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Abstract

While extensive research has been conducted on oil extraction methods, few studies have
explored the variation in (poly)phenol profiles of vegetable oils over storage periods. This
study investigated the impact of different industrial-scale extraction methods on the
phytochemical composition of walnut (Juglans regia L.) and flaxseed (Linum usitatissimum
L.) oils, focusing on changes in (poly)phenol content and fatty acid profiles at the initial time
point and after eight months of storage. Two extraction techniques were evaluated: an
Archimedes screw press and a prototype hydraulic piston press. Comprehensive analysis was
conducted using RP-HPLC-DAD to quantify (poly)phenols and GC-FID to analyze fatty
acids. Initial results revealed significant (poly)phenol content in both oils, with walnut oil
containing 359 pg/kg and flaxseed oil 507 pg/kg when extracted using the Archimedes screw
press, compared to 125 pg/kg in walnut oil and 482 pg/kg in flaxseed oil extracted with the
prototype hydraulic piston press. Overall, the extraction methods and storage period had
minimal impact on the fatty acids. These results have practical significance for the oilindustry,
highlighting the need to choose suitable extraction methods to improve the bioactive
properties of cold-pressed oils.
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1.INTRODUCTION

In recent decades, the global demand for high-
quality vegetable oils has grown exponentially,
driven not only by their culinary applications but
also by their emerging role in cosmetics,
pharmaceuticals, and nutraceuticals. Walnut oil
(Juglans regia L) and flaxseed oil (Linum
usitatissimum L.) have gained popularity as niche
products. Highly valued for their rich nutritional
content and bioactive compounds, including
polyunsaturated fatty acids (PUFAs) such as
omega-3 and omega-6, and (poly)phenols,
walnut oil and flaxseed oil have seen a steady
increase in market demand and price (Al-
Madhagy et al,, 2023; Gao et al., 2024; H. Song et
al,, 2022; Yang et al,, 2021). Their versatility as
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valuable ingredients in both dietary and skincare
products continues to drive consumer interest
and industry innovation. However, the quality and
quantity of these bioactive compounds are highly
sensitive to the extraction method employed.

The (poly)phenolic profile of walnut oil is
primarily characterized by tannins, including
glansreginin B, and phenolic acids both known for
their potent antioxidant activity. These
compounds not only protect the oil from
oxidative damage but also play a crucial role in
human health by reducing oxidative stress and
inflammation (Vivarelli et al., 2023; H. Zhang &
Tsao, 2016). Similarly, flaxseed oil is distinguished
by its high lignan content, alongside phenolic
acids such as vanillic acid and ferulic acid, which
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contribute to its antioxidative and health-
promoting properties (Herchi et al., 2011).

From a fatty acid perspective, walnut oil is rich in
alpha-linolenic acid (ALA), linoleic acid, and oleic
acid, offering a favorable omega-6 to omega-3
ratio beneficial for cardiovascular health
(Gharibzahedi et al,, 2014; J.-). Zhang et al., 2023).
On the other hand, flaxseed oil stands out for its
high ALA content, ranging from 40% to 60%,
making it one of the most concentrated plant-
based sources of omega-3 fatty acids (Yang et al.,
2021).

Traditionally, oil extraction methods have
included solvent extraction and mechanical
pressing, with cold pressing gaining prominence
for preserving heat-sensitive bioactive molecules.
The choice of extraction method directly
influences the oil's fatty acid profile, the retention
of (poly)phenols, and overall nutritional quality
(Fathollahi et al.,, 2021; L. Song et al., 2023; Van
Hoed et al., 2010; Yilmaz & Giineser, 2017). While
solvent extraction is recognized for higher yields,
it often compromises the bioactivity and purity of
the final product due to chemical residues and
thermal degradation. Conversely, cold-pressing
methods, including mechanical screw presses and
hydraulic piston presses, are celebrated for
maintaining the integrity of bioactive compounds
but are associated with variable yields and
operational challenges.

Despite extensive research on individual
extraction techniques, comparative analyses of
the effects of various cold-pressing methods on
the (poly)phenolic and lipid profiles of oils from
non-common seeds remain limited and
underexplored. This gap persists, particularly in
understanding how  specific  operational
parameters—such as rotational speed in screw
presses and applied pressure in hydraulic
presses—affect the concentration and stability of
key bioactive compounds. Furthermore, the role
of post-extraction storage conditions in
preserving these compounds over time warrants
further investigation, as oxidative degradation
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remains a critical concern for oils rich in
unsaturated fatty acids.

This study seeks to address these knowledge gaps
by comparing two cold-pressing extraction
systems: the Archimedean screw expeller and a
prototype hydraulic piston press “GSR”. Through
controlled variation of operational parameters—
rotational speed for the expeller and applied
pressure for the piston press—the study evaluates
their impact on the composition of (poly)phenols
and fatty acids in walnut oil and flaxseed oil.
Additionally, the research examines the long-
term stability of these compounds during storage
under dark conditions for eight months,
simulating real-world supply chain storage
scenarios.

The outcomes of this research are anticipated to
provide valuable insights into optimizing
extraction methodologies to maximize the
retention of bioactive compounds while ensuring
product stability and quality. Such findings are not
only academically significant but also have
practical implications for the oil extraction
industry, supporting the development of
sustainable and efficient processing techniques
that align with consumer demand for high-
quality, nutrient-rich oils.

2. MATERIALS AND METHODS

21 Samples

In this study, cold-pressed walnut (N) and
flaxseed (F) oils were analyzed. The oil samples
were sourced from the oil mill F.lli Ruata S.P.A.
(Baldissero d'Alba, Cuneo, Italy). Cold pressing
was performed using two distinct types of
presses: an Archimedes “Expeller” screw press
(E) and a prototype “GSR” hydraulic piston press
(G).
For each press type, two different operating
conditions were applied, and the resulting oil
temperatures were recorded (Table 1). The
Archimedes “Expeller” screw press was
operated at two rotational speeds: 70% and
100% of its maximum speed. Meanwhile, the
prototype GSR operated at two pressure
2
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settings: 860 kg/cm? for 700 seconds and 900
kg/cm? for 900 seconds.

J. Raw Mater. Process. Foods vol.6(1), (2025)

Table 1. Samples, presses used, and extraction condition parameters provided by the manufacturer.

oil Press Conditio Speed/Pressure Outcome
n temperature
1 70% 52 °C
Expeller (E)
2 100% 50 °C
Walnut
1 860 kg/cm2 - 700" 55°C
GSR (G)
2 900 kg/cm2 - 900" 50 °C
1 70% 72 °C
Expeller (E)
2 100% 70 °C
Flaxseed
1 860 kg/cm?2 - 700" 72 °C
GSR (G)
2 900 kg/cm2 - 900" 70 °C

Each oil extraction was performed in duplicate.
The resulting oil samples were stored in dark
glass bottles and analyzed at two time points:
the initial time point (tO) and after 8 months (t1)
to evaluate changes in quality following storage.

