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Abstract

The Bourbon coffee cultivar has a high potential for producing a quality beverage, which is highly valued in
specialty coffee markets. The objective of this study was to verify the occurrence of more promising genotypes for
the production of specialty coffees in three different environments. In addition, the chemical composition of the
grains was studied with a view toward relating these compounds to the genotypes and environments and to the
interaction of these factors.The experimental design included three Brazilian locations in combination with
different Arabica coffees, including eleven bourbon and three commercial genotypes. Trigonelline, caffeine and
5-caffeoylquinic acid (5-CQA) from coffee bean samples were analyzed by HPLC, and sensory analyses were
performed by professional cuppers accredited by the Coffee Quality Institute. A group of Bourbon genotypes with
potential for the production of specialty coffees was identified for each environment assessed. The trigonelline
content allowed for discrimination among the three environments studied.
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1. Introduction

The demand for specialty coffees on the world market has grown in much greater proportions than common
coffees. The differentiated quality of specialty coffees is related to the intrinsic quality of the coffee, representing
everything that the grains have in terms of chemical compounds which, after roasting, will provide aroma, flavor,
acidity, sweetness and bitterness to the beverage.

In general, any Coffea arabica cultivar has potential for the production of high quality coffees. Nevertheless, it has
been observed that differentiated flavors and aromas occur with greater frequency in some cultivars. The Bourbon
cultivar has intinsic qualities known worldwide, due to its sensory characteristics. It is used for the production of
specialty coffees in diverse regions of the world. Nevertheless, different genotypes are described as Bourbon,
resulting in the occurrence of crops with totally different traits among themselves, yet called Bourbon (Fazuoli,
Guerreiro Filho, Silvarolla, Medina Filho, & Carvalho, 2005).

The quality of a coffee is expressed differently according to the planting location. It is directly affected by
environmental aspects, of both natural and human origin (Avelino et al., 2005; Camargo, 2010; Villarreal et al.,
2009; Bertrand et al., 2008).The great variety of coffee types in Brazil is due to cultivation in diverse regions of the
country, under the characteristic climatic conditions of each location.

The combination of genetic and environmental factors affects the chemical composition of coffees, which in turn
affects the quality of the final product. Thus, the quality and acceptability of the coffee are also directly related to
the chemical composition of the grains. Many studies have attempted to understand the relationship between the
chemical composition of the green coffee beans and the quality of the beverage in the search for substances or
precursors that could affect its acceptance or rejection (Farah, Monteiro, Calado, Franca, & Trugo, 2006; Franca,
Mendonga, & Oliveira, 2005). Some studies have sought to correlate the levels of some chemical compounds, such
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as caffeine, trigonelline and chlorogenic acids, with species discrimination, assessment of degree of roasting,
coffee quality and coffee functional properties (Bicchi, Binello, Pellegrino, & Vanni, 1995; Casal, Oliveira &
Ferreira, 2000; Mazzafera & Carvalho, 1992). Other studies have sought to relate these chemical compounds with
potential descriptors of the expression of the quality of coffee genotypes in different environments. Avelino et al.
(2005) discriminated the environments of Santa Maria de Dota and Orosi, in Costa Rica, by means of
quantification of the chemical compounds of caffeine, trigoneline, chlorogenic acids and sucrose, explaining the
sensory differences observed among these coffees. Nevertheless, there are no studies on the relations between
different Bourbon genotypes and the production environment and their expression in sensory quality and in
chemical composition.

In spite of the high potential of the Bourbon cultivar for production of specialty coffees, there are still questions
regarding the existence of a genotype capable of producing high quality coffees regardless of the environment.
Nevertheless, there is a belief in the possibility of finding Bourbon genotypes capable of production of specialty
coffees in different environments and that its chemical composition may be used as an indicator of this ability.

In this context, this study was performed with the aim of verifying the occurrence of more promising genotypes for
the production of specialty coffees in three different environments. In addition, the chemical composition of the
grains was studied with a view toward relating these compounds to the genotypes and environments and to the
interaction of these factors.

2. Materials and Methods
2.1 Experimental Conditions

Fourteen arabica coffee (Coffea arabica L.) genotypes were evaluated, including 11 Bourbon genotypes and three
commercial cultivars widely planted in Brazil (Table 1). The experiments were carried out in Lavras and Santo
Antdnio do Amparo county in the south of Minas Gerais State (MG), and in Sdo Sebastido da Grama county in the
Mogiana region of the Sdo Paulo State (SP), Brazil.

