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Abstract
The olive oil consumption has spread worldwide, increasing the necessity of quality assessment, and so forth, the search for new,
alternative, and rapid data interpretation has started, boosting the interest and the use of data fusion that seek for an integration of
results from different techniques or methodologies for the same data set. To better understand the storage effects on the Brazilian
monovarietal extra virgin olive oil, data fusion was applied in the classical and alternative analysis, highlighting the similarities
and differences between the techniques, assisting in the result interpretation. This perspective and strategy bring development to
food chemistry analysis.
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Introduction

Consumer’s demand for high-quality food products has
steadily increased, especially for agricultural products,
specified in terms of traceable origin, known chemical
composition, adequate physical properties, safety, and
health safeguards (Borràs et al. 2015). Extra virgin olive oil
(EVOO) is characterized by their importance to health bene-
fits. This oil, which is obtained only by mechanical and phys-
ical means of unique or different olive varieties, provide a

singular composition of unsaturated fatty acids, polyphenols,
vitamin E, carotenoids, sterols, and chlorophylls (Merás et al.
2018). Consequently, EVOO is economically important, so
there are control measures to establish its quality and authen-
ticity, proofing that is an important topic for food safety, food
quality, and consumer’s protection (Danezis et al. 2016).

Quality can be defined as the combination of attributes or
characteristics of a product that has significance in de-
termining the degree of acceptability of the product by a
user (Brody and Lord 2007). EVOO can suffer lipid
oxidation, which is one of the major factors that causes
deterioration, modifying major quality control parameters,
such as color, flavor, aroma, and nutritive value (Keramat
et al. 2016). Moreover, quality is influenced by olive variety,
edaphoclimatic conditions, harvesting, and technological pro-
cedures of olive oil extraction. Another factors that influence
EVOO quality are the storage time and conditions, tempera-
ture, type of packing materials, and exposition to air and/or to
the light (Rodrigues et al. 2016).

The olive oil package allows its worldwide distribution and
retention of quality for an extended period of time. The type of
material and the storage conditions (light, temperature), be-
sides the storage period, can significantly influence the quality
of olive oil (Kanavouras and Coutelieris 2006), since the con-
tainers protect the product from both oxygen and light
(Piscopo and Poiana 2012). For the light exposure, it is usually
the high-energy UV part of the light spectrum with which
concerns around 290–400 nm. For fatty products, the effect
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of exposure to light becomes more complex and critical, since
light accelerates the oxidation process and therefore the rate at
which rancidity develops (Emblem 2000). In this sense, a
wide variety of materials have been used like olive oil
packaged, i.e., plastic and coated paperboard; however,
the most used remain to be glass and tin. Glass is one
of the most inert materials; colored glass bottles prevent
or slow down the oxidation process, and dark green
bottles protect the oil from light rays with a wavelength
of 300–500 nm (Kiritsakis et al. 2002). Tinplates have long
been used to package oils; they offer total protection against
light, oxygen, and water vapor. The inside of the can is coated
with resins, which protect the metal surface against corrosion
(Piergiovanni and Limbo 2010).

International Olive Council (COI/T.15/No 3/Rev. 11
July 2016), in order to estimate and guarantee the EVOO’s
quality, established the quality based on physicochemical pa-
rameters (free acidity, peroxide value, iodine value, moisture,
smoke point, etc.) determined by reference methodologies
(Borràs et al. 2016). In addition to the physicochemical pa-
rameters, other classic analysis can give useful information on
EVOO quality, as the chromatographic analysis of fatty acid
methyl esters (Longobardi et al. 2012). Although the methods
mentioned are used worldwide as the quality indicators, some
alternative methods, such as spectroscopic techniques, can
also be used for this propose, e.g., the spectroscopies in the
regions of ultraviolet and visible—UV-Vis (Vieira and D’Arce
1998; Gonçalves et al. 2014; Forina et al. 2015; Milanez et al.
2015; Aroca-Santos et al. 2016; Ferreiro-González et al. 2017)
and near-infrared—NIR (Inarejos-García et al. 2013; Forina
et al. 2015; Wójcicki et al. 2015; Cayuela and García 2017;
Pizzi et al. 2018).

The amount of data provided by conventional and alterna-
tive methods is massive. And sometimes, it can overwhelm
the scientists, demonstrating a necessity of advanced data in-
terpretation tools to better identify and distinguish significant
trends and to achieve proper interpretation (Bevilacqua et al.
2017). Considering the complexity of the foodstuff matrices,
food quality derives a complex combination of characteristics.
Therefore, analytical methods for a single analyte can rarely
be correlated with fulfilling (Borràs et al. 2015). The use of
multivariate analysis tools can provide a multivariate under-
standing by elucidating relationships in data sets (Hada et al.
2017). In this sense, chemometrics has become a crucial and
dedicated tool for extracting valuable information (Yi et al.
2016). Here, the fusion of results from different analysis and
techniques in order to evaluate the feasibility of combining
physicochemical parameters, gas chromatography (GC),
UV-Vis, and NIR spectroscopy, to explain the effect of
storage time in two packaging systems, dark glass bottles
and tinplate cans, during 1 year is proposed. Besides in
assisting in the decision-making of which technique provides
a better response for the Brazilian monovarietal EVOO quality

characterization, the principal component analysis (PCA) was
employed as a tool to assist in the evaluation of the data
fusion.

Material and Methods

Monovarietal Extra Virgin Olive Oils Samples

The samples of the Brazilianmonovarietal EVOOwere obtained
from the Empresa de Pesquisa Agropecuária deMinas Gerais –
Epamig, Mari da Fé – Minas Gerais – Brazil; the harvest time
was from February toMarch of 2015. A total of 24 samples from
six different varietals: Arbequina, Empeltre, Coratina,
Grappolo, Koroneiki, andMaria da Fé, were analyzed.

Brazilian Monovarietal EVOO Storage

The Brazilian monovarietal EVOO have conditioned in two
different systems: 18 samples remained in the original pack-
age, dark green glass bottles of 500 mL, and the other six were
manually placed in tinplate cans of 500 mL. The samples were
stored for 12 months, to study the effect on the stability and
the oil’s quality. The storage conditions were room tempera-
ture and without light incidence. The samples were analyzed
right after the opening of the glass bottles and after 1, 3, 6, and
12 months of storage. They were evaluated by physicochem-
ical parameters (peroxide value, iodine value, free acidity,
refraction index), chromatographic analysis of fatty acidmeth-
yl esters (codified as GC), UV-Vis and NIR spectroscopies.

