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Evaluation of the qualitative 
properties of the oil extracted 
from the mixture of Helianthus 
annuus and Nigella sativa seeds 
during heating
Mehran Naderi 1, Yeganeh Mazaheri 1, Mohammadali Torbati 2*, Sodeif Azadmard‑Damirchi 3, 
Alieh Rezagholizade‑shirvan 4 & Samira Shokri 5

The oil obtained from black cumin (Nigella sativa) seeds has many health‑effective properties, which 
is used in food applications and in traditional medicine. One practical method to extract its oil is 
mixing with other seeds such as sunflower (Helianthus anuus) seeds before oil extraction by press. 
The effectiveness of the cold‑press oil obtained from the mixture of black cumin seeds (BS) and 
sunflower seeds (SF) in different proportions 100:0, 95:5, 90:10, 85:15 and 0:100 (w/w) was studied 
to evaluate their qualitative properties including peroxide value (PV), acid value, p‑anisidine value 
(AnV), pigments (carotenoid and chlorophyll) content, polyphenols, and profile of fatty acids during 
heating process (30–150 min at 180 °C). The results revealed that the acid and p‑anisidine value of the 
all samples enhanced with the extension of the heating time, and the peroxide value increased at the 
beginning of the heating and then decreased with the prolongation of the heating time (p < .05). With 
the increase of temperature and heating time, the peroxide of sunflower oil increased with a higher 
slope and speed than that of black seed and blends oil. Changes in the PV and AnV were the fastest in 
sunflower oil. Blending and heating caused considerable changes in the fatty acid composition of oils, 
especially myristic, palmitic, and stearic acids. Moreover, the levels of certain unsaturated fatty acids, 
namely linoleic, oleic, and linolenic acids declined after heating. The carotenoids, chlorophyll and total 
phenol content decreased gradually during heating treatments. Among extracted oils, SF:BS (15%) 
had the good potential for stability, with total phenol content of 95.92 (Caffeic acid equivalents/100 g), 
PV of 2.16 (meq  O2/kg), AV of 2.59 (mg KOH/g oil), and AnV of 8.08 after the heating. In conclusion, oil 
extracted from the mixture of SF and BS can be used as salad and cooking oils with a high content of 
bioactive components and positive nutritional properties.
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Sunflower oil is one of the most popular edible oils which is generally utilized in cooking and frying processes. 
This traditional oil contains relatively high content of polyunsaturated fatty acids (PUFA) (85–95%) including 
omega-6 FAs and especially linoleic acid, which makes it prone to thermooxidative degradation, discoloration, 
off-flavor, rancidity and limits their applications as frying  oils1,2. The fatty acid profile of sunflower oil varies due 
to factors such as genetic modifications, environmental conditions, and geographical locations. Studies have 
shown that sunflower oil composition can be modified through conventional breeding techniques and genetic 
modifications, leading to changes in the levels of oleic, linoleic, palmitic, and stearic  acids3,4.To overcome the 
low oxidative stability of frying oils and retardation of oil degradation, various methods have been applied, such 
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as hydrogenation, blending and using natural or synthetic  antioxidants5–10 .However, synthetic antioxidants 
may cause numerous health  risks11. Animal experiments have shown that high-dose exposure to these synthetic 
antioxidants can be toxic, leading to DNA damage, mismatches, and the development of cancerous  tumors12. The 
application of most common synthetic antioxidants, butylated hydroxyl anisole (BHA) and butylated hydroxyl 
toluene (BHT), has been limited due to their side effects and health risks, including carcinogenic  effects13,14. For 
that reason, the importance of replacing synthetic antioxidants with natural components from oil seeds and other 
plant resources has noticeably increased.

