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This paper shows the potential of excitation—emission fluorescence spectroscopy (EEFS) and three-
way methods of analysis [parallel factor analysis (PARAFAC) and multiway partial least-squares
(N-PLS) regression] as a complementary technique for olive oil characterization. The fluorescence
excitation—emission matrices of a set of Spanish extra virgin, virgin, pure, and olive pomace oils
were measured, and the relationship between them and some of the quality parameters of olive oils
(peroxide value, Kasz, and Ka7o) was studied. N-PLS was found to be more suitable than PARAFAC
combined with multiple linear regression for correlating fluorescence and quality parameters, yielding
better fits and lower prediction errors. The best results were obtained for predicting Kz7o. EEFS allowed
detection of extra virgin olive oils highly degraded at early stages (with high peroxide value) and little
oxidized pure olive oils (with low K»70). The proposed methodology may be used as an aid to analyze
doubtful samples.
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INTRODUCTION pigments contained in olive oils (chlorophyisandb and their

. - . . . derivates pheophyting andb) also act as antioxidants in the
Olive gll |sT(;bta|ned éfl?rm thte frucllt of :chel_ Ol'vﬁ tree (Oleta dark, but have an oxidizing effect in the presence of light (photo-

europaedl..). There are different grades of olive ols [e.g., extra oxidation) (5). As a result of the oxidation of polyunsaturated

virgin (EV),virgin (V), pure (or simply olive oil) (P), and olive fatty acids, conjugated hydroperoxides are formed (primary
pomace (OP) 0'.". amaong others]._ Each_(_)f these grades mUStoxidation products). These compounds have high absorbance
fulfill some specifications. Due to its nutritional and economic in the ultraviolet (UV) region at 232 nmKés»), and they are
importance, olive oil authentication is an issue of great interest 9 32 y

in the manufacturing countries. Authenticity covers many also detected by measuring the peroxide value (PV) of the oils.

aspects, including adulteration, mislabeling, characterization, and!Due to their low stability, hydroperoxides decompose rapidly

misleading origin (1). Olive oil authentication is usually based I(rs]z)coilgzry%iiséalt(igtnon?gauac?sd) I.?\r']vesn;Oéi?}:"%rur\:\éeslgﬁ;vscr"?sh
on chemical parameters [acidity, major fatty acids composition, y P ’ P 9

: : : : absorbance at 270 nrk 5). Due to the role of chlorophylls
peroxide value (PV), ultraviolet absorbance, trinolein content, as sensitizers in the phﬁ?ofoiidation mechanism, the Ignéer the
and sterol composition] (1—3) and sensory analysis (4). . i : : ' .

ol i P idi ]d(' z dark i y y. h “) oils are exposed to light, the more rapidly will be the conversion
Ive olls are oxidized In the dark in contact with oxygen. conjugated hydroperoxides into secondary oxidation products.
As a result, essential fatty acids are destroyed and the fat-soluble]-his implies an increase i, Evaluation of the oxidation
;{ltamlgs 5 (ttpcophec;olst) ar?d As{carotere) dls??lpear (Oxédaé state of oils should not be done only on the basis of the peroxide
;ﬁg)'ma); a?ffcr; Fr:g r?lftr?tioﬁ;? va;;uléngfetiséagn l?l\(/ac\)/re?trr]lelgssr value. This is because the oxidation products present in greatly
the low content on polyunsaturated fatty acids and the natural degraded oils are not detected by measuring the peroxide value

antioxidants (phenolic compounds, tocopherols, Androtene) and this parameter may actually give normal values. Thus, other
present in olive oils protect them’against oxid’ation. The four parameters must be considered, especially sensory analysis. The

processes involved in olive oil production also influence their

stability. Thus, refining processes remove almost totally phenolic
* Corresponding author (e-mail francesca.guimet@urv.net; telephone compounds. As a result, P and OP oils, which undergo refining

+3f1R907v7ir§5i Sﬁg?"s‘Jﬁﬁe?’éi&W 55 84 46). processes during their manufacturing, are more prone to
8 DARP Generalitat de Catalunya. degradation than EV or V olive oils. In addition, refining
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processes produce conjugated dienes and trienes. These cOMaple 1. Analytical Parameters of Oils?
pounds increasKz3, and Kz7o values, respectively.

