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Abstract

Control of adulteration of olive oil, together with authentication and contamination, is one of the main aspects in the quality control of olive
oil. Adulteration with hazelnut oil is one of the most difficult to detect due to the similar composition of hazelnut and olive oils; both virgin
olive oil and olive oil are subjected to that kind of adulteration. The main objective of this work was to develop an analytical method able to
detect adulteration of virgin olive oils and olive oils with hazelnut oil by means of its analysis by a headspace autosampler directly coupled to
a mass spectrometer used as detector (ChemSensor). As no chromatographic separation of the individual components of the samples exists
a global signal of the sample is obtained and employed for its characterization by means of chemometric techniques. Four different crude
hazelnut oils from Turkey were employed for the development of the method. Multivariate regression techniques (partial least squares and
principal components analysis) were applied to generate adequate regression models. Good values were obtained in both techniques for the
parameters employed (standard errors of prediction (SEP) and prediction residual error sum of squares (PRESS)) to evaluate its goodness
With the proposed method, minimum adulteration levels of 7 and 15% can be detected in refined and virgin olive oils, respectively. Once
validated, the method was applied to the detection of such adulteration in commercial olive oil and virgin olive oil samples.
© 2005 Published by Elsevier B.V.
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1. Introduction way, knowledge of defrauders has also been increased, what
enables them to prepare more sophisticated adulterations that
Virgin olive oil (VOO) is highly appreciated by consumers make useless those methodologies proposed to detect them.
due to its pleasant flavour and nutritional benefits, despite its Those oils normally added to VOO can be, either olive oils of
high price. Thus, its adulteration with other cheaper oils can lower quality (e.g. olive-pomace olive oil or virgin olive oll
lead to large economical profits. In this way, authentication obtained by second centrifugation of the olives), or seed oils
of virgin olive oils has become an interesting subject from (e.g. corn, soybean, palm or sunflower oil, among others).
both commercial and health perspectiiHs Authentication Nowadays, one of the most concerning adulterations found
covers many different aspects, including adulteration, misla- in VOO is carried out with hazelnut oilJorylus avellana
belling, characterization and misleading orig#}. Several L.), on account of their similar composition as regards tria-
methods have been proposed for the monitoring of adulter- cylglycerol, total sterol and fatty acid profile, rich in mono-
ation of virgin olive oils with other edible oils. In the last 10 and polyunsaturated fatty acids, specially oleic and linoleic
years, technology and knowledge have undergone a great adf3,4]. EU authorities have expressed concern about quality
vance in the fight against adulteration; however, in the samecontrol of olive oil, specially its adulteration with hazelnut

oil [5].
* Corresponding author. Tel.: +34 957 218616; fax: +34 957 218616. _ Filbertone [E)-5-methylhept-2-en-4-one] has been iden-
E-mail addressgalmeobj@uco.es (M. Vaccel). tified as the most important volatile compound in hazelnut
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oil, responsible for its flavoye]; its absence in VOO makes Working oil samples were prepared on a daily basis by
it ideal as a marker of adulteration. Analytical methods de- mixing appropriate amounts of crude hazelnut oil with refined
scribed for the detection of filbertone in VOO, include mul- or virgin olive oil, and stored in a cold dark place for samples
timodal LC—GC separatiof,7], stable isotope dilutiof8] not to go rancid before analysis.

and GC coupled to different sample preparation techniques

[9-11]. Other methods use oil constituents as markers of adul-2.2. Apparatus

teration, namely fatty acid profi[d,12], tocopherol$12,13],

triglycerides[13,14], phospholipid fractionf14], vitamins Experiments were carried out by using a ChemSensor
[12,15] and sterol412,13,16] Fatty acid composition has 4440 (Gerstel, Nilheim an der Ruhr, Germany) system which
also been isotopically characterized by carbon isotope anal-is composed of a Hewlett-Packard HP7694 headspace au-
ysis[17]. Authentication and characterization of hazelnut oil tosamplerand a Hewlett-Packard HP5973 mass spectrometer.
and its use as adulterant in VOO has been reported by us-The autosampler consists of an oven to heat the samples and a
ing 13C-NMR [18], TH-NMR [19], mid-IR [20] and Raman  carousel (with capacity for 44 vials) equipped with a robotic
[20,21]spectroscopies and multivariate statistical techniques. arm to place the vials inside the oven; also, the headspace

