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The aim of this study was to investigate the oxidative stability (OxS) of oil blends
formulated from sunflower oil (SO) and cold pressed black cumin oil (BCO) stored at
room temperature for 6 months. Blends (5%, 10% and 20%, w/w) of BCO with SO
were prepared. Progression of oxidation was followed by measuring peroxide value (PV),
conjugated dienes (CD) and conjugated trienes (CT). Changes in the thymoquinone and
tocopherols levels of oils and blends during storage were also recoreded. In addition,
hexanal was identified and measured using the headspace/solid phase microextractiongas chromatography/mass spectrometry (HS/SPME-GC/MS). Inverse relationships were
noted between PV and OxS at termination of storage. Levels of PV, CD and CT in SO
and blends increased with an increase of storage time. SO:BCO (80:20, w/w) blend had
lower values of PV, CD and CT than the other blends during storage. Hexanal content
was not significanly affected in blends and SO during storage. SO:BCO (80:20, w/w)
blend contained the highest thymoquinone and γ-tocopherol content among the blends.
BCO improves OxS of SO and enrich the blends with thymoquinone and tocopherols.
Stability of blends were better than SO, most likely due to changes in the amounts of
thymoquinone and tocopherols found in BCO.
Keywords: Oil blends, stored oils, rancidity, conjugated diene, conjugated triene,
oxidation.

1. INTRODUCTION

Lipid oxidation reactions limit the shelf life of processed and fresh foods. Oxidation is a main problem in deterioration of oils and fats that affects hamfully
color, texture and aroma. Besides that, toxic compounds could be induced
by further oxidation [1]. This is relevant when the lipidic substrates are composed of unsaturated or polyunsaturated fatty acids (PUFA) that are sensitive
to oxidation. The other important implication on food quality by oxidation is
to lose functional compounds such as tocols, sterols and phenolics [2]. To
retard oxidation in oils and fats, some methods were used wherein the most
popular method is to add antioxidants. According to the source, antioxidants
are classified into natural and synthetic antioxidants. Synthetic antioxidants
are commonly added in vegetable oil industry, wherein some of them could
induce health problems [1, 3]. In this respect, new pursuits on alternatives to
synthetic antioxidants has came in sight [4-6]. One of these effective alternatives is using natural antioxidants [7].
Antioxidants’ effectiveness depends on their chemical reactivity, interaction
with food constituents, environmental conditions and physical location of the
antioxidant in food systems. The oxidation of fats and oils can be delayed by
the application of antioxidants, using processing techniques that minimize
loss of tocols and other antioxidants, inactivation of prooxidant metals and
enzymes, exposure to oxygen, heat and light, hydrogenation of PUFA, and
the use of an inert gas or vacuum packaging to expel oxygen [8].
Spices, herbs and their extracts, vegetables and fruits, oilseeds, some animal
products such as peptides, amino acids and microbial sources were used
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as natural antioxidants [9]. In addition, a new application trend is to blend vegetable oils having strong
oxidation stability with oils having poor stability. These
blends not only prevent common oils from oxidation
but also give an enrichment for some functional compounds contributed to human health [10, 11]. The selection of special oils to be used as natural antioxidant
is an important issue wherein cold pressed oils are
preferred to refined oils because crude cold pressed
oils have more antioxidants including tocols and phenolics [12-14].
Refined sunflower oil (SO) is widely consumed among
vegetable oils and SO is the major consumed vegetable oil in Turkey. SO with high levels of PUFA is one of
the main oils used for cooking and frying. The oils including more PUFA are more prone to oxidation [15].
Refined SO tends to lipid oxidation beacuse of these
fatty acid distrubution [16]. Linoleic acid is the main
fatty acid among PUFA [17, 18]. The relative oxidation rates are determined as 1:10:25 for oleic (C18:1),
linoleic (C18:2) and linolenic (C18:3) acid methyl esters, respectively.
Some high-oleic oils, e.g. canola or olive, could be
used for frying, as they are quite stable at high temperatures. However, their high cost restricts their
usage on a major scale. Therefore, the use of more
stable frying oils of comparatively low price would be
desirable. To overcome the problem of poor oxidative
stability (OxS) of traditional oils, ways of reducing the
unstable PUFA content and increasing natural antioxidants were sought. One way to improve the OxS
of oils is by blending with oils of high-oleic acid contents and high antioxidants’ levels. Blending of oils
has emerged as an economical way of modifying the
physicochemical characteristics of vegetable oils besides the enhancement in OxS [10, 19]. Blending of
SO with some edible oils such as Sclerocarya (Sclerocarya birrea) and melon bug (Aspongopus viduatus)
[20] improved the stability of SO. Ramadan [21] reported that cold pressed cumin, coriander and clove
oils improved also the stability of SO.
Among new sources of edible oils, black cumin (Nigella sativa) seed oil is of interest and may play a major
role in human nutrition and health, because of their
special fatty acid composition as well as the presence
of valuable amounts of fat-soluble bioactives such as
Thymoquinone, sterols and tocols [22-24]. Mixing different types of oils can increase the levels of bioactive lipids and natural antioxidants in the blends and
give better quality oils that include tailor-made physicochemical properties as well as improved nutritional
value at affordable prices. Oil blends have been a
common permitted practice in many countries. Lately, it is permitted to manufacture and market blended
oils containing commonly edible oil mixed with unconventional oil [25].
The common oxidation experiments on oil blends
were carried out with accelerated oxidation conditions especially Schaal oven test at 60°C [26]. Room

