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ABSTRACT

Beverages from roasted coffee can be classified according to their sensory quality into Gourmet, Superior, Traditional, and not recommended for supply
coffees. However, the sensory evaluation of coffee has been questioned as it can induce a subjective bias, since the assessors may be influenced by psy-
chological, physiological, and/or emotional factors. Therefore, the aim of this study was to develop multivariate models for predicting the overall quality
of Gourmet, Superior, and Traditional coffees, based on the physical and physicochemical parameters. One hundred and eight ground roasted coffee sam-
ples were evaluated for particle size, degree of roasting, histological identification, moisture, ash, aqueous extract, soluble solids (Brix), pH, and sensory
profiling. All categories presented fine grinding. No significant differences were observed in the moisture content and soluble solids (Brix) of Gourmet,
Superior, Traditional, not recommended for supply coffee samples. The Traditional and not recommended for supply presented higher levels of aqueous
extract, ash, and pH. Light degree of roast and higher acidity values were observed with the increase in coffee quality grades. The results of the physical
and physicochemical parameters and the principal component analysis allowed the separation of coffees into only two classes: high-quality (Gourmet and
Superior) and low-quality (Traditional and not recommended). Furthermore, the one-class classification (OCC) method showed good sensitivity and was
able to satisfactorily distinguish the Gourmet coffee samples from the other samples, in this way, this model can be used to corroborate but not replace

the sensory analysis.
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1 INTRODUCTION

Coffee is a plant originated from the African continent,
belonging to the Rubiaceae family and the genus Coffea.
Among the various species of the genus Coffea, the species
Coffea arabica (Arabica coffee) and Coffea canephora
(Conilon or Robusta coffee) have an economic relevance in
the national and international market (Pimenta, 2003). These
species have different genetic, chemical, and morphological
characteristics, thus providing beverages with very distinct
sensory profile (Illy; Viani, 2005). Arabica coffee produces
a more delicate brew with a more intense flavor and aroma,
while Conilon coffee has a lower acidity and a higher bitter
taste (Kreuml et al., 2013).

Brazil is the world’s largest coffee producer and
exporter, with a significant domestic consumption of coffee.
From the seed to the cup, coffee beans go through a long chain
of transformations, and several factors along the production
chain can impact its final quality such as climate (Camargo,
2010), maturation and harvesting of beans (Giomo, 2012;
Santos et al., 2018) and drying process (Arruda et al., 2012;
Wintgens, 2009).

The roasted coffee market in Brazil offers the
information of the coffee quality to the consumer divided in
three classifications specified in the Sao Paulo state legislation.
The Sdo Paulo state Department of Agriculture and Supply
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(SAA) have standardized the physicochemical and sensory
evaluation of roasted coffee by the Resolutions 30 and 31 of
2007, and SAA 19 of 2010 which has established the identity
and minimum quality parameters of roasted coffee beans and
ground roasted coffee, classifying according to their sensory
characteristics in Gourmet, Superior, Traditional and not
recommended for supply coffees (Sdo Paulo, 2007a; Sao
Paulo, 2007b; Sao Paulo, 2010). Minas Gerais state have
adopted similar criteria for evaluation of roasted coffee for
consumption by decree 44.661 of 11/26/2007 (Minas Gerais,
2007). These criteria take into consideration the intrinsic
quality of the coffee bean and the quality of the whole process
from the crop to cup.

The sensory evaluation of coffee is performed using
selected and trained assessors to express their olfactory and taste
perception, which has been questioned due to their subjective
bias since psychological, physiological, and emotional factors
can compromise the accuracy of the evaluation (Brasil, 2010;
Dutcosky, 2013; Ribeiro et al., 2012). Hence, a new analytical
methodology to evaluate the chemical and physicochemical
parameters or even new analytical parameters are required to
contribute to the sensory evaluation of the final product.

