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ABSTRACT: The quality of coffee beverages has been under study due to the demand of the consumer market for both
arabica and conilon coffee. The aim of this work was to study beverage quality from different clones by means of sensory
analysis, in 13 clones of the variety Victoria INCAPER 8142 produced at average altitudes of 100.0 m and 528.0 m and with
the cherry fruits processed by natural drying or depulping. Fuzzy classification was adopted for the global scores obtained in the
sensory analysis, on a scale of 70.0 to 100.0 points, with the Euclidean distance from the cluster analysis being used to define
the dissimilarity between the global fuzzified scores for the different clones at the two altitudes and for the two methods of
processing the fruit. Clones C4 and C10, at the intermediate maturation stage, presented a mean global score (GS) of 85.0 points
for the coffee produced at the altitude of 528.0 m and for the depulped fruit, corresponding to a degree of fuzzy pertinence
(FD) of 0.50, and being classified as fine coffee. These same clones presented dissimilarities in the beverage produced by the
depulped fruit, with better quality for the coffee at the higher altitude. The fuzzy classification taken together with the cluster
analysis to interpret the mean global scores (GS) in the sensory analysis of the beverage for the different treatments under study
identified variation in beverage quality.

Index terms: Sensory analysis, Coffea canephora, different altitudes.

APLICACAO DA LOGICA FUZZY E ANALISE DE AGRUPAMENTO
NA QUALIDADE DA BEBIDA DO CAFE CONILON

RESUMO: A qualidade da bebida do café vem sendo estudada em decorréncia da exigéncia do mercado consumidor, tanto
para o café arabica como para o café conilon. Neste trabalho objetivou-se estudar, para os 13 clones da variedade Vitdria
INCAPER 8142 produzidos nas altitudes médias de 100,0 m e 528,0 m e com processamento dos frutos cereja secos em coco
¢ desmucilados, a qualidade da bebida dos diferentes clones por meio da analise sensorial. Adotou-se a classificagdo fuzzy para
as notas globais obtidas na andlise sensorial, na escala de 70,0 a 100,0 pontos, e utilizou-se a distancia euclidiana oriunda da
analise de agrupamento para definir a dissimilaridade entre as notas globais fuzzificadas para os diferentes clones, nas duas
altitudes e nos dois processamentos dos frutos. Os clones C4 ¢ C10, do estadio de maturagao intermediario, apresentaram nota
global média (NG) de 85,0 pontos para o café produzido na altitude de 528,0 m e para os frutos desmucilados, correspondendo
a um grau de pertinéncia fuzzy (IF) de 0,50, classificados como café fino. Estes mesmos clones apresentaram dissimilaridades
na bebida produzida pelos frutos desmucilados, com melhor qualidade para o café na maior altitude. A classificagdo fuzzy
associada a analise de agrupamento na interpretagdo das notas globais médias (NG) da andlise sensorial da bebida para os
diferentes tratamentos estudados identificou dissimilaridade na qualidade da bebida.

Termos para indexacgfo: Analise sensorial, Coffea canephora, diferentes altitudes.

1 INTRODUCTION as social and environmental criteria, and those of
sustainability, origin, food security, and physical
characteristics, in addition to the characteristics of
the beverage (PALACIN et al, 2009).

Sensory methods in evaluating food and

beverage quality are based on responses to the

Analysis of the beverage quality of conilon
coffee has been the subject of research due to
the demands of the domestic and international
markets, resulting in value being added to the

product based on sensory analysis. Several studies
have shown improvements in the sensory quality
of the blends without compromising the quality
desired by the consumer, as well as in the direct
consumption of conilon coftee.

The quality of coffee can be defined as
being the sum of all attributes that meet the needs
of the consumer (THOMAZINI Eet al. 2011). For
conilon coffee, its quality is related to the criteria
demanded or even imposed by the market, such

stimuli that produce sensations, such as: intensity,
extension, duration, quality, pleasure and
dissatisfaction. While stimuli can be measured
by physical and chemical methods, sensations
are measured through psychological processes
(LANZILLOTTL LANZILLOTTIL, 1999). Borjes,
Cavalli and Proenca (2010) affirmed that sensory
quality of a food relates, at the same time, with
the food and with the physiological, psychological
and sociological of the appraiser.
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One of the requirements of sensory analysis
is a decision about product quality for acceptance
in the consumer market, grading the product on a
hedonic scale according to a determined protocol
that in the case of conilon coffee includes the
Coffee Quality Institute (CQI) and the cupping
tests carried out by qualified tasters (R-Grader).