2.2. Chemicals

Methanol (HPLC grade) and formic acid (50%,
LC—MS grade) were purchased from Carlo Erba
(Milan, Italy). Ultrapure water was obtained by
Milli-Q instrument (Millipore Corp., Bedford,
MA, USA). All the other chemicals, solvents and
standards (purity 2 96 %, HPLC grade) were
purchased from Sigma—Aldrich (Milan, Italy).

2.3. Phenolic compounds extraction

Polar (poly)phenols were extracted from walnut
and flaxseed oils following the method
described by Romani et al., 2017. Briefly, 19 g of
the lipid sample was mixed with 19 mL of
ethanol (70% v/v), acidified with formic acid
(pH =2),ina 50 mL centrifuge tube. The mixture

was vortexed for 1 min at room temperature,
incubated on an orbital undulating shaker
(Sunflower 3D Mini-Shaker, BioSan, Latvia) for
30 min, and subsequently centrifuged at 5500
rpm for 15 min (Centrifuge 5804R, Eppendorf,
Italy). The resulting supernatant was collected.
The extraction procedure was repeated twice
under the same conditions, and the
supernatants from all three extractions were
combined. The pooled ethanolic extract was
washed three times with 35 mL of hexane in a
separating funnel to remove residual oils. The
purified extract was then dried at 42°C using a
rotary evaporator (Rotavapor® R-210, Biichi,
Switzerland). The resulting dry residue was re-
dissolved in 3 mL of ethanol (70% v/v), filtered
through a 0.45 pm nylon syringe filter, and
stored at -18 °C until further analysis.

2.3.1.  RP-HPLC-DAD analysis

The qualitative and quantitative analysis of the
(poly)phenolic profile of walnut seed and
flaxseed oils was performed using a Shimadzu
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LC-20A Prominence HPLC system equipped
with a diode array detector (SPD-M20A) and an
autosampler  (SIL-20A).  Separation  was
achieved on a reversed-phase Luna C18 column
(150 x 2 mm id, 5 pum particle size)
(Phenomenex, Torrance, CA, USA), maintained
at 30 °C, following the chromatographic
method described by Giordano et al. (2017) with
slight modifications.

The mobile phase consisted of ultrapure water
acidified with 0.1% (v/v) formic acid (eluent A)
and methanol acidified with 0.1% (v/v) formic
acid (eluent B). The gradient applied was: from 5
to 17.5% B (0-30 min), from 17.5 to 30% B (10
min), from 30 to 100% B (5 min), isocratic
100% B (10 min), from 100 to 5% B (1 min), and
finally isocratic 5% B to equilibrate the column
(19 min).

The total run time was 75 min at a constant flow
rate of 0.4 mL/min, with an injection volume of
7 uL.

Tentative identification of compounds was
achieved by comparing retention times and UV-
Vis spectra with those of authentic standards at
330 nm and at 280 nm. Final results are
expressed as pg of analyte per kg of oil.

24.  lIdentification and quantification of fatty
acids by GC-FID

To determine the fatty acid profile, the samples
were subjected to fatty acid methyl ester
(FAME) derivatization according to the method
of Locatelli et al., 2011. Subsequent analysis by
gas chromatography with flame ionization (GC-
FID) enabled the separation and quantification
of the individual fatty acids as relative
percentage.

For transesterification, 200 pL of oil sample was
pipetted into a 2 mL glass vial. Subsequently,
200 pL of 0.5 N sodium methoxide in methanol
was added. The vials were then incubated in a
thermomixer (eppendorf thermomixer comfort,
Eppendorf SE, Hamburg, Germania) at 80 °C
and 350 rpm for 30 minutes. After cooling, 250
pL of deionized water and 500 pL of diethyl
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ether were added to each vial. Following
vigorous vortexing and phase separation, 50 pL
of the upper ether phase was transferred to a
new vial containing 950 pL of dichloromethane.
Gas chromatographic analysis was conducted
using a Thermo Trace 1300 gas chromatograph
(Thermo Fisher Scientific, Waltham,
Massachusetts) equipped with a split/spitless
injector. Separation was achieved on a DB-23
J&W Scientific (Supelco) capillary column (30 m
x 0.25 mm, 0.25 pm film thickness) using
hydrogen (H2) as the carrier gas at a flow rate of
1.5 mL/min and a split ratio of 50:1. The injector
and detector temperatures were set at 250 °C
and 350 °C, respectively. A temperature
program with a 5 °C/min ramp was employed.
Identification of FAMEs was performed by
comparing their retention times to those of a
Supelco 37 Component FAME mix standard.

2.5.  Statistical analysis

All the statistical analysis were performed using
the statistical software R 4.2.1 (Boston, USA).
Results were expressed as mean + standard
deviation (SD). Differences were assessed by
analysis of variance (ANOVA) followed by
Tukey's honest significant difference test and
the statistical significance level was set to 0.05.

3. RESULTS AND DISCUSSION

31 Phenolic compounds
311 Walnutoil

This section presents the results of RP-HPLC-
DAD analysis, summarizing the main
(poly)phenolic compounds identified in walnut
oil at tO and t1 (after eight months of storage)
obtained using the Archimedes “Expeller” screw
press (E) and a prototype “GSR” hydraulic piston
press (G). Table 2 shows the concentrations of
these compounds
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Table 2. (Poly)phenol content in walnut oil at tO and t1

J. Raw Mater. Process. Foods vol.6(1), (2025)

Compounds Calibration R2 Time El E2 Gl G2
(a/kg) curve
10 TB:8" 7:6°  18.8£2.0% 19841
Protocatechuic acid y = 3883x - 0.997
215.82 1l 119+42 N2:70 123017 22323
10 485170  47.0:3.88 od od
p-Hydroxybenzoic ¥ = 2081.3x + 0.990
acid na.e7 o 583234 652+51 nd 2
10 75.0:0.6 75.0£13 nd odl
Glansreginin B y = 9907 .4x - 0.998
Left s 1l 76.9+2.6 78.941.6 od od
10 6357:0.40°  6.46:0.10° nd od
Wanillic acid y = 4564 .6x + 0.994
LB 1 BB&DTO*  8.03:0.90 1 ol
10 19.15.6 17.4:2.0 nd od
Chlorogenic acid y = 10248x - 0.985
fhas2 1l 19.1:0.2 19.321.5 nd odl
10 240168 240:58  282:07% 279427
Coumaric acid y = 10425x + 0.998
203.2 1l 24.1£1.4% 25101  28.2:13  28.2:0.3
10 68,5213 68.7:10°  7BA:59%  &B9+TI
Ellagic acid ¥ = 9907 4% - 0.998
Lefis 1l 1088 01E4%% 42777 4172455

Values are expressed as mean + standard deviation (pg/kg oil). Within each row, different lowercase letters indicate significant
differences (p < 0.05) between samples, while uppercase letters indicate significant differences between tO and t1 for each
phenolic compound. Values without letters are not significantly different. Statistical differences were assessed by ANOVA
followed by Tukey's HSD test. nd: not detectable, E = Expeller Screw Press; G = GSR hydraulic piston press.

