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Abstract

Dietary effect of soyfiber beni-koji (SBK) with chitosan-ascorbate (CA) on the level of serum lipids in rats fed a high
fat diet was investigated. The experimental groups which were divided into high fat diet control group(HC-group), 2%
SBK+0.1% CA mixture diet group(CAl-group), 2% SBK+0.15% CA mixture diet group(CA2-group), and 2% SBK+0.2%
CA mixture diet group (CA2-group) were fed for 4 weeks. Weight gains in CA2- and CA3-group were 5.3% and 9.5%
lower than that of HC-group, respectively, while there was no significant difference in feed intakes, feed efficiency ratio
and organs weight. Level of serum triglyceride in C3-group was 21% lower than that of HC-group. Level of serum total
cholesterol and LDL~cholesterol in CA2- and CA3-group were 22.1~22.7% and 58.6~64.3% lower than those of HC-group,
respectively. Atherogenic index decreased with the higher level of CA. Level of lipid peroxide in CA3-group was 24%
lower than that of HC-group, while there was no significant difference in GSH(Glutathione-S-transferase) content. O type
activities of XOD(xanthine oxidase) in the treated groups were lower, especially the activity in CA3-group was 51.6% lower
than that of HC-group. Also, O/T ratio of XOD was lower, showing 21.7~23.5% in freated groups and 34.0% in
HC-group(p<0.05). GST activities were 332.52 wnits in HC-group and 350.28~355.63 units in the treated groups, but there

were no significant differences among them.
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(Yasukawa et al 1996). 8} Z=of] 3H3-¥ monacolin K, J
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1. X &

Soyfiber-& | %8 & 20043 % 10 )] AHAME =4k
23} Z(Glycine max Enha)y& AM-8-315 o, 7| AR BA=F
746 kDa(Gumhowhasung Co Ltd, Korea)2] Z1-& Al-&35}%th

2. Chitosan-ascorbate2| AH|=

Chitosan-ascorbate(CA)= 5% ascorbic acid 4=8< 200
mLol| chitosan 10 g2 ¥]&2 718l 20TolA £81A171 =
ZAAZSl] B el 2 A Z(Sanford PA 1988)3}%t}.

3. Soyfiber =2 =

Soyfiber &-=(soyfiber beni-koji: SBK)< Fig. 1(Kim &
Lee 2003)] wet AlZSATE &, T2 &2 8AZ T
248 ¥ 422 o talo] 109)B) FR45E Shae
ACE homogenizer(Nihonseki Kaisha Ltd, Japan)Z 23} 3}
Fot. TF23tE &AL autoclave o] Wi 120Tol|A] 30%
RS & AEE 13 o 73led & soyfiberE LUTh ©]
soyfiber® ZZ7]9 ol FETF] 25% 2 W7HR] A2A|
70 ¥ glucose® &2 FHFol 5o 5% HA Hristn @
T Mizutani ¥§*|(glucose 5%, peptone 2%, KH.PO, 0.8%,
MgS0, + TH0 0.05%, CH;COOK 0.2%, NaCl 0.1%)°l] Mona-
sucus pilosus KCCM 600842 % Z3la] 1047} vjokat 3 )
FAE 5% HA EFstA 30TAA 1043 WIS o5
60CAA Z53] Axsle] £23} stk

L AMEF % M¥ole =A

4
AFATL high fat diet control(HC), 2% soyfiber beni-koji
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| Soybean l

|

‘ Soaking in water for 8 hr ’

-Water(10 times)

‘ Homogenization ‘

|

‘ Steaming at 120T for 30min ‘

‘ Filtration ‘

|
[ |
‘ Soy juice l 1 Soyfiber ‘
|

Seed culture(M. pilosus)-| -Glucose(5%)

‘ Fermentation at 30T for 7days ‘
‘ Drying]at 70C i
| Milling (|100 mesh) |
] Soyfiber be|ni-koji(SBK) |

Fg. 1. Preparation procedure of soyfiber beni-koji.

