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cence Using UV-LED Coupled to USB  an optical fibre, in a front-face fluorescence configuration, was used to inves-
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cence intensities are the good parameters for this discrimination. This obser-

Copyright © 2019 by author(s) and vation strengthens the potential of our spectral parameters to perform reliable
Scientific Research Publishing Inc. analysis.

This work is licensed under the Creative

Commons Attribution International Keywords

License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/ ~ Chemometrics, Fluorometry, Oils, Olive Oil, PCA, UV/Visible

1. Introduction

The qualitative and quantitative difference between olive oils are mainly due to

the specific characteristics of cultivars used [1]. Rightness of analyses which lead
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to accurate authentication of olive oil constitutes one of the major challenges in
the industry of olive oil since the demand of olive oils is increasing and there is a
growing commercial interest in high quality products.

Tunisia is well known for the high quality of its olive oil. This industry de-
pends mainly on two cultivars namely the “Chetoui” which grows in the moun-
tainous regions and the “Chemlali” which is prevalent in the central semi-arid
regions and southern arid regions of the country [2] [3]. These two cultivars
represent 95% of the plantations and contribute to more than 80% of the na-
tional production of olive oil [2].

The Chemlali cultivars cover 2/3 of the plantations and represent approxi-
mately 60% of national production of olive oil [2] [3] [4]. The lack of water in
arid zones has a negative impact on their quality. However, despite these short-
comings, most of the Chemlali cultivars have ordinary organoleptic composition
and a very characteristic taste with high levels of palmitic acids [4] [5]. The
Chetoui cultivar represents about 20% of national production [6]. Several studies
have shown that this cultivar has a great capacity to adapt to various climatic
conditions [5] [6]. The Chetoui cultivar is also known for the quality of its oil
that is characterized by a high antioxidants rate and a high proportion of oleic
acids [5] [6]. In general, and regardless to the region and to the climatic condi-
tions, the olive oil produced from the Chetoui cultivar has a high oxidative sta-
bility and high anti-radical activity compared to the Chemlali cultivar [7].

Indeed, several analytical techniques have been proposed and are used for
qualitative and quantitative analyses of olive oils [8]. Most of these techniques
are often very expensive and rather laborious to achieve.

Recently, fluorescence spectroscopy has become an emerging analytical tech-
nique, due to its high sensitivity and simplicity and requires little or no sample
preparation. Many works have been successfully applied for authentication of
olive oil [9], for the detection of adulteration of olive oil [10] [11], for the char-
acterization of olive oil [12] and for the analysis of oxidation of olive oil [13] [14]
[15].

The aim of this work is to use the high sensitivity of fluorescence spectroscopy
coupled to chemometric analyses to discriminate olive oil according to the cul-
tivars with a very simple setup. This is done through its application to the two
Tunisian Virgin Olive Oil (VOO) from cultivars Chetoui and Chemlali. The
confrontations of these measures with another proven technique, such as Per-
oxide Value (PV) measures, strengthen and promote this technique for widest

diffusion.

2. Material and Methods

The study was carried out on seventeen VOOs from two main Tunisian culti-
vars, namely Chetoui and Chemlali. VOO samples were collected in several re-
gions during the same harvest. All samples were placed in amber glass bottles
and stored in the dark.
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2.1. Analytical Indices

Analytical indices such as free acidity, peroxide value (PV) and UV absorbance
at 232 nm and 270 nm (K,3, and K,,,) were determined according to the Euro-
pean Official Methods of Analysis [8].

2.2. Fluorescence Spectroscopy

We used the experimental setup described by Mbesse et al. [15]. A light emitting
diode (LED) with an emission wavelength at 365 nm, is used as the excitation
source. The excitation light from the source is channelled to the sample through
a Y-type optical fibre bundle. The fluorescence emission of the sample was cap-
tured by the same optical fibre bundle and goes to the Ocean Optics USB2000
spectrometer which was connected to a computer. The signal acquisition was
controlled by the OOIBase32 software. The emission wavelength range was set
between 400 nm to 800 nm. For the analysis, a quartz vat was filled by each sam-
ple and placed in front of the optical fibre.

To ensure the validity of the comparison between the different samples, each
spectrum represented the average of 10 scans recorded after 100s of excitation.
This lapse of time corresponds to the delay after which the intensity reaches a
steady state. We used these parameters for all the samples in order to reproduce
the measures in the same experimental conditions. Deconvolution of the fluo-
rescence spectra was used to identify fluorophores. The data processing was

made with the software Igor Pro 6.0.