Some authors have correlated data from chemical and
physicochemical analyses of coffee beans with the sensory
characteristics of the beverage. Those studies investigated
the physicochemical parameters using different instrumental
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techniques, such as: liquid and gas chromatography (Ribeiro et
al., 2010; Bressanello et al., 2016), near infrared spectroscopy
(NIR) (Santos et al., 2012; Tolessa et al., 2016) and sensory
evaluation using the “cup test” method of the Specialty Coffee
Association of America (SCAA) (Farah et al., 2006), which
evaluates the beverage from raw coffee beans, subjected to a
light roasting, which is quite different from the roasted and
ground coffee commonly found on the market.

Studies on coffee properties have assessed a large number
of variables and the application of chemometric methods allows
to describe the data set globally, and providing relevant and
reliable information about the product (Margo et al., 2014).

Ribeiro et al. (2010) used Principal Component
Analysis (PCA), a very popular exploratory analysis tool in
chemometrics analyses (Abdi; Williams, 2010), to identify
possible markers for the differentiation of the beverage quality
considering its aroma, overall quality, and flavor. Arruda et
al. (2012) investigated the effect of pre-processing on Catuai
amarelo coffee beans, and discriminated demucilated coffee
from pulped natural coffee. Tavares et al. (2012) used PCA and
partial least square (PLS) regression to detect ground roasted
coffee adulteration with different percentages of fruit peel.

Data modeling is another method widely used in
chemometrics. Modeling techniques, such as One-Class
Classification (OCC), have been used to identify objects
of a specific class within a set of evaluated objects (Oliveri,
2017; Rodionova; Oliveri; Pomerantsev, 2016). OCC was
used by Zhang et al. (2015) to identify food adulterations.
The authors built a classification model from the peanut oil
fatty acid profile, which was able to identify adulterated oil
samples. In another study, Gondim et al. (2017) investigated
common adulterants in raw milk, and were able to distinguish
adulterated from unadulterated samples.

The aim of this study was to develop multivariate
models correlating the data of sensory evaluation of coffee
brews with the physical and physicochemical parameters
of ground roasted coffee, to predict the overall quality of
Gourmet, Superior, and Traditional coffee samples.

2 MATERIAL AND METHODS

2.1 Sampling

One hundred and eight ground roasted coffee samples
from the market were used in this study: 14 samples were
classified as Gourmet (G), 35 as Superior (S), 40 as Traditional
(T) and 19 samples as not recommended for supply (NR). The
quality parameters were defined by the sensory panel rather
than those originally informed by the manufacturers. After
the sensory evaluation, the grounded coffees were subjected
to physical (particle size, degree of roasting, and histological
identification) and physicochemical (moisture, aqueous
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extract, and ash contents) characterizations. The brews were
characterized for soluble solids content (Brix) and pH.

2.2 Sensory evaluation

The coffee brew was prepared by percolating with filter
paper using 50 g of ground roasted coffee and 500 ml of water
at 92 °C. The samples were stored in thermal bottles for up to
1 hour and kept until the moment of analysis. The descriptive
sensory analysis was performed by a selected and trained panel
composed of five to nine assessors per session, using a 0-10cm
unstructured scale to evaluate the coffee powder fragrance
and the following coffee brew attributes: aroma, defects,
acidity, bitterness, taste, aftertaste, astringency, and body. The
overall quality was determined by a trained panel taking into
consideration the attributes alone and the joint perception of
aroma, flavor, and body of the beverage. (Sdo Paulo, 2007a;
Sdo Paulo, 2007b; Sado Paulo, 2010).

The classification system of the Identity and Quality
Technical Standards for roasted coffee beans and ground
roasted coffee was used for the classification, as follows:
Resolutions SAA 30 (Superior coffee) and 31 (Gourmet
coffee) of 22/06/2007, and Resolution SAA 19 (Traditional
Coffee) of 5/04/2010. These resolutions consider the range of
7.3 to 10.0 on the coffee quality grades as “Gourmet coffees”;
between 6.0 and 7.2 as “Superior coffees”; between 4.5 and
5.9 as “Traditional Coffees”, and 4.5 the minimum overall
quality grade recommended for supply (Sado Paulo, 2007a; Sao
Paulo, 2007b; Sao Paulo, 2010).

