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Properties of Extracts from Soy Sauce Cake U sing 

Subcritical Water Treatment 

Yusuke MURAV，馴A，Takashi KOBAYASHI， and Shuji ADACHI t 

Division 01 Food Science and Biotechnology， Graduate School 01 Agriculture， Kyoto Universiち"
Sakyo-ku，時oto606-8502， Japan 

Soy sauce cake was demineralized by washing with distilled water. After freeze-drying， the 
demineralized soy sauce cake was treated using water or subcritical water in the temperature range 
of 50 to 2500C to produce the extracts. The total saccharide， protein， and total phenolic contents， 
and the DPPH radical scavenging ability of each extract were measured. The protein and total 
pheno1ic contents and the radical scavenging ability were higher for the extracts obtained at higher 
temperatures. The total saccharide content increased with treatment temperature up to 210

0

C but 
rapidly declined at temperatures higher than 21O

o
C. The extracts obtained at 210

0

C or higher exhibited 
antioxidative ability against the oxidation of linoleic acid. 
Key words: soy sauce cake， subcritical water extraction， antioxidative ability 

1. Introduction from it. The properties of the extract were compared 

with those of the extracts from defatted rice bran and 

Soy sauce， Shoyu， is a seasoning commonly used in wheat bran. Although hydrolysis and degradation reac-

J apan. In the production of Shoyu， ca. 25% of its raw mate- tions would occur during the treatment， the term of 

rials becomes a by-product， soy sauce cake. Although extraction is used for the purpose of the treatment. 

part of the by-product is utilized as animal feed， most is Because the soy sauce cake contained sodium chloride at 

discarded as waste [1]. Because soy bean which is the cα. 10% (w /w) [9]， corrosion of the apparatus during sub-

raw material for the production of Shoyu is rich in pro- critical water treatment was a concern. Therefore， the 

tein， isoflavones and so on， useful materials are still soy sauce cake was used after demineralization. 

included in the by-product. 

Water which maintains its liquid state at high tempera-

tures below 374
0

C under pressurized conditions is called 

subcritical water， pressurized hot water， compressed hot 

water or superheated water. In this study， we use the 

term subcritical water. The water has two distinct fea-

tures compared with ambient water; one is a lower rela-

tive dielectric constant， and the other is a higher ion 

product. Subcritical water treatment is an emerging tech-

nique for extracting useful materials from agricultural 

by-products or food wastes or for degrading environ-

mental pollutants [2-4]. We also used this method to 

obtain functional substances having emulsiちTingor anti-

oxidative ability from defatted rice bran [5-7] and wheat 

bran [8]. 

In this study， the subcritical water extraction was 

applied to soy sauce cake to produce useful materials 

(Received 4 N ov. 2009: accepted 8 Dec. 2009) 
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2. Materials and Methods 

2.1 Materials 

Soy sauce cake was a kind gift from Higashimaru 

Shoyu Co. (Tatsuno， Japan). Folin-Ciocalteu reagent was 

purchased from ICN Biochemicals， Inc. (Aurora， OH， 

USA). Linoleic acid (purity>95%) was from Tokyo 

Chemical IndustryぐTokyo，Japan). Gallic acid (>97.5%) 

was from Sigma-Aldrich Japan (Tokyo， Japan). 

L-Ascorbic acid (abbreviated VC;>99.5%) was from 

Nacalai Tesque (Kyoto， Japan). 1，1-Diphenyl-2-

picrylhydrazyl hydrate (abbreviated DPPH; 98%)， bovine 

serum albumin (98%) and other chemicals were pur-

chased仕omWako Pure Chemical Industries (Osaka， 

Japan). 

