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Argan oil (AO) is a globally reputed vegetable oil thanks to its nutritional and cosmetic value. AO oxidation induces changes that
result in a low quality. In this research, we aimed at fortifying AO using saffron stigmas powder (SSP) and assessing its quality.
Dried and grounded saffron stigmas were added to AO at three different concentrations (0.2, 0.5, and 1%). All enriched AOs
were stored for six consecutive months under two conditions, namely, light and darkness. Quality indices including free fatty
acids (FFA), peroxide value (PV), and specific extinction coefficients K232 and K270 as well as profiling of fatty acids, sterols,
and tocopherols were monitored on a monthly basis. Our outcomes reveal that the addition of SSP improved AO oxidation
parameters by significantly decreasing (p < 0.05) FFA, PV, K232, and K270 of enriched AO (EAO) as compared to unenriched
AO (UAO) especially when AO samples are stored in darkness. Such decrease of oxidation parameters was SSP dose-
dependent as a general trend. However, AO enrichment did not induce significant changes (p < 0.05) in fatty acid and sterol
profiles. Furthermore, the quality parameter values of EAO and UAO did not exceed the limits set by the Moroccan standard
throughout the storage period. Sensory analysis results indicate that EAO showed a low rancidity but high scores of saffron
smell, flavor, and color as compared to UAO especially with SSP 1%. In conclusion, AO enrichment using SSP could be used
to improve AO oxidative stability and its nutritional value.

1. Introduction

Edible argan oil (AO) is a cold-pressed oil. It is obtained by
pressing the roasted kernels of the fruit of the argan tree [Arga-
nia spinosa (L.) Skeels] [1]. AO is one of the most precious
commodities extracted from drupes (fruits) of argan tree [2].
It has been widely evidenced that the AO is endowed with bio-
active properties having a positive impact on the health,
including the chemoprotective effect on cancer 3], prevention
of obesity and cardiovascular diseases [4], prevention of hypo-
thyroidism, and antidiabetic activity [5]. AO also boosts the

immune system [6]. Besides, AO like all vegetable oils is
threatened mainly by the phenomenon of oxidation due to
its high percentage of unsaturated fatty acids. Oxidation is a
spontaneous and unavoidable process, with direct negative
effects on the commercial value of AO as well as AO based-
products such as cosmetics [7]. Therefore, hindering or delay-
ing lipid oxidation is of crucial importance. For this reason,
the oil industry resorts to the incorporation of antioxidants
that protect the quality and lengthen the shelf life of vegetable
oils and food-based vegetable oil products [8-11]. The most
commonly used synthetic antioxidants are the following:
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butylhydroxyanisol (BHA), butylated hydroxytoluene (BHT),
tert-butylhydroquinone (TBHQ), and propyl gallate (GP)
[12, 13]. Nevertheless, safety problems associated with the
use of such synthetic antioxidants and the possibility of their
involvement in toxic effects in the health make the use of these
compounds questionable and even restricting their use. In
addition, the growing consumer demand for natural foods
has encouraged the development of alternatives based on the
use of natural molecules to delay the oxidation of edible oils
[14]. Medicinal and aromatic plants (MAPs) are a major
source of natural antioxidants [15]. In fact, previous studies
have proven the powerful antioxidant properties of MAPs
extracts and essential oils [16-18]. Saffron (Crocus sativus
L.) is a triploid monocotyledonous herbaceous plant that
produces the world’s most precious spice [19]. Its origin
is the Middle East, while other authors suggest Central Asia
or the islands of south-west Greece [20]. From this center
of origin, it would have spread to India, China, and Middle
East countries. The Arabs spread saffron throughout the
Mediterranean basin countries [21] such as Morocco, where
it was most likely introduced by the 9th century [22].
Thanks to its therapeutic [20, 23-28], cosmetic [29-33],
and culinary properties [19, 34, 35].

As far as we know, no detailed information on the use of
saffron to enhance the oxidative stability of edible vegetable
oils including AO. Hence, the originality of this paper, which
had as goals (i) to assess the potentiality of saffron stigma
powder (SSP) as a natural additive to protect AO against
oxidation and (ii) to monitor AO quality attributes (rou-
tinely measured quality indices and fatty acid and sterol pro-
file) after AO enrichment.

2. Material and Methods

2.1. Plant Material and Experimental Design. Argan fruits
were harvested in August 2020 in Taroudant province
(Morocco, 30°28'13" North, 8°52'37" West) and prepared
following the methodology used by the local women’s
cooperative. AO was extracted using an endless press
(SMIR Technotour, Agadir, Morocco). C. sativus used in
this study was purchased from the economic interest
grouping Targanine, Morocco, and stored at 4°C until
further use.

Predried saffron stigmas were well cleaned (to remove
dirt and impurities), grounded, and sieved to a particle size
of 125um. The obtained powder (SSP) was then used to
enrich AO using maceration. The enrichment was carried
out using three concentrations of SSP (0.2, 0.5, and 1%).
The mixtures (AO and SSP) were maintained in agitation
during 48 h and then the samples were kept under two stor-
age conditions (in the darkness and in the light) for a period
of six months.

Basic quality indices including free fatty acids (FFA),
peroxide value (PV), and UV extinction coeflicients (K232
and K270) were measured only at the end of every two
months over the experiment period. Other analyses like fatty
acid and sterol composition were determined at the begin-
ning and at the end of the storage period.
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2.2. Measurement of AO Quality Attributes

2.2.1. Basic Quality Parameters. FFA, PV, K232, and K270 of
all oil samples were determined following the International
Standard Organization methods ISO 660:2020, ISO
3960:2017, and ISO 3656:2011, respectively [36-38] with
slight modifications.

To determine FFA, 5g of oil sample was introduced into
a 250 mL conical flask; then, 100 mL of an alcoholic solution
(ethanol/ether 1:1) was added. After that, a few drops of 1%
ethanolic phenolphthalein were added as a color indicator.
The obtained mixture was then titrated with a solution of
potassium hydroxide (0.1 N). FFA was expressed as g/100 g
of oleic acid (oleic acid percent).

For PV; to 3 g of oil sample, 50 mL of the acetic acid/iso-
octane mixture and ImL of freshly prepared saturated
potassium iodide solution were added and left to react for
60s. Then, 100 mL of water was added, and the obtained
mixture was shacked vigorously and titrated using sodium
thiosulphate solution (0.01N) and 1 mL of starch solution
(1g/100mL). PV is expressed as mEq O,/kg of oil. Concern-
ing K232 and K270, 0.25g of oil sample was dissolved in
cyclohexane, and the specific absorbance was read at
232nm and 270 nm using a SCILOGEX SP-UV1100 spec-
trometer as detailed by Oubannin et al. [39].

