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Introduction

Olive oil is a commercially valuable product, so it is often adulterated with other edible oils such as sunflower,
hazelnut oil, pomace oil and other oils that have a fatty acid composition close to olive oil. Accordingly, quality
control of this oil is one of the issues and it is very important in health and food safety. After extracting olive oil
by physical techniques, a residue is created that contains more than 8% oil and can be extracted by a solvent
(usually hexane). This oil is called pomace olive oil. Due to the characteristics of the solvent, the oil extracted
from the solvent has more trace elements. Pomace olive oil is carcinogenic due to extraction from chemical
solvents and as a result of being contaminated with benzoalphapyrene, monochloropropane DLs and cyclic
hydrocarbons and has an adverse effect on nerves and other body organs. Currently, gas chromatography method
is used to detect adulteration in olive oil. Further, in the health system, to control the quality of food, including
olive oil, compared to other frauds and the quantity of fatty acids, it is done by chemical tests and gas
chromatography tests, which are expensive and time-consuming methods and require specialized quality control
laboratories and specialized human resources. It should be noted that the presence of pomace olive oil in virgin
olive oil and refined olive oil cannot be detected by gas chromatography, and detection of adulteration in these
cases is not applicable by chromatography. The past studies show the high importance of spectroscopy as a fast,
simple, low-cost method with acceptable accuracy in measuring the quality of agricultural products. For this
reason, its use in different ways and for different products is expanding day by day. In this research, pomace olive
oil adulteration was identified using a fast and non-destructive visible-near-infrared (Vis/NIR) spectroscopy
method without measuring qualitative properties using pattern recognition methods such as LDA and SVM.

Materials and Methods

The extra-virgin, virgin and refined olive oils used in this research were prepared from the Etka olive oil factory
in Varamin, Tehran province. The sample of raw and non-edible pomace oil was also obtained from a
pharmaceutical, cosmetic and health company. Extra virgin olive oil, virgin and refined olive oil were mixed with
pomace oil with weight percentages of 11, 20, 33, 50 and 100%. These percentages were chosen according to the
frauds in the market. A total of 160 samples were prepared with ten replicates for each treatment. The
visible/near infrared spectrum was used using a two-way fiber, which is the central part for light transmission
from the sample to the detector and the outer fiber for light transmission from the radiation source to the sample,
and in the transition state and in the 200-850 nm region using Spectrometer model usb2000 made by ocean optic
company and recorded with 1 nanometer resolution by OceanView software. The spectral data obtained from the
spectrometer, in addition to the sample information, also includes unwanted background information and noises.
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Hence, in order to achieve stable, accurate and reliable calibration models, there is a need to pre-process spectral
data before formulating classification models appropriate to the data. After recording and saving the obtained
spectra for the analysis of the received spectra, data preprocessing was done. Part of the data from the 550 nm area
already had high noise and could not be smoothed by the usual pre-processing methods, so they were removed.
After the transmission spectra obtained from all the samples were converted into absorption spectra in order to
create a linear relationship with the molecular concentration of the sample, to prepare and pre-process the spectra
some smoothing and noise reduction methods such as moving average (MA), Savitzky Golay (SG), Standard
normal variate (SNV) and first derivative (D1) were adopted. The samples were divided into two groups of training
(80 percent) for the development of calibration models, and the test group (20 percent) for the external validation of
the developed calibration models in order to check the ability and accuracy of the models in classifying different
percentages of fraud of unknown samples. Linear discriminant analysis (LDA) and support vector machine (SVM)
were used in this research. Evaluation of the built model with full cross-validation method is used to select the model
with the highest classification ability among the statistical models. In other words, after building the model in the re-
evaluation phase, the reliability and stability of the model was also investigated. In this research, three types of Linear,
Quadratic and Mahalanobis functions and four different weighting coefficients (1/SDev, Constant, Block weighting
and Downweight) were used to create a classification model using LDA method.

