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SUMMARY

1. Title of Research

Development of functional traditional food using hypoallergenic soy

protein hydrolyzate

II. The Objective and Importance Research

Soy bean is the second food resource followed by rice. The increase of
soy bean yield is considered as an national issue. Unfortunately, the degree
of self sufficiency is no more than 5% due to the decrease of the yield and
the increase of soy bean import. The customers are reluctant to buy a
domestic soy bean by the high price of domestic soy bean (the domestic
bean: 2000won/kg, the imported bean:700won/kg). The low consumption rate
causes the area under cultivation decrease and the earning rate per tan be
lower. Therefore, the scientific merits of the domestic soy bean and the
processed soy bean food have to be proved and advertised to consumers.

The domestic soy bean was classified by color and named as yellow bean,
serae tae, black bean and so on. The vyellow bean has been mostly
consumed and used for making soy bean paste and sauce. The black bean is
much smaller than the serae tae and is used as herbal medicine. The serae
tae harvested after the first frost has the black film and the blue contents.

Each of soy bean has the different phytochemicals. The yellow bean has
more gestine in isoflavone than others. The black bean and serae tae has
anthocyanin coloring matter. This coloring matter being one of
phytochemicals has the inhibition effect of angiotensin converting enzyme
related to hypertension, xantine oxidase causing gout, and phospholipase A:

causing inflammation.
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Now, the adult disease such as obesity, diabetes, and circulatory disease is
rapidly on the increase due to lack of excercise and excess of nutrition.
Researchers, doctors, and government make many effort on decreasing these
disease. The wuse of functional food is considered as a good preventive
measure. Soy protein is known as having effects of improvement on fatness,
hypertension, arteriosclerosis, and hyperlipemia. it reported that eating soy
protein decreases HDL cholesterol and increases HDL cholesterol. As well;,
The traditional fermented foods made soy bean and soy bean hydrolyzates
were proven having the activity on antitumor by inhibition on growth of the
large intestine and lymph cancer tissue.

These results show the possibility of the usage as the new functional food
material.

In korea, about 8000 ton food protein per year has been imported and
used a food additive. The half of imported food protein is animal protein
such as casein, egg protein, and serum and the other half is isolated soy
protein (ISP). At this point that the increase of consumer desire on
vegetable protein, ot assumes that development of functional food material
with domestic soy bean makes a possibility on saving 60 billion dollars. On
the other hand, the self sufficiency of rice i1s 100% after 1985. Recently,
the consumption rate is rapidly decreased compared to the production rate
and i1mportation rate is increased. Therefore, farmhouse revenue is on the
decrease and provision security is floated as a serious issue.lt is necessary
to make the processed rice food for keeping the demand and supply of rice
and the promotion of rice consumption. Expecially, development of traditional
rice processed food such as rice cake give a good meaning society with
progress of technique.

The research reported that the comsumer want to eat rice cake for
breakfast and the well being trend causes consumer to consume more.
Many rice cakes have been developed by adding jingko flour, surichu,
mulberry leaves, and fiber. As well, many reserchers make an effort on

delaying dematuration of starch preventing commercialization
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It 1s rarely that quality contributes of rice cake are studied after adding
developed functional food materials like soy protein hydolyzates. Until now,
there 1is not any study about dematuration effect when soy protein
hydrolyzates add to rice cake.

This study developed soy protein hyrolyzates and identified functional
effect of hyrolyzates. It developed Jeungpyun replaced with soy protein
hydrolyzates and conducted sensory and physiochemical properties, and

storage test in order to verify the possibility of commercialization.

IlI. The Scope and Contents of Research

1. Development of soy protein hydrolyzate and funtional traditional food

(Jeungpyun)

A. Fractionation of soy protein separated from the domestic soy bean and

measure of hydrophobicity

e Development of soy protein hydrolyzates
e Measure of hydrophobicity of soy protein hydrolyzates

e Test of functional properties
B. Development of Jeungpyun added soy protein hydrolyzates
¢ Conduction om sensory properties of developed Jeungpyun
e Investigation on physico—chemical and physical properties of
developed Jeungpyun

e (Conduction on storage test

2. The effect of lipid lowering and antioxidative effect of soy protein

hydrolysate
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A. The effect of different kinds of Korean soybeans on body lipids and

lipid peroxidation in rats

e The effect of different kinds of Korean soybeans on body weight of
the rats

e The effect of different kinds of Korean soybeans on body lipids of the
rats

e The effect of different kinds of Korean soybeans on lipid peroxidation

of the rats

B. The effect of soy protein hydrolysate on body lipids and antioxidative

activity in rats

e The effect of soy protein hydrolysate on growth rate of the rats

e The absorption rate of soy protein hydrolysate in rats

e The effect of soy protein hydrolysate on body lipids of the rats

e The effect of soy protein hydrolysate on antioxidative activity of the

rats

3. Development of Hypoallergenic Soy Protein Hydrolyzates in Piolt—plant

Scale

A. Preparation of Hypoallergenic Soy Proteins without Antigen

e Development of method removing antigen from soybean

e Preparation of Hypoalergenic soy proteins in piolt—plant scale
B. Enzymatic modification for structural changes and improving functional
properties

e Preparation of Hypoallergenic soy Proteins using enzyme modification

e Enzymatic modification for improving functional properties

IV. Results of Research

_17_



1. Development of soy protein hydrolyzate and funtional traditional food

(Jeungpyun)

A. Fractionation of soy protein separated from the domestic soy bean and

measure of hydrophobicity

Seraetae was selected by lipid lowering and antioxidative effect for making
hydrolyzates. Alcalase as enzyme were chosen by hydrolyzated level test of
enzymes. In order to investigate functionality of soy protein hydrolyzates,
turbidity was tested. The longer hydrolyzated soy protein showed higher
solubility. On the pH effect, possibility of isoelectric precipitation was
indicated by intermolecular  hydrogen  bonding through amide  group
interaction. The test of hydrophobicity resulted that the longer hydrolyzated

hour increased peptide content.

B. Development of Jeungpyun added soy protein hydrolyzates

Functional Jeungpyun was prepared with rice flour that added with soy
protein hydrolyzates (at the levels of 1,3,7%). Batter pH decrease as
fermentation progressed, but showed higher pH after steaming, pH increased
with the increase of hydrolyzated soy protein concentration. Solubility,
foaming ability, water content, and water coherence increased as the level of
soy proteins hydrolyzates increased. The result of consumer penal and
specialist panel indicated that Jeungpyun with soy protein hydrolyzates were
preferred. In storage experiments measured by a DSC, the effect of the soy
bean hydrolyzates on retrogradation was observed to exert a great influence
of Jeungpyun. Jeungpyun with soy protein hydrolyzates made transition

temperature and enthalpy higher than the control.

2. The effect of lipid lowering and antioxidative effect of soybean protein

hydrolysate
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A. The effect of different kinds of Korean soybeans on body lipids and
lipid peroxidation in rats

SD male rats(n=48) were assigned to six different groups and provided
experimental diets for 28 days. The protein source of the diet was casein,
isolated soy protein(ISP), or casein plus traditional soy powders(yellow
bean, huktae, jununi or seorietae). The ISP and soy powder diets decreased
blood triglycerides. The ISP group had lower hepatic total lipid and
triglycerides than casein group. The vyellow bean and Seorietae group had
hepatic lipid lowering effects, but the effect was not found in Huktae and
Jinuni group. The blood malondialdehyde content was lower in Yellow bean,
Jinuni, and Seoritae than the Casein group. The glutamate—oxaloacetate
transaminase activity was significantly decreased in ISP and all the soy
powder groups. The glutamate—pyruvate transaminase activity was decreased
in ISP, Jinuni and Seorietae. The results of this study suggest that
Seorietae, Jinuni and Yellow bean groups are more effective in lowering

body lipids and lipid peroxidation than Huktae group.

B. The effect of soybean protein hydrolysate on body lipids and
antioxidative activity in rats

SD male rats(n=40) were assigned to five different groups and provided
experimental diets for 28 days. The protein source of the diet was casein,
isolated soy protein(ISP), seorietae hydrolysate(SH), soluble soyprotein
hydrolysate(SS), and insoluble soyprotein hydrolysate(IS). The apparent lipid
absorption was significantly lowered in isolated soy protein at week 1 and in
insoluble soyprotein hydrolysate at week 4 of the experimental period. The
soyprotein  hydrolysate groups had lower blood triacylglycerol, total
cholesterol and LDL-—cholesterol than casein group. The effect was more
prominent in insoluble soyprotein hydrolysate. Seorietae hydrolysate had
higher antioxidative activity and ISP and IS had lower blood lipid

peroxidation.
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3. Development of Hypoallergenic Soy Protein Hydrolyzates in Piolt—plant

Scale

Soybean is generally considered a source of hypoallergenic protein, and may
serve as a suitable ingredient for infant formulations, thus adding a variety to
restricted diets of children with food allergies. Allergenicity of soybean proteins
have been well documented in the literature. However, investigation on
allergenicity of soy proteins is limited. Our preliminary study showed that
allergenic proteins were 5% and 0.2 % of total extractable highly antigenic
proteins with 38 kDa molecular size. Although soybean is nutritional and
pharmaceutical potential has been recognized, at present, rice bran protein
concentrates and isolates are not commercially produced. This can be attributed
to lack of commercially feasible extraction methods due to: 1) poor solubility
due to extensive aggregation and disulfide bonding of the proteins, 1995), and
2) the complex nature of proteins in soybean. These inherent properties of rice
bran proteins makes it difficult to extract proteins by a simple extraction
procedure. Alkali extraction condition can cause undesirable side reactions and
potential toxicity. This alkalinity not only affect the nutritional properties but
also the functional properties of proteins which are important for the processing,
preparation, and quality in a variety of food products. Therefore, development
of effective and efficient methods for extracting proteins from soybean is
critically important.

Recently, an enzymatic method using alcalase has been developed in our
laboratory to produce soy protein isolate containing over 90% protein with a
yield of about 75% from non—heat treated and defatted soybean. To date no
other work on soy protein isolate preparation has been reported, and this is the
first time that a soy protein isolate (SPI) has been produced with a yield over
75% and protein content of 90 %.

The poor solubity of soy proteins makes them undesirable for functional
applications. Hence, in addition to improving protein extractability, structural

modification of soy proteins is necessary to produce functional ingredients and
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for beverage/infant formula applications. Controlled enzymatic modification can
lead to optimum balance between different molecular characteristics including,
size, charge, surface groups and flexibility, of proteins due to changes in protein
conformation and structure which give soybean to desirable physicochemical and
functional properties. To optimize specific functionality by  structural
modification, information on structure—function relationship on soy proteins are
essential.

Proteins structural properties and the interaction with other food components
determine the functional application of proteins in a food system. FEach
functional property of a protein requires different characteristics. For example,
molecular flexibility with less secondary and tertiary structures is essential to
impart foaming ability, while intermolecular cohesiveness, elasticity, and
viscosity are important to maitain foam stability. Hence to optimize specific
functionality = of  proteins by  structural modification, information on
structure—function relationship 1s essential. Investigations and information on
soy protein isolate and its applications are limited due to the lack of simple
extraction methods.

The successful outcome of this research is the development of an economical
method to produce hypoallergenic soy protein isolate which can lead to new
uses for use of soybean and new technology, and potential commercialization of

soy products.
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Table 2—1. Bioative peptide derived from food protein

Peptides Orgin Physiological effect
B—Casomorphin Casein Suppression of intestinal mobility
Gluten exorphin A Glutein Improvement of learning
Rubiscolin Rubisco Improvement of learning
Ovokinin Ovalbumin Anti—hypertension
Soymetide Glycinin Protection from hair loss
Casein Phosphopeptide| Casein Improvement of calcium absorption
Soybean Soybean protein | Hypocholesteroemic effect
Casein Phosphopeptide| Lactoferrin Anti—infection
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Table 2—-2. 7|54 9 #H A7
A2} 9 9| FAs ul &
4% 9 19| . o ‘—éﬂ—%ﬁ v‘g%ﬁﬂ @1%;01 B *;.“ 6;,_ o
(2005) VAP P S50 W2 3L SS9 A, HRAS 2o
i CYErg e, 8% 3 el MY EA HAAEAS.
e 9 19 - 12k | 3AZEE 23 dE 303l Al H97F T}
(2004) oT o g =obek o g vERd
- = JlsF X 2~ H 5 o = 1t}
G 20| o | g [D1S0 STE TS EAEE S qEe
(2004) o ! O ¢ T y 11— 5 o ! o - O H o,
A4, FAFARANA B felHo R vHA YE
&5 3] A7) mEe | H7bFe] F7HE 5 A EdAE Logle], g4
(2003) i 7 e A0 Faske o R UEd
solee FaAlet ah H7kte]l kA ax
Hu)g 9 291 2] F3kAl, |7k vske] ATk sol YR &Sk
(2003) BT oH, gaHoA = S A REFEAA
frojst Ao R e
A4+ 9 29 ) FaMA (JAase AT Hubge] S 8 fofHom
(2002) = 7HE [SUFE A M oA eR Hadhe S B
AE<(2002) | MA7] | 3u] |31 6-8% A oA 53Tt 7P =4 LreR
10% H7brellA §F-97F 748 S7helsls, Aol
A7 9 391 =g |zgstz A& lightness©= U&7 7B Ekon,
(2004) °c= | lyellowness$t rednessy® #H7bEol F7ME =
=0 Ao LEES.
AG3 9l 39l gy | LFOl [HEY 6%, 8% kel WA T de
(1999) = HE |27 =2 Fog e
AurAol 7]FkoA AHLE Ha B FRe
AFs] o) 191 A, | oy (3%914 HE 22 rbEsled V1R A e
(1998) Azl | T e sE ¥¢ £% VBEE FohAA
7% W 7PE £ Aow HIEEYS.
L 37 3L o o =0 Z
EEEICIED| DRSS RN S e S-Sl Pl e
(1999) T =/T |93 o 2 T = Il = HJ—O]—E NO =2 1’]’
e
QU 7% H7bdol MY AEEE Aom e
wom Aol Ao= L= omap Hrisko] &
AA=(1998) | A719| 2mxp 7FE 5 W ET ol on AMEE UEhl &
A= en Rl 7%l HI AT +3kS o
BRI L&
w2 o 1ol Wbl Aad H7ReE el AukAom
AZ19 | e (A UEiseH, UMl S 5 F oy

(1998)

Are %29 Au} AR

_34_



ze)
wjr
=
Hin
o)

-

B
Ko

}o] 25-35CoA 23+

d|

2 Kim, J.C.2} De Ruiter(1968)

FA))

ksl
RS

S AL, ©]53](1983) %}

=
=

HeF

st ol F 1], 1988).

o] F&7F Wkt

(1994)

R=S
o

(1990)¢} =+&3

T
0

—_
file)

|

N

o
700

ngﬂO

2=

sz

Blc]

agog ArtFo] 1.5%

row,

o
A

Mo

-

o

700

of U7}FF 25% H7}
o Algs T2 F

=
T

27}

9] Dextran®} WjF--=0

A7F 54
9] dextran¥AE Fil o] dextrano] =

DC}

A2l

T

]

b2

=
o

1717

bl @Fatgon, 3

5|

s

™

o
o

ofp

file)

-

B
Nlo

N

el
700

Bo

1_.
70
[0

<0

Ptk 34 9 121, 2001). L&t} o

S

H

X
o
hl
R

3

o] ol xlu} glom,

014

T

57l 7 A

3} A%

= 9

5

o 2HA]

o

A 2 A ATFZAY7 Tl V&

= =
T 5

s elel A ool A gkt e o

AT
SE

folell 2

SERE RS

-
T

3

el
SEFEREET

of W 7%
71573

=
T

Ak

S
T

Apefol ). A

el

me

_35_



el
100
Bo
o))

o)
=)

AA7E zv5=014 3lA

*

o o A

=
=

3l

7HE

o147 A ¥

-
.

3. ol A

o 1
RS L

170] A3}

e

gt

ohowEb tE Akl

N
!
oF
o
7A

7l o] kBt AAAA A

3}
g

1}

1513
=

54 241 27he 9 )
So] gso] ATk ¥ ATelA 7

7]
o

-
L

4. ol A

)

B
B
Njo
0
JJo
)
il

1

o

o

=0

H,

s

%

st=

sol o,

A A

100

ofp

ﬁ
od
fuy

Mo

ol 4

o 7= o

Y
Hin
<
ol

o

1

Zpee =

A

el
=

of T e e

AR

’

7V shel ol
il

3h
oH

w2}

>

o4 o} AAL T g

Al
=

0] =
AR -

e A

2A AEske] T

o

_36_



02t
i
00

o
N
B

H 3 & A7 e =

—

A1 A i e TheeEReE Al R 7leA A AE

7F =4t AEeE25E £33 soy protein hydrolyzates®) functionality <}

hydrophobicity &3
D A7 M e

TUE A R5E el 2] giFEs o] &ste] girauAs vhEglon, o
uH

o
°of Alcalase® FH7Fste] 7Fedales A8t 7heEsirlel =4 (pH, @A

[¢]

71 #ske]  turbidityE® =A3F O™, I target peptideE FEF7] 5o

fractionations Al =38} T}

2) A7 w2 Az

T FAE Tt g A, 2gE FA, 9
< 100 FH3&te] 3ntEo= FAE AHwgsh
§& flste] 4 59 IS 100704 S § T F9E F44do], FF, &%
A olet Fdo] F/E caliper® A-§-3hA

0 £ FAe SARRE MFe wr%e @agin,

_37_



Table 3—1. General characteristics of the soybean samples

(unit @ mm)

100-seed Whole Long Ratio of Hilum

variet
Y weight(g) length(A) width(B) A:B:C length

A2 Ef 36.59+0.89 10.15£0.38  9.33%£0.34 1:092:071 4302£0.19

o &3 13.44+2.02  7.13+0.09  6.23£0.21 1:087:076 3.45+0.05

>

Mz =282 AA (Color JC801, Color Techno System Co., Ltd., Japan), L
(), agt(HA%), ba(FNE)E SAHsIG e 548 A BeE Ass &35k
Aw=7F 80~100 mesh7b H== 3tk ojw Apg3H Wgke 1=100.04,
a=3.61, b=10.77°] AT}

=
N
s

Table 3—2. Color values® of soybean samples

Variety L? a? b?
= 70.84% 1.19° 21.9°
o =2 78.56" 5.40° 28.4"

1) Means of tree replication; Same letters a column are not significantly different
each other(P<0.05).

