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The coffee strip-picking harvesting method, preferred in Brazil, results in high percentages of immature
and overripe beans, as the fruits in a single tree branch do not reach ripeness at the same time. This
practice, together with inappropriate processing and storage conditions, contribute to the production of
high amounts of defective coffee beans in Brazil, which upon roasting will impart negative sensory
aspects to the beverage. Therefore, the development of analytical methodologies that will enable the
discrimination and quantification of defective and non-defective coffees after roasting is rather desirable.
Given that infrared spectroscopy has been successfully applied to coffee analysis, the objective of this
work was to evaluate and to compare the performances of Fourier transform infrared (FTIR) and near
infrared (NIR) spectroscopies for the quantification of defective beans in roasted coffees. Defective and
non-defective Arabica coffee beans were manually selected, roasted, ground and sieved. Mixtures of
defective and non-defective roasted and ground coffees were produced and analyzed, with % defects
ranging from 0% to 30%. FTIR and NIR spectra were recorded, respectively, within a range of 3100-
800 cm~! and 1200-2400 nm and submitted to mathematical processing. Quantitative models were
developed by partial least squares regression (PLSR). Excellent predictive results were obtained
indicating that defective coffees could be satisfactorily quantified. The correlation coefficients and the
root mean squared errors of validation for the FTIR and NIR models developed to quantify the amount of
defective roasted coffees mixed with non-defective ones were, respectively, as high as 0.891 and as low
as 0.032, and as high as 0.953 and as low as 0.026. A comparison between the two techniques indicated
that NIR provided more robust models.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

practices are preferred in Brazil, and such practices usually result
in coffees with high amounts of immature or unripe and overripe

For every ten cups of coffee consumed in the world, approxi-
mately three come from beans produced in Brazil. In 2013, Brazil
produced 45,152 million bags of coffee, which was almost twice
the amount produced by the second largest producer, Vietnam
(27,500 million bags) [1]. In order to achieve such a high number
of coffee bags produced every year, the strip-picking harvesting

Abbreviations: ATR, attenuated total reflectance; D, particle diameter; DLATGS,
deuterated triglycine sulphate doped with r-alanine; FTIR, Fourier transform
infrared spectroscopy; LV, latent variable; MSC, multiplicative scatter correction;
NIR, near infrared; PLSR, partial least squares regression; RH, relative humidity;
RMSEC, root mean square error of calibration; RMSECV, root mean square error of
cross validation; RMSEP, root mean square error of prediction.
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beans, as the coffee fruits in a single branch of the coffee plant do
not reach ripeness at the same time. Furthermore, the harvest of
fallen and fermented fruits in contact with the ground may also
result in low quality beans. These practices, together with inap-
propriate processing and storage conditions contribute to the
production of defective beans that comprise about 20% of the
total coffee produced in Brazil [2-5]. Considered improper for
exportation, defective beans are separated from non-defective
ones by optical sorting machines prior to commercialization
[3,4]. However, as these beans represent an investment in grow-
ing, harvesting and handling in the coffee production chain, coffee
producers have adopted the practice of incorporating the sepa-
rated beans into the Brazilian internal market in mixtures with
non-defective ones, giving rise to a low-grade roasted and ground
coffee [3].
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Among the beans with irregular visual appearance, the most
detrimental ones to the brew’s flavor are immature, sour and
black. Immature beans contribute to astringency, bitterness and
metallic tastes. Sour beans are associated with ‘overfermentation’
caused by unfavorable conditions of temperature and humidity
during processing, storage or transportation, being fermented by
bacteria or xenophilic moulds. These beans impart sour, oniony
and fermented taste and smell to the beverage. Black beans derive
from beans that died within the cherry while still on the tree, from
over-ripe cherries fallen on the ground or from beans that were
attacked by fungi and other pests. This defect is generally regarded
as giving a ‘heavy’ and ‘ashy’ flavor to the beverage and is
considered the worst intrinsic defect [4,6].

