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ABSTRACT

Defects in coffee affect the sensory quality of finished drink. To avoid this, defective beans are usually removed after threshing, as, once the green beans
have been roasted, it becomes difficult to identify the defects. Procedures have been developed to evaluate coffee samples using infrared spectroscopy
to detect such defects. As such, this study evaluated infrared spectra and sensory attributes of 39 coffee samples in: commercial ground and instant
coffees, medium and high roast quality coffees, and defects present in the coffee. The sensory analysis was performed by 10 judges, semi-trained by a
Q-grader, and eleven attributes were assessed using a semi-structured hedonic scale. The spectra obtained from the coffee samples were processed by
mean centering, normalization (probabilistic quotient normalization), area normalization, first derivative and second derivative, later followed by principal
component analyses. The sensory results showed differences in the evaluated attributes, differentiating between the samples of high quality medium
roasted coffee from the other samples. After processing IR spectra of the samples by area normalization, PCA results exhibited four different groups: a)
medium, high roasted quality coffee, with broken and chipped defects; b) commercial ground coffee and defects of sour, insect damaged, and faded; c)
black defects, and d) instant coffee. Using the chemical descriptors obtained from the infrared spectra, it was possible to separate between high quality,

commercial and instant coffee.

Key words: Coffee bean defects; FTIR-ATR; principal component analysis; quality coffee.

1 INTRODUCTION

Quality coffee is the result of good agricultural practices
and proper post-harvest handling. Its intrinsic characteristics
meet a requirement that may be a necessity or an expectation
(ISO, 2000). However, in roasted and ground coffee, the addition
of defective beans is a common practice, which negatively
affects the sensory characteristics of the beverage (Reis; Franca;
Oliveira, 2013a; 2013b). Defective beans become evident after
the threshing stage, and these must be selected and eliminated
by physical analysis to avoid imbalances in the coffee’s
organoleptic characteristics (Puerta- Quintero, 2001). The green
coffee beans are then roasted, after which it becomes difficult
to identify the defects (Diaz et al., 2018). Sensory evaluation is
used to assess coffee quality, which is a subjective method, as it
requires expert tasters and the procedures imply a considerable
investment of time (Craig et al., 2018).

Some authors have proposed the use of analytical
methodologies to identify defects present in roasted coffee,
based on infrared spectroscopy (Craig et al., 2018; Piccino
et al., 2014; Zanin et al., 2016). Fourier Transform Infrared
Spectroscopy (FTIR) is an attractive technique due to easy
sample preparation and quick determinations. (Rodriguez;
Allendorf, 2012). Infrared spectroscopy records changes in
the absorption and radiation emitted by molecular vibration
with a given energy level; each functional group provides a
characteristic absorption, regardless of its relationship to the
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rest of the molecule (Rodriguez; Allendorf, 2012). Spectral
analyses have been presented as a reliable tool for the objective
evaluation of coffee quality attributes, allowing information
on the chemical composition to be obtained quickly (Barbin
et al., 2014). It has been demonstrated in studies on the
characterization and discrimination of defective and non-
defective green coffee (Craig; Franca; Oliveira, 2012b), roasted
and ground coffee (Craig; Franca; Oliveira, 2012a). Given the
need to establish a rapid assessment of the presence of defects
and their influence on sensory quality, the purpose of this paper
was to: i) evaluate and compare the sensory attributes and
chemical markers of the infrared spectrum between defective
and non-defective Colombian coffee samples, and ii) establish
a classification of coffee samples by applying the principal
component analysis (PCA) method to the data obtained from
infrared spectroscopy.

2 MATERIAL AND METHODS

2.1 Sample selection and preparation

Fourteen coffee samples were used: four commercial
instant coffee samples, four commercial ground coffee
samples, and three high and medium roast quality coffee
samples evaluated under the protocol established by
the American Association of Specialty Coffees (SCA).
Additionally, we worked with five types of defects according
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to SCA classification (American Association of Specialty
Coffees - SCA, 2018): total or partially black, insect damage,
faded, broken/chipped, and sour or partially sour. These defects
were selected due to their impact on the sensory characteristics
of coffee. Samples of commercial ground and instant coffees
were purchased from chain stores, coffee samples were obtained
from local producers in the Huila region and coffee defects were
sorted and supplied by a local coffee cooperative. The green and
defective beans were passed through a No. 13 sieve of 5 mm
diameter to eliminate smaller beans and each type of defect was
prepared independently without mixing.

