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This study examines the ability of fluorescence spectroscopy for monitoring the quality of 70 Moroccan virgin olive oils belonging to three varieties and originating from three regions of Morocco. By applying principal component analysis and factorial discriminant analysis to the emission spectra acquired after excitation wavelengths set at 270, 290, and 430 nm, a clear differentiation between samples according to their storage time was observed. The obtained results were confirmed following the application of four multivariate classification methods: partial least squares regression, principal component regression, support vector machine, and multiple linear regression on the emission spectra. The best prediction model of storage time was obtained by applying partial least squares regression since a coefficient of determination (R 2 ) and a root mean square error of prediction (RMSEP) of 0.98 and 24.85 days were observed, respectively. The prediction of the chemical parameters allowed to obtain excellent validation models with R² ranging between 0.98 and 0.99 for free acidity, peroxide value, chlorophyll level, k 232 , and k 270 .

Introduction

Crude olive oil called virgin olive oil (VOO) is one of the well-consumed oil in the world since it is consumed daily by the Mediterranean people in food as an ingredient, in different culinary preparations, and raw with bread [START_REF] Zaroual | Traditional Foods in Maghreb: Production and Research Progress[END_REF]. Indeed, the excellent organoleptic and nutritional properties of VOO make it the preferable and the most demanded and consumed vegetable oil; this trend is confirmed by the increase of VOO production since it passed from 1.4 to 3.2 million tonnes between 1990 and 2017 [START_REF] Coi ; Orche | International Trade Standard Applying To Olive Oils and Olive-Pomace Oils International Trade Standard Applying To Olive Oils and Olive-Pomace Oils[END_REF].

Olive oil is produced only during the olive crop season that extends for two to three months (October to December); thus, the producers and consumers kept VOO throughout the year until the new season (Houlali et al., 2014). It is known that storage conditions, such as light exposure and temperature, are the major factors that affects the chemical composition and organoleptic parameters of VOO. Indeed, VOO is susceptible to oxidation that deteriorates its quality [START_REF] Sikorska | Fluorescence spectroscopy in monitoring of extra virgin olive oil during storage[END_REF].

The freshness state of VOO is of paramount importance for the consumer. In this context, [START_REF] Pristouri | Effect of packaging material headspace, oxygen and light transmission, temperature and storage time on quality characteristics of extra virgin olive oil[END_REF] explored the use of free acidity (FA), peroxide value (PV), k 232 , and k 270 parameters as indicators of VOO freshness level. The authors reported a significant increase (p <0.05) of these parameters determined on nine (9) VOO originating from the Ionninna region (Greece) and kept during 12 months in different packaging (Transparent glass, polyethylene, and polypropylene). Indeed, FA, PV, k 232 and k 270 passed, respectively, from 0.63%, 12.92 meq O 2 kg -1 oil, 2.25 and 0.14 to 0.83%, 18.86 meq O 2 kg -1 oil, 2.83 and 0.28 after 12 months of storage for samples kept at day-light. This increase impacted the quality of VOO since it passed from the extra VOO class (FA ≤ 0.8%, PV ≤ 20 meq O 2 kg - 1 oil, k 232 ≤ 2.50 and k 270 ≤ 0.22) to lampante VOO class (FA > 3.3%, and no limit of PV, k 232 and k 270 ). Other parameters such as polyphenols and tocopherols, chlorophylls, and carotenoids were suggested as indicators of the determination of the freshness level of VOO.

For instance, it was depicted that antioxidants and pigments decreased significantly during storage of VOO, particularly, during their exposure to light [START_REF] Esposto | Effect of light exposure on the quality of extra virgin olive oils according to their chemical composition[END_REF] and high temperature [START_REF] Silva | Oxidative stability of olive oil after food processing and comparison with other vegetable oils[END_REF]. [START_REF] Morelló | Changes in commercial virgin olive oil (cv Arbequina) during storage, with special emphasis on the phenolic fraction[END_REF] found that α-tocopherol amounts disappeared completely after VOO storage for 12 months. Indeed, polyphenol and chlorophyll levels decreased significantly from 350.15 and 18 mg kg -1 oil on days 7 to 48.5 and 7 mg kg -1 oil after 12 months of storage, respectively. One of the main conclusions of this study was that tocopherol levels could be considered as an effective antioxidant in the oxidation induction period. In a similar approach, [START_REF] Méndez | Effect of storage time and container type on the quality of extra-virgin olive oil[END_REF] reported an increase of stearic acid and a decrease of oleic acid levels of 4 commercial VOO during storage in different conditions (covered and transparent plastic, glace and tetra brick aseptic bottles at 20-22 °C) since they passed from 4.1 to 4.7% and from 76.3 to 73.3%, respectively, after 6 months of storage. The most above-mentioned methods applied for quality determination of olive oil are time-consuming, labour-intensive, require the use of high purity hazardous organic solvents, and are not suitable for on-site analysis. Thus, new emerging techniques such as mid infrared [START_REF] Sinelli | Preliminary study on application of mid infrared spectroscopy for the evaluation of the virgin olive oil "freshness[END_REF], near infrared [START_REF] Casale | Review: Near infrared spectroscopy for analysingolive oils[END_REF], ultraviolet-visible [START_REF] Lazzerini | Pigments in Virgin Olive Oil -Authenticity and and Quality Quality[END_REF], fluorescence, and so on, were used to determine the quality of olive oil during storage. For example, synchronous fluorescence spectroscopy was used to monitor the quality of 12 extra VOO samples in different storage conditions (dark, green, and clear glass bottles exposed to daylight at 25 °C) [START_REF] Sikorska | Fluorescence spectroscopy in monitoring of extra virgin olive oil during storage[END_REF]. By applying principal component analysis (PCA) to the emission spectra data recorded after excitation set at 290 nm, the authors succeeded to differentiate between VOO according to their storage time and condition. Recently, El Orche et al., (2020) accomplished to discriminate 27 VOO samples of Moroccan Picholine variety originating from the Beni-Mellal/Khenifra region (Morocco) according to their storage time. By applying a series of chemometric tools such as partial least squares discriminant analysis (PLS-DA), linear discriminant analysis (LDA), and support vector machine classification (SVM) on the data sets, 100% of correct classification was obtained.

