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ABSTRACT

The preparation method of a soluble dietary fiber from oak wood (Quercus mongolica) and the effect of the soluble
dietary fiber on physiological function in rat fed high cholesterol diets was investigated. The best condition for steam
explosion method was 25 kgffcm’ pressure for 6 min. The exploded samples were delignified by the filtration treatment
with 1% NaOH for several times, which is the best condition. The enzymatic hydrolysis of Cellusoft cellulase was more
effective than Onozuka R-10 cellulase. The manufactured soluble dietary fiber was assayed using gel permeation
chromatography (GPC) and it was dissolved in water. Average molecular weight distribution of manufactured soluble
dietary fiber was about 348 — 1,200 and it was assumed the oligomer form fraction. In order to compare the manufactured
soluble dietary fiber with commercial soluble dietary fiber (pectin) on the physiological function, Sprague-Dawley
male rats weighing 100 + 10 g were randomly assigned to one normal diet and five high cholesterol diet containing
1% cholesterol. The high cholesterol diet groups were classified to fiber free diet (FF group), 5% pectin (5P group),
10% pectin (10P group), 5% manufactured soluble dietary fiber (SM group) and 10% manufactured soluble dietary
fiber (10M group) . Body weight gains in all soluble dietary fiber groups were lower than FF group. Food intakes were
increased in all soluble dietary fiber groups than that of FF group. Food efficiency ratio (FER) was significantly decreased
in all soluble dietary fiber groups than that of the FF group, and it was especially was highest in 10% supplemented
soluble dietary fiber group. The weight of liver of the soluble dietary fiber supplemented groups were lower than those
of the FF group, but weights of cecum and small intestine of all supplemented soluble dietary fiber groups were
significantly increased, compared with that of FF group. The weights and water contents in feces were significantly
increased by the soluble dietary fiber. The activity of the glutamic oxaloacetic transaminase in soluble dietary fiber
groups were significantly decreased than those of FF group. The hepatic glutathione S-transferase activity in all soluble
dietary fiber supplemented groups were higher than that of FF group. The physiological effects of the manufactured
soluble dietary fiber are the same as the commercial soluble dietary fiber (pectin) . The preparation method of the soluble
dietary fiber from the oak chips suited to its purpose. (Korean J Nutrition 36(1) : 9~17, 2003)
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B AYoi= AEYS R A58 (AR AeaA) oA
HAgE - (oak wood) F5F A1AYUS- (Quercus mon-
golica)E& AHE3Ele] Za AAY F FAAMEZ AHSIG
o)? Z AxEeE 5AE 200C0) (i), 20~40
kgflem® (319D E3prF71etolA dARE (3~97) A
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£ AdelM Fazl THHA 24L& Table 17 2t

2. SNz oo MAE| N HER

FAAE 5 g& 500 ml AAEZAT0] ¥3 1% 4
3t UEE £9 250 mlE HUiste] Aol 247 wnt



Table 1. Steam explosion condition of oak wood (Quercus mon-
golica) chip

_ Materials Steam explosion condition
Species >
No. Pressure (kgf/fcm?®  Time (min.)
a EQ 25-3" 25 3
uercus 2
Mongolica EQ25-6 2% 6
£EQ 259" 25 9

1) EQ 25-3: Steam explosion condition of oak wood (25 kgf/
crmt, 3 min)
2) EQ 25-6: Steam explosion condition of oak wood (25 kgf/
e, 6min)
3) EQ 25-9: Steam explosion condition of oak wood (25 kgf/
o, 9 min)

3t & glass filter (1G3)E o¥3t o2, 71 M2 S/
&, 10% Ao R &3} AH3l ekl E st

3HH 3}8hA AAe]AE alditol—acetate®d'P ol s F
£ #3lg e, Klason lignin®y*¢l £J8) lignin
S ZAEN oy T E &8 SA3I%Ith

3. BANE| ME 284 Ao RLY T
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1) Trichoderma reesei™l A8 N8B 284 AojdgL
o Hj&

38+ AAME A 2 g& 300 ml conical beakerol]
93 0.05 M Na—citrate buffer (pH 4.8) 36 ml, &4
(Cellusoft—Novo. Co) 2 miE A7138I51th. 50T shaking
incubatorollXl 232} 12, 24, 36, 48, 60, 72, 84, 96113
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B A F 1 7 85 100T g2z 583t
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1 3 ATNRE 40TCEANNA 2 sF3ska 46 F o
g Astete] 584 AoldRAE 2AlEITH

