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Summary

The aim of the study was to determine the dietary fibre content and its
fractional composition in white head cabbage cultivars of different maturity
earliness and also in fermented cabbage (sauerkraut) after several months of
storage, as well as the level of fibre and its composition in sauerkraut in relation
to the method of fermentation.

It was found that there were significant differences in fibre content and its
fractions composition among the white cabbage cultivars studied. The early
cultivar Tekila F;, had a lower total fibre content and smaller cellulose and pec-
tin fractions than the later-maturing cultivars, Tolerator F, and Agresor F,. The
fermented cabbage, as compared with the raw material, contained a significantly
larger cellulose fraction, a significantly reduced pectin fraction, slightly reduced
amounts of hemicelluloses, and a similar amount of lignin. There was no obvi-
ous effect of inoculating cabbage with starter cultures containing strains of
Lactobacillus plantarum on the level of fibre and its fractions in the resulting
sauerkraut in comparison with the traditionally fermented cabbage. Water-
absorbing capacity of cabbage fibre depended on the cultivar, the length of sau-
erkraut storage period and fermentation method. The fibre of the early cabbage
variety had a significantly lower water-binding capacity than the fibre of the
later-maturing cultivars. Rehydration capacity of dried sauerkraut increased for
up to 30 days from the end of fermentation, with longer storage period having
no longer any effect on the levels of water absorption. Water-holding capacity
of the fibre in the sauerkraut produced with the addition of a starter culture was
lower than that of the fibre of the traditionally fermented cabbage over the en-
tire storage period of the fermented sauerkraut samples.
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INTRODUCTION

The white head cabbage, both fresh and fermented, is a very valuable
vegetable because of its nutritional and health-enhancing properties. These
properties result from a high vitamin C content, and the high levels of phenolic
compounds and glucosinolates (Leja et al. 2006). The white cabbage is also a
rich source of dietary fibre (Cummings 1993, Elkner 2000). The dietary fibre
consists of insoluble fractions (cellulose, hemicelluloses, lignin) and soluble
fractions (mainly pectins), which are important for the digestive process. These
fractions determine the fibre’s functional properties and produce different ef-
fects in the digestive tract (Eastwood 1992, Hasik et al. 1997, Slavin 2001). The
insoluble fractions stimulate peristalsis and accelerate the passage of intestinal
contents, whereas the soluble fibre reduces the level of cholesterol. The relative
amounts of the separate constituents of the dietary fibre in fresh cabbage vary
and depend on the cultivar, fertilization and harvest date (Sorensen 1984, Elkner
2000). A considerable effect on the changes in fibre content and the size of its
fractions in cabbage is shown by the length of the storage period and the
method of processing (Elkner 2002, Wennberg ef al. 2002). Studies by Elkner
& Kosson (1995) had revealed that the fermentation process reduced the fibre
content in the late cabbage cultivar Kamienna Glowa.

The various effects that the dietary fibre produces on the functions of the
digestive tract are associated not only with its quantity and quality but also with
its capacity for water absorbtion (WHC — water-holding capacity) (Gorecka et
al. 1996). This property of the dietary fibre can be substantially affected by
processing. According to Korczak et al. (1995), the water-absorbtion capacity
of vegetable fibres is largely affected by the pH of the environment.

Studies carried out by Beecher (1994) and Verhoeven et al. (1997) had re-
vealed an inverse relationship between the consumption of vegetables of the
Brassicacae family and the risk of incidence of colon cancer. According to
Verker et al. (2001), the anticarcinogenic effect of brassica vegetables depends
on the fibre content and its composition.

High consumption of fresh and fermented cabbage in Poland and the bene-
ficial effect of dietary fibre on human health had created a need for determining
the fibre’s fractional composition in new white head cabbage cultivars of differ-
ent maturity earliness and in sauerkraut during its several months of storage.
The aim of the present study was also to determine the amount of fibre and its
composition in sauerkraut in relation to the method of fermentation.

MATERIAL AND METHODS

The experimental material consisted of three cultivars of white head cab-
bage with different vegetation periods, all suitable for making sauerkraut. The
cultivars included: Tekila F; (early, 90 days from planting to harvest), Tolerator
F; (medium-early, 115 days from planting to harvest), and Agresor F; (medium-
late, 130 days from planting to harvest). The cultivars originated from a cultivar
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breeding experiment carried out at Agricultural Schools in Radom in 2004-
2006. Fertilization and maintenance procedures had been carried out in accor-
dance with the recommendations for the cultivation of white cabbage.