As already mentioned above, most of the research studies that explored fluorescence spectroscopy coupled with chemometric tools for the determination of the quality of olive oil during storage were performed on VOO purchased from a local supermarket without taking into account the agronomic and industrial conditions of the olive oil [START_REF] Méndez | Effect of storage time and container type on the quality of extra-virgin olive oil[END_REF].

To the best of our knowledge, no work has been reported on olive oil aging by taking into account the impact of the geographic origin, variety, agronomic conditions, and extraction mode. Thus, this study aimed to investigate the potentiality of front-face fluorescence spectroscopy (FFFS) to: i) monitor the quality of 70 VOO belonging to 3 varieties (Moroccan Picholine, Languedoc Picholine, and Arbequina) and originated from 3 regions of Morocco (Fez/Meknes, Marrakech/Safi, and Eastern regions) during 18 months; and ii) predict their chemical parameters (FA, PV, k 232 , k 270 , and chlorophyll level). To extract information contained in the data sets, PCA, factorial discriminant analysis (FDA), principal component regression (PCR), partial least squares regression (PLSR), support vector machine regression (SVMR), and multiple linear regression (MLR) were applied. This kind of investigation is necessary since the freshness of olive oil has become an urgent issue for producers, researchers, governments, and consumers due to the increase of falsification of fresh VOO by aged one and/or other oils of low quality inducing the loss of the consumer confidence.

Materials and methods

Sampling

Seventy (70) VOO peaked up during the crop season of 2015-2016 from 3 regions (Fez/Meknes, Eastern, and Marrakech/Safi) in Morocco. The olives were irrigated by 3 modes (rainwater, ponds, and dropping) and fertilised by traditional and modern modes. The VOO samples belong to 3 varieties (Moroccan Picholine, Languedoc Picholine, and Arbequina) and were extracted by 3 process modes (pressing discontinuous, three-phase, and two-phase continuous systems) (Table 1).

Each VOO was kept in 50 mL sealed clear glass bottles, at room temperature (20 °C), and exposed to daylight for18 months.

Chemical and colorimetric analyses

The FA and PV are determined according to the official method of the International Olive Oil Council under the code COI/T.20/Doc. Nº34 and COI/T.20/Doc. Nº35, respectively. The k 232 and k 270 parameters are obtained according to the official method under the code COI/T.20/Doc. Nº19 [START_REF] Coi ; Orche | International Trade Standard Applying To Olive Oils and Olive-Pomace Oils International Trade Standard Applying To Olive Oils and Olive-Pomace Oils[END_REF].

The level of chlorophyll, performed according to the method of Wolff (1968), is calculated using the formula indicated below:

Chlorophyll (mg kg -1 oil) = A 670 -(A 630 + A 710 )/2 0.1086
Where A 630 , A 670 , and A 710 is the absorbance at 630, 670, and 710 nm, respectively.

To assess the oil colour, the Minolta Chroma Meter version CR-300 (Konica Minolta Sensing Europe, Roissy Charles De Gaulle, France) was used. Olive oil samples were examined without dilution to avoid colour variation and the oil colour is expressed as chromatic ordinates L*(lightness), a* (redness), and b* (yellowness) [START_REF] Becerra-Herrera | Characterization and evaluation of phenolic profiles and color as potential discriminating features among Spanish extra virgin olive oils with protected designation of origin[END_REF].

All the chemical and colorimetric analyses were made in triplicate.

Fluorescence spectroscopy

Fluorescence spectra were recorded using a Fluoromax-4 spectrofluorimeter (Jobin Yvon, Horiba, NJ, USA) at 20 °C. The incidence angle of the excitation radiation was set at 60° to ensure that reflected light, scattered radiation, and depolarisation phenomena were minimised [START_REF] Karoui | Monitoring the egg freshness during storage under modified atmosphere by fluorescence spectroscopy[END_REF].

For each VOO sample, 3 mL were poured in a quartz cuvette and fluorescence spectra were recorded. The emission spectra of polyphenols (290-450 nm), tocopherols (305-450 nm), and chlorophylls (450-800 nm) were acquired with the excitation wavelength set at 270, 290, and 430 nm, respectively. For each storage time (7 days, 3, 6, 12, and 18 months), three spectra were acquired with different VOO samples.

Statistical analysis

Fluorescence spectra were normalised by reducing the area under each spectrum to a value of 1 to reduce scattering effects to compare VOO samples [START_REF] Blecker | Effect of heat treatment of rennet skim milk induced coagulation on the rheological properties and molecular structure determined by synchronous fluorescence spectroscopy and turbiscan[END_REF]. The principal component analysis (PCA) was applied, separately, to the chemical, colorimetric, and fluorescence data sets.

To improve the discrimination between VOO samples, factorial discriminant analysis (FDA) was performed on the first 5 principal components (PCs) of the PCA. Before applying the FDA with leave-one-out cross-validation, 5 groups corresponding to the storage time groups (7 days, 3, 6, 12, and 18 months) were created.

Finally, the ability of fluorescence spectroscopy to predict the storage time and chemical parameters was assessed by applying different chemometric methods namely PLSR, MLR, PCR, and SVMR. The objective of this task was to determine the best regression model allowing us to determine the chemical and age of VOO samples.

The 210 spectral measurements were divided into two groups of 188 and 22 spectra. The former group was used for the establishment of the calibration models, whereas the latter group was utilised for the validation of the established models. The first group (188 spectra) designated as a calibration set and representing VOO samples belonging to the different storage time was used. The calibration equation was determined for each parameter. The robustness of the model was evaluated by determining the coefficient of determination (R 2 ), root mean square error of calibration (RMSEC) and root mean square error of prediction (RMSEP) (Zaroual et al., 2020a).