Reagents

Ethanol P.A., sodium hydroxide P.A., potassium hydroxide P.A.,
glacial acetic acid P.A., and potassium iodine P.A. were pur-
chased from Alphatec. Sodium thiosulfate P.A. and chloroform
P.A. were purchased from (Cinética). Phenolphthalein P.A. and
soluble starch P.A. (Vetec). Cyclohexane P.A., n-heptane P.A.
and methanol P.A. (Synth). Wij’s solution (Dinâmica).

Analysis

Physicochemical Parameters

Peroxide value (PV, expressed as milliequivalents of active
oxygen per kilogram of oil (mEq O2 kg−1)), iodine value
(IV, measures the unsaturation of fatty acids, is expressed in
grams of iodine absorbed by 100 g of sample (% iodine
absorbed)), free acidity (FA, expressed as percentage of oleic
acid), and refraction index (related to the degree of the satura-
tion of the bonds, i.e., the number of single bonds present in
the molecule) were determined according to the American Oil
Chemists’ Society (AOCS).
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Instrumental Analysis

Fatty Acid Methyl Ester Fatty acid methyl esters (FAMEs)
were analyzed by the gas chromatograph (GC) Claus 680
(Perkin Elmer) using Agilent CP-7420, a fused silica capillary
column with 0.25 μm× 100 m × 0.25 mm, with helium as the
carrier gas (flow rate, 1.1 mL/mi; split ratio, 1:1000, v/v) and
with flame ionization detector (FID). Chromatographic pa-
rameters were as follows: injector temperature 240 °C; detec-
tor temperature 250 °C; column temperature programming
80 °C maintained for 1 min, with elevation to 160 °C;
20 °C/min temperature ramp; and final oven temperature
250 °C maintained for 58 min. The data obtained were ana-
lyzed using the Total Chrom (Perkin Elmer) software.

FAMEs were prepared according to ISO 5509 (ISO 2000).
Approximately 50 mg of the grease matter were weighted and
transferred to a test tube with a screw cap (capacity of 10 mL),
then 2.0 mL of n-heptane and 2.0 mL of a methanolic
solution of KOH (2 mol L−1) were added to the under-
go transmethylation. The mixture was stirred for 5 min
with a test tube agitator. After the phase separation, the
superior phase containing the FAMEs was carefully col-
lected and transferred to an Eppendorf and kept in the
freezer until analysis. The time of retention and area
percentage were automatically computed by the software
Total Chrom (Perkin Elmer).

UV-Vis Spectroscopy UV-Vis spectra of each sample were re-
corded with a portable UV-Vis spectrometer from Ocean
Optics, interfaced to a personal computer using the software
integration SpectraSuite. The spectra were collected with a 1-
mm quartz cuvette, without any prior preparation, from 200 to
800 nm. The spectra were preprocessed with the savgol algo-
rithm (Savitzky and Golay 1964) (7 points and first-order
polynomial), and the baseline correction made by the algo-
rithm was available on PLS-Toolbox 5.2 by Matlab software
version R2007b.

NIR Spectroscopy The NIR spectra were obtained from a por-
table equipment microNIR spectrometer JDSU. The spectra
were recorded with a glass cuvette from 950 to 1650 nm. No
sample preparation was made. The spectra were transformed
through the first derivative by the savgol algorithm (Savitzky
and Golay 1964) (first-order polynomial and 7 points) by
using the Matlab software version R2007b.

Data Fusion

Multivariate analysis tools can provide the extraction of more
information about the quality state of food, facilitating the
evaluation of authenticity. However, to improve the quality
assessment of food, a further step is to combine—fuse—the
outputs of multiple instrumental sources (Borràs et al. 2015).

Data fusion involves using different instrumental techniques
and combines its generated data (Cuevas et al. 2017). The data
fusion is useful for a variety of applications such as object
detection, recognition, identification, and classification, be-
sides being useful for a decision-maker (Zhang 2010). Data
fusion is emerging as a branch in chemometrics. In fact, the
possibility to join results of different analytical methods (con-
ventional and alternative) for a set of samples can enhance the
quantity and quality of the information which can be extract-
ed. Hence, the association of physicochemical parameters,
fatty acid composition results, and the spectroscopies UV-
Vis and NIR analysis can furnish a complete understanding
about the most used techniques to assist the quality of EVOO
through storage time.

Some data fusion approaches have been proposed to assess
olive oil quality by data fusion from electronic nose and
tongue (Haddi et al. 2013), spectroscopic measures, as MIR
and NIR (Dupuy et al. 2010), fatty acid composition (Casale
et al. 2012) and cultivar identification (Casale et al. 2010).
However, to the best of our knowledge, there is no study that
describes the application of data fusion from physicochemical
parameters, gas chromatography, UV-Vis, and NIR for
Brazilian monovarietal EVOO quality evaluation over the
storage time. Data fusion merges the information from differ-
ent analytical techniques and/or physicochemical information
allowing a large number of information that can be assessed
through chemometric tools. Data compilation from different
techniques provides complementary interpretations and facil-
itates full sample description (Vera et al. 2011). The data fu-
sion can provide more accurate knowledge about a system
under study (Borràs et al. 2015).

There are three levels of data fusion, namely low, mid, and
high levels. Data fusion from low- and mid-level approaches
are the most commonly applied (Borràs et al. 2016). Low-
level fusion consists of directly combining original signals
after some preprocessing steps. Medium-level fusion involves
the extraction of features or selection of variables before data
fusion. Finally, in high-level fusion, a multivariate model is
built separately for each technique and individual outputs are
combined to produce a final result (Godinho et al. 2014). In
this study, the low-level data fusion was applied.

Principal Component Analysis

Tools of pattern recognition are used to find tendencies or
similarities in a data set. Based on the patterns obtained, it is
possible to interpret results and, mainly, make more assertive
decisions (Ferreira 2015). Principal component analysis
(PCA) is an unsupervised pattern recognition method also
known as the exploratory data analysis method. It is a statis-
tical tool for analyzing large data sets with correlated variables
and can be used to identify patterns in multidimensional data.
PCA removes the correlations between different variables of
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the data set and transforms into a new coordinate sys-
tem by using an orthogonal transformation. Then, the
new coordinates in the data set have the largest variances
(Penttilä et al. 2018).

