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In the East Asia, soybean has been utilized as traditional foods for more than 
1,000 years.  In Japan, now, about one million tons of soybeans are consumed 
directly as food products such as Tofu, Natto, Miso, Shoyu. Yuba, etc.  
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MisoMiso ShoyuShoyu
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Background in Japan

Soybean is one of the most popular food materials in Japan, and it is regarded as a
key stuff for the long life and the low risk of  some diseases such as various cancers
and arteriosclerosis of Japanese people.  A lot of research projects have been carried

out from the fundamental and practical viewpoints.  Not only traditional foods
but also many functional foods are produced and commercialized from soybean.
The information about soybean food products and their benefits for human health
are open to the public via databases, website, TV programs, publications, etc.
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Composition of Composition of 
commercial soy protein isolatecommercial soy protein isolate

Samoto et al., Food Chem., 102, 317-322 (2007) 

GlycininGlycinin
40%40%

LPLP
40%40%

ββ--conglycininconglycinin
20%20%



Three dimensional structure of β‐conglycinin β subunit (Trimer)

Three dimensional structure of glycinin A3B4 subunit (Hexamer)

Structure of these subunits was reported by the group of Prof. Shigeru UtsumiStructure of these subunits was reported by the group of Prof. Shigeru Utsumi
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Red  ; Visceral fat
Blue ; Subcutaneous fat 
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Transgenic Rice

Accumulation of β-conglycinin in rice

vector for an expression in rice endosperm

Endosperm specific Rice
Glutelin promoterGlutelin promoter

Development of transgenic rice 
to prevent lifestyle related disease 

Product

Soybean 
β‐Conglycinin Terminator

Microscopy SDS-PAGE Evaluation about a functionality

Test in a green house and in a field

Soybean β‐Conglycinin
Soybean β‐conglycinin has a function 

to regulate a serum lipid level!

In progress

(Dr. Nobuyuki Maruyama)



LP has a function of reducing cholesterolLP has a function of reducing cholesterol

LP plays a major role in the reduction of cholesterolLP plays a major role in the reduction of cholesterol

Effects of dietary proteins on plasma
cholesterol in rats

Neutral steroid
Acidic steroid
Total steroids

Effects of dietary proteins on fecal
cholesterol in rats

Soy Protein Research, Japan, 10, 83-87 (2007)

glycinin glycinin



Physiological Properties of Fractionated SPIPhysiological Properties of Fractionated SPI
ββ--conglycininconglycinin ：： Reduction of Serum Reduction of Serum Triacylglycerol Triacylglycerol Level Level 

LP      LP      ：： Reduction of Plasma Reduction of Plasma Cholesterol Cholesterol LevelLevel

Samoto M et al. Food Chemistry, 102, 317-22 (2007)

Protein Composition of Soy Protein IsolateProtein Composition of Soy Protein Isolate

ββ--conglycininconglycinin、、GlycininGlycinin
= Soy Storage Protein/Globulin= Soy Storage Protein/Globulin

LP (Lipophilic Proteins)LP (Lipophilic Proteins)
= Membrane  Protein etc= Membrane  Protein etc

GlycininGlycinin
40%40%

LPLP
40%40%

ββ--conglycininconglycinin
20%20%

Glycinin is of great importance from the viewpoints of nutrition and food processing.Glycinin is of great importance from the viewpoints of nutrition and food processing.



Observation of Glycinin Structure by Atomic Force MicroscopyObservation of Glycinin Structure by Atomic Force Microscopy

50 nm

1 μm

(A): No heating, (B) : Heating for 1 min, (C) : Heating for 1 min in the presence of NEM
Upper: View from the upper
Lower: View from the side

(A) : No heating, (B) : Heating for 1 min, (C) : Heating for 1 min in the presence of NEM
Upper: View from the upper
Lower: View from the side

Nakamura, Matsumura, Utsumi, “All of Soybean” (ed. K. Kitamura), 121-128, 
Science Forum, Tokyo (2010)