To validate the calibration, an independent set of 22 samples, representing all VOO storage times were randomly selected from all sets representing the different class quality of VOO.

The PLSR, PCR, MLR, and SVMR were performed using The Unscramble X (V.10.4, Camo Software AS, Oslo, Norway) software, while PCA and FDA were performed using MATLAB (Version 6.5, Release 12, The MathWorks), and XLSTAT 2016 (Addinsoft SARL USA, New York, NY, USA) software, respectively.

Results and discussions

Chemical and colorimetric parameters of VOO during storage

The chemical parameters (FA, PV, k 232 , and k 270 ) of VOO samples determined on days 7 showed clear differences between samples (P <0.05) (Table 1). Indeed, out of 14 samples, 9

samples are classified as EVOO, 4 as VOO, and 1 sample as lampante VOO. This could be due to the difference in the maturity degree of olive fruit, the harvesting conditions, and/or the extraction system [START_REF] Bajoub | Contribution to the establishment of a protected designation of origin for Meknès virgin olive oil: A 4-years study of its typicality[END_REF].

The FA, PV, k 232 , and k 270 increased significantly (p<0.05) during storage (Table 1). Indeed, FA ranging between 0.21 and 1.64% on days 7 reached 6.52% after 18 months of storage.

These findings could be explained by the lipolysis of triglycerides that induce the liberation of free acids. Indeed, olive fruits contain endogenous lipase enzymes that, although isolated from the oil in intact fruit, react with the triacylglycerols just after crushing causing the production of free fatty acids [START_REF] Ayton | Effect of storage conditions on virgin olive oil quality[END_REF]. Our findings are in agreement with Iqdiam et al., [START_REF] Iqdiam | Influence of headspace oxygen on quality and shelf life of extra virgin olive oil during storage[END_REF] who reported that light and storage time increased the FA level of olive oil; the authors reported an increase of FA from 0.32 on days 7 to 0.99% after 12 months of storage in a glass bottle at room temperature (25-28°C).

The PV, k 232 , and k 270 increased, likewise, during storage since they passed, mostly, from less than 9.68 meq O 2 kg -1 oil, 1.93 and 0.17 on days 7 to 24.65 meq O 2 kg -1 oil, 3.07 and 0.31, respectively, after 18 months of storage (Table 1). The increase of these parameters could be explained by the oxidation of fatty acids that induce the formation of peroxides [START_REF] Eymard | Mise en évidence et suivi de l'oxydation des lipides au cours de la conservation et de la transformation du chinchard (Trachurus trachurus): choix des procédés[END_REF] . Furthermore, the oxidation reactions conduct to the formation of either carbon-carbon bonds or carbon-oxygen bonds which cause an increase of absorption in the spectral region between 225 and 325 nm, and for consequent the increase of both k 232 and k 270 values as depicted by [START_REF] Ayton | Effect of storage conditions on virgin olive oil quality[END_REF].

The With respect to the extraction system, VOO samples extracted by using a three-phase system are more oxidized than those extracted by pressing and a two-phase system. For instance, after 18 months of storage of VOO belonging to Sefrou (Fez/Meknes region), the high values of FA, PV, k 232 , and k 270 were ascribed to the samples extracted by a three-phase system (3.88%, 17.92 meq O 2 kg -1 oil, 2.29 and 0.31, respectively) followed by the pressing system samples (2.77%, 12.86 meq O 2 kg -1 oil, 2.12 and 0.25, respectively). VOO samples extracted with a two-phase system are the most resistant to the oxidation and lipolysis since values of 1.21%, 8 meq O 2 kg -1 oil, 2.14 and 0.19 of FA, PV, k 232 , and k 270 , respectively, were observed after 18 months of storage. These findings are in agreement with [START_REF] Gimeno | The effects of harvest and extraction methods on the antioxidant content (phenolics, α-tocopherol, and β-carotene) in virgin olive oil[END_REF] who pointed out that VOO samples obtained by a two-phase extraction system are resistant to oxidation, contrary to those obtained with three-phase system. This could be due to the fact that the latter system needs the use of water having a temperature higher than 35 °C during olive dough mixing, which induce solubilisation of a part of polyphenols and vitamin E in vegetation water [START_REF] Zielinska | Tocopherols and tocotrienols as vitamin E[END_REF].

With respect to the chlorophyll level, the differences observed between VOO on days 7 could be explained by the dissimilarity in irrigation, fertilisation, and particularly, extraction system [START_REF] Tamborrino | Combined industrial olive oil extraction plant using ultrasounds, microwave, and heat exchange: Impact on olive oil quality and yield[END_REF]. For instance, chlorophyll levels of VOO samples on days 7 ranged between 1.22 and 5.64 mg kg -1 oil, in agreement with the findings of [START_REF] Tanouti | Amelioration qualitative d'huiles d'olive produites dans le maroc oriental[END_REF] who observed chlorophyll levels in the 0.29-5.21 mg kg -1 oil for 47 VOO aged less than 7

days. The amount of chlorophyll observed in the present study was less than 10 mg kg -1 oil avoiding their pro-oxidative action and thus ensuring a good preservation of olive oil during storage [START_REF] Trypidis | Real time monitoring of the combined effect of chlorophyll content and light filtering packaging on virgin olive oil photo-stability using mesh cell-FTIR spectroscopy[END_REF].

During storage, VOO chlorophyll level decreased gradually since up to 50% of chlorophyll level disappeared after only 6 months of storage, in agreement with the findings of [START_REF] Rigane | Effect of storage on refined olive oil composition: stabilization by addition of chlorophyll pigments and squalene[END_REF] who observed that the chlorophyll level decreased up to 90 % after 180 days of storage. According to [START_REF] Giuliani | Chlorophylls in olive and in olive oil: chemistry and occurrences[END_REF], the decrease in the green pigments during the storage is due to the activation of the lipoxygenase activity which catalyses the formation of hydroperoxides leading to the oxidation of the green pigments of the drupe (bleaching) by means of a co-oxidation mechanism.