Green coffee samples and defects were roasted in a
TC 150R rotary drum roaster (Quantik, Bogota, Colombia),
ground in a Bunn mill (G3 HD BLK, Springfield, USA),
and sieved to a particle size of between 150 and 250 pum.
Luminosity (L*) range recommended by Wei and Tanokura
(2014) were then applied to establish the samples’ roasting
level. Color measurements were made using a CR-410
colorimeter (Konica Minolta Sensing Inc., Japan) with D65
illuminant, and 10° standard observer.

2.2 Analytical determinations

For all analyses, 9 types of samples were considered:
commercial ground coffee, commercial instant coffee, high
roasted quality coffee, medium roasted quality coffee, total or
partially black, insect damaged, faded, chipped/broken, sour
or partially sour. Prior to sensory analysis, pH, water content
and soluble solids values were obtained for each sample. The
pH was determined following the methodology established
by Mazzafera (1999). The water content was determined by
a moisture analyzer MB45, (OHAUS-MB45, Parsippany, EE.
UU). The soluble solids content was determined using a PR-
201a digital refractometer (ATAGO, USA).

2.3 Sensory analysis

A sensory analysis was carried out for each one of
the samples previously defined; in the case of the treatments
obtained from the samples of commercial ground coffee,
quality coffee, and defects, the AeroPress preparation method
was implemented, with a ratio of 7 grams of ground coffee
per 100 milliliters of water filtered with activated carbon
at a temperature of 90 °C as recommended by Sanchez
and Chambers (2015). For the instant coffee samples,
the methodology described by Oliveira et al. (2009) was
implemented, with ratio of 2 grams of sample per 150 milliliters
of water filtered with activated carbon at 90 °C.

The sensory analysis was performed by a panel of 10
semi-trained judges; constituted from persons normally familiar
with quality of coffee, capable of discriminating differences and
communicating their reactions. The panel analyzed 19 coffee
extracts in two sessions. The panelists were previously trained
by a Q-grader certified professional and in general descriptive
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analysis of testing and perception of sweet, sour, salty, bitter, and
umami. For this study, the judges received further orientation to
coffee using samples that may not be included in the analysis.

For the cup tasting, each participant was given 50
ml of the extract to evaluate the attributes of: aroma, color,
sweetness, flavor, aftertaste, body, acidity, flavor to coffee,
bitterness and overall score on a hedonic scale from zero to
nine, with zero indicating the lowest acceptance value, and
nine the highest (Silva et al, 2013). The assessment panel also
provided sensory descriptors for each of the samples based
on the sensory lexicon dictionary of World Coffee Research
(WCR; SCA, 2017).

2.4 Infrared spectroscopy

IR spectra readings were taken using approximately 1 g
of roasted ground coffee (< 0.5 mm), with working conditions
of 56% relative humidity and 24.83 °C in an FTIR Cary 630
spectrophotometer, with a DLATGS detector and an ATR
sampling accessory (Agilent, Santaclara California, USA). All
spectra were recorded within the 4000-650 cm™ range with
a resolution of 8 cm™ and 20 scans. The approximate total
times required for sample preparation were 3 minutes, the
final spectrum was obtained from the average of five sample
readings. Three samples were used for each defect and four
samples of instant coffee and ground coffee.

2.5 Statistical analysis

The results of the analytical determinations and sensory
analysis were evaluated using simple ANOVA. Tukey’s test
was used to find mean differences between the samples, with a
significance level of 95%.

