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ABSTRACT

Background. Dietary fiber is composed of many compounds exhibiting various properties. Individual frac-
tions are characterised by a diverse action in the human organism, thus it is crucial to know the fraction com-
position of dietary fiber. The aim of this study was to determine the effect of thermal processing of cruciferous
vegetables on the content of dietary fiber and its fractions.

Material and methods. The experimental material comprised common cabbage cv. Cilion, red cabbage
cv. Lektro and savoy cabbage cv. Fiona. Tested various parts of raw material — the whole head of cabbage,
leaves and stumps. Cabbages were boiled for 17 min, and steamed for 13 min. Contents of neutral detergent
fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) were determined according to the
Van Soest method, while contents of hemicelluloses and cellulose were calculated from the difference be-
tween NDF and ADF.

Results. Cabbages were characterised by varied NDF contents. The highest content of dietary fiber was
found in red cabbage (15.48 g/100 g d.m.), while it was lowest in common cabbage (12.66 g/100 g d.m.).
Moreover, high variation was observed in contents of individual fractions of dietary fiber. The highest
content of hemicelluloses was recorded in red cabbage (4.46 g/100 g d.m.), cellulose — in savoy cabbage
(10.76 g/100 g d.m.), while lignin — in common cabbage (1.70 g/100 g d.m.). Boiled vegetables were charac-
terised by a significantly higher content of dietary fiber than steamed cabbage.

Conclusions. Thermal processing of cruciferous vegetables had a significant effect on changes in contents of
dietary fiber and its fractions. Boiled vegetables were characterised by the highest contents of dietary fiber.
Different contents of dietary fiber were also found in individual anatomical parts of cruciferous vegetables.
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INTRODUCTION
Cruciferous vegetables belong to the family Bras-  cabbage, savoy cabbage, Chinese cabbage, Brussels
sicae [Fahey et al. 2001, Higdon et al. 2007, Mithen  sprouts, broccoli, cauliflower, etc. Cabbage, such

et al. 2000, Sosinska and Obiedzinski 2007], and their ~ as e.g. common cabbage, plays a particular role in
representatives include e.g. common and red headed human nutrition due to its high content of vitamin C,
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potassium, organic acids, glucosynolates and dietary
fiber [Bartoszek et al. 2002, Gajewski and Radzanow-
ska 2004, Jarczyk and Berdowski 1997].

Dietary fiber is a complex of heterogeneous sub-
stances of cell walls, indigestible in the human alimen-
tary tract. According to the definition developed by
the American Association of Cereal Chemist (AACC)
the term dietary fiber refers to “edible parts of plants,
as well as derivatives of carbohydrates, indigestible
and absorbed in the human small intestine as well as
partly or completely fermented in the large intestine”
[AACC... 2001]. It includes among other things cel-
lulose, hemicelluloses, lignin, inulin, B-glucanes,
pectins, gums and mucilage [Bach Knudsen 2001,
DeVries 2001, Hasik et al. 1997, Jones 2000, Viuda-
-Martos et al. 2010]. It is a component of products
with a reduced calorie content, due to the sensation of
satiety appearing after its consumption as a result of
water absorption and swelling in the stomach [David-
son and McDonald 1998, Gertig and Gawecki 2001,
Kristensen and Jensen 2010, Prosky 1999, Winiarska-
-Mieczan and Sottys 2009]. The consumption of die-
tary fiber is recommended in the prevention of alimen-
tary disorders, since it stimulates the alimentary tract
and prevents constipation. Moreover, dietary fiber,
by limiting the digestibility of nutrients and reducing
their absorption, reduces blood glucose and cholester-
ol levels, as well as removes toxins and heavy metals
from the organism and reduces the risk of colon cancer
[Bartnikowska 1994, 1997, Ferguson and Harris 2003,
Galisteo et al. 2008, Jenkins et al. 2004, Marlett et al.
1997, Nowak et al. 2003, Viuda-Martos et al. 2010,
Gambus et al. 2011].

