FT-NIR spectra analysis and processing
to determine the quality parameters of
various edible oils and chicken fat
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Valorisation of chicken fat as a fat source in chicken meat products or as a low-cost source
of biodiesel could be a viable option for the poultry industry’s long-term sustainability and
pollution reduction. The acidity and peroxide levels of culinary oils and fats are important
grading and safety factors. FT-NIR techniques with chemometric treatment are a rapid,
reliable, and convenient alternative to wet-chemical characterisation by reference analysis.
This research demonstrated that using FT-NIR spectroscopy (1122-902 nm) and (1090-
898 nm) with PLS-R, PCA, and Discriminant Analysis (DA) was sufficient to analyse data,
predict, and discriminate edible oils and chicken fat according to their quality parameters
regardless of whether they are present in low or high amounts. The PLS-R regression
models can predict FFA and PV because they have a perfect agreement with reference
analysis (R?, 0.94 and 0.99) and have RPD >2 showing FT-NIR is suitable for quality
control applications of edible oils and chicken fat. DA was able to discriminate between
the groups chicken fat and virgin olive oil, from other edible oils with a 98% accuracy,
based on their FFA and PV by both methods. The FT-NIR method with a multivariate
approach is an excellent alternative to reference methods, using a small sample and no
chemical, fast, reliable, and as green technique that could be used as a quality control
tool for both predictions of quality and discrimination purposes.

Keywords: FT-NIR, Reference Analysis, Quality parameters, FFA, PV, Multivariate
methods, PCA, Discriminant Analysis

INTRODUCTION

Edible oils and fats are obtained from the extraction of oilseeds (peanut,
soybean, sunflower, and so on), fruits (coconut, olive, and palm) or animal
tissues. Qils and fats are used mainly for edible purposes, as ingredient or
raw material, and additive in food and feed production to improve the qual-
ity and taste and to provide essential nutrient and energy, consumed as
human food. Edible oils and animal fats are utilised as fat spreads, cooking
fats, frying oils, salad oils, mayonnaise etc., either directly or after proper
modifications. The remaining minor parts of oils and fats are processed into
a variety of oleo chemicals, which are utilised as surfactants, used in phar-
maceutical industries, used as animal feed and as a biodiesel [1, 2]. Chicken
fat creating an environmental problem is usually considered as waste and
thus it is discarded. However, it can be an alternative to edible oils and fats
in food processing and can contribute to the development of a sustainability
of poultry industry [3, 4]. Chicken fat can be used to increase plasticity when
mixed with other solid fats [3] and can be converted to biodiesel. Oils and
fats may have differences in their qualities that significantly affects their sta-
bility, reactivity, and processing. Monitoring changes and quality of oils and
fats during processing and storage is very important from a quality, function-
ality, economic value, and food safety point of view. The nutritional value,
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freshness and quality of edible oils greatly affected
by acidity and peroxide value that also affects human
health and may cause problems during processing
[5]. Acidity is determined by acid/base titration and
may change during storage, processing, heating, or
frying due to time, temperature, and moisture con-
tent. Besides, the acidity of edible oils shows hy-
drolysis or lipolysis, thus it is a direct measure of the
quality [6] and tendency for rancidity. Oils and fats
containing high amounts of free fatty acids (FFAs) are
more prone to oxidation and produce rancidity, since
FFAs are less stable, and thus it greatly affects quality
and commercial value of oils and fats [7] as well as for
their classification [8]. FFA content of edible oils and
fats are reduced during refining and biodiesel pro-
duction [4, 7]. The peroxide value (PV) being normally
determined by titration is an indicator of freshness,
it reflects oils oxidative level and thus its tendency
to become rancid and therefore, it is a very import-
ant quality parameter for food safety [9]. Oxidative
degradation generates a negative impact on flavour,
shelf life, and nutrition of oils and fats [10, 11]. Per-
oxide value is below 10 meq O2/kg for fresh oils and
if PV as high as 100 meqg O2/kg might be the cases
of food poisoning [10]. The American Oil Chemists
Society (AOCS) and International Olive Council (I0C)
have recommended standard titrimetric methods for
measuring FFA and PV of oils and fats [12, 13]. These
titrimetric methods have some disadvantages since
they are time-consuming, laborious, tedious and can
result in health and environmental problems, incon-
venient for on-line monitoring, expensive, poorly re-
producibile, and less sensitive [5, 7, 14-16]. These
chemical methods require large amounts of organic
solvents, toxic and carcinogenic reagents that cause
health concerns and environmental disposal prob-
lems and difficulty in distinguishing the end-point with
dark coloured oils and fats and largely dependent on
the skills of the analyst [5, 11]. Therefore, reliable, fast
and safe analytical methods are required to deter-
mine quality parameters of oils and fats due to differ-
ences in composition, production, refining, blending,
or adulteration [16] that should be addressed by the
official authorities and producers [16, 17]. The Fourier
transform Near infrared (FTNIR) technique combined
with chemometrics has been developed as an ana-
lytical tool for determination of oils and fats quality. It
is a rapid technique (takes few minutes) and reduces
the use of toxic solvents, pollution-free, safe to use,
helps environmental protection, it is economical, a
simple operation even for untrained staff, efficient and
allows online, off-line and at-line detection of quality
parameters for use of quantification of various oil pa-
rameters including acidity based on C-H stretching
and peroxide value based on COO stretching [2, 5,
11, 18] . The FT-NIR technique could determine and
predict several parameters such as acidity, peroxide
value, iodine value, anisidine value, malondialdehyde,
soap contents within a single measurement [6,7,18-

