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Seed oils of 11 samples of Capparis ovata and Capparis spinosa from different locations in Turkey
were characterized with regard to the composition of fatty acids, tocopherols, and sterols as well as
the content of glucosinolates. The oil content of the seeds ranged from 27.3 to 37.6 g/100 g (C.
spinosa) and from 14.6 to 38.0 g/100 g (C. ovata). The dominating fatty acid of both species was
linoleic acid, which accounted for 26.9—55.3% in C. ovata seed oils and for 24.6—50.5% in C. spinosa
seed oils. Oleic acid and its isomer, vaccenic acid, were both found in the seed oils in concentrations
between 10 and 30%, respectively. The seed oils of both species were rich in tocopherols with the
following composition: y-tocopherol, 124.3—1944.9 mg/100 g; é-tocopherol, 2.7—269.5 mg/100 g;
and a-tocopherol, 0.6—13.8 mg/100 g. The concentration of total sterols ranged from 4875.5 to 12189.1
mg/kg (C. ovata) and from 4961.8 to 10009.1 mg/kg (C. spinosa), respectively. In addition to sitosterol,
which amounted to ~60% of the total amount of sterols, campesterol and stigmasterol accounted for
16 and 10% of the total sterols, respectively. The seed oils showed remarkably high contents of
A5-avenasterol (between 138.8 and 599.4 mg/kg). The total content of glucosinolates of C. ovata
and C. spinosa samples was determined as 34.5—84.6 umol/g for C. ovata and 42.6—88.9 umol/g
for C. spinosa, respectively, on a dry weight basis, with >95% as glucocapperin.
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INTRODUCTION functional compounds and for storage of energy. However, no
oil from any single source has been found to be suitable for all
purposes, because oils from different sources generally differ
in their composition. This necessitates the search for new sources
of novel oils. The study of oilseeds for their minor constituents
is useful in order that both the oil and its minor constituents be
used effectively (7).

Recently, a great deal of attention has been giveDatpparis
spp. buds, fruits, young shoots, and seed oil. There is little

Capers in the flora of Turkey, belonging to the family
Capparaceae, are represented by the two spdéCagmparis
spinosavar. spinosaand Capparis ovataDesf. var.canescens
(Coss.) Heywood 1). Some members of this family have
medicinal and aromatic properties, whereas the fruits and the
roots of the plants are indicated to help not only in gout but
also as a diuretic, constipant, astringent, and tonic. The fresh

aerial parts, including the fruits, can be stored in vinegar or information on the characteristic properties of the plant, the

brine for 3 months and used as a pick®-6). Even though " .
the fruits and young shoots of capers are less abundant thancomposmon of raw and fermented buds, and the effect of brine

their flower buds, the fruits are especially popular for consump- faer\],(: sﬁigli((leggo(r)lnﬂ;[gefe?tyagz doig;p%g,tgg gzn)d ﬁlﬁg’r ZEZr:cter-
tion. Fruits with small, soft seeds are preferred for the production . . . Y . P ;
of pickles (6). istics of seed oils fronC. spinosaandC. ovataseed oils are

| : ¢ edible oils h | available (1314). Gupta and Chakrabarty3) determined that
Pl nterest ('jn new sources of edible ol Sf a_ls r?centy _g_rowr;. seeds contained30% oil, with olgic, palmitic, and linoleic acid
Plant seeds are important sources of oils for nutritional, ¢ yhe main fatty acids. Akgil andz€an (14) reported for caper
industrial, and pharmaceutical applications. Lipids are important

for the devel ¢ of coll ructural ‘ q seeds growing in Turkey that oleic and linoleic acids were the
or the development of cells as structural components an major unsaturated fatty acids, whereas palmitic acid was the

predominant saturated one.

