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A B S T R A C T

The compositional analysis of volatile compounds of Nigella sativa L. seeds obtained from India and Bangladesh
was carried out in this study. Apart from the proportion of volatile compounds, the chemical composition of seeds
from both sources were similar. The major volatile compounds in Bangladesh seeds were p-cymene (36.35%),
thymoquinone (29.77%), α-thujene (12.40%), carvacrol (2.85%), β-pinene (2.41%), limonene (1.64%), methyl
linoleate (1.33%) and sabinene (1.18%), contribution of these is 87.93% of the total volatile oil. On the other
hand, the major volatile compounds in Indian seeds were p-cymene (41.80%), α-thujene (13.93%), thymoquinone
(10.27%), methyl linoleate (4.02%), carvacrol (3.65%), β-pinene (2.96%), d-limonene (2.11%), 4,5-epoxy-1-iso-
propyl-4- methyl-1-cyclohexene (1.80%), sabinene (1.50%) and 4-terpineol (1.22%); contribution of these were
83.24% of the total volatile oil. In both seeds, p-cymene, thymoquinone, and α-thujene were the major compo-
nents. Importantly, N. sativa seeds of Bangladesh contained almost 3-fold thymoquinone compared to Indian
seeds. In conclusion, the seeds from Bangladesh contain a higher amount of terpene ketones (29.86%) represented
by thymoquinone in comparison to Indian seeds (10.61%); on the other hand, Indian seeds contained a higher
amount of terpene hydrocarbons (63.18%) mainly p-cymene, compared to Bangladesh seeds (54.53%). This is the
first study to report detailed compositional analysis and comparison of Nigella sativa L. seeds from Bangladesh and
India.
1. Introduction

In Bangladesh and India, Black cumin (Nigella sativa L.) seed is
cultivated for use in traditional medicine and as a spice for long time [1].
Moreover, its application as a food additive and flavoring agent have
been reported in various countries around the world [2, 3]. Mature seeds
of N. sativa are extensively utilized in bakery goods, including prepara-
tion of pickles, Indian cuisines, and traditional dishes [4]. Depending on
the method and the region of cultivation N. sativa seeds contain over a
hundred different volatile components with distinctive aroma and taste
[5].

Previous studies have identified many volatile components present in
N. sativa seeds, including thymoquinone, thymohydroquinone, dithy-
moquinone, p-cymene, α-thujene, γ-terpinene, carvacrol, α-pinene,
β-pinene, 4-terpineol, and sesquiterpene longifolene, carvone, limonene,
and citronellol [6, 7, 8, 9, 10, 11]. However, depending on the region of
the seeds were cultivated, there are still many unknown volatile
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components to be characterized [6, 9, 12]. Many of these compounds can
induce pharmacological effects and have therapeutic potential in humans
[13, 14, 15]. Researchers have previously reported thymoquinone, a
main compound in N. sativa, to have anti–inflammatory [16, 17, 18, 19],
antimicrobial [20], and anti-cancer activity [21, 22, 23, 24] as well as
asthma alleviating properties [25]. Inhibition of neuroinflammation and
the protective effect of thymoquinone against Ischemia-reperfusion (I/R)
injury of the spinal cord was also reported [26, 27]. Furthermore, Sahak
et al. [28] reported that N. sativa and/or its bioactive constituents can
enhance learning and memory in animals and humans.

Effectiveness of black cumin seed and its volatile component thy-
moquinone in anticonvulsive, pain protection, and prevention of rheu-
matoid arthritis in rat models have also been reported [18, 29]. Overall,
several bodies of work suggest these seeds hold diverse therapeutic po-
tentials. The contribution of minor compounds present in the seeds
warrants investigation, as they might be responsible for the previously
mentioned effects. Therefore, the compositional variations in N. sativa
r 2020
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seeds and presence of beneficial compounds requires exploration for
distinctive medicinal application. Like most herbs, compositional varia-
tion depends on the region of collection, time of harvest and agronomic
practices that have been reported for Nigella sativa seeds [30, 31].
Bourgou et al. [32] reported a distinctive type of p-cymene from Tunisian
essential oil ofN. sativa seeds, which is different fromwhat is found in the
seeds of other origins. Studies also reported harmful water stress effects
on the yield of N. sativa and quantitative yield of different components
[33, 34]. Despite numerous studies on N. sativa, the volatile composition
of black cumin cultivated in different regions of the world, especially in
Bangladesh and India have not been explored. This study was undertaken
to determine the compositional variation of volatile components of
N. sativa seeds cultivated in Bangladesh and India.