Black cumin seed (Nigella sativa L.) (BS) belongs to the Ranunculaceae family, is an emerging source of vegeta-
ble oil used as a multi-purpose product for food industry, nutritional, cosmetic and therapeutic  applications15,16. 
Among the numerous sources of oils, BS oil has high levels of bioactive components, including total phenol 
content, carotenoids, and essential fatty acids. Also, a high amount of natural antioxidants such as polyphenols 
(245–309 mg/kg), thymoquinone (26.8–54.8 mg/kg) and tocopherols (91–246 mg/kg) make this oil nutritious and 
health  effective17. However, this oil has low application in food industry as it has strong flavour and relatively dark 
color, which needs to be improved to enhance its application as it has many positive health promoting effects.

Frying is one of the well-known procedures for cooking, which leads to making products with the desired 
flavor and distinctive sensorial  properties18. Through frying at high temperatures between 150 and 190 °C, which 
occurs in the presence of oxygen and water, various reactions might occur including oxidation, pyrolysis, hydroly-
sis, cyclization and polymerization, which lead to changes in the nutritional quality of frying  oils19. Moreover, 
toxic products such as aldehydes, ketones, cyclic and epoxy constituents, dimers, oligomers, trans-isomers, polar 
compounds, peroxides and epoxides can be formed. Also, oxidation can produce undesirable off-flavors and 
reduce the shelf life of  products20.

Using thermally effective antioxidants in frying oils can be highly efficient in oil stability. Previous research 
confirmed enhanced stabilization of SF oil blended with individual and mixtures of some natural antioxidants 
such as Tiger nut (Cyperus esculentus L.), Moringa oleifera, and oleoresin  rosemary5,21,22. In particular, Kiralan 
et al.studied the blending of SF oil with black cumin oil as an innovative practice with several benefits, such as 
oxidation stability improvement due to the high amount of thymoquinone and γ‐tocopherol of Nigella sativa oil.

BS is rich source of bioactive components which remains in the cake produced during oil extraction by 
press. Mixing BS with other oilseeds with high content of oil such as sunflower oil can help to extract bioactive 
components as much as possible from BS during oil extraction by press, and also can affect the extracted oil 
quality and oxidative stability as well. Therefore, the present investigation aimed to compare the effectiveness 
of oil extracted from a combination of different portions of seeds (BS: SF) by cold press on the deterioration 
rate of SF oil subjected to heating process at a temperature of 180 °C. Moreover, it aimed to evaluate the impact 
of BS as a rich source of natural bioactive components on the oxidative stability of extracted oils at the high 
temperature (180 °C).

Materials and methods
Ingredients
The BS (Nigella sativa L.) and SF (Helianthus annuus) seeds were bought from a local market (Tabriz city, Iran). 
The solvents, solutions, and reagents such as sodium hydroxide, sodium thiosulfate, chloroform, ethanol, phe-
nolphthalein, n-hexane and acetic acid glacial were purchased from Merck & Co., Inc. (Darmstadt, Germany). 
Also, the standards, the caffeic acid and the Folin–Ciocalteu were obtained from Sigma–Aldrich Co. (St. Louis, 
MO, USA).

Sample processing
The BS and SF seeds were mixed at a ratio of 100:0, 95:5, 90:10, 85:15, and 0:100 (SF:BS) (w/w) and then oil from 
the seed mixtures were extracted by cold press (screw press 85 Mm, Kern Kraft, Germany) based on the method 
mentioned by Mazaheri et al.24. The obtained oils were filtered using Whatman No.2 filter paper. The final oil 
samples were put in sealed 100 ml dark glass bottles and kept at 4 °C.

Heating technique
The 70 g of extracted oil samples was weighed, put into an aluminum cupcake foil, and placed into the oven (Astar 
DKL-40, Guangdong, China) at 180 ± 2 °C for 0 (control samples), 30, 60, 90, 120 and 150  min25.

Fatty acid profile
The oil was transformed to fatty acid methyl esters  (FAMEs) according to the method of Savage et al.26.  FAMEs 
were identified via a gas chromatograph (GC-1000, DANI, Italy).

Peroxide and acid values
The acid value (AV: mg KOH/g) and the peroxide value (PV: meqO2/kg oil) were detected by titration based on 
the methods mentioned by the American Oil Chemists’ Society (AOCS 2017)27.