2.3. Chemometric Methods

Analysis of variance (ANOVA) is applied to the data. The one-way ANOVA is
used to show if there is significant difference between these two VOOs cultivar.
In this analyze, the factor is the cultivar and the variables are the normalize in-
tensities (R_1, R_2 and R_3 defined further in the subsection 3.2.) and the ana-
lytical indices (PV, K,;,, K,; and Acidity). A Principal Components Analysis
(PCA) is also applied to both spectral data and physico-chemical parameters.
The aim of PCA is to reduce the large number of parameters influencing the
measures to a much smaller number of principal components (PCs) that capture
the vast majority of variance in the data. This approach considerably reduces the
dimensionality of the original data, enabling effective visualization, regression
and classification of multivariate data [16]. For the PCA, samples were consid-
ered as individuals while the variables were the normalized fluorescence intensi-
ties (R_1, R_2, R_3), PV, K,;,, K,,, and Acidity. PCA is used in this study to find
the correlation that may exist between the set of variables. The statistical analysis

is done using “R” software.

3. Results and Discussion
3.1. Analysis of Analytical Indices

According to several analytical indices (Acidity, Peroxide Value, K3, K,,,) es-
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tablished by the European standards VOOs are classified with respect to the
quality of oil [8]. Table 1 shows the average on measurements of analytical in-
dices for Chetoui samples and Chemlali samples.

For our samples, we noted that Acidity’s values are less than 0.8% and then
peroxide value (PV) measured is significantly lower than the threshold of 20
meqO,/Kg fixed for Extra Virgin Olive Oil (EVOO). We also observed that the
absorbance at 232 nm and 270 nm (K,;, and K,,,) slightly exceeds the threshold
established for EVOO. However, all the determined analytical indices values
show that our samples involve standard characteristics of VOO and these values
do not show significant difference between Chetoui and Chemlali cultivars of

olive oil.

3.2. Spectral Analysis

Fluorescence spectra of all VOO samples are shown in Figure 1. We can clearly
see a grouping of oil spectra according to their cultivars in the emission band
between 400 nm and 600 nm.

Vegetable oils are a complex mixture of several fluorescent molecules. Con-
sequently, VOO spectrum shows several broad emission peaks. To highlight the
main emission peaks, a deconvolution is performed for each fluorescence spec-

trum of VOO according to the method described in our previous works [17].

Table 1. Average of analytical indices for our sample.

Analytical indices Chetoui Chemlali
Acidity (%) 0.4+0.2 0.5+0.2
PV (meq O%kg) 6.5 +2.1 51+4
Ky 2.25+0.38 242 %025
Ky 0.26 + 0.04 0.28 + 0.04
2000 — o
—— Chétoui
—— Chemlali
— 1500 —
S
s
2
] 0= T T | 1
£ 1000 400 450 500 550 600
500 —
0 —_

Wavelength (nm)

Figure 1. Superposition of oils spectra for all samples.
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Seven peaks were obtained at the emitting wavelength around 432 nm, 455 nm,
489 nm, 524 nm, 565 nm, 680 nm and 730 nm. The emission at 432 nm, 455 nm
and 489 nm are assigned to oxidation products and the one around 524 nm is
assigned to the vitamin E [11] [18]. The two intense peaks at 680 nm and 730
nm correspond to the emission of the chlorophylls [11] [18]. In the following we
focus the analysis in the band located between 400 nm and 600 nm.

From the deconvolution operation we determine the position and the intensi-
ties of the emission peaks [17]. The intensity of these peaks is characteristic of
proportion of emitting compound. In order to compare the different spectra, we
proceeded to the normalization of each spectrum according to the method used
by Mbesse et al [17]. In this method the intensity of the peaks around 432 nm,
455 nm and 489 nm are divided by the intensity of the peaks of vitamin E at 524
nm. We define at the same time three variables, namely R_1, R_2 and R_3 cor-
responding to the normalized intensities of the peaks at 432 nm, 455 nm and 489
nm respectively. Figure 2 shows the normalized intensities obtained by using
method of deconvolution of spectrum for each sample. We can see clearly the
grouping of the curves according to the variety of the oil.

