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The essential oil of black cumin seeds,Nigella sativaL., was tested for a possible antioxidant activity. A
rapid evaluation for antioxidants, using two TLC screening methods, showed that thymoquinone and the
components carvacrol, t-anethole and 4-terpineol demonstrated respectable radical scavenging property.
These four constituents and the essential oil possessed variable antioxidant activity when tested in the
diphenylpicrylhydracyl assay for non-specific hydrogen atom or electron donating activity. They were
also effective �OH radical scavenging agents in the assay for non-enzymatic lipid peroxidation in lipo-
somes and the deoxyribose degradation assay.

GC-MS analysis of the essential oil obtained from six different samples ofNigella sativaseeds and from
a commercial fixed oil showed that the qualitative composition of the volatile compounds was almost
identical. Differences were mainly restricted to the quantitative composition. Copyright# 2000 John
Wiley & Sons, Ltd.
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INTRODUCTION

The seeds ofNigella sativaL., an annual Ranunculaceae
herbaceous plant, have been used traditionally for
centuries in the Middle East, Northern Africa and India
for the treatment of asthma, cough, bronchitis, headache,
rheumatism, fever, influenza, eczema, as a diuretic,
lactagogue and vermifuge. Furthermore, black cumin
seeds are of importance as a carminative and spice, often
they are used as a condiment in bread and other dishes
(Lautenbacher, 1997; Merfortet al., 1997; Eschborn,
1997; Aboutablet al., 1986).

The black, angular seeds, in Arabia known as ‘Habbah
Sauda’, ‘Habbet el Baraka’, ‘Kamun-aswad’ and
‘Shunez’ (Houghtonet al., 1995), contain 36%–38%
fixed oil (‘Al Amin’, ‘Al-Khaial’), proteins, alkaloids,
saponins and 0.4%–2.5% essential oil (Lautenbacher,
1997).

The generation of reactive oxygen species (ROS)
beyond the antioxidant capacity of a biological system
gives rise to oxidative stress (Gutteridge and Halliwell,
1994; Maxwell, 1995; Sies, 1991). Free radical oxidative
stress has been implicated in the pathogenesis of a variety
of human diseases such as atherosclerosis, diabetes
mellitus, hypertension, inflammation, cancer and AIDS
(Halliwell and Gutteridge, 1989). SinceNigellaseeds are
used for the treatment of inflammatory diseases it was
reasonable to investigate the ability of the volatile oil to
act as a radical scavenger. Various pharmacological tests
were carried out to investigate different compounds of
black cumin seeds (El-Dakhakhny, 1965; Mahfouzet al.,
1965; Marozziet al., 1970; Akhtaret al., 1996; Khannaet

al., 1993). However, little is known about the activity of
the volatile oil of N. sativa (Mahmoud and Shaheen,
1996; El-Kamaliet al., 1998). Preliminary experiments
(Houghtonet al., 1995) showed that both the fixed oil and
thymoquinone, the main compound of the essential oil,
inhibit non-enzymatic lipid peroxidation in liposomes.
The aim of the present study was to evaluate the anti-
oxidant properties of the essential oil of black cumin
seeds and to find out which components contribute to this
effect. In addition the main compounds of several seed
samples were examined by GC-MC analysis.

MATERIALS AND METHODS

Plant material. The material used in studies for anti-
oxidant activity were commercial seeds from Ritzberger
(Linz, Austria). For GC-analysis three samples of seeds
were bought from wholesalers (Ritzberger, Linz and
Kottas, Vienna), and three specimens ofN. sativawere
purchased from markets in Graz and Vienna. Voucher
specimens are deposited at the herbarium of the Institute
of Pharmacognosy, University of Graz. The fixed oil of
black cumin seeds was bought from Gall-Pharma
(Judenburg, Austria).

