and Ricinus communis against species of the
genus Rhipicephalus, showing that concentrations of
50 and 100 mg mL™! achieved significant mortality si-
milar to diazinon after 24 hours. In contrast, Jian et
al. (2022) evaluated extracts from six plants against
Dermanyssus gallinae, with Syzygium aromaticum
and Leonurus artemisia standing out for achieving
100% mortality in contact tests at a concentration of
1 gmL".

The use of O. quixos has been shown to be an im-
portant source of bioactive compounds with potential
for the development of natural alternatives in pest ma-
nagement (Scalvenzi et al., 2019). Similarly, studies
characterizing Amazonian cinnamon oil conducted by
Arteaga-Crespo et al. (2021) highlight the presence of
cinnamaldehyde as the main compound with insec-
ticidal effects against termites. Meanwhile, Alvarado
Aguilar et al. (2019) emphasize the antimicrobial,
antifungal, and antioxidant properties of its essential
oil, which contains cinnamaldehyde as the principal
active component.

According to the findings reported by Quirés-Mon-
ge et al. (2025), this previously mentioned chemical
compound has the ability to denature proteins and
inhibit the production of enzymes such as acetylcho-
linesterase, which are crucial for cholinergic nerve
transmission in arthropods. It also affects cell mem-
brane permeability, an alteration capable of disrupting
physiological processes, compromising homeostasis,
and ultimately leading to progressive paralysis and
death of ticks.

Therefore, its evaluation as an acaricide makes it
possible to develop sustainable natural products, re-
ducing dependence on synthetic chemicals and their
environmental impacts. In addition, it makes use of
Amazonian resources to strengthen integrated pest
management strategies.

Based on the aforementioned premises, the ob-
jective of this study was to evaluate the tick-killing
activity of the aqueous leaf extract of Ocotea quixos
against Rhipicephalus microplus.

2. Materials and Methods
2.1. Localization

The experimental investigation was done at the la-
boratories of Chemistry (extraction of the hydrolate
of O. quixos) and Biology (identification and coun-
ting of ticks) of the Universidad Estatal Amazoénica
[UEA], located in Puyo, Pastaza. Main address: Via
Napo km 2 ', Paso Lateral S/N, where the experi-
mental procedures and pertinent observations were
taken for the analysis (Figure 1).

2.2. Research design

The study is experimental and quantitative becau-
se it manipulated the concentration of the hydrolate
and the immersion time to analyze its effect on tick
mortality. This design established a cause-effect rela-
tionship between control variables and obtained res-
ponses (Torales & Barrios, 2023). Moreover, it has
an exploratory and applied focus, evaluating a natural
extract as a sustainable alternative in the management
of ectoparasites.

2.3. Recollection of Plant Material

Fresh leaves of O. quixos were collected in the pro-
perties of UEA. A leave cutter was used to collect the
leaves, obtaining a total of 6.5 kg. The collected lea-
ves were placed inside interwoven bags with breatha-
ble and clean plastic thread to avoid contamination.
They were immediately transported to the laboratory
for processing in the FIGMAY brand steam distilla-
tion oil extractor, Buenos Aires, Argentina.

2.4. Extraction of the Hydrolate

The hydrolate was obtained by steam distillation, fo-
llowing the methodology described by Briones-Sor-
noza and Guerrero-Intriago (2019), using an essential
oil extractor in the Chemistry Laboratory of the UEA.
Two liters of water were added to the extractor, the
lids were secured to prevent steam leakage, and fresh
O. quixos leaves were placed inside the equipment.
The applied heat generated steam that ruptured the
plant cells, releasing volatile compounds that con-
densed into liquid form. Two extraction cycles were
performed. The first ran from 10h30 to 12h35, and
the second from 13h40 to 15h00, yielding a total of
1,387.7 g of hydrolate. The product, labeled “Ocotea
Hydrolate,” was sealed with parafilm and stored at 5
°C to prevent degradation.

The hydrolate solutions were prepared following
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the equation [1] and stored inside precipitation glas-
ses of 600 mL. The concentrations were 100% (pure
hydrolate, no dilution), 62.5% (312.5 mL of pure hy-
drolate plus 187.5 mL water) and 25.0% (125 mL of
pure hydrolate plus 375 mL water).

