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ABSTRACT
In the heads of four red cabbage cultivars and two DH lines (one of red and one of white type), as well as in the
standard white cabbage ‘Lennox F1’ cultivar, the contents of phenolic substances (total, phenylpropanoids, flavonols and
anthocyanins) were estimated. Antiradical scavenging activity was determined using the DPPH and ABTS methods. The
level of phenolics of all the groups, especially that of the anthocyanins, as well as RSA, was much higher in red cabbage in
comparison to white. Among red cabbage assays, also a considerable variability of antioxidative parameters was observed.
Four-month commercial storage resulted in a significant reduction in phenol compounds in red cabbage, but this was not
the case in the white cultivar.
Radical scavenging activity did not significantly change after cold storage, except in 2005/06, when a decrease in
RSA measured by the DPPH method was noticed. The values of RSA determined by the ABTS method exceeded those
determined by DPPH.
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INTRODUCTION
Brassicaceae vegetables are an abundant source of
health-promoting substances, which reduce the risk of
diseases. Apart from anticancerogenic glucosinolates,
they possess antioxidants of both hydrophilic (vitamin
C, polyphenols) and hydrophobic phases (carotenoids,
vitamin E), which can neutralize active oxygen species
and quench free radicals.
Phenolic compounds with ascorbic acid are major
antioxidants of Brassicaceae vegetables, while lipidsoluble antioxidants are responsible for only 20% of the
total antiradical capacity (Podsędek 2007).
Among the analysed Brassica species, Brussels
sprouts, broccoli and red cabbage are considered as the
vegetables with the most efficient antiradical system
(Podsędek 2007). The latter is rich in anthocyanins of
high antioxidant activity (Proteggente et al. 2002, Singh
et al. 2006, Can and Altiokka 2007).

In our previous investigations with red cabbage of
the ‘Langedijker’ cultivar, grown in field conditions and
fertilised with different forms of nitrogen, high levels of
phenolic substances as well as high radical scavenging
activity were observed (Leja et al. 2005). The high
level of vitamin C did not correspond, however, with
the inhibition of lipid peroxidation and activity against
hydroxyl radical (Leja et al. 2007).
Because in these studies only one red cabbage cultivar
was used, for a better explanation of antioxidative
properties of this species, the present experiment is
associated with four red cabbage cultivars and two DH
lines (one of the white and one of the red type) to compare
their antioxidant parameters after harvesting and after
long-term commercial storage. Additionally, the ‘Lennox
F1’ cultivar was investigated as the standard white
cabbage cultivar with beneficial chemical composition
and long storage capacity. Phenolic compounds such as
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total phenols, phenylpropanoids (derivatives of cinamic
acid), flavonols and anthocyanins were estimated.

MATERIAL AND METHODS
The experiment was carried out in 2005/06 and in
2006/07. Four red cabbage cultivars (‘Langedijker’,
‘Kissendrup’, ‘Koda’ and ‘Haco’), as well as two DH
lines (DH 1118-337 of white and DH-509 R1 of red
type) and ‘Lennox F1’ white cabbage were grown in
Kraków in conditions described earlier by Laszczak et
al. (2007). The freshly harvested cabbage heads were
either analysed immediately or stored for four months in
a commercial cold chamber, at 1-2ºC and at 80-85% of
relative humidity. The mean sample of each replication
consisted of five heads. The frozen material was stored at
-20ºC until analyzed.
For the estimation of phenolic constituents, extracts
in 80% methanol were prepared. Total phenols,
phenylpropanoids, flavonols and anthocyanins were
determined by the spectrophotometric method given
by Fukumoto and Mazza (2000) based on UV/VIS
absorption measurements. Chlorogenic acid, caffeic
acid and quercetin were used as the standards for total
phenols, phenylpropanoids and flavonols, respectively.
Anthocyanin content was expressed as a cyanidine,
according to its molar extinction.
Radical scavenging activity (RSA) was detected both
by methods using DPPH as well as ABTS stable radicals
and expressed as the percentage of their neutralisation
(Pekkarinen et al. 1999, Cano et al. 2003).

All analyses were made in three replications and the
results were statistically verified using Duncan’s test for
significance at p = 0.05.

