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Abstract

Tronchuda cabbage (Brassica oleracea L. var. costata DC) seeds were studied for their chemical composition and antioxidant capac-
ity. Thirteen phenolic compounds were characterized and quantified by reversed-phase HPLC-DAD-MS/MS-ESI and HPLC-DAD,
respectively: two sinapoylgentiobiose isomers, three sinapoylglucose isomers, kaempferol-3-(sinapoyl)sophorotrioside-7-glucoside, sina-
poylcholine, kaempferol-3,7-diglucoside-4 0-(sinapoyl)glucoside, three disinapoylgentiobiose isomers, 1,2,2 0-trisinapoylgentiobiose and
1,2-disinapoylglucose. Seven organic acids (aconitic, citric, ascorbic, malic, quinic, shikimic and fumaric acids) were also identified
and quantified by HPLC-UV. The aqueous extract of tronchuda cabbage seeds was investigated for its capacity to act as a scavenger
of DPPH� radical and reactive oxygen species (superoxide radical, hydroxyl radical and hypochlorous acid), exhibiting antioxidant
capacity in a concentration-dependent manner against all radicals. These results may be attributed to the high content of hydroxycin-
namic derivatives and ascorbic acid.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Tronchuda cabbage seeds; Brassica oleracea L. var. costata DC; Phenolic compounds; Organic acids; Antioxidant capacity
1. Introduction

Brassicaceous plants represent one of the major vegeta-
ble crops grown, worldwide, constituting an important part
of a well balanced diet. Brassica oleracea is a native of the
Mediterranean region and southwestern Europe, extending
northward to southern England (Vaughan and Geissler,
1997a). It is easy to grow in cold weather, requires moist
soil and can tolerate maritime exposure. Horticultural
selection within the species has led to the development of
a number of cultivars and, although essentially temperate,
B. oleracea forms are today grown for food everywhere
that plants can grow (Vaughan and Geissler, 1997a). Tron-
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chuda cabbage (B. oleracea L. var. costata DC) is especially
popular in Portugal, having a determinant role in the Por-
tuguese diet and agricultural systems.

An increasing amount of evidence shows the need for a
constant supply of phytochemical-containing plants to
achieve optimal health benefits. This is ascribed to the fact
that different plants have distinct compound contents, with
several structures, thus offering different protective mecha-
nisms at different levels (Chu, Sun, Wu, and Liu, 2002;
Ninfali and Bacchiocca, 2003). Among phtyochemicals,
phenolic compounds and organic acids may exert a protec-
tive role against various diseases, due to their antioxidant
potential (Silva et al., 2004). In addition, these compounds
are known to play an important role in maintaining fruit
and vegetable quality, contributing to their organoleptic
characteristics (Vaughan and Geissler, 1997 b), and have
also been used for the quality control of several matrices

mailto:pandrade@ff.up.pt


550 F. Ferreres et al. / Food Chemistry 101 (2007) 549–558
(Valentão et al., 2005; Valentão, Andrade, Areias, Ferreres,
and Seabra, 1999).

The phenolic composition of tronchuda cabbage leaves
has already been reported: the external leaves were charac-
terized by the presence of complex flavonol glycosides
(Ferreres et al., 2005), while the internal ones exhibited both
flavonol glycosides and hydroxycinnamic acid derivatives
(Ferreres et al., 2006). The organic acids profile and the
antioxidant capacity of external and internal leaves were
also previously described (Ferreres et al., 2006; Vrchovska
et al., 2006), with the external ones exhibiting higher antiox-
idant potential. However, nothing has been reported about
tronchuda cabbage seeds. In fact, several studies with other
Brassica species have reported the existence of phenolics in
the seeds, namely phenolic acids and their derivatives
(Baumert et al., 2005; Bouchereau, Hamelin, Lamour,
Renard, and Larher, 1991; Li and El Rassi, 2002; Naczk,
Amarowicz, Sullivan, and Shahidi, 1998), flavonoid glyco-
sides (Baumert et al., 2005) and tannins (Naczk et al.,
1998). These compounds have been considered as UV
screens in young seedlings (Gitz, Liu, and McClure, 1998)
and have been associated with seedling vigour, height and
weight (Randhir and Shetty, 2003; Randhir and Shetty,
2005). Regarding B. oleracea seeds, previous studies with
different varieties, other than costata, concerned its germi-
nation sensitivity to hypoxia (Finch-Savage, Côme, Lynn,
and Corbineau, 2005), the effect of its film-coating to con-
trol insect pests (Ester, Putter, and Bilsen, 2003), the deter-
mination of glucosinolates (Kaoulla, MacLeod, and Gil,
1980; MacLeod, MacLeod, and Reader, 1989; Rangkadilok
et al., 2002a, 2002 b), fatty acids (Ayaz et al., 2006) and ster-
ols (Matsumoto, Shimizu, Asano, and Itoh, 1983).