The Mogiana region, located within the state of Sdo Paulo, has the Atlantic Forest as its predominant biome,
with the occurrence of rocky grasslands. The south of the state of Minas Gerais is characterized by a Cerrado
(tropical savanna) to Atlantic Forest transition biome, with the occurrence of rocky grasslands. Both regions
stand out for large scale production of arabica coffees. The distinct soil and climatic conditions of these
important coffee producing regions of Brazil were defined and their main characteristics are shown in Table 2.

Table 1. Arabica coffee genotypes evaluated in the experiment

Genotype Origin
1 Bourbon Amarelo’ Epamig - Machado/MG
2 Mundo Novo IAC 502/9 Epamig - Machado/MG
3 Catuai Vermelho IAC 144 Epamig - Machado/MG
4 Icatu Precoce IAC 3282 Procafé - Varginha/MG
5 Bourbon Amarelo? Procafé - Varginha/MG
6 Bourbon Amarelo® Santo Antonio do Amparo/MG
7 Bourbon Vermelho* Campos Altos/MG
8 Bourbon Amarelo LCJ 9 IAC - Campinas/SP
9 Bourbon Amarelo’ Sdo Sebastido do Paraiso/MG
10 Bourbon Amarelo LCJ 10 Oliveira/MG
11 Bourbon Amarelo® Carmo de Minas/MG
12 Bourbon Amarelo’ Carmos de Minas/MG
13 Bourbon Trigo® Alfenas/MG
14 Bourbon Amarelo’ Santo Antonio do Amparo/MG

IAC - Instituto Agronémico.
Epamig — Empresa de Pesquisa Agropecuaria de Minas Gerais.
Procafé — Fundag@o Procafé.

Origin — refers to the institution, city and state (Brazil) where the genotypes were collected to be used in the
experiment carried out in Lavras, S8o Sebastido da Grama and Santo Anténio do Amparo.

1,2,3,4,5,6,7, 8 and 9 — Unidentified Bourbon lineage.
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Table 2. Edaphoclimatic characteristics of each environment

Environment Altitude Soil type annuz:::rrr?pg:rature ann?l;lle izzgr?fall Latitude Longitude
Lavras 950 m  Clayey Oxisol 20.4°C 1460 mm 21°14'43"S  44°59'59"W
Sdo Sebastido da Grama 1300 m  Yellow Oxisol 20.0°C 1560 mm 21°42'38"S  46°49'15"W
Santo Antonio do Amparo 1050 m  Clayey Oxisol 19.9°C 1700 mm 20°91'66"S  44°95'51"W
2.2 Experimental Design

Fourteen arabica coffee (Coffea arabica L.) genotypes were evaluated in three production environments. The three
experiments were conducted in a randomized block design (RBD) with three field repetitions for each genotype
and ten plants per plot. The three field repetitions of each genotype were collected separately, giving rise to 42
samples for analyses, per environmental site assessed.

2.3 Harvesting and Processing

Selective harvesting was performed by hand when the majority of the fruit in each experimental plot reached the
ripe cherry stage, followed by hydraulic separation of the fruit by density. The denser ripe fruits were separated
from the less dense, over-ripe and floating fruits and the remaining unripe fruits were separated from the lot. A 20
L sample (of the three field repetitions) of cherry fruits were pulped by semi-washed processing procedures
(pulped natural) and dried on screens placed over a hard surface until the water content reached 11% (wet basis).

2.4 Storage and Processing

After sixty days, the 42 samples were husked, and defective beans were removed. In the analyses conducted, only
16/64, 17/64 and 18/64 inch screens beans were used.

2.5 Sensory Analysis

Sensory analysis was performed by three professional cuppers accredited by the Coffee Quality Institute,
according to the methodology proposed by Lingle (2001). Before each session, the professional cuppers performed
calibration. Two random samples were selected to undertake analysis, followed by discussion of all the attributes
and final sensory score. After the calibration session, the samples were recodified and analyzed with the other
samples. In this evaluation, scores on a scale of zero to ten were awarded for the following attributes: aroma,
uniformity, clean cup, sweetness, flavor, acidity, body, aftertaste, balance and overall taste. Each growing
environment was evaluated separately, and the results of the sensory evaluation were registered according to the
SCAA classification scale (Lingle, 2001). For each evaluation, five cups of coffee that were representative of each
genotype were tasted, undertaking a sensory analysis session for each one of the three repetitions.

