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Abstract

The phenolic compounds and organic acids of turnip (Brassica rapa var. rapa L.) edible parts (leaves and stems, flower buds and
roots) were determined by HPLC-DAD and HPLC-UYV, respectively. The results revealed a profile composed of 14 phenolics (3-p-cou-
maroylquinic, caffeic, ferulic and sinapic acids, kaempferol 3-O-sophoroside-7-O-glucoside, kaempferol 3-O-sophoroside-7-O-sophoro-
side, kaempferol 3-O-(feruloyl/caffeoyl)-sophoroside-7-O-glucoside, kaempferol 3,7-O-diglucoside, isorhamnetin 3,7-O-diglucoside,
kaempferol 3-O-sophoroside, 1,2-disinapoylgentiobiose, 1,2'-disinapoyl-2-feruloylgentiobiose, kaempferol 3-O-glucoside and isorhamne-
tin 3-O-glucoside) and six organic acids (aconitic, citric, ketoglutaric, malic, shikimic and fumaric acids). The quantification of the iden-
tified compounds showed kaempferol 3-O-sophoroside-7-O-glucoside, kaempferol 3-O-(feruloyl/caffeoyl)-sophoroside-7-O-glucoside,
isorhamnetin 3,7-O-diglucoside and isorhamnetin 3-O-glucoside as the main phenolics, and malic acid as the organic acid present in high-
est amounts. A screening of the antioxidative potential was also performed by means of the DPPH radical scavenging assay. Turnip

flower buds exhibited the strongest antioxidant capacity.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The Brassicaceae family includes a wide range of hor-
ticultural crops, some of them with economic signifi-
cance, extensively used in the diet throughout the world
(Sasaki & Takahashi, 2002). Turnip (Brassica rapa var.
rapa L.) is one of the oldest cultivated vegetables that
has been used for human consumption since prehistoric
times (Liang et al., 2006). This species is notably popular
in Europe, particularly in its colder regions. It grows well
in cold climates and can be stored several months after
harvest. In the Iberian Peninsula it constitutes, together
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with other Brassica species, a unique supply of vegetables
during the winter.

Turnip leaves are usually light green, thin and sparsely
pubescent. A white-fleshed, large global or tapered root
develops at the base of the leaf petioles. Branched flowering
stems are also produced. The flowers are clustered at the
top of the raceme and are usually raised above the terminal
buds. In Portugal, turnip is usually used for its leaves and
roots. Bolting occurs in late winter followed by the forma-
tion of flower buds, which are also consumed before open-
ing and while still green (Rosa, 1997). Turnip edible parts
are commonly consumed as a boiled vegetable, being used
in the preparation of soups and stews, too. In addition, the
flower buds are also eaten sautéed, with a mixture of hot
olive oil and garlic, and with rice.
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This species has been previously studied for the phenyl-
propanoids (Liang et al., 2006), volatile constituents (Wall-
bank & Wheatley, 1976) and allozymes (Persson, Filt, &
Von Bothmer, 2001) of the leaves, glucosinolates from
the flower buds (Rosa, 1997), tuberization ability of the
epicotyl (Nishijima, Sugii, Fukino, & Mochizuki, 2005)
and fatty acid composition of the seed oil (Velasco, Goft-
man, & Becker, 1998).

It has been noticed that increasing the consumption of
fruits and vegetables is a practical strategy for consumers
to optimize their health and to reduce the risk of chronic
diseases. In fact, plant-based foods contain significant
amounts of bioactive non-nutritive compounds, which pro-
vide desirable health benefits beyond basic nutrition. This
association is often attributed to the antioxidant phyto-
chemicals, namely phenolic compounds and organic acids
(Liu, 2003; Pulido, Bravo, & Saura-Calixto, 2000; Silva
et al., 2004). These compounds are also known to contrib-
ute to the organoleptic characteristics of fruits and vegeta-
bles (Vaughan & Geissler, 1997) and have been widely
applied for their quality control (Ferreres et al., 2005; Silva
et al., 2005; Sousa et al., 2005).