Thus, the objectives of this study were to define the phe-
nolic and organic acid compositions of tronchuda cabbage
seeds and to evaluate their antioxidant potential. Phenolic
profile was established by reversed-phase HPLC-DAD-
MS/MS-ESI and HPLC-DAD analysis, while organic
acids were determined by HPLC/UV. The antioxidant
capacity was assessed by DPPH� radical and reactive oxy-
gen species (superoxide radical, hydroxyl radical and hypo-
chlorous acid)-scavenging assays.

2. Materials and methods

2.1. Standards and reagents

Malic, quinic, shikimic and fumaric acids were pur-
chased from Sigma (St. Louis, MO, USA). Aconitic, citric,
ascorbic and sinapic acids and kaempferol-3-O-rutinoside
were from Extrasynthése (Genay, France). Methanol, for-
mic and acetic acids were obtained from Merck (Darms-
tadt, Germany) and sulphuric acid from Pronalab
(Lisboa, Portugal). The water was treated in a Milli-Q
water purification system (Millipore, Bedford, MA,
USA). DPPH, xanthine, xanthine oxidase (XO) grade I
from buttermilk (EC 1.1.3.22), b-nicotinamide adenine
dinucleotide (NADH), phenazine methosulfate (PMS),
nitroblue tetrazolium chloride (NBT), anhydrous ferric
chloride (FeCl3), ethylenediaminetetraacetic acid disodium
salt (EDTA), ascorbic acid, trichloroacetic acid, thiobarbi-
turic acid, deoxyribose, sodium hypochlorite solution with
4% available chlorine (NaOCl), and 5,5 0-dithiobis(2-nitro-
benzoic acid) (DTNB) were obtained from Sigma Chemical
Co. (St. Louis, USA).

2.2. Samples

Tronchuda cabbages seeds were obtained from local
farmers in Bragança, Northeast Portugal, in July 2005.

2.3. Sample preparation

An aqueous extract was used for the phytochemical
characterization and in the antioxidant activity assays:
�6.0 g of powdered tronchuda cabbage seeds were boiled
for one hour in 600 ml of water and then filtered over a
Büchner funnel. The resulting extract was lyophilized in a
Labconco 4.5 Freezone apparatus (Kansas City, MO,
USA) and a yield of �0.9 g was obtained. The lyophilized
extract was kept in an desiccator, in the dark.

For the characterization and quantification of the phe-
nolic compounds by HPLC-DAD-MS/MS-ESI and
HPLC-DAD, respectively, the lyophilized extract was
redissolved in water (100 mg/ml), ultra-sonicated, centri-
fuged and filtered (0.45 lm). For organic acids determina-
tion it was redissolved in 0.01 N sulphuric acid (100 mg/ml)
prior to analysis by HPLC-UV.

2.4. HPLC-UV analysis of organic acids

The separation of the organic acids present in the seed
lyophilized extract was carried out as previously reported,
in a system consisting of an analytical HPLC unit (Gilson)
with an ion exclusion column, Nucleogel� Ion 300 OA
(300 · 7.7 mm) in conjunction with a column heating
device set at 30 �C. Briefly, elution was carried out isocrat-
ically, at a solvent flow rate of 0.2 ml min�1, with 0.01 N
sulphuric acid (Ferreres et al., 2006). The detection was
performed with a UV detector set at 214 nm.

Organic acids quantification was achieved by the absor-
bance recorded in the chromatograms relative to external
standards. Malic and quinic acid were quantified together
as malic acid. The average regression equations for aconitic,
citric, ascorbic, malic, shikimic and fumaric acids were y =
3.29 · 107x, y = 7.90 · 107x, y = 1.33 · 107x, y = 5.95 ·
107x, y = 4.84 · 109x and y = 1.05 · 1010x, respectively.
The detection limit values ranged from 0.01 to 1.67 lg/ml.