In addition to the final score obtained in sensory evaluation, the attributes of aroma, acidity, body, balance and
flavor were statistically analyzed, considering that they are the main attributes responsible for distinguishing
different sensory profiles of coffee.

2.6 Chemical Analysis

The extraction and quantification of trigonelline, caffeine and chlorogenic acids were made in duplicate for each of
the three field repetitions (42 samples). For the simultaneous extraction and quantification, 100 mg of green coffee
beans were mixed with 5 mL of 70% methanol (HPLC) prepared in ultra pure water (18.2 MQ.cm) obtained from
a Milli-Q (Millipore) device and kept in a water bath at 60 °C for one hour. The tubes were agitated at ten-minute
intervals. After the extraction of the compounds, the samples were centrifuged at 12.000 rpm in 1.5 mL Eppendorf
tubes. The supernatant was diluted in ultra pure water at a ratio of 1:10 (v/v). After filtration through a 0.22 pm
membrane, 20 uL of each sample was analyzed using a C;g Shim-pack column (CLC-ODS (M)- 25X4.6 mm,
Shimadzu, Japan) with a guard column (CLC G-ODS 4X1 mm Shimadzu, Japan). Isocratic elution was performed
with a mobile phase composed of methanol: acetic acid: water (30: 0.5: 69.5, v/v/v) at 1 mL min™ at 30° C. The
concentrations of the compounds caffeine, trigonelline and 5-caffeoylquinic acid (5-CQA) in the samples were
determined by comparing the areas with the areas of the standard (Sigma-Aldrich, US) solutions prepared at
known concentrations. The results were expressed as percentages of dry matter (% dm). Concentrations of caffeine,
trigonelline and 5- caffeoylquinic acid (5-CQA) were determined simultaneously using HPLC.

2.7 Statistical Analysis

To determine whether it was necessary to analyze the chemical results in combination with the sensory results,
hierarchical cluster analysis by variables was used.
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The trigonelline, caffeine, 5-CQA content and the final sensory score were evaluated using analysis of variance
(ANOVA). When significant differences in the F test were detected, the Scott-Knott test was applied, using the
SISVAR® program (Ferreira, 2011).

2.8 Principal Component Analysis

To study the correlations between the sensory attributes of aroma, flavor, acidity, body, and balance and the final
score, statistical analyses of these correlations was conducted using the Biplots technique and principal component
analysis (PCA) (Jolliffe, 2002). The biplots were developed to identify which sensory attributes are correlated with
the genotypes. The estimated coefficients for each component were obtained through a correlation matrix of
sensory attribute groups inherent to each environment. Data for each genotype were represented as the mean of
scores calculated from three repetitions.

3. Results and Discussion

Figure 1 refers to the dendrograms for the similarity of the sensory attributes (aroma, flavor, balance, acidity, body
and final score) with the chemical analysis (trigonelline, caffeine and 5-CQA), with reference to the mean data of
all the genotypes in each environment. In the three environments examined, the sensory attributes were grouped
separately from the chemical properties, which justifies the separate analyses of sensory and chemical results for
this work.
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Figure 1. Dendrograms for the similarity between chemical analysis and sensory attributes from the following
environments: Lavras (A), Sdo Sebastido da Grama (B) and Santo Anténio do Amparo (C). Final = Final score,
Trig = Trigonelline, Caff = Caffeine

It was observed that among the sensory attributes, body showed the least similarity compared to the other sensory
attributes, especially in Lavras (Figure 1), which showed a degree of similarity of less than 69.86%. The fact that
this attribute stands out from others in the three environments studied, with distinct similarities in each
environment, shows the influence of the environment on the sensory characteristics.