9} 0.1% chitosan-ascorbateE E33F diet group(CAl), 2%
soyfiber beni-koji®} 0.15% chitosan-ascorbate® Z&5+ diet
group(CA2) B 2% soyfiber beni-koji®} 0.2% chitosan-ascor-
bateE E33} diet group(CA3) T 4T o= FE3] 457
Fo35t5 ) Soyfiber beni-koji(2%)$} chitosan-ascorbate(0.2%)
o] TEE duldEe 23E AR s APt 71
2lo]= AIN-76A diet(Teklad, USA)E 71Fo 2 B85 .
23 : geiAe] v E 60 : 25 : 152 1A 20| 2 A5
o1 choline bitartrte (ICN Biomedicals Inc, Germany),
chromium potassium sulfate 2 ferric citrate(Kanto Chemical
Co Inc, Japan), zinc carbonate(Yakuri Pure Chemicals Co Ltd.,
Japan), cellulose(Aldrich Chemical Co Inc, USA), casein(Dae
Jung Chemicals & Metals Co Ltd, Korea), DL-methionine
(Research Chemicals Ltd, Korea), corn starch (Dusan Corn
Products Co Ltd, Korea), sucrose(Sam yang Co Ltd, Korea),
com oil(Jeiljedang, Co Ltd, Korea)<, mineral ¥ vitamin
mixturel= AIN-76A0) we} 2§81 tHTable 1).

5 AEEE R AIBYUY
A EE2 P Fo] 215452 g HE Sprague-Dawley Al
TR AFHE A AF it 1001814 F 40mfe]E 943k
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Aol AHREITE 870 A-gA1717] Y8 Ak wiAla
(Purina Co, Seoul, Korea) 2 157t ojv]AL-S-3F & —2,—71- 2l
o2 Yalth dP2ole} B2 Af FF3A 52

= AT Yol 17Y Y Az} 4C°ﬂ ”éxc}i
HshaA wfd 4143 Aol & FEATH AMSAE stainless
steel & AMESIH I, 5 @ FEE 23427, 60+ 5%E X%
AelHa, YL 6:00 Am~6:00 Pmo 2 ek Alo] ES &

Table 1. Compositions of experimental diets (g/kg diet)
Ingredients HCY  cAal?  cA??  ca3®
Comn starch 300 300 300 300
Sucrose 240 240 240 240
Casein 142.5 142.5 142.5 142.5
DL-Methionine 3 3 3 3
Com oil 87.5 875 815 87.5
Lard 150 150 150 150
AIN mineral mixture” 35 35 35 35
AIN vitamin mixture” 10 10 10 10
Choline bitartrate 2 2 2 2
Cellulose 30 9 85 8
Soyfiber beni-koji - 20 20 20
Chitosan-ascorbate - 1 1.5 2
Total 1,000 1,000 1,000 1,000

D AIN mineral mixture(g/kg): calcium lactate 620.0, sodium chlo-
ride 74.0, potassium phosphate di-basic 220.0, potassium sul-
fate 52.0, magnesium oxide 23.0, manganous carbonate 3.3,
ferric citrate 6.0, zinc carbonate 1.0, cupric carbonate 0.2, po-
tassium iodate 0.01, sodium selenite 0.01, chromium potassium
sulfate 0.5, finely powdered to make 1,000 g.

 AIN vitamin mixture(mg/kg): thiamin-HCl 600, riboflavin 600,
pyridoxine-HCl 700, nicotinic acid 3,000, D-calcium pantothe-
nate 1,600, folic acid 200, D-biotin 20, vitamin B;; 2.5,
vitamin A 400, 000 IU, vitamin D; 100,000 IU, vitamin E
7,500 TU, vitamin K 75, finely powdered to make 1,000 g.

=% HC; high fat diet control, CAl; 2% soyfiber beni-koji with
0.1% chitosan-ascorbate diet group(CA), CA2; 2% soyfiber
beni-koji with 0.15% chitosan-ascorbate diet group(CA), CA3;
0.2% soyfiber beni-koji with 10% chitosan-ascorbate diet
group(CA).
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8. & xjze| 24
%2926 8, HDL-29| 288 939 3
F2- kit A]2HAM 157S-K, AM 202-K, AM 203-K, Asan-
pharm Co, Korea) 2 2 Z33}9] o0, LDL-Zd ~€| = 3
& Fridwald et al(1972)9] "ol wha} AAvstA.