2.5. HPLC-DAD-MS/MS-ESI qualitative analysis of

phenolic compounds

Chromatographic separations were carried out on a
250 · 4 mm, 5 lm particle size, RP-18 LiChroCART
(Merck, Darmstadt, Germany) column protected with a
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4 · 4 mm LiChroCART guard column. Elution was per-
formed using acetic acid 1% (A) and methanol (B) as sol-
vents, starting with 20% B and using a gradient to obtain
50% B at 30 min and 80% B at 37 min. In the MS/MS posi-
tive ionisation mode study, 1% formic acid was used
instead of acetic acid, in order to enhance ionisation. The
flow rate was 1 ml min�1 and the injection volumes varied
between 10 and 50 ll.

The HPLC system was equipped with an Agilent 1100
Series diode array and a mass detector in series (Agilent
Technologies, Waldbronn, Germany). It consisted of a
G1312A binary pump, a G1313A autosampler, a
G1322A degasser and a G1315B photo-diode array detec-
tor controlled by ChemStation software (Agilent, v.
08.03). Spectroscopic data from all peaks were accumu-
lated in the range 240–400 nm, and chromatograms were
recorded at 330 nm. The mass detector was a G2445A
Ion-Trap Mass Spectrometer equipped with an electro-
spray ionisation (ESI) system and controlled by LCMSD
software (Agilent, v. 4.1.). Nitrogen was used as nebulizing
gas at a pressure of 65 psi and the flow was adjusted to
11 l min�1. The heated capillary and voltage were main-
tained at 350 �C and 4 kV, respectively. The full scan mass
covered the range from m/z 90 up to m/z 2000. Collision-
induced fragmentation experiments were performed in the
ion trap using helium as collision gas, with voltage ramping
cycles from 0.3 up to 2 V. MS data were acquired in the
negative ionisation mode and in the positive ionisation
mode for the study of compound 7. MSn data were
achieved in the automatic mode on the more abundant
fragment ion in MSn�1. Table 1 shows the most frequent
ions which characterize the fragmentation of the com-
pounds. Other ions were found but they have not been
included due to their low significance. The classical nomen-
clature for glycoconjugates was adopted to designate the
fragment ions. The ions k,lXj represent fragments still con-
taining the aglycone, where j is the number of the intergly-
cosidic bond broken, counted from the aglycone, and the k
and l denote the cleavage within carbohydrate rings
(Domon and Costello, 1988; Ferreres, Llorach, and Gil-
Izquierdo, 2004; Hvattum and Ekeberg, 2003). For a better
comprehension, data in Table 1 were grouped according to
sinapoyl derivatives, relative to the number of acid mole-
cules and, among these, by isomers. Data for sinapoyl
derivatives from flavonoid glycosides were also included
in this table.

2.6. HPLC-DAD quantitative analysis of phenolic

compounds

Twenty microlitres of the seeds’ lyophilized extract
were analysed using an HPLC unit (Gilson) and a RP-
18 LiChroCART (Merck, Darmstadt, Germany) column
(250 · 4 mm, 5 lm particle size), under the conditions
described for the qualitative analysis. Detection was
achieved with a Gilson diode array detector. Spectral
data from all peaks were accumulated in the range of
200–400 nm, and chromatograms were recorded at
330 nm. The data were processed on a Unipoint Sort-
ware system (Gilson Medical Electronics, Villiers le Bel,
France). Peak purity was checked by the software con-
trast facilities.

Phenolic compounds quantification was achieved by the
absorbance recorded in the chromatograms relative to
external standards. Since standards of the compounds
identified in the seeds’ lyophilized extract were not com-
mercially available, sinapic acid derivatives were quantified
as sinapic acid and the kaempferol derivatives as kaempf-
erol-3-O-rutinoside. The average regression equations for
sinapic acid and kaempferol 3-O-rutinoside were y =
1.71 · 109x and y = 7.42 · 108x, respectively. The detection
limit was 5.9 lg/ml for sinapic acid and 4.4 lg/ml for
kaempferol 3-O-rutinoside.