temperature experiments are not an option because
of long time requirement. However, the experiment
conditions could give different results [27]. In the
present investigation, we studied the effects of blending BCO with SO on the stability of SO blends. OxS
of SO and blends was studied during storage at room
temperature for 6 months. Changes in peroxide value
(PV), conjugated dienes (CD) and conjugated trienes
(CT), hexanal, thymoquinone and tocopherols levels
in oils and blends were monitored during storage. The
study might serve as a milestone towards the development of functional oils with improved OxS and nutritional value.

2. MATERIAL AND METHODS
2.1. MATERIALS

BCO was obtained from local cold pressing factory
(Oneva Cold Pressing, Istanbul, Turkey) and refined
SO was purchased from a local market (Afyonkarahisar, Turkey). Three oil blends were formulated by
blending SO with BCO in proportion of 95:5, 90:10
and 80:20 (w/w). Oils were thoroughly mixed at room
temperature to formulate uniform blends. Standards
used for tocopherols determination (α-, β-, γ- and
δ-tocopherols) were purchased from Merck (Darmstadt, Germany). All solvents and reagents from various suppliers were of the highest purity needed for
each application and used without further purification.

2.2. METHODS
2.2.1. HS/SPME-GC/MS analysis of hexanal

Hexanal was determined following the method described by Kiralan et al. [28]. The SPME employed
a carboxen/polydimethylsiloxane (CAR/PDMS) solid
phase microextraction (SPME) fiber. Equilibration
condtion was 10 min at 40°C and the extraction was
carried out for 40 min at 40°C. Hexanal was desorbed by inserting the fibre directly for 10 min into the
injection port of the GC maintained at 250°C. Analyses were performed using an Agilent model 7890 Series gas chromatograph in combination with a CTC
Combi PAL autosampler and an Agilent 5975 N mass
selective detector. Hexanal was separated in a GC
column (DB-624, J&W Scientific, 30 m, 0.25 mm i.d.,
1.4 µm film thickness) using the following temperature programme: 40°C, held for 5 min; 3°C/min up to
110°C; 4°C/min up to 150°C; 10°C/min up to 210°C
and held for 12 min. The temperatures for the injection
port, ion source, quadrupole and interface were set at
250°C, 230°C, 150°C and 240°C, respectively. Mass
spectra were obtained in the electron impact mode at
70 eV in full scan and a scan range from m/z 41-400.
Identification of hexanal was based on a comparison
of the retention time with authentic reference and on
computer matching against NIST and WILEY library
mass spectra.
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2.2.2. HPLC analysis of thymoquinone

