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Abstract. Broccolini (Brassica oleracea) is a hybrid of Broccoli and Chinese kale. To date, no
information is available on the separation and purification of flavonoids in such a hybrid variety
Broccolini. The objectives of this work were the separation and purification of Broccolini leaves
flavonoids based on extraction of solvents (petroleum ether, ethyl acetate and n-butanol) and
polyamid resin chromatography. By this method, three purified fractions (BLF1, BLF2 and BLF3)
were obtained and the flavonoids content of purified product increases from 10.2% to 41.6%. HPLC
and LC-MS/MS analyses indicated that BLF1 was primarily consisted of quercetin (content up to
85.4) , BLF2 was primarily composed of kaempferol (content up to 78.5%), and BLF3 contains two
major constituents kaempferol and apigenin (contents up to 82.6%). Furthermore, the
antiproliferative activity of the extract before and after purification was compared using human colon
cancer cell line SW480. The results showed that the crude extract BLFO and the purified extracts
(BLF1, BLF2 and BLF3) all exhibited an inhibitory effect on the growth of SW480 cells, the IC50
values were estimated to be 88.14, 65.06, 72.62 and 79.42 ug/ml, respectively, i.e. the
antiproliferative activities on SW480 cells were increased by 10-26% after purification.
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Abstract. Research has targeted milk quality parameters collected morning and evening
milking on three sequences. The following parameters were analyzed: fat, protein, lactose, somatic
cell count and weight of fatty acids depending on carbon chain (Jensen, R.G., 2002; Kurtz, F.E.,
1987). Taking into account the fat content in both the morning milking and at evening, it increases
the dynamic sequences of milking, in the sense that the second sequence of milking the fat content
is higher by 75% from the first sequence milking. Differences between milking is very small and
insignificant. A different aspect is the evolution of the milk protein content, meaning that it has a
constant character, maximum differences of 5% between the second and third sequence of milking
sequence of events, look at developments are observed and lactose content in milk . With regard to
content in somatic cells, their development is of a tortuous, but at the same time on three different
sequences of milking. Of fatty acids sequences have a significant weight in the morning to evening
milking are palmate and oleic acids and with low are mostly the other fatty acids (myristic, lauric and
caprylic).
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Abstract. Color is a fundamental feature in the organoleptic properties of oil. It depends on different
factors such as the color of the fruit at the time of gathering, the acidity and the oxidization. In
addition, oil color is also an important parameter from an economic point of view, since it is one of
the attributes which influences consumers acceptability.

Due to the fact that color measurement could be a useful tool for estimating oil quality, a low-cost
colorimeter based upon optical fibers has been developed, which provide color information in the
RGB color space.

The operation principle of the colorimeter is based on the characterization of the color by directing a
white source of light trough the oil and measuring the light reflected in the oil with a RGB photo
detector. The optical-fiber, used for transiting the light, provides additional improvement of
instrumental performance such as increase of Signal-to-Noise ratio, repeatability and reproducibility.

Several tests have been carried out taking measurements with the developed sensor and with a
commercial spectrometer verifying an excellent behavior of the sensor. The sensor is capable of
distinguishing not only different vegetal oils (sunflower, olive, avocado, soy, macadamia nut, efc.),
but also the olive tree variety (arbequina, picual, regium, hojiblanca or multi-varietal) and quality
(virgin, refined, olive oil). Moreover, it could also be used to establish the way heating affects oil
properties. This question is very important in industrial use (restaurants and food processing
industry).

Keywords. oil color, RGB colorimeter, optical fiber.
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Abstract. This paper presents an on-line, low-cost sensor for estimating fat concentration in fresh
raw milk, which is very interesting both, from an economic point of view, and for milk quality. In
addition, the fact that, at the present time, milk is subjected to several processes such as skimmed
treatments, reduce consumers’ perception of cow milk as a natural product.

Experimental studies carried out by our group of investigation show that fat concentration in milk
exhibits a pronounced variation during the milking process: fat content ranges from low values at the
milking beginning (less than 0.3%) to high values in the last stage of milking (depending on cow, fat
content can reach up to 10%). Therefore, it would be possible to obtain fresh milk with different fat
concentrations during milking. That would mean a new concept in the milk industry: the inclusion of
the farm into the dairy processor sector by means of a complete control over milk composition, since
a segregation process during milking would make possible to obtain two or more types of milk on-
farm.

