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1. Introduction  

Okara (OC) is a byproduct of the production of soybean foods such as tofu and soy milk. It 
is a nutrient-rich product, containing about 25% protein, 20% fat and 33% dietary fiber on a 
dry basis. Approximately 700,000 tons of okara are produced in Japan each year, some of 
which has been utilized as a feed for domestic animals and as a fertilizer (O’Toole, 1999). 
Most of it, however, is discarded as industrial waste because is perishable and other uses for 
it have not been identified (Ohno & Shoda, 1993), which has created social and 
environmental problems. Although many papers have reported methods for fermentation 
(Matsuo, 1997; Jiang et al., 2005; Mizumoto et al., 2006), extraction (Quitain, 2006) and 
digestion (Kasai et al., 2004), development of effective methods for OC utilization remain an 
important and difficult challenge. So, as part of a study increase utilization of OC, we have 
developed a new food product by combining fermented OC with fruits, especially banana. 
We investigated two properties of this food, reactive oxygen scavenging activity, the effect 
of including it as part of diet therapy for obesity using dogs as a model. 

2. Reactive oxygen scavenging activity of the new food material from OC 

Several investigators and some individual enterprises have been studying how to use OC as 
a new type of food, or in another industrial fields. For example, Maeda Y. developed a 
method of extracting water-soluble polysaccharides from OC and used them as an emulsifer 
or viscoelastic reagent (Maeda, 1992). Matsuo M. investigated the composition and 
properties of OC fermented by Aspergillus oryzae (A. oryzae) and Rhizopus oligosporus (R. 
oligosporus) and reported that the fermented OC could be a useful high-fiber, low-energy 
food material (Matsuo, 1989a; 1989b). Tempeh, a soy-based food originating in Indonesia, 
also is fermented by R. oligosporus. Today, it is still the most popular soy-based protein food 
in Indonesia (Golbitz, 1995). The antioxidant activity of OC fermented by A. oryzae also has 
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been evaluated, and the 80% methanol extract of it showed high antioxidant activity 
(Matsuo, 1997).  
Today, many foods are imported to Japan from all over the world. Approximately 1,700,000 
tons of fruits imported each year (http://www.kanbou.maff.go.jp /www/jk/kajitu/ 
15kajitu.pdf; The Ministry of Agriculture. Forestry and Fisheries of Japan, published results, 
2003), including one million tons of banana imported from Philippine and some other 
countries. Banana is one of the most popular fruits in the world, and represents ca. 50% of 
all fruits imported into Japan. More that 10% of the imported volume of banana are wasted, 
however, because of inadequate quality for the retail market. We have a thought that this is 
quite large volume, which also creates social problems, also might be recycled as a food. 
Bananas are known to contain antioxidant compounds such as vitamins, flavonoids and 
phenolic compounds, and the antioxidant activity of banana is higher than that of other 
fruits. Using photon emission scavenging of reactive oxygen by XYZ system, Someya S. et 
al. determined that the antioxidant activity of banana was approximately 85-fold and 510-
fold greater than that of grapefruit and lemon, respectively (Someya et al., 2003). In 
addition, these researchers found that the antioxidant activity of banana peel was ca. 1.2-
fold that of banana pulp. Based on this information, we have tried to prepare a new food 
material with high reactive oxygen scavenging activity (ROSA) using fermented OC and 
banana. 
Lately, many people have an interest in reactive oxygen and antioxidant because of the 
positive relationship between some diseases and reactive oxygen species. The ROSA of 
cereals and the synergistic effects of combinations of materials have been investigated by 
XYZ system. Akiyama Y. et al. found a synergistic effect on ROSA between rice and 
soybean, and between rice and green tea (Akiyama et al., 2002). In their report, they 
presumed that the thiamin in rice, catechins in green tea, and isoflavones in soybean were 
the major constituents contributing to the synergistic effects. However, a synergistic effect of 
fermented OC and banana on ROSA has not previously been reported. 
Here, we present a new product created by combination of fermented of OC (OT) and 
banana, and investigate the synergistic effects of OT and banana on ROSA using photon 
emission scavenging reactive oxygen by XYZ system. 

2.1 Materials and methods 
2.1.1 OC fermentation 
The method of fermentation of OC described by Aoki H. et al. was utilized with some 
modifications (Aoki et al., 2003). OC (Food Chemifa Co., Ltd.) was soaked in 0.2% sodium 
citrate (Wako Pure Chemical Industries) at room temperature for 60 min, and then steamed 
at 121°C for 20 min. The steamed OC was then cultured with R. oligosporus (Akita Konno 
Co., Ltd.) at 30°C for 24 h under aerobic conditions. After incubation, the fermented 
product, OT, was lyophilized. 

2.1.2 Extraction of ethanol-soluble and water-soluble fraction 

Extraction of ethanol-soluble and water-soluble fraction of the mixture of OT and banana 

(OTB) was based on methods described by Mizuno M. et al. (Mizuno et al., 1998), Nakamura 

T. et al. (Nakamura et al., 2004) and Matsuo M. (Matsuo, 2005). Lyophilized OTB powder (5 

g) was extracted with 80% ethanol (50 mL) at 45°C for 24 h. After extraction with 80% 

ethanol, the remaining residue was extracted with ultra pure water (50 mL) at room 

temperature for 24 h. The 80% ethanol-soluble fraction, water-soluble fraction, and the 

residue after extraction with 80% ethanol and water were lyophilized to powder. 
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2.1.3 Measurement of reactive oxygen scavenging activity 
ROSA was measured using the XYZ system as described by Okubo K. (Okubo, 2002). The 
lyophilized sample (30 mg), saturated KH2CO3 in 10% (Vol/Vol) acetaldehyde (1000 µL), 
and 0.6% H2O2 (1000 µL) were mixed in a 24-well micro titer plate and photon emission was 
monitored with a Bio-Emission Detector Model Bio-ED21 (E&T Corporation). 