At time tO, the highest phenolic content was
obtained by pressing walnuts using the expeller
screw press, yielding 359.4 pg/kg and 355.5
pg/kg under mild (E1) and higher rotational
speeds (E2), respectively. In contrast, the GSR
hydraulic piston press produced lower phenolic
concentrations, with values of 125.3 pg/kg when
a force of 860 kg/cm?* was applied for 700 s
(G1), and 116.6 pg/kg when a force of 900
kg/cm?* was applied for 900 s (G2). According to
Ojeda-Amador et al. (2018),

the concentration of phenolic compounds in
commercial walnut oil ranges from 210 to
10,600 pg/kg.

However, a comprehensive comparison with
other findings is challenging, as, to the best of
our knowledge, there is a lack of studies
characterizing these polar compounds in detail.
RP-HPLC-DAD analysis revealed the presence
of seven (poly)phenols, predominantly
phenolic acids. The major phenolic compound
detected is protocatechuic acid, using
Archimede expeller screw press, the amount of
this compound amounts at 118 (E1) and 117 pg/kg
(E2) at tO. While using the GSR hydraulic piston
press the levels were significantly lower,
amounting at 18 pg/kg for G1and 19 pg/kg for G2
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condition, approximately 10 times lower
compared whit Archimede expeller screw.
Glansreginin B levels, at tO, were consistently
high in all extractions performed using the
Archimede expeller screw press. In both E1and
E2 conditions, glansreginin B levels were found
to be 75 pg/kg. Unexpectedly, no glansreginin B
was detected in any samples extracted using the
GSR hydraulic piston press. Chemically,
glansreginin B is a dicarboxylic acid derivative
that was newly isolated from walnuts by
Hideyuki et al. The authors elucidated its
structure using high-resolution electrospray
ionization mass spectrometry (HRESIMS), as
well as 1H and 13C NMR, identifying the
presence of a glansreginic acid moiety and a
sucrose unit (Ito et al.,, 2007). Our findings were
in accordance to those of Ojeda-Amador et al.,
which confirmed the presence of glansreginin B
and A in walnut oil. The authors reported the
presence of glansreginin B in three distinct
varieties of walnuts at concentrations between
10 and 170 pg/kg (Ojeda-Amador et al., 2018).
Slatnar et al. investigated the presence of
glansreginin B in oils extracted from five
different walnut varieties (Slatnar et al., 2015).
The highest concentration of glansreginin B was
observed in oil derived from the 'Fernor’ cultivar,
reaching 53 pg/kg, while the lowest value was
found in oil from the 'Franquette’ cultivar at 8
Hg/kg.

Similar trends were observed for p-
hydroxybenzoic, vanillic, and chlorogenic acids
which were not detected in G extractions. p-
Hydroxybenzoic acid levels were 48.5 pg/kg in
E1and 47.0 pg/kg in E2 while vanillic acid levels
were 6.37 pg/kgin E1and 6.46 pg/kgin E2 at tO.
The presence of vanillic acid is confirmed by Al
Juhaimi and colleagues, which detected 1.8
pg/kg of vanillic acid in walnuts oil extracted
with cold press and 2.9 pg/kg in oil extracted
using the Soxhlet method (Al Juhaimi et

al., 2018). The same authors also confirmed the
presence of chlorogenic acid at concentrations
ranging from 6.1 to 6.7 pg/kg, which are lower

J. Raw Mater. Process. Foods vol.6(1), (2025)

than those quantified in our samples (19.1 ug/kg
and 17.4 pg/kg in E1and E2, respectively).

In G1 condition, the level of coumaric acids
amount at 28.2 pg/kg and 27.9 pg/kg in G2, and
significantly lower in E1 (24.0 pg/kg) and E2
(24.0 pg/kg) at tO.

Ellagic acid levels at tO did not differ
significantly between the four extraction
conditions. In E1 and E2 conditions, ellagic acid
levels were 685 pg/kg and 68.7 pg/kg,
respectively, while in G1 and G2 conditions, the
levels were 78.3 pgkg and 68.9 pg/kg,
respectively.

Compared to walnut oil, raw walnut kernels
contain high levels of (poly)phenols, more than
5000 mg/kg, which are largely retained in the
cake representing the cell-wall bound fraction
(Huang et al., 2024).

During storage, the profile of phenolic
compounds may change, either increasing due
to the degradation of complex structures such
as hydrolysable tannins or decreasing due to the
susceptibility of certain small molecules to
temperature or storage condition (Mousavi et
al, 2021). In their study of olive oil storage,
Mousavi et al. (2021) documented changes in
the (poly)phenol profile over 18 and 36 months
relative to the initial composition. Their findings
indicate a rise in simple phenols (tyrosol and
hydroxytyrosol) after 36 months, coupled with
a decline in complex (poly)phenols, including
oleuropein and oleacin. These results support
the hypothesis that complex (poly)phenols are
susceptible to oxidative and hydrolytic
degradation during extended storage (H. Cao et
al,, 2021). In general, in our study, the trend of
(poly)phenol passes from 359.5 pg/kg and
355.5 pg/kg in E1 and E2 condition respectively
at tO to 414.2 pg/kg in E1and 407.5 pg/kg in E2
condition at tl. While for the Gl and G2
extraction condition, the level pass from 125.3
pg/kg and 116.6 pg/kg to 83.2 and 92.2 pg/kg at
tO and t1, respectively.

After t1, the amount of p-hydroxybenzoic acid,
result increased compared to tO in E1 and E2
extraction, while in G1 and G2 there wasn't
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reliable. The level of p-hydroxybenzoic acid
increased 20.8% in E1and 34% in E2 extraction
condition after eight months.