Since human perception of quality is
possibly undefinable, fuzzy sets that are not limited
to a deterministic value have been used as an
alternative to the traditional methods of evaluating
the results of sensory analysis. As a result,
fuzzy logic has been used as a tool in decision-
making (LANZILLOTTI; LANZILLOTTI, 1999;
LAZIM; SURIANI, 2009; CAVALCANTI et al.,
2013; CHOROBURA; CASTANHO; TEIXEIRA,
2016). This method aims to solve problems where
information is not well defined, and is based
on modelling such problems, translating into
mathematical terms the imprecise information
contained in the natural language expressed
by linguistic variables that can be transformed
(LIMA et al., 2016; SENTURK, 2017).

Fuzzy logic aims to treat the uncertainties
contained in information; in cases where there
are a large number of data, multivariate statistics
such as cluster analysis have been used. This
explains the variance structure of the information
by the construction of linear combinations of
that information and the dimensional reduction
of the phenomenon under study, where different
attributes are grouped together according to the
dissimilarities that exist, based on the Euclidean
distance between them.

Considering that human sensitivity in
defining sensory characteristics by palate and
smell is a subjective evaluation, it is necessary,
even when following a determined protocol, to
include other methods in the analysis, such as
fuzzy logic and clustering, with the aim of explicit
results and interactions between different tasting
arrangements, so as to define quality standards,
highlighting the strengths and weaknesses
responsible for acceptance or non-acceptance by
the market.

With this in mind, the aim of this study
was to apply fuzzy classification and clustering
to interpretation of the mean global scores of the
results of the sensory analysis of the beverage
from coffee conilon produced by 13 clones at
two different altitudes, and in the post-harvest
processing of the cherry fruit by natural drying (d)

or depulping (p).
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2 MATERIAL AND METHODS

The experiment was carried out in
two plantations of conilon coffee, known as
environments 1 (E1) and 2 (E2), the first with a
mean elevation of 528.0 m, located at 20°37°31”
S and 41°05°23” W in the district of Sdo Vicente,
and the other with a mean elevation of 100.0 m,
located at 20°45°21” S and 41°17°05” W in the
district of Pacotuba, both in the town of Cachoeiro
de Itapemirim in the State of Espirito Santo, Brasil.
The conilon coffee under study came from a set
of clones of the Victoria INCAPER 8142 variety,
comprising 13 clones classified according to the
characteristic of fruit maturation: early clones:
01V (Cle), 06V (Cé6e), 08V (C8e), 11V (Clle)
and 12V (C12e); intermediate clones: 02V (C2i),
03V (C3i), 04V (C4i), 07V (CT7i), 09V (C9i) and
10V (C10i); and late clones: 05V (CS5l) and 13V
(C130).

The coffee fruit at the cherry stage were
harvested manually and selectively by sieve.
Harvesting took place from May to August of
2014, when 10 litres of fruit from each clone were
harvested in each area, based on the maturation
characteristic of the clones.

The harvested cherry fruit were washed
and divided into two batches for the two forms of
processing: a) depulped fruit (p): wet processing,
with mechanical removal of the shell (epicarp)
and mucilage, submerging the fruit in clean water
in a plastic bucket for 24 h at room temperature to
induce natural biological fermentation, the samples
were then washed with clean water and placed for
pre-drying for 24 h on raised beds to obtain the
depulped fruit; and b) natural-dried fruit (d): the
fruit with the shell (epicarp) were submerged in
clean water, washed, and left for 24 h on raised
beds for pre-drying. After both treatments, the
fruits were dried in an air circulation and renewal
oven at 45°C (£ 2°C) to a water content of 11.5%
bu (£ 1%).

The dried samples were placed in paper bags
and stored for 45 days in a sealed polystyrene box
protected against variations in the environment
(RIBEIRO, 2013, SILVA et al., 2015). The samples
were then peeled by mechanical peeler and 0.30
kg of raw grain from each sample was packed in a
silver metallised stand-up pouch.

