Extraction of Oil from Nigella sativa Seeds
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Many extraction methods, such as cold pressing, supercritical fluid extraction, Soxhlet extraction, hydro distillation (HD)
method, microwave-assisted extraction (MAE), ultrasound-assisted extraction, steam distillation, and accelerated solvent
extraction (ASE) have been used to extract the oils from black seeds under optimal conditions. Black seed oil contains
essential fatty acids, in which the major fatty acids are linoleic, oleic, and palmitic acids.
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| 1. Introduction

Black seed (Nigella sativa) is an annual flowering plant in the Ranunculaceae family and Plantae kingdom. Black seeds
are mostly found in western Asia, the Mediterranean North Sea area, and western and southern Europe. The black seed
is also described in the Bible as the “healing black seed”, Hippocrates and Discroides termed it as Melanthion, and Pliny
coined it Gith [, According to the world's agricultural production, the production of oil seed is 40.29 million metric tons in
Pakistan; in all the world, it is 607.3 million metric tons &, According to the Unani Tibb medical system, Nigella sativa. has
proved very helpful in curing many health disorders. Nigella sativa has been used since ancient times in various
civilizations of the world, and it is recommended as a “miracle cure” because it has the potential to cure several diseases
and regulate the process of natural healing in the human body . According to Indian medicinal culture, seeds can be
consumed as a bitter, anthelmintic, astringent, jaundice, stimulant, intermittent fever, diuretic, paralysis, emmenagogue,
piles, skin diseases, and dyspepsia (411, They can be utilized in the form of an anti-cancerous, -diabetic, -bacterial,
hepato-toxic, -parasitic, and -fungal, as well as a therapeutic agent. Black seeds in herbal medicines are consumed
directly as an active ingredient or in the form of herbal tea. The black seed extract has the tendency to show anti-oxidant
and -inflammatory properties. It has been used by patients to suppress coughs, disintegrate renal calculi, impede the
carcinogenic process, treat abdominal pain, diarrhea, flatulence and polio, exert choleretic and uricosuric activities €],
According to former literature, Nigella sativa seeds show various properties against different kinds of cancer, such as
blood, (4 skin, & cervical, & colon, 19 hepatic, I prostate, 12 breast, and renal 13!, The extract, seeds, and oil of Nigella
sativa have proved to manage oxidative stress, hypertension, and diabetes, as well as 4 ulcers, 19 epilepsies, (18] fatty
liver, 4 asthma, (8! arthritis, 22 inflammatory disorders, 29 cancers, 24, and parasitic diseases 2223 jn humans [24],

Nigella sativa is consumed in folk and Unani medicines in Pakistan. By following the previous literature, Nigella sativa has
great potential for disease curing and health improvement; more research work has been needed to convert the herbal
medicinal culture to new medicine systems. The thymoquinone contains a carbonyl polymer called Nigellon. Oil of N.
sativa seeds and its active ingredients reveal therapeutic functions such as antiviral, antimicrobial, lowering the blood
sugar level, antitumor, anti-oxidation, muscle relaxation, and anti-inflammatory (25][26][27](28] Formerly, different kinds of
chemical compounds were isolated from various species of Nigella sativa 29. Hence, Nigella sativa has 84 g fiber, 216 g
protein, 45 g ash, 38 g moisture, 406 g fat, 249 g free nitrogen extract, 60 mg zinc, 105 mg iron, 527 mg phosphorus, 15.4
mg thiamin, 18 mg copper, 57 mg niacin, 0.16 mg folic acid, and 1860 mg calcium per kg 9. Nigella sativa is recognized
as an annual herbaceous plant, which is included in the family Ranunculaceae and largely cultivated in different regions of
southern Europe, as well as a few areas of Asia 1, which includes Saudi Arabia, Pakistan, Syria, India, and Turkey 221,
The colors of its flowers are mainly white, pink, yellow, light blue, or lavender, and its flower makeup has 6-10 petals. The
fruity portion of the plant is a bulky and balloon-like capsule, which carries many black seeds with a bitter and aromatic
taste . The farming time for Nigella sativa falls between November and April, and its germination period is completed two
weeks after seed sowing. However, the fruits are usually obtained from plants from January to April B3 Nigella
sativa seed oil and their active ingredients have been used in many dishes for chilling and flavoring 24, About 28-36%
fixed oil is present in Nigella sativa seeds, and it consists of a diverse range of unsaturated fatty acids, such as linolenic,
arachidonic, linoleic, and eicosadienoic acids. In contrast, saturated fatty acids are myristic, stearic, and palmitic acids 3.
The other components of seed oil are citronellyl acetate, cholesterol, carvone, campesterol, a-spinasterol, stigmasterol, p-