The thymoquinone extraction procedure was based
on the work of Kiralan et al. [29].
The liquid chromatographic system used was a Shimadzu System equipped with a SCL-10Avp System
controller, a SIL-10AD vp Autosampler, a LC-10AD vp
pump, a DGU-14a degasser, a CTO-10 A vp column
heater and a diode array detector (DAD) with wavelengths set at 278 nm. Chromatographic separations
were performed with a Luna C18 analytical column
(250 × 4.6 mm ID, 5-μm particle). The temperature of
the column was set at 30°C. The flow rate was 1 mL/
min and injection volume was 10 μL. The data were
integrated and analyzed using the Shimadzu ClassVP Chromatography Laboratory Automated Software
system. The amount of thymoquinone in the extract
was calculated as mg/100g using external calibration
curve. All extractions and chromatographic analysis
was carried out in duplicate.

2.2.3. HPLC analysis of tocopherols

According to AOCS [30] the tocopherols composition
of oils and blends was determined using HPLC with
a SCL-10Avp System controller, SIL–10ADvp Autosampler, LC-10ADvp pump, CTO-10Avp column
heater and fluorescence detector with wavelengths
set at 295 nm for excitation and 330 nm for emission.
A solution of oil in heptane was analyzed on a silica
gel Supelcosil Luna column (particle size 5 μm, 15 cm
× 4.6 mm i.d.; Supelco, Inc. Bellefonte, PA, US). The
mobile phase consisted of heptane/tetrahydrofuran
(95:5, v/v) at a flow rate of 1.2 mL/min and the injection volume was 10 μL. The data were integrated and
analyzed using Shimadzu Class-VP Chromatography
Laboratory Automated Software system. Standard of
α, β, γ and δ isomers of tocopherols were dissolved in
heptane and used for identification and quantification
of peaks. The amount of tocopherols in the oils was
calculated as tocopherols mg per kg oil using external calibration curves (r = 0.999) which were obtained
for each tocopherol standard.

2.2.4. Room storage of oils and blends

Oil samples (30 g) were placed in glass bottles
(100 mL) stored for 6 months at room temperature

(25°C). Oxidation was monitored in one-month intervals over 6 months of storage. The oxidative deterioration levels were monitored by measurement
of PV, conjugated dienes (CD) and trienes (CT)
values. Determination of PV as well as CD and CT
were accomplished according to the official methods of the American Oil Chemists Society [30]
[PV (AOCS Cd 8-53), conjugated diene and triene
(AOCS Ch 5-91)]. Hexanal, thymoquinone levels
and tocopherols composition of oils and blends
were measured according to the methods mentioned above.

3. RESULTS AND DISCUSSIONS
The main fatty acids in the SO, BCO and blends were
linoleic, oleic and palmitic acids accounted for 64.9%,
23.4% and 6.16% in SO; 64.0-64.8%, 23.4-23.6%
and 6.45-7.17% in blends and 58.1%, 23.6% and
12.1% in BCO, respectively. Blending of BCO with
SO non-significantly modified the profile of the main
fatty acids in the formulated blends.

3.1. IMPACT OF STORAGE ON PV

PV is a common assay to measure the lipid oxidation.
Hydroperoxides are the primary oxides; therefore, determination of PV can be used as the oxidative index
during the early stage of oxidation [31, 32]. Table I
presents the PV changes in oils and blends during
storage at room temperature. The initial PV of BCO
had the highest value among samples, wherein the
addition of BCO to SO resulted in a marked decline
in their PV during storage. Based on PV, the stability
of SO and blends varied significantly, with the blend
enriched with BCO (8:2, w/w) it was the most stable.
SO reached a maximum PV of 166.16 meq O2/kg after 6 months of storage. During storage, BCO maintained a significantly lower PV than all other oils. The
PV of oil blends with SO:BCO (95:5), SO:BCO (90:10)
and SO:BCO (80:20) were 136.74, 112.88 and 93.23
meq O2/kg. PV of blends increased with the increase
of BCO addition to SO. These results indicated that
the addition of BCO to SO increases the stability of
SO. These results are in agreement with the observations by Ramadan [21].