2.2.2. Fatty Acid Composition. Fatty acids were determined
as their respective fatty acid methyl esters (FAME) by trans-
methylation according to the International Standards Orga-
nization (ISO) method [40]. Fatty acids were esterified into
fatty acid methyl esters with methanolic sodium hydroxide
(MeOH/NaOH, 2 N). Fatty acid composition was performed
by gas chromatography (Agilent-6890) coupled to a flame
ionization detector (GC-FID). Capillary column consists in
CP-Wax 52CB (30 m x 250 ym i.d., 0.25 ym film thickness)
was involved. Helium was used as a carrier gas with a flow
rate of 1 mL/min. Temperatures of the oven, injector, and
detector were 185, 200, and 230°C, respectively. Injection
volume was 1uL in a split mode (split ratio was 1:50).
Results were expressed as the relative percentage of the area
of each fatty acid peak.

2.2.3. Phytosterol and Tocopherol Composition. Phytosterol
composition was determined according to ISO 12228-
1:2014 [41] following trimethylsilylation of crude sterol
fractions, by using a Varian 3800 instrument equipped
with a VF-1ms (30m, 0.25mm id, and 0.25pum film
thickness), and carrier gas was helium (flow rate 1.6 mL/
min). The column temperature was isothermal at 270°C,
while the injector and detector temperatures were 300°C.
Identification was done according to retention time.
Results were expressed as a relative percentage of each
phytosterol peak area (g/100g).

Contents of the total and individual tocopherols were
performed as described in ISO 9936:2016 [42] method.
The sample was prepared by dissolving oils in hexane and
injected into a normal-phase HPLC using a mixture of hex-
ane 99.5% and isopropanol 0.5% as an isocratic eluting sys-
tem with 1.0 mL/min as a rate of flow. The injection volume
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was 10 uL. Detection was performed via a fluorescence
detector (A,, =280nm and A,,, =340 nm), and quantifica-
tion is obtained by means of external standardization with
a mixture of single tocopherol forms preparing different cal-
ibration levels.

2.2.4. Rancimat’s Test. Rancimat’s test was used to assess
AO oxidative stability by conductimetry of an aqueous
solution. In fact, volatile compounds were collected after
heating oil samples at 120°C. Polar compounds (formed
by oil oxidation) concentration increased conductivity
over time. During the induction period, the conductivity
of the water increased but very slightly. Thereafter, con-
ductivity increased sharply indicating a massive oxidation
and formation of a number of volatile polar compounds
soluble in water. Oil stability is given as an induction
period [43, 44].

2.2.5. Sensory Analysis. Nine panelists were involved in this
study including professors and Ph.D. students from Biotech-
nology, Analytical Sciences, and Quality Control Team
(Polydisciplinary Faculty of Taroudant, Ibn Zohr University,
Morocco). Such panelists are all argan oil regular consumers
and nonsmokers, and the range age was 20-50. They per-
formed a sensory evaluation of the all argan oil samples.
Oil rancidity, saffron color, flavor, and smell intensity were
rated according to a 4-point scale, 1 being the least intense
and 4 being the strongest. Average sensory scores were cal-
culated for the unenriched along with enriched argan oil’s
control attributes. Samples were presented into amber
glasses with a number code and at tasting room temperature
(22+£2-C) [45].

2.3. Statistical Analyses. The results are presented as mean
values + SD of 3 replicates (n=3). Significance level was
set at p=0.05. Mean values separation was carried out
by the Duncan test at a probability level of 5% using R
i389 4.1.2 software, and graphs were drawn by OriginPro
2022 software.

3. Results and Discussion
3.1. Initial Parameters

3.1.1. Quality Parameters. AOs enriched with SSP were
subjected to physicochemical characterization at the begin-
ning of the experiment. Basic quality indices (FFA, PV,
K232, and K270) and oxidative stability as well as fatty
acid, sterol, and tocopherol composition were measured.
Satisfactorily, all samples of fresh AO presented the phys-
icochemical properties required to access the extra virgin
grade according to the Moroccan norm SNIMA [46].
FFA expressed as a percentage of oleic acid can be used
to classify AO and to assess its state of deterioration
[47]. According to the Moroccan official AO norm, all
the AO samples had the label of the extra-virgin oils since
they did not exceed 0.33g/100g (Table 1). In addition, the
enrichment with SSP at different concentrations decreased
FFA. In fact, the initial FFA of unenriched AO (UAO) was
much higher than that of enriched AO (EAO) 0.2%, EAO

0.5%, and EAO 1% and already below the 0.8 limit
(Table 1). PV was used to estimate oil oxidation degree
and must not exceed 15mEq O,/kg for extra virgin AO
[46]. PV of the analyzed AOs (Table 1) was between
2.17+0.25 and 2.59 +0.50mEq O,/kg being lower than
the maximum values specified by the official regulation
of AO [48].

Measurements of specific extinction coefficients can be
used to estimate the presence of primary (K232) or sec-
ondary (K270) oxidation products [49]. The specific
extinction K232 (1.33+0.02-1.40+0.02) and K270
(0.21 +£0.01-0.24 + 0.01) showed low values for all oils.
The results of our study show that the enrichment of
AO did not induce significant variations in terms of
FFA, PV, K232, and K270 values. In addition, no signifi-
cant variations in initial fatty acid and sterol composition
were observed immediately after enrichment (Table 1).
Indeed, fatty acid and sterol composition of UAO and
EAO at different concentrations were similar, and their
content was found to be in the range of previously pub-
lished values for AO [46, 50-52]. Given their dualistic
function, tocopherols are crucial compounds of AO. Due
to their vitamin E activity, they provide significant nutri-
tional benefits; on the other side, they act as effective anti-
oxidants and, therefore, enhance oil stability [53]. In all
samples, y-tocopherol represented 81-92% of the total
tocopherols, while a-, -, and §- constituted the minority
tocopherols with low percentages (Table 1) [52]. More-
over, AO tocopherol richness is not only essential for its
preservation but also for its pharmacological activity [3].
After enrichment using SSP, a- and y-tocopherol showed
an increasing trend, a-tocopherol content increased from
37.98 (UAO) to 39.85mg/kg for EAO with 1% SSP. In
contrast, d-tocopherol levels of AO were not affected by
the addition of SSP. The a-tocopherol increase could be
attributed to SSP antioxidants such as tocopherols includ-
ing a-tocopherol (vitamin E) [54]. Generally, tocopherol
content increased after the enrichment of oils with medic-
inal and aromatic plant (MAP) extracts [55].

3.1.2. Rancimat’s Test. To get an initial overview of the AO
oxidative stability, induction period (IP, h) was measured
by Rancimat’s test. The oxidative stability was expressed
as IP measured at 383°K [56]. Figure 1 shows the results
of the induction period of AOs enriched with different
concentrations of SSP. The initial stability of all the studied
oils indicated no significant variations (Figure 18,
supplementary material). In fact, UAO presented an
induction time of 12.65+0.20h. Oils enriched with SSP
presented an induction of 12.48 +0.20, 12.20 +0.50, and
12.56+0.15 for EAO 0.2%, EAO 0.5%, and EAO 1%,
respectively. Regardless of SSP concentration, both UAO
and EAO presented the same induction time of 12.5h.
This means that the enrichment with SSP had no
significant effect (p <0.05) on the initial oxidative stability
of AO confirming the quality indices outcomes. The lack
of enrichment effect on the initial stability of EAO could
be ascribed to the degradation of SSP antioxidants
induced by high temperature.
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TaBLE 1: Mean values of initial physicochemical parameters, fatty acids, sterols, and tocopherols composition of unenriched argan oil
(UAO) and enriched argan oil with 0.2% (EAO 0.2%), with 0.5% (EAO 0.5%), and with 1% of saffron stigma powder (EAO 1%)).