2) L : Light scale(100 = pure white, 0 = black), a : (+ red, — green), b : (+
yvellow, — blue)
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32
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Table 3—3. Proximate composition of the soybean samples

(unit : %, w/w)

Crude Crude

Variety Water orotein ipid Ash  Carbohydrate
A E[Ef 8.9 42.3 19.0 45 25.3
o & & 10.5 38.7 20.8 45 26.2

AGA L silicic acid A9 AzmvtE2H o] oste] FAAAEAE, GATAE B Q1A
WAz Feetgitt Silicic acidg FEo|=A mHAE A7 st et SHTE 2
W washingd}il, methyl alcohol® 2¥W washingdlol 105~110TColAd 1243
activation A|Z1t}. 1.76x42.8 cm columng A}&3le] flow rate 1~3 ml/min,
solvent volume= bed volume?| 6¥JZE3}e] chloroform, acetone, methyl alcohol
o] FAZ BEFAAH, TAAAYAL chloroform, YA A2 acetone, UAFA
methyl alcohol &&&F8 oz +333}. 7} X]H”‘] TS BA5] Aol WA
AL @7] et AREE vEst 3§ JtaaRvtEOa 9 E o] &eto] A
A} B}

AR 0.2 g& gt Fs ol ¥ Wi 0.5 N MeOH-NaOH& 4 ml&
H7bete]l WAHs AA k] 303F §H&AIXL & BF;—methanol 5 mlF7Felal 23
So WATs 5
3l hexaneT < 25 ml A7 Eef2Ael &7|al #Fe] F° sodium sulfate® ¥l
hexanezol Fates FES A7 vha oAdste] APat B4 AJlg82 ARESFIH

GCE o] &3 BAxHAE Table 3—49F 7t}

of saturated salt solutione #H7}

ol
ol
=
@
el
jab)
=]
D
w
=3
tio
in
o =
—
Shs

Table 3—4. Percentage of lipid fraction in soybeans(%)

Lipid Al 2] B o =&
Neutral lipid 96.5 98.3
Glycolipid 0.2 0.2
Phospholipid 3.3 1.6
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Table 3—5. Fatty acid composition of total lipid of soybeans(%)

Fatty acid Al 2] B o =&
Myristic acid (14:0) 0.1 0.2
Palmitic acid (16:0) 10.8 1.4
Stearic acid (18:0) 2.8 4.6

Oleic acid (18:1) 22.8 23.4

Linoleic acid (18:2) 53.9 52.2
Linolenic acid (18:3) 8.5 7.1
Arachidic acid (20:0) 0.3 0.2
Behenic acid (22:0) 0.1 0.3
SFA? 14.1 16.5
UFA? 85.2 82.7

1) tritrace

2) SFA : Saturated Fatty Acid
3) UFA : Unsaturated Fatty Acid

otul =it Z4E 98] 60~70 mesh7} H=F H33k ?%%% 0.2
o] ampuleo] ¥l 6 N-HCI 15 mlZ 7}3F 3 N, 2 2|3l A
th o]E 110TC QoA 24A13F ZhiaiA| 2] 5 st ]\:E_’I_—O]LTE 50 ml &
Zef~go 48 % 0.2 m membrane filter® oJ3#}ste]  AccQ-Tag WHOZE
SASAIZ b obrxAbS HPLCE AARESEIth. oWl columns Nova—Pak
C15(3.9%X150 mm), injection volumn< 5ul, flow rate 1 ml/min°]il, A&E7]E

fluorescence, ©]&A<L 0.14 M sodium acetate(A), 60% acetonitrile(B)Z

gradient &2 X319},
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Table 3—6. Amino acid content of the soybean sample

(unit : mg/g protein)

Amino acid Al el 5 H &3
Asp 99.2 103.1
Ser 279 28.0
Glu 153.9 155.9
Gly 36.9 37.2
His 22.4 22.2
Thr 259 26.0
Arg 60.0 574
Ala 36.4 38.2
Pro 47.0 42.2
Cys 9.1 5.7
Tyr 26.4 29.0
Val 44.4 43.8
Met 3.7 2.9
Lys 52.7 56.5

Ile 42.6 42.7
Leu 64.1 64.2
Phe 36.1 43.7

Total 788.7 798.6

Isoflavone =74 A5E et AxAZ 0.1 g& A3 AHZstd
0.1% acetic acid® 23e 70% ethanol &9 0.5 ml& 7kste] ankeh & A
AN 24A17F WA st FEsQATE o] AlE AAE2] (12,500 rpm, 5%)F F ATl
= F st membrane filter(gelman LC13, 0.45 /m)=E o3ste] HPLC 24 A=
= ARgSFlt

Isoflavone< aglycon?l daidzein, glycitein, genistein®} 159 Y= njdA|el

U o
)
ofr
Lo
Q.
£

daidzin, glycitin, genistin, malonyl—daidzin, malonyl—glycitin, malonyl—genistin,
acetyl—daidzin, acetyl—glycitin, acetyl—gencitin® = 127}%]¢] A&ES HPLC=E
AEsFF . JASCO(Japan)Abe]  HPLC  system2  o|€3t9om  columne
YMC(packed ODS A303(4.6x250 mm))& ARE3star, UV detector 254 nmolA
4393 flow ratei= 1.0 ml/min®] At} =2 Z3}+= Table 3—-73 )
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Table 3—7. Isoflavone content of whole seeds in soybean varieties

(unit : mg/100g)

Glucoside Malonyl Acetyl Aglycon Total

Variety
Din Glin Gin Din Glin Gin  Din Glin Gin Dein Glein Gein isoflavones

Al2[ef 129 62 243 24751463875 249 41 nd 28 nd 47 729.7

oj+& 334 120 433 1741 20.1 2338 143 49 nd 76 26 88 407.9

Abbreviations : Din, daidzin; Glin, glycitin; Gin, genistin; Gein, daidzin; Glein,
glycitein; Gein, genistein; tr, trace; nd, no detected.

Phytic acid®] &% =AHE 93 A 89 A%+ Hartland and Oberlass®ll
o] 2w 3tx] WHS o] 831 2™, phytic acid %2 Latta and Erskninol
HAH o g ZA3AT. AR 0.5 gol 2.4% HCIl 30 ml

[e)
=
o ;] wWHFETE o]E 12,000 rpmollA] 10%7F QAR s T A=dRS Yk

ol
o 1o
flo rob o

N

—_

( l"-.J
> «{o\t
\\)

>

)

off

2

1A

s
r

il 1—]730] 1.0 cmX15 cm colunmoﬂ Lol w3 X (AG1-X8, Bio—Red
]

T2 Clo]&o] A

:(m

Ng 5uf 3Aste], 10
7= 20 ml¢F 0.05 M NaCl 25 mlZ #o] Fo] F7]eS A
Askal 0.7M NaCl 15 mlE 7}5te] phytateE &&3 & o] €45 30 ml=Z A&
AT o] A fN 3 mlo] Wade AleF(Ferric chloride 0.03% <} sulfosalicylic
acid 0.3%) 1 mlE Yol WHMAIA, 500 nmolA EFFEAZ FHE=S SAHTL,
phytic acid(dodecasodium salt)E XF=2= AA3 EF FAd 93] phytic

acidE A#Zsldt. 2 A3+= Table 3—83 At}

Table 3—8. Content of phytic acid in soybean variety(%)

Variety Whole seed
A 2] E} 2.2
ol =& 2.17
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SYude FHS 95l AlE 1.0 gol 10% alcohol 25 mlE 7}star 30T
water bathol|A] 1A]ZF & Fo 10% lead acetate® 5 ml F7}ste] @d-& A
AstGe. FEHS 12,000 rpmolA 1083 94 EEste] A ds FHEHA
membrane filter(gelman LC13, 0.45 m)E oj3}3te] HPLC B4 A BE A3
o}, BAzAE JASCOAFY HPLC system= ©o]833 o  columne Kromasil
NH; 10 m(4.6 mm>x<250 mm)& A&t o] &7 acetonitrile? waters
70:30H = e I s AREste]l EAsHIth 52 2.0 ml/min®E 24353
31, injection volume& 20 wlPem™ RI 930 detector(Jasco)Z EA5HTh 27

g BAo) AlgE =528 sucrose, raffinose, stachyose® 3FF %t}

Table 3—9. Content of oligosaccharides of the soybean

(unit @ % w/w)

Variety Sucrose Raffinose  Stachyose Total
A] 2] g 10.1 3.9 43 18.3
o =& 5.1 1.3 3.9 10.3

) Preparation of protein samples

e MEEE "MR dopd diFds weElen oZ& 0.0IM B -
mercaptoethanol® 0.02% sodium azideE X33+ 0.03 M Tris—HCI(pH7.5)%
Ao A 1AZF Eot stirring A7) Aol gefA] ©x] AlFTE o)A wkEolH e

Al g5l Thanh er al(1975)9] WHOE whole proteing FE3IUoBZ F=
H ool e A E protease reactiondl 2% ThrEdlwa AT

t}) Protease Aol 238t 7}=E3 % (degree of hydrolysis) =4
VR = Alder—Nissen (1979)¢] W) we} =439t} Whole proteine
7

A ERel W 240 B R @ 5 wees 4

dodecyl sulfatedl] €& & 75Co|A 1587 71<E3te] a4 &5
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Table 3—10. List of protease for hydrolysis of soy protein to make soy
protein hydrolyzate

. . Standard Units
Protease Units pH | Temp. (C) _ _
(units/mg solid)
Animal
Trypsin® 1580 BASE units/mg 75 25 1500
Pepsin® 439 units/mg 2.0 37 1500
Bacteria
Protamex” 1.5AU/g 6.0 40 1500
Neutrase” 0.8AU/g 6.0 40 1500
Alcalase” 0.6AU/g 8.0 50 1500
Fungi
Flavourzyme” 500LAPU/g 7.0 50 1500
Plant
Papain® 1.7 units/mg 6.2 25 20
Bromelain® 2.8 units/mg 4.6 25 20
a. Sigma products; b. Novo products
Table 3—11. Degree of hydrolysis (DH) of whole protein by various
protease for 24 h
Protease DH(%)
Animal
Trypsin 27
Pepsin 30
Bacteria
Protamex 24
Neutrase 18
Alcalase 48
Fungi
Flavourzyme 33
Plant
Papain 27
Bromelain 30
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=

A& 0.25 mlE pH 8.2, 0.2123 M sodium phosphate buffer(2.0 ml)el
0.1% trinitro—benzenesulfonic acid(2.0 mDE 7} 3 & LFrjE o=
AN EFIE AA 9g 2FEstal 50C 2 FxolA 60%3F W AlFTE WhS

/&l 0.1 N HCl (4.0 mD)& F7pskar oM 30 WA §- 34

Q1 74

(o
olo

tio
ofy
N

(e)

nmol|

3l =

Al 7] 7

|
A EFLEE =AY o, L-leuicine Ew A7} Hlwste] A

=

M
i

Alge JZteEsE 9Yste] Novozymeol A  Alcalase® Fufistgich  FufA] ¢
product sheetoll Al pH 83 50CeolA &7 71 A=Y Ho3 921, Dong
Shang—gui et al/ (2004)3} Periago et al(1998)2] Ado|A%E H]<=3 2%} pH
= AAstFerz JtEs|e AL pH 8(phosphate buffer, 0.08 M), 50C=
vk, masie] ok did wro 21E& 37] flske] ninhydrintts 2
A& Cronowska®t Pronzuk(1981)9] WS 4=A3te] A &3t WA
As gy sto] 7k A2 Foll o] A test tubeo] 2 ml& ¥al o7]o] 2 ml9
phosphate buffer(pH 7.0, 0.080 M)¥ 1 ml ninhydrin solution (1%)E& ¥ %
o B & 3083 $7 AU FHE ARE 7ol A3 Fe 100 ml volume
flaskel] ¥ = 308 & 39

570 nmolA FHEE =A3r}h Figure 3—-18  wildo] 3 Alcalase x2S

BN o

S
BN
i
e
il
o
pio)
e
ut
>
il
fo
o|\
=l
BN
N
4
-0,
k1
fe

=
) AlZFS @e]dk Ay Figure 3—13 FA}
A YERSTE Al7bo] E71EREE peptide S F71EI oW 603 o] Aol A Y53

= HEE T
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Figure 3-1 . Alcalase s& ¥
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* 2%
® 4%

6%
< 8%

Figure 3-2. CtWM A =cH S4 &)

u}l) Electrophoresis

g e] F2k RS #R1s7] #18ke] sodium dodecyl sulfate polyacrylamide
gel eletrophoresis(SDS—PAGE)E A Attt Separating gel(12%) 9} stocking
gel (4%)8 AH&3tRlom 100 VE 2A%bs<eh AAIFTE Loadingdt AEel
seperating geldulsr 744 W2 Ag &Qlstar FAAZH, dollA Eelgh gel
Comassie brilliant blue G—250& A}F&3}o] ¥H= staining solution®] 30&%F &
% destaining solution®] %] destaining AlF T Figure 3914 HoAX =
Zhetel A ol d e heEe] $o v mko]l Fdds] vE Ao U
ok 45 kDa ©o]/%e] @l d e Jhp ] 1AIZE o] dollA] 2 A7]e] AR T

A sol o WAL A % & Atk
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Figure 3—3. 7}=&3] A7t W& SDS — PAGEY protein band®] W3}t

v}) Gel Permeation Chromatography (GPC)

Gel Permeation Chromatography ol 2|l Flelo]=29] sizeZ &Ql3dl7] 9a}o]
Sepharose CL—6B Z#S Algslgon o]o] Adojx A= Figure 3—4¢ #o)
Hlg g Azrel] met g4 Agste] 7] Fols 25 5709 peaksE Ho
Fidom, vas Aol = 1HA peak?l LEAbEe]  JEfol= whlA o}
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o] =& Aoz =AT ¢ vt Al wEl 11 min, 30 min, 60 min &4 #
glsto] 7] o= 29 A peaket 3WAl peak’t A AA o] peak@ LHEF
o 5¥HA peakl AHwAEFe] FElO|=E 7FR dul A o] ghgro] =4 YERRTL

3.5 —— | & A 2|
—B—a2HMal11min A2
5 L —A— 5221 1min(fA &2 g
&2l

—e=— 5 2K 2[30min (4
Al

D(280nm)

0.

