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Abstract: Nigella sativa L. (black cumin), commonly known as black seed, is a member of the Ranunculaceae family. 

This seed is used as a natural remedy in many Middle Eastern and Far Eastern countries. Extracts prepared from N. sativa 

have, for centuries, been used for medical purposes. Thus far, the organic compounds in N. sativa, including alkaloids, 

steroids, carbohydrates, flavonoids, fatty acids, etc. have been fairly well characterized. Herein, we summarize some new 

extraction techniques, including microwave assisted extraction (MAE) and supercritical extraction techniques (SFE), in 

addition to the classical method of hydrodistillation (HD), which have been employed for isolation and various analytical 

techniques used for the identification of secondary metabolites in black seed. We believe that some compounds contained 

in N. sativa remain to be identified, and that high-throughput screening could help to identify new compounds. A study 

addressing environmentally-friendly techniques that have minimal or no environmental effects is currently underway in 

our laboratory. 

Keywords: Black seeds, environmentally-friendly techniques, high-throughput screening, Nigella sativa, secondary metabo-
lites, volatile components. 

1. INTRODUCTION 

 Nigella sativa L. is a widely distributed herbaceous plant 
belonging to the Ranunculaceae family. The seed of the plant 
is variously referred to as black seed, black cumin (English), 
black-caraway seed (U.S.A.), habba-tusawda (Arabic), 
kalonji (Urdu and Hindi), krishnajirika (Sanskrit), kalajira 
(Bangali) and shonaiz (Persian) [1]. It has been employed for 
thousands of years as a spice, a food preservative, and a 
natural remedy. The earliest known article referring to Nig-
ella sativa was published before 1871 [2]. Additionally, ac-
cording to SCIFinder® statistics in the database of the 
Chemical Abstracts Service (CAS), more and more investi-
gations of Nigella sativa are being conducted, and these 
studies are providing clear evidence of its profound medici-
nal properties, which include antioxidant, anti-inflammatory, 
antihistamine, antimicrobial, antitumor, anti-hepato/nephro-
toxic, respiratory, and immunomodulatory effects.  

 Several previously published review articles have fo-
cused on pharmacological and toxicological properties [3], 
immunomodulatory and therapeutic properties [4], and com-
position and possible therapeutic rules [1,5]. All of these 
articles reviewed publications released no later than 2008. 
Additionally, previous chemical composition studies have  
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generally not been sufficiently comprehensive. Additionally, 
from 2009 on, new research is being conducted into Nigella 
sativa at a prodigious pace--more than 100 reports are cur-
rently being published annually. Moreover, there has been no 
overview regarding the best methods to extract the active 
ingredients from black seed and to ensure the quality of the 
black seed during usage. This review article focuses on the 
extraction methods for volatile components and analytical 
methods for active ingredients in the seeds of Nigella sativa. 
The relevant chemical composition studies are also com-
pletely reviewed in detail, including the most recently-
published articles (Fig. 1). 

2. CHEMICAL COMPOSITION 

 The seeds of Nigella sativa had been and are being glob-
ally investigated. Due to the different original sources, dif-
ferent determination methods, and different research scien-
tists, the content levels of each ingredient in black seed have 
been reported within a broad range. Oil, protein, ash, mois-
ture, fiber, and total carbohydrate content ranged from 24.76-
40.35%, 18.6 to 31.2%, 3.7 to 15.0%, 3.8 to 7.4%, 3.7 to 
4.7%, and 23.5 to 40.0% in different studies [6-11].  

2.1. Essential Oil or Volatile Components 

 Essential oil is regarded as a bioactive ingredient in black 
seed. The essential oil content in black seed was measured in 
a range between 0.08 to 1.7% [12-19]. More than 100 com-
pounds have been identified from the essential oil of Nigella 
sativa seeds via GC-MS. These include basic monoterpe-
noidic constituents (Including hydrocarbons, alcohols, phe-
nols, and ketones), sesquiterpenes, phenol propanoid com-
pounds, and other trace amount constituents [13-15,17,19-
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22]. However, the contents of each constituent published by 
different scientists varied greatly. The major constituents in 
each of the research articles reviewed herein were published 
over the past 10 years; the relevant details of the essential oil 
of N. sativa seeds are abstracted and compared in Table 1 
and Fig. (2).  

2.2. Lipids or Fixed Oil 

 The oil material contents of Nigella sativa seeds have 
been reported in a range of 24.76-40.35%. The so-called 
fixed oil, stable oil, lipids and crude oil have all been evalu-
ated in previous articles. The principal components of the 
fixed oil were identified as triacylglycerols (57.5-83.1%), 
free fatty acids (14.2-16.2%), monoacylglycerols (0.41-
5.7%), diacylglycerols (0.65-5.1%), sterols (0.33-5.0%), and 
other trace materials including phospholipids, fat-soluble 
vitamins, lipases, etc. [6,11,23,25-28]. Hamrouni-Sellami et 
al. reported very different triacylglycerol and free fatty acid 
contents and attributed them to the high triacylglycerol 
lipolytic activity [7]. According to the results published by 
Ramadan and M rsel, Nigella sativa seed oil consisted of six 
triacylglycerol species. The species of C54:3 [Equivalent 
carbon number (ECN) =48] and C54:6 (ECN=42) were pre-
sent to an extent of 74% or greater [25].  