UAO EAO (0.2%) EAO (0.5%) EAO (1%)

Free fatty acids (g/100 g) 0.33+0.07° 0.22+0.07° 0.22+0.07° 0.23+0.07
Peroxide value (mEq O,/kg) 2.30 +0.50* 2.59 +0.50* 2.58 +0.32% 2.17 £0.25°
K232 1.37 £0.02° 1.33 £0.02° 1.36 £0.02° 1.4+0.02%
K270 0.22+0.07% 0.22+0.07% 0.24 +0.01% 0.21+0.01°
Fatty acids (g/100 g)

SFA* 19.7 £0.03° 21.31 £0.03° 21.8+0.03* 20.93 +0.03°

MUEA** 47.8 +0.0° 48.6+0.03% 48.15 +0.03° 48.76 +0.03°

PUFA*** 32.3+0.0° 30.09 +0.02° 30.05 +0.02° 30.31+0.02°
Phytosterols (g/100 g)

Campesterol 0.30 +£0.05% 0.26 +0.05% 0.28 +0.05% 0.24 +0.05"

Spinasterol 41.71 £0.05° 41.06 +0.05° 42.05 +0.05° 42.39 +0.05°

Schottenol 48.85 + 0.05° 51.40 + 0.05° 48.72 +0.05° 49.80 + 0.08°
Tocopherols (mg/kg)

a-T 37.98 +0.47° 38.66 +0.19%° 39.24 +0.07° 39.85 + 0.37°

y-T 385.21 +0.20° 386.76 + 0.69" 387.15 + 1.49%° 386.20 + 2.61%

8-T 24.00 + 0.07° 24.78 +0.24° 24.31+0.33% 24.50 + 0.22%°
Total tocopherols (mg/kg) 447.05 + 0.6° 449.71 +1.12° 449.64 +1.75" 452.41 +3.19°

SFA*: saturated fatty acids; MUFA**: monounsaturated fatty acids; PUFA***: polyunsaturated fatty acids. Within each line, values followed by the same letter

are not significantly different at p < 0.05.
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Ficure 1: Oxidative stability (induction period) of unenriched
argan oil (UAO) and enriched argan oils (EAOs). Data are mean
values (n = 3). Different letters indicate significant differences at p
<0.05.

3.2. Evolution of Oxidation Parameters

3.2.1. FFA Variations. The FFA of UAO stored under light
increased slightly (about FFA 0.1% per month) during the first
four months of storage to reach 0.55g/100g (Figure 2). Fol-
lowing four months of storage, FFA increased quickly, sug-
gesting an accelerated deterioration of triacylglycerol. After
six months at 25°C in light, FFA of UAQ reached the 0.8 limit,
losing its extra virgin label [48]. When UAO was stored in
darkness, FFA value increased continuously but less rapidly
than UAO in the case of storage in light. This induces tria-
cylglyceride oxidation in argan oil. Similar trends were
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FIGURE 2: Free fatty acids of unenriched argan oil (UAO) and
enriched argan oils with 0.2% (EAO 0.2%), 0.5% (EAO 0.5%),
and 1% of saffron (EAO 1%) in darkness (D) and light (L). Data
are mean values (n=3). Different letters indicate significant
differences at p < 0.05.

observed by other authors for AO [46], olive oil [55], and
other vegetable oils [57].

Independently of storage conditions (darkness or light),
FFA of AOs increased significantly (p < 0.05) over the six-
month storage period. The oils enriched with SSP showed
the lowest FFA. Indeed, after six months of storage, FFA

reached 0.35g/100 g in darkness and 0.54 g/100 g under light
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FIGURE 3: Peroxide value of unenriched argan oil (UAO) and
enriched argan oils with 0.2% (EAO 0.2%), with 0.5% (EAO 0.5%),
and with 1% of saffron (EAO 1%) in darkness (D) and light (L).
Different letters indicate significant differences at p < 0.05.

for EAO 0.2%, 0.33 g/100 g in darkness and 0.54 g/100 g in light
for EAO 0.5%, and 0.48 g/100 g in darkness and 0.32 g/100 g in
light for EAO 1%. Regarding the storage conditions, it turned
out that light/darkness impacted much more on UAO as com-
pared to EAO. Regardless of storage time and conditions, sig-
nificant differences were observed in FFA between the control
sample and oil samples with different SSP levels. This finding
agrees with that of Sanmartin et al. [55]. In contrast, other
authors reported no significant difference between enriched
and unenriched oils in terms of acidity [58].

3.2.2. PV Variations. Peroxide value (PV) is used as an indi-
cator for the primary oxidation products (such as hydroper-
oxides). The measurement of peroxides can be used as an
index of oxidation for the first stages of oil oxidation [59].
In general, the peroxide value of UAO and EAO at different
concentrations stored under light or in darkness behaved
differently according to our results (Figure 3). The enrich-
ment had a significant effect on PV, since the lowest PVs
were recorded by the enriched oils. The initial PV of UAO
was 2.3mEq O,/kg (Table 1). This value rapidly increased
to reach 9mEq O,/kg after six months of being stored at
room temperature and exposed to sunlight (under light con-
ditions). When protected from sunlight, a moderate but sig-
nificant increase was also observed (4.8 mEq O,/kg). This
clearly illustrates the effect of light on the formation of
hydroperoxides [60]. Regardless of storage conditions, all
the other enriched oils presented a considerable increase in
terms of PV but less intense than the UAO. Indeed, at room
temperature and exposed to sunlight, PV of EAO increased
for SSP 0.2% (2.59 to 8.36), SSP 0.5% (2.58-7.93), and SSP
1% (2.17-7.93 mEq O,/kg) at the end of the storage period.
After 6 months of storage, the change of PV was within an
acceptable range for all samples during the entire storage
period [60]. Such difference in PV between EAO and UAO

2.5

UV specific absorption K232
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FIGURE 4: UV absorption (K232) of unenriched argan oil (UAO)
and enriched argan oils with 0.2% (EAO 0.2%), with 0.5% (EAO
0.5%), and with 1% of saffron (EAO 1%) in darkness (D) and
light (L). Data are mean values (n=3). Different letters indicate
significant differences at p < 0.05.
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FIGURE 5: UV absorption (K270) of unenriched argan oil (UAO)
and enriched argan oil with 0.2% (EAO 0.2%), with 0.5% (EAO
0.5%), and with 1% of saffron stigma powder (EAO 1%) in
darkness (D) and light (L). Different letters indicate significant
differences at p < 0.05.

at the end of the storage period could be assigned to crocin,
a carotene compound, which is a bioactive constituent of C.
sativus endowed with significant radical scavenging activity
and thus antioxidant activity [25]. Similarly, saffron extracts
have shown markedly higher levels of lipid peroxidation
products and antioxidant enzymes and lower plasma corti-
costerone concentrations in rats [61]. Our results are in
agreement with other studies involving extracts from MAPs
to enrich vegetable oils [62].
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TaBLE 2: Fatty acids composition (%) of unenriched argan oil (UAO) and enriched argan oils with 0.2% (EAO 0.2%), 0.5% (EAO 0.5%), and

1% of saffron stigma powder (EAO 1%).