20] providing a great amount of information which
is useful for determination of quality of oils and fats.
However, NIR spectra have wide and overlapping
bands due to the similar nature of oils and fats, there-
fore needs chemometric methods such as principal
component analysis (PCA) and Partial Least Square
regression (PLS-R) need to be used to detect spectral
differences by computing latent variables, known as
loadings spectra, that are related to the component
of interest for evaluation of data and interpretation of
quality parameters [21, 22, 23]. Thus, chemometric
analysis methods has been frequently developed for
the rapid and online FT-NIR spectroscopic detection
system for food quality, safety and control and has
been used for the discrimination of edible oils and
fats [19, 20], classification [16] and to distinguish an-
imal fats from different species [1]. There are many
uses for FTNIR spectroscopy in determining the or-
igin of edible oils and performing general analysis in
edible oils and fats. Putri et al. [5] tested some quality
parameters like acidity, peroxide, and saponification
values in patin fish oil with the FTIR spectroscopy
combined with Principal Component Regression
(PCR) and (PLS-R) providing a high correlation coef-
ficient (R?) reached up to 0.99 with FT-NIR range 721
to 2950 cm-1. Galbraith et al. [10] used NIR to build
regression models to predict and determine peroxide
value of the various edible oils within NIR range of
3799-14,998 cm~' and RMSEP ranged between 1.9
to 2.50. Jiang et al. [17] was able to have excellent
performance in predicting acid value of edible oils
during storage with MPA based strategy, R? = 0.92
and RPD was 2.82 by NIR with a range of 1150-
1700 nm. Also, Kaufmann, et al. [23] have used PLS
calibration model for acidity prediction in palm oil,
achieving R? = 0.97 using most relevant wavelengths
range of 1,100 to 1,500 nm. Thus, previous studies
consisted of quality parameters such as acidity [6, 7,
17, 21, 23] and peroxide values [5, 9, 11, 20] of sin-
gle type oils and fats. To best of our knowledge, the
FT-NIR method has not been applied for determina-
tion of the free acidity and peroxide value to assess
chicken fat quality. Therefore, the aim of this study
is to investigate, compare and highlight the potential
of the FT-NIR spectroscopic techniques to monitor
free acidity and peroxide values of various common
edible oils and chicken fat both by reference analy-
sis and FT-NIR technique and to construct a reliable
multivariate model to predict and discriminate edible
oils and chicken fat according to their quality param-
eters.

2. MATERIALS AND METHODS
2.1. MATERIALS

Sunflower oil, corn ail, virgin, and the olive oil with
three different brands were purchased from local
markets in 1 kg/bottle and chicken fat was provided
from Pilyem Feed factory, Turkey. All edible oils and
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chicken fats were stored at 5+1°C, respectively in the
dark until the related analysis.