The sensory analysis was performed by a
team of three specialised R-Graders certified by
the Coffee Quality Institute (CQI) (2011). The
analysis was prepared, and evaluated by cupping
test, as per the methodology of the tasting protocol
for  Coffea canephora Pierre ex A.Froehner
(ICO, 2016).
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The associative function of fuzzy
classification was applied to the mean global
score results (GS) of the coffee beverages for
the 13 clones, at two altitudes and in two post-
harvest processes (drying and depulping), a total
of 52 treatments, to determine the degree of linear
pertinence (DP) (fuzzy index = FI), as used by
Silva and Lima (2009), Souza et al. (2009) and
Lima et al. (2018) with soil attributes, as follows:

MF,(Z) =0 sez<p (1)
MF,(Z) = (i) x(z—p) sep<z<q 2)
MF,(Z) =1 sez >q (3)

where: MF, = degree of pertinence (DP = FI) of
element Z (beverage) to the fuzzy set; o = g-p; ¢
and p = highest and lowest value of set A (clones,
altitude and processes) respectively.

The values of p and g were defined
according to the classification of beverage quality
as per the tasting protocol for C. canephora of the
CQI(2011), UCDA (2010) and ICO (2016) (Table
1). The mean global scores (GS) in the cupping
test considered in the set of the total universe were
from 70.0 (minimum) to 100.0 (maximum) points.
After fuzzification (standardisation) of the results
of the sensory analysis, the intervals fell between
zero (0.00) and 1.00 (crisp value) respectively,
defining the GS (FI) for each beverage value, as
shown in the graphical representation in Figure 1.

For defuzzification of the data, the following
terms were used for the linguistic variable beverage
quality (BQ) of conilon coffee: very good coffee
(VGC), fine coffee (FC) and exceptional coffee
(EC), as shown in Table 1.

The rules of inference wused for
defuzzification were IF and THEN. IF the degree
of pertinence (FI) for each clone (C), at each
altitude (A), and for each type of fruit processing
(d and p) is between 0.00 to <0.33, THEN = VGC;
When the FI is between > 0.33 to < 0.67, THEN =
FC, and when the FI is between > 0.67 to < 1.00,
THEN = EC.

In order to verify the dissimilarity between
beverage results obtained by sensory analysis for
the different treatments, the multivariate analysis
method of hierarchical clustering (Joining) was
applied, adopting the following procedures:

Lima, J. S. de S. & Silva, S. de A.

1) data standardisation: in the data matrix,
the value of the ith column (beverage) and jth line
(clones, altitudes and processing), called Xij. The
corresponding value was considered standardised
in the data matrix of fuzzified values, with the
data represented in degrees of pertinence (DP
= FI). Standardisation was adopted so that the
attributes would contribute with the same weight
in calculating the coefficient of dissimilarity
between them.

i) choice of the coefficient of similarity:
the measure of dissimilarity was adopted using
the Euclidean distance (d,,), since the lower the
value, the closer the beverage results between
the different treatments. The Euclidean distance
(d,,) was determined by equation 4, between the
accessions for the attribute (beverage) set under study:

dap = (K14 — X15)2 + (os — X2p)2 + -+ + (Ka—Xmp)? (4)

where: X, = value of the attribute
(beverage) of clone 1 for condition one (1,0) A;
X, = value of the attribute (beverage) of clone 1
for condition two (2) B; X and X__ = value of
the attribute (beverage) of clone m for condition
A and B.

iii) Grouping strategy: Ward’s method was
used, which forms groups by seeking to minimise
the sum of the differences between the elements
of each group and the mean value of the group,
minimising the standard deviation between the
data of each formed group.

3 RESULTS AND DISCUSSION

The mean global scores (GS) obtained from
the sensory analysis (SA), the cupping test, are
shown in Table 2, together with their respective
degrees of pertinence (DP = FI) after applying the
fuzzy classification.

In environment 1 (E1), for the clonal conilon
coffee in the depulping process (p), the maximum
GS was 85.0 for C4i and C101, both clones with an
intermediate stage of maturation. For the natural-
dried fruit (d), C4i again had the highest GS, with
84.0 points.