0 50 100 150 200 250
Fraction number

Figure 3—4. Gel permeation chromatography of SPI hydrolyzed on
Sepharose CL—6B column (5% 90 cm) —€— :@ H&AXd,
O- : 84X 11 min(HE), —4— : E2HF 11 min(LA
B3, —— 48 30 min (PARF), —+- : Z2HAF
30 min (FAEFY g, -O-: &2XF 60 min(LAET),
—X— : @437 60 min (A& 2H3H)

AF) Functional properties

ZhEEES] pHol W 8=, d oA %, NaCl¥ CaCly H7F A9 WHgS <o}
H7] 918kl turbidity s FAsHAT. A9S 98k hpws] A diFeud, b
118, 7FE8 608, 7H2d 12029 Als7F 22 s Z23dx

zhzte] FHlE ARt SR Salale] 8000 x go 3083 AR ] 5o

2 & 3 o
g8 FHato] Agol Agalt. BABEAL 500 nmol A ZAHo] Hov wE A
He 3wl v ol A,
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(1) Measurement of solubility

thFe pHell we ZheEsiEe] &ilws BA8k7] 98kl turbidity7b S8 ¥ ¢
Aot pH 2.0 pH 2,55 KCI-HCl buffer, pH 394 pH 6 A}o]& citrate—
sodium citrate buffer, pH 794 pH 9 Alo]+= Tris—HCl bufferE A|Zx, FH|3c}
HF buffer =% 0.06 M, 99d X+ 0.1%=2 9FTh 500 nmollA 743
Z73st7] Aol buffers} @ do] n2A HEF test tubed 5] FASSY. =
g A3, ass MR Fele A Aed turbidity‘:— S7ksh 2417 & REE
Hadte Ao R yEEth E% pH 6 ~ 99A = &alETt 2 AoR dEEo
pH 33} pH BSAboJelA= ezt v Ao uyebdth.  Elfadil  Elfadl
Babiker(2000)2] Aol pH 49} pH 6014 EEAHE7L & Aoz #4¥o
now, & A Adek= AFolshy pHER 7heiEdie] adves & s 2
turbidity 7} 2438t Ao 2 el

A

ol-

2
1.8
1.6
1.4
= ——0=
E1.2 - 1E
(@]
"?3 1 —— 60
a e 1208
S 0.
0.6
0.4
0.2
O 4
1 2 3 4 5 6 7 8 9
pH

Figure 3—5. Turbidity profile of protein hydrolyzates depending on pH
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(2) Effect heating on turbidity

ZhREE) 0%, 118, 604, 1208S 20ColAM 100C7HA 228 2e|ste] 1087
7t heating® ¥ turbidity (500 nm)E =A% tE.  Figure 3—6°4 HojA]+=
A" ZhrEddes AR AFs] Vlofsta gl Aew yEkt 7=
2] AgollA AHEe] I AAYE A whgol| oste] pEs] 0o wao] B
A4S whole protein 7] @959 oAl HRog mlelx o] It (German et
al, 1982, Hashizume and watanabe, 1979, Yamagishi et a/, 1980). 3+ 159
Aol A= heatingll oJsto] ¥ aggregate= L IFAdAd Al Aste] AEHA
0l heatingol= o] ttar 3FSI)

2 s

)

1.8

1.6

1.4
€12 ——0&
5 =112
B 602
o 1202
S o8

0.6

0.4

0.2

0

20 30 40 50 60 70 80 90 100
temperature

Figure 3—6. Turbidity profile of protein hydrolyzates depending on
temperature (pH 8)
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(3) Effect of NaCl on turbidity
7bEE AZPER NaCl 359 pHE 239 turbidity® 500 nmollA =A 3}
th.  Figure 7 ~ 10> NaCle] @3 &a&e] mx= dFS Aggk 102
Byttt pH 3914 pH 6AFe]ol A+ NaCle] %7} Z71842 turbiditys 745 o]
Q3 &3l A

i
N

Aok 2y A 7hEss NaClszhe &8s

turbidity S ZF7HA 715 A2 e

=

=

o

o

©

= —o—0OM

© —m—0.2M
0.6M

Figure 3—7. 11% 7I5E3 529 NaCl A7} W& Turbidity ®3+
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Figure 3-8. 602 JI=2H 22 NaCI&JI0l & turbidity

Figure 3-9. 1202 Jtx==2dH =0l NaCIE Il ME turbi

_53_

—e—(0OM
—=—0.2M
0.6M

dity



<o

S 223 ¥ heating 3 Aot} Aate] o3ty o2

Figure 3—102 NaCls&Z%
37} F7}et 4°= thermal aggregations 7FAdH= Ao g YeERYTH(Catsimpoolas
1979). Figure 3—129)4 Figure

et al, 1971, Hashizume and Watanabae,
=49 2

3—-147}4= NaClgEE 0.6 M2 1A A 7|12 pHEE heating® &=
o]t}. Heatinge NaCl7tel oaiA] €38 @RS tha] 234 st &35 714
gt BE JbRE] Bl A heating aggregations ©F7] @AW EEEE 120

ol M= T AT e o Ao r FAHe .

=

C

S

S

K2

o —— 02

o —=— 11&
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Figure 3—10. Effect of heating on turbidity of soy protein hydrolyzates
depending on NaCl concentration (pH 7)
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Figure 3—11. Effect of heating on turbidity of native soy protein depending
on pH
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Figure 3—12. Effect of heating on turbidity of soy protein hydrolyzates
(11min) added NaCl (0.6 M) depending on pH
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Figure 3—13. Effect of heating on turbidity of soy protein hydrolyzates
(60min) added NaCl (0.6 M) depending on pH
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Figure 3—14. Effect of heating on turbidity of soy protein hydrolyzates
(120min) added NaCl (0.6 M) depending on pH
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Figure 3—15914 Figure 3—177}A%= calcium ©]=3te] Fyjo] #3st Azjo|r},
Calciumo]-23}+= oF7re] el F7F= A9k NaClol H|sja] 1t}A] ¢ dko] Q=
Aoz Yehwth 28y Figure 3—20%-E Figure 3-237bA= CaCL@7F =
heating®] &¥} o] #A3 HOE heatings 3+ & o= aggregation®H UH AEQ A
g FRo] FolAE o by,

2
1.8
1.6
1.4
=
g 12
3
S og
o —e—0OM
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Figure 3—-15. Turbidity of native soy protein depending
on CaCl, added at different pH
£
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Figure

pH

3—16. Turbidity of hydrolyzate (1lmin) depending on CaCly added

different pH
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Figure 3—17. Turbidity of hydrolyzate (60min) depending on CaCls
added at different pH
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Figure 3—18. Turbidity of hydrolyzate (120min) depending on
CaCl; added at different pH

_58_



—e—before heating
—m— after heating
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Figure 3—19. Effect of heating on turbidity of native soy protein depending
on CaCl; added at different pH

—e&—before heating
—— after heating
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Figure 3—20 Effect of heating on turbidity of hydrolyzate (11min) depending
on CaCly added at different pH
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Figure 3—21. Effect of heating on turbidity of hydrolyzate (60 min) on

CaCl; added at different pH
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Figure 3—22. Effect of heating on turbidity of hydrolyzate (120 min) on

CaClz added at different pH
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6. Ion exchange chromatography

DEAE — Sephadex A—50 chromatography(7x42 cm)& AF&3le] Ha3)
pH 8, 0.08 M¢]phosphate buffer 1000 ml& A}g3dle] FFE = o oz S 1
Hom, Fztd @wWde 0.8 M NaCle 33+ phosphate buffer 1000 ml= 3

ARRE BEgAZ oY, flow rate 60 ml/hr, 2179 test tube volumeS 7 ml&E
AT ey & v FER S hfekal 9l 45004 559 whElES Kol &
Aatglon, F2H G dE fraction number 175914 1859 whAE Rol H3b

i
e o B4 § BAdx At WEF wuds 53 vl wud =27

5 ¢7] 98t SDS-PAGE A 3kSlth A3 A3 Figure 3—-23%9 #owH,
Hl Fatvk Aol Fabckul o] H|ste] ] 2 Exle] dwldz pAE S F F

1.5

0O.D.
(280nm.

1 51 101 151 201 251
Fraction Number

Figure 3—23. 2A17F 7}4E3E9 DEAE - Sephadex A-50 colummo] <3t
fractionation
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o}) Surface Hydrophobicity

7FEiEsl &9 Surface hydrophobicity™ flourence probe(ANS)E AF&3sh= A
o 9slx A= o] Al Sample> 7t AEEEZ 0.0001 ~ 0.0005 g/mle] FEZ
phosphate bufferE A}&3te] wEo] FHow, oo 10 ul ANS (8 mM in the
standard buffer)o] F3}=o] Hr}  Fluoresce intensity:= Amico Bowman
Spectrophotometers  AF&3}9]  excitation wavelength 390 nm, emission
wavelength 470 nmollA SAHF o] Ht}. olo] dojx A= Figure 259 #ZowH,
Zyie] Alzro] A3 &2 hydrophobicity7} Z7FsteE Ao ® Holw, 1208 71
ol EollAd Hdi]l Aow A Ho] A
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(= 1
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Figure 3-24. Surface hydrophobicity of native and
hydrolyzates

) AAste] aoh

O ¥ proteases £3+ oH] A3¥ A} Alcalase’} 7R =) $F8le] gow
o] A ALESHA 2 ahEA AAHHA
@ &4 W HAY =271LS 50T, 120 min, 99A BT 6%, G4 F5(

oV

0 s
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W) A s wE F 24 ¥

(1) pH

Mathason®] Wl whe} g 7, 23 g & FA Fof {9k 5gol] 3
£ 7}t pH meter(Suntex, SP—2200, USA)Z =AUt SA3 3o pHE

TANZHE ANE 5 g TFHT 45 mlE gt F433t

o WSS WS W (FY] 59.6g)0 Wol ARF W= TR (HTFe/
H

ik=so] Bl S -8kl th(Campbell, 1979).

(3) A= (Viscosity)

a7l Ed "S- Consistometer(XE 5cm, =°] 2.5cm)ol] 7F54Y o] template
Aol &8 w1 23EgE oY W5S 3 W Zol F]lth consistrometers A7
&1L Line spread test(Mcwilliams, 1993)el €8l 108 Fo AP} H A 7S ¢
sto] 1/4% e gk Akt

(4) 712 A H(FA: Foaming ability)
713 @92 Shiiba 5(1990)¢] WHE ol &sklrt &g A, 12 &a, 24 T
7 B S dbsEo] B¢ AFXA]E 3.5g9] 50 mM acetate buffer(pH 5.5) 40mlZ
o] wj
rotore AEL 12mmE 3P L £EE 10,000rpmS A8t 58 =<F ¥ A7)
! < O

31 o)t
T AEI GAE SA s ™Y AN ¥ (mDe g8t 712 94 Y
A

—-1) X100 By A3 A e] -9, Le A €] 5.
(FAR 9= %E unit® gt})
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o) SHe o]gtErAl 54
(1) gal=e} A= (solubility & Swelling Power)
g bR G ARk, 3 werkee 388 A4 F 1A Hel FHs $4

1
z71ol %3 F Schoch WH(1964)0] whel BFH3 ffes 2 259
(50-90C) wet b5 o] SAHsUT. 5, AR 0.5 g= 94 FE e FHsto +
4 30 mlE 7Feted Z Bab A7l B ZF 2% 9] water bathoﬂ/\1 3087 TL”?}I} <
3000rpmol A 2087+ YAEE] 3 <
A A2AA FAE AT T b A 93t B3 PJr S35 Atstadt.

O

ofo
:Oé
k1
Il
>
—
o
(@)

B = X 100

(2) =223t (water binding capacity) =7
2t A A T 7hES Ash] fete & AVt SH S 447 AR A
AZx3 % Sathe 5(1982)3 Medcal 5(1965)9] WHoz 1 AFHS FHA

A& 2gol &F/HF 40mlS 7}t magnetic stirrer&

(3) LW 24
ARG E #A41S AOACH (AOAC, 1995)°l oJste] ZAsth FAe § 2ol
A 1ARE Heo) e s S A 7 A=A, 1998) 0.2 SA46kg]

A8 5gZt7zF o 7)o o} 105-110C dry ovenolA 5A1%F 71%3t31 desicatorol Al
sk & EAZ A 2u sheke A4 Al 6.255 AFE3F], micro—Kjeldahl
H (Distillation unit B—324)0.2 &A3sl, ZAH S A8 Z Soxhlet apparatus

HARE A&l 70T A 5A17F F<F petroleum ether® FE3F T 3 & Shake
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600C< AA 33 (Eleciric muffle J-FMI, Jeil, Seoul)& A}&3sto] =A31Y
el s eFe 10004 Rk, 2ok skek =k skek 3| i okeks wl gt

&3t

_11\1'

;O
£

mlo
>

) FHe #4 54
Mz ZAHL Color difference meter (CR—300, 1991, Minolta, Japan)& A}-&3}

o] MX (L. Lightness), AM % ( a, redness), Z%=(B, yellowness)#s Z+ A&

wle 18]e] 3709 AES Hel S4stel WAl 33 WE SAste] 1 Wit ghe Fahd

Table 3—12 Color differences Classification by AE unit

AE units NBS(AE) Note
0 ~ 0.5 trace L: Lightness, O ~ 100
05 ~ 1.5 slight (black=0, white=100)
1.5 ~ 3.0 noticeable a: Redness, -60 ~ +60
3.0 ~ 6.0 appreciable (negative: Green, positive: Red)
6.0 ~ 12.0 much b: Yellowness, -60 ~ =60
over ~ 12.0 very much (negative: Blue, positive: yellow)
(2) 539, A, a4

A
SAGE $o] FH ] B3] (Volume), WA (symmetry), 243 (uniformity)el tof g
A4 (index)E= AACC method 10—91(AACC, 1984)e] we} 443t template(cloke
5 o] g3ttt oA FAHANYE FHoE Huste] RoA= Crumb F8
CE FAIBI AT At CAbeldll B A&, C9} EAL
WA B gdA A E v 22 3R
Axrslltr. (Figure 3—26)
(1) volume: B+C+D
(2) symmetry: 2C—B—D
(3) uniformity: B—D
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A B C D E

Figure 3—26 The AACC plastic Jeungpyun measuring template chart

(3) MAF= &

A Bg T AR FHS SAE 5o FHY Ve BHE wEEr] skl vk
20g¥ ¥ 127 (1 X 1 X1lem3)E ARSI 1 4FE gold—palladiumS 2
LT3t FAPEAA @ 7 (Scanning Electron Microscope, Hitachi 2500, Japan)
2 7FE9 20KVl Al 1000w &2 #2353 t).

(4) B35}

Nelee] Bua sperslE siek e W] A 54 wakg nwsts] 9
o] FAW pannel 89S WA 2902 MU A ABE 5 A
A 3

IAIZE Aol Alzshe] Ao W¥zh AFT A

2x2x3cm3 A2 o] lojo] Al gl FAE AHo] T EIYE H
aﬁﬂ:E%MEQEWWHMGNﬂOWV1%%:%E%%%¢%%ﬁ}@ﬂﬂ%é
Atk HAF 5L 2Htol 7} Hof & JiQlE ARl ekel T I HANE A

o 7 B MR e

>
2

o

(o3
o
2,
>

A A7 F4E 1 ARTF 2 A2 YEAY. A AL e
2 1

1, O - AR i
A Ao B, gl =27, dAe] FUYL B, Gl e ge 3
FFStATh, Wel e Bt 29 Wobse, g WoAe el AR, Y
4, FEA, S5 ARE WUk iAo AAAR] Ak AREE Yol ¥

3 J
B AAHA WoWA Qw, Frl, R, §2AF FHHOR nelse] YrrEs

ol
o

_68_



(5) A=m]A} ZAL

2BAF HARE Y gighA 1009 S g oz AT AR E 983 EE o8
sto] FAISHES stlom, 108 A4 ofF duoi 9 o7 ZAe5s ofF Fo&
ZABIES etglen, 7 Alswieh WA (d2a), g (o7 9 d ZheiaEE 2%
70, =% (T 9l TheEdlle 5% 7D, s 9 TheEdle 8% 7h
o8 Hrhe7|e A& Ballwdnt. 28 FrF A A el B 8719 S FAS
A g 5, 718 5 FEE o] ZAbste] Ay sA e o] &atgien, HrtE 542
Wbl 7]E X (overall acceptability), AlF-Z<Q Algdoz 7|sgwel HEgE
(softness), ¥(aroma), ©%(sweet flavor), =H 2] &u|(Jeung—pyun flavor)e <

Aoz A,

) Al whe st W}

ovendl A 3AIZF F<F 2F AZEA|A desiccatordl =

(1.840.1 mg)E hermetic aluminum pano] FH Y1 A5 48y += S/HSF
(7.240.1 mg)E micropipete 2 FU5F4] (aluminum oxide, 10mg)e} 74 0TA
150C7H4] 10C/min®] £E= 714 3t 33} 7lA] &% (To! onset temperature),
3} Hu2=(Tp: peak temperature), &3} FZ52%(Tc: conclusion
temperature) ¢t 3 A=y (AH)E =A3cH(Lin ¢ 29, 1994; Horton €| 29I,
1990). 7k Alge] FoA w=stes 8k ARl gk A3 gul= A=l

ot
2

o AgSt B A

o M
o
Wi
2
o
Ho
-0
il
2
o
9,
fz
~N
do
o,
o
=
=]
)
ay
=]
>
8
=N
=g
=5
)

_69_



3) Ao A

o
+ Table 3—13 ¢} o Haxd, dapdad, oadad o
HE W BT Fo] F 0.001904 Froldk Ao ® yEbyth dE el i
FEAE 1%97F o+ 747 pH 5.68, pH 5.84=2 HF
M= 3%(pH 6.45), 7%(pH) H7ttel H|glo] e A
ZbEEdlEe] pHE 2ol 8-S st Sl ZoR AR B
3% & A7EFO| e AFgS HUMS W heidlEe]l £ pHE Fole 3o
Uebsth S adg el A o] pH WstE Au A, dak iy 39 o) J
ofAQl Ao veptov, gl g sha e Eol o pHe| Wk £ E3kd
Utk dapdd FeA s tiFiE H7F S99 pHe dixad xpol7t gle slow

A= FrAbstAl Atk glev (A, 1998), 53] Qme] wa & caked! Idli= &
2o Aol glo] Wbl dth(Steinkraus, 1976) o] g 2ol FAF T 2% S
o ® Qlsto] @A Apgo] el wet {4k frElotv et Ve AR T Wit
of gk oA o F gl AR bS] W o] g oR 289 Ao o
g Adteta AzhH o] W HlFe] AdE o] =F 0.001004 FeAHQl Aoz e
stoh tizato] 1.8221d] Hlgte] i H7F w2 1.88, Wi @ rherddlE 7% 3
7b w2 1.87% st wawsigls w zol7t glgol A tF R E
1%t 3% 7F & dizwol Nl s o apol7h gle A= vehsith
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Table 3—13 Mean values of pH and specific gravity of batter and Jeungpyun
added soy flour and hydrolyzated soy protein

ratio pH SG(g/9)
sample .
(%) BF A1F A2F AS AF
control 0 5.68° 5.30° 5.08° 6.25° 1.82%°
soy flour 3% 6.09° 5.64% 5.41° 6.51° 1.88°
1% 5.84° 5.55% 5.27¢% 6.31%° 1.79°
hydolyzated
yaowzaled | ae | g.as° 589° | 5.62° 6.86° 1.81%
soy protein
7% 7.06¢ 6.53° 6.13° 7.31° 1.87°¢

BF: before fermentation AlF: after first fermentation
A2F: after second fermentation AS: after steaming
SG:: specific gravity

a—d Different superscripts in the same row are significantly different at p<0.001
by Duncan's multiple range test (column).

