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Abstract

The effect of processing conditions on the changes in the contents of dietary fiber fractions and its physical
properties of Godulbaegi (Korean leftuce, Ixeris sonchifolia H.} was determined during preparation and fermen-
tation for kimchi. Water holding. capacity (WHC} and oil adsorption capacity (QAC) were also checked on the
subject of freeze dried powder from different stages of the kimchi processing. Neutral detergent fiber (NDF)
content in young samples (leaf and root) decreased with prolonged soaking and fermentation period. Every
young samples had a higher level in NDF than in ripe sampies. Noticeable decrease in acid detergent fiber
{ADF) without a change in ripe roots was showed after fermentation (4° C, 60 days). The water holding capacity
of freeze dried young plants ranged from 5.78ml / g for roots to 6.31ml/ g for leaves. Soaking and fermentation
resulted in decreasing WHC and about 50% of WHC {raw leaves) was lowered after kimchi fermentation (4°C,
46 days). QAC of all samples were lower than WHC in same samptes significantly and those were also dec-

reased after soaking and fermentation as WHC.
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INTRODUCTION

Codulbaegi Uxeris sonchifolia H.) is known as a
ubiquitous wild plant used for foodstuffs in the sou-
thern province of Korea. lts young sprouts is cooked
as the blanched and seasoned with sesame oil for a
ci. racteristic side dish in Spring. in Korean fotk reme-
dy, sun dried Godulbaegi has been recommended as
the stomachic, diuretic and antifebrile. Due to its par-
ticular flavor and bitter taste for human consumption,
raw or uncooked Codulbaegi as salad base seldom
occurs. Therefore simple processes such as soaking
and fermenting were tried by Korean n order to modi-
fy the composition and availability of nutrients. Those
processes also improve the taste and/or flavor, and
modify the piant cell wall material which may have
important physiological effects (1). Some potential he-
alth benefits are attributable to consumption of foods
high in dietary fiber in fermented vegetable products
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(kimchi) ; e.g. lowering of serum cholesterof, improv-
ement of glycemic response and possibly reducing
colon cancer(2). Although some studies have been
conducted on the use of Godulbaegi as a food, most
of them were focused on its fiber contents (3-6} and
pharmaco-chemical effect{7} using fresh Godulbaegi
leaves rather than its dietary fiber changes during pro-
cessing. Only ane published report concerned the fo-
od values of Godulbaegi kimchi (8) through free ami-
no acid determination. With increasing consumer’s
interest in fiber-rich foods, and the demand for mare
nutrient data, there is a need for information on both
the total dietary fiber content and its profile of the
varieties of wild plants consumed since each dietary fi-
ber components exert a different physiclogical effect.
Our objective was to determine and compare dietary
fiber patterns in raw, scaked and fermented God-
ulbaegi kimchi. It was also studied the WHC and
OAC of freeze dried Godulbaegi kimchi powder be-
cause it has a significant physiclogical effect.
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MATERIALS AND METHODS

Samples and sample preparation

Fresh Godulbaegi ‘samples cultivated within Sun-
chon area were purchased from a local retail outlets
in September {young samples) and November (ripe
samples). Samples were separated by size, and divi-
ded into leaves and roots prior to trimming. Trimmed
samples were freeze~dried and then ground to pass
80mesh screen. Freeze dried fresh samples were stor-
ed in the hermetic sample containers for further anal-
yses. Godulbaegi kimchi preparation procedure was
made from Korean traditional recipe. 6kg of fresh
samples were scaked in 10L of 5% brine solution
and then allowed to reduce bitter taste at room temp-
erature for 24 hours. This soaking period was sefect-
ed to achieve the least bitter taste and moderate salty
taste from the preliminary experiments. The Godul-
baegi samples were drained and rinsed with tap
water. 4kg of rinsed Godulbaegi samples were mixed
with kimchi ingredients (anchovy sauce 540ml, red
pepper powder 250g, sucrose 100g, chopped garlic
200g, and chopped ginger 50g). Prepared kimchi
mixture were divided into 200g units and stored in
bottle at 4° C for fermentation, Following fermentation
period, all ingredients were removed from kimchi
samples and then freeze-dried as described above for
further experiments.

Analytical procedures

Moisture, lipid, protein (N x6.25) and ash were de-
termined by the procedures of AOAC (9). The method
of Van Soest and Wine (10) was used to determine
NDF using neutral detergent selution. Those sclution
were prepared by dissolving sodium lauryl sulfate 30
g, EDTA 18.61g, sodium borate decahydrate 6.81g,
and disodium hydrogen phosphate 4.56g in 500m| of
distilled water. And then 2-ethoxyethanol {10ml) was
added followed by addition of subsequent distilled
water to make up the volume of 1L. ADF was me-
asured on the basis of AOAC(9) method using acid
detergent solution (20g cetyl trimethyl ammonium
bromide/L of TN H2504).