Anisidine value
The p-anisidine value (AnV; mg KOH/g oil) of the oil samples was measured by AOCS  Method27.

Calculation of totox value (TV)
Totox value was calculated based on PV and AnV, by using the following  equation28:
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For each determination, three replicates were analyzed per sample.

Carotenoid and chlorophyll contents
The chlorophyll and carotenoid pigments were  analyzed29. For chlorophyll content, absorption was determined 
at 630, 670 and 710 nm; for carotenoids, absorption was measured at 670 nm; and the contents were measured 
by the following equations:

where A is the absorbance and L is the spectrophotometer cell thickness (10 mm).

Total phenol content
The total phenol content of the oils was evaluated as mg of caffeic acid/kg of the oil using the Folin-Ciocalteu 
reagent. Absorption was determined at 765 nm via an Aquaris 1100 spectrometer (Cecil Instruments Ltd., 
Cambridge, UK)30.

Statistical analysis
All the values were calculated with three replications. The records were analyzed by use of ANOVA in factorial 
experiments in a completely randomized design by 20.0 SPSS statistical software (Chicago, IL, USA). The final 
data was reported as the mean ± standard deviation (SD). To determine the significant differences at 0.05 level, 
Duncan’s multiple ranges post hoc experiment was employed.

Results and discussion
Oil yield
Different factors, including temperature, pressure, and the process of oil extraction affect oil  yield17. Oil yield 
of SF, BS, and from their mixtures were determined. The oil yield from SF (51.7%) was higher than the oil yield 
reported  previously31. The oil yield from BS was 22.0%, which was similar to the oil yield reported by Suri et al.32. 
The co-pressing of BS with SF seeds demonstrated a significant (P < 0.05) effect on the oil extraction yield. SF 
seeds in the mixture of seeds could help to increase the efficiency of BS oil extraction. The oil yield was increased 
to 47.23%, 48.04% and 49.7% by co-pressing BS with 85%, 90% and 95% SF, respectively. Gharby et al.34 showed 
that the oil extraction yield of Nigella sativa using solvent or cold press was 37% and 27%, respectively. Also it 
was observed that co-pressing Jatropha curcus kernels with rapeseed, maize, or soybean seeds increased the oil 
extraction  yield33,34.

Changes in major fatty acids
The profile of fatty acid (FA) has a considerable effect on oxidative stability of the oils and nutritional properties 
of  oils33. The most predominant FA which have been detected in BS oil were linoleic acid (58.06%) followed by 
oleic acid (23.88%) and palmitic acid (12.88%). SF oil showed the greatest percentages of oleic acid (46.42%) 
followed by linoleic acid (44.12%), and palmitic acid (5.53%). These findings are in agreement with the other 
reported  data1,24,36–38. However, it should be mentioned that according to the fatty acid composition reported 
by the Codex Alimentarius, this sunflower oil belongs to the mid oleic acid class, which oleic acid and linoleic 
acid are 43.1–71.8 and 18.7–45.3%,  respectively39. Increased BS quantity in the mixture of oilseeds before cold 
pressing could affect the amount of linoleic acid. However, a significant increase (P < 0.05) in the palmitic and 
myristic acid compared with pure SF oil was observed. It has been reported that blending can make a noticeable 
change in the fatty acid composition of obtained  oils40.

During heating, considerable changes (P < 0.05) was observed in saturated fatty acids, especially myristic, 
palmitic, and stearic acids in all oils. Also, the high temperature (180 °C) lessens the level of some unsaturated 
fatty acids such as linoleic, oleic, and linolenic acids (P < 0.05) (Table 1). The decreased unsaturated fatty acid per-
centage over the process of heating at high temperatures may be due to destructive reactions such as hydrolysis, 
oxidation, and  polymerization41. Therefore, because of a reduction in the percentage of the unsaturated fatty acids, 
there has been a noticeable increase in the level (percentage) of saturated fatty acids after the heating treatment 
(P < 0.05). This result was in agreement with Casal et al.42, who reported that there was significant decrease in 
unsaturated fatty acids in SF oil during the heating, with a consequent rise in saturated fatty acid levels.