Results and Discussion

Our findings show that extra-virgin olive oil has higher absorption in almost all spectra than virgin and refined
olive oils and pomace, and this is also consistent with previous researches. Three types of Linear, Quadratic and
Mahalanobis functions were used to create the classification model by LDA method. The results obtained from
LDA method showed that MA preprocessing based on Quadratic function provides the highest accuracy. In the
next step, SG preprocessing based on the Quadratic function provided a better accurate model than other
preprocessing methods. Therefore, in this method, the use of MA and SG preprocessing and the Quadratic function
had a greater effect in building models with higher accuracy. It is worth mentioning that different weight
coefficients had no effect on the accuracy of LDA method. Choosing the appropriate weighting coefficients
depends on the type of data and usually by trial and error, the appropriate method of applying the weighting
coefficient can be achieved. Two types of C-SVM and Nu-SVM were used to classify the samples in the SVM
method. Four types of kernel functions including linear, quadratic, radial basis function and sigmoid were used.
The linear function with MA preprocessing with training accuracy of 100 and validation accuracy of 97.5 had the
highest validation accuracy in the classification of olive oil samples. It is worth noting that linear function and C-
CVM method had a great effect on more accurate models with different pre-processing. Therefore, both SVM and
LDA modeling methods had a very acceptable performance in separating and categorizing the research treatments.
The SVM method is preferred due to its greater accuracy in the calibration and validation section.

Conclusions

In this research, a visible/near infrared (Vis/NIR) spectroscopic system was investigated to classify olive oil
samples with different adulteration percentages with pattern recognition methods including LDA and SVM. The
obtained results showed that spectroscopy (Vis/NIR) is able to distinguish olive oil samples based on pomace olive
oil adulteration rate. Although the LDA method was able to classify the olive oil samples with acceptable accuracy,
the SVM method with a training accuracy of 96.69 and a validation accuracy of 95.86 was the best method for
classifying the samples. Moreover, based on the results, the linear function considered as the best function for
constructing the classification model was determined by SVM method.
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Fig. 2 Absorption spectra of four different olive oil samples
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Table (1) Results of LDA model of olive oil samples

Accuracy (%) Function Type Preprocessing

va.aa Linear MA

AY ¥ Quadratic MA
AVAY Mahalanobis MA
fa.09 Linear MA+SNV
YEXA Quadratic MA+SNV
VY00 Mabhalanobis MA+SNV
vaxs Linear SG

A .oF Quadratic SG
A-ay Mabhalanobis SG
FYAf Linear SG+SNV
vyaf Quadratic SG+SNV
\ARY4 Mahalanobis SG+SNV
A- XY Linear MA+D:
YAXYE Quadratic MA+D:
Yvaf Mahalanobis MA+D:
vaag Linear SG+D1
YY.an Quadratic SG+D1
ARN Mahalanobis SG+D1

Accuracy (%) Function Type Preprocessing

va.a4 Linear MA

AY 5% Quadratic MA
AVAY Mahalanobis MA
£4.04 Linear MA+SNV
YEXA Quadratic MA+SNV
YY.00 Mabhalanobis MA+SNV
vaxs Linear SG