In environment 2 (E2), the highest GS for
the depulped fruits (p) was 80.0 points, obtained
by C2i, C4i and C5l. For the natural-dried fruits
(d), clones Cl12e, C3i and C51 had a GS of 80.0
points and C4i a score of 82 points. In general,
clone C4i presented the highest GS irrespective
of the environment (altitude) or process. As this
is an intermediate clone (i), it can be inferred that
this fruit maturation stage indicates suitable plant
physiology for favouring a better beverage.
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TABLE 1 - Classification of beverage quality for Coffea canephora

Mean global score Quality description
90.0<EC<100.0 Exceptional coffee (EC)
80.0<FC<90.0 Fine coffee (FC)

70.0 <VGC <80.0 Very good coffee (VGC)

Source: Adapted from CQI (2011), UCDA (2010) e ICO (2016)
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FIGURE 1 - Graphical representation of the pertinence function for the scale of quality scores of conilon coffee.

TABLE 2 - GS results for each clone at the two altitudes in the processes of depulping (p) and natural drying (d),
with their respective degrees of pertinence (DP = FI) (fuzzy) for beverage potential.

Cle C6e C8 Clle Cl2¢ C2i C3i C4i C7i C9 Cl0i (3l C131
Mean global score (GS)
Alp 80.0 80.0 77.0 82.0 80.0 81.0 82.0 850 790 81.0 850 83.0 80.0
A2p 79.0 79.0 78.0 76.0 770 80.0 78.0 80.0 780 79.0 79.0 80.0 74.0
Ald 80.0 78.0 81.0 79.0 80.0 81.0 830 84.0 79.0 800 81.0 820 79.0
A2d 79.0 77.0 79.0 77.0 80.0 79.0 80.0 8.0 77.0 79.0 780 80.0 71.0
Degree of pertinence (DP=FI)
Alp 033 033 0.23 0.40 033 037 040 050 030 037 050 043 033
A2p 030 030 0.27 0.20 023 033 027 033 027 030 030 033 0.13
Ald 033 027 037 0.30 033 037 043 047 030 033 037 040 030
A2d 030 023 0.30 0.23 033 030 033 040 023 030 027 033 0.03

C: clone; e: early; i: intermediate; 1: late; A1: area at an average altitude of 528.0 m; A2: area at an average altitude
of 100.0 m; p: depulped coffee fruit and d: natural-dried coffee fruit

From the results obtained with the fuzzy
inference (Table 2), it can be seen that the highest
values for the fuzzy index (FI) are in the clones
that obtained the highest GS due to adoption of
the linear model.

At altitude A1, according to the inference
adopted for ‘very good coffee’ (VGC) (FI between
0.00 and < 0.33) in the depulped condition (p),
THEN includes clones C8e (FI=10.23) and C7i (FI
= 0.30), while the remainder are THEN grouped

in the fine coffee class (FC), with FI between >
0.33 and < 0.67. For the natural-dried fruit (d),
clones Coée (FI =0.27), Clle (FI = 0.30), C7i (FI
=0.30) and C131 (FI =0.30) are THEN classed as
VGC with FI between 0.00 and < 0.33. The other
clones are THEN in the FC class, with FI between
> 0.33 and < 0.67. This is related to the natural
fruit-drying process (d) that contributed to a fall in
beverage quality, which increased the number of
clones in the VGC class.
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At altitude 2 (A2), clones C2i, C4i and C51
for the depulped fruits (p) are THEN grouped in
the FC class, with FI equal to 0.33. For the natural-
dried fruits (d), clones C12e (FI = 0.33), C3i (FI
= 0.33), C4i (FI = 0.40) and C5I1 (FI = 0.33) are
THEN grouped in the FC class. These results
indicate to the producer that, a priori, the work of
depulping the fruit is not viable when the aim is to
improve beverage quality.

Depulping the fruit of the clonal coffee
produced at the higher altitude provided 11 of the
13 clones in the fine coffee class (FC). It should
be noted that under the conditions of the study,
none of the clones were classified as ‘exceptional
coffee’ (EC).

In Figure 2 it is shown the distribution of
the fuzzy index (FI) for the 13 clones, where it
can be seen that the two internal curves refer to
the results obtained at altitude 2 (A2), for both the
depulped (p) and the natural-dried coffee (d). The
product obtained from the sensory analysis (SA)
highlighted the C4i and C10i clones as having
an FI of 0.50 when the fruits were depulped (p),
showing them to be halfthe value of an exceptional
coffee (EC).