Coelho et al. [7], studying the sensory impact of the inclusion of
defective beans into coffees, observed that the transition of the cup
quality from ‘strictly soft’ to ‘hard’ occurred after the addition of
19.5%, 16.4% and 14.3% of immature, sour or black beans, respec-
tively. Puerta-Quintero [8] reported that 2.5% of immature beans
mixed with non-defective ones was sufficient to promote rejection
of 30% of samples by cuppers due to unpleasant tastes, while Bee
and coworkers [4] reported that, in espresso coffee, the astringency
and metallic tastes of immature beans can be perceived at quan-
tities as low as 1%. In an attempt to identify the compounds that
explain these effects, Toci and Farah [9] quantitatively determined
159 volatile compounds in defective and non-defective crude and
roasted coffees. Defective beans presented a broader spectrum of
volatile compounds than those presented by non-defective ones.
Also, the volatile compounds identified in both defective and non-
defective beans were present in higher concentrations in the latter,
especially pyrazines, pyrroles and phenols.

In order to mask these detrimental flavors and/or aromas caused
by the presence of defective beans, low-grade coffees are generally
over roasted to a dark roasting degree. This procedure makes a
suitable assessment of the quality of commercial coffees impractical,
as the sensory analysis or cup-test still remains the ultimate tool to
assess coffee quality. Aside from the undesirable sensory impact,
studies suggest that the presence of defective beans may pose risks
for human health due to the high incidence of ochratoxin A [10,11],
which is only partially reduced during the roasting and extraction
processes [12]. In the recent study by Taniwaki and coworkers [11],
the presence of ochratoxigenic fungi and ochratoxin A in non-
defective and in defective raw coffee beans was evaluated. The
results indicated that all defective beans were infected with Asper-
gillus carbonarius, A. section Nigri, A. westerdijkiae or A. section
circumdati, and highest ochratoxin A concentrations were observed
in sour and black beans.

Good examples of rapid, reliable and promising fingerprint
techniques that could be used to assess the overall coffee quality
attributes are mid and near infrared spectroscopy. The mid
infrared region (4000-400 cm '), with the corresponding spec-
troscopic method referred as Fourier transform infrared (FTIR),
detects fundamental vibrations bands whereas the near infrared
(NIR) spectrum (800-2500 nm) arises from the molecular absorp-
tions of overtones and combinations of fundamental vibration
bands in the mid infrared region [13,14]. A literature review clearly
reveals that, among other applications [15], both FTIR and NIR can
be effective for characterization and quantification of chemical
attributes such as ash, lipids and caffeine content [16,17], for
discrimination and quantification of arabica and robusta blends
[18], for detection of adulterants [19-21] and for prediction of
sensory properties and roasting degree [22,23]. In particular,
previous works have shown that infrared spectroscopy is capable
of discriminating non-defective from black, sour and immature
defective beans in crude and roasted coffees [24-27].

Santos et al. [27] successfully developed a methodology based
on NIR to quantify crude defective beans among non-defective

ones which could enable the fast assessment of coffee grade. More
recently, we have presented a comparative evaluation of the
performances of FTIR and NIR for the qualitative discrimination
of roasted defective and non-defective coffees, employing a novel
statistical approach, Elastic Net [28]. The Elastic net models
exhibited high percentages of correct classification. Furthermore,
they provided insights on the characterization of the samples and
on the visualization of discrete spectral bands associated with the
correct classification of defective and non-defective coffees. The
correct classification of non-defective coffees was associated to
absorbance regions that are characteristic of carbohydrates (1138-
1165 cm~!, 1760-1871 nm) and lipids (1722-1759 cm~!, 2810-
2848 cm~!, 2908-2920 cm~!, 1680-1755nm, 2132-2166 nm).
Although the understanding of the chemical differences between
high and low quality beans is scientifically relevant, in practice,
commercial roasted coffees comprise a mixture of defective and
non-defective beans. Therefore, the development of a methodol-
ogy aiming to detect and quantify defective beans mixed with
non-defective ones must be considered as a reliable analytical tool
to regulate coffee quality.

