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SUMMARY

1. Title

Development of Environment Attractive Chundubu(whole soybean

curd) using Microparticulated Soybean Powder

II. Objective and Significance

Soybean (Glycine max.) is a crop belonging to the Leguminosae
family. Although this history of cultivating this crop is not clear in Korea, it
was recorded to have cultivated starting the early part of Three Nations,
ie.,, around the first century B.C. and was cultivated in Northeastern Asia
including China, Korea and Japan until 1930 as an important source of
protein. Tofu is formed by coagulating and pressing the heat extracted
protein from soybean with water and was first made about 2100 years ago
(B.C. 178-122) by Hinamwang Ryuan in the Han country of China. It was
introduced in Korea before and at the end of Korye. With the recent finding
that Tofu is effect for preventing cancer, cardiovascular disease, osteoporosis,
and renal diseases, it is becoming popular. The amount of soybean, the
ingredient of Tofu drawing interest by people, being consumed in Korea was
1.64 million tons as of 2001 with 500,000 tons being consumed as food and
135,000 tons being made into 7Tofu, which composes more than 30% of
soybean used for food purposes.

Many studies were conduced on Tofu from the varieties of soybean,
which is the main ingredient of 7Tofu to coagulation, compression, and

packaging, covering the overall areas including chemical, physical,



microorganismal and sensory characteristics. Some of these topic included
the general component of Tofu, the effects of soy milk concentration on Tofu
shape at the time of heating, and the effects of heating time and coagulants,
physical properties of Tofu, soaking time, phytic acid content, soy milk
concentration, heating temperature, coagulant type, amount, coagulation
temperature, speed of adding coagulant, coagulation time, and
molding-compression. Although there were the study on physiologic and
sensory characteristics of noodles added with dietary fiber prepared by
dissolving soybean curd residue in a solvent, the study on compressing and
shaping soybean curd residue to prepare intermediate food products, and the
study on making the useful component in soybean curd residue into food
product with the interest also placed in soybean curd residue, soybean
soaking water, the byproduct of Tofu, it is still early to apply these products
in practical settings.

Soybean curd residue generally results according to the usual
method of making Tofu. However, the amount of soybean curd residue
produced was more than the amount of soybean used with 160,000 tons,
creating an environmental problem including the problem of handling waste
water. In order to overcome this problem, Chundubu was prepared by
dissolving microparticulated soybean powder in water and heating with a
coagulant added. Although it offers the benefit of not creating the
environmental problem for it does not produce soybean curd residue and
containing all good components of soybean, it is not drawing interest from
consumers since it has very rough texture unlike ordinary 7Tofu. Related
with this subject, although texture was improved through a physical method
in Japan having a significant amount of 7Tofu, consumption and various
soybean varieties, no study was reported on the know how by

manufacturers. Furthermore, no study was done on improving the texture of
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Chundubu other than the study by Kim ef al who prepared Tofu using whole
soybean powder and the study by Ku et al who examined the effects of
microparticulated soybean powder and preparation conditions on the texture of
Chundubu.

This study was done to investigate the change in particle size, color
and viscoelasticity of microparticulated soybean powder treated with complex
enzyme for dissociation carbohydrate as the basic ingredient prepared to
improve the texture of Chundubu. Final object is development of
environment attractive Chundubu using microparticulated soybean powder

without soybean residue.

III. Scope

(O Investigation of previous treatment condition on the soybean
powder for texture improvement of Chundubu
— Establishment of milling and previous treatment condition
— Examination of effect factors on the Chundubu according to condition
of tofu processing
- Search of improvement technology on the Chundubu texture

according to partial denaturation

(O Preparation and quality Improvement of Chundubu using microparticulated
soybean powder
- Optimization of milling process on the microparticulated soybean
- Establishment of optimum condition on the previous treatment for
microparticulated soybean powder
- Examination of processing condition of Chundubu using domestic

soybean

_11__



- Physicochemical properties and preservation of Chundubu

O Development of processing technology and diversity of Chundubu
- Development of optimum processing chart on the Chundubu
- Efficacy on the useful content of Chundubu

