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ABSTRACT 
   
Okara was treated with subcritical water at temperatures ranging from 170 to 260 oC for various times. After 
clarification, the extracts were analyzed for their protein and carbohydrate contents, DPPH radical scavenging 
activity and antioxidative activity. The carbohydrate content significantly decreased with the increasing 
treatment temperature and time. The protein content, however, increased with the increasing treatment 
temperature and slightly decreased with a heating time longer than 10 min. The extract obtained from the 
subcritical water treatment at 240oC for 5 min, which would be used to evaluate the antioxidative activity, 
provided the relatively highest radical scavenging activity and the activity decreased with the prolonging heating 
time and temperature. The extract also exhibited a suppressive activity to the autoxidation of linoleic acid with 
the increasing weight ratio of the extract to linoleic acid. The results clearly showed okara still contained highly 
valuable substances for human consumption.           
 
Keywords: okara, subcritical water, antioxidant, radical scavenging activity, protein, carbohydrate.  
 
INTRODUCTION 
 
Okara is a by-product from the soymilk and tofu 
industries. Raw okara, also called soy pulp, is obtained 
from ground soybeans after extraction of the water 
extractable fraction to produce the soymilk and tofu. 
Large quantities of okara from the industries are 
generally used for animal feed or discarded. However, 
it has still been rich in protein (24.5-37.5 g/100 g dry 
material), lipids (9.3-22.3 g/100 g dry material), and 
dietary fiber (14.5-55.4 g/100 g dry material). In 
addition, it also contains phenolic substances and 
isoflavone (0.14 g/100 g dry material).[1-3] These 
substances in the okara have shown radical scavenging 
and antioxidative activities. The peptide and protein 
obtained from okara have an antioxidative activity and 
angiotensin-converting enzyme inhibition.[4,5] The 
okara is also an important source of dietary fiber and 
polysaccharides. The main monomers in the okara 
fiber are glucose, galactose, uronic acids, arabinose 
and xylose.[6] The phenolic substances and isoflavones 
are active compounds in the okara, which have shown 
an antioxidant capacity.[7] These valuable substances 
have normally been recovered by traditional methods 

using organic solvents, which are toxic and 
questionable for human health if used for food 
processing.     
 
Subcritical water is hot water between 100 and 374oC 
under high pressure in order to maintain its liquid state 
(critical point of water, 22.4 MPa and 374oC). It is 
considered as an environmentally friendly and 
economic solvent in comparison to organic solvents 
such as methanol, acetone and hexane. The advantages 
of subcritical water depend on its temperature because 
of its decreasing relative dielectric constant of water 
from around 80 at 25oC to almost 27 at 250oC, which 
is close to that of methanol and ethanol.[8] Thus the 
subcritical water has the ability to dissolve 
hydrophobic substances from agricultural by-products. 
In addition, because the concentrations of the ion 
products or hydrogen and hydroxyl ions in the 
subcritical water are three orders of magnitude greater 
than that in ambient water, the water acts as an acid or 
base catalyst in chemical reactions. As the okara 
contains both protein and saccharides, it would be 
subjected to non-enzymatic browning including 
Maillard and caramelization reactions at high 
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temperature. Products from the reactions also have a 
radical scavenging activity.[9,10] In this study, extracts 
obtained from the treatment of the okara with 
subcritical water at various temperatures and times 
were evaluated for their protein and carbohydrate 
contents, DPPH radical scavenging activity and 
antioxidative one.  

 
MATERIALS AND METHODS 
 
Materials 
 
Dried okara and water-soluble soy polysaccharides 
(SSPS) were obtained from Fuji Oil. (Osaka, Japan). 
Linoleic acid (purity > 90%) and 
1,1-diphenyl-2-picrylhydazyl (DPPH) were purchased 
from Wako Pure Chemical Industries (Osaka, Japan).  
 