The phenolic (Ferreres et al., 2005, 2006; Llorach, Gil-
Izquierdo, Ferreres, & Tomads-Barberan, 2003; Romani,
Vignolini, Isolani, Ieri, & Heimler, 2006; Sousa et al., 2005;
Vallejo, Tomas-Barberan, & Ferreres, 2004; Vrchovska
et al., 2006) and organic acid (Ferreres et al., 2006; Sousa
et al., 2005; Vrchovska et al., 2006) composition of Brassica
vegetables or byproducts has been widely investigated. In
what concerns B. rapa, only the flavonoids in var. sylvestris
(Romani et al., 2006) were characterized. Despite being
much appreciated and highly consumed, in B. rapa var. rapa
only the production of hydroxycinnamic acids conjugated
with malate in methyl jasmonate treated leaves was
described (Liang et al., 2006) and nothing has been reported
about its organic acids.

The purpose of this study was to characterize the pheno-
lic compounds and organic acids profiles of the distinct tur-
nip edible parts (leaves and stems, flower buds and roots)
and to assess their antiradical activity. Phenolic com-
pounds and organic acids were determined by HPLC-
DAD and HPLC-UYV, respectively, and the antioxidant
capacity was evaluated by the DPPH radical scavenging
assay.

2. Materials and methods
2.1. Standards and reagents

Caffeic, p-coumaric, sinapic, oxalic, citric, ketoglutaric,
malic, succinic, shikimic and fumaric acids were from
Sigma (St. Louis, MO, USA) and ferulic acid, cis-aconitic
acid, kaempferol 3-O-glucoside and isorhamnetin 3-O-glu-
coside from Extrasynthése (Genay, France). Methanol and
formic acid were obtained from Merck (Darmstadt, Ger-
many) and sulfuric acid from Pronalab (Lisbon, Portugal).

The water was treated in a Milli-Q water purification sys-
tem (Millipore, Bedford, MA, USA). DPPH was pur-
chased from Sigma Chemical Co. (St. Louis, USA).

2.2. Plant material

Turnip samples were sowed in Carrazeda de Ansiaes
(northern Portugal), in September 2005, and grown with-
out any fertilization treatment. After harvesting, in Feb-
ruary 2006, the plant material of five distinct individuals
was immediately transferred to the laboratory where
leaves and stems, flower buds and roots were separated.
The samples were kept in a freezer at —20 °C, prior to
their lyophilisation in a Labconco 4.5 Freezone appara-
tus (Kansas City, MO, USA). Then the dried material
was powdered.

2.3. Preparation of extracts

Aqueous extracts of leaves and stems, flower buds and
roots from turnip were prepared by putting ca. 3.0 g of
dried material in 300 ml of boiling water. The mixture
was boiled for 15 min and then filtered over a Biichner fun-
nel. The extracts were then lyophilised, each one yielding
ca. 1.5 g of dry matter. The lyophilised extracts were kept
in an exsicator, in the dark. For phenolic compounds and
organic acids analysis, they were redissolved in water and
in sulfuric acid 0.01 N, respectively.

2.4. HPLC-UYV analyses of organic acids

Analyses of organic acids were carried out as previously
reported (Ferreres et al., 2006), using an analytical HPLC
unit (Gilson) in conjunction with a column heating device
set at 30°C, and an ion exclusion column, Nucleogel®
Ton 300 OA (300 x 7.7 mm). Briefly, elution was developed
isocratically at a solvent flow rate of 0.2 ml/min, with sul-
furic acid 0.01 N. The detection was performed with an
UV detector, at 214 nm. Organic acids quantification was
achieved by the absorbance recorded in the chromato-
grams relative to external standards, and the peaks in the
chromatograms were integrated using a default baseline
construction technique.

2.5. HPLC-DAD analyses of phenolic compounds

Analysis of phenolic compounds was carried out using
an analytical HPLC unit (Gilson), equipped with a Gilson
diode array detector. The compounds were separated by
using a Spherisorb ODS2 (25.0 x 0.46 cm; 5 um, particle
size) column and a solvent mixture of water (adjusted to
pH 3.2 with formic acid at 10%, v/v) (A) and methanol
(B). Elution was carried out at 1 ml/min and the solvent
gradient system was as follows: 20%B at 0 min, 50%B at
35 min, 80%B at 45 min and 100%B at 50 min. Spectral
data from all peaks were accumulated in the 200-400 nm
range, and chromatograms were acquired at 330 nm. Data
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were processed by Unipoint system software (Gilson
Medical Electronics, Villiers le Bel, France) and peak pur-
ity was checked by means of the software contrast
facilities.