Recently, the direct combination of headspace sampling sampler included a 3 ml loop connected to a six-port injec-
to mass spectrometry (HS—MS) has been proposed as a contion valve and an inert transfer line. Helium (5.0 grade purity,
petitive fast-response analytical tool for the characterization Air Liquide, Seville, Spain), regulated by a digital pressure
of edible oil samples, especially olive di22]. That sys- and flow controller, was used for both pressurize the vial
tem enables to obtain a chemical “fingerprint” of the sam- (18 psi) and transfer of the loop content directly to the detec-
ple by the analysis of the whole volatile fraction, what can tor (4 psi). Every tubing of the system has been passivated
be used for its authentication and to detect the presence ofto ensure the inertness. The detector, an HP5973 quadrupole
any adulterant. Several applications of the system can bemass spectrometer, working under electron impact ionization
found in the literature concerning the use of HS-MS for mode (70 eV), was operated in full scan mode, with a scanned
olive oil authentication. Marcos-Lorenzo et 3] devel- mass range fromvz 65 to 130. The transfer line, source and
oped a novel methodology to differentiate non-adulterated quadrupole temperatures were maintained at 130, 230 and
virgin olive oil from that adulterated with sunflower and olive-  150°C, respectively. Total ion current chromatograms were
pomace olive oil by HS—MS and linear discriminant analysis acquired and processed using G1701BA Standalone Data
as chemometric approach for data treatment. Our researchAnalysis software (Agilent Technologies) on a Pentium Il
group has also proposed some methods for VOO authenti-computer that also controlled the whole system.
cation by analysis of olive oil samples by headspace-mass The 10 ml glass flat-bottom vials for headspace analysis
spectrometry focused on classification of the three main typeswith 20 mm polytetrafluoroethylene/silicone septa caps and
of olive oil (virgin olive oil, olive oil and olive-pomace  a crimped aluminum closure (Supelco, Madrid, Spain) were
olive oil) by using several pattern-recognition techniques also employed. Vials and septa were heated at 100 ahd,70
[24], determination of hexane residues in olive-pomace respectively, overnight, prior to use.
olive oil with two multivariate regression techniqufzb]
and screening of volatile benzene—hydrocarbon residues in2.3. Analytical procedure
VOO [26].

The aim of the present work was to develop a new method-  Aliquots of 6.0 g of commercial olive oil sample, or re-
ology to detect and quantify adulteration of virgin olive oil fined oil standard containing variable amounts of crude hazel-
and olive oil with hazelnut oil through direct analysis of oil nut oil, were placed into a 10 ml headspace vial and tightly
samples by headspace—mass spectrometry and various multisealed. Once placed in the headspace carousel, the robotic
variate pattern-recognition and regression techniques for dataarm transferred them sequentially into the oven, where they
treatment: clusters analysis (CA), soft independent modeling were heated at 12@ for 30 min; during this time, the volatile
of class analogy (SIMCA), partial least squares (PLS) and compounds of the sample enriched the headspace of the vial.
principal components regression (PCR). By means of a needle connected to the injection valve (V)

set in vent position (se€ig. 1), a helium stream entered the
headspace of the sample and pressurized the sample vial for

2. Experimental 12s; then, by opening the vent valve for 9, and thanks to
the pressure difference inside the vial and at the end of the
2.1. Chemicals and standards tubing (atmospheric pressure), the headspace fraction con-

taining volatile fraction residues was released from the vial
Four different pure refined and virgin olive oil samples and filled the 3 mlloop of the IV, previously heated at 225
were provided by a Spanish oil manufacturer company. Four In a second step, IV was switched to injection position (see
different crude hazelnut oils from Turkey were kindly sup- Fig. 1) and a second helium stream carried the loop content
plied by the Instituto de la Grasa (Consejo Superior de Inves- directly to the mass spectrometer via the transfer line, heated
tigaciones Cierficas (CSIC), Seville, Spain). at 130°C.
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Spiloog o Vent position 3. Results and discussion

