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NIR Spectroscopy and Partial Least-Squares Regression for
Determination of Natural a-Tocopherol in Vegetable Oils
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AGNIESZKA KOWALCZYK-MARZEC

Faculty of Chemistry, Nicolaus Copernicus University, ul. Gagarina 7, 87-100 Toruh, Poland

Near-infrared (NIR) spectroscopy and partial least-square regression were used for determination of
o-tocopherol in edible oils after extraction with ethanol. The standard error of calibration and the
standard error of prediction were calculated for evaluation of the calibration models. The chemometric
calibration model was prepared in spectral region 6500—4500 cm~! for standard a-tocopherol solutions
(0.54—53.54 mg/mL). Obtained mean concentrations of natural a-tocopherol in different types of oils
varied from 17.53 to 57.10 mg/100 g. Net analyte signal calculation was used to estimate detection
limit (DL = 0.12 mg/mL), quantification limit (QL = 0.40 mg/mL), sensitivity (SEN = 0.045 mg/mL),
and selectivity (SEL ranged between 0.24 and 0.54% of the measured reflectance signal) of the
proposed NIR method. The comparable precision (RSD = 0.68—2.80% and 0.79—3.06%) and
accuracy (recovery, 97.2—102.4% and 96.8—103.2%) for the proposed NIR and standard HPLC
methods, demonstrate the benefit of the NIR method in the routine analysis of a-tocopherol in
vegetable oils.
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INTRODUCTION

a-Tocopherol ¢-TOH), 5,7,8-trimethyltocol Figure 1), is
the most active form of vitamin E and an important natural
antioxidant of lipids present in vegetable oils.

It is one of the best chain-breaking phenolic antioxidants that
reacts rapidly with alkylperoxyl radicals (LOP(a). However,
the tocopheryl radicalsx(TOe) react with other peroxyl (b) or ~ Figure 1. Chemical structure of the a-tocopherol.

o-TOe (c), forming more stable adducts and protecting lipids ) ) o )
from peroxidation (1). HPLC is preferred in quantitative analysis of tocopherols, due

to the reproducibility of the retention time, higher column
stability, fast equilibration, and shorter analysis timgg—11).

LOO" + a-TOH—LOOH + a-TO @ Also gas chromatography (GC) or gd&uid chromatography
LOO" + a-TO" — (a-TO)OOL (b) (GLC) were used for tocopherol determination in edible oils
and fats with flame ionization (FID) or mass spectrometry (MS)
a-TO" + a-TO" — (a-TO), (© detection 9, 12—14) with different methods of sample prepara-

tion [on-line transesterificatiornlB), by solid-phase extraction
That is why a-TOH prevents the rancidity of oils during  (SPE) (14), saponification of fat4Z)]. Data obtained from GC
storage and thus prolongs its shelf lif) (Therefore, control ~ and HPLC methods revealed comparable accuracies (recovery
of the vitamin E level in edible oils is of great importance in ranged between 75 and 102% and-803%) and somewhat
determining the oxidative stability of fats. lower precisions (RSD ranged between 1.5 and 4.6% and-2.96

Tocopherols in vegetable oils most often are analyzed by 6.65%) fora-TOH determination in different types of vegetable
normal-phase (NP-HPLC) or reversed-phase high-performance0ils (3, 10, 11, 13, 14). However, the detection limit obtained
liquid chromatography (RP-HPLC) with electrochemicl4), for the GC technique (0,#g mL™1) (13) was one order higher
spectrophotometric( 6), and fluorimetric detectorg(8). NP- than for HPLC analysis (3.7% 1078 mol L™%, 28 and 11.5
HPLC was suitable for the direct analysis of tocopherols in fats Ng/mL) (3, 7, 11). The chromatographic determinations of
only after diluting the oils in organic solvents, e.g., hexane, tocopherols in fats and oils require often tedious and time-
2-propanol, methanol, tetrahydrofurab, @). However, RP-  consuming procedures of sample preparation (saponification,

solvent extraction, and purification); therefore, electrochemical

* Corresponding author. Tel+48 56 611 47 86; fax-+48 56 654 24  Methods, e.g., chronopotentiometyp), galvanostatic coulom-
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tocopherol analysis in fats. The electrochemical methods provedwere purchased from local markets in Torun, Poland. All oils in the
to be less precise [RSB 10% (18) or between 3.5 and 6.5% original packing (poly(ethylene terephthalate) (PET) or glass bottles)