cymene, [-sitosterol, palmitoleic, oleic, citronellol, nigellone, and limonene 28] The fixed oil contains 12.5% of oleic,
linoleic, and palmitic acids; the volatile oils contain carvone, trans-anethole, limonene, and p-cymene B7. The oil also
contains considerable amounts of carbohydrates, amino acids, fixed or volatile oils, and proteins 321 However, the
versatility in the pharmacological properties of seeds is mainly due to the presence of quinine constituents, the most
abundant of which is thymoquinone. The volatile oils of black seeds have larger quantities of thymoquinone. Gali-
Muhtasib et al. E8] explained that thymoquinone, flavonoids, alkaloids, and tannins are the active ingredients of black
seeds, extracted with ethyl alcohol and cold water B2, Nowadays, Nigella sativa oil is categorized as functional oil
because it has a high content of omega-9 (oleic, 15-24%) and -6 (linoleic, 54—70%) fatty acids, as well as others found in
minor amounts 9. This crude oil has a protective effect, mostly on nerve cells 21 and the liver 2. In addition to other
biological functions, Nigella sativa crude oil a carries small amount of volatile oil and exhibits functional properties, due to
thymoquinone. This crude oil is safe and largely utilized in dietary supplements because it has less toxic effects 43l The
key constituent of oil is thymoquinone, which performs its function as an anti-epileptic agent 24, This extract also contains
tannins, terpenes, alkaloids, glycosides, saponins, steroids, and flavonoids 2. Biologically active compounds of Nigella
sativa are not stable during different chemical reactions, and their prescribed amount was not appropriate for clinical
research. The Nigella sativa seeds also have unsaturated fatty acid esters with nigellimin, terpene alcohols, saponin, and
the alkaloid nigellidine 48471 According to Agbaria et al. 48], the unroasted seeds have less anti-proliferative activity than
the pretreated heated seeds (50—-150 °C, about 10 min) for the milling process. Initially, the oxidation process was low; it
was enhanced during storage (about 55 days) and leveled off 49, To overcome all of the above-mentioned issues,
different encapsulation techniques have been used for black seed oil and their active components. It is the most
successful method for protecting thymoquinone (Figure 1). Today’s black seed oil is microencapsulated with
emulsification processes spray-drying and nanoprecipitation. This encapsulated black seed oil has high phytochemical
content, which improves the nutritional status of food items. Nigella sativa oil is consumed as a functional ingredient in
food systems. It can be utilized in the form of flavoring and seasoning agents during food product development Q511
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Figure 1. Nigella sativa oil extraction and its chemical composition.



2. Extraction of Oil from Nigella sativa Seeds by Using Different Novel
Techniques

2.1. Cold Pressing

Oil can be extracted from Nigella sativa seeds by using the different methods. According to the Kiralan et al. 52, the cold
pressing method is suitable for extracting Nigella sativa oil from seeds. In this method, mechanical pressing was used for
the pressing of seeds at a temperature of 25 °C. Furthermore, the separation of oil and crushed seed fiber has been
performed by soaking the solution for one night at a 25 °C temperature. After that, filtered oil was obtained by using a
glass funnel and Watman #4 filter paper (0.45 pm, Vivascience AG, Hannover, Germany).

