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Eugenia is the largest neotropical genus in the Myrtaceae family. The genus has a wide
geographical distribution, occurring from Mexico to Argentina. Eugenia species are rich in
essential oils. Essential oils have applications in perfumery, cosmetics, food, pesticides and
medicines. Several factors can influence the chemical composition and yield of essential oils, such
as extraction technique, season of the year, genetic variations and environmental conditions. The
understanding of how much each of these factors interferes in the formation of essential oils can
contribute both to the development of more efficient production processes and to the ecological
knowledge of the species of the genus. This study aimed to assess the influence of environmental
variables on the chemical composition of essential oils from Eugenia species. The method used
was to carry out chemometrics analyzes (regression analysis, factor analysis and multivariate
analysis of variance) to explain the influence of environmental factors on the chemical composition
of essential oils. The estimated regression model was significant (p-value < 0.05). Environmental
variables analyzed significantly influenced and account for 11.5% of the variation observed in the
chemical composition of essential oils. Phytochemical pattern of essential oil composition was
also significantly different among Eugenia species.
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Introduction

Eugenia is the largest neotropical genus of the
Myrtaceae family, comprising over 1000 species.! The
genus has a wide geographic distribution, ranging from
Mexico to Argentina. In Brazil, it is present in several
vegetation formations.” The genus has several species that
produce essential oils, which are used in folk medicine
to treat of digestive problems, fever, high blood pressure,
diabetes and headache.>#

The demand for essential oils is growing in the industry
because of their diverse applications and properties. Essential
oils also have applications in perfumery, as cosmetics,
food, pesticides and medicines.’ The world market for
essential oils moves around US$ 13 billion per year.® They
have antioxidant, antimicrobial, antiparasitic, antiviral,
antifungal, analgesic, anxiolytic, antidepressant, calming,
food preservative, anticancer, antispasmodic, carmitive,
insecticide, repellent, aromatherapy properties and can be
used as a fragrance in perfumery.®
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The challenge in the production of essential oils is the
variability of factors that can influence the composition and
yield of these oils, such as time of day, season, soil type,
leaf age, climate, extraction method, geographic location
and genetic variations.”'° Thus, understanding how each of
these factors interferes in the formation of essential oils can
contribute to more efficient production processes, besides
to contributing to the ecological knowledge of the species
of the genus.!

The influence of environmental factors on the chemical
composition of essential oils can be better explained
through chemometrics studies. Chemometric uses
mathematical and statistical methods to obtain information,
pattern recognition and quantitative assessments from the
analysis of chemical data."

Costa et al.!’ studied the influence of seasonality
on the chemical composition of essential oils from
E. uniflora from the Brazilian Cerrado. To understand
the phytochemical variability of the species, the authors
used several chemometric analyzes (principal component
analysis, cluster analysis and discriminant analysis).
With the results, the authors could identify differences in
the chemical composition of essential oils from samples
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collected in the dry and rainy season. The samples from the
dry period showed higher percentages of spathulenol and
caryophyllene oxide while in the samples from the rainy
season the main constituent was the seline-1,3,7(11)-trien-
8-one epoxide.

Also, according to the authors,'? these results contribute
to the understanding of the antifungal activity of
these essential oils. In fact, essential oils have several
biological activities attributed to their constituent chemical
compounds. Considering that seasonality can influence the
chemical composition, the biological activities of these oils
can also be altered.

The same reasoning can be used in the opposite sense:
species with similar chemical composition may have
similar biological activities. This was the result found by
Defaveri et al.'* studying Eugenia species collected in
Brazilian coastal environments. E. arenosa and E. selloi
had very similar antioxidant activity, which the authors
attributed to their similar chemical composition.

The variability of the chemical composition of essential
oils has to be considered, especially in studies that
investigate the pharmacological or medicinal potential of
essential oils. In the studies carried out by Siebert et al.,'
with samples of E. brasiliensis, the chemical composition,
yield and antibacterial activities of essential oils were
different throughout the seasons.

