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The present study was carried out to analyze chemical descriptors present in the raw coffee bean and
to establish an association of these descriptors with the sensorial quality of the coffee beverage, based
on expressions resulting from the interactions of coffee genotype, environment, and processing. The
chemical descriptors caffeine, trigonelline, sucrose, and isomers of chlorogenic acid (3-CQA, 4-CQA,
and 5-CQA), were analyzed through the use of high performance liquid chromatography (HPLC).
Trained and qualified cuppers, certified as judges of specialty coffees, carried out the sensorial
analysis using the methodology proposed by the Specialty Coffee Association of America (SCAA).
Based on the cultivation environment, altitude and the genotype, it was possible to associate the
chemical composition of the raw coffee bean with the coffee beverage sensorial quality. Yellow
Bourbon cultivated above 1,200 m of altitude present higher contents of trigonelline and 3-CQA in the
raw beans as well as high sensorial quality in the beverage.
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INTRODUCTION

Classical genetics theory defines phenotype as a through the possible interaction between these two
characteristic that describes an organism through its factors. Genotype, in turn, is defined as the hereditary
gene expression, the influence of its environment, and information present in an organism’s genome. These
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definitions can be used for a better understanding of the
coffee quality phenomenon through the expression of
chemical compounds present in coffee beans (Figueiredo
et al., 2013; Leroy et al., 2006; Taveira et al., 2014).

The quality of the beverage, represented by flavor and
aroma formed in the roasted beans is associated directly
with the chemical composition of the raw bean. On the
other hand, chemical compounds present in the coffee
beans are influenced by various factors throughout the
production chain (Sunarharum et al., 2014).

Several researchers throughout the world have
investigated the phenomenon of coffee sensorial quality.
These studies involve various analyses such as the effect
of environmental and genetic factors and of interferences
that arise from coffee processing (Avelino et al., 2005;
Bertrand et al., 2012, 2006; Borém et al., 2013; Decazy
et al., 2003; Figueiredo et al., 2013).

Some environmental factors are strongly associated
with the production of coffees of high sensorial quality.
This association is especially true for factors that have a
greater impact on the origin of chemical compounds
present in the raw bean. Examples of these are the
altitude and slope exposure of the coffee field as well as
climatic factors such as temperature and precipitation
(Avelino et al., 2005; Barbosa et al., 2012; Decazy et al.,
2003; Guyot et al., 1996; Joét et al., 2010).

The genetic variability between and within coffee
species results in beverages with distinct sensorial
profiles. One of the explanations for this fact is related to
the differences observed in the chemical composition of
the beans as a function of the genetic material analyzed
(Leroy et al., 2006). These differences become even
more significant when the effect of processing is taken
into account, because the metabolism of fruits and beans
remains active even after they are harvested. Thus, the
extension of certain metabolic reactions that occur in the
bean depend on stimuli that result from the type of
processing used, such as the action of removing or
leaving intact parts that constitute the fruit (Bytof et al.,
2005, 2007).

Another determining factor in the evaluation of coffee
sensorial quality is related to the stage of fruit maturation.
If the coffee fruits are harvested still immature, the lot will
present beans with several chemical compounds
associated with sensorial perceptions disfavored by
consumers, such as astringency. Conversely, fruits
harvested in a more advanced stage of maturation are
subject to microorganism attacks, which accelerate the
bean deterioration process. In addition, several toxins are
generated as a byproduct of the action of these
microorganisms (Borém et al., 2014).

In an attempt to supplement the coffee sensorial
description, some chemical compounds present in the
raw bean have been associated with coffee beverage
quality. Currently, the main compounds being
investigated are chlorogenic acid isomers (3-CQA, 4-
CQA, and 5-CQA), caffeine, trigonelline, and sucrose
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(Farah and Donangelo, 2006; Franca et al., 2005; Malta
et al., 2003; Silva et al., 2005).

Nevertheless, there are still unanswered questions that
require a deeper technical and scientific investigation,
especially regarding compound groups resulting from
interactions between environmental, genetic, and
technological factors that are involved in the processes of
coffee production.