2.7. DPPH� scavenging activity

The antiradical activity of the extracts was determined
spectrophotometrically in an ELX808 IU Ultra Micro-
plate Reader (Bio-Tek Instruments, Inc.), by monitoring
the disappearance of DPPH� at 515 nm, according to a
described procedure (Ferreres et al., 2006; Vrchovska
et al., 2006). For each extract, a dilution series composed
of five different concentrations was prepared in a 96 well
plate. The reaction mixtures in the sample wells consisted
of 25 ll of aqueous extract and 200 ll of DPPH� dis-
solved in methanol. The plate was incubated for 30 min
at room temperature. Three experiments were performed
in triplicate.

2.8. Evaluation of superoxide radical-scavenging activity

2.8.1. General

Antiradical activity was determined spectrophotometri-
cally in an ELX808 IU Ultra Microplate Reader (Bio-
Tek Instruments, Inc.), by monitoring the effect of the
lyophilized extracts on the O��2 -induced reduction of NBT
at 562 nm.

2.8.2. Non-enzymatic assay

Superoxide radicals were generated by the NADH/PMS
system according to a described procedure (Valentão et al.,
2001a, 2001 b). All components were dissolved in phos-
phate buffer (19 mM, pH 7.4). Three experiments were per-
formed in triplicate.

2.8.3. Enzymatic assay

Superoxide radicals were generated by the xanthine/xan-
thine oxidase (X/XO) system, following a described proce-
dure (Valentão et al., 2001a, 2001 b). Briefly, xanthine was
dissolved in NaOH (1 lM) and subsequently in phosphate
buffer (50 mM) with EDTA (0.1 mM, pH 7.8), xanthine
oxidase in EDTA (0.1 mM) and the remaining components
in phosphate buffer (50 mM) with EDTA (0.1 mM, pH
7.8). Three experiments were performed in triplicate.



Table 1
Rt and most frequent ions which characterize the MS fragmentation of tronchuda cabbage seeds phenolic compounds

Compoundsa Rt (min) MSn, m/z(%)

Monosinapoyl derivatives

[M�H]� MS2[M�H]�

[M�H�18]� [0,2X0�18]� [Sinp�H]� [Sinp�H�18]�

1 SinpGentb 9.0 547 529(100) 247(50) 223(4)
3 SinpGentb 10.7 547 529(100) 247(60) 223(12)
2 SinpGlc 9.7 385 367(17) 247(100) 223(2)
4 SinpGlc 11.7 385 367(14) 247(100) 223(3)
5 SinpGlc 12.8 385 247(50) 223(100) 205(30)

Disinapoyl derivatives

[M�H]� MS2[M�H]� MS3[(M�H)! (M�H�Sinp)]�

9 diSinpGentb 25.3 753 529(100) 223(6) 223(100) 205(80)
10 diSinpGentb 26.6 753 529(100) 223(5) 223(100) 205(60)
11 diSinpGentb 30.5 753 529(100) 223(4) 223(56) 205(100)
13 diSinpGlc 32.4 591 367(100) 223(50) 205(20) 205(100)

Trisinapoyl derivatives

[M�H]� MS2[M�H]� MS3[(M�H)! (M�H�Sinp)]�

12 triSinpGentb 31.9 959 735(100) 529(100) 511(40) 221(30) 205(20)

Sinapoyl derivatives from flavonoid glycosides

[M�H]� MS2[M�H]� MS3[(M�H)! (M�H�162)]� MS4[(M�H)! (M�H�162))! (M�H�162/206)]�

6 K-3(Sinp)Sophtr-7Glc 14.3 1139 977(100) 771(100) 609(15) 428(35) 285(100)
[M�H�162]� [M�H�162-206]�

8 K-3,7diGlc-4 0(Sinp)Glc 24.0 977 815(100) 653(100) 285(100)
[M�H�162]� [M�H�162-162]�

a 1: sinapoylgentiobiose; 2: 1-sinapoylglucose isomer; 3: sinapoylgentiobiose isomer; 4: 1-sinapoylglucose isomer; 5: 1-sinapoylglucose; 6: kaempferol-3-(sinapoyl)sophorotrioside-7-glucoside; 8:
kaempferol-3,7-diglucoside-4 0-(sinapoyl)glucoside; 9: 1,2-disinapoylgentiobiose isomer; 10: 1,2-disinapoylgentiobiose isomer; 11: 1,2-disinapoylgentiobiose; 12: 1,2,2 0-trisinapoylgentiobiose; 13: 1,2-
disinapoylglucose. Glc: Glucoside; Gentb: Gentiobioside; Soph: Sophoroside; Sophtr: Sophorotrioside; Sinp: Sinapoyl; K: Kaempferol.
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2.8.4. Effect on xanthine oxidase activity

