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Abstract To identify chemical parameters that might be
used as discriminators, pH, soluble solids, caffeine, trigo-
nelline, total caffeoylquinic acids, 3-O-caffeoylquinic acid,
4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, total dic-
affeoylquinic acids, 3,4-O-dicaffeoylquinic acid, 3,5-O-
dicaffeoylquinic acid, 4,5-O-dicaffeoylquinic acid, total
feruloylquinic acids, 3-O-feruloylquinic acid, and 5-O-
feruloylquinic acid were measured in Arabica and Robusta
coffees submitted to three roasting levels. It was found that
the fraction of soluble solids increased with roasting level,
being slightly higher in Robusta roasted coffee. The contents
of caffeine did not vary significantly between roasting
degrees within the Arabica and Robusta samples, respec-
tively, revealing a considerable stability during browning.
The contents of trigonelline in Arabica and Robusta coffee
decreased significantly with browning intensification.
Overall, the levels of chlorogenic acids remained higher in
Robusta roasted coffee beans but decreased sharply with
roast increase. With roasting intensification, the ratio of total
caffeoylquinic acids, total dicaffeoylquinic acids, and total
feruloylquinic acids varied markedly in both species, with
the proportion of total caffeoylquinic acids and total feru-
loylquinic acids increasing significantly, whereas the oppo-
site occurred with dicaffeoylquinic acids. One can conclude,
through the application of a multivariate analysis, that these
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chemicals form four clusters, constituting caffeine, trigo-
nelline, total dicaffeoylquinic acids, and total feruloylquinic
acids a relevant group for T; roasting level discrimination, in
both coffee species. Additionally, detailing discriminators
for roasting intensity in Arabica coffee might be caffeine,
trigonelline, 3-O-caffeoylquinic acid, and 4-O-caffeoylqui-
nic acid, whereas in Robusta roasted coffee are trigonelline, 3-O-
caffeoylquinic acid, 4-O-caffeoylquinic acid, 5-O-caffeoylqui-
nic acid, 3,4-O-dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic
acid, 4,5-O-dicaffeoylquinic acid, 3-O-feruloylquinic acid, and
5-O-feruloylquinic acid.

Keywords Arabica coffee - Caffeine - Chlorogenic acids -
Roasted coffee beans - Robusta coffee - Trigonelline

Abbreviations
CGA Chlorogenic acid

CQA a1 Total caffeoylquinic acids
3-CQA 3-O-caffeoylquinic acid
4-CQA 4-0O-caffeoylquinic acid
5-CQA 5-O-caffeoylquinic acid
diCQA1  Total dicaffeoylquinic acid
3,4-diCQA  3,4-O-dicaffeoylquinic acid
3,5-diCQA  3,5-O-dicaffeoylquinic acid
4,5-diCQA  4,5-O-dicaffeoylquinic acid
FQA o1a1 Total feruloylquinic acid
3-FQA 3-O-feruloylquinic acid
5-FQA 5-O-feruloylquinic acid
ICO International coffee organization
Introduction

In green beans of C. arabica and C. canephora (Arabica
and Robusta coffees, respectively), pH may vary between
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5.26 and 6.13 [1], while soluble solids represent
23.85-27.31 and 26.07-30.60% of biomass, respectively
[2]. In coffee beans, caffeine prevails in the cytoplasm of
parenchyma cells, associated with chlorogenic acids,
forming a potassium chlorogenate complex. Caffeine usu-
ally varies between 0.8 and 1.4% in C. arabica seeds and
1.7-4.0% in C. canephora (considering both Robusta and
Conilon cultivars) [3]. Plants that produce seeds almost
completely free of caffeine (0.08%) were also reported for
C. arabica [4], while exceptionally high content values
(5.5%) were detected in C. canephora [5].

Moreover, trigonelline content ranges between 0.3 and
1.3% d.b. [6]. Trigonelline has little direct influence (weak
bitter taste) but its thermal degradation products contribute
for final coffee aroma [7, 8]. The chlorogenic acids further
accumulate in the cytoplasm of epidermal cells, but larger
quantities can also be found in the periplasm. In green
coffee beans, caffeoylquinic acids, dicaffeoylquinic acids,
and feruloylquinic acids account for about 98% of total
chlorogenic acids [9].