The lack of knowledge regarding coffee beverage
quality is an obstacle to the development of some
strategies, such as launching new varieties through
genetic improvement with the aim of producing coffees
with exotic flavors and aromas in unsuitable areas. Thus,
it is essential to develop a scientific and fundamental
base that amply identifies chemical descriptors associated
with coffee beverage quality. In order to do that, it is
necessary to restrict the studied area to geographical
regions that present large environmental variation and
express coffee sensorial quality in an evident, well-
known, and consistent way (Barbosa et al., 2012).

Therefore, the objective of the present study was to
analyze, during consecutive harvests, the effect of
genotype, environment, and processing interaction on the
contents of trigonelline, caffeine, sucrose, 3-CQA, 4-
CQA, and 5-CQA present in the raw bean. More
specifically, the present study attempted to verify the
relation between the analyzed contents of chemical
compounds and the sensorial quality of the coffee
beverage.

MATERIALS AND METHODS
Experiment description

Coffee samples of the C. arabica L. were collected during three
growing seasons (2009/2010, 2010/2011 and 2011/2012) in
commercial plantations from properties located in the municipality of
Carmo de Minas, Minas Gerais, Brazil (Figure 1).

The experimental design was based on the investigation of the
interaction between environmental, genetic, and processing
variables.

The coffee field environment was stratified into three altitude
categories (more less or equal to 1,000 m, between 1,000 and
1,200 m, more than or equal to 1,200 m) and two slope exposure
groups, Sun and Shade, resulting in six environmental variable
combinations. The slope exposure groups were defined using
cardinal points. The samples collected from crops with the slope
aspect facing the W, NW, N, and NE represented the Sun group,
and the samples collected from crops with the slope aspect facing
the E, SE, S, and SW represented the Shade group.

Fruits of Yellow Bourbon genotype, yellow fruits and Acaia
genotype, red fruits were collected from each environment. Three
repetitions were collected and processed using either the dry or the
wet method, for all combinations involving environment and
genotype, totaling 72 samples per harvest.

Coffee harvesting and processing

In order to evaluate the maximum potential of sensorial quality,
harvesting was carried out manually and selectively, ensuring that
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Figure 1. Geographic location of the Carmo de Minas municipality, located in the
south/southwest region of the state of Minas Gerais, Brazil.

only mature fruits were picked. Thereafter, fruits were separated by
density, with only denser fruits being selected. After this hydraulic
separation, another manual selection was carried out to ensure that
the samples constituted only dense fruits in their maximum stage of
maturation. In addition, all procedures related to processing and
drying were performed based on recommendations for coffee post-
harvest best practices (Borém et al., 2014).

Sample storage and processing

After drying, the samples were packaged in paper sacks that were
then placed in plastic bags, identified, and stored in a chamber
under a controlled temperature of 10°C and relative humidity of
60% for 30 days. Thereafter, samples were hulled and the beans
were separated by shape and size. Only flat-sided beans of screen
size 16/64 to 18/64 inches were used. Flat beans retained in the
19/64 inch screen as well as peaberries retained by a screen with
oblong perforations of 11 x 3/4 inches were eliminated.
Subsequently, all defective beans were removed from the sample.
This procedure guaranteed bean uniformity, thus minimizing
interferences nor related to the genetic material, different
combinations of environmental factors in field locations, and
methods of processing. Subsequently, the coffee samples were
prepared for chemical and sensory analysis.

Moisture content

The moisture content of the raw coffee beans was determined by
the oven method, at 105+1°C, for 16+0.5 h, based on ISO 6673
(2003). The results were expressed as a percentage in wet basis
(%wb).

Chemical analyses

Chemical analyses were carried out in the raw coffee beans. The

contents of caffeine, trigonelline and the isomers of chlorogenic
acids (3-CQA, 4-CQA, and 5-CQA) were determined simultaneously
based on the adapted methodology of Farah et al. (2005). Sucrose
determination was carried out through another analysis, according
to the adapted methodology of Trugo et al. (1995).

Sample preparation

In preparation for the chemical analyses, raw beans were ground in
an IKA brand analytical mill, Model A1l Basic, with liquid nitrogen.
For the extraction of the oils and other apolar substances, 1.0 ml of
hexane was added to approximately 100 mg of each ground
sample of raw coffee beans and thereafter weighed in micro-
centrifuge tube, and placed in an ultrasonic bath for 10 min and
centrifuged at 6.000 rpm (Casal, 2004).