In view of the aforementioned, the objective of this work was
to further investigate the potential of FTIR and NIR spectroscopies
to evaluate the quality of coffees based on the presence of
defective beans. The major goals were to develop quantitative
models based on partial least squares regression (PLSR) to predict
the percentage of defective coffees in admixtures with non-
defective ones and to compare the performance of FTIR and NIR
techniques for this purpose.

2. Material and methods
2.1. Preparation of coffee samples and standard mixtures

Arabica green coffee samples were acquired from a roasting
company located in Minas Gerais State, Brazil. Samples consisted
of coffee beans harvested by strip-picking that were rejected by
color sorting machines. The beans were manually sorted (by a
professional trained and certified for green coffee classification)
into five lots or sample classes: non-defective, immature, black,
light sour and dark sour beans.

Samples of 25 g were taken from each lot and roasted in a
convection oven (Model 4201D Nova Etica, SP, Brazil) at 235 °C. In
our previous study [28], we showed that defective and non-
defective coffees can be successfully discriminated based on their
infrared spectra regardless of the roasting condition of the beans,
which means that the variance due to beans quality is larger than
the variance due to roasting degree. Therefore, in this study, all
samples were roasted to a medium roasting degree similar to
commercially available coffee samples. In order to achieve this
roasting degree, each sample was roasted to a specific roasting
time. Roasting times ranged from 10 to 15 min. Samples were then
ground in a coffee grinder (Arbel, Brasil) and color evaluation was
performed using a tristimulus colorimeter (HunterLab Colorflex
45/0 Spectrophotometer, Hunter Laboratories, VA, USA) with
standard illumination Dgs and colorimetric normal observer angle
of 10°. Roasting degree was evaluated on ground samples by
luminosity (L") measurements. Based on previous analysis of
commercial coffees, a medium roasting degree was defined as
21 < [* < 23.5 [28]. Sequentially, samples were sieved. Fractions
with 0.25 > particles diameter > 0.15 mm and 0.84 > particles
diameter > 0.39 mm were employed for the FTIR and NIR experi-
ments, respectively. The appropriate particle size ranges were
chosen based on preliminary tests performed in previous studies
[26,28], aiming at the conditions that provided the best quality
spectra (higher intensity and lower noise interference).
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Coffee mixtures (blends) were prepared in five replicates by
mixing each type of defective coffee with non-defective ones, with
the amount of defects ranging from 3 to 30% in steps of 3% (10
blends for each of the four defects). In addition, blends containing
a mixture of the four defects (25% of each defect) with non-
defective coffee were produced. Pure samples of non-defective
coffee, representing 0% of defects, were also taken and analyzed.
Therefore, 55 samples were obtained comprising the following
blends: (a) light sour in admixture with non-defective coffee,
(b) dark sour in admixture with non-defective coffee, (c) black in
admixture with non-defective coffee, (d) immature in admixture
with non-defective coffee and (e) defects (25% of each defect) in
admixture with non-defective coffee. The blends were placed in
Falcon tubes and shaken for 1 min in a tube shaker (Fisatom,
Brazil). All samples were stored at room temperature (20 °C).

2.2. FTIR and NIR measurements and spectral collection

A Shimadzu IRAffinity-1 FTIR Spectrophotometer (Shimadzu,
Japan) with a DLATGS detector was used in the FTIR measure-
ments that were performed in dry atmosphere (204 0.5 °C,
RH=25%). A horizontal Attenuated Total Reflectance (ATR) sam-
pling accessory (ATR-8200HA) equipped with ZnSe cell was
employed. Approximately 2 g of each sample were placed in the
sampling accessory and pressed in order to obtain the best contact
with the crystal surface. The empty accessory was used to generate
the background spectrum. The approximate total time required for
analysis (including adequately pressing the sample onto the ATR
crystal and obtaining both the background and sample spectra)
was 5 min. All spectra were recorded within a range of 3100-
800 cm™~!, with a 4cm™! resolution. Each spectrum was calcu-
lated as the average of 20 scans and submitted to background
subtraction.