2.2 Results and discussion 
2.2.1 Photon emission scavenging reactive oxygen of OTB by XYZ system  
The XYZ system to measure scavenging activity for reactive oxygen was developed by Arai 
S. et al. in the process of research on soybean saponins (Arai et al., 2001). The characteristics 
of this system are (1) short measuring time, (2) simultaneous measurement of 10-20 samples 
at once, (3) simplified measurement technique, and (4) applicability to liquid and solid 
samples (Yoshiki et al., 2004). In the case of the ferric thiocyanate method or DPPH radical 
scavenging method, only liquid extraction samples can be measured. In contrast, the photon 
emission scavenging reactive oxygen by XYZ system permits analysis of materials of diverse 
form such as solid extraction residues as well as liquid extraction samples. Researchers in 
this field would like to have an experimental system able to measure the antioxidant activity 
of materials of diverse from such as solid type sample like extraction residues for 
bioresource science. 
We next attempted to determine the ROSA of lyophilized OC, lyophilized OT, and 
lyophilized OTB. OT and banana (B) were mixed (OT:B ratio 1:1 by weight) and the mixture 
was lyophilized. The photon emission images, obtained using a charge-coupled device 
camera, are shown in Fig. 1. In this system, photon emission is observed when H2O2 reacts 
with antioxidants and mediators. The intensity of photon emission increases with the radical 
scavenging ability of the sample. 
The photon emission intensity revealed that of OC had almost the same ROSA as that of OT, 
1,093 cd/m2 and 1,266 cd/m2, respectively. The photon intensity activity of OTB, however, 
was 34,405 cd/m2, ca. 30-fold stronger that of either OC or OT alone. 
 

 

Detection image of photon emission from OC, OT and OTB using a charge-coupled device camera. OC, 
lyophilized okara; OT, lyophilized okara fermented by R. oligosporus; OTB, lyophilized OT-banana 
combination. The lyophilized sample (30 mg), saturated KH2CO3 in 10% (Vol/Vol) acetaldehyde (1000 
µL), and 0.6% H2O2 (1000 µL) were mixed in a 24-well micro titer plate. 

Fig. 1. Photon emission of OC, OT and OTB.  
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2.2.2 Effect of mixing ratio of OT and banana on photon emission scavenging reactive 
oxygen by XYZ system 

To investigate the relationship between the ROSA and the mixing ratio of OT:B (by weight), 

mixtures of 4:1, 4:3, 1:1, 3:4, 1:4, and dry banana powder were prepared. All samples were 

lyophilized, and the ROSA was measured using the method of photon emission scavenging 

reactive oxygen by XYZ system (Fig. 2). All of the prepared OTB mixtures, exhibited a 

synergistic effect on ROSA. The photon emission intensity of OTB 4:3 was highest of all the 

OTB mixtures at 36,906 cd/m2, some 3-fold and 30-fold more potent than that of dry banana 

powder (photon intensity: 11,531 cd/m2) or OT (photon intensity: 1,266 cd/m2), 

respectively. 
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1, lyophilized OC; 2, lyophilized OT; 3, lyophilized OTB 4:1; 4, lyophilized OTB 4:3; 5, lyophilized OTB 
1:1; 6, lyophilized OTB 3:4; 7, lyophilized OTB 1:4; 8, lyophilized banana. The lyophilized sample (30 
mg), saturated KH2CO3 in 10% (Vol/Vol) acetaldehyde (1000 µL), and 0.6% H2O2 (1000 µL) were mixed 
in a 24-well micro titer plate. Data represent the mean ± SD (n=5). 

Fig. 2. Effect of mixing ratio (by weight) of OT and banana on photon emission intensity. 

The effect of various concentrations of OTB 4:3 (0 mg, 0.03 mg, 3 mg, 10 mg, and 30 mg) on 

ROSA is shown in Fig. 3. The ROSA of OTB 4:3 increased with increasing OTB 4:3 

concentrations. Gulcin I. investigated the effect of concentration of L-carnitine on 

antioxidant activity, and reported that the antioxidant power of L-carnitine increased with 

increasing concentration (Gulcin, 2006). There is also a report that the antioxidant effect of 3-

hydroxyanthranilic acid (HAA) from soybean increased with increasing the added amount 

of HAA (Esaki et al., 1996).  Our results were similar to that of those reports, and confirmed 

the reproducibility of ROSA of OTB 4:3.  
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Imaging detection of photon emission from OTB 4:3 using a charge-coupled device camera. The 
lyophilized OTB 4:3 (0 mg, 0.03 mg, 3 mg, 10 mg, and 30 mg), saturated KH2CO3 in 10% (Vol/Vol) 
acetaldehyde (1000 µL), and 0.6% H2O2 (1000 µL) were mixed in a 24-well micro titer plate. 

Fig. 3. Photon emission of various concentration of OTB 4:3.  

