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Effects of Okara on Levels of Plasma and Hepatic Lipids, and
Adipocytokine in Rats
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The effects of okara on plasma lipid, liver lipid and adipocytokine levels in rats were investigated
to clarify that okara would be suitable as a material for a functional food. When okara was given to
rats fed a high-cholesterol diet, the increase in plasma cholesterol level and the decrease in plasma
adiponectin level were suppressed. The improvement of the levels of serum cholesterol and adipocyto-

kine induced by the intake of okara suggests that okara would be useful for prevention of lifestyle-re-

lated diseases.
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Table 1. Composition of dry okara
(Weight %)

Component Ratio
Dietary fiber 443
Protein 24.7
Lipid 13.6
Saccharide 5.9
Mineral 33
Water 8.2

Table 2. Composition of experimental diets

(g)
Ingredients Control Okara
Casein 18.00 12.80
Corn starch 36.00 33.30
Dextrinized cornstarch 13.20  13.00
Sucrose 10.00  10.00
Soy oil 7.00 4.20
Vitamin mixture (AIN — 93VX) 1.00 100
Mineral mixture (AIN — 93MX) 370 3.00
Cellulose 10.00  0.40
Cholesterol 1.00 1.00
Sodium cholate 0.25 0.25
Choline bitartarate 0.25 0.25
Butylhydroquinone 0.0014 0.0014
L-Cystine 0.30 0.30
Okara (dried) 0.00  20.00

EEEY L L5 BEEOBEYESDRT v b 14 L
AAAZ LT HOBALCHE L. 2BofiEo
FL % Table2 1278 L7z, HEHEFEHIO L AT 0 —
VR V%N L 72 ER IR ), w2t 7 7T

AR, )

20%EE L 7280 (1 T 5T & EERETRE & L
7o ARSEERC IR R AL R 1 AINO3 O LK (2
WL, 7T BRI OMBIZ OV TIE L 7 T K
(Table 1) #EE LT v /328, eH, SWikiEo
B E T AN F - LS L5 L)
(2% L 72 (Table 2).

B EMFICOVCIIETIEE 23 = 1T, B 55
= T%IZHRET L, 12 BERIBIRE Y A 2 VT 5 AR EAH
L7z, &7 —YClLIETOMFL, U 1 EH
IIEEHEFRLC TR ETE L, FOEIE IS 2 5 G i
BEE A THGE) K 2 TILFOMSIT L7z, &8
DEEDOTFIENEEL L 25 X H TS L 5 AR
BHL.

FRHIKEARE LD ICHBERS Y2 1HBE
VAR 2 )52 U SEHEI = (3 HAlE L. fE S
HHEIC2 HEOFZ R, HUE07ZEE, EEEO
W ZRAT - 7. KRB FEERILRE LT RSB %
BRAREHIC OV THER L 7.

@ I, AP, B, Bl L OREEE AR

FROFRIL

FEUEP 1 EM I LI, == FIVHEE T CRER
R 528 ALER L 7 FESTER CERILL 72 FRalL
=13 0.5ml & L, 4C, 3000rpm T 1555, w057
L7zt%, bRiE(msE) 23R 72 S WM T %
T— 7OV T Cifiday S & CONESRINGE, g §
s, ENEB & OREHE AR 2 3 AR A L Hi
L, K& L7 ARK TR ERlEL, 7o
M E T - 80°C THUEIRAE L 72,