Peroxide value
The peroxide value (PV) is an indicator of the hydroperoxide compounds and shows the amount of primary prod-
ucts through the initial stages of lipid  oxidation43. Peroxides are important intermediate substances of oxidative 
reactions due to their capability to undergo decomposition via transition metal irradiation and elevated tempera-
tures, thus resulting in the production of free  radicals44. The PVs of BS and SF oils were 5.6 and 0.24 (meq O2/ oil 
kg), respectively. The PV of extracted oil samples were increased as BS increased in the seed mixtures (Table 2).

PV of oil samples was increased significantly during the heating process and was strongly correlated with the 
prolonging of the heating period and BS level in the mixture of seeds (P < 0.05) (Table 2). Peroxide products are 
not stable and decompose to secondary compounds such as carbonyl and aldehydes under frying  conditions45. 

Totox value = 2PV + AnV;

(1)Chlorophyll
(

in mg/kg
)

= 345/3× (A670− (0/5× A630)− (0/5× A710)/L

(2)Carotenoid
(

in mg/kg
)

= (A470 × 106)/2000 × 100 × L
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Hence, it was reduced after 60 min of heating (Table 2). Karakaya and  Simsek46 found that the PV changes for 
edible oils (corn, hazelnut, soybean, and olive oils) demonstrated different patterns in repeated deep fat frying. 
Akil et al.47 found the similar findings after the process and preparation of French fries. As well, a substantial 
rise in PV was found in high oleic SF oil after 50 min frying (1.63–38.80 meq  O2/kg)48.

Among the samples, the BS oil had a high PV. The nature of the seed is the most effective reason for the high 
peroxide value that is because of the high lipoxygenase activity and unsaturated fatty acid content in  BS17,49.

In a study conducted by Quiles et al.50, the PV of SF oil enhanced gradually up to 10 (meq  O2/kg oil) through 
60 min of frying process. Mudawi et al.51 reported that the PV of SF oil was assessed as 8.8 (meq  O2/kg) in fried 
potatoes after four days, but PV quickly decreased to 4.7 (meq  O2/kg) on the fifth day of frying. On the other 
hand, pure BS oil had the highest PV, but blending BS with SF seeds prior to extraction resulted in more stable 
oils at heating temperatures (180 °C). In fact, SF in the blend can cause effective delay in oils oxidation. There are 
many antioxidants in the used oils such as tocopherols and thymoquinone, which could have positive effects on 
the oxidation stability of the  oils52. The obtained results showed that using pure BS is not suitable and by mixing 
the BS with other seeds such as SF could give oils with high enough bioactive components with good oxidative 
stability. This can be a practical approach to take advantage of the nutritional properties of BS.

Acid value
Acid value was utilized to evaluate the frying oil quality and indicate free fatty acids initiated from the tri-
glycerides  hydrolysis53. a considerable and gradual (P < 0.05) rise in the acid values was observed after heating 
(180 °C ± 2 °C, 150 min) (Table 2). The acid values were 0.04 and 0.68 (mg KOH/g oil) for SF and BS oil, respec-
tively. By increasing the heating time, the AV of all oil samples was increased (P < 0.05). At the end of the frying 
process, the lowest and highest AVs (0.93 and 12.26 mg KOH/g oil) were determined for SF (100%) and BS oil 
(100%), respectively. The oils with higher quantities of BS displayed higher AV compared to the other blends.

In this study, the high acid value is mainly due to the lipolitic enzyme activity of BS. The AV of BS oil can be 
declined considerably by thermal pretreatments including microwaving and roasting of BS before oil extraction 
by  press17. Likewise, refining could be the most effective step in removing the free fatty acids by  saponification42.