(15)] and accurate (expressed as recovey04.3ug g 1) (17) were stored below 10C in the dark.
than chromatographic procedures (RSD and recovery ranged Tocopherols were extracted from the oils by the method of Tasioula-
between 1.5 and 6.65% and-7503%, respectively)¥ 10, 11 Margari et al. £0) with some modifications: methanol was replaced

. . A . ; by ethanol. The conical flasks with oils (20.06660.0000 g) and
13,14) for vitamin E determination in edible oils. Although, ethanol (3 mL) were shaken for 60 min at room temperature in the

the obtained detecyon limit (D= 1 x 10°° mol lL A7) dark. The unsaponifiable fraction of tocopherol was extracted succes-
was comparable with HPLC (3.75 10°° mol L™) (3) and sively with three 3-mL portions of ethanol. After separation of the
electrochemical methods appeared to be fasteb(®in vs14 phases, the ethanol extracts were transferred quantitatively into 10-
min for HPLC) and less expensive, these techniques are rarelymL volumetric flasks. Prior to NIR and HPLC analysis, extracts were
used for determination of vitamin E in fats. Among disadvan- filtered through a 0.45 mm filter.

tages of electrochemical methods, the following should be Instrumentation and Software. The NIR spectra were measured
mentioned: (a) the toxicity of solvents, e.g., benzene, heptaneusing a Perkin-Elmer Spectrum 2000 FT-IR spectrometer at 8 cm
(17), toluene 15), and (b) insufficient resolution of tocopherols’ resolution with a SPECAC temperature-variable cell at 294 Ki
oxidation peaks (peak potential 1.065, 1.140, 1.170, and 1.245NIR absorbance spectra were reg|sltered in the range-4IMO00 cm

V for a-, -, y-, andd-tocopherols, respectively)8). Therefore using 2-mm glass cells, vita 1 cm* spectra resolution. Background
new techniques that will reduce or eliminate such disadvantage spectrum (100 scans) was recorded daily, whereas for samples 50 scans

. . . . Swere taken in three repetitions, to reduce the instrument noise.
are the subject of studies. Vibrational spectroscopy, such as  tpe cajibration methods were developed by means PLS regression

Fourier transform mid-infrared (FT-MIR) and near-infrared ayajlable in MATLAB software from MathWorks Inc. The normaliza-
(NIR), has been applied in oil analyses using the rapid screention and derivatization of spectra by the SavitsiGolay method were
procedures (1—4 min). Oxidative stability g, 20), peroxide performed with Spectrum for Windows V 1.5 (Perkin-Elmer) software.
value (PV), 1,22), iodine value (IV) 23,24), anisidine value HPLC analysis ofa-TOH was performed with a Shimadzu chro-
(AV) (20), and free fatty acids (FFA)26—27) in edible oils matograph SPD-10A, U¥vis detector, and a column [Discovery C18,
and fats were studied by FT-MIR and FT-NIR. Moreover, FTIR 150 4.6 mm, Sum particles (Supelco)]. HPLC chromatograms were
was applied for the quantitative analysis of moisture content obtained under_the following conditions: r_nobﬂe phase,_ methanol/water
(28), unsaturation grade, trans and cis isomers, conjugated(97:3 v/v) solution; the flow-rate, 1 mL/min; UV dete_ctlon at 292 nm.
linoleic acids (CLA) percentage@4, 29, 30), phospholipids NIR Method. Partial least squares (PLS) regression was employed

. . to extract relevant information from the complex NIR spectre-GiOH.
(31), gossypol 82), and aflatoxin contentSg). IR spectroscopic The optimum number of PLS factors used for prediction was determined

techniques have also been used for testing authenticity of,, f cross-validation. The accuracy of the calibration models is
vegetable 0||§34)- HOW_eVer, 9n|Y?feW reports on applications  gescribed by the squared correlation coefficien®)(Riso called

of NIR/FTIR in analysis of vitamins in food were note85— coefficient of determination, and standard error of calibration (SEC)
37). Furthermore, to the best of our knowledge, there was no and standard error of prediction (SEP), both of which can be interpreted
reference on determination of vitamin E in edible oils by NIR as the average modeling/prediction error, expressed in the same units
technique. Only, Shi et al36) used near-infrared spectrometry s concentrations @f-TOH in oil samples. They represent the average
for determination of vitamin E (9397.4%) in vitamin premixes, difference between predicted and measured response values at the
applying the partial least-squares method (PLS) in the concen-Ccalibration/validation stage (38). _ _ _

tration ranges of 9397.4% and 80—97%. Recently, Che Man Single PLS calibration seh 20) was applied for working soluthns

et al. @7) have reported the use of FTIR spectroscopy for (0.54—-53.54 mg/mL) prepared from the stock standard solution of