- Diversity of Chundubu

IV. Results and Recommendation

The effect of particle size, coagulaht varieties and heating time on the
yield and textural properties of Chundubu(soybean curd with microparticulaed
whole soybean powder) with microparticulated soybean powder was investigated.
The proximate composition of microparticulated soybean powder was similar
with it of domestic and imported soybean. The mean particle sizes of
MSPI(microparticulated soybean powder, USA) and MSPII(microparticulated
soybean powder, Australian) were 56.38 gm, 14.42 m, respectively. The optimum
concentration of microparticulated soybean powder was investigated by central
composite design and response surface methodology. The results showed that
the highest vield in MSPI was obtained 6%, MSPIl was obtained 8%, 10%.
And the springiness of Chundubu was no significance between samples, the
highest hardness of Chundubu showed 8% regardless of MSPI, MSPIL ~ The
single coagulants and concentration, CaSQOs 1.0%, GDL 6%, Ca-gluconate 1.0%
were higher value than other coagulants on the yield, springiness and hardness
of Chundubu The maximum yield of Chundubu prepared with mixed. coagulants
showed CaSOs-GDL coagulant. According to microparticulated soybean powder,
MSPII with composed little particle size was higher value than MSPI on the
springiness and hardness . of Chundubu. Among the mixed coagulants,
CaS04~GDL and GDL-Ca-gluconate effected on the hardness of Chundubu with

_12_



MSPIL , MSPII, respectively. The hardness of MSPI Chundubu was increased
until 20 min according heating time, it was decreased more than 20 min, while
the hardness of MSPII Chundubu was increased continuously.

This study was carried out to investigate particle size, color value and
dynamic viscoelasticity of microparticulated soybean powder{raw material of
Chundubu) according to enzyme treatment. Chundubu(soybean curd) is prepared
with microparticulated soybean powder. The proximate composition of
microparticulated soybean powder was similar with it of domestic, total mean
particle sizes of MSPl(microparticulated soybean powder, USA) and
MSPI(microparticulated soybean powder, Australian) were 56.40 tm and 14.42 um,
respectively. The effect of enzyme treatment on MSPI was more higher than it
on MSPII in the reduction of mean particle size. Viscozyme, complex enzyme
for digesting carbohydrate, was showed bigger effects than celluclast on the
mean particle size reduction of microparticulated soybean powder. According to
enzyme treatment time, it was showed particle size and specific surface
decreasing until 1 hour and lag phase more than 1 hour. MSPI and MSPI
treated with enzyme showed lower L, a, b value than control. The a value of
samples was increased while b value of sample was decreased with enzyme
treatment time. In the dynamic viscoelasticity, storage modulus(G" ) of samples
was higher than loss modulus(G” ) according to increasing of temperature
regardless of enzyme treatment.

Microparticulated soybean powder was produced by dry milling
made in Korea. Particle size of soybean powder showed average 33.56/m,
this size was bigger than MSPII(average size 14.42um) and more less than
MSPl(average size 56.38um). But average particle size of whole soybean
milk prepared by wet milling showed 240-245um, its prepared by speed
mill(colloid mill + cutting mill), was: 1656-198um. Water holding capacity of

whole soybean powder made in Korea was lower than imported soybean

_13_



powder. Hardness of Chundubu prepared by its powder was very similar
to Chundubu made by imported MSPI and MSPII.

Also, for improvement of Chundubu textural properties, it was tried
Chundubu made soft-tofu method(uncompressed). The texture, color and
springiness was a little difference other commercial soft tofu, but total
acceptability was similar to commercial tofu. So, it could confirmed that
soft-tofu type(uncompressed) method is better than general tofu(compressed
type) method on the Chundubu(whole soybean tofu).

After it was produced Chundubu(uncompressed) with pilot scale, it
was examined changes of pH, titratible acidity, turbidity and microbes
during storage periods at 4C and 30C. The result of experimentation, it
showed no difference on the pH, titratible acidity and etc. between
Chundubu and commercial tofu.

Changes of particle size, isoflavone content was examined to
enzyme treatment effect for Chundubu processing. In the isoflavone content
of enzyme treated microparticulated soybean powder, the ratio on the
glucoside and glucose complex with malonyl and acetyl compound was no
difference between Chundubu and commercial tofu. While, in the daidzein
and genistein, its of Chundubu had  2-5 times  higher than its of
commercial tofu. And index of cancer prevention activity of isoflavone is
BlalP induce EROD inhibition activity and QR(quinone reductase) induce
activity.  The result of this experimentation, the highest activity showed
non-glycoside materials like genstein, daidzein on the ERQOD inhibition
activity and QR activity.