A low-cost, optoelectronic sensor has been developed based on the use of Visible and Near
InfraRed (VIS-NIR) spectrometry in order to estimate fat concentration in un-homogenized fresh raw
milk during the milking process. The experimental results demonstrate the feasibility of this proposal,
which would beneficiate to dairy farm and industry.

So as to verify the behavior of the sensor, the tests have been carried out analyzing samples of fresh
raw milk with the developed sensor and by a certified laboratory and the results show a high
correlation coefficient. In addition, the sensor was also tested under real conditions on farm, showing
good results.

Keywords. milk, fat, NIR spectroscopy, milk quality, on-line sensors.
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Introduction

At the present time, milk processing starts when the raw milk is taken from the farm bulk tanks
and is transported to the dairy factories, where several processes take place: homogenization,
addition/suppression of nutrients, thermal treatments, etc. in order to achieve specific nutritional
values and to obtain a long-term product. But these treatments reduce consumersO perception of
milk as a natural product and lead them to doubt about the benefits of its consumption for
human health, causing a progressive decrease in milk consumption, what is partially
compensated by an increase in dairy products consumption such as cheese, yogurts, etc.

On-line daily measurement of nutritional milk parameters could be used not only for cow
selection and increasing the economic efficiency, but also for milk differentiation by obtaining
predefined values of some milk constituents such as fat. This goal could be achieved by means
of a segregation process during milking, which would make possible to obtain, in the farm, two
or more types of milk.

Several studies have established the use of Near InfraRed (NIR) spectrometry as an adequate
method to estimate milk composition, but they are referred to dry milk, homogenised milk or
high cost equipment (Tsenkova et al 1999, 2000) or require sampling or previous treatment of
milk samples (Eshkenazi et al 1000, Woo. Y et al, 2002).

In previous works, we have demonstrated the potentiality of Visible and Near InfraRed (VIS-
NIR) spectrometry in a spectral region below 1100 nm to estimate the fat content in raw milk.
The aim of this paper is to test an on-line, low-cost, optoelectronic fat sensor based on the use
of optical fibres for the light conduction and working in the spectral region below 1100 nm.

On-line sensors for milk are quite different from laboratory measurement systems because they
have to operate with non-homogenized milk during the milking process; they are under very
hard environmental conditions and must not be complex or costly systems. In addition, it has to
be made of an adequate material to guarantee food safety.

Experimental Procedures

Previous studies carried out by our research group have demonstrated the capability of VIS-NIR
spectrometry to estimate the fat content of non-homogenized milk (Mu—iz, PZrez, de la Torre,
Carleos, Corral & Baro, 2009). Based on this operating principle, an inexpensive optoelectronic
sensor has been developed and tested following different procedures.

The developed sensor shown in Figure 1 consists of a stain steel tube, optical fibers for light
conduction from a light emitter to the milk and to a light receiver, and circuits for the signal
treatment and control unit.

The operation of the system is as follows: the light proceeding from an infrared LED comes into
contact with the milk, where part of the light is reflected and then, detected by a photodiode.
Due to the fact that the reflected light depends on milk fat, the value of fat can be calculated by
a control unit.
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Figure 1. Optoelectronic system for fat estimation

The sensor would be introduced in the milking machine so that it could provide an on-line
measurement but, first, in order to test its capability to measure fat, several tests have been
carried out off-line taking as reference values the values provided by manufacturers, in the case
of homogenized commercial milk and, in the case of unhomogenized raw milk, using two
different methods to obtain the reference values:

* Analyzing the milk samples by Spectrometry commercial equipment, in a certified
laboratory: “Laboratorio Interprofesional de la Leche y de Alimentos” (LILA, Asturias, Spain).

* Analyzing the samples by a chemical method: the Gerber Method, which is the primary
testing method in Europe and much of the world. This measurement procedure has been
carried out in our laboratory by high qualified operators.

Samples of commercial homogenized milk

First, 18 samples of commercial homogenized milk from several manufacturers and different fat
concentration (skimmed, semi-skimmed and whole milk) were analyzed with the developed
sensor taking, as reference values, the information provided by the manufactures (see Figure
2).
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Figure 2. Analysis of commercial homogenized milk from several manufacturers and different fat
concentration (skimmed, semi-skimmed and whole milk)



As can be seen in Figure 2, there are some deviations, which might be produced by a mismatch
operation of our system or by slight differences between the data provided by manufacturers
and the actual fat concentration. Therefore, a second test was carried out, analyzing samples
obtained by mixing proportions of commercial milk (from skimmed to cream) from the same
manufacturer, to obtain different points of measurement in a range from 0.5 to 10 g/100 ml (see
Figure 3).
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Figure 3. Analysis of commercial homogenized milk. Fat concentration in a range from 0.5 to 10
g/100 ml obtained by mixing proportions of skimmed, semi-skimmed, whole milk and cream

According to Figure 3, it can be conclude that the deviations shown in Figure 2 are due to errors
in the values of fat concentration provided by manufacturers.