W LR S 39 F7FE 62.65, 7% H7bat 337.300.% Eo}A
1e]8k A4S Table 3— 14011%1 o= AAY Az 2a, 23 TaoE FAS
yebsth 2eu 79 F 0.001014 9]t Ie] o4
A7 ol A uk Eoi%v}. g Ao wE Mgt A= 7

49l om BAHo A et BEst ABEFF BE AN J)E FHHo
H

F

ofAl= s & 7 Utk olyg vk V| P4 w5 A w19 23
S YEh (2] =) 1998), AWl = o]g] et 7| A Ho] Ry Zvlel AHXA
e Ao FAY HE o]l dvkar A+-E o] A tH(Shiiba, 1990).
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Table 3—14 Changes in foaming ability during fermentation of Jeungpyun
batter added hydrolyzated soy protein

Treatment ratio BF 1F 2F
control 0 13.59° 39.67° 50.03%
soy flour 3% 38.75° 34.61° 42 49°
1% A16.66° A28.94° 852.70°
hydrolyzated soy A A A
. 3% 62.65 68.18 73.81
proteln
7% 337.30° 550.00° 529.09°

BF: before fermentation 1F: first fermentation 2F: second fermentation

a—b Different superscripts in the same row are significantly different at p<0.001 by
Duncan's multiple range test (column).

A—B Different superscripts in the same row are significantly different at p<0.001 by

Duncan's multiple range test (row).

A4 5 e galme Y] dak= Table 3—15, Table 3—16904 ®ojxitt,
=woll g g wWstdlA= EF fFoHRl ztelrh e AeR yEt
(p<0.001). Bzl = 50=9 60%=olAE= 242 33.60, 33.472 +2]2¢1 o]}
folo, 70%, 80%, 90%d A= AFolE P_%E}. Al 227 S 5 SEe
= Eokl A& & 5 Arh(Figure 4-27). 2 H7HrAAE 70%= 74A] WSkt ¢l
o] &A=} 80%=F-H ‘%}E Bk w3 o @ TRl 3%k 7% 7T
CE7F S-S W= freAQl Apolzt min|aht 27 mol o m A fro] ARl A}
EFETH(p<0.001). %8 = tioll A AlF 8] Aol & A B RE 2% 7F
o] Al o wAFH A g i gt Hste dlFE ) g Tk
S 7R wto] alETt F& A oRE YErwTh 0% A 9] tEaS 35.7%9
Z Holx vt R Hrbtol M 38.94%, i o JlEESE 3% Hot
9.01%, ¥t 7tRelE 7% M7b2 39.11%=2 Rzt

4oL l

ut
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Table 15 Solubility of Jeungpyun added soy flour and hydrolyzated soy protein

hydrolyzated soy protein
Temperature control soy flour
1% 3% 7%
50 33.60° 534.44° €34.51° P34.67° £34.37°
60 A33.47° A834.55° A834.53° A834.712 ©35.45°
70 33.80° ®34.512 €33.11° 37.99° £35.13°
80 A34.69° 837.01° €36.21° °37.51°¢ £37.99°
90 35.70° ©38.94° €38.25¢ ©39.01° 39.11¢
a4 Different superscripts in the same row are significantly different at
p<0.001 by Duncan's multiple range test (column).
A"E Different superscripts in the same row are significantly different at
p<0.001 by Duncan's multiple range test (row).
50
45
? —e— control
= —m— soy flour
% 40 F —a— hydolysazates 1%
—g hydrolyzates 3%
@ —¥— hydrolyzates 7%
35
30 1 1 1 1
50 60 70 80 90
temperature

Figure 3—27 Solubility of Jeungpyun added soy flour and hydrolyzated
protein

SOy
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S 2 R AR AEE AR Sl Wske A
TR B oAl Aew UrE‘r‘xkE‘r. o= i%ﬂ H] 5} fﬂ =3 o

) 3 &
11.56, 7% A7FtS 12.522 YETE A|8rfche] &%) WHale] A8 w

o] Wslyl WAH JIFS v XL o]l FolT 0.00104 AH MY =7}
e d4= HFHo] FUsE Ao ® o HH(Figure 3—28).

Table 3—16 Swelling power of Jeungpyun added soy flour and hydrolyzated soy

protein
Temperature control soy flour hydrolyzated soy protein
1% 3% 7%
50 "8.36° ®9.66° ©9.56" ®9.64° ®9.75°
60 "8.38° €9.97° ®9.15° ©9.59° ®10.13°
70 "8.66° ©10.95° ©9.93° ©10.30° F11.19°
80 h8.57° °11.23° ®9.58° 10.64° °11.61°
90 "8.92¢ €11.71¢ ®9.53° €11.56° 12.52°

a—d Different superscripts in the same row are significantly different at p<0.001 by
Duncan's multiple range test (column).

A—E Different superscripts in the same row are significantly different at p<0.001 by
Duncan's multiple range test (row).
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3 .—_./‘\‘/’ —%— hydrolyzates 7%
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temperature

Figure 3—28 Swelling power of Jeungpyun added soy flour and hydrolyzated
soy protein

(2) i = 2 234

SAS & A 5o FF g 7 A2 Table 3-179F #oh Alg9] FETF
S AlErthe] frol ARl xfol= fITE ey tixaro] 50%<1dl Rbste] i ThaEi
E 3% H7hES 48.23%, T ZHEiEdlE 7% A7 47742 tjxatel] Bk
FETFE Foju: AL B4 v 8 A= fo4E 0.0010014 F4
Aol 7b Ak, dlE2w ) THEEEE 1% H7bES 27t fldlod, thE FH bl A
= ZFol7k e Ao ® YElgth g2 3.8190d dtale] diF o) RS E 3%

3
4883} 5.77% thF @Vl o] AP o8 A¥E s x
S
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Table 3—17 Moisture contents and water binding capacity of raw and
freezerdied Jeungpyun flours added soy flour and hydrolyzated
soy protein

Treatment ratio moisture content water binding capacity
control 0 50.00% 3.81°
soy flour 3% 49.26% 5.11°
1% 49.35% 4.02%
hydrolyzated 3% 48.23% 4.88°
soy protein
7% 47 .74% 5.77°¢

¢ Different superscripts in the same row are significantly different at
p<0.001 by Duncan's multiple range test (row).

SAF 3§ T UNARE A2 Table 3—18% v} 323 T oAt
001914 o] 29l Apo] & Hol F3th. 3ol A= tixato] 0.11%3% 2o
K 3% AL T%HIE TeAAE weFH, A2 0.21%,

0.24%%) Ao= eyt ehfde] o] fo 4l Aol= S WAl it o
E A7k g Ao R AlmEM, tixao] 0.45%, tF W TR

N

ANE 3%, 7% F7batol 77k 0.80, 1.20 0.2 viebgTh a3 B FE I} iR SR
e 3% W7hEe vas] By 7R v 395 ¥4 Xl o E TS 3%
A7kto] 0.8002 R H b 0.600] MlEle] ¥ Aom Bl
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Table 3—18 Proximate composition of Jeungpyun added soy flour and
hydrolyzated soy protein

Treatment ratio water fat ash protein carbohydrate
control 0 50.03 0.75 0.11¢8 0.45% 48.67
soy flour 3% 49.26 1.16 0.15% 0.60° 48.81
1% 49.54 1.05 0.178° 0.48°% 48.74
hydrolyzated bo c
) 3% 48.23 1.11 0.21 0.80 49.63
Soy protein
7% 47.74 1.07 0.24° 1.20¢ 49.73

=4 Different superscripts in the same row are significantly different at

p<0.001 by Duncan's multiple range test (column).

(1) =

i w VbR e A7 S A= Table 3-199 2 W= A% 4
= Bl A Alge] whek fro] F2E 0.0010014 oAl Aol 7t gl Aew dEsiT
s tlEare] 34904 Whele] tiE whd) Vbt dl= 3% 7k 36.09, i o
ZbrEdlE 7% 40372 djERwET drhe] A ey RS HERE a
w2 B S (o) o= UEh ofkte] wAE A wglen, tiadk —13.42¢0 g}
o 0o 77k A E BofFol A Aol vdebda & 4 A 53] tiF A

7} To] —6.59% P =o agte HolFQuh

Table 3—19 Colorimeter characteristies of Jeungpyun added soy flour and
hydrolyzated soy protein

Treatment ratio L a b
control 0 34.00° -13.42°% -8.07°
soy flour 3% 38.00° -6.59° -13.76°
1% 33.21° -12.93°% -8.77°
hydrolyzated
yarolyzate 3% 36.09° ~8.75% —9.73°
Soy protein
7% 40.37° -7.35° -12.33°

a4 Different superscripts in the same row are significantly different at

p<0.001 by Duncan's multiple range test (column).

_77_



(2) TR 79, A3, 94
AACC 10—91 template " TAE YRS ol &ste] SAHE dAvlet YR A
3 FHo By hAA, LAl 3 A3 Table 3-203 2o} B3 x5 g3
Ao At o FF 0.0016A4 FJAQ AolE HolFnt. FIAFE dixd
(5.20cm) Euk diFE H7bE (7.8em), iy & ZheEEE 3% FH7F(6.8cm),
7% H7bt (7.2cm)o] & Ao 2 Yepwth o]gfdt Ans H7hate] 7234 E, F
wARY, BAYAA el vE = vebd A #AE dvka @ 5 A ATh
g SsHS FHor dug de] 7] A7](Figure 3—-29)& B tix7}
%

ol zZgkom, tiF @il 1% H7hi= olek fFAbsklth 7 7ol & A

)
(e}
o

F

N
N

]_

o

N 2

A7F oo, 71&] A oAtk T &9 3% H7kte] 7] A7
 HEE A7 voe Fgtoy, dzd Bus G4 dElgen, 7Ee a2 o
A2 Akt

Table 3—20 Indices of volume, symmetry and uniformity for the Jeungpyun
added soy flour and hydrolyzated soy protein(cm)

Treatment ratio volume Index symmetry uniformity
control 0 5.28 0.4% 0.0
soy flour 3% 7.8° 0.8° 0.1

1% 5.3% 0.4% 0.0
hydrolyzated

yarolyzate 3% 6.8° 0.5% 0.0

soy protein

7% 7.2° 0.7%° 0.1

¢ Different superscripts in the same row are significantly different at

p<0.001 by Duncan's multiple range test (column).
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(control) (soy flour #H7})
(hydrolyzated soy protein 3%) (hydrolyzated soy protein 7%)

Figure 3—29 Cross—sectional views of Jeungpyun added soy flour and
hydrolyzated soy protein
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Control

68x 200ym 1406 BB6-12 14:32

soy bean H7}T

58x 280ym 1488 B86-12 14:39
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hydrolyzated soy protein

50x ggepm 1484 B8B6-12 14:21

hydrolyzated soy protein
3% A7

650x 200ym 190 ©6-12 14:65

_82_



hydrolyzated soy protein
7% A7

16kV 68x 200ym 1418 06-12 15:14

Figure 3—30 Scanning electron micrographs for Jeungpyun
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Table 3—21 Sensory
hydrolyzated soy protein

properties of

Jeungpyun

added

flour and

hydrolyzated soy protein
control soy flour
1% 3% 7%
cu 9.24° 5.62° 8.71° 9.03° 5.32°
CS 3.54° 12.95° 4.73° 7.20° 8.60°
sP 4.35° 12.31¢ 4.32° 6.82° 9.32°
MO 9.12° 6.52° 9.0° 8.37° 7.80°
HA 11.18° 4.91° 10.24° 8.08° 6.28%°
FL 4.02° 7.82° 3.82° 4.17° 4.09°
AD 6.75 4.61 6.23 5.22 5.78
TA 8.20° 3.12° 9.2% 10.26° 10.77°
oD 6.72° 4.44° 8.23° 10.97¢ 11.76°
a4 Different superscripts in the same row are significantly different at

p<0.001 by Duncan's multiple range test (column).

CU: cell

uniformotu, CS:
hardness, FL: flavor,

desirability

cell size, SP:

_84_

springness,
AD: adhesiveness,

TA: taste

MO: moistness, HA:

OD: overall



—e— control

—m— soy flour

—a— hydrolyzates 1%
hydrolyzates 3%

—x— hydrolyzates 7%

Figure 3—31 Sensory properties of Jeungpyun added soy flour and
hydrolyzated soy protein CU: cell uniformotu, CS: cell size, SP:
springness, MO: moistness, HA: hardness, FL: flavor, AD:
adhesiveness, TA: taste OD: overall desirability

212 Adkel o)sk B35 AAN=E Table 3—22, Figure 3—32, 3—33, 3—349 4 ¢} 2+

of Algel] gk 7=k, ©@utah Atk ek s AleR FE S #FoF 0.001
J'

wo] il W& "(harsh taste)S tiFE H7F 7o)
FEINE HIlto] 4 7.22, 6.28%
<+ (softness)= WF& 7o) 9.21

BaEo] 8.59, tFto] 5.339 £AaL W

~~
w
o
P
=
D
wm
wm
2
X
>,
bl
i,
By
o
N

T s o] Aok A% (intensity)ol A= % YH(harsh taste)o} 7H F=#3 2ol &
Bt diF® H7kE (8.56)0] 7 w2 wo] A oz yeigow, dxate



3.18, "7 ZppEReES 2.842 dHs] W2 A& HoFrh ANkEQl V| E
A= dlzo] 5.0690d Wske] tiF odl TR REEEe] 7.2622 =4 YEFST

Table 3—22 Consumer test on Jeungpyun added soy flour and hydrolyzated
soy protein

control soy flour hydroly%ated soY
protein (3%)

aroma 5.38% 4.67° 5.62°
sweet flavor 5.88% 5.12° 6.05%
Acceptance sour taste 3.61 4.06 3.72
harsh taste 7.22° 3.10° 6.28°
softness 5.33° 9.21° 8.59"
aroma 3.35° 3.62% 4.49°
sweet flavor 4.46 3.72 4.48
Intensity sour taste 2.41 2.31 1.89
harsh taste 3.18° 8.56" 2.84°
softness 4.74° 6.95° 7.47°
Overall desirability 5.06° 3.36° 7.26°

a7¢ Different superscripts in the same row are significantly different at
p<0.001 by Duncan's multiple range test (column).
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DOoverall desirability

control soy flour hydrolyzates 3%

Figure 3—32 Overall desirability of Jeungpyun added hydrolyzates

control
10
8 —e—aroma
—m— sweet flavor
—=—gour taste
—<—harsh taste
—¥—softness
hydrolyzates 3% 7soy flour

Figure 3—33. Consumer accpetance test on Jeungpyun added hydrolyzated
soy protein
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—e— aroma
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Figure 3—34 Consumer intensity test on Jeungpyun added hydrolyzated soy
protein
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Table 3—23 DSC Characteristcs of Jeungpyun added with soy flour and
hydrolyzated soy protein comparing fresh batter and 72hrs
storage at 4C

Jeungpyun Batter Jeungpyun after steaming
Sample
TO TD TC AH To TD TC AH
Control 57.65% | 63.93% | 74.65% | 2.70% |41.93%|52.10% |61.24°| 2.14°
ab ab b ab b b 5574a b
1% 59.56%° |66.99%| 78.11 3.28% 145.30”| 50.23 b 1.20
nydrolyzate | 5o | 5 o790 | 71 300 | 80.42° | 3.82° | 46.20°| 51.60° |55.92° 0.93°
d soy
protein

7%| 64.65° | 72.10°| 82.83° | 3.90° |45.44°| 50.83° |55.56% 0.89°

a7¢ Different superscripts in the same row are significantly different at

p<0.001 by Duncan's multiple range test (column).
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———— confrol-72hr

%-72hr 43.26°C

hi 2.140J0g
72hr ] | Y
4193°C 52.10°C §1.25°C
07 4537°C

1200Jig

50.24°C

46.36°C
0.9280J/g

Heat Flow (VW/g)
1

46.20°C

2 4550°C
0.8851J/g

50.84°C
4549°C

3 . . . | . . .
30 50 70

ExaUp Tem peratu re (OC] Universal V3,60 TA

Figure 3—35 DSC thermogram of Jeungpyun for 72 hrs storage at 4C
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Table 3—24 Composition

of experimental diet

(g/kg diet)

Ingredients Casein Soybean ISP

Corn Starch 489.486 429.486 489.486
Casein 200 130 0
soybean 0 200 0
ISP 0 0 200
Sucrose 100 100 100
Soybean oil 100 60 100
Cellulose 50 20 50
Mineral mixture” 35 35 35
Vitamin mixture” 10 10 10
L-Cystine 3 3 3
Choline bitartrate 25 2.5 25
tert-Buthylhydroquinone (mg) 14 14 14
cholesterol 10 10 10

1) Mineral mixture : AIN—93 mineral mixture (g/kg Mix)

Calcium phosphate anhydrous 357.00; Potassium phosphate monobasic 196.00; Potassium citrate,
tripotassium 70.78; Sodium chloride 74.00; Magnesium oxide 24.00; Zinc carbonate 1.65; Sodium
meta—silicate:9H,O 1.45; Manganous carbonate 0.63; Cupric carbonate 0.30; Chromium potassium
sulfate-12H.O 0.275; Boric acid 81.5mg; Sodium fluoride 63.5mg; Nickel carbonate 31.8mg;
Lithium chloride 17.4mg; Sodium selenate anhydrous 10.25mg; Potassium iodate 10.0mg;
Ammonium paramolybdate-4H>O 7.95mg; Ammonium vanadate 6.6mg; Powdered sucrose 215.02

2) Vitamin mixture : AIN—93G vitamin mixture (g/kg Mix)

Thiamin—HCI 0.6; Riboflavin 0.6; Pyridoxine—HCl 0.7; Nicotinic acid 3.0; Calcium pantothenate
1.6; Folic acid 0.2; Biotin 0.02; Cyanocobalamin (Vitamin B-12) 0.025; Retinyl palmitate

(Vitamin A) 0.8; dl— a—Tocopheryl acetate 15g; Cholecalciferol (Vitamin D—3)0.25; phylloquinone
(Vitamin K—1) 0.075; Powdered sucrose 974.655g

E
o] 2lo] @& (Feed Efficiency Ratio, FER)¥ @z 7&

Ratio, PER)& 4F&31% o}
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o7 AHZFhA 540 nmollA ¥MHoR EAEAT. dF Hy FHATHLS 560

nmo| A H|AH o 7 B33 thH(Sigma diagnostics, No. 565).