A SpectraStar 2400 Drawer NIR spectrophotometer (Unity
Scientific) with an InGaAs detector was used in the measurements.
Approximately 3 g of samples were placed inside a glass cup,
filling the entire empty space, and covered. Atmosphere air was
used to obtain the background spectra. The approximate total time
required for analysis was 2 min. All spectra were recorded within a
range of 1200-2400 nm with 1 nm resolution. Each spectrum was
calculated as the average of 30 scans and submitted to background
subtraction. In both FTIR and NIR experiments, five replicates of
each sample were analyzed, resulting in a total of 275 spectra for
each technique.

2.3. Data analysis

Data processing (pretreatment) techniques were applied to the
raw data to compensate for any changes in experimental condi-
tions and enhance the results. The processing methods that
provided the best performances in terms of model prediction
were the following: baseline correction followed by area normal-
ization (FTIR); 1st derivative (FTIR); baseline correction (NIR); and
multiplicative scatter correction (MSC) (NIR). All datasets were
mean-centered prior to statistical analyses.

PLSR was the technique of choice for the quantification of mix-
tures of defective and non-defective coffees. The optimum number
of latent variables (LV) employed in each model was chosen by
leave-one-out cross-validation based on the minimum value of
root mean square error for cross validation (RMSECV). The combi-
nation of Q-residues and the Hotelling’s T-squared distribution
(T2) was used to detect abnormal observations in the calibration
set. Given the significance level for the Q and T2 statistics, in this
case, 99%, observations with Q and/or T2 values above the thresh-
old were classified as outliers. After the elimination of the outlier
observations from the model, the procedure was continually

repeated until no outliers were identified. The random behavior
of the residuals of the fits was verified by visual inspection. The
evaluation of the accuracy of the models was based on the
following parameters: the correlation coefficient (R) that should
be as close to 1 as possible; and the root mean square errors for
both the calibration (RMSEC) and validation (RMSEP) sets, that
should be as small as possible. The latter parameters were
calculated as follows:

Ic 02
RMSEC:y/7i=I‘(y’ 2 1)
c—V

Ip 52
RMSEP = Z'ZI(IV—,;_%) )
where y; and $; correspond to the actual and predicted adultera-
tion levels of sample i, and Ic and Ip are the total number of
samples in the calibration and prediction (validation) sets, respec-
tively, and v is the number of degrees of freedom, or the number of
latent variables used in the model plus 1 for mean centered data.
The softwares Matlab (The MathWorks, Co., Natick, MA) and the
computational package PLS_Toolbox (Eigenvector Research, Inc.)
were employed for the statistical calculations.

3. Results and discussion

3.1. Overall characteristics of the FTIR and NIR spectra of defective
and non-defective coffees

Fig. 1 shows the average original spectra (Fig. 1a), the average
spectra after baseline correction and normalization (Fig. 1b), and
the average 1st derivative spectra (Fig. 1c) of defective and non-
defective pure coffees obtained by FTIR. Major peaks were
observed at 2920cm™!, 2859 cm~!, 1747 cm~! and at 1400-
900 cm~ . These bands have been previously identified in arabica
and robusta coffees, prior to and after roasting [24,26,29-30]. In
our previous study [28], the aforementioned regions of the FTIR
spectra were selected as important variables for the discrimination
of defective and non-defective coffee. The region 2940-2820 cm ™!
is associated with symmetric (sym) and asymmetric (asym)
stretching of CH bonds in CH, and CHs groups [31]. The sym and
asym stretching of CH, is highly related to the presence of lipids
[22,32], while the vibration of CHs presents great relevance in the
identification of caffeine [33].

The sharp band at 1747 cm™! is assigned to C=0 stretch of
aliphatic ester groups, thus it is mostly related to the presence of
lipids. The regions around 1747 cm ™!, also related to C=0 stretch,
are assigned to different functional groups including aliphatic and
aromatic acids, aldehydes, ketones and lactones. Such compounds
confer different aromas to the coffee, making this an important
region of the spectrum from a sensory point of view [29,34-36].
The third region, from 1400 to 900 cm ™!, is commonly called the
fingerprint region because of the large amount of characteristic
single bands attributed to specific functional groups. Among these
groups, C-H, C-0, C-N and P-O bonds are included [31]. In
particular, carbohydrates exhibit large features in this region
[30]. The most relevant visual difference between the defective
and non-defective coffees original spectra (Fig. 1a) was associated
with a shift in the baseline, which was eliminated with the
application of processing techniques.