Water holding capacity (WHC) and oil adsorp-
tion capacity (QAC)

WHC were measured on freeze-dried powder of
Godulbaegi samptes according to a procedure descri-
bed by Lin and Humbeart{11}. The procedure for OAC
test was similar to those described for WHC. 1g sam-
ples of freeze-dried powder were mixed with éml
soybean oil. This slurry was treated as outlined in pre-
vious paper {11}, Results were expressed as m! soybe-
an oil retained per g sampie,

RESULTS AND DISCUSSION

The proximate composition of root and leaf of fre-
sh Godulbaegi was compared in Table 1. There was
a high content of crude protein contents in leaf sam-
ples than compared with roots. Those results were
similar to those reported by Shin (12). Ripe Godulba-

Table 1. Proximate composition of fresh Godulbaegi*(Korean
lettuce, Ixeris sonchifolia H.) %)
]

Composition Leaf Root

Moisture 84.00 78.01
Crude protein 2.99 2.34
Crude lipid 1.44 01
Crude ash 1.55 1.03

*Godulbaegi samples were harvested in November
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Fig. 1. Changes in neutral detergent fiber (NDF) contents dur-
ing processing of Godulbaegi (Korean lettuce) kimchi
prepared with young plants.

YL : Young Korean letiuce feaves tharvested in Septem-
her)

YR ! Young Korean lettuce roots

245 : Soaked in 5% NaCl solution for 24 hrs

20F : Fermented at 4°C for 20 days

40F : Fermented at 4° C for 40 days
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egi samples showed a lower content in crude protein
than that in the other Korean wild plants (13).

The contents of NDF in raw and processed Godul-
baegi are presented in Fig. 7 and 2. A higher content
of NDF was observed in young samples {16~19% for
leaves, 11~15% for roots) than ripe ones (10~15% for
leaves, 9~11% for roots) and all of roots showed a
lower NDF than that of leaves. Soaking of Godulba-
egh in brine altered NDF content of all samiples except
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Fig. 2. Changes in neutral detergent fiber (NDF) contents dur-
ing processing of Godulbaegi (Korean Fettuce) kimchi
prepared with ripe plants.

RL : Ripe Korean lettuce leaves (harvested in Novem-
ber}

RR : Ripe Korean lettuce roots

245 : Soaked in 5% NaCl solution for 24 hrs

20F : Fermented at 4° C for 20 days

40F : Fermented at 4°C for 40 days
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Fig. 3. Changes in acid detergent fiber (ADF) contents during
processing of Godulbaegi (Korean feftuce) kimchi pre-
pared with young plants.

YL & Young Korean lettuce leaves (harvested in Septem-
ber)

YR : Young Korean lettuce roots

245 1 Soaked in 5% NaCl solution for 24 hrs

20F : Fermented at 4° C for 20 days

40F @ Fermented at 4° C for 40 days

L : Lignin, € ¢ Cellulose

ripe roots. The apparent foss of NDF in Godulbaegi
samples appeared related to the fermentation. In the
case of ripe leaves, Fermentation (4° C, 40 days} iowe-
redd NDF content by 5% on moisture free basis. The
exception to this was the case of ripe root samples.
This decrease in NDF could indicate that for certain
samples, ripe roots had a compact tissue and that led
to a slight decrease in NDF during soaking and ferme-
ntation. On the contary water soluble fibers could be
solubilized in other Godulbaegi samples (young roots
and both leaves) as a result of soaking and fermenta-
tion and that resulted in apparent decrease of NDF
easily. Result obtained for NDF by soaking were in
agreement with previous observations with vegetabl-
es(14-17). In addition to changes of NDF by ferment-
ation, further studies are required to definitively deter-
mine the composition changes occurring in soluble
NDF fraction. Although the ADF content in ripe roots
was unaffected by fermentation, a similar changes of
ADF content were observed in the other samuples
likewise NDF (Fig. 3 and 4). Those figures also exhibi-
ted that ADF in Goduibaegi comprised of cellulose
and lignin as the ratio of 9 1 1 {w/ w). The results im-
ply fermentation might be involved in decrease of
ADF enzymatically. The content of ADF was decreas-
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Fig. 4. Changes in acid detergent fiber (ADF) contents during
processing of Godulbaegi (Korean lettuce) kimchi pre-
pared with ripe plants.