The effect of the lyophilized extracts on xanthine oxidase
activity was evaluated by measuring the formation of uric
acid from xanthine in a double beam spectrophotometer
(Hekios a, Unicam), at room temperature, according to a
described procedure (Valentão et al., 2001a, 2001 b). The
reaction mixtures contained the same proportion of com-
ponents as in the enzymatic assay for superoxide radical-
scavenging activity, except NBT, in a final volume of
750 ll. The absorbance was measured at 295 nm for
2 min. Three experiments were performed in triplicate.

2.9. Hydroxyl radical assay

The deoxyribose method for determining the scavenging
effect of the aqueous extracts on hydroxyl radicals was per-
formed according to a described procedure (Valentão et al.,
2001 b) in a double beam spectrophotometer (Hekios a,
Unicam). Reaction mixtures contained 50 lM ascorbic
acid, 40 lM FeCl3, 2 mM EDTA, 2.8 mM H2O2, 2.8 mM
deoxyribose and lyophilized extracts. All components were
dissolved in KH2PO4–KOH 10 Mm buffer, pH 7.4. This
assay was also performed, either without ascorbic acid or
EDTA, in order to evaluate the extracts pro-oxidant and
metal chelation potential, respectively. Three experiments
were performed in triplicate.

2.10. Hypochlorous acid scavenging activity

The inhibition of hypochlorous acid-induced 5-thio-2-
nitrobenzoic acid (TNB) oxidation to 5,5 0-dithiobis(2-
nitrobenzoic acid) was performed according to a described
procedure (Valentão et al., 2001 b), in a double beam spec-
trophotometer (Hekios a, Unicam). Hypochlorous acid
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Fig. 1. HPLC-DAD phenolic profile of tronchuda cabbage seeds’ aqueous lyop
sinapoylglucose isomer; (3) sinapoylgentiobiose isomer; (4) 1-sinapoylglucose is
glucoside; (7) sinapoylcholine; (8) kaempferol-3,7-diglucoside-4 0-(sinapoyl)gluc
isomer; (11) 1,2-disinapoylgentiobiose; (12) 1,2,2 0-trisinapoylgentiobiose; (13)
and TNB were prepared immediately before use. Scaveng-
ing of hypochlorous acid was ascertained by using lipoic
acid as a reference scavenger, which scavenged HOCl in a
concentration-dependent manner (data not shown). Three
experiments were performed in triplicate.

3. Results and discussion

3.1. Characterization of the seed phenolic compounds

The screening by HPLC-DAD-MS/MS-ESI of the aque-
ous lyophilized extract of tronchuda cabbage seeds revealed
a chromatogram (registered at 330 nm) characterized by the
existence of several compounds whose UV spectra had a
maximum at �330 nm (Fig. 1). Some of them (compounds
6 and 8) exhibited a second maximum at �267 nm, but with
lower absorption, indicating the occurrence of flavonoids.
These data, together with those obtained in the MSn Ion-
Trap electrospray ionisation fragmentation study, in which
can be observed losses of 224/206 amu (sinapic acid/sinapic
acid-18) and ions at m/z 223/205 (deprotonated sinapic
acid/deprotonated sinapic acid-18 ions), indicate that these
compounds are sinapic acid derivatives. In addition, the
HPLC-DAD chromatographic profile was similar to that
found before for Brassica napus seeds extracts (Baumert
et al., 2005), exhibiting sinapoylcholine, or sinapine (7)
(UV 325 nm; +MS: 310 [M]+, +MS2[M]+: 251 [M–
(CH3)3N]+ as an important compound, extensively
described to occur in the Brassica genus (Bell, 1993; Bou-
chereau et al., 1991; Shahidi & Naczk, 1992).