Despite the greatest values for FI at altitude
1 having been seen for all samples in the depulped
clones, the difference for the same clones when
natural-dried was small, showing that the post-
harvest processing to be adopted by the producer
should be well thought out, taking into account
the market price of quality coffees. Lima Filho
et al. (2013) evaluated the physico-chemical and
sensory quality of conilon coffee processed by
different methods and concluded it was possible
to obtain superior beverages for natural-dried
coffees.

More important than the post-harvest
processing of conilon coffee appears to be the
maturation stage, since greater values for FI were
seen in the intermediate clones. Early clones
had the smallest overall scores, showing that
the reddish colour of the shell did not ensure the
physiological maturation of the fruit and thus
provide better beverage quality, seeing that the
harvest was selective and the sensory analysis
considered only the cherry fruit.

Similar behaviour to that discussed for the
early clones (e) was seen in the late (1) clones. For
the C131 clone in A2, the GS and the FI were lower
in the dried samples, also showing little effect
from depulping on improving beverage quality.

For the combinations of clonal coffee
produced in Al when the fruits were depulped
(p) and natural-dried (d), 84.6% and 69.2%
respectively were in the FC class. Whereas for the

Lima, J. S. de S. & Silva, S. de A.

coffee produced in A2 under both methods of fruit
processing, 23.1% were in the FC class. These
results reinforce the idea that beverage quality,
as measured in the sensory analysis, shows a
gain for clonal conilon coffee in area A1 when
depulped (p). According to Silva et al. (2014),
the environment has a great effect on the quality
of coffee beverages, contributing to a qualitative
improvement in the roasted beans, regardless of
the variety grown.

Crops grown at higher altitudes tend to
produce sweeter coffees with higher quality
scores, and can be discriminated from those
cultivated at lower altitudes (SILVA et al., 2016).
Ricci, Cocheto Junior and Almeida (2013)
explained that, among other factors, those of
climate are the most important for the expression
of the qualitative standards of coffees grown in
environments at higher altitudes. According to
those authors, maturation occurs more slowly
due to the lower temperatures, which favours the
physiological development of the fruit.

In the cluster analysis, a cut-off distance of
0.40 was defined for each treatment under study,
forming three groups of clone accessions. For any
one clone, its presence in different groups defined
it as being dissimilar in relation to beverage for the
treatment under consideration. The dissimilarities
that exist (Table 3) for the depulped fruit (p) when
produced at different altitudes were determined
from the Euclidean distance > 0.14. That is, clones
Clle, Cl2e, C3i, C4i, C10i, C5I and C131] have
higher GS when produced at altitude 1 (A1) and
with the fruit depulped (p). When considering the
maturation stage, clones Clle and C131 showed
a greater reduction (greater d,,) for beverage in
relation to the change in altitude. This greater d ,
is reflected in the highest and lowest values for FI
between the two processes employed: the clones
C4ip (i = intermediate, p = depulped) and C10ip,
compared to C131d (1 = late, d = dried).

Silva et al. (2014), delimiting terroirs in
plantations of arabica coffee, verified that at higher
altitudes there are microclimates that are more
propitious to the production of special coffees.
The quality scores tend to be more homogeneous,
a similar behaviour to that seen in this study for
conilon coffee. Broadly speaking, conilon coffee
plants are grown in areas of lower altitude and
higher temperature, which has traditionally meant
lower sensory quality. It is evident from the results
of the above work, that cultivation at higher
altitudes, as in arabica coffee, also favours an
increase in the beverage quality of conilon coffee.
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FIGURE 2 - Radar chart of the fuzzy classification (FI) of GS obtained in the sensory analysis of the beverage

from clonal conilon coffee.

TABLE 3 - Euclidean distance (d,,) for the GS for beverage (fuzzified) of clones in the depulping process (p) at

different altitudes (A1 and A2)

7 5
CIA1 0.05 0.05 0.09 0.19* 0.14* 0.00 0.09 0.00 0.09 0.05 0.05 0.00 0.28*
C6A1 0.05 0.05 0.09 0.19* 0.14* 0.00 0.09 0.00 009 0.05 0.05 0.00 0.28*
C8Al  0.09 0.09 0.05 0.05 0.00 0.14* 0.05 0.14* 0.05 0.09 0.09 0.14* 0.14*
Cl1A1 0.14* 0.14 0.19* 0.28* 0.24* 0.09 0.19* 0.09 0.19* 0.14* 0.14* 0.09 0.38*
CI2A1 0.05 0.05 0.09 0.19%* 0.14* 0.00 0.09 0.00 0.09 0.05 0.05 0.00 0.28*
C2A1  0.09 0.09 0.14* 0.24* 0.19* 0.05 0.14 0.05 0.14* 0.09 0.09 0.05 0.33*
C3A1 0.14* 0.14 0.19* 0.28* 0.24* 0.09 0.19* 0.09 0.19* 0.14* 0.14* 0.09 0.38*
C4A1 0.28* 0.28 0.33* 0.42* 0.38* 0.24* 0.33* 0.24* 0.33* 0.28* 0.28* 0.24* (0.52*
C7A1  0.00 0.00 0.05 0.14* 0.09 0.05 005 0.05 005 0.00 0.00 0.05 0.24*
CY9A1  0.09 0.09 0.14* 0.24* 0.19* 0.05 0.14* 0.05 0.14* 0.09 0.09 0.05 0.33*
CI10A1 0.28* 0.28 0.33* 0.42* 038*% 0.24* 0.33* 0.24* 0.33* 0.28* 0.28* 0.24* 0.52*
CSA1 0.19* 0.19 0.24* 0.33* 0.28*% 0.14* 0.24* 0.14* 0.24* 0.19* 0.19* 0.14* 0.42*
C13A1 0.05 0.05 0.09 0.19* 0.14* 0.00 0.09 0.00 0.09 0.05 0.05 0.00 0.28*

C: clone; Al: production area at the higher altitude and A2: production area at the lower altitude; *: Euclidean

distance that shows dissimilarity between clones

In the environment at the higher altitude
(A1), considering the two methods of fruit
processing, the dissimilarities that exist (Table
4) for the depulped (p) and natural-dried fruit
(d) at altitude 1 (A1) were determined from the
Euclidean distance > 0.14. It can be seen that only
clones C8e, Clle and C10i showed dissimilarity
for beverage. The C8e clone presented a beverage
gain in the drying process, and the C4i clone
showed no dissimilarity between processes,
maintaining the highest score in both, thereby
forming part of a single group. The absence of
dissimilarity for the two processes reinforces the
above comment concerning the small qualitative
gain obtained when depulping the fruit of conilon
coffee. Because it is a less laborious process and
requires less care, and provided that only cherry
fruits are harvested, the results of this research
point to the recommendation of natural processes
(natural-dried coffee), taking into consideration
the maturation stage, unless the financial gain for

depulped coffee is far greater for a small variation
in GS.

Table 5 shows the Euclidean distances (d,,)
for the fuzzified quality of the natural-dried (d)
coffee fruit from clones produced at altitude 1
(A1) and altitude 2 (A2) respectively.

In these treatments, distances > 0.09
characterised a variation in the final beverage
value, representing dissimilarities for clones C8e,
Clle, C2i, C3i, C4i, C7i, C10i, C51 and C13], the
greatest distance being obtained for clone C13t,
with a value of 0.38. This characterises a similar
behaviour when the fruits were depulped and
compared between environments, i.e. the beverage
potential for this clone is higher when produced
at the higher altitude; in A1 and depulped the
clone was classified as FC, and when dried, as
VGC. The classes that describe coffee quality in
the classification key (Table 1) represent financial
gain to the producer, an important point to be kept
in mind.
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Table 6 shows the results for Euclidean
distance > 0.09, which presented dissimilarity for
the fuzzified beverage in clones of conilon coffee
at altitude 2, for the depulped dried fruit (p) and
the natural-dried fruit (d).

Among all the clones under study, Cl2e
and C4i at altitude 2 (A2) had a Euclidean
distance of 0.14 and 0.09 respectively, indicating

Lima, J. S. de S. & Silva, S. de A.

dissimilarity between the natural-drying method
of fruit processing in relation to depulping,
i.e. with an increase in GS for the natural-dried
coffee. A shorter Euclidean distance can be seen
in environment 2 for any one clone in the different
processes, indicating that depulping is not a
practice to be used in processing the fruit.