The mathematical steps are described by Ferreira (2015).
Basically, in a matrix X, each sample is represented by a row
vector and each variable has a column vector. The PCA
procedure can be described as the decomposition of the
matrix X in two matrices, one of scores T and one of
the loadings P:

X ¼ TPT ð1Þ

The scores express the relation between the samples, while
the loadings indicate the relation between the variables.
Therefore, with the low-level data fusion, all data of physico-
chemical analysis, GC, NIR, and UV-Vis were coupled in a
new matrix where the PCA was applied by using the Matlab
software version R2007b and the PLS-Toolbox 5.2, according
to the schema shown in Fig. 1.

Results and Discussion

For the Brazilian monovarietal EVOO, all the physicochemi-
cal parameters had presented changes during the storage time
(Table 1). Thus, as expected, the peroxide value (PV) was the
index most affected by the storage conditions. In general, the
variation of this level over time occurs in a Gaussian mode;
however, low levels of peroxide value do not constitute

generally low levels of oxidation (Jorge 2015). The free acid-
ity (FA) and iodine value (IV) presented the main changes,
respectively. The established limit for peroxide value for
EVOO (PV ≤ 20 mEq O2 kg−1 (COI 2015)) was exceeded
for the varietal storage in tinplate cans Empeltre, Coratina,
and Maria da Fé, after 12 months under storage condition.
These results are in agreement with Laroussi-Mezghani et al.
(2015) where the quality essentially depends on the olive va-
rietal and storage conditions.

High free acidity is considered a problem, and it is essen-
tially attributed to triglyceride degradation, resulting in the
formation of free fatty acids (Korifi et al. 2016). The Maria
da Fé varietal presented the highest acidity among the sam-
ples. The FA is less pronounced to the Arbequina, Empeltre,
and Coratina samples, demonstrating higher stability. In
agreement with the previous study where the oxidative stabil-
ity of Brazilian monovarietal EVOO was evaluated
(Gonçalves et al. 2018), these varietals demonstrated the
higher tocopherol content, especially Coratina, that exhibited
oxidation products only from the sixth month forward.
Complementary, Table 2 shows the fatty acid content: oleic
acid (C18:1), linoleic acid (C18:2), linolenic acid (C18:3), and
the palmitic acid (C16:0), demonstrating the percentages of
these fatty acids in the Brazilian monovarietal EVOO.

The UV-Vis and NIR spectra of the Brazilian monovarietal
EVOO during storage time are shown in Fig. 2. Due to the
lack of selectivity in the spectroscopies, NIR and UV-Vis, it is
difficult to draw conclusions only by observing the spectra.
Then, data fusion approach was used, in an attempt to improv-
ing the interpretability and the reliability of the results.

Fig. 1 Scheme of the procedure for the fusion matrix
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For the data fusion approach, a fusion matrix (114 samples
and 712 variables) composed of four datasets (UV-Vis + NIR
+ physicochemical + GC, respectively) was built using the
low-level strategy. For the low-level data fusion, each data
set was previously preprocessed before the combination of
the fusion matrix. The physicochemical results were
autoscaled; the UV-Vis spectra were smoothed; and the base-
line was corrected. The first derivative was applied to the NIR
spectra for the baseline correction. After these preprocesses,
the UV-Vis, NIR, and GC data block each were individually
normalized. As a general guideline, it would seem sensible to
normalize the data sets first whenever the measured features
show a difference in variances, or when are concerned with
very different measured entities or units (Krazanowski 2000).

After the normalization of the fusion matrix, the interpre-
tation was made through principal component analysis (PCA),
without preprocessing. In this sense, the PCA results allowed
us to obtain valuable information from the scores and loadings
plots. And still, from this strategy of data fusion and
PCA, it was possible to evaluate which portion of each
block has a greater influence under the dispersion presented
in the scores.

Two principal components (PCs) were able to explain more
than 98% of the variance in the fusion matrix (97.03% in PC1
and 1.17% in PC2). Although the PC1 had higher variance, it
does not present an interesting classification among the sam-
ples, making it impossible to interpret along with PC1 load-
ings, whose results are presented in the form of a supplemen-
tary material. However, PC2 brings the relevant information to
explain the behavior of the Brazilian monovarietal EVOO dur-
ing the storage time and the package effects. This result is not
uncommon and had been reported before on genetically mod-
ified coffee discrimination (Moreira and Scarminio 2013).

During the storage period, autoxidation reactions happen, a
series of compounds are formed that can cause rancidity and
off flavors. Observing the scores plot of PC2, Fig. 3 is possible
to verify that, at different packing systems, the Brazilian olive
oils are affected differently by the storage conditions, as en-
dorsed by Gutiérrez-Rosales et al. 1988 that affirm that head-
space and oxygen permeability of the packaging material can
influence in the oxidative stability. Figure 3 shows the scores
obtained for PC2. The samples are clearly separated along
PC2 into six clusters that show, in most cases, a scores profile
that changes and evolve accordingly with the time of storage.

Table 2 Fatty acid composition (% m/m methyl esters)

Samples Oleic acid (C18:1) Linoleic acid (C18:2) Linolenic acid (C18:3) Palmitic acid (C16:0)

0 1 3 6 12 0 1 3 6 12 0 1 3 6 12 0 1 3 6 12
(Months) (Months) (Months) (Months)