(125°C)

Transfer line

Adulteration with crude hazelnut oil can not only be per-

- »| MS - . . . . ..
(130°C) formed on virgin olive oil, but also on refined oil, which is
Nieciili later blended with virgin olive oil to form the so-calletive
A oil. For this reason, the adulteration on both types of ma-
- ' Q trices was studied by using a ChemSensor. Hazelnut oil has

! ; not toxic effects on consumer’s health, but its lower price
makes adulteration an economic fraud more than a risk for
human health. The objective of the present work was the
adulteration with crude hazelnut oil as refined one contains
_— Tnjectica pastion no volatile components and its detection with the proposed
instrumentation is not possible. For this reason, the described
method is only useful for the detection of adulteration with
. (1300) crude hazelnut oil.

Atmosphere iVial 10 ml iOven (120°C)

3-ml Loop

3.1. Optimization of the ChemSensor variables

Simousiene e T . e To achieye the best se_paration of t_he different' percentages
' Trem—— ' of adulteration, and so, higher analytical properties of the re-
Fig. 1. Scheme of the headspace generation unit. MS, mass spectrometer.gresSion me_thOd’ the_ chemical and inStrumental variables of
the system involved in the headspace generation step, were
optimized. With this aim, samples of non-adulterated virgin
2.4. Multivariate analysis olive oil and adulterated with 20% (w/w) of crude hazelnut
oil were analyzed by the proposed system. Optimal values
The global response obtained from the detector is a single,of each parameter were chosen according to the degree of
broad signal that corresponded to the whole volatile fraction separation achieved among adulterated and non-adulterated
of the oil sample, as no chromatographic separation existsvirgin olive oil; such separation was estimated by means of
in the system. This signal can be assumed as the chemicalCA (visual evaluation) and SIMCA (“interclass distance” pa-
fingerprint of the sample, and therefore can be used for its rameter).
characterization by multivariate techniques. Firstly, the dif- Sample amount was the first chemical variable optimized;
ferent percentages of adulteration present in the oil samplesits importance on the analytical signal derives from the
were distinguished by an exploratory technique as it is CA; marked influence it has on the volatiles concentration in the
the quantification of the degree of separation achieved amongheadspace of the vial; the amount of oil was varied from 4.0 to
the different percentages of adulteration was made by us-7.0 g and analyzed by the ChemSensor according to the previ-
ing the “interclass distance” parameter from the technique ously described procedure. Slightly better separation between
SIMCA. Finally, PLS and PCR were employed as multi- adulterated and non-adulterated virgin olive oil samples was
variate regression techniques to estimate the percentage o&chieved by using 7.0 g of sample, whereas lower dispersion
adulteration of olive oil by hazelnut oil. Both techniques on a scores plot from SIMCA model was obtained when us-
were based on multiple linear regression (MLR), where the ing 6.0 g of sample, and thus, it was selected as optimum. The
response variable is dependent on some independent variaddition of a chemical modifier to facilitate the enrichment
ables (predictor variables), and principal components anal- of the headspace with the volatile compounds was also evalu-
ysis (PCA), where new and independent variables are ob-ated. Aliquots of 60@. of ethyl acetate, isopropanol, ethanol
tained by linear combination of the original on@g]. The and hexane were assayed, and the results were compared with
regression algorithm of PLS searches for the direction ad- those obtained in absence of the organic solvent. With the
equate to explain the maximum variance among the vari- addition of organic solvent, distinction among classes was
ables, but weighting the variables upon their higher or lower not improved; so, no chemical modifier was added to the
correlation with the response variable. PCR firstly applies oil samples.
a PCA algorithm to the original data, raw or preprocessed, The instrumental parameters that markedly affected the
and then generates a MLR calibration model from the ob- analytical performance of the method were the oven temper-
tained scores; it just tries to explain the maximum variance ature and the equilibration time of the vial. Oven temperature
among variables, but without any relation with the response was optimized between 70 and 120, the highest degree of
variable. separation between classes (higher value of “interclass dis-
Allchemometric analyses were performed by means of the tance”) was obtained at 12Q; higher temperatures were
statistical software ‘Pirouette: Multivariate Data Analysis’ (v. not assayed to avoid oil degradation. Heating time was also
3.01), developed by Infometrix (Woodinville, WA, USA). optimized between 20 and 45 min; separation between non-
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adulterated and adulterated oil samples (containing 20% ofTable 1

