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Abstract The fruits of Bunium persicum (Boiss.) B.

Fedtsch were collected throughout Iran from ten

populations and assessed for their essential oil com-

position and antioxidant activity. The volatiles were

analyzed by GC/MS/FID after microdistillation and

SPME. All 10 accessions had the same major volatiles

roughly in the order c-terpinene = cuminal [ c-ter-

pinen-7-al [ p-cymene [ limonene [ a-terpinen-7-

al although they origin from quite different sites.

Nevertheless these plants that are able to grow in a

wide range of environments may present the base for

domestication with the aim to optimize essential oil

yield with a high proportion of aldehydes. The

methanolic extracts of the fruits showed a moderate

antioxidant potential.

Keywords Apiaceae � Bunium persicum �
Cuminaldehyde � Essential oil � a-Terpinen-7-al �
c-Terpinen-7-al

Introduction

Since ancient times, herbs and spices have been added

to food to improve the flavor and organoleptic

properties, but also as preservatives. In recent years,

the essential oils and the herbal extracts from various

species of edible and medicinal plants have attracted a

great deal of scientific interest due to their potential as

a source of natural agents to increase the safety and

shelf life of foods and of natural biologically active

compounds (Bozin et al. 2006). Essential oils are very

complex natural mixtures which can contain about

20–60 components at quite different concentrations.

Bunium persicum (Boiss.) B. Fedtsch or black

cumin is a plant from the Apiaceae family, especially

grown in different regions of Iran. B. persicum seeds

are called ‘‘zireh kuhi’’, meaning ‘‘wild cumin’’, and

are used as a culinary spice (Mortazavi et al. 2010). In

the indigenous system of medicines, seeds are

regarded as stimulants and carminatives and found to
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be useful in diarrhea and dyspepsia (Baser et al. 1997).

Also, this plant is used for culinary purposes and for

flavoring foods and beverages. Additionally anti-

fungal properties as activity against Fusarium species

may present a further promising application of this

plant (Sekine et al. 2007). The considerable point is the

plant has been forced into the endangered category due

to the recent relentless extraction of seeds obtained

from wild habitats. The main depletion factor has been

found to be the thoughtless and unscientific commer-

cial collection of its seeds for rapid financial gains.

The competition for its seeds is so severe that, instead

of collecting the ripe seed, the entire plant is removed

even when the seeds are immature (Azizi et al. 2009).

Overexploitation is not only a matter of concern in Iran

but also in the Himalaya (Sofi et al. 2009).

Bunium persicum might have originated in the area

between Central Asia and Northern India. It is found

growing naturally in alpine and sub-alpine habitats of

northwestern Himalayas at an altitude of

1,800–3,500 m. It generally grows in forests, grassy

slopes, and to some extent in low alpine pastoral lands

(Sofi et al. 2009). It is a temperate plant, economically

important, naturally occurring in the dry temperature

and elevated regions where the winter is severe and the

ground is under snow in winter, because a long chilling

period is essential for germination of seeds (Saeidne-

jad et al. 2013a). These regions include mainly a wide

geographical distribution in Iran and also some other

areas such as Afghanistan, Pakistan, Tajikistan and

North India (Hanelt et al. 2001; Panwar 2000; Panwar

et al. 1993).

Plant varies from dwarf (30 cm) to tall (80 cm)

compact or spreading, moderately to highly branched,

tuberous and perennial herb (Panwar 2000). The stem

is often hollow in the internodal region with secretory

canals containing essential oils and resins. The leaves

are freely, 2–3 pinnate with finely dissected and

filiform sections. The flowers are small, white in color

with readily symmetrical small sepals, petals and

stamens. The bracts are linear, sometimes divided, and

bracteoles are absent with asymmetrical rays (Sofi

et al. 2009). The mericarps are oblong to oblong-

lanceolate with three longitudinal ridges, a small

stylopodium and styles\1 mm (Fig. 1).

The chromosome number is 2n = 14. The plant has

not been subjected to any vigorous crop improvement

work and there are no approved varieties or improved

cultivars (Panwar 2000). A recent study regarding to the

genetic diversity of Iranian B. persicum germplasm by

morphological markers showed that the heritability of

morphological traits was high and the ecotypes exhibited

a high genetic variations from the viewpoint of coeffi-

cient of variations (Azimzadeh et al. 2012). Despite

knowing high economical value and high quality genetic

sources of B. persicum, there are lots of unknown and

unstudied cases about this amazing species.