3.1 Chemical Analysis

The chromatogram of standard solutions of trigonelline, 5-CQA and caffeine with their retention times and the
chromatogram of an extract of green coffee beans are shown in Figure 2.
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Figure 2. Chromatogram of standard solutions of trigonelline (~ 2.9 min.), 5-CQA (~ 6.7 min.) and caffeine (~ 8.4
min.) (A) and chromatogram of a sample of green coffee beans (B )

The genotype x environment interaction was significant for trigonelline and caffeine but was not significant for
5-CQA (Table 3). The mean trigonelline and caffeine contents (Yodm) resulting from the genotype x environment
interaction and the mean 5-CQA content (%dm) for the fourteen genotypes regardless of environment are shown in

Table 3.

Table 3. Mean levels of trigonelline and caffeine from genotypes in specific environments, and mean values of
5-CQA (%dm) for all genotypes

Trigonelline (%dm) Caffeine (%dm)
Genotypes Environments Environments 5-CQA (%dm)’
Lavras SSG' SAA? Lavras SSG’ SAA’

1 0.96+0.03aA 1.10+0.10bB  1.09+0.01cB  1.10£0.06aA 1.23+0.09aB  1.20+0.03aB  6.30 +0.10b
2 0.92+0.04aA 1.05+0.03bB 1.06+0.05cB  1.10+£0.07aA 1.23+0.02aB  1.23+0.06aB  5.70 £ 0.20a
3 0.92+0.03aA 1.12+0.02cB  1.07£0.06cB  1.19+£0.04aA 1.37+0.07bB 1.20+0.05aA  6.10+0.10b
4 0.99 £0.06aA 1.08+0.02cB  1.11+0.03¢cB  1.29+0.05bB 1.39+0.01bC  1.18+0.06aA  5.88 +0.08a
5 0.93+0.08aA 1.06+0.01bB  0.99+0.05bA 1.10+£0.07aA 1.26+0.03aB  1.16+£0.04aA  6.10+0.10b
6 0.92+0.04aA 1.08 £0.04cB  1.02£0.05bB 1.14+£0.04aA 1.19+0.05aA 1.14+£0.03aA 6.30+0.10b
7 0.95+0.06aA 1.03+0.01bB 1.04+0.08cB  1.16 £0.08aA  1.24+0.05aA 1.18£0.07aA  5.74+0.07a
8 0.89 £0.03aA 1.08+0.05cC  0.99+0.05bB  1.12+0.03aA 1.30+0.10aB  1.07+0.08aA 592 +0.04a
9 0.91 £0.05aA 1.04+0.03bB 1.00+0.03bB  1.09 +£0.04aA 1.22+0.04aB  1.14+0.06aA  6.01 £0.06b
10 0.96+0.03aA 1.19+0.07dB  1.02+0.05bA  1.10£0.05aA 1.30+0.10aB  1.10+0.10aA  5.79 +0.04a
11 0.89+0.03aA 1.00£0.01bB 1.06+0.10cB  1.12+0.06aA 1.18+0.06aA 1.16+0.05aA  6.10 £ 0.20b
12 0.88+0.01aA 1.01 +£0.01bB 1.08£0.07cC  1.16£0.01aA 1.19+0.06aA 1.10+£0.10aA  6.00 =0.20a
13 0.83+0.03aA 0.92+0.03aB  0.91 £0.03aB  1.18 £0.04aA  1.22+0.02aA 1.15+0.02aA  5.56 +0.03a
14 0.91+£0.0l1aA 1.13£0.01cC  1.03+0.04cB  1.15+0.05aA 1.30+0.02bB  1.18+£0.05aA  5.90 + 0.20a
Mean 0.92A 1.06C 1.03B 1.14A 1.25B 1.15A -

Mean + standard deviation of three field repetitions. Means followed by the same small letter in the columns and
the same capital letter in the lines are not significantly different when using the Scott-Knott test (p<0.05). ' SSG =
Sdo Sebastido da Grama; > SAA = Santo Antonio do Amparo. * genotype x environment interaction was not
significant for 5-CQA.
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It can be observed after analyzing the genotypes in each environment (Table 3) that Bourbon Trigo had smaller
mean trigonelline values and differed (»p<0.05) from the other genotypes from Sdo Sebastido da Grama and Santo
Antonio do Amparo. Genotypes planted in Lavras (altitude 950 m) exhibited smaller mean trigonelline values
compared to those occurring in the other environments. Significant differences were found between the overall
means of trigonelline levels in the three environments. The highest values appeared in genotypes planted in Sdo
Sebastido da Grama (altitude 1300 m). In this study, genotypes from Sao Sebastido da Grama had the best final
sensory score (Table 4). These results confirm those of Farah et al. (2006) who reported that higher trigonelline
levels produce better beverage quality coffees.