FunctionFunction IncreaseIncrease DecreaseDecrease

amino acid metabolismamino acid metabolism 44 1010

antioxidant antioxidant 99 22

cell growth and/or maintenance cell growth and/or maintenance 66 1111

energy metabolism energy metabolism 44 77

fatty acid metabolismfatty acid metabolism 00 33

immunity immunity 33 00

signal transduction signal transduction 77 55

steroid metabolismsteroid metabolism 1212 00

structural molecule structural molecule 00 55

transcriptional regulator transcriptional regulator 44 44

othersothers 1212 22

TotalTotal 6161 5454

DNA microarrayDNA microarray
Functional classification of genes of which expression level was significantly
changed in livers of rats fed the SPI diet
Functional classification of genes of which expression level was significantly
changed in livers of rats fed the SPI diet

Tachibana et al., J. Agric. Food Chem., 53, 4253-57 (2005)



Production Process of soluble soybean 
polysaccharide (SSPS)

Production Process of soluble soybean 
polysaccharide (SSPS)

Hypocotyl

Soy milk

Soy oil

Tofu

Defatted fibrous 
residue(“okara”)

Soy isoflavone

Soy saponin

Frozen tofu

Deep-fried tofu

Processed soy milk

Soy milk yogurt

SSPS

β-conglycinin

Isolated soy protein

Soy protein soluble in an acidic 
pH range

Soy peptide

Soy protein isolate

Textured soy protein

Structured soy protein fiber

Cotyledon

Soybeans



Structure and Functions of Soluble Soybean Polysaccarides (SSPS)

Main chain
Galacturonan
Rhamnogalacturonan

Side chain
Arabinose
Galactose

・SSPS is a water soluble polysaccharide 
prepared from soybean “Okara” (insoluble
residues after soymilk preparation).

・SSPS has various functions relating to …
Food Processing  

stabilization of protein dispersions, 
emulsification, film-formation, 
anti-sticking effects, texture modifying

Biology or Physiology   
anti-microbial action, funcition as dietary
fiber, increase of Ca intake, prevention of
lipid oxidation 

・Like pectin,  SSPS contains galacturonic 
acids and  can be used as a stabilizer 
for acidic beverages including proteins.
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Milk protein dispersions stabilized by SSPS and pectin: 
Comparison of stability of dispersions at various pH
Milk protein dispersions stabilized by SSPS and pectin: 
Comparison of stability of dispersions at various pH

Viscosity Precipitation Size of aggregates

No addition
SSPS
Pectin

SSPS prevented increases of viscosity and aggregate size more effectively
especially at lower pH regions as compared to Pectin.

SSPS prevented increases of viscosity and aggregate size more effectively
especially at lower pH regions as compared to Pectin.



Pectin SSPS

Protein 
aggregate

Main backbone of polysaccharides 
(rich in negative charge of uronic acids)

Side chains consisting of
neutral sugars 

Zeta potential : large
Steric hindrance : weak

Zeta potential : small
Steric hindrance : strong

Stabilizing mechanism of protein aggregates by Pectin and SSPSStabilizing mechanism of protein aggregates by Pectin and SSPS



Schematic Representation of Gelation of GlycininSchematic Representation of Gelation of Glycinin
in the absence or presence of SSPSin the absence or presence of SSPS

glycinin

（–）SSPS

heating

Excess counter ions
screen surface 

charges of glycinin Network formation
(Rigid gel)

Microstructure
(5% glycinin gel)

glycinin

（+）SSPS

heating

Random aggregation of glycinin
(Inhibition of regular association 

to form strands by SSPS)

Phase separation of gigantic
particulates of glycinin

and SSPS matrix
(Soft gel or sol)

SSPS

Formation of thick strands
via hydrophobic interaction 
and SS bonding

Microstructure
(5% glycinin +
3% SSPS gel)



Prospective Cohort Study on Isoflavone  (http://epi.ncc.go.jp/en/index.html)Prospective Cohort Study on Isoflavone  (http://epi.ncc.go.jp/en/index.html)

Hazard ratios (HR) for lung cancer incidence according to intake of isoflavones
by smoking status (American Journal of Clinical Nutrition, 91, 722-728 (2010))

Hazard ratios (HR) for lung cancer incidence according to intake of isoflavones
by smoking status (American Journal of Clinical Nutrition, 91, 722-728 (2010))

In the presentation of the workshop, figures from the website of Japan Public Health
Center-based Prospective study (JPHC) in National Cancer Center were introduced.
Original publications are as follows.