A1 69.17 66.93 69.24 68.61 67.28 10.24 9.29 10.28 10.49 10.02 0.70 0.70 0.68 0.70 0.36 14.96 14.65 14.78 15.08 14.25
A2 68.61 66.80 68.67 68.63 69.36 10.25 9.25 10.08 10.10 10.24 0.69 0.70 0.67 0.69 0.36 15.26 14.64 15.21 15.10 15.23
A3 69.13 66.88 69.24 69.21 67.20 10.30 9.26 10.30 10.34 10.05 0.70 0.70 0.69 0.69 0.36 14.92 14.61 14.78 14.69 14.25
A4 – 66.88 68.97 68.96 66.80 – 9.24 10.15 10.15 9.83 – 0.69 0.68 0.68 0.35 – 14.61 15.00 14.92 14.53
E1 68.15 66.05 68.27 68.39 66.43 10.28 10.05 10.31 10.29 10.01 0.75 0.75 0.74 0.75 0.36 15.81 15.12 15.63 15.43 15.08
E2 68.21 66.05 68.28 68.32 66.43 10.34 10.05 10.35 10.31 10.01 0.75 0.76 0.74 0.73 0.36 15.69 15.12 15.63 15.43 15.07
E3 68.20 66.11 67.62 68.30 66.37 10.31 10.13 10.50 10.26 10.01 0.75 0.76 0.75 0.73 0.35 15.70 15.20 15.94 15.56 15.10
E4 – 65.95 69.53 69.61 67.44 – 10.10 8.36 8.30 8.02 – 0.76 0.76 0.75 0.34 – 15.17 15.80 15.77 15.19
C1 78.72 77.16 78.83 78.74 77.89 6.27 6.45 6.20 6.25 6.28 0.60 0.63 0.58 0.58 0.36 10.06 10.29 10.04 10.01 10.00
C2 78.75 77.35 78.77 78.72 77.96 6.24 6.37 6.22 6.24 6.29 0.59 0.63 0.57 0.58 0.36 10.07 10.08 10.03 10.10 9.94
C3 78.69 78.18 78.77 78.76 77.86 6.25 6.44 6.21 6.24 6.27 0.60 0.64 0.59 0.58 0.37 10.12 10.27 10.05 10.04 9.95
C4 – 77.18 73.58 73.61 72.24 – 6.46 8.25 8.23 8.02 – 0.64 0.66 0.65 0.36 – 10.29 12.79 23.79 12.42
G1 82.01 80.63 81.69 82.23 81.37 4.32 4.41 4.36 4.25 4.26 0.74 0.78 0.73 0.70 0.47 9.13 9.20 9.23 9.04 8.93
G2 82.11 80.59 81.43 82.13 81.35 4.29 4.42 4.42 4.26 4.28 0.73 0.78 0.75 0.71 0.47 9.07 9.23 9.36 9.06 8.90
G3 82.10 81.44 81.74 82.19 81.22 4.28 4.45 4.34 4.23 4.33 0.74 0.78 0.74 0.69 0.48 9.08 9.32 9.23 9.01 8.94
G4 – 81.40 81.73 82.10 81.26 – 4.46 4.35 4.25 4.29 – 0.78 0.72 0.70 0.48 – 9.37 9.21 9.06 8.90
K1 77.68 75.68 77.75 77.80 76.13 4.28 4.48 4.30 4.34 4.35 0.64 0.69 0.68 0.61 0.30 12.30 12.42 12.34 12.30 12.05
K2 77.81 75.7 77.71 77.79 76.26 4.30 4.48 4.28 4.32 4.32 0.65 0.69 0.64 0.64 0.29 12.34 12.49 12.39 12.29 12.09
K3 77.79 75.79 77.79 77.79 76.26 4.37 4.43 4.29 4.32 4.32 0.65 0.68 0.63 0.64 0.29 12.28 12.28 12.31 12.29 12.09
K4 – 75.80 77.72 77.76 76.20 – 4.45 4.33 4.32 4.31 – 0.68 0.64 0.61 0.29 – 12.34 12.37 12.31 12.04
MF1 74.10 72.81 74.65 74.73 73.35 7.34 7.37 7.27 7.27 7.28 0.98 1.02 0.97 0.95 0.36 12.26 12.21 12.34 12.29 12.12
MF2 74.66 72.80 74.38 74.78 73.61 7.31 7.41 7.35 7.27 7.26 0.97 1.02 0.98 0.93 0.36 12.35 12.24 12.47 12.25 12.04
MF3 74.1 72.77 74.73 74.74 73.61 7.27 7.36 7.22 7.25 7.23 0.98 1.02 0.95 0.95 0.36 12.31 12.23 12.30 12.26 12.05
MF4 – 72.74 74.68 74.73 70.69 – 7.39 7.23 7.26 8.01 – 1.02 0.95 0.95 0.40 – 12.29 12.34 12.30 13.44
EVOOa 55–83 3.5–21 ≤ 1 7.5–20

a Reference value of extra virgin olive oil formulated by International Olive Council (COI/T15.2015)

Samples stored in dark green bottles: A1, A2, A3—Arbequina; E1, E2, E3—Empeltre; C1, C2, C3—Coratina; G1, G2, G3—Grappolo; K1, K2, K3—
Koroneiki; MF1, MF2, MF3—Maria da Fé. Samples stored in tinplate cans: A4—Arbequina; E4—Empeltre; C4—Coratina; G4—Grappolo; K4—
Koroneiki; MF4—Maria da Fé
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The Brazilian varietals Empeltre and Arbequina presented
a similar behavior, in which the samples until the third month
of storage are on the negative side of PC2. The samples of the

Coratina cultivar are on the negative part of PC2, and only the
sample stored in tinplate can reach the positive part of this PC
after 12 months of storage. The samples from the varietals
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Grappolo, Koroneiki, and Maria da Fé are presented on the
positive side of PC2.

Examination of the PC2 loadings (Fig. 4) suggests that
scores separation is due to spectral domains situated around
200–230 nm, from 230 to 530 nm, and around 670 nm in the
UV-Vis region. For NIR, all spectral region has importance for
clusters observed in scores.

The absorption in the UV-Vis region around 200–
230 nm can be attributed mainly to primary oxidation
products that occur due to factors such as auto-oxida-
tion. The main constituents of primary oxidation prod-
ucts are dienes, which have maximum absorption from
220 to 230 nm (Vieira and D’Arce 1998; Alves et al.
2018). Beyond the diene absorptions, it is also reported
the tocopherol absorption from 220 to 300 nm (Craft 2016;
Gonçalves et al. 2018).

UV-Vis absorptions in the regions from 230 to 530 nm can
be assigned to phenolic compounds in 270 and 330 nm (Park
et al. 1998; Alves et al. 2018). These compounds have an
impact on the sensory aspects and in the olive oil quality
(Dimitrios 2006). Tocopherol presents maximum absorption
around 325 nm (Gonçalves et al. 2014), shows antioxidant
properties, and is considered a criterion for purity (García-
González et al. 2008). Among the chlorophylls, pheophytin
is responsible for the greenish color, while compounds such as
lutein and β-carotene are responsible for the yellowish color-
ing. The amount of these pigments depends on factors such as
varietal type and storage conditions (García-González et al.
2008). The carotenoids present absorption in the visible region
at 447 nm for the α-carotene, at 451 nm for the β-carotene,
and at 462 nm for the γ-carotene (Koplík 2015). Chlorophylls
show an intense band that is superimposed on the carotenoid
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absorption around 420 nm, besides presenting absorption in
670 nm (Domenici et al. 2014; Giuffrida et al. 2007;
Psomiadou and Tsimiodou 2002).

