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Abstract: Plant-based carrier oils are constantly gaining popularity for their beneficial health effects on
human organisms, thus shifting consumers’ preferences to alternative options in the oil market. The
purpose of the study was to evaluate the quality characteristics of twenty-six edible plant-based fixed
oils via chromatographic, chromatic, and spectroscopic techniques, suggesting their potential use as
complementary edible oil sources. Palmitic, stearic, oleic, linoleic, and a-linolenic acids were found in
considerable proportions, whereas the majority of oils possessed unsaturated (UFA)/saturated (SFA)
fatty acid ratio greater than 1.6, suggesting their function in lowering blood pressure and preventing
cardiovascular disease. Linseed, chia seed, macadamia, and canola oils provide a balanced intake of
n-6 and n-3 polyunsaturated fatty acids (PUFA) within the range of 1:1 to 5:1. Oxidative stability was
inversely related to oils’ PUFA content, with linseed, chia seed, pine cone, and walnut oils being the
least stable oils against oxidation. Chlorophyll content in all oils was below the limit (50 mg/kg),
preventing oxidation in the presence of light, whereas the highest values of b-carotene were noticed
in soybean, linseed, and canola oils (61.18, 60.42, and 60.12 ppm, respectively). The application
of machine learning algorithms for analyzing ATR-FTIR band intensities and FA proportions via
discriminant analysis succeeded in discriminating pulp from seed oils, with a classification accuracy
of 96.0% and 88.0%, respectively.

Keywords: edible fixed oils; GC-FID; fatty acid profile; oxidative stability; color characteristics;
chlorophyll and b-carotene; Lovibond scale; ATR-FTIR; discriminant analysis

1. Introduction

Carrier oils, also known as fixed oils, “vegetable” oils, macerated oils, or oily extracts,
are typically used in the cosmetic and pharmaceutical industries; however, with increasing
consumer demand for healthier and alternative plant-based oils, edible plant-based fixed
oils are becoming increasingly popular in the food industry. According to Athar and Nasir
(2005) [1], the plant species yielding vegetable oils belong to 74 genera and 45 plant families.
Fixed oils are usually obtained from the fatty parts of a plant (the kernels of nuts or seeds)
via maceration, centrifugation, cold pressing, or extraction; the term “fixed oils” refers to a
liquid mixture of non-volatile lipophilic substances remaining in the aroma-free material
after the distillation of essential oils, consisting mainly of fats, resins, waxes, vitamins, and
minerals [2–4].

Plant-based fixed oils are the principal source of essential fatty acids for the human
organism, such as linoleic and α-linolenic acids, which are vital for proper growth, devel-
opment, inflammation control, and reduction in risk factors associated with cardiovascular
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disease, cancer, and arthritis. Moreover, vegetable oils are a rich source of phenolic com-
pounds, vitamins, tocopherols, pigments, and minerals that are beneficial to human health;
they also occasionally demonstrate antibiotic as well as antimicrobial properties [5–7].

In recent years, improving living standards and increased public awareness of nutrition
and health care have led to remarkable changes in consumer choice of edible oils. Apart
from the common edible oils, many healthy and nutritious edible plant-based fixed oils
have emerged and become popular, complementing and augmenting other edible oil
sources [8]. Research to date has mainly focused either on the nutritional value of some
common vegetable oils or on the analysis of the chemical composition of specific edible
oils and their comparison with those of common edible oils [6,7]. However, more data
are needed on the direct comparison of edible plant-based fixed oils in order to collect
information and evaluate their added health value, enabling their use as new alternative
sources of edible oils within foods.

The aim of the present research study was to characterize and assess the composition,
quality characteristics, and oxidative stability of twenty-six edible plant-based fixed oils,
including walnut, linseed, sesame, almond, hazelnut, pumpkin seed, avocado, black
cumin, coffee bean, pine cone, evening primrose, grape seed, plum, pomegranate, mustard
seed, sea buckthorn, chia seed, carrot, peanut, apricot, milk thistle, macadamia, canola,
soybean, poppy seed, and virgin coconut oils, based on chromatographic, chromatic, and
spectroscopic techniques coupled with chemometrics. In a further step, the research is
focused on the nutritional quality of the aforementioned oils, which can be consumed
for their health benefits or can enrich and supplement other vegetable oils. Additionally,
the present study can contribute to the cultivation of diverse oil crops, enhancing new
market trends and leading to the development of healthier food products with improved
quality characteristics.

2. Materials and Methods
2.1. Edible Plant-Based Fixed Oil Samples

Walnut oil, linseed oil, sesame oil, almond oil, hazelnut oil, pumpkin seed oil, avocado
oil, and black cumin oil were obtained from “Kirpitsas Ingredients” company (Serres,
Greece, www.kirpitsas.gr, accessed on 25 October 2024) in dark colored glass bottles of
250 mL. Coffee bean oil, pine cone oil, evening primrose oil, grape seed oil, plum oil,
pomegranate oil, mustard seed oil, sea buckthorn oil, chia seed oil, carrot oil, peanut oil,
apricot oil, milk thistle oil, macadamia oil, canola oil, soybean oil, poppy seed oil, and
virgin coconut oil were provided by HERBSTORE company (Ammos Emathias, Veroia,
Greece, www.herbstore.gr, accessed on 25 October 2024) in dark colored glass bottles of 100
and 200 mL, whereas the raw virgin coconut oil was packed in a glass jar containing 200 g
(216 mL) of product. All edible plant-based fixed oil samples from both companies were
collected in two consequent production years during 2022 and 2023 (N = 26 oil samples ×
2 years). The plant information of the examined edible fixed oils is presented in Table 1. All
fixed oils were characterized as cold-pressed and organic. Upon delivery, all samples were
stored at 4 ◦C until further analysis.

Table 1. Plant information of the examined edible fixed oils.

Edible Fixed Oils
INCI

(International Nomenclature of
Cosmetic Ingredients)

Plant Family

Walnut oil (1) * Juglans regia Seed Oil Juglandaceae
Linseed oil (2) Linum usitatissimum L. Seed Oil Linaceae
Sesame oil (2) Sesamum indicum L. Seed Oil Pedaliaceae
Almond oil (1) Prunus amygdalus var. dulcis Oil Rosaceae
Hazelnut oil (1) Corylus avellana Betulaceae
Pumpkin seed oil virgin unroasted (2) Cucurbita pepo seed Oil Cucurbitaceae
Avocado oil (1) Persea gratissima Oil Lauraceae

www.kirpitsas.gr
www.herbstore.gr
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Table 1. Cont.