The increase in AV during heat treatment and frying is commonly due to the triacylglycerol hydrolysis and 
degradation of secondary oxidation compounds resulting from the process of heating and the existing of oxygen. 
The moisture can help and increase the formation of free fatty  acids54. Rehab and El  Anay21 reported the maxi-
mum change in the acid value of SF oil, which AV raised from 0.13 to 0.69 KOH/g oil after frying duration 3 h, 
while by enhancing the blending ratio of tiger nut oil, the lowest change was reported. This was due to antioxida-
tive and anti-hydrolytic properties of the high amount of phenol content of tiger nut during the frying process.

Table 1.  Fatty acid composition (%) of sunflower, black seed and their mixtures oil in different time at heating 
condition (180 ± 2 °C). Different letters represent significant differences (P < 0.05). All values are the mean of 
three replicates ± standard deviation of the mean. *Sunflower: Black seed oil.

Fatty acid

Sunflower (SF) Black seed (BS) SF:BS (95:5, W/W)* SF:BS (90:10, W/W) SF:BS (85:15, W/W)

Time (min) Time (min) Time (min) Time (min) Time (min)

0 150 0 150 0 150 0 150 0 150

C14:0 0.05 ± 0.005f 0.06 ± 0.52e 0.18 ± 0.00b 0.19 ± 0.01a 0.06 ± 0.002e 0.06 ± 0.005e 0.06 ± 0.01e 0.06 ± 0.03e 0.07 ± 0.00d 0.08 ± 0.01c

C16:0 5.53 ± 0.07g 6.78 ± 0.04c 12.88 ± 0.26b 13.22 ± 0.05a 5.56 ± 0.02fg 6.01 ± 0.05de 5.70 ± 0.00f. 5.88 ± 0.02e 5.80 ± 0.02e 6.10 ± 0.06d

C18:0 3.36 ± 0.11c 3.75 ± 0.02a 2.50 ± 0.05f 2.76 ± 0.00e 3.84 ± 0.05c 3.92 ± 0.011cb 3.30 ± 0.02c 3.53 ± 0.02b 3.24 ± 0.05cd 3.31 ± 0.02c

C18:1 46.42 ± 0.02a 46.96 ± 0.07a 23.88 ± 0.11d 24.18 ± 0.10d 45.50 ± 0.02b 45.70 ± 0.12b 45.04 ± 0.05b 45.30 ± 0.12b 44.87 ± 0.13c 44.89 ± 0.1c

C18:2 44.12 ± 0.05c 42.87 ± 0.06d 58.06 ± 0.24a 57.24 ± 0.01b 42.80 ± 0.1d 41.50 ± 0.02e 44.36 ± 0.01c 43.21 ± 0.05d 44.5 ± 0.02c 43.34 ± 0.00d

C18:3 0.13 ± 0.01b 0.03 ± 0.11d 0.34 ± 0.00a 0.32 ± 0.01a 0.12 ± 0.05b 0.07 ± 0.00c 0.13 ± 0.00b 0.09 ± 0.01c 0.12 ± 0.01b 0.08 ± 0.00c

Table 2.  Physicochemical properties of sunflower, black seed and their mixtures oil in different time at heating 
condition (180 ± 2 °C). Values (mean ± SD, n = 3) denoted by the same letter do not constitute statistically 
significant differences at P ˂ 0.05 among treatments. *Sunflower: Black seed oil (w/w).