In the NIR region, the absorption from 1000 to 1200 nm
corresponds to the C=O in the fourth overtone (1160 nm),
C–H of the second overtone concerning the bonds HC=CH
(1170 nm), and C–H of the second overtone regarding the
bonds CH3 (1195 nm) (Shenk et al. 2008; Rosa et al.
2017). In the NIR region, Rosa et al. (2017) described that
the absorptions below 1000 nm, from 1200 to 1350 nm,
and above 1400 nm have attributed to the samples of ed-
ible oils that demonstrated the lower amount of tocopherol
and phenolic compounds. Rotondi et al. (2013) reported
that the olive oil produced from the monovarietal
Coratina presents higher phenolic compound content.
In fact, the samples produced from this varietal are on
the opposite side towards the varietals Grappolo,
Koroneiki, and Maria da Fé in PC2. This result also
agrees with a previous study (Gonçalves et al. 2018),
where the olive oils produced from the varietals
Koroneiki and Maria da Fé presented a higher forma-
tion of oxidation products and lower amounts of
tocopherol.

Regarding the physicochemical parameters and fatty
acid composition (Fig. 4c, d), the iodine value (IV),
peroxide value (PV), free acidity (FA), and fatty acid
composition of C16:0, C18:1, and, C18:2 are the vari-
ables with significant intensity in the PC2 loadings and
have importance in the cluster separation observed in
the scores. From these results, the samples of Empeltre,
Arbequina, and Coratina exhibit similar behavior in relation
to the composition of saturated and unsaturated fatty acids
and, in iodine value, along the storage time. Correlation be-
tween the fatty acid composition and iodine value are reported
by Rosa et al. (2017), in the evaluation of edible oils
employing multi-block data analysis.

The samples from the cultivars Grappolo, Koroneiki,
and Maria da Fé and also the samples from the varietals
Arbequina and Empeltre from the sixth month of storage,
and the Coratina sample, on the 12 months of storage
conditioned in tinplate cans show similarities due to
physicochemical parameters: free acidity and peroxide
value. Regarding free acidity and peroxide indexes, in-
deed, the samples of the varietals Grappolo, Koroneiki,
and Maria da Fé demonstrated the higher indexes
(Table 1). The obtained results suggest that the higher
indexes for acidity and peroxide are related to lower
amounts of tocopherol and phenolic compounds.
Consequently, with the achieved results, it is possible
to affirm that the olive oils produced from the varietals
Maria da Fé, Koroneiki, and Grappolo demonstrate less
stability regarding olive oils produced from the other varietals
used in this study, and through the storage time.

Conclusions

In this study, the storage time and the varietals were investi-
gated by three different analytical techniques, and through
physicochemical parameters, free acidity, iodine value, perox-
ide value, and refractive index. The PCA was applied in the
low-level data fusion, showing informative plots, demonstrat-
ing the relationship between the samples by the scores plot,
and a complete understanding when combining it with the
loadings plot. The achieved results allowed to conclude that
glass bottles are a package system that provides more protec-
tion for the Brazilian monovarietal olive oil. Furthermore,
they demonstrate that the olive oils produced from the varie-
tals Empeltre, Arbequina, and Coratina present similar char-
acteristics on the storage and are more resistant to oxidation
due to the unsaturated fatty acid content. On the other hand,
the olive oils produced from the varietals Grappolo,
Koroneiki, and Maria da Fé were similar during the storage
time and showed less resistance to oxidation due to the lower
amount of tocopherol and phenolic compounds.

Acknowledgments The authors thank CAPES (Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior) for Msc. fellowship to
Thays R. Gonçalves and Larissa N. Rosa. The authors also thank
Empresa de Pesquisa Agropecuária de Minas Gerais (Epamig), for the
samples used in this study and the Universidade Tecnológica Federal do
Paraná (UTFPR) for the partnership.

Compliance with Ethical Standards

Conflict of Interest Thays R. Gonçalves declares that she has no conflict
of interest. Larissa N. Rosa declares that she has no conflict of interest.
Alex S. Torquato declares that he has no conflict of interest. Luiz F. O. da
Silva declares that he has no conflict of interest. Paulo Henrique Março
declares that he has no conflict of interest. Sandra T. Marques Gomes
declares that she has no conflict of interest. Makoto Matsushita declares
that he has no conflict of interest. Patrícia Valderrama declares that she
has no conflict of interest.

Ethical Approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Informed Consent Not applicable.

References

Alves FCGBS, Coqueiro A, Março PH, Valderrama P (2018) Evaluation
of olive oils from the Mediterranean region by UV-Vis spectroscopy
and independent component analysis. Food Chem 273:124–129.
https://doi.org/10.1016/j.foodchem.2018.01.126

Aroca-Santos R, Cancilla JC, Pérez-Pérez A, Torrecilla JS (2016)
Quantifying binary and ternary mixtures of monovarietal extra vir-
gin olive oil with UV-Vis absorption and chemometrics. Sensors
Actuators B Chem 234:115–121. https://doi.org/10.1016/j.snb.
2016.04.094

Bevilacqua M, Bro R, Marini F, Rinnan A, Rasmussen MA, Skov T
(2017) Recent chemometric advances for foodmics. Trends Anal
Chem 96:42–51. https://doi.org/10.1016/j.trac.2017.08.011

94 Food Anal. Methods (2020) 13:86–96

https://doi.org/10.1016/j.foodchem.2018.01.126
https://doi.org/10.1016/j.snb.2016.04.094
https://doi.org/10.1016/j.snb.2016.04.094
https://doi.org/10.1016/j.trac.2017.08.011


Borràs E, Ferré J, Boqué R, Mestres M, Aceña L, Busto O (2015) Data
fusion methodologies for food and beverage authentication
and quality assessment – a review. Anal Chim Acta 891:1–
14. https://doi.org/10.1016/j.aca.2015.04.042

Borràs E, Ferré J, Boqué R, Mestres M, Aceña L, Calvo A, Busto O
(2016) Prediction of olive oil sensory descriptors using instrumental
data fusion and partial least squares (PLS) regression. Talanta 155:
116–123. https://doi.org/10.1016/j.talanta.2016.04.040