The harvested cabbage was fermented in containers with a capacity of
10 kg each, in three replications for each cultivar. The amount of table salt
(evaporated salt) added to the shredded cabbage was 2.2% by weight. The ini-
tial fermentation process proceeded at a temperature of approx. 20°C. After 10
days, when approx. 1% of lactic acid had formed, the cabbage-containing bar-
rels were placed at a temperature of approx. 8°C for further storage.

In 2006, in addition to fermenting cabbage in the traditional way (control),
controlled fermentation was also carried out using beneficial cultures of lactic
bacteria, so-called starter cultures. An inoculum (Vege-Start starter culture)
containing large amounts of Lactobacillus plantarum (incubation level of
10%g™) was added to the barrels filled with shredded cabbage.

The dietary fibre content, its fractions composition, and the fibre’s water-
holding capacity (WHC) were determined for the fresh cabbage, the traditional
sauerkraut (10, 30, and 90 days after the end of fermentation), and the sauerkraut
produced by fermenting cabbage with the addition of Vege-Start starter culture.

The dietary fibre content and its fractional composition were determined
using the detergent method described by Goering and Van Soest (1970). It is a
method consisting in isolating fibre fractions by means of neutral or acid deter-
gent solutions, which makes it possible to determine the levels of cellulose,
hemicelluloses and lignin. Pectins were determined using King’s (1987) col-
orimetric method. The overall amount of pectins and neutral detergent fibre
(NDF) was expressed as total fibre. The water-holding capacity of the fibre
contained in fresh and fermented cabbage was determined using the method
described by Robertson et al. (1980).

The results of the analyses of fibre content and its fractions were evaluated
statistically using analysis of variance in an independent system. Mean values
were compared with Newman-Keuls test at a significance level of P=0.05.

RESULTS AND DISCUSSION

The total fibre content in fresh white cabbage in the three consecutive
years of the study was at a similar level and amounted to 18% DW on average.
The dominating fraction in the cabbage fibre, around 11%, was that of cellulose.
The results presented in Fig. 1 show significant differences in the dietary fibre
content and the size of its fractions among the studied cultivars of cabbage. This
agrees with the results of earlier studies by Sorensen (1984) and Elkner (2002).
The early cabbage variety, Tekila F,, contained lower amounts of fibre than the
later-maturing cultivars, which was associated with lower levels of cellulose
and pectins in the fibre of that cultivar. Studies by Wennberg et al. (2002), who
analysed several cabbage varieties of different maturity earliness, had also
shown that the early cultivars had lower levels of fibre and its fractions in com-
parison with medium-late and late cultivars.
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Fig. 1. Contents of fibre and its fractions in 3 cultivars of white head cabbage (averages
for 3 years)

The fermentation process was found to cause an increase in the NDF con-
tent of sauerkraut, which should be thought of as a result of significant quanti-
tative changes in the level of cellulose, and to a small degree in that of hemi-
celluloses (Fig. 2). However, the pectin fraction was found to have been re-
duced. On the other hand, there were no marked differences in the size of the
lignin fraction between fresh and fermented cabbage. This pattern of changes in
the individual fractions of the fibre in sauerkraut had occurred in all three cab-
bage cultivars throughout the three years of the study.

In the fully-fermented cabbage stored for 90 days the average level of cel-
lulose was found to have increased by an average of 37% in comparison with
fresh cabbage, with the corresponding figures for the sauerkraut stored for 10
and 30 days being 18% and 26%, respectively. There was also a marked effect
of the length of the sauerkraut storage period on the pectin content. The average
losses in the pectin fraction in the sauerkraut stored for 90 days after the com-
pletion of fermentation amounted to an average of 24% in comparison with
fresh cabbage, whereas those in the sauerkraut stored for 10 and 30 days were
10% and 17%, respectively.
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Fig. 2. Contents of fibre and its fractions in sauerkraut depending on time of storage
(averages for 3 cultivars and 3 years)