Time (min)

Acid value (mg KOH/g oil) Peroxide value (meq O2/kg oil)

Treatments Treatments

Sunflower Black seed SF:BS (95:5)* SF:BS (90:10) SF:BS (85:15) Sunflower Black seed SF:BS (95:5) SF:BS (90:10) SF:BS (85:15)

0 0.04 ± 0.00e 0.68 ± 0.01d 0.056 ± 0.00e 0.073 ± 0.00e 0.083 ± 0.01b 0.24 ± 0.03d 5.6 ± 0.52f. 0.35 ± 0.05e 0.48 ± 0.02e 0.85 ± 0.09e

30 0.8 ± 0.01d 10.45 ± 0.11c 0.85 ± 0.01d 0.88 ± 0.02d 2.41 ± 0.12a 4.11 ± 0.12a 92.4 ± 0.25a 7.43 ± 0.4a 8.76 ± 0.25a 9.58 ± 0.07b

60 0.87 ± 0.01d 10.59 ± 0.28c 0.89 ± 0.01c 0.93 ± 0.01c 2.51 ± 0.04a 5.46 ± 0.15c 84.6 ± 0.53b 7.9 ± 0.28a 8.62 ± 0.14a 13.45 ± 0.31a

90 0.88 ± 0.01bc 11.28 ± 0.3b 0.92 ± 0.01b 0.94 ± 0.01bc 2.56 ± 0.1a 7.78 ± 0.25a 24.06 ± 0.25c 3.31 ± 0.2b 5.37 ± 0.32b 4.38 ± 0.25c

120 0.9 ± 0.0b 11.61 ± 0.3b 0.93 ± 0.01b 0.96 ± 0.00ab 2.52 ± 0.07a 5.72 ± 0.1c 18.48 ± 0.44d 2.74 ± 0.25c 3.9 ± 0.1c 2.69 ± 0.1d

150 0.93 ± 0.01a 12.26 ± 0.36a 0.96 ± 0.01a 0.97 ± 0.01a 2.59 ±  017a 6.12 ± 0.12b 16.7 ± 0.25e 1.99 ± 0.13d 2.7 ± 0.05d 2.16 ± 0.19d
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Anisidine value
Although the peroxide value is a good indicator for determination of the main compounds of oxidation at room 
temperature, it is not a sufficient biomarker or accurate criterion for estimating the secondary by-products of 
oxidation at high  degrees55. At high temperature, hydroperoxides decompose and aldehydes form, that are known 
as secondary oxidation compounds. The p-anisidine value (AnV) is well-known and also the most beneficial 
experiment for the evaluation of progressive oxidative rancidity in the edible oils.

The AnV values before heating were measured for oil samples, while BS oil showed the highest initial AnV 
(1.52). At the end of the 2.5 h of heating, the AnV was observed 20.08 for BS and 6.22 SF oils, respectively. Also, 
blended oils demonstrate a steady increase in the AnV, representing the formation of secondary oxidation prod-
ucts (Fig. 1). Formation of aldehydes and their conversion into secondary oxidation compounds are highly related 
to the oils composition and conditions of  processing5 .In fact, there were no significant differences between the 
AnV values of the obtained oils from the mixture of seeds at proportion of 5%, 10 and 15% (P < 0.05) during 
heating process. However, extracted oil with 15% BS presents the highest AnV compared to the oils obtained 
from the seed mixtures (2.26–8.08). However, this value was in the range of standards which is determined for 
high stable vegetable oils (less than 10)56.

Totox value
The totox index is frequently employed for the evaluation of lipid oxidative degradation due to its capability to 
integrate the levels of primary oxidation byproducts (hydroperoxides) and secondary byproducts (mainly alk-
enals and alkadienals) within fats or  oil28. As shown in Fig. 1, BS showed the highest totox value (12.72–53.48) 
and SF oil displayed the lowest (0.48–18.46). Additionally, no significant differences was observed between the 
Totox indexs of the extracted oils from the mixture of seeds the 5%, 10 and 15% (P < 0.05) at the end of 2.5 h 
heating process (Fig. 2).

