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Okara was hydrolyzed in subcritical water to increase the inhibitory activity of angiotensin 1~0nverting 
enzyme (ACE) and soluble dietary fiber (SDF) content. The IC50 of okara and subcritical water-treated okara (SC-

okara) for ACE were ll.2 and 4.7 mg/ml, respectively, showing that SC-okara had about 2.4-fold higher inhibitory 

activity than okara. The SDF content in okara and SC-okara were 3.4 and 17.1%, respectively, showing that SC-

okara had about 5-fold higher SDF content than okara. Powdered SC-okara or okara was fed to spontaneously 
hypertensive rats (SHR) at the level of 5% in a 1% NaCl (control) diet for 28 days. On the 14th and 28th days, the 

SHRS of the SC-okara group showed significantly lower systolic blood pressure compared to the control group. 
Thus, hydrolysis of okara by subcritical water is an effective technology for increasing ACE inhibitory activity and 

SDF content, which cause the hypotensive action. 
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Okara is the residue left from ground soybeans after extrac-

tion of the water-extractable fraction used to produce soy milk 

and tofu. Large quantities of okara are burnt in our society. This 

circumstance makes the development of a system to use this 

byproduct very important. 
Many approaches have been undertaken to use okara, such 

as fermenting it for human consumption (Matsumoto & Take, 
1980; Matsuo, 1989a, b) or animal food (Sumida et a/., 1995). 

Yamauchi et a/. ( 1994) reported that pepsin digests of okara 

protein include the inhibitory active peptide against angiotensin 

l~onverting enzyme (ACE), which converts angiotensin I to 
angiotensin II, which, in tum, constricts arteries and leads to 

hypertension. 
The insoluble dietary fiber (IDF) content of okara is high 

(about 50a/c). On the other hand, the soluble dietary fiber (SDF) 

content is low (below 5%). The physiological infiuence of 
dietary fiber on human or experimental animals changes with 
water insolubility or solubility. Generally, SDF is effective in 

improving hyperlipidemia, diabetes, or hypertension. Yoshii et 

a/. ( 1996) reported that the solubilization of okara fiber can be 

performed by acid hydrolysis at pH 4.5 and that hydrolysate 

can be used as an emulsifier. 

More recently, subcritical or supercritlcal water has began to 

be used as a reaction medium for the degradation or hydrolysis 

of higher molecular weight materials such as biomass, because 

of Its low cost and low environmental burden (Harada et a!., 

1998; Yoshida et a/., 1999). We examined the hydrolysis of col-

lagen with subcritical water (Harada et a/., 1 998) and suspect 

that, in the subcritical water hydrolysis processing of okara, 
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protein and IDF are hydrolyzed and solubilized, Ieading to the 

generation of ACE inhibitory peptides and SDF. 

In the present study, the subcritical water was applied to 

hydrolyze the okara to increase the inhibitory activity of the 

ACE and SDF content. In addition, the effect of okara and sub-

critical watel~treated okara (SC-okara) on systolic blood pres-

sure (SBP) in spontaneously hypertensive rats (SHR) was 
assessed. 

Materials and Methods 
Hydrolysis of okara by subcl~itica/ wate/' and p]'epar'ation 

ofSC-okara powde/' Dried okara was obtained from the Taji-

mayashokuhin Company (Hyogo, Japan). The experimental 
apparatus used is shown in Fig. I . The apparatus is equipped 

with a slurry pump (Fuji Pump Ltd., Mie, Japan), which can 
send a viscous solution under high pressure, and a small reac-

tion tube (3, I ml) that works as a static mixer. Okara slurry sent 

by the slurry pump is mixed with the preheated water and 
passes through the static mixer. After hydrolysis, the reactant 

passes through a control valve (Badger Meter Inc., USA) that 

can discharge even solution that contains solid particles. This 

valve can also adjust the inside pressure. The reaction tempera-

ture was measured at 10 cm below the static mixer by using a 

chromel-alumel thermocouple. The feed rates of the slurry 
solution and the preheated water were 23 ml/min and 67 ml/ 
min, respectively. By mixing, the mixture was heated rapidly to 

the reaction temperature. The hydrolyzation of okara was per-

fonned at a temperature of 240"C and a pressure of 22 MPa, 
and the residence time was I .7 s. At the exit of the reactor, the 

mixture was quickly cooled by a cooling water jacket. The 
effiuent was lyophilized and milled. 
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o Table l. Composition of tested diets. 
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Fig. 1. Schematic diagram of experimental apparatus: I , okara slurry; 2, 
water; 3, pump for slurry; 4, pump for water; 5, electric fumace; 6, damper; 7, 
reactor (static mlxer); 8, cooling water; 9, control valve; lO, actuator; I I , et~flu-

ent. 

Table 2. Component concentrations in okara and SC-okara. 