Fatty acids ~uA0 ~ EAO (02%) ~ EAO (05%)  EAO(1%)
Initial Final Initial Final Initial Final Initial Final

C16:0 13.5°+0.1  14.42°+0.1 14.10°+0.1 14.60°+0.1 14.72°+0.1 14.99°+0.1 14.29°+0.01  13.96* £0.01
cl61 0.10°+0.10 0.11*+0.01  0.09°+0.01  0.10°+0.01  0.10*°+0.01 0.11*+0.01  0.10°+0.01  0.10° £ 0.01
C18:0 6.0°+0.01 6.60°+0.01 6.84*+0.01 6.74°+0.01 6.74°+0.01 6.75*°+0.01  6.28°+0.01  6.02* +0.01
ci1s8:1 475 +0.01 47.82°+0.01 4820°+0.01 47.97°+0.01 47.77°+0.01 47.64°+0.01 4834°+0.01 48.62°+0.01
C18:2 32.2°+0.01 30.32°+0.01 30.05°+0.01 29.83°+0.01 29.99°+0.01 29.84°+0.01 30.25°+0.01 30.58" +0.01
C18:3 0.10*+0.01 0.06*+0.01 0.04°+0.01  0.06°+0.01 0.06°+0.01 0.05+0.01  0.06®+0.01  0.05+0.01
C20:0 0.20°+0.01 0.39°+0.01 0.37°°+0.01 0.39°+0.01 0.349+0.01 0.38°+0.01 0.36*+0.01 0.36" +0.01
C20: 1 0.20°+0.01 0.30’+0.01 0.31"+0.01 0.31"+0.01 0.28°+0.01 0259+0.01 0.32°20.01  0.32°%0.01
SFA* 19.7+0.03 21.41*+0.03 21.31°+0.03 21.73°+0.03 21.8°+0.03 22.12°+0.03 20.93*¢+0.03 20.34" +0.03
MUFA*™  47.8°+0.03 48.23"+0.03 48.6°+0.03 48.38°+0.03 48.15°+0.03 48.00°+0.03 48.76b+0.03 49.04" +0.03
PUFA***  32.3*+0.02 30.38°+0.02 30.09°+0.02 29.89°+0.02 30.05°+0.02 29.89"+0.02 30.31>+0.02 30.63% +0.02

SFA*: saturated fatty acids; MUFA**: monounsaturated fatty acids; PUFA***: polyunsaturated fatty acids. Results are expressed as mean values + SD (1 = 3).
In each line, values followed by the same letter are not significantly different at p < 0.05.

3.2.3. K232 Variations. Besides the PV, the specific extinc-
tion coeflicient K232, measured at A =232 nm, is also a very
important indicator of the degree of degradation of the oil in
the initial stage [11]. As shown in Figure 4, K232 values con-
firmed the effect of AO enrichment with SSP on oxidative
stability. The highest values of K232 were found in the last
month of storage in the UAOs for both storage conditions
(1.82 in darkness and 2.19 in light), whereas oils enriched
with SSP and stored in darkness showed, after the six
months of accelerated aging, the lowest K232 values: 1.79,
1.77, and 1.76 for the three concentrations of SSP 0.2, 0.5,
and 1%, respectively. As discussed in Pokorny et al., the anti-
oxidant effect of a given molecule is related to its implication
in radical chain reaction formulation [63]. The inhibitory
action of an antioxidant compound could be explained by its
ability to block the radical chain process. Moreover, crocin is
an isomeric molecule that can take part in the initiation of
chain reactions during the oxidation of triglycerides, which
can subsequently explain the effect of their adjournment on
the oxidation stability [62].

3.2.4. K270 Variations. Peroxides previously evaluated by PV
and K232 evolve over time and give rise to the formation
of various products such as unsaturated ketones and dike-
tones, which absorb in the UV zone around 270 nm [64].
As can be observed in Figure 5, K270 of UAOs and EAOs
did not overshoot the maximum limit reported by the
International Standard Organization (<0.35) [48]. In paral-
lel to the previous quality indices, the addition of SSP has
also contributed to extend the shelf-life of the oil, as the
EAO, after six months of accelerated aging in the light
recorded a K270 of 0.3, while that of EAO at 0.2% was
only 0.26. These differences may be due to the radical-
scavenging properties of crocin and picrocrocin of C. sati-
vus as reviewed by Xing et al. [65].

3.3. Changes in Fatty Acid Composition. The major constitu-
ents of vegetable oils are fatty acids. Characteristics, stability,
and nutritive value of a given vegetable oil depend strongly
upon the fatty acid composition [66, 67]. In this regard,
AO is known to be rich in unsaturated fatty acids, and the
nutritional values of unsaturated fatty acids are widely
described. As shown in (Figure 2S, supplementary
material), oleic acid (43-49g/100g) and linoleic acid (29-
37g/100g) are the major unsaturated fatty acids present in
argan oil [50, 68]. The fatty acid composition of UAO and
EAOs is reported in Table 2. The enrichment of AO with
SSP did not induce any significant modification of the
relative percentages of fatty acid distribution of AO in
agreement with previous studies on other oilseeds [69, 70].
Likewise, no statistically significant differences were
observed among the percentages of polyunsaturated fatty
acids (PUFA), monounsaturated fatty acids (MUFA), and
saturated fatty acids (SFA). For all oils, initial and final
fatty acid contents were within published values for AO
[48, 52, 56].

3.4. Changes in Phytosterol Composition. Phytosterols were
the second class of compounds investigated since AO is
rich in phytosterols. Indeed, its two major phytosterols
are schottenol (44-49%) and spinasterol (34-44%) [50];
stigmasta-8-22-dien-3$-ol (3.2-5.7%) and A7-avenasterol
(4.0-7.0%) were in small amounts, and the campesterol
was found at a very low level (Table 3). However, this
parameter is interesting for AO authenticity assessment
[46]. In addition, the phytosterols are very interesting mol-
ecules with several biological properties, and their determi-
nation is of major interest owing to their activity and their
beneficial impact on health. Therefore, phytosterol compo-
sition was evaluated in this study. As observed for fatty
acids, no significant variations in sterol composition were
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TaBLE 3: Phytosterols composition of unenriched argan oil (UAO) and enriched argan oil with 0.2% (EAO 0.2%), with 0.5% (EAO 0.5%),
and with 1% of saffron stigma powder (EAO 1%).