TABLE 4 - Euclidean distance between the GS for beverage (fuzzified) of clones at altitude 1 (A1) in the processes
of depulping (p) and natural drying (d) .

Cld Co6ld C8Id CIld Cl2d C2d C3d C4d C7d C9d CI0d C5d CIi3d

Clp 0.00 0.09 0.05 005 000 0.05 0.14* 0.19* 0.05 0.00 005 0.09 0.05
C6p 0.00 0.09 0.05 005 0.00 0.05 0.14* 0.19* 0.05 0.00 0.05 0.09 0.05
C8 0.14*  0.05 0.19* 0.09 0.14* 0.19* 0.28* 0.33* 0.09 0.14* 0.19* 0.24*  0.09
Cllp 0.09 0.19* 0.05 0.14* 0.09 0.05 0.05 0.09 0.14* 0.09 0.05 0.00 0.14*
Cl2p 0.00 0.09 0.05 005 000 0.05 0.14* 0.19* 0.05 0.00 0.05 0.09 0.05
C2p 0.05 0.14* 0.00 0.09 0.05 0.00 0.09 0.14* 0.09 0.05 0.00 0.05 0.09
C3p 0.09 0.19* 0.05 0.14* 0.09 0.05 0.05 009 0.14* 0.09 0.05 0.00 0.14*
C4p 0.24* 0.33* 0.19* 0.28* 0.24* 0.19* 0.09 0.05 0.28* 0.24* 0.19* 0.14* 0.28*
C7p 0.05 0.05 0.09 0.00 0.05 0.09 0.19%* 024* 0.00 0.05 0.09 0.14* 0.00
8 0.05 0.14* 0.00 0.09 0.05 0.00 0.09 0.14* 0.09 0.05 0.00 0.05 0.09

p  0.24* 0.33* 0.19* 0.28* 0.24* 0.19* 0.09 0.05 0.28* 0.24* 0.19* 0.14* 0.28*
g 0.14* 0.24*  0.09 0.19* 0.14* 0.09 0.00 0.05 0.19* 0.14* 0.09 0.05 0.19*

p 0.00 009 0.05 005 000 005 0.14 0.19*%* 0.05 0.00 0.05 0.09 0.05

C clones; p: dried depulped fruit and d: natural-dried fruit; *: Euclidean distance that shows dissimilarity between clones

TABLE 5 - Euclidean distance between the GS for beverage (fuzzified) of natural-dried (d) clones at altitude 1

(A1) and altitude 2 (A2)

CIA2 C6A2 C8A2 CI1A2 CI2A2 C2A2 C3A2 C4A2 CT7A2 C9A2 CI0A2 C5A2 CI3A2
CIAT 0.05 0.14* 0.05 0.14* 0.00 0.05 0.00 0.09* 0.14* 0.05 0.09* 0.00 0.42*
C6A1 0.05 0.05 0.05 0.05 0.09 0.05 0.09* 0.19* 0.05 0.05 0.00 0.09* 0.33*
C8AI  0.09* 0.19% 0.09* 0.19* 0.05 0.09* 0.05 0.05 0.19* 0.09* 0.14* 0.05 047*
Cl1A1  0.00 0.09* 0.00 0.09* 0.05 0.00 0.05 0.14* 0.09 0.00 0.05 0.05 0.38*
C12A1  0.05 0.14* 0.05 0.14* 0.00 0.05 0.00 0.09* 0.14* 0.05 0.09* 0.00 0.42*
C2A1  0.09* 0.19* 0.09* 0.19* 0.05 0.09* 0.05 0.05 0.19* 0.09* 0.14* 0.05 047*
C3A1  0.19* 0.28* 0.19* 0.28* 0.14* 0.19* 0.14* 0.05 0.28* 0.19* 0.24* 0.14* 0.57*
C4A1  0.24* 0.33* 0.24* 0.33* 0.19* 0.24* 0.19* 0.09* 0.33* 0.24* 0.28* 0.19* 0.61*
C7A1 0.00 0.09* 0.00 0.09* 0.05 0.00 0.05 0.14* 0.09* 0.00 0.05 0.05 0.38*
CI9A1 0.05 0.14* 0.05 0.14* 0.00 0.05 0.00 0.09* 0.14* 0.05 0.09* 0.00 0.42*
C10A1 0.09* 0.19* 0.09* 0.19* 0.05 0.09* 0.05 0.05 0.19%* 0.09* 0.14* 0.05 047*
C5A1  0.14* 0.24* 0.14* 0.24* 0.09* 0.14* 0.09* 0.00 0.24* 0.14* 0.19* 0.09* 0.52*
CI13A1 0.00 0.09* 0.00 0.09* 0.05 0.00 0.05 0.14* 0.09* 0.00 0.05 0.05 0.38*
C: clone; Al: production area at the higher altitude and A2: production area at the lower altitude; *: Euclidean