RL ¢ Ripe Korean lettuce leaves tharvested in Novem-
ber)

RR : Ripe Korean lettuce roots

245 : Soaked fn 5% NaCi solution for 24 hrs

485 : Seaked in 5% NaCl solution for 48hrs

20F : Fermented at 4°C for 20 days

40F : Fermented at 4°C for 40 days

L @ Lignin, C : Cellulose
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ed from 14% to 11% for leaves and from 11% to 8%
for roots during fermentation {4° C, 40 days). Soaking
in 5% brine solution caused a siight increase in ADF
content. This increase in ADF after soaking could be
explained by losses in other cornponents of dietary
fiber (18). An exception of soaking was showed in fre-
sh samples where ADF decreased. Aside from soaking
in brine, fermentation of Godulbaegi brought about a
decrease in 3~5% of NDF and 2~3% of ADE.

Table 2 shows the water holding capacity (WHC) of
two kinds of Godulbaegi {young and ripe) at various

Table 2. Water holding capacity (WHC) of Godulbaegi (Korean
lettuce} kimchi products

WHC (ml/g)
Processing . et —
Young' Ripe?

Leaves

Fresh 6.32+0.03 6.26:£0.04

Soaked {24 hoursy 702002 5.84+0.02

Fermented (20 days)' 5.56:+0.05 4.20x0.28

Fermented {40 days) 4.88+0.17 3.24x0.01
Roots

Fresh 5.78+0.08 3.68+0.03

Soaked (24 hours) 5.82:£0.05 3.50+0.06

Fermented (20 days) 4.64+0.06 331204

Fermented (40 days} 2.76+0.03 2.90+0.08

*Young Korean lettuce samples were harvested in Septemnber
*Ripe Korean lettuce samples were harvested in Novermber

* Soaked in 5% NaCl soin for 24 hours

“Fermented at 4° C for 20 days

“ Fermented for 4° C far 40 days

Table 3. Oil adsorption capacity (OAC) of Godulbaegi (Korean
lettuce} kimchi products

CAC(mi/g
Processing s e e e
Yaung’ Ripe®

Leaves

Fresh 3.7420.01 3.1420.02

Soaked (24 hoursy 3.90x0.08 3.02+0.05

Fermented (20 days) 2.32x0.03 2.16+0.03

Fermented {40 days)’ 1.88:£0.07 1.57+0.05
Roots

Fresh 3.06+0.04 2.32+0.04

Soaked (24 hours) 2.54x0.18 2.05+£0.04

Fermented (20 days) 2.02+0.04 1.99:0.09

Fermenled (40 days) 1.3410.08

1.13:0.01
" Young Korean lettuce samples were harvested in September
" Ripe Korean letiuce samples were harvested in November
* Soaked in 5% NaCl soln for 24 hours
“ Fermented at 4°C for 20 days
¢ Fermented at 4°C for 40 days

stages of kimchi processing. WHC of all fresh samples
ranged from 5.8 {ml/g) to 6.3 (ml/g) but ripe roots sh-
owed 40% lower (3.7ml/g) WHC beyond that range.
A higher WHC noted in leaf samples than toots samp-
les. The large discrepancy was found between ripe
leaves and roots samples. Similar to trends for NDF or
ADF, all of young samples also had a greater WHC
than that of corresponding ripe samples. Fermentation
of young Godulbaegi decreased their WHC clearly,
while soaking could give somewhat greater WHC
than fresh samples. But in case of ripe samples, soaki-
ng and prolonged fermentation lowered WHC. Qur
result indicated that some of the easily fermented typ-
es of fiber (2,19} and cellulose, which had a great role
in WHC(20), leached into kimehi aliquots during fer-
mentation process, thus lowering the WHC of God-
ulbaegi. Differences in WHC of preparations were
dependent on whether the NDF or ADF content were
changed during fenmentation, as shown in Fig. 1, 2,
and Table 2 for ripe Godulbaegi samples. The WHC
reported in previous study for fresh young Godulba-
egh were about 30% less than the corresponding valu-
es of our results (5). WHC in our study was determin-
ed on the freeze-dried powder, while in the other stu-
dy it was determined using the hot-air blast(50° C)
dried products, The difference in samples preperation
as grinding and drying condition caused a great disc-
repancy in WHC(21). A similar pattern was obtained
when water was substituted with soybean oil (Table
3). However, retention capacities for oil expressed as
oit adsorption capacity (OAC) were generally lower
than those for WHC. The data also demonstrated that
content of a porous fiber like cellulose and if this
fiber matrix is aitered, its OAC would be affected.

ACKNOWLEDGEMENTS

This work was supported in part by a 94/95 Na-
tional Project Fund of the Ministry of Science and
Technology, Korea.