Extraction and analysis of chlorogenic acids, caffeine, and
trigonelline

One hundred milligrams of each ground and degreased sample
was placed in a microcentrifuge tube that was then suspended in
1.0 mL of HPLC grade methanol at 60% for the extraction of the
chlorogenic acids, caffeine, and trigonelline. Tubes were placed in
an ultrasonic bath for 15 min. After centrifuging, at 6.000 rpm, the
supernatant solution was diluted at 1:10 in ultrapure water. After
filtration in membrane of 0.20 ym, 20 pl of the samples were
injected in liquid chromatography.

The system consisted of UV-Vis SPD-20A detector (Shimadzu,
Kyoto, Japan). Samples and standardized solutions were analyzed
in a Nucleodur 100-5C18 column, 250 mm x 3.0 mm, 5 ym
(Macherey-Nagel). Analyses were carried out through the isocratic
elution of methanol for HPLC/10 mM of citric acid pH 2.5 (25:75) at
room temperature and with a flow of 0.7 mL.min%.

Results were defined by the relation of the peak areas of
caffeine, trigonelline and 5-CQA compared to known concentration
standards. The quantification of the other isomers, 3-CQA and 4-



CQA, was carried out using the standard area of 5-CQA, combined
with coefficients of molar extinction, in accordance with adapted
methodology of Farah et al. (2005). The final contents of caffeine,
trigonelline, 3-CQA, 4-CQA, and 5-CQA were given in g kg™ (dry
basis - db).

Extraction and analyses of sucrose

One hundred milligrams of each ground and degreased sample
were suspended in 1.0 mL of ultrapure water. The tubes that
contained the samples were placed in an ultrasonic bath. An aliquot
of 500 ul of the extract was transferred to another tube and
centrifuged at 5.500 rpm. The supernatant was directly injected and
a stock solution containing 60.0 mg of sucrose (Sigma = 99%) was
prepared in 5 mL of water for the calibration curve. Diluted standard
solutions (10% to 100% of stock solution) were used for
establishing the calibration curve.

The liquid chromatography used consisted of a ProStar pump
(Varian), a RID-410 refraction index detector (Waters) and a
Rheodyne injection valve. The samples and standard solutions
were analyzed using Dextropak 100 mm x 8 mm columns (Waters)
inserted into a RCM-100 compression radial system (Waters) with a
line filter (0.22 um) and a C18 pre-column (50 x 4.6 mm) in series.
The mobilephase used water filtered through a Milli-Q system at
room temperature with a flow of 1.0 mL min™.

The association between the sucrose peak area in the sample
and the respective known concentration standard defined the result
(Kuo, et al., 1988). The final sucrose content was given in g kg™
(db).

Sensorial analysis

One hundred grams of each sample were roasted and roasting was
done within 24 h prior to the coffee sensory analysis, or “cupping.”
The roast point was determined visually, using a color classification
system that employs standardized color discs (Lingle, 2011). After
roasting, samples were selected one more time and beans with an
off coloration that differed from the sample standard coloration were
eliminated. This process allowed for the isolation of possible
interferences from the roasting process and other interferences not
related to the interactions of the factors investigated.

The sensorial analysis was carried out by four trained and
qualified cuppers, certified as judges of specialty coffees, using the
proposed methodology by the SCAA (Lingle, 2011).

Statistical analyses

Statistical analyses were carried out using the R software, version
3.1.0 (R Core Team, 2014), considering the average values of the
three harvests. After the verification of the assumptions of normality
and of the homoscedasticity, the results of the contents of
trigonelline, caffeine, sucrose, chlorogenic acids, and of the final
scores (grade) were subjected to analysis of variance (ANOVA).
The Tukey test was applied at 5% significance in order to verify
significant differences detected in Test F. However, the results
obtained from univariate analyses limit the comprehension of highly
complex phenomena. Therefore, the present study chose to
investigate the combined interactions from multivariate analysis,
using multidimensional scaling (MDS) associated with the Biplots
technique as a statistical tool. The investigation of the effect of the
interaction among genotype, environment, and processing in the
chemical composition of the raw bean and in the sensorial quality of
the coffee beverage was carried out using multidimensional scaling
(MDS) associated with the Biplots technique. The objective of this
type of statistical analyses is to allow a more accessible visual
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inspection and a less limited exploration of the data. In addition, it
allows for the rearranging of the variable distribution in order to
detect the smallest significant dimensions to explain their
similarities or dissimilarities (Torgerson, 1952).