0 *zcsfirrglsgg?g_ing aUFIhOF [tttehlePhg@ﬁieJr_49 ) 2t51 38167-14: faxt+49 Glucosinolates are secondary plant metabolites that are of
( )T|nstitute fO,'L?F',?(]aF'Qe”S‘ZarC?}fS uni-muenster.de}. toxicolpgical and pharmacolggical interest. They have peen
8 University of Selcuk. found in at least 11 plant families but most often are associated
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Table 1. Location of Harvest of 11 Samples Each of C. ovata and C. Oil Content. The oil content was determined according to 1SO
spinosa and Their Oil Content m_ethod 659:19982(5)_. About 2 g of these_eds was ground in a ball
mill and extracted with petroleum ether in a Twisselmann apparatus
sample location of harvest oil content (9/100 g) for 6 h. The solvent was removed by a rotary evaporator acand
C ovaal Konya (Selcukiu) 353 022 Igtrirl.uTshee oil was dried by a stream of nitrogen and stored 24
C. ovata 2 Zonguldak (Karabuk) 19.0 ’
C. ovata 3 Karaman (Alacati) 24.9 Fatty Acid Composition. The fatty acid composition was determined
C.ovatad Amasya (Karaképrii) 14.6 following the 1SO standard ISO 5509:20086). In brief, one drop of
C.ovatas Konya (Kampus) 35.2 the oil was dissolved in 1 mL ofi-heptane, 5Q:L of a solution of
C. ovata 6 Tokat 35.3 sodium methanolate (2 mol£) was added, and the closed tube was
C.ovata? Konya (Tatlicak) 38.0 agitated vigorously for 1 min at room temperature. After the addition
C.ovala8 urfa . 32.8 of 100uL of water, the tube was centrifuged at 45d0r 10 min, and
g' g;:;: 20 Qr:l(:traa(eolbaso %gg the lower aqueous phase was removed. TheuI5@f HCI (1 mol
c v ' with methyl orange) was added, the solution was briefly mixed, and
. ovata 11 Karaman 30.2 . . .
the lower aqueous phase was discarded. Twenty milligrams of sodium
mean 283 hydrogen sulfate monohydrate (Merck) was added, and after centrifuga-
sb 8.0 tion at 450@ for 10 min, the tom-heptane phase was transferred to a
. I i vial and injected in a Hewlett-Packard 5890 gas chromatograph with a
g zz;zg?;% mgi:g Eg:ﬁ?lgm Silfke) ggg 100 m x 0.25 mm i.d., 0.2um, capillary column, CP-Sil 88 (Varian
C. spinosa 3 Mersin (Burunkay-Mut) 35.6 Deutschland GmbH, Darmstadt, Germany). The temperature program
C. spinosa 4 Mersin (Zeyne-Giilnar) 273 was as follows: 155C, heated to 220C at 1.5°C/min; 10 min
C. spinosa Adana (Kadirli) 28.0 isotherm at injector, 250C; detector, 25C°C; carrier gas, 36 cm/s
C. spinosa 6 Burdur 30.0 hydrogen; split ratio, 1:50; detector gas, 30 mL/min hydrogen, 300 mL/
C. spinosa 7 Mersin (Blytikeceli-Giilnar) 34.1 min air, and 30 mL/min nitrogen; manual injection volurmel L.
C. spinosa 8 Mersin (Palantepe-Mut) 36.0 The peak areas were computed by the integration software, and
C. spinosa 9 Mersin (Delikkaya-Gtilnar) 35.4 percentages of fatty acid methyl esters (FAME) were obtained as weight
C. spinosa 10 Mugla (Fethiye) 334 percent by direct internal normalization.
C. spinosa 11 Hatay 28.7

Tocopherols. For determination of tocopherols a solution of 250
mean 322 mg of oil in 25 mL ofn-heptane was directly used for the HPLC. The
SD 38 HPLC analysis was conducted using a Merck-Hitachi low-pressure
gradient system, fitted with an L-6000 pump, a Merck-Hitachi F-1000
fluorescence spectrophotometer (detector wavelength for excitation of
with members of the plant family Brassicaceae. Many garden 295 nm and for emission of 330 nm), and a D-2500 integration system.
vegetables belong to this family, and their characteristic odors Twenty microliters of the samples was injected by a Merck 655-A40
and flavors are primarily due to glucosinolate hydrolysis autosampler onto a 25 cm 4.6 mm i..d. Diol phase column used with
products. Many plants of this family are used in agriculture and 2 flow rate of 1.3 mL/min. The mobile phase used walseptane/tert-
nutiion,for example, rapeseed, winterress, faise i, crambe, Y1 MY ethe (91 vh) @1). A sancerd consising of ey
Brussels Sp.roms’ radish, cabbage, brqccoll, or cauliflowsy ( . as external standard for the preparation of standard curves for each
16). Glucosinolates also can be fOU,”,d in members of the fa.mll'y component. On the basis of these curves the chromanol isomers were
Capparaceae. Some data on specific aspects of the qualitativgajculated.