2.2. Supercritical Fluid Extraction

Another innovative method for the extraction of Nigella sativa oil from seeds was used by Mohammed et al. 23, The
supercritical fluid extraction equipment (FeyeCon Development B.V. Weesp, Netherlands) was used for Nigella
sativa seed oil extraction, by using a stainless steel grinder (Waring Commercial, Torrington, CT, USA) for 3—4 min; the
crushed dried seeds were obtained, placed the material in a 50-L container of extractor, and sealed tightly. The system
used an automatic back pressure regulator for maintaining the temperature at 40 °C for 1 h; the pressure was 600 bar,
and the flow rate of injected liquid carbon dioxide (CO,) was 150 L/h.

Rao et al. B4 also chose the supercritical fluid extraction method for Nigella sativa seed oil extraction. In its
instrumentation, it contained a syringe pump with 260 mL capacity, controller system (ISCO 260D), and ISCO series 2000
SCF extraction system (SFX 220), consisting of a dual chamber extraction module with two 10 mL stainless steel vessels.
Hence, about 5 g of ground black seeds were added in a stainless steel cell (10 mL). Then, the standard quantity of
supercritical carbon dioxide (SC CO,) (50-400 mL) was flushed into the cell at a 1 mL/min flow rate. The final
concentration of the extract was collected in the cold trap. After optimization of supercritical fluid extraction conditions, the
lower yield of 0.84% (508 °C, 400 bar, and 100 mL) and higher yield of 31.7% (508 °C, 100 bar, and 200 mL) were
obtained at optimum levels.

2.3. Soxhlet Extraction

Dinagaran et al. 55 used the soxhlet apparatus for Nigella sativa oil extraction from black seeds. For this purpose, Nigella
sativa seeds were collected from different regions of India, including Tamil Nadu, Triplicane, and Chennai. During the
sieving process, the small and contaminated seeds were removed at room temperature. In this process, the seeds were
first ground using a tabletop mixture, hexane was used for extraction of seed oil for approximately 2 h in a soxhlet
apparatus, and the extracted oil was stored at room temperature in a selected amber glass bottle until use. Nigella
sativa seed has 28-35% fixed oil, which mainly consists of unsaturated fats. Through gas chromatography—-mass
spectrometry (GC-MS) analysis, 32 different compounds were found in black seeds.

2.4. Hydro Distillation (HD) Method

Kokoska et al. 28] selected the hydro distillation (HD) method for the extraction of oil from Nigella sativa seeds. In the first
step, the seeds were ground at 25 °C. Then, they weighed the 70 g sample to be used for further analysis. The average
yields were achieved and figured on a dry weight basis. For attaining essential oil through the HD method, they used a
water holding flask for placing the material. It is called a Clevenger-type apparatus because the flask is directly connected
to the condenser. After 2 h of continuous processing, a yield of 0.29 wt/wt of pale-yellow oil was obtained.

Burits and Bucar B also chose the same technique for oil isolation, and an Austrian pharmacopoeia (Clevenger
apparatus) was used as standard apparatus in the whole process. The results were not satisfactory because the oil
extracted had lower quantities of essential oil, with only 3% thymoquinone content, while Soxhlet extraction yielded 48%
thymoquinone content.

2.5. Microwave-Assisted Extraction (MAE)

Abedi et al. B8 performed the oil extraction through a domestic microwave oven (Daewoo Electronics KOC-154KWR
Microwave Oven) with a frequency of 2450 MHz. Initially, they took 50 g of ground seeds and selected a 500 mL round-
bottomed flask for the soaking of seeds in 50 mL of water for about half an hour. After that, the Clevenger apparatus was
fixed with a flask and utilized 450 W of power for heating (30 min). However, the essential oil was leached out in the n-
hexane solvent. Only 0.33% essential oil yield was achieved by using MAE extraction conditions (power 450 W, moisture
content 50%, and time 30 min).