2.2.3 Photon emission scavenging reactive oxygen of OTB extraction by XYZ system 

The 80% ethanol-soluble fraction and water-soluble fraction of OTB were extracted to 
investigate the ROSA of extracted OTB by XYZ system. In this experiment, the 80% ethanol-
soluble and water-soluble fractions were extracted from OTB 4:3 (Fig. 4), because the ROSA 
of OTB 4:3 was greater than that of other OTB mixture (see preceding section and Fig. 2). 
The ROSA of whole OTB 4:3 (30 mg), 80% ethanol-soluble fraction (30 mg), water-soluble 
fraction (30 mg), and extraction residue after extraction with 80% ethanol and water were 
measured using XYZ system, and the results were shown in Fig. 5. Contrary to the 
prediction, the ROSA of 80% ethanol-soluble fraction and water-soluble fraction were lower 
than that of other samples. On the other hand, ROSA of the extraction residue of OTB 4:3 
(photon intensity: 42,062 cd/m2) was higher than that of both the 80% ethanol-soluble 
fraction (photon intensity: 312 cd/m2) and the water-soluble fraction (photon intensity: 4,528 
cd/m2). From these results, it was concluded that the effective ROSA of OTB 4:3 was 
attributable to components in the residue left after extraction with 80% ethanol and water. 
Iwai K. et al. studied the antioxidant activity of blueberry using the XYZ-dish method and 
reported that the activity of the residue left after extraction with distilled water was greater 
than that of the water solution (Iwai et al., 2001b). Someya S. et al. investigated the 
chemiluminescence properties of banana extracts and extraction residue after extraction 
with water by XYZ system and demonstrated that the photon emission intensity of 
extraction residue was 5.7-fold that of extracts (Someya et al., 2003). Our results agree with 
the data by Iwai K. et al. and Someya S. et al.. The residue left after extraction with 80% 
ethanol and water of OTB 4:3 has many bioactive components, and dietary fiber may be one 
of the most important substances there. OC and OT contained dietary fiber at a level of ca. 
50% of dry weight (Matsuo, 1989b). Approximately 2 g of dietary fiber is contained in 100 g 
of banana (Forster et al., 2002). The dietary fiber in foods has protective effects against 
cardiovascular disease and atherosclerosis (Anderson et al., 1990; Anderson, 1995; Rimm et 
al., 1996; Van Horn, 1997). In addition to these functions, dietary fiber may show the photon 
emission scavenging reactive oxygen by XYZ system. Prosky L. et al. reported the method of 
extraction and determination of insoluble, soluble, and total dietary fiber in foods and food 
products (Prosky, 1988). In the method, foods and food products were treated by 
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thermostable -amylase and amyloglucosidase for extraction of dietary fiber. The ethanol-
soluble and water-soluble fraction of OTB 4:3 did not contain dietary fiber, because 

thermostable -amylase and amyloglucosidase treatments were not done during OTB 4:3 
extraction. The ROSA of the extraction residue of OTB 4:3 may have been higher than that of 
the 80% ethanol-soluble and water-soluble fractions because the dietary fiber may have 
remained in the residue after extraction with 80% ethanol and water. The antioxidant 
components in OTB and the mechanism of a synergistic effect of OT and banana on ROSA 
are still unclear, and we currently are examining these further. 
 

 

Fig. 4. Extraction procedure of ethanol-soluble and water-soluble fraction of  OTB 4:3. 

 
 

 

1, lyophilized OTB 4:3; 2, lyophilized 80% ethanol-soluble fraction from OTB 4:3; 3, lyophilized water-
soluble fraction from OTB 4:3; 4, lyophilized extraction residue after extraction with 80% ethanol and 
water. Imaging detection of photon emission from OTB 4:3, 80% ethanol-soluble fraction, water-soluble 
fraction, and their residue using a charge-coupled device camera. The lyophilized sample (30 mg), 
saturated KH2CO3 in 10% (Vol/Vol) acetaldehyde (1000 µL), and 0.6% H2O2 (1000 µL) were mixed in a 
24-well micro titer plate.  

Fig. 5. Photon emission of  OTB 4:3 (OTB 4:3) extractions.  
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2.2.4 Comparison of OTB with commercial organic green tea powder on photon 
emission scavenging reactive oxygen by XYZ system 
Recently, many reports have appeared concerning about the antioxidant activity of various 
foods. One of the representative antioxidant foods is green tea, because ascorbic acid, -
tocopherol, and catechins are found at high concentrations in green tea. Iwai K. et al. 
investigated the antioxidant activity of commercially available tea and found that the 
antioxidant activity of tea infusions was stronger than that of canned tea (Iwai et al., 2001a). 
We compared the ROSA of OTB 4:3 powder with that of two kinds of commercially 
available organic green tea powder (Fig. 6), and found that the ROSA of OTB 4:3 was nearly 
equal to that of the tea samples (The photon intensity of lane 4 and lane 5 of Fig. 6 was 
48,961 cd/m2 and 49,914 cd/m2, respectively). In addition, we had received data that 
showed the lipid peroxide concentration in the serum of mice that took the OTB 4:3 tended 
to decrease (Sugiyama H., School of Medicine, Akita University, personal communication). 
These data show that OTB 4:3 has high ROSA, and could be useful as a novel antioxidant 
food material and/or nutritional supplement. 
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1, lyophilized OC; 2, lyophilized OT; 3, lyophilized OTB 4:3; 4 and 5, two kinds of commercial organic 
green tea powder. The lyophilized sample (30 mg), saturated KH2CO3 in 10% (Vol/Vol) acetaldehyde 
(1000 µL), and 0.6% H2O2 (1000 µL) were mixed in a 24-well micro titer plate. Data represent the mean ± 
SD (n=5). 

Fig. 6. Photon intensity of OTB 4:3 and commercial organic green tea. 