The infrared spectra were processed using Resolutions
Pro-software (Agilent, USA) in order to compensate for changes
in experimental conditions, remove redundant information
and enhance sample-to-sample differences, mean centering,
normalization (probabilistic quotient normalization), area
normalization, first derivative and second derivative of area
were applied to the spectra. Subsequently, a principal component
analysis (PCA) was performed to obtain sample clusters from
chemical markers in infrared spectroscopy. Data (treated and
untreated) were scaled by dividing by the standard deviation
of each of the variables and centered by subtracting the mean,
in order to decrease variability. The areas used for the analysis
were those included in the 3000-2800 cm! and 2000-900 cm'
regions. The statistical procedures were performed using the R
Core Team (2019) program GPU General Public License.

3 RESULTS AND DISCUSSION

Table 1 presents the mean values and the standard
deviation for the parameters evaluated for each of the samples.
The luminosity (L*) for the treatments of high roast quality
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coffee, commercial ground coffee, black, insect damaged,
faded, broken/chipped and sour showed no differences
(p>0.05). With average values lower than 21.5 (L<21.5),
these samples were classified as high roast. According to the
roasting table described by Wei and Tanokura (2014), medium
roasted quality coffees were classified as medium roasting and
instant coffee samples as cinnamon roasted.

Regarding humidity content all samples in the study
exhibited values below 5%, results are consistent with those
reported by Hernandez et al. (2007). Samples IC and CGC
presented higher values as a consequence of the storage process
before the experiment. The pH parameter evidenced differences
(p<0.05): the lowest values were found in the medium roasted
quality coffee samples, which presented the lowest roasted

level. These results coincide with those reported by Bahamon,
Guzman and Parrado (2018), Valencia, Pinzén and Gutiérrez
(2015) and Fujioka and Shibamoto (2008), who associated the
presence of chlorogenic acids and organic acids such as citric
and malic acids with the pH. These types of compounds are
degraded during the roasting process, generating a decrease
in the pH. In general, the results obtained coincide with those
reported by Gloess et al. (2013).

3.1 Sensory analysis

The results of the sensory analysis are shown in
Table 2. There is a preference for medium roasted quality
coffee samples, which gave the higher acceptance averages
for most of the attributes. Differences (p<0.05) were found

Table 1: Mean values + standard deviation for the determination of pH, color, humidity and soluble solids of the different treatments

and ANOVA p-values for significance.

Samples L* Humidity (%) pH Soluble solids (%)
Black 21.5540.19% 2.20+0.50% 5.79+0.01¢% 1.07+0.06
Broken/chipped 21.01£0.12% 2.22+0.41%® 5.38+0.01¢ 1.30+0.00?
Faded 21.194+0.21%® 2.03+0.41* 5.48+0.02° 1.10+0.00°
CGC 21.97+0.65° 2.96+0.41° 5.50+0.3¢ 1.35+0.12°
HRQC 21.42+0.69° 2.03+£0.27* 4.93+0.01° 1.31£0.08*
IC 28.89+0.20¢ 3.129+0.20° 4.78+0.09° 4.77+0.91°
Insect damage 21.48+0.27% 1.94+0.412 5.9+0.01¢ 1.134£0.06*
MRQC 25.21+1.24° 3.04+0.24° 4.77+0.06* 1.26+0.07°
Sour 20.12+0.14* 1.85+0.50° 5.57+0.01¢¢ 1.23£0.06*

P'Value skskok * sksksk sksksk

*** 1 <0.001. * p<0.01.

Mean + SEM. Different letters in the same column indicate significant differences (Tukey P<0.05).
CGC: commercial ground coffee. IC: instant coffee. HRQC: high roasted quality coffee. MRQC: medium roasted quality coffee.

Table 2: Intensity attributes mean scores (based on 5 replicates) for coffee samples in studied and ANOVA p-values for significance.