The colour of VOO represents one of the main factors that influence the perception of quality by consumers. Table 1 showed [START_REF] Giuliani | Chlorophylls in olive and in olive oil: chemistry and occurrences[END_REF] reported that the type of the extraction system affects, considerably, the green pigments (chlorophyll A and B) of VOO, which results in the variation of its colour.

The L* and b* decreased significantly (p<0.05) during storage, while a* increased during the first 6 months of storage and decreased after (Table 1). The decrease of the L* and b* values during storage could be explained by the reduction of chlorophyll level in VOO as reported by [START_REF] Cerretani | Pigment profile and chromatic parameters of monovarietal virgin olive oils from different Italian cultivars[END_REF]. Indeed, the authors pointed out that an excellent correlation, with R² ranging between 0.95 and 0.97, was observed between L* and b* values and chlorophyll and carotenoid levels. [START_REF] Galeano-Díaz | Simultaneous Fluorometric Determination of Chlorophylls a and b and Pheophytins a and b in Olive Oil by Partial Least-Squares Calibration[END_REF] reported that the excitation wavelength of chlorophylls is about 430 nm. Figure 1a shows the evolution of the emission fluorescence spectra recorded on Moroccan Picholine VOO samples originated from Tafrata (Eastern region) and extracted by a three-phase system during 18 months of storage. Fresh VOO samples aged 7 days, exhibited two fluorescence intensity (FI) maxima located ~ 659 nm and 728 nm that could be attributed to chlorophyll B and chlorophyll A, respectively [START_REF] Zaroual | A preliminary study on the potential of front face fluorescence spectroscopy for the discrimination of Moroccan virgin olive oil and the prediction of their quality[END_REF]. The samples, stored for 18 months, exhibited the highest FI ~ 686 that could be linked to the overlapping of pheophytins A and B and the lowest FI at 728 nm attributed to chlorophyll A. The maximum that appeared at 659 nm on days 7 shifted to ~ 670 nm on months 3 and 6 (Figure 1a). The differences between spectra sharps could be explained by the transformation of chlorophyll A and B to pheophytins A and B, respectively [START_REF] Gandul-Rojas | Use of chlorophyll and carotenoid pigment composition to determine authenticity of virgin olive oil[END_REF].

Fluorescence measurements

Emission fluorescence spectra recorded on VOO samples after excitation set at 430 nm

Galeano

A similar trend was observed for VOO extracted by pressure system and belonging to the same region (Figure 1b). Indeed, during storage the peak located ~ 654 nm linked to chlorophyll B disappeared, while the FI observed ~734related to chlorophyll A decreased.

The FI of maxima located ~695 and 666 nm linked to pheophytin A and B increased during storage. A similar trend was also observed for VOO belonging to Arbequina and Languedoc Picholine varieties.

Emission fluorescence spectra recorded on VOO samples after excitation set at 290 nm

Figure 1c shows the emission spectra acquired after excitation set at 290 nm of Moroccan Picholine variety VOO originating from Chyadma (Marrakech/Safi region) and extracted by a pressure system. It is clearly shown that the highest FI observed ~ 342 was noted for samples on days 7, while the lowest ones are observed for those aged 18 months. This trend could be ascribed to the difference in the tocopherol levels that decreased during storage as depicted by [START_REF] Esposto | Effect of light exposure on the quality of extra virgin olive oils according to their chemical composition[END_REF] since fresh VOO aged less than 7 days had 250 mg kg -1 and achieved 0 -2 mg kg -1 range after 12 months of storage. It could be also observed that ~ 438 nm, samples aged 18 months exhibited the highest FI, while those aged 7 days noted the lowest FI indicating the formation of the secondary oxidation products, in line with the findings of [START_REF] Tan | Synchronous front-face fluorescence spectroscopy for authentication of the adulteration of edible vegetable oil with refined used frying oil[END_REF]. From the obtained results, it could be concluded that the maximum observed~ 438 nm could be used as a marker of the oxidation level of VOO, in agreement with the findings of [START_REF] Poulli | Synchronous fluorescence spectroscopy: tool for monitoring thermally stressed edible oils[END_REF] who pointed that the secondary oxidation products could be excited at 290 nm with emission in the 400-500 nm range. These observations are in line with the evolution of k 270 that increased during storage since it passed from 0.17 on days 7 to 0.31 after 18 months of storage (Table 1). Similar results were obtained for the other VOO varieties (data not shown). It could be concluded that emission spectra acquired after excitation set at 290 nm could be used as fingerprint tool to monitor the quality of VOO during their storage.

Emission fluorescence spectra recorded on VOO samples after excitation set at 270 nm

Polyphenols was used as a marker to trace the aging of VOO since they are influenced by several factors such as packaging [START_REF] Méndez | Effect of storage time and container type on the quality of extra-virgin olive oil[END_REF], light exposer [START_REF] Esposto | Effect of light exposure on the quality of extra virgin olive oils according to their chemical composition[END_REF], and heating [START_REF] Silva | Oxidative stability of olive oil after food processing and comparison with other vegetable oils[END_REF]. [START_REF] Galeano-Díaz | Determination of tocopherols in vegetable oil samples by non-aqueous capillary electrophoresis (NACE) with fluorimetric detection[END_REF] An inverse trend was observed ~442 since the highest fluorescence intensity was observed for samples aged 18 months, while the lowest one was noted for samples aged 7 days. This difference could be explained by the increase of oxidation product amounts during storage as depicted by [START_REF] Tan | Synchronous front-face fluorescence spectroscopy for authentication of the adulteration of edible vegetable oil with refined used frying oil[END_REF].

Discrimination based on the fluorescence spectra recorded on VOO samples

In order to extract information from the emission spectra acquired after excitation set at 270, 290, and 430 nm, PCA was applied, separately, to the normalised data sets. The similarity maps allowed a slight differentiation of VOO samples according to their storage time (Data not shown).