Preparation of okara extract by subcritical water 
treatment 
 
Subcritical water treatment of the okara was done 
using a batch-type vessel with a net volume of 9 mL 
(Taiatsu Techno Corporation, Osaka, Japan). The 
vessel was placed in a gas chromatograph oven 
(GC-17A, Shimadzu, Kyoto, Japan) to control the 
temperature. The okara sample (140 mg) and water (7 
mL) were added to the vessel. After sealing, the vessel 
was heated to the desired temperatures from 170 to 

260C and held for specific times from 2 to 120 min. 
The heat-up times before reaching each specific 
temperature were less than 10 min. The pressure at 
each temperature was not measured but estimated 
based on the IAPWS formulation.[8] The vessel was 
immediately cooled to room temperature in the 
ice-water bath. The okara extract was clarified through 
filter paper (No. 2, Advantec, Tokyo, Japan) and the 
obtained filtrate was then lyophilized for further 
analyses. 
 
Determination of carbohydrate and protein 
contents 
 
The total carbohydrate content was determined using 
the Phenol-sulfuric method.[11] Briefly, a diluted 
sample (0.2 mL) was mixed with 5% phenol reagent 
(0.2 mL), and then sulfuric acid (1 mL) was added. 
After 10 min, the mixture was thoroughly mixed and 
allowed to cool for another 10 min. The total 
carbohydrate content was evaluated using a UV-1200 
spectrophotometer (Shimadzu) at 490 nm with water 
as the blank. Glucose was used as the standard. The 

protein content of the okara extract was determined 
according to the Lowry-Folin assay.[12] Bovine serum 
albumin (BSA) was used as the protein standard.  
 
Determination of antioxidative activity 
 
Inhibition of bulk linoleic acid oxidation: The 

product from the treatment at 240C for 5 min was 
tested for its ability to inhibit the oxidation of linoleic 
acid. A solution of linoleic acid in methanol (10 
mg/mL) was prepared then transferred to several 0.3 
mL vials. The methanol solution of the subcritical 
water-treated sample was prepared and added to the 
cup to make the final sample:linoleic acid mass ratios 
of 0.0016 to 16. The volume was adjusted to 5 mL 
with methanol, then 0.3 mL of the mixture was 
transferred to an open glass cup. Methanol was 
evaporated under vacuum. The sample glass cups were 
placed in a desiccator, which maintained the relative 
humidity at 0% using phosphorus pentoxide, and 

stored in an oven at 65C. Samples at the beginning (0 
h) and at 12 h were removed and analyzed for the 
amount of unoxidized linoleic acid using the GC-FID 
method.[13] 
   
DPPH radical scavenging activity: A Sample was 
diluted with methanol at various concentrations. The 
diluted sample (4 mL) was mixed with 0.5 mmol/L 
DPPH in methanol (1 mL). The mixture was well 
shaken and placed in the dark for 20 min at ambient 
temperature. The remaining radical content was 
evaluated using the UV-1200 spectrophotometer at the 
absorbance of 516 nm.  The radical scavenging 
activity was calculated as follows: 

%100activity scavenging Radical 



A

C)B(A
 (1) 

where A, B and C are the absorbance of DPPH solution 
without a sample, the absorbance of the DPPH solution 
containing the sample and the absorbance of the blank 
containing methanol solution of sample without DPPH, 
respectively. The radical scavenging activity of the 
okara extracts was evaluated by comparison with 
ascorbic acid and the low molecular weight portion of 
the water-soluble soy polysaccharides (SSPS). The low 
molecular weight portion of SSPS was prepared 
according to the method of Fang et al.[13] Briefly, the 
aqueous solution of SSPS (5%) and an equal volume 
of ethanol were vortex-mixed and centrifuged at 3000 
rpm for 15 min (LX120, Tomy, Tokyo, Japan). The 
upper liquid was collected and then water and the 
residue were added to the beginning volume and 
centrifuged again. The upper liquid was collected and 
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mixed with the first portion. The mixture was then 
evaporated and lyophilized to obtain the powdered low 
molecular weight portion of SSPS. 
 
Statistical Analysis 
 
Each analysis was conducted in triplicate. The 
experimental data of the okara extract were evaluated 
for an analysis of the variance (ANOVA) and mean 
comparisons with Duncan’s multiple range test at the 
significant level of P < 0.05 using the IBM SPSS 
statistics software (IBM Corperation, NY, USA.). 
  