2.6. Ultrasound-Assisted Extraction

Moghimi et al. 52 used an ultrasound-assisted extraction method for oil extraction. For one treatment, a sample of 500 g
was transferred to the 1.5-1 container that was placed in the ultrasonic bath. Several optimization conditions were
selected, including the time (30, 45, and 60 min) and ultrasound pretreatment power (30, 60, and 90 W) at a fixed
frequency of 25 kHz. After completing this process, the oil was isolated by using a screw press at 33 rpm speed. The
maximum results of 39.93% extraction efficiency were achieved at power of 90 W and time of 60 min, while the minimum
results of 27.29% extraction efficiency were achieved at power of 30 W and time of 30 min.

2.7. Steam Distillation

For the prevention of the side effects of degradation, steam distillation was performed at a low temperature. In 100 mL of
distilled water, 10 g of seeds were added and mixed. This mixture was quantitatively transferred into the separatory
funnel. This process of extraction was performed three times; a total of 10 mL of diethyl ether was added at every step,
and the funnel was shaken vigorously. Sodium sulfate was used to dry the organic layer, and 0.4% was the obtained yield
after evaporation in the water bath 84, The steam distillation process was used by Kokoska et al. 8. A glass column-
containing material was interpolated between the condenser and flask. The yield of oil that was extracted by steam
distillation was 0.39%, and the color of the oil was pale yellow.

2.8. Accelerated Solvent Extraction (ASE)

A 1 g sample of black seeds in powdered form was taken in a stainless steel cell with a 34 mL capacity. The conditions
were set: 100 atm pressure, 10 min static time, 20% rinse volume, 2 extraction cycles, 30 s purge time, and 26 mL of
solvent volume. P1-P9 black seed samples from Pakistan, Indian, and Saudi Arabian were treated with n-hexane as P1-
P3, methanol (MeOH), and dichloromethane (DCM) at 40 °C, P4-P6 with MeOH, DCM, and n-hexane at 50 °C; the same
procedure was performed for P7-P9 at 70 °C. The results reveal that the solvent with high yield, following n-hexane, was
MeOH, whereby the yield and recovery observed was 2.5 g (12.5%) for Saudi Arabia, 2.2 g (11%) for Pakistan, and 2.04 g
(10.2%) for Indian black seed sample €1 (Table 1).

Table 1. Different extraction methods of Nigella sativa seeds oil.

Extraction Solvent . . i
Method Used Advantage Disadvantage Yield/Efficiency Source
Cold pressing Hexane Involves no heat or chemical Provides low yield 27% [62]

treatments during oil extraction

Supercritical

; ; SC CO, Rich in antioxidants High cost 31.7% (4]
fluid extraction
Soxhlet Residues of solvent
. Methanol Low in cost has been left behind in 29.9% [55]
extraction .
the extracted oil
Very simple method and instrument,
Hydro shorter extraction time, free from High eneray is
distillation (HD) Water organic components, less labor . 9 9y . 0.29% [56]
. . . required for extraction
method consumption, good in quality, lower
cost with good efficiency
Microwave- Additional filtration or
aSSISt(.?d n-hexane Free from.organu.: solver?t, less time f:entrlfugatlon 0.33% [58]
extraction with maximum yield required to remove the
(MAE) solid residue
Ultrasound- Less energy and solvent
assisted Hexane consumption, reduced time of 39.93 [59]
extraction extraction
More time consuming,
Steam Sodium Performed at a low temperature to due to the low 0.40% [60]
distillation sulphate prevent from degradation pressure of rising ’
steam
Accelerated MeOH, A latest and efficient method for 25¢9,2.29g,and [61]
solvent DCM, and i
extraction 2.04¢g

extraction n-hexane



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Huchchannanavar, S.; Yogesh, L.N.; Prashant, S.M. The black seed Nigella sativa: A wonder seed. Int. J. Chem. Stud.
2019, 7, 1320-1324.

. Sands, R.D.; Suttles, S.A. World agricultural baseline scenarios through 2050. Appl. Econ. Perspect. Policy 2022.
. Goreja, W.G. Black seed. Nature’s Miracle Remedy; Karger Publishers: Basel, Switzerland, 2003.