2.2.1. Fatty Acids 

 Fatty acid composition was studied after derivatization to 
fatty methyl esters via different approaches. The total un-
saturated and saturated fatty acids in Nigella sativa oil were 
in a range of 69.7-77.9% and 22.0-25.5%, respectively. The 
major fatty acids were identified as linoleic acid (C18:2, 49.2-
62.1%) and oleic acid (C18:1, 19.21-25.0%) as unsaturated 
fatty acids; however, palmitic acid (C16:0, 8.59-18.4%) and 
stearic acid (C18:0, 2.84-3.7%) have been identified as satu-
rated fatty acids in investigations conducted over the past 
decade. Meanwhile, small or trace amounts of palmitoleic 
(C16:1), margaroleic (C17:1), linolenic (C18:3), dihomolinoleic 
(C20:2), eicosadienoic (C20:2), and erucic (C22:1) acid as un-
saturated fatty acids, as well as lauric (C12:0), myristic (C14:0), 

arachidic (C20:0), behenic (C22:0), lignoceric (C24:0) acid as 
saturated fatty acids were detected [6,8,11,20,23,25,27].  

2.2.2. Sterols 

 The crude oil of Nigella sativa seeds contained signifi-
cant quantities of sterols (0.33-5.0%). Possibly as the conse-
quence of geographical conditions, climate, and seed matura-
tion, the sterol component contents differed among different 
studies. In the majority of published articles, -sitosterol was 
identified as the major component (44.53-76.8%), followed 
by stigmasterol (9.5-19.6%). Cholesterol, -sitostanol, cam-
pestrol, 

7
-avenasterol, 

5
-avenasterol, 

7
-stigmasterol were 

also detected in small quantities [6,7,28]. Nevertheless, Ra-
madan et al. reported that -sitosterol (32.2–34.1% of total 
sterol content) represents the main component of the phytos-
terols, followed by 5-avenasterol (27.8–27.9% of total 
sterol content), and 

7
-avenasterol (18.5–22.0% of total 

sterol content) [25,29]; and 
7
-avenasterol was identified as 

the dominant sterol of the total sterol pool in black cumin 
subclasses, followed by -sitosterol [30]. Moreover, one 
novel steroid and the other two aliphatic esters were previ-
ously isolated from Nigella sativa seeds and identified as 
ergosta-5,24 (28)-dien-2,3-cis-diol; pentylundecanoate; and 
methyloctadeca-14,16-dienoate [31]. 

2.3. Minerals 

 Nigella sativa seeds contained significant amounts of 
important mineral elements. The measurable elements were 
potassium, calcium, magnesium, phosphorus, sodium, iron, 
zinc, manganese, and copper, and these constituents were 
found in various amounts by various researchers (Table 2). 
The content level of each element differed hugely, in a range 
from 10 to more than 10,000 times [8,10,11,32,33]. 

2.4. Others 

 Both fat-soluble and water-soluble vitamins (FSV & 
WSV) have been detected in Nigella sativa seeds. FSV and 

-carotene together comprise more than 0.2% of the total oil 
content [26]. The detected FSV included -tocopherol, 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Publication articles about Nigella sativa according to SCIFinder statistics based on Chemical Abstracts Service (CAS) indexing 

until March 29, 2011 (Totally 960 articles). 

*References not containing information for this analysis. 
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Fig. (2). Chemical structures of the major components in the essential oil of Nigella sativa seeds. 

 

Table 2. The Mineral Content of Nigella sativa Seeds from Different Original Places and Researchers 

Researcher 
Sultan et al. 

[33] 
Iqbal et al. 

[32] 
Ashraf et 

al. [8] 
Cheikh-Rouhouet al. 

[11] 
Takruri et al. [10] 

Published time 2009 2009 2006 2007 1998 

Original place Pakistan Pakistan Pakistan Tunisia Iran India Jordan Syria Turkey 

Potassium (mg/kg) 8080 8300 6750 783 708 5517 4423 5606 5380 

Calcium (mg/kg) 5700 9.13 2809.2 572 564 1932 1867 2005 1544 

Magnesium (mg/kg) 2650 10.20 1381.7 235 260 - - - - 

Phosphorus (mg/kg) 5430 5700 3781.2 48.9 51.9 5043 5023 5769 5267 

Sodium (mg/kg) 176 0.35 4125.0 20.8 18.5 550 419 535 440 

Iron (mg/kg) 97 0.26 104.0 8.65 9.42 102 107 93 130 

Zinc (mg/kg) 62.3 0.05 44.3 8.04 7.03 62 59 59 56 

Manganese (mg/kg) 85.3 0.05 125.3 4.43 3.37 - - - - 

Copper (mg/kg) 26 0.03 31.7 1.65 1.48 24 18 17 18 

 

-tocopherol, -tocopherol, -tocopherol, vitamin K1 (2-
methyl-3-phytyl-1, 4-naphthochinon), and vitamin A (all-
trans-retinols). The mean concentrations of selenium, DL- -
tocopherol, DL- -tocopherol, and all-trans-retinol were 
0.177, 9.027, 5.427, and 0.277 mg/kg fresh weight, respec-
tively [34]. Vitamin B1, vitamin B6, niacin, and folic acid as 
WSV were also reported, at average concentrations of 14.6, 
6.6, 56.5, and 614 mg/kg on a dry matter basis, respectively 
[10]. 

 Several mono triterpene aglycones and saponins have 
been isolated and identified from the seeds of Nigella sativa, 
and the chemical structures have been elucidated as 3,23-
dihydroxy-12-oleanan-28-oic acid [35]; cycloart-23-methyl-
7,20,22-triene-3 ,30-diol ; cycloart-3-one-7,22-diene-24-ol 
[36]; -hederin [37]; 3-O-[ -D-xylopyranosyl-(1 3)- -L-

rhamnopyranosyl-(1 2)- -L-arabinopyranosyl]-28-O-[ -L-
rhamnopyranosyl-(1 4)- -D-glucopyranosyl-(1 6)- -D-
glucopyranosyl]-hederagenin; 3-O-[ -L-rhamnopyranosyl-
(1 2)- -L-arabinopyranosyl]-28-O-[ -L-rhamnopyranosyl-
(1 4)- -D-glucopyranosyl-(1 6)- -D-glucopyranosyl]-he-
deragenin; and 3-O-[ -D-xylopyranosyl-(1 3)- -L-rhamno-
pyranosyl-(1 2)- -L-arabinopyranosyl]-hederagenin [38]; 
3-O-[-D-xylopyranosyl-(12)-L-rhamnopyranosyl-(1, 2)-D-
glucopyranosyl]-11-methoxy-16,23-dihydroxy-28-methylo-
lean-12-enoate [39]; and 3-O-[ -D-xylopyranosyl-(1 3)- -
D-rhamnopyranosyl-(1 4)- -D-glucopyranosyl]-11-meth-
oxy-16-hydroxy-17-acetoxy-hederagenin [40].  

 Three types of alkaloids were found at trace levels in 
Nigella sativa seeds, among which isoquinone alkaloids in-
cluded nigellimine and nigellimine-N-oxide [41,42]; inda-
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zole alkaloids included nigellidine, nigellicine, and nigel-
lidine-4-O-sulfite [43,44]; dolabellane-type alkaloids in-
cluded nigellamines A1, A2, A3, A4, A5, B1, B2, and C 
[45,46] (Fig. 3).  

 Furthermore, a lipid-transporting protein was previously 
isolated and characterized from the seeds of Nigella sativa 
with a molecular mass of 9602 Da; this protein contains 
eight cysteine residues that form four disulfide bridges [47]. 
The component composition of protein-peptide fractions was 
also evaluated [48].  

3. EXTRACTION AND DETECTION METHODS 

 Technically, a variety of extraction and detection meth-
ods should be used for the determination of various compo-
nent levels in Nigella sativa seeds. To overview all of the 
available published articles, the extraction methods available 
can be summarized as follows: solvent extraction (SE), su-
percritical fluid extraction (SFE), hydro distillation extrac-
tion (HD), steam distillation extraction (SD), SE-SD, SFE-
SD, microwave assisted extraction (MAE), and headspace 
solid phase micro extraction (HS-SPME). The applied detec-

tion methods included gas chromatography equipped with a 
flame ionization detector (GC-FID), or equipped with a mass 
spectrometry detector (GC-MSD), gas liquid chromatogra-
phy equipped with FID (GLC-FID), high performance liquid 
chromatography (HPLC) coupled with an ultraviolet detector 
(UVD), HPLC coupled with electrospray ionization (ESI) 
time of flight mass spectrum detector (TOF-MSD), thin-
layer chromatography (TLC), differential pulse polaro-
graphic (DPP), and other traditional methods for the deter-
mination of dry matter, fat, protein, ash, mineral, and carbo-
hydrate contents. 

3.1. Extraction Methods 

 Hydro distillation (HD) is a traditional method used for 
the extraction of essential oil or volatile components, along 
with steam distillation (SD). HD is a popular method, and is 
almost always employed as a basic method for comparison 
for newly developed extraction methods in the study of vola-
tile components of Nigella sativa seeds [13,14,16,17, 
19,20,22,49]. Normally, a Clevenger-type or Likens-
Nickerson apparatus is used in HD. When HD or SD is per-
formed, the volatile components from samples are extracted 
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Fig. (3). Chemical structures of alkaloids in Nigella sativa seeds. 
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with hot steam and condensed via an adaptor apparatus. 
Hence, the main factor to be considered is extraction time. 
HD is an easy extraction method that is simple to perform 
and inexpensive. However, the long extraction time and 
comparative constituent loss should be carefully considered 
before deciding to use the method.  

 Solvent extraction (SE), including soxhlet extraction, is 
another traditional extraction method, and perhaps the easi-
est. Hexane, chloroform, acetone, and methanol are normally 
used to extract the essential oils and fixed oils from Nigella 
sativa seeds [17,18,23,25,50]. For the extraction of essential 
oil or volatile compounds, this technique is usually com-
bined with SD [15,20].  

 However, both HD (SD) and SE had few adjustable pa-
rameters by which the selectivity of the extraction processes 
can be controlled. Consequently, a supercritical fluid extrac-
tion (SFE) technique has been developed and studied exten-
sively for the extraction of active compounds from herbs and 
other materials. SFE is a modified SE technique. The solva-
tion power of supercritical fluids (SFs) can be readily ad-
justed by altering the extraction pressure and temperature or 
modifier contents to achieve good selectivity. Normally, the 
sample preparation method, type of fluid, choice of modifier, 
extraction pressure, extraction temperature, extraction time, 
and flow rate should be optimized for successful SFE. 
Among all the gases and liquids studied, CO2 remains the 
most commonly used fluid for SFE applications. SFE with 
CO2 can overcome some of the problems associated with 
conventional techniques, since solvent contamination and 
hydrolysis reactions can pose problems in SE and HD, 
respectively. Moreover, CO2 is nontoxic, cheap, and non-
flammable [51].  

 Many investigations of SFE for Nigella sativa seeds have 
been carried out. The deacidification of Nigella sativa seed 
oil was investigated using supercritical CO2 at two levels of 
temperatures, pressures, and polarities [52]. Fullana et al. 
employed neural net computing for statistical and kinetic 
modeling and supercritical extractor simulation for the ex-
traction of Nigella sativa oil with supercritical CO2, and at-
tempted to obtain higher oil yields [53]. Rao et al. consid-
ered both oil yield and antioxidant composition yield, and 
developed two optimized extraction conditions [50]. Not 
only volatile components, but also nonvolatile components 
can be extracted out by SFE. Hence, SFE extracts can be 
continuously extracted via HD or SD to obtain volatile com-
ponents. Kokoska et al. previously compared the chemical 
composition and antibacterial activity of essential oil be-
tween SFE-SD and traditional HD and SD methods. The 
results demonstrated that the extract obtained via SFE-SD 
had a different composition and higher bioactivity [15]. 
However, according to the data reported by Venkatachallam 
et al., if it was reliable, the recovery of phenolic compounds 
extracted by SFE-HD was lower than that achieved via direct 
SFE extraction, although that study contained contradictory 
descriptions between its abstract and discussion sections 
[12]. However, as a green technique with properties includ-
ing relatively lower extraction temperature, higher bioactive 
extract, and no organic solvent residue, SFE should be paid 
more attention in studies of Nigella sativa.  

 Microwave assisted extraction (MAE) is a viable alterna-
tive to conventional techniques for the extraction of essential 
oils, aromas, pesticides, phenols, and other organic com-
pounds from various matrices (soils, animal tissues, food and 
plant materials and so on). In the case of extraction, the prin-
cipal advantage of microwave heating is the disruption of 
weak hydrogen bonds promoted by the dipole rotation of the 
molecules. The higher viscosity of the medium lowers this 
mechanism by influencing molecular rotation. The effect of 
microwave energy depends profoundly on the nature of both 
the solvent and the solid matrix. The matrix itself interacts 
with microwaves, whereas the surrounding solvent possesses 
a low dielectric constant and therefore remains cold. This 
situation presents some obvious advantages in the case of 
thermosensitive compounds, and has been used successfully 
for the extraction of essential oils [54].  

 The MAE technique has been developed rapidly over the 
past 5 years. Benkaci-Ali et al. applied this method to essen-
tial oil extraction from Nigella sativa seeds and assessed the 
kinetics of the MAE process over a 10-minute period [21]. 
Additionally, later they compared the chemical composition 
of extracted essential oils by MAE distillation using tradi-
tional HD. They claimed that MAE distillation offered simi-
lar yields, shorter extraction times, and substantial energy 
savings. Moreover, hydrolytic and oxidative reactions were 
greatly reduced in the MAE technique because of the short 
extraction time (10 min) and the small amount of water used 
(150 g sample, 50 mL water) [19]. Nevertheless, MAE, 
along with some techniques of dry distillation, solid phase 
micro-extraction, dry-diffusion and gravity, steam diffusion, 
and so on, have been developed as excellent techniques for 
the extraction of essential oil [55-58]. 

 Solid phase microextraction (SPME) was developed in 
the early 1990s. The extraction is simple and fast, and can be 
conducted without solvents. The principal parameters that 
could influence SPME analysis include the choice of fiber, 
adsorption temperature, and adsorption time. Due to these 
properties, Wajs et al. employed head-space SPME to elimi-
nate the possibility of methyl ether formation during the 
heat-treatment of Nigella sativa essential oil (hydro distilla-
tion and fractional distillation), and demonstrated that iso-
meric methyl ethers are natural components of Nigella sativa 
seeds [13]. 

 Moreover, Tuter et al. partially purified the lipase from 
Nigella sativa seeds via DEAE-ion exchange chromatogra-
phy and studied its applications in transesterification and the 
hydrolytic reaction [59,60]. Akova and Ustun studied a li-
pase immobization method from Nigella sativa seeds via 
adsorption on Celite 535 from phosphate buffer solutions 
[61]. 

3.2. Detection Methods 

 Gas chromatography (GC) has been broadly applied in 
the identification or determination of the chemical composi-
tion of essential oils and lipids in Nigella sativa seeds. GC 
equipped with a Flame ionization detector (FID) and a mass 
spectrometry detector (MSD) was adopted in nearly all de-
termination studies of essential oil and lipids of Nigella sa-
tiva seeds. The separation of chemical components was usu-
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ally accomplished using a capillary column with a simple 
program of oven temperature. Using GC-MS combined with 
iterative and non-iterative resolution methods, the number of 
volatile components in Nigella sativa seeds increased from 
39 to 98 [16]. Moreover, 112 compounds were clearly identi-
fied from HD- and WAE-extracted essential oils via GC-FID 
and GC-MS techniques [19]. GC-MS was also employed to 
assess the composition of fatty oil fractionated from silica 
gel and alumina columns, and 26 compounds were identified 
[62]. Salih et al. studied the differences of chemical compo-
sition between ancient and modern Nigella sativa seeds by 
GC-MS. The two seeds were similar in terms of essential oil 
acids [63]. 

 High performance liquid chromatography (HPLC) is 
normally used for the determination of chemical composi-
tions with the following properties: high boiling point, insta-
bility at high temperatures, or other reasons making it inap-
propriate for GC. The determination of phenolic compo-
nents, quinones, saponins, flavonoids, proteins and peptides, 
vitamins, phospholipids, glycolipids, and amino acids by 
HPLC from Nigella sativa seeds were reported [26,27,30,64-
69]. Ultraviolet detectors (UVD) were usually equipped with 
HPLC for determination studies of Nigella sativa. Avula et 
al. used HPLC with electrospray ionization- time of flight 
mass spectrometry for the confirmation of one alkaloid, one 
flavonoid glycoside, six saponins, and one quinone in Nig-
ella sativa [65].  

 Thin-layer chromatography (TLC) has also been used for 
the analysis of sterols and quinones in Nigella sativa 
[6,7,70,71].  

4. FUTURE PERSPECTIVES 

 Nigella sativa is a very attractive plant, which has been 
employed for thousands of years and is attracting more and 
more attention from scientists. Focusing on the domain of 
chemical composition, more and more new extraction and 
detection techniques are currently being studied. Despite the 
more than 100 compounds that have been identified from 
Nigella sativa seeds, more unknown compounds will be 
identified with the development of new and improved tech-
niques. In addition to the published methods of SE, HD, SD, 
SFE, WAE, and SPME for the extraction of essential oils 
from Nigella sativa seeds, accelerated solvent extraction 
[72], lipid phase microextraction [73], solvent-free solid in-
jection method [74], purge and trap technique [75], etc. are 
all appropriate methods for the extraction of volatile compo-
nents. The optimization of existing methods will also prove 
an effective approach for new compounds discovered from 
Nigella sativa. On the other hand, new detection techniques 
such as GC-MS/MS, LC-TOF, and LC-MS/MS should also 
prove useful for the determination of known or unknown 
compounds in Nigella sativa seeds.  

5. CONCLUSIONS 

 The chemical composition of Nigella sativa seeds has 
been thoroughly investigated in previous studies, and in par-
ticular in its essential oil. However, the essential oil from 
different original sources or studied by various researchers 
has been shown to contain a variety of different chemical 
constituents. The worldwide distribution, geographical con-

ditions, climates, extraction methods, and operator skills are 
possible factors underlying these deviations. With the devel-
opment of this type of research, better extraction methods, 
more sensitive detection methods, and more unknown com-
pounds from Nigella sativa seeds will certainly be discov-
ered.  

REFERENCES 

[1] Khan, M. A. Chemical composition and medicinal properties of 

Nigella sativa Linn. Inflammopharmacology, 1999, 7(1), 15-35. 
[2] Flueckiger, F. A. Nigella seeds or black cummin. Pharm. J. Trans., 

ii(2), 161. 
[3] Ali, B. H.; Blunden, G. Pharmacological and toxicological 

properties of Nigella sativa. Phytother. Res., 2003, 17(4), 299-305. 
[4] Salem, M. L. Immunomodulatory and therapeutic properties of the 

Nigella sativa L. seed. Int. Immunopharmacol., 2005, 5(13-14), 
1749-1770. 

[5] Butt, M. S.; Sultan, M. T. Nigella sativa: reduces the risk of various 
maladies. Crit. Rev. Food Sci. Nutr., 2010, 50(7), 654-665. 

[6] Atta, M. B. Some characteristics of nigella (Nigella sativa L.) seed 
cultivated in Egypt and its lipid profile. Food Chem., 2003, 83(1), 

63-68. 
[7] Hamrouni-Sellami, I.; Kchouk, M. E.; Marzouk, B. Lipid and 

aroma composition of black cumin (Nigella sativa L.) seeds from 
Tunisia. J. Food Biochem., 2008, 32(3), 335-352. 

[8] Ashraf, M.; Ali, Q.; Iqbal, Z. Effect of nitrogen application rate on 
the content and composition of oil, essential oil and minerals in 

black cumin (Nigella sativa L.) seeds. J. Sci. Food Agric., 2006, 
86(6), 871-876. 

[9] Haq, A.; Lobo, P. I.; Al-Tufail, M.; Rama, N. R.; Al-Sedairy, S. T. 
Immunomodulatory effect of Nigella sativa proteins fractionated 

by ion exchange chromatography. Int. J. Immunopharmacol., 1999, 
21(4), 283-295. 

[10] Takruri, H. R. H.; Dameh, M. A. F. Study of the nutritional value 
of black cumin seeds (Nigella sativa L). J. Sci. Food Agric., 1998, 

76(3), 404-410. 
[11] Cheikh-Rouhou, S.; Besbes, S.; Hentati, B.; Blecker, C.; Deroanne, 

C.; Attia, H. Nigella sativa L.: Chemical composition and 
physicochemical characteristics of lipid fraction. Food Chem., 

2007, 101(2), 673-681. 
[12] Venkatachallam, S. K. T.; Pattekhan, H.; Divakar, S.; Kadimi, U. 

S. Chemical composition of Nigella sativa L. seed extracts 
obtained by supercritical carbon dioxide. J Food Sci. Technol., 

2010, 47(6), 598-605. 
[13] Wajs, A.; Bonikowski, R.; Kalemba, D. Composition of essential 

oil from seeds of Nigella sativa L. cultivated in Poland. Flavour 
Frag. J., 2008, 23(2), 126-132. 

[14] Toma, C.-C.; Simu, G. M.; Hanganu, D.; Olah, N.; Vata, F. M. G.; 
Hammami, C.; Hammami, M. Chemical composition of the 

Tunisian Nigella sativa. Note I. Profile on essential oil. Farmacia, 
2010, 58(4), 458-464. 

[15] 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., 2008, 71(12), 2475-

2480. 
[16] Jalali-Heravi, M.; Zekavat, B.; Sereshti, H. Use of gas 

chromatography-mass spectrometry combined with resolution 
methods to characterize the essential oil components of Iranian 

cumin and caraway. J. Chromatogr. A, 2007, 1143(1-2), 215-226. 
[17] Singh, G.; Marimuthu, P.; de Heluani, C. S.; Catalan, C. Chemical 

constituents and antimicrobial and antioxidant potentials of 
essential oil and acetone extract of Nigella sativa seeds. J. Sci. 

Food Agric., 2005, 85(13), 2297-2306. 
[18] Rchid, H.; Nmila, R.; Bessiere, J. M.; Sauvaire, Y.; Chokairi, M. 

Volatile components of Nigella damascena L. and Nigella sativa L. 
seeds. Journal of Essential Oil Research, 2004, 16(6), 585-587. 

[19] Benkaci-Ali, F.; Baaliouamer, A.; Meklati, B. Y.; Chemat, F. 
Chemical composition of seed essential oils from Algerian Nigella 

sativa extracted by microwave and hydrodistillation. Flavour Frag. 
J., 2007, 22(2), 148-153. 



954    Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 11 Liu et al. 

[20] Nickavar, A.; Mojab, F.; Javidnia, K.; Amolia, M. A. R. Chemical 

composition of the fixed and volatile oils of Nigella sativa L. from 
Iran. Z Naturforsch. C, 2003, 58(9-10), 629-631. 

[21] Benkaci-Ali, F.; Baaliouamerl, A.; Meklati, B. Y. Kinetic study of 
microwave extraction of essential oil of Nigella sativa L. seeds. 

Chromatographia,2006, 64(3-4), 227-231. 
[22] D'Antuono, L. F.; Moretti, A.; Lovato, A. F. S. Seed yield, yield 

components, oil content and essential oil content and composition 
of Nigella sativa L. and Nigella damascena. Ind. Crops Prod., 

2002, 15(1), 59-69. 
[23] Bourgou, S.; Bettaieb, I.; Saidani, M.; Marzouk, B. Fatty acids, 

essential oil, and phenolics modifications of black cumin fruit 
under NaCl stress conditions. J. Agric. Food Chem., 2010, 58 (23), 

12399–12406 
[24] Havlik, J.; Kokoska, L.; Vasickova, S.; Valterova, I. Chemical 

composition of essential oil from the seeds of Nigella arvensis L. 
and assessment of its actimicrobial activity. Flavour Frag. J., 2006, 

21(4), 713-717. 
[25] Ramadan, M. F.; M rsel, J. T. Neutral lipid classes of black cumin 

(Nigella sativa L.) seed oils. Eur. Food Res. Technol., 2002, 
214(3), 202-206. 

[26] Ramadan, M. F.; M rsel, J. T. Direct isocratic normal-phase HPLC 
assay of fat-soluble vitamins and beta-carotene in oilseeds. Eur. 

Food Res. Technol., 2002, 214(6), 521-527. 
[27] Ramadan, M. F.; M rsel, J. T. Characterization of phospholipid 

composition of black cumin (Nigella sativa L.) seed oil. Nahrung-
Food,2002, 46(4), 240-244. 

[28] Cheikh-Rouhou, S.; Besbes, S.; Lognay, G.; Blecker, C.; Deroanne, 
C.; Attia, H. Sterol composition of black cumin (Nigella sativa L.) 

and Aleppo pine (Pinus halepensis Mill.) seed oils. J. Food 
Composit. Anal., 2008, 21(2), 162-168. 

[29] Ramadan, M. F.; Kroh, L. W.; M rsel, J. T. 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., 2003, 51(24), 6961-6969. 

[30] Ramadan, M. F.; M rsel, J. T. Analysis of glycolipids from black 
cumin (Nigella sativa L.), coriander (Coriandrum sativum L.) and 

niger (Guizotia abyssinica Cass.) oilseeds. Food Chem.,2003, 
80(2), PII S0308-8146(0302)00254-00256. 

[31] Mehta, B. K.; Gupta, M.; Verma, M. Steroid and aliphatic esters 
from the seeds of Nigella sativa. Indian Journal of Chemistry 

Section B-, 2006, 45(6), 1567-1571. 
[32] Iqbal, M. S.; Ghafoor, A.; Qureshi, A. S.; Khan, M. R.; Chaudhary, 

M. I. Quantification and Diversity in the Black Seeds (Nigella 
sativa L.) Gene Stock of Pakistan for their Composition of Mineral 

Nutrients. J. Chem. Soc. Pak., 2009, 31(5), 793-800. 
[33] Sultan, M. T.; Butt, M. S.; Anjum, F. M.; Jamil, A.; Akhtar, S.; 

Nasir, M. Nutritional profile of indigenous cultivar of black cumin 
seeds and antioxidant potential of its fixed and essential oil. Pak. J. 

Bot., 2009, 41(3), 1321-1330. 
[34] Al-Saleh, I. A.; Billedo, G.; El-Doush, II Levels of selenium, DL-

alpha-tocopherol, DL-gamma-tocopherol, all-trans-retinol, 
thymoquinone and thymol in different brands of Nigella sativa 

seeds. J. Food Composit. Anal.,2006, 19(2-3), 167-175. 
[35] Joshi, B. S.; Singh, K. L.; Roy, R. Complete assignments of H-1 

and C-13 NMR spectra of the pentacyclic triterpene hederagenin 
from Nigella sativa Linn. Magnetic Resonance in Chemistry,1999, 

37(4), 295-298. 
[36] Mehta, B. K.; Sharma, U.; Agrawal, S.; Pandit, V.; Joshi, N.; 

Gupta, M. Isolation and characterization of new compounds from 
seeds of Nigella sativa. Medicinal Chemistry Research, 2008, 17(2-

7), 462-473. 
[37] Kumara, S. S. M.; Huat, B. T. K. Extraction, isolation and 

characterisation of antitumor principle, alpha-hederin, from the 
seeds of Nigella sativa. Planta Med., 2001, 67(1), 29-32. 

[38] Taskin, M. K.; Caliskan, O. A.; Anil, H.; Abou-Gazar, H.; Khan, I. 
A.; Bedir, E. Triterpene saponins from Nigella sativa L. Turkish J. 

Chem., 2005, 29(5), 561-569. 
[39] Mehta, B. K.; Pandit, V.; Gupta, M. New principles from seeds of 

Nigella sativa. Natural Prod. Res.,2009, 23(2), DOI 
10.1080/14786410801892078|PII 14786410908208316. 

[40] Mehta, B. K.; Mehta, P.; Gupta, M. A new naturally acetylated 
triterpene saponin from Nigella sativa. Carbohydr. Res.,2009, 344, 

344(1):149-51. .  

[41] Atta-ur-Rahman; Malik, S.; Ahmad, S.; Chaudhary, I.; Habib ur, R. 

Nigellimine N-oxide - a new isoquinoline alkaloid from the seeds 
of Nigella sativa. Heterocycles,1985, 23, 953-955. 

[42] Atta-ur-Rahman; Malik, S.; Zaman, K. Nigellimine: a new 
isoquinoline alkaloid from the seeds of Nigella sativa. J. Nat. 

Prod.,1992, 55, 676-678. 
[43] Atta-ur-Rahman; Malik, S.; Hasan, S. S.; Choudhary, M. I.; Ni, C. 

Z.; Clardy, J. Nigellidine - a new indazole alkaloid from the seeds 
of Nigella sativa. Tetrahedron Lett., 1995, 36(12), 1993-1996. 

[44] Ali, Z.; Ferreira, D.; Carvalho, P.; Avery, M. A.; Khan, I. A. 
Nigellidine-4-O-sulfite, the first sulfated indazole-type alkaloid 

from the seeds of Nigella sativa. J. Nat. Prod., 2008, 71(6), 1111-
1112. 

[45] Morikawa, T.; Xu, F.; Kashima, Y.; Matsuda, H.; Ninomiya, K.; 
Yoshikawa, M. Novel dolabellane-type diterpene alkaloids with 

lipid metabolism promoting activities from the seeds of Nigella 
sativa. Org. Lett., 2004, 6(6), 869-872. 

[46] Morikawa, T.; Xu, F.; Ninomiya, K.; Matsuda, H.; Yoshikawa, M. 
Nigellamines A3, A4, A5, and C, new dolabellane-type diterpene 

alkaloids, with lipid metabolism-promoting activities from the 
Egyptian medicinal food black cumin. Chem. Pharm. Bul.l (Tokyo), 

2004, 52(4), 494-497. 
[47] Oshchepkova, Y. I.; Veshkurova, O. N.; Rogozhin, E. A.; 

Musolyamov, A. K.; Smirnov, A. N.; Odintsova, T. I.; Egorov, T. 
A.; Grishin, E. V.; Salikhov, S. I. Isolation of the lipid-transporting 

protein Ns-LTP1 from seeds of the garden fennel flower (Nigella 
sativa). Russ. J. Bioorganic Chem., 2009, 35(3), 315-319. 

[48] Oshchepkova, Y. I.; Rogozhin, E. A.; Veshkurova, O. N.; Egorov, 
T. A.; Salikhov, S. I. Comparison of extracts from seeds and 

sprouts of Nigella sativa. Chemistry of Natural Compounds,2009, 
45(2), 293-294. 

[49] Moretti, A.; D'Antuono, L. F.; Elementi, S. Essential oils of Nigella 
sativa L. and Nigella damascena L. seed. Journal of Essential Oil 

Research, 2004, 16(3), 182-183. 
[50] Rao, M. V.; Al-Marzouqi, A. H.; Kaneez, F. S.; Ashraf, S. S.; 

Adem, A. Comparative evaluation of SFE and solvent extraction 
methods on the yield and composition of black seeds (Nigella 

sativa). J. Liq. Chromatogr. Relat. Technol., 2007, 302545-2555. 
[51] Lang, Q.; Wai, C. M. Supercritical fluid extraction in herbal and 

natural product studies - a practical review. Talanta, 2001, 53(4), 
771-782. 

[52] Turkay, S.; Burford, M. D.; Sangun, M. K.; Ekinci, E.; Bartle, K. 
D.; Clifford, A. A. Deacidification of black cumin seed oil by 

selective supercritical carbon dioxide extraction. J. Am. Oil Chem. 
Soc., 1996, 73(10), 1265-1270. 

[53] Fullana, M.; Trabelsi, F.; Recasens, F. Use of neural net computing 
for statistical and kinetic modelling and simulation of supercritical 

fluid extractors. Chem. Eng. Sci., 2000, 55(1), 79-95. 
[54] Kaufmann, B.; Christen, P. Recent extraction techniques for natural 

products: microwave-assisted extraction and pressurised solvent 
extraction. Phytochem. Anal., 2002, 13(2), 105-113. 

[55] Deng, C. H.; Ji, J.; Li, N.; Yu, Y. J.; Duan, G. L.; Zhang, X. M. 
Fast determination of curcumol, curdione and germacrone in three 

species of Curcuma rhizomes by microwave-assisted extraction 
followed by headspace solid-phase microextraction and gas 

chromatography-mass spectrometry. J. Chromatogr. A,2006, 
1117(2), 115-120. 

[56] Yu, Y. J.; Huang, T. M.; Yang, B.; Liu, X.; Duan, G. L. 
Development of gas chromatography-mass spectrometry with 

microwave distillation and simultaneous solid-phase 
microextraction for rapid determination of volatile constituents in 

ginger. J. Pharmaceut. Biomed. Anal., 2007, 43(1), 24-31. 
[57] Farhat, A.; Fabiano-Tixier, A. S.; Visinoni, F.; Romdhane, M.; 

Chemat, F. A surprising method for green extraction of essential oil 
from dry spices: Microwave dry-diffusion and gravity. J. 

Chromatogr. A, 2010, 1217(47), 7345-7350. 
[58] Farhat, A.; Fabiano-Tixier, A. S.; El Maataoui, M.; Maingonnat, J. 

F.; Romdhane, M.; Chemat, F. Microwave steam diffusion for 
extraction of essential oil from orange peel: Kinetic data, extract's 

global yield and mechanism. Food Chem., 2011, 125(1), 255-261. 
[59] Tuter, M.; Secundo, F.; Riva, S.; Aksoy, H. A.; Ustun, G. Partial 

purification of Nigella sativa L. seed lipase and its application in 
transesterification reactions. J. Am. Oil Chem. Soc., 2003, 80(1), 

43-48. 



Various Extraction and Analytical Techniques for Isolation Mini-Reviews in Medicinal Chemistry, 2011, Vol. 11, No. 11    955 

[60] Tuter, M.; Aksoy, H. A.; Ustun, G.; Riva, S.; Secundo, F.; Ipekler, 

S. Partial purification of Nigella sativa L. seed lipase and its 
application in hydrolytic reactions. Enrichment of gamma-linolenic 

acid from borage oil. J. Am. Oil Chem. Soc., 2003, 80(3), 237-241. 
[61] Akova, A.; Ustun, G. Activity and adsorption of lipase from 

Nigella sativa seeds on Celite at different pH values. Biotechnol. 
Lett.,2000, 22(5), 355-359. 

[62] Singh, N.; Pandit, V.; Verma, M.; Mehta, B. K. GC-MS study of 
Nigella sativa (seeds) fatty oil. Grasas Y Aceites,2002, 53(2), 173-

174. 
[63] Salih, B.; Sipahi, T.; Donmez, E. O. Ancient nigella seeds from 

Boyali Hoyuk in north-central Turkey. J. Ethnopharmacol., 2009, 
124(3), 416-420. 

[64] El-Naggar, T.; Gomez-Serranillos, M. P.; Palomino, O. M.; Arce, 
C.; Carretero, M. E. Nigella sativa L. seed extract modulates the 

neurotransmitter amino acids release in cultured neurons in vitro. J. 
Biomed. Biotechnol., 2010, 2010398312. 

[65] Avula, B.; Wang, Y. H.; Ali, Z.; Smillie, T. J.; Khan, I. A. 
Quantitative Determination of Chemical Constituents from Seeds 

of Nigella sativa L. by using HPLC-UV and Identification by LC-
ESI-TOF. J. AOAC Int., 2010, 93(6), 1778-1787. 

[66] Al-Naqeeb, G.; Ismail, M.; Al-Zubairi, A. S. Fatty Acid Profile, 
alpha-Tocopherol Content and Total Antioxidant Activity of Oil 

Extracted from Nigella sativa Seeds. Int. J. Pharmacol., 2009, 5(4), 
244-250. 

[67] Bourgou, S.; Ksouri, R.; Bellila, A.; Skandrani, I.; Falleh, H.; 
Marzouk, B. Phenolic composition and biological activities of 

Tunisian Nigella sativa L. shoots and roots. Comptes Rendus 
Biologies, 2008, 331(1), 48-55. 

[68] Ghosheh, O. A.; Houdi, A. A.; Crooks, P. A. High performance 
liquid chromatographic analysis of the pharmacologically active 

quinones and related compounds in the oil of the black seed 

(Nigella sativa L.). J. Pharmaceut. Biomed. Anal., 1999, 19(5), 
757-762. 

[69] Aboulenein, H. Y.; Aboubasha, L. I. Simple HPLC method for the 
determination of thymoquinone in black seed oil (Nigella sativa 

Linn.). J. Liq. Chromatogr.,1995, 18(5), 895-902. 
[70] Burits, M.; Bucar, F. Antioxidant activity of Nigella sativa 

essential oil. Phytother. Res., 2000, 14(5), 323-328. 
[71] Basha, L. I. A.; Rashed, M. S.; Aboulenein, H. Y. TLC assay of 

thymoquinone in black seed oil (Nigella-sativa Linn) and 
identification of dithymoquinone and thymol. J. Liq. Chromatogr., 

1995, 18(1), 105-115. 
[72] Cho, S. K.; Abd El-Aty, A. M.; Choi, J. H.; Kim, M. R.; Shim, J. 

H. Optimized conditions for the extraction of secondary volatile 
metabolites in Angelica roots by accelerated solvent extraction. J. 

Pharmaceut. Biomed. Anal., 2007, 44(5), 1154-1158. 
[73] Vidal, J. L. M.; Plaza-Bolanos, P.; Romero-Gonzalez, R.; Frenich, 

A. G. Determination of pesticide transformation products: A review 
of extraction and detection methods. J. Chromatogr. A, 2009, 

1216(40), 6767-6788. 
[74] Kim, M. R.; Abd El-Aty, A. M.; Kim, I. S.; Shim, J. H. 

Determination of volatile flavor components in danggui cultivars 
by solvent free injection and hydrodistillation followed by gas 

chromatographic-mass spectrometric analysis. J. Chromatogr. A, 
2006, 1116(1-2), 259-264. 

[75] Laaks, J.; Jochmann, M. A.; Schilling, B.; Schmidt, T. C. In-tube 
extraction of volatile organic compounds from aqueous samples: an 

economical alternative to purge and trap enrichment. Anal. Chem., 
2010, 82(18), 7641-7648. 

 

 

Received: April 06, 2011 Revised: June 16, 2011  Accepted: June 17, 2011 

 

 