Edible Fixed Oils
INCI

(International Nomenclature of
Cosmetic Ingredients)

Plant Family

Black cumin oil (2) Nigella sativa L. Seed Oil Ranunculaceae
Coffee bean base oil (1) Coffea arabica Seed Oil Rubiaceae
Pine cone base oil (2) Pinus sibirica Seed Oil Pinaceae
Evening Primrose base oil (2) Oenothera biennis Oil Onagraceae
Grape seed base oil (2) Vitis vinifera Seed Oil Vitaceae
Plum base oil (1) Prunus domestica Seed Oil Rosaceae
Pomegranate base oil (2) Punica granatum L. Seed Oil Lythraceae
Mustard seed base oil (2) Brassica juncea Seed Extract Brassicaceae
Sea Buckthorn base oil (1) Hippophae rhamnoides Fruit Extract Elaeagnaceae
Chia seed base oil (2) Salvia hispanica Seed Oil Lamiaceae
Carrot base oil (1) Daucus carota subsp. sativus Root Extract Apiaceae
Peanut base oil (1) Arachis hypogaea L. Oil Fabaceae
Apricot base oil (1) Prunus armeniaca Kernel Oil Rosaceae
Milk thistle base oil (2) Silybum marianum Seed Oil Asteraceae
Macadamia base oil kernel (1) Macadamia integrifolia Seed Oil Proteaceae
Canola base oil (2) Brassica campestris L. Seed Oil Brassicaceae
Soybean base oil (2) Glycine soja Oil Fabaceae
Poppy seed base oil (2) Papaver somniferum Seed Oil Papaveraceae
Coconut Virgin oil raw (1) Cocos nucifera L. Oil Arecaceae

* (1) Pulp oils and (2) seed oils.

2.2. Fatty Acid Composition Analysis by Gas Chromatography–Flame Ionization Detector
(GC-FID)

The fatty acid composition of all edible fixed oils was determined as fatty acid methyl
esters (FAME) using an Agilent 6890 series gas chromatograph (Agilent Technologies,
Palo Alto, CA, USA) equipped with a flame ionization detector. Fatty acid methyl esters
(FAME) of oils were prepared according to the procedure described by Sinanoglou and
Miniadis-Meimaroglou [9]. Briefly, 10 mg of edible fixed oil samples were dissolved in
0.75 mL of n-hexane; then, 0.1 mL of 2 M potassium hydroxide in methanol was added, and
the solution was mixed for 2 min in a vortex mixer (Velp Scientifica, Usmate Velate, Italy),
dried over anhydrous sodium sulfate and left for 5 min. After phase separation, 1 µL of the
upper layer of n-hexane containing the fatty acid methyl esters was immediately injected
into a DB-23 capillary column (60 m × 0.25 mm i.d. 0.15 µm film) [50%-Cyanopropyl-
methylpolysiloxane] (Agilent Technologies, Catalogue No.: 122–2361). The analysis was
split injection (split ratio 1:10), and it was performed according to Sinanoglou et al. [10],
with helium as a carrier gas, under the following column oven temperature program. The
initial temperature was programmed at 100 ◦C for 0 min, raised from 100 to 150 ◦C by a
rate of 10 ◦C min−1, and held constant at 150 ◦C for 0 min. It was then raised from 150 to
195 ◦C at a rate of 2 ◦C min−1 and held constant at 195 ◦C for 5 min. It was then raised
from 195 to 210 ◦C at a rate of 1 ◦C min−1 and held constant at 210 ◦C for 0 min and finally
raised from 210 to 240 ◦C by a rate of 10 ◦C min−1 and held constant at 240 ◦C for 5 min.
Injector and detector temperatures were maintained at 250 ◦C and 260 ◦C, respectively.
The analysis time was 55.50 min. Hewlett-Packard Chem Station Software (ChemStation
Rev. A.10.02) was used to calculate peak areas and retention times. Peak areas of FAME
were normalized as the relative percentage of total methyl esters corresponding to their
fatty acids.

2.3. Rancimat Method

The oxidative stability of edible fixed oils was determined by the Rancimat method
using the modified AOCS official method Cd 12b-92 (2017c) [11]. The Rancimat method
assesses stability by measuring the oxidation induction time (OIT) using the Rancimat
apparatus (Metrohm 743, Herisau, Switzerland), which can operate over a temperature
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range of 50 to 220 ◦C. Oil samples (3 ± 0.2 g) were placed in Rancimat vessels through
which air flowed at a rate of 20 L/h and then placed in an electric heating block at 120 ◦C.
The exhaust air containing the volatile by-products of lipid oxidation from the oil samples
was collected in measuring vessels filled with 60 mL of deionized water. The resulting
increase in water conductivity was measured and plotted against time. The OIT (in hours),
also defined as the OSI (oxidative stability index), is the time taken for a sharp increase
in conductivity to occur, determined as the inflection point on the conductivity versus
time curve.

2.4. Color Measurement

The chromatic characteristics of edible fixed oil samples were defined by the colori-
metric coordinates L* (lightness), a* (redness/greenness), b* (yellowness/blueness), and h*
(hue angle in degrees). The above values were measured using a tristimulus chromatometer
(model CR-400, Minolta, Tokyo, Japan) calibrated with a standard white plate (L*: 97.83,
a*: −0.45, b*: +1.88). Three random readings per sample were taken and averaged. Addi-
tionally, the color of oil samples was measured in glass cells using a Lovibond® Model Fx
spectrocolorimeter (The Tintometer Limited, Lovibond House, Sun Rise Way, Amesbury,
UK), providing color data according to the Lovibond® RYBN, chlorophyll and b-carotene
color scales, with color units expressed as neutral (N), red (R), yellow (Y), and blue (B),
according to the AOCS Official Method Cc 13e-92 [12]. The Lovibond scale is based on
the color absorbance of different glasses, where the Lovibond degrees are determined by
comparing the color of light transmitted through an optical path of the sample with the
color of light that exits from the same source after passing through a series of standard
colored glass filters. The combination of three primary colors (red, yellow, and blue) and
neutral filters that matches the sample absorption defines the RYBN Lovibond color.