The effect of dietary fiber on the human organ-
ism is dependent not only on the amount of dietary
fiber in the diet, but also on its fraction composition,
which may change depending on the plant species, the
degree of ripeness, anatomical parts of the material
and the applied technological process [Gorecka 2008,
Hamultka and Wawrzyniak 2011, Mc Dougall et al.
1996, Wotoch and Pisulewski 2002, Gorecka et al.
2009, 2010 a, b]. Insoluble cellulose binds water and
increases the amount of removed substances harmful
for human health, limits body weight gain, eliminates
constipation and stabilizes blood glucose level. Par-
tially soluble hemicelluloses also eliminate constipa-
tion, reduce body weigh gain and prevent colon cancer,
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while insoluble lignin eliminates constipation, excess
bile acids and food cholesterol, prevents the formation
of gall stones and cancers in the final sections of the
alimentary system.

In the course of the applied technological pro-
cesses in cruciferous vegetables changes occur in their
contents of dietary fiber and its functional properties
[Chang and Moris 1999, Goérecka 2004, Nawirska
et al. 2008]. Thus the aim of this study was to deter-
mine the effect of thermal processing on the content of
dietary fiber and its fractions in cruciferous vegetables.

MATERIAL AND METHODS

Material for analyses comprised vegetables from
the family Brassicae: common cabbage cv. Cilion, red
cabbage cv. Lektro and savoy cabbage cv. Fiona. Cab-
bages were subjected to pretreatment, in the course of
which outer leaves were removed, heads were washed
and shredded. In the analyses whole cabbage heads and
their anatomical parts, i.e. leaves and cabbage stumps,
were used. Two methods of thermal processing were
applied, i.e. boiling and steaming. Thermal processing
in water was run at 100°C for 17 min, i.e. until fully
soft. The recommended ratio of the product to wa-
ter of 2:1 (v/v) was applied, when cabbage remained
fully immersed in water and thermal processing was
started from boiling water. Steaming was conducted
in a Rational Combi-Steamer CCC convection oven,
in a stream of steam at 100°C for 13 min, also until
completely soft. Next the product was frozen, dried
in an Alpha 1-4 LSC lyophilizer and comminuted in
a Grindomix GM 200 knife mill.

In the obtained material the content of neutral de-
tergent fiber (NDF), acid detergent fiber (ADF) and
acid detergent lignin (ADL) was determined based on
the method developed by Van Soest as modified by
Mc Queen [McQueen and Nicholson 1979, Van Soest
1963, 1967], while the contents of hemicelluloses and
cellulose were calculated from the difference between
NDF and ADF. This method consists in hot extraction
of samples using detergent solutions, appropriate for
the determined fraction of dietary fiber, and next dry-
ing and combustion of samples, as well as weighing
the residue.

Results concerning contents of dietary fiber were con-
verted to dry matter (d.m.) and expressed in g/100 g d.m.
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Recorded results constituted the arithmetic mean
from three replications. To ensure objectivity of infer-
ence they were subjected to one-way analysis of vari-
ance using the Scheffe test. Dependencies were con-
sidered statistically significant at the significance level
p < 0.05. Significant differences between groups are
denoted in Tables with different letter superscripts.

RESULTS AND DISCUSSION

Under conditions applied in the experiments the
content of dietary fiber was influenced both by the type
of product (Table 1), as well as applied thermal pro-
cessing (Table 2). The highest contents of neutral de-
tergent dietary fiber (NDF) were found in red cabbage

Table 1. Influence of the type of raw cabbage on the content of dietary fiber, g/100 g d.m.

Cabbage E\IDF :ADF Herriicellulose Cfllulose I:ignin
(x£SD) (x+SD) (x+SD) (x£SD) (x£SD)
Common 12.66 +£0.33* 9.56 +0.18* 3.09 £0.50° 7.87 £0.43% 1.70 £0.29°
Red 1548 £0.09°  11.02+0.37° 4.46 +0.27° 9.98 +0.45° 1.03 +£0.08°
Savoy 1424 £0.31°  12.28 £0.09° 1.96 £0.24*  10.76 +0.05° 1.52 +£0.14°

X — mean value of tree measurements, SD — standard deviation; a, b, ¢ — mean values in the same
columns, denoted by different letters, vary statistically significantly among one another at p < 0.05.