The trigonelline content in coffee beans varies appreciably among the different species of Coffea (Campa et al.,
2004). However, the reduced differences of this alkaloid among the arabica genotypes observed within the same
locality suggest that trigonelline content is not a good indicator for differentiation of genotypes. The levels of
trigonelline shown in Table 3 confirm those recorded in the literature where the trigonelline levels in C. arabica
were shown to vary from 0.79 to 1.77% (dm) (Stennert & Maier, 1994).

The highest mean values of caffeine content (Table 3) were found in the genotypes planted in Sdo Sebastido da
Grama (which differed statistically from the other environments). However, the effect described is only significant
for genotypes 3, 4, 5, 8,9, 10 and 14, not for all the genotypes under analysis. Sdo Sebastido da Grama shows nine
genotypes with lower caffeine levels than the highest caffeine level found in Lavras. Therefore, it is not possible to
relate higher expression of caffeine to genotypes cultivated in Sdo Sebastido da Grama.

Although caffeine content was not found to have a direct effect on beverage quality, Franca et al. (2005) and Farah
et al. (2006) found higher levels of caffeine in samples of high quality arabica coffee beverages when compared to
other samples. In the present study, a relationship between caffeine content and beverage quality was not found
under the conditions described; thus, caffeine was not shown to be a good discriminator of genotype x environment
interaction.

Table 4. Mean content of 5-CQA and final sensory scores for the three environments

Environment 5-CQA (%dm) Final score
Lavras 5.81a 80.34a
Séo Sebastido da Grama 5.85a 80.54a
Santo Anténio do Amparo 6.16b 79.79a

Means followed by the same letter in the columns are not significantly different using the Scott-Knott test
(p<0.05).

The genotype x environment interaction was not significant for the 5-CQA concentration. A significant difference
(p<0.05) was observed for the genotype variable, regardless of the environment, and for the environment variable,
regardless of the genotype studied (Table 4).

The Santo Anténio do Amparo environment had the highest mean value of 5-CQA (Table 4) and the lowest mean
sensory final score (Table 4). SCAA sensory evaluation of specialty coffees proposes that coffees with a final
score from 75 to 79 points are classified as commodity coffees, and those with a final score from 80 to 84 points are
considered very good and can be classified as specialty coffees (Lingle, 2001). Taking the SCAA scale into
consideration, the present study shows that although the coffees produced in Santo Antonio do Amparo are of good
quality, they are not specialty coffees. This environment was the only one that scored lower than 80 points.
Although there was no statistical difference (significance level of 0.05) among the environments for final score, it
is possible to find different sensory profiles. Avelino et al. (2005) attributed the accumulation of chlorogenic acids
to higher altitudes. Another study by Guyot et al. (1996), reports that the stability of chlorogenic acids is related to
the altitude. In the present study, higher 5-CQA contents were found at intermediate altitudes. According to Joet et
al. (2010), such discrepancies are likely due to the effects of other climatic factors in the different environments.

According to Perrone, Farah, Donangelo, Paulis and Martin (2008), chlorogenic acids are important for flavor
during roasting and have a strong effect on beverage astringency. Even at low concentrations, the impact of
chlorogenic acids on quality can be significant, and lower chlorogenic acid contents correlate with better beverage
quality. Assuming that the criterion for the selection of mature fruit was applied uniformly in the three
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environments, it appears that environmental variables in each growing area were responsible for the higher mean
levels of 5-CQA, which consequently affect the final quality of the beverage.

It was not possible to show any discrimination of the genotype x environment interaction using the chemical
compounds studied, whether they were analyzed together or individually; however, the content of trigonelline
allowed discrimination among the three environments studied.

3.2 Sensory Analysis

Principal component analysis was applied to verify which genotypes could be organized into groups and which
sensory attributes contributed to the formation of those groups.
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Figure 4. Biplot charts of the sensory attributes from the following environments: Lavras (A), Sdo Sebastido da
Grama (B) and Santo Anténio do Amparo (C)

Figure 3 shows the score plots of the samples from Lavras (A), S8o Sebastido da Grama (B) and Santo Anténio do
Amparo (C) represented in the space defined by the first two principal components. The biplots of the loading of
the sensory attributes and final score data in the first two principal components are shown in Figure 4. Genotypes
with similar sensory attributes and final scores were grouped close together. The loading plots indicate the most
important attributes for each grouping. The first two principal components account for 74.5%, 90.9% and 87.8% of
the total system variability, in regard to the Lavras, Sdo Sebastido da Grama and Santo Antoénio do Amparo
environments, respectively.”