3. Diet effect of the new food material from OC on overweight and/or obesity 
dogs 

An increased prevalence of obesity recently has been reported worldwide, both in 
developed and developing countries. Overweight and obesity have been associated with 
several chronic diseases and disabilities, including type 2 diabetes, cardiovascular diseases, 
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hypertension, certain types of cancer, and premature death (Chopra et al., 2002; Lew, 1985). 
Mokdad, A. H. et. al. reported that in Unites States, the number of patients with obesity and 
has been increasing in men and women of all ages, all races, all educational levels, and all 
smoking levels (Mokdad et al., 2003). Therefore, the health status and health problem 
related to obesity are becoming more and more important issues.  
The prevalence of obesity is increasing in companion dogs as well as in human beings. 
Companion dogs are an indispensable part of people’s lives, and many owners consider 
their dogs to be part of their family. Several investigators have reported a relationship 
between health and obesity in dogs. Stone, R. et al. reported the higher serum concentrations 
of triglycerides and cholesterol in obese dogs suggesting an association between metabolic 
derangements and obesity in dogs similar to those observed in human beings (Stone et al, 
2009). Increasing rates of obesity in dogs also have been associated with increased rates of 
osteoarthritis, insulin resistance and certain neoplasias (Laflamme, 2006). Heuberger, R. and 
Wakshiag, J. estimated that owners who ate nutrient-rich, calorie-poor diets had normal 
weight dogs, whereas owners who fed more table scraps had overweight dogs (Heuberger 
& Wakshlag, 2011). In addition, non-obese dogs consumed significantly more crude dietary 
fiber in their diets (Heuberger & Wakshlag, 2011). 
As mentioned, OC contains a rather large amount of dietary fiber. In general, increasing 
dietary fiber intake promotes body fat loss (Roberts et al., 2002; Slavin, 2005). Matsumoto K 
et al. investigated the effect of OC on the prevention of obesity using a mouse model 
(Matsumoto et al., 2007). However, to our knowledge there is no published literature 
describing the effects of consumption of OTB on obesity in dogs. To begin to address this 
question, we conducted a pilot clinical research study to assess the effect of addition of OTB 
to the usual diet on overweight and obesity dogs. 

3.1 Materials and methods 
3.1.1 Case selection 
Candidate dogs for weight loss study were selected from out-patient dogs that were 
relatively healthy except for overweight and/or obesity. The veterinarian estimated the 
body fat of the dogs using the Body Condition Score (BCS, Fig. 7), and diagnosed 
overweight (BCS=4) and/or obese (BCS=5) dogs admitted for usual care. For weight loss to 
succeed, one must select suitable candidate patient dogs and owners, those who concerned 
about "their“obesity and ready to make changes.  

3.1.2 Weight loss study program 
The diet effect of OTB paste (moisture: ca.60%) was examined in consultation with the pet 
owners about the obese state of their dogs (Fig. 8). Owners substituted OTB paste (OTBp) 
for 30% to 50% of the dog’s usual food to maintain the volume of the food equivalent to the 
original by weight as shown in Fig. 9. The effectiveness of this addition was evaluated by 
periodic measurement of body weight. In some cases, laboratory examinations also were 
performed. 

3.1.3 Blood biochemical clinical examination 
Blood tests were performed on two of the six cases according to conventional methods. 
Blood samples were collected at the starting date of the study, and again at the end of the 
test. Blood tests were performed using a PocH-100iv, Sysmex, Tokyo, Japan, and blood 
biochemical examinations were performed using a Spotchem EZ #sp-4430 Arkray, Tokyo, 
Japan. 
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Fig. 7. Body Condition Score (BCS).  

 

 

Fig. 8. The obesity dog (case No. 05709). 

 

 

30 % to 50 % by weight of the daily ration of dog food was replaced with OTBp. 

Fig. 9. The modified food used in weight loss study program.  
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3.2 Results and discussion 

The nutrition facts of OTBp were shown in Table 1. As shown in the Table 1, OTBp contains 
only 137 kcal per 100 grams as fed. 
 

Per 100 g edible portion

Energy 137 kcal

Water  63.8 g

Protein   3.8  g

Lipid   1.3  g

Ash   1.3  g

Carbohydrate  25.1 g

 Fiber   4.7  g

Sodium 19.6 mg

Test Analysis by Japan Food Analysis Center

Nutrition Facts

 

Table 1. Nutrition facts of OTB paste. 

Prior to the weight loss study, we tested the response to OTBp of dogs that were selected at 
random from usual clinic patents. We found that 42 of 51 dogs, nearly 80%, ate the OTBp, 
suggesting good acceptance by dogs. Of the eight owners enrolled in the weight loss after 
oral informed consent, only two dropped out of the study because their dogs refused to eat 
the diet. The remaining six dogs completed the study. Average for the changes in body 
weight is shown in Fig. 10. 
 

point 0 point 1 point 2 point 3 point 4 point 5

05803 Miniature Dachshund ♀ 7.5 4 7.00 6.95 6.75 6.60 6.55 6.55 3 6.4% 75 excellent

100.0% 99.3% 96.4% 94.3% 93.6% 93.6%

03767 Miniature Schnauzer ♂spay 5.5 5 9.60 9.80 9.65 9.50 9.55 9.65 5 1.0% 37 good

100.0% 102.1% 100.5% 99.0% 99.5% 100.5%

05634 Miniature Pinscher ♀ 3.5 5 5.75 5.70 5.65 5.60 5.45 --- 3 5.2% 42 excellent

100.0% 99.1% 98.3% 97.4% 94.8%

05709 Miniature Dachshund ♀spay 12.3 5 8.85 8.30 8.20 8.10 7.85 7.80 3 11.9% 53 excellent

100.0% 93.8% 92.7% 91.5% 88.7% 88.1%

06081 Papillon ♂ 4.5 5 6.50 6.55 6.40 6.40 6.36 6.34 4 2.5% 50 excellent

100.0% 100.8% 98.5% 98.5% 97.8% 97.5%

05645 Miniature Dachshund ♀spay 6.5 4 6.70 6.75 6.75 6.60 6.65 --- 4 1.5% 37 fair

100.0% 100.7% 100.7% 98.5% 99.3%

mean 6.63 4.67 100.00% 99.30% 97.85% 96.52% 95.61% 94.94% 3.67 4.75% 49.00

±SD 3.10 0.52 0.00% 2.91% 3.00% 2.98% 4.14% 5.36% 0.82 4.08% 14.35

Patient

No.
Canine Strain sex Age

Period

days

Satis-

faction
b

BCS

at

start

Body weight (kg)
a

BCS

at

end

Max

Reduce

%

 
a Body weight of the dogs were measured every seven or ten days. 
b Owner’s satisfaction was as follows; excellent, good, fair and poor. 