@ MG OME

Mm#En#HKa L A5 a— )V (TC), HDL- I L A 7
O —)V(HDL-C), MU Z V1) F(TG)BLU 7V
T— AFWRFIC L DERF v b (FIbhiEE T 2,
JVATH—)VETANMNTI—, HDL-I L AT
O—)V7rAMNT7a— Y7L FG-TAKMT
a—, FVa—ACILFANTa—)%&HTHlE
L7 E72 AV A Y, TFARRIFY, LT
FUAZOVWTHHEELZe LEAL YR ¥y b
(BB NV ), 75714 K% 2 F  ELISA ¥ v
b ORIFHHEM R EH) B L L 7T ~ ELISA F v
b (RIFRERRASH) 2 W CllE L7z
@ WEEESB L OREEROHIE

i L 72 g2 & O g o di 1 Foleh & ” 07

BAZHEV, z0uskiva - A% 2 —L(2: 1) xHw
TAT o 72, HE D 5 BRAM P CHEHZ R L

_42_



AHTHTy P OMSE - WEIEES L O7 71 KA A A VREEICRIZTE

WIEEREE T RO IWEIBEICOWTIHE, 5%
TritonX-100 & A A ¥V 708 ) — VIZER%, 5
ERBEICTTI OB EE I L 2R E v 2Tl
EEITHo72.
®  #PRR R E

WS IR % FLER CHTR, 0.5 & 5.0ml DJNER
Iy 7= (70T, 60 43I L7z, v 5.0ml
DrOURVA— XY ) — VIR 1, vy B
2 AR R L, il & vk Abd, #EE
HERIC DWW CTRRITEE T A N 7 O — (FIGHiZE T 3E)
EHWTHE L.
3. #rEthng

FEBRE R I Ml = R HERR 5 (SE) TR L 7z,
T — % =1L SPSS13.0 = fivar hu— VL L 7
7 ¥ 5RO L1213 Mann — Whitney, s U BUE %,
W O L2 1d Scheffe B & U8 Dunnet i3 % v 72,

TERBLVUER
1. BMER
O K&, SRR
BRI 7 TR GHOTPETEC, KEL A

7 5 PGB T BB OEI 2 7% o 72 (Table 3).
@ ImEENRE

WOV ATFa— ViEEFEIZay ha— VEETIZ 28
BizhmL, 2:8H &L T4 8E THEIZHA
L7z (Table ). 7 F3 5802280 & LKL 3-4
SHHTEZICHY L 7 9%58H3Iay b
O— VL DHEI L AT 0 — UAMEE % =3 @]
Hote.

HDL- Z L A7 0 —)V/# 3 L A 70— VI
HERICHEEIZIRDO SN H > 72 (Table 5).

M) 7)) NIREE MR S b fH A% —H bk
ABMA L, av bo—VERZ 2B &L T
SHBRAEZICHA L, Ah 5D 2 HE &L
LT4, SHBIIHFEZIEA L7 (Table6). + 77
BOBEay bu— VLD S, MY Z YR NRE
M EA DA IR Z RS TH > 72 FHil
B~ AW ERTE -a 7)== rh kY
ZF)E) FEER T IELEMELTWED, K
FFTH ARG H - 72,

@ A PHA R

a2 NaO—VEETT 74 KRR F iEEMHMEE

BT LZ2Y, A IHETIHETIERD N7z

Table 3. Effect of okara on body weight and food intake

Initial body weight

Final body weight

Initial food intake Final food intakes

Group (g) (g/day) (g/day)

Control 223.1 = 10.5 456.2 = 28.2 279 = 1.1 321 = 1.6

Okara 227.1 = 3.6 468.0 = 6.8 27.0 £ 1.5 36.0 £ 23

Each value is the mean * SE of seven rats per group (n=7) .

Table 4. Changes of total cholesterol level in rat plasma

Group concentration 1 week 2 weeks 3 weeks 4 weeks 5 weeks

Control average (mg/dl) 73.8 £ 4.6 102.8 = 5.7 79.3 £59 71.7 £ 5.9% 75.0 £ 74
relative value 100 107 97 102

Okara average (mg/dl) 80.4 £ 3.6 107.2 = 6.8 71.7 £ 4.5% 68.0 = 5.4%* 733 £ 7.4%
relative value 100 89 84 91

Each value is the mean = SE of seven rats per group (n=7) .

* 1 p < 0.05 vs. 2 week.