RESULTS AND DISCUSSION

The average contents in g kg'l (db) of trigonelline,
chlorogenic acids (3-CQA, 4-CQA, and 5-CQA), caffeine,
sucrose, and the final score of the coffee beverage in
relation to the interaction of altitude, processing,
genotype, and slope exposure are shown in Table 1.

Average scores found for trigonelline varied from 8.14
to 11.84; from 4.73 to 6.44 for 3-CQA; from 6.92 to 8.43
for 4-CQA,; from 56.73 to 68.75 for 5-CQA,; from 10.67 to
14.20 for caffeine, and from 53.16 to 89.51 for sucrose,
and all were in accordance with scores described in the
literature (Duarte et al., 2010; Knopp et al., 2006; Ky et
al., 2001; Monteiro and Farah, 2012). Nevertheless, it
was verified that significance (P<0.05) of fourth-order
interaction was not found.

Significant differences were found in the average
contents of trigonelline, 3-CQA, and caffeine as a
function of altitude as well as in the average levels of
sucrose and total beverage score as a function of the
isolated effect of processing and genotype. It is important
to emphasize that significant differences for the isolated
effect of slope exposure type for all variables analyzed
were not found (Table 2).

The highest average contents of trigonelline (10.44 g
kg™ - db) were found in altitudes higher than 1,200 m.
Regarding the chlorogenic acids investigated in the
present, 3-CQA was the only isomer that presented a
significant difference and its highest average content was
found in coffees produced above 1,200 m (6.27 g kg'l -
db). However, in regards to caffeine, only the average
contents of samples collected above 1,200 m (13.39 g kg
!~ db) and below 1,000 m (12.35 g kg™ - db) differed
significantly from each other (Table 2).

Environmental factors such as lower temperatures
recurring in higher altitudes, associated with physiological
events such as longer periods of beans filling, are
reported in the literature and provide evidence to explain
the differences found in the chemical variables (Fagan et
al.,, 2011; Geromel et al., 2008; Vaast et al., 2006). The
temperature effect is especially observed between the
stages of coffee fruit endosperm development and
maturation, and the extending of these stages, caused by
lower temperatures, is directly related to a higher relative
accumulation of dry material in coffee beans (Laviola et
al., 2007). Nevertheless, even though variations in the
coffee quality have already been described as a function
of genotype and altitude (Avelino et al., 2005; Decazy et
al., 2003), further studies on the correlation of these
factors and the combined effect of chemical variables are
needed. The highest average levels of sucrose content
(74.14 g kg™ — db) were found in coffees processed using
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Table 1. Average contents of trigonelline, chlorogenic acids (3-CQA, 4-CQA, and 5-CQA), caffeine, sucrose, and final score of the coffee beverage, as a result of the
interaction between altitude, processing, genotype, and slope exposure.

. . Slope Chemical compound (g kg™ Coffee

Altitude (m)  Processing Genotype exposure beverage
Trigonelline 3-CQA 4-CQA 5-CQA Caffeine  Sucrose Final score