Table 2. Dog characteristics and body weight changes. 
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Fig. 10. Body weight loss rate (%) of dogs (n=6). 

Lose of body weight was clearly seen in three cases, #05803, #05634 and #05709, during the 
study, and the dog‘s owners were satisfied with the program. In case of #06081, a body 
weight gain was observed between the beginning of the study and the seven day weight 
(point 1), but after that the body weight decreased and the owner was also satisfied with 
these results. On the other hand, in two cases (#03767 and #05645), the final body weight 
(point 5, at the end of the study) of the dogs was almost same as that of point 0, at the 
beginning of the study. In these cases, the body weight of the dogs increased up to point 2, 
decreased from point 2 to point 3, and increased again after point 3. 
The mean percent loss of the body weight in the overwight and/or obesity dogs (n=6) is 
shown in Fig. 10. As can be seen in Fig. 10 and Table 2, feeding OTBp resulted in a average 
body weight loss of about 5%, and a body fat (BCS) loss of approximately 20% during the 35 
days of the study. Although preliminary, these results suggest a beneficial effect of addition 
of OTBp to the diet on body fat loss in overweight and/or obese dogs.  
Blood and serum biochemical evaluations were carried out in two cases, #03767 and #06081, 
and the results aree shown in Table 3. The results revealed that OTBp did not exhibit any 
adverse reactions or influences on health conditions of the dogs through out the period of 
study. In additiont, OTBp treatment lowered the alkaline phosphatase activity (ALP IU/L) of 
the dogs between the initial (day 0) and final measurements, suggesting that OTBp might have 
an improving effect on liver function. Nishi, S. et al. investigated the antiobesity effects of 
seaberry leaf polyphenol (SBLPP) juice using male mice (ddY) fed a high-fat diet. In the paper, 
they reported that the body weight of experimental mice fed a high-fat and SBLPP juice for 
eight weeks was significantly lower than that of control levels, and that the SBLPP juice also 
lowered the blood glutamic pyruvic transaminase (GPT) and ALP activities in the mice. (Nishi 
et al., 2007). Swaroop, A. et al. and Yang, Z. G. et al. reported that the SBLPP had potent 
antioxidant activity (Swaroop et al., 2005; Yang et al., 2007). Taken together, these results 
suggest that OTBp may improve liver function, possibly due to its potent antioxidant activity. 
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DAY 0 DAY31 DAY 0 DAY50

WBC x10
2
/μL 100.00 93.00 93.00 140.00

RBC x10
4
/μL 845.00 889.00 916.00 938.00

HCT % 56.10 58.40 56.30 56.70

PLT x10
4
/μL 46.80 48.40 36.20 22.40

Glu mg/dl 105.00 101.00 94.00 97.00

T-Cho mg/dl > 400.0 > 400.0 > 400.0 > 400.0

BUN mg/dl 13.00 13.00 14.00 14.00

T-Bil < 0.2 < 0.2 < 0.2 < 0.2

GOT IU/L 14.00 10.00 11.00 14.00

GPT IU/L 92.00 86.00 72.00 76.00

T-Pro g/dl 8.00 7.60 6.40 6.10

GGT IU/L < 10.0 < 10.0 < 10.0 < 10.0

ALP IU/L 2115.00 1547.00 212.00 < 130.0

ITEM
#03767 #06081

 

Table 3. The results of blood test and biochemical examination on case #03767 and #06081. 

The results of this pilot study are consistent with those of other investigations of soybean 

components on obesity. For example, Jenkins, D. J. et al. reported that consumption of a low-

energy diet containing soy protein had signnificant anti-obesity effects (Jenkins et al., 1989). 

Goodman-Gruen, D. and Kritz-Silverstein, D. investigated the beneficial effects of soy 

phytoestrogen, and isoflavones on excess body weight (Goodman-Gruen and Kritz-

Silverstein, 2001). Moreover, in a study of genetically obese mice (yellow KK), Aoyama, T. et 

al. reported that soy-protein and its hydrolysate (active tetrapeptides) were effective for 

weight reduction (Aoyama et al., 2000). From these reports, we hypothesized that OTBp 

might contain effective components from the soybean residue, OC. OTBp also is dilute in 

energy, and contains a large amount of dietary fiber (Table 1). Some reports showed that the 

dietary fiber has an effect on reducing serum cholestrol concentrations by increasing fecal 

bile acid excretion (Andersson et al., 2002; Chau and Huang, 2005; van Benneleum, 2005). 

Ble-Castillo, J. L. et al. reported that addition of a banana supplement containing dietary 

fiber to the diet significantly lowered body weight and increased insulin sensitivity (Ble-

Castillo et al, 2010). Slavin, J. L. et al. reported that increasing intake of dietary fiber resulted 

in decreased feelings of hunder, and played a role in control of energy balance (Slavin et al, 

2005). Epidemiological research also has shown the effectiveness of dietary fiber intake on 

preventing obesity (Robert et al, 2002).  