Glansreginin B levels remained stable at t1in ET,
G1, and G2. In contrast, slight increase of 5.3%
was observed in glansreginin B in E2 extraction
condition at tl. In general, vanillic acid levels
exhibited an increasing trend after eight months
in both E1 and E2 extraction conditions, plus
39.1% and 24.3% respectively. Conversely, no
traces of vanillic acid were detected in G1and G2
extraction conditions at t1.

Interesting things are founds in ellagic acid
trend. In E1 and E2 extraction conditions, has
been registered one increasing after eight
months. In E1 condition the ellagic acid increase
of 58% in t1. In E2 conditions the increased was
47% after storage period. In contrast, a decrease
has been observed in oil obtained from G1
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and G2 extraction condition between tO and t1.
-45.5% for G1 and -39.5% for G2 extraction
condition. At t1, after eight months of storage,
the content of protocatechuic acid remained
unchanged in walnut oil extracts obtained under
E1, E2, and G2 conditions. A reduction of -34%
in protocatechuic acid levels was observed only
in the G1 extraction condition after storage
period.

No significant differences in chlorogenic acid
and coumaric acid content were observed
among the four extraction conditions at both tO
and tl.

3.1.2.  Flaxseed oil

Table 3 presents the concentration of individual
(poly)phenols in oils extracted under different
conditions (E1, E2, G1, and G2) at time zero (tO)
and after eight months of storage (t1).

Table 3: (Poly)phenol content in flaxseed oil at tO and t1

Compounds Calibration curve RZ Time El E2 Gl G2
_ (na/kg)
0 147£38° 167 £31= 69.9 £9.98 87.4 214.0%
Protocatechuic ¥ = 4021.1x - 557.48 0.999
acid il 15651 206 15 74.8 £12.0¢ 65.7 21100
p-Hydroxybenzoic 10 69.8:70%  7B6:10.00 9344188 98.0:7.7°
y = 2726.2x - 617.39 0.994
acid tl B84.7+7 .0 82.4 +6.5" 101£4* n2+10°
10 62.1+1.85 64.6+2 940 122452 na+0e
Vanillic acid y = 5451.3x - 837.1 0.997
il 93.8+3. 104 86.8+4.5M 121x20° 12710
t0 7.91£0.908 8.99:1.10= 6.58+0.40 6.52+0.908
Caffeic acid y = 10246x - 7,8462 0.991
tl 15.04+1.6%4 12,141 594 5.5920.604 5.15+1.00%
10 23,544 5% 20.6+£2.5° 7.11+0.80° 6.64+0.40%
Chlorogenic acid y = 12767x - 953,05 0.995
tl 17.4+1.8% 21.541.3° 15,941,984 11.3+1.84
10 74.6217.0° 58.5¢4 548 49.2+9 .05 51.2+8.3%
Epicatechin y = 1683,2x + 5,449 0.999
il 64.5+5.5% 76.6+10.0°4 77.9410.0% 58.54£6.5%
10 298216 28.15.2° 26.8+1.40 26.6+1.4
Coumaric acid y = 9907 4x - 1078.9 0.998
il 32.6+1.5% 33.6+0.24 31,4184 29.0+4.4%
10 55.1:1.6% 57.3%7 248 66,647 .5 &7.041.3°8
Ferulic acid y = 10434x + 183,27 0.998
f 87 .7%1.4% 89.3+0.74 10521 No+264
0 24.6£2.0° 23,442 4% 22.54]. 484 20.6+1.2%4
Luteolin y = 9421,2x - 2505 0.995
1 23.240.5° 25.0+0.5 15.621. 4% N.6+1.4%

Values are expressed as mean + standard deviation (pg/kg oil). Within each row, different lowercase letters indicate significant
differences (p < 0.05) between samples, while uppercase letters indicate significant differences between tO and t1 for each
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phenolic compound. Values without letters are not significantly different. Statistical differences were assessed by ANOVA
followed by Tukey's HSD test. nd: not detectable, E = Expeller Screw Press; G = GSR hydraulic piston press.

32.  Fatty acids composition
3.21.  Walnut oil

The results of the FAME analysis, conducted
using GC-FID, are reported in Table 4 as relative
percentages of fatty acid content.

Table 4. Fatty Acid Methyl Ester (FAME) Composition in walnuts oil
Fatty acid Time E1 E2 ¢]] G2

0 6.61+0.018 6.55+0.03%  6.53+0.05° 6.56+0.018

Palmitic acid (C16:0)

1 7.19+£0.04A 7.30+0.11A 7.06+0.01 7.11£0.074
10 2.660.01 2.67+0.02 2.60+£0.02 2.60+0.03
Stearic acid (C18:0)
il 2.64+0.01 2.68+0.05 2.61£0.02 2.65+0.08
10 19.9+0.0 19.8+0.0 20.0+0.0 20.1£0.1
Oleic acid (Cl8:In%cis)

il 19.6+0.0 19.7+0.0 19.9+0.4 19.8+0.3
10 56.0+0.1%8 56.0+0.0° 55.7+0.0%8 55.840.1°0

Linoleic acid

(Sl se) 1l 563£0.0%  56140.2%  559:01%A  556+0.4b
10 13.5+0.00A 13.5+0.0bA 13.9+0.094 13.8+0.0%k

a-Linolenic acid
(C18:3n3)

1 12.5+0.08 12.4+0.08 12.9+0.38 12.9+0.3

Fatty acid composition expressed as (%) + standard deviation in walnut oil at tO and t1. Within each row, different lowercase
letters indicate significant differences (p<0.05) between samples, while uppercase letters indicate significant differences
between tO and t1 for each fatty acid. Values without letters are not significantly different. Statistical differences were assessed
by ANOVA followed by Tukey’'s HSD test. nd: not detectable, E = Expeller Screw Press; G = GSR hydraulic piston press.

significant difference in fatty acid composition.
The analysis revealed a high prevalence of Their analysis indicated the following

linoleic acid (55.6-56.3%), followed by oleic composition: (8.2%) palmitic acid, (3.4%)
acid (19.6 to 20.1%) and a-linolenic acid (12.4 to stearic acid, (24%) oleic acid, and (51.6%)

13.9%). linoleic acid (Ghiasi et al., 2022). While Cao et al.
At tO, GC-FID analysis of FAMEs revealed no reported palmitic acid (6.6%), stearic acid

significant differences in fatty acid composition
between walnuts oil extracts obtained using
different technologies. The most notable
differences, though minor, were observed in
linoleic and a-linolenic acid content between
extraction methods E and G.

In comparison with our results, Ghiasi et al.,
employing a cold extraction method, found no

(2.3%), oleic acid (13.8%), linoleic acid (66%),
and linolenic acid (11.1%) on walnut oil extracted
using hydraulic pressing (S. Cao et al,, 2024).