2.5. Attenuated Total Reflectance–Fourier Transform Infrared Spectroscopy (ATR-FTIR)

The sample of edible oils was evaluated using Fourier transform infrared spectroscopy
with attenuated total reflectance (ATR-FTIR) at room temperature, using an ATR spec-
trometer (Shimadzu, IRAffinity-1S FTIR spectrometer, Kyoto, Japan). Data processing
and analysis were conducted using LabSolutions IR software (version 2.21, Shimadzu,
IRAffinity-1S FTIR spectrometer, Kyoto, Japan) [13].

2.6. Statistical Analysis

Experimental data were evaluated using analysis of variance (ANOVA), and significant
differences among the means of three replicates (p < 0.05) per sample were determined
by Duncan’s multiple range test, using the Statistica package (STATISTICA version 7.0,
software Statsoft Inc., 2004).

Discriminant analysis was utilized to forecast the origin of the oil samples by analyzing
ATR-FTIR spectra, fatty acid profiles, and color parameters. Various machine learning
classifiers from the sklearn library in Python were employed for this purpose, including
linear discriminant analysis (LDA), random forest (RF), multi-layer perceptron (MLP), and
K-nearest neighbor (KNN) classifiers. The precision of classification for each algorithm
refers to its ability to accurately differentiate oil samples into distinct classes, such as pulp
and seed oil. According to Ioannou et al. [13], a machine learning (ML) model was crafted
using a classification algorithm, blending selected features from measured parameters.
Precision testing was conducted through cross-validation, employing a leave-one-out
(LOO) method to gauge accuracy. To prevent overfitting, each feature combination was
limited to a maximum of five features. These combinations were transformed into principal
component analysis (PCA) components (PC1 and PC2), serving as input for the classifier.
Scatter diagrams were generated from PCA, aiding in selecting the ML model design with
the best data discrimination capability. This procedure was repeated for all classification
algorithms and showed that the ML-model design using the LDA (for ATR-FTIR data) and
the RF (for fatty acids and color data) algorithms produced optimum precision.
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3. Results and Discussion
3.1. Fatty Acid Composition

The fatty acid composition of the examined edible fixed oils is presented in Table 2.
In the examined oils, the proportion of saturated fatty acids varied widely, ranging from
9.39% in pine cone oil to 94.10% in virgin coconut oil. Among the saturated fatty acids,
palmitic acid (C16:0) was predominant in most oils (ranging from 4.37% in canola oil to
33.44% in sea buckthorn oil), followed by stearic (C18:0), pentadecanoic (C15:0), myristic
(C14:0), and lauric (C12:0) acids (Table S1). Capric (C10:0), margaric (C17:0), and arachidic
(C20:0) acids were present in trace amounts in most oil samples compared to the other
fatty acids. In virgin coconut oil, lauric acid accounted for 55.53% of total FAs, followed by
myristic (19.34%) and palmitic (7.76%) acids, whereas pentadecanoic acid was the main
saturated fatty acid in macadamia and evening primrose oils (Table S1).

Table 2. Fatty acid composition (% of total), UFA/SFA, SFA:MUFA:PUFA, n-6/n-3 ratios, and
oxidation induction time (OIT) of examined edible fixed oils.

Edible Fixed Oil SFA MUFA PUFA UFA/SFA SFA:MUFA:PUFA n-6/n-3 OIT (h)

Walnut oil 14.50 ± 0.13 a 16.54 ± 0.23 68.96 ± 0.45 5.90 ± 0.02 a 1:1.1:4.8 5.77 0.47 ± 0.02
Linseed oil 14.35 ± 0.15 a 21.08 ± 0.17 64.57 ± 0.42 a 5.97 ± 0.03 a 1:1.5:4.5 0.33 0.12 ± 0.01
Almond oil 14.98 ± 0.12 70.28 ± 0.68 14.74 ± 0.36 b 5.68 ± 0.02 1:4.7:1.0 -- 3.44 ± 0.01
Hazelnut oil 12.59 ± 0.08 73.36 ± 0.57 14.05 ± 0.41 b 6.94 ± 0.03 1:5.8:1.1 116 2.60 ± 0.01

Pumpkin seed oil 24.20 ± 0.23 27.57 ± 0.22 48.23 ± 0.29 3.13 ± 0.01 1:1.1:2.0 123 3.14 ± 0.01
Avocado oil 21.52 ± 0.12 69.81 ± 0.38 8.84 ± 0.17 3.65 ± 0.02 1:3.2:0.4 13.0 10.2 ± 0.01

Black cumin oil 23.76 ± 0.16 23.00 ± 0.16 a 53.24 ± 0.45 3.21 ± 0.01 1:1.0:2.2 94.1 2.15 ± 0.01 **
Coffee bean oil 20.06 ± 0.24 23.35 ± 0.18 a 56.58 ± 0.26 3.98 ± 0.03 1:1.2:2.8 72.5 1.99 ± 0.01
Pine cone oil 9.39 ± 0.11 c 25.46 ± 0.19 65.12 ± 0.37 ac 9.65 ± 0.03 c 1:2.7:6.9 232 0.33 ± 0.01

Evening
primrose 16.57 ± 0.08 7.67 ± 0.12 75.77 ± 0.31 e 5.04 ± 0.02 1:0.5:4.6 -- 1.15 ± 0.01 *

Grape seed oil 11.16 ± 0.10 b 23.41 ± 0.26 a 65.87 ± 0.62 c 8.00 ± 0.02 b 1:2.1:5.9 -- 1.14 ± 0.02 *
Plum oil 11.05 ± 0.07 b 68.77 ± 0.35 b 20.19 ± 0.24 8.05 ± 0.03 b 1:6.2:1.8 -- 1.03 ± 0.01

Pomegranate oil 20.72 ± 0.14 68.35 ± 0.41 b 10.94 ± 0.15 d 3.83 ± 0.01 1:3.3:0.5 77.1 0.64 ± 0.01
Mustard seed oil 21.84 ± 0.15 67.58 ± 0.48 10.59 ± 0.18 d 3.58 ± 0.03 1:3.1:0.5 14.8 0.82 ± 0.01
Sea buckthorn oil 36.91 ± 0.22 58.54 ± 0.36 c 4.57 ± 0.11 1.71 ± 0.01 1:1.6:0.1 66.8 31.9 ± 0.01