Table 5. Changes of HDL-cholesterol/total cholesterol ratio in rat plasma

Group concentration 1 week 2 weeks 3 weeks 4 weeks 5 weeks

Control average 553 34.8 29.8 37.2 37.8
relative value 100 54 67 68

Okara average 47.7 27.5 25.4 30.5 30.3
relative value 100 53 64 63

Each value is the mean * SE of seven rats per group (n=7) .
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Table 6. Changes of triglyceride level in rat plasma
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Group concentration 1 week 2 weeks 3 weeks 4 weeks 5 weeks
Control average (mg/dl) 109.9 £ 14.0  130.7 = 14.7 75.0 = 5.6 71.7 = 8.4 582 = 12.7*
relative value 100 68 65 53
Okara average (mg/dl) 142.8 = 18.8 178.3 = 22.6 91.5 = 13.6 75.6 = 6.8* 73.4 = 5.7%
relative value 100 64 53 51
Each value is the mean * SE of seven rats per group (n=7) .
* 1 p < 0.05vs. 2 week.
Table 7. Effect of okara on metabolic parameters of plasma in rat fed a high-cholesterol diet
. Diet group
Parameters concentration . .
feeding time control okara
Adiponectin (ng/ml) 2 weeks 28 £0.2 23 %02
relative value 100 100
(ng/ml) 5 weeks 1.9 £ 0.3% 2.1 %02
relative value 76 96
Leptin (pg/ml) 2 weeks 1177 = 23 1372 = 137
relative value 100 100
(pg/ml) 5 weeks 1338 = 86* 1320 = 78
relative value 114 96
Insulin (ng/ml) 2 weeks 0.77 = 0.14 0.53 = 0.06
relative value 100 100
(ng/ml) 5 weeks 1.09 = 0.18 0.78 = 0.18
relative value 142 147
Each value is the mean * SE of seven rats per group. (n=7)
* 1 p < 0.05 vs. 2 week.
Table 8. Changes of glucose level in rat plasma
Group concentration Iweek 2weeks 3weeks 4weeks Sweeks
Control average (mg/dl) 125.0 = 9.0 113.1 £ 6.5 1642 =294 1260 £ 139 171.8 = 143
relative value 100 131 101 137
Okara average (mg/dl) 119.5 £ 7.2 933 74 96.9 = 7.7* 1357 = 4.6 159.4 += 6.7
relative value 100 81 113 133

Each value is the mean * SE of seven rats per group (n=7) .
* 1 p < 0.05 vs. control.
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Table 9. Effect of okara on hepatic lipid contents
of rats fed a high-cholesterol diet

Diet group
contents
control okara
Total lipid (mg/g liver) 384 £ 18 354 = 14#
Total cholesterol (mg/g liver) 62 * 2 61 £3
Triglycerides (mg/g liver) 108 = 8 99 £ 38

Each value is the mean = SE of seven rats per group (n=7) .
# :p <0.1vs. control.

Table 10. Effect of okara on fecal excretion of bile
acid of rats fed a high-cholesterol diet

Diet
Weight and contents 161 £T0Up
control okara
Fecal dry weight (g/day) 33 0.1 37*02¢#
Total bile acid (mg/g feces) 1276 134 £ 10

Each value is the mean * SE of seven rats per group (n=7) .
# 1 p < 0.1 vs. control.
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Table 11. Weight of the liver, cercum and adipose tissue of rats fed the experimental diets for 4 weeks

control okara
Perirenal adipose tissue weight (g/100g b.w.) 1.9 £0.2 1.9 £0.2
Epididymal adipose tissue weight (g/100g b.w.) 1.0 £ 0.1 1.0 = 0.1
Cercum (g/100g b.w.) 1.0 £ 0.1 1.2 £ 0.1%
Liver weight (g/100g b.w.) 6.6 = 0.1 6.1 = 0.1*

Each value is the mean = SE of rats per group (n=7) .
*: p < 0.05 vs. control group.
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