2. Materials and methods

2.1. Plant materials: collection and storage o N. sativa seeds

The races of cultivated Nigella sativa species Bangladesh (Seed I) and
India (Seed II). Seed I was used in this study and collected in October
2012. Seed I was purchased from a supermarket in Dhaka, and seed II
(imported to Japan from India) was from a local market in Tokyo, Japan.
After discarding the immature and broken seeds of N. sativa, the seeds
(about 200 g) were cleaned under running tap water, rinsed with distilled
water, and air-dried in an oven at 40 �C overnight. The dried matured
seeds were then grounded into powder with a grinder (Panasonic, Japan,
Model MJ-W176P), and the powder was kept frozen in an airtight
container until analyzed (within one month). The plant material was
identified and authenticated by compared with correctly identified her-
barium specimens. A voucher specimenwas retained for future reference.
2.2. Standard compounds for identification

The following compounds were purchased from commercial sources
(Sigma-Aldrich, St. Louis, Missouri, USA): β-pinene, α-terpinene, γ-ter-
pinene, p-cymen, α-terpinolene, acetic acid, bornyl acetate, β-car-
yophyllene, carvone, thymoquinone, cuminaldehyde, 2-tridecanone,
anethole, 2-pentadecanone, nonanoic acid, decanoic acid, methyl hex-
adecanoate, methyl linoleate, vanillin, ethyl lactate, d-Limonene,
linalool, 4-Terpineol, α-terpineol, p-cymen-8-ol, thymol and piper-
itenone. Longifolene was a gift (Takasago Co. Ltd., Tokyo, Japan). They
were of the highest purity available. All reagents and solvents were of
analytical grade and were purchased from Wako Pure Chemical In-
dustries, Osaka, Japan.
2.3. Extraction of the volatile compounds

Twenty-five grams powder of Nigella sativa L. seeds was soaked
overnight twice in methanol (50 mL). After filtration, the supernatant
was diluted with Milli-Q system (Millipore Corp., Saint-Quentin, France)
purified water and adjusted to 10% methanol. The diluted solution was
applied to a chromatography column packed with Porapak Q resin
(porous polymer resin) (Waters, 50/80 mesh). After eliminating the
water-soluble compounds with ultrapure water (200 mL), the adsorbed
compounds were eluted with 300 mL mixture of pentane and diethyl
ether (1:1). After desorption, 3 μg of ethyl lactate was added as an in-
ternal standard (IS). To obtain the aroma concentrate (essential oil), the
elute was dried in anhydrous sodium sulfate and the solvent was evap-
orated at 39.5 �C under atmospheric pressure. Each procedure was
repeated twice. The oil percentage was then calculated and stored in an
airtight amber container in a freezer at -20 �C for subsequent analyses.
Just before injecting into the gas chromatograph, the extract was
concentrated to 500 μL with a nitrogen stream and the components were
analyzed by using gas chromatography (GC), gas chromatography-mass
spectrometry (GC-MS) and GC-Olfactometry [35, 36].
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2.4. Gas chromatography (GC)

A Hewlett-Packard (HP) 6890 Series II gas chromatograph (Hewlett-
Packard Inc., Palo Alto, California, USA) equipped with a flame-
ionization detector (FID) was employed for GC analysis. The GC was
run at a flow rate of 1 mL/min and with a split ratio of 30:1 using helium
as carrier gas. The column was 60 m � 0.25 mm i.d., 0.25 μm film
thickness, coated with DB-WAX (J & W Scientific Inc., Folsom, CA, USA)
was used to separate the volatiles. The oven temperature was kept at 60
�C for 4 min initially and then increased at a rate of 2 �C/min to 200 �C.
Injector and detector temperature were set at 200 �C and 220 �C,
respectively. Each sample was analyzed in duplicate.

2.5. Gas chromatography-mass spectrometry (GC-MS)

A HP 5890 Series II gas chromatograph (Hewlett-Packard) equipped
with an HP 5972 mass selective detector and Wiley275 library was used
for the GC-MS analysis. The same GC conditions were used as described
for the GC analysis above. We recorded electron impact (EI) spectra by
maintaining the temperature of the ion source at 220 �C, and mass
spectra were obtained from 30 to 400 mass units at 70 eV in a m/z range.
Each procedure was repeated in duplicate.

2.6. Identification of the components

Peak components were identified according to Kovats GC retention
indices [37] with authentic standard and comparing the mass spectra
with those in the Wiley Library of MS spectra (Hewlett-Packard) patterns
stored on the computer or with published literature. In case of unavail-
ability of reference standard, the compounds were tentatively identified
based on MS data only. We calculated the percent peak areas by dividing
the peak area for a peak by the total peak area for the entire chromato-
gram on GC chromatogram with FID and expressed as a percentage [38].

2.7. Gas chromatography-Olfactometry (GC-O)

In split-less mode, with a column of 60 m � 0.53 mm i.d. (1 μm film)
coated with DB-WAX (J & W Scientific), the GC-O was performed. Same
temperature conditions and instrument were employed as used for the
GC analysis. Heliumwas used as carrier gas at a flow rate of 8.3 mL/min 1
μL sample of concentrated volatile was injected into the column in split
less mode and the carrier gas was passed through the FID detector and a
glass sniffing port at 220 �C after splitting of 1:1 at the outlet of the
column.Wet air was pumped into the sniffing port at 45mL/min to retain
the nose moist and remove the odorant quickly.

GC-Olfactometry sensory assessments were performed for all com-
pounds with a panel of 9 females panelists aged 21–32 years. They had
extensive training and more than three years' experience in GC/O using
the method described previously [35, 36, 39]. The samples were served
in a random order to each panelist. Each panelist selected the most
appropriate terms for odor description, as reported by Shimoda et al. [40,
41]. A consensus-building discussion was held with the panelists to
decide the final sensory descriptors, summarized in Table 1.

3. Results and discussion

To understand the implication of flavor of volatile components of
N. sativa seeds essential oil and its application in food industry, it is vital
to characterize the volatile components. Characterization of volatile
components is also necessary to further probe its role in traditional
medicine. In this study, we obtained 0.28 g (1.1%) and 0.06 g (0.24%)
volatile flavor concentrates from 25 g N. sativa seeds from Bangladesh
and Indian, respectively. We detected 38 and 41 volatile components and
among these we identified 32 and 35 components from Bangladesh and
Indian seeds respectively, which was 92.82% and 89.51% of the total
constituents of volatile components. The typical gas chromatograms from



Table 1. Volatile components identified in methanol extracts of black cumin produced in Bangladesh and India.

Peak Noa tRb RIc Compounds Odor description Peak area %d

Noa (min) Bangladeshe Indiaf

1 10.0 1032 α-thujene* citrus, sweet, sour 12.40 13.93

2 13.0 1113 β-pinene 2.41 2.96

3 13.5 1124 sabinene* 1.18 1.50

4 16.2 1182 α-terpinene 0.22 0.15

5 17.2 1201 d-limonene citrus, sour 1.64 2.11

6 19.7 1249 γ-terpinene sweet, roasted 0.28 0.69

7 20.5 1264 unknown 0.79 1.20

8 21.4 1278 p-cymene citrus, sour, gas-like 36.35 41.80

9 21.8 1285 α-terpinolene 0.05 0.04

10 23.1 1306 unknown japanese cypress-like 4.92 7.46

11 29.9 1420 thujol* metallic 0.08 0.22

12 30.7 1434 p-mentha-1,3,5,8-tetraene* green 0.03 0.13

13 31.2 1442 acetic acid vinegar, sour 0.03 0.50

14 31.4 1447 1,2-epoxy-p-menth-8-ene* roasted bean 0.03 0.17

15 32.9 1471 α-longipinene* 0.14 0.20

16 35.4 1511 unknown 0.50 0.88

17 37.3 1545 linalool sweet 0.03 0.09

18 37.8 1553 4,5-epoxy-1-isopropyl-4-methyl-1-cyclohexene* floral, sweet milk 0.95 1.80

19 39.0 1573 longifolene body-odor-like, unpleasant 0.91 0.61

20 39.4 1580 bornyl acetate metallic 0.15 0.24

21 40.4 1596 β-caryophyllene earthy, herbaceous 0.06 0.12

22 40.7 1601 4-terpineol minty 0.65 1.22

23 42.8 1639 3-thujen-2-one* herbal, cress-like 0.02 0.06

24 46.2 1698 α-terpineol herbaceous, floral n.d. 0.14

25 48.0 1732 carvone minty 0.09 0.28

26 49.1 1751 thymoquinone clayey 29.77 10.27

27 50.7 1780 cuminaldehyde sweet, floral n.d. 0.50

28 52.1 1806 2-tridecanone 0.15 0.23

29 53.0 1824 anethole minty n.d. 0.14

30 53.9 1842 p-cymen-8-ol floral, sweet 0.14 0.53

31 58.4 1929 piperitenone n.d. 0.06

32 63.1 2025 2-pentadecanone* 0.16 n.d.

33 64.0 2045 unknown 0.12 0.09

34 66.7 2099 cuminol (p-cymen-7-ol)* n.d. 0.38

35 68.3 2135 nonanoic acid 0.10 n.d.

36 69.9 2170 thymol 0.07 0.09

37 71.4 2201 carvacrol sweaty, rubber 2.85 3.65

38 71.9 2214 methyl hexadecanoate 0.08 0.48

39 73.0 2238 unknown 0.21 0.40

40 74.0 2262 decanoic acid hay-like 0.04 0.10

41 75.8 2301 unknown 0.60 0.43

42 87.0 2490 methyl linoleate breath-odor-like, unpleasant 1.33 4.02

43 93.5 2565 vanillin** vanilla, sweet 0.43 0.10

n.d.: not detected.
* Identified tentatively with only the mass spectrum.
** Detected with only GC-Olfactometry.
a Peak numbers correspond to those in Figure 1.
b Retention times by GC when using DB-WAX.
c Retention indices on DB-WAX.
d Peak area was calculated according to the response of the FID detector.
e Produced in Bangladesh.
f Produced in India.
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the DB-Wax column of Bangladesh and Indian samples are shown in
Figure 1.

The percentage weights components according to their order of
elution from the column is presented in Table 1. There was not a sig-
nificant variation in the identity of volatile components of N. sativa
mature seeds from Bangladesh and India, but the percentage composition
3

of each compound was different (Table 1), and many compounds were
already identified as the aroma compounds of black cumin [42, 43, 44,
45].

It was not possible to identify six compounds from seeds of each
origin by comparing with the existing spectra data in literature, frag-
mentation patterns of mass spectral, or the retention times and indices of



Figure 1. Gas chromatograms of essential oils of black cumin from Bangladesh (a) and from India (b). Compounds of the peak numbers are referred to Table 1. I.S. is
ethyl lactate which is the internal standard added to Bangladeshi (250 μg/g seed weight) and Indian (88 μg/g seed weight) seeds, respectively.
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the compounds. We could not identify a few compounds due to lack of
reference standards. Identification of compounds was performed and
reported only after comparing it with reference compounds and mass
spectral data (Table 1). Five compounds detected in Indian seeds were
not detected in Bangladeshi seeds and two compounds detected in Ban-
gladeshi seeds were not detected in Indian seeds. This may be due to
presence of components below the amount required for mass spectra
detection. An unidentified compound with a unique odor was found both
in Bangladesh and Indian seeds, contributing 4.92% and 7.46% of the
volatile constituents respectively.

Of the total volatile compounds of Bangladeshi seeds, major (87.93%)
portion comprise with p-cymene (36.35%), thymoquinone (29.77%),
α-thujene (12.40%), carvacrol (2.85%), β-pinene (2.41%), d-limonene
(1.64%), methyl linoleate (1.33%) and sabinene (1.18%) (Table 1). On the
other hand, p-cymene (41.80%), α-thujene (13.93%), thymoquinone
(10.27%), methyl linoleate (4.02%), carvacrol (3.65%), β-pinene (2.96%),
d-limonene (2.11%), 4,5-epoxy-1-isopropyl-4-methyl-1-cyclohexene
(1.80%), sabinene (1.50%) and 4-terpineol (1.22%) were the major repre-
sentative constituents of Indian seeds (83.24%). In the seeds from both
countries, p-cymene, thymoquinone and thujene were the major compo-
nents. This result agrees with the results obtained for seeds cultivated in
other countries such as Austria, Poland, Algeria, India, Iran, and Tunisia [4,
6, 7, 8, 43], with some variations in the quantitative compositions.
4

In the present study, p-cymene has been determined as the major
components in both Bangladeshi and Indian seeds of N. sativa, which is
consistent with findings from previous studies. However, there is a
compositional variation of p-cymene that exists between different studies
depending on the location of cultivation of seed [7, 8, 10]. Interestingly,
some study reported thymoquinone as the key components of N. sativa
essential oil [1, 9, 13]. In the present study, Bangladeshi N. sativa seeds
contained almost 3-fold thymoquinone (29.77%) compared to Indian
seeds (10.27%). Liu et al. [38] also reported a higher level of thymo-
quinone in seeds of Bangladesh compared to that of the Egyptian seed.
This effect may be due to environmental conditions on the flowering as
reported by D'Antuono et al. [46]. They reported that delay in sowing of
seeds reduced the content of thymoquinone, while increasing the
p-cymene and thymol content of N. sativa oil. Additionally, substantial
compositional differences in N. sativa seeds have been reported for
different plant origin [6, 8, 9, 30], seed maturity stages [30] and method
of cultivation e.g. irrigation regime or type and amount of fertilizer used
[31, 47, 48]. Thymoquinone has been reported as a promising thera-
peutic agent [13, 14, 15, 16, 17, 18].

As shown in Table 1, monoterpenes were the main components in
both Bangladeshi (88.36%) and Indian (79.96%) seeds, which is similar
to the findings of others [6, 46, 49]. The representative monoterpenes of
the total volatiles are monoterpene hydrocarbons, 54.53% vs 63.18%



Figure 2. The percentage variations of volatile monoterpenes obtained from black cumin seeds of Bangladesh and Indian origins.
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with main component p-cymene (36.35% vs 41.80%) followed by
α-thujene (12.40% vs 13.93%); monoterpene ketones, 29.86% and
10.61% with main component thymoquinone (29.77% vs 10.27%);
monoterpene phenols, carvacrol and thymol with a percentage of 2.92%
and 3.74%; and monoterpene alcohols, 4-terpineol and p-cymen-8-ol
making only 0.9% and 2.2% respectively for Bangladesh and Indian seeds
(Table 1). The sesquiterpene hydrocarbons represented only 0.97% and
0.73% of the essential oil respectively. Wais et al. [7] also reported that
sesquiterpenes and their oxygenated derivatives constituted only a small
fraction of the essential oil (0.7% and 0.3%, respectively) for seeds of
N. sativa cultivated in Poland.

As shown in Figure 2, the content of terpene ketones was much higher
in Bangladeshi seeds compared to Indian seeds, especially thymoqui-
none. On the other hand, Indian seeds contain higher amount of terpene
hydrocarbons, mainly p-cymene than that of Bangladeshi seeds. The
contribution of oxygenated terpenes in the total volatile constituents of
N. sativa seeds was much higher (>15%) for Bangladesh seeds than In-
dian seeds. It has been reported [28] that oxygenated terpenes are unique
and vital constituents for each essential oil and convey their distinct
representative odor and/or taste. Bourgou et al. [50] also reported
antioxidant activity and nitric oxide production inhibition ability of
terpenoids isolated from the essential oil of Tunisian Nigella sativa L.

4. Conclusion

Compositional analysis of cumin seeds from different sources is
necessary to select the best variety for a wide range of purposes. Since the
black cumin seeds cultivated and available in Bangladesh contained
much higher (3-fold) thymoquinone, thus use of Bangladeshi seeds for
medicinal purpose is a better option.
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