Although the determination of quality and purity parameters peroxide value

of olive oils is done according to official methods of analysis, sample (mequiv of Oalkg) Koz Karo
samples that do not fulfill the requirements are usually analyzed EVl 10 174 015
again to ensure the results. Sometimes this implies much work, Egg g %-gé 8'1?
because some of the determinations are tedious and time- gy, 8 291 011
consuming, as in the case of the PV, which involves several EV5 7 1.80 0.09
steps. For this reason, a complementary technique capable of  EV6 1 179 0.14
providing rapid information for doubtful samples would be very EV7 o 1.96 0.10
helpful. EV8 12 211 0.15
EV9 7 1.93 0.23

Fluorescence spectroscopy has been used in the past for  Evio 2.30 0.16
determining olive oil authenticity6). The advantages of this EVil 2.30 0.14
technique are its speed of analysis, lack of solvents and reagents, Egg 13 is% 83
and requirement of only small amounts of sample. In addition, vi 1 299 0.19
it is a noninvasive technique. Kyriakidis and Skarkal® ( V2 1 222 0.21
showed that useful information can be extracted from the P1 5 0.20
fluorescence spectra of native vegetable oils. They showed that P2 6 0.24
the fluorescence spectra of virgin olive oils between 400 and Eg g 832
700 nm measured at an excitation wavelength) (of 365 nm p5 4 0.27
have clear differences compared to the spectra of other vegetable  ps 5 0.32
oils. Virgin olive oils present two low peaks at 445 and 475 P7 3 0.32
nm, one intense peak at 525 nm, and another peak at 681 nm. Eg g 8-22
Kyriakidis and Skarkalis suggested that the peaks at 445 and P10 6 0.59
475 nm were related to fatty acid oxidation products and that P11 5 0.41
the one at 525 nm was derived from vitamin E. However, they P12 6 1.78 0.15
also showed that addition of vitamin E acetate to a virgin olive P13 6 191 0.18
oil increased fluorescence intensity not only at 525 nm but also Eig 2 82‘2‘
at 445 and 475 nm. They stated that this was due to oxidized P16 7 0.34
vitamin E, which emits fluorescence approximately in this OP1 2 1.34
region. Finally, the peak at 681 nm was related to the 0P2 3 123

chlorophylls. The very low intensity of the peaks at 445 and
475 nm of Virgin olive oils is due to their |arge content of 2 Legal limits [Regulation (EEC) 2568/91]: PV (mequiv of Oz/kg), 20 (EV and
monounsaturated fatty acids and phenolic antioxidants, which V). 15 (P and OP): Kz, 2.50 (EV), 2.60 (V): Kzro, 0.2 (EV), 0.25(V), 0.90 (P),
provide them more stability against oxidation. All refined oils 70 (OP).

show only one intense and wide peak at around-88D nm,

L - . (final 2003—2004). The chemical analyses were performed by this
which is due to a larger oxidation state of these oils as a resultlaboratory, according to official methods of analysis [Regulation (EEC)

of their Iarge.conte.nt of'polyunsaturated fatty acids. Fluorgs- 2568/91] and included quality parameters (acidity, peroxide viuse,
cence of native olive oils has also been used for detecting k., AKk) and purity parameters (individual fatty acids, trans isomers,
adulterations (8). sterols, stigmastadienes, erythrodiol, and uvakdple 1 shows some
Besides measuring one fluorescence spectrum atlgne of the parameters analyzed. The peroxide value kg of some of
set of fluorescence spectra at differémtcan also be recorded.  the samples were not available. They are left blanRable 1. Oils
Thus, for each sample, a three-dimensional landscape iswere stored in amber glass bottles. The fluorescence EEMs were
obtained, the so-called fluorescence excitatiemission matrix measured directly from t_he samples, without any prior treatment. All
(EEM). The main advantage of EEMs is that more information samplles were mgasured in duplicate, and the mean value of each sample
; as always used.
ab_o_u L the fluqrescent Species Ca.m be extracted, because the banévs (ﬁ:)-a-T%)copheroI acetate was purchased from Sigma-Aldrich Chimie
arising in a wider area are congdgred. There are some e,Xample?Alcobendas, Spain) and was stored &C7
in the literature of the application of excitatisemission Instrumentation and Software. EEMs were measured with an
fluorescence spectroscopy (EEFS) to native olive @ils12). Aminco Bowman series 2 luminescence spectrometer equipped with a
The aim of this paper is to study the potential of EEFS 150 W xenon lamp and 10 mm quartz cells. The instrument detector
combined with three-way methods of analysis [parallel factor was operated using the EmL/Ref channel and applying a 600 V voltage.
analysis (PARAFAC) and multiway partial least-squares (N- Excitation and emission ranges wetg = 300—390 nm andien =
PLS) regression)] as a complementary technique for olive oil 415—-600 nm, with 5 nm intervals in both dimensions. The band-pass
characterization. The relationship between the fluorescence® Poth monochromators was set at 4 nm. The scan rate was 30 nm