Acaid Sun 10.05 6.44 7.42 61.44 13.79 66.48 84.75

Wet process Shade 10.56 6.11 8.13 61.10 13.19 58.87 83.15

Yellow Sun 10.55 5.83 7.34 62.71 14.20 73.09 90.52

>1.200 Bourbon Shade 11.84 6.34 7.22 61.84 13.58 66.28 88.82

’ Acaid Sun 10.47 6.12 7.32 60.43 13.49 74.59 84.81

Dry process Shade 9.55 6.43 7.27 59.73 13.45 68.17 86.11

Yellow Sun 10.25 6.04 7.73 60.94 13.02 77.20 90.13

Bourbon Shade 10.26 6.22 7.31 62.39 12.37 89.51 90.25

Acaid Sun 10.04 6.34 7.48 61.55 11.73 53.16 82.11

Wet process Shade 9.14 5.23 8.43 65.71 13.24 57.67 82.95

Yellow Sun 9.65 5.78 7.63 59.23 13.09 66.48 84.81

1,000-1,200 Bourbon Shade 10.05 5.45 7.83 64.90 13.29 73.39 85.96

Acaid Sun 9.04 6.14 6.92 63.14 12.28 69.69 84.14

Dry process Shade 9.75 5.33 7.63 58.53 13.59 74.19 83.71

Yellow Sun 10.16 4.73 7.13 58.21 12.88 68.08 86.25

Bourbon Shade 9.85 5.69 7.49 59.46 12.89 78.90 86.08

Acaid Sun 9.14 5.13 7.02 61.72 13.19 56.87 82.00

Wet process Shade 8.63 5.33 7.40 59.75 12.08 61.58 82.68

Yellow Sun 8.14 4.93 7.73 57.33 12.58 64.68 83.14

<1000 Bourbon Shade 9.85 5.89 7.43 68.75 11.88 72.99 84.42

’ Acaid Sun 9.35 5.03 6.93 58.33 12.67 70.39 83.56

Dry process Shade 9.55 4.73 7.30 56.73 13.09 74.49 82.72

Yellow Sun 8.54 4.93 7.48 57.13 10.67 73.69 83.79

Bourbon Shade 9.93 5.13 7.22 58.13 12.89 71.89 85.35

P value 0.55 0.54 0.96 0.60 0.82 0.47 0.78

the dry method, independent of genotype, altitude

or slope exposure (Table 2).

Among the technological factors involved in the
process of coffee production, the processing

method alters significantly the sugar content of the
raw beans (Duarte et al., 2010; Knopp et al.,

2006).
During

post-harvest

processing,

several

metabolic processes occur in the interior of coffee

beans,

altering

significantly

the

chemical

composition of the raw bean (Bytof et al., 2005;
Selmar et al., 2006). Therefore, the difference
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Table 2. Average contents of trigonelline, chlorogenic acids (3-CQA, 4-CQA, and 5-CQA), caffeine, sucrose, and final score of the coffee
beverage, as a result of the isolated effect of altitude, processing, genotype, and slope exposure.

Chemical compound (g kg‘l)

Coffee beverage

Parameter - - - -
Trigonelline 3-CQA 4-CQA 5-CQA  Caffeine  Sucrose Final score
21,200 10.44° 6.27% 7.43 61.24 13.39% 71.73 87.32°
Altitude (m)  1,000-1,200 9.72° 5.60° 7.52 61.22 12.87%® 67.61 84.50 °
<1,000 9.18" 5.19" 7.33 59.67 12.35° 68.21 83.46 "
P value* 0.00 0.00 0.53 0.68 0.01 0.28 0.00
. Wet process 9.83 5.78 7.67 62.04 12.96 64.25" 84.61°
Processing a a
Dry process 9.70 5.56 7.34 59.31 12.76 74.14 85.57
P value* 0.83 0.23 0.07 0.10 0.52 0.00 0.02
Genotype Acaia 9.61 5.72 7.41 60.61 12.92 65.42° 83.56 "
Yellow Bourbon 9.99 5.69 7.49 60.87 12.79 72.99° 86.63 2
P value* 0.22 0.43 0.95 0.89 0.58 0.00 0.00
Slope Sun 9.65 5.62 7.32 60.02 12.72 67.87 84.84
exposure Shade 9.98 5.65 7.52 61.38 12.91 70.63 85.34
P value* 0.20 0.75 0.21 0,45 0.66 0.22 0.67

*Averages followed by the same letter in the column, do not differ from each other, based on the Tukey test (5% of significance).

found in the present study reinforces these reports, and
possibly demonstrates the isolated effect of coffee
processing in altering significantly the sucrose content.
Coffee quality also presented a significant difference as a
function of coffee processing (Table 2). The highest
average values of the final score of the coffee beverage
were found in coffee processed using the dry method
(85.57).

There are reports in the literature that describe coffees
produced by the dry process as having a quality
comparably inferior to those produced by the wet process
(Silva et al., 2004; Vincent 1985; Wilbaux 1963).