Phvtosterols UAO EAO 0.2% EAO 0.5% EAO 1%

¥t Initial Final Initial Final Initial Final Initial Final
Campesterol ~ 0.30°£0.05  0.26° +0.05 0.28°+0.05 0.24®+0.05 0.26°+0.05 0.28°+0.05 0.25°+0.05 0.25°+0.05
Spinasterol 41.71* £ 0.05 41.06* +0.05 42.05 +0.05 42.39% +0.05 41.28°+0.05 42.52*+0.05 39.99°+0.05 41.06*+0.05
Schottenol 48.85* £0.05 51.40°+0.05 48.72*+0.05 49.80% +0.08 48.02%* +0.05 49.23*® +0.05 50.80*° +0.05 51.84%° +0.05
A7- 4.01°+0.05 3.94°+0.05 4.49°+0.05 4.02*°+0.05 4.48°+0.05 3.95°+0.05 4.23*+0.05 3.85%+0.05
Avenasterol

Results are expressed as mean values + SD. In each line, values followed by the same letter are not significantly different at p < 0.05.

TABLE 4: Sensorial evaluation of unenriched argan oil (UAO) and enriched argan oil with 0.2% (EAO 0.2%), 0.5% (EAO 0.5%), and 1% of
saffron stigma powder (EAO 1%).

UAO EAO (0.2%) EAO (0.5%) EAO (1%)
Rancidity 4+0° 3+0.5° 1+0° 0+0¢
Saffron color 0+0? 0+0° 0+0° 1+0°
Saffron flavor 0+0* 1+0° 2+0.5° 4+0¢
Saffron smell 0+0% 0+0?* 1+0° 3+0°

Results are expressed as mean values + SD. In each line, values followed by the same letter are not significantly different at p < 0.05.

identified over the 6 months storage period. These results
suggest that the sterol fraction does not actively participate
in the conservation of AO [71]. These results are consis-
tent with those reported for other vegetable oils such as
cactus oil [47].

3.5. Sensorial Analysis. The acceptability studies of prepara-
tions based on argan oil and aromatic plants are very rel-
evant for the implementation of these products on the
commercial market. This suitability can be assessed by
several parameters such as color, taste, and overall accept-
ability. Preliminary judgment of sensory quality based on
the color of the sample showed that the incorporation of
SSP did not affect the color of the argan oil, and a slight
discrepancy was noticed in the 1% enriched oil, which
can be considered a good result for the acceptability of
the product by consumers. However, odor and flavor were
impacted by the enrichment. This suggests that argan oil
color was not sufficient to discriminate the EAOs. A better
categorization of the EAOs was established on the basis of
taste and odor, which represent the key sensory attributes
of EAOs added with SSP (Table 4). Thus, the typical ran-
cid taste of oxidized oil was detected mainly in the control
(UAO) and slightly in the 0.2% enriched oil. These sen-
sory tests have proven the added value of the addition of
SSP as an antioxidant. This is shown in the reduction of
the rancid smell in the enriched oils. Argan oil added with
SPP at 1% and at a lesser magnitude SSP at 0.5% seemed
to affect significantly (p <0.05) EAO in terms of flavor,
smell, and color. Other enrichment studies have solicited
the sensory difference created by the addition of MAPs
to vegetable oils, such as the study of Ayadi et al. where
the panelists preferred the color and the flavor of the aro-
matized olive oil [72].

4. Conclusions

It can be concluded that C. sativus stigma powder can be
used as an effective food stabilizer of argan oil as an alterna-
tive to synthetic antioxidants, against oxidation reactions
and therefore a longer shelf-life. Saffron stigma powder
showed varying degrees of antioxidant activity in argan oil
in a dose-dependent manner. The results of the different sta-
bility indices were in agreement with each other, recom-
mending the use of 1% of saffron stigma powder and
strongly suggesting the storage of the oils in a dark place.
Crocin-rich saffron can be studied as an effective bioactive
pharmaceutical ingredient or as a stabilizer for other foods,
dietetics, and cosmetic products.

Data Availability

The datasets used during the current study are available
from the corresponding author upon request.

Conflicts of Interest

The authors declare no conflict of interest.

Acknowledgments

This work was performed in the frame of the Project Valori-
zation of Medicinal and Aromatic Plants (3rd edition,
VPMA3 2021/09), funded by the National Agency of Medic-
inal and Aromatic Plants (Taounate, Morocco) and the
National Center for Scientific and Technical Research
(CNRST, Morocco).



Supplementary Materials

Figure 1S: Rancimat’s curve results for unenriched argan oil
(UAO) and enriched argan oils (EAOs). Figure 2S: chro-
matograms of relative fatty acids composition before (a)
and after enrichment (b). (Supplementary Materials)

References

(1]

(5

—_

(10]

(11]

(12]

H. E. Monfalouti, D. Guillaume, C. Denhez, and Z. Charrouf,
“Therapeutic potential of argan oil: a review,” Journal of Phar-
macy and Pharmacology, vol. 62, no. 12, pp. 1669-1675, 2010.

Z. Charrouf and D. Guillaume, “Should the Amazigh diet (reg-
ular and moderate argan-oil consumption) have a beneficial
impact on human health?,” Critical Reviews in Food Science
and Nutrition, vol. 50, no. 5, pp. 473-477, 2010.

F. Khallouki, C. Younos, R. Soulimani et al., “Consumption of
argan oil (Morocco) with its unique profile of fatty acids,
tocopherols, squalene, sterols and phenolic compounds should
confer valuable cancer chemopreventive effects,” European
Journal of Cancer Prevention, vol. 12, no. 1, pp. 67-75, 2003.

H. Berrougui, M. Cloutier, M. Isabelle, and A. Khalil, “Pheno-
lic-extract from argan oil (Argania spinosa L.) inhibits human
low- density lipoprotein (LDL) oxidation and enhances cho-
lesterol efflux from human THP-1 macrophages,” Atheroscle-
rosis, vol. 184, no. 2, pp. 389-396, 2006.

Z. Charrouf, D. Guillaume, and A. Driouich, The argan tree, an
asset for Morocco, Biofutur, France, 2002, October 2022,
https://scholar.google.com/scholar_lookup?title=The+argan
+tree%2C+an-+asset+for+Morocco&author=Charrouf%2C+Z
+%28%28Facult%C3%A9+des+Sciences%2C+Rabat
+%28Maroc%29.+Laboratoire+de+Chimie+des+Plantes+et
+de+Synth%C3%A8se+Organique+et+Biologique%29%
29&publication_year=2002.

P. Yaqoob, “Fatty acids and the immune system: from basic
science to clinical applications,” Proceedings of the Nutrition
Society, vol. 63, no. 1, pp. 89-105, 2004.

M. Carocho, P. Morales, and I. C. F. R. Ferreira, “Antioxidants:
reviewing the chemistry, food applications, legislation and role
as preservatives,” Trends in Food Science & Technology, vol. 71,
pp. 107-120, 2018.

F. A. Mohamed, H. H. Salama, S. M. El-Sayed, H. S. El-Sayed,
and H. A. Zahran, “Utilization of natural antimicrobial and
antioxidant of Moringa oleifera leaves extract in manufacture
of cream cheese,” Journal of Biological Sciences, vol. 18,
pp. 92-106, 2019.

E. H. Sakar and S. Gharby, “Olive oil: extraction technology,
chemical composition, and enrichment using natural addi-
tives,” in Olive Cultivation, IntechOpen, 2022.