Many papers also have shown obesity to be associated with increased oxidative stress in 
human beings and mice, which could be associated with obesity-associated metabolic 
syndrome (Keaney et al., 2003; Vincent et al., 1999; Furukawa et al., 2004). Hogan, S. et al. 
demonstrated that grape pomace extract had significant antioxidant capacity, and exerted 
an anti-inflammatory activity in subjects with diet-induced obesity (Hogan et al, 2010). Shen, 
X. H. et al. reported that the antioxidant vitamin E could play an important role in the 
treatment of obesity-related diseases (Shen et al., 2010). Given the high antioxidant activity 
we found in OTB (see preceding section). The effects of OTBp on fat loss in overweight 

www.intechopen.com



“Okara” a New Preparation of Food Material with  
Antioxidant Activity and Dietary Fiber from Soybean 

 

323 

and/or obesity dogs may have resulted from its combination of properties of low energy, 
presence of effective soybean compnents, amount of dietary fiber, and potent antioxidant 
activity.  
Another important consideration for the success of diet therapy for weight loss is the 
attitude of to owner toward their pet, as shown in the recent report of the the relationship 
between feeding patterns and obesity in dogs by Heuberger, R. and Wakshlag, J. mentioned 
previously. Thus, we studied pets whose owners were conserned about their pet’s weight 
and wanted to make a change. Under these circumstances, we found that addition of OTBp 
might be an effective treatment for dog owners as well as for their obese pets. The detailed 
mechanisms of the OTBp effect are still unclear because we have not yet conducted any 
laboratory experiments to clarify the diet effects of OTBp. We need basic experiments using 
obesity model mice. 

4. Conclusion 

In this paper, we have described our efforts to use OC to develop a new food material from 
OC by fermentation with R. oligosporus and combination with banana. We have investigated 
two activities, ROSA, and the effects of the new food material from OC on obese dogs. First, 
in the ROSA studies, a synergistic effect on ROSA between OT and banana was observed, 
and the activity of OTB was approximately 30-fold more potent than that of OC alone by 
XYZ system. We concluded that ROSA of OTB was attributable to components contained in 
the dietary fiber portion of the residue after extraction with 80% ethanol and water. This is 
the first report about the synergistic effect of fermented OC and banana on ROSA by XYZ 
system (Suruga et al., 2007). Secondary, OTBp showed a dietary effect on obesity in dogs. 
This clinical study was a part of application researches of the OTB. In the veterinary clinical 
study, OTBp reduced the body weight and BCS in the obese dogs in a time-dependent 
manner during the study. Moreover, the ALP activity of the two dogs was lowered than that 
of the control (0 day). This result indicated that OTBp could have improving effect on the 
liver function because of the potent antioxidant activity present in OTB. From these results, 
OTBp is thought to have an improving effect on liver function, and a diet effect on the body 
weight without any adverse reactions. OTB prepared from OC by fermentation and 
combination with banana could be developed as a useful, novel food material and/or 
nutritional supplement with both antioxidant and dietary effects. Further research and 
development is undergoing. 

5. Acknowledgments 

We are grateful to President Masahito Hoashi, Kibun Foods INC., for supporting the present 
work. The authors express their sincere thanks to Professor Toshihiro Sugiyama of Akita 
University School of Medicine for his critical comments. We are indebted to Mr. Kei 
Kobayashi and Ms. Rika Fushimi, Kibun Foods INC., for the preparation of OTB.  

6. References 

Akiyama, Y., Yoshiki, Y. & Okubo, K. (2002). Studies on reactive oxygen scavengers in 
cereals. Journal of Photon Emission Scavenging Reactive Oxygen by XYZ system, 1, 37-44 
(in Japanese). 

www.intechopen.com



 
Soybean and Nutrition 

 

324 

Anderson, JW., Deakins, DA., Floore, TL., Smith, BM. & Whitis, SE. (1990). Dietary fiber and 
coronary heart disease. Crit. Rev. Food Sci. Nutr., 29, 95-147. 

Anderson, JW. (1995). Dietary fiber, complex carbohydrate and coronary heart disease. Can. 
J. Cardiol., 11, 55G-63G. 

Andersson, M., Ellegard, L. & Andersson, H. (2002). Oat bran stimulates bile acid synthesis 
within 8 h as measured by 7  -hydroxy-4-cholesten-3-one. Am. J. Clin. Nutr., 76, 
1111-1116. 

Aoki, H., Uda, I., Tagami, K., Furuya, Y., Endo, Y. & Fujimoto, K. (2003). The production of a 
new Tempeh-like fermented soybean containing a high level of γ-aminobutyric acid 
by anaerobic incubation with Rhizopus. Biosci. Biotech. Biochem., 67, 1018-1023. 

Aoyama, T., Fukui, K., Nakamori, T., Mashimoto, Y., Endo, Y., Yamamoto, T., Takamatsu, K. 
& Sugano, M. (2000). Effect of soy and milk whey protein isolates and their 
hydrolysates on weight reduction in genetically obese mice. Biosci. Biotech. Biochem., 
64, 2594-2600. 

Arai, S., Osawa, T., Ohigashi, H., Yoshikawa, M., Kaminogawa, S., Watanabe, M., Ogawa, 
T., Okubo, K., Watanabe, S., Nishino, S., Shinohara, K., Esashi, T. & Hirahara, T. 
(2001). A mainstay of functional food science in Japan-History, present status, and 
future outlook. Biosci. Biotech. Biochem, 65, 1-13. 

Bendixen, H. (2004). Major increase in prevalence of overwight and obesity between 1987 
and 2001 among Danish adults. Obes. Res., 12, 1464-1472. 

Ble-Castillo, JL., Asparicio-Trapala, MA. Francisco-Luria, MU., Cordova-Uscanga, R., 
Rodriguez-Hernandez, A., Mendez, JD. & Diaz-Zagoya, J. (2010). Effects of native 
banana starch supplementation on body weight and insulin sensitivity in obese 
type 2 diabetics. Int. J. Environ. Res. Public Health, 7, 1953-1962. 

Chau, CF. & Huang, YL. (2005). Effects of the insoluble fiber derived from Passiflora edulis 
seed on plasma and hepatic lipids and fecal output. Mol. Nutr. Food Res., 49, 786-
790. 

Chopra, M., Galbraith, S., & Darnton-Hill, I. (2002). A global response to a global problem: 
the epidemic of overnutrition. Bull. World Health Organ., 80, 952-958. 