Attribute Black fﬁgj:é Faded  GCC  HRQC IC dgl;z:e MRQC Sour  P-value
Aroma 0.4+£02*  03£0.1° 1.4+0.6° 04+0.1° 44+12° 44£0.9° 07403 7.1142.1° 0.674027°  **+
Color 8.8+3.4% 89+3.6®  8.2+3.3* 9.5+2.2° 6.1x1.7° 6.7£1.5° 8.5+£3.5* 2.28+0.66¢ 8.82+3.36* koxk
Sweetness 0.8403*  0.4+02% 05402 0.740.2% 43+12° 3240.7° 0.840.3° 6.04£1.74° 053400220 %%+
Aftertaste 6.942.8% 58424 84434 52412 52414% 38408 7.543.0° 5.54+ 1.60% 7.843.18% *
Flavor 04402  0.5402*  0.9+40.4* 0.4+0.1*° 3.9+1.1° 3.5£0.8° 04402° 6.01£1.74° 03240.13°  **+
Body 2440.9°  2.9412%  7.042.9° 3.7+0.8% S5.0+£14% 3.6H0.8 534220 476+1370 5674230 kx
Acidity 11204  0440.1°  1.5£0.6% 1.040.2° 3.6+1.0¢ 2.8+0.6% 1.040.4" 530+1.53¢ 0.72£0300  ***
Flavor to coffee ~ 0.8£0.3*  0.4+0.1*  0.9+0.3° 0.4+0.1° 4.5:£12° 3.4+£0.7° 0.6£02° 648£1.87° 045:0.18°  **+
Bitter 17£0.7%  1.640.65% 1.4£0.6% 2.4+0.5% 4.3+1.2% 53+12¢ 1.6£0.7% 7.1342.06° 0.92+£037°  ***
Scoring 03+0.1° 0.554022° 0.8403* 0.3£0.1° 4.6£12% 33+0.7° 04402° 6.0241.74° 0.4140.100 %%+

*p<0.05. **p<0.01.**p < 0.001.

Mean + SE. Different letters, in the same row indicate significant difference (Tukey P<0.05) .
GCC: ground commercial coffee. IC: instant ground coffee. HRQC: high roasted quality coffee. MRQC: medium roasted quality coffee.
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for all attributes in each of the samples. In terms of color, the
lowest score went to the medium roasted quality coffee samples
due to the fact that the score was given by color intensity. Thus,
its value is given by the lightness of its color. In this context,
the scores given by the evaluation panel were consistent with
the analytical color measurements obtained prior to the sensory
analysis for the samples evaluated (Table 1), with the exception
of samples of instant coffee that were light in color when ground.

The sensory analysis for coffee preparation showed
a change in color, which placed the drink in the dark coffee
category. The ratings for the acidity attribute were consistent with
pH values; samples of medium and high roasted quality coffee
were highlighted, as were samples of ground instant coffee with
the highest average ratings. The attributes that differed the most
among the samples were: sweetness, aroma, taste, and coffee
flavor. The best results in these attributes were presented by
medium roasted quality coffee, followed by samples of high
roasted quality coffee and instant ground coffee, while the other
samples obtained rating values close to zero.

The statistical analysis of sensory attributes allowed
to group the samples as follows: a first group including

commercial ground coffees together with the defects, which
presented the lowest scores by attribute, indicating the presence
of defective beans and contributing undesirable sensory
characteristics in the coffee beverage (Toledo et al., 2016).
The second group included samples of instant coffee and
high roasted quality coffee. The sensory acceptance of instant
coffee samples can be given by the chemical composition of
the product during its elaboration process, which improves
its attributes and approximates its sensorial characteristics
to those of a high roasted quality coffee. Finally, the samples
of medium roasted quality coffee formed a last group as they
yielded the best results; however, in the attributes of aftertaste,
body, acidity, and scoring, they presented similar behavior to
the high roasted quality coffee samples, and in the attributes of
aftertaste and body, to the instant coffee samples.

3.2 Sensory descriptors

Figure 1 shows the descriptors obtained for the
samples evaluated. Medium roasted quality coffee presented
sweet, fruity and citrus characteristics. As the roasting level
increased, there was a decrease in positive descriptors and

Figure 1: Descriptors provided by semi-trained judges and their percentage occurrence in coffee samples; associated according
to the taster wheel of the coffee taster based on the sensory lexicon dictionary of World Coffee Research (WCR; SCA, 2017).
CGC: commercial ground coffee. IC: instant coffee. HRQC: high roasted quality coffee. MRQC: medium roasted quality coffee.