Samples of fresh raw milk taken during different stages of milking

First, 38 samples of fresh milk were taken during different stages of milking. Each sample was
divided into two subsamples, one subsample was analyzed by the sensor and the other
subsample was analyzed by a certified laboratory to obtain the reference values. The result of
comparing the data produced by the sensor and the referenced values can be seen in Figure 4.
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Figure 4. Analysis of 38 samples of fresh un-homogenized raw milk taken as reference values data
from a certified laboratory



Second, due to the fact that the equipment of the certified laboratory also utilizes optical
spectrometry to determine the fat content, a second test has been executed taking as reference
values the results provided by a chemical method: The Gerber method, which is based on the
separation of the fat of the milk in a butyrometer by centrifuging after the protein has been
dissolved with sulphuric acid (ISO 2446|IDF 226:2008). 15 samples of unhomogenized cow’s
milk were analyzed and processed within 3 hours after the sample collection.
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Figure 5. Analysis of fresh raw milk taken as reference values data from Gerber Method

ON LINE TEST:

Finally, in order to test whether the sensor was capable of measuring on-line under real
conditions, the sensor was placed in a real farm. In Figure 6, it can be seen the evolution of the
fat measured with the developed sensor during milking in four different cows.
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Figure 6. Fat measurement during milking



As can be seen, fat content varies during milking in an increasing ratio. Therefore, if the
meassurement is taken online, it could be possible to obtain milk with different fat concentration
during milking.

Conclusions

In this paper it has been present an on-line optical fibre sensor capable of measuring the fat
content of milk during the milking process. The sensor uses an inexpensive NIR spectrometry
method to obtain a high precision value for total fat content. In addition, the sensor presented in
this paper is maintenance-free, since it is washed during the washing cycle of the milking
machine and it can be used in both parlour and milking robot.

The sensor has been tested in a laboratory and finally it was implemented in a farm,
demonstrating that does not cause any disturbance in the milking machine or in the milk.

Daily measurement of fat in milk could be useful for in-farm control of the fat concentration of
milk, obtaining skimmed milk without any treatment or modify the cow’s diet to achieve the fat
objectives.
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Abstract . A rapid and nondestructive procedure based on Attenuate Total Reflectance Fourier
Transform Infrared Spectroscopy (ATR-FTIR) models was developed to determine the content of
EPA and DHA in fish oil to replace the time consuming gas chromatography (GC) method. A total of
35 samples were scanned in the ATR mode by Nicolet 670FT-IR spectrometer and the reference
values for EPA and DHA was measured by GC. Calibration equations were developed using partial
least squares (PLS), least-squares support vector machine (LS-SVM) and multiple linear regression
(MLR). High averaged RPD values of 6.037 and 10.597 from PLS and LS-SVM were obtained by full
range spectra for DHA and EPA analysis respectively. In order to eliminate useless variables and
reduce calculation time, successive projections algorithm (SPA) was used to select effective
variables. The averaged RPD values of 4.657 and 5.476 from three calibration algorithms were
obtained based on SPA selected variables for DHA and EPA respectively. Less than 0.5% of the full
range spectral variables were selected respectively for EPA and DHA analysis, which shows that
SPA was a useful tool to select the effective variables. The results reported in this article
demonstrate that ATR-FTIR measurements can serve as a rapid method to determine EPA and DHA
in fish oils.

Keywords. Attenuate Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR),
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), fish oils, successive projections
algorithm (SPA), Least-squares support vector machine (LS-SVM)
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Introduction

Fish oil is oil derived from the tissues of oily fish. Fish oils contain the omega-3 fatty acids
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), precursors to eicosanoids that
are known to reduce inflammation throughout the body (Cleland, James & Proudman, 2006;
Moghadasian, 2008). Consumption of fish oil and dietary supplements containing EPA and DHA
has steadily increased because of their reported health benefits, such as cardiovascular health,
neurological diseases, infant health and development, inflammation and cancer. Fish oil has
been studied for treating clinical depression (Naliwaiko et al., 2004) anxiety (Yehuda, Rabinovitz
& Mostofsky, 2005) and enhancing the benefits from depression medications (Nemets, Stahl &
Belmaker, 2002). Countries with the highest intake of fish in their diets are correlated with the
lowest rates of depression among citizens.