A oF Quadratic SG
A-aY Mahalanobis SG
YA Linear SG+SNV
AR\ Quadratic SG+SNV
YY..# Mahalanobis SG+SNV
A ¥Y Linear MA+D;
YAYXE Quadratic MA+D;
ARYS Mahalanobis MA+D;
vaag Linear SG+D
YY.an Quadratic SG+D1
ARN Mahalanobis SG+D1
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Table (2) Results of Nu-SVM and C-SVM models under kernel function
Validation(%) Calibration(%) Y C Function Type | Preprocessing
0.A7 a5.74 \ Yoo Linear MA
4 VAA Ve \ Polynomial MA
Yavo YY.ay \ Voo Radial MA
Yv.yYv Yf.va ) Voo Sigmoid MA
AY ¥V 9f.¥) \ \ Linear MA+SNV
FAYE OASA \eo \E Polynomial MA+SNV
A-a9 ar.ya o Voo Radial MA+SNV
YYXY YANA ) - Sigmoid MA+SNV
AbAY as.Af \ Yoo Linear SG
INEN YANA B ) Polynomial SG
YAYY YOAF ) Voo Radial SG
Y2.AY YZNY ) Voo Sigmoid SG
AB.AD \eo \ V.o Linear SG+SNV
FAYE OAFA \eo \E Polynomial SG+SNV
A-a9 ar.ya ) ) Radial SG+SNV
Y¥.va YANA - - Sigmoid SG+SNV
YV.YY YY.ay \ Voo Linear MA+D;
YVAY YFXA \eo \e Polynomial MA+D;
YPF VANA Voo Voo Radial MA+D;
Yaxy FYAY \ \ Sigmoid MA+D;
YY..0 RS | ) Linear SG+Ds
19.50 VANA Ve \E Polynomial SG+D1
Y¥.va YANA Voo Voo Radial SG+D;
V0.V YANA \eo V.o Sigmoid SG+D1
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Table (3) The confusion matrix obtained from the samples of the test group
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amount amount number amount amount number
I\Yd \
Y ¥
" AR Y. Voo Yoo \-.
" AR \Al AR AR \'Y
A Y \A AR Y \#
Y Y AY Y Y '4
AR AR ) O O Yy
A Y. A O AR YY
AR AR AR AR AR YA
Y Y WY vy Y )
AR AR \RR O AR Y
" Y- \Y# Y. Y. Yy
A Y. \YY Yy v ¥
Y Yy A AR AR \al
AR AR \FY NS AR \id
Voo Yoo Vof £q

e g cond ealias Gt Jae 5o GhilaeS 9 Ghslaoke
Oy Wl & segh (eST Cul Jloyen VL JLiel
oads (B)l5S a8 pletie siies; Nos Elsl Sl e
gl eg ol amlis o Ls STRsl azg 5 ol
Sy plo g (abadal 55089, ) O8I0,
e 3o Gl s anndS Slides e s3g Slye>
Ol Hloy dle ezmed gkl ilie by,

oLl aigad ¥ Lo (ygesl as 2iged YVl Jpur cnl el
| 039y /\ \ J.‘U O Ja}.v)‘o 4_»544 Y UJ‘ iloauds dmu.uys
ol Wl (a5 7Y+ a4 ol 4y a5
B b aab Y. (b cds lp 85 A g e
09 e (Gobn b Sl 039 gy B slana
o ab rebae ol gesl awd sladiges lawg



V54 c ooy Al paneds jolaiedy SQ5 g Bl S (iwidsb ColiB (ri G

UL ST KW

Y
ol S il (slasty, b s Gl (glavo s L
00slCansddy 5 28,5 B sy 9)30 SVM 5 LDA
SS& 4 0B (ViISINIR)  ewcal a5 ol lis
iy sl gy B & 5 el 97089, (sladiges
OF2) OE9) SBdgel Cangé e Como b Candlys LDA b
5 515 3900 Comals SVM g, el oS (susacias |
Ghudiws (gl ey cpye OIS i liel Coo
e b Aol s elaly omizmad 39 lbaigal
SVM g, 4 gaaiws Jow cole ¢l ol o e

(shb 00905t ol Sgu 0 Olgidiy (yired A (yuaS
plo LW 5 ey ololis S ololis jglatea

5 055 09y o 3 bigms SIS (o ST s vy,
S ooliiwl L& anseas

XL ol .0
] 00ES UL"’ ulfwy Ja:.uy @L..a ua)l.u 4.:956&

[1] M. Rashvand, O. Mahmood, H. Mobli, and M.
Soltanifiroz, “Evaluation of olive oil adulteration
detection system based on image processing and
dielectric spectroscopy,” Agric. Mach. Mech. Res. J.,
vol. 6, no. 2, pp. 29-19, 2017.