It was reported that B. persicum seeds are rich in

essential oil (up to 7 %), with a higher amount of

monoterpene aldehydes than other monoterpenes (Thap-

pa et al. 1991). Generally, the main components are

cuminaldehyde, p-mentha-1,3 dien-7-al (=a-terpinene-

7-al) and p-mentha-1,4-dien-7-al (=c-terpinene-7-al);

terpene hydrocarbons are c-terpinene, p-cymene, b-

pinene and limonene. The latter compounds are thought

to reduce the quality of the spice (Thappa et al. 1991;

Baser et al. 1997; Foroumadi et al. 2002).

Azizi et al. (2009) studied the content and constit-

uents of two wild population of Bunium persicum

which were cultivated under farm conditions and

found c-terpinene as the main constituent, which was

associated with cuminaldehyde and c-terpinen-7-al.

Pourmortazavi et al. (2005) analyzed volatile constit-

uents in a supercritical fluid extract of B. persicum

using gas chromatography–mass spectrometry and

identified a total of 16 compounds. c-terpinene

(38 %), cuminaldehyde (11 %) and a-methyl ben-

zenemethanol (26 %) were the major compounds.

Although there are some information about the

chemical composition of the essential oil of B.

persicum, there is no information about the chemical

Fig. 1 Fruit of Bunium persicum
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composition of different ecotypes from different parts

of Iran. Thus, the aim of this study is to investigate the

essential oil content and constituents of ten ecotypes of

B. persicum collected from different regions of Iran.

Materials and methods

Plant materials and samples collection

In order to find the differences between different

ecotypes of B. persicum the main habitats of the plant

were located and climatic properties of each region

were evaluated. Afterward, ten areas were selected

and ten ecotypes were collected from natural habitats

located in seven provinces of Iran (Kerman, Yazd,

Qazvin, Semnan, Bandar-abbas, Fars and Khorasan

Razavi) (Fig. 2). Climatic information and soil sam-

ples of each area were also collected (Table 1). Fruits

were hand threshed to minimize any damage to the

fruits. A round holes sieve (2 mm diameter) was used

to clean fruit lots. Fruits were also separated manually

from other particles with similar size and empty or

half-filled seed. They were stored at 4–6 �C prior to

chemical analysis.

Analysis of the volatile fraction

Hydrodistillation

About 15 g from the whole seeds were subjected with

200 mL distilled water to hydrodistillation for 3 h in a

Clevenger type apparatus. The resulting essential oil

was collected and stored at -18 �C until further

analysis.

Microdistillation

As only small sample amounts were available from some

accessions the distillation was carried out using the

automatic microdistillation unit MicroDistiller from

Eppendorf (Hamburg, Germany). About 0.2–0.3 g finely

crushed dried plant material and 10 mL distilled water

were filled into the sample vial. The collecting vial, which

contained 1 mL water, 0.5 g NaCl and 300 lL n-hexane

was connected with a capillary to the sample vial. The

heating program applied to the sample vial was 15 min at

108 �C and then 45 min at 112 �C. The collecting vial

was kept at -2 �C, where the volatiles were trapped in

0.3 mL n-Hexane containing 0.06 mg hexadecane as

internal standard. Each sample was microdistilled twice.

Fig. 2 Geographical

distribution of the collected

ecotypes on different

provinces of Iran. Name and

climatic properties of each

region is presented on

Table 1
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SPME

20 mg of the seeds were cut with a razor blade to open

the oil ducts and put into a 10 mL vial together with a

filter paper disc (6 mm in diameter) soaked with

10 lL of camphor as internal standard (0.1 mg/mL in

methanol). The vial was tightly closed with a septum

and further processed in the CTC-PAL autosampler

with the mounting for SPME fibers.

So the SPME fiber (PDMS-DVB Polydimethylsi-

loxane-Divinylbenzene, Supelco, Bellefonte, PA,

USA) was exposed for 30 min at 50 �C while stirring

to the headspace of the sample. Afterwards the fiber

was introduced into the injection port of the GC

system and desorbed for 3 min at 250 �C. Each sample

was analyzed twice with SPME.