However, variations in coffee quality have principally
been discussed as a function of the presence or absence
of defects in the beverage. If care is not taken in
harvesting and drying, naturals coffees have a higher
probability of resulting in a beverage with undesirable
fermentations and lower quality (Borém et al., 2014).

The present study evaluated the coffee quality from
positive sensorial attributes, in the absence of any type of
defect in the beverage. Under these conditions, results
found in the present study contradict what is traditionally
described in the literature, since the total average score
of dry process coffees was higher than wet process
coffees.

Regarding the factor of genotype, the highest average
sucrose contents were found in Yellow Bourbon (72.99 g
kg" - db). The main reports found in the literature that
describe the isolated effect of genotype on the chemical
composition of coffee are principally in regards to
different species of the Coffea genus (Campa et al,
2004; Ky et al., 2001). Differences in the sucrose content
among distinct varieties of Arabica coffee may be
associated with differences in gene expression in both

the syntheses and degradation of the compound.
Molecular analyses are necessary for a better
understanding of the variations in the sucrose content
found for the genotype in the present study.

The results obtained from univariate analysis limit the
comprehension of highly complex phenomena. For
instance, the combined interactions involving environ-
mental factors and different cultivars and forms of
processing impact the chemical composition of the raw
bean which in turn impacts the expression of the
sensorial quality of the resulting coffee beverage.
Therefore, the present study chose to investigate the
combined interactions from multivariate analysis, using
MDS associated with the Biplots technique as a statistical
tool.

The determination of the variables that represented the
larger contributions for the grouping of samples were not
characterized by the weight analysis of the principal
components. It was performed basing on the axes of
predictive values, for each respective variable. Therefore,
we used a minimum square regression for each variable
to be calibrated (Graffelman and Eeuwijk, 2005) and
mean centered for other variables. The compounds that
characterize the axes were obtained as a function of the
dissimilarity matrix and the covariance matrix. Therefore,
it is feasible to obtain the ellipsis that characterizes the
confidence regions. This way, the present ellipses do not
represent a confidence region but simply an illustration to
facilitate the visualization of the group of samples
identified in the figures.

The chemical composition, when analyzed jointly,
largely contributed to the formation of groupings as a
function of the coffee beverage final score, altitude,
genotype, and the post-harvest processing (Figures 2
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Figure 2. Biplot with MDS Acai& and Yellow Bourbon genotypes, cultivated in
altitudes (1. <1,000 m, 2. 1,000-1,200 m and 3. >1,200 m), in combination with
the slopes sun (Sun) and shade (Sh) and processed using dry process (D) and
wet process (W), for the variables trigonelline (Trig), 3-CQA (3CQA), 4-CQA
(4CQA), 5-CQA (5CQA), caffeine (Caf), sucrose (Suc) and coffee beverage final
score (Score), grouped into Gl (Group 1), GlI (Group Il), and GlII (Group 1l1).

and 4). The Biplot that was established represented each
object (genotype, altitude, slope exposure, and
processing) as a dot and each dependent variable
(chemical and sensorial) as a vector with representative
scales of the average values (Figure 2).

Biplot with MDS of genotypes, altitude categories,
slope groups, and processing types for the following
variables trigonelline, 3-CQA, 4-CQA, 5-CQA, caffeine,
sucrose, and of the coffee beverage final score are
shown in Figure 2. Three distinct group formation were
observed as follows: Group | (Gl) constituted of the
Yellow Bourbon genotype cultivated in altitudes higher
than 1,200 m; Group Il (Glll) consisted of the Acaia
genotype processed using the wet method, and Group I
(Gll) constituted of objects that represent the interaction
of all independent variables investigated, except when
the interaction is the combination of Yellow Bourbon
above 1,200 m and wet processed Acaia. This last group
represents a confounding zone, since objects occur near
the origin with scores around 85 points, objects to the
right of the origin and to the left with differing sensorial
quality scores.

The variable score, in combination with the mean of the
other dependent variables, contributed to this distinction.
Analyzing the chemical variables adjustment, it was
observed that the higher contents of sucrose and
trigonelline largely contributed to the formation of GlI.