Chia seed oil 16.00 ± 0.13 8.86 ± 0.08 75.30 ± 0.85 e 5.26 ± 0.02 1:0.6:4.7 0.39 0.15 ± 0.02
Carrot oil 19.87 ± 0.21 39.48 ± 0.33 40.63 ± 0.34 4.03 ± 0.02 1:2.0:2.0 100 5.73 ± 0.01
Peanut oil 13.96 ± 0.14 58.51 ± 0.35 c 27.53 ± 0.46 6.16 ± 0.03 1:4.2:2.0 26.2 1.67 ± 0.01
Apricot oil 9.42 ± 0.06 c 66.71 ± 0.42 23.85 ± 0.22 9.61 ± 0.03 c 1:7.1:2.5 148 4.79 ± 0.02

Milk thistle oil 22.57 ± 0.31 21.65 ± 0.27 55.79 ± 0.28 3.43 ± 0.02 1:1.0:2.5 27.5 2.05 ± 0.01
Macadamia oil 25.34 ± 0.26 71.74 ± 0.51 2.94 ± 0.06 2.95 ± 0.02 1:2.8:0.1 3.90 7.75 ± 0.01

Canola oil 11.82 ± 0.09 56.19 ± 0.30 31.96 ± 0.39 7.45 ± 0.01 1:4.8:2.7 2.08 1.50 ± 0.01
Soybean oil 18.63 ± 0.11 26.38 ± 0.21 55.00 ± 0.34 4.37 ± 0.01 1:1.4:3.0 7.78 2.16 ± 0.01 **

Poppy seed oil 21.21 ± 0.16 42.27 ± 0.27 36.53 ± 0.41 3.72 ± 0.00 1:2.0:1.7 364 0.81 ± 0.01
Sesame oil 18.06 ± 0.18 37.20 ± 0.17 44.72 ± 0.53 4.54 ± 0.01 1:2.1:2.5 80.3 2.75 ± 0.01

Virgin coconut
oil 94.10 ± 0.42 4.95 ± 0.06 0.94 ± 0.05 0.06 ± 0.00 1:0.1:0.0 22.5 69.3 ± 0.02

SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; UFA: unsaturated
fatty acid; OIT: oxidation induction time. OIT values with similar asterisks are not considered statistically different
(p > 0.05). Means in the same column bearing the same letter do not differ significantly (p > 0.05).

As observed in Table 2, the monounsaturated fatty acid (MUFA) proportion of the
examined edible fixed oils showed a great variation from 4.95% in virgin coconut oil to
73.36% in hazelnut oil. Oleic acid (C18:1 n-9) was the primary fatty acid found in all oils
at considerable levels, ranging from 4.30% in virgin coconut oil to 71.61% in hazelnut oil
(Table S2). Other monounsaturated fatty acids present in lesser amounts were cis-vaccenic
acid (C18:1 n-7), gondoic acid (C20:1 n-9), erucic acid (C22:1 n-9), and cis-7-hexadecenoic
acid (C16:1 n-9), a positional isomer of palmitoleic acid (Table S2). Interestingly, the major
monounsaturated fatty acids in sea buckthorn oil were cis-7-hexadecenoic and oleic acids
(29.0% and 28,50%, respectively), in accordance with previous research [14].

The polyunsaturated fatty acid (PUFA) proportion differed considerably among the
edible fixed oils studied, ranging from 0.94% in virgin coconut oil to 75.77% in evening
primrose oil (Table 2). Linoleic (C18:2 n-6) and α-linolenic (C18:3 n-3) acids were the pre-
vailing polyunsaturated fatty acids, followed by γ-linolenic (C18:3 n-6), eicosapentaenoic
(EPA) (C20:5 n-3), and docosapentaenoic (DPA) (C22:5 n-6) acids (Table S3). The highest
proportion of linoleic acid (75.38%) was observed in evening primrose oil and the lowest in
coconut oil (0.90%), whereas the respective percentages of α-linolenic acid were noticed



Appl. Sci. 2024, 14, 10305 6 of 15

in chia seed oil (54.27%) and in apricot oil (0.10%), respectively (Table S3). All the results
obtained concerning the fatty acid proportion of the edible fixed oils studied are in good
correlation with those earlier published in previous studies [5,15–25].

To go a step further, the nutritional value and health benefits of edible fixed oils can
be evaluated by their fatty acid proportion. According to the World Health Organization
(WHO), the ratio of SFA, MUFA, and PUFA in dietary fats is recommended to be 1:1.5:1
for maintaining good health [26]; however, no natural oil possesses such a balanced com-
position. In our study, all edible fixed oils (with the exception of virgin coconut oil) had
UFA/SFA values greater than 1.6 (Table 2), suggesting their function in lowering blood
lipids, reducing blood pressure, and preventing cardiovascular diseases [5]. PUFA/SFA
ratios differed considerably among the fixed oils studied, ranging from 0.0 in virgin co-
conut oil to 6.9 in pine cone oil (Table 2). Diets rich in PUFAs are considered an option
for low-fat diets and may reduce blood cholesterol levels, regulate immune function, re-
duce the susceptibility of LDL cholesterol to oxidation, and improve the fluidity of HDL
cholesterol [27].

Moreover, the n-6/n-3 fatty acid ratio is considered an important index for assessing
the nutritional quality of fats. In our research, the lowest n-6/n-3 ratios were found for
linseed oil (0.33) and chia seed oil (0.39), whereas the highest ratios were observed in poppy
seed oil (364), pine cone oil (232), apricot oil (148), pumpkin seed oil (123), hazelnut oil
(116), and carrot oil (100). The high proportion of α-linolenic acid C18:3n3, as the main FA
in linseed and chia seed oils, resulted in a low n-6/n-3 ratio, whereas, on the other hand,
the n-6/n-3 ratios of poppy seed, pine cone, apricot, pumpkin seed, hazelnut, and carrot
oils were attributed to high levels of linoleic acid C18:2n6 and poorer α-linolenic C18:3n3
and docosahexaenoic C22:6n3 acids.

Nutrition interventions often involve specific adjustments, such as controlling caloric
intake and managing the distribution of macronutrients, including a balanced n-6 to n-3
PUFA ratio, as recommended for the management of obesity [28,29]. It has been proposed
that an optimal n-6:n-3 ratio ranging from 1:1 to 5:1 may be essential for good health..
However, typical Western diets are characterized by excessive n-6 consumption, leading to
n-6/n-3 ratios ranging from 10:1 to 20:1, thus increasing the risk of inflammatory diseases
like obesity [30]. Accordingly, if we include the above recommendation for the n-6/n-3
ratio as a selection parameter, linseed, chia seed, macadamia, and canola oils could be
considered as potential sources of a balanced intake of n-6 and n-3 PUFAs.