RESULTS AND DISCUSSION 
 
Effects of treatment temperature and time on 
carbohydrate and protein contents, and DPPH 
radical scavenging activity 
 
Figures 1A and 1B show the dependencies of the 
carbohydrate and protein contents of the okara extract 
on the treatment temperature from 170 to 260oC and 
treatment time from 2 to 120 min. The protein content 
significantly increased with the increasing treatment 
temperature from 170 to 260oC for the same treatment 
time. In contrast, the carbohydrate content was lower 
at the higher treatment temperature (P < 0.05). At the 
treatment temperatures of 170 and 200oC, the protein 
content increased with longer treatment time. However, 
prolonging the treatment time caused decreasing in the 
carbohydrate content at all treatment temperatures. A 
heating longer than 5 min at all the treatment 
temperatures decreased the carbohydrate content, and a 
sharp decrease in the content was observed at 200oC. 
However, the protein content did not clearly change 
when the okara was treated for longer than 5 min. 
While the highest content of the carbohydrate was 
obtained when the okara was treated for 5 min at 
170oC, the highest protein content was instead found at 
240 and 260oC.  
 
Solubility of the protein in the okara is normally low 
due to its strong aggregation through a hydrophobic 
interaction and nonhomogeneously bound to the other 
components such as the non-cellulosic polysaccharide 
and cellulose.[14,15] The increase in the protein 
solubility during the subcritical water treatment at 
higher temperatures for short treatment time may result 
from the hydrolysis of the peptide bonds and increase 
in the degree of deamidation at the high treatment 
temperature.[16] The decrease in the carbohydrate 
content at the higher treatment temperature would be 
due to the hydrolysis of the poly- or oligosaccharide  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Carbohydrate and protein contents and DPPH 
radical scavenging activity of the extracts from okara 
treated with subcritical water at 170oC (), 200oC (), 
240oC () ,and 260oC () for various times. 
 
and degradation of the resulting monosaccharides due 
to the high ion products of water at the high 
temperatures 
 
Figure 1C shows the changes in the DPPH radical 
scavenging activity of the extracts at various treatment 
temperatures and times. The relatively highest activity 
was obtained when the okara was treated at 240oC for 
5 min, but there was almost no activity when treated at  
170oC for the same treatment time. The activity of the 
extracts was higher with prolonged heating of the 
extracts obtained at 200oC, but became lower for the 
treatment times longer than 5 min in the ones obtained 
at 240 and 260oC. The radical scavenging activity may 
result from several substances including cell wall 
polysaccharides, such as pectin and hemicelluloses, 
protein and peptide, phenolic substances and 
isoflavones.[17,18] At the treatment temperatures higher 
than 200oC for a short treatment time within 5 min, the 
activity may not come from only the polysaccharides 
because of their low content, but might come from the 
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protein and phenolic substances. Although the 
carbohydrates and proteins were present in the extract 
from the okara treated at 170oC, the radical scavenging 
activity is still low. These facts would indicate that the 
active substances for the radical scavenging activity 
may be the products from the carbohydrate 
degradation and proteins but not the intact ones. In 
addition, the protein and carbohydrate in the extract 
were also associated with the browning reactions as a 
brown color appearance in the extracts at all the 
treatment temperatures. The brown substances, which 
included melanoidins and heterocyclic compounds that 
may contribute to the radical scavenging activity, 
would be obtained from both the Mailard browning 
and the caramelization reactions during the 
high-temperature treatment.[9,19] 
 
Figure 2 shows the effects of the treatment 
temperatures on the carbohydrate and protein contents 
and DPPH radical scavenging activity in the extracts 
from the okara treated for 5 min. Both the protein 
content and radical scavenging activity increased with 
the increasing treatment temperature. The change in 
the activity with treatment temperature was consistent 
with the protein content, but not with the carbohydrate 
content at the same treatment time. This fact indicates 
that the protein may be mainly responsible for the 
radical scavenging activity of the extracts. Although 
the change in the carbohydrate content was 
inconsistent with the radical scavenging activity, 
products from degradation of the carbohydrate, which 
were not positive in the phenol-sulfuric method, may 
contribute to the radical scavenging activity. Thus, the 
lower the carbohydrate content, the higher the radical 
scavenging activity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Dependences of the carbohydrate and protein 
contents, and DPPH radical scavenging activity in the 
extracts at different treatment temperatures for 5 min. 