composition of flavonoids and the occurrence of elemental sulfur  sterols. The sterol composition of the oils was determined following
as well as the glucosinolate composition of young shoots and |so/FIDS 12228:1999 (ER@). In brief, 250 mg of oil was saponified
flower buds of capers (Capparspp.) have been publishet?, with a solution of ethanolic potassium hydroxide by boiling under
17—24), but up to now no detailed study on the composition of reflux. The unsaponifiable matter was isolated by solid-phase extraction
fatty acids, tocopherols, and sterols, the oil content, and the on an aluminum oxide column (Merck) on which fatty acid anions were

content and distribution of glucosinolates in seeds of caper retained and sterols passed through. The sterols fraction from the
berries is available unsaponifiable matter was separated by thin-layer chromatography

. . . . (Merck) and re-extracted from the TLC material, and afterward the
The aim of this study was to determine the oil content as composition of the sterol fraction was determined by GLC using betulin
well as the fatty acid, tocopherol, and sterol composition of seed as internal standard. The compounds were separated on a<50.82
oils from caper berries collected from two different species of mm i.d., 0.25um SE 54 CB column (Macherey-Nagel, Diiren,
Capparisgrown wild in different regions in Turkey. Glucosi- Germany). Further parameters were as follows: hydrogen as carrier
nolates are a characteristic feature of caper berries. Thereforedas; split ratio, 1:20; injection and detection temperatures adjusted to
in addition to the fat-soluble components, also the total content 320 °C; temperature program, from 245 to 280 at 5 °C/min.

was determined cording to a modified method described by Fiebig and J6r@8h (n

brief, 200 mg of the sample material was extracted twice with 70%
(v/v) hot methanol at 75C for 10 min by ultrasonic treatment after

MATERIALS AND METHODS addition of the internal standard glucotropaeolin (5 and 20 mmol,
respectively). The moisture content of the seeds was 9%. This content

Plant Material. Caper berries (fruits) ofCapparis spinosavar. was taken into account for the calculation of the individual glucosi-
spinosa(C. spinosa) an€Capparis ovateDesf. var.canescengCoss.) nolates. Then 2 mL of the crude extract was added onto a SAX 500

Heywood (C. oata) were picked from wild plants at different locations  mg strong anion exchange column (Merck) for solid-phase extraction,
in Turkey in August 2002 Table 1). Seeds of mature fruits from  which was conditioned with 2 mL of 70% methanol. Unwanted
Capparisspp. were used in this investigation. Fruits were crushed in compounds were washed from the column with 2 mL of bidistilled
a blender, skin and pulp were removed, and seeds were obtainedyyater, and then the pH value of the column was adjusted by use of 1
washed with water, air-dried without direct sunlight, and stored in glass mL of sodium acetate buffer (pH 4). Afterward, the glucosinolates on

jars until analysis at 4C. the column were treated with the enzyme sulfatase (1 mL of a solution
Reagents.Petroleum ether (40—60C) was of analytical grade of 10 mg of sulfatase/25 mL of water) overnight, which leads to the
(>98%) (Merck, Darmstadt, Germany). Heptane sertibutyl methyl formation of desulfoglucosinolates. The neutral desulfoglucosinolates

ether were of HPLC grade (Merck). were eluted from the column using 1 mL of bidistilled water, whereas
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Table 2. Fatty Acid Composition (Percent) of Seed Oils from C. ovata and C. spinosa

myristic  palmitic ~ palmitoleic ~ stearic  oleic acid cis-vaccenic linoleic acid  linolenic acid  eicosanoic  eicosenoic  behenic  lignoceric
sample acid 14:0 acid 16:0 acid 16:1A9 acid 18:0 18:1A9 acid 18:1A11 18:2A9,12 18:3eA9,12,15 acid 20:0 acid 20:1A11 acid 22:0 acid 24:0

C.ovatal 0.35 13.14 3.80 3.49 31.84 17.27 26.92 0.60 0.71 0.21 0.76 0.07
C. ovata2 0.29 8.85 2.25 2.74 20.58 15.27 46.04 1.22 0.60 0.28 0.64 0.16
C.ovata3 0.12 6.72 1.98 2.32 23.14 15.23 46.70 0.95 0.59 0.33 0.76 0.17
C.ovatad 0.15 6.08 2.29 2.42 18.89 18.84 46.85 1.26 0.69 0.31 0.87 0.18
C.ovatas 0.17 7.17 1.63 2.19 2041 13.34 51.37 0.83 0.51 0.31 0.61 0.14
C. ovata 6 0.29 8.74 1.45 2.39 24.70 10.67 48,51 0.92 0.45 0.35 0.60 0.11
C.ovata7 0.22 9.82 1.62 2.14 22.18 12.17 49.28 1.13 0.43 0.48

C.ovata8 0.16 6.36 2.03 2.25 23.75 17.83 44.25 0.73 0.52 0.29 0.59 0.11
C. ovata9 0.17 4.96 1.24 2.48 19.52 14.39 53.20 1.52 0.70 0.80