. . s L. The instrument software was used to correct the EEMs for
EEMs of EV, V, P, and OP oils and some of the quality deviations in the ideality of the lamp, monochromators and detector

parameters of oils (peroxide valui€zs,, andKz7o) is studied. (13, 14).
In addition, the PARAFAC factors provide fingerprints for the  ~ pata were exported to ASCII code and processed with Matlab
different oil types. software (version 6.5) (15). The chemometric models were calculated

with the PLS-Toolbox (16).

MATERIALS AND METHODS

RESULTS AND DISCUSSION
Samples and ReagentsA set of 33 olive oil samples, consisting

of 13EV, 2V, 16 P, and 2 OP oils, were kindly supplied by the official Exploratory Ana'YSiS- Fluorescence EEMs of Oil§igure
laboratory of the Catalan government in Spain. All oils came from 1 shows the EEMs in the range betwekfn = 300—390 nm
Spanish cultivars and were obtained during the same harvesting yearand Aem, = 415—600 nm of one sample of each type studied
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Figure 1. EEMs between Aex = 300—390 nm and Aen = 415-600 nm of an EV (a), a V (b), a P (c), and an OP (d) oil.

(EV, V, P, and OP). Most of the samples analyzed displayed emission profile of factor 1Kigure 3a) is very similar to the
the same pattern and thus, in general, the types of oils can befluorescence spectra of EV olive oils, whereas that of factor 2
differentiated from their fluorescence landscapes. EV and V oils is very similar to the fluorescence spectra of refined oils (
present their maximum fluorescence intensity at emissions aboveAs mentioned above, the peak/at, = 525 nm is thought to

500 nm Figure 1a,b). On the contrary, P and OP oils exhibit
much more fluorescence intensity below 500 rifig(re 1c,d).

be related to vitamin ERigure 3a, factor 1) and the peak
betweemem = 415—560 nm to oxidation productEigure 3a,

The main difference between these two types of oils is that factor 2). The sample projection plotSigure 4) show that the
EEMs of OP oils have very little fluorescence when exciting oil types are quite differentiated on the basis of the PARAFAC

below Aex = 340 nm.

factors. OP oils are very different from the rest of samples,

Despite the general trend, there are some samples (EV12having the highest values on factor 2 and the lowest on factor
P12, and P13) with special fluorescence landscapes. The EEM1. This indicates that factor 2 describes mainly the oxidation
of sample EV12 is very different from those of the other EV products contained in OP oils and that OP oils are the ones
olive oils. It exhibits strong fluorescence at emissions below having the lowest content on vitamin E. EV and V oils have
500 nm (Figure 2a). On the other hand, the EEMs of samples the lowest values on factor 2 because of their stability against

P12 and P13 are very similar to those of EV olégure 2b

oxidation. These two types of oils cluster together because

shows the EEM of sample P12. It is well-known that P oils acidity, which is the parameter that distinguishes the two grades,
consist of a blend of EV and refined oils. We suggest that the is not captured by fluorescence measurement. EV and P oils
similarity between P12, P13, and EV oils is due to a high ratio have similar values on factor 1. This means that these two types

of EV/refined oils in P12 and P13, which would explain the

shape of their EEMs.

PARAFACTo look into the whole set of fluorescence data,

of oils have similar vitamin E contents. However, P oils have
larger values on factor 3. This suggests that factor 3 may be
related to the presence of degradation products of oils produced

the EEMs of the 33 samples were arranged in a three- during the manufacturing processes. Note that EV12 is very

dimensional structure of size 38338 x 19 (samples< number
of Aem X number of ley). The array was decomposed by

similar to P oils as far as factor 3 is concerned and that P12
and P13 cluster with EV oils in all of the plots. The special

PARAFAC (17) using different numbers of factors. In all cases, characteristics of these three samples have been commented
non-negativity constraints for the resolved profiles in all modes above.

were applied. This was done to obtain a realistic solution, Figure 5 shows the three-dimensional structure of the
because the concentrations and the spectra should be positivePARAFAC factors obtained after multiplying each pair of
Residual analysis indicated that the optimal number of factors excitation and the emission profiles plottedrigure 3. Note

was three (98.65% of explained variance).