The chemicals and solvents used throughout the
study were HPLC grade. N-hexane, chloroform, eth-
yl acetate, ethanol, HCI, acetic acid, sodium thiosul-
phate, Kl, acetone, KOH, and phenolphthalein were
obtained from Merck (Darmstadt, Steinheim Germa-

ny).
2.2. METHODS

2.2.1. Analytical Measurements

The free acidity as a percentage of oleic acid (% w/w)
and the peroxide value as meq O, kg™ were deter-
mined, according to Ca 5a-40 and Cd 8-53, respec-
tively, described in American Oil Chemist Society [12]
official reference methods.

2.2.2. FT-NIR Spectroscopy

The FT NIR spectra of edible oils and chicken fat were
measured as indicative of quality parameters of edi-
ble oils and chicken fats. The spectrophotometer was
a Multi-Purpose Analyzer (MPA) Fourier Transform
Near Infrared Transmittance FT-NIR (Bruker Optics,
Ettlingen, Germany) fitted with an inGaAs detector
and thermostated between 5 and 35°C. The FT-NIR
spectra were acquired with a 10 kHz scanner velocity
from 12500 (2500 nm) to 4000 (800 nm) cm™, with
5 scans per spectrum and an 8 cm™ resolution. In
30 seconds, the entire sample FT-NIR spectrum was
captured. Chicken fat was heated to 50°C to guaran-
tee that it was completely melted, translucent as de-
scribed in [21] before scanning. The cell components
were washed in warm water, rinsed with acetone, and
dried after each sample. Each edible oil and chicken
fat spectra was collected in triplicate. OPUS program
fully GMP compliant, fully 21 CFR part 11 compliant
from Bruker was employed for data acquisition. Treat-
ment of data OPUS/Quant 2 was used to carry out
the NIR calibration process (Bruker Optics GmbH,
Ettlingen, Germany). Multiple components can be
quantified within a single spectrum using software
applications.

2.2.3. Chemometric Analysis

The mean and standard deviation of three measure-
ments were used to calculate the results. Oils and fat
FT-NIR spectrain the range of 12.500 (800 nm) -4.000
(2500 nm) cm-'. A paired sample t-test (p<0,05) and
z-score was used to compare the data obtained
by reference and FT-NIR method. PCA-Correlation,
PLS-Regression, and Discriminant Analysis (DA) were
used to assess the quality by both official reference
and FT-NIR methods using XLSTAT 2022.1.1.1251,
Addinsoft, New York, NY, USA software package.

2.2.4. Data Analysis (PCA), Model Performance
(PLS-R) and Discrimination (DA)
PCA was used initially to examine the possible clas-

sification of the various edible oils and fats with a
full correlation since it enables reducing variable di-
mensions for samples clustering. The first principal
component, PC1, covers the maximal information
direction and is orthogonal (that is, explains comple-
mentary information) to PC2. PCA is an unsupervised
exploratory method that is linear combinations of the
original variables. If they are closer they are more sim-
ilar, if they are further apart they more distinct in the
score plots. Thus, the plots can be used to deduce
sample differences and similarities. Samples to the
right of the scores plot, for example, will often have
a large value for variables to the right of the load-
ings plot and a small value for variables to the left
of the loadings plot [18]. The model performances
FT-NIR-PLS-R models of edible oils and chicken fat
were evaluated based on determination of correlation
coefficient R?, RMSE and RPD values of the calibra-
tion models of PLS-R. The R? is an indicator of the
goodness of fit between the predicted and reference
values for each quality parameter (free acidity and
peroxide value) and it may change between O and
1 indicating fitness of the models [14, 21]. The ratio
of the standard deviation of the reference data divid-
ed by the standard error of prediction is known as
RPD (Ratio of Performance Deviation) is also used
to check the accuracy of the prediction models that
have been constructed. According to extensive re-
search, a PLS model with an RPD value between 2.0
and 3.0 is regarded as a decent PLS model and ad-
equate for analytical purposes [14]. The Discriminant
Analysis (DA) model was built by using the backward
stepwise analysis option (within-class covariance
matrices are assumed to be equal) was performed to
discriminate edible oils and chicken fats according to
their quality criteria.