3.2. Oxidative Stability (OS) of the Edible Fixed Oils

The oxidation induction times (OIT) of oil samples were determined by Rancimat
measurements and used as an index for the OS of edible fixed oils. The oxidation induction
times of the edible fixed oils are provided in Table 2. The oxidation induction times of
oil samples ranged from 0.12 to 69.3 h. Virgin coconut oil and sea buckthorn oil had the
highest OIT values (69.3 h and 31.9 h, respectively) among the other oils, mainly due to
the considerable percentage of saturated fatty acids (94.10% and 36.91%, respectively).
Linseed, chia seed, pine cone, and walnut oils were the least stable oils against oxidation,
probably attributed to their higher polyunsaturated fatty acid content (>60%) (Table 2).
Interestingly, despite their high polyunsaturated fatty acid percentage, evening primrose
and grape seed oils had similar OIT values (1.15 h and 1.03 h, respectively) and were higher
than the above-mentioned oils, possibly due to the presence of natural antioxidants such as
tocopherol and b-carotene [18,31,32].

The existing differences in the fatty acid composition of the edible fixed oils may
affect their oxidative stability since edible oils with a high amount of polyunsaturated fatty
acids are more susceptible to oxidation than oils with monounsaturated or saturated fatty
acids. Monounsaturated fatty acids have fewer bonds available to react with oxygen and,
therefore, oxidize [33]. More specifically, the rate of oxidation increases in relation to the
degree of PUFAs, with linolenic acid oxidizing twice as fast as linoleic acid and 25 times
faster than oleic acid [34]. In the case of the present study, almond, hazelnut, avocado,
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and macadamia oils containing more than 70% monounsaturated fatty acids presented
relatively high OIT values (3.44 h, 2.60 h, 10.2 h, and 7.75 h, respectively).

3.3. Color Measurement of Edible Fixed Oils

The determination of color is an important measurement to predict the quality and
consumer acceptability of edible oils. Table 3 presents the color parameters (CIE L*, a*, b*,
and hue), as well as the R (red), Y (yellow), B (blue), N (neutral), chlorophyll, and b-carotene
values in the Lovibond color scale for all the examined edible fixed oils. The lightness (L*)
values (0 = black to 100 = white) differed significantly among the examined oils, ranging
from 26.03 in virgin coconut oil to 67.07 in pine cone oil. Linseed oil (60.04), black cumin oil
(60.05), coffee bean oil (59.89) as well as plum oil (62.71), macadamia oil (63.30), and canola
oil (63.17) showed comparable lightness values. Moreover, the lightness values of poppy
seed, chia seed, and grape seed oils did not differ significantly. For the majority of oils,
the a* values were negative (green), ranging from −0.63 in peanut oil to −5.92 in linseed
oil, whereas sea buckthorn oil had the highest positive (red) a* value (+8.17), followed by
pumpkin seed oil (+3.26) and avocado oil (+0.01). All the fixed oils examined had positive
b* values (yellow), varying from +3.83 (peanut oil) to +43.69 (canola oil), indicating an
increase in the yellow proportion in color. On the other hand, the negative a* (−0.14) and
b* (−0.55) values for virgin coconut oil pointed out colorless or very pale color.

Table 3. Color parameters (L*, a*, b*, and hue) in CIELAB color space and RYBN, chlorophyll (ppb),
and b-carotene (ppb) in Lovibond® color scale.

Edible Fixed Oil L* a* b* Hue (◦) R Y B N Chlorophyll
(ppb)

b-carotene
(ppb)

Walnut oil 56.05 ± 0.12 ef −3.04 ± 0.02 h 13.21 ± 0.20 h 102.99 ± 0.15 ef 1.0 3.9 0.0 0.0 256.0 12,891.0
Linseed oil 60.04 ± 0.22 h −5.92 ± 0.10 a 35.76 ± 0.20 o 99.38 ± 0.12 de 2.3 60.0 0.0 1.9 294.0 60,421.0
Almond oil 64.17 ± 0.12 mn −2.26 ± 0.04 ij 8.56 ± 0.05 g 104.80 ± 0.22 fg 0.4 1.2 0.0 0.2 0.0 4054.0
Hazelnut oil 55.62 ± 0.04 e −3.44 ± 0.05 g 14.95 ± 0.41 ij 102.96 ± 0.23 ef 1.2 7.2 0.0 0.0 161.0 19,119.0

Pumpkin seed oil 41.46 ± 0.05 c 3.26 ± 0.11 o 4.73 ± 0.19 c 55.43 ± 1.92 b 10.9 8.6 6.1 0.0 0.0 15,324.0
Avocado oil 46.01 ± 0.32 d 0.01 ± 0.08 n 15.83 ± 0.54 k 89.97 ± 0.28 c 2.3 60.0 1.4 0.0 17,611.0 55,022.0

Black cumin oil 60,05 ± 0.05 h −5.19 ± 0.05 b 23.46 ± 0.13 n 102.48 ± 0.17 ef 1.6 13.5 0.0 0.8 2440.0 36,582.0
Coffee bean oil 59.89 ± 0.17 h −2.52 ± 0.07 i 19.80 ± 0.16 m 97.27 ± 0.22 d 2.0 10.8 2.1 0.0 0.0 31,241.0
Pine cone oil 67.07 ± 0.27 p −2.24 ± 0.05 ij 7.32 ± 0.21 f 107.05 ± 0.22 fg 0.3 1.4 0.0 0.0 0.0 5853.0

Evening Primrose
oil 63.91 ± 0.20 lm −5.22 ± 0.04 b 23.94 ± 0.17 n 103.30 ± 1.69 ef 1.8 21.0 0.0 0.9 2945.0 36,740.0

Grape seed oil 64.85 ± 0.54 no −4.45 ± 0.02 d 14.30 ± 0.23 i 107.26 ± 0.19 fg 0.7 7.1 0.0 0.0 3922.0 23,654.0
Plum oil 62.71 ± 0.18 k −3.80 ± 0.07 f 15.77 ± 0.15 jk 103.54 ± 0.13 ef 1.2 6.4 0.0 0.5 226.0 18,269.0