the resemblance between the PARAFAC factors and the EEMs

Figures 3 and4 show the spectral profiles and the sample plotted in Figure 1. Factor 1 Figure 5a) describes well EV
projection plots obtained from the PARAFAC model. The and V oils fFigure 1a), factor 2 Figure 5b) describes OP oils
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Figure 2. EEM between Adex = 300-390 nm and Aem = 415-600 nm of
EV12 (a) and P12 (b).
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Figure 3. Emission (a) and excitation (b) profiles obtained from the three-
factor PARAFAC model calculated on the EEMs of the 33 oils in the
range Aex = 300—-390 nm and Aen = 415-600 nm: factor 1 (—), factor
2 (---), factor 3 (-+-).

(Figure 1c), and factor 3Kigure 5c) describes P oils=gure

Guimet et al.

E, we added vitamin E acetate [(£)-o-tocopherol acetate] to
an EV olive oil sample. We used vitamin E acetate and not
pure vitamin E because the latter is more unstable and is quickly
oxidized by atmospheric oxyger’), Vitamin E acetate was
added directly to the oil so as to avoid solvent interferences
and to obtain spectra directly comparable to those of the raw
oil. The addition was made at two concentration levels. The
first one consisted of adding 160 ppm of vitamin E acetate,
which is equivalent to 146 ppm of pure vitamin E. The second
addition consisted of 320 ppm of vitamin E acetate, which is
equivalent to 292 ppm of pure vitamin E. Then, the EEMs of
the spiked samples and the raw oil were recorded at the same
range as for the previous oils. To avoid detector saturation, its
sensitivity was set to 60% of full scale using the more
concentrated sample. Each sample was measured in duplicate,
and the mean value of each pair of EEMs was calculated. For
a better visualization of the changes produced after the addition
of vitamin E acetate, we extracted the fluorescence spectra at
Aex = 350 nm from the entire EEMd={gure 6). This A was
selected because it provides the most intense fluorescence
spectra. The plot confirms that the addition of vitamin E to an
EV olive oil increases fluorescence intensity at 525 nm.
However, the peaks at 445 and 475 nm also increase. This was
already observed by Kyriakidis and Skarkali}, (#ho explained

that this may be due to the fluorescence that oxidized vitamin
E emits near this region. The hypothesis that fatty acid oxidation
products are mainly responsible for the peaks at 445 and 475
nm in the fluorescence spectra of EV oils could not be confirmed
at this stage.

Relationship between Fluorescence and Primary Oxida-
tion Products. Fluorescence, PV, andx. PV andKs3; indicate
the presence of primary oxidation products (i.e., conjugated
hydroperoxides) in olive oils. We studied the relationship
between fluorescence EEMs of oils and these parameters. All
samples have values within the limits established by Regulation
(EEC) 2568/91 (Table 1), with the exception of EV12, which
has aKy3, above the limit (2.50). This sample also has a PV
very superior to those of the rest of EV oils and very close to
the maximum allowed (20 mequiv ofABg). The high values
of these parameters indicated that this sample has been much
degraded and, thus, presents rancidity. This may explain its
special fluorescence. However, further analysis confirmed that
this sample had not been adulterated, because the content of
stigmastadienes was below the maximum allowed (0.15 mg/
kg).

Figure 7 shows a chart of the fluorescence EEMs arranged
in increasing order of PV. The general trend is that OP oils
have the lowest PV, whereas EV and V oils have the highest
ones. We suggest that the low content of hydroperoxides in OP
oils is due to the fact that they have been further oxidized into
carbonyl compounds (secondary oxidation products), which do
not contribute to PV. As was commented in the Introduction,
most of the natural antioxidants in OP oils are removed during
the manufacturing processes. This makes these oils very prone
to oxidation. Therefore, conversion of primary oxidation
products into secondary oxidation products is more probable
in these oils. This means that most of the oxidation products
present in OP oils are not detectable by indicators of primary
oxidation products, such as PV @3, but they should be
detected by indicators of secondary oxidation products, such

1b). Hence, the PARAFAC factors may be used as a fingerprint as Kz7o. The samples with the lowest PV display strong

of the types of olive oils studied.