2
Fadox #gsted RPMI 1640(Gibco. Grand Island N.Y.: 200 mM
glutamin, 25 mM Hepes, 1.4 ul/ml gentamycin) HlFHe] Y11 Hy sieveE o]-&
3lod single cell suspensione TFERIT}. Spleen single cell suspension= 10% fetal
calf serum®& F-F3§ RPMI 1640 W& o] AEs%7F 2.5x10° cell/ml¥ Al 3}o]
96 well plated] Z welld 100 pl® 3¢ 2 welldl mitogen®® Con A

(concanavalin A, Sigma, 0.75 ug/10 ul) ¥+ PHA (phytohemagglutinin, Sigma, 10

rlo

png/10 )= A7Fsk Tt Control wellol &= mitogens H71eA] &gk BE AF
33 wrEsle] AAjsldtt. EF3 plateE 37.5° C, CO. incubatorol A 68A]7F wjj %k
3 & ZF wellel MTT (3— (4.5—dimethylthizol—2—yl)— 2.5—diphenyl tetrazolium

bromide, Sigma, bmg/ml PBS)E 20 ul® H7}ste] thA] 4A17F vfFstict, v &

DMSO (Dimethylsulfoxide, Sigma)E 2} wellel]l 200 pl® H7tste] AXE £33k
% ELISA reader® 490nmolA F3=E AU vd WIAAE 24
(stimulation index)< mitogens A3t well®] 3 %E mitogend *2dHA] ¥

welle] FHER thro] AEHAT
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o 543ttt Plate®] 7t wellell Capture—Ab 1 nl/100 pl coating buffer= %33}
I 6087 wjkAlZl ¥ wash solutionoZ A AP 1 ¥ 200 ule] blocking
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wellel 100 pl® ¥Avk. 6087 #lF Fo] sampleE AAstL Ax3E F HRP

(o}

conjugate® welld 100 ul¥ #F3klth. Y = thA] AFSFAL two—substrate
reagentsE 100 ul¥ EF3Fo] Hk-gof uw sl 5 Al
HSO4E 100 p1y o] w52 WAl 3F3lth. ELISA readerE ©]-83}¢] 450nmol A

“
THEE o AHA 9 ghel Ml E ko] 1gGet IgMo] & AFEsklh
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) A=A D S A
ZAME AT SPSSEE S o] §ellA] Zb o] Hiry i oAkE AT
Adt78]le] HlalE one way ANOVA  (analysis of variance)®} Duncan's

multiple range testE ©]&3| A A5 o, Fo4F2 p<0.052 3T}

3) A A=

70 Yol T o] A At vA= 9

(1) AdsEe] Asws), AeoldHZ, Holas 3 A7 7

AAs=o] AsHst d Ao =} Aola &S Table 3—259F Figure 3—36°1,
7+% 7] FA= Table 3—263 Figure 3—37°] eI Ad 552 Ao 43
Fi AFS7HES FAQ Aozt gldvh 2ev Aol a6 dd g8 ﬂxﬂ
o] Wl tFeul (ISP Kl o)y oz =9ka, A7 FANME 7t H
FHAIJ ol vt Aol 7t gldle, ISP thE F TRt 3 FAE A Au}

e g7 FAE Al wztel zbel 7k glod.

Table 3—25 Initial body weight, final body weight, body weight gain and diet
intake, food efficiency ratio(FER), protein efficiency ratio(PER)

Casein Soy ISP
Initial BW(g) 199.4+3.4 198.8+4.4 199.1£9.6
Final BW(g) 374.6+115 367.6+10.1 359.6+7.9
BW Gain(g/wk) 43.8+2.2 42.242.2 40.1+2.1
Diet intake(g/wk) 160.35+4.12 161.53+4.78 168.065.53
FER 0.27+0.12" 0.26+0.01*" 0.24+0.01°
PER 1.37+0.06 1.30£0.05"" 1.1920.04°
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Figure 3—36 FER

Table 26 Liver, Kidney, spleen, testis and epididymal fat pad (EFP) weight

Casein Soy ISP
Liver(g) 20.53+0.93" 20.54+0.95" 16.40+0.67°
Kidney(g) 3.32+0.05 3.23+0.11 3.15+0.11
Spleen(g) 0.78+0.04 0.77+0.04 0.73+0.03
Testis(g) 2.94+0.09 2.97£0.06 2.87£0.07
EFP(g) 5.28+0.42 5.62+0.62 5.42+0.46

_96_



(9) | M Liver weight |

Casein Soy ISP

Figure 3—37 Liver weight

(2) 9 @y GOT % GPT €4 =

gl g Ay GOT, GPT @4 %E Table 3—27, Figure 3—38, 3—399] UEh}

Atk delle] @A Fio= Zb o ke Zpol7) QIATh 3F 4 B ARE Hol
AFEE= GOT, GPT EA4EE AHHEY, GOT A== 59 ISP caseinv X
o freldom dgka, GPT FLolA% ISP UE #ERT foldom v 1
E} 5t}

Table 3—27 Plasma protein, Glutamic—Oxaloacetic Transminass (GOT) and
Glutamic—Pyruvic Transaminase (GPT) activities

Casein Soy ISP
Protein (g/dL) 6.71+0.09 6.70+0.06 6.81+0.12
GOT(U/L) 216.38+23.73" 165.43+14.34 127.13+4.47°
GPT(U/L) 73.75£43.29% 70.71+9.91° 32.25+3.30°
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Figure 3—38 GOT activity
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Figure 3—39 GPT activity
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(3) & #absbA 4, lactate, LDH &%

g 3213 A 4, lactate @ LDH X+ Table 3—28 ye} vt g4 wakst
A A3 Aol == Al o7t Zol7F 11t} Lactic dehydrogenase] ZAE A
oAbl FrejA Rl Aol glley GOTeF GPT &4 A7 o< ISPo] 7HAIRI
T HT S e

Table 3—28. Malondialdehyde(MDA), lactate, lactic dehydrogenase
concentrantion of the plasma

Casein o+ ISP
MDA (mmol/L) 1.44+0.29 1.14+0.26 1.46+0.26
Lactate(mmol/L) 7.20£0.80 6.90+0.86 7.29+0.44
LDH(U/L) 567.6+78.1 437.6+65.2 413.4+42.1

(4) g FAX, Z2HE 2 HDL Fd2HE &
gl FAAY, FHzHE 2 HDL-ZFd2HE =
3—40°] YelY Stk N FAAAELS FHAQlTto] 7
o =AE YEgt dd FFE A ES ISPl t
Frol A el 2ol fl%lal, HDL Fel2vH =9 3$oe 7+

e eksk

=
L+ Table 3—29, Figure
i, 71 thgo] i, ISP
2 TERT 92 FEo
5 Tkl FrelA ]l Aol vt

Table 3—29 Plasma triglyceride(TG), total cholesterol, high—density
lipoprotein cholesterol(HDL) concentration

mg/dL Casein o+ ISP
TG 44.50+4.04° 38.00+2.31% 34.75+1.98"
Total Chol. 44.75+3.63 46.71+3.83 39.00+3.28
HDL-Chol. 11.75%1.08 11.14£0.59 11.75+1.00
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Figure 3—40 Plasma TG

(5) o] NAF} Fe2HE v
ro]l A A} ZY2HE FEi Table 3—-30, Figure 3—41] YeRATH 1
FAA e OF7d ISPTo] AT R FolH o v veiwth AW
T FAATFT v AEFS B0 KA Aol LHEA gk, o] F
%=

A bl felHel Aol 7k flleh

(o}

Table 3—30 Liver total lipid, triglyceride (TG), cholesterol

Casein SR ISP
Total lipid (mg/g) 220.0+16.3" 162.5+14.2° 130.0£8.9"
TG(mg/g) 63.21+4.38 59.64+4.08 51.48+4.3
Chol.(mg/g) 8.33+0.63 10.47+1.21 6.54+1.17
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Figure 3—41. Liver total lipid

(6) 4 4 A
AL B5F7E e d ARl mA= d @l
Axes TA8IT 1 A

AL
= A Q)

AE 7HE ARy s g A
Table 3—31, Figure 3—429] Yeh ot A &
H AHE A8 Yo}, ISPolA o FultEAEE £2]7}

g #ERn B/ debe,

Table 3—31. Plasma hematocrit(Hct), hemoglobin(Hb), iron, Total Iron
Binding Capacity (TIBC) concentrations
Casein g+ ISP
Het(%) 54.96+1.12° 54.93+1.29" 59.01+1.26"
Hb(g/de) 15.26+0.30 14.91+0.34 15.90+0.34
Iron(mg/d¢) 104.6£10.0 111.7£20.4 109.63+6.54
TIBC(mg/de) 610.4+29.1 594.4+18.8 592.25+26.72
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Figure 3—42 Hct

(7) BZME A 5ET IgM 2 1gG §%
A vAAGNNE ZASHEG [gM 2L [gGEEE Table 3—-32¢] YEMQ =1,

RS Abolol frel Aol zpelzh wAEA ekgke.

Table 3—32. Mitogen Response and humoral immunity

Casein o ISP
ConA 2.75+0.84 1.33+0.19 2.82+1.27
PHA 2.36+0.85 1.42+0.26 1.70+£0.56
LPS 2.81+1.74 1.45+0.31 1.80+0.95
IgG(mg/dl) 5.60£2.31 5.30+1.29 4.71+0.65
IgM(mg/dl) 6.30+1.35 5.04+0.52 6.11+0.55
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) o2 AhA Sk o) BEe] Aael vA - g
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(1) AdsE9 AoldAZ, Al D 7] 7
AP FES Aol dHAFY AT v D Ao] &2 Table 3-339l, 7€ &7 F
A= Table 3—349] Yel git}. 2l o] zy

[¢)
AL AE AF L Ho AEL
zrel Apolzk QoTh. 24F 719 AR Aol W fo8e Aol gt

Table 3—33. Initial body weight, final body weight, body weight gain and diet
intake, food efficiency ratio(FER), protein efficiency ratio(PER)

Casein o] = F o] A1 2] €l

Diet intake(g/wk) 160.35+4.12  161.53+4.78  165.62+2.90  166.88+3.50 168.57+5.59

Initial BW(g) 199.4£34 198.8+4.4 199.1£34 199.4+£3.7 199.4£3.9
Final BW(g) 374.6+11.5 367.6+10.1 386.8+9.7 383.4+5.7 369.4+15.0
BW gain(g) 175.3£9.0 168.9+8.6 187.6£9.3 184.0£6.1 170.0+124
FER 0.27+0.01 0.26+0.01 0.28+0.01 0.28+0.01 0.25+0.01
PER 1.36+0.06 1.30+0.05 1.41+0.06 1.38+0.04 1.25+0.06

Table 3—34. Liver, Kidney, spleen, testis and epididymal fat pad (EFP)

weight(g)
Casein ol 7 =) #Aieel A 2] e
Liver(g) 20.53+0.93 20.54+0.95 20.50+0.70 19.73+1.14 18.97£1.50
Kidney(g) 3.32+0.05 3.23+0.11 3.15+0.11 3.26+0.08 3.07+0.16
Spleen(g) 0.78+0.04 0.77+0.04 0.73+0.02 0.70+0.02 0.84+0.12
Testis(g) 2.94+0.09 2.97+0.06 2.90+0.06 2.82+0.05 2.89+0.14
EFP(g) 5.28+0.42 5.62+0.62 5.77+0.51 5.22+0.40 5.48+0.86
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(2) 29 @y} GOT, GPT 24 =

gl gl Ay GOT, GPT @A E+E Table 3-35, Figure 3—43, 3—440°] e}
Atk FHo] whuld Fw= Zb ot ghe Zpolrh gllth F &4 AE AxE gol
AF85= GOT, GPT A4 %EoA GOT & FHFTE0| caseind KU} AAHoz U
A, FAwolwolA 7 WA YEPUA caseinit ¥ fo]HQl AolE HATE GPT
GAELE Fieolato] 7B wtokont, 7F o 1hell {49l Abol= ldTh

Table 3—35 Plasma protein, Glutamic—Oxaloacetic Transminass (GOT) and
Glutamic—Pyruvic Transaminase (GPT) activities

Casein o)+ S F ol A1 2] €l
Protein (g/dL) 6.71+0.09 6.70+0.06 6.46+0.06  6.67+0.17 6.74+0.10
GOT(U/L) 216.38423.73"  165.43+14.34" 170.50+9.51"" 135.14+11.27* 176.57+39.93"
GPT(U/L) 73.75+43.29 7071991  7263+803 42294373  59.43+19.56

(U/L)

250

ab

2001 ab

150¢]

100t

50F]

Casein o+ a2 F T ol A2
Figure 3—43 GOT activity
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(3) g kst A, lactate 2 LDH 4%

gl FHASEX] A Jactate X LDH A== Table 3—36°] YE} =4, 7HA¢l
i F FRel wek AaksiA AR A s {§o ARl Apol= ypERA] Skt
LDH 4= 45 Fo4 Aol floy, SH, FAssel, v 45 7HdL

o
Bup S er) voba] 3 B4 AT v A Bde] gl Aew Almdn.

o

Table 3—36 Malondialdehyde(MDA), lactate, lactic dehydrogenase
concentrantion of the plasma

Casein o+ = H F 3= ol A 2] e
MDA (mmol/L) 1.44+0.29 1.14+0.26 1.73+0.16 1.25+0.21 1.06+0.12
Lactate(mmol/L) 7.20+0.80 6.90+0.86 6.14+0.99 6.78+0.78 6.86+0.81
LDH(U/L) 567.6+78.1 437.6+65.2 368.3+23.0 409.4+48.7 594.3+104.1
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(4) g SAXY, Zd2HE 2 HDL-ZFH2HE &
ol A9} ZyY~HE 2 HDL-ZFH2~HE %5 Table 3-37 e}
gl SRR A FHAIQITe]l 7 =31, SH|, diF, AEH, FAwole woldl
U fFoAQl Aol gisieh g ifli’ﬂ“iﬂE 2 HDL ZF#HzHE9 ZA5de 7+
a5 (el oAl Aol 7t flA T
Table 3—37 Plasma triglyceride(TG), total cholesterol, high—density
lipoprotein cholesterol(HDL) concentration
mg/dL Casein o+ S F o] SR
TG 44.50+4.04 38.00+2.31 41.13+3.59 34.71+2.63 34.86+2.23
Total Chol 44.75+3.63 46.71+3.83 44.13+2.35 41.00+3.15 51.14+4.14
HDL-Chol 11.75+1.08 11.14%0.59 11.50+0.38 10.29+0.75 11.29+0.97
(5) Fke] A3} Ze|2HE
7rel A Ay ZFE~EHE % Table 3—38, Figure 3—45°] YeEbHAT 7+
FAA TR FEF w}ﬂ‘r A7F GEbA, diFet Ao A9 caseinw By} o
ko, Zejet FHiwold Af-ol= casein@ ZFol7t ATk F FTAAA Aol H 9=
ZAAF} A = EH—ErQ‘r A e} 7} caseinw Boh FE7F woknh A, 1P FH &
HE2o] H9 Agatol wpel zbol7b glitt.
Table 3—38. Liver total lipid, triglyceride (TG), cholesterol
Casein SIS e # o) NER
Total lipid(mg/g)  220.0+16.3" 1625+14.2°  221.3+11.7°  210.0#9.3"  141.3+11.3°
TG(mg/g) 63.21+4.38" 50.64+4.08°  8352+3.84°  7880+2.50°  43.90+4.08
Chol.(mg/g) 8.33+0.63 10.47+1.21 7.73+0.69 9.75+1.86 9.81+1.32
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Figure 3—45 Liver total lipid
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Figure 3—46 Liver TG
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(6) g A A%

g A XLLL Table 3—39, Figure 3—47, 3—48] YEl} v}, dnfEdEE
o} S EZZHL 7} o Fholl zfol7t yx| gFgkorm, H W eldl At dH A
o] 7% 7?%110 b zpol 7t vim Agare flla, HAseel, AEH, dlF, SHY Fo