Table I - Changes in PV (meq O2/kg) of oils and blends during storage at room storagea
Storage time
(month)
0
1
2
3
4
5
6
aMean

SO
2.33±1.16d
6.51±1.34d
31.66±1.43a
63.90±1.42a
106.58±4.49a
135.79±3.26a
166.16±2.49a

SO:BCO
(95:5)
5.01±0.67c
7.73±0.67d
19.62±1.16b
49.37±3.40b
83.73±1.03b
113.70±3.41b
136.74±0.91b

SO:BCO
(90:10)
7.91±1.25b
9.67±1.33c
16.95±1.29c
31.65±1.39c
65.36±1.43c
91.23±0.45c
112.88±0.55c

SO:BCO
(80:20)
7.73±0.70b
12.31±0.65b
16.83±0.67c
26.13±1.51d
50.51±1.07d
75.55±1.35d
93.23±2.80d

BCO
17.75±0.13a
23.35±1.07a
28.10±0.58a
33.50±1.22c
27.79±1.15e
34.93±1.39e
33.08±0.83e

± standard deviation. Mean values within each column followed by the same letters are not significantly different at p < 0.05.
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Table II - Changes in K232 values of oils and blends during storage at room storagea
Storage time
(month)
0
1
2
3
4
5
6
aMean

SO
4.52±0.08a
4.71±0.05a
8.22±0.79a
12.90±1.18a
19.85±0.77a
24.21±0.45a
27.77±0.66a

SO:BCO
(95:5)
4.53±0.25a
4.69±0.22b
7.76±0.40ab
9.95±0.17b
16.81±0.16b
20.90±0.71b
24.04±0.58b

SO:BCO
(90:10)
4.25±0.04b
4.63±0.38c
7.03±0.28bc
7.64±0.18c
13.58±0.33c
17.30±0.22c
19.75±0.73c

SO:BCO
(80:20)
4.15±0.04bc
4.59±0.30d
6.64±0.52d
6.48±0.06d
11.12±0.21d
14.27±0.48d
15.86±0.53d

BCO
3.96±0.09c
3.58±0.04e
4.57±0.20e
3.97±0.36e
4.24±0.09e
4.12±0.06e
3.76±0.13e

± standard deviation. Mean values within each column followed by the same letters are not significantly different at p < 0.05.

Table III - Changes in K270 values of oils and blends during storage at room storagea
Storage time
(month)
0
1
2
3
4
5
6
aMean

SO
3.44±0.16a
3.37±0.10a
3.83±0.26ab
3.64±0.31a
3.83±0.07ab
3.65±0.13a
3.22±0.07a

SO:BCO
(95:5)
3.37±0.08a
3.29±0.14ab
3.85±0.15ab
3.39±0.09ab
3.94±0.03a
3.99±0.30a
3.28±0.16a

SO:BCO
(90:10)
3.09±0.15b
3.20±0.26ab
4.20±0.32a
3.32±0.11ab
3.67±0.07b
3.81±0.29a
3.27±0.22a

SO:BCO
(80:20)
2.86±0.03c
3.02±0.20b
3.67±0.08b
3.03±0.04b
3.80±0.21ab
3.94±0.22a
2.89±0.15b

BCO
1.47±0.03e
1.18±0.05c
1.74±0.10c
1.33±0.28c
1.50±0.09c
1.42±0.03b
1.09±0.05c

± standard deviation. Mean values within each column followed by the same letters are not significantly different at p < 0.05.