2.3 Physical characterization

The particle size was determined in triplicate, based on
the percentage retention in sieves # 12 (1.70 mm), 16 (1.18
mm), 20 (0.85 mm), 30 (0, 60 mm) and bottom (Lingle, 1996).
The degree of roasting was determined in an Agtron Coffee
Roast spectrophotometer, in triplicate, and the classification
was performed using the Agtron/SCAA Roast Color
Classification System, containing color disks ranging from 75-
95 (light), 65-55 (medium) and 25-45 (dark). Direct readings
obtained by spectrophotometer were used in this study, rather
than the final degree of roast. Histological identification was
performed as Gassner (1989).

2.4 Physicochemical characterization

The aqueous extract content was determined in triplicate
according to Zenebon, Pascuet and Tiglea (2005). The ash
content was determined in triplicate established by AOAC
(2012). The moisture content was determined in duplicate
detailed on ISO 11294 (1994) methodology. The pH of coffee
brew was measured in a Marconi PA-200 pH meter, and the
soluble solids content (Brix) was determined in a Bausch &
Lomb bench refractometer applied by Zenebon, Pascuet and
Tiglea (2005).
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2.5 Multivariate data analysis

The means of the sensory, physical and physicochemical
determinations for the four categories of coffee samples
(powder and brew) studied (G, S, T, and NR) were analyzed
by Analysis of Variance (Anova-Welch) and compared by the
Games-Howell test.

PCA was used to evaluate the interactions between
the physical and physicochemical parameters and the sensory
evaluation. The one-class technique (OCC) was used to build
a classification model, using a target class, consisting of
Gourmet coffee samples, and an alternative class, consisting
of Superior, Traditional, and not recommended for supply
coffee samples. The Gourmet class model was built using two
factors and the limit was plotted within 95% confidence (a =
0.05). Statistical and multivariate analyses were performed
using XLSTAT (2018), (Addinsoft, 2018), Pirouette® 4.5
(Infometrix, 2011) and Matlab software.

3 RESULTS AND DISCUSSION

3.1 Sensory evaluation

Table 1 shows the results of the sensory attributes of
108 ground roasted coffees (powder) and their brews.

Significant differences were observed among the
coffee brew samples for all attributes, except for acidity,
with no differences between Gourmet and Superior coffees.
Consequently, the final quality of coffees also differed among
the samples.

Gourmet coffee exhibited strong intensity scores for
the attributes studied, except for bitterness and astringency,
which presented scores corresponding to weak intensity. The
Superior coffees presented scores corresponding to moderate
to high intensity, with the exception of the defects, bitterness

and astringency, which presented scores between weak and
moderate intensity (Sdo Paulo, 2007a; Sdo Paulo, 2007b).

According to the descriptive terminology for the
evaluation of the sensory quality of coffees, Gourmet coffee
was characterized as a more aromatic powder, resembling a
fresh coffee. The brew exhibited a characteristic coffee flavor,
with a balance of acidity, bitterness, and astringency, with no
defects. Consequently, these coffee samples had higher scores
for overall quality and were considered as high-quality coffees
(Sao Paulo, 2007b). As reported by Reis, Cunha and Carvalho
(2011) coffees with Gourmet and Superior designation have
higher sensory quality, as they are subjected to a careful
selection of beans, as well as a greater control of the roasting
process. Thus, the scores of the descriptive analysis of this
study demonstrated the quality of the raw material used in
coffee production.

Traditional coffee exhibited scores corresponding
to moderate intensity for all attributes evaluated, except for
acidity, which presented scores ranging from weak to moderate
intensity.

Some coffee samples, identified as Traditional on their
labels, presented scores ranging from weak and moderate
intensity for the attributes powder fragrance, brew aroma,
acidity, flavor, aftertaste, and body, and moderate to moderate-
high intensity for bitterness and astringency (Table 1). These
samples presented unsatisfactory characteristics, with a
predominant taste of defective beans, with higher bitterness
and astringency, thus they were classified as not recommended
for supply coffees (NR) by trained panel. The Resolution
SAA 19 allows the use of up to 20% defects for Traditional
coffees production. However, the use of heterogeneous coffee
beans (blend of defective and healthy beans) can compromise
the coffee quality, resulting in coffees with undesirable
characteristics (Pimenta, 2003).