These results are in agreement with our data.

The wé:w3 ratio in walnut oil samples was found
to be 4.5:1. This value aligns with nutritional
guidelines recommending a ratio of =<4:1 for a
balanced and healthy diet, as an appropriate
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balance of these fatty acids is essential for
optimal physiological function. After eight
months of storage, no significant differences
were observed in stearic and oleic acid content.
Palmitic acid levels increased in all samples: G1
increased of (8.9%), G2 of (11.5%), E1(8.1%) and
E2 (8.4%). Also linoleic acid has registered an
significant increase in E1 and G1 oil (+0.5% and
+0.4% respectively). These results contrast with
those of Christopoulos & Tsantili (2012), who
reported no increase in linoleic acid in cold-
pressed walnut oil after one year of storage.
They found that at tO, linoleic acid constituted
54% of the fatty acid, while after one vyear,
represent 52% stored at O °C and 48% stored at
20 °C (Christopoulos & Tsantili, 2012).

Ampofo et al. studied the evolution of fatty acid
composition in walnut oil during a four-month
storage period. Their analysis revealed no
significant variation in palmitic acid levels
between the initial time point (2.3% at to) and
after four months at 5 °C (2.3%). However, a
decrease in palmitic acid concentration to 1.7%
was observed after four months at room
temperature. The authors reported no
significant differences in the concentrations of
a-linolenic, stearic, and oleic acids between tO
and after four months of storage at either 5°C or
room temperature (Ampofo et al., 2022).
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Conversely, the decrease in a-linolenic acid
concentration observed after eight months of
storage, (- 7.4%, -8.1%, -7.2% and -6.5% for E1,
E2, G1 and G2 respectively) suggests oxidation
of this fatty acid. This is further supported by the
increase in peroxide value registered after six
months, indicative of oxidative processes
(Rébufa et al., 2022).

322. Flaxseed oil

Flaxseed oil, characterized by its unique fatty
acid profile rich in unsaturated and
polyunsaturated fatty acids, particularly o-
linolenic acid, has garnered significant attention
for its associated health benefits. Numerous
studies have demonstrated that flaxseed oil
consumption can exert anti- inflammatory
effects and may contribute to the prevention of
several non-communicable diseases, including
cancer, atherosclerosis, and obesity, potentially
through the downregulation of inflammatory
genes (Yang et al, 2021). Thus, employing
optimal extraction methods to prevent
oxidation and maintain the quality of healthy
fatty acids is of paramount importance.

The results of the FAME assay, conducted using
GC-FID, are reported in this section (Table 5).

Table 5. Fatty Acid Methyl Ester (FAME) Composition in flaxseed oil

Fatty acid Time El E2 Gl G2
10 6.07+0.00" 6.04+0.00" 6.05:0.05 6.03:0.01°
Palmitic acid (C14:0)
1l 4.64:0.06* 6.74x0.08% &6.87+0.32 &.75£0.034
10 4.39+0.00" 4.41+0.01 4.4420.04 4.42+0.01
Stearic acid (C18:0)
1l 4.44+0.08~ 4.553:0.05 4.49+0.02 4.45+0.03
Oleic acid (C18:InPcis) 10 16.320.0% 16.3£0.0° 15.6+0.0° 15.6+0.084
fl 16.1£0.18 16.320.1 15.820.5 15.4:0.0"
Linoleic acid (C18:2nécis) 10 50.2+0.05 49.9+0.1¢ 52.5:01" 52.4:0.07
tl 50.0:0.1 50.0:0.1 52 6:0.0° 52.4:0.2°
a-Linolenic acid (C18:3a3) 10 21.6+0.074 216201 20.0:0.1= 20.1£0.0%
tl 20.40.5% 20.3:0.1=# 18.2+0.9% 18.9+0.0°



Pedron et al., 2025

J. Raw Mater. Process. Foods vol.6(1), (2025)

Fatty acid composition expressed as (%) * standard deviation in flaxseed oil at tO and t1. Within each row, different lowercase
letters indicate significant differences (p<0.05) between samples, while uppercase letters indicate significant differences
between tO and t1 for each fatty acid. Values without letters are not significantly different. Statistical differences were assessed
by ANOVA followed by Tukey's HSD test. nd: not detectable, E = Expeller Screw Press; G = GSR hydraulic piston press.

In our study, the primary fatty acids identified
were linoleic acid and a-linolenic acid, which
accounted for approximately 50% and 20% of
the total concentration, respectively. These
findings contrast with those of previous studies.
For instance, Dedebas et al., 2021 and Gandova
et al, 2023 reported a-linolenic acid
concentrations of 57%, while Bera et al,, (2006)
observed 50%. Additionally, our study found a
lower concentration of linoleic acid (50%)
compared to the reports from Gandova et al.
(2023) (12%), Bera et al. (2006) (14%), and
Dedebas et al. (2021) (16.5%).

The concentrations of palmitic, stearic, and oleic
acids observed in our study were consistent with
those reported in other research (Gandova et al.,
2023; Bera et al., 2006; Dedebas et al., 2021),
with these fatty acids ranging approximately
from 6%, 4%, and 20%, respectively.
Mikotajczak & Tanska (2022) highlighted that
geographical origin and harvest conditions are
key factors contributing to the variability in fatty
acid composition, which may help explain the
differences observed between our study and
previous findings. Moreover, (Zhang et al,, 2013)
reported that prolonged exposure of flaxseed oil
to elevated temperatures (>75 °C) induces
alterations in its fatty acid profile, characterized
by a decrease in a-linolenic acid and a
concomitant increase in linoleic acid. According
to the operational parameters provided by the
oil mill, the outlet temperature of both pressing
machines was approximately 70 °C (Table 1).
These temperature conditions may have played
a role in modulating the fatty acid composition
of the extracted oil.

The analysis of linoleic acid and a-linolenic acid
yields a nutritional wé:w3 ratio of 3:1, which
contrasts with the ratio of 0.3:1 typically
reported in the literature for this oil (Goyal et al,,
2014).

At tO, GC-FID analysis of FAMEs showed minor
variations in fatty acid composition among

flaxseed oil extracts obtained using different
technologies. While palmitic and stearic acid
levels remained relatively  consistent
(approximately 6% and 4%, respectively)
across all conditions, oleic and o- linolenic acids
were more significantly higher in oils extracted
from conditions E1 and E2 compared to G1and
G2. Linoleic acid, however, was more abundant
in oils from conditions Gl and G2
(approximately 52%) than in E1 and E2
(approximately 50%).