Sinapate esters of glucose and gentiobiose (compounds
5, 9, 10, 11, 12, 13) constitute another important group
of phenolic compounds already reported in B. napus seeds
and other plant organs of B. oleracea varieties (Ferreres
20
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hilized extract. Detection at 330 nm. Peaks: (1) sinapoylgentiobiose; (2) 1-
omer; (5) 1-sinapoylglucose; (6) kaempferol-3-(sinapoyl)sophorotrioside-7-
oside; (9) 1,2-disinapoylgentiobiose isomer; (10) 1,2-disinapoylgentiobiose
1,2-disinapoylglucose.



Table 2
Quantification of tronchuda cabbage seed phenolic compounds (mg/kg,
dry basis)a

Phenolic compound Mean SD

1 Sinapoylgentiobiose 309 0.3
2 1-Sinapoylglucose isomer 368 11.7
3 Sinapoylgentiobiose isomer 270 1.7
4 1-Sinapoylglucose isomer 417 9.8
5 1-Sinapoylglucose 703 11.5
6 Kaempferol-3-(sinapoyl)sophorotrioside-7-glucoside 911 17.7
7 Sinapoylcholine 376 7.1
8 Kaempferol-3,7-diglucoside-40-(sinapoyl)glucoside 267 17.6
9 1,2-Disinapoylgentiobiose isomer 152 3.2
10 1,2-Disinapoylgentiobiose isomer 345 2.0
11 1,2-Disinapoylgentiobiose 1023 37.1
12 1,2,2 0-Trisinapoylgentiobiose 448 2.2
13 1,2-Disinapoylglucose 368 2.4

P
5974

a Results are expressed as mean of three determinations. SD standard
deviation,

P
, sum of the determined phenolic compounds.
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et al., 2006; Llorach, Gil-Izquierdo, Ferreres, & Tomás-
Barberán, 2003; Price, Casuscelli, Colquhoun, & Rhodes,
1997; Vallejo, Tomás-Barberán, & Ferreres, 2004; Vallejo,
Tomás-Barberán, & Garcia-Viguera, 2003). The -MSn frag-
mentation observed for these compounds was similar to
that described in a previous work (Ferreres et al., 2006),
mainly consisting in the loss of sinapic acid (224 amu) or
sinapic acid-18 (206 amu), giving rise to the base peak in
each MSn event. In the fragmentation of the last sinapic
acid-containing ion, there was base peak at m/z 223/205
(Table 1). By comparison with data reported before for
Brassica seeds (Baumert et al., 2005), we tentatively con-
sider that the compounds detected are 1-sinapoylglucose
(5), 1,2-disinapoylgentiobiose (11), 1,2-disinapoylgentiobi-
ose isomers (9 and 10), 1,2,2 0-trisinapoylgentiobiose (12)
and 1,2-disinapoylglucose (13). Besides these compounds,
there were also two 1-sinapoylglucose isomers (compounds
2 and 4) and two sinapoylgentiobiosides (compounds 1 and
3), with a MSn fragmentation distinct from that of the sina-
pate esters described above. In their –MS2[M�H]� the ion
at m/z 223 is not abundant and the loss of the glycosidic
fraction is not complete, forming an ion at m/z 247
[0,2X0�18]� (Domon & Costello, 1988) as a result of the
partial sugar fragmentation (Table 1). The ion
[M�H�18]� is abundant, being the base peak of the sina-
poylgentiobiosides 1 and 3. The observed fragmentation
facility to give rise to a total loss of the glycosyl radical
in the case of the sinapate esters, or the partial fragmenta-
tion of the sugar in the other compounds, suggests that the
sugar-sinapic acid link is of a different nature.

In the sinapoyl derivatives from flavonoid glycosides,
the compound at Rt 14.3 min formed an ion [M�H]�

whose MSn fragmentation indicates that its structure is
coincident with that of kaempferol-3-(sinapoyl)sophorotri-
oside-7-glucoside (6) (Llorach et al., 2003; Vallejo et al.,
2004). Another flavonoid was also detected (compound
8), presenting a deprotonated molecular ion at m/z 977,
whose MSn fragmentation consisted of two sequential
losses (MS2 and MS3) of glucosyl radical (�162 amu) to
form the base peak, and of the loss of glucosyl plus sina-
poyl radicals (�162–206) to give rise to a deprotonated
kaempferol ion as base peak in MS4 (Table 1). This kind
of fragmentation indicates the occurrence of glycosylation
in three phenolic hydroxyls and, according to other authors
(Baumert et al., 2005), should be coincident with kaempf-
erol-3,7-diglucoside-4 0-(sinapoyl)glucoside.