Vitamin E and Fluorescenc@&o confirm the hypothesis that
the fluorescence peak &, = 525 nm corresponds to vitamin

fluorescence aroundlkey = 340—390 nm anden = 415—600
nm (Figure 1c). On the contrary, the sample with the highest
PV (EV12) has its maximal fluorescence arouhg = 315—
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Figure 4. Sample projection plots of the three-factor PARAFAC model calculated on the EEMs of the 33 oils in the range Aex = 300-390 nm and
Aem = 415-600 nm. QOil types: EV (&), V (3%); P (x); OP (O). The region containing EV and V oils has been enlarged (plots on the right).

370 nm andlem = 415—460 nm (Figure 2a). Therefore, oils at
early degradation stages (i.e., with large amounts of primary iem x number ofley). EV12 was excluded for its high PV.
oxidation products) can be detected by fluorescence, because A three-factor PARAFAC model (98.76% explained variance)
they exhibit strong fluorescence betwekn = 315—370 nm
and Aem = 415—460 nm, which does not occur for well-
conserved samples.

Correlation between Fluorescence and Phhe EEMs of
samples with known PV (Table 1) were arranged in a three- applied to correlate the values of the projected samples (i.e.,

dimensional array of size 39 38 x 19 (samples< number of

was calculated on the array, applying again non-negativity
constraints on all modes. The spectral profiles and sample
projection plots were very similar to those plottedrigures 3

and 4. A multiple linear regression (MLR) model was then
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factors so as to reduce the error. However, as the number of
samples available for doing this study was not very high, we
decided not to remove any sample so as not to lose robustness.
Figures 8and9 show the spectral profiles and sample projection
plots of the first two factors. For a better visualization, the region
containing EV and V oils irFigure 9 has been enlarged. The
types of oils appear quite separated on the basis of the N-PLS
factors (Figure 9). OP oils have the highest values on factor 2.
This factor is related to fluorescencedat, around 430 nm and

Aex around 320 and 350 nm. P oils have the lowest values on
factor 2, and EV and V oils have the highest values on factor
1. This factor is related to a wide fluorescence peak around
Aem = 460 nm andlex = 370 nm. Again, P12 and P13 are
grouped with EV and V ails.

Figure 10 shows the predicted versus measured PV obtained
from the nine-factor N-PLS model. Using N-PLS, correlation
between fluorescence and PV was improved compared to MLR
on the PARAFAC scores. In addition, the prediction errors
were lower. A similar procedure was carried out to correlate
fluorescence anH,s2 (not shown). However, a poor correlation
was observed between these two parameters. This may indicate
that some of the species that contributekig, do not emit
fluorescence in the range studied.

From the results obtained, we can state that EEFS is capable
of detecting samples highly degraded at early stages, because
they emit strong fluorescence arouig = 315—370 nm and
Aem = 415—460 nm. Thus, samples having high PV (such as
EV12) can be detected rapidly by recording their EEM. Hence,
EEFS is proposed as a rapid complementary technique for
samples with high PV.

Relationship between Fluorescence and Secondary Oxida-
tion Products. Fluorescence and %o As has been commented
previously,Ky70 is also an indicator of the oxidation state of
oil, because secondary oxidation products (aldehydes, ketones,
and other carbonyl compounds) absorb at 270 fmable 1
shows theKy7o of the 33 samples. As can be seen, in general
there is a relationship between the oil type an&Kiig OP oils
have the highe¥t,7o, whereas EV oils tend to have the lowest
values of this parameter. This indicates that OP oils are the most
deteriorated, and thus they contain more secondary oxidation

scores) obtained from PARAFAC with the PV. The prediction products, whereas EV oils are the most preserved, which was
error calculated by means of the leave-one-out cross-validationexpected due to their larger content on natural antioxidants. Note

procedure was 1.7 mequiv of »Rg, and the correlation
coefficient of the MLR model obtained in the validation step

that, as a general trend, the higher #go, the lower the PV
is, so there is an inverse relationship between the amount of

was ryg = 0.78. Despite the global correlation observed, no primary and secondary oxidation products in oils. As was
good predictions were obtained for some samples. For example explained above, this is due to the conversion of primary
EV3, P12, P13, P2, P10, and P15 have similar measured PV,oxidation products into secondary oxidation products. The
but their predicted values differ considerably. This may indicate variation of Kz7o values in oils is also captured by the
that the model is sensitive to some variations in fluorescence fluorescence EEMs. The oils having the high&st, (OP)
that occur between these samples that are not captured whemexhibit a wide peak betweete, = 340—390 nm andiem =

the PV is measured.