A . - a-TOH in absolute ethanol. PLS regressions were used to analyze the
a-TOH determination in refined bleached and deodorized (RBD) (gntent ofa-TOH in the oil samplesg. g

palm olein. The PLZS regressions with SEC53.54 ppm, SEP HPLC Method. Standard HPLC method was applied to quantitative
= 63.59 ppm, andR* = 0.9922 were applied to §p§ctral reégion  determination ofa-TOH in the spiked oil samples (Polish Standard
3100—2750 cm?. The accuracy (standard deviation of differ- Method PN-EN 12822)39).a-TOH peak was identified by comparing

ence, SDR= 1.52) and repeatability (SDB- —1.50 and—1.78 its retention time, 11.74 min, with that of the standard solution, which
for FTIR and HPLC methods, respectively) of the FTIR method was similar to the value reported by Lavedrid®) for determination
was comparable to that for the HPLC method. of a-TOH by HPLC in walnuts.

In the presented work, NIR spectroscopy was applied for The calibration curve was prepareq using Working so_lutiqns of
quantitative determination of naturatTOH in vegetable oils, ~ ¢ 1OH between 2.68 and 26.7&/mL in ethanol. Five calibration
and PLS regression was used for the calibration and validation curves were constructed by plotting the peak area of each analyte versus
. ; concentration using the least-squares method. The representative linear
of the proposed method. The aim of this work was to compare regression equation for this method was: 343.5+ 8.3x — 62.0+
the new NIR method and the standard HPLC method for 137 8 with a correlation coefficient of 0.9991, and the relative standard

precision and accuracy. deviation of the slope was 1.1% (= 5). In comparison, Rodas
Mendoza et al. (41) found a similar linear regression equatior (y
MATERIALS AND METHODS 249.86x— 43806) withR? = 0.999 for analysis ofi-TOH (5_501ng/
mL) in infant formulas by an HPLC method.
Reagents.All reagents were of analytical grade. Absolute ethanol Precision and Accuracy of the Analytical ProceduresThe content

(99.9%) and methanol (99.9%) were of HPLC-grade and purchased of a-TOH in the oil samples determined (five portions of each oil were
from POCH (Gliwice, Poland). Deionized water (DW) was used for extracted and each solution analyzed three times within 1 day) by the
the preparation of solutions and samplesTocopherol (95%) was studied method were compared with the official standard HPLC method

supplied by Sigma-Aldrich. Standard solutionseTOH (3.11x 10°* (39). In each single measurement the extract was introduced into the
mol/L, 0.1243 mol/L) were prepared in absolute ethanol and stored at cell and the spectrum was recorded. After collection of each spectrum,
4 °C in the dark bottles. a new solution ofa-TOH was placed into the cell for the next

Samples Preparation. Five commercial edible oils, sunflower = measurement. The reproducibility of the NIR method was checked by
(SFO), soybean (SO), corn (CO), rapeseed (RO), vegetable oil (MSO) five replicate determinations of-TOH in the same oil samples over a
(mix of rapeseed, soybean, and sunflower oils), were manufactured inperiod of 3 days. Both methods were compared for within-day
Poland, and grapeseed oil (GO) (Spain), extra virgin olive oil (O01) (repeatability) and between-day (reproducibility) precision using the
(Greece), olive oil (O02) (mix of virgin plus refined olive oils) (Italy)  F-test and accuracy, expressed as recovery values. The recovery
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Figure 2. NIR spectra of a-tocopherol in ethanol after baseline correction and normalization scale (0—2 au) for the following samples concentrations:
(@) 32.13 mg/mL, (b) 10.72 mg/mL, and (c) 1.072 mg/mL.