Interesting study published by Kasote et al,
(2013) that employed a screw expeller press to
extract flaxseed oil, implementing single,
double, and triple pressing protocols. Palmitic
acid (5.6%) and linoleic acid (46%) levels
remained stable across all three extraction
conditions. Stearic acid levels decreased with
successive extractions (6.2%, 5.7%, and 5.4%),
whereas oleic acid levels increased (20.3%,
21.6%, and 24%) as well as for linolenic acid
(11.4%, 12%, and 13.3%). The authors showed
that the choice of extrusion method can
substantially affect the yield and quality of the
resulting oil (Kasote et al., 2013).

In comparison, the palmitic acid levels observed
in our study are consistent with the findings
reported by Kasote et al., (2013). However, our
stearic and oleic acid levels were slightly lower,
whereas our linoleic and linolenic acid levels
were higher.

Following eight months of storage, increases in
palmitic acid levels were observed in extracts
obtained using methods E1, E2, and G2 (9.4%,
11.6%, and 11.9% increases, respectively). Stearic
acid concentration increased only in the E1
extract (1.1% increase). Conversely, decreases in
oleic acid concentration were noted in the E1
and G2 extracts (1.2% and 1.3% decreases,
respectively), as were decreases in a-linolenic
acid concentration in the E1, E2, and G2 extracts
(5.1%, 6.5%, and 6% decreases, respectively).
No significant change was observed in linoleic
acid concentration.
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The results of Dedabas et al., (2021) partially
agree with our findings. During 12 months of
storage at room temperature the authors
observed notable changes in fatty acid
composition. Saturated fatty acids increased,
with palmitic acid rising from (5.6% to 6.5%),
oleic acid from (17.6% to 20%), and stearic acid
showing the most substantial increase, from
3.7% t0 10.3%. In contrast, the polyunsaturated
fatty acids linoleic acid and a-linolenic acid
(likely intended) decreased, from 16.5% to
16.3% and 56.6% to 46%, respectively
(Dedebas et al., 2021).

In contrast to our results, Prescha et al., (2014)
found no significant changes in the fatty acid
profile of flaxseed oil obtained from cold
pressed technologies after 12 month of storage
(Prescha et al,, 2014). Similarly, Islam et al,
(2023) reported no significant changes in the
fatty acid composition of cold-pressed oil after
6 months of storage (Islam et al, 2023).
Likewise, Malcolmson et al., (2000) reported no
significant differences in fatty acid composition
after 128 days of storage compared to initial
levels (Malcolmson et al., 2000).

4. CONCLUSION

This study systematically examined the impact
of two cold-pressing extraction methods—the
Archimedean screw expeller and the GSR
hydraulic piston press—on the (poly)phenolic
and lipid composition of walnut and flaxseed
oils. Additionally, the storage period led to
varying trends in the stability of these bioactive
compounds, with some phenolics increasing
likely due to hydrolytic degradation of complex
structures, while others declined, possibly as a
result of oxidative processes. In walnut oil, the
expeller press demonstrated superior retention
of total and key (poly)phenols such as
protocatechuic acid, glansreginin B, and vanillic
acid, whereas the hydraulic press yielded
significantly lower levels of these compounds.
Conversely, in flaxseed oil, the total
(poly)phenol content was comparable across
extraction methods, with differences observed
in the qualitative composition of individual

J. Raw Mater. Process. Foods vol.6(1), (2025)

compounds. Fatty acid composition remained
largely stable across both extraction methods,
though minor differences were observed in
linoleic and a-linolenic acid levels. Storage led
to a slight increase in saturated fatty acids and a
decrease in a-linolenic acid, likely due

to oxidative degradation.

Despite the valuable insights gained, certain
limitations should be acknowledged. The study
did not assess the sensory properties or
oxidative markers of the oils, which could
provide further clarity on quality deterioration
over time. Additionally, while the research
simulated real-world storage conditions, future
studies should investigate the effects of
different packaging materials and storage
temperatures on oil stability. Further
exploration into  optimizing  extraction
parameters to maximize both yield and
bioactive =~ compound
recommended.

These findings offer practical implications for

preservation is

the oil industry, emphasizing the importance of
selecting appropriate extraction techniques to
enhance the bioactive and functional quality of
cold- pressed walnut and flaxseed oils.

DECLARATION OF CONFLICTING
INTERESTS

The author(s) declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

FUNDING

None.

ACKNOWLEDGEMENT

None.

REFERENCES

Al Juhaimi, F., Ozcan, M. M., Ghafoor, K., Babiker, E. E., &

Hussain, S. (2018). Comparison of cold-pressing and
soxhlet extraction systems for bioactive compounds,
antioxidant properties, polyphenols, fatty acids and
tocopherols in eight nut oils. Journal of Food Science and
Technology, 55(8), 3163-3173.
https://doi.org/10.1007/513197-018-3244-5

Al-Madhagy, S., Ashmawy, N. S., Mamdouh, A, Eldahshan, O.

A, & Farag, M. A. (2023). A comprehensive review of the
health benefits of flaxseed oil in relation to its chemical
composition and comparison with other omega-3-rich

11



Pedron et al., 2025

oils. European Journal of Medical Research, 28(1), 240.
https://doi.org/10.1186/s40001-023-01203-6

Ampofo, |, Grilo, F. S., Langstaff, S., & Wang, S. C. (2022).
Oxidative Stability of Walnut Kernel and Oil: Chemical
Compositions and Sensory Aroma Compounds. Foods,
11(19), Article 19. https://doi.org/10.3390/foods11193151

Bera, D., Lahiri, D., & Nag, A. (2006). Studies on a natural
antioxidant for stabilization of edible oil and comparison
with synthetic antioxidants. Journal of Food Engineering,
74(4), 542-545.
https://doi.org/10.1016/j.jfoodeng.2005.03.042

Cao, H., Saroglu, O., Karadag, A., Diaconeasa, Z., Zoccatelli, G,
Conte-Junior, C. A., Gonzalez- Aguilar, G. A,, Ou, |., Bai,
W., Zamarioli, C. M., de Freitas, L. A. P., Shpigelman, A.,

Campelo, P. H., Capanogly, E., Hii, C. L, Jafari, S. M., Qi, Y.,
Liao, P., Wang, M, ... Xiao,

J. (2021). Available technologies on improving the stability of
polyphenols in food processing. Food Frontiers, 2(2),
109-139. https://doi.org/10.1002/fft2.65

Cao, S., Xiang, F., Li, S., Ma, X., Hu, H., Guo, Q,, Jiao, B., Agyei,
D., Wang, Q., & Shi, A. (2024). 1Characteristics of walnut
oil and the residual cake prepared using various
pretreatment and extraction methods. LWT, 206,
116596. https://doi.org/10.1016/j.lwt.2024.116596