. Ahmad, A.; Husain, A.; Mujeeb, M.; Khan, S.A.; Najmi, A.K.; Siddique, N.A.; Damanhouri, Z.A.; Anwar, F. AReview on T

herapeutic Potential of Nigella sativa: A Miracle Herb. Asian Pac. J. Trop. Biomed. 2013, 3, 337-352.

. Warrier, P.K.; Nambiar, V.P.K.; Ramankutty, C. Indian Medicinal Plants: A Compendium of 500 Species; Orient Blacksw

an: Hyderabad, India, 2004; p. 4.

. Al-Khalaf, M.l.; Ramadan, K.S. Antimicrobial and Anticancer Activity of Nigella sativa Oil—A Review. Aus. J. Basic Appl.

Sci. 2013, 7, 505-514.

. EI-Mahdy, M.A.; Zhu, Q.; Wang, Q.E.; Wani, G.; Wani, A.A. Thymoquinone Induces Apoptosis through Activation of Cas

pase-8 and Mitochondrial Events in P53-Null Myeloblastic Leukemia HI-60 Cells. Int. J. Cancer 2005, 117, 409-417.

. Salomi, M.J.; Satish, C.N.; Panikkar, K.R. Inhibitory Effects of Nigella sativa and Saffron (Crocus sativus) on Chemical

Carcinogenesis in Mice. Nutr. Cancer 1991, 16, 67-72.

. Effenberger, K.; Breyer, S.; Schobert, R. Terpene Conjugates of the Nigella sativa Seed-Oil Constituent Thymoquinone

with Enhanced Efficacy in Cancer Cells. Chem. Biodivers. 2010, 7, 129-139.

Chehl, N.; Chipitsyna, G.; Gong, Q.; Yeo, C.J.; Arafat, H.A. Anti-Inflammatory Effects of the Nigella sativa Seed Extract,
Thymoquinone, in Pancreatic Cancer Cells. HPB 2009, 11, 373-381.

Thabrew, M.I.; Mitry, R.R.; Morsy, M.A.; Hughes, R.D. Cytotoxic Effects of a Decoction of Nigella sativa, Hemidesmus i
ndicus and Smilax glabra on Human Hepatoma Hepg2 Cells. Life Sci. 2005, 77, 1319-1330.

Yi, T.; Cho, S.G.; Yi, Z.; Pang, X.; Rodriguez, M.; Wang, Y.; Sethi, G.; Aggarwal, B.B.; Liu, M. Thymoquinone Inhibits Tu
mor Angiogenesis and Tumor Growth Through Suppressing AKT and Extracellular Signal-Regulated Kinase Signaling
Pathways. Mol. Cancer Ther. 2008, 7, 1789-1796.

Khan, N.; Sultana, S. Inhibition of Two Stage Renal Carcinogenesis, Oxidative Damage and Hyperproliferative Respon
se by Nigella sativa. Eur. J. Cancer Prev. 2005, 14, 159-168.

Leong, X.F.; Mustafa, M.; Jaarin, K. Nigella sativa and Its Protective Role in Oxidative Stress and Hypertension. Evid.-B
ased Complement. Altern. Med. 2013, 2013, 120732.

El-Dakhakhny, M. Effects of Nigella sativa Oil on Gastric Secretion and Ethanol Induced Ulcer in Rats. J. Ethnopharma
col. 2000, 72, 299-304.

Hosseinzadeh, H.; Parvardeh, S.; Nassiri-Asl, M.; Mansouri, M.T. Intracerebroventricular Administration of Thymoquino
ne, the Major Constituent of Nigella sativa Seeds, Suppresses Epileptic Seizures in Rats. Med. Sci. Monit. 2005, 11, 11
0.

Khonche, A. Effectiveness of Nigella sativa Oil on Patients with Nonalcoholic Fatty Liver: A Randomized Double-Blind P
lacebo-Controlled Trial. Acad. J. Med. Plants 2018, 6, 307-312.