[2] B. Vega-Maérquez, 1. Nepomuceno-Chamorro, N.
Jurado-Campos, and C. Rubio-Escudero, “Deep
Learning Techniques to Improve the Performance of
Olive Oil Classification,” Front. Chem., vol. 7, no.
January, pp. 1-10, 2020, doi:
10.3389/fchem.2019.00929.

[3]A. M. Giuffré, M. Caracciolo, C. Zappia, M.
Capocasale, and M. Poiana, “Effect of heating on
chemical parameters of extra virgin olive oil, pomace

bty o edle by wamgldl 5 egtan (onae 4SS
LRSS 4y )elé TAZBY cds b D99y oM Qb.;.cdg
009 2bg Gedle jleolainl b g (189, (B sladiges
Ofey ol Lasis ax 31 b iagh ple o [T el
Qlely Sl el (il gy 4 ey b SOLE e
2 (P9 1l ool &l Jo8 Il Comol 0 5 4598 oS
T8 Omb 83g0mme &S el JLiudd Lol iagh
S axlb LS o gl YA--AL- o3L = S0y
aliseo g_ly‘l 3O ety uLu Gedo glulis jolaiea
)51 5o Gﬂ..b OQBA?LA k}"‘ ol 00l ‘_;)jo).QJ L)?"")U’cs)
A S 5 )l 093y S0P F g ¥ S Slagimil
)fio Jj‘d.ua gSL“u“B) u.........v NIR Ga...b dyla oojm
omess (9 by polie Wil o (o35 (SIS gileg 5wl
09y 5 p9e le g IS (60 (nFs s s pSeslil b,
S5 E g el 59y ply o Lol s ansis
Szl YU 38 ¢ olond o Pl sdjl.wbbl.c] a3l

.o)lo ua.»a.’?p.a )9.:‘).:‘ 9 olKwd
S5 azais ¥

98l Sy (il (5558 Gasailys (iagh (pl yo
05 Oy Sediges (sanaads jslateas (Vis/NIR) o3

&Ll

olive oil, soybean oil and palm oil,” Ital. J. Food Sci.,
vol. 30, no. 4, pp. 715-739, 2018.

[4] M. 1. Covas, “Olive oil and the cardiovascular
system,” Pharmacol. Res., vol. 55, no. 3, pp. 175-186,
2007, doi: 10.1016/j.phrs.2007.01.010.

[5] C. Fauhl, F. Reniero, and C. Guillou, “1H NMR as a
tool for the analysis of mixtures of virgin olive oil with
oils of different botanical origin,” Magn. Reson. Chem.,
vol. 38, no. 6, pp. 436-443, 2000, doi: 10.1002/1097-
458X(200006)38:6<436::AID-MRC672>3.0.CO;2-X.
[6] S. Ok, “Detection of olive oil adulteration by low-
field NMR relaxometry and UV-Vis spectroscopy upon
mixing olive oil with various edible oils,” Grasas y
Aceites, vol. 68, no. 1, pp. 1-13, 2017, doi:



VEY Gliae; NOO—IVY amio ¥ ojleds VY 0,90 dié Cato jo was (slog 5l anlilad

VY-

10.3989/gya.0678161.

[7]S. A. Mahesar, M. Lucarini, A. Durazzo, A. Santini,
A. L. Lampe, and J. Kiefer, “Application of Infrared
Spectroscopy for Functional Compounds Evaluation in
Olive Oil : A Current Snapshot,” vol. 2019, 2019.

[8] S. Cicerale, X. A. Conlan, A. J. Sinclair,and R. S. J.
Keast, “Chemistry and health of olive oil phenolics,”
Crit. Rev. Food Sci. Nutr., vol. 49, no. 3, pp. 218-236,
2009, doi: 10.1080/10408390701856223.

[9] P. Vossen, “Olive oil: History, production, and
characteristics of the world’s classic oils,” HortScience,
vol. 42, no. 5, pp. 1093-1100, 2007, doi:
10.21273/hortsci.42.5.1093.