All the described compounds are reported for the first
time in tronchuda cabbage seeds. With the exception of
the 1,2-disinapoylgentiobiose isomers and of 1,2,2 0-tris-
inapoylgentiobiose, described in the internal leaves (Ferr-
eres et al., 2006), none of these compounds have been
previously reported in tronchuda cabbage.

3.2. Seeds phenolic compounds quantitative analysis

In order to achieve a better characterization of the aque-
ous lyophilized extract of tronchuda cabbage seeds, its phe-
nolic compounds were quantified by HPLC-DAD. The
seeds exhibited a high content of phenolic compounds
(�6.0 g/kg) (Table 2), 1,2-disinapoylgentiobiose (11) being
the compound present in highest amounts, representing
�17% of total phenolics, followed by kaempferol-3-(sina-
poyl)sophorotrioside-7-glucoside (6) and 1-sinapoylglucose
(5), which corresponded to 15 and 12% of total com-
pounds, respectively. The 1,2-Disinapoylgentiobiose iso-
mer (9) was the minor compound, accounting for 2% of
total phenolics.

In the phenolic profile of tronchuda cabbage seeds the
hydroxycinnamic derivatives are the main phenolics, corre-
sponding to �80% of total compounds. This is clearly dis-
tinct from what happened with the internal leaves, in which
they represented �46% of total phenolics (Ferreres et al.,
2006), or with the external leaves, in which only flavonol
glycosides were determined (Vrchovska et al., 2006).

3.3. Identification and quantification of organic acids by

HPLC-UV

Tronchuda cabbage seeds presented a chemical profile
composed by seven identified organic acids: aconitic, citric,
ascorbic, malic, quinic, shikimic and fumaric acids (Fig. 2).
All these compounds have been previously described in
tronchuda cabbage leaves (Ferreres et al., 2006; Vrchovska
et al., 2006) and are now reported for the first time in its
seeds.

The total organic acid content of tronchuda cabbage
seeds (�16 g/kg) (Table 3) was similar to that previously
found in the leaves (Ferreres et al., 2006; Vrchovska
et al., 2006). However, the seeds exhibited a distinct profile,
in which ascorbic acid (3) was the main compound, repre-
senting �52% of total identified organic acids, followed by
citric acid (2) (�28% of compounds). As observed with
tronchuda cabbage leaves (Ferreres et al., 2006; Vrchovska
et al., 2006), shikimic (6) and fumaric (7) acids were minor
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Fig. 2. HPLC-UV organic acid profile of tronchuda cabbage seeds.
Detection at 214 nm. Peaks: (MP) mobile phase; (1a and 1 b) aconitic acid
isomers; (2) citric acid; (3) ascorbic acid; (4) malic acid; (5) quinic acid; (6)
shikimic acid; (7) fumaric acid.

Table 3
Quantification of tronchuda cabbage seeds organic acids (mg/kg, dry
basis)a

Organic acid Mean SD

1a + 1 b Aconitic 170 2.5
2 Citric 4685 197
3 Ascorbic 8546 438
4 + 5 Malic + quinic 3049 222
6 Shikimic 18.3 0.4
7 Fumaric 39.3 0.5

P
16507

a Results are expressed as means of three determinations; SD, standard
deviation;

P
, sum of the determined organic acids
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compounds, accounting for �0.1% and 0.2% of total acids,
respectively.

3.4. Antioxidant activity

The DPPH� assay provides basic information on the
antiradical activity of extracts. In this assay, the scavenging
of DPPH� is followed by monitoring the decrease in absor-
bance at 515 nm, which occurs due to the reduction by the
antioxidant (Fukumoto & Mazza, 2000). In the present
study the lyophilized extract of tronchuda cabbage seeds
displayed a strong concentration-dependent antioxidant
potential (IC25 = 64 lg/ml) (Fig. 3).