Koshak, A. Nigella sativa Supplementation Improves Asthma Control and Biomarkers: A Randomized, Double-Blind, PI
acebo-Controlled Trial. Phytother. Res. 2017, 31, 403-409.

Azizi, F.; Ghorat, F.; Rakhshani, M.H.; Rad, M. Comparison of the Effect of Topical Use of Nigella sativa Oil and Diclofe
nac Gel on Osteoarthritis Pain in Older People: A Randomized, Double-Blind, Clinical Trial. J. Herb. Med. 2019, 16, 100
259.

Tavakkoli, A. Review on Clinical Trials of Black Seed (Nigella sativa) and Its Active Constituent, Thymoquinone. J. Phar
macopunct. 2017, 20, 179-193.

Majdalawieh, A.F.; Fayyad, M.W.; Nasrallah, G.K. Anti-Cancer Properties and Mechanisms of Action of Thymoquinone,
the Major Active Ingredient of Nigella sativa. Crit. Rev. Food Sci. Nutr. 2017, 57, 3911-3928.

Abdulelah, H.A.A.; Zainal-Abidin, B.A.H. In Vivo Anti-Malarial Tests of Nigella sativa (Black Seed) Different Extracts. A
m. J. Pharmacol. Toxicol. 2007, 2, 46-50.

Okeola, V.O.; Adaramoye, O.A.; Nneji, C.M.; Falade, C.O.; Farombi, E.O.; Ademowo, O.G. Antimalarial and Antioxidant
Activities of Methanolic Extract of Nigella sativa Seeds (Black Cumin) in Mice Infected with Plasmodium yoelli nigeriens
is. Parasitol. Res. 2011, 108, 1507-1512.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Bashmail, H.A. Thymoquinone Synergizes Gemcitabine Anti-Breast Cancer Activity Via Modulating Its Apoptotic and Au
tophagic Activities. Sci. Rep. 2018, 8, 11674.

Salem, M.L. Immunomodulatory and therapeutic properties of the Nigella sativa seed. Int. Inmunopharmacol. 2005, 5,
1749-1770.

Nautiyal, O.H. Black seed (Nigella sativa) oil. In Fruit Oils: Chemistry and Functionality; Springer: Cham, Switzerland, 2
019; pp. 839-857.

Ojueromi, 0.0.; Oboh, G.; Ademosun, A.O. Effect of black seeds (Nigella sativa) on inflammatory and immunomodulat
ory markers in Plasmodium berghei-infected mice. J. Food Biochem. 2022, €14300.

Janfaza, S.; Janfaza, E. The Study of Pharmacologic and Medicinal Valuation of Thymoquinone of Oil of Nigella sativa i
n the Treatment of Diseases. Ann. Biol. Res. 2001, 23, 1953-1957.

Ahmad, |.; Tripathi, J.; Sharma, M. Nigella sativa—A Medicinal Herb with Immense Therapeutic Potential (A Systematic
Review). Int. J. Biol. Pharm. Res. 2014, 5, 755-762.

Takruri, H.R.; Dameh, M.A. Study of the Nutritional Value of Black Cumin Seeds (Nigella sativa). J. Sci. Food. Agric. 19
98, 76, 404-410.

Hosseini, M.; Zakeri, S.; Khoshdast, S. The Effects of Nigella sativa Hydro-Alcoholic Extract and Thymoquinone on Lip
opolysaccharide-Induced Depression like Behavior in Rats. J. Pharm. Bioallied Sci. 2012, 4, 219-225.

Rajsekhar, S.; Kuldeep, B. Pharmacognosy and Pharmacology of Nigella sativa—A Review. Int. Res. J. Pharm. 2011,
2, 36-39.

Paarakh, P.M. Nigella sativa Linn.—A comprehensive review. Indian J. Nat. Prod. Resour. 2010, 1, 409-429.

Burdock, G.A. Assessment of black cumin (Nigella sativa) as a food ingredient and putative therapeutic agent. Regul. T
oxicol. Pharmacol. 2022, 128, 105088.