On the other hand, the lowest contents of trigonelline and
sucrose and the highest contents of 4-CQA were the
main contributors to the formation of Glll. The remaining
variables 3-CQA, 5-CQA, and caffeine presented high
similarity to each other and contributed little to the
formation of Gl and GlII.

The Yellow Bourbon genotype cultivated above 1,200
m of altitude, independent of the slope exposure or type
of processing applied (Gl), presented tendencies towards
higher contents of sucrose and trigonelline and the
highest potential for the expression of coffee beverage
sensorial quality, with a final score of approximately 90
points (Figure 2).

It can also be seen in Figure 2 that the wet processed
Acaid genotype (GlIl), except when cultivated above
1,200 m of altitude on a sun-facing slope, presented
tendencies of lower contents of sucrose and trigonelline,
higher 4-CQA and a beverage sensorial quality with
scores below 85 points.

The combined effect of variables characterized by
chemical compounds and coffee beverage sensorial
quality were found for both interactions, genotype x
altitude (GIl) and genotype x processing (Glll). Based on
this understanding, MDS was applied for wet and dry
processes with the purpose of analyzing the interactions
between environmental and genetic factors in the
chemical composition and sensorial quality, taking into



5CQA Suc

Ribeiro et al. 2419

70

Gll
o~
12 80
1_Sh
=)
_Sun
Gl 5
~ 3 n 2
o 2, Sun
- 2
1_Sun! 8_Sh
- -
2Sun  2.Sh
605

40.

Gl

o
3_Sun

Score
90

o Yellow Boubon

u Acaia

T
-2

T
3CQA Trég Caf

T T
4 6

Figure 3. Biplot with MDS of Acaia and Yellow Bourbon genotypes,
cultivated in altitudes (1. <1,000 m, 2. 1,000-1,200 m, and 3. >1,200 m) in
combination with slopes sun (Sun) and shade (Sh), and wet processed
(W) for the variables trigonelline (Trig), 3-CQA (3CQA), 4-CQA (4CQA), 5-
CQA (5CQA), caffeine (Caf), sucrose (Suc), and coffee beverage final
score (Score), being Gl (Group ), Gl (Group 1), and GlII (Group Il1).

account characteristics of coffees obtained from different
processes. Therefore, established Biplots presented
objects characterized by the combination of genotype,
altitude, and slope exposure, in addition to vectors with
representative scales of average values found for
chemical and sensorial variables (Figures 3 and 4).

Figure 3 represents Biplot with MDS of genotypes,
altitude categories, slope groups, and wet processing for
the variables trigonelline, 3-CQA, 4-CQA, 5-CQA,
caffeine, sucrose, and coffee beverage final score.

The highest scores, highest contents of caffeine,
trigonelline, and 3-CQA and the lowest of 4-CQA largely
contributed for the formation of Gl. On the other hand, the
lowest scores along with the lowest contents of sucrose
and highest of 4-CQA were also relevant for the
formation of Glll. The variable 5-CQA contributed little for
the grouping formation.

Yellow Bourbon genotype cultivated above 1,200 m
and wet processed (Gl) presented a tendency of higher
contents of caffeine, trigonelline, and 3-CQA, and lower
for 4-CQA. In addition, this genotype exhibited average
final score of 90 points, demonstrating a high potential for
the expression of beverage sensorial quality.

For wet processing, the genotype Acaia, except when
cultivated above 1,200 m altitude on a sunny slope facing
(GlIl), present a tendency towards higher levels of 4-
CQA, lower levels of sucrose, and a beverage sensorial
quality with scores to the left of origin, and therefore
below the mean.

The genotype Yellow Bourbon cultivated below 1,200
m altitude, independent of slope exposure, presented a
sensorial beverage quality similar to that of Acaia
cultivated above 1,200 m altitude on a sunny slope
exposure (Gll), when submitted to processing via the wet
process (Figure 3).

The Biplot with MDS of the genotypes, altitude classes,
slope groups, and processing via the dry process for the
variable trigonelline, 3-CQA, 4-CQA, 5-CQA, caffeine,
sucrose, and total sensorial beverage score, can be
found in Figure 4.