Soy sauce cake was demineralized as follows: 50 g of 

the soy sauce cake (wet basis) and 500 mL of disti11ed 

water were put into a 1-L beaker and were magnetically 

stirred at 400 rpm for 1 h. Four beakers were prepared to 
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treat 200 g of the cake. The mixture was filtered through 

No. 2 filter paper (Advantech Toyo， Tokyo， ]apan)， and 

the electroconductivi勿ofthe filtrate was measured using 

a CD-35M2 electroconductivity meter (MS Instruments， 

Osaka). The cake was careful1y recovered into the bea-

ker using a spatula， and 500 mL of fresh distilled water 

was added. The above-mentioned mixing and filtration 

were carried out. The same procedures were further 

repeated. Because， after three treatments， the electro-

conductivity of the filtrate decreased to the same value of 

0.1% (w/v) sodium chloride or lower， we judged that suf-

ficient demineralization was achieved. The demineralized 

cake was at first lyophi1ized using an FDU-1200 freeze-

dryer (Tokyo Rikakikai Co.， Tokyo). The lyophi1ized 

cake was used in the experiments for subcritical water 

treatment. 

The water content was estimated to be 5.9% (w /w) by 

completely drying the cake in a DNF400 oven (Yamato 

Scientific， Tokyo) at 105
0

C for 3 days. 

2.4 Radical scavenging ability 

τ'he DPPH radical scavenging abi1ity was evaluated 

based on the slightly modified method of Fujinami et al. 

[13]. A 0.2-mL aliquot of 0.5 mmol!L DPPH in ethanol 

was added to 0.8 mL of diluted extract or VC solution as 

the standard， and the mixture was then placed in the 

dark for 20 min at ambient temperature. The remaining 

radical quantity was determined by a UV-1200 spectro-

photometer (Shimadzu， Kyoto) at 516 nm. The radical 

scavenging abi1ity of the diluted extract or VC solution 

was defined as the amount of the extract necessary to 

decrease the initial DPPH concentration by 50% and was 

calculated as fol1ows: 

Radical scavenging ability = (A -B + C)I A xl00 (%) (1) 

where A is the initial absorbance of the blank， B is the 

absorbance of the mixture of the diluted extract or VC 

solution and DPPH solution at 20 min， and C is the absor-

bance of the diluted extract without the DPPH solution. 

The abi1ity was expressed as millimoles of VC equiva-

2.2 Subcritical water treatment of soy sauce lent/gram-demineralized soy sauce cake. 

cake 

Soy sauce cake (0.14 g) and distilled water (7 mL) 2.5 Antioxidative ability against autoxidation 

were placed in a 10-mL TVS-N2 vessel， which was made of linoleic acid 

from SUS-316 stainless steel (Taiatsu Techno Corp.， The antioxidative ability of the extract was examined 

Osaka). The vessel was placed in a 17A oven (Shimadzu， according to our previous method [14]. Five hundred 

Kyoto)， and the mixture in the vessel was heated to a milligrams of 20% (w/w) linoleic acid in methanol and 

specific temperature from around 50 to 250
0

C and held the extract， the volume of which was adjusted to produce 

for 5 min at each temperature. The temperature of the the extract concentration in linoleic acid at 1% (w/w) ， 

mixture in the vessel was measured using a thermocou- were put into a glass vial. The methanol and water in the 

ple inserted into a tube， which was assembled with the mixture were completely removed under reduced pres-

vessel. The 5-min treatment period was determined sure. The vial was sealed with a silicone stopper for the 

based on our previous results for the treatment of defat- tubes for supplying and withdrawing air. The vial was 

ted rice bran [6，7]. The vessel was immersed in an ice placed in a DNF-400 oven (Yamato Scientific， Tokyo) at 

bath to cool it to ambient temperature immediately after 110
o
C， and air was supplied into the vial at 10 L1h. The 

treatment. The extract was c1arified through a 0.45-Jlm air from the vial was introduced into another vial contain-

membrane filter (Dismic-25CS， Advantech Toyo). ing 50 mL of water. The electroconductivity of the water 

2.3 Analyses of components in the extract 

The extract was appropriately diluted before the analy-

ses. The total saccharide， protein， and total phenolic con-

tents in the extract were determined by the phenol-sulfu-

ric acid [10]， the Lowry-Folin [11]， and Folin-Ciocalteu 

日2]methods using glucose， bovine serum albumin and 

gallic acid， respectively， as the standards. The total phe-

nolic content was expressed as the gallic acid equivalent 

(mg gallic acid/g-bran). 

was measured with an AD-5827 LCR-meter (A & D， 

Tokyo). The conductivity was maintained for a certain 

period and then rapidly increased. This period was 

regarded as the induction one for the oxidation of lin-

oleic acid. 