(95:5, w/w) blend at the end of storage. The lowest
value observed was 1.09 in BCO after 6 months. The
Induction of hydroperoxides is coincidental with results for blends are consistent with Ramadan [21]
conjugation of double bonds in PUFA, measured by who showed that K270 value of blends from BCO and
absorptivity at UV spectrum [31]. Lipids containing SO were lower than the control sample (SO).
methylene-intrupted dienes or polyenes show a shift Again, the OxS of SO:BCO blends were better durin their double bond position during oxidation. The re- ing storage and UV absorptivity showed this phesulting CD exhibit intense absorption at 232 nm and nomenon. The high content of conjugated oxidative
similarly CT absorb at 270 nm. Measurement of CD products in SO can be attributed to its high linoleic
and CT is a common assay for the measurement of acid content (64.9% of total fatty acids) in SO which is
oil and fat stability. The greater the levels of CD and readily decomposed to form conjugated hydroperoxCT in oil, the lower will be the OxS [32].
ides. Examination of the results shows that the rate of
The conjugated diene (K232) values of oils and blends formation of oxidative products in oils and the ranking
during storage are given in Table II. Absorptivity at order of OxS derived using maximum PV levels, was
232 nm in SO and blends showed a pattern similar to 1 identical to the order obtained using maximum CD
that of PV. Absorptivity at 232 nm increased gradually and CT values [SO> SO:BCO (95:5, w/w)> SO:BCO
with the increase in time, due to the formation of CD. (90:10, w/w)> SO:CO (80:20, w/w)].
The K232 value of the SO reached up to 27.77 after
6 months of storage. BCO showed lower trend than 3.3. IMPACT OF STORAGE ON HEXANAL CONTENT
SO or blends. In blends, the lowest value observed Aldehydes are important volatile oxidation compounds
in SO:BCO (80:20, w/w) with 15.86, and the highest wherein these compounds have appeared in stored
value was 24.04 in SO:BCO (95:5) sample.
or rancid oils [33]. Hexanal is the main volatile oxidaThe K270 values of oils and blends are shown also in tion product occured during linoleic and the other ω-6
Table III. Formation of aldehydes, ketones and other fatty acids. Hexanal content has been widely used to
oxidation products followed by an increase in ab- follow oxidation progress [34]. In this study hexanal
sorptivity at 270 nm. The variation of absorptivity at was measured using HS-SPME/GC-MS. Hexanal ap270 nm, due to the formation of CT as well as un- peared after a month storage and the content of this
saturated ketones and aldehydes, presented a pat- volatile compound increased during storage (Figure
tern similar to that of absorptivity at 232 nm. After 6 1). Hexanal content increases slightly during storage.
months of storage, the K270 value reached up to 3.22 Hexanal levels in BCO increased slowly with storage.
in SO. However, this value changed between 2.89 However, blends and SO showed similar increase
in SO:BCO (80:20, w/w) blend and 3.28 in SO:BCO with increasing storage time.

3.2. IMPACT OF STORAGE ON CONJUGATED DIENE
(CD) AND TRIENE (CT)

232
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Figure 1 - Changes in hexanal peak area of oils and blends during storage at room temperature
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Figure 2 - Changes in thymoquinone amount (mg/100 g) of BCO and blends duirng storage at room temperature

3.4. IMPACT OF STORAGE ON THE LEVELS OF
THYMOQUINONE

Thymoquinone is the major phenolic compound in
black cumin seeds and it is responsible for the biological activity of black cumin seeds [35]. Thymoquinone is also found in black cumin extracts including

fixed and essential oils [36]. The trend of thymoquinone levels in BCO showed a decrease trend during
storage (Figure 2). This behaviour was observed in olive oil for hydroxytyrosol and tyrosol wherein authors
could not explain this behavior because of the hydrolysis of complex phenols [37]. The blends showed

3

La rivista italiana delle sostanze grasse - VOL. XCIII - OTTOBRE/DICEMBRE 2016

A

α-tocopherol (mg/kg)

1.200

BCO

SO

SO:BCO (95:5)

SO:BCO (90:10)

SO:BCO (80:20)

1.000
800
600
400
200
0
0

2

4

6

Storage time (month)

B
35

BCO

SO

SO:BCO (95:5)

SO:BCO (90:10)

SO:BCO (80:20)

β-tocopherol (mg/kg)

30
25
20
15
10
5
0
0

2
Storage time (month)

4

6

C

γ-tocopherol (mg/kg)

250

234

BCO

SO

SO:BCO (95:5)

SO:BCO (90:10)

SO:BCO (80:20)

200
150
100
50
0
0

2

Storage time (month)

4

6

D

δ-tocopherol (mg/kg)

2,50

BCO

SO

SO:BCO (95:5)

SO:BCO (90:10)

SO:BCO (80:20)

2,00
1,50
1,00
,50
,00
0

2

4

6

Storge time (month)

Figure 3 - Changes in tocopherols composition (mg/kg oil) of oils and blends during storage at room temperature

La rivista italiana delle sostanze grasse
- VOL. XCIII - OTTOBRE/DICEMBRE 2016
5

stable trend with storage time, wherein SO:BCO
(80:20, w/w) blend had higher thymoquinone among
the blends.