Pomegranate oil 55.61 ± 0.14 e −2.43 ± 0.07 ij 7.20 ± 0.26 f 108.68 ± 0.70 g 0.4 2.4 0.0 0.0 1140.0 8569.0
Mustard seed oil 56.64 ± 0,12 f −1.69 ± 0.06 k 6.18 ± 0.08 e 105.33 ± 0.43 fg 0.4 1.6 1.0 0.2 0.0 5843.0
Sea buckthorn oil 39,90 ± 0.43 b 8.17 ± 0.15 p 5.01 ± 0.04 cd 31.55 ± 0.57 a 18.2 2.4 10.1 0.0 30,000.0 30,000.0

Chia seed oil 65.15 ± 0.16 o −1.59 ± 0.05 kl 5.34 ± 0.08 cde 106.59 ± 0.27 fg 0.5 1.8 0.0 0.0 0.0 6691.0
Carrot oil 60.94 ± 0.10 i −4.17 ± 0.03 de 17.95 ± 0.09 l 103.07 ± 0.03 ef 1.5 11.8 0.0 0.8 789.0 25,196.0
Peanut oil 64.23 ± 0.16 mn −0.63 ± 0.34 m 3.83 ± 0.20 b 99.38 ± 5.39 de 0.0 0.3 0.0 0.0 3.0 1443.0

Apricot oil 56.61 ± 0.35 f −1.41 ± 0.04 kl 5.72 ± 0.19 de 103.83 ± 0.80
efg 0.8 1.9 0.0 0.4 0.0 6321.0

Milk thistle oil 61.80 ± 0.22 j −3.92 ± 0.01 ef 14.80 ± 0.09 i 104.85 ± 0.08 fg 1.4 6.0 0.0 0.4 179.0 17,211.0
Macadamia oil 63.30 ± 0.18 kl −1.35 ± 0.08 l 4.99 ± 0.11 cd 105.09 ± 0.73 fg 0.3 0.8 0.0 0.0 0.0 3472.0

Canola oil 63.17 ± 0.59 kl −4.79 ± 0.11 c 43.69 ± 0.74 q 96.25 ± 0.18 d 2.5 69.0 0.0 1.7 1103.0 60,121.0
Soybean oil 58.68 ± 0.19 g −4.03 ± 0.07 ef 36.86 ± 0.61 p 96.23 ± 0.04 d 2.8 68.0 0.0 1.8 1822.0 61,176.0

Poppy seed oil 65.43 ± 0.33 o −4.11 ± 0.12 ef 14.97 ± 0.17 ijk 105.34 ± 0.27 fg 1.0 7.1 0.0 0.1 2843.0 19,001.0

Sesame oil 56.56 ± 0.25 f −2.18 ± 0.11 j 8.58 ± 0.19 g 104.26 ± 0.39
efg 0.8 2.4 0.0 0.2 54.0 8049.0

Virgin Coconut oil 26.03 ± 0.01 a −0.14 ± 0.05 n −0.55 ± 0.02 a 255.77 ± 5.24 h 0.4 0.5 1.5 0.0 0.0 2293.0

Mean values bearing different letters in the same column are statistically different (p < 0.05) (a < b < c <. . ..n < o <
p < q).

The hue angle parameter describes the dominant spectral color component (such as
red, green, or blue), whose value ranges from 0◦ to 360◦. Each angle corresponds to one
color: red-purple color at an angle of 0◦, yellow color at 90◦, bluish-green color at 180◦, and
blue color at 270◦ [35]. Hue values measured for sea buckthorn and pumpkin seed oils
were 31.55◦ and 55.43◦, respectively, thus imparting a reddish color, whereas, for the rest
of the fixed oils, the predominant color was yellowish to slightly green due to hue angle
values (89.97◦ in avocado oil to 108.68◦ in pomegranate oil).

The grading of oil based on the Lovibond color scale is mainly related to yellow and
red. According to Table 3, red values (R) and yellow values (Y) of the Lovibond color scale
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were in line with a* and b* values measured in the CIELab color space, respectively. More
specifically, the highest R values were observed in sea buckthorn (18.2) and pumpkin seed
(10.9) oils, whereas the highest Y values were found in canola (69.0), followed by soybean
(68.0) and avocado and linseed oils (60.0). In their research study, Gao et al. [36] have
proposed a new method to determine oil color by spectrophotometry, proving that there
is a strong correlation between Lovibond red (R) and yellow (Y) values and the chroma
indices a* and b*.

Chlorophyll and b-carotene contents (in ppb) were determined using the Lovibond®

color scale and their results are also presented in Table 3. Chlorophyll is a plant photosensi-
tizer pigment for singlet oxygen formation in the presence of light and has a significant
effect on the oxidative stability of oils, particularly when exposed to light. Chlorophyll is
also undesirable because it gives the oil an unpleasant green or brown color. The chlorophyll
content is a measure of seed maturity and quality but also indicates the use of improper
pressing conditions [37,38].

The chlorophyll content in the examined oils varied from 0.0 (almond, pumpkin seed,
coffee bean, pine cone, mustard seed, chia seed, apricot, macadamia, and virgin coconut
oils) to 30.0 mg/kg (sea buckthorn oil), followed by avocado oil (17.6 mg/kg). Black cumin,
evening primrose, grape seed, pomegranate, canola, soybean, and poppy seed oils had
chlorophyll contents greater than 1000 ppb. In the other oils, the level of chlorophyll did not
exceed 800 ppb. Chlorophyll levels in edible oils should not exceed 50 mg/kg to prevent
its rapid oxidation in the presence of light [39].

Contrary to chlorophyll, b-carotene, belonging to the carotenoid group, is desirable
due to its antioxidant and coloring properties. Soybean oil contained the highest content of
b-carotene (61,176 ppb), followed by linseed (60,421 ppb) and canola (60,121 ppb) oils. In
the other oils, the content of b-carotene ranged from 12.9 to 36.7 mg/kg, with the exception
of avocado oil (55.0 mg/kg). The content of b-carotene in almond, pine cone, pomegranate,
mustard seed, chia seed, peanut, apricot, macadamia, sesame, and virgin coconut oils did
not exceed 9.0 mg/kg.