In a second step, FDA with leave-one-out cross-validation was performed on the 5 PCs of the PCA applied to each emission spectra. Before applying the FDA, 5 groups were defined corresponding to the storage time of VOO regardless of the other parameters (variety, geographic origin, crop season, agronomic factors, and extraction system): 7 days, 3 months, 6 months, 12 months, and 18 months. The similarity map defined by the two first discriminant factors (FD1 and FD2) of the FDA of the PCA applied on emission spectra acquired after excitation set at 430 allowed to discriminate VOO samples according to their storage time (Figure 2a). VOO aged 7 days and 3 months presented positive scores on FD1, while the others exhibited negative values. In addition, each group was separated from the others. An overall correct classification rate achieving 89.52% was observed (Table 2a). Indeed, VOO samples stored for 18 months were 100% correctly classified. Out of 42 samples aged 12 months, 2 samples were classified as belonging to the group aged 18 months giving a correct classification rate of 95.23%. Regarding samples aged 7 days, 6 samples were ascribed to samples aged 3 months. Out of 42 samples aged 3 months, 5 samples and 3 others were attributed to VOO aged 7 days and 6 months giving an overall correct classification of 83.33%.

The FDA applied to the 5 first PCs of the PCA performed on emission spectra acquired after excitation set at 290 allowed a clear classification of VOO samples according to their storage time (Figure 2b). Indeed: i) fresh samples aged 7 days presented positive values according to the FD1 and FD2; ii) those aged 3 months exhibited positive and negative values according to the FD1 and FD2, respectively; iii) VOO samples aged 12 months presented negative scores according to the FD1 and FD2; and iv) VOO samples kept during 18 months presented negative scores and mostly positive scores according to the F D1 and FD2, respectively. VOO samples aged 6 months were close to the origin.

Correct classification amounting to 79.05% was observed with 95.29% and 80.95% of correct classification for VOO aged 18 months and 7 days, respectively (Table 2a). The worst classification was observed for VOO samples of 3 months since out 42 samples, 14 samples were misclassified: 11 as belonging to samples aged 7 days and 3 others were attributed to samples aged 6 months.

The similarity map of the FDA performed on emission spectra acquired after excitation set at 270 nm allowed some discrimination of samples according to their storage time. Indeed, only fresh samples aged 7 days were well differentiated from those aged 18 months. The other groups were overlapped on the map (data not shown). This trend was confirmed by the correct classification rate since only 61.90% of correct classification was observed (Table 2a). The worst correct classification was observed for samples aged 18 and 6 months with only 45.24% and 52.38% of correct classification, respectively.

The data sets obtained from different fluorophores may give more information about the freshness level of VOO samples when analysed jointly. Thus, FDA was applied to the first 5

PCs of the PCA performed to the emission spectra acquired after excitation set at 290 and 430 nm, since only 61.9% of correct classification was observed with excitation spectra set at 270 nm. The similarity map defined by the discriminant factors 1 and 2 accounting for 96.97% of the total variance allowed clear separation of VOO samples according to their storage time (Figure 2c). VOO samples aged 7 days and 3 months were located on the negative side of the Mellal/Khenifra region according to their storage time (0, 12 and 24 months) by applying PCA-LDA on laser conducted fluorescence spectra recorded after excitation set at 400 nm.

Prediction of VOO storage time and chemical properties

In order to establish calibration models for each excitation wavelength, four different regression methods were separately used and their predictive abilities were compared. A summary of the predictive performance of models developed for the determination of storage time, FA, PV k 232 , k 270 and chlorophyll level is shown in Table 2b.

Prediction of VOO storage time

By using colorimetric parameters and according to the R 2 , the prediction of storage time can be considered excellent by applying SVMR since R² of 0.95 and RMSEP=46.77 (Figure 3a; to build a robust predictive model of VOO storage duration.

Prediction of free acidity

Regarding the prediction of FA, the emission spectra recorded after excitation set at 430 nm allowed an excellent prediction by applying PLSR (R²=0.99; RMSEP=0.05%) (Figure 4a; 

Prediction of peroxide value

The emission spectra recorded after excitation set at 290 nm allowed an excellent prediction of PV (R 2 =0.98; RMSEP=0.32 meq O 2 kg -1 of oil) by applying PLSR (Figure 4b; Table 2b) which confirm the results of [START_REF] Guzmán | Evaluation of the overall quality of olive oil using fluorescence spectroscopy[END_REF] who succeeded to predict PV of 90 VOO samples since R²=0.96 and RMSEP = 8.17 meq O 2 kg -1 oil were obtained by applying PLSR.

The obtained results could be explained by the fact that tocopherols, as antioxidant, are inversely relative to PV that is one of oxidation parameter as depicted out by [START_REF] Bajoub | Comprehensive 3-year study of the phenolic profile of Moroccan monovarietal virgin olive oils from the meknès region[END_REF], which uphold the results obtained in Figure 1c. An only good prediction of PV was obtained after the application of MLR (R 2 =0.81, RMSEP= 1.85 meq O 2 kg -1 oil) and SVMR (R 2 =0.82, RMSEP= 1.97 meq O 2 kg -1 oil) to the emission spectra acquired after excitation set at 430 and 270 nm, respectively. The best results obtained from PCR allowed to give approximate prediction of PV from the emission spectra acquired after excitation set at 430 nm (R 2 =0.74, RMSEP= 1.89 meq O 2 kg -1 oil). From the obtained results, it could be concluded that the model obtained after the application of PLSR to the emission spectra recorded after excitation set at 290 nm could be used for the prediction of PV of VOO. These results confirmed those obtained in Figure 1c, where an increase in the FI ~440 was observed during the storage of VOO.