After roasting, the amount of caffeine in the seed
slightly decreases, while chlorogenic acids and trigonel-
line are particularly degraded [3, 10]. Indeed, a large
number of aromatic compounds result from the thermal
decomposition of chlorogenic acids, namely phenolic
esters, carbonyl compounds, esters, and polycyclic com-
pounds [11], which contribute to flavor, acidity, and
astringency of coffee drink [8]. In this context,
hydroxycinnamic acids, which are particularly common
in coffee beans, especially as chlorogenic acid in the
double form of caffeine and potassium chlorogenate [10,
12], are significantly destroyed during roasting, with the
release of alkaloids [13]. Additionally, 50-80% of trigo-
nelline can be degraded during roasting [7, 14], with the
formation of other compounds, namely nicotinic acid,
pyridine, 3-methyl-pyridine, methyl ester of nicotinic
acid, and the decarboxylated derivative 1-methylpyridi-
nium as a major reaction product of trigonelline subjected
to pyrolytic conditions [15].

It has long been known that the chemical compo-
sition of roasted coffee beans mostly depends on the
temperature and duration of the roasting procedure
[13]. Accordingly, this work aims to identify chemical
discriminators that might be applied to differentiate the
roasting intensity of commercial Arabica and Robusta
coffee beans. The chemical composition of Arabica
(from Brazil) and Robusta (from India) coffee beans
after applying three levels of roasting levels was ana-
lyzed. For that was used a multivariate analysis in
order to identify chemical clusters that might be use-
fully used as discriminators of roasting intensity and
quality.
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Materials and methods
Materials

Sampling from green coffee bags of Coffea arabica (from
Brazil) and Coffea canephora (from India), selected
because they are the two major trading species, was carried
out according to the Instrucdo Normativa No 8 [16], NP
1666 [17], and ISO 4072 [18] and as recommended by the
ICO (International Coffee Organization). The sampling
process began with the selection of green coffee bags [19],
at random (a minimum of 10% of the lot). The selected
bags were separated from the lot, and ca. 30-g samples of
coffee were collected in triplicate from three different
points (top, middle, and bottom) of each bag. After
extraction and homogenization, the portions were joined,
for an overall take of green coffee, with a minimum mass
of 1.5 kg. Arabica and Robusta green coffee samples were
then submitted to three levels of roasting, Ty, T, and Ts, at
220 £+ 10 °C, for 7, 9, and 11 min, respectively. These
samples were then used for all subsequent studies.

Chemical characterization

Soluble solids and pH were measured according to AOAC
[20, 21], at 25 °C. Ground roasted coffee (10 g £ 0.1 mg)
mixed with water (200 mL) was boiled for 5 min and
cooled at room temperature and the weight adjusted by
adding water. After filtration (Whatman no 1 filter), the pH
was measured at ca. 25 °C. For the quantification of sol-
uble solids, 25 mL of the filtrate was evaporated to dryness
and the residue placed in an oven at 105 °C and finally in a
desiccator for cooling and weighed. Data are the average of
triplicates for each sample of roasted coffee.

Caffeine and trigonelline contents were measured
according to ISO 10095 [22]. Ground roasted coffee
(1 g =+ 0.1 mg) and magnesium oxide (4.5 £ 0.5 g) were
homogenized in water (100 mL) and placed in a water bath
at 90 °C for 20 min, with continuous stirring. After cool-
ing, the volume was restored to the original level and the
mixture was filtered (Whatman no 1 filter) without washing
the solid residue. A 2-mL aliquot of the mixture was added
to 10 mL of distilled water and filtered through a 0.45-pm
filter. Caffeine and trigonelline were quantified in an
integrated HPLC system (Waters, equipped with UV-VIS
detector, model 440, column Lichrosorb 100 RP-18 from
Merck, 5 pm particle size, 4 mm x 250 mm), using the 32
Karat Software (version 7.0, Beckman Coulter, Inc). The
elution of 20-pL aliquots was performed with 20 mM
phosphate buffer (pH 4.3) and acetonitrile solution (9:1),
using a 1 mL min~' isocratic flow rate and a column
temperature of 25 °C. Detection was performed at 254 nm,
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and the retention times for trigonelline and caffeine were 2 and
13 min, respectively (Fig. 1). For identification and quantifi-
cation, standard curves were built with concentrations ranging
between 8 and 1,000 pg mL ! for caffeine and between 8 and
500 pg mL~" for trigonelline. All extractions and chro-
matographic analysis were performed in triplicate.
Chlorogenic acids were analyzed as described elsewhere
[20]. Briefly, after mixing 2 g £ 0.1 mg of ground roasted
coffee with 10 mL of methanol/water (40:60), and