Table 2. Influence of heat treatment on dietary fiber content in cabbage: common, red and

savoy, g/100 g d.m.

Cabbage _NDF _ADF Hem_icellu]ose Cillulose [:ignin
(x+SD) (x+SD) (x+SD) (x+SD) (x+SD)

Common

raw 12.66 £0.33* 9.56 +0.18* 3.09 +0.50° 7.87 £0.43° 1.70 £0.29°

boiled 23.98 £0.43>  18.25+0.36 5.7240.78">  14.83 +0.48° 3.42 +£0.12°

steamed 12.26 £0.11° 8.99 +£0.25° 3.26 £0.14* 5.19 £0.09° 3.81 +£0.20°
Red

raw 15.48 £0.09*  11.02 +0.37* 4.46 £0.27° 9.98 £0.45° 1.03 +£0.08?

boiled 28.52 £0.46°  23.39 +0.22¢ 5.12+40.65*  20.08 +£0.24° 3.31+0.14°

steamed 16.18 £0.03*  11.96 £0.07° 4.22 £0.05*  10.48 +0.32° 1.48 +£0.25*
Savoy

raw 14.24 £0.31*  12.28 +£0.09° 1.96 £0.24>  10.76 +0.05° 1.52 +0.14°

boiled 22.66 £0.45>  21.87 +0.12¢ 0.79 £0.56*  19.56 £0.17° 2.31 +£0.05°

steamed 14.19£0.07*  11.33 +0.04° 2.86 +0.03° 9.56 £0.05* 1.77 £0.09*

X — mean value of tree measurements; SD — standard deviation; a, b, ¢ — mean values in the same
columns in each category, denoted by different letters, vary statistically significantly among one
another at p < 0.05.
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(15.48 g/100 g d.m.), followed by savoy cabbage
(14.24 g/100 g d.m.), while the lowest in common cab-
bage (12.66 g/100 g d.m.). Content of acid detergent
fiber (ADF) ranged from 9.56 g/100 g d.m. in common
cabbage to 12.28 g/100 g d.m. in savoy cabbage. In the
analyzed materials the fraction of cellulose predomi-
nated, which content ranged from 7.87% (common
cabbage) to 10.76% (savoy cabbage). Significantly
more hemicellulose fractions were recorded in red
cabbage (4.46 g/100 g d.m.), while for the lignin frac-
tion it was in common cabbage (1.70 g/100 g d.m.).

Boiled vegetables were characterised by signifi-
cantly higher contents of dietary fiber than steamed
vegetables (Table 2). Content of neutral detergent di-
etary fiber after thermal processing in water, irrespec-
tive of the type of vegetable, increased significantly
by approx. 59-89%, in comparison to the fresh raw
material, while content of acid detergent dietary fiber
increased by 78-112%. Thermal processing in steam
contributed to a significant reduction of NDF and ADF
contents, except for red cabbage, in which an increase
was observed for contents of these fractions of dietary
fiber. Thermal processing of vegetables in water and
in steam also caused changes in contents of individual
fractions. After thermal processing in water the con-
tent of hemicellulose increased from approx. 14% in
red cabbage, to 85% in common cabbage, that of cel-
lulose from 82% in savoy cabbage to 101% in red cab-
bage, while that of lignin from 52% in savoy cabbage
to 221% in red cabbage, in comparison to the fresh
material. Only in case of savoy cabbage the content of
hemicellulose was reduced by 56%. In turn, thermal
processing in steam caused an increase in the contents
of hemicellulose from 5% in common cabbage to 46%
in savoy cabbage, and that of lignin from 16% in sa-
voy cabbage to 124% in common cabbage, while a re-
duction of cellulose content ranged from 11% in savoy
cabbage to 34% in common cabbage.