[10] R. Rodriguez-Rodriguez, M. D. Herrera, M. A. de
Sotomayor, and V. Ruiz-Gutierrez, “Pomace Olive Oil
Improves Endothelial Function in Spontaneously
Hypertensive Rats by Increasing Endothelial Nitric
Oxide Synthase Expression,” Am. J. Hypertens., vol. 20,
no. 7, pp. 728-734, 2007, doi:
10.1016/j.amjhyper.2007.01.012.

[11] K. Antonopoulos, N. Valet, D. Spiratos, and G.
Siragakis, “Olive oil and pomace olive oil processing,”
Grasas y Aceites, vol. 57, no. 1, pp. 56-67, 2006, doi:
10.3989/gya.2006.v57.11.22.

[12] F. Pérez-Jiménez, J. Ruano, P. Perez-Martinez, F.
Lopez-Segura, and J. Lopez-Miranda, “The influence of
olive oil on human health: Not a question of fat alone,”
Mol. Nutr. Food Res., vol. 51, no. 10, pp. 1199-1208,
2007, doi: 10.1002/mnfr.200600273.

[13] L. Di Giovacchino, S. Sestili, and D. Di Vincenzo,
“Influence of olive processing on virgin olive oil
quality,” Eur. J. Lipid Sci. Technol., vol. 104, no. 9-10,
pp. 587-601, 2002, doi:  10.1002/1438-
9312(200210)104:9/10<587::AID-
EJLT587>3.0.CO;2-M.

[14] V. Maestrello, P. Solovyev, L. Bontempo, L.
Mannina, and F. Camin, “Nuclear magnetic resonance
spectroscopy in extra virgin olive oil authentication,”
Compr. Rev. Food Sci. Food Saf., vol. 21, no. 5, pp.
40564075, 2022, doi: 10.1111/1541-4337.13005.

[15] D. Tura, C. Gigliotti, S. Pedo, O. Failla, D. Bassi,
and A. Serraiocco, “Influence of cultivar and site of
cultivation on levels of lipophilic and hydrophilic
antioxidants in virgin olive oils (Olea Europea L.) and
correlations with oxidative stability,” Sci. Hortic.
(Amsterdam)., vol. 112, no. 1, pp. 108-119, 2007, doi:
10.1016/j.scienta.2006.12.036.

[16] S. K. Dwivedi, M. Vishwakarma, and P. A. Soni,

~¥
“Advances and Researches on Non Destructive Testing:
A Review,” Mater. Today Proc., vol. 5, no. 2, pp. 3690—
3698, 20138, doi: 10.1016/j.matpr.2017.11.620.

[17] H. Xiao, L. Feng, D. Song, K. Tu, J. Peng, and L.
Pan, “Grading and sorting of grape berries using visible-
near infrared spectroscopy on the basis of multiple inner
quality parameters,” Sensors (Switzerland), vol. 19, no.
11, 2019, doi: 10.3390/s19112600.

[18] P. Galvin-King, S. A. Haughey, and C. T. Elliott,
“Garlic adulteration detection using NIR and FTIR
spectroscopy and chemometrics,” J. Food Compos.
Anal, wvol. 96, p. 103757, 2021, doi:
10.1016/j.jfca.2020.103757.

[19] M. De Luca et al., “Derivative FTIR spectroscopy
for cluster analysis and classification of morocco olive
oils,” Food Chem., vol. 124, no. 3, pp. 1113-1118, 2011,
doi: 10.1016/j.foodchem.2010.07.010.

[20] R. De Bei et al., “Non-destructive measurement of
grapevine water potential using near infrared
spectroscopyDe Bei, R., Cozzolino, D., Sullivan, W.,
Cynkar, W., Fuentes, S., Dambergs, R., Pech, J., &
Tyerman, S. D. (2011). Non-destructive measurement of
grapevine water pote,” Aust. J. Grape Wine Res., vol. 17,
no. 1, pp. 62-71, 2011, doi: 10.1111/j.1755-
0238.2010.00117.x.