3. RESULTS AND DISCUSSION

3.1. FT-NIR SPECTRA AND REFERENCE ANALYSIS
VALUES OF FREE ACIDITY AND PEROXIDE VALUE OF
EDIBLE OILS AND CHICKEN FAT

Free fatty acidity is used to constitute the quality and
the classification of edible oils. Hydroperoxides are
formed due to oxidation of fatty acids and are mea-
sured through peroxide value. Both are the most
significant parameters to determine quality of edible
oils and fats [21, 22]. FT-NIR spectra pre-processing
(normalisation) it is necessary to evaluate the results
by using multivariate methods for interpretation [23]
and to detect spectral differences by computing la-
tent variables (loading spectra) that are related to the
free fatty acidity and peroxide value of oils and chick-
en fat [21]. Figure 1 shows FT-NIR spectra of chicken
fat and edible oils.

FT-NIR spectra obtained at 5450 and 4490 cm™'
(1090-898 nm) and 5612 and 4509 cm~' (1122-902
nm) and the peaks at can be appointed to the first
overtones of C-H stretching and C=0 stretching vi-

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. C - GENNAIO/MARZO 2023




brations, respectively. FT-NIR spectra of edible oils
and chicken fat showed that the most intense ab-
sorption bands at 5650 and 4490 cm~' corresponds
to free fatty acidity and peroxide value (Fig. 1). Mul-
tiple components can be quantified within a single
spectrum using software applications [21, 23-25].
Edible oils and chicken fat have similar spectra due
to their nature (Fig. 1). The spectra obtained between
5612 to 4500 was used for FFA and 5450 to 4489
was used for PV determinations in FT-NIR after 1st
normalization process in this study. The reference titri-
metric method data was incorporated into the Bruker
FT-NIR system to establish a spectral library for the
creation of a quick, non-destructive approach to test
oils and chicken fat quality. Table | shows the FFA and
peroxide values of edible oils and chicken fat that are
determined both by reference and NIR methods.

The results showed that there were variations in the
free fatty acid and peroxide value contents of oils
and fats obtained from three different brands (Tab.
). The free fatty acid level of the edible oils and fats
ranged between 0.28 (corn oil) to 9.63 (chicken fat)
% (as oleic acid) determined both by reference anal-
ysis and FT-NIR method, respectively. It was found
that the virgin olive oil had the highest and corn ail
had the lowest peroxide value of 17.91 and 11.48
meqgO, kg 'of determined by both reference analysis
and FT-NIR method, respectively (Tab. I). According
to Table | p-value is 0.05 and edible oils did not exhibit
significant differences in PV values between reference
and FT-NIR method showed in FFA content of corn
oil and chicken fat (p<0,05). Z-scores were between
-0.13 and -0.17 respectively confirming the accuracy
of the FT-NIR-method against reference method for
FFA and PV determination. Our results agree with [22,
26, 27] found no significant differences between ref-

Sunflower oil 1 M
" Sunflower oil 2 h’/q
Sunfoweroll3 y A =
“cComail1 i
Corn oil 2
Corn oil 3
& Virgin olive oil 1 ] e gl |
Virgin olive oil 2 ; - sl il
g Virgin olive oil 3 P Y o
" Olive oil 1 Y
O SRR St i
___{_)_Ii_ve_qilii_— o e U R
Chicken fat 1 o e g |
OloelE® A
" Chicken fat 3 \.
B500 B000 T500 TO00 G500 G000 5500 5000 45000 4000
Wawenumber (cm-1)

Figure 1 - FT-NIR spectrum of edible oils and chicken fat.
Spectra were obtained in the transmittance mode using 6.5
mm i.d. glass vials and accumulating 5 scans per spectrum
and a resolution of 8 cm~". Spectra were shifted on the y-axis
to clearly show their characteristic bands. Inset: Differences
between the different types of edible oils and chicken fat were
analyzed in the interval from 4600 to 8500 cm=' (833 - 2500
nm).

erence method and FT-NIR method for (fat, protein,
and water) composition as well as quality parameters
of oils and fats including FFA, PV.