To diversify of Chundubu, with whole good nutritious compounds
and no soybean residue, it was examined colored tofu, flavored tofu and
fermented tofu. The colored tofu was parpared with natural color, flavored

tofu was made by addition various seasoning, suitable to Chundubu. And

Fermented Chundubu was made by innoculation of pure fungi and aging.
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A2F As DY

FRE ¥z AbgsteE FUdgEE T TR, T
(M2 FFEFGFRAA AFzwgdtt, E AFFY A8 dFuAEES
9% =ZY7)7 b2 MSPl(microparticulated soybean powder, USA)$ MSPII
(microparticulated soybean powder, Australian)S TL3ted ANEZ o] &3 A Th
LA 2ZAT deHor FHRAZH olgde 4F9 F1A(CaSOs-
2H.0. CaCly - 2H20, Glucono-delta-lactone, Calcium Gluconate, Sigma Co.)$%
A E AFA (Al 2-303, =chs-Y)E AT,

o oM =240
F st Ul ER) FAaH(u] A gPFE o] &
o 23 AL 48 F nEY L BF ¥ FYsAT. E AFF
T ol RS MSPI(200mesh) @ MSPI(325mesh)2 W& #4393, £
arle A7 EFL Fluidized bed opposed jet mill(Model 100AFG, Alpine

¥

Aktiengesellshaft Augsburg, Germany)< ©]439 CWS(cut-off wheel speed)
5,000rpmol A1 ¥+ st}

1) UM F 3 isoflavone

fF AP ELS HFE 100 mesh AEE BetP 2, HFmAE2E
A28 glo] ACACHE"d 9ste] BAstgh. FEL 105TA Fdo] o
g & microkjeldhal'g ol oldte] ZdE# A S,
A& soxhlet &, 3E& 550TAHAM 3AA FFFAT. E A4 AEY

isoflavone & %S HPLC(Jasco. Japan)Z A #HeAth olwf AF&3$ column

™

Jh
Y
BN
o
£
o
o
ol
2
fo
s
a

Xterra RPis column(5 m, 4.6%X250 mm), detectors 254 nm, % 1 ml/min,

injection volume< 20 W2 3} ow ol FiE 20% methanolol Al A) &3}
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60% methanol= 65%-3+9 gradient® # A5t A5 AAMge dF 1g
g 1 N HCl 20 mL2 #FZAdolA 1A b2 88 & 489 methanol &
A7t HF FE7F 80% methanol® A Zastgth, o] €4E 5000 rpmol A
1023 AAEAC)s 454S A =, 045 W filter2 JHF AL A8
2 g 72 A 89 isoflavone ¥ EFEQ) genistein(Sigma, Co.
USA), daidzin(Sigma, Co. USA), genistin(Sigma, Co. USA), daidzein(Wako,
Co. Japan)®] EF AFZHOZRE #ilstadon, 33 oo wHEA A

Hagow JeErd

ol

2) 4= U Y=

gFu g M= WAz 10 o] AA 5 em, Ho] 5 mme &

<
3 2958 1 A A(CE-310, Macbeth, Minolta, Japan)& ©] &8} =
AaAa, Jxo A% B 03z FFF 5 mld #3247 3 dr BY

Al(Cilas 1064, France)2 ZA3stRdth  ojw ztzro] b2 33 wE3 37X
=

i

3.5 R}=

P

ol MF5Fof Ojxl= Hg AX =Ab

1) 355 (24HY) A=

TR AR RMSPL MSPIDE 3H%2 $% 557 6~10% D%
1 LE Azxsi, #2471(Omni 5000, US.A)E 5837 auksh
ol o 005% Hrkske] AR AR FHE A=A
FE 8710 Fob Wyeky, 95T ol golA 1087 A% F 10%= 247 A

W oad 9 Bd gnd S8 AW B 80T FEFEAN O 4-5%7



o,
ofk
i

Foll FEF(AE 5 am, ¥o) 24 cm, FA 380 g)& 2083 4F A

o
o},

oft!
ol
on
4t

2) HSojMEHS] 28 5

dEY AFHE AxE A3 TR HH sx2E A8 Hstd HE
E 24 (response surface methology, RSM)™'& Al 4314t A4 A
(central composite design)ell 2] = WMo Ad A EHE Table 13 Table
29} Zo] dFrAEgd BdE&aAF CaSOs - 2H08 MAs A, 39A=z F