Phenolic compounds quantification was achieved by the
absorbance recorded in the chromatograms relative to
external standards. Since standards of several compounds
identified in turnip were not commercially available, 3-p-
coumaroylquinic acid was quantified as p-coumaric acid
and kaempferol and isorhamnetin derivatives as kaempf-
erol 3-O-glucoside and isorhamnetin 3-O-glucoside,
respectively.

2.6. DPPH radical scavenging activity

The antiradical capacity of the distinct turnip edible
parts was estimated spectrophotometrically in an
ELX808 ITU Ultra Microplate Reader (Bio-Tek Instru-
ments, Inc.), by monitoring the disappearance of DPPH"
at 515 nm, according to a described procedure (Ferreres
et al., 2006). The reaction mixtures in the sample wells con-
sisted of 25 ul aqueous extract (five different concentra-
tions) and 200 upl DPPH® dissolved in methanol. The
mixture was left to stand for 30 min at room temperature.
Three experiments were performed in triplicate.

The scavenging activity (SA) was calculated as a per-
centage of DPPH" discolouration using the equation:
%SA =100 * (1 — Ac/Ad), where Ac is the absorbance of
the resulting solution when the extract has been added at
a particular concentration, and Ad is the absorbance of
the DPPH solution. The extract concentration providing
25% inhibition (IC,s5) was calculated from the graph of
SA percentage against extract concentration.

2.7. Statistical analysis

The evaluation of statistical significance was determined
by ANOVA, followed by Newman-Keuls test. The level of
significance was set at p < 0.05.

3. Results and discussion
3.1. Phenolic compounds in turnip

The HPLC-DAD analysis of turnip aqueous extracts
revealed the presence of several hydroxycinnamic and fla-
vonoid derivatives. By this means in turnip flower buds
(Fig. 1a) and leaves and stems (Fig. 1b), it was possible
to identify 14 phenolic compounds: 3-p-coumaroylquinic,
caffeic, ferulic and sinapic acids, kaempferol 3-O-sophoro-
side-7-O-glucoside, kaempferol 3-O-sophoroside-7-O-sop-
horoside, kaempferol 3-O-(feruloyl/caffeoyl)-sophoroside-
7-0-glucoside, kaempferol 3,7-O-diglucoside, isorhamnetin
3,7-O-diglucoside, kaempferol 3-O-sophoroside, 1,2-disin-
apoylgentiobiose, 1,2'-disinapoyl-2-feruloylgentiobiose,
kaempferol 3-O-glucoside and isorhamnetin 3-O-glucoside
(Fig. 2). Caffeic, ferulic and sinapic acids, kaempferol 3-O-
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Fig. 1. HPLC-DAD of phenolic compounds in turnip (a) flower buds and
(b) leaves and stems. Detection at 330 nm. Peaks: (1) 3-p-coumaroylquinic
acid; (2) kaempferol 3-O-sophoroside-7-O-glucoside; (3) kaempferol 3-O-
sophoroside-7-0O-sophoroside (4) caffeic acid; (5) kaempferol 3-O-(feruloyl/
caffeoyl)-sophoroside-7-O-glucoside; (6) kaempferol 3,7-O-diglucoside; (7)
isorhamnetin 3,7-O-diglucoside; (8) ferulic acid; (9) sinapic acid; (10)
kaempferol 3-O-sophoroside; (11) 1,2-disinapoylgentiobiose; (12) 1,2'-
disinapoyl-2-feruloylgentiobiose; (13) kaempferol 3-O-glucoside; (14)
isorhamnetin 3-O-glucoside.