Table 1. Absorption Bands for o-Tocopherol in the Range peaks and correcting the baseline. First-derivative spectra of
8400-4100 cm~t the a-TOH in ethanol presented iRigure 3 were used for
calibration models construction.

b;:dsserz:*nd,l assnments The calibration models for-TOH determination were
: 9 . . developed using 11 absorption bands at wavelengths that are
gigé 'g:3 Ziccﬂ“it?gt‘zﬁ?n”gefém'ggm nSéfEtChlng characteristic fora-TOH functional groups (Table 2). The
—CH, nal - Tor
6162 CH aromatic first overtone o_Ilstlnct comblngnon_s of the seleqted wayenumbers to construc-
5886 —~CHs first overtone, asymmetric stretching tion the PLS calibration models with varying wavenumbers from
5742 —CH first overtone, asymmetric stretching 2 to 11 were used. The standard error of calibrations (SEC)
5142 combination OH STL‘?fCh'”Qf OH bending ’ and the standard error of prediction (SEP) were calculated from
ﬁgg arglr_i”at'c CH stretching + ring C=C stretching each PLS model. Absorption bands at wavelengths for which
—CH3 combination C—H stretching and C—H bending o .
4230 —OH bending second overtone f[he calculated SEC and SEP values were below 0.5% are listed
4120 combination C—H stretching + C—C stretching in Table 2.

PLS Calibration Models Using Cross-Validation. Due to
overlapping of the overtones from the different groups, the PLS
experiments were performed as follows:TOH was extracted from method was applied to convert the complex spectral data into
the Qi|S as described in the section Sample Preparation, Standardanalytical parameters. The number of significant PLS factors
solutions ofa-TOH (10 mg/mL) were added to ethanol extracts, and a5 'chosen by using the predicted residual error sum of squares
the obtained mixtures were shaken and brought up to 10 mL with .
ethanol. (PRESS) value for every possible factor. The PRESS value was

the sum of the squared difference between the predicted and
the known concentrations. It was calculated by building calibra-
RESULTS AND DISCUSSION tion models with different number of factors and then predicting

NIR Calibration Using Partial Least-Squares Regression. some samples of known concentration against the model. The
NIR transmittance spectra and their first derivatives were number of factors where the PRESS plot reached a minimum
examined to identify spectral features that could be correlated was three for-TOH and were chosen as the optimum number
with o-TOH concentration. Spectra of the studied solutions of of factors for the calibration model described in this study.
o-TOH in ethanol are presented figure 2. The quality of this model was checked by calculating the

Wavenumber selection (in 10 000—4000 ¢hregion) was SEC and SEP. The calibration model description and perfor-
performed in order to include characteristic spectral features of mance results are presentedTiable 2. It was found that the
o-TOH identified in the study. In the range 10 6e®000 cnr?t NIR spectral range between 6500 and 4500 tifovertones
only noise was observed. Detected bands in the NIR spectrumand combination bands at 6162, 5886, 5742, and 4703 cm
of o-TOH were assigned according to Siesk2)(and are listed from CH aromatic, Chl CH,, and G=C groups vibrations) was
in Table 1. the best for determining-TOH in the studied system with the

The absorbance spectra were treated by the SaviGkjay lowest SEC= 0.17% and SER= 0.20% and the highe&? =
first-derivative method followed by the scale normalization 0.9931. In comparison, Che Man et al. (37) found a somewhat
procedure to enhance the resolution by removing the overlappinglower correlation coefficientR? = 0.9900) for data from oil
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Figure 3. First derivative of o-tocopherol spectra for three samples: (a) 32.13 mg/mL, (b) 10.72 mg/mL, and (c) 1.072 mg/mL in calibration models.

Table 2. Results of PLS Calibration Model for a-Tocopherol 601 .
Determination in Different Spectral Regions g y = 1,0236x + 0,0678
E 50 R? = 0,9931
wavelengths, cm~1 SEC, % SEP, % E 0
8391, 7126, 6162, 5886, 5742, 5326, 0.26 0.40 s
5045, 4703, 4426, 4230, 4120 g 30
7126, 6162, 5886, 5045, 4230 0.19 0.36 2
6162, 5886, 5742, 4703 0.17 0.20 2 20 |
8391, 5886, 4703 0.20 0.37 o
6162, 4703 0.24 0.29 & 10 |
=
o ; . . . ‘
samples versus the PEETIR predicted values. The calibration Y 10 20 30 40 50 60
was represented graphically by plotting the theoretical concen- Actual value [mg/mL]