Usually, the contents of EPA and DHA in oils are determined using GC or HPLC, but they are
time-consuming, destructive, complex and laborious, with high cost and could not satisfy the
need for rapid analyzing of the fatty acids. Mid-infrared spectroscopy (MIR) measures the
fundamental vibrational modes of molecules. With MIR spectroscopy, specific bands may be
assigned to specific molecular bonds, and the type of molecules present in the sample can be
defined. The traditional infrared analysis method for liquid samples is the collection of a KBr
pellet spectrum. However, preparation of KBr pellets requires some skill, especially for
quantitative analyses. Currently, an attenuated total reflectance (FTIR-ATR) sampling accessory
is being used to replace traditional methods of analysis. ATR accessories like a single-reflection
micro-ATR provide a simple and effective alternative, suitable for the infrared analysis of liquid.
ATR analysis is less complicated than using KBr pellets. It is rapid, requires only a small sample
size, does not require the use of solvents, and is less expensive than other methods like gas
chromatography. In the work, spectra measured by ATR-FTIR were used for the determination
of DHA and EPA in fish oils.

Material and Methods

Sample Preparation and Data Measurement

Fish oils, TAG concentrates of n-3 PUFA, were obtained from seven brands of AMWAY,
General Nutrition Corporation (GNC) and BY-HEALTH. These samples were provided for
research purposes only and hence results presented in this publication are not accurate for any
released commercial production.

A Nicolet 670FT-IR Spectrometer equipped with an ATR accessory was used. A drop of sample
from capillary was spread onto the ATR crystal to give total coverage. The spectra were
scanned over the wavenumber interval of 4,000-650 cm™, averaging 64 scans at a resolution of
0.09 cm™. A background air spectrum was scanned before each measurement session using
the same instrumental conditions. Finally, spectra of a total of 35 samples (5 from each brand)
were obtained. Both DHA and EPA contents were evaluated by gas chromatography. Peak
retention times and area percentages of total fatty acids were identified by injecting a standard
mixture. The descriptive statistics for DHA and EPA of samples are presented in Table 1. The
calibration set contains 21 samples and 14 samples constitute the prediction set.

Chemometrics

Spectral preprocessing is necessary before the calibration stage in the spectral analysis.
Several spectral preprocessing algorithms, including Savitzky-Golay smoothing (SGS), standard



normal variate (SNV), multiplicative scatter correction (MSC), 1°* and 2™ derivatives (1D and 2D),
were implemented using “The Unscrambler V9.7” (CAMO PROCESS AS, Oslo, Norway). The
performances of these preprocessing algorithms were compared based on PLS calibration.

Partial least squares (PLS) analysis (Gerlach, Kowalski & Wold, 1979) is widely used for
spectral calibration. PLS is performed for the establishment of a regression model to perform
the prediction of physiological concentrations. PLS finds the fundamental relations between the
variable matrix Y (the properties of interest) and the variable matrix X (the spectra). Least-
squares support vector machines (LS-SVM) was an optimized version based on the standard
support vector machine. The RBF (radial basis function) was analyzed here. The optimum y and
o” parameters were selected when they produced the smallest RMSECV (Wu, He, Feng & Sun,
2008). Multiple linear regression (MLR) is another commonly used calibration algorithm which is
simple and easy to be interpreted (Naes & Mevik, 2001).

Successive projections algorithm (SPA) is a novelty variable selection algorithm to solve the
collinearity problems. SPA employs a simple projection operation in a vector space to select
subsets of variables with minimum of collinearity (Araujo et al., 2001).

The performance of the calibration model was evaluated in terms of residual predictive deviation
(RPD), root mean square error of calibration (RMSEC) and prediction (RMSEP) and the
coefficients of determination of calibration (r%;) and prediction (rzp). RPD is the standard
deviation of reference data for the validation samples divided by the standard error of prediction
(SEP) and provides a standardization of the SEP (Williams, 2001).