3.4. FTIR Spectra Interpretation of Edible Fixed Oils

The analyzed infrared spectra contain fundamental and characteristic bands whose
frequencies and intensities can clearly determine the relevant functional groups in the
investigated oils. The assignment of the absorption bands of ATR-FTIR spectra of edible
fixed oils at the spectral range of 3300–500 cm−1 (Figure 1) was performed on the basis of
data given in the literature. The bands at 3640–3530 and 3300–3400 cm−1 are associated with
the nonbonded and bonded O-H stretching vibrations, respectively [40]. The bands at 2954,
2924, and 2954 cm−1 are ascribed to the asymmetric and symmetrical C(sp3)-H stretching
vibrations of methyl- and methylene groups of lipids, whereas the bands at 1462 and
1377 cm−1 are related to their bending vibrations [20,41,42]. The strong band at 1743 cm−1

has been assigned to the C=O stretching vibration of ester groups in triglycerides [20,43].
The bands at 3008 and 1654 cm−1 are attributed to the C(sp2)-H and C=C(cis) stretching
vibrations, respectively, while the bands at 1417 and 1396 cm−1 are attributed to the C-H
bending vibrations of cis-olefinic groups [20,43]. The band at 966 cm−1 is assigned to the
–HC=CH– (trans) out-of-plane bending vibrations, whereas the bands at 914, 866, and 721
are attributed to the –HC=CH– (cis) out-of-plane bending vibrations [44–46]. The band at
846 cm−1 corresponds to C–H bending vibrations of para-substituted aromatic rings [40].
The bands at 1238, 1159, and 1118 cm–1 are associated with the asymmetric and symmetrical
stretching vibrations of the C–O bond of the ester group [13,20,43,45], whereas the bands
at 1099 and 1027 cm–1 are attributed to the C-O stretching vibrations in secondary and
primary alcohols, respectively [40].
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Figure 1. ATR-FTIR spectra of the examined edible fixed oils.

Although the FTIR spectra of most of the edible fixed oils appear similar, minor
differences exist in the specific band intensities at characteristic wavenumbers of edible oils
spectra (Table S4) due to the variation in their composition. More specifically, the relative
intensity of the band at 3008 cm−1 depends on the oil composition, as oils with a high
proportion of polyunsaturated fatty acids show higher values in this band than those with
a high proportion of monounsaturated fatty acids. This finding was clearly evidenced by
Poiana et al. [45], who implemented the changes in the absorbance at 3006 cm–1 (A3006)
and in the ratio of the maximum heights of the bands at 3006 and 2925 cm−1 (A3006/A2925)
in order to detect the adulteration of extra virgin olive oil by the addition of soybean oil.

Intensity variations at wavenumbers associated with monounsaturated bonds
(3008 cm−1, 1654 cm−1, 1417 cm−1, and 721 cm−1) are related to the fatty acid composition
of the oils. Oils rich in monounsaturated fatty acids (MUFA), such as hazelnut, almond,
avocado, plum, pomegranate, mustard seed, and apricot oils, exhibit lower intensities at
these wavenumbers, reflecting their higher percentage of oleic acid, a predominant MUFA.
On the other hand, oils rich in polyunsaturated fatty acids (PUFAs), such as evening prim-
rose, chia seed, walnut, pine cone, and linseed oils, exhibited higher intensities, reflecting
their higher concentrations of linoleic acid or α-linolenic acid.

3.5. Discriminant Analysis of Edible Fixed Oils

Deeping further, machine learning algorithms were applied to analyze FTIR band
intensities, fatty acids proportions, and color values via discriminant analysis, aiming to
pinpoint optimal feature sets for discerning between pulp and seed oils.

A classifier is a linear decision-making algorithm developed using the Bayes’ rule
and the data distributions of each class of labeled data. For each new case (observation),
the probability of belonging to each class is calculated, and it is classified as the class
with the highest probability. Moreover, the RF classifier is designed by constructing many
decision trees from random samples of the class-labeled data. The RF classifier places a
new observation in the class indicated by the majority of the decision trees.

Illustrated in Figure 2A, the scatter diagram reveals the distinction between pulp and
seed oils with an impressive 96.0% overall accuracy in discrimination. This discrimination
was achieved through the utilization of FTIR bands at 846–850, 1027–1033, 1654–1656, and
3008 cm–1 as key features. In the scatter diagram, the initial cluster representing the pulp oil
samples (depicted as blue circles) is situated on the left side, while the subsequent cluster,
encompassing seed oil samples (illustrated as green squares), encapsulates the right side.
Using this specific combination of four features in the development of a robust machine
learning framework resulted in accurately classifying 11 out of 12 pulp oil samples (with one
misclassification) and all 14 seed oil samples correctly. Interestingly, the FTIR absorption
bands that successfully discriminated pulp from seed oils were associated with the presence
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of Csp2 bonds (3008 and 1654 cm−1) and minor components, such as primary alcohols
(1027–1033 cm–1) and aromatic compounds (846–850 cm−1). It is important to point up that
the unsaturation degree of the oils significantly affects their discrimination pattern. More-
over, in accordance with the above-mentioned findings, Lerma-García et al. [47] reported
that vegetable oils contain primary fatty and triterpene alcohols, which are characteristic of
the biological origin of the oil. Their composition is influenced by environmental factors,
the origin of the pulp or seeds, and the method of oil extraction. These alcohols can serve
as unique markers for identifying different types of oils. Additionally, Yu et al. [48] found
that phenolic compounds are present in various oilseeds such as olive, rapeseed, sesame,
soybean, and peanut. The quantity of these compounds primarily depends on the type of
seed and the method used to extract the oil.
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Additionally, Figure 2B shows the discrimination between pulp (blue circles) and seed
(green squares) oils with 88.0% overall discrimination accuracy via the C15:0, C18:0, MUFA,
and n-3 proportions. The above four-feature combination classified 9 out of 12 pulp oil
samples (three samples were misclassified as seed oils) and 13 out of 14 seed oil samples (one
sample was misclassified as pulp oils). It is of value that the most critical fatty acid sums for
oil discrimination were MUFA and n-3 PUFA, as well as pentadecanoic (C15:0) and stearic
(C18:0) acids. Notably, previous research has highlighted the multifaceted benefits of C15:0,
suggesting its significance as an essential fatty acid. These benefits encompass diverse
attributes such as pleiotropic activities, mitochondrial function restoration, enhancement of
red blood cell stability, regulation of glucose metabolism, and suppression of cancer cell
proliferation [49].