mechanical agitation for 30 min, the mixture was
Fig. 1 Chromatograms of A
trigonelline and caffeine in -00057 1
Arabica and Robusta coffees.
A green Arabica, B roasted -00058
Arabica (T3), C green Robusta,
D roasted Robusta (T53). 1 00059
trigonelline, 2 caffeine
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centrifuged (9,400x g, 5 min, 25 °C). The supernatant was
decanted, 1 mL of Carrez solutions I (aqueous solution of
zinc acetate dihydrate and glacial acetic acid, 10.95 g and
1.5 mL, respectively, to a final volume of 50 mL) and II
(aqueous solution of 5.3 g of potassium hexacyanoferrate
II trihydrate in a final volume of 50 mL) was added for
clearing, and thereafter, a methanol/ water (40:60) solution
was added to a final volume of 100 mL. After 15 min, the
mixture was filtered (Whatman filter no 1) and an aliquot of
10 mL was taken and filtered (PVDF filter, 0.45 um) prior
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to a reversed-phase HPLC analysis (Beckman System Gold
system) using an end-capped, C18, 5-um Spherisorb S5
ODS-2 column (250 x 4.6 mm) and the 32 Karat Software
(version 7.0, Beckman Coulter, Inc). The elution of 20-uL
aliquots was performed at ca. 25 °C, over 45 min with a
1 mL min~"' flow rate, using a linear gradient of 20-70%
methanol in 100% tripotassium citrate buffer solution
(10 mM, pH 2.5). The column was allowed to re-equili-
brate for 10 min. Detection was carried out at 325 and
330 nm using a diode-array detector (mod.168, Beckman).
Chromatograms showing the retention times of chlorogenic
acids are shown in Fig. 2.

For the isomerization of chlorogenic acid (5-CQA), in
order to obtain 3-CQA and 4-CQA standards, 200 mg of 5-
CQA standard was solubilized in 20 mL of distilled water
and the pH was adjusted to 8 with ammonium hydroxide
(4 M). Then, the solution was boiled for 30 min in a water
bath and cooled and the pH adjusted to 2.5 with HCI (4 M).
After filtration, samples were used for quantification. The
identification of chromatographic peaks and quantification
of results were carried out using standard solutions of
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Fig. 2 Chromatograms of chlorogenic acids in Arabica and Robusta
coffees (325 nm). A green Arabica, B roasted Arabica (T3), C green
Robusta, D roasted Robusta (T3). /1 3-CQA, 2 3-FQA, 3 4-CQA, 4
5-CQA, 5 5-FQA, 6 3,4-diCQA, 7 3,5-diCQA, 8 4,5-diCQA
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5-CQA. To identify the isomers 3-CQA and 4-CQA, the
standard 5-CQA isomer was subjected to isomerization, as
already described. The peaks appeared with the following
sequence: 3-CQA, 3-FQA, 4-CQA, 5-CQA, 4-FQA, 5-
FQA, 3,4-diCQA, 3,5-diCQA, and 4,5-diCQA. The cali-
bration curve was obtained from 5-CQA with readings at
325 and 330 nm. The quantification was done assuming the
peak areas as a reference and comparing them with the
standard 5-CQA. To quantify each compound, the fol-

Frxe; xMrp XA

l:2><MI']
¢, the concentration of the isomer to quantify, in mg L
Fr, the response factor of the standard 5-CQA in mg L'
per unit area; &;, the molar absorption coefficient of the
standard 5-CQA in L mol ™! cm_l; &>, the molar absorption
coefficient of the isomer to quantify, in L mol™' ecm™";
Mr,, the molecular weight on the isomer under study—
CQA = 35431 g mol™', FQA = 368.28 g mol ™', diC-
QA =51644 ¢ mol ™ '; Mr;, the molar mass of acid
5-CQA; A, the peak area of the isomer to quantify).
The molar absorption coefficients (3-CQA = 18,400,
4-CQA = 18,000, 5-CQA = 19,500, 3,4-diCQA = 31,800,
3,5-diCQA = 31,600, 4,5-diCQA = 33,200, with A = 330
nm; 3-FQA = 19,000, 4-FQA = 19,500, 5-FQA = 19,300,
with 2 = 325 nm) indicated in [23, 24], in L mol™' cm™",
were used. Data were within the detection limits of the
method. All extractions and chromatographic analysis were
performed in triplicate.

lowing equation [23, 24] was used: ¢ = (being:

Statistical analysis

Data were statistically analyzed using a two-way ANOVA
(» < 0.05). Based on the ANOVA results, a Tukey’s test
was performed for mean comparison, for a 95% confidence
level. Different letters in the tables indicate significant
differences for 95% confidence level.

