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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.  

Keywords: Coffea arabica, chemical markers, wet processing, discriminant analysis 

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 Accession 
Code Identification Property and Place of Origin 

Bourbon (GB) 

MG0036 Yellow Bourbon T8 Fazenda Recreio, São Sebastião da Grama-SP 

MG0016 Red Bourbon Fazenda São Domingos, Monte Santo-MG 

MG0009 Yellow Bourbon Sítio São José, Dois Córregos-SP 

MG0006 Yellow Bourbon Fazenda Santo Antônio, Araponga-MG 

MG0011 Red Bourbon Fazenda São João Batista, Campos Altos-MG 

MG0020 Yellow Bourbon T7 Fazenda Recreio, São Sebastião da Grama-SP 

MG0041 Yellow Bourbon T13 Fazenda Recreio, São Sebastião da Grama-SP 

MG0043 Yellow Bourbon T15 Fazenda Recreio, São Sebastião da Grama-SP 

MG0064 Red Bourbon Fazenda Bela Vista, Guaranésia-SP 

MG1206 Red Bourbon Fazenda dos Furtados, Três Pontas-MG 

Tymor Hybrid (HT) 

MG0277 Tymor Hybrid UFV 376-52 Experimental Area of Fundão, Epamig-Viçosa-MG 

MG0289 Tymor Hybrid UFV 376-01 Experimental Area of Fundão, Epamig-Viçosa-MG 

MG0357 Tymor Hybrid UFV 441-04 Experimental Area of Fundão, Epamig-Viçosa-MG 

MG0303 Tymor Hybrid UFV 427-09 Experimental Area of Fundão, Epamig-Viçosa-MG 

MG0278 Tymor Hybrid UFV 376-37 Experimental Area of Fundão, Epamig-Viçosa-MG 

Exotic Genotypes (GE) 

MG0625 BE5 Wush-Wush UFV406-06 Experimental Area of Fundão, Epamig-Viçosa-MG 

MG0224 Pacamara Paraná Agronomical Institute of Paraná, Londrina-PR 

MG0223 Pacamara Agronomical Institute of Paraná, Londrina-PR 

MG0235 Trifolia Fazenda da Ilha, Alfenas-MG 

MG0231 Erecta Fazenda da Ilha, Alfenas-MG 

MG0228 Laurina Fazenda da Ilha, Alfenas-MG 

MG1008 Geisha × S288/23UFV328-29 Experimental Area of Fundão, Epamig Viçosa-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 Patrocínio of the Company of Farming Research of Minas Gerais-EPAMIG, located at 18°59′26″ South 
latitude, 48°58′95″ West longitude and 975 meters of altitude, in the region of Alto Paranaíba.  
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MG1206, MG0020, MG0041 and MG0016 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 MG0016 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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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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