Brody AL, Lord JB (2007) Developing new products for a changing
marketplace, second edition. CRC Press, Boca Raton

Casale M, Sinelli N, Oliveri P, Di Egidio V, Lanteri S (2010)
Chemometrical strategies for feature selection and data compression
applied to NIR andMIR spectra of extra virgin olive oils for cultivar
identification. Talanta 80:1832–1837. https://doi.org/10.1016/j.
talanta.2009.10.030

Casale M, Oliveri P, Casolino C, Sinelli N, Zunin P, Armanino C, Forina
M, Lanteri S (2012) Characterization of PDO olive oil Chianti
Classico by non-selective (UV-Vis, NIR and MIR spectroscopy)
and selective (fatty acid composition) analytical techniques. Anal
Chim Acta 712:56–63. https://doi.org/10.1016/j.aca.2011.11.015

Cayuela JA, García JF (2017) Sorting olive oil based on alpha-tocopherol
and total tocopherol content using near-infrared spectroscopy
(NIRS) analysis. J Food Eng 202:79–88. https://doi.org/10.1016/j.
jfoodeng.2017.01.015

Craft NE (2016) Tocopherol: properties and determination. In: Cabellero
B, Finglas PM, Toldrás FB (eds) Encyclopedia of food and health.
Elsevier, Oxford, pp 309–318

Cuevas FJ, Pereira-Caro G, Moreno-Rojas JM, Muñoz-Redondo M,
Ruiz-Moreno MJ (2017) Assessment of premium organic Orange
juices authenticity using HPLC-HR-MS and HS-SPME-CG-MS
combining data fusion and chemometrics. Food Control 82:203–
211. https://doi.org/10.1016/j.foodcont.2017.06.031

Danezis GP, Tsagkaris AS, Camin F, Brusic V, Georgiou CA (2016) Food
authentication: techniques, trends & emerging approaches. Trends
Anal Chem 85:123–132. https://doi.org/10.1016/j.trac.2016.02.026

Dimitrios B (2006) Sources of natural phenolic antioxidants. Trends Food
Sci Technol 17:505–512. https://doi.org/10.1016/j.tifs.2006.04.004

Domenici V, Ancora D, Cifelli M, Serani A, Veracini CA, Zandomeneghi
M (2014) Extraction of pigment information from NIR-UV-Vis ab-
sorption spectra of extra virgin olive oils. J Agric Food Chem 62:
9317–9325. https://doi.org/10.1021/jf503818k

Dupuy N, Galtier O, Ollivier D, Vanloot P, Artaud J (2010) Comparison
between NIR, MIR, concantenated NIR and MIR analysis and hier-
archical PLS model. Application to virgin olive oil analysis. Anal
Chim Acta 666:23–31. https://doi.org/10.1016/j.aca.2010.03.034

Emblem A (2000) Predicting packaging characteristics to improve shelf-
life. In: Kilcast D, Subramaniam P (eds) The stability and shelf-life
of food. CRC Press, Boca Raton

Ferreira MMC (2015) Quimiometria – Conceitos, Métodos e Aplicações.
Editora da Unicamp, Campinas

Ferreiro-González M, Barbero GF, Álvarez JA, Ruiz A, Palma M, Ayuso
J (2017) Authentication of virgin olive oil by a novel curve resolu-
tion approach combined with visible spectroscopy. Food Chem 220:
331–336. https://doi.org/10.1016/j.foodchem.2016.10.015

Forina M, Oliveri P, Bagnasco L, Simonetti R, Casolino MC, Grifi FN,
Casale P (2015) Artificial nose, NIR and UV-visible spectroscopy
for the characterisation of PDO Chianti Classico olive oil. Talanta
144:1070–1077. https://doi.org/10.1016/j.talanta.2015.07.067

García-González DL, Aparicio-Ruiz R, Aparicio R (2008) Virgin olive
oil – chemical implications on quality and health. Eur J Lipid Sci
Technol 110:602–607. https://doi.org/10.1002/ejlt.200700262

Giuffrida D, Salvo F, Salvo A, Pera LL, Dugo (2007) Pigments compo-
sition in monovarietal virgin olive oils from various Sicilian olive
varieties. Food Chem 101:833–837. https://doi.org/10.1016/j.
foodchem.2005.12.030

Godinho MS, Blanco MR, Neto FFG, Lião LM, Sena MM, Tauler R,
Oliveira AE (2014) Evaluation of transformer insulating oil quality
using NIR, fluorescence and NMR spectroscopic data fusion.
Talanta 129:143–149. https://doi.org/10.1016/j.talanta.2014.05.021

Gonçalves R, Março PH, Valderrama P (2014) Thermal edible oil evalu-
ation by UV-Vis spectroscopy and chemometrics. Food Chem 163:
83–86. https://doi.org/10.1016/j.foodchem.2014.04.109

Gonçalves TR, Rosa LN,Gonçalves RP, Torquato AS,Março PH, Gomes
STM, Matsushita M, Valderrama P (2018) Monitoring the oxida-
tive stability of monovarietal extra virgin olive oils by UV-
Vis spectroscopy and MCR-ALS. Food Anal Methods 11:
1936–1943. https://doi.org/10.1007/s12161-018-1149-6

Gutiérrez-Rosales F, Gómez-Herrera C, Guitiérrez-Gonzálvez-Quijano T
(1988) Estudios de la cinética de evolución de los índices de calidad
del aceite de olive virgin durante su conservacíon en envases
comerciales. Grasas Aceites 39:245

Hada S, Herring RH, Eden MR (2017) Mixture formulation through
multivariate statistical analysis of process data in property cluster
space. Comput Chem Eng 107:26–36. https://doi.org/10.1016/j.
compchemeng.2017.06.017

Haddi Z, Alami H, El Bari N, Tounsi M, Barhoumi H, Maaref A,
Jaffrezic-Renault N, Bouchickhi B (2013) Electronic nose and
tongue combination for improved classification of Moroccan virgin
olive oil profiles. Food Res Int 54:1488–1498. https://doi.org/10.
1016/j.foodres.2013.09.036

Inarejos-García AM, Gómez-Alonso S, Fregapane G, Salvador MD
(2013) Evaluation of minor components, sensory characteristic and
quality of virgin olive oil by near infrared (NIR) spectroscopy. Food
Res Int 50:250–258. https://doi.org/10.1016/j.foodres.2012.10.029