3. Results and Discussion 

3.1 Composition of bran extracts prepared 

at various temperatures 

Figure 1 shows the saccharide， protein and total phe-

nolic contents， and the DPPH radical scavenging ability 
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Fig. 2 The relationship between the DPPH radical scavenging 

ability and the total phenolic content of the extracts from 

soy sauce cake with water or subcritical water at different 
temperatures. 
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Fig.l百le(口)saccharide， (ム)protein and (0) total phenolic 

contents， and (く>)DPPH radical scavenging ability of the 

extracts企omsoy sauce cake with water or subcritical water 

at various temperatures. 

from defatted rice bran [7] and wheat bran [8] at differ-

ent temperatures. The properties of the extracts from 

soy sauce cake were compared with those of the extracts 

from the brans to characterize each by-product as a raw 

material for subcritical water extraction (Fig. 3). Plots for 

the protein contents of the extracts from wheat bran lie 

on the broken line with a slope of unity， indicating that 

the protein contents of the extracts from wheat bran 
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of the extracts prepared at different temperatures. The 

saccharide content increased with increasing tempera-

ture from 50
0

C to 210
0

C but substantially declined at tem-

peratures higher than 210
o
C. A sharp decline in the sac-

charide content at the higher temperatures was a抗rib-

uted to decomposition or degradation of the saccharides 

into small molecules， which could not respond to the 

phenol-sulfuric method. The protein and total phenolic 

contents increased with increasing temperature， and 

they reached a plateau at 240
0

C or higher. The DPPH rad-

ical scavenging ability largely depended on the treatment 

temperature and was higher at the higher treatment tem-

perature. The extract at 181
0

C was light-brownish and 

the color of the extracts prepared at higher temperature 

was more dark-brownish. 

The relationship between the total phenolic content 

and the DPPH radical scavenging abi1ity was examined 

for the extracts obtained at various temperatures (Fig. 

2). The extracts having low total phenolic contents had 

no or only slight radical scavenging ability. The radical 

scavenging activity increased for the extracts having 

high total phenolic contents. The results indicated that 

phenolic compounds in the extracts prepared at low tem-

peratures had no radical scavenging abi1ity or antioxida-

tive abi1ity and that only the extracts prepared at higher 

temperatures would exhibit the antioxidative abi1ity. 
Fig. 3 Comparison of the (圃，口)total saccharide and (.....， 

ム)protein contents， and (・，く>)radical scavenging ability 

among the extracts from soy sauce cake， defatted rice bran 

and wheat bran. Closed symbols: defatted rice bran; open 
symbols: wheat bran. 

3.2 Comparison of the properties of the 

extracts from three by-products 

明Tepreviously reported the properties of the extracts 
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were almost the same as those of the extracts from the 

soy sauce cake. Most of the other plots are above the 

broken line. That is， the contents or abilities of the 

extracts from the soy sauce cake were lower than those 

from the extracts from defatted rice bran and wheat bran. 

Especially， the total saccharide contents of the extracts 

from the soy sauce cake were much lower than those of 

the extracts from the brans， although the soy sauce cake 

contains crude fibers or total saccharide at 14% or 17% 

[9]. One of reasons for the low total saccharide content 

of the extract from the soy sauce cake would be the loss 

ized with the period of the linoleic acid which was mea-

sured at the same time as for the extract. A longer induc-

tion period indicates a stronger antioxidative ability. As 

shown in Fig. 4， the extracts prepared at 210
0

C or higher 

temperatures exhibited the antioxidative abili匂Tdue to 

the longer relative induction period. The temperature 

dependence of the relative induction period was almost 

the same as that for the DPPH radical scavenging ability. 
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3.2 Antioxidative ability against autoxidation References 

of linoleic acid 

The antioxidative ability of the extract from the soy 
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Fig. 4 Antioxidative ability of the extract from soy sauce cake 

against the oxidation of linoleic acid. The ordinate indicates 
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