tration of the reference-TOH samples (used for the calibration  Figure 4. Full cross-validation model plotting the theoretical concentration
model) versus the predicted values by the model based on thevf reference a-tocopherol solutions vs the predicted values using PLS—
NIR spectra Figure 4). Because the correlation points were NIR regression.
located along straight lines, the normal distribution of the data
can be suggested. The within-day precision (repeatability) wasthat is orthogonal to the space spanned by the spectra of all
found by regression analysis of the (NIR-predicted concentra- other analytes. The NAS was computed using the regression
tions of a-TOH) = f(NIR-actual concentrations ak-TOH) coefficients vector generated by PLS moddi3)( The DL was
curve and expressed as the relative standard deviation of thecalculated from the following equation: RL, = A(c,B)0r,
slope, RSD= 1.96% (n= 5) (38). The regression line was where the factorA(a,) is the noncentrality parameter of a
calculated by the method of least squares. The confidence limitsnoncentral t-distribution, which depends on the and
(P = 0.05) for the slope and the intercept of the line were given probabilities, as well as on the number of degrees of freedom,
by b + th-2% anda + tn-2%, Wheres, ands, are the standard ~ y, given bydr. A(a,) was obtained numerically according to
deviations of slope and intercept, respectively. The calibration the procedure presented by Boqué and Ri#).(Estimated
plot was linear ¥ = 1.0236+ 0.04217x+ 0.0678+ 1.0511 standard deviationd¢) is calculated for the predicted concentra-
andR? = 0.9931) in the concentration range between 0.54 and tion under the null hypothesig8, 44). In the presented work,
53.54 mg/mL fora-TOH determination. the detection and quantification limits afTOH were 0.12 and
Analytical Figures of Merit. Net analyte signal (NAS)  0.40 mg/mL, respectively. It is noteworthy that DL and QL of
calculation was used to estimate the figures of merit in the reported NIR method for concentration range 6-.321
multivariate calibration models, such as limits of detection (DL) mg/mL were about 4 orders higher than those obtained by the
and quantification (QL), sensitivity (SEN), and selectivity (SEL). HPLC method (DL= 28 ng/mL, QL= 84 ng/mL (7) and DL
The NAS for analytek) is defined as the part of the spectrum =11.5 ng/mL, Ql= 23 ng/mL (1)) for three orders lower
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Table 3. Determination of a-Tocopherol in Edible Oils (mg/100 g)
NIR method HPLC method
Ca—tocopheral,® SD,2 RSD,2 confidence Ca—tocopherol? SD,2 RSD,2 confidence
oil mg/100 g mg/100 g % [imit? mg/100 g mg/100 g % [imitd Fealed®  tealcd
sunflower (SFO) 46.02 0.62 1.35 46.02 +0.77 46.69 1.43 3.06 46.69 + 1.77 5.25 0.81
soybean (SO) 45.35 0.91 201 4535+ 1.45 45.04 0.86 191 45.04 £ 1.06 1.18 0.46
corn (CO) 57.10 0.82 1.44 57.10+1.01 5751 0.68 1.18 57.51+0.84 1.44 0.70
mixed seed oils? (MSO) 33.39 0.38 1.14 33.39+0.48 34.64 0.67 1.93 34.64 +0.83 3.02 4.50
rapeseed (RO) 2354 0.66 2.80 23.54+0.82 23.37 0.37 1.58 23.37+0.46 313 0.75
grapeseed (GO) 17.53 0.15 0.86 1753 +0.18 17.05 0.23 1.35 17.05+0.29 241 4.72
extra virgin olive oil (O01) 19.11 0.13 0.68 19.11+0.16 19.02 0.15 0.79 19.02+0.18 1.35 0.86
olive oil® (002) 17.98 0.19 1.06 17.98+0.24 17.96 0.15 0.84 17.96 £0.19 1.66 0.20

3N = 5. Ca—tocopherols MeAN concentration of a-tocopherol; SD, standard deviation; RSD, relative standard deviation. ? Probability level, P = 0.05. € Faaics = S:%/512 (0
=5). 512, ;% are variance of results of a-tocopherol determinations for NIR and HPLC methods. Fneoretical = 6.39 (P = 0.05); teoretical = 2.78 (P = 0.05); tineoretical = 8.61
(P = 0.001). “Mix of rapeseed, soybean and sunflower oils. & Mix of virgin plus refined olive oils.
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Figure 5. Norm of NAS of the 50 validation samples as a function of the
actual concentration of o-tocopherol. Pseudo-univariate calibration plot
for o-tocopherol determination in oil samples.