9. Z} =Z| Glutathione S-transferase, Xanthine Oxi-
dase 2 & & Alanine Aminofransferase2| EMTE =&

Glutathione S-transferase(GST)2] &-4]2 Habig er al(1974)
o] ¥ F3f 0.1M phosphate ¢5 (pH 6.5) Y7 Fol] 3t
&3] 8493 7121 1-chloro-2,4-dinitrobenzene % gluta-
thione-2- E33te] 25Tl ¥-8A17] thg 73 340 nmoi| A
F9we] WstE 23T EAFRAR(e=9.5M 'em )&
o]-&-3leq conjugate?] YA FE AT FAEH G
= 2o ¢z 1 mgo] AAJA)Z] thioether?] n mole2 e}
WAt Xanthine oxidase(XOD) &43-2 Stirpe et al(1969)2]
o]l Z35)ed 0.1M phosphate 2N (pH 7.4)o] & 83}
7142l xanthine & NAD 9] A7} o Fol| wia} & L O type
Yo FEa] 0TOIA 1087 A7) B A4
H uric acidE T4 292 nmollA FFxe] HIE 24 8l5
o 5he) SHEE 227 B9 | mgo] 1% B whgl
o 71AZ2RE AYAE uric acid?] n moleZ JeRAQ L) o
wlzlo] e Lowry et al(1951)9] ¥bHo| 8 bovine
serum albuming FFEF 0 2 slo] FHLsiEch

10. Glutathione %! D}ASIX|AE slzte] £X
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Glutathione(GSH) 322 Ellman GL(1959)2] Whfe] 23]
2t 22 vl A 43 ol 4% sulfosalicylic acidE 7}4)
A ts A dAFE WA 5,5 -dithio-bis
(2-nitrobenzoic acid)?} 3= WAIE & thiophenolS =74
412 nmol|X SF=E 95 BF A F8 o T

Ar&slgith 293 glutathione®] 3Hake 7+ 22 ¢ u mole
2 el 2kl A(LPO)) ek Satho et al(1978)
o ol Ff 22 v U el thiobarbituric acid
(TBA) €H-& 7}&) boiling water bath Lol A 158 FoF Hk
2171 T WBZEAIA n-butanol S E3}H5}1e] n-butanolF©.
o]8) &)= &A12] TBA-reactive substanceE 532 nmol| A &%
T2 93w EAEDAS(e = 1.5 x10° M em )E o] L3}
o 11 FFE ST AR e %
n moleZ Y}ERJITH

A g

1. %2l
BE 29@%HE AYFE 10v1e)e] FFAS} EEAA

=
o
2 Jehiglom, f-2)Ad 7358 SPSS(Statistical Package for

Chitosan-Ascorbate ¥ F-570] AP 2lo] AF e HA A vlAle 99
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Social Sciences, Version 12.0, SPSS Inc, Chicago, IL, USA)
software package program-2- ©|-&3}<] Duncan's multiple range
testS 3P+l

AHEES HO(@mAW2lo] tlR), CAI0.1% CA T
2% F-FAo]F), CA20.15% CA 35 2% EF=2old) 2
CA3(02% CA 3+§ 2% B0 )e] 47 Fo2 o] 43
Aol 7o AlF, SAE, HoldFAY, Holaedt v
2 AT 37 %%k% ZAVgh A3 Table 2 9 33} 2tk

AE7NNEF) BUA0] SAFL BANAY Aol® HolA
okgtot CA27 3 CA3 oM & 7g)\1—?°ﬂ Hlsto] Z}z}k 5.3%
2 9.5%7} ZAaHATE ZF AP Aol 3 g Aol &
& A ek v FE FoIHQ Aol HolA] &
ot CAS] H7Heo] oSS Frkshe A3 Hiloh