- =459t

==z
Zz
Z A 719 &

2

o u
g X

3R

stetod AFFE A=

o
{U
A

Table 1. Actual value of coded level of independent variables for
experimental design of microparticulated soybean powder and

coagulant concentration

Coded levels

Xi Independent variables
-1 0 1
Microparticulated
X1 soybean powder 6 8 10

concentration(%)

Coagulant concentration

(%, CaS0O4 + 2H:0)

_27__



Table 2. Actual value of composite design metrics of independent variables
for experimental design of microparticulated soybean powder and

coagulant concentration

Independent variables

Design point

X Xo
1 -1(6) -1(0.8)
2 -1(6) 1(1.2)
3 1(10) -1(0.8)
4 1(10) 1(1.2)
5) 0(8) 0(1.0)
6 1(10) 0(1.0)
7 -1(6) 0(1.0)
8 0(8) 0(1)
9 0(8) -1(0.8)

3) ol SaA, 2UASAA U JHAAIZe FF

gdgnAe A7t G¥e 42T SRAE 10% 4o Azd F
o

AER(GLY)E Azol ol &5 oW BALTAY FrAFe STt
L AEHE P 7)F0R 39AR HAE PAE ¥E ATHE Azd ¥
Fen 247¢ 2499 EF SAE B $uAL ATR Fe% 2

2 gt &3 w10,
o AbEElAT ASEY ¢
TR 7HEAS B EH 2 H (response surface methodology, RSM)& At

&35t Table 33} Table 49t 2ol AIALEL Atk = FFJ 7FEAH(

e
]
ol
o
Do
o
o
A
<
o
©
N
o
<
o
©
—_
e
it
[Ny
N
X
o oo
2
fijo
2,
BN
ol
R
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X)), £ 224 ME(X)E 5RAR FEd T FAREAL me AFR
g Azxsta £83 247¢ 24HA,
Table 3. Actual value of coded level of independent variables for

experimental design of heating time and mixed coagulant ratio

Independent Coded levels

X

variables 1414 -1 0 1 1.414

Heating

Xi 10 20 30 34.14

time(min)

Mixed

Xo 1:0 0.75:0.25 0.5:05 0.25:0.75 0:1

coaulant ratio

Table 4. Actual value of composite design metrics of independent variables

for experimental design of heating time and mixed coagulant ratio

Independent variables

Design point

Xy Xz

1 -1(10) -1(0.75:0.25)
2 -1(10) 1(0.25:0.75)
3 1(30) -1(0.75:0.25)
4 1(30) 1(0.25:0.75)
5 0(20) 0(0.5:0.5)

6 1.414(34.14) 0(0.5:0.5)

7 0(20) 1.414(1:0)
8 0(20) -1.414(0:1)
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AFE(gzE)e 82 98 FH2REH Azd $uES HAFEAZ
F OFEFE AAT FA FAES A9 o gE UEEAEZ

(Microparticulated soybean powder) 1 g@ «o]x $F4Heo FA=Z 3, =
3 =

(o4

24 F8L FEE SR F 24N F2oA fAAN F AAH ZA7OR 2
emX A2 2 ecmX ®o]l 1 em)E  AHwd & Texture analyzer(Model TA
XT-2, Stable Micro Systems, Ltd. England)® TPA test® sttt old &
AZ712 probe; @ 35 mm, graph type; forece vs time, force threshold 300 g,
test speed; 1.0 mm/s strain; 30%QJ o9, zt A¥ L 163 w23 P& F

sheieh.

S|

FAEAAG e APAN= SASY program& ©]Lste] BAHEAM 3}

anova test® HABIE, T AFRe EolF 5A¢ dad, ©EA 52 A4S
R

of modeld & FESL TR BT EF enA B AANRY 9 Y= £

4. HIEY AY

1) 5% 5%, 8A =1 M
A s dFAdd tFRAA ] 05%9 sPF3tE gellan gume B
Fe 2 H7}s9 homogenizer(OMNI 5000, US.A) 1¢o 2 5837t 28 ato]
0.05% %A H7pska 20837 BH LA ANdeinh FalE FHdd] A
0.

ol ejete] 2" T 1A0.6% GDL: 1.0% Ca-Gluconate = 0.75:0.25)&

_30_
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ol
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ot
rlo
4
N
2
2
=
o
Shs

ks

olo

i, 2083 WAAA AFFEGHR)E

2) N BER0 OE HFF(HYEY) "=

fFAE 12%2 248 F homogenizer(OMNI 5000, US.A) 1¢to.2
S5¢i wAstste] 0.06% axEA H7bskn 20%3F A E7INA JFEsiith Al
Z3 55 100meo] 4dABETo 05% gelling agent& A& 713 FHA] 57+
A o, EF-SILA06% GDL: 1.0% CaSOs = 0.75:0.25)2 80T F&4
Zol A 40T &3, 2087 dAAZG oldt AMEd HIUMAE  alginate,
carrageenan, gellan gum, pectin, sodium alginate(Sigma. co)& A& 3ste] 05%