3 35

concentrations of analytes (6-300ug/mL and 25 ug/mL,
respectively) (7,11).

Moreover, SEN and SEL of the proposed method were
estimated using NAS calculations. SEN in the context of
univariate calibration is defined as the slope of the calibration
curve (43). The relationship between the norm of the NAS
(NNAS) for each sample (standard solutionoeTOH, n = 10
and oil extractspn = 40) and the concentration of-TOH in
samples is presented Figure 5. The SEN of the PLS model
for the prediction ofx-TOH concentration was evaluated from

method were compared with those obtained by HPT&b(e
3).

The content of the initiad-TOH in olive oils and grape seed
samples obtained by NIR method (19.11, 17.98 and 17.53 mg/
100 g for 001, 002 and GO, respectively) was fairly constant
and significantly lower when compared to studied vegetable oils
(46.02, 45.35, 57.10, 23.54, and 33.39 mg/100 g for SFO, SO,
CO, RO, and MSO, respectively). For comparison, the concen-
tration of thea-isomer of vitamin E in olive oils reported by
other authors was in the same range between 11.5 and 19.1
mg/100 g 8, 7, 45). Besides, grapeseed and rapeseed oils contain
somewhat higher amounts @fTOH (17.53 and 23.54 mg/100
g, respectively) in comparison with the reported results (10.06
and 19.51 mg/100 g)7). It can be noted thatr-TOH
concentration in CO (57.10 mg/100 g) was the highest among
analyzed oils. Similae-TOH content in corn oil was determined
by Suturovic (53.10 mg/100 g)L6). However, the amount of
a-TOH in the discussed oil was about 2 and 4 times higher,
when compared to results obtained by Sanchez-Pérez et al. (25.4
and 15.5 mg/100 g)3), Gliszczynska-Bigto et al. (20.38 mg/

100 g) (7), and Ribarova et al. (14.30 mg/100 @)5)
respectively. Moreover, the results listed Table 3 indicate
similar amounts ofi-TOH in SFO and SO oils: 46.02 and 45.35
mg/100 g, respectively. For comparison, in Ribarova’'s work,
the concentration ofti-TOH in sunflower oil was at the same
level (44.88 mg/100 g¥b), although, higher amounts @fTOH

the slope of the regression line between the NNAS and the actualin sunflower oils (59.+72.8 mg/100 g) were determined by

concentration ofa-TOH, yielding a value of 0.045 mg/mL
(Figure 5).

SEL is a measure of the degree of overlap aimed to indicate

what part of the total signal is lost due to spectral overk).(

The linear relationship between selectivity values and concentra-

tion of a-TOH in studied samples (standard solutioreT OH,

n = 10 and oil extractspn = 40) was noted. The equation
obtained can be written as SEE 0.0043 mg/mLa-TOH —
0.00022, with correlation coefficien®2 = 0.9924. For the
studied oil samples containing 0:62.31 mg/mL ofa-TOH,

the selectivity ranged between 0.24 and 0.54% of the measure
reflectance signal. The obtained values of SEL were relatively
low, indicating that there was a significant loss of signal due to
overlap with signals from interferents. The selectivity values
obtained for theo-TOH determination in oil samples were
somewhat higher than those reported Bgniret al. (SEL=
0.28%) for olive oil acidity determination by the PE&TR—
FTIR method (27).

Validation of the Proposed NIR Method. The concentra-
tions of a-TOH in the analyzed oils determined by the NIR

Sanchez-Pérez et aBB)( Gliszczyhska-®igto et al. (7), and
Suturovic et al. (15). It is noteworthy that the content of the
a-isomer of vitamin E in mixed seed oil (33.39 mg/100 g) was
similar in comparison with the reported results (33.4 mg/100
9) (3).

The high variability in the amount a&-TOH in vegetable
oils has been widely reported and depends on several factors,
such as genetic, agronomic, environmental, and extraction
procedural (46).