=9t F 4 AgEe 49 AMEHe Agut FHAQITH Y =4 YERST
Table 3—39 Plasma hematocrit(Hct), hemoglobin(Hb), iron, Total Iron
Binding Capacity(TIBC) concentrations
Casein 05 < ] A2 H
Het(%) 54.96+1.12 54.93+1.29 54.15+1.23 55.18+1.44 53.45+1.63
Hb(g/dl) 15.26+0.30 14.91+0.34 14.78+0.23 14.92+0.30 14.30+0.41
Iron(mg/d0) 104.6+10.0® 111.7+20.4® 78.3+7.4° 153.9+30.7°  1245+11.4%
TIBC(mg/d¢)  610.4%+29.1% 594.4+18.8"  559.4+11.8  571.9+14.9°  690.9+17.8"
(ma/dl)
180 b
150
ab ab ab
120 a
90F]
60F]
30¢]
Casein R = =R A 2 H
Figure 3—47 Iron
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Figure 3—48 TIBC
(7) AEAE S5 1gG 5%
Aol nAAIAE S8} [g6 FEE Table 3—400] e HZAE

A5} g6 D [EMEEE A@ee we fo59 ol thEhiA ek,

Table 3—40 Mitogen Response and IgG concentration

Casein o+ el Az el A1 2] E
ConA 2.715+0.84 1.33£0.19 1.31£0.22 2.10+1.03 1.84£1.24
PHA 2.36+0.85 1.42+0.26 1.61£0.29 1.78+0.39 1.50£0.35
LPS 2.81+1.74 1.45+0.31 1.56+0.45 2.17£1.08 1.28+0.23
IgG 5.60+2.31 5.30+1.29 3.98+0.45 4.89+0.85 5.08+1.0
IgeM 6.30£1.35 5.04+0.52 5.73+0.35 7.76+2.03 9.84+1.86
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oA HERsk

@ o st A S 7 Egbel| FolAbe EhA] Eokoy, wikE, FHieol, A
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g dro serage QA48T Fue Bt

D A7 A e

e Tl Ee] A d Ashzhg gatste S Hrkehr] flste] dild I
Ao 7 casein, = hF (isolated soy protein), A EIEWIIFREHE, 84
7t s, B8 TElTEEdESs 457 39 ol AdEE 4
o] &, AT ’57} X]Za]iﬁ]ﬁa T8, Ad At gtk wA= FEFgFS A
stk A el 7l = 71 (2)0l A ol AHS WPt

AE A

H =82S AT 553% Sprague—Dawley = 73 AH7] dHE ALL39ch o

< AIN-93 diet(20% Casein diet)oll ZFal=dHES 1.5% I3
MNol2 3R, AT dlE A F casein 105 YT (isolated soy
protein, Fujipro 850, Jilin Fuji protein co,)®e WT7I5ENEZ A 3R
7t E2e AgE dFdrbeRs]= (SHY), &8 diFadrbsiasE
(soluble soy protein hydrolysate, SS), H&84 T 7<=E3]E (insoluble soy
protein hydrolysate, 1S)S o]&3}t}. A T ¢ H45 7ke AR
T AT wEl G o8 v+ svkEH UrL‘Riil gk wl2]4 stainless steel
cageoll Aglsto] AlFsllon F A7 4FE Stk Ad 7)ibset =3 4

ol AT glo] Be + YT Sk
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Table 3—41 Composition of experimental diet
(g/kg diet)

Ingredients(g/kg) Caseini* ISP+ SH+ SS+ IS+
Corn Starch 434.5 434.5 434.5 434.5 434.5
casein 200 100 100 100 100
ISP 100
seoritae 100
SS 100
IS 100
Sucrose 100 100 100 100 100
Lard 100 100 100 100 100
Soybean oil 50 50 50 50 50
Cellulose 50 50 50 50 50
Mineral mixture 35 35 35 35 35
Vitamin mixture 10 10 10 10 10
L-Cystine 3 3 3 3 3
Choline bitartrate 2.5 2.5 2.5 2.5 2.5
tert*]i‘;iy(lrigmqm 14 14 14 14 14
cholesterol 15 15 15 15 15

ISP(isolated soy protein), SHxi*(seorietae protein hydrolysates”). SS<*(soluble

soy protein hydrolysates), IS<*(insoluble soy protein hydrolysates™)

1) Mineral mixture : AIN—93 mineral mixture (g/kg Mix)

Calcium phosphate anhydrous 357.00; Potassium phosphate monobasic 196.00; Potassium citrate,
tripotassium 70.78; Sodium chloride 74.00; Magnesium oxide 24.00; Zinc carbonate 1.65; Sodium
meta—silicate:9H,O 1.45; Manganous carbonate 0.63; Cupric carbonate 0.30; Chromium potassium
sulfate-12H2O 0.275; Boric acid 81.5mg; Sodium fluoride 63.5mg; Nickel carbonate 31.8mg;
Lithium chloride 17.4mg; Sodium selenate anhydrous 10.25mg; Potassium iodate 10.0mg;
Ammonium paramolybdate-4H.O 7.95mg; Ammonium vanadate 6.6mg; Powdered sucrose 215.02

2) Vitamin mixture : AIN—93G vitamin mixture (g/kg Mix)

Thiamin—HCl 0.6; Riboflavin 0.6; Pyridoxine—HCl 0.7; Nicotinic acid 3.0; Calcium pantothenate
1.6; Folic cid 0.2; Biotin 0.02; Cyanocobalamin (Vitamin B—12) 0.025; Retinyl palmitate (Vitamin

A) 0.8; dl— a—Tocopheryl acetate 15g; Cholecalciferol (Vitamin D—3)0.25; phylloquinone (Vitamin
K—=1) 0.075; Powdered sucrose 974.655g

b AFFES Aol fE 54
APFR AFE 1790 1594 S0, Ho] HAFEL 15U 334 =
Asgih ARER Aol HAF (EE B HADI AFL ol g3te] 4 7|

e AF FAEE B el HAR Mol Ao o] Ho| & (Feed

Efficiency Ratio, FER)S AF=3}3it}.
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o) Bwle] £ AHESE 54

AYERL 159} 4% 247t 394 BAg Syl ¥R Ax, Wom
AEe B Ade) Fe PSR ABFRY ADLREFLES (AANAT
— /A AR AFx1009] Ho2 tehieh. ADYATES W we el A
NEAFN AAFHFA 15%F Ftel AeAn, ALNAFe W 1gF Fie
AAgel wel FAE Fololn Fagit. A@EEe] ALl FFLL (WA
AWl Ae /A A A Ex1000] Hom el gudgHne we we
Azbe) Aol WA EFER 20%F Foke ANSUL, wuAN RS W

|
B A3 A9, ARS7IR] 23 AFEES ANV A 122 w3 §
ethyl ether® whH, 7f&E3te] A7dollA FAZIE o]&3te] s AFsIATE AHE
gole Sun= AL 9] ¢J8] EDTA (Ethylene Diamine Tetra Acetate)”’} 59131
= dAEEFel "ol 2500rpmellA 30837 AR st ddw HdtE Eelsta
e Agistd A4S 98] —80TolA Wert siolth s AF S Foll FA] 3
3t §-31314] " (epididymal fat pad, EFP)& ¥glsle] FAE S8

gz 3+ 2 wWe] F  cholesterol'¥x=9 3% HDL-cholesterol -FX%
cholesterol AF3laAE X 3sl+= kit(BMI Korea)S ©]83}e] spectrophotometer
(HP 8452, U.S.A) Z+Z} 505nm<t 500nmollA H|A A&k &}t LDL—cholesterol
< T &HE-(HDL—cholesterol+ 5 A %/5)9 25 o|&3sto] AXlstdla,
M7 32X 9=(Atherogenic index, A+ (FFd 2~HE—-HDL-cholesterol)/HDL—
cholesterol®] &2]& o]&3le] Axtsldtt. 3 4 X8 5EE  lipoprotein
lipaseE X3l @AY kit(BMI Korea)S ©]83to] St 13 W] & A
H 5%+ Biligh & Dyer®d (Bligh, 1959)S o]&3te] AP, 7+ WA FA

A|Hk FEZE lipoprotein lipaseE X338+ &AW kit(BMI Korea)S o83}
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550nmell A B A A 2E &),

g% GOT % GPT &4 X+ Reitman—Frankel'& ©]&3F kit(olrkA|eh) = =4
gRod, A4 (Hb)e 55 g9 3|n==249S cyanomethemoglobin® = &
el A 540nmell A v A o =

de
>
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32
o

S o]83led  TBARS(thiobarbituric acid reactive
substance)®] <& EAsgTr dX 100pld  1/12N¢9 #2AF 4Amld 10%
phosphotungstic acid 0.5ml<- ,000rpmell Al 108-%F
daEesiitt. A= SFF Imls 7hstal 2 s, F74& dds] wa 9
5C water bathellA] 14] 3,000rpmell A 1583 A4 ZEste] 1 A5l
(butanolZ: )& spectrophotometer (HP8452) 532nmoll A H] A& 3} T},

Zke]  TBARS:=  Buckingham®(1985)& Wdste]  SAsqitt. 7+ 0.5g<
phosphate buffer 4.5mlS “©] homogenize A|Z1 3o, A|@ o] o]F 100uZ F
3t} 8.1% SDS(Sodium dodecyl sulfate) 100ul, 20% acetic acid solution
750ul, 0.8% TBA (2—Thiobarbituric acid) solution 750ul, &&F5 350ulS FH 3t
of 2 A2 v 95CoA 60%3F #< & A%ty N-butanol : pyridine®] F3]&
o] 15:191 &% 5ml Yol AH3] 42 Fol 3,000rpmelA 1023F A4 23

S 1 A= NS spectrophotometer (HP 8452) 532nmoll A ¥ A A3 819t}

jatd)
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o
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1
Mz
o
o%
%
o
w

Y
fi
22

of) dNe| Faiksts A

gJNo] Farslso AE3EHE  Kit(Total Antioxidant Status Assay Kit Cat.
No. 615700 Biosciences,Inc.,Germany)< ©]-&3ste] FA3qtt. SAH L= 24
kel dEQ ABTS(2.2—Azino—di—[3—ethylbenz—thiazoline  sulphonate])7}
H,0,%} ®E-5-3}e] %Aﬁﬂcﬂ ABTS WM Z Wals AL o] gdte] aitazdo &
A Al o] whgo] JAE = Ae o]t Ao R 600nmol A H A AT

A) ABEA B BA A

2AHE ARE SPSSZRIAS olgAA 2 T FAw BFE LAF AN
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Adt7)8]le] HlaE one way ANOVA  (analysis of variance)®} Duncan's

multiple range testE ©]&3| A A5 o, Fo4F2 p<0.052 AT}

3) Ao A

Table 3—42 Initial body weight, final body weight, body weight gain and diet
intake, food efficiency ratio(FER)

Casein ISP SH SS IS

Initial BW(g) 228.1£31.3 229.4+24.6 235.5£12.7 227.8+30.8 232.1£18.0

Final BW(g) 402.3+31.8 411.9+42.9 398.0+£30.3 406.1+£37.3 413.9+24.9

BW gain(g/day) 6.2+0.9 6.51+1.3 5.8+0.6 6.4+1.2 6.5+0.8
Diet intake
21.6+x1.9 21.7£2.4 21.5+2.1 22.8+2.1 21.7£1.4
(g/day)
FER 0.289+0.036 0.299+0.035 0.270+0.015 0.281+0.053 0.298+0.022

ISP(isolated soy protein), SH(seorietae protein hydrolysate). SS(soluble soy
protein hydrolysate), IS+i*(Insoluble soy protein hydrolysate)

Table 3—43 Liver, Kidney, spleen, epididymal fat pad (EFP) and testis weight

Casein ISP SH SS IS
Liver(g) 19.68+1.94 19.72+2.98 21.49+1.58 21.02+2.70 21.95+4.28
Kidney(g) 3.06+0.57 3.11+0.32 2.86£0.51 3.04+0.53 2.99+0.31
Spleen(g) 0.81+0.20 0.78+0.09 0.71+£0.15 0.76+0.12 0.74£0.13
EFP(g) 5.84+1.22 6.98+2.29 6.25+0.94 593+2.37 6.28+1.46
Testis(g) 3.01+0.64 2.94x0.75 3.03+0.34 2.89+0.38 3.1510.24
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1, 4572 A4 AstF5&e 717 Table 3—44, 3-45, Figure 3—49, 3—-50°]
etk A 15k A AR ZFS Fol ARl AelE HeolA ekgtar, A
e ISPTo]l FojHoR FA vehdon AAxsEFES ISP tE TR
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1FANA AREAYS e
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Table 3—44 Fecal lipid intake, content and apparent absorption rate at 1st week

Casein ISP SH SS IS
lipid intake

2.41+0.42 2.31+0.40 2.18+0.41 2.35+0.33 9.31+0.17
(g/day)
lipid content 0.18£0.06™  022+0.03"  0.15£0.04*  0.18+0.05"  0.17+0.02"
(g/day)

lipid apparent

. o 9273+1.97°  90.56+0.98"  93.09+1.85°  9258+1.22"  92.61+0.70
absorption rate(%)

(g/day) | B Fecal lipid content at 1st week |
0.3

0.25
ab ab

0.2

0.15

0.1

0.05

Casein ISP Seo SS IS

Figure 3—49 Fecal lipid content at 1st week
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B Fecal lipid apparent
absorption rate at 1st week
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Figure 3—50 Fecal lipid apparent absorption rate at 1st week

Table 3—45 Fecal lipid intake, content, apparent absorption rate at 4th week

Casein ISP SH SS IS

lipid intake

3.61£0.45 3.66£0.44 3.65+0.24 3.51+£0.36 3.31+0.21
(g/day)

lipid content

0.18£0.04 0.18+0.03 0.17+0.03 0.19+0.03 0.16+0.02
(g/day)

lipid apparent b b . b a
. 95.02+0.65 94.99+0.58 95.66+0.49 95.18+1.16 94.38+0.74
absorption rate(%)
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B Fecal lipid appareant
absorption rate at 4th week
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Figure 3—51 Fecal lipid apparent absorption rate at 4th week

o) A3 159} 45732 FUaHE 235
1, 472k Fd 2" &9 A3tFTE2 27 Table 3—46, 3—47] YepdA. A

I}
=

N

P

A 1FaklA] U ZHEAHE, AR, AsES 4 kel {FoF] Ate]lE Hol
A skt AY 4Tl e ZHUHESAAY, AR, LskEe 7 Sl #§94
¢l zpol & HolA 3kt

Table 3—46 Fecal cholesterol intake, content, apparent absorption rate at 1st week

Casein ISP SH SS IS

chol. intake o 1) or s y0 16 9313263008 217764120 2346843337 231451670
(mg/day)
chol. content o7 oo 0677 9518410.86  2475+1461 322041483  255545.93
(mg/day)
chol. apparent

absorption 84.81£8.56 88.90+4.97 88.67+6.48 86.40+5.45 83.92+2.73
rate(%)
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Table 3—47 Fecal cholesterol intake, content, apparent absorption rate at 4th week

Casein ISP SH SS IS

chol.intake
361.14+45.36  366.29+43.58  364.61+24.19  351.31+£35.73  330.98+21.25

(mg/day)
chol. content
28.99+7.85 25.28+8.15 28.96+11.2 29.66+5.71 30.37+13.2
(mg/day)

chol. apparent
absorption 92.00+1.81 93.21+£1.56 92.15+£2.64 91.39+£2.18 90.94+3.52

rate(%)

Table 3—48, 3—499] e}

& 4
FHQ Aold Mol gk, wuAe] wUFL
ge

= wAd G - 7kol =N =
casein©] FE&A4Y E&A UFEWUlFEEEwET AU dwAAstE S
caseinir®] FEA4 = B84 UFIdWIEETEHY 58 Ao 2 Yy