Prediction of k 232 and k 270

Excellent prediction of k 232 (R²=0.99; RMSEP=0.01) (Figure 4c; Table 2b) and k 270 (R²=0.98; RMSEP=0.01) (Figure 4d; Table 2b) were obtained from the emission spectra recorded after excitation set at 290 nm by applying PLSR, in agreement with the results of [START_REF] Guzmán | Evaluation of the overall quality of olive oil using fluorescence spectroscopy[END_REF] who succeeded to predict k 232 (R²=0.9; RMSEP = 0.37) and k 270 (R²=0.97; RMSEP = 0.06) by applying PLSR on 90 VOO samples collected during 2010-2011 crop season. These results confirmed those obtained in Figure 1c, where an increase in the FI ~440, related to the formation of oxidation products, was observed during the storage of VOO. A very bad prediction of k 232 was obtained by applying MLR and PCR to the different emission spectra sets (R² ranging between 0.04 and 0.15); while, as for the prediction of k 270 , good results were obtained by applying SVMR on the emission spectra recorded after excitation set at 270 and 430 nm with R² of 0.87 and 0.88, respectively.

Prediction of chlorophyll level

Colorimetric parameters allowed to predict, perfectly, the chlorophyll level since excellent values of R² (0.99) and RMSEP (0.09 mg kg -1 oil) were obtained by applying SVMR (Figure 4e; Table 2b). Furthermore, excellent and good models were obtained by applying PCR, MLR, and PLSR with R² of 0.98, 0.83, and 0.83, respectively. These results confirmed that colorimetric parameters are strongly linked to pigment levels, in agreement with: i) [START_REF] Moyano | A comprehensive study on the colour of virgin olive oils and its relationship with their chlorophylls and carotenoids indexes (II): CIELUV and CIELAB uniform colour spaces[END_REF] who succeeded to predict the chlorophyll level by applying MLR to colorimetric parameters since values of R² > 0.9 were obtained; and ii) [START_REF] Cerretani | Pigment profile and chromatic parameters of monovarietal virgin olive oils from different Italian cultivars[END_REF] who pointed out a high correlation (R 2 ranging between 0.95 and 0.97) between colorimetric parameters (L* and b*) and chlorophyll and carotenoid levels by applying PLSR.

The emission spectra recorded after excitation set at 430 nm allowed an excellent prediction of chlorophyll level after applying PLSR (R 2 =0.98; RMSEP=0.16 mg kg -1 of oil) and PCR (R 2 =0.92; RMSEP=0.34 mg kg -1 oil). These results are in agreement with [START_REF] Sikorska | Fluorescence spectroscopy in monitoring of extra virgin olive oil during storage[END_REF] who succeeded to predict chlorophyll level (R 2 = 0.99; RMSEP = 1.4 mg kg -1 oil) by applying PLSR on synchronous fluorescence spectra of 12 extra VOO stored for 7 days, 3, 6 and 12 months.

Conclusion

To our best knowledge, this study is the first one assessing the potential of FFFS to predict the quality of VOO stored for 18 months using different regression chemometric tools. In the present study, the determination of the quality of VOO stored up to 18 months in light was performed by using FFFS, chemical and colorimetric methods. The emission spectra with classification methods named FDA, PLSR, MLR, and SVMR were applied. Although data collection needs the establishment of a robust model to predict the chemical and storage time of VOO, the excitation wavelength set at 290 and 430 nm showed their ability to classify VOO according to their freshness level, regardless of the geographic origin, variety, fertilisation, and irrigation modes. As for the prediction of VOO aging, the chemical and colorimetric parameters coupled with SVMR allowed an excellent prediction model since R² and RMSEP of 0.95 and 46.77 days were obtained, respectively. The application of PLSR to the emission spectra acquired after excitation set at 430 nm demonstrated, also, its high capability to predict the aging of VOO with R 2 =0.98 and RMSEP=24.85 days. These findings are also strengthened following the evaluation of the effectiveness of FFFS to predict some chemical parameters of VOO. Indeed, the validation models obtained after the application of PLSR and PCR to the different emission spectra allowed obtaining R² of 0.99, and 0.98 for the prediction of FA and chlorophyll level with the excitation set at 430 nm; and R 2 of 0.98, 0.99, and 0.98 for PV, k 232 , and k 270 with the excitation wavelengths set and 290 nm. It was concluded that PLSR and PCR could be considered as more efficient tools than SVMR and MLR for the prediction of some chemical parameters of VOO.

It could be concluded that fluorescence spectroscopy as a fast and ecological method would be useful for the monitoring of the quality of VOO during storage and to determine it freshness level. However, the work reported here is only a preliminary study and further studies using a large number of different VOO varieties and from different geographic origins are required to provide robust models. The simplicity of the method offers rich opportunities for the monitoring of VOO freshness at a very low cost.

Tables captions:

Table 1: Chemical and colorimetric parameters determined on VOO samples during 18 months of storage.

Table 2: 

Figure 1a

Figure 1b 39 

  the evolution of L*, a*, and b* parameters. By comparing Sefrou (Fez/Meknes region) VOO samples, it seemed that the extraction system affected significantly the colour since values of VOO extracted by pressing (L*=25.47, a*=3.02 and b*=38.41), a two-phase (L*=33.50, a*=0.02 and b*=46.50) and a three-phase (L*=30.04, a*=2.66 and b*=28.18) systems were observed. Indeed,

  pointed out that vanillic acid, syringic acid, gallic acid, p-coumaric acid, cinnamic acid, Tyrosol, o-coumaric acid, and caffeic acid are the most known fluorescent phenolic compounds with the excitation wavelength set at 270 nm. Figure 1d shows polyphenols fluorescence emission spectra acquired on VOO samples originating from Eastern region (Tafrata zone) of Languedoc Picholine variety extracted by a pressure system. The emission spectra presented two maxima located ~ 375 and 442 nm. From Figure 1d, it is clearly shown that the highest FI ~ 375 nmwas observed for samples aged 7 days, 3, and 6 months, while the lowest FI was noted for samples aged 18 months. The decrease of fluorescence intensity during storage could be explained by the degradation of polyphenols that act as antioxidant against VOO oxidation as depicted by[START_REF] Esposto | Effect of light exposure on the quality of extra virgin olive oils according to their chemical composition[END_REF] since the authors observed that after 165 days of olive oil storage, polyphenol level passed from 1512 to 392 mg kg -1 oil.