Recorded results indicate high variation in terms
of the percentage proportion of individual fractions in
dietary fiber of raw vegetables, as well as boiled and
steamed vegetables. Conducted studies confirmed that
during thermal processes quantitative and qualitative
changes occur in individual fractions of dietary fiber
in analysed raw materials. In other studies [Gorecka
2004] it was also found that thermal processing has
a significant effect on the content of dietary fiber, with
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the direction of these changes being consistent with
those recorded in this study in case of boiling, while
in case of steaming it was different. Rodriguez et al.
[2006] indicated that it is difficult to determine which
components of dietary fiber undergo the greatest
changes during heating, although there are assump-
tions that hemicelluloses and pectin substances are
most sensitive. Moreover, an increment in the con-
tents of dietary fiber may be explained by leaching of
soluble components to the solution, which resulted in
changes in percentage contents of these components in
the analysed raw materials. According to those authors
an apparent increase in the contents of dietary fiber
is a consequence of the formation of complexes be-
tween polysaccharides and other components, such as
proteins and phenolic compounds, which are assayed
as dietary fiber. Mathee and Appledorf [1978] also
observed an increment in fractions of dietary fiber in
cabbage subjected to cooking. They claimed that it is
connected with cellulose content increasing with heat-
ing time. In turn, Elleuch et al. [2011] in their studies
observed a decrease in contents of hemicelluloses and
cellulose during pressure cooking, which is caused
by the degradation of polysaccharides to simple sug-
ars. In this study a similar decrease in the contents of
hemicelluloses is observed in red cabbage, while that
of cellulose — in common and savoy cabbage subjected
to steaming.

Contents of dietary fiber and its fractions, depend-
ing on the anatomical parts of plants, are presented in
Table 3. Significant differences in the contents of neu-
tral detergent fiber in individual anatomical parts of
plants were only stated in case of red cabbage. In both
cabbages, i.e. common and red cabbage, statistically
significant differences were recorded in the contents of
acid detergent fiber and varied contents of individual
fractions were found, as it was also indicated by other
authors [Englyst et al. 1988, McDougall et al. 1996].
Leaves of common cabbage contained significantly
more cellulose. The stump of boiled common cabbage
contained statistically significantly more NDF, hemi-
celluloses and lignin, while in that of steamed cab-
bage there was only more lignin. In turn, leaves of red
cabbage, both raw and boiled, contained significantly
more NDF. Raw leaves of this cabbage contained sig-
nificantly more hemicelluloses and cellulose, at less
lignin in comparison to the cabbage stump. Leaves
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Table 3. The content of dietary fiber in common and red cabbage dependend on plant anatomy

and kind of thermal processing, g/100 g d.m.

Cabbage _NDF _ADF Hem_icellulose Cillulose I:ignin
(x+£SD) (x£SD) (x£SD) (x£SD) (x£SD)

Raw common

leafs 11.56 £0.40°  9.67 £0.15° 1.88 +£0.55° 8.69 £0.30° 0.98 +£0.15°

stump 11.57 £0.41*  8.55+0.26* 3.02 £0.67° 6.95 +0.61° 1.60 £0.36°
Common boiled

leafs 2430+0.41*  19.63+0.24°*  4.67 £0.29° 18.80 £0.25*  0.83 £0.06*

stump 27.72+£0.07°  18.29+£0.14*  9.42 +0.07° 17.1140.22*  1.18 £0.15°
Common steamed

leafs 11.92 40.64*  9.74 +0.02° 2.18 £0.64° 8.90 +0.10° 0.84 +0.09°

stump 11.49 £0.29*  9.33 +0.23¢ 2.16 +0.10° 5.64 +£0.24° 3.70 £0.47°
Raw red

leafs 16.02 £0.44>  11.86+0.13>  4.16 £0.56" 11.03 £0.04°>  0.83 +0.08"

stump 13.72 £0.16*  10.94 £0.23*  2.78 £0.39° 8.22 +£0.27¢ 2.71 +£0.25°
Red boiled

leafs 29.89 £0.24>  28.4140.27°  1.47 +£0.49° 2488 £0.31°  3.54 £0.44°

stump 26.88 £0.39°  23.61 £0.11*  3.27 +£0.28" 21.08 £0.13*  2.53 +0.23*
Red steamed

leafs 15.49 £0.37¢  14.09+0.10*  1.39 £0.47° 10.86 £0.09*  3.23 £0.08"

stump 16.16 £0.17°  12.07 £0.73*  4.09 £0.66° 10.51 £0.76*  1.56 +£0.09*

X — mean value of tree measurements; SD — standard deviation; a, b — mean values in the same
columns in each category, denoted by different letters, vary statistically significantly among one

another at p < 0.05.

of boiled cabbage were characterised by significant-
ly higher contents of cellulose and lignin, at a lower
content of hemicellulose, whereas steamed leaves had
more lignin and less hemicellulose in comparison to
the cabbage stump.