As a function of their positive or negative correlation to all attributes, the first principal component allowed the
separation of genotypes into three possible groups (Figure 3). In Figure 3, genotypes that generally received higher
sensory evaluation scores are on the right, and those with lower scores are on the left of the score plot (Table 5). It
is possible to form an intermediate group (GII), thus resulting in the formation of three groups with distinct sensory
characteristics.

In Lavras, the separation of genotypes is readily observed in the allocation of genotypes 14 (Bourbon Amarelo)
and 7 (Bourbon Vermelho) (Figure 3A), which received the lowest and highest final scores in PC1, respectively.
The group with the best beverage quality, composed of genotypes 7, 10, 12 and 5, presented the highest positive
loadings for the attributes of balance, flavor, acidity, aroma and final score (Figure 4A). Analysis of the loadings in
PC2 identified genotype 9 as having the best body.

The data in Table 5 show that Group I (Lavras) had a final score of about 81 points and stands out above GII and
GIII. Although values between the groups do not differ statistically, they may have different sensory profiles
relevant for commercial purposes, according to the SCAA (Lingle, 2001).

Group I genotypes cultivated in Lavras show great potential for the production of specialty coffees. Group I is
composed of only Bourbon genotypes, which show great promise in the production of superior quality coffees
(Table 5). Working with the chemical and sensory characteristics of 21 cultivars of arabica coffee, Pereira,
Chalfoun, Carvalho and Savian (2010) identified Bourbon Amarelo as the cultivar with potential to produce
specialty coffee when processed using the pulped natural process.

94



www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 10; 2013

Table 5. Mean final scores from the growing areas of Lavras, Sdo Sebastido da Grama and Santo Antonio do
Amparo, grouped according to principal component analysis.

Lavras SSG’ SSA’
G’ FS? G’ FS’ G Fs
7  81.38a ) 13 82.67b ) 11 8l.71a
Subg’1 Subg’1
10 8l.17a 14 81.75b 9 80.75a
Group | Group [ Group |
12 81.00a 9  82.46b 6 80.38a
Subg’ 1T Subg® I
5 80.80a 5 82.01b - -
9 80.75a 11 80.54a 14 80.13a
2 80.54a 10 80.50a 3 80.09a
1 80.33a 8 80.46a 1 80.05a
GroupIl 4  80.30a Group II 2 80.13a Group II 5 80.00a
11 80.29a 12 80.13a 10 80.00a
6 80.2la 1 80.04a - -
- - 7  80.04a - -
8  79.96a 3 79.54a 13 79.67a
3 79.63a 4  78.69a 7 79.33a
13 79.54a 6  78.63a 12 79.19a
Group III Group III Group III
14 78.96a - - 2 79.17a
- - - - 8 78.63a
- - - - 4 78.00a

Measurements followed by the same letter in the columns are not significantly different using the Scott-Knott test
(p<0.05). 'SSG = Sio Sebastido da Grama; “SAA = Santo Anténio do Amparo; °G = Genotype; “FS = Final Score;
eSubg = subgroup.

The cultivars Mundo Novo IAC 502/9 (2), Catuai Vermelho IAC 144 (3), and Icatu Precoce IAC 3282 (4) did not
differ significantly from the Bourbon genotypes. However, the data in Table 5 (Lavras) show that the Catuai
Vermelho IAC 144 cultivar (3) did not receive the minimum score necessary to be included in the specialty coffee
category. In this environment, the similarity between the Mundo Novo IAC 502/9 (2) and Icatu Precoce IAC 3282
(4) cultivars agrees with reports found in the literature. According to Fazuoli (1986), the beverage quality of the
Icatu cultivars was similar to that of the best selections of Mundo Novo.