Results and discussion

Overview of the Spectra and the reference analysis

Figure 1 shows the original mid-infrared spectra at the wavenumbers of 4,000-650 cm™.
Generally, the shape of original spectra was quite homogeneous and no outliers were
distinguished a priori by visual inspection. The wavenumbers around 675-730 cm™ were
assigned to medium HC=CH vibrations. The wavenumbers around 800-900 cm™ were assigned
to weak isolated aromatic C-H vibrations. The wavenumbers around 900-940 cm™ were
assigned to medium CH,=C vibrations. The wavenumbers around 1,020-1,075 and 1,200-1,275
cm™ were assigned to strong =C-O-C vibrations. The wavenumbers around 1,090-1,100 cm™
were assigned to strong C-O-C vibrations. The wavenumbers around 1,125-1,200 cm™ were
assigned to strong O=C-O-C=0 vibrations. The wavenumbers around 1,370-1,390 cm™ were
assigned to medium CHj vibrations. The wavenumbers around 1,430-1,470 cm™ were assigned
to medium CHs and CH, vibrations. The wavenumbers around 2,850-2,960 cm™ were assigned
to strong CH; and CH, vibrations. The wavenumbers around 3,010-3,040 cm™ were assigned to
medium C=CH vibrations. However it was still difficult to find relationships between spectra and
the content of DHA and EPA directly. Thus, chemometrics were employed for the data mining
and analysis. Because spectra at some wavelengths had no absorbance, to improve the signal
to noise ratio, these spectra were not considered. Finally, the spectra of wavenumber (650-
1,690 and 2,819-3,060 cm™) were employed for the data analysis.

Table 1. Statistic DHA and EPA values of fish oils

Sample number Maximum Minimum Mean Standard deviation

DHA  Calibration 21 226.44 98.61 173.91 45.94
Prediction 14 228.03 103.86 175.45 44.63
EPA  Calibration 21 356.72 104.15 214.12 88.61
Prediction 14 349.92 103.00 212.65 88.29




100

o5

[0

85

80

75

Transmittance %

70

65

60 § -

i i i i i i
S500 1000 1500 2000 2500 3000 3500 4000
Wavenumber cm-1

Figure 1. Original mid-infrared spectra at the wavenumbers of 4,000-650 cm"

Preprocessing Comparison

Full spectra PLS models were developed with different preprocessing algorithms. SGS
calculations with different smoothing points and polynomial order of two were compared. For
DHA analysis, the points of 0, 9, 19 to 99 were analyzed. The best point value was 39 (Figure
2.a). Then based on smoothed spectra, SNV, MSC, 1D and 2D were calculated. The points of
1D and 2D were set as 39 the same to SGS. The best result was obtained when MSC was
applied. However there was no improvement of SGS-MSC compared to SGS. Therefore SGS
with smoothing points of 39 and polynomial order of two was considered as the best
preprocessing for DHA analysis. For EPA analysis, when we were trying the smoothing points
from 0 to 99, the obtained RPD values were slowly increasing. Then we calculated the points
larger than 100, the results are shown in Figure 2.b. The best value was 309 and the RPD value
was 9.38. Then we also calculated SNV, MSC, 1D and 2D based on smoothed spectra. The
points of 1D and 2D were set as 309 the same to SGS. MSC did also the best, and had the
RPD value of 10.63. Therefore SGS with smoothing points of 309 and polynomial order of two
combined with MSC was considered as the best preprocessing for EPA analysis.

Calibration

As a non-linear calibration algorithm, LS-SVM was calculated based on the best preprocessed
results of PLS, which is a linear algorithm. The results are shown in Table 2. For DHA analysis,
LS-SVM obtained better performance than PLS. The RPD value increased 25% from 5.361 to
6.713. For EPA analysis, LS-SVM had similar performance to PLS (10.562 vs. 10.631 of RPD).
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Figure 2. RPD values of Savitzky-Golay smoothing preprocessing with different smoothing
points for DHA (a) and EPA (b) analysis.

Table 2. Results of LS-SVM and PLS based on the best preprocessed spectra
. RMSEC r;, RMSEP RPD