Hajhashemi, V.; Ghannadi, A.; Jafarabadi, H. Black Cumin Seed Essential Oil, As A Potent Analgesic and Anti-inflamma
tory Drug. Phytother. Res. 2004, 18, 195-199.

Rastogi, R.P.; Mehrotra, B.N. Compendium of Indian Medicinal Plants, Reprinted ed.; Central Drug Research Institute:
Lucknow, India, 1993; Volume 3, pp. 452-453.

Nickavar, B.; Mojab, F.; Javidnia, K.; Amoli, M.A. Chemical Composition of the Fixed and Volatile Oils of Nigella sativa fr
om Iran. Z. Naturforsch. C 2003, 58, 629-631.

Gali-Muhtasib, H.; EI-Najjar, N.; Schneider-Stock, R. The Medicinal Potential of Black Seed (Nigella sativa) and Its Com
ponents. Adv. Phytomed. 2006, 2, 133—-153.

Mohsen, Z.A.; Gheni, S.W.; Hussein, J.M. Study of The Effect of Black Seed Extract in Some Bacteria That Cause Urin
ary Tract Infection. J. Kerbala Univ. 2009, 7, 156-160.

Tulukcu, F. A Comparative Study on Fatty Acid Composition of Black Cumin Obtained from Different Regions of Turkey,
Iran and Syria. Afr. J. Agric. Res. 2011, 6, 892-895.

Hobbenaghi, R.; Javanbakht, J.; Sadeghzadeh, S.H.; Kheradmand, D.; Abdi, F.; Jaberi, M.; Mohammadiyan, M.; Khadiv
ar, F.; Mollaei, Y. Neuroprotective Effects of Nigella sativa Extract on Cell Death in Hippocampal Neurons Following Exp
erimental Global Cerebral Ischemia-Reperfusion Injury in Rats. J. Neuro Sci. 2014, 337, 74-79.

Develi, S.; Evran, B.; Kalaz, E.; Kocak-Toker, N.; Erata, G. Protective Effect of Nigella sativa Oil Against Binge Ethanol-I
nduced Oxidative Stress and Liver Injury in Rats. Chin. J. Nat. Med. 2014, 12, 495-499.

Sultan, M.; Butt, M.; Karim, R.; Ahmad, A.; Suleria, H.; Saddique, M. Toxicological and Safety Evaluation of Nigella sativ
a Lipid and Volatile Fractions in Streptozotocin Induced Diabetes Mellitus. Asian Pac. J. Trop. Dis. 2014, 4, S693-S69
7.

Kamil, Z.H. Spectacular Black Seeds (Nigella sativa) Medical Importance Review. Med. J. Babylon 2013, 10, 1-9.

Al-Zendi, S.K.J.; Jasim, A.N.; AL-Mousawi, A.H. The Effect of Hot Water and Ethanol Extract of Nigella sativa in Immun
e System of Albino Mice. Um Salamah J. Sci. 2009, 6, 235-243.

Sharma, N.; Ahirwar, D.; Jhade, D. Medicinal and pharmacological potential of Nigella sativa: A review. Ethnobot. Rev.
2009, 13, 946-955.

Khan, M.A.; Afzal, M. Chemical Composition of Nigella sativa Linn: Part 2 Recent Advances. Inflammopharmacology 20
16, 24, 67-79.

Agbaria, R.; Gabarin, A.; Dahan, A.; Ben-Shabat, S. Anti-Cancer Activity of Nigella sativa (Black Seed) and Its Relation
ship with the Thermal Processing and Quinine Composition of the Seeds. Drug Des. Dev. Ther. 2015, 9, 3119-3124.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Miguel, G.A.; Jacobsen, C.; Prieto, C.; Kempen, P.J.; Lagaron, J.M.; Chronakis, I.S.; Garcia-Moreno, P.J. Oxidative Sta
bility and Physical Properties of Mayonnaise Fortified with Zein Electrosprayed Capsules Loaded with Fish Oil. J. Food
Eng. 2019, 263, 348-358.