The intraday precision (repeatability) of proposed NIR and

dstandard HPLC methods was tested by analyses of all com-

mercial oils in five replicates. The values of RSD were below
3.5% fora-TOH determination, indicating reasonable repeat-
ability of the used methodd @ble 3). In comparison, Suturovic

et al. 15) and Gliszczynskay@gto et al. (7) found similar
values of RSD= 3.5% and 2.45% for-TOH analysis in
vegetable oils by chronopotentiometric and HPLC methods,
respectively. Also, Che Man et aBY) obtained the comparable
standard deviation of difference for repeatability (SBR =
—1.50 and SDRp c = —1.78) fora-TOH determined in palm
olein by FTIR and HPLC methods. In addition, the confidence
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Table 4. Recovery Tests

o-tocopherol content,2 mg/100 g (RSD, %) a-tocopherol o-tocopherol found,? mg/100 g (RSD, %)
HPLC added,? % HPLC %
oil NIR method method mg/mL NIR method recovery method recovery
sunflower 46.02 (1.35) 46.69 (3.06) 0.6000 66.75 (0.94) 99.6 66.88 (0.85) 98.8
soybean 45.35 (2.01) 45.04 (1.91) 0.6000 67.56 (2.11) 100.5 66.07 (1.78) 98.7
comn 57.10 (1.44) 57.51(1.18) 0.6000 86.04 (0.74) 99.0 86.42 (1.46) 99.0
mixed seed oils® 33.39(1.14) 34.64 (1.93) 0.6000 49.42 (0.86) 98.4 52.05 (0.94) 101.1
rapeseed 23.54 (2.80) 23.37 (1.58) 0.3000 33.14 (1.15) 101.7 33.32(0.71) 102.7
grapeseed 17.53 (0.86) 17.05 (1.35) 0.3000 26.66 (1.42) 102.4 26.37 (1.66) 103.2
extra virgin olive oil 19.11 (0.68) 19.02 (0.79) 0.3000 26.41(0.73) 97.2 26.21 (1.69) 96.8
olive oild 17.98 (1.06) 17.96 (0.84) 0.3000 26.01(0.97) 97.5 26.90 (1.87) 100.9

ap = 5. bStandard solution of a-tocopherol (10 mg/mL). ¢ Mix of rapeseed, soybean, and sunflower oils. @ Mix of virgin plus refined olive oils.

70 - linesb = 1.02 + 0.034 was close to the model value of 1.
y = 1,0155x - 0,3393 Besides, the confidence limit of the intercept —0.34+ 1.23
60 1 RZ = 0,9989 includes the ideal value of 0. Therefore, the comparison between

the results obtained by standard HPLC and the proposed NIR
methods indicates that the two procedures give statistically
comparable values af-TOH concentration in oil samples.

The accuracy of the proposed and standard methods was
expressed also as a recovery study, and the results are presented
in Table 4.

The recoveries ofx-TOH added to real sample solutions
ranged between 97.2 and 102.4% for the studied NIR method
and 96.8—103.2% for the HPLC method, respectivalgk]e
4). Moreover repeatability (calculated using RSDs+= 5) for
. o-TOH determination by both methods did not exceed 3%. Also,
Figure 6. Correlation between HPLC and PLS—-NIR methods for the the standard deviation of difference for accuracy (SBOL.52)
determination of a-tocopherol in oils samples. calculated by Ch Man et al3) indicated that-TOH in RBD
o palm olein could be measured with good accuracy by the FTIR
limits for the proposed NIR and standard HPLC methods were technique. Furthermore, similar mean recovery &ofOH
comparable (Table 3). (102.98%) determination in vegetable oils was detected using

Statistical analysis of the results obtained by NIR and HPLC the HPLC method {1). However, Tasioula-Margari et al.
methods using the F-test revealed no significant difference reported significantly lower recovery values f@TOH (77—
between the variances (squares of the standard deviations) 085%) determination in virgin olive oils by HPLC after four
the applied methods at the probability level= 0.05. The extraction steps10). Furthermore, the standard deviation of
calculatedF values (the variance ratio of standard HPLC and difference for accuracy (SDD= 1.52) calculated by Ch Man
proposed NIR methods fom-TOH determinations), ranging et al. (37) indicated that-TOH in RBD palm olein could be
from 1.18 to 5.25, are belowFieoreticas = 6.39 (Table 3). measured with good accuracy by the FTIR technique. As can
Therefore, the proposed NIR and standard HPLC methods dobe expected, statistically significant differences between the two
not significantly differ in their precision. However, the experi- techniques were not detected for the examined samples.