Christopoulos, M. V., & Tsantili, E. (2012). Storage of fresh
walnuts (Juglans regia L) — Low temperature and
phenolic compounds. Postharvest Biology and
Technology, 73, 80-88.
https://doi.org/10.1016/j.postharvbio.2012.06.001

Dedebas, T., Ekici, L., & Sagdic, O. (2021a). Chemical
characteristics and storage stabilities of different cold-
pressed seed oils. Journal of Food Processing and
Preservation, 45(2), e15107.
https://doi.org/10.1111/jfpp.15107

Dedebas, T., Ekici, L, & Sagdic, O. (2021b). Chemical
characteristics and storage stabilities of different cold-
pressed seed oils. Journal of Food Processing and
Preservation, 45(2), e15107.
https://doi.org/10.1111/jfpp.15107

Fathollahi, 1., Farmani, )., Kasaai, M. R., & Hamishehkar, H.
(2021). Some physical properties of Persian lime (Citrus
Latifolia) seeds and physicochemical properties of the
seed oil as affected by solvent extraction and cold
pressing methods. Journal of Food Measurement and
Characterization, 15(2), 1169-1178.
https://doi.org/10.1007/s11694-020-00712-w

Fruehwirth, S., Steinschaden, R., Woschitz, L., Richter, P.,
Schreiner, M., Hoffmann, B., Hoffmann, W., & Pignitter,
M. (2020). Qil-assisted extraction of polyphenols from
press cake to enhance oxidative stability of flaxseed oil.
LWT, 133, 110006.
https://doi.org/10.1016/}.lwt.2020.110006

Gandova, V., Teneva, O., Petkova, Z,, lliev, ., & Stoyanova, A.
(2023). Lipid Composition and Physicochemical
Parameters of Flaxseed Oil (Linum usitatissimum L.)
from Bulgaria. Applied Sciences, 13(18), Article 18.
https://doi.org/10.3390/app131810141

Gao, Y., Hu, J,, Sy, X, Li, Q,, Su, C,, Li, Y., Ma, G, Zhang, S., &
Yu, X. (2024). Extraction, chemical components,

J. Raw Mater. Process. Foods vol.6(1), (2025)

bioactive functions and adulteration identification of
walnut oils: A review. Grain & Oil Science and
Technology, 7(1), 30-41.
https://doi.org/10.1016/j.gaost.2024.01.004

Gharibzahedi, S. M. T, Mousavi, S. M., Hamedi, M., &
Khodaiyan, F. (2014). Determination and
characterization of kernel biochemical composition and
functional compounds of Persian walnut oil. Journal of
Food Science and Technology, 51(1), 34-42.
https://doi.org/10.1007/s13197-011-0481-2

Ghiasi, P., Sohrabi, O., Rahmati, E., Najafi, G., Mohamed, M., &
Ghasemnezhad, A. (2022). Modeling for extraction of oil
from walnut and sesame using batch flow cold press oil
extraction system. Food Science & Nutrition, 10(4), 1211-
1221. https://doi.org/10.1002/fsn3.2773

Giordano, D., Locatelli, M., Travaglia, F., Bordiga, M., Reyneri,
A., Coisson, ]. D., & Blandino, M. (2017). Bioactive
compound and antioxidant activity distribution in roller-
milled and pearled fractions of conventional and
pigmented wheat varieties. Food Chemistry, 233, 483-
491. https://doi.org/10.1016/j.foodchem.2017.04.065

Goyal, A, Sharma, V., Upadhyay, N., Gill, S., & Sihag, M.
(2014). Flax and flaxseed oil: An ancient medicine &
modern functional food. Journal of Food Science and
Technology, 51(9), 1633-1653.
https://doi.org/10.1007/s13197-013-1247-9

Hasiewicz-Derkacz, K., Kulma, A., Czuij, T., Prescha, A., Zuk, M.,
Grajzer, M., tukaszewicz, M., & Szopa, |. (2015). Natural
phenolics greatly increase flax (Linum usitatissimum) oil
stability. BMC Biotechnology, 15(1), 62.
https://doi.org/10.1186/s12896-015-0178-0

Herchi, W., Sakouhi, F., Arraez-Roman, D., Segura-Carretero,
A., Boukhchina, S., Kallel, H., & Fernandez-Gutierrez, A.
(20Ma). Changes in the Content of Phenolic Compounds
in Flaxseed Oil During Development. Journal of the
American Oil Chemists’ Society, 88(8), 1135-1142.
https://doi.org/10.1007/s11746-011-1783-2

Herchi, W., Sakouhi, F., Arraez-Roman, D., Segura-Carretero,
A., Boukhchina, S., Kallel, H., & Fernandez-Gutierrez, A.
(2011b). Changes in the Content of Phenolic Compounds
in Flaxseed Oil During Development. Journal of the
American Oil Chemists’ Society, 88(8), 1135-1142.
https://doi.org/10.1007/s11746-011-1783-2

Huang, B., Mao, S., Tan, W., Wei, C,, Ye, X,, & Tian, |. (2024).
Constitutes, biofunctions and preparations of walnut
polyphenols: A review. Food Bioscience, 61, 104815.
https://doi.org/10.1016/j.fbio.2024.104815

Islam, M., Kaczmarek, A., Grygier, A., & Tomaszewska-Gras, J.
(2023). DSC Phase Transition Profiles Analyzed by
Control Charts to Determine Markers for the Authenticity
and Deterioration of Flaxseed Oil during Storage. Foods,
12(15), Article 15. https://doi.org/10.3390/foods12152954

Ito, H., Okuda, T., Fukuda, T., Hatano, T., & Yoshida, T. (2007).
Two Novel Dicarboxylic Acid Derivatives and a New
Dimeric Hydrolyzable Tannin from Walnuts. Journal of
Agricultural and Food Chemistry, 55(3), 672-679.
https://doi.org/10.1021/{f062872b

Kasote, D. M., Badhe, Y. S., & Hegde, M. V. (2013). Effect of
mechanical press oil extraction processing on quality of

12



Pedron et al., 2025

linseed oil. Industrial Crops and Products, 42, 10-13.
https://doi.org/10.1016/j.indcrop.2012.05.015

Krimer Malesevi¢, V., Vastag, Z., Popovi¢, L., Popovi¢, S., &
Peri¢in-Starcevi¢, |. (2014).Characterisation of black
cumin, pomegranate and flaxseed meals as sources of
phenolic acids. International Journal of Food Science &
Technology, 49(1), 210-216.
https://doi.org/10.1111/ijfs.12300