The highest levels of trigonelline, 5-CQA and 3-CQA,
together with the highest scores, were principally
responsible for the formation of GIl. On the other hand,
the lower levels of these same compounds and lower
scores contributed in an expressive way to the formation
of Glll, creating two contrasting groups. The remaining
variable 4-CQA, caffeine, and sucrose, presented high
similarity between themselves with little contribution to
the formation of groups.

The genotype Yellow Bourbon cultivated above 1,200
m and processed using the dry method (GlI) presented a
tendency towards higher levels of trigonelline, 5-CQA, 3-
CQA, and a notable expression of the quality of the
coffee beverage, with a final score of around 90 points
(Figure 4).

For dry processing, the genotype Yellow Bourbon
cultivated below 1,200 m presented a sensorial beverage
quality similar that that of Acaia cultivated above 1,200 on
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Figure 4. Biplot with MDS of Acaid and Yellow Bourbon genotypes, cultivated in
altitudes (1. <1,000 m, 2. 1,000-1,200 m, and 3. >1,200 m) in combination with slopes
sun (Sun) and shade (Sh), and dry processed (D) for the variables trigonelline (Trig), 3-
CQA (3CQA), 4-CQA (4CQA), 5-CQA (5CQA), caffeine (Caf), sucrose (Suc), and

coffee beverage final score (Score), being GI (Group I), GIl (Group Il), and Gl

(Grouplll).

both sun and shade slopes exposure (GllI).

Dry processed coffee of the genotype Acaid cultivated
below 1,200 m, as well as coffee of the Yellow Bourbon
genotype processed below 1,000 m, with a sun slope
facing (Glll), had a tendency towards lower levels
oftrigonelline, 5-CQA, 3-CQA, and sensorial beverage
quality with notes below 85 (Figure 4).

It should be noted that the relation between the
chemical composition of the raw bean and the sensorial
guality of the coffee beverage arising from the interaction
genotype x environment was distinct in regards to
processing type. The grouping formed by dry process
coffees presented the combined effect of the compounds
trigonelline, 5-CQA and 3-CQA with the total beverage
score. On the other hand, pulped and demucilaged
coffees presented distinct groups in function of the
combined effect of all of the compounds analyzed with a
total beverage score, with the exception of the
chlorogenic acid isomer 5-CQA.Their differences
reinforce the hypothesis that the metabolism of the bean
remains active after the harvesting of the fruits and that
the extension of these metabolic processes depends on
the type of processing applied (Knopp et al., 2006).
Another possible cause is the stimulus promoted in the
germination metabolism by the wet process in function of
the pulping of the fruit (Bytof et al., 2007).

Conclusions

No interaction of the factors: Coffee cultivar, altitude,
slope exposure and processing type were observed by
performing univariate analyses. In addition, it is clear that
slope exposure does not affect the chemical composition
of raw coffee beans and the sensory quality of arabica
coffee Yellow Bourbon cv. and Acaia cv., neither by itself
nor interacting with other factors.

Considering all chemical and sensorial variables
together, specific trends for each cultivar, altitude range
and processing type, were clearly observed by using
MDS. Of which was possible to take the following specific
conclusions:

a. The genotype Yellow Bourbon cultivated above 1,200
m altitude and processed using the wet processing
method present in the raw coffee bean a tendency
towards higher levels of caffeine, trigonelline and 3-CQA,
lower levels of 4-CQA, and a sensorial beverage quality
with a mean score of around 90 points.

b. The genotype Acaia processed using the wet
processing method, except when cultivated above 1,200
m on a sun-facing slope, present in the raw coffee beans
a tendency towards higher levels of 4-CQA, lower levels
of sucrose, and a sensorial beverage quality with scores



below 85 points.

c. The genotype Yellow Bourbon cultivated above 1,200
m altitude and processed using the dry processing
method, present in the raw coffee bean a tendency
towards higher levels of trigonelline, 5-CQA, 3-CQA and
a sensorial beverage quality with an average score
around 90 points.

d. Dry process coffee of the genotype Acaia cultivated
below 1,200 m altitude, as well as Yellow Bourbon
cultivated below 1,000 m with a sun-facing slope, present
in the raw coffee beans a tendency towards lower levels
of trigonelline, 5-CQA, 3-CQA, and a sensorial beverage
quality with scores below 85 points.
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