3.2. PREDICTION MODELS AND COMPARISON OF
FT-NIR AND REFERENCE METHODS

FT-NIR spectroscopy coupled with is a factorial multi-
variate calibration method such as Partial least square

Table I - Comparison of Free Fatty Acidity and Peroxide Values of Edible Oils and Chicken Fat by Reference Titrimetric Method

and FT-NIR Spectroscopic Method

. . Free Fatty Acidit Peroxide Value
Edible oils & Fats (% as olgic acid)y (meq 02 kg'! oil)
Reference 9.15+2.81 12.87+5.01
) FT-NIR 9.63+3.32 12.98+4.88
Chicken Fat p-value 0.11 0.80
Reference 0.28+0.14 12.87+0.76
FT-NIR 0.46+0.28 11.48+2.13
Corn Qil p-value 0.37 0.27
Reference 0.59+0.29 12.84+7.18
FT-NIR 0.74+0.36 13.67+6.35
QOlive Ol p-value 0.03* 0.54
Reference 0.50£0.16 17.084£2.19
FT-NIR 0.56+0.43 15.94+4.35
Sunflower Oil p-value 0.00** 0.56
Reference 1.31£0.17 16.80+£11.16
FT-NIR 0.99+0.19 17.91£12.45
Virgin Olive Oil p-value 0.00** 0.50
z-score -0.13 -0.17
*<0.05 **<0.01
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(PLS-R) were found to be effective in building the cal-
ibration models from variables that has been exten-
sively used for the quality parameters of edible oils
[28-30]. The PLS-R models using the FT-NIR spectra
for the prediction of the content of the free fatty ac-
ids and peroxides found in edible oils and chicken fat
was developed by using cross validation (Jacknife),
standardised coefficient models. Correlation plots
and PLS-R model data are given in Figure 2a-b.
FT-NIR spectra were evaluated by using PLS-R cal-
ibration models to correlate and predict free fatty
acidity and peroxide values for both official reference
analysis and FT-NIR method. Although there is a
clear difference between FFA content of chicken fat
(9.6%, the highest) and corn oil (0.3%, the lowest)
determined by both method, good regression models
could be obtained through PLS-R regression, cross
validated models by using standardised coefficients.
This clearly indicates that both models used for de-
termining and predicting the values of free fatty acid-
ity and peroxide values of edible oils and chicken fat
are acceptable models to be predicted or measured
accurately by using the FT-NIR Method no matter
whether they are present in high or low amounts.
PLS-R regression for free fatty acidity and PV in ed-
ible oils and chicken fat evaluated by PLS-R-FT-NIR
and official reference method provided equations
were as follows; FFA (FT-NIR) = -0,027+0,55* REF
FFA with correlation coefficient R? = 0.99, RMSE =
0.35 and RPD = 3.1 and PV (FT-NIR) = -0,89 + 0,52*
REF PV with correlation coefficient R? = 0.94, RMSE
=1.57 and RPD = 2.4, respectively. Our results clear-

FT-NIR vs Reference FFA a
14
12
T 10
K-
©
=
x 8
z
=
L 6
9
= . R?=0.99
w RMSE=0.35
RPD= 3.1
2
0
0 5 10

FFA (%) Reference Method

ly showed that good prediction models can be de-
veloped using the PLS-R technique for the prediction
of quality parameters of edible oils and chicken fat
since R?values were very close to 1 (0.99 and 0.94,
respectively) (Fig. 2a, b). PLS regression models can
result in accurate models even though the constit-
uents concentrations vary [31] for different types of
oils used [10]. While FFA values range between 0.3
t0 9.6% and peroxide values between 11.5 to 17.9
meq O2/kg, RMSE values vary between 0.35-1.57.
These results clearly show a good prediction models
for FFA and PV were obtained from FT-NIR and ref-
erence methods. Similar results were also obtained
by [31] FFA values ranged between 0.27-11.70%,
RMSE values were obtained as 0.47 and 0.61. Our
results were in accordance with the previous studies
estimated with similar R2 values found between 0.85
to 0.99 and 0.81 to 0.99 [14, 22, 24, 32, 33] for FFA
and peroxide values of olive oil and other edible oils.
The RPD values for free fatty acidity and PV values of
edible oils and chicken fat were found between 3.1
and 2.4 respectively. This clearly indicates, in addition
to R? values, that both models used for determining
and predicting the values of free fatty acidity and per-
oxide values of edible oils and chicken fat are accept-
able models and free fatty acid and peroxide value of
the oils and chicken fat can be predicted accurately
by using the FT-NIR method compared to the refer-
ence method. In fact, it may be difficult to obtain RPD
values higher than 3, because of the sample prepara-
tion, presentation, or difficulty with reference testing,
and a sample set with minimal variability. RPD > 3.0

FT-NIR vs Reference PV b

30 .