It was found that there was a significant combined effect of the cultivar
and the length of the storage period on the pectin content in sauerkraut in all the
years of the study, and on the NDF content and cellulose content only in 2006
(Table 1). The highest losses in pectin content were found in the sauerkraut
made from Tekila F; after 90 days of storage — an average of 32% in compari-
son with fresh cabbage — with those losses amounting to 21% and 18%, on av-
erage, for the sauerkraut produced from Tolerator F, and Agresor F;, respec-
tively. Extending the storage period of Tekila F, sauerkraut caused the NDF
content and the cellulose content to increase (significantly in 2006), whereas in
the sauerkraut produced from Tolerator F; and Agresor F, the levels of these
fractions kept increasing only until 30 days after the end of fermentation, and
further storage no longer had any effect on their levels (Table 1). Earlier studies
by Elkner and Kosson (1995) on the fractional composition of dietary fibre in
the cabbage cultivar Kamienna Glowa had also revealed that after fermentation
the amounts of the neutral fibre and cellulose increased and those of hemicel-
luloses decreased.
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Table 1. The effect of cultivar and time of storage on content of dietary fibre in sauer-
kraut, (% d.m.), 2006

Period of Neutral
. storage of Hemi- .. . detergent  Total
Cultivar saueriraut Cellulose cellulose Lignin  Pectins ﬁb%e fibre

(days) (NDF)
Raw 7.72 f 3.30 0.43 385 b 1095 f 14.80¢
Tekila F, 10 845e¢ 3.05 0.48 3.58cd 1197 e 15.55 de
30 9.62d 2.80 0.50 308 e 13.10d 16.18 d
90 1048 bc  2.70 0.45 240 f 1388 ¢ 1628 d
Raw 9.72d 3.60 0.53 432 a 1325 d 17.57 be
Tolerator F, 10 10.12c¢d  3.15 0.55 4.13ab  13.71cd 17.84 bc
30 13.35a 3.02 0.55 381bcd 1692 a 20.73 a
90 13.66 a 3.05 0.55 341d 1726 a 20.67 a
Raw 9.57d 3.85 0.53 413ab 13.12d 1725 ¢
Agresor F, 10 10.78 b 3.75 0.63 3.77bcd 1464 b 1841 b
30 1340 a 3.60 0.63 356cd 17.28a 20.84 a
90 13.67 a 3.48 0.60 363cd 1752 a 21.15a
Means for Tekila F, 907 B 296B 047 B 323 B 1248 B 1571 B
cultivars Tolerator F; 11.72A 321 B 056A 392 A 1530 A 1922 A
AgresorF; 11.86 A 3.67A 060 A 377 A 1564 A 1942 A
Raw 901D 358 A 0.51 410 A 1247 D 16.57 C
Means for 10 9.78C 332 B 0.5 383 B 1343 C 1726 B
storage time 30 12.12B 3.14BC 0.56 348 C 1575 B 1923 A
90 1260 A 3.08 C 0.54 315D 1622 A 1937 A

Note: see Fig. 1
small letters = effect of interaction
capital letters = effect of cultivars and period of storage

The inoculation of cabbage with starter cultures was not found to have an
effect on the changes in the levels of cellulose, hemicelluloses, lignin, and pec-
tins in the fermented product in comparison with the levels of these components
in the cabbage fermented in the traditional way (Fig. 3). Either method of fer-
menting cabbage had produced sauerkraut in which there was a significant in-
crease in the size of the cellulose fraction in comparison with the raw material.
This may have been caused by the loosening of cell walls and the release of
cellulose, and the reduction in the size of the hemicellulose and pectin fractions.
One of the more important functional properties of dietary fibre is its water-
holding capacity reflecting the fibre’s ability to swell. The obtained results re-
vealed that the ability of the cabbage fibre to bind water depended on the culti-
var and the length of time the fermented cabbage was stored for (Fig. 4). Sig-
nificantly greater water-binding ability was demonstrated by the fibre contained
in the cabbage of the cultivars Tolerator F; and Agresor F, than by that of Tekila
F,. Rehydration capacity of dried sauerkraut increased with storage time (Fig. 4).
The increase, as compared with fresh cabbage, on average amounted to 22% after
10 days from the end of fermentation; after 30 and 90 days it was at a similar
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level with an average value of 35%. These differences in water absorption are
likely to arise from the changes in the fractional composition of the fibre, i.e. from
the observed increase in the size of the cellulose fraction during sauerkraut stor-
age. According to McConnell ef al. (1974) and Labuza (1986), cellulose has a
greater capacity for water absorbtion than do hemicelluloses and lignin.