C. ovata 10 0.17 6.09 1.96 213 22.33 17.10 46.84 1.05 0.53 0.30 0.60 0.12
C.ovatall 0.14 6.50 1.16 2.44 19.84 10.92 55.28 1.12 0.55 0.32 0.57 0.12
mean 0.20 7.68 1.95 2.45 22.47 14.82 46.84 1.03 0.57 0.30 0.66 0.13
SD 0.08 2.32 0.72 0.39 3.62 2.80 7.38 0.26 0.10 0.04 0.12 0.03
C. spinosa 1 0.25 11.63 5.18 2.59 27.87 20.47 28.55 0.51 0.69 0.21 0.93 0.08
C. spinosa 2 0.58 13.99 4.90 3.75 26.10 19.81 27.04 1.07 0.73 0.15 0.72 0.08
C. spinosa 3 0.28 12.11 4.06 331 29.79 19.04 28.17 0.47 0.76 0.21 0.83 0.08
C. spinosa 4 0.40 12.63 4.92 334 21.21 21.19 32.65 0.73 0.69 0.17 0.71 0.08
C. spinosa 5 0.19 11.50 7.40 2.51 14.94 28.30 30.60 0.78 0.75 0.14 1.07 0.12
C. spinosa 6 0.13 5.42 1.32 2.49 23.12 14.29 50.45 0.65 0.59 0.33 0.64 0.13
C. spinosa 7 1.14 14.35 351 4.59 3155 14.84 25.68 1.76 0.67 0.14 0.61 0.06
C. spinosa 8 0.32 12.77 4,01 3.44 30.61 18.21 27.29 0.70 0.73 0.22 0.76 0.08
C. spinosa 9 1.20 14.22 3.94 4.00 30.60 16.30 26.06 121 0.68 0.14 0.66 0.06
C. spinosal0  0.11 6.35 2.23 2.18 22.72 18.80 44,58 0.76 0.54 0.28 0.64 0.12
C.spinosall  1.26 13.60 2.81 411 37.29 1221 24.55 2.03 0.60 0.17 0.54 0.05
mean 0.53 11.69 4,03 3.30 26.89 18.50 31.42 0.97 0.68 0.20 0.74 0.09
SD 0.43 2.90 1.56 0.74 5.83 4.10 7.99 0.49 0.07 0.06 0.15 0.02

all non-glucosinolate anions remained on the exchange column. Thethis work are in agreement with previous findings that reported

solution obtained was used for the HPLC.

The HPLC analysis was conducted using a Merck-Hitachi low-
pressure gradient system, fitted with an L-7100 pump, a Merck-Hitachi
L-4250 UV—vis detector set at 229 nm, and a Knauer ChromGate for
Windows integration system. Forty microliters of the desulfoglucosi-

nolate-containing eluates were injected by an AS-4000 autosampler

onto a 250x 4 mm, 5um LiChrospher 100 RP-18e column (Merck)
used with a flow rate of 1 mL/min. The mobile phase used consisted
of water (A) versus acetonitrile (B) for a total running time of 43 min,
and the gradient changed as follows: from 100% A to 95% A in 2.5
min, to 80% A in 18 min, isocratic for 5 min, and then back to 100%
A in 1.5 min. The column was equilibrated at 100% A for 16 min.
For the correct identification of most of the peaks in the chromato-

gram a reference standard (BCR RM367) was run with the samples.

Additionally, glucocapparin was identified by the preparation of the

standard substance. The calculation of each glucosinolate identified in

an oil content of 35.2 g/100 d.4), whereas oil contents @.
ovataare reported generally a little lower than the oil contents
of seeds fromC. spinosa. Gupta and Chakrabarty (13) had
established that seeds of different caper species grown in India
contained 30 g/100 g oil. Seeds Gf ovataat 6.7% moisture
content had a yield 0f36.7 g/100 g oil by solvent extraction
14).