25

20

15

10

PV (meq O2/kg- FT-NIR Method

5 10 15 20 25 30
PV (meq O2/kg- Reference Method

Figure 2 a-b - (a) Correlation plots and PLS-R modeling for Reference and-FT-NIR Method for (a): free fatty acidity-FFA (% as
oleic acid), (b): peroxide value-PV (meqO2 kg of oil) of edible oils and chicken fat.
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can be used for screening quality, quality control, pro-
cess control and high enough for reliability and pre-
diction, RPD > 8 suitable for any application [18, 21,
25, 31, 32, 34] and RPD higher than 10 is considered
equivalent to the reference method [35]. Thus, our re-
sults agree with previous studies, where the FT-NIR
spectroscopy was used to predict edible oils quality
parameters by using PLS-R models based on their R?
and RPD values [14, 17, 33, 30]. This study showed
that FFA and PV of edible oils and chicken fat were
determined accurately by using the FT-NIR method.
These quality indicators can be accurately predicted
by utilising PLS-R methods. Because accuracy and
repeatability were excellent, and the measurement
time was only approximately 30 seconds per sample,
the FT-NIR approach could be useful for determining
FFA and PV of edible oils and chicken fat.

Similar results were also confirmed by correlation
tests (data not shown). The correlation results clearly
indicated that official reference methods and the cor-
responding FT-NIR methods confirms that FT-NIR is
very strong tool to analyse edible oils and fat quality
parameters. This method is a simple and convenient
way to check quality, with the benefits of ease of use,
quick sample turnover, and no sample pre-treatment.
In terms of analytical performance, the results of mul-
tivariate aided FT-NIR analysis were statistically like
those produced by official and traditional processes.
Thus, this technique, could be applied for the quality
control, safety evaluation and discrimination of differ-
ent edible oils and fats, it reduces time, costs, and

the possible chemical hazard of reference analysis.
Successful prediction of ripening degree and pheno-
lic compounds, chlorophyll content, essential oil of
olives and olive oil, oregano oil and calila oil leaves
[33, 36-38], FFA, PV, total phenolic content and fatty
acids of oils [10, 18, 33] are a few examples of FI-
NIR approaches being used in prediction research in
literature.

3.3. DISCRIMINATION OF EDIBLE OILS AND CHICKEN
FAT BY BOTH FT-NIR AND REFERENCE METHODS
The PCA score biplot of FFA and PV results of edi-
ble oils and chicken fat both by reference and FT-NIR
method is shown in Figure 3a.

Various oils and chicken fat which were analysed with
FT-NIR spectra were classified and clustering tenden-
cies were determined by using the PCA method in
literature [14, 24, 39].

PC1 was mainly correlated with the free fatty acids
and PC2 was correlated with peroxide values de-
termined by both methods. The first principal com-
ponent (PC1) explains 64.3% of the total variance,
and the second major component (PC2) represents
32.3% of the total variance. Edible oils show a nega-
tive contribution to PC1 and chicken fat that have the
high free fatty acidity (9.6%) were positioned on the
positive PC1 axis. The PCA graphs clearly demon-
strated that chicken fat shows a significant difference
than other edible oils (Fig. 3a). It was clear that PCA
clustered oils and chicken fat into three groups of
chicken fat highly and positively, sunflower oil and vir-

Biplot (axes F1 and F2: 97,59 %) of Edible | 2
QOils and Chicken Fat
3 ——
NIR PV
REF FFA
REF PV NIR FFA
2 ° T °
Virgin Chicken
Olivg Oil Fat
1 =+
Sunflower
X oil
&
o 0
e
o
=
-1 »
Olive Oil
[ ]
Corn Oil
2 1
3 1
-3 -2 -1 0 1 2 3
F1 (64,31%)