CixVi=C2x Vs [1]

Where, C : Initial concentration of hydrolate (100%),
V,: Volume of pure hydrolate used, C,: final desired
concentration (25% or 62.5%), V,: total Volume (500
mL).

The hydrolate was not chemically characterized,
its composition is inferred based on findings from
previous studies that report the presence of potentia-
lly potent bioactive compounds from the essential oil
within the aqueous fraction that constitutes the hydro-
late in different cinnamon species. According to Ar-
teaga-Crespo et al. (2021), this has been described for
Amazonian cinnamon (O. quixos), and according to
Wang et al. (2024), for the hydrolate of Cinnamomum
osmophloeum Kanehira.

2.5. Recollection, identification and mortality
of ticks

Tick collection was carried out at livestock facilities
in the province of Pastaza. The ticks were taken from
cattle in the groin region, behind the ears, neck, ud-

ders, scrotum, and perineal area, in accordance with
what was reported by Cuesy Leon et al. (2021) in in-
fested cattle. A total of 300 ticks were collected, of
which 170 were selected and randomly distributed
into Petri dishes for the treatments.

Species identification was performed using a EU-
ROMEX NZ1903-P trinocular stereoscope to obser-
ve morphological characteristics, with the aid of the
taxonomic keys described by Acevedo-Gutiérrez et
al. (2020). It was determined that the ticks used in
this study corresponded to the species Rhipicephalus
(Boophilus) microplus, a species very common in the
area. The specimens were found at different develo-
pmental stages, with predominance of nymphs and
adults.

The ticks were randomly distributed into perfora-
ted plastic Petri dishes (96 x 16 mm) to allow venti-
lation, with 10 ticks per dish, totaling 170 ticks. The
dishes were labeled according to the corresponding
treatments, specifying the dose and exposure time
within each hydrolate concentration, according to the
proposed design and the treatments indicated in Ta-
ble 1. The ticks were immersed in the corresponding
solutions, with immersion time controlled using a sto-
pwatch. Subsequently, they were removed and retur-
ned to their respective Petri dishes.

The evaluation of mortality was done from 08h00,
each 4 h, to verify they were dead and not simply im-
mobilized. A fine brush was used to stimulate their

Figure 1. Geographical location of the study area.
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mobility through soft mechanical contact. The tem-
perature lab conditions were kept controlled at 2842
°C, and relative humidity of 80-90% during all the
entire lab phase. For the mortality measurements, the
equation [2] was used.

Total dead ticks

% dead ticks = %X 100

(2]

Number of ticks initially captured

2.6. Experimental Design

The treatments were arranged in a completely ran-
domized experimental design [CRD], following an
approach similar to that used by Valenzuela Loor et
al. (2024). Three hydrolate concentrations (25.0%,
62.5%, and 100%) were evaluated, with three immer-
sion times (1.0, 3.5, and 6.0 minutes), along with two
controls (positive and negative). The controls were
subjected to the same immersion time as the treat-
ments, that is, 6 minutes, to ensure homogeneous
experimental conditions (Table 1). Distilled water
was used as the negative control, and the commercial
acaricide Biorboss-Farbiovet was used as the positive
control. This product is composed of 95% cyperme-
thrin, dichlorvos (an acetylcholinesterase inhibitor),
and fipronil (a GABA-gated chloride channel bloc-
ker), and was diluted at 1 mL L' of water (according
to the manufacturer’s recommended dose used in li-

vestock production). After the immersion period (6
minutes), the ticks were placed back into Petri dishes,
where mortality was recorded for 7 days at 4-hour in-
tervals. Mortality was the only response variable con-
sidered to evaluate the effect of the treatments.

2.7. Statistical Analysis

The analysis was performed using Design-Expert®
12 software, where the values of sum of squares, de-
grees of freedom, mean squares, F-values, and p-va-
lues were calculated. Model adequacy was evaluated
using the coefficients of determination (R? and ad-
justed R?), as well as through the calculation of pure
error and the Lack of Fit test. Final equations were
generated in terms of both coded and actual factors
to predict the response according to the levels of each
variable.