The average original and processed spectra of defective and
non-defective pure coffees obtained by NIR are shown in Fig. 1d-f.
The shape of the spectra was particularly dominated by broad
water absorbance bands at 1440-1480 nm (1st overtone of O-H
stretching) and 1930-1950 nm (combination band of O-H
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Fig. 1. Mean average spectra of pure defective and non-defective coffees obtained by FTIR, (a) original and preprocessed with (b) baseline correction and normalization, and
(c) 1st derivative. Mean average spectra of pure defective and non-defective coffees obtained by NIR, (d) original and preprocessed with (e) baseline correction and (f) MSC.

non-defective; —-immature; —— sour (light); —— sour (dark); —black.

stretching and O-H deformation). Other regions that could be
visually identified have been reported in the literature as char-
acteristic absorbance regions of specific compounds such as lipids,
which absorb at two well defined regions at 1715-1760 nm and
2300-2350 nm [23,37]. Although it is not possible to visually
discriminate the NIR spectra of defective and non-defective
coffees, in our previous study [28], the region of 1715 to
1760 nm exhibited positive regression coefficients associated with
the correct classification of non-defective and light sour coffee. In
the employed statistical approach (discrimination by Elastic Net), a
non-zero regression coefficient indicates that correct classification
of a given sample class is associated with the corresponding
spectral region. Positive coefficients indicate higher absorbance
intensity at that range of the spectrum, possibly associated with
higher concentration of a specific compound, and negative coeffi-
cients indicate the opposite. Also in that study, the correct
classification of black and immature coffees was associated with

negative coefficients in this region [28]. The region around
2100 nm is related to carbohydrates, caffeine, chlorogenic acids
and/or proteins [23,37]. In our previous work, non-defective and
black coffee exhibited positive, while dark sour exhibited negative
coefficients around this region. Nevertheless, the significant over-
lap of combination bands at this region hindered a precise
interpretation of the samples discrimination.

3.2. PLSR models for quantitative analysis of defective and non-
defective coffees

Due to the complexity of the FTIR and NIR spectra, the
development of the PLSR models was based on a full-spectrum
approach, including a number of structural information of com-
pounds. The quantitative datasets were split into calibration (73%
of the spectra) and validation (27% of the spectra) sets. The
procedure for outlier detection and removal in the calibration
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original spectra and spectra preprocessed with (¢ and d) baseline correction and normalization and (e and f) 1st derivative. © calibration samples; e validation samples.

set, at 99% confidence level, was performed and repeated until no
outliers were identified. In this scenario, the presence of outliers
can be related to operational errors, instrumental noise or abnor-
mal observations originated from errors or differences during the
sample weighing and production of the mixtures. According to the
Protocol for Design, Conduct and Interpretation of Method-
Performance Studies [38], outliers can be removed up to a limit
of 22% of the total number of samples. The number of outliers
detected and removed from the FTIR and NIR models varied,
respectively, from 0 to 4% and from O to 2% of the total number
of samples.

The scatter plots of actual and predicted values for percentage
of the mixture of defects in admixtures with non-defective coffees
are shown in Fig. 2 (FTIR) and 3 (NIR). Visual inspection of the
figures suggests that the models could predict the percentage of
defects satisfactorily. The residuals, which were plotted vs. sample
percentage values, were distributed randomly and satisfactorily
close to zero, indicating no apparent systematic trend (Figs. 2b, d, f
and 3b, d, f).

Tables 1 and 2 show the performance results of the optimized
PLSR models. The number of LVs used in the FTIR models (Table 1)
ranged from 3 to 10 and accounted for at least 94.6% of the
variance in X (spectral data) and 84.3% of the variance in Y
(percentage of defects). In the NIR models (Table 2), the number
of LVs ranged from 4 to 7 and accounted for at least 89.9% and
92.1% of the variance in X and Y, respectively.