CONCLUSIONS

1. Cruciferous vegetables selected for analyses
were characterised by great variation in terms of con-
tents of dietary fiber and its individual fractions, with
red cabbage being the richest source of NDF. Common
cabbage contained the highest amount of lignin, savoy
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cabbage — cellulose, while red cabbage contained most
cellulose and hemicellulose.

2. Thermal processing of cruciferous vegetables
had a significant effect on changes in contents of die-
tary fiber. The direction of these changes was depend-
ent on the type of applied thermal processing. Boiled
vegetables were characterised by significantly higher
contents of dietary fiber and its fractions in compari-
son to steamed vegetables. An increased proportion of
the cellulose and lignin fractions was found in cab-
bages after thermal processing in water.

3. Significant differences in contents of dietary
fiber in individual anatomical parts were observed first
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of all in case of red cabbage. Leaves of red cabbage
were characterised by a higher content of dietary fiber
in comparison with cabbage stumps.
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WPLYW OBROBKI TERMICZNE) WARZYW KAPUSTNYCH
NA ZAWARTOSC BLONNIKA POKARMOWEGO | JEGO FRAKC]I

STRESZCZENIE

Wstep. Blonnik pokarmowy sktada si¢ z wielu zwiazkow o roéznych wiasciwosciach. Poszczegdlne frakcje
charakteryzuja si¢ zroznicowanym dziataniem w organizmie czlowieka, dlatego tez bardzo wazna jest zna-
jomos¢ sktadu frakcyjnego btonnika pokarmowego. Celem pracy byto okreslenie wptywu obrobki cieplnej
warzyw kapustnych na zawarto$¢ btonnika pokarmowego i jego frakcji.
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Materiat i metody. Materiatem badanym byty: kapusta biala odmiany ‘Cilion’, kapusta czerwona odmiany
‘Lektro’ i kapusta wloska odmiany ‘Fiona’. Badano rozne partie surowca — cata gltowke, liScie oraz glaby
kapusciane. Warzywa kapustne gotowano w wodzie przez 17 min, a na parze — 13 min. Zawartos¢ neutral-
nego detergentowego blonnika pokarmowego (NDF), kwasnego detergentowego btonnika (ADF) i kwasnej
detergentowej ligniny (ADL) oznaczono metodg Van Soesta, a zawarto$¢ hemiceluloz i celulozy obliczono
z r6znicy migdzy NDF i ADF.

Wyniki. Kapusty charakteryzowatly si¢ zréznicowana zawartoscia NDF-u. Najwigcej blonnika zawierata
kapusta czerwona (15,48 g/100 g s.s.), najmniej kapusta biata (12,66 g/100 g s.s.). Stwierdzono roéwniez
duze zréznicowanie w zawarto$ci poszczegdlnych frakcji btonnika pokarmowego. Najwickszg zawartoScig
hemiceluloz charakteryzowata si¢ kapusta czerwona (4,46 g/100 g s.s.), celulozy — kapusta wloska
(10,76 g/100 g s.s.), a ligniny — kapusta biata (1,70 g/100 g s.s.). Warzywa gotowane w wodzie cechowaly si¢
istotnie wigkszg zawarto$cig btonnika niz gotowane na parze.

Whioski. Obrobka cieplna warzyw kapustnych wplyneta w istotny sposob na zmiane zawartosci btonnika
pokarmowego i jego frakcji. Warzywa gotowane w wodzie charakteryzowaly si¢ najwicksza zawartoscia
btonnika. Rozne zawarto$ci btonnika stwierdzono takze w poszczeg6lnych czgsciach anatomicznych warzyw
kapustnych.

Stowa kluczowe: warzywa kapustne, btonnik pokarmowy, obrobka termiczna, celuloza, hemicelulozy,
lignina
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