glucoside and isorhamnetin 3-O-glucoside were identified
by comparison of their retention times and UV-visible
spectra in the range of 200400 nm, with those of authentic
standards. Kaempferol 3-O-sophoroside-7-O-glucoside,
kaempferol 3-O-sophoroside-7-O-sophoroside, kaempferol
3-O-(feruloyl/caffeoyl)-sophoroside-7-O-glucoside, kaemp-
ferol 3-O-sophoroside, 3-p-coumaroylquinic acid, 1,2-dis-
inapoylgentiobiose and 1,2'-disinapoyl-2-feruloylgentiobi-
ose were identified according to our previous works in B.
oleracea L. var costata DC (Ferreres et al., 2005, 2006).
Using the same described experimental conditions, similar
chromatograms were obtained for these compounds, in
which they had the same order of elution, the same reten-
tion time and the same UV-visible spectra. Kaempferol
3,7-O-diglucoside and isorhamnetin 3,7-O-diglucoside
were identified according to their chromatographic behav-
iour and characteristic UV-visible spectra, as described in B.
rapa subsp. sylvestris by Romani et al. (2006); kaempferol
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Fig. 2. Chemical structures of the identified turnip phenolics: (1) 3-p-coumaroylquinic acid; (2) kaempferol 3-O-sophoroside-7-O-glucoside; (3)
kaempferol 3-O-sophoroside-7-O-sophoroside (4) caffeic acid; (5) kaempferol 3-O-(feruloyl/caffeoyl)-sophoroside-7-O-glucoside; (6) kaempferol 3,7-O-
diglucoside; (7) isorhamnetin 3,7-O-diglucoside; (8) ferulic acid; (9) sinapic acid; (10) kaempferol 3-O-sophoroside; (11) 1,2-disinapoylgentiobiose; (12)
1,2’-disinapoyl-2-feruloylgentiobiose; (13) kaempferol 3-O-glucoside; (14) isorhamnetin 3-O-glucoside.

Table 1
Phenolic compounds in turnip samples (mg/kg, dry basis)®
Sample Plant Compound® Total
material 2 3+4 5 6 7 8 9 10 11 12 13 14
1 Leaves 753 1487.8  1272.0 1068.1 4934 1303.4 8583 160.6  351.0 51.8 27.7 227.1 706.7 8083.1
and (3.5 (33.5)  (253) (8.5  (69)  (188) (64) (0.) (52) (1.0) (0.7) (1.8 (4.1
2 stems 83.7 1443.7 12549 15834 1966.7 3174.1 197.9  246.6  526.0 54.1 32.1 387.1 1903.3  12853.6
0.3)  (10.8)  (120.8) (974) (2352) (276.6) (4.6) (02) (435 (3.4) (2.8) (229) (40.6)
3 109.8  2250.9 1856.6  2285.6 1196.2  2529.5 168.0 228.7 554.5 1134 858 475.9 1240.4  13095.2
(7)  (40.4) (2250  (160) (29.5) (10.1) (22) (145 (3.6) (24) (3.3) (18.8) (15.8)
4 84.0 1289.8  1157.3 20169 760.4 1655.1  293.7 2109 925.0 86.2 75.5 803.9 2724.5  12083.1
(13) (349  (326) (157 (23.5) (2190 (1.7) (243) (454) (6.6) (5.5 (187) (141.7)
5 54.9 1646.8 2077.4 23124 9723 3189.1 140.0 174.0  390.1 47.5 42.1 357.2 1438.6  12842.4
0.9)  (171.2)  (52.1) (L1)  (10.6) (3470 (25 (0.1) (252) (0.0) (0.0) (L5  (5.8)
6 Flower 120.0  1851.1 893.7 14474  540.8 11384 3022 368.6 707.4 82.6 93.6 674.8 1771.8 9992.6
buds (17.9)  (252.5) (80.1)  (88.3) (19.9) (50.0) (142) (0.5 (384) (3.9 (3.9 (71.4) (95.8)
7 120.7 1849.6 6.7 3418.1 12935 14727 291.6  569.1 307.3 96.1 123.6  859.0 1812.2  12220.2
(7)) @1)  (03) (645 (63.0) (57.1)  (8.3) (289) (24.3) (3.9) (44) (64.6) (93.4)
8 123.0 2019.3 874.1 1769.8  635.2 1306.8 350.4 409.7 882.1 92.8 108.0  859.9 1957.3 11388.4
(6.0) (1745) (147) (204) (36.0) (39.0) (12.1) (9.3) (49.1) (3.2) (0.2) (49.6) (77.0)
9 180.2 1879.6  1835.0  3221.5 1446.8 35744 376.1 5485 1396.5 169.1 261.1 1184.2 29069  18980.0
() (67.1)  (884) (71.1) (46.6) (121.9) (187) (17.8) (0.8) (48) (132) (68.5) (88.3)
10 139.6  1994.7 18755 22042 2636.0 4555.5 253.6 400.3 786.5 178.2 2256 641.6 1932.5  17823.9
(4.9)  (549) (348) (69.0) (122.8) (107.9) (9.5 (37 (757) (24) (48) (L)} (1132