Contents (cVc) Okara SC-okara 
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Fat 
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Measurement ~/'ACE inhibitoly activity The ACE inhib-
itory activity was assayed by a method of Cushman & Cheung 

( 1971) with some modification. Hippuryl-His-Leu-OH (HHL) 
(Bachem Feinchemikalien AG, Bubendort, Switzerland) was 
dissolved In 1 25 mM sodium borate buffer, pH 8.3, containing 

500 mM NaCl. Twenty-five u1 of a 6.5 mM HHL solution was 
mixed with 10-u1 of a sample solution (0.8 um-millipored), 
and then pre-incubated for 3 min at 37'C. The reaction was ini-

tiated by the addition of I O u1 of an ACE solution in 125 mM 

sodium borate buffer ( 100 mU/ml), and the mixture was incu-

bated for 60 min at 37'C. The reaction was stopped by the 
addition of 10 u1 of I N HCl. The hippuric acid liberated by the 

ACE reaction was extracted with 200 u1 ethyl acetate, and the 

solvent was removed by vacuum evaporation. The content was 
dissolved by the addition of 300 u1 of distilled water, and its 

UV spectra density at 228 nm was measured. The extent of in-

hibition was calculated as follows: (B -A)/(B -C) x I OO where 

A is the UV spectra density in the presence of ACE and a test 

sample, B is the UV spectra density without a test sample, and 

C Is the UV spectra density without ACE. Inhibition was 
expressed as the concentration of the sample that inhibited 50% 

of the ACE activity (IC~o); I unit of ACE inhibitory activity was 

expressed as the potency showing 500/0 of ACE inhibition 
under these conditions. 

Measu/'ement o,f SDF and IDF c'ontents Zero point five 

to 2.5 g of the samples was subjected to measurement of the 

SDF and IDF content by the modified Prosky method ( 1988). 
Both SDF and IDF were filtered by suction with a GA I OO glass 

filter (ADVANTEC, Tokyo, Japan). 
GPC analysis of' SDF A Waters Co. system (multisol-

vent delivery system 600 and refractive index detector 24 14) 

with Superdex 200HR 10/30 column (Pharmacia) was used. 
Thirty milligrams of each SDF fraction was dissolved in I .2 ml 

of 0.2 M sodium phosphate buft~er at pH 6.8, and 60 u1 of this 

solution was injected. The eluent was a buffer with 0.2 M 

sodium phosphate at pH 6.8 and its fiow rate was 0.75 ml/min. 

Animals and diets Eighteen 9-week-old male spontane-
ously hypertensive rats (SHR) were obtained from Hoshino 
Animals (Tokyo). The animals were maintained according to 
Notification No. 6, March 27, 1980 of the Prime Minister's 
Ofh~ce in a temperature-controlled room (23i I 'C) with a 1 2 h 

light cycle. After an acclimation period of I week, during 

which the rats were fed a commercial diet (CE-2. CLEA, 
Tokyo), they were divided into three groups based on their sys-

tolic blood pressure (SBP), then t~ed one of the test diets (Table 

1). Five percent of okara and SC-okara were respectively added 

to the I a/o NaCl diet. Between the okara and control groups, the 

components of the protein, Iipid, and dietary fiber content were 

adjusted using casein, Iard, and cellulose, respectively. The rats 

were given free access to food and water. Every 7 days af~ter 

feeding the test diets, SBP was measured by a tail cuff using a 

commercially available system (Model MK-2000, Muromachi 
Machine, Tokyo). 

Statistic'al analysis SBP was expressed as means jl SD. 

The data were subjected to a one-way ANOVA. When signifi-
cant F ratios were found, the okara and SC-okara means were 

compared with those of the control group by Dunnett's test 
(SPSS ver.8, SPSS Japan Inc., Tokyo). Statistical significance 

was accepted at p<0.05. 

Results and Discussion 
We perforrned hydrolysis of okara using subcritical water 

with a custom-made apparatus designed such that continuous 
reaction could be carried out. The hydrolyzation of okara was 

studied at a temperature of 240'C and a pressure of 22 MPa, 

and the residence time was I .7 s. The solubilization rate of 

okara and SC-okara were 20.2 and _39.7a/o, respectively (Table 

2). Thus, it was possible to hydrolyze okara with our equip-

ment in a short reaction time without adding a catalyst. 
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Table 3. ACE-Inhibitory activity of okara and SC-okara. 
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Fig. 3. Changes in systolic blood pressurc in SHR during the feeding period. 
Data are meansltSD for 6 male rats. Values with * are significantly dlfferent in 

comparlson with the control group ~)<0.05). 
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Fig. 2. GPC curves of water soluble dietary fiber. Conditlons: Column, Phar-
macia Superdex 200HR l0/3- O; eluent, 200 mM sodium phosphate pH 6.8; flow 
rate, 0.7_5 ml/min. 