Chemicals. Chemicals were purchased from Fluka
(Buchs, Switzerland). Diphenylpicrylhydrazyl, thymo-
quinone and bovine brain phospholipids were bought
from Sigma (Sigma-Aldrich GmbH, Sternheim,
Germany). Carvacrol, 4-terpineol and t-anethole were
bought from Dragoco (Vienna, Austria) and quercetin
was from Roth (Karlsruhe, Germany). TLC was carried
out on silica gel F254 aluminium sheets (Merck,
Darmstadt, Germany).
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Extraction of the oil. Crushedseedswerecontinuously
extractedwith light petroleum(BP 40°–60°C) using a
Soxhlet apparatus.The solvent was removed under
vacuumand the brownish residuewas steamdistilled.
Extraction of the aqueousdistillate with n-hexaneand
removalof thesolventgavethevolatile oil.

In comparisontheoil wasalsoisolatedthroughhydro-
distillation using the apparatusof the Austrianpharma-
copoea(Clevingerapparatus).Throughthis processonly
averysmallamountof essentialoil wasobtained,but the
main disadvantagewas that the percentagecontentof
thymoquinonewas only 3% insteadof 48% obtained
usingSoxhletextraction.For this reasonthe volatile oil
for the experimentswas isolated by the procedure
describedaboveandnot by hydrodistillation.

From the commercialfixed oil a volatile fraction was
obtainedby steamdistillation.

GC-MS analysis. In the presentwork both volatile oil
samplesfrom six different samplesof seedsand the
volatile fraction obtainedfrom a commercialfixed oil
were analysedand their qualitative and quantitative
compositioncompared.

Analyseswerecarriedout on a Hewlett-Packard5890
SeriesII Plusgaschromatographinterfacedto a Hewlett
Packard 5989B mass spectrometer.Separationswere
performedon Ultra 1 (49 m� 0.20mm I.D., 0.11mm,
Hewlett-Packard)and DB-Wax (60 m� 0.25mm I.D.,
0.25mm, J&W Scientific)capillarycolumns.Heliumwas
usedas a carrier gas (1.0mL/min C.F.) and the oven
temperaturewas programmedas 70° to 230°C with a
heatingrateof 2°C/min. Injector andinterfacetempera-
tures were 230°C and 250°C, respectively.EI mass
spectrawere recordedat 70eV ionization voltageover
the mass range 40–400u. Samples (0.5mL of oil
solutions1:10in hexane)wereinjectedby split injection
(1:33).

Temperatureprogrammedretention indices of the
compoundswere determinedrelative to the retention
timesof a seriesof n-alkanes.

Identification of the compoundswas accomplished
usinga massspectralibrary (Wiley 138K andlaboratory
owndatabase)aswell asretentionindicesasanauxiliary
confirmationtool (BucarandSchweiger,1998).

Rapid screeningfor antioxidants. The diluted volatile
oil (5 mL, 1:10in hexane)wasspottedonsilicagelsheets
anddevelopedin toluene–ethylacetate(97:3v/v). Spray-
ing with b-carotene–linoleicacid reagent (Pratt and
Miller, 1984) and a 0.2% solution of the stableradical
diphenylpicrylhydrazyl, DPPH (Cuendetet al., 1997;
Kirby andSchmidt,1997),onanotherplatedetectedfour
potentialradicalscavengingcompounds.

DPPH assay.TheDPPHtestwascarriedoutasdescribed
before(Cuendetet al., 1997;Kirby andSchmidt,1997).
50mL of various dilutions of the essentialoil and its
active main compoundswere mixed with 5 mL of a
0.004%methanolsolutionof DPPH.After anincubation
periodof 30min, theabsorbanceof thesampleswasread
at 517nm using a Jasco 7800 spectrophotometer.
Butylhydroxytoluene(BHT), quercetinandascorbicacid
wereusedaspositivecontrols.

Assay for non-enzymatic lipid peroxidation in lipo-
somes.The experimentwascarriedout asdescribedby

Houghton et al. (1995) with small modifications.
Phospholipidliposomeswere preparedfrom Type VII
Folch bovine brain extract (Sigma) by mixing with
KH2PO4–K2HPO4 buffer (5 mg/mL) andstoringat 4°C
for 2 days.Beforethetestit wassonicatedundercooling
with iceuntil amilky solutionwasobtained.Thereaction
mixturecontainedin a final volumeof 1.0mL 500mL of
this suspension,300mL buffer, containing the com-
poundstested(dissolvedin buffer/Tween80, which was
usedin amaximumconcentrationof 1.5%of thereaction
mixture), 100mL of FeCl3 (1 mM) and 100mL ascorbic
acid (1 mM) to start peroxidation.Sampleswere incu-
batedat 37°C for 1 h, after that liposomelipid peroxida-
tion wasmeasuredusingthereactionwith thiobarbituric
acid,TBA (Houghtonet al., 1995;Aruomaet al., 1989).
1.0mL of TBA (1% in 50mM NaOH),1.0mL trichlor-
acetic acid, TCA, (2.8%) and 100mL BHT (2% in
ethanol)wereaddedandtubeswereheatedat 100°C for
20min. After cooling2.5mL of n-butanolwasaddedand
reaction mixtures were centrifuged at 3500rpm for
5 min. Theabsorbanceof theorganiclayerwasmeasured
at 532nm. All reactionswere carried out in triplicate.
Quercetinwas usedas a positive control. All reagents
werepreparedfreshly.

Inhibition (I) of lipid peroxidation in percent was
calculatedby following equation:

I �%� � 100� �A0ÿ A1=A0�
where A0 was the absorbanceof the control reaction
(= full reaction,containingnotestcompound)andA1 was
theabsorbancein thepresenceof the inhibitor.

Deoxyribose assay. The assay was performed as
describedby Halliwell et al. (1987)with minor changes.
All solutions were prepared freshly. 1.0mL of the
reactionmixture contained100mL of 28mM 2-deoxy-
2-ribose(Fluka, dissolvedin KH2PO4–K2HPO4 buffer
pH 7.4),500mL solutionof variousconcentrationsof the
oil or theotherfour compounds(in bufferandTween80),
200mL of 200mM FeCl3 and1.04mM EDTA (1:1 v/v),
100mL H2O2 (1.0mM) and 100mL ascorbic acid
(1.0mM). After an incubationperiodof 1 h at 37°C the
extentof deoxyribosedegradationwasmeasuredby the
TBA reaction.1.0mL of TBA (1%in 50mM NaOH)and
1.0mL of TCA wereaddedto the reactionmixture and
thetubeswereheatedat 100°C for 20min. After cooling
the absorbancewas read at 532nm against a blank
(containingonly buffer anddeoxyribose).

Theabsorbance(A1) readat theendof theexperiment
wasusedfor thecalculationof thepercentageinhibition
of deoxyribose degradation by the test compound.
Calculationsweredoneasmentionedbefore.

The IC50 value representedthe concentrationof the
compounds,thatcaused50%inhibition. All experiments
were carriedout in triplicate. Quercetinwas usedas a
positivecontrol.

Assay for site-specificreactions. This assaypresented
only another feature of the deoxyribosemethod. To
assesssite-specific actions (Halliwell et al., 1987;
Aruoma,1996a;Aruomaet al., 1997) it wasadaptedin
the following threeways:

1. The deoxyriboseassaywascarriedout asmentioned
before,exceptthat100mL of FeCl3 insteadof 200mL
of Fe3�-EDTA-solutionwasadded.
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2. The test was performedwithout ascorbicacid as a
starterfor oxidation.

3. Deoxyriboseitself was omitted from the assay.The
lacking volumewasalwayscompletedwith buffer.

RESULTS

GC-MS analysis

The isolation of the essentialoil by Soxhletextraction
andhydrodistillationgavea yield of 0.41%–0.44%.The
percentagecontentof thymoquinonewas between28%
and 57%. Through distillation with the Clevinger
apparatus0.18% volatile oil was obtained and its
thymoquinonecontentwas only 3%. Only oil samples
obtainedby Soxhlet extraction/steamdistillation were
usedfor the in vitro tests.

Sevensamplesof essentialoil of N. sativa, whichwere
all obtainedby Soxhletextractionandsteamdistillation,
were investigated by GC-MS. 32 compoundswere
identified. As shown in Table 1 the main fraction of
every volatile oil examinedconsistedof a mixture of

monoterpenes.Themaincompoundswerethymoquinone
(30%–48%),p-cymene(7%–15%),carvacrol(6%–12%),
4-terpineol (2%–7%), t-anethole (1%–4%) and the
sesquiterpenelongifolene(1%–8%).

Traces of the esters of certain saturatedand un-
saturatedfatty acidswerealsopresentin thevolatile oils.
No disulphides,which weredetectedin the essentialoil
of blackcuminseedsby Aboutablet al. (1986)couldbe
found.

The sevenanalysedvolatile fractions had an almost
identical qualitative composition. Considerablevaria-
tionsin thequantitativecompositioncouldbefound(see
Table1).

TLC-screening for antioxidant compounds

Thevolatile oil of theseedswastestedfor its antioxidant
activity startingwith a rapid TLC screening.

In thefirst testtheTLC sheetwith theelutedessential
oil was sprayedwith b-carotene–linoleicacid reagent.
The chromatogramwas exposedto daylight until the
backgroundcolourwasbleached(45min afterspraying).
Zones in which a yellow colour persistedpossessed
antioxidantactivity. Becauseof theorangecolourof the

Table 1. GC-MS analysisof sevensamplesof Nigella sativaessentialoil on ultra 1 column
Compound Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7

a-Pinene 0.85 0.30 0.94 2.00 0.43 0.53 0.20
Camphene 0.05 �0.01 �0.01 �0.01 �0.01 �0.01 Ð
b-Pinene 0.52 0.10 1.80 0.29 0.23 0.49 0.15
Sabinene 0.33 0.09 1.20 0.42 0.18 0.28 0.08
b-Myrcene 0.05 0.16 �0.01 0.40 0.12 0.15 Ð
a-Terpinene 0.12 0.11 �0.01 0.05 0.07 0.02 0.05
Limonene 1.12 0.29 3.30 1.17 0.80 1.10 0.37
b-Phellandrene �0.01 0.08 �0.01 0.01 0.02 �0.01 Ð
1,8-Cineole 0.12 0.04 0.02 0.09 0.07 0.05 0.19
g-Terpinene 0.31 0.12 1.10 0.45 0.02 0.02 Ð
p-Cymene 15.53 12.0 14.2 11.0 13.9 15.20 7.07
a-Terpinolene �0.01 �0.01 �0.01 0.05 0.02 0.01 �0.01
2-Heptanal �0.01 Ð 0.04 �0.01 Ð 0.12 0.38
Thujone 0.03 0.07 0.10 0.08 0.06 0.20 0.15
Trans-Sabinenehydrate 0.16 0.12 Ð 0.05 0.21 0.20 0.12
Longipinene 1.37 0.21 1.06 1.68 1.25 1.68 0.20
Camphor 0.06 0.06 0.05 0.07 0.07 0.10 0.05
Linalool 0.19 0.25 0.13 0.35 0.22 0.38 0.44
cis-Sabinenehydrate 0.06 0.09 Ð Ð 0.08 0.16 Ð
Longifolene 7.20 1.26 4.30 7.37 5.00 8.00 1.31
Bornylacetate 0.46 0.28 0.41 0.47 0.41 0.82 0.49
2-Undecanone 0.12 Ð Ð 0.47 0.11 0.14 Ð
4-Terpineol 3.10 4.02 3.10 2.16 1.98 6.59 3.43
Borneol 0.12 �0.01 Ð 0.47 0.25 0.25 0.24
Carvone 1.05 0.88 Ð 0.93 0.34 0.93 0.13
Thymoquinone 45.30 46.60 43.90 48.30 57.0 27.8 35.30
2-Tridecanone 0.32 0.11 Ð 0.29 0.38 0.13 0.22
t-Anethole 1.97 1.30 2.3 4.28 0.25 0.80 1.28
p-Cymene-8-ol 0.39 0.78 Ð 0.25 0.45 0.41 Ð
p-Anisaldehyde 0.07 Ð 0.02 �0.01 0.06 �0.01 Ð
Thymol 0.15 0.25 0.09 0.11 0.11 0.24 0.20
Carvacrol 7.20 11.6 5.80 7.42 8.41 10.77 8.50
Unknown peaka 4.04 5.57 11.0 4.9 4.9 10.53 6.17
Total 92.14 86.77 94.91 95.61 98.3 88.13 66.73b

Samples 1, 3 and 4 were purchased from wholesalers, seeds 2, 5 and 6 were bought from markets in Graz and Vienna; sample 7
was obtained from extraction of commercial black cumin ®xed oil.
a m/z (% rel.int.): 168 (3), 153 (98), 136 (48), 125 (100), 121 (47).
b The fatty acid content of the essential oil was 16.3% (after steam distillation of the ®xed oil).
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essentialoil and its main compound thymoquinone,
differencesin colour betweenthe backgroundand the
spotsthemselveswerenoteasyto examine.To overcome
this disadvantagea secondsprayingreagentwasused.

With the DPPH reagentthe active compoundswere
detectedas yellow spotson a violet background.Only
zoneswhere the colour turned from purple to yellow
within the first 30min (after spraying) were taken as
positive results.Two spotsappearedimmediatelyafter
spraying the chromatogram.They were identified by
meansof referencesubstancesas carvacroland thymo-
quinone.Two other zones(t-anetholeand 4-terpineol)
changedtheir colour15min later.

All four compoundsweresubjectedto further testing.

DPPH assay

In theDPPHtesttheability of acompoundto actasdonor
for hydrogenatomsor electronswasmeasuredspectro-
photometrically.

Both the oil and the pure compoundswere able to
reducethe stableradical DPPH to the yellow coloured
diphenylpicrylhydrazine. The strongest effect was
measuredfor the monoterpene,carvacrol,with an IC50
of 28.8mg/mL. The resultsareshownin Table2.

Non-enzymaticlipid peroxidation

Ox brain phospholipid liposomesundergorapid non-
enzymaticperoxidationwhen incubatedwith FeCl3 and
ascorbicacid. The use of Fe(III) in the presenceof a
reducingagentsuchasascorbateproduces�OH (Aruoma,
1996b).A widely usedtest for analysingthe extentof
lipid peroxidation is the measurementof the pink
pigment,absorbingat532nm,producedthroughreaction
of 2-thiobarbituricacidandoxidationproducts,not only
with malondialdehydebut also with other aldehydes
(Kosugietal., 1987).Dilutionsof theoil, thymoquinone,
carvacrol,t-anetholeand4-terpineolwereexaminedfor
their ability to act as �OH radicalscavengingagents.As
demonstratedin Fig. 1 the volatile oil exhibiteda very
strong antioxidanteffect. 0.0011mg of it could inhibit
50% of lipid damage.The IC50 for thymoquinonewas
1.84mg/mL and 9.3mg/mL for carvacrol.The weakest
inhibition wasmeasuredfor 4-terpineol.

Deoxyribosedegradation

Ferric-EDTAwasincubatedwith H2O2 andascorbicacid
atpH 7.4.Hydroxyl radicalswereformedin freesolution
andweredetectedby their ability to degrade2-deoxy-2-
riboseinto fragmentsthatonheatingwith TBA at low pH
form apink chromogen(Halliwell etal., 1987;Aruomaet
al., 1989). When Nigella essentialoil or its active
componentswere addedto the reaction mixture they
removedhydroxyl radicalsfrom thesugarandprevented
the degradation.The results are shown in Fig. 2.
Carvacrolwas the most effective inhibitor of the free
radicalsugardegradationwith an IC50 of 21mg/mL.

Assayfor site-specificactions

The deoxyribosetestwasadoptedto assesssite-specific
reactions.

When iron is addedto the mixture as ferric chloride
insteadof chelatediron someof the Fe3� ions bind to
deoxyribose.The damageto the carbohydratebecomes

Table 2. Effect of the test compoundsin the DPPH assay
Test compounda IC50

b

Essential oil 460.0
Thymoquinone 211.0
Carvacrol 28.8
Quercetin 1.31
Butylhydroxytoluene 12.12
Ascorbic acid 3.76

a 4-terpineol and t-anethole could not inhibit 50% of the re-
action under test conditions. The limiting factor was the
volume of the test samples of 50mL, which was added to
the DPPH reagent.
b Concentration (mg/mL) for a 50% inhibition.

Figure 1. Inhibition of the non-enzymatic lipid peroxidation
by the essential oil of N. sativa, thymoquinone, carvacrol,
4-terpineol, t-anethole and quercetin (positive control).

Figure 2. Inhibition of the radical degradation of 2-deoxy-
2-ribose by the essential oil, thymoquinone, 4-terpineol,
t-anethole, carvacrol and quercetin (positive control).
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site-specificsuchthat the �OH radicalswhich areformed
by boundiron ionsimmediatelyattackthesugar(Aruoma
et al., 1987).Only componentsthat areableto interfere
with site-specific-Fentonchemistry (Aruoma, 1991;
Halliwell, 1990) inhibit the deoxyribosedegradation
undertheseconditions.Neitherthymoquinonenoranyof
the three other componentscould inhibit this reaction
(Table3). In a concentrationof 1.0ml/mL thevolatile oil
interferedwith colour developmentduring this FeCl3-
assay.When testedat a lower concentrationno inter-
ferenceoccurred.

If ascorbateis omitted from the reactionmixture the
ability of a substanceto reduce ferric-EDTA can be
examined.In theabsenceof ascorbicacida slow rateof
hydroxyl generationresults.If an agentpossessespro-
oxidativeactivity the deoxyribosedegradationis stimu-
lated,more fragmentsareproducedand the absorbance
increases.None of the tested compoundsstimulated
peroxidationundertheseconditions.

Finally it wascheckedwhetherthe compoundsunder
examination themselvescould form degradationpro-
ducts, like aldehydes,that react with TBA to give
colouredproducts.By omissionof deoxyribosefrom the
reaction mixture, the oil and the pure components,
respectively,were the only agentsto react with �OH
radicalsin theway mentionedabove.Noneof the tested
agentswas able to form thiobarbituric acid reactive
material, TBARS (Aruoma and Cuppett, 1997). The
resultsof this experimentarealsoshownin Table3.

DISCUSSION

In a seriesof in vitro tests the essentialoil exhibited
antioxidantactivity. It actedas a donatingagentin the
DPPHassayandpossessedhydroxyl radicalscavenging
properties in both the assayfor non-enzymaticlipid
peroxidation and the deoxyribosetest. This was not
obvious,as antioxidantsthat protect lipids againstfree
radicaldamagemayactuallyacceleratedamageto other
molecules,suchas carbohydrates,undercertain condi-
tions (Aruoma,1996a;Gutteridgeand Halliwell, 1994;
Aruoma et al., 1997). So it is always important to
examinesuspectedantioxidantactivity in differentassays
involving lipids andcarbohydrates.

In the site-specificassaysneitherthe essentialoil nor
the compoundsthymoquinone,carvacrol,t-anetholeor
4-terpineol,which contributeto the radical scavenging
effectof thevolatile fractionin adifferentstrongmanner,
exhibited prooxidantactivities. Further studieswill be
neededto confirmtheseresultsby checkingtheoil andits
active componentsin assaysinvolving DNA damage,
suchasthebleomycinassay(Halliwell, 1993;Gutteridge
et al., 1981;Aruoma,1991).

Looking at theeffectsof theessentialoil andthepure
compoundsin the different assaysand comparingthe
results, it seemsthat the three monoterpenesand t-
anetholearenot theonly radicalscavengingcompounds
in the oil. At least in the lipid peroxidation test the
essentialoil possesseda strongantioxidativeeffect that
cannot just beachievedby summarizingtheactivitiesof
the four compounds. It is possible that there are
synergisticeffects,as they were demonstratedto exist
in drugsusedfor the cureof gastricdiseasesandplants
with radicalscavengingproperties(Beckstrom-Sternberg
andDuke,1994),but theremight alsobe anotheractive
principle not yet identifiedin theoil.

Analysing the mechanism(s)involved in the radical
scavengingbehaviour of N. sativa volatile oil it is
obvious that there are no agentswith iron-complexing
ability, as the test compoundsfailed to inhibit deoxy-
ribosedegradationwheniron wasaddedasFeCl3 instead
of Fe3�-EDTA. Only compoundsthatcomplexiron ions
canpreventoxidationundertheseconditions(Gutteridge,
1984;AruomaandHalliwell, 1988;Aruomaetal., 1987).

Theresultsof thepresentstudy,whichdemonstratethe
radicalscavengingactivity of N. sativa, indicatethat the
use of black cumin seedsfor the treatmentof various
inflammatorydiseasesseemsquiteusefulandreasonable.
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