Chemometrics analyzes have been applied to some
Eugenia species in a punctual way. The effects of
environmental conditions on the essential oil composition
of E. brasiliensis, E. uniflora, E. selloi and E. astringens
were investigated in independent studies.!*!> Therefore,
the genus lacks further comprehensive studies, involving
different species that are analyzed simultaneously.'’ Thus,
the aim of the present work was to assess the influence of
environmental conditions on the chemical composition of
essential oils from Eugenia species through chemometrics
analysis.

Experimental
Bibliographic research

An extensive literature search was carried out on the
specialized sites of scientific journals using the terms
“Myrtaceae”, “Eugenia”, “essential oils”, and “chemical
composition” between February and December 2019.
The selected articles were filtered by some parameters:
(i) the part of the plant was the leaf; (ii) the type of oil
extraction was using the clevenger apparatus; (iii) the
method of analysis of the components of essential oils

was gas chromatography coupled with mass spectrometry
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(GC-MS). These parameters were chosen because they are
the most commonly found in literature.'

Phytochemical data

Phytochemical data on the chemical composition
of essential oils referring to Eugenia species got in the
bibliographic survey are available in Silveira et al.' In
the present study, 53 chemical compounds were analyzed
referring to 73 Eugenia species, totaling 204 records.
Chemical compounds are represented by their series of
compounds. Each column of Table S1 (Supplementary
Information (SI) section) includes the isomers of each
chemical compound. Such data form the matrix of the
original variables or original phytochemical data (Table S1
in the SI section).

Extraction of environmental variables

The geographic location data (latitude and longitude)
have been obtained from the analyzed scientific articles.
Climatic information was obtained from files available on
the WorldClim version 2.1 website.!” The environmental
variables used were temperature, water vapor pressure,
wind speed, solar radiation and precipitation. Using the
“point sampling tool” complement of the Q-GIS version
3.16 program,'® it was possible to extract the values of
environmental variables for specific geographic coordinates
of the Eugenia samples collection sites. The environmental
variables were organized and can be analyzed in Table S2,
SI section.

Geographic distribution

The Eugenia species distribution map was made
using the Q-GIS version 3.16 program.'® The geographic
coordinates of each of the samples available in the
scientific articles have been plotted for the production
of the map in Figure S1 (SI section). Eugenia species
have been recorded in different parts of the world. In
Figure S1, the species with a record of occurrence in
Brazil were represented on the map. The shapefiles of the
circumscription of Brazil, South America and the biomes
of Brazil were included in the program for preparing the
map.

Statistical analysis
Statistical analyzes were performed in order to

determine the influence of environmental conditions on
the chemical composition of essential oils from Eugenia
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species. The multivariate analyzes performed are described
below.

Factorial analysis

Factorial analysis aims to summarize the information
present in the original variables, transforming them into
a smaller number of variables, also called factors, losing
as little information as possible.' In this study, factor
analysis was performed using the phytochemical data
matrix of Eugenia species available in the literature. The
method used was principal component analysis (PCA). The
generated factors were used to construct a new variable:
principal compound index (ICP) of essential oils from
Eugenia species.

Principal compounds index

The aggregate index is a value that condenses
information from a set of variables into a single variable."
The factors obtained in the factorial analysis were used to
construct the principal compound index (ICP).

The mathematical formula® for obtaining the ICP is
described in equation 1 below:

ICPj = pif; (1
i=1

where, ICPj: aggregate index of the j™ observation, p;:
weight assigned to the i* factor, fj;: factorial score of the
i component for the j" observation, i = 1, ..., k (main
components), j = 1, ..., n (observations).

The original ICP was standardized in values ranging
from O to 1. The formula used to standardize the ICP values
is described in equation 2 below.

ICP, - ICP,
ICP, — ICP

jm™ it

ICP, = @

where, ICP,: standardized value of indicator j in the i"
observation, ICP;: value of indicator j in the i™ observation,
ICP;: value of indicator j in the observation in a lower
situation, ICP,,.: value of indicator j in the observation in
greater situation.