Fatty Acid Composition. The fatty acid composition of seed
oil triacylglycerides varies widely among different plant species,
and often the occurrence of unusual fatty acids is characteristic
for particular plant families31, 32). On the other hand, most
seeds contain fatty acids commonly present in seed oils, such
as saturated fatty acids such as palmitic or stearic acid and
unsaturated fatty acids such as oleic, linoleic, or linolenic acid

in different proportions. These fatty acids occur in all living

the samples was done by evaluation of the chromatograms obtained’. g
by UV detection at 229 nm as described in the EC standard method tissues of plants and have therefore only a minor chemotaxo-
(30). The moisture of the plant material was determined gravimetrically, nomic value 83). Nevertheless the fatty acid composition of
and the results were taken into account for the calculation of the seed oils is an interesting point with regard to the further use
glucosinolates. The content of each glucosinolate was calculated andof the seeds or the oil.

expressed in micromoles per gram of plant material. Statistical According to the results shown ifable 2 the most
parameters, such as prec_ision, repeatapility,_ and reproducibility, for the predominant fatty acid of both seed oils of caper species was
calculation of each glucosinolate were given in the EC standard method. linoleic acid, which accounted for 26-%5.3% inC. ovata seed

oils, with a mean value of 45.9. and 24.560.5% inC. spinosa
seed oils, with a mean value of 31.1%. The highest values for
linoleic acid were found in sampl&€3 ovata 11 andC. spinosa

6, collected from Karaman and Burdur provinces, respectively,
with 55.3 and 50.5% of linoleic acid.

In addition to linoleic acid, seed oils &. spinosaand C.
ovata contained higher amounts of oleic acid. The range was
between 18.9 and 31.8% for seed oils fr@novata, with a
mean value of 22.8%. The content of oleic acid in seed oils
from C. spinosavaried more, from 14.9 to 37.3%, and the mean
value was higher, 26.9%. Interesting is the high content of the
isomer of oleic acidcis-vaccenic acid, which ranged from
10.7% (C. ovatéb) to 18.8% C. ovata8), with mean values of

RESULTS AND DISCUSSION

Oil Content. The oil contents of seeds of caper berries are
given inTable 1. Whereas the oil content of samples fr@n
spinosashowed only a small variation from 27.3 g/100 g on a
dry weight basis (dw%)(. spinosa4) to 37.6 g/100 g C.
spinosal), with a mean value of 32.1 g/100 g, the range of
samples fronC. ovatawas much more pronounced, from 14.6
0/100 g (C. ovatad) to 38.0 g/100 g€. ovata7), with a mean
value of 28.3 g/100 g. Nevertheless, 10r ovatamost seeds
had oil contents>30 g/100 g, and only in seeds of samplas
ovata 2, C. ovata4, andC. ovata9 was the oil content20
g/100 g. The oil contents of seeds frath spinosafound in
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Table 3. Tocopherol, Tocotrienol, and Plastochromanol 8 Composition components iiC. ovataandC. spinosaseed oils. The variation
(Milligrams per 100 g) of Seed Qils from C. ovata and C. spinosa® of the other tocopherols and tocotrienols was relatively small;
these tocopherols seem to be independent of environmental
total influences resulting from different cultivation sites. Whereas
sampe  oT T8 AT yT P8 pT8 OT amount in most seed oils the total amount of tocopherols ranged between
C.ovatal 64 04 02 2617 04 09 29 2128 249.2 mg/kg (C. spinosa0) and 518.0 mg/kg (C. ovatd), C.
C. ovata2 54 08 03 4651 52 04 406 5180 ;
ovata4 (2076.1 mg/kg) an€. spinosab (1985.4 mg/kg) were
C. ovata3 88 05 06 3295 27 03 324 3748 h edb h hiah ¢ herol "
Covata4 26 00 02 10449 27 13 1243 20761 characterized by much higher amounts of tocopherols resulting
C. ovata5 99 02 09 2844 11 03 237 3205 from a remarkably high amount gf-tocopherol. These high
C. ovata 6 65 04 03 2638 14 00 121 2844 amounts of tocopherols could be interesting for the production
g- ZK??Z; gg 88 gg ig;g (1)2 8-2 2ég; iggs of naturally occurring tocopherols for the stabilization of fats
C ovata9 122 08 14 1886 46 00 1494 3570 and oils against ox@atlve det.erlora_tlon and for applications in
C. ovata 10 18 04 07 1431 14 01 2408 3884 dietary, pharmaceutical, or biomedical products (35).
Covatall 138 00 11 3059 26 00 275 3509 Apart from these two samples the characteristic level of
mean 67 03 06 4164 00 22 03 856 y-tocopherol was relatively stable (124.365 mg/kg), in
sSb 42 03 04 5152 00 15 04 961 comparison ta@-tocopherol, with a variation from 2.7 to 269.5
C.spinosal 34 00 01 2784 04 05 43 2870 mg/kg: In most cases seed oils 6f ovata and C. spinosa
C. spinosa 2 48 00 00 3590 1.0 07 44 3698 comprise low amounts af-tocopherol, but four samples .
C.spinosa3 76 00 02 2887 03 07 42 3016 ovataand two samples of. spinosacontained>100 mg/kg,
C.spinosa4 68 00 01 3544 06 07 39 3666 with a maximum value of 269.5 mg @f-tocopherol/kg inC.