distance that shows dissimilarity between clones

TABLE 6 - Euclidean distance between the GS for beverage (fuzzified) of clones grown at altitude 2 (A2) for
depulped (p) and natural-dried (d) fruit

Cld C6d C8&8 CIld Cl2d C2d C3d C4d C7d C9d Clod C5d Cl3d

Clp 0.00 0.09*  0.00 0.09* 0.05 0.00 0.05 0.14* 0.09* 000 005 0.05 038*
Cé6p 0.00 0.09* 0.00 0.09* 0.05 0.00 0.05 0.14* 0.09* 0.00 0.05 0.05 0.38*
CSE) 0.05 0.05 0.05 0.05 0.09* 0.05 0.09* 0.19* 0.05 0.05 0.00 0.09* 0.33*
Cllp 0.14* 0.05 0.14* 0.05 0.19* 0.14* 0.19* 028* 0.05 0.14* 0.09* 0.19* 0.24*
Cl2p  0.09* 0.00 0.09* 0.00 0.14* 0.09* 0.14* 0.24* 0.00 0.09* 0.05 0.14* 0.28*
C2p 0.05 0.14* 0.05 0.14* 0.00 0.05 0.00 0.09* 0.14* 0.05 0.09* 0.00 0.42*
C3p 0.05 0.05 0.05 0.05 0.09%* 0.05 0.09* 0.19* 0.05 0.05 0.00 0.09* 0.33*
C4dp 0.05 0.14* 0.05 0.14* 0.00 0.05 0.00 0.09* 0.14* 0.05 0.09%* 0.00 0.42*
C7p 0.05 0.05 0.05 0.05 0.09* 0.05 0.09* 0.19* 0.05 0.05 0.00 0.09* 0.33*
C98 0.00 0.09 0.00 0.09* 005 0.00 005 0.14* 0.09* 000 005 0.05 038*
P 0.00 0.09 0.00 0.09* 005 0.00 0.05 0.14* 0.09* 0.00 0.05 0.05 0.38*
}; 0.05 0.14* 0.05 0.14* 0.00 0.05 0.00 0.09* 0.14* 0.05 0.09* 0.00 0.42*
p_0.24* 0.14* 0.24* 0.14* 0.28* 0.24* (0.28*% 0.38* 0.14* 0.24* 0.19* 0.28* 0.14*

C clone; p: depulped fruit; c: natural-dried fruit; *: Euclidean distance that shows dissimilarity between clones
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4 CONCLUSIONS

In the sensory analysis, the clones of conilon
coffee (Vitoria) present different global scores for
beverage depending on altitude and post-harvest
fruit processing. Clones 4 (C4i) and 10 (C10i),
of intermediate maturation, had a score of 85.0
for the depulped fruit, cultivated at an altitude of
528.0 m.

In the fuzzy classification, 84.6% and 69.2%
of the different clones produced in environment
1 (altitude of 528.0 m) were classified as ‘fine
coffee’ (FC) for the depulped (p) and natural-
dried (d) fruit respectively. In the A2 environment
(altitude of 100.0 m), 23.1% were obtained in the
two processes with the clones classified as ‘fine
coffee’ (FC).

The fuzzy classification taken together
with the cluster analysis to interpret the global
scores in the sensory analysis of the beverage for
the different treatments under study identified
dissimilarity in beverage quality between the
different clones.
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