Locatelli, M., Coisson, J. D., Travaglia, F., Cereti, E., Garino, C,,
D’Andrea, M., Martelli, A., & Arlorio, M. (2011). Chemotype
and genotype chemometrical evaluation applied to
authentication and traceability of “Tonda Gentile
Trilobata” hazelnuts from Piedmont (Italy). Food
Chemistry, 129(4), 1865-1873.
https://doi.org/10.1016/j.foodchem.2011.05.134

Malcolmson, L. ]., Przybylski, R., & Daun, J. K. (2000). Storage
stability of milled flaxseed.Journal of the American Oil
Chemists’ Society, 77(3), 235-238.
https://doi.org/10.1007/s11746-000-0038-0

Mikotajczak, N., & Tanska, M. (2022). Effect of initial quality
and bioactive compounds content in cold-pressed
flaxseed oils on oxidative stability and oxidation products
formation during one-month storage with light exposure.
NFS Journal, 26, 10-21.
https://doi.org/10.1016/j.nfs.2022.02.001

Mousavi, S., Mariotti, R., Stanzione, V., Pandolfi, S., Mastio, V.,
Baldoni, L., & Cultrera, N. G. M. (2021). Evolution of Extra
Virgin Olive Oil Quality under Different Storage
Conditions.Foods, 10(8), Article 8.
https://doi.org/10.3390/foods10081945

Ojeda-Amador, R. M., Salvador, M. D., Gémez-Alonso, S., &
Fregapane, G. (2018).Characterization of virgin walnut
oils and their residual cakes produced from different
varieties. Food Research International, 108, 396—404.
https://doi.org/10.1016/j.foodres.2018.03.066

Prescha, A., Grajzer, M., Dedyk, M., & Grajeta, H. (2014). The
Antioxidant Activity and Oxidative Stability of Cold-
Pressed Oils. Journal of the American Oil Chemists’
Society, 91(8), 1291- 1301.
https://doi.org/10.1007/s11746-014-2479-1

Qiy, C,, Wang, H., Guo, Y., Long, S., Wang, Y., Abbasi, A. M.,
Guo, X., & Jarvis, D. . (2020).Comparison of fatty acid
composition, phytochemical profile and antioxidant
activity in four flax (Linum usitatissimum L.) varieties. Oil
Crop Science, 5(3), 136-141.
https://doi.org/10.1016/j.0csci.2020.08.001

Rébufa, C., Artaud, |., & Le Dréau, Y. (2022). Walnut (Juglans
regia L.) oil chemical composition depending on variety,
locality, extraction process and storage conditions: A
comprehensive review. Journal of Food Composition and
Analysis, 110, 104534,
https://doi.org/10.1016/j.jfca.2022.104534

Romani, A., Pinelli, P., Moschini, V., & Heimler, D. (2017).
Seeds and oil polyphenol content of sunflower
(Helianthus annuus L.) grown with different agricultural
management. Advances in Horticultural Science, 31(2),
Article 2. https://doi.org/10.13128/ahs-20608

Slatnar, A., Mikulic-Petkovsek, M., Stampar, F., Veberic, R., &
Solar, A. (2015). Identification and quantification of
phenolic compounds in kernels, oil and bagasse pellets

J. Raw Mater. Process. Foods vol.6(1), (2025)

of common walnut (Juglans regia L.). Food Research
International, 67, 255-263.
https://doi.org/10.1016/j.foodres.2014.11.016

Song, H., Cong, Z., Wang, C., He, M., Liu, C., & Gao, P. (2022).
Research progress on Walnut oil: Bioactive compounds,
health benefits, extraction methods, and medicinal uses.
Journal of Food Biochemistry, 46(12), e14504.
https://doi.org/10.1111/jfbc.14504

Song, L., Geng, S., & Liu, B. (2023). Characterization of Wei
Safflower Seed Oil Using Cold- Pressing and Solvent
Extraction. Foods, 12(17), Article 17.
https://doi.org/10.3390/foods12173228

Van Hoed, V., Ali, C. B,, Slah, M., & Verhé, R. (2010). Quality
differences between pre-pressed and solvent extracted
rapeseed oil. European Journal of Lipid Science and
Technology, 12(11), 1241-1247.
https://doi.org/10.1002/ejlt.201000053

Vivarelli, S., Costa, C., Teodoro, M., Giambo, F., Tsatsakis, A.
M. & Fenga, C. (2023).Polyphenols: A route from
bioavailability to bioactivity addressing potential health
benefits to tackle human chronic diseases. Archives of
Toxicology, 97(1), 3-38.
https://doi.org/10.1007/s00204-022-03391-2

Yang, )., Wen, C, Duan, Y., Deng, Q., Peng, D., Zhang, H., &
Ma, H. (2021a). The composition, extraction, analysis,
bioactivities, bioavailability and applications in food
system of flaxseed (Linum usitatissimum L.) oil: A review.
Trends in Food Science & Technology, 118, 252-260.
https://doi.org/10.1016/j.tifs.2021.09.025

Yang, J., Wen, C, Duan, Y., Deng, Q., Peng, D., Zhang, H., &
Ma, H. (2021b). The composition, extraction, analysis,
bioactivities, bioavailability and applications in food
system of flaxseed (Linum usitatissimum L.) oil: A review.
Trends in Food Science & Technology, 118, 252-260.
https://doi.org/10.1016/j.tifs.2021.09.025

Yilmaz, E., & Giineser, B. A. (2017). Cold pressed versus
solvent extracted lemon (Citrus limon L.) seed oils: Yield
and properties. Journal of Food Science and Technology,
54(7), 1891-1900. https://doi.org/10.1007/513197-017-
2622-8

Zeb, A. (2021). A comprehensive review on different classes
of polyphenolic compounds present in edible oils. Food
Research International, 143, 110312.
https://doi.org/10.1016/j.foodres.2021.110312

Zhang, J.-J., Gao, Y., Zhao, M.-L., Xu, X., Xi, B.-N., Lin, L.-K,,
Zheng, J.-Y., Chen, B,, Shu, Y., Li, C,, & Shen, Y. (2023).
Detection of walnut oil adulterated with high-linoleic
acid vegetable oils using triacylglycerol pseudotargeted
method based on SFC-QTOF-MS. Food Chemistry, 416,
135837.https://doi.org/10.1016/j.foodchem.2023.135837

Zhang, Z.-S,, Li, D., & Zhang, L.-X. (2013). Effect of Heating
on the Fatty Acid Composition and Oxidation Products
of Flaxseed Oil. Asian Journal of Chemistry, 25(18),
10082-10086.
https://doi.org/10.14233/ajchem.2013.15159.

13