C. spinosa 5 36 00 00 19729 18 11 6.0 19854

C. spinosa6 59 00 13 1971 08 06 1741 3761 ovata8. The high cor_ltents cﬂ-tocopherol occurring in these
C.spinosa7 41 00 00 2961 13 02 47 306.4 samples of caper berries are unusual in comparison to commonly
C.spinosa8 63 00 00 2841 24 19 45 2992 used edible oils, which contain only very small amounts of this
C.spinosa9 49 00 01 2542 08 03 72 2616 tocopherol. Apart from sampl€. o:ata 4, which was character-

C.spinosal0 35 00 00 2419 07 04 2.7 2492

Copiosall 06 00 05 1243 11 05 2692 3962 ized by an extraordinarily high amount gpftocopherol, in all

other samples this high amount &ftocopherol came at the

mean 44 00 02 4228 00 10 07 441
b 20 00 04 4942 00 06 04 g6 1 expe_nse qf a lower content gftocopherol. .
It is obvious that tocopherols were the predominant group of
a Abbreviations: T, tocopherol; T3, tocotrienol; P8, plastocromanol 8. V'tf"lm'n E active compounds in seed 0”5. ©f ovataand C.
spinosa. In the seed oils onty- andy-tocotrienols were found
14.8% in seed oils of. ovataand from 12.2% (C. spinosL) in very low concentrations, with<2.0 mg/kg for the sum of

to 28.3% C. spinosas), with a mean value of 18.5% in seed both tocotrienols and amean valut_e of 0.7 mg/kg. The content
oils of C. spinosa. In commonly used edible oils this fatty acid of plastochromanol 8 in the .SEEd oils was also very small. The
can be found in amounts between 1 and B4)( highest amount was found i@. ovata2 (5.2 mg/kg), but the

The seed oils of both species also contain appreciable amountg€an value of all samples was only 1.6 mg/kg. In seed ails of

of saturated fatty acids, especially palmitic and stearic acids. C ovataslightly higher amounts (2.2 mg/kg) were found than

Although levels of palmitic acid o€. ovataseed oils ranged in C. spinosa(1.0 mg/kg). The amount of tocopherols in seed

between 5.0 and 13.1%, with a mean value of 7.7%, the amountOiIS of C. ovataandC. spinos_as comparable to tha@ found in
of palmitic acid was a little higher in the oil &. spinosaseeds. ther commonly used seed oils such as sunflower oil or rapeseed
Here the range was between 5.4 and 14.4%, with a mean value®!l (36)- )
of 11.7%. Stearic acid was found in lower amounts, but here ~ Sterols.Sterols are probably the most important class of the
also the amount found in seed oils®@f o.atawas a little lower minor components and comprise a major portion of the
than that found in seed oils @&. spinosa. unsaponifiable matter of most vegetable oils (37). The content
Similar results of the fatty acid composition were found by ©Of phytosterols determined i@. ovataandC. spinoszseed oils
Akglil and rcan (14), who reported the main fatty acids from 1S shown inTable 4. The concentration of total sterols ranged
seeds ofC. spinosaand C. ovata,identified by gas chroma- ~ from 4875.5 C. ovata6) to 12189.1 mg/kgq. ovata9) in oils
tography as palmitic (13.2 and 11.3%), oleic (49.9 and 34.7%), of C. ovataand from 4961.8 (C. spinosg) to 10009.1 mg/kg
and linoleic (25.2 and 24.5%) acid, respectively. Also, Gupta (C. spinose2) in oils of C. spinosa, respectively. In addition to
and Chakrabartyl@) described oleic acid (57%) as the main sitosterol, which amounted t6-60% of the total amount of
fatty acid of seed oils from capers, accompanied by lesser Sterols, campestrol and stigmasterol were predominant, with
amounts of palmitic (21%) and linoleic acid (11%). Considering about 16 and 10% of the total sterols, respectively. In seed oils
that in the literature the occurrence of vaccenic acid is not Of both species the same major sterols were found, even though

described, the predominant amount of oleic acid in the literature the mean values of the total amounts were a little higher for
can be exp|ained by the fact that the content given for oleic seed oils fronC. ovata. The reason is that these seeds contain

acid contained in addition to oleic acid also vaccenic acid. Thus, higher amounts of campesterol and sitosterol, whereas the
the amount of oleic found by Akgiil and z8an (14) is amounts of the other sterols were similar to those found in seed
comparable to the sum of oleic acid and vaccenic acid found in ©ils from C. spinosa.