International Olive Oil Council, COI/T.15/NC no. 3/Rev. 8 (2015)
Trade standard applying to olive oils and olive-pomace oils,
Madrid

International Standard Organization, ISO 5509 (2000) Animal and vege-
table fats and oils – analysis by gas chromatography of methyl esters
of fatty acids. ISO 5509

Jorge N (2015) Química e Tecnologia de Óleos Vegetais. Cultura
Acadêmica: Universidade Estadual Paulista, Pró-Reitoria de
Graduação, São Paulo

Kanavouras A, Coutelieris FA (2006) Shelf-life predictions for
packaged olive oil based on simulations. Food Chem 96:
48–55. https://doi.org/10.1016/j.foodchem.2005.01.055

Keramat M, Golmakani MT, Aminlari M, Shekarforoush S (2016)
Comparative effect of Bunium persicum and Rosmarinus officinalis
essential oils and other synergy with citric acid on the oxidation of
virgin olive oil. Int J Food Prop 19:2666–2681. https://doi.org/10.
1080/10942912.2015.1126722

Kiritsakis A, Kanavouras A, Kiritsakis K (2002) Chemical analysis, qual-
ity control and packaging issues of olive oil. Eur J Lipid Sci Technol
104:628–638. https://doi.org/10.1002/1438-9312(200210)104:9/
10<628::AID-EJLT628>3.0.CO;2-1

Koplík R (2015) Advanced strategies in food analysis. http://web.vscht.
cz/~poustkaj/EN%20ASFA%20AU%20Koplík%20UV_VIS_
spectrometry.pdf/. Accessed 20 May 2018

Korifi R, Plard J, Le Dréau Y, Rébufa C, Rutledge DN, Dupuy N (2016)
Highlighting metabolic indicators of olive oil during storage by the
AComDim method. Food Chem 203:104–116. https://doi.org/10.
1016/j.foodchem.2016.01.137

Krazanowski WJ (2000) Principal of multivariate analysis: a user’s per-
spective. Oxford, New York

Laroussi-Mezghani S, Vanloot P, Molinet J, Dupuy N, Hammami M,
Grati-Kamoun N, Artaud J (2015) Authentication of Tunisian virgin
olive oils by chemometric analysis of fatty acid compositions and
NIR spectra. Comparison with Maghrebian and French virgin olive
oils. Food Chem 173:122–132. https://doi.org/10.1016/j.foodchem.
2014.10.002

Food Anal. Methods (2020) 13:86–96 95

https://doi.org/10.1016/j.aca.2015.04.042
https://doi.org/10.1016/j.talanta.2016.04.040
https://doi.org/10.1016/j.talanta.2009.10.030
https://doi.org/10.1016/j.talanta.2009.10.030
https://doi.org/10.1016/j.aca.2011.11.015
https://doi.org/10.1016/j.jfoodeng.2017.01.015
https://doi.org/10.1016/j.jfoodeng.2017.01.015
https://doi.org/10.1016/j.foodcont.2017.06.031
https://doi.org/10.1016/j.trac.2016.02.026
https://doi.org/10.1016/j.tifs.2006.04.004
https://doi.org/10.1021/jf503818k
https://doi.org/10.1016/j.aca.2010.03.034
https://doi.org/10.1016/j.foodchem.2016.10.015
https://doi.org/10.1016/j.talanta.2015.07.067
https://doi.org/10.1002/ejlt.200700262
https://doi.org/10.1016/j.foodchem.2005.12.030
https://doi.org/10.1016/j.foodchem.2005.12.030
https://doi.org/10.1016/j.talanta.2014.05.021
https://doi.org/10.1016/j.foodchem.2014.04.109
https://doi.org/10.1007/s12161-018-1149-6
https://doi.org/10.1016/j.compchemeng.2017.06.017
https://doi.org/10.1016/j.compchemeng.2017.06.017
https://doi.org/10.1016/j.foodres.2013.09.036
https://doi.org/10.1016/j.foodres.2013.09.036
https://doi.org/10.1016/j.foodres.2012.10.029
https://doi.org/10.1016/j.foodchem.2005.01.055
https://doi.org/10.1080/10942912.2015.1126722
https://doi.org/10.1080/10942912.2015.1126722
https://doi.org/10.1002/1438-9312(200210)104:9/10<628::AID-EJLT628>3.0.CO;2-1
https://doi.org/10.1002/1438-9312(200210)104:9/10<628::AID-EJLT628>3.0.CO;2-1
http://web.vscht.cz/~poustkaj/EN%20ASFA%20AU%20Kopl%C3%ADk%20UV_VIS_spectrometry.pdf/
http://web.vscht.cz/~poustkaj/EN%20ASFA%20AU%20Kopl%C3%ADk%20UV_VIS_spectrometry.pdf/
http://web.vscht.cz/~poustkaj/EN%20ASFA%20AU%20Kopl%C3%ADk%20UV_VIS_spectrometry.pdf/
https://doi.org/10.1016/j.foodchem.2016.01.137
https://doi.org/10.1016/j.foodchem.2016.01.137
https://doi.org/10.1016/j.foodchem.2014.10.002
https://doi.org/10.1016/j.foodchem.2014.10.002


Longobardi F, Ventrella A, Casiello G, Sacco D, Tasioula-Margari
M, Kiritsakis AK, Kontominas MG (2012) Characterisation
of the geographical origin of Western Greek virgin olive oils
based on instrumental and multivariate statistical analysis.
Food Chem 133:169–175. https://doi.org/10.1016/j.foodchem.
2011.09.130

Merás ID, Manzano JD, Rodríguez DA, Peña AMP (2018) Detection and
quantification of extra virgin olive oil adulteration by means of auto
fluorescence excitation-emission profiles combined with multi-way
classification. Talanta 178:751–762. https://doi.org/10.1016/j.
talanta.2017.09.095

Milanez KDTM, Nóbrega TCA, Nascimento DS, Insausti M, Band BSF,
PontesMJC (2015)Multivariate modeling for detection adulteration
of extra virgin olive oil with soybean using fluorescence and UV-Vis
spectroscopies: a preliminary approach. LWT – Food Sci Technol
85:9–15. https://doi.org/10.1016/j.lwt.2017.06.060