REFERENCES

7. Spiller, G. A. : Definition of dietary fiber, In “Hand bo-
ok of Dietary Fiber in Human Nutrition” Spiliar, G, A.



408

[l

12,

. Young, H. 5., Choi, |, $. and Lee, |. H. :

Eun-Young Hwang, Hong-500 Ryw, Soon-Sil Chun and Kun-Young Park

{ed}, Chap. 2.1,
(1986}

Stephen, A. M. and Cummings, J. H.  Mechanism of
action of dietary fiber in the human colon. Nature, 284,
141(1980)

Lee, K. §. and Lee, 5. R. : Determination of dietary
fiber coment in seme fruits and vegetables, Korean J.
Food Sci. Technol., 19, 317 (1987)

Lee, K. S. and Lee, 5. R. 7 Analysis of dietary fiber con-
tent Iin Korean vegetable toods. Korear J. Food Sci.
Technot., 25, 225 {1993}

Park, ). S. and Lee, W. ). : Dietary fiber contents and
physical properties of wild vegetables, [ Korean Sac.
Food Nutr., 23, 120{1994)

Suh, H. J. and Yoon, H. 5. : Quantitative analysis and
physico-chemical properties of dietary fiber in vege-
tables, J. Korean Soc. Food Nutr., 18, 403 (1989)
Further study
on the anti-hyper cholesterclemic effect of Ixeris son-
chifolia. Kor. J. Pharmacogn., 23, 72{1992)

Kang, D. H., Woo, Y. 5., Lee, Y. K, and Chung, 5. Y. ¢
Organic constituents in Kimchis (Ixeris sorchifolia H.)
-On free amino acids-—. J. Korean Soc. Food Nutr.,, 12,
225(1983)

AOAC 1 Official Method of Analysis. 15th ed., Asso-
ciation of official analyiical chemists, Washington D.
C.{1990)

Van Soest, P. T. and Wine, R. H. : Use of detergents
in the analysis of fibrous feeds. V. Determination of
plant cell-wall constituents. . AQAC, 58, 50{1%76)
Lin, M. ). Y. and Humbeart, E. S. : Certain functional
properties of sunflower meal products. J. Food Sci,
39, 368(1974)

Shin, 5. C. = Studies on the components of Korean lett-

CRC Press, Inc, Boca Raton, p.i5

%—ifi’.z&;’}
> 744

FHYE

AR A A A2 2] 90% 5
2

oz w)

TR =

Fapdshel v)4

o -
);10'[,{—1 S

[s]
o] 43

=)

14,

20.

27,

& Gobns] fishel A AZ
SRR TR D L
SADRS) el Garool ¥
@R At
%J&hﬁx4m&ﬂﬂﬁ%ﬂﬂ4ﬂ

. Matthee, V. and Appledorf, H. :

. MVidal-Valverde, C. and Fri‘as, J. and Esteban, B. :

X
=

A el A2 ol 7]
AER 9 =0 T el
S ASRE Bl 2

uce. Ph. . Thesis. Chonnam National Univ.,
ju, Korea (1989}

Kim, Y. D. and Yang, W. M. : Studies on the composi-
tion of wild vegetables in Korea. J. Korean Soc. Food
Nur., §5, 10(1986)

Herranz, J., Vidal-Valverde, C. and Rojas-Hidalgo, E.

Celiulose, hemiceliulose and lignin content of raw and
cocked Spanish vegetables. [ Food Sci., 46,
1927 (1981

Herranz, |., Vidal-valverde, C. and Rojas-Hidalgo, E.

Celiulose, hemicellulose and lignin content of raw and
cooked processed vegetables, . food Sci., 48,
274(1983)

Kwang

Effect of cooking on
vegetable fiber. /. Food Sci., 43, 1334 (1378)

Diet-
7. 11061

ary fiber in processed lentils. J. Food Sci., 5
{1992)

Nyman, M., Palsson, K.-f. and Asp, N.-C. : Effects of
processing on dietary fiber in vegetables. Lebensm.-
Wiss. u.-Technol,, 20, 291987}

Nyman , M., Schweizer, T. F., Palsson, K-E. and Asp,
N.-G. 1 Effects of processing on fermentation of dicta-
ry fiber in vegetables by rats. Lebensm.-Wiss. u.-Tec-
hnol., 24, 433 (1991)

Ang, |. F. - Water retention capacity and viscosity effect
of powdered cellulose. ). Food 5ci., 56, 1682{(1991)
Auffret, A., Ralit, M.~C., Barry, |.-L. and Thibault, J.- -
F. : Effects of grinding and experimental conditions on
the measurement of hydration properties of dietary
fibers. Lebensm.—\Wiss. u.~Technol., 27, 166 (1994)

(Received june 15, 1995)

O

Al

4°J

%ﬂ% ﬂ&ﬂ
AAE B ET %ﬁﬁ}r
Eg.g} Aol 50 dhek vzl o
SIS 2P 2]

A% R gt}

A

1

(D

o3 &
oA F