% Results are expressed as mean (standard deviation) of three determinations.
® (1) 3-p-Coumaroylquinic acid; (2) kaempferol 3-O-sophoroside-7-O-glucoside; (3) kaempferol 3-O-sophoroside-7-O-sophoroside (4) caffeic acid; (5)
kaempferol 3-O-(feruloyl/caffeoyl)-sophoroside-7-O-glucoside; (6) kaempferol 3,7-O-diglucoside; (7) isorhamnetin 3,7-O-diglucoside; (8) ferulic acid; (9)
sinapic acid; (10) kaempferol 3-O-sophoroside; (11) 1,2-disinapoylgentiobiose; (12) 1,2’-disinapoyl-2-feruloylgentiobiose; (13) kaempferol 3-O-glucoside;

(14) isorhamnetin 3-O-glucoside.
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3,7-O-diglucoside exhibits two maxima at 266 and 349 nm
and a shoulder at 318 nm, while isorhamnetin 3,7-O-dig-
lucoside shows its maxima at 255 and 354 nm and a shoul-
der at 268nm. Turnip roots showed a distinct
composition, in which only ferulic and sinapic acids and
their derivatives were detected in vestigial amounts. No
qualitative differences were observed among the five sam-
ples of each plant material (Table 1). As far as we know,
all these compounds are reported for the first time in tur-
nip edible parts. Comparing the results obtained with those
described before for another B. rapa variety, namely var.
sylvestris (Romani et al., 2006), it can be seen that kaempf-
erol 3,7-O-diglucoside, isorhamnetin 3,7-O-diglucoside,
kaempferol 3-O-sophoroside, 1,2-disinapoylgentiobiose,
1,2'-disinapoyl-2-feruloylgentiobiose, kaempferol 3-O-glu-
coside and isorhamnetin 3-O-glucoside are the only com-
mon compounds.

The quantification of the phenolics present in the differ-
ent turnip aqueous extracts revealed a high amount of these
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Fig. 3. Phenolic profile of turnip (a) flower buds and (b) leaves and stems.
Values represent mean, and standard error bars are on the top of each
column. (1) 3-p-Coumaroylquinic acid; (2) kaempferol 3-O-sophoroside-7-
O-glucoside; (3) kaempferol 3-O-sophoroside-7-O-sophoroside (4) caffeic
acid; (5) kaempferol 3-O-(feruloyl/caffeoyl)-sophoroside-7-O-glucoside;
(6) kaempferol 3,7-O-diglucoside; (7) isorhamnetin 3,7-O-diglucoside; (8)
ferulic acid; (9) sinapic acid; (10) kaempferol 3-O-sophoroside; (11) 1,2-
disinapoylgentiobiose; (12) 1,2'-disinapoyl-2-feruloylgentiobiose; (13)
kaempferol 3-O-glucoside; (14) isorhamnetin 3-O-glucoside.

compounds in the flower buds (ranging from 10 to 19 g/kg,
dry basis) and in the leaves and stems (varying from 8 to
13 g/kg, dry basis), in which flavonols were always the
major compounds (Table 1).

In turnip flower buds, kaempferol 3-O-sophoroside-7-O-
glucoside, kaempferol 3-O-(feruloyl/caffeoyl)-sophoroside-
7-O-glucoside, isorhamnetin  3,7-O-diglucoside  and
isorhamnetin 3-O-glucoside were the major compounds,
each one corresponding to ca. 15-17% of total phenolics.
3-p-Coumaroylquinic acid, 1,2-disinapoylgentiobiose and
1,2'-disinapoyl-2-feruloylgentiobiose were the compounds
present in minor amounts, each one representing 1% of total
phenolics (Table 1, Fig. 3a). The leaves and stems exhibited a
similar profile, in which kaempferol 3-O-sophoroside-7-O-
glucoside, kaempferol 3-O-(feruloyl/caffeoyl)-sophoroside-
7-O-glucoside, isorhamnetin  3,7-O-diglucoside and
isorhamnetin 3-O-glucoside were also the compounds in
higher contents (each one varying from ca. 13% to 20% of
total phenolics) and 3-p-coumaroylquinic acid, 1,2-disin-
apoylgentiobiose and 1,2'-disinapoyl-2-feruloylgentiobiose
the minor ones (corresponding each to less than ca. 0.8%)
(Table 1, Fig. 3b). However, turnip flower buds showed
significantly lower amounts of the pair kaempferol 3-O-sop-
horoside-7-O-sophoroside plus caffeic acid and presented
significantly higher contents of sinapic acid, 1,2’-disin-
apoyl-2-feruloylgentiobiose and kaempferol 3-O-glucoside
than those from the leaves and stems.