As shown in Table 3, IC50 of okara and SC-okara were 1 1 .2 

and 4.7 mg/ml, respectively. SC-okara showed about 2.4-fold 
higher inhibitory activity than okara against ACE. Yamauchi et 

a/. ( 1994) reported that pepsin digests of okara protein include 

the active peptides with ACE inhibitory activity. Maruyama et 

a!. ( 1997) studied the hydrolysis of the protein of the corn in 

sub- and supercritical water to prepare the peptide making its 

utilization possible as a food and medical substace. We suspect 

that a portion of the protein of okara is hydrolyzed by the sub-

critical water, Ieading to the generation of ACE inhibitory activ-

ity peptides. 

The SDF content in okara and SC-okara were 3.4 and 
l 7. I c~70, respectively, showing that SC-okara had about a 5-fold 

higher content than okara (Table 2). In general, heat processing 

causes the solubilization of insoluble hemicellulose and pectic 

substances, Ieading to a transf'er to the soluble fraction and an 

increase in SDF content (Schrumpf & Charley, 1 975; Lintas & 

Cappelloni, 1988; Takase & Teramoto, 1989; Takeyama et a/., 
2002). In this context, insoluble hemicellulose and pectic sub-

stances of okara could be detached from cellulose and hydro-
lyzed to cause a shift to the water soluble fraction by subcritical 

water processing. 
The molecular weight distribution of the SDF fraction was 

measured (Fig. 2). Each GPC curve shows an equal amount of 

the soluble component. A small peak was observed near the 
exclusion limit (85_3 kDa) In okara, while in SC-okara, a peak 

larger than that in okara at the exclusion limit was observed. 

Moreover, the base line of SC-okara shifted upwards compared 

with that of okara, suggesting that subcritical water causes the 

increase of broad molecular-weight range hemicellulose and 

pectic substances. 
It has been reported that dietary soy protein exerts antihyper-

tensive activity when compared to a casein-based diet in SHR 
(Nevala et a/., 2000; Martin et a/., 2001). Wu & Ding (2001) 

have demonstrated that ACE inhibitory peptides prepared from 

soy protein by the action of alcalase enzyme decreased SBP 

when peptides were orally administered to SHR. Although 
okara contains about 250/0 protein, and the ACE inhibitory pep-

tides could be recovered from okara (Yamauchi et al., 1994), 
there is little information on the effect of okara on SHR. In the 

present study, we examined the effects of SC-okara and okara 

on I % NaCl-loaded SHR. 
At the start of the animal study, the mean initial body 

weights (control: 235 [t 1 5 g, okara: 238i 1 5 g, SC-okara: 244+ 

6 g) of each group were not statistically different. Body 

weights and food intake were recorded almost everyday 
throughout the study. The body weight of rats in the control, 

okara and SC-okara groups at the end of the experiment were 
307i22, 305[t 16 and 3 13i8 g, respectively. No effect of diet 

on food intake or body weight was seen. 

Figure 3 shows the changes of SBP in SHR. On day 14, the 

SBP rates of rats in the control, okara and SC-okara groups 

were 185t7, 171 t 12 and 166t9 mmHg, respectively, show-
ing that the values in both the SC-okara and okara groups were 

significantly lower than in the control group. On day 28, the 

SBP rates in those groups were 19lil2, 185i8, 175+ 
8 mmHg, respectively, indicating that the value of only the SC-

okara group was significantly lower than that of the control 

group. The changes in SBP show a tendency to suppress the 
rise of blood pressure in the okara group in comparison with 

the control group, and that SC-okara suppressed the rise of 

blood pressure further. However, whether SC-okara and okara 
diets could decrease SBP when hypertension has already devel-

oped is still unclear. Dietary Na is one of the major risk factors 

for hypertension. Kodama et a/. ( 1 996) reported that soluble 

hemicellulose recovered from wheat bran has a suppressive 
effect on blood pressure in SHR, and that SHR fed soluble 
hemicellulose showed increased excretion of Na in their feces 

compared with the control ( I a/. NaCl loaded) SHR that were 

fed no hemicellulose. We suspect that the attenuation of the rise 

of SBP that is caused by SC-okara is due to concomitant 
increased ACE inhibitory activities and SDF, which suppress 
the conversion of angiotensin I to angiotensin 11 and f~acilitate 

the excretion of Na in the feces. 

In conclusion, the present study demonstrated that hydroly-

sis by subcritical water is an eft~ective technology for increasing 



Hypotensive Eft'ect of Subcritlcal Water Okara l 67 

the ACE inhibitory activity and SDF content of okara, and that 

SC-okara reduced the development of hypertension in SHR. 
Further work is in progress to identify the ACE inhibitory 
material s . 
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