  (a) Classification table of factorial discriminant analysis (FDA) with leave-one-out cross validation of VOO samples according to their storage time; and (b) Cross-validation results of the storage time and the overall chemical parameters using partial least squares regression (PLSR), principal component regression (PCR), support vector machine regression (SVMR), and multiple linear regression (MLR) of the calibration and validation models.
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 2 Figure 2: Discriminant analysis similarity map determined by FD1 and FD2 of the FDA
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 3 Figure 3: Scatter plot of measured versus predicted of storage time with full-cross validation
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 4 Figure 4: Scatter plot of measured versus predicted of :(a) free acidity; (b) peroxide value; (c)
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  FD1, while the others presented mostly positives scores of the first discriminant factor. A correct classification rate of 96.18% was observed with 100% of correct classification for samples aged 7 days and 18 months. VOO aged 3, 6, and 12 months presented 95.21, 97.61, and 88.09% of correct classification, respectively (Table2a). These results are in line with the findings of El Orche et al., (2020) who succeeded (100% of correct classification) to discriminate 27 VOO samples of Moroccan Picholine variety originating from the Beni-

Table 2b )

 2b days are obtained. The values of R² and RMSEP for the PCR model were 0.89 and

	model compared to linear model regression tools (PLSR and PCR) as depicted out by Thissen
	et al., (2004).
	Regarding fluorescence spectra, the excellent prediction was obtained with the excitation
	wavelength set at 270, 290, and 430 nm (Figure 3b; Table 2b) with R 2 of 0.92, 0.97, and
	0.98 and RMSEP of 53.78, 30.8, and 24.85 days, respectively. The application of PCR to the
	emission spectra acquired after excitation set at 290 nm gave an excellent prediction of
	storage time since R 2 and RMSEP of 0.97 and 29.50 days were observed, respectively. The
	best result obtained with MLR was observed with the emission spectra recorded after
	excitation set at 290 nm since a good prediction of storage time was observed (R²=0.88;
	RMSEP=88.44 days).
	64.06 days, respectively; The MLR and PLSR gave approximate values of R² (0.77 and 0.64,
	respectively). It could be concluded that applying SVMR builds better prediction models than

PLSR, MLR, and PCR. These results confirmed that applying non-linear regression model tools such as SVMR on non-linear data sets (storage time) allow building a better prediction Comparatively, the results showed that PLSR (linear model regression tool) gave the best predictive model of storage time basing on linear spectral data, in agreement with: i)

[START_REF] Wei | Monitoring the fermentation, post-ripeness and storage processes of set yogurt using voltammetric electronic tongue[END_REF] 

who reported that the PLSR should be the first choice for the prediction of storage time of yogurt compared to SVMR. These results show that quantitative supervised classification methods such as PLSR and PCR are more efficient than qualitative ones (FDA)

Table 2b

 2b 

	respectively, by applying SVMR (R²=0.82 and RMSEP= 0.42%) and MLR (R²=0.73;
	RMSEP=0.84%) to the emission spectra recorded after excitation set at 430 nm. These results
	were in agreement with those of Talpur et al., (2014) who pointed out that PLSR (R²=0.99;
	RMSEP=0.03%) performed the best predictive model of FA of cottonseed oil compared to
	PCR (R²=0.99; RMSEP=0.07%) and MLR (R²=0.90; RMSEP=0.18%).
	) and PCR (R²=0.98; RMSEP=0.12%) confirming the findings of Guzmán et al.,
	(2015) who succeeded to predict FA (R 2 = 0.93; RMSEP = 1.77%) by applying PLSR on 90
	VOO samples collected during 2010-2011 crop season. These results showed that excitation

at 430 nm could be used to monitor the quality of VOO during storage since they could be used to predict the FA value. An only good and approximate prediction were obtained,
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	Region	Marrakech/ Safi	Fez/Meknes

Table 2a

 2a 

	702	
	Predicted / Observed	7 days 3

months 6 months 12 months 18 months Total % correct classification Fluorescence emission spectra acquired after excitation at 430 nm

  

	7 days	36	6	0	0	0	42	85.71%
	3 months	5	35	2	0	0	42	83.33%
	6 months	0	4	35	3	0	42	83.33%
	12 months	0	0	0	40	2	42	95.23%
	18 months	3	0	0	0	42	42	100.00%
	Total	41	45	37	43	44	210	89.52%
	Fluorescence emission spectra acquired after excitation at 290 nm			
	7 days	34	7	1	0	0	42	80.95%
	3 months	11	28	3	0	0	42	66.67%
	6 months	1	8	31	2	0	42	73.80%
	12 months	0	0	6	33	3	42	78.57%
	18 months	0	0	1	1	40	42	95.29%
	Total	45	43	42	36	43 210	79.05%
	Fluorescence emission spectra acquired after excitation at 270 nm			
	7 days	27	15	0	0	0	42	64.29%
	3 months	1	30	6	5	0	42	71.43%
	6 months	0	0	22	14	6	42	52.38%
	12 months	0	0	10	32	0	42	76.19%
	18 months	0	0	5	18	19	42	45.24%
	Total	28	45	43	69	25	210	61.90%

Concatenation data of emission spectra acquired after excitation set at 430 and 290 nm

  