A. F. N. Volpini-Klein, C. A. A. Silva, S. S. L. Fernandes et al.,
“Effect of leaf and fruit extracts of Schinus molle on oxidative
stability of some vegetables oils under accelerated oxidation,”
Grasas y Aceites, vol. 71, pp. e363-e363, 2020.

A. Fadda, D. Sanna, E. H. Sakar et al., “Innovative and sustain-
able technologies to enhance the oxidative stability of vegetable
oils,” Sustainability, vol. 14, no. 2, p. 849, 2022.

C.-R. Metzner Ungureanu, M.-A. Poiana, 1. Cocan, A. L
Lupitu, E. Alexa, and D. Moigradean, “Strategies to improve
the thermo-oxidative stability of sunflower oil by exploiting
the antioxidant potential of blueberries processing bypro-
ducts,” Molecules, vol. 25, no. 23, p. 5688, 2020.

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

Journal of Food Processing and Preservation

D. Odeh, K. Kralji¢, A. Benussi Skukan, and D. Skevin, “Oxida-
tive stability, microbial safety, and sensory properties of flax-
seed (Linum usitatissimum L.) Oil Infused with Spices and
Herbs,” Antioxidants, vol. 10, no. 5, p. 785, 2021.

X. Xu, A. Liu, S. Hu et al,, “Synthetic phenolic antioxidants:
metabolism, hazards and mechanism of action,” Food Chemis-
try, vol. 353, article 129488, 2021.

E. Sousa, A. P.Jr, G. Silva, and A. Marques, “Avaliacdo da qua-
lidade de ¢leos de origem vegetal oriundos de frituras,” Acta
Tecnolégica, vol. 9, no. 2, pp. 58-62, 2014.

M. M. Alves, E. J. Coutinho, A. V. Klein et al., “Oxidative sta-
bility of soybean and corn oils enriched with Pluchea quitoc
hydroalcoholic extract,” Grasas y Aceites, vol. 73, pp. e440-
e440, 2022.

P.Li, X. Yang, W.J. Lee, F. Huang, Y. Wang, and Y. Li, “Com-
parison between synthetic and rosemary-based antioxidants
for the deep frying of French fries in refined soybean oils eval-
uated by chemical and non- destructive rapid methods,” Food
Chemistry, vol. 335, article 127638, 2021.

A. Zeroual, E. H. Sakar, F. Mahjoubi, M. Chaouch,
A. Chaqroune, and M. Taleb, “Effects of extraction technique
and solvent on phytochemicals, antioxidant, and antimicrobial
activities of cultivated and wild rosemary (Rosmarinus officinalis
L.) from Taounate region (northern Morocco),” Biointerface
Research in Applied Chemistry, vol. 12, pp. 8441-8452, 2022.

D. Kothari, R. Thakur, and R. Kumar, “Saffron (Crocus sativus
L.): gold of the spices—a comprehensive review,” Horticulture,
Environment and Biotechnology, vol. 62, no. 5, pp. 661-677,
2021.

1. Mzabri, M. Addi, and A. Berrichi, “Traditional and modern
uses of saffron (Crocus sativus),” Cosmetics, vol. 6, no. 4, p. 63,
2019.

D. Basker and M. Negbi, “Uses of saffron,” Economic Botany,
vol. 37, no. 2, pp- 228-236, 1983.

M. Lage, C. Faiz, and C. L. Cantrell, “Developmental project
for introducing saffron (Crocus sativus L.) as an alternative
crop in other Moroccan regions,” Acta Horticulturae,
vol. 739, pp. 49-52, 2007.

D. S. Del-Angel, N. L. H. Martinez, M. E. G. Cruz, E. C. Urru-
tia, L. Riveron-Negrete, and F. Abdullaev, “Saffron extract
ameliorates oxidative damage and mitochondrial dysfunction
in the rat brain,” Acta Horticulturae, vol. 739, no. 739,
pp. 359-366, 2007.

H. Hosseinzadeh and F. Talebzadeh, “Anticonvulsant evalua-
tion of safranal and crocin from Crocus sativus in mice,” Fito-
terapia, vol. 76, no. 7-8, pp- 722-724, 2005.

A. N. Assimopoulou, Z. Sinakos, and V. P. Papageorgiou,
“Radical scavenging activity of Crocus sativus L. extract and
its bioactive constituents,” Phytotherapy Research, vol. 19,
no. 11, pp. 997-1000, 2005.

A. Bolhassani, A. Khavari, and S. Z. Bathaie, “Saffron and nat-
ural carotenoids: biochemical activities and anti-tumor
effects,” Cancer, vol. 1845, no. 1, pp. 20-30, 2014.

G. Khorasani, S. J. Hosseinimehr, P. Zamani, M. Ghasemi, and
A. Ahmadi, “The effect of saffron (Crocus sativus) extract for
healing of second-degree burn wounds in rats,” Keio Journal
of Medicine, vol. 57, no. 4, pp. 190-195, 2008.

C.J. Murray and A. D. Lopez, “Alternative projections of mor-
tality and disability by cause 1990-2020: Global Burden of Dis-
ease Study,” The Lancet, vol. 349, no. 9064, pp. 1498-1504,
1997.


https://downloads.hindawi.com/journals/jfpp/2023/8895851.f1.docx
https://scholar.google.com/scholar_lookup?title=The+argan+tree%2C+an+asset+for+Morocco&author=Charrouf%2C+Z.+%28%28Facult%C3%A9+des+Sciences%2C+Rabat+%28Maroc%29.+Laboratoire+de+Chimie+des+Plantes+et+de+Synth%C3%A8se+Organique+et+Biologique%29%29&publication_year=2002
https://scholar.google.com/scholar_lookup?title=The+argan+tree%2C+an+asset+for+Morocco&author=Charrouf%2C+Z.+%28%28Facult%C3%A9+des+Sciences%2C+Rabat+%28Maroc%29.+Laboratoire+de+Chimie+des+Plantes+et+de+Synth%C3%A8se+Organique+et+Biologique%29%29&publication_year=2002
https://scholar.google.com/scholar_lookup?title=The+argan+tree%2C+an+asset+for+Morocco&author=Charrouf%2C+Z.+%28%28Facult%C3%A9+des+Sciences%2C+Rabat+%28Maroc%29.+Laboratoire+de+Chimie+des+Plantes+et+de+Synth%C3%A8se+Organique+et+Biologique%29%29&publication_year=2002
https://scholar.google.com/scholar_lookup?title=The+argan+tree%2C+an+asset+for+Morocco&author=Charrouf%2C+Z.+%28%28Facult%C3%A9+des+Sciences%2C+Rabat+%28Maroc%29.+Laboratoire+de+Chimie+des+Plantes+et+de+Synth%C3%A8se+Organique+et+Biologique%29%29&publication_year=2002
https://scholar.google.com/scholar_lookup?title=The+argan+tree%2C+an+asset+for+Morocco&author=Charrouf%2C+Z.+%28%28Facult%C3%A9+des+Sciences%2C+Rabat+%28Maroc%29.+Laboratoire+de+Chimie+des+Plantes+et+de+Synth%C3%A8se+Organique+et+Biologique%29%29&publication_year=2002
https://scholar.google.com/scholar_lookup?title=The+argan+tree%2C+an+asset+for+Morocco&author=Charrouf%2C+Z.+%28%28Facult%C3%A9+des+Sciences%2C+Rabat+%28Maroc%29.+Laboratoire+de+Chimie+des+Plantes+et+de+Synth%C3%A8se+Organique+et+Biologique%29%29&publication_year=2002

Journal of Food Processing and Preservation

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36

(37]

(38]

(39]

(40]

[41]

(42]

(43]

H. Tabrizi, S. A. Mortazavi, and M. Kamalinejad, “An in vitro
evaluation of various Rosa damascena flower extracts as a nat-
ural antisolar agent,” International Journal of Cosmetic Science,
vol. 25, no. 6, pp- 259-265, 2003.