RESULTS
Phenolic substances
The levels of total phenolics in freshly harvested cabbage
heads were greatly differentiated and ranged between
31.4-288.3 (2005) and 43.3-248.8 mg 100 g-1 FW (2006).
The lowest content of these constituents was observed in
the ‘Lennox F1’ white cabbage cultivar and in DH 1118377, the highest in red ‘Kissendrup’ and ‘Langedijker’
cultivars, respectively. A considerable variability among
red cabbage cultivars was also noticed in both years of
the experiment: 209.6-288.3 in 2005 and 116.8-248.8 mg
100 g-1 FW in 2006 (Tab. 1a).
A similar dependence was found in the case of
individual groups of phenolics. The accumulation
of phenylpropanoids, flavonols and, particularly,
anthocyanins, was very poor in white cabbage cultivars
in comparison with the red ones; however, their levels
differed significantly among the red cabbage samples
(Tabs 1a and 1b). Special attention should be paid to
anthocyanins determined in red cabbage, as the content
of these compounds ranged between 66.3-105.4 mg 100
g-1 FW (‘Koda’ and ‘Kissendrup’ in 2005) and between
33.5-94.6 mg 100 g-1 FW (‘Koda’ and ‘Langedijker’ in
2006) (Tab. 1b).
Four-month storage caused, in most cases, a significant
decrease of phenolic substances in red cabbage heads,
while in two examined white cultivars the changes were

Table 1a. Content of individual phenolic groups in the analysed cabbage tissue (mg 100 g-1 FW)
Total phenols

Cultivar

Phenylpropanoids

2005/06

2006/07

2005/06

After harvest

31.4 a*

47.6 a

7.4 a

8.5 a

After storage

35.6 a

40.5 a

5.6 a

6.5 a

DH 1118-337
(white type)

After harvest

39.3 a

43.3 a

8.9 a

8.3 a

After storage

40.0 a

45.8 a

7.4 a

7.0 a

DH 509 R1
(red type)

After harvest

253.3 d

116.8 bcd

62.4 e

32.2 bc

After storage

254.2 d

110.8 b

61.3 e

26.5 b

After harvest

273.2 de

248.8 g

70.2 f

72.3 f

After storage

248.5 d

193.6 ef

62.1 e

46.3 d

After harvest

288.3 e

201.5 ef

74.3 f

60.0 e

After storage

213.2 c

210.8 f

50.1 c

51.2 d

After harvest

209.6 c

114.1 bc

58.2 de

33.4 bc

After storage

153.8 b

141.7 cd

40.4 b

37.6 c

After harvest

215.5 c

177.1 e

53.6 cd

48.4 d

After storage

165.0 b

146.1 d

38.8 b

34.4 bc

‘Lenox F1’

‘Langedijker’
‘Kissendrup’
‘Koda’
‘Haco’

*Values marked with the same letter within columns do not differ significantly at p = 0.05
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Table 1b. Content of individual phenolic groups in the analysed cabbage tissue (mg 100 g-1 FW)
Flavonols

Cultivar

Anthocyanins

2005/06

2006/07

2005/06

2006/07

After harvest

4.4 a*

8.8 a

1.8 a

5.1 a

After storage

4.9 a

5.1 a

3.4 a

3.8 a

DH 1118-337
(white type)

After harvest

6.9 a

8.3 a

6.1 a

4.7 a

After storage

5.8 a

5.3a

3.0 a

3.7 a

DH 509 R1
(red type)

After harvest

41.4 d

23.3 bc

93.7 f

38.3 c

After storage

43.1 d

19.8 b

80.3 e

29.3 b

After harvest

57.5 e

55.0 f

101.8 fg

94.6 g

After storage

51.4 e

36.6 d

84.3 g

58.7 e

After harvest

54.0 e

46.2 e

105.4 g

75.0 f

After storage

42.6 d

38.2 d

65.1 d

70.9 f

After harvest

43.3 d

25.7 bc

66.3 d

33.5 bc

After storage

32.9 bc

28.1 c

41.3 b

36.0 bc

After harvest

38.6 cd

38.2 d

84.0 e

69.1 f

After storage

30.8 b

26.5 bc

54.1 c

47.6 d

‘Lenox F1’

‘Langedijker’
‘Kissendrup’
‘Koda’
‘Haco’

*Values marked with the same letter within columns do not differ significantly at p = 0.05

Radical scavenging activity
DPPH method

DPPH• neutralization (%)