2) Trichodrma viridel BAE N8 284 ACIMBAY
Mz

3}ekA] AAlEld AR 2 g2 300 ml conical beaker®]

¥ 0.05 M Na—citrate buffer (pH 4.8) 41 ml, &4
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(Onozuka R—10, Yakurt Co.) 7 mlE #7}8lit} 40T
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Table 2. Classification of experimental groups according to different soluble dietary fiber and levels of rats fed high cholesterol

. Groups Normal” High cholesterol diet
Ingredients FE 5P 5M 10P 10M
Starch” 650 687.5 637.5 637.5 637.5 637.5
Casein” 150 150 180 180 150 150
Salt mixture® 40 40 40 40 40 40
Vitamin mixture” 10 10 10 10 10 10
Cormn oil® 50 50 50 80 50 50
Sucrose® 50 50 50 50 50 50
Cellulose” 50 - - - - -
‘__Sodiu[(\_c_:pp_lc'rq“’_ - 25 25 25 25 25
Cholestero” e 0 w o 0
Commercial soluble fiber'® - - 50 - 100 -
Manufacture soluble fiber'” - - - 50 - 100
Total (@) 1000 1000 1000 1000 1000 1000

1) Pung Jin Chem. Co., Seoul. Korea

2) Lactic Casein, 30 mesh, Newzedland Dairy Board, Wington, N, Z.

3) AIN-76 Sait mixture (g/kg mixture)

4) AIN-76 vitamin mixture (mg/kg mixture)

5) Dong Bang Qil Co., Seoul, Korea

6) Sam Yang Co., Seoul, Korea

7) Sigma Chem. Co., St. Louis, Missouri, U.S.A

8) Sigma Chem. Co., St. Louis, Missour, U.S.A

9} Sigma Chem. Co., St. Louis, Missouri, U.S.A

10} Pectin, Sigma Chem. Co., St. Louis, Missouri, U.S.A

11) Manufactured soulble fiber from the oak wood (Quercus mongolica)
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Table 3. Yield, lignin content and delignification rate of steam
exploded wood treated with 1% sodium hydroxide

Yield of residue Klason lignin Delignifiction rate

Materials No. %) %) %)
EQ 253" 78.0 13.5 62.8
EQ 25-6° 59.2 7.6 86.6
EQ 259" 58.0 7.3 88.9

1) EQ 25-3: Steam explosion condifion of oak wood (25 kgf/
e, 3min)
2) EQ 25-6: Steam expiosion condition of oak wood (25 kgf/
ont, 6min)
3) EQ 259: Steam explosion condition of oak wood (25 kgf/
e, 9 min)
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Fig. 1. Investigation of optimal enzymatic hydrolysis condition.
@Cellusoft : Trichoderma reesei (Novo Co.),
(OOnozuka R-10 : Trichoderma viride (Yakurt Co.).
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Table 4. Yield and sugar composition condition of soluble dietary
fiber from the ook wood (Quercus mongolica)

Materials Sugar composition” (%) Yield
Ara” xyl® Man® Gal® Giu” Rha®
Cellusoft72hr 83 252 553 T 112 T 56

Onozuka R-10

2)
72 hr 90 636 T 74 T 5.1

20.0

1) Based on total carbohydrates, 2) T: Trace, below 0.1%,
3) Ara.: arabinose, 4) Xyl.: xylose 5) Man.: monnose,
6) Gal.: galactose, 7) Glu.: glucose, 8) Rha.: thamnose
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Table 5. Retarding effect of dietary fibers on dialysis membrane transport of bile acid

Diolysis for 30min. Dialysis for 2 hour Dialysis for 4 hour
Sample Bile acid in dialyzate R (%) Bile acid in dialyzate RI Bile acid in dialyzate RI
(mmol/L) (mmol/L) (%) (mmol/L) (%)
Nomal 0.129 + 0.008 0.00 0.293 = 0.012 0.00 0.465 = 0.021 0.00
Commercial soluble fiber’ 0.099 + 0.009 20.8 0.223 = 0.009 23.12 0.376 + 0.037 18.36
Manufactured soluble fiber” 0.102 = 0.010 18.4 0.234 £ 0.019 19.30 0.399 + 0.057 12.31

1) RI: bile acid retardation index (%).

2) Commercial soluble fiber: Pectin (Sigma CO.)