Table 1: Sensory attributes of Gourmet (G), Superior (S), Traditional (T) and not recommended for supply (NR).

Sensory Classification

Sensory attributes G T NR
Powder fragrance 7.3(0.1)a 6.3 (0.3)b 5,1(0.3)c 4.5(0.2)d
Aroma 7.2(0.1)a 6.4 (0.3)b 4,8 (0.3)c 4.2 (0.2)d
Defects 1.4 (0.2)d 3.0 (0.5)c 5,0 (0.4)b 5.6 (0.2)a
Acidity 4.0 (0.2)a 3.9(0.3)a 2.8 (0.2)b 2.5(0.1)c
Bitterness 2.5(0.1)d 3.9(0.5)c 5.5(0.4)b 6.0 (0.3)a
Flavor 7.3(0.1)a 6.3 (0.3)b 4.7 (0.3)c 4.1 (0.2)d
Aftertaste 7.3(0.1)a 6.3 (0.3)b 4.7 (0.3)c 4.1(0.1)d
Astringency 1.3(0.2)d 3.2 (0.7)c 5.3(0.5)b 5.6 (0.2)a
Body 6.7 (0.1)a 6.3 (0.2)b 5.1(0.2)c 4.9 (0.2)d
Overall quality 7.4 (0.1)a 6.4 (0.3)b 4.9 (0.3)c 4.2 (0.2)d

Values expressed as mean (standard deviation) of coffees G = 14 samples; S = 35 samples; T = 40 samples and NR = 19 samples. For each
attribute, the values (row) followed by different letters are statistically different at the 5% error (Games-Howell).
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The sensory characteristics of the 108 coffee samples
were evaluated by PCA showing a slight discrimination
between samples and agreement with the results in Table 1.
The separation between the categories was described in the
first principal component, as can be seen in Figure 1 (PC1
versus PC2), which accounted for 97% of the total variance.

The Gourmet and Superior coffees, located to the left of
the chart, were characterized for the attributes powder fragrance,
brew aroma, acidity, flavor, aftertaste, and body. These samples
were considered by the assessors as more aromatic and with
a powder fragrance reminiscent of a fresh coffee. The brew
exhibited a characteristic aroma of freshly brewed coffee and
typical coffee flavor, with a balance of acidity, bitterness, and
astringency, without the presence of defects.

Flavor defects is one of the attributes evaluated in this
descriptive analysis focused on the sensory quality of coffees
that is related to the defective beans (black, green, and burnt).
The Traditional coffees and not recommended located on the
right side were characterized by a lack of balance caused by
intense bitterness and astringency, with a preponderant taste of
defective beans.

It was also observed that Superior coffees S26, S32,
S33, S34, and S35 were positioned close to Gourmet coffees,
with less astringency in relation to their category.

3.2 Physical and physicochemical characterization

Regarding the coffee composition, all Gourmet coffee
samples consisted of Arabica coffee. In the matter of the

Superior category, 20 samples were composed of Arabica
coffee and 15 samples of Arabica and Conilon coffee blend.
On the subject of the Traditional coffees, 25 samples were
composed of Arabica coffee, while 15 samples consisted of
Arabica and Conilon coffee blend. For the not recommended
for supply, 13 samples were composed of Arabica coffee and
6 samples of Arabica and Conilon coffee blend. The results
of the other physical and physicochemical parameters and the
overall quality of the coffee samples are presented in Table 2.
Significant differences were observed for some physical
and physicochemical parameters of coffees. No differences
were observed for the samples subjected to sieves # 12, 16,
and 20 all coffee classes. But with a significant difference for
the retention in sieve # 30 and bottom sieve for the samples
Gourmet, Superior, Traditional, and not recommended for
supply coffees. Although all samples presented fine grinding
(Table 2), the Traditional coffee presented a higher amount
of powder retained at the bottom sieve, obtaining a higher
average for this parameter (83.5%), thus it was considered with
fine particle size, which was different from Gourmet coffee,
which presented a lower average (64.1%). Superior and not
recommended for supply coffees exhibited intermediate size
at the bottom sieve (78.2% and 80.5%, respectively), with no
significant differences from Gourmet and Traditional coffees.
Table 2 shows that the higher scores for overall quality
were obtained for coffees with higher percentage of coarse
particles that didnt pass to the bottom, that is the particles
were retained on the Sieve # 30. The particle size may