The standardized ICP was used as the dependent
variable in the following multiple regression analysis.

Multiple regression analysis

Dependency statistical technique used to analyze the
relationship between a dependent variable and multiple
independent variables.!” The aim of the analysis is to
use the independent variables to predict the values of the
dependent variable, as well as to assess the influence that
each independent variable has on the dependent variable.'
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The standardized ICP was used in the regression
analysis as the dependent variable and the environmental
variables were used as the independent variables. The
method selected was ‘stepwise regression’. This method
makes it possible to select the variables that play an
important role in describing the behavior of the dependent
variable, and these environmental variables are chosen to
compose the database for the regression analysis. With
this, it is possible to statistically evaluate the influence
that environmental variables have on the standardized
ICP and, on the chemical composition of essential oils of
Eugenia species.

Multivariate analysis of variance

Multivariate analysis of variance (MANOVA) is a
statistical technique used to, simultaneously, analyze the
relationships between multiple categorical independent
variables (also called treatments) and two or more
quantitative dependent variables.! In this study, the
independent variables were Eugenia species. The dependent
variables were the environmental and phytochemical
variables.

Results

Phytochemical data were extracted from articles
available in the literature. Chemical compounds with a
concentration greater than 10% (main compounds) were
considered in the chemometric analyses. Thus, 53 main
compounds were analyzed referring to 204 samples
and 73 Eugenia species. Due to the large sample size, it
was considered that the data had a normal distribution.
Environmental data were extracted from maps available
on the World Clim website'” for temperature, water vapor
pressure, precipitation, wind speed and solar radiation.
Chemometrics analyzes allowed to assess the influence
of environmental variables on the chemical composition
of essential oils from Eugenia species. The results of
each statistical analysis are described below. Briefly,
factor analysis was performed to build the standardized
ICP, which was used as an independent variable in the
multiple regression analysis. Then, MANOVA was
applied to determine the statistical differences between the
phytochemical pattern (main compounds of essential oils)
and the environmental conditions of the Eugenia species.

Factorial analysis
Factorial analysis aims to summarize the information

present in the original variables. The advantage of this
analysis is to transform the original variables into a smaller
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number of variables (also called factors), losing as little
information as possible. Factorial analysis reduced the
data matrix variables of the chemical composition of
essential oils by 24 factors (Table S3, SI section). The
factors produced correspond to approximately 70% of the
variation observed in the original variables (Table S4, SI
section). The factors were used to construct a new variable:
the principal compound index (ICP).

Principal compound index

The advantage of the aggregated index is that it
condenses information from a set of variables into a single
variable. In the present study, the factors obtained in the
factorial analysis were used to construct the principal
compound index. The original ICP was standardized in
values ranging from O to 1. The new variable, standardized
ICP, corresponds to the variance observed in the original
variables of the chemical composition of Eugenia essential
oils. Thus, the standardized ICP could be used in the
multiple regression analysis representing the chemical
composition of Eugenia essential oils.

Regression analysis

Regression analysis is a dependency statistical
technique used to analyze the relationship between a
dependent variable and multiple independent variables. The
advantage of the analysis is to use the independent variables
to predict the values of the dependent variable, as well as
to assess the influence that each independent variable has
on the dependent variable. In the study, the standardized
ICP was used in the regression analysis as a dependent
variable and the environmental variables were used as the
independent variable. From this analysis, it was possible to
create a model to determine the influence of environmental
variables on the chemical composition of essential oils.

Multiple regression analysis generated an
estimated regression model. The model was significant
(p-value < 0.05), which means that the environmental
variables were able to explain the behavior of the
standardized ICP. Consequently, environmental variables
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influenced the chemical composition of essential oils from
Eugenia species (Table 1).

Table 1. Analysis of variance (ANOVA) test of the multiple regression
model. The environmental variables of the regression model were
precipitation, wind speed, temperature and water vapor pressure

ANOVA?
Model Sum of Df Mean F p-value
squares square
regression  0.768 5 0.154 7.564 0.000°
1 residual 5.034 248 0.020
total 5.801 253

“Dependent variable: standardized ICP; ®predictors: (constant),
precipitation, wind speed, temperature, water vapor pressure. Df: degrees
of freedom.