GC and GC–MS

The analyses were carried out on an Agilent Technol-

ogies 7,890 A gas chromatograph equipped with a

5,975 C quadrupole mass selective detector, a flame

ionization detector (FID) and a CTC-PAL autosam-

pler. The separation was done on a 30 m 9 0.25 mm

fused silica column coated with 0.25 lm HP5-MS

with helium as carrier gas at a constant flow rate of

1.4 mL/min. The injector temperature was held at

250 �C. The compounds eluting from the column were

distributed with a Deans switch at equal proportions to

the detector of the mass spectrometer (MSD) and FID.

The total ion current (m/z 40–400) from the MSD was

used to identify the compounds according to their

mass spectra and their retention indices (McLafferty

1989; Adams 2007). The FID signal without any

correction was used to calculate percentage composi-

tions or the amounts of the essential oil constituents. In

the latter case the same response as for the internal

standard was assumed.

The temperature program consisted of three differ-

ent temperature levels. Temperature was held 1 min at

50 �C, followed by 5 �C/min up to 220 �C, finally rose

to 280 �C with 15 �C/min. For the SPME analyses the

split ratio was set at 10:1. The injection volume of

liquid samples, generated by microdistillation or

Table 1 Origins of the accession, annual precipitation, altitude and soil properties of habitats of the evaluated accession of Bunium

persicum

Accession Collected location Altitude

(m)

Annual

precipitation

(mm)

Soil properties were plants grown

Texture EC

(dS/m)

pH Organic

carbon

(%)

1 Zar mountain (Damghan, Semnan province) 1,650 77 Clay 0.6 7.8 1.7

2 Alamoot mountain (Qazvin province) 1,500 300–400 Loamy sand 0.4 7.6 1.6

3 Geno mountain (Bandar-Abbas, Hormozgan province) 2,050 80–120 Clay 0.6 7.6 1.6

4 Khajeh forest (Kelat, Khorasan Razavi province) 920 200–250 Clay 0.5 7.8 1.7

5 Chelmir (Daregaz, Khorasan Razavi province) 260 1,300 Loamy sand 0.5 7.3 1.4

6 Lakhse mountain (Mehriz, Yazd province) 1,040 195 Loam 0.7 7.6 2.2

7 Freezi village (Chenaran, Khorasan Razavi province) 1,680 230 Clay 0.6 7.5 1.9

8 Toodaj mountain (Estahban, Fars province) 1,860 340 Silty loam 0.6 7.5 1.9

9 Margiri mountain (Joopar, Kerman province) 2,950 155 Loam 0.7 7.6 2.2

10 Mashhad (Khorasan Razavi province) 979 241 Silty loam 0.6 7.4 1.8

Fig. 3 Essential oil content and proportion of the aldehyds

(cuminal ? c-terpinen-7-al ? a-terpinen-7-al in the accessions

of Bunium persicum
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hydrodistillation, was 1 lL with a split ratio of 100:1.

The FID was operated at 250 �C and supplied with

30 mL/min H2 and 300 mL/min air.

Polyphenols and antioxidant activity

Extraction: About 50 mg of the finely powdered

fruits were extracted with 8 mL methanol for 30 min

in an ultrasonic bath. The extracts were filtered and

kept at -18 �C until further analysis. The measure-

ments of polyphenols and antioxidative activity were

based on colorimetric reactions and were adapted to be

measured with a microplate reader (Bio Rad, iMark).

Total phenolics: This fraction were assayed with the

Folin-Ciocalteu reagent. In the wells of the microplate

10 lL extracts was added to 100 lL aqua dest.

followed by 5 lL Folin-Ciocalteu reagent, 10 lL

Na2CO3 (35 % in aqua dest.) and again 125 lL aqua

dest. After 1 h resting in the dark the plate is measured

at 750 nm. To calibrate the color formation seven

concentration steps (ranging from 0.2 to 2.5 lg caffeic

acid in 110 lL were taken instead the sample and the

initial water volume.

Total flavonoids: The assay is based on the reaction

of flavonoids with NaNO2 and AlCl3 which gives pink

colored complexes (Leontowicz et al. 2003). The total

sample volume was 140 lL (40 lL extract and

100 lL aqu. dest). To this portion 15 lL NaNO2

(2.5 % in aqu. dest.) was added followed by 15 lL

aluminium chloride (10 % AlCl3�6 H2O in aqu. dest).

After 5 min there was an addition of 50 lL 1 n NaOH

and further 5 min later the plate was measured at

490 nm. The calibration curve was constructed with

increasing concentration of catechine (1–10 lg in

140 lL instead of the sample).