	705 Excitation 290 nm	Table 2b 0.99	0.01	PLSR 0.99	0.01	0.81	0.39	MLR 0.04		0.64	0.14	0.38	PCR 0.13	0.45	0.85	SVMR 0.21 0.92	0.10
	Data Excitation 270 nm		Calibration R² RMSEC 0.07 0.0007		Validation R² RMSEP 0.05 1.08	Calibration R² RMSEC 0.88 0.37	Validation R² RMSEP 0.09 1.30	Calibration R² RMSEC 0.02 0.42	Validation R² RMSEP 0.04 0.39	Calibration R² RMSEC 0.23 0.37	Validation R² RMSEP 0.23 0.37
												Storage time k 270			
	Chemical parameters Excitation 430 nm	0.93 0.67	43.11 days 0.028			0.87 0.33	72.85 days 0.038	0.77 0.99	92.98 days 0.04	0.82 0.76		84.72 days 0.16	0.89 0.59	61.45 days 0.31		0.89 NA	68.56 days 0.13	0.94 0.58	45.07 days 0.36	0.43 0.87	221.69 days 0.41
	Colorimetric parameters Excitation 290 nm	0.89 0.98	62.05 days 0.004			0.77 0.98	90.18 days 0.004	0.68 0.66	108.13 days 0.58	0.64 0.41		118.01 days 0.77	0.89 0.86	63.36 days 0.18		0.89 0.86	64.06 days 0.18	0.95 0.32	45.77 days 0.36	0.95 0.21	46.77 days 0.43
	Excitation 430 nm Excitation 270 nm		0.98 0.19	20.51 days 0.044			0.98 0.13	24.85 days 0.161	0.99 0.97	16.86 days 0.19	0.88 0.41		88.44 days 0.52	0.68 0.86	107.09 days 0.14	0.82 0.65	83.72 days 0.25	0.93 0.40	50.68 days 0.40	0.96 0.88	42.91 days 0.11
	Excitation 290 nm Excitation 270 nm Colorimetric parameters Excitation 430 nm	0.97 0.97 0.92 0.98	29.50 days 28.60 days 0.26 mg kg -1 oil 0.12 mg kg -1 oil		0.97 0.92 0.83 0.98	30.8 days 0.94 53.78 days 0.96 0.48 mg kg -1 oil 0.83 0.16 mg kg -1 oil 0.99	77.11 days 88.76 days 0.39 mg kg -1 oil 0.24 mg kg -1 oil	0.39 Chlorophyll level 194.07 days 0.52 223.51 days 0.83 0.40 mg kg -1 oil Free acidity 0.57 0.76 mg kg -1 oil	0.61 0.97 0.98 0.93	121.07 days 30.80 days 0.11 mg kg -1 oil 0.31 mg kg -1 oil	0.60 0.97 0.98 0.92	119.98 days 29.50 days 0.11 mg kg -1 oil 0.34 mg kg -1 oil	0.64 0.94 0.99 0.72	120.84 days 48.14 days 0.07 mg kg -1 oil 0.66 mg kg -1 oil	0.89 0.99 0.90 0.71	65.20 days 65.44 0.09 mg kg -1 oil days 0.64 mg kg -1 oil
	Excitation 430 nm Excitation 290 nm Excitation 290 nm Excitation 270 nm Excitation 270 nm	0.99 0.72 0.82 0.78 0.66 RMSEC,	0.05% 0.61 mg kg -1 oil 0.42% 0.56 mg kg -1 oil 0.69% Root	0.99 0.71 0.79 0.7 0.56 mean	0.05% 0.65 mg kg -1 oil 0.45% 0.64 mg kg -1 oil 0.68% square	0.99 0.91 0.87 0.94 0.93 error	0.43% 1.16 mg kg -1 oil 1.13% 1.17 mg kg -1 oil 0.98% of calibration; 0.72 1.35% 0.24 2.91 mg kg -1 oil 0.73 0.84% 0.64 2.45 mg kg -1 oil 0.19 1.51% RMSEP, 0.98 0.63 0.63 0.71 0.82	0.15% 0.73 mg kg -1 oil 0.71% 0.65 mg kg -1 oil 0.46% Root mean 0.98 0.67 0.58 0.78 0.76	0.12% 0.68 mg kg -1 oil 0.78 0.61 mg kg -1 oil 0.57% square	0.88 0.72 0.72 0.77 0.82 error	0.43% 0.67 mg kg -1 oil 0.63% 0.57 mg kg -1 oil 0.44% of prediction. 0.82 0.70 0.62 0.83 0.78	0.42% 0.64 mg kg -1 oil 0.76% 0.59 mg kg -1 oil 0.55%
												Peroxide value			
	Excitation 430 nm		0.83	1.55 meq O 2 kg -1 oil		0.67	2.33 meq O 2 kg -1 oil	0.99	0.46 meq O 2 kg -1 oil	0.81	1.85 meq O 2 kg -1 oil	0.80	1.69 meq O 2 kg -1 oil	0.74	1.89 meq O 2 kg -1 oil	0.78	1.81 meq O 2 kg -1 oil	0.64	2.11 meq O kg -1 oil
	Excitation 290 nm		0.98	0.33 meq O 2 kg -1 oil		0.98	0.32 meq O 2 kg -1 oil	0.94	2.01 meq O 2 kg -1 oil	0.63	2.47 meq O 2 kg -1 oil	0.37	3.04 meq O 2 kg -1 oil	0.42	2.8 meq O 2 kg -1 oil	0.50	2.91 meq O 2 kg -1 oil	0.53	2.67 meq O kg -1 oil
	Excitation 270 nm Excitation 430 nm		7 days 0.88 3 months 6 months 0.2	0.98 meq O 2 kg -1 oil 0.35	42 2 0	0.80 0.12	0 1.42 meq O 2 kg -1 oil 40 0 0.4	0 0.92 0 41 0.99	0 2.89 meq O 2 kg -1 oil 0 1 0.13	0.15 0.15	0 5.79 meq 42 O 2 kg -1 oil 0 42 k 232 0 42 5.73	0.70 100.00% 2.05 meq O 2 kg -1 oil 95.21% 97.61% 0.12 0.39	0.60 0.12	2.69 meq O 2 kg -1 oil 0.43	0.86 0.21	1.86 meq O 2 kg -1 oil 0.39	0.82 0.17	1.97 meq O kg -1 oil 0.45
		12 months			0		0	4	37		1	42	88.09%	
		18 months			0		0	0	0		42	42	100.00%	
			Total			44		40	45	38		43	210	96.18%	
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