Tronchuda cabbage seeds lyophilized extract scavenged
X/XO-generated superoxide radical in a concentration-
dependent way, as shown in Fig. 4, with an IC25 at
197 lg ml�1. A control experiment was performed to deter-
mine whether the lyophilized extract might inhibit XO,
since an inhibitory effect on the enzyme itself would also
lead to a decrease in NBT reduction. (Valentão et al.,
2001a). However, it was observed that the lyophilized
extract had no effect on XO (Fig. 4). The capacity of the
lyophilized extract to scavenge superoxide radical in a con-
centration-dependent manner was confirmed when this
radical was generated by a chemical system, which indi-
cated an IC25 at 118 lg ml�1 (Fig. 4).

The tronchuda cabbage seeds’ lyophilized extract also
appeared to be a potent scavenger of hydroxyl radical gen-
erated by a Fenton system, in a concentration-dependent
manner (IC25 = 4 lg ml�1) (Fig. 5). Some compounds are
capable of redox cycling the metal ion required for hydro-
xyl generation, thus increasing the radical production and,
consequently, deoxyribose degradation (Li & Xie, 2000).
So, ascorbic acid was omitted in the assay, in order to
check the pro-oxidant capacity of the extract. Under those
circumstances, tronchuda cabbage seeds’ lyophilized
extract proved to be an effective substitute of ascorbic acid
for concentrations above 1.9 lg ml�1 (Fig. 5). This could
be attributed to the high amount of this acid in the seeds.
It seems that, at the tested concentrations, tronchuda cab-
bage seeds have both anti-oxidant and pro-oxidant effects,
with the first being more pronounced than the latter. Inhi-
bition of iron-dependent deoxyribose degradation in the
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absence of EDTA depends not only on the ability of a scav-
enger to react with hydroxyl radical, but also on its ability
to form complexes with iron ions (Halliwell, Gutteridge, &
Aruoma, 1987). In the assay performed in the absence of
EDTA, tronchuda cabbage seeds’ lyophilized extract dis-
played a concentration-dependent ability to chelate iron
ions, with an IC10 at 12 lg ml�1 (Fig. 5).

Under the present experimental conditions an HOCl
scavenger inhibits the oxidation of TNB (kmax = 412 nm)
into DTNB (kmax = 325 nm) (Künzel, Zee, & Ijzerman,
1996). Tronchuda cabbage seeds’ lyophilized extract exhib-
ited a concentration-dependent protective activity against
HOCl damage (IC10 = 87 lg ml�1), as shown in Fig. 6.

According to the results obtained in all assays, and in
comparison with data from both tronchuda cabbage inter-
nal and external leaves (Ferreres et al., 2006; Vrchovska
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Fig. 6. Effect of tronchuda cabbage seeds on the oxidation of TNB by
HOCl. Values show mean ±SE from three experiments performed in
triplicate.
et al., 2006), it could be concluded that, in general terms,
tronchuda cabbage seeds exhibit higher antioxidant poten-
tial than do its leaves. This is not surprising, since seeds
often contain the highest concentration of lipids of any
plant tissue, with high levels of polyunsaturated fatty acids.
The occurrence of high amounts of phenolic compounds,
particularly of hydroxycinnamic derivatives, and organic
acids, namely ascorbic acid, in tronchuda cabbage seeds,
suggests that these compounds protect storage lipids from
oxidation, as observed with tocopherols (Sattler, Gilliland,
Magallanes-Lundback, Pollard, & DellaPenna, 2004), con-
tributing to the viability of seeds and their rapid germina-
tion when oxygen demand during germination is high
(Andarwulan, Fardiaz, Wattimena, & Shetty, 1999; Rand-
hir & Shetty, 2003; Sattler et al., 2004). In fact, either
hydroxycinnamic esters (Plumb, Price, Rhodes, & William-
son, 1997), flavonol glycosides (Braca et al., 2003; Tang,
Lou, Wang, Li, & Zhuang, 2001) or organic acids (Silva
et al., 2004) are known to exert antioxidant activity.

In conclusion, the results obtained in this study indicate
that tronchuda cabbage seeds may constitute a good source
of health-promoting compounds, namely phenolic com-
pounds and organic acids. In addition, the high content
of phenolic compounds may be important for the resis-
tance of tronchuda cabbage seeds to downy mildew (Sousa,
Dias, & Monteiro, 1997) and insect pests (Ester et al.,
2003), as they are known to exert a protective role against
parasite attack (Macheix, Fleuriet, & Billot, 1990).
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