A factorial Analysis of Variance [ANOVA] was
applied considering two factors: the concentration of
O. quixos hydrolate (Factor A) and immersion time
(Factor B), each evaluated at three levels. The design
also included the interaction term between factors
(A%B), allowing identification of possible combined
effects between concentration and time. A significan-
ce level of 5% (p < 0.05) was used to assess the statis-
tical influence of each term on the response variable.

Table 1. Experimental design with hydrolate concentrations and immersion times.

Ne Hidrolate doses (%) Immersion Time (min)
1 100 1,0
2 25 1,0
3 100 6,0
4 62,5 35
5 62,5 3,5
6 62,5 3.5
7 25 6,0
8 100 1,0
9 100 6,0
10 25 1,0
11 25 6,0
12 25 6,0
13 100 1,0
14 25 1,0
15 100 6,0
Control (Water) 100 6,0
Acaricide Recommended dose by the manufacturer 6.0

Sof 13
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3. Results and Discussions

3.1. Acaricide activity of the hydrolate of Oco-
tea quixos

Factorial ANOVA showed that the concentration of
the hydrolate (p < 0.0001) and the interaction between
concentration and time (p < 0.0001) significantly in-
fluenced the mortality of R. microplus. The concentra-
tion factor presented the biggest impact (SS = 39.24),
followed by the interaction between the factors (SS
= 0.70). Immersion time did not show a significant
effect by itself (p = 0.1182). The low magnitude of the
pure error (SS = 0.1067) allowed for a correct model
estimation, whose results explained the observed va-
riability (Table 2). These data showed that effectivity
of the hydrolate depends mainly on its concentration
and its interaction with the exposure time.

3.2. Tick mortality across different treatments
and controls

The results shown that the mortality of R. microplus
varied in function of the concentration of hydrolate
and the immersion time. The treatment with 100% hy-
drolate for 6 min presented 87.00% mortality, a value
close to the positive control (C+) that reached 99.10%
(Figure 2). The application of the same concentra-
tion for 1 min resulted in 81.00% mortality, showing
a high effectiveness even in short times of exposure.
These data allow the confirmation of a response from
dose-time.

The treatments of 62.5% applied for 3.5 min regis-
tered 67.00% mortality, while lower concentrations
showed reduced effectiveness. The treatment with
25% of hydrolate for 1 min reached 49.67% morta-
lity, and for 6 min descended to 46.00%. These re-
sults show that at lower concentrations, the activity
of acaricide decreases even under prolonged immerse
times, which reaffirms the direct relationship between
dose and observed biological effect.

The negative control (C-) treated with distilled wa-

ter recorded the least percentage of mortality (0.04%),
confirming that the lethal effect in the experiments
could be attributed to the hydrolate. These findings
coincide with the research done by Miranda Reyes et
al. (2023), who used the essential oil from Cinnamo-
mum zeylanicum to reach an effectiveness of 100%
against the larvae of R. microplus. Complementary, in
Quilanga and Loja cantons of Ecuador, studies using
Melinis minutiflora and Lantana camara extracts also
reported significant mortality in larvae and adults of
the same genre (Vacacela-Ajila et al., 2023).

The observed biological activity can be explained
by the presence of compounds like (E)-cinnamalde-
hyde (27.03%) and (E)-cinnamyl acetate (36.44%)
(Arteaga-Crespo et al., 2021), known by their insec-
ticidal and fungicidal activities (Alvarado Aguilar et
al., 2019). Their toxicity has been associated with the
alteration of cellular permeability and the enzymatic
inhibition of the arthropod homeostasis. Moreover,
Scalvenzi et al. (2019) mentioned that essential oils
with 1.8-cineole, sabinene and a-pinene, also present
in O. quixos, exhibit larvicidal and acaricidal effects
against blood-sucking insects.

3.3. Analysis of the factors’ effectors

The Half-Normal Plot showed that the concentration
of the hydrolate was the factor with higher standardi-
zed effect on R. microplus mortality with an approxi-
mate value of 3.6. The interaction between concen-
tration and time (AB) showed a lesser effect but still
significant, while the exposure time (B) was located
closer to the limits of the estimated error (Figure 3).
These results confirm that concentration is the main
factor for the acaricide effectiveness in the treatments,
followed by the interaction with immersion time.

According to Arteaga-Crespo et al. (2021), this be-
havior can be explained by the action of compounds
like (E)-cinnamaldehyde and (E)-cinnamyl acetate,
which interfere in vital metabolic routes of the ecto-
parasites and alter the stability of their cellular mem-
branes.