Radical scavenging activity detected by the method
using DPPH• in freshly harvested cabbage heads was
considerably differentiated. This value of the white
cabbage cultivar and the DH line of the white variety
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was very low in comparison with the high RSA
(exceeding 50%) observed in red cabbage samples. In
the latter, a great variability was also shown (Fig. 1): in
2005 the lowest and the highest RSA were determined in
‘Haco’ (52%) and in ‘Kissendrup’ (70.9%), in the next
year in DH 509 (26.6%) and in ‘Langedijker’ (53.9%),
respectively.
During four-month storage in 2005/06, a significant
decrease of radical scavenging activity in all examined
cabbage cultivars was observed, while in 2006/07
either no significant changes or even a slight increase
(‘Kissendrup’, ‘Koda’ and ‘Haco’) were noticed.
ABTS method
In general, values of RSA determined by the ABTS
method after harvesting were higher in comparison
DPPH• neutralization (%)

negligible (Tabs 1a and 1b). Total phenols were reduced
significantly in the ‘Kissendrup’, ‘Koda’ and ‘Haco’
cultivars (2005/06) and in the ‘Langedijker’ and ‘Haco’
cultivars (2006/07). The levels of phenylpropanoids as
well as that of flavonols were lower significantly after
storage in the heads of most red cabbage cultivars.
A decrease in anthocyanin content in the stored plants
was especially distinct in 2005/06 (‘Langedijker’,
‘Kissendrup’, ‘Haco’) (Tab. 1b).
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Figure 1. Radical scavenging activity (using DPPH•) of freshly harvested and stored cabbage in both vegetation seasons
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Figure 2. Radical scavenging activity (using ABTS•) of freshly harvested and stored cabbage in both vegetation seasons

with the DPPH method (Fig. 2). Similarly, as in the case
of DPPH, the lowest RSA determined by ABTS• was
found in white cabbage, which, however, exceeded 30%
(‘Lennox F1’ in both years, DH 1118-337 in 2006/07).
Antiradical activity in red cabbage was very high in both
seasons of the experiment and reached the maximum
for ‘Langedijker’ (97.0% and 99.9% in 2005 and 2006,
respectively), while the lowest values were found in
the case of ‘Haco’ in 2005 (45.0%) and ‘Koda’ in 2006
(78.2%).
Long-term storage did not result in distinct changes in
RSA. In most cases, no statistically significant differences
were observed, except the increase of RSA in both DH
lines and in the ‘Haco’ cultivar (2005/06), as well as the
decrease in ‘Haco’ and ‘Langedijker’ noted in 2006/07.

DISCUSSION
The level of phenolic substances (total, as well as those
of individual groups) in the present experiment was much
higher in red cabbage in comparison with the two white
cabbage cultivars. Total phenol content determined in the
latter (31-43 mg 100 g-1 FW) agreed with our previous
investigations (Leja et al. 2006), where 25 DH lines of
white cabbage were examined and the total phenol content
ranged between 43.1-66.0 mg 100 g-1 FW. According to
Singh et al. (2006), the level of total phenolics estimated
in 14 cultivars of white cabbage was between 12.58
-34.41 mg 100 g-1 FW; similar content (15.3-36.7 mg 100
g-1 FW) of these compounds was noticed by Podsędek
(2007). Among the phenolics present in white cabbage
plants, quercetin and kempferol glycosides as well as
hydroxycinamic acid esters predominated (Heimler et al.
2006).
In the case of red cabbage, a profound accumulation
of phenolics was observed, reaching up to 288 mg 100
g-1 FW. In our previous study with red cabbage of the

‘Langedijker’ cultivar, total phenol content also exceeded
200 mg 100 g-1 FW (Leja et al. 2005); however, Singh
et al. (2006) reported lower level of these substances
(101.3 mg 100 g-1 FW). A major phenolics characteristic
for red cabbage are flavonoids, particularly anthocyanins
(Walkowiak-Tomczak and Czapski 2007, Lin et al.
2008). In the present study the level of these constituents
in red cabbage exceeded even 100 mg 100 g-1, while it
was very low in the white cabbage samples. According
to recent data, the principal anthocyanins of red cabbage
are cyanidin glycosides, acetylated with sinapic, ferulic,
malonic and p-coumaric acids (Walkowiak-Tomczak
and Czapski 2007). Lin et al. (2008) used the HPLC
method to estimate malvidin glycosides in red cabbage.
McDougall et al. (2007) found 18 different anthocyanin
structures in extracts of fresh and preserved red cabbage.
Similarly, as in a report by Walkowiak-Tomczak and
Czapski, the predominant pigments were acetylated
cyanidin glycosides and pelargonidin-3-glucoside
(McDougall et al. 2007, Posmyk et al. 2009).
Antioxidant activity in Brassica species is correlated
with vitamin C and total phenolic content (Hounsome et
al. 2009). In the previous investigations (Laszczak et al.
2007), ascorbic acid content in red and white cabbage
was not so distinctly differentiated as phenolic substances
estimated in the present study, hence, high antiradical
activity determined in red cabbage in comparison with the
samples of two white cabbage cultivars was probably due
to phenolics, especially those of the phenylpropanoids
and anthocyanins groups. According to Rice-Evans
et al. (1997), polyphenols possess the ideal chemical
structure for free radical scavenging and seem to be
more effective antioxidants than vitamins E and C. In the
case of phenolic acids, antiradical activity is positively
correlated with the number of hydroxyl groups bonded
to the aromatic ring (Sroka and Cisowski 2003). Among