The multivariate analysis was carried out with STAT-
ISTICA 6.0 software Copyright StatSoft, Inc., following
several authors [25-29].

Results and discussion

The generation, volatilization, and degradation of acids
occur simultaneously during roasting [11]. However,
depending on the amount of acids formed during the
pyrolysis of the coffee beans, the pH of different coffee
genotypes can vary in a similar roasting [2]. In this context,
it was found that pH reached a minimum value both for
Arabica and for Robusta coffees at T, roasting level,
whereas the highest value was developed at T; roasting
level (Table 1). Such highest values would eventually
result from the lower proportion between total aliphatic
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Table 1 Levels of pH, soluble solids, caffeine, and trigonelline (the last three in % of dry weight) of Arabica and Robusta coffee submitted to
three (T, T, and T3) roasting levels

Parameters
Roasted samples pH Soluble solids (%) Caffeine (%) Trigonelline (%)
Arabica
T, 5.12 + 0.00°* 26.2 + 0.2°" 1.38 £ 0.01°"* 1.29 + 0.02%"
T, 5.02 + 0.00°* 27.0 + 0.1°¢ 1.23 £ 0.04"¢ 1.15 + 0.00°"
Ts 5.45 £ 0.01%F 30.6 + 0.0°" 1.30 £ 0.01°"¢ 0.553 £ 0.01°
Robusta
T, 5.32 + 0.00° 26.99 + 0.08°" 2.16 + 0.03>" 0.902 + 0.006™*
T, 5.29 + 0.00°" 28.66 £ 0.07°" 2.28 + 0.02%" 0.873 £ 0.014%*
T, 5.49 + 0.01%F 31.41 £ 0.22% 2.33 £ 0.02%0" 0.571 %+ 0.005>*

Each value is the mean + SE (n = 3). Different letters indicate significant differences in a multiple range analysis, for 95% confidence level,

among roasting levels for the same species (a, b, ¢) or between coffee types for the same roasting level (r, s)

acids and bean mass, as inferred from [30]. Independently
of the roasting level applied, all pH values fall in the
characteristic range observed among different genotypes
[2, 11, 31].

The fraction of soluble solids also increased with
roasting level, with a tendency to display values slightly
higher in Robusta roasted coffee (Table 1). Although
organic acids losses and chemicals volatilization during
pyrolysis might trigger soluble solids losses, the raise of the
later might prevailed after roasting due to the increased cell
breakage of coffee beans, which implicates re-solubiliza-
tion of celluloses and carbohydrates as well as protein
denaturation [2].

During coffee roasting, the bean temperature rises up to
about 200 °C, mostly due to a combination of external with
internal heating (as temperature changes inside the roaster
between 170 and 230 °C). Therefore, as temperature value
surpasses the temperature of sublimation of caffeine
(178 °C), considerable losses of this compound would be
expected [32]. However, during roasting, the sublimation
point of caffeine also increases due to the internal pressure
rise, triggered by carbon dioxide synthesis and low vapor
diffusion produced through the outer layers of the grain
[32]. In this context, it was found that the contents of
caffeine in Arabica and Robusta roasted coffees, although
significantly different among them (Table 1), revealed a
considerable stability during browning, close to values
observed in other beans from different geographical
origins [32-34]. Nevertheless, the caffeine levels were
above the minimum (0.7%) required for marketing [35].
Caffeine contents of roasted coffees are similar to others
[35, 36].

The contents of trigonelline found in the present work in
Arabica and Robusta beans were similar to what was pre-
viously found in other coffees from different origins [34,
37]. These values strongly decreased with browning

intensification (Table 1), showing 43% (Arabica) and 63%
(Robusta) in T3 as compared to T;. That would lead to
pyridines, N-methylpyrrole and, due to demethylation,
niacin synthesis [32]. The degradation of trigonelline,
which was more pronounced in roasted Arabica coffee
(except roasting level T;), would result from the physical
and chemical characteristics of grains of each type of
coffee [32]. The values obtained for roasted coffees are
similar to others [35].