this study. Interesting is the remarkably high amountAft-avenasterol

Tocopherols.As a further important criterion for the assess- in the oils of both species, which accounted fe8—10% of

ment of seed oils, the content and the composition of toco- the total amount of sterols, resulting in mean amounts of 416
pherols, tocotrienols, and plastochromanol 8 is presented inmg/kg forC. o.ataand 337 mg/kg foC. spinosarespectively.
Table 3. There are certain differences in the tocopherol In comparison, in rapeseed oil 250 mgAstavenasterol/kg, in
composition of the different seed oils, although it is obvious sunflower oil 170 mg/kg, and i€amelina sativeoil 400 mg/

that v- and J-tocopherols are the major vitamin E active kg were found in an unpublished investigation. The occurrence
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Table 4. Sterol Composition (Milligrams per Kilogram) of Seed Oils from C. ovata and C. spinosa

chole- brassica- 24-methylene- campe- campe- stigma- 5,23-stigma-  sito- sito-  5-avena- b5,24-stigma- 7-stigma- 7-avena-  total

sample sterol  sterol cholesterol  sterol  stanol sterol  stadienol*  sterol stanol* sterol*  stadienol* sterol sterol  amount
C.ovatal 19.0 14.4 88.8 7699 230 6587 52.6 33529 773 3698 57.0 15.4 30.3 5529.0
C. ovata2 249 20.9 0.0 14835 386 8683 731 5316.1 168.8  385.0 76.9 0.0 125 8468.6
C.ovata3 25.1 131 0.0 18323 347  659.9 2.7 60704 1342 2251 78.0 19.2 224 9187.2
C.ovatad not determined
C.ovata5 255 11 322 10381 235  489.0 58.2 42751 916 4248 56.4 75 16.9 6540.0
C. ovata 6 16.7 15.7 337 6455 156 5215 46.0 29856 727 4465 53.2 6.0 16.7 48755
C.ovata7 16.6 7.9 36.1 8630 223 46538 55.1 3644.7 882 5994 62.1 0.0 218 5883.0
C.ovata8 21.0 0.0 0.0 10035 183 5232 56.7 4030.3 501 3412 56.7 9.5 24.0 6134.4
C.ovata9 449 3158 0.0 19322 593  1603.2 92.9 74106 150.7 4259 69.7 16.8 323 121891
C.ovatal0 210 17.3 0.0 14101 289 6682 60.2 48035 734 3706 61.0 15.9 725 7602.6
C. ovatall 20.8 138 254 12315 262 5644 66.3 4988.8 919 5776 731 1.1 219 7713.0
mean 427 49.8 26.3 13380 264 7637 66.0 4939.9 1128 4164 69.0 9.2 24.6 7888.0
SD 63.9 95.1 312 5686 149  380.1 155 15227 561  104.0 17.6 72 18.1 2585.1
C.spinosal 342 0.0 735 9364 218 7792 56.0 3825.6 77.0 4071 58.8 12.9 235 6306.2
C.spinosa2 252 0.0 81.3 10680 242  980.5 64.5 42645 79.7 3316 60.4 17.3 212 7025.1
C.spinosa3  13.4 13.0 45.0 6485 149  690.0 47.6 30780 548 3137 46.5 9.5 16.3 4991.1
C.spinosa4 224 20.6 6.4 8071 202 8506 46.1 2999.9 920 1388 44.8 15.8 18.3 5093.0
C.spinosa5  23.7 34.0 0.0 13984 300 1170.0 721 49484 109.2 2452 68.6 9.2 14.8 8123.5
C.spinosa6  271.7 18.7 11.9 12253 314 789.9 57.6 41776 1021 3075 51.7 9.1 17.1 6827.7
C.spinosa7  28.0 0.0 119.6 10005 226 6457 51.9 33076 665 4261 50.1 17.3 0.0 5736.0
C.spinosa8  19.8 15.1 55.2 8620 254 7779 57.9 3659.0 823 3299 53.0 14.9 24.7 5977.3
C.spinosa9  19.9 15.0 1615 8143 199 6231 434 28200 608 3150 38.6 8.6 12.8 4961.8
C.spinosa10  21.7 155 177.8 7823 198 4484 474 2963.1 643 4448 38.7 0.0 225 5059.5
C. spinosall 27.0 155 1335 10147 260 5119 54.8 3863.7 754 4424 575 11.0 211 6269.3
mean 239 134 787 959.8 233 7516 545 36279 786  336.6 51.7 114 18.6 6033.7
SD 55 10.3 62.4 2150 48 2052 8.6 666.4 171 92.3 9.3 5.1 79 10135