Maria Leja, Iwona Kamińska, Anna Kołton

anthocyanins, those with o-dihydroxyl substitution
(such as cyanidin, delphinidin and petunidin) are most
susceptible to oxidation (Castañeda-Ovando et al. 2009).
In the present study, radical scavenging activity
was measured by two methods: with DPPH and ABTS
reagents. In the case of ABTS, antiradical activity was
higher as related to the DPPH method. A similar effect,
though less distinct, was described by Kusznierewicz et
al. (2008) for RSA estimated in white cabbage assays.
The various results obtained by these two chemical
methods might have been due to the reaction of different
phenolics with free radicals of different chemical
structures.
Long-term cold storage caused decrease of phenolic
substances in red cabbage heads, while the reaction
of white cabbage cultivars was non-significant. The
reduction of phenolics (total and those of individual
groups) corresponded to a decrease in RSA only in
2005/06 and only when the DPPH method was applied.
In general, changes in antiradical activity measured
by the ABTS method were negligible. In our former
studies with 25 DH lines of stored white cabbage,
a significant accumulation of total phenols was observed
in most cases; however, in three lines a decrease was
noticed (Leja et al. 2006). Four-month storage at 5ºC of
the heads of the red ‘Langedijker’ cultivar resulted in
a considerable decrease in phenolic content of all groups,
not accompanied by changes in radical scavenging
activity (Leja et al. 2005). The controversial data can
be explained by an interesting report concerning winter
storage of white cabbage (Hounsome et al. 2009). The
authors identified a broad spectrum of phenolics, such
as 11 derivatives of phenolic acids and 15 flavonoids
in freshly harvested plants. Their composition changed
after a six-month storage period: six of the flavonoids
were present during the entire storage period, while
seven of them were lost after five months; some phenolic
acids (mainly caffeic) disappeared after winter storage
but two (phenylacetic and rosmarinic) appeared later.
The variability described above in the composition of
phenolic constituents affected by storage can be reflected
in the differentiation both of their levels and antioxidative
properties.
The qualitative and quantitative identification of
individual phenolic substances in red cabbage tissue
could elucidate more precisely their fluctuation as well
as the variability in free radical neutralization.
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FENOLE, JAKO GŁÓWNE ZWIĄZKI
ANTYOKSYDACYJNE W KAPUŚCIE CZERWONEJ
S t reszczenie: Oznaczono zawartość związków
fenolowych (sumy fenoli, fenylopropanoidów, flawonoli
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i antocyjanów) oraz aktywność antyoksydacyjną
w kapuście głowiastej czerwonej. Materiałem były
cztery odmiany i dwie linie DH (jedna otrzymana
z kapusty głowiastej białej, a druga z kapusty głowiastej
czerwonej) oraz odmiana kapusty głowiastej białej
‘Lennox F1’ (zastosowana jako wzorzec).
Poziom fenoli oraz aktywność antyoksydacyjna były
znacznie wyższe w tkance kapusty czerwonej niż białej.
Obserwowano zróżnicowanie pomiędzy poszczególnymi
obiektami kapusty czerwonej. W przypadku kapusty
czerwonej po czteromiesięcznym przechowywaniu
główek zaobserwowano istotny spadek zawartości
związków fenolowych, czego nie odnotowano w kapuście
białej.
Aktywność antyrodnikowa nie zmieniła się istotnie
po przechowywaniu z wyjątkiem sezonu 2005/06,
w którym nastąpił spadek aktywności (mierzonej przy
użyciu DPPH•). Wartości aktywności antyrodnikowej
oznaczane za pomocą metody ABTS były wyższe niż
przy użyciu DPPH•.
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