Esaki, H., Onozaki, H., Kawakishi, S. & Osawa, T. (1996). New antioxidant isolation from 
tempeh. J. Agric. Food Chem., 44, 696-700. 

Forster, MP., Rodriguez, ER. & Romero, CD. (2002). Differential characteristics in the 
chemical composition of banana from Tenerife (Canary Islands) and Ecuador. J. 
Agric. Food Chem., 50, 7586-7592. 

Furukawa, S., Fujita, T., Shimabukuro, M., Iwaki, M., Yamada, Y., Nakajima, Y., Nakayama, 
O., Makishima, M., Matsuda, M. & Shimomura, I. (2004). Increased oxidative stress 
in obesity and its impact on metabolic syndrome. J. Clin. Invest., 114, 752-761. 

Golbitz, P. (1995). Traditional soyfoods: Processing and products. J. Nitr., 125, 570S-572S. 
Goodma-Gruen, D. & Kritz-Silveratein, D. (2001). Usual dietary isoflavone intake is 

associated with cardiovascular risk factors in post menopausal women. J. Nutr., 
131, 1202-1206. 

Gulcin, I. (2006). Antioxidant and antiradical of L-carnitine. Life Science, 78, 803-811. 
Heuberger, R. & Wakshiag, J. (2011). The relationship of feeding patterns and obesity in 

dogs. J. Anim. Physiol. Anim. Nutr., 95, 98-105. 
Hogan, S., Canning, C., Sun, S., Sun, X. & Zhou, K. (2010). Effects of grape pomace 

antioxidant extract on oxidative stress and inflammation in diet induced obese 
mice. J. Agric. Food Chem., 58, 11250-11256. 

www.intechopen.com



“Okara” a New Preparation of Food Material with  
Antioxidant Activity and Dietary Fiber from Soybean 

 

325 

Iwai, K., Sato, M. & Matsue, H. (2001a). Relationship between antioxidant activity of 
commercial tea drinks by XYZ-dish method and their concentration of catechins. 
Food Sci. Biotechnol., 10, 508-512. 

Iwai, K., Abe, K., Chung, S. & Matsue, H. (2001b). XYZ-dish method as a new antioxidant 
activity assay using photon detection. Food Sci. Biotechnol., 10, 513-520. 

Jenkins, DJ., Wolever, TM., Spoller, G., Buckley, G., Lam, Y., Jenkins, AL. & Josse, RG. 
(1989). Hypocholesterolemic effect of vegetable protein in a hypocaloric diet. 
Atherosclerosis, 78, 99-107. 

Keaney, JF. Jr., Larson, MG., Vasan, RS., Wilson, PW., Lipinska, I., Corey, D., Massaro, JM., 
Sutherland, P., Vita, JA. & Benjamin, EJ. (2003). Obesity and systemic oxidative 
stress: clinical correlates of oxidative stress in the Framingham study. Arterioscler. 
Thromb. Vasc. Biol., 23, 434-439. 

Laflamme, DP., (2006). Understanding and managing obesity in dogs and cats. Veterinary 
Clinics North America Small Animal Practice., 36, 1283-1296. 

Lew, EA., (1985). Mortality and weight: insured lives and the American Cancer Sosiety 
studies. Ann. Intern. Med., 103, 1024-1029. 

Maeda, Y. (1992). Development and application of soybean polysaccharides. Shokuhinn to 
Kaihatsu 27, 47-49 (in Japanese). 

Matsuo, M. (1989a). Morphological, compositional and physicochemical properties of 
“Okara” fermented by Aspergillus oryzae. Nippon Nogeikagaku Kaishi 63, 1765-1770 
(in Japanese). 

Matsuo, M. (1989b). Morphological and physicochemical properties and composition of 
“Okara” fermented by Rhizopus oligosporus. Nippon Eiyo Shokuryo Gakkaishi 42, 173-
178 (in Japanese). 

Matsuo, M. (1997). In vivo antioxidant activity of Okara Koji, a fermented Okara, by 
Aspergillus oryzae. Biosci. Biotech. Biochem., 61, 1968-1972. 

Matsuo, M. (2005). In vivo antioxidant activity of methanol extract from Quinoa fermented 
with Rhizopus oligosporus. J. Nutr. Sci. Vitaminol., 51, 449-452. 

Matsumoto, K., Watanabe, Y., & Yokoyama, S. (2007). Okara, soybean residue, prevents 
obesity in a diet-induced murine obesity model. Biosci. Biotech. Biochem., 71, 720-727. 

Mizuno, M., Morimoto, M., Minato, K. & Tsuchida, H. (1998). Polysaccharides from Agaricus 
blazei stimulate lymphocyte T-cell subsets in mice. Biosci. Biotech. Biochem., 62, 434-
437. 

Mokdad, AH., Ford, ES., Bowman, BA., Dietz, WH., Vinicor, F., Bales, VS. & Marks, JS. 
(2003). Prevalence of obesity, diabetes, and obesity-related health risk factor, 2001. 
JAMA., 289, 76-79. 

Nakamura, T., Matsugo, S., Uzuka, Y., Matsuo, S. & Kawagishi, H. (2004). Fractionation and 
anti-tumor activity of the mycelia of liquid-cultured Phellinus linteus. Biosci. Biotech. 
Biochem., 68, 868-872. 

Nishi, S., Saito, Y., Koaze, H., Hironaka, K. & Kojima, M. (2007). Anti-obesity effects of 
seaberry (Hippophae rhamnoides) leaf polyphenols (SBLPP) in male mice fed a high-
fat diet. Nippon Shokuhin Kagaku Kogaku Kaishi 54, 477-481 (in Japanese). 