of A>-avenasterol in the seed oil is interesting because this Table 5. Total Content of Glucosinolates of Seeds from C. ovata and
compound is known to act as an antioxidant and as an C. spinosa
antipolymerization agent in frying oils38, 39). These authors

point out that those sterols with an ethyldiene group in the side total content of
chain are most effective as antioxidants and suggested that a sample glucosinolates (umollg)
synergistic effect of the sterols with other antioxidants may g g;g;:; ;g;
oceur. . . . C. ovata3 422
Brassicasterol, a characteristic feature of seed oils from C. ovatad 473
members of the family Brassicaceae, is very low in seed oils of C. ovatas 76.0
C. ovataandC. spinosa, although both seeds contain glucosi- C. ovata6 813
nolates, also characteristic for seeds belonging to the family C.ovaiat 84.6
Brassicaceae. In seed oils @ spinosaonly 13.4 mg of g g;ggg gj‘g
brassicasterol/kg and i€. ovata 42.0 mg/kg were found, C. ovata 10 540
whereas seed oils &rassica napusontain>20 times as much C. ovata1l 61.0
of this sterol (36). mean 58.9
Glucosinolates Another characteristic feature of caper berries SD 177
is the content and composition of the glucosinolates. Members .
of this group of compounds occur primarily in members of the g zp;gzzgé jé-g
family Brassicaceae, but they are also typical for members of c sgmosa?, 753
the family Capparaceae. These glucosinolates may contribute C. spinosa 4 49.2
to the prevention of diseases, but they also act as insect C. spinosa 5 51.2
attractants and repellants to protect the plants against insects C. spinosa 6 78.6
(15). C. spinosa 7 56.7
. . C. spinosa 8 88.9
The total glucosinolate contents of the seeds are shown in C. spinosa 9 624
Table 5. Glucocapperin was the predominante glucosinolate in C. spinosa 10 543
seeds ofC. ovataandC. spinosa, which came t©95% of the mean 60.6
total amount of glucosinolates. The total amount of glucosino- sD 15.4
lates ranged from 34.5 to 84u8nol/g in seeds o€. ovataand
from 42.6 to 88.9umol/g in seeds of. spinosaon a dry weight
basis. nolate-containing plants or seeds, the amounts found in seeds
In comparison to shoots or buds Gf spinosaor C. ovata of the two different species @appariswere comparable with

the total amount of glucosinolates was much higher in the seeds.results found irB. carinata(111xmol/g), C. sativa(38 umol/
Matthdus and @can (24) reported that 12 different glucosino- g), L. fendleri(70 umol/g), andL. satizum(127 umol/g) (15).
lates were determined in the young shoots and bud€.of In other oilseeds such @rambe abyssinicaBrassica napus
spinosaandC. owata. The total content of glucosinolates ranged (rapeseed), oBrassica nigra(mustard), 115:mol of glucosi-
between 6.6«mol/g (large buds o€. spinosa) and 45 6mol/g nolates/g, 1lxmol/kg, and 13@&:mol/g, respectively, were found
(young shoots o€. ovata). In comparison with other glucosi-  (40).
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With oil contents between 20 and nearly 40%, seed€ .of
ovataandC. spinosacould be interesting sources for the pro-

duction of vegetable oil. The results indicate that the oil contains
linoleic acid as the major fatty acid accompanied by oleic acid
and its isomer vaccenic acid. The content and composition of
tocopherols are comparable to those of other sources such as

rapeseed or sunflower oil. The relatively high contentAsf

J. Agric. Food Chem., Vol. 53, No. 18, 2005 7141

(20) Calis, I.; Kurutzum, A.; Lorenzetto, P. A.; Riedi, P. (6S)-
Hydroxy-3-oxo-cionol glucosides fronCapparisspinosa fruits.
Phytochemistr2002,59, 451—-457.

(21) Sharaf, M.; El-Ansari, M. A.; Saleh, N. A. Quercetin triglycoside
from Capparis spinosaFitoterapia 2000,71, 46-49.

(22) Gzcan, M.; Akgiil, A. Influence of species, harvest date and size
on composition of caper&apparisspp) flower buds.Nahrung
1998,42, 102—105.

avenasterol is interesting, because it has been suggested as an23) Brevard, H.; Brambilla, M.; Chaintreau, A.; Marion, J. P.

antioxidant and as an antipolymerization agent in frying oils.
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