A comparison between the FTIR models constructed with
original (only mean centered) spectra and spectra submitted to
baseline correction followed by area normalization and 1st deri-
vative shows that the application of mathematical processing
provided potential benefits to the regression models, as expected.
Overall, the errors (RMSEC and RMSEP) were reduced and the
correlation coefficient (R) of the models increased. The same
observation holds true for all NIR models. Beyond that, the number
of LVs was a key feature. To achieve satisfactory predictive results,
a higher number of LVs was used in the development of most of
the models constructed with original spectra. In reference to ASTM
[39], the determination of the number of LVs to be used is a critical
step in the model development. In general, if too few variables are
used, a less accurate model will result. If too many variables are
used, the estimates from the model will be unstable, which means
that small changes in the spectrum, on the order of the spectral
noise, may produce statistically significant changes in the esti-
mates. Thus, models with fewer factors are less likely to exhibit
over fitting and tend to have better generalization capabilities.

Overall, all classes of defects could be satisfactorily quantified
in admixtures with non-defective coffee. The quantification results
for light sour coffee, solely by the preprocessed FTIR method were,
however, found not to be as satisfactory, with greater number of
LVs employed and relatively high errors and low correlation
coefficient in the validation set. It was observed in our previous
studies that normal and light sour coffees could not be effectively
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indicate equal values for predicted and actual concentrations.

discriminated by FTIR, and these classes were clustered together
on PCA analysis [24,26]. The official New York Coffee and Sugar
Exchange type-classification system, in which coffee are classified
as defective and non-defective, considers several types of defects
with sour being one of them. Our previous work [24]| has shown
that, when adopting this type-classification system for studies on
discrimination of defects, the defect ‘sour’ tended to cause a
natural separation within its class, with a portion of them group-
ing together with the ‘graded’ coffees and the other portion
grouping with the ‘black’ coffees in Principal Components Analy-
sis. The sour-type defect is characterized by a wide spectrum of
color shades between that of graded and that of black beans,
representing distinct levels of fermentation. Thus, this type of
defect was further divided into two distinct types: light sour
representing the lightly fermented beans; and dark sour, repre-
senting the beans that were more intensely fermented during
processing. Therefore, it seems that the level of fermentation that
the light sour beans have undergone did not promote significant
changes to the beans in order for them to be dully differentiated
from the graded ones.

A comparative evaluation between the correlation coefficients
and errors of prediction indicates that the preprocessed NIR
spectra models were superior to the preprocessed FTIR spectra

models. The correlation coefficients and mean squared errors of
prediction of the preprocessed FTIR spectra models ranged,
respectively, from 0.747 to 0.9 and from 0.032 to 0.048. The same
parameters for the preprocessed NIR models ranged, respectively,
from 0.799 to 0.941 and from 0.027 to 0.043. Most importantly, the
number of LVs varied from 5 to 10 for the processed FTIR spectra
models and from 4 to 6 for the processed NIR spectra models,
indicating that NIR provided more robust models. It must be
pointed out that, although NIR provided more robust quantitative
models, in our previous work [28] we have demonstrated that FTIR
can provide more chemical information and selectivity on the
discriminating group frequencies of defective and non-defective
coffees. Indeed, it is well known that precise band assignments are
difficult in the near infrared region due to the fact that a single
band may be attributable to several possible combinations of
fundamental and overtone vibrations overlapped.

From our knowledge, this is the first time an analytical
methodology able to quantify defective beans in roasted coffees
is reported. Santos and coworkers [27] applied NIR spectroscopy
and PLSR to quantify the mass fraction of defective beans in crude
and whole Arabica coffee beans. According to the authors a major
difficulty when analyzing the whole crude beans is that defects
may be present only in some parts of the beans (e.g., partially
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Table 1
Performance results of optimized PLSR models based on FTIR spectra.