Discriminant Analaysis (axes F1 and F2: b
98,16 %) of Edible Oils and Chicken Fat
3 —_—
2 4
¢ Corn OIl
1 T Chicken
= + |Fat
Z , \Sunflower
N — Ol
e
~ Olive Oil \/
L *
1 1
+Vjrgin
Olive Oil
2 1
3 1
-10 -5 0 5 10

F1(91,94 %)

Figure 3 a-b - (a) Bioplot of first two principal components of PCA, (b) Discriminant Analysis (DA) of edible oils and chicken fat
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gin olive oil are highly and negatively correlated with
PC1 and corn olil, the olive oil are highly and negative-
ly correlated with PC2 (Fig. 3a).

The discrimination of edible oils and chicken fat was
achieved by DA analysis (Fig. 3b). The first two dis-
criminant functions explained 98.16% of the total
variance, according to the groups in the score plot
for oils and chicken fat. Chicken fat and virgin olive ail
were separated clearly from olive oil, sunflower oil and
corn oil, and there are overlapping between sunflower
and olive ail (Fig. 3b). The results clearly showed that
good quality groupings were achieved by DA for edi-
ble oils and chicken fat. This study showed that using
FFA and PV as quality criteria, FT-NIR with chemom-
etric treatment could correctly distinguish virgin olive
oil from olive oil, sunflower oil, corn oil by discriminant
analysis.

This separation/discrimination of chicken fat could be
due to its fatty acid composition and oxidative stabili-
ty) and the highest concentration of FFA as compared
to edible oils (Tab. ). Thus chicken fat and virgin olive
oil could be discriminated from edible oils and fats
based on FFA and PV values by using both reference
method and FT-NIR methods with DA. Our results
were consistent with the results of [16, 40] that could
discriminate lard, butter from vegetable oils based on
iodine values by using PCA, PLS-DA, DA and canon-
ical variate analysis.

Our results are consistent with the results of [14, 24,
40] that managed to discriminate oils and [1, 26]
chicken fat and animal fats based on quality param-
eters and fatty acid composition. [41] clustered the
oils according to acidity and peroxide index manage
to cluster olive oils from sunflower seed and corn il
and [14] separated olive oils depending on their grade
as extra virgin, virgin, ordinary virgin and lampante oils
[24] due to their own unique clustering trends linked
with their storage durations, oils like soybean oil,
rapeseed oil, corn oil, and sunflower seed oil were
separated [40] clustered pure and adulterated palm
oil samples according to PCA graph. Recently, [26]
easily discriminated lard as animal fat from vegetable
oils by using FAMEs as metabolomics with chemom-
etric treatment.

4. CONCLUSIONS

The monitoring of acidity and peroxide value is very
important for quality and the safety of edible oils and
chicken fat. The official reference method for deter-
mining free fatty acidity and peroxide values in edible
oils and chicken fat is tedious, time-consuming, ardu-
ous, tiresome, and damaging, and it is not suitable for
online use. The results of study clearly showed that
FT-NIR spectroscopy (4500 to 5600) was satisfactory
to determine and predict free fatty acidity and per-
oxide contents of edible cils and chicken fat with a
good correlation (94 to 99%) with reference analysis
(R?=0.99 and 0.94, RPD > 2) and to discriminate

edible oils and chicken fat based on their acidity and
peroxide value. Chicken fat and virgin olive oil was
discriminated from other edible oils with a 98% ac-
curacy, based on their FFA and PV. FT-NIR method
with chemometric treatment could be used for quality
control and prediction and discrimination purposes as
a convenient, green, fast, and accurate alternative to
reference titrimetric methods. It gives government au-
thorities and stakeholders a useful tool for assessing
the quality of culinary oils and chicken fat quickly. This
method can be a time and solvent-saving option for
routine analysis of a large number of oils and fats sam-
ples, particularly for high throughput results during in-
dustrial processing that allow in-process optimisation
of technological parameters. Further research in this
field with other quality and purity parameters for oils
and fats is needed to confirm the possible application
of FT-NIR with multivariate approaches for quality as-
surance and safety of the oils and fats.
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