DHA PLS 0.994 3.578 0.967 8.433 5.361
LS-SVM  1.000 0.066 0.983 7.420 6.713
EPA PLS 0.997 4.361 0.993 8.751 10.631

LS-SVM  0.995 6.335 0.991 8.442  10.562




Variable elimination

In order to reduce the complexity of the model, SPA was carried out for selecting effective
wavelength variables from the full spectra. Figure 3 shows the RMSE screen plot obtained by
SPA based on the whole spectra for DHA and EPA analysis respectively. As can be seen, a
sharp fall is shown in the starting part of the RMSE curve as the numbers of selected variables
are from 1 to 7 for DHA and from 1 to 6 for EPA, respectively. The best numbers of variables
were determined as nine (RMSE = 5.3134) and six (RMSE = 9.1344) for DHA and EPA,
respectively. Compared to 2661 variables of the original spectra, only 0.3% and 0.2% variables
were selected for DHA and EPA analysis. Figure 4 is the plot of 9 (a) and 6 (b) wavelength
variables selected by SPA for DHA and EPA analyses, respectively. Black columns represent
the selected wavelengths. Finally, 688, 771, 1025, 1304, 1358, 1684, 2924, 2963 and 2980 cm"
were chose for DHA, and 731, 806, 998, 1004, 1241 and 1602 cm™ were chose for EPA.
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Figure 3. RMSE scree plot of SPA analysis for DHA (a) and EPA (b) analysis
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Figure 4. Plot of 9 (a) and 6 (b) selected wavelength variables by SPA for DHA (a) and EPA (b)
analyses, respectively. Black columns represent selected wavelength variables

The selected wavelength variables by SPA were set as input variables of PLS, LS-SVM
and MLR (Table 3).For DHA analysis, these three methods had a similar results with RPD
values around 4.6. Compared to full range spectra, the RPD value of PLS model decreased
15.17% from 5.361 to 4.548 and that of LS-SVM model decreased 28.06%, almost double than
that of PLS, showing that PLS had a better adaptive capacity to SPA than LS-SVM. For EPA
analysis, also similar results have been obtained. Both PLS and LS-SVM lost half RPD value,
showing that SPA did a not good work on EPA analysis. However the r2p values were still higher
than 0.97 for EPA determination. Considering only less than 0.5% of full range variables were
used for the model establishment, the results of SPA selection were still satisfactory.

Conclusion

ATR-NMIR spectroscopy was successfully utilized for the rapid determination of DHA and EPA
of fish oils. High averaged RPD values of 6.037 and 10.597 from PLS and LS-SVM were
obtained by full range spectra for DHA and EPA analysis respectively. Then SPA was carried
out for selecting effective wavelength variables from the full spectra. Considering that MLR is



simpler and PLS and LS-SVM is the most complex calibration algorithm used in this study, SPA-
MLR was chosen as the best. As a conclusion, ATR-MIR spectroscopy is a feasible technique
for DHA and EPA determination in fish oils. High RPD values around five shows that ATR-MLR
was adequate for quality control (Williams, 2001). The whole measurement process was rapid,
required only a small sample size, and did not require the use of solvents.

Table 3. Results of LS-SVM and PLS based on the selected variables of SPA

. RMSEC r;, RMSEP RPD

DHA PLS 0.997 2530 0952 10.144 4.548
LS-SVM  0.996 2.842 0959 9528  4.829

MLR 0.997 2522 0953 10.012 4.593

EPA PLS 0.990 8.464 0978 15444 5512
LS-SVM  0.999 3.069 0983 15.058 5.684

MLR 0995 5921 0980 16.293 5.233
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Abstract. Authentication of olive oil adulterated with low cost edible oils by means of a rapid and
nondestructive analytical tool was studied. Adulteration of olive oil with cheaper counterparts is a
major food safety violation and even considered to be a public health threat.

Extra virgin olive oil was adulterated with hazelnut, corn and sunflower oils at different volume ratios.
Binary systems of olive-sunflower oil and olive-hazelnut oil, tertiary mixture of olive-corn-sunflower
oils and quaternary olive-hazelnut-corn-sunflower oils mixture were prepared at olive oil
concentrations spanning from 95 to 50 volume percentages.

Attenuated Total Reflectance based FTIR technique was selected as a means of analytical technique
detecting molecular level information due to olive oil adulteration. Generalized 2D correlation
spectroscopy technique was applied to the spectroscopic data to elucidate spectral responses that
can best correlate with the authenticity. An asynchronous 2D correlation spectrum was obtained to
represent differences between sequential variations of spectral responses due to adulteration. C-H
stretch vibrational modes between 2800-3000 cm-1 was found to be the most sensitively adulteration
correlated region in the spectra. Discrimination of pure oil mixtures (olive, sunflower and hazelnut
oils) from the binary, tertiary and quaternary oil mixtures was performed employing a hybrid partial
least square-canonical variate analysis to C-H vibration modes. Pure systems were well separated
from each other, yet mixed oils scattered around the olive oil samples since they contain large
amount of olive oil in their composition..
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Chemometrics, Discrimination Analysis
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