3.5 IMPACT OF STORAGE ON THE LEVELS OF
TOCOPHEROLS

Tocopherols in vegetable oils are believed to protect
PUFA from oxidation and improve OxS of the oil.
In addition, tocopherols are the major lipid-soluble,
membrane-localized antioxidants in humans. Results
of qualitative and quantitative composition of tocopherols are presented in Figure 3. As seen in Figure 3,
BCO is rich in γ-tocopherol and poor in α-tocopherol
in comparison with SO. Figure 3A-D shows that
changes in tocopherols profile of oils and blends during storage. SO had the highest level of α-tocopherol
(1022 mg/kg) among the samples, whrein BCO has
the lowest value of α-tocopherol (12.21 mg/kg).
The α-tocopherol content of blended of oils were
within 859-1022 mg/kg. The α-tocopherol content
of blended oils and SO showed a decrease trend
after a 4-month storage. Figure 3B presents the
β-tocopherol content of oils and blends during storage. SO had 28.46 mg/kg of β-tocopherol and the
other oils or blends had values from 26.10 to 31.33
mg/kg of β-tocopherol. BCO oil had trace amount of
this compound and the content of β-tocopherol decreased along the storage.
BCO contained high levels of γ-tocopherol (Figure
3C) compared with the other samples (195.6 mg/
kg). This high level of γ-tocopherol could be the main
factor contributing to OxS of BCO. The content of
γ-tocopherol in blended oils showed a similar trend
during storage except of SO:BCO (80:20, w/w) blend
that was rich in γ-tocopherol among the blends and
generally exhibited stabile behavior during storage.
As seen in Figure 3D, the δ-tocopherol content in oils
ranged from 0.72 in BCO and reached up to 1.92 mg/
kg in SO:BCO (80:20, w/w) blend at the initial time.
Levels of δ-tocopherol in SO and blended oils decreased during storage. The content of δ-tocopherol
in SO:BCO (80:20, w/w) blend decreased sharply after 2 months of storage.
The OxS of the oils might be affected by their tocopherol profiles. α- and γ-tocopherols proved to be the
major tocopherols in vegetable oils and fats. Kallio
et al. [38] mentioned that α-tocopherol is the most
efficient antioxidant of tocopherol isomers, while
β-tocopherol has 25-50% of the antioxidative activity
of α-tocopherol, and γ-isomer 10-35%. Other study
stated that γ-tocopherol is known to serve as a better
in vitro antioxidant than α-tocopherol [8]. It could be
stated that levels of tocopherols in BCO may contribute to the OxS of the oil toward oxidation.

4. CONCLUSIONS
According to PV as well as CD and CT results from
this study, BCO improves the OxS of SO blends. The

hexanal content was not strongly affected during storage. Thymoquinone content of the SO:BCO (80:20,
w/w) blend was the highest among blended oils. In
addition, SO:BCO (80:20, w/w) blend had the highest
amount of γ-tocopherol amoung blends. In general,
blends were rich in δ-tocopherol and thymoquinone
wherein SO:BCO (80:20, w/w) blend showed the
highest OxS among oil blends. The optimal levels of
BCO enrichment will depend on the actual application. It is anticipated that the commercial exploitation
of SO:BCO blends will soon be realized.

Acknowledgments
We thank Scientiﬁc Research Projects Fund of Abant
Izzet Baysal University in Turkey for providing fund
support for the project under the contract grant number 2014.09.04.712. We also thank Mr. Süha ERSOY
(Oneva Cold Pressing, Istanbul, Turkey) for the supply
of cold pressed oil samples.