Moreira I, Scarminio IS (2013) Chemometric discrimination of genetical-
ly modified Coffea arábica cultivars using spectroscopic and chro-
matographic fingerprints. Talanta 107:416:422–416:422. https://doi.
org/10.1016/j.talanta.2013.01.053

Park Y, Ikegaki M, Abreu JAS, Alcici NMF (1998) Study of preparation
of the própolis extracts and your applications. Food Sci Technol 18:
313–318. https://doi.org/10.1590/S0101-20611998000300011

Penttilä A, Martikainen J, Gritsevich M, Muinonen K (2018) Laboratory
spectroscopy of meteorite samples at UV-Vis-NIR wavelengths:
analysis and discrimination by principal components analysis. J
Quant Spectrosc Radiat Transf 2016:189–197. https://doi.org/10.
1016/j.jqsrt.2017.11.011

Piergiovanni L, Limbo S (2010) Packaging and the shelf-life of vegetable
oils. In: Robertson GL (ed) Food packaging: principles and prac-
tices. CRC Press, Boca Raton

Piscopo A, Poiana M (2012) Packaging and storage of olive oil.
In: Muzzalupo I (ed) Olive germplasm – the olive cultiva-
tion, table and olive oil industry in Italy. Intech Open, New
York

Pizzi JA, Toscano G, Pedretti EF, Duca D, Rossini G, Mengarello C, Ilari
A, Renzi A, Mancini M (2018) Energy characteristics assessment of
olive pomace by means of FT-NIR spectroscopy. Energy 147:51–
58. https://doi.org/10.1016/j.energy.2018.01.035

Psomiadou E, Tsimiodou DA (2002) Stability of virgin olive oil, 1.
Autoxidation studies. J Agric Food Chem 50:716–721. https://doi.
org/10.1021/jf0108462

Rodrigues N, Dias LG, Veloso ACA, Pereira JA, Peres AM (2016)
Monitoring olive oils quality and oxidative resistance during storage
using an electronic tongue. LWT – Food Sci Technol 73(683):692–
692. https://doi.org/10.1016/j.lwt.2016.07.002

Rosa LN, Figueiredo LC, Bonafé EG, Coqueiro A, Visentainer JV,Março
PH, Rutledge DN, Valderrama P (2017) Multi-block data analysis
using ComDim for the evaluation of complex samples: characteri-
zation of edible oils. Anal Chim Acta 961:42–48. https://doi.org/10.
1016/j.aca.2017.01.019

Rotondi A, Magli M, Morrone L, Alfei B, Panneli G (2013) Italian na-
tional database of monovarietal extra virgin olive oils. In: Poliyuha
D, Sladonja B (eds) The Mediterranean genetic code – grapevine
and olive, vol 2013. InTech, pp 180–200

Savitzky A, Golay MJE (1964) Smoothing and differentiation of data by
simplified least squares procedures. Anal Chem 36:1627–1639.
https://doi.org/10.1021/ac60214a047

Shenk JS, Workman JJ Jr, Westerhaus MO (2008) Application of
NIR spectroscopy to agricultural products. In: Burns DA,
Ciurczak EW (eds) Handbook of near-infrared analysis.
CRC Press, Boca Raton

Vera L, Aceña L, Guasch J, Boqué R, Mestres M, Busto O (2011)
Discrimination and sensory description of beers through data fusion.
Talanta 87:136–142. https://doi.org/10.1016/j.talanta.2011.09.052

Vieira TMFS, D’Arce MABR (1998) Stability of oils heated by micro-
wave: UV spectrophotometric evaluation. Food Sci Technol 1:5–24.
https://doi.org/10.1590/S0101-20611998000400015

Wójcicki K, Khmelinskii I, Sikorki M, Sikorska E (2015) Near and mid
infrared spectroscopy and multivariate data analysis in studies of
oxidation of edible oils. Food Chem 187:416–423. https://doi.org/
10.1016/j.foodchem.2015.04.046

Yi L, DongN, YunY, DengB, RenD, Liu S, LianY (2016) Chemometric
methods in data processing of mass spectrometry-based metabolo-
mics: a review. Anal ChimActa 914:17–34. https://doi.org/10.1016/
j.aca.2016.02.001

Zhang J (2010) Multi-source remote sensing data fusion: status and
trends. Int J Image Data Fusion 1:5–24. https://doi.org/10.1080/
19479830903561035

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

96 Food Anal. Methods (2020) 13:86–96

https://doi.org/10.1016/j.foodchem.2011.09.130
https://doi.org/10.1016/j.foodchem.2011.09.130
https://doi.org/10.1016/j.talanta.2017.09.095
https://doi.org/10.1016/j.talanta.2017.09.095
https://doi.org/10.1016/j.lwt.2017.06.060
https://doi.org/10.1016/j.talanta.2013.01.053
https://doi.org/10.1016/j.talanta.2013.01.053
https://doi.org/10.1590/S0101-20611998000300011
https://doi.org/10.1016/j.jqsrt.2017.11.011
https://doi.org/10.1016/j.jqsrt.2017.11.011
https://doi.org/10.1016/j.energy.2018.01.035
https://doi.org/10.1021/jf0108462
https://doi.org/10.1021/jf0108462
https://doi.org/10.1016/j.lwt.2016.07.002
https://doi.org/10.1016/j.aca.2017.01.019
https://doi.org/10.1016/j.aca.2017.01.019
https://doi.org/10.1021/ac60214a047
https://doi.org/10.1016/j.talanta.2011.09.052
https://doi.org/10.1590/S0101-20611998000400015
https://doi.org/10.1016/j.foodchem.2015.04.046
https://doi.org/10.1016/j.foodchem.2015.04.046
https://doi.org/10.1016/j.aca.2016.02.001
https://doi.org/10.1016/j.aca.2016.02.001
https://doi.org/10.1080/19479830903561035
https://doi.org/10.1080/19479830903561035

	Assessment of Brazilian Monovarietal Olive Oil in Two Different Package Systems by Using Data Fusion and Chemometrics
	Abstract
	Introduction
	Material and Methods
	Monovarietal Extra Virgin Olive Oils Samples
	Brazilian Monovarietal EVOO Storage
	Reagents
	Analysis
	Physicochemical Parameters
	Instrumental Analysis

	Data Fusion
	Principal Component Analysis

	Results and Discussion
	Conclusions
	References