The roasting also promoted severe decreases in CGA
contents, as a result from various reactions, such as acyl
migration, hydrolysis, oxidation, fragmentation, polymeri-
zation, and association with denatured proteins [38]. That
led to lactone synthesis due to the dehydration of quinic
acid residue, with the consequent formation of a ring,
resulting from the participation of acid substituent groups
at position C; and alcohol in position Cs. In this context,
following the increase in roasting intensity, 3-CQA,
4-CQA, and 5-CQA decreased gradually to 17-20% in
Arabica and to 27-37% in Robusta beans, thereby deter-
mining the sharp decrease in CQAq;- These losses were
stronger in Arabica, which showed simultaneously the
lowest values (Table 2). 5-CQA contents are similar for
Arabica, but lower for Robusta than those obtained by
others [35].

Concerning 3,4-diCQA, 3,5-diCQA, and 4,5-diCQA, a
even higher susceptibility to degradation was observed. In
fact, in T; treatments, the values ranged from 5 to 8% in
Arabica and 10-14% in Robusta, when compared with T,
and also remained significantly higher in Robusta beans
(Table 3).

Although less affected than CQAs and diCQAs, the
FQA values were significantly reduced under higher
roasting conditions, with 5-FQA being more reduced than
3-FQA, while 4-FQA can be considered irrelevant, as also
found by others [10, 37-39]. As for the CQAs and diCQAs,
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Table 2 Levels of 3-CQA, 4-CQA, 5-CQA, and CQA . (in % of dry weight), of Arabica and Robusta coffee submitted to three (T, T,, and T3)

roasting levels

CQA (%)
Roasted samples 3-CQA 4-CQA 5-CQA CQAwtal
Arabica
T, 0.987 + 0.003** 1.23 &+ 0.01** 221 £ 0.01%" 443 + 0.00™
T, 0.594 £ 0.002"* 0.814 £ 0.001°* 1.28 + 0.00°* 2.68 + 0.01°*
T, 0.203 + 0.001°* 0.258 + 0.003%* 0.379 + 0.002°¢ 0.840 + 0.004*
Robusta
T, 1.06 £ 0.01*" 1.31 £ 0.01%F 2.19 + 0.02*" 4.56 + 0.04°
T, 0.777 £ 0.005°" 1.03 £ 0.00°* 1.58 & 0.01°F 3.38 + 0.02°"
T, 0.310 £ 0.002°" 0.488 & 0.004°" 0.589 =+ 0.004%" 1.39 £ 0.01°

Each value is the mean + SE (n = 3). Different letters indicate significant differences in a multiple range analysis, for 95% confidence level,
among roasting levels for the same species (a, b, ¢) or between coffee types for the same roasting level (r, s)

Table 3 Levels of 3,4-diCQA, 3,5-diCQA, 4,5-diCQA, and diCQA . (in % of dry weight) of Arabica and Robusta coffee submitted to three

(T4, T,, and T3) roasting levels

diCQA (%)
Roasted samples 3,4-diCQA 3,5-diCQA 4,5-diCQA diCQA ol
Arabica
T, 0.166 + 0.000™* 0.130 %+ 0.000™* 0.175 + 0.002*¢ 0.471 + 0.002*¢
T, 0.070 £ 0.001°* 0.050 £ 0.001°* 0.065 =+ 0.000"* 0.185 £ 0.002"*
Ts 0.014 + 0.000°* 0.009 + 0.000°* 0.009 + 0.000°* 0.033 £ 0.000°*
Robusta
T, 0.315 & 0.005%" 0.202 £ 0.007%" 0.276 + 0.012%F 0.794 + 0.024%"
T, 0.180 £ 0.003>" 0.116 £ 0.002* 0.160 £ 0.001°" 0.456 £ 0.006""
T, 0.043 £ 0.000°" 0.021 £ 0.000°" 0.033 £ 0.000°" 0.097 £ 0.000%"

Each value is the mean + SE (n = 3). Different letters indicate significant differences in a multiple range analysis, for 95% confidence level,
among roasting levels for the same species (a, b, ¢) or between coffee types for the same roasting level (r, s)

Table 4 Levels of 3-FQA, 5-FQA, and FQA . (in % of dry weight) of Arabica and Robusta coffee submitted to three (T, T,, and T3) roasting

levels
FQA (%)
Roasted samples 3-FQA 5-FQA FQA o1
Arabica
T, 0.070 £ 0.001** 0.162 £ 0.004** 0.232 £ 0.006™*
T, 0.055 + 0.000°* 0.107 + 0.003%¢ 0.162 + 0.002°¢
T, 0.028 + 0.000°* 0.040 + 0.001°* 0.068 + 0.001*
Robusta
T, 0.165 + 0.001%* 0.413 + 0.002%F 0.578 + 0.004%"
T, 0.142 + 0.001%" 0.305 + 0.005%" 0.447 + 0.006>"
T, 0.084 =+ 0.001" 0.157 £ 0.001" 0.241 £ 0.000°"