REFERENCES
[1]

F. Shahidi, Y. Zhong, Lipid oxidation and improving the oxidative stability. Chem. Soc. Rev.
39(11), 4067-4079 (2010)
[2] E.N. Frankel, Lipid oxidation. Ed. by E. N. Frankel, Elsevier (2014)
[3] F. Shahidi, Antioxidants in food and food antioxidants. Food/Nahrung 44(3), 158-163 (2000).
[4] R.N. Carvalho, L. S. Moura, P.T. Rosa, M.A.A.
Meireles, Supercritical fluid extraction from rosemary (Rosmarinus officinalis): Kinetic data, extract’s global yield, composition, and antioxidant
activity. J. Supercritical Fluids 35(3), 197-204
(2005).
[5] F. Shahidi, Natural antioxidants: chemistry, health effects, and applications. The American Oil
Chemists Society (1997).
[6] N.V. Yanishlieva, E.M. Marinova, Stabilisation of
edible oils with natural antioxidants. Euro. J. Lipid Sci. Technol. 103(11), 752-767 (2001).
[7] J. Pokorný, Natural antioxidants for food
use. Trends in Food Sci. Technol. 2, 223-227
(1991).
[8] H. Miraliakbaru, F. Shahidi, Oxidative Stability of
tree nut oils. J. Agric. Food Chem. 56, 47514759 (2008).
[9] J. Pokorný, N. Yanishlieva, M.H. Gordon, Antioxidants in food: practical applications, CRC
press (2001).
[10] F. Anwar, A.I. Hussain, S. Iqbal, M.I. Bhanger,
Enhancement of the oxidative stability of some
vegetable oils by blending with Moringa oleifera
oil. Food Chem. 103(4), 1181-1191 (2007).
[11] E. Frankel, S. Huang, Improving the oxidative
stability of polyunsaturated vegetable oils by
blending with high-oleic sunflower oil. J. Amer.
Oil Chem. Soc. 71(3), 255-259 (1994).

La rivista italiana delle sostanze grasse - VOL. XCIII - OTTOBRE/DICEMBRE 2016

235

236

[12] T.D. Parker, D. Adams, K. Zhou, M. Harris, L.
Yu, Fatty acid composition and oxidative stability of cold‐pressed edible seed oils. J. Food Sci.
68(4), 1240-1243 (2003).
[13] L.L. Yu, K.K. Zhou, J. Parry, Antioxidant properties of cold-pressed black caraway, carrot, cranberry, and hemp seed oils. Food Chem. 91(4),
723-729 (2005).
[14] M.F. Ramadan, M.M.S. Asker, M. Tadros, Antiradical and antimicrobial properties of coldpressed black cumin and cumin oils. Euro. Food
Res. Technol. 234: 833-844 (2012).
[15] R.D. O’brien, Fats and oils: formulating and processing for applications: CRC press (2008).
[16] F. Gunstone, Vegetable oils in food technology:
composition, properties and uses: John Wiley &
Sons (2011).
[17] M. Alpaslan, H. Gündüz, The effects of growing
conditions on oil content, fatty acid composition
and tocopherol content of some sunflower varieties produced in Turkey. Food/Nahrung 44(6),
434-437 (2000).
[18] S.K. Gupta. Technological Innovations in Major
World Oil Crops, Volume 1: Breeding (vol. 1):
Springer Science & Business Media, (2011).
[19] K.S. Premavalla, C.V. Madhura, S.S. Arya, Storage and thermal stability of refined cottonseed
oil: mustered blend. J. Food Sci. Technol. 35,
530-532 (1998).
[20] A. Mariod, B. Matthäus, K. Eichner, I. Hussein,
Improving the oxidative stability of sunflower oil
by blending with Sclerocarya birrea and Aspongopus viduatus oils. J. Food Lipids 12(2), 150158 (2005).
[21] M.F. Ramadan, Healthy blends of high linoleic
sunflower oil with selected cold pressed oils:
Functionality, stability and antioxidative characteristics. Ind. Crops Prod. 43, 65-72 (2013).
[22] M.F. Ramadan, J.T. Moersel, Characterization
of phospholipid composition of black cumin (Nigella sative L.) seed oil. Nahrung/Food 46, 240244 (2002).
[23] M.F. Ramadan, L.W. Kroh, J.T. Moersel, Radical
scavenging activity of black cumin (Nigella sativa
L.), coriander (Coriandrum sativum L.) and niger
(Guizotia abyssinica Cass.) crude seed oils and
oil Fractions. J. Agric. Food Chem. 51, 69616969 (2003).
[24] M.F. Ramadan, Nutritional value, functional properties and nutraceutical applications of black
cumin (Nigella sativa L.): an overview. Inter. J.
Food Sci. Technol. 42(10), 1208-1218 (2007).
[25] M.F. Ramadan, M.M.A. Amer, A. Awad, Coriander (Coriandrum sativum L.) seed oil improves
plasma lipid profile in rats fed diet containing
cholesterol. Eur. Food Res. Technol. 227, 11731182 (2008).
[26] M.F. Ramadan, K.M.M. Wahdan, Blending of
corn oil with black cumin (Nigella sativa) and co-