Carotenoid and chlorophyll content
Carotenoids are valuable fraction of the BS oil composition with high antioxidant activity and nutritional 
 effect57,58. The initial carotenoid contents of BS and SF oils extracted from seeds were 3.79 and 0.6 (mg/kg oil), 
respectively. With an increased heating time, a significant reduction in the carotenoid content was observed in 
all samples (P < 0.05) (Table 3). The heating time and the type of edible oils showed an important influence on the 
pigment composition. The reduction in the carotenoid content in SF oil was quite very significant and degraded 
at a faster rate compared to the other oils (0.19–0.6-mg/kg). However, this reduction in the carotenoid content 
was less in BS oil and the oils made up of a mixture of 15%, 10%, and 5%, respectively (Table 3). These results 
were in accordance with the previous studies stating that only low levels of β-carotene were detected in the SF 
oil (0.23 mg/kg) and that the amount of carotenoids was so low that it could not be measured at the end of 3 h 
of the frying  process42. This degradation could be associated with the changes in the level of β-carotene. On the 
other hand, β-carotene, through frying temperature and exposure to the air, polymerization occurs as a main 
side-reaction and the heating process causes the loss of carotenoid  pigments59.

Also, Boukandoul et al.5 found a remarkable decrease in the amount of carotenoids in SF oil in the initial 
hours of frying from the reaction of these components with free radicals. However, by adding Moringa oleifera 
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oil (MO) to sunflower oil, the maximum antioxidant effect was found in the SF:MO blend over frying because of 
high levels of carotenoids .Table 3 depicts the chlorophyll content changes of the oils that were subjected to the 
heating process. With the increase in the heating temperature, a similar way was observed. Chlorophyll content 
decreased gradually, as well as carotenoids. In Luaces et al.60 study, heat process can change the amount of edible 
oil pigment. The highest chlorophyll content was shown by the BS oil (43.6–75.63-mg/kg), followed by the BS: 
SF oil with 15% (9.56–16.2-mg/kg), the BS: SF oil with 10% (5.23–13.77-mg/kg), and the BS: SF oil with 5% 
(4.43–6.9-mg/kg), in priority orders. BS oil had a higher chlorophyll content compared with SF oil and blends, 
of course, the SF:BS (15%) oil. However, at the end of the heating, the total chlorophyll (the dark green color 
of the oils is because of the high content of chlorophyll) contents of BS oil, SF oil, and the blends significantly 
reduced (P < 0.05). The thermal process leads to the loss of chlorophyll content, which could be due to high 
degradation of the green pigments, which cause the color of the oil. It may be related to an oxidative reaction 
and polymerization of polyphenolic  compounds61.

Total phenol content
Total Phenol content has been observed to have considerable antioxidant properties and an important effect in 
preventing different diseases such as cancer and cardiovascular diseases. By comparison to the other vegeta-
ble oils, BS oils are getting lots of attention for the presence of phenolic compounds, which provide desirable 
antioxidative properties and show a major role in preventing  diseases62. Table 4 shows the changes in the total 
phenol content (TPC) of SF, BS and blended oils through thermal oxidation. The primary total phenol content 
in the SF oil (27.17 mg GAE  kg−1 oil) was detected as the lowest, but TPC in the BS oil (592.66 mg GAE  kg−1 oil) 
was determined as the maximum.

Figure 2.  Totox value of sunflower, black seed and blend oils at frying temperature (180 ± 2 °C).

Table 3.  Chlorophyll and carotenoid pigments of the oil samples at heating condition (180 ± 2 °C). Values 
(mean ± SD, n = 3) denoted by the same letter do not constitute statistically significant differences at P˂ 
0.05 among treatments. *Sunflower: Black seed oil (95:5, W/W). **Sunflower: Black seed oil (90:10, W/W). 
***Sunflower: Black seed oil (90:15, W/W).