Models v Variance Calibration Validation
accounted
X Y RMSEC R, RMSEP R,
Mixture of defects
Original 8 9996 8426 0.021 0.949 0.042 0.863
Baseline +normalization 7  97.46 9520 0.021 0.932 0.044 0.832
1st derivative 5 9819 9258 0.026 0.926 0.032 0.891
Light sour
Original 10 99.86 73.68 0.014 0.977 0.043 0.786
Baseline+normalization 8 98.31 9766 0.014 0.977 0.045 0.784
1st derivative 9 9936 9779 0.048 0.978 0.048 0.747
Dark sour
Original 8 9997 9487 0.021 0.949 0.033 0.881
Baseline+normalization 5 96.69 94.26 0.023 0.943 0.034 0.857
1st derivative 5 9659 9647 0.018 0.965 0.039 0.847
Black
Original 3 9992 9097 0.028 0911 0.042 0.817
Baseline+normalization 5 9698 9299 0.025 0.930 0.042 0.839
1st derivative 10 99.76 99.70 0.005 0.997 0.039 0.847
Immature
Original 7 9996 8647 0.035 0.889 0.039 0.865
Baseline+normalization 6 94.61 8713 0.034 0.884 0.043 0.871
1st derivative 6 98.05 9033 0.029 0.903 0.034 0.902
Table 2
Performance results of PLSR models based on NIR spectra.
Models LV Variance accounted Calibration Validation
X Y RMSEC R. RMSEP R,
Mixture of defects
Original 5 99.67 92.13 0.024 0.940 0.034 0.871
Baseline 5 97.61 94.73 0.018 0.964 0.029 0.913
MSC 4 97.27 94.80 0.019 0963 0.030 0.906
Light sour
Original 7 99.63 97.72 0.015 0.977 0.038 0.837
Baseline 6 97.02 96.75 0.018 0.968 0.041 03818
MSC 6 92.16 97.04 0.017 0.970 0.043 0.799
Dark sour
Original 6 99.89 97.52 0.016 0.975 0.026 0.953
Baseline 5 99.21 97.01 0.017 0970 0.027 0.943
MSC 4 91.33 96.35 0.019 0963 0.029 0.941
Black
Original 6 99.54 96.42 0.019 0964 0.028 0918
Baseline 5 96.48 95.76 0.021 0.958 0.029 0.915
MSC 4 87.77 95.21 0.022 0979 0.030 0.905
Immature
Original 5 99.14 96.17 0.019 0.962 0.055 0.723
Baseline 5 96.35 98.62 0.012 0.986 0.029 0.903
MSC 5 89.86 99.50 0.007 0.995 0.031 0.895

black beans), inducing the irreproducibility. In addition, using a
spinning accessory for spectral acquisition does not assure that all
the surface area of the beans will face the acquisition window. Still,
the strategy proposed by Santos and coworkers [27] can be a
valuable tool for fast assessment of crude coffee grade following
general international guidelines of coffee classification [40,41]. The
region 2000-2500 nm of the spectra, where a number of combi-
nation bands most likely associated with lipids, proteins, chloro-
genic acids and caffeine take place [28], was reported by the
authors as the region that contributed the most to the PLSR
quantification models. An evaluation of the loadings plot of the
NIR models constructed in our study also indicated that the
aforementioned region greatly contributed to the quantification
of defective beans in roasted coffee. Other regions of the spectra
that significantly contributed to the models were 1200-1400 nm,
characterized by 1st overtone vibrations of C-H and O-H, and

1840-2050 nm, where a number of combination and 2nd overtone
bands take place [28].

4. Conclusion

In this study, we presented an evaluation of the potential of
FTIR- and NIR-based methods for the quality assessment of roasted
coffees regarding the presence of defective beans. The methods
involved the development of PLSR models for the quantification of
defective beans in concentrations ranging from 0% to 30%, in
mixtures with non-defective coffee. The correlation coefficients
and the root mean squared error of validation for the FTIR model
developed to quantify a mixture of the four defects in blends with
non-defective coffee were, respectively, as high as 0.891 and as
low as 0.032. The same parameters were, respectively, as high as
0.953 and as low as 0.026 for the NIR model, indicating that both
techniques provided accurate predictive results. A comparative
evaluation between the two spectroscopic techniques, taking into
account the aforementioned quality parameters and the number of
latent variables employed in each model, indicated that NIR
provided quantitative models that were slightly more robust than
the ones based on FTIR for this application.
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