Abdel-Razek, A.G.; Badr, A.N.; El-Messery, T.M.; El-Said, M.M.; Hussein, A.M.S. Micro-Nano Encapsulation of Black S
eed Oil Ameliorate Its Characteristics and Its Mycotoxin Inhibition. Biosci. Res. 2018, 3, 2591-2601.

Edris, A.E.; Kalemba, D.; Adamiec, J.; Piatkowski, M. Microencapsulation of Nigella sativa Oleoresin by Spray Drying fo
r Food and Nutraceutical Applications. Food Chem. 2016, 204, 326-333.

Kiralan, M.; Ozkan, G.; Bayrak, A.; Ramadan, M.F. Physicochemical properties and stability of black cumin (Nigella sati
va) seed oil as affected by different extraction methods. Indus. Crops Prod. 2014, 57, 52-58.

Mohammed, N.K.; Manap, A.; Yazid, M.; Tan, C.P.; Muhialdin, B.J.; Alhelli, A.M.; Meor Hussin, A.S. The Effects of Differ
ent Extraction Methods on Antioxidant Properties, Chemical Composition, and Thermal Behavior of Black Seed (Nigella
sativa) Oil. Evid.-Based Comp. Altern. Med. 2016, 2016, 6273817.

Rao, M.V,; Al-Marzouqi, A.H.; Kaneez, F.S.; Ashraf, S.S.; Adem, A. Comparative evaluation of SFE and solvent extracti
on methods on the yield and composition of black seeds (Nigella sativa). J. Liq. Chromatogr. Relat. Technol. 2007, 30,
2545-2555,

Dinagaran, S.; Sridhar, S.; Eganathan, P. Chemical Composition and Antioxidant Activities of Black Seed Oil (Nigella sa
tiva). Int. J. Pharm. Sci. Res. 2016, 7, 44-73.

Kokoska, L.; Havlik, J.; Valterova, I.; Sovova, H.; Sajfrtova, M.; Jankovska, I. Comparison of Chemical Composition and
Antibacterial Activity of Nigella sativa Seed Essential Oils Obtained by Different Extraction Methods. J. Food Prot. 200
8, 71, 2475-2480.

Burits, M.; Bucar, F. Antioxidant Activity of Nigella sativa Essential Oil. Phytother. Res. 2000, 14, 323—-328.

Abedi, A.S.; Rismanchi, M.; Shahdoostkhany, M.; Mohammadi, A.; Mortazavian, A.M. Microwave-Assisted Extraction of
Nigella sativa Essential Oil and Evaluation of Its Antioxidant Activity. J. Food Sci. Technol. 2017, 54, 3779-3790.

Moghimi, M.; Farzaneh, V.; Bakhshabadi, H. The Effect of Ultrasound Pretreatment on Some Selected Physicochemica
| Properties of Black Cumin (Nigella sativa). Nutrire 2018, 43, 18.

Sabriu-Haxhijaha, A.; Popovska, O.; Mustafa, Z. Thin-Layer Chromatography Analysis of Nigella sativa Essential Oil. J.
Hyg. Eng. Des. 2020, 31, 152-156.

Ahmad, R.; Ahmad, N.; Shehzad, A. Solvent and Temperature Effects of Accelerated Solvent Extraction (ASE) Coupled
with Ultra-High Pressure Liquid Chromatography (UHPLC-DAD) Technique for Determination of Thymoquinone in Com
mercial Food Samples of Black Seeds (Nigella sativa). Food Chem. 2020, 309, 125740.

Gharby, S.; Harhar, H.; Guillaume, D.; Roudani, A.; Boulbaroud, S.; Ibrahimi, M.; Charrouf, Z. Chemical Investigation of
Nigella sativa Seed Oil Produced in Morocco. J. Saudi Soc. Agric. Sci. 2015, 14, 172-177.

Retrieved from https://encyclopedia.pub/entry/history/show/66597