Table 2. Changes in body weight, weight gain, FER and amounts of feces of rat during feeding of 2% soyfiber beni-koji

with different chitosan-ascorbate

Parameters ach ca1? ca2? cA3?
Initial body weight(g) 2348 + 8.5° 2315 £ 5.3° 230.1 + 5.6° 2335 + 8.1°
Final body weight(g) 4239 +322° 4205 £19.3° 409.2 +24.2° 4045 £35.9°
Weight gain 473 + 54 473 + 48 448 + 6.8 028 + 44
Feed intakes(g/week) 1558 + 5.1° 1580 + 2.8 150.1 + 4.3° 1540 = 42°
FER” 0.30+ 0.10° 0.30+ 0.08° 0.30+ 0.12° 0.28+ 0.06"
Feces(g/week) 8.20+ 0.08° 831 0.04° 8.44+ 0.10° 8.65+ 0.05°

"4 Abbreviations : See Table 1.
% Feed efficiency ratio : weight gain/feed intakes.

8 Values are meantSD of 10 rats, different superscripts within a row(a~d) indicate significant difference at p<0.05.

Table 3. Organs weight of rat fed for 4 weeks with 2% soyfiber beni-koji with different chitosan-ascorbate

Organs HCV CA1? ca2? caz®
Liver weight/BW(%) 2.45+0.32° 239+0.19° 2.32+0.26° 2.30+0.16"
Kidney weight/BW(%) 0.67+0.08" 0.630.05" 0.61=0.03" 0.60+0.03"
Heart weight/BW(%) 0.3240.02° 0.32+0.04° 0.32+0.02° 0.31+0.02°
Testicle weight/BW(%) 0.74+0.06° 0.72+0.07* 0.72+0.03° 0.730.05"
Spleen weight/BW(%) 0.17+0.02° 0.16+0.02° 0.16+0.03° 0.15+0.03"

1~9 Abbreviations : See Table 1.

%) Values are meantSD of 10 rats, different letters within a row(a) indicates significantly different at p<0.05.
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AN B ohe Ael e 2HE FHE A5AA
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g 4 9l A2Y Fuo dPolE F1Y Ao AR,
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3. Zt=Z|9| GSH 4! LPO sizkx &4 =AM uwist
TAMA 2 477 AL%% A k23 e] GSH 2 LPO
9] ket XOD 2 GST A EE 243 A& Table 59
Zrt. Z APe] GSH &3e ATzl f94 Aols
Holx] gi3ton} LPOS] e Ad ol B B B
Row B3], CA3TL AT 2} 24% A= A4k
XOD 84 =% 7 ddwo] FATRT foFoz e gt
< el 2t A8 T3] o2 I O typed] &
AT BT st ddTe] B 8492 JEieH
£3] CA3To] FHATHEY 51.6% HE itk XODe
OT(%) = AT 34.0%¢°] H]5ld APTAME 21.7~23.5%
AEE foF o IdrHp<0.05).

GST EXEE AATIME 332,52 unitsZ e O}
Zt A8 Fo| A= 350.28~355.63 units 2 Z7}El= AES U
B Rict.

GSH superoxide dismutaseol| €]3}e] superoxide radical
o] gge] YA H H,0,2 glutathione peroxidases} &7
H,0% AgA7 = Ed2 A glom(Sara & Terezinha
2005, Hausburg et al 2005), LPO= 452 A~E# A9 Z7}
S} o] I Zae] o8] AYEE B (Viadislav ef
al 2005)2 L&A 9tk 283 XOD+ purine; pyrimidine,
aldehyde @ heterocyclic 3}3HE2] thAle] Boddt= v] &
olx HAZA AA Wl F& purine#] <] hypoxanthine<
xanthine © 2, xanthine- g THA] AF3IA]A QAFS A SI= wF
Lo #she A2 F4 2AAE YolXe NAD'E A

<

Table 4. Content of blood sugar, triglyceride, total cholesterol, HDL-cholesterol, LDL-cholesterol in serum, and athe-
rogenic index of the rat fed for 4 weeks with 2% soyfiber beni-koji with different chitosan-ascorbate