Each value is the mean + SE (n = 3). Different letters indicate significant differences in a multiple range analysis, for 95% confidence level,
among roasting levels for the same species (a, b, ¢) or between coffee types for the same roasting level (r, s)

the FQA 1 of Robusta was less affected and a signifi- Our data showed that among CGA compounds, the

cantly higher value persisted when compared with Arabica  diCQAs are the most sensitive, being severely degraded
beans (Table 4). with more intense roasting, while FQAs, although strongly
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A Tree Diagram for 3 Variables
Single Linkage
Euclidean distances

T1

T2
T3
1.5 20 25 3.0 35 4.0 45
Linkage Distance
B Tree Diagram for 3 Variables
Single Linkage
Euclidean distances
T
T2
T3

1.8 20 22 24 26 28 30 32 34 36
Linkage Distance

Fig. 3 Samples (n = 3) dendogram of roasting treatments (T, T,,
and T;) of Arabica (a) and Robusta (b) coffees considering the
parameters pH, soluble solids, caffeine, trigonelline, CQA ., di-
CQA a1, and FQA ., based on Euclidean distances between them

affected, suffered a lower reduction, thus increasing its
relative weight (Tables 2, 3, 4). Furthermore, in the overall
CGAs of roasted coffees, the CQA fraction maintained the
highest relative weight, prevailing 5-CQA.

To reduce the large number of variables (pH, soluble
solids, caffeine, trigonelline, CQAa, di-CQAo, and
FQA o) to a smaller number of factors for data modeling,
a cluster analysis using a linkage distance around 1.97 and
2.08 (Fig. 3a, b) allowed a discrimination of roasting T;
from T, and T,, in Arabica and Robusta samples. In this
context, considering this critical design and the correlation
across the hierarchical levels, in both coffee species, the
differentiation of roasting T; was related to higher values
for pH and soluble solids (Table 1), whereas lower values
were detected for trigonelline, CQAa, diCQAo, and
FQA 1 (Tables 1, 2, 3, 4). The differentiation between
these species was further linked to higher values of pH,
soluble solids, caffeine, CQA a1, dICQAora1, and FQA o1

A Tree Diagram for 7 Cases
Single Linkage
Euclidean distance

pH

Caffeine

diC0A 1,y

FQA Total

CQA o)

Soluble solids

0 5 10 15 20 25 30 35 40
Linkage Distance
B Tree Diagram for 12 Cases

Single Linkage
Euclidean distances

pH
Caffeine
Trigonelline i
3-CQA ]"
4-COA ¥
5-CQA
3.4-diCQA
4,5-d4iCQA
3,5-diCQA
5-FQA -
3-FQA
Soluble solids

0 5 10 15 20 25 30 35 40
Linkage Distance

Fig. 4 Arabica coffees dendogram of roasting treatments (T, T,, and
T;) of a pH, soluble solids, caffeine, trigonelline, CQA1,
diCQA (a1, and FQA ., based on Euclidean distances between them;
b pH, soluble solids, caffeine, trigonelline, the 3-CQA, 4-CQA,
5-CQA, 3,4-diCQA, 3.5-diCQA, 4.5-DICQ, 3-FQA, and 5-FQA,
based on the Euclidean distances between them

in Robusta roasted coffee, while the opposite occurred with
trigonelline. To select a subset of variables from all vari-
ables set, (i.e., considering the highest correlations with the
principal component factors), data suggest that, following
the patterns in each roasting degree, the parameters can be
subdivided into four groups in both coffee species,
according to their importance for discrimination (Figs. 3,
4). Following this hierarchical clustering, in both species,
although the relevance of pH, soluble solids, and CQA .
content might be minimized (Figs. 4, 5), caffeine, trigo-
nelline, di-CQA o, and FQA . constitute a relevant
group for roasting Tj discrimination (Fig. 4). Moreover,
further assessing the significant variations (Tables 1, 2, 3,
4), T; roasting treatment can be differentiated in both
species, as the detailing discriminators in Arabica roasted
coffee are caffeine, trigonelline, 3, CQA, and 4-CQA
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Considering that factor analysis might reduce space
from a larger number of variables to a smaller number of
factors and following the chemical characterization of
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