Figure 1: Loading and score plots of the first two principal components of the PCA carried out with the sensory data of the coffee
samples. G = Gourmet coffee; S = Superior coffee; T = Traditional coffee and NR = not recommended for supply coffee.
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influence the final quality of the brew, as it directly interferes
with the brewing time and beverage extraction. A very fine
grind makes the water longer in contact with the powder
during the extraction process, resulting in a brew with a very
bitter characteristic (Pimenta, 2003; Illy; Viani, 2005).

Regarding the degree of roasting, the Gourmet and
Superior coffees obtained higher color grades (54.9 to 55.1,
respectively), and were classified as medium / moderately
light-roasted coffees, no significant differences between them.
However, they differed significantly from the Traditional and
not recommended coffee, which exhibited the lowest scores
for the attribute color (44.9 and 43.6, respectively), being
considered as moderately dark / dark-roasted coffees.

Coffee marketed in Brazil is usually a dark-roasted coffee
(Pimenta, 2003). Not recommended for supply coffees, presenting
unsatisfactory quality, showed the most intense degree of roasting
(lower scores) (Table 2). It is known that the roasting intensity
can greatly affect the sensory characteristics of the coffee and,
consequently, its final quality. Although acidity is the predominant
characteristic in light roasting, there is carbonization of some
components with the increase in degree of roasting, leading to
the formation of a burnt flavor in the coffee brew (Melo, 2004;
Bhumiratana; Koushik; Chambers, 2011).

The Gourmet coffee obtained the lowest scores (23.9%)
for aqueous extract, differing significantly from the Traditional
(28.5%), Superior (26.3%) and not recommended coffees
(27.7%). Spotting these findings, only the Gourmet coffee did
not meet the requirements established by the Resolutions SAA

30 and 31(Sao Paulo, 2007) and SAA 19 (S&o Paulo, 2010) for
the aqueous extract, which should be at least 25%.

Ground roasted coffee commonly has different degrees
of roasting and grinding, consisting of different blends of
coffee varieties. A higher aqueous extract content found
in the Traditional coffees of this study may be due to their
composition containing blends of coffee beans. Moura et
al. (2007b) evaluated different Conilon and Arabica coffee
blends, and found values from 27.87% to 28.89% for up to
50% replacement of Arabica to Conilon. In another study,
Licciardi et al. (2005) evaluated commercial ground roasted
coffees, and observed changes in the aqueous extract contents
possibly due to the coffee harvesting and brewing time. The
authors stated that the coffee brewed in January had aqueous
extract content ranging from 24.38% to 29.73%, while those
brewed in July ranged from 24.57% to 37.88%, i.e. the aqueous
extract content has increased over the months.

The ash content of the samples ranged from 4.3% to
5.5% (Table 2). Gourmet and Superior coffees had lower
ash levels (4.3% and 4.4%, respectively), with no significant
differences between them, w hich differed from Traditional
and not recommended for supply coffees, and presented the
highest ash levels (5.0% and 5.5%, respectively). Teixeira,
Passos and Mendes (2016) found similar ash levels in different
types of ground roasted coffees, with the lowest values also
observed for the Gourmet coffee (4.0%). Gourmet coffee is
composed only of Arabica coffee, which usually has lower ash
content, while the other coffees are composed of blends, and

Table 2: Results of physical, physicochemical, and sensory parameters of Gourmet (G), Superior (S), Traditional (T) and not

recommended (NR) coffees.