3.2. Organic acids in turnip

The three analysed turnip edible parts showed similar
organic acid composition (Fig. 4). Generally, aconitic, cit-
ric, ketoglutaric, malic, shikimic and fumaric acids were
detected in all parts, but some qualitative differences were
noticed within samples of the same plant material (Table
2). Shikimic acid was not present in leaves and stems sam-
ple 5, neither in flower buds sample 10 nor in roots samples
11 and 15. These results suggest the occurrence of some
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Fig. 4. HPLC-UV of organic acids in turnip leaves and stems. Detection
at 214 nm. Peaks: (MP) mobile phase; (1) aconitic acid; (2) citric acid; (3)
ketoglutaric acid; (4) malic acid; (5) shikimic acid; (6) fumaric acid.
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Table 2
Organic acids in turnip samples (mg/kg, dry basis)*
Sample Plant material Compound® Total
1 2+3 4 5 6
1 Leaves and stems 160.8 (3.6) 18565.1 (2100.5) 34403.4 (1059.7) 303.3 (7.9) 542.6 (19.5) 53975.2
2 3030.7 (804.3) 5241.2 (435.6) 18800.0 (981.0) 19.2 (0.0) 835.2 (0.2) 27926.2
3 180.2 (2.0) 14002.8 (47.6) 34954.8 (1417.1) 296.1 (47.6) 391.3 (0.2) 49825.1
4 12472.0 (228.1) 18437.0 (432.7) 39296.8 (10.5) 228.6 (32.2) 1683.5 (22.5) 72117.9
5 251.7 (9.8) 15458.4 (72.1) 34898.6 (667.3) - 873.0 (9.9) 51481.8
6 Flower buds 5251.0 (137.3) 13871.1 (4535.2) 20727.5 (90.4) 49.4 (0.8) 1502.2 (18.4) 41401.2
7 3065.8 (178.2) 4346.4 (224.2) 8574.8 (268.8) 126.2 (25.8) 959.7 (14.4) 17072.9
8 5244.5 (250.7) 10996.5 (829.6) 15071.9 (61.1) 80.9 (9.1) 1132.3 (12.1) 32526.2
9 18912.3 (1222.7) 34083.2 (2855.0) 27258.5 (6551.3) 39 (1.1) 1610.1 (0.5) 81868.0
10 565.5 (3.6) 34936.8 (1988.4) 25886.8 (694.3) - 954.2 (0.9) 62343.4
11 Roots 95.1 (0.7) 4978.8 (114.1) 28814.2 (145.2) - 891.4 (0.7) 34779.5
12 103.6 (7.4) 5856.1 (100.4) 32637.8 (60.7) 16.2 (0.5) 1325.7 (16.5) 39939.4
13 52.3 (4.5) 2972.1 (36.3) 18868.4 (100.3) 146.2 (7.4) 537.0 (55.1) 22576.0
2819.5 (61.4) 5965.8 (124.9) 30611.2 (385.0) 33.3(0.1) 1320.0 (15.0) 40749.8
15 139.8 (4.4) 6225.4 (403.9) 35340.8 (660.3) - 650.6 (7.1) 42356.6

* Results are expressed as mean (standard deviation) of three determinations.
b (1) Aconitic acid; (2) citric acid; (3) ketoglutaric acid; (4) malic acid; (5) shikimic acid; (6) fumaric acid.

variability in the organic acids composition of turnip edible
parts. All these compounds are described for the first time
in turnip.