(1) Effects on Lung Cancer(1) Effects on Lung Cancer

(2) Effects on Breast Cancer(2) Effects on Breast Cancer

Relationship between Isoflavone content in blood and the risk of breast cancer
(Journal of Clinical Oncology, 26, 1677-1683 (2008))

Relationship between Isoflavone content in blood and the risk of breast cancer
(Journal of Clinical Oncology, 26, 1677-1683 (2008))

(3) Effects on Cerebral and Myocardial Infarctions(3) Effects on Cerebral and Myocardial Infarctions

・Effects of soybean intake on the risk of cerebral and myocardial infarctions, 
and ischemic cardiovascular disease mortality

・Changes in hazard ratios (HR) for the incidence of Cerebral and Myocardial
Infarctions according to dietary intake of isoflavone

(Circulation November 27, 2007)

・Effects of soybean intake on the risk of cerebral and myocardial infarctions, 
and ischemic cardiovascular disease mortality

・Changes in hazard ratios (HR) for the incidence of Cerebral and Myocardial
Infarctions according to dietary intake of isoflavone

(Circulation November 27, 2007)



Major soybean isoflavones and metabolites of DaidzeinMajor soybean isoflavones and metabolites of Daidzein

Genistein 

Daidzein

Glycitein  

Dihydrocaidzein

Equol

O-dimethylangolensin
（O-DMA)

Intestinal BacteriaIntestinal Bacteria



Comparison of Percent Equal Producers between Prostate Cancer
Patients and Controls (Jpn. J. Clin.Oncol., 34, 86-89, (2004))

Comparison of Percent Equal Producers between Prostate Cancer
Patients and Controls (Jpn. J. Clin.Oncol., 34, 86-89, (2004))

The active isoflavone level was markedly lower and the percentage of equol producer was
also lower for Americans as compared to the Japanese and Koreans.

The active isoflavone level was markedly lower and the percentage of equol producer was
also lower for Americans as compared to the Japanese and Koreans.

However, recently, the percentage of equol producer was decreased for young generation
even in Japan and Korea (Prostate Cancer Prostatic Dis., 11, 252-257 (2008)).
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Bioavailability of Ca in Ca-fortified soy milk for young women
(Soy Protein Research, Japan, 12, 1-10 (2009)) 
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Ca content of soymilk is lower than
that of cow’s milk.  The fortification
of Ca into soymilk is difficult because
glycinin is very sensitive to Ca2+.
The soymilk rich in β-conglycinin
can be fortified with Ca.

In this research, the bioavailability of 
Ca in the Ca-fortified soy milk was 
compared to that of cow’s milk for
young female subjects
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Bioavailability of Ca in Ca-fortified soy milk for young women
(Soy Protein Research, Japan, 12, 1-10 (2009)) 

Bioavailability of Ca in Ca-fortified soy milk for young women
(Soy Protein Research, Japan, 12, 1-10 (2009)) 

The bioavailability of 
Ca in soymilk was 
similar to that of cow’s
milk.

The bioavailability of 
Ca in soymilk was 
similar to that of cow’s
milk.

The Ca-fortified soymilk 
rich in β-conglycinin is 
useful from the nutritional
viewpoints.

The Ca-fortified soymilk 
rich in β-conglycinin is 
useful from the nutritional
viewpoints.



Absorption rate and requirement of Ca in Tofu 
for post-menopausal women in Vietnam

(Soy Protein Research, Japan, 11, 15-19 (2008))

Absorption rate and requirement of Ca in Tofu 
for post-menopausal women in Vietnam

(Soy Protein Research, Japan, 11, 15-19 (2008))
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(Soy Protein Research, Japan, 11, 15-19 (2008))

The results suggest that Tofu could be a important Ca source for post-menopausal women, 
particularly in Vietnam (and probably other East Asian countries) where people scarcely 
drink cow’s milk.

The results suggest that Tofu could be a important Ca source for post-menopausal women, 
particularly in Vietnam (and probably other East Asian countries) where people scarcely 
drink cow’s milk.