Sensory Classification

Parameters
G S T NR
Sieve # 12 0.1 (0.1) 0.2 (0.2) 0.3(0.3) 0.4 (0.7)
Sieve # 16 0.7 (0.8) 0.6 (0.9) 0.4 (0.4) 0.4 (0.3)
Sieve # 20 7.5(7.1) 43(4.9) 33(5.2) 3.6 (1.5)
Physical parameters Sieve # 30 279 (14.4)a 17.0 (10.5)ab 12.4 (5.9)b 15.5(6.3)b
Bottom sieve 64.1 (20.6)b 78.2 (14.0)ab 83.5(9.5)a 80.5 (6.9)ab
Classification Fine Fine Fine Fine
Degree of roasting 54.9 (6.9)a 55.1(6.1)a 44.9 (4.5)b 43.6 (7.6)b
Disc # / Degree 65/ medium 75/ light 55/ medium 55/ medium
Aqueous extract (%) 23.9(2.2)c 26.3 (3.2)b 28.5(2.5)a 27.7 (2.6)b
. . Ash (%) 4.3(0.2)b 4.4(0.3)b 5.0 (0.4)a 5.5(0.7)a
Ph-‘;i‘f;f;f:;slcal Moisture (%) 3.1(1.3) 2.9 (1.0) 3.9(1.9) 43 (1.8)
pH 5.1(0.1)c 5.3(0.3)b 5.6(0.2)a 5.6 (0.3)a
Soluble solids (Brix) 2.0 (0.4) 2.2(0.4) 2.1(0.4) 2.0 (0.4)
Sensory Evaluation Overall quality 7.4 (0.1)a 6.4 (0.3)b 4.9 (0.3)c 4.2 (0.2)d

Results expressed as mean (standard deviation). For each parameter row values followed by different letters are statistically different at the 5%

level (Games-Howell). Data without letters are not significantly different.
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the inclusion of Conilon coffee can contribute to the increase
in ash content (Conti et al. 2013; Teixeira; Passos; Mendes,
2016).

According to the Resolutions SAA 30 and 31 of 2007,
and SAA 19 of 2010, the ash content of roasted coffee should
not exceed 5%. High ash levels may also be due to the presence
of impurities in the samples, indicating possible changes in
production processes. In the present study, coffees with a high
ash content presented unsatisfactory sensory quality, being
classified as not recommended for supply coffees (Sao Paulo,
2007a; Sao Paulo, 2007b; Sao Paulo, 2010; Cecchi, 2002).

The pH of ground roasted coffee brews ranged from
5.1 to 5.6 (Table 2). Traditional and not recommended for
supply coffees exhibited higher pH values (5.6 and 5.6) and
differed significantly from Superior and Gourmet coffees (5.3
and 5.1, respectively) that were considered more acidic than
the Traditional and not recommended for supply coffees by
the trained panel (Table 1). Coffee acidity is an important
attribute and is usually present in higher intensity in high-
quality coffees. Mendonga, Pereira and Mendes (2005)
reported that coffee acidity has been correlated with pH, thus
pH determination can be used to evaluate coffee brew acidity.

The pH values observed for Gourmet and Superior
coffees were within the range recommended by Fernandes et al.
(2003), who reported that pH from 4.95 and 5.20 can provide a
palatable brew without excess acidity or bitterness. The lower
pH of Gourmet coffee can be due to its composition consisting
of Arabica coffee, while the other samples correspond to coffee
blends. Sunarharum, Williams and Smyth (2014) reported that
Arabica coffee beans have pH between 4.85 and 5.15, which
corroborates the results of this study. The authors also reported
that Conilon coffee has a pH between 5.25 and 5.40.

The differences in pH values may be also due to the
roasting process, once the coffees evaluated in this study were
classified with different degrees of roasting (Table 2). In a
study to evaluate the effect of roasting on the characteristics
of Arabica coffee, Moura et al. (2007a) observed that the more
roasted the coffee beans, the higher the pH of the coffee brew
was. The authors reported that higher pH due to the most
intense roasting is due to the degradation of acids present in
green coffee and those formed at the beginning of the roasting
process.

3.3 Multivariate Analysis: Principal Component
Analysis (PCA) and One-Class Classification
(0CC)

PCA was used to evaluate the overall quality of the
coffees according to their physical and physicochemical
properties. Multivariate methods, such as PCA, allow
simultaneous evaluation of all physical and physicochemical

parameters studied (particle size, degree of roasting,
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histological identification, moisture, ash, aqueous extract,
soluble solids, and pH) facilitating the differentiation of the
coffee categories (G, S, T, and NR).