The value of R? (adjusted determination coefficient)
indicates how much of the variation in the standardized ICP
was explained by the environmental variables (R?=11.5%).
The summary of the model estimated by regression analysis
is available in Table 2.

The equation generated by the regression model is
expressed below (equation 3):

ICP,=0.534 + 0.04VE + 0.19VA - 0.23T - 0.01P  (3)

where, ICP,: standardized principal compound index value;
VE: wind speed; VA: water vapor pressure; T: temperature,
P: precipitation.

The coefficients for each variable were taken from the
coefficient values in Table 3.

Multivariate analysis of variance

The advantage of MANOVA is to analyze simultaneously
the relationships between multiple categorical independent
variables (also called treatments) and two or more quantitative
dependent variables. In this study, the independent variables
were Eugenia species. The dependent variables were the
environmental and phytochemical variables. Thus, it was
possible to determine that the chemical composition and the
environmental conditions of essential oils among Eugenia
species were significantly different.

Table 2. Multivariate regression analysis model summary. Model was significant (p-value < 0.05). The value of R?* was equal to 11.5%

Model summary*

Change statistics

Model R R square Adjusted Standard error R
q R square of the estimate square F df1 df2 p-value
change
1 0.364° 0.132 0.115 0.14247 0.132 7.564 5 248 0.000

“Dependent variable: standardized ICP; Ppredictors: (constant), precipitation, wind speed, temperature water vapor pressure; R: correlation coefficient;

dfl: degress of freedom 1; df2: degrees of freedom 2.
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Table 3. Value of the coefficients of the estimated multiple regression model. From the B coefficients it is possible to construct the multiple regression equation

Coefficients®

Model Unstandardized coefficients Sct(zj:;i;;deirzltesd . povalue 95.0% confidence interval for B
B Standard error Beta Lower bound  Upper bound

(constant) 0.534 0.124 4.325 0 0.291 0.777

wind 0.04 0.015 0.185 2.584 0.01 0.009 0.07
1 water vapor 0.19 0.078 0.533 2427 0.016 0.036 0.344
temperature —-0.023 0.009 —-0.456 -2.605 0.01 -0.041 —-0.006
precipitation —-0.001 0 -0.21 -2.383 0.018 —-0.001 0

“Dependent variable: standardized ICP. B: regression equation coefficient; #:  test (individual significance test for each coefficient estimated in regression).

Table 4. Multivariate test summary. The dependent variables were the phytochemical and environmental variables and the independent variables were the
different species analyzed. Values of p-value < 0.05 indicate significant differences

Multivariate tests

Effect Value Hypothesis df Error df p-value
Wilks’ Lambda 0.000 2209.000 1806.122 0
Species® Hotelling’s Trace 26379479693643800000000000000000 2209.000 1882.000 0
Roy’s Largest Root 23189030534319100000000000000000 47.000 88.000 0
Pillai’s Trace 4.075 235 440 0
Species® Wilks” Lambda 0 235 423.541 0
Hotelling’s Trace 39.528 235 412 0
Roy’s Largest Root 19.986 47 88 0

“Phytochemical database; "environmental database. df: degrees of freedom.

The realization of the multivariate analysis of
variance can be analyzed in Table 4. The results of
MANOVA indicates that the environmental conditions
and the chemical composition of the essential oils are
significantly different between species Eugenia. Visually,
the differences in the chemical composition of Eugenia
essential oils can be analyzed in Figure S2 (SI section).
Graphs containing phytochemical data were constructed
for each species analyzed. The graphs described in
Figure S2 were drawn from the mean values of the
concentrations of the main compounds for each Eugenia
species available in Table S1.

Discussion

The estimated regression model was significant
(p-value < 0.05) so changes in the independent variables
correlate with shifts in the dependent variable. Thus, it
is correct to state that the environmental variables have
been able to explain the behavior of the standardized ICP
dependent variable. The conception that environmental
variables influenced the chemical composition of essential
oils was described in previous works and it has been used
to explain the chemotypic diversity of Eugenia species.!*!?

In Figure S1 (SI section), it is possible to observe
the samples of Eugenia species occurring in different
biomes, which have recognizably distinct environmental
conditions. Data on the places of occurrence of Eugenia
species were got from the literature. The hypothesis was
that species with wide geographic distribution, occurring
in different environmental conditions, produced essential
oils of chemical composition that were also different from
each other.?'?? These variants of the same species which
differ by the type of essential oil are called chemotypes.
The statistical demonstration of this relationship had not
been performed until the present work, considering several
Eugenia species simultaneously.

Many factors have been mentioned in the literature
as capable of influencing the chemical composition of
essential oils, such as time of day, season, soil type, age of
leaves, climate, extraction method, geographic location and
genetic variations.” ! In the present work, the best possible
standardization was performed with the data available in
the literature. It is important to emphasize that only the
essential oils extracted from the leaves were analyzed
using the clevenger device extraction method and chemical
composition analysis by GC-MS. Another observation to be
made is that the works were selected in this way to avoid
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bias in the differences in chemical composition observed
among Eugenia species.

Many factors remain without being analyzed and
computed, which explains the low value of R% As many
factors influence the chemical composition of essential oils,
each factor is then expected to explain a small percentage
of the observed variation in the chemical composition of
essential oils. With environmental variables, the value of
this percentage was 11.5%.

Thus, to better understand the patterns of variation in
the chemical composition of essential oils, it is important
that further studies are carried out, adding an increasing
number of these factors. By adding more information to
the regression analysis, the R? value is expected to increase,
improving the predictive power of the estimated regression
model.

Another important information provided by the
regression analysis is the identification of the environmental
variable that most influences the behavior of the dependent
variable, with this study, the standardized ICP. The
standardized values of the beta coefficient (Table 3) show
the variables that most contribute to explain the behavior of
the dependent variable.' Considering the values observed
in Table 3, the water vapor pressure is the most influential
variable on the variation of the standardized ICP and
regarding the chemical composition of the essential oils
of Eugenia species.

One of the biological functions of essential oils in
plants is protection against water stress. It is known
that the availability of water can influence the chemical
composition of essential oils.? In addition, water vapor
pressure is related to other variables such as temperature,
precipitation, solar radiation and altitude.?*? It is
estimated that the higher the altitude, the lower the water
vapor pressure.

In turn, higher altitudes are associated with more
drastic environmental conditions, which require different
levels of environmental tolerance from.?*” Essential oils
are also known as volatile oils.® Therefore, volatility is
an intrinsic characteristic of essential oils. Depending on
their chemical composition, essential oils can be more
or less volatile. The vapor pressure of a substance is
also related to volatility. The higher the vapor pressure,
the more volatile the chemical compound.?® Chemical
composition, volatility and vapor pressure are closely
related. Thus, it is possible to understand the reasons water
vapor pressure was the most influential environmental
variable on the behavior of the chemical composition
of essential oils of Eugenia species, according to the
estimated multiple regression model.
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Conclusions

Chemometric analyzes were able to statistically
evaluate the influence of environmental conditions on
the chemical composition of essential oils from Eugenia
species. Through multivariate statistical analysis, it was
possible to create a mathematical model to explain the
variation in the chemical composition of essential oils
according to environmental conditions. Environmental
conditions account for 11.5% of the variation observed
in the chemical composition of Eugenia essential oils.
The most influential environmental variable on the
chemical composition of essential oils was water vapor
pressure. The chemical composition of essential oils was
significantly different among Eugenia species, as well as
the environmental conditions of their respective places
of occurrence. It is recommended that further studies be
carried out to make the estimated model more robust and
increase its predictive power.

Supplementary Information

Supplementary information (Tables S1 to S4 and
Figures S1 and S2) is available free of charge at
http://jbcs.sbq.org.br as PDF file.
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