3) Manufactured from the oak wood (Quercus mongolica)

Values are mean * S.D. of triplicate trials. Means not followed by the same letter in the same column differ significantly from one
another (p<0.05) by Tukey's test.
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2) IR

AF 100 g7 71 A%, 23 L BFe FAE Table
78} Zk 74 FAlE FAfAolTe] At viE &
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o FA F7hs AolF] dasly EA] FgoE HAY
TEY 23183 1 V)5l ¢S WA ok AE
Al F¢ o Az

3) ¥%8%9 glutamate oxaloacetate transaminase (GOT)
o glutamine pyruvate transaminase (GPT) &3
AzE 74 Holdfas A 3 AR S Ak

Table 6. Effects of soluble dietary fibers on food intake, body
weight gains and food efficiency ratio (FER) in rats fed high ch-
olesterol

) Foodintake  Body weight gain
Groups FER
(g/body wh (@
Normal 23.60 + 0.61° 168.0 + 7.0° 0.29 + 0.03°
FF 23.73 + 0.28° 1852 = 7.3° 0.28 + 0.02°
5P 25.56 + 0.72° 148.3 = 8.5° 0.20 + 0.02°
5M 25.55 £ 0.44° 1455 + 47° 0.19 + 0.02°
10P 26.63 +0.51° 1327 £ 12.1° 0.16 £ 0.02™
10M 26.45 + 0.26° 1455+ 4.7° 0.15 + 0.01°

All values are mean = SE (n = 10). Values within a column with
different superscripts are significantly different at p < 0.05 by Tu-
key's test.

Normal: basal diet, FF: basal diet + 1% cholesterol

5P: basal diet + 1% cholesterol + 5% pectin

5M: basal diet + 1% cholesterol + 5% manufactured soluble fiber
10P: basal diet + 1% cholesterol + 10% pectin

10M: basal diet + 1% cholesterol + 10% manufactured soluble fiber

Table 7. Organ weights of rat fed soluble dietary fibers

(g/100 g body weighf)
Groups Liver Kidney intestine Cecum
Normal 2.96 + 0.27° 0.69 + 0.05™ 2.02 + 0.07° 057 + 0.05°
FF 506+ 0.10°068 + 003 226+ 0.19° 0.69 + 0.05°
5P 422 +0.11°065 001 249 + 0.07° 1.55 *+ 0.09°

SM 421 + 013° 067 + 0.02 247 +0.09° 1.90 + 0.17°
10P 414 +008° 066 + 001 246 +0.14° 2.47 + 0.12°
10M 422 +£013° 064 +0.02 258 + 0.09° 2.44 + 0.24°

All values are mean + SE (n = 10). Values within a column with
different superscripts are significantly different at p <0.05 by Tuk-
ey's fest. The experimental conditions are the same as Table 2 & 6
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1 937 FA BAEL AANRoRE AxY F84 4
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oldR&Y FA4L eS¢ 5 ATk

4) M1ZBf Glutathione S-transferase (GST) BY &%

Hol 324, UHEA, SAEAS] dpEE, T8l
Y EAaE FoIA A2 £4 Tl 48 glutathi-
one (GSH)& ¥&§A|# glutathione thioester (R—~S—G)
& A8 W& Fvllshe GST 84& 543 49
Fig. 3% Zth 374l vlsf] FAf2oldelA 25% #

Table 8. Effects of soluble dietary fibers on serum GOT and GPT
activities in rats fed high cholesterol diets

r\i
N
)
s 1o

Groups GOT (IU/miD) GPT (U/mi)
Normal 1060 £ 4.0° 31.5+15°
FF 145.4 + 25.2° 498 + 6.2°
5P 983+ 7.7° 394 + 3.0®
5M 909+ 84 37.8 £ 0.5®
0P 955+ 6.8° 460 + 2.6
10M 923+ 87° 33.8 £ 6.7%

All values are mean + SE (n = 10). Values within a column with
different superscripts are significantly different at p <0.05 by Tuk-
ey’s fest. The experimental conditions are the same as Table 2 & 6

100

GST (nmot DCNB/mg protein/min)

Normal FF 5P 5M 10P 10M

Fig. 3. Effect of soluble dietary fibers on hepatic glutathione S-
fransferase activities in rats fed high cholesterol diets. All values
are mean * SE (n = 10). Bars with different letters are significan-
fly different among groups at p <0.05 according to Tukey's test.
The experimental conditions are the same as Table 2 & 6.
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