In S3o Sebastido da Grama, the second principal component was responsible for the differentiation between
genotypes 13 and 14 and genotypes 9 and 5 that subdivide Group I (Figure 3B), mainly due to the attributes of
body and acidity and balance (Figure 4B). Group I genotypes stood out in the sensorial category, receiving the
highest final score, reaching close to or above 82 points (Table 5).

Group I genotypes in the S3o Sebastido da Grama and Lavras environments are all Bourbons. Notably, the
genotypes that were more promising from the sensory point of view were encountered in each environment,
attesting to the potential for Bourbon genotypes to produce coffees of superior quality.

The fact that the best genotypes in a given location were different from the best genotypes in another confirms the
effect of environment on beverage quality.

In general, the best G1 coffees from Sdo Sebastido da Grama obtained higher final scores than the best coffees in
the other environments studied. According to Martins, Camargo and Bataglia (2005), the majority of coffees
produced in this region, known as Paulista Mogiana, are classified as “soft beverages” because of the area’s mild
temperatures and low rainfall at the time of maturity and harvest.

Although the Group II coffees from Sdo Sebastido da Grama also received final scores above 80 points, they were
statistically different from coffees belonging to Group I (Table 5). Although classified as specialty coffees, they
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were inferior in quality compared to the coffees in Group I. In this production environment, the Catuai Vermelho
IAC 144 cultivar (3), along with other Group III genotypes, did not show potential for the production of specialty
coffees (Table 5).

It is observed that genotypes 13 and 14 (subgroup I) possess great acidity, and balance, whereas genotypes 5 and 9
(subgroup II) have better body (Figure 3B —4B). These results are interesting because they reveal the interaction of
the unique attributes, which can result in superior quality coffees that possess unique characteristics.

In Santo Anténio do Amparo, the second principal component made it possible to divide Group I into two
subgroups (Figure 3C), mainly due to the body and balance attributes, and secondly to flavor, aroma and acidity
(Figure 4C). This differentiation is apparent through vector analysis associated with each attribute, as shown in
Figure 4C. Genotypes 11 and 9 presented better flavor, aroma, and acidity than genotype 6, which had greater
balance and body (Figure 4C).

Notably, although the genotypes in subgroups I and II had different sensory characteristics, they all received final
scores above 80 points. These results demonstrate the need to individually evaluate each sensorial characteristic so
that different characteristics between genotypes with the same final scores can be determined. Differences can be
detected with standardized methods, such as those adopted by the SCAA for the evaluation of specialty coffees.
This methodology utilizes procedures that minimize subjectivity, including objective evaluations of the presence
or absence of sweetness and defects, and awards points for diverse sensory attributes.

In Sdo Sebastido da Grama, the Group III genotype 6 (Table 5) exhibited the lowest sensory final score. In Santo
Antonio do Amparo, the same genotype obtained one of the highest sensory final scores as a part of Group I (Table
5), which can be explained by the genotype x environment interaction.

Although it was not possible to identify a single genotype recommended for the production of specialty coffees for
all three environments studied, it was possible to identify a specific group of promising Bourbon genotypes for the
production of specialty coffees for each environment, represented by Group I genotypes shown in Figure 3A, 3B
and 3C.

Because higher altitudes have been shown to produce better quality coffees (Silva, Pereira, Borém, & Silva, 2006),
it is expected that the Sdo Sebastido da Grama environment (altitude 1300 m) offers better conditions for certain
genotypes (GI) to express their qualities when compared to the other environments; in fact, the final scores
obtained are higher for genotypes of GI. Barbosa et al. (2012), studying coffee quality and its interactions with
environmental factors, report that the higher the altitude, the higher the sensory score. The Bourbon Amarelo (5)
and Bourbon Amarelo (9) genotypes stand out by producing high beverage quality in a favorable environment
(Sao Sebastido da Grama). However, when grown in environments that are considered less favorable for quality,
such as Lavras and Santo Antonio do Amparo, these genotypes were still able to produce high beverage quality.
The Bourbon Trigo genotype (13), however, produced a higher final sensory score in the Sao Sebastido da Grama
environment but did not exhibit such high scores in the two other less favorable environments, justifying future
studies of these genotypes.

4. Conclusions
Bourbon genotypes show the greatest potential for production of specialty coffees in all environments.

The genotypes belonging to group I are the most promising for production of specialty coffees in each one of the
environments studied.

Trigonelline content allowed discrimination of environments.
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