Table 2. Factorial ANOVA for tick mortality.

Source Sum o(fsgt)]uares Fl!z:g:::is(;))fF) Quad{gtli/i)Mean F Value P Value
Model 39,98 3 13,33 999,56 <0,0001 significant
A-Concentration 39,24 1 39,24 2943,06 <0,0001
B-Time 0,0408 1 0,0408 3,06 0,1182
AB 0,7008 1 0,7008 52,56 <0,0001
Pure Error 0,1067 8 0,0133
Corrected total 40,09 11
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Figure 2. Observed mortality of R. microplus under different concentrations and immersion times of the hydrolate.

3.4. Hierarchy of effects

The Diagram of Pareto shows that the concentration
of the hydrolate is the factor with higher impact on
the mortality of R. microplus with a t value of around
54.25. The interaction between concentration and time
(AB) also presented a significant effect, while expo-
sure time (B) did not exceed the limit of Bonferroni,
so it is considered statistically insignificant (Figure
4). This hierarchy reaffirms that the effectiveness of
the treatment depends mainly on the concentration of
the hydrolate, while time acts in combination, but not
in isolation. According to Duran Aguirre et al. (2020),
the toxicity of the essential oils varies depending on
the dose and the interaction of their active compo-
nents and the physiology of the target arthropod.

3.5. Interaction between factors

The interaction between factors shows that the con-
centration of the hydrolate and immersion time in-
fluence in mortality. The red line (6 min) and black
line (1 min) show a progressive increase in mortality
as concentration increases, confirming that the most
relevant effect corresponds to the quantity of the
applied compound (Figure 5). Using high concentra-
tions (100%), it is observed a high mortality indepen-
dent from time, while at lower concentrations (25%),
the exposure time slightly improves the response, al-
though without reaching comparable lethal levels.
These results show that the effect of time only
becomes more significant when the dose is reduced
due to the necessity of greater absorption to achieve
a sufficient toxic effect. In these cases, factors such

as individual resistance, oviposition, and biological
variability may influence observed mortality. These
findings align with those reported by Gonzalez Pue-
tate et al. (2023), who found that essential oils affect
arthropod physiology by interfering with essential
metabolic processes and reducing viability. This su-
pports the use of plant extracts as an alternative to
synthetic acaricides.

3.6. Distribution of the mortality of the predictive
model

In the contour (Figure 6A) and response surface (Fi-
gure 6B) plots, it is observed that the highest morta-
lity of R. microplus was reached with higher concen-
trations than the 85% and exposure times close to 6
minutes. The lowest values of both factors were as-
sociated with a progressive decrease in the effective-
ness of the treatments, reflecting a direct relationship
between the increase in concentration and the morta-
lity of the ectoparasite. The blue zone in the graph re-
presents the lowest biological response, while the red
zone shows the optimal action point of the hydrolate.

The answer Surface shows a soft, continuous and
ascendent distribution. This behavior shows that
mortality can be reliably predicted in function of the
concentration levels and applied times. These results
coincide with the observed ones in experiments with
extracts from Nicotiana tabacum and Couroupita
guianensis, where a directly proportional relationship
was observed between the concentration and mortali-
ty, as well as between exposure time and mortality in
larvae of R. microplus (Molina et al., 2025).
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Figure 3. Half-Normal plot of the effects of factors on mortality.

Figure 4. Pareto diagram of the effects of factors on mortality.
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Figure 5. Interaction plot between concentration and time on mortality.

3.7. Comparison between real and predicted
values of mortality

The low impact from the Leverage values (0.3333)
and from Cook Distance (<0.391) show that no ob-
servation significantly influenced in the regression fit-
ting model (Table 3). In similar studies, Castillo-Garit
et al. (2021) pointed out that the implementation of
robust mathematical models allows to minimize the
dispersion and improve reliability of the prediction in
computational and pharmacokinetics toxicology.

The findings of this study reinforce the applica-
bility of the predictive model to estimate the morta-
lity of R. microplus with high precision. This allows
for more confident planning of the expected results
against variations in concentration of the treatments
and exposure time, becoming a useful tool for deci-
sion making and strategies of biological control.

