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Figure (1) Samples used in the research with different percentages of fraud
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Table (1) Results of LDA model of olive oil samples

Accuracy

%) Function Type Preprocessing
79.99 Linear MA
82.64 Quadratic MA
81.82 Mahalanobis MA
49.59 Linear MA+SNV
74.38 Quadratic MA+SNV
73.55 Mahalanobis MA+SNV
79.34 Linear SG
81.56 Quadratic SG
80.12 Mahalanobis SG
43.84 Linear SG+SNV
71.94 Quadratic SG+SNV
73.06 Mahalanobis SG+SNV
80.42 Linear MA+D;
78.34 Quadratic MA+D;
72.94 Mahalanobis MA-+D,
79.96 Linear SG+D;
7291 Quadratic SG+D,
74.91 Mahalanobis SG+D;
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Table (2) Results of Nu-SVM and C-SVM maodels under kernel function

Validation(%) Calibration(%) Y C Function Type Preprocessing
95.86 96.69 1 100 Linear MA
19 18.8 10 1 Polynomial MA
29.75 23.97 1 100 Radial MA
27.27 24.79 0.01 100 Sigmoid MA
83.47 94.21 1 1 Linear MA+SNV
48.76 58.68 100 10 Polynomial MA+SNV
80.99 93.39 0.01 100 Radial MA+SNV
22.31 18.18 1 0.1 Sigmoid MA+SNV
85.97 96.86 1 100 Linear SG
87.5 18.18 10 1 Polynomial SG
28.73 25.84 1 100 Radial SG
26.84 26.73 0.01 100 Sigmoid SG
85.95 100 1 100 Linear SG+SNV
48.76 58.68 100 10 Polynomial SG+SNV
80.99 93.39 10 1 Radial SG+SNV
24.79 18.18 0.1 0.01 Sigmoid SG+SNV
27.27 23.97 1 100 Linear MA+D
21.87 24.38 100 10 Polynomial MA+D
26.44 18.18 100 100 Radial MA+D
29.37 43.13 1 1 Sigmoid MA+D
33.05 21.49 1 1 Linear SG+D
19.45 18.18 100 10 Polynomial SG+D
24.79 18.18 100 100 Radial SG+D
15.74 18.18 100 100 Sigmoid SG+D
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Table (3) The confusion matrix obtained from the samples of the test group

Predicted Actual Sample Predicted Actual Sample
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Extended Abstract
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 with the solvent has more trace elements.
Pomace olive oil is carcinogenic due to extraction with 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. Also, 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. 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 Methode

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. 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
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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 used. 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 in order 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. Also, based on the results, the linear function, the best function for building the classification
model was determined by SVM method.

Keywords: Fraud, Linear Discriminant Analysis, Pomace Oil, Support VVector Machine



Journal Pre-proofs

05029 Bdisges LDA Jow mls (V) Jso

Table (1) Results of LDA model of olive oil samples

Accuracy

%) Function Type Preprocessing
79.99 Linear MA
82.64 Quadratic MA
81.82 Mahalanobis MA
49.59 Linear MA-+SNV
74.38 Quadratic MA+SNV
73.55 Mahalanobis MA-+SNV
79.34 Linear SG
81.56 Quadratic SG
80.12 Mahalanobis SG
43.84 Linear SG+SNV
71.94 Quadratic SG+SNV
73.06 Mahalanobis SG+SNV
80.42 Linear MA-+D,
78.34 Quadratic MA+D,
72.94 Mahalanobis MA-+D,
79.96 Linear SG+D,
72.91 Quadratic SG+D,
74.91 Mahalanobis SG+D,

bS5 &y co C-SVM s NU-SVM (sl Jure gl (V) g

Table (2) Results of Nu-SVM and C-SVM models under kernel function

Validation(%) Calibration(%) Y C Function Type Preprocessing
95.86 96.69 1 100 Linear MA
19 18.8 10 1 Polynomial MA
29.75 23.97 1 100 Radial MA
27.27 24.79 0.01 100 Sigmoid MA
83.47 94.21 1 1 Linear MA+SNV
48.76 58.68 100 10 Polynomial MA+SNV
80.99 93.39 0.01 100 Radial MA+SNV
22.31 18.18 1 0.1 Sigmoid MA+SNV
85.97 96.86 1 100 Linear SG
87.5 18.18 10 1 Polynomial SG
28.73 25.84 1 100 Radial SG
26.84 26.73 0.01 100 Sigmoid SG
85.95 100 1 100 Linear SG+SNV
48.76 58.68 100 10 Polynomial SG+SNV
80.99 93.39 10 1 Radial SG+SNV
24.79 18.18 0.1 0.01 Sigmoid SG+SNV
27.27 23.97 1 100 Linear MA+D
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21.87 24.38 100 10 Polynomial MA+D
26.44 18.18 100 100 Radial MA+D
29.37 43.13 1 1 Sigmoid MA+D
33.05 21.49 1 1 Linear SG+D
19.45 18.18 100 10 Polynomial SG+D
24.79 18.18 100 100 Radial SG+D
15.74 18.18 100 100 Sigmoid SG+D
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Table (3) The confusion matrix obtained from the samples of the test group

Predicted Actual Sample Predicted Actual Sample
amount amount number amount amount number
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Extended Abstract
Introduction

Olive oil isa 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 with the solvent has more
trace elements. Pomace olive oil is carcinogenic due to extraction with 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. Also,
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. 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 Methode

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. 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
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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 used. 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 in order 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. Also, based on the results, the linear function, the best function for building the classification
model was determined by SVM method.
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