(5]
o
L

©w
Q
L

HPLC method [mg ¢ -tocopherol/100g]
N N
S S

-
(=]

10 20 30 40 50 60
NIR method [mg o -tocopherol/100g]

mental t-values for the studied-TOH content in two oil Reproducibility (interday precision) of the proposed method
samples, MSO and GO, were higher than the critical value  was evaluated by performing the determination within 3 days
= 2.78 (P= 0.05). The results collected ifable 3 (t-values  on all oil samplesr{ = 5), and results are reported Tiable 5.

and confidence intervals) indicate that there are significant The reproducibility of the NIR method is satisfactory with
differences between the mean concentration-GiOH in MSO RSD ranging between 3.03 and 6.27% & OH concentra-

and GO samples, assayed by both analytical methods. Com+ions 17.25—56.70 mg/100 g in studied oils. The results were
parison of two experimental means@fTOH content (n= 5) in agreement with those obtained by Sanchez-Pérez et al. (RSD
in studied oils indicated that the proposed method in two cases— 6.65%) (3) and Tasioula-Margari et al. (RSD6%) (10).

is affected by systematic errors. Although, the results-giOH Comparison of the RSD values for repeatability (1.35, 2.01 1.44,
determination in all oils obtained by the two analytical methods 2 80 1.14, 0.68, 0.86, and 1.06% f&*TOH in SFO, SO, CO,

do not differ significantly atP = 0.001, becaus&acq values RO, MSO, 001, GO, and 002, respectively) with the repro-
are belowtieoretica= 8.61 (Table 3). Therefore, the proposed  qucibility data (3.41, 4.17, 3.03, 6.01, 5.64, 3.22, 5.45 and
NIR method gives accurate results fafTOH determination g 279) revealed that the interday precision was approximately

in edible oils except the two mentioned above cases. 2, 5, and 6 times higher than the intraday precision of the
On the other hand, the regression lines for comparing the proposed method.

two analytical methods were used. The proposed NIR method is relatively simple, precise,
The correlation plots between the obtained resulis-0OH accurate, and convenient for the determinatioronofOH in

determination in different oil samples using proposed NIR and vegetable oils after direct extraction. The NIR measurements

standard HPLC methods are presenteHBigure 6. A relatively are generally rapid (ca. 1—2 min), but the extraction of

high correlation coefficient oR2 = 0.9989 ( = 8) for a-TOH tocopherol (60 min., ethanol) from oil samples is required. The

determinations in all studied oils indicates a good agreementapplication of NIR spectroscopy and the PLS multivariate
between both methods. Moreover, the slope of the regressioncalibration model allowed for prediction @f-TOH content in
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Table 5. Reproducibility Test

statistical parameters

Ca—tocopheral, ? Sb,2 RSD,2 confidence
oil mg/100 g mg/100 g % limit,> mg/100 g
sunflower 4552 1.55 341 45.52 £ 0.86
soybean 45.05 1.88 417 45,05+ 1.04
corn 56.70 1.72 3.03 56.70 £ 0.95
mixed seed oils® 33.33 1.88 5.64 33.33+1.04
rapeseed 23.30 1.40 6.01 23.30+0.77
grapeseed 17.25 0.94 5.45 17.25+£0.52
extra virgin olive oil 18.96 0.61 3.22 18.96 +0.34
olive oil? 17.54 1.10 6.27 17.54 +0.61

@n = 15; each value is the mean of five determinations, and each determination
was repeated three times. Ca—tocopherol, Me@N concentration of a-tocopherol; SD,
standard deviation; RSD, relative standard deviation. © Probability level, P = 0.05.
¢ Mix of rapeseed, soybean, and sunflower oails. ¢ Mix of virgin plus refined olive
ails.

oil samples. The mean concentrationsef OH in studied oils
determined by the proposed NIR method agreed with those
obtained by the standard HPLC method. Therefore, it can be
applied fora-TOH determination in the concentration range
between 0.54 and 53.54 mg/mL. It is noteworthy that our NIR
method does not require toxic solutions and reagents. Moreover,
the cost of the instrumentation is considerably lower than in
the case of the standard HPLC method.

The proposed NIRPLS method can be applied in quality
control of edible oils and fats to monitoring their oxidative
stability in routine analyses.
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