Raw data acquisition m/z calibration by I.S.
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・MSn

・PDA
・Database hit
・Literature
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analysis

Extract m/z peak 
groups

Detection of isotopic peak 
pairs

MF calculation

MF 
confirmation

Metabolite annotations

Rt

Manual assignment

Procedure of high-through-put analysis of 
metabolites in Kazusa DNA Research Institute



Table of components (metabolites) of soybean and soybean productsTable of components (metabolites) of soybean and soybean products

ＳｏｙｂｅａｎDomestic B
Imported

Domestic A

Soy Milk
Okara, Soy Residue
Tofu A
Tofu B
Fried tofu A
Fried tofu B
Yuba, sheeted soy product
Natto, Fermented Soybean

Domestic                   imported
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Soybean Food Products as “Food for Specified Health Use (FOSHU)”Soybean Food Products as “Food for Specified Health Use (FOSHU)”

Approximately 900 foods are approved as FOSHU at present by the
Ministry of Health, Labour and Welfare (The FOSHU system is now
under the control of the Consumer Affairs Agency).  The list of all
FOSHU in exel file is available. The number of FOSHU including
soybean components is 190.

Of soybean components, five components, that is, proteins (peptides), 
oligosaccharides, isoflavones, phytosterol, vitamin K are permitted to be 
used as the ingredients of FOSHU.

For the past five years, only 12 components are approved to be the 
ingredients for FOSHU.  Soybean β-conglycinin obtained the permission
for the health claim that it reduces the neutral lipids in June of 2007.

Approximately 900 foods are approved as FOSHU at present by the
Ministry of Health, Labour and Welfare (The FOSHU system is now
under the control of the Consumer Affairs Agency).  The list of all
FOSHU in exel file is available. The number of FOSHU including
soybean components is 190.

Of soybean components, five components, that is, proteins (peptides), 
oligosaccharides, isoflavones, phytosterol, vitamin K are permitted to be 
used as the ingredients of FOSHU.

For the past five years, only 12 components are approved to be the 
ingredients for FOSHU.  Soybean β-conglycinin obtained the permission
for the health claim that it reduces the neutral lipids in June of 2007.

FOSHU of β-conglycinin

Texturized soy protein

Fortified soymilk Soy yohgurt

Numerous soybean food products or supplements except FOSHU are also available in Japan,
and the information about the items were introduced in the Workshop.
Numerous soybean food products or supplements except FOSHU are also available in Japan,
and the information about the items were introduced in the Workshop.



http://www.maff.go.jp/j/balance_guide/b_report/gaiyou.html

The Ministry of Agriculture, Forestry and Fisheries and the Ministry of Health,
Labour and Welfare made the guideline on the good balance of diet

The Ministry of Agriculture, Forestry and Fisheries and the Ministry of Health,
Labour and Welfare made the guideline on the good balance of diet

Rice, bread

Vegetables

Meat, fish, soybean

Milk and Milk products

Fruits

The intake of soybean is highly recommended!The intake of soybean is highly recommended!

http://www.kenkounippon21.gr.jp/



Website and Database Relating to SoybeanWebsite and Database Relating to Soybean

WebsiteWebsite

(Homepage of soybean at the Ministry of Agriculture, Forestry and Fisheries)
http://www.maff.go.jp/j/seisan/ryutu/daizu/index.html

http://www.daizupeptide.jp/english/index.html (Soy peptide health forum)

http://www.tofu-as.jp/english/index.html （Japanese Tofu Association)

http://epi.ncc.go.jp/en/index.html
(Research Center Cancer for Prevention and Screening, National Cancer Center: You

can look at the results of JPHC studies on various foods including soybean foods)
DatabaseDatabase

(Database of soybean genetic resources in Northeast China in JIRCAS)
http://www.jircas.affrc.go.jp/DB/guide-eng.html

http://www.grainnet.ne.jp/
(Gainnet: Database on soybean products : only in Japanese)

http://www.hinshitsusekkei.kais.kyoto-u.ac.jp/Soybean/
(Soybean Proteome Database: Please ask Dr. Maruyama about the contents

http://133.11.220.243/nutdb.html
(Nutrigenomics database in Tokyo University: including data on soybean components) 



All of SoybeanAll of Soybean

Chief Editor
Prof. Keisuke Kitamura 

Chief Editor
Prof. Keisuke Kitamura 

All new information on soybean 
had been collected for this book, 
and the book was published in 2010.

All new information on soybean 
had been collected for this book, 
and the book was published in 2010.
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