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]
[35]
[36]

[37]

[38]

riander (Coriandrum sativum) seed oils: Impact
on functionality, stability and radical scavenging
activity. Food Chem. 132(2), 873-879 (2012).
F. Anwar, A. Jamil, S. Iqbal, M.A. Sheikh, Antioxidant activity of various plant extracts under
ambient and accelerated storage of sunflower
oil. Grasas y Aceites 57(2), 189-197 (2006).
M. Kiralan, G. Ozkan, F. Koyluoglu, H.A. Ugurlu,
A. Bayrak, A. Kiritsakis, Effect of cultivation area
and climatic conditions on volatiles of virgin olive
oil. Euro. J. Lipid Sci. Technol. 114(5), 552-557
(2012).
M. Kiralan, G. Özkan, A. Bayrak, M.F. Ramadan,
Physicochemical properties and stability of black
cumin (Nigella sativa) seed oil as affected by different extraction methods. Ind. Crops Prod. 57,
52-58 (2014).
AOCS. Official methods and recommended
practices of the American Oil Chemists’ Society
(vol. 5): AOCS Champaign, IL, USA, (1997).
M.F. Ramadan, J.T. Moersel, Oxidative stability of black cumin (Nigella sativa L.), coriander
(Coriandrum sativum L.) and niger (Guizotia abyssinica Cass.) upon stripping. Eur. J. Lipid Sci.
Technol. 106, 35-43 (2004).
A.A.A. Mohdaly, M. A. Sarhan, A. Mahmoud, M.
F. Ramadan, I. Smetanska. Antioxidant efficacy
of potato peels and sugar beet pulp extracts
in vegetable oils protection. Food Chem. 123,
1019-1026 (2010).
S. Mildner-Szkudlarz, H.H. Jeleń, R. ZawirskaWojtasiak, E. Wąsowicz. Application of headspace-solid phase microextraction and multivariate analysis for plant oils differentiation. Food
Chem. 83(4), 515-522 (2003).
C.C. Akoh, D.B. Min, Food lipids: chemistry, nutrition, and biotechnology: CRC Press (2008).
B. Ali, G. Blunden. Pharmacological and toxicological properties of Nigella sativa. Phytotherapy
Res. 17(4), 299-305 (2003).
M.T. Sultan, M.S. Butt, F.M. Anjum, A. Jamil, S.
Akhtar, M. Nasir, Nutritional profile of indigenous
cultivar of black cumin seeds and antioxidant
potential of its fixed and essential oil. Pak. J.
Bot. 41(3), 1321-1330 (2009).
L. Cinquanta, M. Esti, E. La Notte, Evolution of
phenolic compounds in virgin olive oil during
storage. J. Amer Oil Chem. Soc. 74(10), 12591264 (1997).
H. Kallio, B. Yang, P. Peippo, R. Tahvonen, R.
Pan., Triacylglycerols, glycerophospholipids, tocopherols and tocotrienols in berries and seeds
of two subspecies (ssp. sinensis and mongolica)
of Sea buckthorn (Hippophaë rhamnoides). J.
Agric. Food Chem. 50, 3004-3009 (2002).
Received September 11, 2015
Accepted November 12, 2015

La rivista italiana delle sostanze grasse - VOL. XCIII - OTTOBRE/DICEMBRE 2016