M. Giaccio, “Crocetin from saffron: an active component of an
ancient spice,” Critical Reviews in Food Science and Nutrition,
vol. 44, no. 3, pp. 155-172, 2004.

S. Golmohammadzadeh, M. R. Jaafari, and H. Hosseinzadeh,
“Does saffron have antisolar and moisturizing effects?,” Iran
Journal of Pharmacy Research, vol. 9, pp. 133-140, 2010, Octo-
ber 2022, https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3862060/.

C.-Y. Li and T.-S. Wu, “Constituents of the pollen of Crocus sati-
vus L. and their tyrosinase inhibitory activity,” Chemical and
Pharmaceutical Bulletin, vol. 50, no. 10, pp. 1305-1309, 2002.

L. Das, S. Das, and T. Saha, “Saffron suppresses oxidative stress
in DMBA-induced skin carcinoma: a histopathological study,”
Acta Histochemica, vol. 112, no. 4, pp. 317-327, 2010.

G. L. Alonso, A. Zalacain, and M. Carmona, “26- saffron,” in
Handbook of Herbs and Spices (Second Edition), K. V. Peter,
Ed., pp. 469-498, Woodhead Publishing, 2012.

M.-H. Modaghegh, M. Shahabian, H.-A. Esmaeili, O. Rajbai,
and H. Hosseinzadeh, “Safety evaluation of saffron (Crocus
sativus) tablets in healthy volunteers,” Phytomedicine, vol. 15,
no. 12, pp. 1032-1037, 2008.

ISO 660, “ISO: Corps gras d’origines animale et végétale —
détermination de 'indice d’acide et de I'acidité,” 2020, June
2022, https://www.iso.org/fr/standard/75594.html.

ISO 3960, Corps gras d’origines animale et végétale — Détermi-
nation de lindice de peroxyde — Détermination avec point
d’arrét iodométrique, 2017.

ISO 3656, Corps gras d’origines animale et végétale — Détermi-
nation de 'absorbance dans 'ultraviolet, exprimée sous la
forme d’extinction spécifique en lumiére ultraviolette, 1SO,
2011, June 2022, https://www.iso.org/cms/render/live/fr/sites/
isoorg/contents/data/standard/03/46/34627.html.

S. Oubannin, L. Bijla, J. Gagour et al., “A comparative evalua-
tion of proximate composition, elemental profiling and oil
physicochemical properties of black cumin (Nigella sativa L.)
seeds and argan (Argania spinosa L. Skeels) kernels,” Collec-
tions, vol. 41, article 100920, 2022.

ISO 12966-2, Corps gras d’origines animale et végétale — Chro-
matographie en phase gazeuse des esters méthyliques d’acides
gras — Partie 2: Préparation des esters méthyliques d’acides
gras, ISO, 2017, June 2022, https://www.iso.org/cms/render/
live/fr/sites/isoorg/contents/data/standard/07/21/72142.html.

ISO 12228-1, Détermination de la teneur en stérols individuels
et totaux — Méthode par chromatographie en phase gazeuse —
Partie 1: Corps gras d’origines animale et végétale, 1SO, 2014,
June 2022, https://www.iso.org/cms/render/live/fr/sites/
isoorg/contents/data/standard/06/02/60248 html.

ISO 9936, Corps gras d’origines animale et végétale — détermi-
nation des teneurs en tocophérols et en tocotriénols par chroma-
tographie en phase liquide a haute performance, 1SO, 2016,
September 2022, https://www.iso.org/cms/render/live/fr/sites/
isoorg/contents/data/standard/06/95/69595.html.

H. Harhar, S. Gharby, B. Kartah, H. El Monfalouti,
D. Guillaume, and Z. Charrouf, “Influence of argan kernel
roasting-time on virgin argan oil composition and oxidative
stability,” Plant Foods for Human Nutrition, vol. 66, no. 2,
pp. 163-168, 2011.

(44]

[45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

V. Sanchez de Medina, F. Priego-Capote, C. Jiménez-Ot, and
M. D. Luque de Castro, “Quality and stability of edible oils
enriched with hydrophilic antioxidants from the olive tree:
the role of enrichment extracts and lipid composition,” Journal
of Agricultural and Food Chemistry, vol. 59, no. 21, pp. 11432-
11441, 2011.

H. Benkhoud, Y. M'Rabet, M. Gara Ali, M. Mezni, and
K. Hosni, “Essential oils as flavoring and preservative agents:
impact on volatile profile, sensory attributes, and the oxidative
stability of flavored extra virgin olive oil,” Journal of Food Pro-
cessing and Preservation, vol. 46, no. 5, article 15379, 2022.

S. Gharby and Z. Charrouf, “Argan oil: chemical composition,
extraction process, and quality control,” Frontiers in Nutrition,
vol. 8, p. 1251, 2022.

S. Gharby, H. Harhar, R. Mamouni, B. Matthéus, E. H. A.
Addi, and Z. Charrouf, “Chemical characterization and kinetic
parameter determination under Rancimat test conditions of
four monovarietal virgin olive oils grown in Morocco,” OCL,
vol. 23, no. 4, p. A401, 2016.

SNIMA, “Corps gras d’origines animale et végétale - Huiles
d’argane - Spécifications,” 2003, May 1990, https://www
.imanor.gov.ma/Norme/nm-08-5-090/.

H. Harhar, S. Gharby, D. Guillaume, and Z. Charrouf, “Effect
of argan kernel storage conditions on argan oil quality,” Euro-
pean Journal of Lipid Science and Technology, vol. 112, no. 8,
pp. 915-920, 2010.

S. Gharby, D. Guillaume, M. Elibrahimi, and Z. Charrouf,
“Physico-chemical properties and sensory analysis of deodor-
ized argan oil,” ACS Food Science & Technology, vol. 1, no. 2,
pp. 275-281, 2021.

Z. Boukyoud, M. Ibourki, S. Gharby et al., “Can the water qual-
ity influence the chemical composition, sensory properties,
and oxidative stability of traditionally extracted argan oil?,”
Journal of Nutrition and Metabolism, vol. 14, 399 pages, 2021.

Z. Charrouf and D. Guillaume, “The argan oil project: going
from utopia to reality in 20 years,” OCL, vol. 25, no. 2,
p- D209, 2018.