Time (min)

Carotenoid content (mg/kg) Chlorophyll content (mg/kg)

Treatments Treatments

Sunflower Black seed oil SF:BS* SF:BS** SF:BS*** Sunflower Black seed SF:BS* SF:BS** SF:B**

0 0.60 ± 0.01a 3.79 ± 0.1a 0.65 ± 0.03a 1.10 ± 0.1a 1.52 ± 0.1a 2.9 ± 0.08a 75.63 ± 0.55a 6.9 ± 0.1a 13.77 ± 0.25a 16.2 ± 0.29a

30 0.34 ± 0.0b 2.83 ± 0.15b 0.62 ± 0.0a 0.78 ± 0.01b 0.79 ± 0.01b 1.5 ± 0.5b 63.33 ± 5.6b 5.7 ± 0.26b 8.7 ± 0.25b 12.4 ± 0.36b

60 0.34 ± 0.01b 2.86 ± 0.06b 0.60 ± 0.03a 0.67 ± 0.02c 0.72 ± 0.03b 0.63 ± 0.15c 61.26 ± 1.1b 5.1 ± 0.38c 8.03 ± 0.15bc 12.1 ± 0.15b

90 0.27 ± 0.01c 2.80 ± 0.1b 0.51 ± 0.01b 0.58 ± 0.01d 0.59 ± 0.01c 0.53 ± 0.05c 57.83 ± 1.89b 5.1 ± 0.  1c 7.72 ± 0.25c 11.23 ± 0.25c

120 0.23 ± 0.0c 2.09 ± 0.09c 0.34 ± 0.04c 0.33 ± 0.01e 0.41 ± 0.01d 0.47 ± 0.01c 48.33 ± 9.5b 4.9 ± 0.15c 6.79 ± 0.97d 10.77 ± 0.11c

150 0.19 ± 0.01d 2.06 ± 0.11c 0.23 ± 0.01c 0.31 ± 0.01e 0.34 ± 0.02e 0.32 ± 0.02d 43.6 ± 1.5c 4.43 ± 0.37d 5.23 ± 0.25e 9.56 ± 0.48d
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Generally, the total phenol content decreased with increasing the heating time and the heating procedure 
significantly lessened the content of the phenols (P < 0.05). At high temperatures, the TPC of the SF oil disap-
peared after 60 min of heating. This could prove that thermal treatment leads to the thermal oxidation and also 
polymerization of the  polyphenols63. A close connection between TPC and the stability of oils towards oxida-
tion has been observed in other investigations. The higher content for BS can confirm more stability and higher 
resistance in frying conditions. TPC prevents the harmful effects of free radicals and protects the oils against 
oxidation  reactions50. It is noteworthy that polyphenol content is related predominantly to their antioxidant 
properties. They also demonstrate high biological activity in vivo and may be useful in preventing diseases 
correlated with extreme oxygen radical improvement exceeding the antioxidant defense capacity of the human 
 body63. Addition to BS with SF was strongly effective in the total phenol content of the blend oils, and the stabil-
ity of SF oil and other mixture of edible oil considerably increased during heating. On the whole, the oxidative 
stability of oils obtained from seed blends was better than sunflower oil alone, most probably as high levels of 
components such as tocopherols and total phenol content with high antioxidative activity, and low content of 
bioactive lipids in BS  oils17,62,64.

Conclusions
The obtained results display that the heating of SF, BS and blend oils for 150 min at 180 °C makes considerable 
changes in the qualitative properties of the extracted oils. Outcomes indicated that the heating process of BS oil 
noticeably improved by blending it with SF. By enhancing the blending ratio of BS before pressing, the lowest 
change in AV, AnV and PV was observed. Thus, this study proposed that blending BS with SF seeds prior to cold 
press resulted in producing oil blends with high stability in high temperature heating. Among oils extracted from 
mixture of seeds, SS:BS (15%) was identified as the best treatment, which revealed higher oxidative stability due 
to high level of carotenoids (0.34 mg/kg oil) and total phenol content (95.92–322.62 mg caffeic acid/kg oil) at 
the end of heating processing (150 min). BS oil has many nutritional compounds; however, it is not suitable to 
be used in the pure form due to its strong flavor and relatively dark color. This study showed that extraction of 
oil from a blend of BS with other oil seeds such as sunflower seed could be a promising way to bring the BS oil 
in the multipurpose a use to benefit from its high number of bioactive components.

Data availability
The datasets used during the current study available from the corresponding author on reasonable request.
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