The low normalized intensity means a low proportion of oxidation products
compared to vitamin E. We can note that the VOO’s Chetoui group has rela-
tively a low normalized intensity compared to the VOO’s Chemlali group. This
observation is in agreement with the works of Issaoui et al [7] who emphasizes
that the Chetoui has high levels of antioxidant and high oxidative stability com-
pared to the Chemlali.

3.3. Chemometric Analysis

It is important to know that each cultivar includes several samples and each
sample is represented by the three normalized intensities (R_1, R_2 and R_3)
and the four analytical indices (PV, K,;,, K,;, and Acidity). The results of the

1.0 -
S 0.8+
S
Q
S 064
2
‘0
5
Z 0.4 —
0.2 4 Chétoui
T T T T T T T
420 440 460 480 500 520 540

Wavelength (nm)

Figure 2. Intensity ratio of peaks around 432 nm, 455 nm and 489 nm to the peak of vi-
tamin E (at 524 nm).
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ANOVA performed on each variable are summarized in Table 2. We can see
that the results of ANOVA for the PV, K,,,, K,,, and Acidity show clearly no dif-
ference between the cultivars groups. But the p-values obtained in the cases of
spectral data are below the threshold (a = 0.05). This means that the difference
between the groups formed according to the VOO cultivar is significant. Several
studies have shown the difference between these two VOO cultivars in terms of
acidic composition and minor compound concentrations (phenolic compounds,
vitamin E, etc.) [7] [19]. Here, this difference is observed directly from fluores-
cence spectrum analysis.

The peaks used to show the difference between the two cultivars are the peaks
of oxidation products and the peak of antioxidants. A PCA is performed on all
data (spectral data and analytical indices data). The goal is to find potential cor-
relations between variables and to show which variables that most contribute in
the principal components. Like this we can find the good parameters for this
discrimination. Figure 3 presents PCA results and shows that all the variables
are well represented by the two first principal components (PCs) that account
for 73%. We obtain on the individuals factor map (Figure 3(a)) a clear separa-
tion between Chetoui and Chemlali as that observed on the Figure 1 and Figure
2.

The variables factor map (Figure 3(b)) shows that all the variables, except
variable “Acidity”, are well represented in the correlation circle. The discrimina-
tion between Chetoui and Chemlali observed in individual factor map (Figure
3(a)) is mostly due to PC1. Regarding to the high correlation of R_1, R_2 and
R_3 with PC1 in Figure 3(b), we can confirm that the spectral variables are the
good parameters of this discrimination. We observe a correlation (inversely cor-
related) between all spectral variables and peroxide value (PV). It is worthy to
recall here that peroxide value measures the quantity of hydroperoxides present
in VOO. So, the weak normalized intensities of the peaks of oxidation products
of Chetoui in Figure 2 and the correlation between R_1, R_2, R_3 and PV shows
the high antioxidant content and the high oxidative stability of the Chetoui cul-
tivar compared to the Chemlali cultivar. This correlation encourages us to use

these spectral parameters to make more complete analysis of VOOs.

Table 2. Results of ANOVA test (a= 0.05) performed for each variable.

p-value Interpretation

Acidity 0.47500 No significant difference
PV 0.13450 No significant difference
Ky 0.53060 No significant difference
Ky 0.65770 No significant difference
R1 0.00004 Significant difference
R2 0.00100 Significant difference
R3 0.01700 Significant difference
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Figure 3. PCA results. (a) Individuals factor map (PCA) showing dis-
crimination between chétoui and chemlali; (b) Variables factor map
showing an inverse correlation between the Peroxide Value (PV) and
the oxidation products (R_1, R_2, R_3).

4. Conclusion

Due to the high sensibility and ease of use (very simple setup), fluorescence
spectroscopy presents itself as a suitable technique for the analysis of olive oils
and quality control. We have, based on the fluorescence spectra, and observed a

small difference between the two cultivars Chetoui and Chemlali. The analysis of
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variance (ANOVA) shows that this difference is significant (p < 0.05). This first
result proves the ability of the fluorescence technique to quickly identify special
variety of oil among others with the help of simple established spectral parame-
ters (R_1, R_2 and R_3). Secondly, the Principal Components Analysis (PCA)
emphasized the existence of correlation between Peroxide Value (PV) and spec-
tral variables. This correlation points out the high oxidative stability of Chetoui
compare to Chemlali. All of our results can lead to a new kind of analysis be-
cause it gives the possibility to use this technique to investigate oil’s stability and

quality control.
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