Coffee Science, 15:e151659, 2020
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the appearance of undesirable characteristics such as smoky,
burnt, alcoholic, phenolic, woody, and hay-like, among
others, indicating increased negative attribute intensity with
respect to the roasting level however, positive descriptors
associated with sweet notes and brown species were also
obtained. These results are consistent with other studies such
as those conducted by Bhumiratana, Adhikari and Chambers
(2011) and Giacalone et al. (2019), who describe a significant
increase in aroma associated with prolonged roasting time and
temperature, resulting in an increase in sensory attributes such
as bitter, astringent, burnt, licorice, and tobacco; while sweet/
fruit and acid attributes correlated negatively with the roasting
level.

The defects samples presented descriptors that are
usually associated with negative characteristics such as
alcohol and rubber notes that lead to low acceptance of the
drink. The defects also exhibited the different notes, black
beans presented burnt and bitter notes; broken/chipped sample
exhibited smoky, onion and chemical notes; faded beans
showed fermented, earthy and burnt notes; insect damage
evidenced peppery, chemical and smoked notes; sour defects
mainly presented peppery, medicine-like, earthy and smoky
notes. On the other hand, the samples of commercial ground
coffee presented behavior similar to that observed in the
defects with spicy, fermented, chemical, burnt, and alcohol
notes. Finally, in the instant coffee samples, sweet, chocolate
and brown sugar descriptors were obtained, similar to what
was found in the samples of medium and high roasted quality
coffee. However, descriptors such as earthy, chemical, spicy,

bitter, and artificial flavors were also evidenced; descriptors
considered unfavorable for the sensory acceptance of the
coffee drink (Geel; Kinnear; De Kock, 2005).

3.3 Infrared spectroscopy

Figure 2 shows the absorbance results for each of the
samples evaluated at each longitude. Comparatively, samples
of commercial ground coffee, coffee defects (broken/
chipped, sour, insect damaged, faded, black), high and
medium roasted quality coffees presented similar spectra.
However, differences in absorbance levels were found in
certain parts of the infrared spectroscopy fingerprint region
(1800-650 cm™"). Commercial instant coffee samples showed
qualitatively marked differences, especially in regions of
interest such as 3000-2800 cm™! and 1800-1500 cm!, which is
due to additional thermal stages in instant coffee processing.
Production of concentrated liquor in instant coffee leads to
the loss of volatile compounds (Oliveira et al., 2009) and
the caramel flavor is imparted to the product those changes
cause differences in the product’s relative concentration and
chemical composition (Villalon et al., 2018) resulting in
significant changes in the original chemical components of
the bean (Cho et al., 2014). This explains the absence of peaks
at some of the wavelengths. In the 3280 cm' band attributed
to water, the behavior for all treatments was similar, the
highest levels of absorbance were presented in samples of
instant coffee and commercial ground coffee, followed by
samples of high roasted quality coffee and coffee defects
with the same absorbance level.

Figure 2: Identification of coffee chemical compounds in infrared spectroscopy obtained from ART-FTIR. The samples correspond
to defective coffee beans: broken/chipped (Br/Ch), sour (So), insect damage (ID), faded (Fa), black (BL), commercial ground
coffee (CGC), high roast quality coffee (HRQC), medium roast quality coffee (MRQC), instant coffee (IC).
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The mostrelevant information for the samples was found
in the 1800-650 cm™! region where non-volatile compounds of
interest for coffee and precursors of certain sensory attributes
such as astringency, sweetness and acidity were evidenced.
Infrared spectroscopy showed peaks of compounds such
as carbohydrates, polysaccharides, caffeine, trigonelline,
chlorogenic acids and proteins, which provide particular
characteristics at sensory level (Buffo; Cardelli, 2004; Charles
et al., 2005). These compounds contribute directly to taste,
with attributes such as bitterness, astringency and sweetness,
and may act as precursors of volatile compounds, which
ultimately translate into sensory descriptors associated with
coffee quality (Sunarharum; Williams; Smyth, 2014).