The initial data matrix of 108 (samples) x 12 (physical
and physicochemical parameters) was submitted to univariate
analysis, aiming to investigate the relationship between each
parameter and the overall quality of coffees. A correlation
higher than 0.3 was observed between the physical and
physicochemical parameters (sieve # 30, bottom sieve, degree
of roasting, aqueous extract, ash, moisture, and pH) and the
overall quality, thus they were selected for the next step of
multivariate analysis. A new data matrix (108 x 7) was
obtained and submitted to PCA. Due to the different orders
of magnitude of the parameters studied, data were previously
self-scaled, thus giving the same weight to all variables.

Figure 2 (A and B) represent the loading and score plots
generated by the PCA. The first three principal components
(PC) accounted for 80% the total variance of the data, and 44%
of the total variance described by PC1, 22% by PC2, and 14%
by PC3.

As the coffees are positioned in the first two dimensions
(Figure 2A), it is observed that there is a dispersion of the
samples throughout the plot, with no separation between
samples according to the physicochemical parameters, while
a tendency towards separation was observed along the PC1.

Gourmet and Superior coffees are located to the right
of the graph and characterized by a coarse particle size, once
they have higher retention at the sieve # 30 and a lighter roast
when compared to the low-quality coffees, as well as a lower
aqueous extract and less powder retained on bottom sieve. The
PCA shown in Figure 2B (PC1 versus PC3) reinforces that
the Gourmet coffee differed from the others, once they had a
lower aqueous extract and a lower pH value.

In addition, as can be seen in Figure 2A, Traditional
and not recommended for supply coffees are located to the
left of the chart, opposite the high-quality coffees (Gourmet
and Superior). These samples were characterized by having
a fine particle size, with a higher amount of powder retained
on bottom sieve, higher ash and moisture contents, and higher
pH, besides a darker roast when compared to Gourmet and
Superior coffees.

The PCA scores in the first two dimensions (66% of
variance) created 95% confidence ellipses using the physical
and physicochemical parameters to describe the behavior of
each coffee category. The ellipses are shown in Figure 3.

In the matter of the confidence ellipses in Figure 3A, the
variability of PCA scores was not satisfactory to discriminate
the four coffee categories according to their physicochemical
properties. There are no distances between the different
categories, with an overlap of confidence ellipses, indicating
that the variables do not have enough information to better
discriminate the four categories.
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(A)

®)

Figure 2: (A) Loading and score plots of the PCA carried out
with the results of the physical and physicochemical parameters
of the coffees. G = Gourmet coffee; S = Superior coffee; T
= Traditional coffee and NR = not recommended for supply
coffee. Axes PC1 and PC2 refer to the principal components (B)
Loading and score plots of the PCA carried out with the results
of the physical and physicochemical parameters of the coffees.
G = Gourmet coffee; S = Superior coffee; T = Traditional coffee
and NR = not recommended for supply coffee. Axes PC1 and
PC3 refer to the principal components.

To increase the discrimination between categories,
the number of categories has been decreased. Thus, two
categories were considered to recalculate the confidence
ellipses (Figure 3B), as follows: coffees with scores < 5.9
(Traditional and not recommended) and coffees with scores
> 6.0 (Gourmet and Superior). Thus, with 95% confidence, a
group with Gourmet and Superior coffees (high-quality) and
another group consisting of Traditional and not recommended
for supply coffees (low-quality) was formed, once the samples

that make up these two groups have similar behavior for
the parameters evaluated. This result is probably due to the
raw material used, once both Gourmet and Superior coffees
undergo more careful processing (Pimenta, 2003; Sao Paulo,
2007a; Sao Paulo, 2007b; Sao Paulo, 2010).

(A)

(B

Figure 3: (A) 95% confidence ellipses for not recommended
(black), Traditional (red), Superior (green) and Gourmet (blue)
coffees. (B) 95% confidence ellipses considering 2 classes:
Traditional and not recommended (red) and Gourmet and
Superior coffees (blue).