In a general way, the quantification of the identified
organic acids showed a high organic acid content (ranging
from 36 to 51 g/kg, dry basis), with a tendency for higher
content of these compounds in flower buds and in leaves
and stems than in the roots (Table 2). Three distinct
organic acid profiles were obtained (Fig. 5). When present,
shikimic acid was the minor compound, representing from
ca. 0.1% to 0.3% of total acids (Fig. 5), with the exceptions
of leaves and stems samples 1 and 3 and root sample 13, in
which aconitic acid was the compound present in lower
amounts (Table 2).

Malic acid was the major compound in the three distinct
turnip edible parts (Fig. 5), except for flower buds samples
9 and 10, which presented the pair citric plus ketoglutaric
acids in the highest content (Table 2). In fact, when com-
paring malic acid content in the three analysed parts, it
was revealed to be significantly distinct for all of them:
roots exhibited a significantly higher amount (ca. 81%), fol-
lowed by leaves and stems (ca. 65%) and flower buds
showed a significantly lower content (ca. 44%) (Fig. 5).
Thus, malic acid content may be useful to distinguish tur-
nip edible parts.

In addition, flower buds showed the highest aconitic
acid relative amount (ca. 14%) (Fig. 5a), which was signif-
icantly higher than that found in roots (ca. 2%) (Fig. 5c).
The pair citric plus ketoglutaric acids also revealed to be
significantly lower in turnip roots (Fig. 5c).

3.3. Antioxidant activity

The DPPH-" assay is considered a valid and easy assay to
evaluate radical scavenging activity of antioxidants, since

the radical compound is stable and does not have to be
generated as in other radical scavenging assays. When it
reacts with hydrogen donors, the DPPH radical is reduced
to the corresponding hydrazine; a decrease in absorbance
at 515 nm is produced by the addition of the antioxidant
(Fukumoto & Mazza, 2000).

Turnip edible parts displayed a concentration-depen-
dent scavenging activity (Fig. 6). IC,5 values were deter-
mined in order to compare the results, once it was not
possible to reach 50% scavenging activity with all sam-
ples and considering that it corresponds approximately
to the middle activity of each curve. The flower buds
were revealed to be the most active part (mean 1C,s of
0.47 mg/ml), followed by the leaves and stems (mean
IC,s at 0.56 mg/ml). Turnip roots showed a significantly
lower antioxidant capacity, with a mean IC,s of 1.44 mg/
ml.

When comparing these results with those we obtained
before in the same assay for B. oleracea var costata, it could
be noticed that turnip flower buds exhibits similar antioxi-
dant capacity as both B. oleracea var costata external and
internal leaves (Ferreres et al.,, 2006; Vrchovska et al.,
20006), but it is much weaker than that of its seeds (Ferreres
et al., 2007).

The antioxidant potential exhibited by the different tur-
nip edible parts is obviously determined by their composi-
tion. The IC,s values found in the DPPH assay are
correlated with both total phenolics and organic acids
amounts. However, despite the observation that the three
parts tested did not exhibit significantly different total
organic acids content, the roots displayed a significantly
smaller antioxidant capacity. Thus, it seems that phenolics
represent the main contribution for the resulting effect, and
leaves and stems and flower buds showed the highest anti-
oxidant potential. In addition, hydroxycinnamic acids and
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Fig. 5. Organic acids profile of turnip: (a) flower buds, (b) leaves and
stems and (c) roots. Values represent mean, and standard error bars are on
the top of each column. (1) aconitic acid; (2) citric acid; (3) ketoglutaric
acid; (4) malic acid; (5) shikimic acid; (6) fumaric acid.

their derivatives (Fukumoto & Mazza, 2000; Plumb, Price,
Rhodes, & Williamson, 1997), flavonol glycosides (Braca
et al., 2003; Tang, Lou, Wang, Li, & Zhuang, 2001) or
organic acids (Silva et al., 2004) are known to exert antiox-
idant activity.

In conclusion, the results obtained in this work are very
promising, indicating that turnip may be an easily accessi-
ble dietary source of biologically active compounds. How-
ever, its root seems to be the less interesting edible part, due
to the very low amount of phenolic compounds and small
antioxidant capacity. The phenolics and organic acids pro-
files of turnip samples from other geographic origins
should be determined, in order to confirm whether these
metabolites may be useful chemical markers of this
vegetable.
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Fig. 6. Effect of turnip edible parts on DPPH reduction: (a) flower buds;
(b) leaves and stems; (c) roots; (1-15) samples. Values show mean + SE
from 3 experiments performed in triplicate.
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