415—600 nm, with a maximum fluorescencelat = 390 nm

We checked if correlation between the fluorescence EEMs andiem= 470 nm Figure 1c). For oils having the lowest;7
and PV could be improved by using the N-PLS regression (EV) the main fluorescence peaks appear abyge= 500 nm
method. N-PLS is a generalization of PLS to multiway data (Figure 1a), with the exception of EV12.

(18). This method has some nice properties, because it models Correlation between Fluorescence anghikKWe applied MLR

both the independentXj and the dependentY) variables
simultaneously to find the latent variables Xnthat will best
predict the latent variables M. The model was applied on the

to correlate the PARAFAC scores of the 33 samples Wit
The PARAFAC model chosen was that depictedrigures 3
and4. In this case, sample EV12 was included because it was

centered data (across the sample mode). The optimum numbenot an outlier with regard td,70 Validation was performed

of factors, selected by leave-one-out cross-validation, was nineby leave-one-out cross-validation following the same procedure
[99.92% of explained variance (X), 88.15% of explained as above. The correlation coefficients werg = 0.97 and
variance (Y)]. The high number of factors obtained is probably ryy = 0.95, and the calibration and prediction errors were root-
due to the presence of some samples that are not very well fittedmean-square error of calibration (RMSEE)0.07 and root-

by the model. This would force the model to require more mean-square error of cross-validation (RMSEC¥) 0.08.
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Despite the high correlation coefficients obtained for the whole mode (i.e., a matrix where each row consisted of all the emission
set of samples, little correlation was observed for EV oils. spectra of one sample concatenated was created; then each
We tried to improve the correlation between fluorescence and column of this matrix was centered by subtracting its mean
K270 by applying N-PLS. Data were centered across the first value). The optimum number of factors was selected by leave-
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Figure 9. Sample projection plot of the first two factors of the nine-factor
N-PLS model calculated to correlate the fluorescence EEMs with the PV:
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EEMs with Ky7: factor 1 (—); factor 2 (- - -).

variance Y)]. Figures 11and12 show the spectral profiles and
sample projection plots of the first two factors. Figure 12,

the region containing EV and V oils has been enlarged to make
the visualization easier. Note that the profiles of factdrigjre

11) are very similar to those dfigure 8. On the contrary, factor

2 presented more differences. When N-PLS is applied to
correlate fluorescence amq, the excitation profile has only
one wide peak with a minimum at 350 nm. OP oils have the
lowest values on factor 1, whereas EV and V oils tend to have
the highestRigure 12). P oils have the highest values on factor
2.

Figure 13 shows the predicted versus measufegh values
obtained from the six-factor N-PLS model. The group of
samples not including OP oils has been enlarged. Using N-PLS
enabled a better fit compared to that obtained from MLR applied
to the PARAFAC scores, especially for EV samples. As can
be seen from the plot, the N-PLS factors are highly correlated

one-out cross-validation. Six factors were found to be significant with K70 (rca = 0.99,ryq = 0.96), and the prediction errors
[99.75% of explained variance (X), 97.32% of explained are lower compared to MLR on the PARAFAC scores.
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Figure 12. Sample projection plot of the first two factors of the six-factor number of samplgs analyzed. In further studies we aim t_o enlarge
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The methodology presented here is somewhat innovative.

. Previous studies on olive oils had already reported the study of

Throughout this study, we have shown that the fluorescence e correlation between fluorescence intensity and quality
data of samples P12 and P13 are very similar to those of EV arameters. However, none of them used EEFS and three-way
oils. Nevertheless, the analytical parameters showfalsie 1 chemometric methods. The latter has some additional advan-
confirm that these samples belong to the P grade, because allyges. For instance, EEFS enables one to obtain an overview
of the parameters are within the limits established. As far as uf the fluorescence of various chemical species from the same

Kz7ois concerned, P12 and P13 have the lowest values amongy )y sis, which may be of interest for finding trends or patterns

the P group Table 1 andFigure 13). Kz7o is an indicator of i the data. In addition, the chemometric analysis of these data
the quality of oils. LowKz7o values indicate low content of  gnapjes one to extract the spectral profiles related to the

secondary oxidation products, which is due to a high stability {,rescent species of oils. These profiles may be later used to

of oils. As was commented above, the appearance of the EEMSy5ye 5 comparative study of the contribution of the fluorescent
of P_12 and P13 seems to |nd|cat_e a high ratio of_ EV/refined species in the oil samples.
oils in these samples. This would imply having a high level of
natural antioxidants such as phenolic compounds, which would
explain their stability. Hence, EEFS may be useful for studying LITERATURE CITED
the quality of P oils.
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