APaFAeI A= 2

HolA gkt

Table 3—48 Protein intake, fecal protein content, apparent absorption rate

at 1st week

Casein ISp SH SS IS

protein intake 4 o440 63 4404038 4.5040.57  4.5840.15  4.48+0.20
(mg/day)

fecal protein 4 (551 115 0.08340.009%° 0.081+0.018% 0.098+0.009° 0.09140.02°
(mg/day)

apparent 98.64+0.46° 98.09+0.27° 98.2140.31%* 97.86+0.21* 97.97+0.35°
absorption (%)
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Table 3—49 Protein intake, fecal protein content, apparent absorption rate

at 4th week
Casein ISP SH $S IS
protein intake o0 45 45740.65  4.6140.64  4.5940.23  5.0140.15
(mg/day)

fecal protein 5 44440 004 0.0944£0.02 0.09940.028 0.124+0.026 0.093+0.011
(mg/day)

apparent 97.63+0.41 97.94+0.33 97.78+0.86 97.29+0.61 98.13+0.25
absorption (%)

) g gl A3 GOT 2 GPT &=

H

[‘lrmﬁL"’

N

o |

gl Ayl GOT, GPT 4 X% Table 3—500] YelUgith, dode] a5
bt 2re] zbel7h gldth 1 & Ao A xR Wol AREEE GOT, GPT

HEWH, T 7he] Aole 3124 GOT+ A edrtas&ae], GPT

5o caseint BUF w2 ko))

o,

s
i

of e
i
1

o

Table 3—50 Plasma protein, Glutamic—Oxaloacetic Transaminase (GOT) and
Glutamic — Pyruvic Transaminase (GPT) activities

Casein ISP SH SS IS

Protein(g/dL) 7.56£0.59 7.87+0.80 7.93+0.93 7.52+1.04 7.64+0.46
GOT(Karmen/L) 58.38+22.42 54.88+4.31 48.13+5.48 59.79+22.35 59.50+12.64

GPT(Karmen/L) 5856+23.75 50.00+5.08 56.38+19.77 52.92+6.9 57.88+19.73

uh) g 1e] #aksiA A

3 ko] HakslAdE=E Table 3-519F Figure 3—-520] eI I3
s A A F = ISPt E&A47F R Ewe] e wEEY FYHoR 9A
Ebskct, 2heo] HabsiA A s o el folH < Aol st gl
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Table 3—51. Malondialdehyde(MDA) concentrations of the plasma and liver

Casein ISP SH SS IS

Plasma MDA

231.82+35.01°  206.34+8.43"  237.06+11.82" 217.58+15.09 ® 205.20+14.10
(nmol/ml)

Liver MDA
1667.16£162.04 1727.54+115.14 1690.68£141.00 1592.80+51.34 1621.40+136.40
(nmol/g)
(nmol/ml) | @ Plasma MDA |
300
250
200¢F
150F
100¢7]
50F
0
Casein

Figure 3—52 Plasma MDA concentration

o) & Atz
% absle# > Table 3—-52% Figure 3—53¢] YeElAT. & ditslsee 7t
ol FolHel ApolE YEeRA] ko) Ml 7fEREsE oA oft S kol

Rt
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Table 3—52 Total antioxidant status assay

Casein ISP SH SS IS
Total antioxidant
status assay 1.94+0.17 1.96+0.10 2.18+0.29 2.03£0.22 1.95+0.22
(mM)
[l Total antioxidant status assay
2.5
2
1.5}
17
0.5¢]
0
Casem
Figure 3—53 Total antioxidant status assay
2 g FFY2HE, SAAY, HDLY LDL Fd2HE = 2 594344
o} Y sHE, FAAY, HDLY LDL ZA2HE 55 2 SUdaA5e
Table 3—-53% Figure 3-54,55,56,57,58¢] uEl} gt} g FAAXue B84
T3 ISP %=

T E(1S) ] caseinw Bt} fFold o= oty AMelg7tEal=
S AFgS BY. dd FIYAEHESE ISP g FduslSs
IS)°] casein Bt} o4 Apol= gldloy w*e Hgko|¢ltt, HDL— iiﬂ*EHEJ
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ALdE FadirtaREsiE LS50 casein Bt & ZHdkel whd LDL-F ¥ ~H
29 FgolEols 230 Yokt AFelnrh
EMASA T caseinwtell HE tiFdEzleRlEEY ISPadA v AEE

H)

Table 3—53 Plasma total cholesterol, Triglyceride (TG), high—density
lipoprotein cholesterol (HDL), low—densiry lipoprotein
cholesterol (LDL) and atherogenic index(AI)

Casein ISP SH SS IS
TG(mg/d¢)  70.13+15.70° 5813+10.15"  49.50+6.90"  69.75+30.92°  40.64+6.52"
Total
76.15+19.27 67.21+25.82 66.40+9.79 63.15+22.77 60.98+12.58
Chol.(mg/d¢)
HDL
8.36+2.01 9.78+2.42 9.23+2.28 9.86+2.36 8.69+2.49
(mg/de)
LDL
51.20+19.58 47.79+24.86 47.27+8.387 39.33+22.92 42.22+12.24
(mg/db)
Al
8.52+4.50 6.08+1.88 6.38+1.44 6.07+4.54 6.04+2.15
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Figure 3—54 Plasma total cholesterol
(mg/dlI) BTG
80 b b
ab _
60¢ ] ab
a
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Figure 3—55 Plasma TG
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|l HDOL—cholesterol |

ISP Seo SS 1S

Figure 3—56 Plasma HDL—cholesterol

12
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Casein

|I LDL—cholesterol |

ISP Seo SS IS

Fig 57. Plasma LDL—cholesterol
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Casein
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Figure 3—58 Atherogenic index

Zp) zre] AF} U 2EHE F
kel AAF Fe2ElE %= Table 3-54¢ YEIT He] FAE &
SAAY, SU=HES sRs 4 el FoA Aol 7t gtk

Table 3—54 Liver total lipid, Triglyceride (TG), cholesterol

Casein ISP SH SS IS

Liver total lipid
(me/a) 210.9+26.3 197.5+19.8 220.0+£31.8 214.2+25.0 233.4+40.9
mg/g

TG(mg/g) 38.35+4.83 34.25+6.01 36.31+7.08 35.00+5.46 35.69+4.80

Chol.(mg/g) 5.54+1.02 5.37£1.20 5.72+1.47 5.96+0.87 6.02+1.28

2 WeolFAe XA 9 ZEAHE s
Hol A9l x4 W ZYAHZE %S Table 3—-55, 3—56, Figure 3—59, 609l
e AT ¢4 W 150 XA s Rt Fui (ISP ) o] thE Rt f
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Table 3—55 Fecal lipid concentration at 1st week

Casein ISP SH SS IS

total lipid(mg/g) 107.9+13.82" 134.25+¢11.33" 11645+14.40" 112.83+9.15" 110.80+10.43"

TG(mg/g) 824+1.88"  844+191% 7.75+2.20° 8.23+1.76™ 10.72+2.67°

chol.(mg/g) 11.88+3.28"  10.96+590®  8.11+3.31° 13.89+3.77°  10.34+2.66™

(mg/q) B Fecal total lipid
concentration at 1st week
b
140 . a a 2
120 <
100¢]
80¢]
60t
40t
20t
0 — ' ' '
Casein ISP Seo SS IS

Figure 3—59 Fecal total lipid concentration at 1st week
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(ma/a) B Fecal TG concentration at
1st week

12 b

10 ab

[
|9

I a i
ISP Seo SS IS

Figure 3—60 Fecal TG concentration at 1st week

Casein

Table 3—56 Fecal lipid concentration at 4th week

Casein ISP SH SS IS

total
. o 108.7+8.55 122.9+13.5 116.8+£5.28 109.7+19.1 109.2+9.06
lipid(mg/g)

TG(mg/g) 11.21+1.07 11.65+2.01 11.69+0.47 11.30+2.31 11.46+1.10

chol.(mg/g) 17.69+4.71 16.59+3.21 21.57+8.34 19.54+3.88 17.28+4.98

) del 4 A%
dhe] A X#E= Table 3-57¢] UepliSinh dRI2ilesss Zb 2ol
ApolE UEhHA okt

LEER
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Table 3—57 Plasma hemoglobin concentration

ISP SH SS IS

Casein

Hemoglobin

18.93+2.95 21.13£1.12 20.06+2.61 19.67+3.31

20.46+4.55

(g/df)
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2) A+ W

s

23}

7H tFE5FY 29 T ade] FeAA

Tauww 1 0] QA B2 Tl o fEfo] = AE oA $4 A Eofob
g HAolrh & A5 Wqstr] skl AP Aol dFE figure 3—610l €7
—8}04 22 AAs gty LT gude) wald gk 9590140 £RE ThAon,
FES 5200140 R BEl AAe] v F FEL QY. B ARE vigor
AP Rel e Fe g AL 3L A et @k
Defatted Soy Flour
Centrifuge

Dissolve in DI Water 1:10
Wash 2X with 4.5 DI Water
Adjust to pH 9.0

Adjust to pH 7.0
Centrifuge

Spray Dry
Adjust to pH 4.5

Figure 3—61 Procedure of isolate soy protein.

) gl @dS Low phytate 2] tlF @@z felo]= A4k

T ZF phytate A AT w5 T Aotk AWA S = phytate= Aol A
nEke] Mg 449 X Fete] A4 mulY YAk AP S et EEEA, 2 AT
/]i= low phytate &2] Ot a8 AAkslo], EjojFehl @ 2 peptide W 2] phytic
acid TS &eldtgitt. A A low phytate a2 peptide A X BHs e o
7F A o, Adst A 7l NS obF mu| gk Aot

i

_4,0
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Soy flour (phytate 2.03%)
Treat with enzyme phytase (pH 5.0,40°C,2h)
Isolate protein*
Low phytate protein isolate**
Treat with enzyme papain (pH 8.0,37°C,4h)
Low phytate peptides**

*Alkali solubilization at pH 9.0 followed by isoelectric precipitation at pH 4.5.
**Phytate content -0.06% (w/w)

Figure 3—62 Procedure of low—phytate isolate soy protein and peptide.

B ojF amde] oJokstd B 7S 915lo] low phytate soy protein®} peptide A
Ab SRR ofu g} 1A A AP E 7] & i Aol BAE iron—binding T
< Akt A 28 2 &S Rl g x4 542 AEe 245 %
A b= o] 7HA] 1A T 7HE T ag Aol e Y A TS G A side
chaindl] 3}3t4 WM& Sl A AL A2 FE 58ty EA4S Ad A=22 o
A=A AFG Y] dEE AR o] 7hsEt) o] & flshe] v ] et S o] wish
£ Q39| olsliataL, 27t 75 A 540 AE AFd A or g7 H o)A 7] wE
of Zdataizl k= AE] FEiy typeol whel 8T A] = 754 S e W
Hom Mo ZA AR T/ AFEs M 5 A "t
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Table 3—58 31514 MEPS T I diF2HZ Y Ax A 578

Soy Phytic Native Iron In-vitro
Protein Acid Iron Protein Binding  Availability

Products  (%w/W) (ppm) Products  Capacity of iron

SPI 2.33° 1402 SPI-Fe 45002 882

LPSPI 0.06° 123° LPSPI-Fe = 3800° 862

HLPSPI 0.06" 118°  HLPSPI-Fe = 44002 862

oh) B8 gFaud 2 iy Aqdex] dilFd S Ak r] ste] a4 I 23

7w d o] HAgukg A EAL B8 38 kDaoll 4% A5t 9 5SS A
SHAl B =) o] g E4& AlASH] gk AEAA w2 ultrafiltration He ©]
|8 = Ytk & AFdA = A H o Z AT WH S Jdeke] i a2 RE
FAS a4 wygs T3k g4 AAHI Ultrafiltration H-& ©]-838Fo] #| A 831z}
st} o] & 38kDad] T2 Uk o @A o] pH 4.5 A &) €4 =2 pH

6.30]H, o]& o]&al] FA5A ] = dMAdS e A, a4 AgE T3t

D43 FAAS AASA . @AY functional property’} £4] oW o] = 21F4

o] gat A, Aol Aol A o]_E (bioavailability)o] 4 &Fo} 23E 0 & A 9] 7}x]7}

olAt), o ug gl x4 W3lel o5 F3 functional propertyE =75l

138 E Flstofof ghr. g gl o] A WSy Aol A thE AR

Whg o e o SAS A, 52 A8 b SAS ek 5 Qo] AFs] ok
=

& $a% AHolt ol HARE o] &3] ALYAA 2 WY FAAV gl= A
Al
2
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Figure 3— 63

2 A AP =E Papains
emulsion capacity®] S7}H&
I 7l58S 7R =S

%ﬂﬁ@@

=
54

H e 2] modified proteine 7§ &s}2#}

= 371, 5,

SPI or LPSPI 7% with DI Water
Adjust to pH 8.0
Add Enzyme
Incubate for 4hrs at 37.5 C
Inactivate Enzyme 95° C for 5 min

Freeze Dry

Procdure of enzyme modified soy protein

A4 net charge, I
g_tq o]‘: :[szq 9
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Figure 3—64 SDS—PAGE patterns of (a) enzyme hydrolyzed soy protein and
(b) the control. Each of side lanes contained molecular weight
protein standard (sigma).

Ankrlom AFAFAA Mg Faog =4
property, emulsion property ©]t}. @A 2R E WIS 2IA 7= FAAE A
Asted o]l &H = s TR a4H WES S AAlE dEde R =835
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Soybean
Grinding/ Passing 60 mesh

Soybean flour

l Defatted with hexane at 24°c for 48hr(1 : 4)

| Defatted soybean ﬂl:llr|

Extract adjusting pH10 by IN-NaOH
Flour : Distilled water = 1 : 10 at 24°c for 3hr
Centrifuge 10000+g at 4°C for 15min

¥

supermant
Adjust to pHA.5 with TN-HCI
Centrifuge 10000=g at 4°C for 15min
v

Precipitate

Dissolve in distilled water{pH8)
Freeze—drylng

| Soybean F‘rutem lsolate |

Figure 3—65 Soy protein isolate preparation
1) B T S92 4S9 BuAe AN dse] B WPy A58

g7 whelde] =9 allergen Gly m Bd 60K, Gly m Bd 30K, Gly m Bd 28K
of A%tk Gly m Bd 60K Fo3 F A duidzAd Z duExd B
—conglycinin® a—subunite]e]¥, Gly m Bd 30K ®x% 38kDa?l soybean
oil—body—associated glycoprotein®]t}. 3l Gly m Bd 28KE Ex}% 26kDal
=2 vicilin—like—glycoprotein®]t}. °] 52 F dildo] w7zl 3z} 4ol ol Ed)
79 gatEe] i o Aenkg AdEdS AR AHENE W gEEr)t
FEEAY 2 Sl ozt $-E7t vk wEbA 2 ATelA =
S AAsH] 8] 71Ed AFEsigkd Ultrafilteration®} &4%4 Wy & dA4 22
AT7F APYH I Y= BAHHIHE o]fste] tiFo Hogws FAdEAS
=

71918 A A3} W figure 3—66¢]
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Disperse soy protein isolate in distilled water {1 : 10)

g

Adjust to pH 10.0 with 0.1M-NaOH(stir for 1hr)

I

Shaking for 1h at 1200PM

L

Adjust to pHB.0 at 50

1

Add alcalase(15«#/1g, 24 AlU/g)

!

Incubate at 50°C

1l

Inactive enzyme at 80°c for 10min

1

Freeze—drying

Figure 3—66 Alcalase hydrolysis of soy protein isolate

th e AR 53

Alcalase®] 7F=E3] 3L 20% Trichloroacetic acid(TCA)E o] &3] A3}
Aok A, 1% SPIERS A%l 1mLS FH3dte] micro—kjeldahl] & & Total
nitrogend &S A3k shEs] AME(30, 60, 120, 180, 300, 480%)}

747y A zgith, $hds] gaE 7 AZolA 10mLe

Of

Unmodified SPI®] 1%&9S 27}
Hsla o179 20% TCA 10mLe H7bsle] AR (8900 X g, 4T, 158)2 2
Algt AR 2 AlEY e el 831¥ nitrogend S micro—kjeldahl™

()& o83l Z9sch

o, —
DH(%) = Tﬁmml leN ., 109
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) &= 54

A A g dwlAe] gax =4S Bera ¢ Mukherjee(1989)¢] =AW H S
T SAA AH&¥E A& Unmodified SPI®}

Alcalase 2.4L FG=E 8h &<t 7k #3iA1X] AL A dFehilds Apgste] vl
Z4s9th 54 Y ZH7e] REAES 1%8doR ZAs 3] g8 =
w] 7}A] stir AlZItF. Total nitrogen@dH&S SAs7]Ys] 1% SPI& oA 1mL&
FHstel dFS SAHSNAL. D 44 g8E UEL 0.IN-HCIZ 0.1IN-NaOHE ©]&
st pH3, 5, 7, 9, 11= ZtZF 248t Y42l (8000RPM, 4T, 15%)& AAlst
S #3&te] micro— kjeldahl'H WS o] &3}

NS(%) = Ni rogen in supernant(mg) <100

Total ni rogen in sample(mg)

H

o) f3 P4 L 3 PR 53

3t gAHI FIAHE SHLE Pearce$t Kinsella®2] WS oFzF W7 sl
AlsYstg e, WA, 0.1% YA gl (pH7)S A ZXste] 6mLS # 3}, pure corn
0il(100%) 2mLS H7}A|# homogenizer(10000rpm, lmin, 24C)= T LstA =
AT #d F onte 7] wpgelA {3k} 50ul (0% Ao)S FHskal, 108 F
(Aro)ell ©HAl 50us #Hated ZH2h fr3toe] 0.1% SDS &9 5mLe Z7hshe] 34
AlZek M fetle UV-—detector(agilentAb & A3kl 34 500nmell Al &
FEE A F33Ad = ui2 543% FF % 22> Emulsifying activity 3o
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W AE 348 4 AF A= 27
A S 8N B bR A AR AF FYED AF

el &AA 1% &9S AX(GOmL)E o, &9 pHE
IN—-NaOH¢} HCIS o]&3}o] pH4.0, 7.0, 9.0 = ztz} zA3v}. pHEAS vkl
AMZ & N5 homogenizer(10000rpm, 24C)E o] &3ste] 13t & Atk A

Fo GHE AES ZA W2UUER $A4 AEY F(VOE S4s: 208

3
Ul A e SAske] A @hes AEssivh

Initial foam volume(V ;)
Initial volume(50mL)

Foaming capacity =

) . V xt
Foaming stability = jo\T

AV = change in volume of foam
V (=initial foam volume at () min

AB Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis(SDS—PAGE) Analysis

7} bR ® AEE(0, 60, 120, 180, 300, 480%)9] wuld Rx RS 3}
o1st7] 98l SDS—PAGEEAS AAEtHTE 12% acrylamide gel®} 4% stocking
gels AR&FAL, 100VelA 2417 &<t Adste], sampleEo] T@Hd M=sE F<ls}
St} sample buffer2 1M Tri—HClI, 50% glycerol, 10% SDS, 5% 8
—mercaptoethanol, 1% bromophenol blues® AZFdHaL, o7|o Z+Z9
sample 0.005gS B3|AFH T} T AS]  standard®  prestained SDS—PAGE

standards(Bio—Rad, Ca. No 161-0318)& A}-&3}it}.