The relationship between the radical scavenging 
activity and protein content in the extracts from the 
okara treated at various temperatures and times is 
shown in Fig. 3. At any treatment temperature and time, 
the increase in the protein content was positively 
related to the increase in the radical scavenging activity. 
This fact indicates that the protein contributes to the 
DPPH radical scavenging activity in the extracts, 
which agreed with several published reports.[4,7,20]   .   
 
Antioxidative activity of okara extract 
 
According to Fig. 1C, the okara treated at 240oC for 5 
min provided the relatively highest radical scavenging 
activity and could be used for evaluation of the 
antioxidative activity. To compare the extract from 
okara with the well-known antioxidants, the ascorbic 
acid and the soluble soybean polysaccharide (SSPS) 
were chosen. Figure 4 shows the radical scavenging 
activity of the ascorbic acid, the soluble soybean 
polysaccharide, and the extract from okara at their 
various concentrations. The radical scavenging activity 
of the okara was higher than that of the SSPS, but 
lower than that of the ascorbic acid. Fang et al. 
reported that the low-molecular-weight fraction of 
SSPS, which contained 10% (w/w) protein or peptide 
and 55% (w/w) saccharide, had a higher radical 
scavenging activity than the high-molecular-weight 
fraction with 79.7% (w/w) saccharide and 2.5% (w/w) 
protein.[13] This fact was consistent with the results in 
Figures 3 and 4. The extract from the okara, which had 
a higher radical scavenging activity, would contain 
higher protein content than the SSPS. 
   To evaluate the antioxidative activity of the extract 
from the okara treated with the subcritical water, the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Relationship between protein content and 
DPPH radical scavenging activity in the extracts 
obtained at various treatment temperatures and times. 
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Figure 4 DPPH radical scavenging activity of the 
ascorbic acid (), the extract from okara treated at 
240oC for 5 min (), and the soluble soybean 
polysaccharide () at various concentrations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Suppression of linoleic-acid oxidation by the 
extract from okara treated at 240oC for 5 min for 
various weight ratios of okara extract to linoleic acid. 
 
extract from the okara treated at 240oC for 5 min was 
also examined for the autoxidation of linoleic acid. 
Figure 5 shows the fraction of unoxidized linoleic acid 
after incubation for 12 h, which is a measure of the 
oxidative stability. The fraction of unoxidized linoleic 
acid is plotted versus the weight ratios of the powdered 
extract to linoleic acid. It increased sharply between 
0.0016 and 0.005 of the weight ratio, and then was 
nearly constant independent of the weight ratio. The 
higher the weight ratio, the higher the fraction of 
unoxidized linoleic acid and the longer the stability of 
the linoleic acid. The results from Figs. 4 and 5 
indicate that the extract had both a DPPH radical 
scavenging activity and antioxidative activity against 

the autoxidation of linoleic acid. Both activities 
increased with the increasing amount of the extract.   
   
CONCLUSIONS 
 
The extracts from the okara treated with subcritical 
water contained protein and carbohydrate and had both 
a radical scavenging activity and antioxidative activity 
against the autoxidation of linoleic acid. The protein 
content in the extract increased with the increasing 
treatment temperature. However, the carbohydrate 
content decreased at the higher treatment temperatures 
from 170 to 260oC. Both contents decreased with 
prolonged heating. The radical scavenging activity of 
the extracts increased with the increasing treatment 
temperature from 170 to 240oC. The highest activity 
was obtained from the okara treated at 240oC for 5 min, 
which showed an antioxidative activity against the 
autoxidation of linoleic acid and the activity increased 
with the increasing weight ratios of the extract to 
linoleic acid.    
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