Finally, Figure 2C presents the pulp (blue circles) and seed (green squares) oil dis-
crimination with an overall discrimination accuracy of 85.0%, via the L* and a* values.
According to Vucāne et al. (2022) [50], the color characteristics of vegetable oils are in-
fluenced by factors such as the quality of the raw materials, the botanical variety, and
production methods.

From the Machine Learning classifiers employed, the ML-model design produced
the optimum precision using the Linear Discriminant Analysis, LDA, (for ATR-FTIR data)
and the Random Forest, RF, (for fatty acids and color data) algorithms. Specifi-cally, the
LDA classifier is a linear decision-making algorithm developed using the Bayes’ rule and
the data distributions of each class of labelled data. For each new case (observation), its
probability of belonging to each class is calculated and it is classified in the class with
the highest probability. Moreover, the RF classifier is designed by con-structing many
decision trees from random samples of the class-labelled data. The RF classifier places a
new observation in the class indicated by the majority of the decision trees.

Illustrated in Figure 2A, the scatter diagram reveals the distinction between pulp and
seed oils with an impressive 96.0% overall accuracy in discrimination. This dis-crimination
was achieved through the utilization of FTIR bands at 846–850, 1027–1033, 1654–1656, and
3008 cm–1 as key feature. In the scatter diagram, the initial cluster rep-resenting the pulp oil
samples (depicted as blue circles) is situated on the left side, while the subsequent cluster,
encompass-ing seed oils’ samples (illustrated as green squares), encapsulates the right
side. Employing this specific four-feature combination in the development of a robust
machine-learning framework resulted in accurately classify-ing 11 out of 12 pulp oils’
samples (with one misclassification) and all 14 seed oils’ samples correctly. Interestingly,
the FTIR absorption bands that successfully discrimi-nated pulp from seed oils were
associated with the presence of Csp2 bonds (3008 and 1654 cm–1) and minor components,
such as primary alcohols (1027–1033 cm–1) and ar-omatic com-pounds (846–850 cm–1).
It is important to point up that the unsaturation de-gree of the oils significantly affects
their discrimination pattern. Moreover, in accord-ance to the above mentioned findings,
Lerma-García et al. [47] reported that vegetable oils contain primary fatty and triterpene
alcohols, which are characteristic of the bio-logical origin of the oil. Their composition is
influenced by environmental factors, the origin of the pulp or seeds, and the method of oil
extraction. These alcohols can serve as unique markers for identifying different types of oils.
Additionally, Yu et al. [48] found that phenolic compounds are present in various oilseeds
such as olive, rapeseed, sesa-me, soybean, and peanut. The quantity of these compounds
primarily depends on the type of seed and the method used to extract the oil.

Additionally, Figure 2B shows the discrimination between pulp (blue circles) and
seed (green squares) oils with 88.0% overall discrimination accuracy, via the C15:0, C18:0,
MUFA and n-3 proportions. The above four-feature combina-tion classified 9 out of
12 pulp oils’ samples (three samples were misclassified as seed oils), and 13 out of
14 seed oils’ samples (one sample was misclassified as pulp oils). It is of value that
the most critical fatty acids’ sums for oils discrimination were MUFA and n-3 PUFA as
well as pentadecanoic (C15:0) and stearic (C18:0) acids. Notably, pre-vious research has
highlighted the multifaceted benefits of C15:0, suggesting its significance as an essen-tial
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fatty acid. These benefits encompass diverse attributes such as pleiotropic activi-ties, mi-
tochondrial function restoration, enhancement of red blood cell stability, regu-lation of
glucose metabolism, and suppression of cancer cell prolifera-tion [49].

Finally, Figure 2C presents the pulp (blue circles) and seed (green squares) oils’ dis-
crimination with an overall dis-crimination accuracy of 85.0%, via the L* and a* values.
According to Vucāne et al. (2022) [50], the color characteris-tics of vegetable oils are in-
fluenced by factors such as the quality of the raw materials, the botanical variety, and
production methods.

4. Conclusions

The present study assessed the quality characteristics of twenty-six edible fixed oils
originating from the fatty parts of a plant (pulp or seeds) in order to highlight their healthy
added value and application in foods. The saturated fatty acid profile of the examined oils
revealed the presence of palmitic (C16:0), followed by stearic (C18:0), pentadecanoic (C15:0),
myristic (C14:0), and lauric (C12:0) acids. Oleic acid (C18:1 n-9) was the predominant MUFA
in all the oils, and linoleic (C18:2 n-6) and α-linolenic (C18:3 n-3) acids were the major
PUFA. Considering the nutritional quality of the oils, the ratios of UFA/SFA were greater
than 1.6, whereas the lowest and the highest n-6/n-3 ratios were noticed in linseed, chia
seed, canola, and macadamia oils and in poppy seed, pine cone, apricot, pumpkin seed,
hazelnut, and carrot oils, respectively. Oxidative stability was inversely related to the
polyunsaturated fatty acid content. Regarding the color parameter measurement, L* values
differed significantly; a* values were negative (green) except for sea buckthorn, pumpkin
seed, and avocado oils, whereas positive b* values (yellow) varied from +3.83 (peanut oil)
to +43.69 (canola oil), indicating an increase in the yellow proportion in color. Chlorophyll
levels in edible oils did not exceed 50 mg/kg, preventing the oxidation in the presence of
light. B-carotene, desirable due to its antioxidant and coloring properties, had rich content
in soybean, linseed, and canola oils. The results of the ATR-FTIR analysis pointed out
that the intensity changes in the wavenumbers associated with monounsaturated bonds
(3008 cm−1, 1654 cm−1, 1417 cm−1, and 721 cm−1) were related to the fatty acid profile
of the oils. More specifically, hazelnut, almond, avocado, plum, pomegranate, mustard
seed, and apricot oils, rich in MUFA, exhibit lower intensities at those wavenumbers
compared to oils rich in PUFA, such as evening primrose, chia seed, walnut, pine cone,
and linseed oils. Finally, the application of machine learning algorithms for analyzing
ATR-FTIR band intensities and FA proportions via discriminant analysis was achieved to
discriminate pulp from seed oils, with 96.0% and 88.0% classification accuracy, respectively.
The research outcomes of the present study highlight the quality and nutritional superiority
of the majority of the studied edible plant-based carrier oils, which in turn can be used
as alternative oils for consumption or as fortifying agents in low-quality vegetable oils.
In addition, the practical importance of the study could be of economic and nutritional
interest to countries that rely on oilseed crops to support farmers and local industries.
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