It was not possible to construct a model for coffee
classification for all categories (G, S, T, and NR) due to the
nature of data, thus an alternative data modeling method
was used, the one-class classification (Rodionova; Oliveri;
Pomerantsev, 2016). In this approach, a classification limit is
defined for a target class, and then the constructed model is
used to detect whether or not a new object belongs to that class
(Pomerantsev; Rodionova, 2018).

The exploratory data analysis allowed observing that
Gourmet coffee presented a more distinct behavior among the

Coffee Science, 15:e151654, 2020
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samples, probably due to its composition consisting of Arabica
beans, which usually undergo more careful processing and a
lighter roasting (Table 2). These treatments provide greater
coffee standardization, making the product more homogeneous,
thus a good characterization of this group is possible even
with few samples. Therefore, the Gourmet coffee was used as
the target class in this study, and a model was built using its
physicochemical properties to classify the other samples. The
classification model is presented in Figure 4.

(A)

(B

Figure 4: (A) Modeling class. Target class: Gourmet coffee;
Dotted line corresponds to a = 0.05. (B) Target class: Gourmet
coffee (blue); Alternative class: Superior, Traditional and not
recommended for supply coffee samples (red).

An acceptance area was established around the target
class and the classification was estimated with no information
about the alternative class (Rodionova; Oliveri; Pomerantsev,
2016). Referring to Figure 4A, the dotted line was drawn with
95% confidence (o = 0.05), and it was possible to observe
that all samples of the target class were within this limit. An
alpha error of 0.05 was used, to prevent the target class from

Coffee Science, 15:e151654, 2020

being outside the limit, which was not observed in this study,
demonstrating 100% sensitivity of the model. The constructed
model was then used to predict the samples belonging to the
alternative class (Figure 4B).

Some samples of the alternative class were incorrectly
classified as members of the target class. These samples,
allocated within the 95% confidence interval, were considered
Gourmet coffees despite not belonging to this category. Thus,
13 false positive rates were observed, as follows: 1 false
positive not recommended for supply (NR); 2 false positive
Traditional (T), and 10 false positive Superior (S). When
evaluating the results of these samples, it was observed that
their physicochemical parameters were similar to the target
class. However, from a sensory point of view, these samples
were classified into distinct quality categories (Superior,
Traditional, and not recommended).

Similar to Gourmet coffee, the false positive NR
presented a light roast and coarse particle size, as it exhibited
a higher retention on sieve # 30. However, in the sensory
evaluation, it presented weak intensity for the quality attributes
powder fragrance, brew aroma, acidity, flavor, aftertaste, and
body, as well as the preponderant taste of defective beans, with
greater bitterness and astringency, thus it was classified as not
recommended for supply coffee.

The false positive T had a light roast and a lower pH
value, similar to Gourmet coffees. From a sensory point of
view, the sensory quality of Gourmet coffees were not affected,
presenting moderate intensity scores for all attributes evaluated.

Concerning the 10 false positives S, the samples
were more similar to Gourmet coffees in the physical and
physicochemical para m eters, once they presented coarse
particle size, light roast, lower aqueous extract contents,
and acidic pH. Of these samples, 4 were initially marketed
as Gourmet coffees; w hereas the sensory quality was not
perceived by the trained staff, the samples received the
Superior quality designation.

4 CONCLUSIONS

The physical and physicochemical parameters showed
no difference amongst the categories for the grinding, the
moisture content and soluble solids (Brix) analysis. The
Traditional and not recommended for supply presented higher
levels of aqueous extract, ash, and pH. Light degree of roast
and higher acidity values were observed with the increase in
coffee quality grades. The principal component analysis of
these results showed a separation between the high-quality
(Superior and Gourmet) and low-quality (Traditional and not
recommended) coffee samples. Light roasting and coarser
grinding (sieve # 30) were correlated with high-quality
coffees, while the higher aqueous extract, higher ash content,
and higher pH were correlated with low-quality coffees.
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Only the Gourmet category was discriminated using
the physical and physicochemical parameters of the present
study.

The one-class classification model developed using the
physical and physicochemical parameters of the target class
(14 Gourmet coffee samples) presented 100% sensitivity and
was able to satisfactorily classify 81 out of 94 alternative coffee
samples, in this way, this model can be used to corroborate but
not replace the sensory analysis.
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