[21] X. Li et al., “Review of NIR spectroscopy methods
for nondestructive quality analysis of oilseeds and edible
oils,” Trends Food Sci. Technol., vol. 101, no. March,
pp. 172-181, 2020, doi: 10.1016/.tifs.2020.05.002.
[22] S. Bureau and B. Gouble, “rapid and non-
destructive analysis of apricot fruit quality using ft-near
infrared spectroscopy,” Mater. Struct., no. 2014, pp. 32—
35,2015.

[23]A. C.de Lima, L. Acefia, M. Mestres, and R. Boqué,
“An Overview of the Application of Multivariate
Analysis to the Evaluation of Beer Sensory Quality and
Shelf-Life Stability,” Foods, vol. 11, no. 14, pp. 1-15,
2022, doi: 10.3390/foods11142037.

[24]A. Amari, N. El Bari, and B. Bouchikhi,
“Electronic Nose for Anchovy Freshness Monitoring
Based on Sensor Array and Pattern Recognition
Methods: Principal Components Analysis, Linear
Discriminant Analysis and Support Vector Machine,”
Int. J. Comput., vol. 6, no. 3, pp. 61-67, 2014, doi:
10.47839/ijc.6.3.452.

[25] M. W. Huang, C. W. Chen, W. C. Lin, S. W. Ke,
and C. F. Tsai, “SVM and SVM ensembles in breast
cancer prediction,” PL0S One, vol. 12, no. 1, pp. 1-14,



W) c ooy Al paneds jolaiedy SQ5 g Bl S (iwidsb ColiB (ri G

UL ST KW

\f

2017, doi: 10.1371/journal.pone.0161501.

[26]Z. Liu and J. Tan, “Qualitative and quantitative
detection of Sudan I and Il adulterated in chili powders
by front-face synchronous fluorescence spectroscopy :
Aggregation-induced emission in solid food,” pp. 1-21,
2022.

[27] N. Abu-khalaf and M. Hmidat, “Visible / Near
Infrared ( VIS / NIR ) spectroscopy as an optical sensor
for evaluating olive oil quality,” Comput. Electron.
Agric., vol. 173, no. December 2019, p. 105445, 2020,
doi: 10.1016/j.compag.2020.105445.

[28] H. Cen, Y. He, and M. Huang, “Combination and
comparison of multivariate analysis for the
identification of orange varieties using visible and near
infrared reflectance spectroscopy,” Eur. Food Res.
Technol., vol. 225, no. 5-6, pp. 699-705, 2007, doi:
10.1007/s00217-006-0470-2.

[29] Y. G. M. Konghonga et al., “Characterization of
Vegetable Oils by Fluorescence Spectroscopy,” Food

Nutr. Sci., vol. 02, no. 07, pp. 692-699, 2011, doi:
10.4236/fns.2011.27095.

[30] T. Wang, Y. Zhang, Y. Liu, Z. Zhang, and T. Yan,
“Intelligent Evaluation of Stone Cell Content of Korla
Fragrant Pears by Vis/NIR Reflection Spectroscopy,”
Foods, wvol. 11, no. 16, 2022, doi:
10.3390/foods11162391.

[31] m Zarezade, Mohammad Reza, abonajmi, M.
Ghasemi-varnamkhasti, and f azarikia, “Estimation of
the Best Classification Algorithm and Fraud Detection
of Olive Oil by Olfaction Machine,” vol. 11, no. 2, pp.
371-383, 2021, doi: 10.22067/jam.v11i2.84105. [In
persion]

[32] M. Bahmaei, R. Nazeri, F. Kalantari, N. T. Branch,
and S. B. Company, “Archive of SID Detection of
adulteration in canola-virgin olive admixture using
instrumental gas liquid chromatography and UV
spectroscopy”. [In persion]