crude hazelnut oil) did not increased over 30 min. So,2t20  Figures of merit of the proposed PLS and PCR multivariate regression
and 30 min were selected as optimum values for oven tem-Models . .
perature and heating time, respectively. The injection of the PRESS  SEC Explained Correlation

headspace generated in the vial, enriched with the volatile variance (%) coefficient ()
compounds of the sample, is a process composed by t\NoRe“”Sed olive oil - 6.0 0,999
steps: vial pressurization and headspace venting to fill the E'(‘:R 22'3 0.9 95.6 0.999
3 ml loop of the injection valve. The time employed in both Vi ofive o ' ' ' '

L : irgin olive oi
steps was also optimized (between 6 and 24 s) to obtain the LS 448 0.6 995 0.999

maximum separation among each percentage of adulteration. p-n 901 09 983 0.998
Optimum values of pressurization and venting of 12 and 9s
were selected as they offered the highest values of “interclass
distance”.

@ Prediction residual error sum of squares.
b Standard error of calibration.

rameters; PLS model provided lower SEC values than PCR,
as well as higher percentages of explained variance from the

Adequate regression models were created by using F,I_Sorigin'al.dat'a. Results onvirgin oIiye oilwere slightly worse as
and PCR techniques for both refined and virgin olive oil sam- the S|mllz_;1r|ty_ b_etwgen the vol_at_lle profiles of both samples
ples adulterated with variable amount of crude hazelnut oil make; d_|scr|_m|nafuon more difficult. Plots for_both refined
(between 3 and 50% (w/w)), analyzed by using the procedurear,‘d virgin olive oil of measured versus predmted adulter-
described under Secti@The model for refined olive oilwas 210N Percentage values are showrrig. 3. Again, the best
created by analyzing a mixture of virgin and refined olive oil results were ob.talned. when the crude hazelnut oil was added
(20% (w/w), commonly marketed as olive oil). The goodness to the refined oil matrix.
of each model was evaluated by four multivariate parameters, S
namely prediction residual error sum of squares (PRESS),3-3: Validation of the proposed methods
standard error of calibration (SEC), percentage of explained o )
variance, and correlation coefficiem}.(Mean-centering and A validation step of each regression model created was
autoscaling were assayed as pre-treatment techniques to imP€rformed by analyzing several quality control samples of

prove the results obtained. For each type of olive oil (refined o!ive oﬁl and_virgin olive oil adulterated with crude hazelnut
or virgin), the training set was composed of a total of 140 Oil at eight different percentages: 7, 11, 14, 16, 19, 21, 23 and

objects (oil samples) and 71 variables'Z ions from 650 36% (W/w). The samples were all run in quintuplicate:e),
135). and direct calibration transfer algorithm was employed to
A preliminary evaluation of the data yielded by the in- minimize the signal instability that could lead to variations

strument was performed by the CA dendrograms showed in N Sénsitivity[28]. Mean predicted values by using each re-
Fig. 2 The best discrimination among the different adul- 9r€ssion model are listed ifable 2 As can be seen, good
teration percentages was obtained with a previous mean-adreement between the amounts added and those found were

obtained in general. Standard errors of prediction (SEP) and

centering of the data. As can be seen, refined oil samples
(Fig. 2A) of adulteration up to 7% were grouped together with PRESS parameters were employed to evaluate the goodness

non-adulterated samples, and clearly separated from other oiff the validation. Prediction on olive oils gave slightly better

samples of higher adulteration; however, in the case of virgin results thqn on v?rgin olive oils. For olive oil, better results
olive oil Samples Elg 23), there is no such clear discrimi- were obtained with PLS model (13 and 78.0 for SEP and

nation of samples with an adulteration higher or lower than PRESS, respectively) than with PCR (1.4 and 93.5); on the
7%, and up to 15% there is not so good separation from those

non-adulterated oils. These results were confirmed by the “in- Table 2 . o
terclass distance” parameter provided by the application of Validation of both PLS and PCR methods for olive and virgin olive oil