Measurements Hc cAa1? cA2Y cA3®
Blood glucose(mg/dL) 112.8 £11.5 109.0 +10.6° 1154 +7.5° 1194 +12.5°
Triglyceride(mg/dL) 101.8 £11.0° 973 = 5.2° 95.3 +6.8° 80.4 + 4.7°
Total-cholesterol(mg/dL) 127.0 £13.9° 1174 + 9.0° 989 £9.1° 98.1 + 7.3°
HDL-cholesterol(mg/dL) 574 = 1.7° 58.1 £ 8.1° 59.4 +4.7° 644 + 2.0°
LDL-cholesterol(mg/dL)” 493 +12.8° 39.8 £13.4® 204 +8.7% 17.6 + 5.6°
Atherogenic index® 0.38+ 0.07° 0.33+ 0.09® 0.20£0.07% 0.18+ 0.05°

'~ Abbreviations : See Table 1.
% LDL-cholesterol= Total cholesterol-HDL-cholesterol-(TG/5).
8 LDL-cholesterol/HDL-cholesterol.

" Values are meantSD of 10 rats, different letters within a row(a~c) indicates significantly different at p<0.05.
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Table 5. Effect of hepatic glutathione, lipid peroxide and activities of xanthine oxidase and glutathione S-transferase

in rats fed for 4 weeks

XoD ¥
2) 3) 5) .
Groups” GSH LPO (uric acid nmole/mg-protein/min) GST™ (thioether
(umole/g) (umole/g) nmole/mg-protein/min)
Total O type O/T (%)
HC 4.83+0.64° 15.04+2.06 5.47+0.37" 1.86+0.12° 34.0£2.6° 332.52+34.30°
CAl 4.71+0.68° 13.30+1.32 4.8040.35° 1.1320.09 23.541.8° 350.28+37.42°
CA2 4.75+0.70° 12.12+1.95% 4.4210.28° 1.01+0.10% 22.9+1.6° 352.97+28 47
CA3 4.78+0.65° 11.38+1.24° 4.15+0.34° 0.90+0.12° 21.743.2° 355.63+32.45°
' Abbreviations : See Table 1.

=% Abbreviations: GSH; glutathione in hepatic tissue, LPO; lipid peroxidase, XOD; xanthine oxidase.
% Values are means+SD of 10 rats, different superscripts within a column(a~b) indicate significant difference(p<0.05).

A F8A = o] &(Stirpe & Della Corte 1969, Yoon & Huh
1989)3tA] vt Wef 2] A Q1 2A3 M= 0.8 AARFEA 2
ol8goz zH &4 B A ZB3 d¥E super-
oxideZ A48l O typeo 2 ATty L&A UtH(Parks
& Granger 1986, Roy & McCord 1982). 18] =& XOD¢] O
type 843} O/T ratio(%)7F 718 7% superoxide®} 2L
BT HY) AR et 2Fe] £4o] =
= Aoz Bunga tHLebovitz & Siegel 1980, Lee F
1991). 9, GST= &3] Wl 2dAg SAHEZAER o=t
kel 22| AANE Hed(Hashim et al 2005)3te AL
2 g3A Ik .

E Ao CA & T 203 Ay TelA XODe]
O type /447 O/T ratiod] 74 #/Jo] verd A& CA &
- B A Eo] A3} (Tsujikawa er al 2003)<) 2la} XOD
9] -SH groupe] 25 AFAZ ALHH o|2 sl &4
Mg Aol AELEA B XA AdFE 2
aFo] ZHe] SR ol T, n¥Y % U4
F o 22 Y g8 ooy A& AIAE el
F S1& FoE Azdnh

2 3 HdE

Chitosan-ascorbate(CA)E &Hf-3l= soyfiber beni-koji(SBK)
o] Hol7t 1 AA 4olg FAT AF ] A XA o
oA FFE ZARIRIY AT HCTH (AW o] iz
T), CAIT(2% SBKS}F 0.1% CA E32ojd), CA2FE(2%
SBK ¢} 0.15% CA &3 o|1) E CA3(2% SBK2} 0.2% CA
EGO| P 4] FoE Lol 477k Aolagck 1 2
7} CA2Z3 CA3T-E HCZo| st 2 2o] 22t 5.3%
3% 9.5%7t dasigon], 4oldAF} Holase feln

7F (AT AV R 9L frofAdel stk 84 $4
A A9 FEe CA3To] HCEEY 21%7} 4t oni CA
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