- 140 -



3) Aol A
7h 7heEd A=Y 54

Aol A FE3 diF 28 dWAE alcalase 2.4L FG(novozyme)E 2|8}
ZhEEE Algbel] mE welE FE J=E &<l 319t} alcalaseX 2] A Novozyme
Abell A AlF 3l product sheetol]l WA|E FA(alcalase)? &4 Al pHe &=9
Ao w e F UleRalE AAlsiith 7 AEY ke BaEl ARE SAS @Jﬂr
figure 3—67, table & RW 2A17WA = B A L7} FASA Z7hstrr 1 o) %
He a7t AAe] fadte s et =T o= 71d Y oy FHF ‘3*&%-‘4
Aol ofgk Aot & AP 7Tl A AT dlolE 9k AR AdE Bl

80 r
70 r
60 r
50 r
40 r
30 r
20
10 r

Degree of hydrolysis(%)

0 60 120 180 240 300 360 420 480
Hydrolysis time(min)

Figure 3—67 Degree of hydrolysis of soy protein isolate with alcalase

Table 3—59 Degree of hydrolysis of soy protein isolate with alcalase

Hydrolysis

yaross 0 30 60 120 180 300 480
time(min)

DH(%) 0 6.71+3.78 12.16+6.96 22.165.77 36.84+£6.48 43.57+£7.73 47.32+1.24

- 141 -



W} &= 54
Hydrolyzated SPI(8h, AMSPI)$} unmodified SPIZ FH<ol &A1 %
£ pHollA sample?] &38l= Was ZA4Act. €= 54 23 firue 3-689
el d 59| Hydrolyzated SPI(8h)®} unmodified SPI 2709 sample 25 W5
gy A (pH 4.4~5.0) FZoA Sert AAS] "olAlE RAoR ey
a8y Adidoeg 8AIZF FoF 7H 8% sample©] unmodified SPI Rt
14 &a=7F o Aoz yebgt. o] A3 AMSPI(8h)9] &8 S71 &
2 AP whE gFe] Wyl 1) Fefel= AEe] BARF A 2) 5471

|
2 Q% A5471e B2 3) BAA B3k del W] @ dom 3.

7}2}

=
A

)= N X =0

3L

_1

<O,
fo 1

(¢

R
=
=

e

100 1
90 r
80 r
70
60 |
50 r
40 r
30 r
20 r
10 r
0

\
)

—— ASPI
—#— Unmodified SPI

Nitrogen solubility(%

01 2 3 4 5 6 7 8 9 10 11 12
pH

Figure 3—68 Nitrogen solubility of unmodified soybean protein isolate(#) and
alcalase—modified soybean protein isolate(m)

Table 3—60 Nitrogen solubility of unmodified soybean protein isolate and
alcalase—modified soybean protein isolate
pH 3 5 7 9 11
ASPI(8h) 48.33+3.54 13.75+5.33 51.67+7.76 58.79+£2.98 65.8+4.30
Unmodified SPI 25.37+1.65 3.33+5.77 29.29+1.34 32.57£1.58 38.77+1.60
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Hydrolyzated SPIs, unmodified SPI and Bovine Serum Albumin® 3 ¥4
Ha {3l PSS vlalsked, Figure 3-69%} Figure 3-70° 7tz Yehgdch.
Bovine Serum Albumin %3 3} JHHES 7HA 3 Qo] WEES f3y 4

=
3 kg A A standardilﬂ AF8-519 T}, Figure 3—698 HW,
e}
o

a1 ¥ES
A71A] %8 (0min) AM&ES AAHow e A& s ozt 2 #3423 ekl
ool @49 &3 A&l YsiA VIE-= AAAAA #3E F8et=d 783
FElol= S} FA7]9] F7FE AUk o2 unmodified SPIR T ¥ #3F A4S
oy, BSASH BIWA] hydrolyzated SPI(8h)e] +3l8A =& BSA9 41.9% wf
of wxx] EgPct. w3, FFtd = (Figure 3—-70)+= &kol 93] 714 a7 18
455 ‘:}““"]Q A7N7F #opx]ar, @l S W iel EAstd AAdY] S, w4
= W= A87Ee] 7% R =EY FHdA dHES AAlstd g EApsol

multilayerE FAsHA HE=E £3F ¢t Ao] Zrlele Ao = Algdrt)

Emusifying activity(Abs,at500nm)

0 30 60 120 180 300 480 BSA

Figure 3—69 Emulsifying activity of hydrolyzated SPIs, unmodified SPI and
Bovine Serum Albumin(BSA).

Table 3—61 Emulsifying activity of hydrolyzated SPIs, unmodified SPI and
Bovine Serum Albumin(BSA).

Hydrolysis 0 30 60 120 180 300 480 BSA

time(min)

EA(Abs) | 056+0.06 | 0.62+0.10 | 0.60£0.12 | 0.61+0.11 | 0.57+0.02 | 0.53+0.03 | 0.57+0.04 | 1.36+0.06
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Emulsifying stability(min)

0 30 60 120 180 300 480 BSA

Figure 3—70 Emulsifying activity of hydrolyzated SPIs, unmodified SPI and
Bovine Serum Albumin(BSA).

Table 3—62 Emulsifying activity of hydrolyzated SPIs, unmodified SPI and
Bovine Serum Albumin(BSA).

Hydrolysis 0 30 60 120 180 300 480 BSA

time(min)

ES(Abs) | 47091505 | 92.38:36.705 | 103.82421.800 | 106.183¢21.80 | 11440+28011 | 155698401 | 162.86:56.307 | 232.330.006

) AF 349 R = 54

AE HAHEYG adFE =AH Al AMEZ unmodified SPI(control), Hydrolyzated
SPI(MSPI, 8h) 18] Egg whiteE A}&3Att. AFIFAAH 4% Figure 3-71
= ®d, MSPI= AAAQ pHE A F2 78S 71k Aoz Yy, o 4
3, MSPI= @¥ido] Zhpial7h SWA feto]l= Aks AAWHAA BAA = a0l
S7Fete]l SPIRG AF@dAdHol § &old Aoz yestth pHIIA MSPIS] 73
Hol 74 F& Ao VeI, AFE9 A (Figure 3—-72)S A|7ke] Ao u}
o} fAashs Ads BHAal gz ZoA o B Aow yERT

=
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O Control
BMSPI
OEgg white

Foaming capacity(-)

pH4 pH7 pHI
pH

Figure 3—71 Foam capacity of protein samples as related to pH

Table 3—63 Foam capacity of protein samples as related to pH

pH pH4 pH7 pH9
Control 0.2 0.3 0.36
MSPI 0.7 0.8 0.92
Egg white 0.6 1.3 0.6
3007
S 250
S
2 200
O
£ 150 O Control
()]
g 100 B MSPI ,
5 OEgg white
£ 50
0
pH4 pH7 pH9
pH

Figure 3—72 Foam stability of protein samples as related to pH
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Table 3—64 Foam stability of protein samples as related to pH

pH pH4 pH7 pH9
Control 53 65 60
MSPI 100 106 41
Egg white 200 252 140

m1}) Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis(SDS—PAGE) Analysis

5%, 34 vk M= 5~6%% LdHA o
1 5hol] wEbA 10~30%9] =2 WEE HAS

74 zkeole] oA MErt thEn, dHE A
Ao A, dH 1.4~1.8%, 2=H#HRA 4.6%, 2L=Ed Ul 19.1%9] v R=E

&2 olg=7] ¢ %%% ] 6.5%% By u gl

%2
B
=
_?L
)
)
=
i
AL
o
5,
O
1>
ox
m -
=
Fﬂ FUN —

2.4L FGoll o& 7 Hale Z o oid AEEe] WeEs Fsgith iy &
WAl F£Q allergene Gly m Bd 60K, Gly m Bd 30K 28]3 Gly m Bd 28Kel
A8t Gly m Bd 60KS FQR3F I A wwldz s 2 27 B—conglycinin
9] qg—subunite]e]™, Gly m Bd 30K& Ex  38kDa¢l  soybean
oil—body—associated glycoprotein®]t}. B3 Gly m Bd 28KS EXx}& 26kDal
2 vicilin—like—glycoprotein®]t}. SDS—PAGE 241 A3} Figure 3-732 EH Tj
T @zl =9 allergen site$l EX& 60kDa, 38kDa 18]l 26kDa%] W=7} 8
AIZE &<k ke AR i g AE(F)ole ds] AA" RS g9 &

Qa, o] % B3l ALelA UF wud Yol e Qs
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60kDa —
38kDa —
27kDa —
20kDa >
15kDa —

A: unhydrolyzated SPI, B: hydrolysis for 1h,C: hydrolysis for 2h, D:
hydrolysis for 3h, E: hydrolysis for 5h, F: hydrolysis for 8h

Figure 3—73 SDS—PAGE electrophoresis pattern of SPI and AMSPI

Hh) A LA T dide) FAAAE A% aLnks JHs 2 A3 34 .

AYHEEH 5 2 & =2 2 dF dwde] Aaks A A sksta, AikE SPI
steto 2 59 F8 allergensS ®ul 7FASIAL, 7
_1_:':__

AH oz AAst] * g As Aisla o] & kst ok 8-S 918l
5 a2 @A) functional properties® =43 A3po] Qoke vhg-3t ).

O AMYEH=FH diF &8 dWE(SPDFE 2 FA 4% 582 56%°]aL, SPIY]
LR e S S micro—kjeldahlt”(él)ﬂr bovine serum albuming A}F&3F lowry
H(12)ez A3 A3 96%2 «== Yl

@ AL diF e dNAdS AAs] e HAs AEe duldkel] gk a4
o] ¥=F 05%, 1%, 1.5%, 2.0%= 247t ZElsto] 8AIZF S 7hrialE AAl
SHlaL, &4 W] HA pHet &E& NovozymeAMW AFe 2oz AAS
A3 4 FE 0.5%9 1%A= ] Aol allergen site’} v w5
vebgtont 1.5%9 2.0%9] %Eoﬂﬁ% Fdo]l 5 AA @ Aow YR
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g doel @A (alcalase)E H7bshar, wkg AJZH(O, 30, 1, 2, 3, 5, 8h)
S A = T Attt 7R A A= FA3 S

=
%_
Aesh gaddr ox sdel wzol} 4
A

Sl F4 APL AESE JheEss AER JhEEE Al7IA g AE
(unmodified SPD)& 27 pHE gElste] &3l vl 54 sk 1 A3
Unmodified SPI 7% oiF @A G4 F<L(pH4.5~5.0)04 =7}
3.3%% 7ME W& A5 yebd wbA, 8AIE Fob R MEe SAA
pHol A 13.7%% Aoz £& S3== Bt}

w3k 2 3 A 54 AP 7heEs) A& (hydrolyzated SPIs: 30, 1,
2, 3, 5, 3AZHH ks A7IA &S AES 7EAAL AAEGIT o] Ajol A
Bovine serum albumin(BSA)& Z%3 #3t9& 7HAaL 9lo] standard® ARE-
shlth. F3te 54 A3 A= FAbolw= HolA| FUAIRE 8AIZE AEo] Tkl
AZIA & AlEel Blsl ot w2 FAE UEth ARk, BSASH HluAl
stE A =2 BSAS 41.9% wroll mXA Xt #3F M-S TRt W9

5% 7 5o FYHE 4FS Bk

[¢]

(e3

A% HAHEY A E =HL MEZ ynmodified SPI, hydrolyzated SPI(8A]71)

agla AFEPAdHol £ Egg whiteE standardZ2A ARE38FSlar, 37F4] pHE o

o AA] A A0 pHH oA hydrolyzated SPIA1E< unmodified SPI

ME Bo £2 AFES Bt ol o e wldo] yheiarh A e
= Al

ol BAAE el Frhehs Ao ATk A% AL
ol
=

SDS—PAGE #41& &sto] 7heds] Alzte] weE AEE9 oid BA%s g
Aakdrk. Bl Ay} spRE] Algte] Fhghel] wEkA Ol

site(60kDa, 38kDa, 26kDa)7} #

Bt TR AE AZoME FQ allergeno] B AlAFHO] AL A fF B

o Buaee e & & Qalvk

o] FQ allergen
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Urakapa®} Arntfiedli= salte] %ol F71et 4%, pH7F %& 45 guar gum?)
surface hydrophobicity® S 7Fettial H 313}9thH(Uruakapa, 2006). % & AT+
o 93t soy protein® fraction®l 11S¥ sucrose®] H7}7F hydrophobicityel] A&
S Hv A AT heatings 7 A2 5131 S A $-ol = hydrophobicityE A4 A]7]

= Ao ® yElyth ¥ 7S fractione sucrose?} heating =5 hydrophobicityE

A= Aoz AFEo HtH(Rhan 9 191, 2005). Pea flourE acid protease®
ZFREEE Alx § Ve A4S S Aol ¢, water absorption capacity
o= zkol7l gl Ao= Yeiyo oil absorption, emulsification, gellation

capacity, osmolalitys 7} 3l & ol A %‘%3] =7 v}elwtth. Free amino acid &
o] Z7}9} trypsin A& A, phytic acid content®] ZFA=E JUsHH ZmHo A AT
-3 Ao 2 YEelRTH(Periago € 791, 1998).

Al 2 A o dude] v A

Brantle 5(1979)& casein peptoneo|x] o}HAA wlF E2<¢l B—casomorphing
peptideE wElste] AF S A= RE ai% 43 Agd 98 B T/ AL
peptidesE E 8] Wt} o5 EAEL a4 A A (Maruyama 2] 1¢1, 1985), &
42 Z2 A7) peptides(Sato £ 191, 1986; Sugano, 1998), H|AE =215 o)

7)+= peptides(Tonita, 1995), 34+3} 7|52 A peptides(Chen € 291, 1995)
So07 oA oA 83 7|5 3881 rt. Sellmeyer et al.(2001)& &7 o

WAe) YAEol BS54S TUEs} WolHom, 18A G Al WA Tw B



A 7R 9] &4 (alcalase, flavourzyme, trypsin, chymotrypsin, pepsin) A& & %
gk ZheiteE ) 7] EEoi e ACE A g s 58 A9, a4
A 7t EdlEe] ACE A3l &5o] =2 Aoz Yelyton, 53] alcalaseo]| <%k 7}
FEdzel 7P w2 ACE AdEsS HoFe Aoz yERth(Li, 1989).
Pancreatindl] 23+ 7}=EaEL g9 F3=E F7HA7]E Aoz yEegon
(Moterio ] 191, 1994), Papain A2 7leiales Sal=st ARIdHe 7

Fe Ao ATl Huh.

Al 3 A AAel e Feo] A

oAy dA7elA F didS ke AES AFAE o 99 AdH Fo2EHE

Wahrh Advkar BastSivk(Potter, 1996). JUAE dido= & AFolAe iZy

2HE g5 gl Al shFel 50g8 ] T dAES AFHAVIH F ZElsHEC] of
g

ofw o] old WstE 7HA = A= obF hdd] wrE A H] & AEjoltt.

o] YA #es Adste 7de® Fo Eolde o] EAWZ(phytochemical)
of AAxA 7]so] ARHIL doH, o5l WANFAL, avheE, o Fol od
25 Hol= 7ol ois) @& #alo] FobAal lth(Barnes, 1998). WAl o
EANZR olAZeiEe F di
B

A ool wel weba

frdol e Wrdnds AAANAE o, olhgete] Ad %
A= 7kl 2388 o & ads FolA, I FuzHE
2ol obd v Aol ¥ dFE vAE
oJAFFEE in vitrodlM AFHHTR QI EHORREH AEES HI
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