3.2. Analytical performance of the method

SIMCA to each data set; such parameter, for oil samples of Hj‘;e('j”‘j;"” Refined olive off Virgin olive oil*
. . . aaae

adulteration of 0 and 7%, offered a higher value in the case of 6) PLS PCR PLS PCR
refined olive oil (f_3.5) thanin th_e case _of_virgin oIi_ve_oiI (3.2). 7 741 741 741 8+ 1
It could be explained by the higher similarity existing in the 11 11+1  11+1 11+1 1241
composition of hazelnut and virgin olive oil, compared to re- 14 1B3+x1 14+1 13+1 13+1
fined olive oil, as it contains lower concentration of volatiles. 16 ;gi ; igi ; ;gi i igi ;

PLSand PCR regression models were created upon mean;; 21+ 1 2141 242 2242
center_ed data as yielded bette_r analytical fgatures tha_m aups 2341 2341 24+ 2 2442
toscaling or no pre-treatment. Figures of merit of the calibra- 36 37+2 3742 35+2 35+2

tion graphs are summarizedTable 1 As can be seen, both a Hazelnut oil found (%).
models offered good values for the different multivariate pa- ° Refined olive oil blended with 20% (w/w) of virgin olive oil.



F. Paia et al. / J. Chromatogr. A 1074 (2005) 215-221 219

Similarity index

o 08 0.6 04 02 00
45%
40% %]7

20% %

15%

12%

10%

T%

5%

3%

) e m—mmem—emmmmmm—m——m—————————-
Similarity index

1.0 08 0.6 04 02 0.0
L 1 I 1 1 L
T
s | =] '
:I—I N
45%
40% :
= | :
25% :
20%
4
15% g
12%
=
7(}{ E
5%
39 :
(B 0% E

Fig. 2. Dendograms of the clusters analysis (CA) for both refined (A) and virgin (B) olive oil samples.
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Fig. 3. Measured versus predicted adulteration plots for PLS and PCR models, by using both refined and virgin olive oil samples. At the right lsottom corn
of each plot, the number of factors employed is indicated.

other hand, for virgin olive oil, they were also better with of the virgin olive oil samples offered positive results; how-
PLS (1.3 and 81.3 for SEP and PRESS) than with PCR (1.4 ever, as can be seenTable 3 six olive oil samples yielded
and 89.9). The accuracy expressed by the cited results, to-adulteration percentages between 23 and 45% (w/w).
gether with the simplicity and high sample throughput of the

proposed method, makes it adequate in the task of quality

control of olive oil. 4. Conclusions
Finally, PLS model was applied for the detection of adul-
teration of commercial oil samples with hazelnut oil pur-  The great concern existing nowadays about oil authentica-

chased atvarious local markets. Thirty samples of virgin olive tjon has lead to the need of the development of new method-
oiland olive oil, were analyzed in quintuplicate<5). None  ologies capable to detect fraud by adulteration, being hazel-
nut oil one of the most concerning adulterants. It has been

Table 3 proved that the proposed methods allow the correct detection
Percentages of hazelnut oil found in real olive oil samples ar_]d qu_antiﬁcati(?n of crude hazeant 9" in virgin and reﬁn_E‘d
Sample Percentage of hazelnut oil found (%) olive oils. The direct aqaly5|§ of the oil samples by couplln'g
headspace autosampling with mass spectrometry detection,
PLS PCR offers the advantages of rapidity and reliability but also exist
1 34+2 34+2 the disadvantages of the need of multivariate statistical tech-
2 41+ 3 40+3 niques for data treatment, and the absence of discriminated
3 23+ 1 25+ 1 : ; e o .
2 314 2 394 2 information of the sample composition. Within a practical
5 38+ 2 39+ 3 point of view, the minimum adulteration levels reached by
6 45+ 3 45+ 3 the proposed methods (7 and 15% for refined and virgin olive
a partial least squares regression. oils, respectively) are low enough to permit the detection and

b Principal components regression. quantification of adulterations in commercial olive oil.
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