Peaks between 1153 and 1150 cm™ have been reported
for polysaccharides (Craig et al., 2018). The treatments that
presented greater absorbance in the wavelength of 1150 cm™!
were high quality roasted coffee and commercial ground coffee.
The evaluated treatments presented peaks at a longitude of 872
cm! reported by other studies to the presence of carbohydrates
(Lyman, et al., 2003). High roast quality coffee showed the
highest absorbance, followed by medium roasted quality
coffee treatments; commercial ground coffee and coffee
defects samples exhibited similar behaviors. The presence of
carbohydrates allows sweet notes to develop and be perceived
(Sunarharum; Williams; Smyth, 2014), generating various
kinds of compounds, such as carboxylic acids, furans and
aldehydes during roasting (Wei; Tanokura, 2014).

Peaks that have been related to caffeine in other
studies in coffee (Craig; Franca; Oliveira, 2012a; Craig;
Franca; Oliveira, 2012b) were observed in the 2920 and
2850 cm™ range. Similar results were reported by Paradkar
and Irudayaraj (2002). The region in question is associated
with C-H bond vibration of the methyl group of the caffeine
molecule (Craig; Franca; Oliveira, 2012a; Craig; Franca;
Oliveira, 2012b). In other studies, the 2920 and 2850 cm'!
sharp bands are attributed to combined bands to which both
caffeine and lipids contribute (Craig; Franca; Oliveira, 2012b;
Cremer; Kaletung, 2003). In this region, it is important to point
out that the samples of instant coffee did not present peaks,
marking a difference with the other samples evaluated and
that presented very similar levels of absorbance among them.
Additionally, in the 1659 cm™ wavelength identified as the
determinant band for caffeine in roasted coffee (Garrigues et
al., 2000), the samples evaluated showed a displacement of the
peak to the 1650 cm™ length. Bearing in mind that the presence
of caffeine contributes to the bitterness, body, and taste of the
coffee drink (Sunarharum; Williams; Smyth, 2014) the results
of infrared spectroscopy coincide with the sensory evaluation
for the attributes of body and bitterness, where the evaluation
panel did not present a discrepancy between the scores of
the samples of coffee defects, commercial ground coffee,
and high roasted quality coffee. These in turn presented the

Coffee Science, 15:e151659, 2020

highest absorbance values in the areas described above related
to caffeine.

Trigonelline is associated to peaks in the region
between 1600 -1300 cm™ (Craig; Franca; Oliveira, 2012b).
The compound is an alkaloid biologically derived from the
enzymatic methylation of nicotinic acid (Farah, 2011), and it
is of great relevance in coffee as it is responsible for bitterness
and is a precursor to the formation of different kinds of volatile
compounds during roasting, such as pyrroles and pyridines
(Farah, 2011). In the results obtained, there is evidence of low
absorbance for the instant and medium roasted high-quality
coffee samples, associated with the higher values of acceptance
by the panel in the attribute of bitterness in the sensory analysis
(5.26 £ 1.18 and 7.13 + 2.06 respectively). The lower or more
moderate the bitterness, the greater the acceptance.

Consistent with Craig, Franca and Oliveira, (2012b),
chlorogenic acids occurred in the 1420-1000 cm™ region,
however, the presence of other types of compounds in this region
of the spectrum is possible. The results observed in Figure 2
show that the samples of commercial and quality ground coffees
exhibited the highest absorbance in these wavelength ranges.
Chlorogenic acids are a family of esters formed between certain
trans-cinnamic acids and quinic acid (Sunarharum; Williams;
Smyth, 2014). According to the descriptions by Silverstein et
al, (2005), axial deformation C-O of quinic acid occurs in the
1085-1050 cm! range, while angular deformation O-H occurs
between 1420 and 1330 cm™. Consequently, bands in the 1420-
1050 cm™ range could be due to the presence of chlorogenic
acids. In this respect, the samples of instant coffee did not
show pronounced peaks in the region in question, indicating
low content of this compound compared to the other samples
studied. During roasting, the trans-cinnamic acids degrade
and quinic acid increases, increasing bitterness in high roasted
coffees (Sunarharum; Williams; Smyth, 2014). The samples
with the highest roasting level exhibited higher absorbance
values, which is consistent with the results for the bitterness
attribute of sensory analysis, where the best acceptance was
evidenced in medium roasted quality coffee.