DPPH-test: Antioxidants react with the stable rad-

ical DPPH (2,2-diphenyl-1-picrylhydrazyl) which is

decolorized. A portion of the sample (5–25 lL) made

up to 100 lL methanol were incubated for 30 min in

the dark with 100 lL DPPH reagent (0.015 % in

methanol) in the microplate wells. Increasing volumes

(0–8 ll) of trolox (0.62 mg/mL in ethanol) made up to

100 lL with methanol instead of the samples were

used to obtain a calibration curve. A preparation

consisting of 50 lL trolox, 50 lL aqu. dest. and

100 lL DPPH reagent where the DPPH was com-

pletely decolorized was taken as blank and subtracted

from all measurements. The decolorisation was mea-

sured at 490 nm.

FRAP: Antioxidants are able to reduce ferric

(Fe???) ions. The resulting ferrous ions (Fe??)

form a deep blue complex with 2,4,6-tripyridyl-s-

triazine (TPTZ) (Benzie and Strain 1996). In the

microplate wells 9 lL sample, 15 lL aqua dest. and

180 lL working reagent were mixed and measured

after 5 min at 595 nm. The working reagent con-

sisted of 25 mL acetic acid buffer (300 mmol/L),

pH 3.6, 2.5 mL 10 mmol/L TPTZ in 40 mmol/L

HCl and 2.5 mL FeCl3 solution (20 mmol/L). A

calibration curve was generated using increasing

amounts of trolox from 0.06 to 2.4 lg/well (7 steps)

instead of the samples.

Statistical analysis

The statistical analyses were done with the package

SPSS for Windows, version 17.0. A hierarchical

cluster analysis using the Euclidian distance was

carried out to group the B. persicum accessions

according to their essential oil composition. The

percentages of 17 compounds of the microdistillates

have been taken into consideration. Pearson correla-

tion coefficients were calculated to address relation-

ships between soil parameters, essential oils and

antioxidant tests.

Results and discussion

The volatiles in the fruits of B. persicum were

analyzed with different methods. Accessions 4 and

10 where enough fruits were available were extracted

by a classical hydrodistillation. They yielded 2.3 and

2.4 % (v/w) essential oil whose composition is shown

in Table 2. Both oils were similar with c-terpinene as

main compound followed by c-terpinen-7-al and

cuminaldehyde. Together the aldehydes (cuminal, c-

terpin-7-al and a-terpinen-7-al) represented 47.3 and

47.6 % of the essential oil fraction.

The fruits from all 10 accessions were extracted by

microdistillation and the resulting oil fractions ana-

lyzed by GC (Table 2). This technique is a good

alternative to a classical hydrodistillation and gives

usually comparable results (Baser et al. 2006;

Kurkcuoglu et al. 2003). Cuminaldehyde was the

Genet Resour Crop Evol (2014) 61:1621–1631 1625
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dominating monoterpene followed by c-terpinene, c-

terpinen-7-al and p-cymene. Limonene, a-terpinen-7-

al and b-pinene were minor compounds (about

1.5–6 %) whereas all other compounds afforded

\1 % of the oil. Although the samples were similar, a

classification was attempted based on the percentages

of the oil compounds (Fig. 4). Accession 10 had the

highest c-terpinen-7-al content (32 %), accession 9

Table 2 Composition of

the essential oils from the

hydrodistillation of two

selected Bunium persicum

accessions (2 and 4) and

mean composition of the

volatiles obtained by

microdistillation (MD) and

SPME

RI retention index, SD

standard deviation

n = 10

RI Hydrodistillation MD SPME

4 10 4 10 Mean SD Mean SD

% % lg/g lg/g % %

a-Thujene 930 0.3 0.2 55 46 0.2 \0.1 0.2 \0.1

a-Pinene 937 0.6 0.6 134 168 0.9 0.6 1.2 0.6

Camphene 953 0.1 16 \0.1 0.1 0.1 0.1

Sabinene 977 0.7 0.5 143 147 0.7 0.1 0.8 0.3

b-Pinene 980 1.3 1.4 266 388 1.6 0.9 2.2 1.4

Myrcene 992 0.6 0.4 126 98 0.5 0.1 0.7 0.1

d-3-Carene 1,013 \0.1 \0.1 0.1 \0.1

a-Terpinene 1,020 0.1 12 0.1 \0.1 0.1 \0.1

p-Cymene 1,028 14.2 9.9 2,941 2,767 13.5 2.2 11.0 1.4

Limonene 1,033 6.2 7.3 1,272 2,029 5.8 2.9 5.6 2.8

1,8-Cineole 1,039 0.3 0.2

c-Terpinene 1,064 26.3 30.7 5,446 8,586 23.0 3.6 32.0 3.1

cis-Sabinene hydrate 1,071 0.1 30 0.2 \0.1 0.2 \0.1

Terpinolene 1,091 0.3 0.3 63 77 0.4 0.1 0.4 0.2

trans-Sabinene hydrate 1,100 0.1 \0.1 0.1 \0.1

Terpinen-4-ol 1,182 0.5 0.3 96 93 0.5 0.1 0.2 \0.1

p-Cymene-8-ol 1,189 \0.1 \0.1 0.1 \0.1

a-Terpineol 1,194 0.1 12 0.1 \0.1 0.1 0.1

Caranone 1,197 0.5 0.3 166 191 1.0 0.2 0.4 0.1

Cumin aldehyde 1,250 19.8 17.3 4,100 4,831 27.8 4.7 27.2 2.5

p-Menth-1-en-7-al 1,281 0.1 0.1 19 34 \0.1 \0.1 0.1 \0.1

a-Terpinen-7-al 1,290 5.2 4.7 1,085 1,310 3.8 0.9 2.1 0.5

c-Terpinen-7-al 1,298 22.3 25.6 4,632 7,152 19.2 5.1 12.4 2.2

b-Bourbonene 1,392 \0.1 \0.1

b-Elemene 1,397 \0.1 \0.1

b-Caryophyllene 1,429 0.4 0.2

trans-a-Bergamotene 1,442 \0.1 \0.1

E-b-Farnesene 1,459 \0.1 \0.1

a-Humulene 1,464 \0.1 \0.1

c-Muurolene 1,484 \0.1 \0.1

ar-Curcumene 1,487 0.1 \0.1

Germacrene D 1,490 0.2 0.1

a-Zingiberene 1,499 0.2 0.1

E,E-a-Farnesene 1,513 0.3 0.1

b-Sesquiphellandrene 1,530 0.1 0.1

cis-a-Bisabolene 1,547 \0.1 \0.1

Caryophyllene oxide 1,594 \0.1 \0.1

a-Bisabolol 1,692 \0.1 \0.1
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the highest limonene content (11.8 %). In accessions 2

and 3 the contents were c-terpinene [ cuminal [ c-

terpinen-7-al, while in accessions 7 and 8 the ranking

was cuminal [ c-terpinen-7-al [ c-terpinene and in

accessions 1, 4, 5 and 6 cuminal [ c-terpinene [ c-

terpinen-7-al. so the highest proportions of aldehydes

were found in the accessions 7, 10 and 8 (Fig. 3).

The microdistillation unit does not allow to read

directly the content of distilled oil, but it can be

calculated approximately by applying the response of

internal standard hexadecane to the sum of the peaks in

the chromatogram. This is displayed in Fig. 3 and

shows that between the accessions the oil contents can

roughly vary from 10 to 20 mg/g with the accessions

3, 7 and 2 having the highest oil contents. In the similar

way the content of the individual compounds was

calculated and summarized in Table 3. There it can be

seen that for the main compounds cumin aldehyde, c-

terpinene and c-terpinen-7-al mean contents of 3,982,

3,322 and 2,734 lg/g were calculated, respectively.

For cuminaldehyde, c-terpinene and p-cymene, the

highest content recorded was about three times higher

than in the accession with the lowest content. And

accessions 9, 10 and 4 were those with the lowest and

accessions 7, 3 and 2 those with the highest contents

(Fig. 3).

The volatiles of B. persicum fruits were also

analyzed with SPME coupled to GC. SPME has

become in the recent years a widely applied technique

to characterize volatiles in a wide range of matrices. It

is a solvent free technique that relies on the repartition

of the volatiles between the sample matrix, the

headspace and the fiber. The mean composition of

the volatile fraction adsorbed on the fiber is also

presented in Table 2. The main compounds found

were c-terpinene (mean 32.0 %) and cuminaldehyde

(mean 27.2 %) followed by c-terpinen-7-al, p-cym-

ene, limonene, b-pinene and a-terpinen-7-al. These

were the same main compounds as already found in

the microdistillates, but in the SPME analysis a higher

c-terpinene to c-terpinen-7-al ratio appeared in com-

parison to the microdistillates. The SPME method is

very sensitive and can detect small amounts of

sesquiterpenes as\0.3 % of the total peak area each,

compounds that were not present in the distillates or

microdistillates (Table 2). Similarly in Thapsia spe-

cies sesquiterpenes as c-cadinene and guaienes were

considerably better extracted by SPME than recovered

in distilled oils (Drew et al. 2012). Camphor was

added as internal standard to the samples and the

amount of volatiles extracted with the fiber was

approximately calculated assuming the same response

as camphor. The calculated contents were lower than

those calculated in the microdistillates and the span

between lowest and highest contents was for the main

compounds usually \2. The reason for this is in the

distinct adsorption of the individual compounds to the

SPME-fiber and the circumstance that different inter-

nal standards for microdistillation and SPME have

been used. Furthermore it is necessary to use low

amounts of sample to not overload the fiber and a

inhomogeneous repartition of the volatiles between

individual fruits may lead to higher standard devia-

tions in repeated analyses (Krüger 2007). Indeed the

comparison of SPME volatiles with a classical

distilled essential oil has been assessed differently

ranging from similar to very different. In Chaerophyl-

lum aromaticum L. fruits SPME gave a higher

proportion of germacrene D as compared to an

essential oil obtained by hydrodistillation while b-

pinene was higher in the distillate (Chizzola 2009).

The volatiles from German chamomile flower heads as

isolated by SPME were dominated by E-b-farnesene,

artemisia ketone and germacrene D while the distilled

oil differed clearly with a-bisabolol oxide A and

chamazulene as main oil compounds (Rafieiolhossaini

et al. 2012).

The essential oil composition of B. persicum has

already been reported by several authors. Their results

are summarized in Table 5. All oils contained p-

Fig. 4 Classification of the accessions (1–10) based on

essential oil compounds obtained in microdistillation, calculated

with percentages
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Table 3 Variability of the volatile compounds in the 10 accessions as determined in the microdistillates (MD) and by SPME (lg/g)

Mean Median Min Max Order of accessions*

Cumin aldehyde

MD 3,982.0 4,195.5 2,089.5 5,986.4 10,9,4,1,2,3,5,8,6,7

SPME 2,850.1 2,750.2 2,350.7 3,512.8 1,3,9,10,5,4,2,6,8,7

c-Terpinene

MD 3,321.7 3,011.1 1,970.9 5,962.7 9,10,4,8,1,5,7,6,2,3

SPME 3,386.8 3,150.4 2,630.4 4,416.0 9,1,3,5,8,6,10,4,7,2

c-Terpinen-7-al

MD 2,733.8 2,661.0 1,779.7 3,933.8 9,4,1,5,2,6,8,10,7,3

SPME 1,301.8 1,287.2 901.4 1,621.2 9,5,4,10,6,3,8,2,1,7

p-Cymene

MD 1,922.9 1,857.4 945.6 2,891.5 10,9,4,5,1,8,6,7,2,3

SPME 1,171.3 1,060.0 858.4 1,574.3 10,5,3,9,6,1,8,4,7,2

Limonene

MD 783.4 720.8 360.1 1,414.6 4,5,10,8,6,7,1,3,9,2

SPME 587.1 570.1 287.4 1,181.4 3,8,10,5,6,1,7,4,2,9

a-Terpinen-7-al

MD 541.4 551.5 349.7 694.5 9,4,1,2,8,5,10,6,7,3

SPME 215.0 203.2 173.7 305.5 9,8,7,1,2,6,5,3,4,10

b-Pinene

MD 213.1 173.1 86.0 508.0 5,10,6,7,9,1,2,3,4,8

SPME 223.8 174.5 62.4 480.2 2,6,1,5,10,7,9,4,3,8

Caranone

MD 138.9 128.4 75.7 255.7 4,10,9,1,8,7,2,5,6,3

SPME 41.7 41.3 24.6 62.9 1,10,4,9,8,3,7,5,2,6

a-Pinene

MD 117.5 90.0 52.9 293.8 5,10,6,7,9,2,1,3,4,8

SPME 126.1 104.8 39.0 257.0 6,1,5,10,7,2,9,4,3,8

Sabinene

MD 94.4 93.7 58.0 157.7 9,10,4,1,5,7,8,6,2,3

SPME 85.8 73.7 57.2 204.6 1,5,9,6,3,10,8,7,4,2

Myrcene

MD 78.0 68.8 47.2 170.4 10,9,5,1,4,8,6,7,2,3

SPME 71.5 68.3 55.2 106.8 1,6,5,9,8,3,10,2,7,4

Terpinen-4-ol

MD 73.1 69.5 48.6 97.2 9,10,4,1,8,5,3,7,6,2

SPME 20.7 20.8 16.4 27.7 5,10,9,8,1,3,4,6,7,2

Terpinolene

MD 50.9 42.5 27.8 81.6 3,6,10,7,2,8,9,5,4,1

SPME 44.7 45.0 13.2 77.5 3,6,8,1,4,5,2,7,9,10

1,8-Cineol

MD 43.4 46.1 0.0 82.6 9,2,1,10,4,5,8,6,7,3

SPME – – – –

a-Thujene

MD 35.3 35.5 20.3 61.8 10,9,4,1,8,5,7,6,2,3
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cymene, c-terpinene and cumin aldehyde, some of

them also c-terpinen-7-al and a-terpinen-7-al, all

compounds that occurred in major proportions also

in the samples of the present study. Cuminylalcohol

and phenylpropanoids as myristicin and elemicin,

reported occasionally in literature, were not present in

the actual study. An earlier report worked out that

amongst the main compounds seeds of cultivated

plants contained more cuminaldehyde (27.3–34.1 %),

a-terpinen-7-al and c-terpinen-7-al (29.6–36.8 %),

while in wild collected seeds there were more c-

terpinene (25.6–42.9 %) and p-cymene (24.0–27.8 %)

and less aldehydes (Thappa et al. 1991). Another

working group found that seeds from two Iranian sites

contained more cuminaldehyde than those from two

other sites (Omidbaigi and Arvin 2009). A further

geographical differentiation in the oil composition has

been observed where the major component in three

Iranian, one Pakistan and one Indian populations were

c-terpinene (39.7–41.9 %), a-terpinen-7-al (37.2 %)

and cuminaldehyde (37.1 %), respectively (Jahansooz

et al. 2012). Also the influence of environmental stress

has been studied. Plants exposed to drought stress had

Table 3 continued

Mean Median Min Max Order of accessions*

SPME 23.0 22.2 18.0 29.5 1,5,3,9,6,10,8,2,4,7

cis-Sabinene hydrate

MD 21.8 20.9 14.7 34.0 9,10,1,4,8,5,7,6,3,2

SPME 17.0 16.6 12.8 24.1 5,1,9,3,8,6,10,4,7,2

* From lowest to highest content

Table 4 Phenolics and antioxidant activity in methanolic

extracts of the fruits

Accession Total

phenolics

(mg/g)

Total

flavon

(mg/g)

DPPH

(mg/g)

Fe-

reduction

(mg/g)

1 12.8 4.3 10.4 6.4

2 9.0 4.5 9.5 6.1

3 12.0 5.6 11.2 7.5

4 8.9 4.5 8.0 5.7

5 12.5 5.1 9.7 6.9

6 9.6 4.4 9.2 6.2

7 8.7 4.9 10.7 7.2

8 10.5 6.1 10.6 7.7

9 14.7 9.5 14.8 10.9

10 8.9 6.4 10.7 7.0

Table 5 Main compounds (%) in the essential oils from Bunium persicum as described in literature

Reference A B C D E F G H

Provenance Tadjikistan Iran Iran Iran Iran Iran East. Iran Iran

Plant part Fruits Fruits Fruits Fruits Fruits Aerial parts Fruits Fruits

p-Cymene 5.3 8.0 10.6 12.1 5.6 5.3 13.3 6.7

Limonene 0.0 2.0 6.3 5.1 10.6 3.6 7.6 5.9

c-Terpinene 25.7 44.2 35.5 25.8 45.7 15.2 31.1 46.1

Cumin aldehyde 11.7 16.9 18.9 27.0 12.7 6.0 24.9 15.5

a-Terpenen-7al 5.1 0.4 2.4

c-Terpinen7-al 29.0 10.5 6.0 0.1 0.1

Further

compounds

b-Pinene

15.6

1,8-Cineol

2.9

b-Pinene

2.6

b-Pinene 3.1 Cuminyl

alcohol 6.4

Cuminyl

acetate 14.7

b-Pinene

3.3

Cuminyl

alcohol 7.4

Cuminyl

alcohol 6.0

Myristicin 2.5

Caryophyllene

27.8

Elemicin

2.9

A: Baser et al. (1997), B: Azizi et al. (2009), Oroojalian et al. (2010), C: Mortazavi et al. (2010), D: Foroumadi et al. (2002), E:

Pourmortazavi et al. (2005), F: Shahsavari et al. (2008), G: Mazidi et al. (2012), H: Sharififar et al. (2010)
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lower fruit yields but higher oil contents in the fruits

while the essential oil composition changed little

(Saeidnejad et al. 2013b).

Finally Talei and Mosavi (2009) reported an Iranian

hydrodistilled Bunium persicum seed oil having a

completely different composition containing isopule-

gyl acetate (24.6 %) anethol (20.4 %) and camphor

(10.4 %) as main compounds, which were completely

absent in the present accessions. This oil was devoid of

the aldehydes.

In the present study there were found some differ-

ences between the 10 accessions but all had the same

major volatiles roughly in the order c-terpinene =

cuminal [c-terpinene-7-al [p-cymene[ limonene[
a-terpinene-7-al although they origin from quite

different sites ranging from 260 to 2,950 m altitude

with 155–1,300 mm annual precipitation but growing

all on slightly alkaline soils (pH 7.3–7.8) as displayed

in Table 1. An analysis correlating soil parameters,

calculated essential yield from microdistillation and

percentages of individual oil components showed a

weak negative trend between altitude and precipitation

(r = -0.619, p = 0.056) but no correlation between

any of the soil parameters and essential oil yield or

composition. Amongst the individual oil compounds,

p-cymene was negatively correlated with a-terpinen-

7-al (r = -0.78, p = 0.008) and c-terpinen-7-al

(r = -0.89, p = 0.001) while a-terpinen7-al was

positively correlated with c-terpinen-7-al (r = 0.86,

p = 0.001).

Finally, total phenolics, total flavonoids and anti-

oxidant activity in methanolic extracts from the fruits

has been measured as displayed in Table 4. Some

variability was found. Total phenolics ranged from 8.7

to 14.7 mg caffeic acid equivalents per gram plant

material, and total flavonoids from 4.3 to 9.5 mg/g

catechin equivalents. Antioxidant activity varied from

9.2 to 14.4 mg Trolox equivalents in the DPPH test and

from 6.1 to 10.9 mg/g in the Fe-reduction test. In the

correlation analysis total phenolics and total flavonoids

were well correlated with DPPH (r = 0.69, p = 0.026

and r = 0.90, p \ 0.001, respectively) and Fe-reduc-

tion (r = 0.68, p = 0.029 and r = 0.96, p \ 0.001).

Additionally DPPH was correlated with Fe-reduction

(r = 0.96, r \ 0.001). Also a correlation between

altitude and total flavonoids (r = 0.66, p = 0.038),

DPPH (r = 0.81, p = 0.005) and Fe-reduction(r =

0.76, p = 0.011), suggesting that the higher altitudes

constitute an environmental stress situation leading to a

higher production of antioxidants.

Some antioxidant activity in Bunium persicum has

also been demonstrated by different authors. The

essential oil showed good antioxidant potential in five

different test systems and gave 50.7 mg gallic acid

equivalents/mL (Zangiabadi et al. 2012). Nickavar

and Abolhasani (2009) reported a total flavonoid

content of 20.2 mg/g as rutin-equivalents in an AlCl3
based colour reaction different from that used in the

present study. Sharififar et al. (2010) pointed out c-

terpinene and kaempferol as major antioxidant com-

pounds in B. persicum. However, comparing obtained

activities with literature results difficult because of the

multitude of test systems, the different standard

antioxidants used and the different sample prepara-

tion. In general, the essential oil shows higher activity

than solvent extracts from the fruits (Sharififar et al.

2010). Altogether B. persicum fruits appear to display

low to medium antioxidant potential (Nickavar and

Abolhasani 2009).

Conclusion

Bunium persicum is able to grow in a wide range of

environments and presented the same major essential

oil compounds in slightly varying proportions. The

tested accessions may serve as basis for the domes-

tication of this plant with the aim to optimize essential

oil yield with a high proportion of aldehydes. Both

methods microdistillation and SPME are suitable to

obtain volatile fingerprints for the characterization of

B. persicum fruits.
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