K. Warner, “Effects on the flavor and oxidative stability of
stripped soybean and sunflower oils with added pure tocoph-
erols,” Journal of Agricultural and Food Chemistry, vol. 53,
no. 26, pp. 9906-9910, 2005.

C.-J. Zheng, L. Li, W.-H. Ma, T. Han, and L.-P. Qin, “Chemical
constituents and bioactivities of the liposoluble fraction from
different medicinal parts of Crocus sativus,” Pharmaceutical
Biology, vol. 49, no. 7, pp. 756-763, 2011.

C. Sanmartin, I. Taglieri, M. Macaluso et al., “Cold-pressing
olive oil in the presence of cryomacerated leaves of Olea or cit-
rus: nutraceutical and sensorial features,” Molecules, vol. 24,
no. 14, p. 2625, 2019.

S. Gharby, H. Harhar, H. El Monfalouti et al., “Chemical and
oxidative properties of olive and argan oils sold on the Moroc-
can market. A comparative study,” Mediterranean Journal of
Nutrition and Metabolism, vol. 5, no. 1, pp. 31-38, 2012.

S. Gharby, H. Harhar, D. Guillaume, A. Haddad, B. Matthius,
and Z. Charrouf, “Oxidative stability of edible argan oil: a two-
year study,” LWT- Food Science and Technology, vol. 44, no. 1,
pp. 1-8, 2011.

M. L. Clodoveo, T. Dipalmo, P. Crupi et al., “Comparison
between different flavored olive oil production techniques:
healthy value and process efficiency,” Plant Foods for Human
Nutrition, vol. 71, no. 1, pp. 81-87, 2016.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3862060/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3862060/
https://www.iso.org/fr/standard/75594.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/03/46/34627.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/03/46/34627.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/07/21/72142.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/07/21/72142.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/06/02/60248.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/06/02/60248.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/06/95/69595.html
https://www.iso.org/cms/render/live/fr/sites/isoorg/contents/data/standard/06/95/69595.html
https://www.imanor.gov.ma/Norme/nm-08-5-090/
https://www.imanor.gov.ma/Norme/nm-08-5-090/

10

(59]

[60]

[61]

[62]

(63]

(64]

[65]

[66]

[67]

(68]

[69]

(70]

(71]

(72]

M.-A. Poiana, “Enhancing oxidative stability of sunflower oil
during convective and microwave heating using grape seed
extract,” International Journal of Molecular Sciences, vol. 13,
no. 7, pp. 9240-9259, 2012.

S. Gharby, H. Harhar, B. Kartah et al., “Oxidative stability of
cosmetic argan oil: a one-year study,” Journal of Cosmetic Sci-
ence, vol. 65, no. 2, pp. 81-87, 2014.

N. Adalier and H. Parker, “Vitamin E, turmeric and saffron in
treatment of Alzheimer's disease,” Antioxidants, vol. 5, no. 4,
p. 40, 2016.

C. M. Asensio, V. Nepote, and N. R. Grosso, “Consumers’
acceptance and quality stability of olive oil flavoured with
essential oils of different oregano species,” International Jour-
nal of Food Science & Technology, vol. 48, pp. 2417-2428,2013.

J. Pokorny, N. Yanishlieva, and M. H. Gordon, Antioxidants in
Food: Practical Applications, CRC Press, 2001.

J. Gagour, S. Oubannin, H. Ait Bouzid et al., “Physicochemical
characterization, kinetic parameters, shelf life and its predic-
tion models of virgin olive oil from two cultivars (“Arbequina”
and “Moroccan Picholine”) grown in Morocco,” OCL, vol. 29,
p. 39, 2022.

B. Xing, S. Li, J. Yang et al., “Phytochemistry, pharmacology,
and potential clinical applications of saftron: a review,” Journal
of Ethnopharmacology, vol. 281, article 114555, 2021.

E. H. Sakar, A. Khtira, Z. Aalam, A. Zeroual, J. Gagour, and
S. Gharby, “Variations in physicochemical characteristics of
olive oil (cv ‘Moroccan picholine’) according to extraction
Technology as revealed by multivariate analysis,” AgriEngi-
neering, vol. 4, no. 4, pp. 922-938, 2022.

L. Bijla, M. Ibourki, H. A. Bouzid et al., “Proximate composi-
tion, antioxidant activity, mineral and lipid profiling of spent
coffee grounds collected in Morocco reveal a great potential
of valorization,” Waste and Biomass Valorization, vol. 13,
no. 11, pp. 4495-4510, 2022.

S. Gharby, D. Guillaume, I. Nounah et al., “Shelf-life of Moroc-
can prickly pear (Opuntia ficus-indica) and argan (Argania
spinosa) oils: a comparative study,” Grasas y Aceites, vol. 72,
no. 1, pp. €397-e397, 2021.

A. Sousa, S. Casal, R. Malheiro, H. Lamas, A. Bento, and J. A.
Pereira, “Aromatized olive oils: influence of flavouring in qual-
ity, composition, stability, antioxidants, and antiradical poten-
tial,” LWT- Food Science and Technology, vol. 60, no. 1, pp. 22—
28, 2015.

J. Gagour, M. Ahmed, H. Bouzid et al., “Proximate composi-
tion, physicochemical, and lipids profiling and elemental pro-
filing of rapeseed (Brassica napus L.) and sunflower
(Helianthus annuus L.) grown in Morocco,” Evidence-based
Complementary and Alternative Medicine, vol. 2022, Article
ID 3505943, 12 pages, 2022.

B. Matthius, D. Guillaume, S. Gharby, A. Haddad, H. Harhar,
and Z. Charrouf, “Effect of processing on the quality of edible
argan oil,” Food Chemistry, vol. 120, no. 2, pp. 426-432, 2010.
M. A. Ayadi, N. Grati-Kamoun, and H. Attia, “Physico-chem-
ical change and heat stability of extra virgin olive oils flavoured

by selected Tunisian aromatic plants,” Food and Chemical
Toxicology, vol. 47, no. 10, pp. 2613-2619, 2009.

Journal of Food Processing and Preservation



	Enrichment of Argan [Argania spinosa (L.) Skeels] Oil with Saffron (Crocus sativus L.) Stigma Powder and Induced Changes in Oil Quality Attributes
	1. Introduction
	2. Material and Methods
	2.1. Plant Material and Experimental Design
	2.2. Measurement of AO Quality Attributes
	2.2.1. Basic Quality Parameters
	2.2.2. Fatty Acid Composition
	2.2.3. Phytosterol and Tocopherol Composition
	2.2.4. Rancimat’s Test
	2.2.5. Sensory Analysis

	2.3. Statistical Analyses

	3. Results and Discussion
	3.1. Initial Parameters
	3.1.1. Quality Parameters
	3.1.2. Rancimat’s Test

	3.2. Evolution of Oxidation Parameters
	3.2.1. FFA Variations
	3.2.2. PV Variations
	3.2.3. K232 Variations
	3.2.4. K270 Variations

	3.3. Changes in Fatty Acid Composition
	3.4. Changes in Phytosterol Composition
	3.5. Sensorial Analysis

	4. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials



