Journal of Agricultural Science; Vol. 11, No. 16; 2019
ISSN 1916-9752  E-ISSN 1916-9760
Published by Canadian Center of Science and Education

Discrimination of Genealogical Groups of Arabica Coffee by the
Chemical Composition of the Beans

Larissa O. Fassio!, Marcelo R. Maltaz, Gladyston R. Carvalhoz, Antonio A. Pereiraz, Ackson D. Silva?,
Gilberto R. Liska®, Adriene W. Pedrosa®, Vany P. Ferraz’ & Rosemary G. F. A. Pereira®

! Fundacdo de Desenvolvimento do Cerrado Mineiro, Patrocinio, Brazil

> Empresa de Pesquisa Agropecuéria de Minas Gerais, Lavras, Brazil

3 Universidade Federal do Pampa, Itaqui, Brazil

* Faculdade de engenharia de Sorocaba, Sorocaba, Brazil

5 Departamento de Quimica, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil
% Departamento de Ciéncia dos Alimentos, Universidade Federal de Lavras, Lavras, Brazil

Correspondence: Marcelo R. Malta, Empresa de Pesquisa Agropecuaria de Minas Gerais, Campus da UFLA, P.O
Box 176, CEP: 37200-000, Lavras, Brazil. Tel: 55-35-3821-2231. E-mail: marcelomalta@epamig.br

Received: June 9, 2019 Accepted: July 27, 2019 Online Published: September 30, 2019
doi:10.5539/jas.v11nl6p141 URL.: https://doi.org/10.5539/jas.v11nl6pl41

The research is financed by Consorcio Pesquisa Café, FAPEMIG, CNPq, CAPES.

Abstract

This work aimed to characterize and discriminate genealogical groups of coffee as to the chemical composition
of the grains through the model created by PLS-DA method. 22 accessions of Coffea arabica, from the Active
Germplasm Bank of Minas Gerais, were divided into groups according to the genealogical origin. Samples of
ripe fruits were harvested selectively and processed by the wet method, to obtain pulped coffee beans, with 11%
(b.u.) of water content. The raw beans were assessed as to the content of polyphenols, total sugars, total lipids,
protein, caffeine, sucrose, and fatty acids. The data were submitted the chemometric analysis, PCA and PLS-DA.
The results of PLS-DA identified the variables which most influence the classification of genealogical groups
and possible chemical markers to accessions processed by the pulped method. The sucrose content was an
important marker for the Exotic accession group. However, the content of polyphenols has been identified as a
marker for the group Tymor Hybrid, and the caffeine for the bourbon group. The different fatty acids have been
identified as markers for all genealogical groups, at different levels. The model PLS-DA is effective in
discriminating genealogical groups from the chemical composition of the beans.
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1. Introduction

In recent years, due to the growing market for quality coffee, producers have sought for cultivars with features
that meet the standard of quality expected. The challenge of breeders and researchers is to develop cultivars with
desired agronomic characteristics and with a high-quality beverage (Bertrand et al., 2008).

The quality of the drink can be evaluated by the attributes of flavor and aroma produced during the roasting
process from chemical compounds in the raw bean. The chemical composition of the beans can vary based on
certain factors such as species, environment, processing, and drying, and also storage (Borém et al., 2016; Cheng
et al., 2016; Clemente et al., 2015; Fassio et al., 2016). It is known that the genetic factor is one of the most
important and that several compounds in the coffee bean are genetically controlled, such as caffeine, lipids, fatty
acids, trigonelline, chlorogenic acid, sugar and proteins (Scholz et al., 2013; Taveira et al., 2014).

Some works have been developed to describe the chemical variability among genotypes of Coffea arabica using
chemometric tools (Alonso-Salces et al., 2009; Garret et al., 2013; Kitzberger et al., 2013). The use of
multivariate statistical methods, such as principal component analysis (PCA) and partial least-squares
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discriminant analysis (PLS-DA) allows the classification and discrimination of the samples and the chemical
markers responsible for discrimination can be discovered (Krastanov, 2010).

A recent study was conducted by Marquetti et al. (2016) in which was used the PLS-DA to evaluate the
genotypic and geographic origin of the Arabica coffee. The authors concluded that the method is effective in
discriminating samples by genotypic and geographical origin through chemical data.

A better understanding of the chemical composition of C. arabica genotypes may cause new challenges and
motivate changes in the production chain. In addition, establishing chemical tags will help in genotypic
identification of coffees, which has recently become a key component for the definition of the quality of the
drink (Taveira et al., 2014).

Considering the importance of genetic variability in the quality of the coffee and that few studies are carried out
in relation to genotypic discrimination through chemical data, it was proposed the use of a template created by
PLS-DA method for sorting and discriminating genealogical groups of Arabica coffee as to the chemical
composition of the beans.

2. Method
2.1 Sampling, Location of Experiment and Processing

The experiment was developed in the agricultural year of 2016/2017 with samples of raw beans of 22 accessions
of Coffea arabica divided into groups according to the genealogical origin (Table 1). The three groups are
formed by genealogical accessions that stood out according to the score, showing final score higher than 82
points, according to protocols of the Specialty Coffee Association of America-SCAA.

Table 1. Coding, place of origin and identification of 22 accessions of C. arabica L., Active Germplasm Bank of
Minas Gerais, evaluated in this study

Genealogic Group é(c:leession Identification Property and Place of Origin
MG0036 Yellow Bourbon T8 Fazenda Recreio, Sdo Sebastido da Grama-SP
MGO0016 Red Bourbon Fazenda Sdo Domingos, Monte Santo-MG
MG0009 Yellow Bourbon Sitio Sao José, Dois Corregos-SP
MGO0006 Yellow Bourbon Fazenda Santo Antonio, Araponga-MG
MGO0011 Red Bourbon Fazenda S3o Jodo Batista, Campos Altos-MG
Bourbon (GB) . .
MG0020 Yellow Bourbon T7 Fazenda Recreio, S3o Sebastido da Grama-SP
MG0041 Yellow Bourbon T13 Fazenda Recreio, S3o Sebastido da Grama-SP
MG0043 Yellow Bourbon T15 Fazenda Recreio, Sdo Sebastido da Grama-SP
MG0064 Red Bourbon Fazenda Bela Vista, Guaranésia-SP
MG1206 Red Bourbon Fazenda dos Furtados, Trés Pontas-MG
I MG0277 Tymor Hybrid UFV 376-52  Experimental Area of Fundio, Epamig-Vigosa-MG
MG0289 Tymor Hybrid UFV 376-01 Experimental Area of Fundao, Epamig-Vigosa-MG
Tymor Hybrid (HT) MGO0357 Tymor Hybrid UFV 441-04 Experimental Area of Fundao, Epamig-Vigosa-MG
MG0303 Tymor Hybrid UFV 427-09 Experimental Area of Fundao, Epamig-Vicosa-MG
MG0278 Tymor Hybrid UFV 376-37 Experimental Area of Fundao, Epamig-Vicosa-MG
”””””””””””” MG0625 ~ BES Wush-Wush UFV406-06  Experimental Area of Funddo, Epamig-Vigosa-MG
MG0224 Pacamara Parana Agronomical Institute of Parand, Londrina-PR
MG0223 Pacamara Agronomical Institute of Parana, Londrina-PR
Exotic Genotypes (GE)  MG0235 Trifolia Fazenda da Ilha, Alfenas-MG
MG0231 Erecta Fazenda da Ilha, Alfenas-MG
MG0228 Laurina Fazenda da Ilha, Alfenas-MG
MG1008 Geisha x S288/23UFV328-29  Experimental Area of Fundao, Epamig Vigosa-MG

The accessions assessed in the present study are deployed in the Active Bank of Germplasm of Coffea spp. of
Minas Gerais, in a randomized blocks design with two replications and ten plants per plot, in the Experimental
Field of Patrocinio of the Company of Farming Research of Minas Gerais-EPAMIG, located at 18°5926" South
latitude, 48°58'95" West longitude and 975 meters of altitude, in the region of Alto Paranaiba.
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Samples were collected selectively when most of the fruits were at the point of ideal ripeness (cherry) and
processed by the wet method for obtaining pulped coffee beans (Figure 1), and then were dried until reaching a
water content of 11% (b.u.). After drying and processed, the samples were frozen in liquid nitrogen and ground
using IKA A1l Basic Analytic® mill, sprayed and kept at -80 °C for further analysis of chemical compounds.

Washing and hydraulic
separation

Ripe Fruit ——— Sample Pulper —— Fermentation Tank
(20 L) (8L) (16 H)

Turned Paved
20 times per day yard

Fully washed .~ Drying process ———  Sieves with
coffee wet process until 11 % (w.b.) screened bottoms

Figure 1. Wet processing flowchart adopted for the 22 accessions of C. arabica

2.2 Chemical Analyses

The levels of protein, lipids, total sugars, polyphenols, sucrose, caffeine, and fatty acids were analyzed in raw
beans of accessions since these compounds are considered key to the quality of the coffee (Cheng et al., 2016).

The protein content was determined by the Kjeldahl method cited by AOAC (2000), using 0.5 g of powdered
sample at all for digestion. The same amount of sample was used for the determination of total lipids by Soxhlet
method (AOAC, 2000). The total sugars in the coffee beans were extracted by the Antrona method and
quantified by spectrophotometry, at a wavelength of 620nm, using a standard curve of anhydrous glucose,
according to the method described by Dische (1962). The polyphenols were extracted with the methanol
extractor 50% (V/V) and identified according to the Folin Denis method, described by AOAC (2000). The
caffeine content was determined by spectrophotometry at a wavelength of 273 nm, using an analytical caffeine
curve, according to the method proposed by Li et al. (1990). All analyses were performed in triplicate and the
data were expressed in g 100 g (b.s).

Sucrose analysis was followed by that proposed by Murkovic and Derler (2006) with a duplicate for all samples.
The liquid chromatograph used consisted of an LC-10AD pump (Shimadzu), RID-10A Refractive Index detector
(Shimadzu), Rheodyne injection valve and Star 5.5 data acquisition system (Varian). The samples and standard
solutions were analyzed in two columns in series: Nucleosil C18-5um 250mm x 4.6mm (Supelco) and Discovery
HS F5 150 mm x 4.6 mm (Supelco). The mobile phase was Milli-Q water at room temperature and a flow rate of
1.0 mL min™ and injection volume of 20 pL. The final sucrose content was expressed in g 100" (b.s.) based on
the standard sucrose curve. (Supelco cas n°57501).

The fatty acid profile was determined by gas chromatography according to Christie (1989) with a duplicate for
all samples. HP7820A gas chromatograph equipped with a flame ionization detector was used. The separation of
the esters was performed in a column HP-INNOWAX (HP) 15 cm x 0.25 mm x 0.25 um, with temperature
gradient: 150 °C, 1min, 7 °C min™ until reaching 240 °C; injector (split of 1/50) at 250 °C and detector at 260 °C.
Hydrogen was used as a carrier gas with a flow of 3 mL min™ and injection volume of 1.0 pL. The identification
of the peaks was made by comparison with standards of methylated fatty acids mix C14-C22 (Supelco cat n°
18917) and the final content of each fatty acid expressed in g 100" (b.s.).

2.3 Data Analysis

The data from the chemical evaluations for the 22 accessions of C. arabica with two repetitions were analyzed
by the principal components analysis (PCA) and partial-least squares discriminant analysis (PLS-DA) using the
statistical software R (R-Development Core Team, 2017).

The PCA is an unsupervised multivariate method that aims to find new variables that are not correlated in such a
way that they explain the maximum variation of the original data set (X) without referring to any class label (Y).
These new variables are the main components and it is desirable that they are correlated with the original
variables in order to reduce the original dimension of the variables in a smaller dimension of variables,
consisting of the main components. In this sense, the PCA was used in order to evaluate the similarity between
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the chemical compounds, formed by matrix X, in the different accession codes, as mentioned in sections 2.1 and
2.2.

To classify the accession codes in the different genealogical groups, the partial-least squares discriminant
analysis (PLS-DA) was used. Unlike the PCA, PLS-DA is a supervised method that uses the desired response (Y)
to construct a model that classifies a sample by considering the variables of the matrix X and their respective
category (Y) to a given genealogical group. The method consists of modeling the structure of variance and
covariances of latent variables in such a way as to maximize the multidimensional variance of the variables of
matrix X in the direction of matrix Y. It is worth mentioning that due to the existence of a correlation between
the chemical compounds, usual linear regression methods and conventional discriminant analysis (Linear
Discriminant Analysis-LDA) would not be adequate (Taveira et al., 2014).

Given these specifications, the PLS-DA model was built to differentiate genealogical groups of C. arabica
accessions with respect to chemical composition. To evaluate the performance of the model, the classification
error rate for each PLS-DA component was considered. It was also used the load of each variable in the
component that resulted in a better error rate to indicate the variables of matrix X that presented the greatest
contributions with the PLS-DA component.

3. Results and Discussion

Two methods were used to evaluate and discriminate the accessions of the Active Germplasm Bank, processed
by pulping, regarding the chemical composition of the raw beans, the unsupervised PCA method and the
supervised PLS-DA classification method. For the first time, these analyses were applied together to discriminate
genealogical groups of C. arabica regarding the chemical composition of the beans.

3.1 Main Components Analysis

The biplot was obtained according to the dispersion of the scores of the first main components in the axes, the
first component being the one with the highest explained variance (27.86%) and the second component the one
with the lowest variance (20.91%). The first two components explained together 48.77% of the total variation
between the accessions in relation to the chemical parameters (Figure 2).
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Figure 2. Biplot of the first two main components PC1 (27.86 %) and PC2 (20.91 %) for the data of the 22
accessions of C. arabica processed via wet process in relation to the chemical composition of the beans

The PC1 shows that there is a trend in the accessions MG0223, MG0303, and MG0228 to present a higher
content of linolenic fatty acid and the accession MG0235 for linoleic fatty acid. For the accessions MG1008,
MG0006, MG0064, MG0625 and MGOO11 there is a tendency for the content of arachidic, stearic and behenic
fatty acids and also for the content of protein in raw beans, as well as for the accessions MG0357 and MG0043
in relation to oleic fatty acid. For the PC2 values, it is noted that the accessions MG0278, MG0224, MG0036,
MGO0009 and MG0277 showed a tendency for higher sucrose and total sugar content, while the accessions
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MG1206, MG0020, MG0041 and MGO0016 for caffeine content and total lipids. The MG0289 and MG0231
accessions showed intermediate values for all variables studied.

Therefore, most of the chemical variables contributed to the response of the analysis and it was possible to
separate the accessions of pulped coffee. The variables polyphenols and palmitic acid presented the lowest
contribution to the response of the analysis.

3.2 Classification by Model PLS-DA

The PCA provided an overview of the behavior of some accessions in relation to the content of chemical
variables, but detailed information on the differences between genealogical groups was not obtained. Thus, the
PLS-DA classification model was constructed to discriminate genealogical groups regarding the chemical
composition of pulped coffee beans.

Figure 3A presents the projection of the samples of the accession codes in the 2 components of PLS-DA, given
by the loads of the respective components of matrix X. It is observed that there was an overlap of genealogical
groups, which indicates that there is a region in common among the accession codes, as can be seen in the 95 %
confidence ellipses in Figure 3A, and the greatest evidence of overlap can be verified for the exotic genotype
group (GE). According to the PLS-DA model, the accession code is classified in the genealogical group with the
highest load on the PLS-DA component with the best error rate (Figure 3D). Thus, Figure 4 shows the
classifications resulting from the PLS-DA model and it is observed that it was not possible to discriminate the
accessions MG0036 and MGO0016 originally from the GB group, the accessions MG0303 and MG0289
originally from the HT group and MG0625 and MG1008 originally from the GE group (Figure 4 and Table 1).
The accession codes that obtained the best correct classification rate were those classified in the GB genealogical
group (27.9 %) followed by the HT group (52.22 %) since they presented the lowest error rate.

Figures 3B and 3C (correlation chart and loads of variables in component 2 of PLS-DA) show the variables that
most influenced the classification of the accessions in genealogical groups. The variables caffeine, stearic,
arachidic and behenic fatty acids and the total lipid content influenced more in the classification of the bourbon
group (GB). The group of exotic accessions (GE) was influenced by the variables sucrose, linolenic acid, linoleic
acid, and protein content. The Tymor Hybrid group (HT) was classified by the variables polyphenols, total sugars
and by the palmitic and oleic fatty acids.

The PCA identified the trends of most of the accessions evaluated in relation to practically all variables, except
for polyphenols and palmitic acid. The chemical compounds present in raw coffee beans are important
precursors of flavor and aroma produced during roasting. Genetic variability affects both the chemical
composition and the physical characteristics of coffee beans, and these in turn directly influence the sensory
quality of the beverage (Scholz et al., 2011; Borém et al., 2016). Therefore, identifying the behavior of the
different genotypes of Arabica coffee in terms of chemical composition is a relevant element for the development
of new cultivars with potential for specialty coffee production.

To verify and validate the model created, the error rate of classification was used (Figure 3D) and the lowest
error rate was found for component 2 (41.73 %). The error rate was obtained by cross-validation procedure using
5 parts (5-fold) of the data set to adjust the model and the rest to test it in 100 simulations.

Five accesses had a strong tendency to higher levels of arachidic (C20:0) fatty acids (Figure 3), stearic (C18:0)
and behenic (C22:0), and of these accessions, 3 are Bourbon. All these fatty acids are saturated with a long chain,
and a previous study shows that the balance of flavor and aroma of foods are related to high levels of saturated
fatty acids (Bertrand et al., 2008). Corroborating this study, Figueiredo et al. (2015) through analysis of main
components, identified arachidic and stearic fatty acids as important for the genotypes of Bourbon with higher
sensory scores.

Within each genealogical group, it is possible to identify the accessions highlighted for these variables. The
accessions MG0223 for the group of Exotic accessions (GE), the accessions MG0277, MG0278 and MG0357 for
the Tymor Hybrid group (HT) and the accessions MG0016 and MG0020 for the Bourbon group (GB), which
were correctly classified by the PLS-DA model and remained more distant from the region in common of the
groups, as can be seen in the comparison of Figures 3A and 4.

It was observed that 2 samples from the GB group were classified by the PLS-DA model as being from the GE
and HT genealogical groups, 2 samples from the GE group as being from the GB genealogical group, and two
samples from the HT group as being from the GB and GE groups (Table 2). Thus, the diagonal formed by the
values 8, 5, 3 are the correct classifications of the model. In order to evaluate the generalization power of the
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PLS-DA model, it was submitted to a cross-validation procedure using 5 parts (5-fold) of the data set to adjust
the model and the rest to test it in 100 simulations.
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Figure 3. PLS-DA (A) scores of two components for the chemical composition that differentiates genealogical
groups. (GB) Bourbon Group, (GE) Exotic Group and (HT) Tymor Hybrid Group. (B) Correlation of chemical
compounds with components 1 and 2 with classes GB, GE, and HT. (C) Loads of component 2 of the PLS-DA
model of chemical compounds for each genealogical group. (D) The error rate of classification generated for the
components of the PLS-DA model by means of cross-validation procedure using 5 parts (5-fold) of the data set
to adjust the model and the rest to test it in 100 simulations
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Figure 4. PLS-DA scores of two components for the chemical composition with the classifications of
genealogical groups. ® (GB) Bourbon group, ® (HT) Timor Hybrid group and ® (GE) Exotic group

Table 2. False positive and negative counts with reference to the classification of genealogical groups by the
PLS-DA model and their respective error rates obtained by cross-validation procedure using 5 parts (5-fold) of
the data set to adjust the model and the rest to test the model in 100 simulations

Classified by the PLS-DA model

Genealogic Group GB* GE* T Total
GB* 8 1 1 10
GE* 2 5 0 7
HT* 1 1 3 5
“Total n 7 4 2
" Error rate classification 27.90% 54.00%  5222% - -
Global error rate 41.73% - - -

Note. *GB: Bourbon Group; GE: Exotic Group; HT: Tymor Hybrid Group.

As it was an unsupervised analysis, the PCA was not sufficient to group the accessions according to their
genealogical origin, based on chemical data. Therefore, the PLS-DA was required as a useful tool for this
proposal.

The results of the PLS-DA model showed the variables that most influenced the classification of genealogical
groups and, therefore, the possible chemical markers for the accessions processed by the pulped method were
identified. The chemical markers involved with the beverage quality are important for the improvement of
genetic improvement aimed at higher quality coffees.

As seen for the PCA trends, the PLS-DA model indicated arachidic, stearic and behenic fatty acids as the
classifiers of the Bourbon group (GB), this demonstrates that these are important markers for this group. For the
group of Exotic accessions (GE) the linolenic and linoleic fatty acids were the main markers and for the Tymor
Hybrid group (HT) the palmitic and oleic fatty acids. The Tymor Hybrid germplasm comes from the natural
crossing between C. arabica and C. canephora, and the introgression of the genes of C. canephora increases the
oleic fatty acid content in raw Arabica coffee beans (Alves et al., 2003).

Caffeine content has been widely used to differentiate genotypes (Alonso-Salces et al., 2009; Figueiredo et al.,
2013; Fassio et al., 2016), mainly due to the high level of coffee seeds and for varying according to species and
variety (Teixeira et al., 2012). Caffeine was identified as a possible marker for the Bourbon group (GB), a fact
also observed by Taveira et al. (2014) and Figueiredo et al. (2013).

Polyphenol content was also identified by the PLS-DA model as a possible marker for the Tymor Hybrid group.
This result confirms the elucidation in the literature that the background of C. canephora increases the levels of
polyphenols in Arabica coffees (Bertrand et al., 2008; Alonso-Salces et al., 2009; Garret et al., 2013).
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Sucrose is an important precursor of chemical compounds responsible for the taste and aroma of the beverage
(Cheng et al., 2016). The content of this sugar may vary depending on the species, environment, and processing.
According to Knopp et al. (2006), the consumption of sugars under anaerobic conditions is very high when
compared to aerobic conditions for the production of the same amount of energy. Therefore, the levels of total
and non-reducing sugars may vary according to the type of processing adopted (Taveira et al., 2015). In this
study, as the environmental conditions and the type of processing were standardized, the differences in sugar
content are due to the cultivar and, therefore, the level of sucrose is higher for exotic accessions.

The PLS-DA model created was able to classify the majority of the accessions of the Bourbon (GB), Exotic (GE)
and Tymor Hybrid (HT) groups correctly. The Bourbon group was the one that presented the best classification
by the created model, this confirms the stability of this germplasm in relation to the chemical composition of the
grains and consequently to the beverage quality.

Several studies are developed with the aim of identifying the most promising genetic materials for obtaining
specialty coffees (Scholz et al., 2013; Gimase et al., 2014; Carvalho et al., 2016; Kitzberger et al., 2016; Sobreira
et al., 2016). The identification of the outstanding accessions for each genealogical group demonstrates which
are the accessions with greater stability of chemical compounds and consequently more promising for the
production of special beans, within the Active Germplasm Bank of Minas Gerais.

4. Conclusions

The PLS-DA classification method is effective in discriminating genealogical groups in terms of the chemical
composition of beans.

The good classification of genealogical groups determines the identification of important chemical markers for
accessions processed by the wet method.

The identification of chemical markers in studies with Arabica coffee genotypes is an approach that can be used
to enrich genetic improvement works aimed at beverage quality.
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