The data show that the observations with real va-
lues of mortality close to 50% present the highest de-
viations (order 3), while the treatments with higher
values to 80% show tighter predictions. This indicates
that the model has higher accuracy in high-concen-
tration conditions and prolonged exposition. These
results coincide with reports by Lagunes-Quintanilla
et al. (2024), who demonstrated that the effectiveness
of the acaricide treatments is influenced by dose and
action time on R. microplus.

The estimated natural mortality constant (4.06%)

in absence of hydrolate is low, what shows an im-
provement in the adjustment of the predictive model
(equation [3]). This value is coherent with other stu-
dies, such as the one from De Marchi et al. (2023),
where the mortality in the negative control did not
exceed 10%. Low interception indicates a lower in-
fluence of external covariates such as stress by mani-
pulation or environmental conditions inside the Petri
dishes, which have been associated with increments in
mortality without acaricide intervention (Ojeda-Chi
et al., 2010). The consistency between the model and
the experimental data support the reliability of fitness
and reinforces their utility as a tool to optimize the use
of hydrolate in the biological control of Rhipicepha-
lus microplus.

Mortality = 406 + 0.0392 X Concentration — 0.1378 x Time + 0.0026 X Concentration x Time [3]

The model presented a coefficient of determination
(R?) 0f 0.9973, showing that the 99.73% of the varia-
bility in the mortality can be explained by the evalua-
ted factors. Moreover, the adjusted R? (0.9963) and
the predicted R? (0.9940) demonstrate a high capacity
of generalization of the model with a difference less
to 0.2. which validates its statistical reliability. The
coefficient of determination is considered as optimal
for the prediction of biological processes according to
the criteria established by Li et al. (2021).
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4. Conclusions

The acaricidal effect observed represents an alterna-
tive for reducing the use of synthetic compounds in
the control of R. microplus, one of the main health
threats in tropical livestock production. The 87.00%
mortality achieved with the 100% concentration at 6
minutes of immersion, a value close to the positive
control (99.10%), indicates that the plant extract has
high biocidal potential under controlled conditions.
This effectiveness suggests that the product could be
incorporated into integrated pest management pro-
grams, prioritizing ecological practices with lower

environmental impact and reduced risk of resistance
in ectoparasites.

The predictive model, with a coefficient of deter-
mination close to 1, indicates a high capacity to exp-
lain the biological behavior of the system, which is
necessary for decision-making regarding dosage and
treatment application. The minimal difference be-
tween the adjusted and predicted values supports the
model’s stability under new experimental conditions.
This consistency allows the model to be used as a re-
liable tool for designing control strategies based on
prior simulations, optimizing resources and reducing
the number of field trials.

Figure 6. Response surface (A) and contour plot of the effects on the mortality of R. microplus ticks (B).

Table 3. Report of observed and predicted mortality values in the model.

Order RealValue 'redicted  pesidue Leverage  RIE* REE* DC* iNpr Standard
Value Order

1 5,10 4,97 0,1333 0,333 1,414 1,528 0,250 1,080 8

2 5,00 4,97 0,0333 0,333 0,354 0,333 0,016 0,236 11

3 4,80 4,97 0,1667 0,333 -1,768 2,118 0,391 -1,498 1

4 4,50 4,60 -0,1000 0,333 -1,061 -1,070 0,141 -0,757 6

5 4,60 4,60 0,0000 0,333 0,000 0,000 0,000 0,000 2

6 4,70 4,60 0,1000 0,333 1,061 1,070 0,141 0,757 7

7 8,00 8,10 -0,1000 0,333 -1,061 -1,070 0,141 -0,757 3

8 8,20 8,10 0,1000 0,333 1,061 1,070 0,141 0,757 5

9 8,10 8,10 0,0000 0,333 0,000 0,000 0,000 0,000 4

10 8,60 8,70 -0,1000 0,333 -1,061 -1,070 0,141 -0,757 9

11 8,70 8,70 0,0000 0,333 0,000 0,000 0,000 0,000 10

12 8,80 8,70 0,1000 0,333 1,061 1,070 0,141 0,757 12

* RIE: Internally Standardized Residual, REE: Externally Standardized Residual, DC: Cook's Distance, INF: Effect on Adjusted Value.
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