Lipids were observed to be present at the 1739 cm'!
wavelength. Ground commercial and high quality coffee
treatments showed a response at this wavelength value, only
instant coffee showed different absorbance. Other authors
have associated the 1740 cm™ band with the carbonyl (C=0)
vibration in fatty acids or aliphatic esters indicating possible
association with lipids (Lyman et al., 2003; Craig; ; Franca;
Oliveira, 2012b).

3.4 Multivariate analysis: Principal components

After spectra processing, area normalization, first and
second derivative exhibited the best sample grouping. The PCA
results for the raw data and each of the IR spectra data treatments
for each of the samples studied are shown in Figure 3.
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Figure 3: PCA scores scatter plot (PC1 vs. PC2) of FTIR spectra obtained from (A) Raw data, (B) Area normalization, (C) First

derivative, (D) Second derivative.

IC: instant coffee. HRQC: high roasted quality coffee. MRQC: medium roasted quality coffee.

A grouping of samples obtained with the first and
second derivative differentiated defects such as black and sour
beans, while the samples evaluated for quality coffees were
grouped with other categories of defective beans. The second
derivative results showed that quality coffee samples (medium
and high roasted) were discriminated with the broken beans.
This type of defect is purely physical and did not affect the
sensory analysis, but could present a different behavior than
whole beans during roasting.

IR spectra data discrimination obtained after area
normalization provided the best results (Figure 3B). In this
case, instant coffee was differentiated from the rest of the
samples as located in the upper left quadrant and separated from
the medium and high roasted quality coffee samples, where
broken and chipped samples were also located. These coffee
defects do not usually generate negative characteristics in the
beverage, because they are beans that break during processing
and their chemical composition is not affected. Additionally,

it was evidenced that the commercial ground coffee samples
were in the same groups as the defective samples, except for
defective black beans. The rest of the treatments applied to
the spectra did not allow discrimination among the samples.
Regardless of infrared spectroscopy data treatment, instant
coffee samples were always shown separately from the
other samples. These results coincide with those reported by
Craig, Franca and Oliveira, (2012b), who demonstrated that
by applying principal components analysis to spectral data,
processed with the first derivative, made it possible to separate
defective and non-defective coffee samples.

The evaluation of the loads obtained for each variable,
after the PCA analysis of the IR spectra treated with area
normalization, indicated that the spectral range with the
greatest influence on the values of PC1 were 1130-1050, 2000-
1800, 2850-2821 cm’!, this region previously associated with
the presence of lipids. In the case of PC2, the spectral ranges
with the greatest influence were 1760-1790 cm', 1650-1600
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cm!, 1430-1400 cm!, and the peaks in the 2880-2850 cm' region.
Both areas were associated with the presence of caffeine, CGA
and lipids; mentioned regions separated instant coffee from
other samples.

The results mentioned above show that the chemical
markers given by IR spectra analysis of the samples allow to obtain
a grouping that coincides with the sensory results. It was also found
that the chemical markers for the commercial coffee samples were
similar to those found for the defects: sour, insect damaged, and
faded, demonstrating the technique’s capacity for quality control of
roast coffee in the identification of possible defects.

4 CONCLUSIONS

High quality medium roast coffee presented the
highest acceptance averages in sensory analysis evidencing
higher frequencies for positive attributes: as the roasting
level increased, the descriptors associated with good quality
diminished, resembling commercial ground coffee and coffee
defects. The sensory analysis did not allow to differentiate
between the defects evaluated. On the other hand, the treatment
of infrared spectrum data separated the defects of black and
sour beans from the rest of the samples.

The transformation of IR spectra data normalized by
area combined with principal component analysis made it
possible to find a separation of samples, in accordance with
the sensory results, in which four groups were distinguished:
a) medium and high roasted quality coffee, with broken and
chipped defects; b) commercial ground coffee with sour, insect
damaged, and faded defects; c) black defects, and d) instant
coffee. Finally, the results showed that the samples evaluated
of commercial coffee are assigned to the same group of
defective coffee beans. Further studies are needed to compare
FTIR spectra processing in order to obtain a consistent PCA
grouping method.
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