The fibre’s water-holding capacity was found to be significantly affected
by the fermentation method. The WHC values of the fibre in the cabbage fer-
mented with the addition of the starter culture were lower than those of the fibre
in the traditionally fermented cabbage over the entire storage period of the fer-
mented sauerkraut samples (Fig. 5). According to Korczak et al. (1995), the
water-binding capacity of vegetable fibres is largely affected by the pH of the
environment. The authors had demonstrated that water absorption of the fibre in
apples and carrots was lower in an acid environment. Studies by Elkner and
Smolinska (2002) had shown that in comparison with traditional fermentation
the addition of Vege-Start culture containing strains of L. plantarum to facilitate
better fermentation produced a rapid drop in pH and an increased amount of
lactic acid, which would account for the results presented here.
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Fig. 3. Contents of fibre and its fractions in sauerkraut depending on kind of fermenta-
tion, year 2006
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Fig. 4. Effect of cultivar and storage period on water absorption by sauerkraut fibre,
averages for 3 years
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Fig. 5. Water absorption capacity of sauerkraut fibre depending on kind of fermentation
and storage period, year 2006
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CONCLUSIONS

1. Significant differences were found in dietary fibre content and its fractions
among white head cabbage cultivars. The early cultivar (Tekila F,) had a
lower total fibre content and smaller cellulose and pectin fractions than the
later-maturing cultivars (Tolerator F; and Agresor F).

2. The fermented cabbage (sauerkraut), as compared with the raw material,
was marked by a significantly larger cellulose fraction, significantly re-
duced pectin fraction, slightly reduced amounts of hemicelluloses, and a
similar lignin content.

3. There was no obvious effect of inoculating cabbage with starter cultures
containing strains of Lactobacillus plantarum on the level of fibre and its
fractions in the resulting sauerkraut in comparison with the traditionally
fermented sauerkraut.

4. Water absorption by the cabbage fibre depended on the cultivar and on the
sauerkraut storage period. The fibre of the early cultivar had a significantly
lower water-holding capacity than that of the later-maturing cultivars.

5. Water-holding capacity of the fibre in the cabbage fermented with the addi-
tion of a starter culture was lower than that of the fibre in the traditionally
fermented sauerkraut over the entire storage period of the fermented sauer-
kraut samples.
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ZAWARTOSC I SKEAD FRAKCYJNY BLONNIKA POKARMOWEGO
ZALEZNIE OD WCZESNOSCI ODMIAN
I OKRESU PRZECHOWYWANIA KAPUSTY KWASZONEJ]

Streszczenie

Celem pracy bylo okreslenie zawartosci blonnika pokarmowego i jego sktadu
frakcyjnego w odmianach kapusty bialej o zrdznicowanej wczesnosci oraz w kapuscie
kwaszonej w czasie jej kilkumiesigcznego przechowywania, a takze okreslenie poziomu
btonnika i jego sktadu w kapuscie kwaszonej w zaleznosci od sposobu kwaszenia.

Stwierdzono istotne réznice w zawartosci btonnika i jego frakcji w kapuscie biatej
w zaleznos$ci od odmiany. Wczesna odmiana kapusty Tekila F; miata nizsza zawartos$¢
btonnika ogdlnego oraz frakcji celulozowej i pektynowej niz odmiany po6zniejsze Tole-
rator F; i Agresor F,. Kapusta kwaszona w poréwnaniu z surowcem odznaczala si¢
istotnie wyzsza zawartoscia frakcji celulozowej, istotnie obnizona zawarto$cia frakcji
pektynowej, niewielkim obnizeniem hemiceluloz i zblizona zawartoscia ligniny. Nie
ujawnil si¢ wyrazny wplyw szczepienia kapusty kulturami starterowymi zawierajacymi
szczepy Lactobacillus plantarum na poziom zawartosci blonnika i jego frakcji w kapu-
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Scie kwaszonej w porownaniu z kapusta kwaszong metoda tradycyjna. Wodochtonnosé
btonnika kapusty zalezata od odmiany, dtugosci okresu przechowywania kapusty kwa-
szonej 1 sposobu kwaszenia. Istotnie nizsza zdolno$¢ do wiazania wody wykazywat
btonnik wczesnej odmiany kapusty niz odmian pdzniejszych. Zdolno$¢ suszu kapusty
kwaszonej do rehydratacji wzrastata do 30 dni od daty kwaszenia, a dluzsze przecho-
wywanie nie miato juz wptywu na warto$¢ wodochtonnosci. Wodochtonnos$¢ btonnika
kapusty kwaszonej z dodatkiem kultury starterowej przyjmowata mniejsze wartosci w
poréwnaniu do btonnika kapusty kwaszonej metoda tradycyjna przez caty okres prze-
chowywania prob kwaszonych.