Okubo, K. (2002). Photon emission scavenging reactive oxygen by XYZ system and its 
application. Journal of Photon Emission Scavenging Reactive Oxygen by XYZ system, 1, 
3-20 (in Japanese). 

Ohno, A. & Shoda, M., (1993). Production of the antifungal peptide antibiotic, iturin by 
Bacillus subtilis NB22 in solid state fermentation. J. Ferment. Bioeng., 75, 23-27. 

O’Toole, DK. (1999). Characteristics and use of okara, the soybean residue from soy milk 
production-a review. J. Agric. Food Chem., 47, 363-371. 

www.intechopen.com



 
Soybean and Nutrition 

 

326 

Prosky, L., Asp, NG., Schweizer, TF., Devries, JW. & Furda, I. (1988). Determination of 
insoluble, soluble, and total dietary fiber in foods and food products: 
interlaboratory. J. Assoc. Off. Anal. Chem., 71, 1017-1023. 

Rimm, EB., Ascherio, A., Giovannucci, E., Spiegelman, D., Stampfer, MJ., & Willett, WC. 
(1996). Vegetable, fruit and cereal intake and risk of coronary heart disease among 
men. JAMA., 275, 447-451. 

Roberts, SB., McCrory, MA. & Saltzman, E. (2002). The influence of dietary composition on 
energy intake and body weight. J. Am. Coll. Nutr., 21, 140S-145S. 

Shen, XH., Tang, QY., Huang, J. & Cai, W. (2010). Vitamin E regulates adipocytokine 
expression in a rat model of dietary-induced obesity. Experimental Biology and 
Medicine, 235, 47-51. 

Slavin, JL. (2005). Dietary fiber and body weight. Nutrition, 21, 411-418. 
Someya, S., Yoshiki, Y. & Okubo, K. (2003). Chemiluminescence properties of banana 

extracts. Journal of Photon Emission Scavenging Reactive Oxygen by XYZ system, 2, 15-
18 (in Japanese). 

Stone, R., Bergoff, N., Steiner, JM. & Zoran, D. (2009). Use of a bioelecrical impedence device in 
obese and lean healthy dogs to estimate body fat percentages. Veterinary Therapy, 10, 
59-70. 

Suruga, K., Akiyama, Y., Kadokura, K., Sekino, Y., Kawagoe, M., Komatsu, Y. & Sugiyama, 
T. (2007). Synergistic effect on reactive oxygen scavenging activity of fermented 
okara and banana by XYZ system. Food Sci. Technol. Res., 13, 139-144. 

Swaroop, A., Shinba, AK., Chawla, R., Arora, R., Sharma, RK. & Kumar, JK. (2005). Isolation 
and characterization of 1,3-dicapryloy-2-linoleoylglycerol a novel triglyceride from 
berries of Hippophae ehamnoides. Chem. Pharm. Bull., 53, 1021-1024. 

Van Bennekum, AM., Nguyen, DV., Schulthess, G., Hauser, H. & Phillips, MC. (2005). 
Mechanism of chlesterol-lowering effects of dietary insoluble fiber: relationships 
with hepatic cholesterol parameters. Br. J. Nutr., 94, 331-337. 

Van Horn, L. (1997). Fiber, lipids, and coronary heart disease: a statement for healthcare 
professionals from the Nutrition Committee, American heart association. 
Circulationl, 95, 2701-2705. 

Vincent, HK., Powers, SK., Stewart, DJ., Shanely, RA., Demirel, H. & Naito, H. (1999). Obesity 
is associated with increased myocardial oxidative stress. Int. J. Obes., 23, 67-74. 

Visscher, TLS., Kromhout, D., & Seidell, JC. (1997). Long-term and recent time trends in the 
prevalence of obesity among Dutch men and women. Int. J. Obes., 26, 1218-1224. 

Yang, ZG., Li, HR., Wang, LY., Li, YH., Lu, SG., Wen, XF., Wang, J., Daikonya, A. & 
Kitanaka, S. (2007). Triterpenoids from Hippophae ehamnoides L. and their nitric 
oxide production-inhibitiory and DPPH radical-scavenging activities. Chem. Pharm. 
Bull., 55, 15-18. 

Yoshiki, Y., Onda, N., & Okubo, K. (2004). Relationship between photon emission and 
chemopreventive potential of tea. Food Chemistry, 87, 269-274. 

www.intechopen.com



Soybean and Nutrition

Edited by Prof. Hany El-Shemy

ISBN 978-953-307-536-5

Hard cover, 476 pages

Publisher InTech

Published online 12, September, 2011

Published in print edition September, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Worldwide, soybean seed proteins represent a major source of amino acids for human and animal nutrition.

Soybean seeds are an important and economical source of protein in the diet of many developed and

developing countries. Soy is a complete protein and soy-foods are rich in vitamins and minerals. Soybean

protein provides all the essential amino acids in the amounts needed for human health. Recent research

suggests that soy may also lower risk of prostate, colon and breast cancers as well as osteoporosis and other

bone health problems and alleviate hot flashes associated with menopause. This volume is expected to be

useful for student, researchers and public who are interested in soybean.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Kohei Suruga, Akihisa Kato, Kazunari Kadokura, Wataru Hiruma, Yoshihiro Sekino, C. A. Tony Buffington and

Yasuhiho Komatsu (2011). “Okara” a New Preparation of Food Material with Antioxidant Activity and Dietary

Fiber from Soybean, Soybean and Nutrition, Prof. Hany El-Shemy (Ed.), ISBN: 978-953-307-536-5, InTech,

Available from: http://www.intechopen.com/books/soybean-and-nutrition/-okara-a-new-preparation-of-food-

material-with-antioxidant-activity-and-dietary-fiber-from-soybean



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed

under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike-3.0 License, which permits use, distribution and reproduction for

non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same

license.