2 2 g3 A7 & 80TE FAAIIEA AR o

3) 2% 539
e 22 %

48 ool 4y ATHe 245 FAshA ST

HFE W) o2 S AR BAEAA Aujd RE FH
A YA, gEuMETRe Jd= Ar)7h oE  MSPl(microparticulated
soybean powder, USA)®} MSPII (microparticulated soybean powder,
Auvstralian)ys T8t AN RE o]&art. Ahe AFIAAAM o]&Hm
= B84l viscozymed celluclast(Novo Nordisk Co., Denmark)E AF-&3}
3t} Viscozyme= arabinase, cellulase, B -glucanase, hemi-celullase$}

xylanse® 283 et3E E3] FAE Aspergillus groupolA A¥WE strain

_31__



o2 Azxd Aolw, HA pHE 35~55 HA Mg 2EF 40~50T, 84 &
4% 120 FBG(fungal beta glucanase)/mLQt. ¥ celluclast® cellulose 3}
BAFE Trichoderma reesei AEo|A AWE straino2@ Axd A2 HA
He 48, #A vb32% 40T, &4 42 1500 NCU(Novo cellulase unit)/g

TANAAE L 8% tFUAREH S F47](Omni5000, USA)E 5&3t

N
)
ii1eA

Oft
ol
X
52
Mo
=)
X
Mo
=)
2
A
—_

= 00ColA 208 7FE s g Fr Al
A2 100 mL mass cylinderd] 72+ B33 v} 24X 7F AR et 71epgke A

AE ®olE TaAT?. FREFS A (water holding capacity) = o522
0

oAz AbgEE T AeE TUls dFE 24413
ARG = Faste #v)adn, WFuAETe 8%(pH 652 FA s B
AlZL F Z+ZF 100 mLE vlojAo) FHeba, &4 A(viscozyme, celluclast) g 0.1,
05, 1%s=E #HI/lste & &3t & ant & F£XJdA dFEHL 1A F
0~3XNZ7AA A AT, olu WgLE
= 50T, 0RTALRE FHAL AUl 100C 587 71Esty a48 B8
A7 F Y, s 2 da4e SFsgm, dExTE i4 AdE 8
=

A WA RS AlgE o] &t AT

2
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g Fu AR de] Mee WAz (0v) $e A 5 com ¥°] 5 mme ¥
] ZH2EES =31 MEA(CE-310, Macbeth, Minolta, Japan)& o] &3}

L, a, b#tZ 48, 4= 9= &2 03 g& FF 5 mLo &A1

5) HEtY

E4x8E gFEuAEEAr fET9 ¥eA L advanced rheometric

32

expansion system(Reometric scientific 2ARS-11A. UK)E& o]-&3}s A3}
. A3y AeAinear viscoelasticity) TS A7 YEtd AR @A
(storage modulus: G )3 €4 €4 & (loss modulus: G')& ¥ st 0.1~

20% WA =A% T AE A (linearity)Z B 10%E AA dHg oz HA3

i

flo

o temperature sweep test® 30~70C HHINAM A4, HAd =4
plate 27 50 mm parallel plate, frequency 10 rad/sec, heating bathe &%

5TH ZsAlzom, o 48 e G G'E 2% &4 FFd Y

HAEEg dsmAede 49 diE 44 odFsa glernz o
& A Azxstaz sl EAGA st EEE Az Ent
5= (F)IFAFAA Aot EHAA] FHEAG (F)AFH o=
ol diFrAl TR Az of W Ax 27 FAEAY AE F4H
o= colloid mill#} cutting millingS &g Fege] 7IA=2 B T8 oW

200meshel st} 21§ tiFoAe] Fguo] Yot weln, (FAEFsde A

Hl

A O 2 impact millZ F7]o] o) Edo] Az AER AR A
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1) F7e 24z, AL,
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=Rg 47 Az

d A
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A
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23

pres
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=

o

H7hst

A 0.05%=

Eal

ke
T

o
=3

—

N

2) #olEe Y

A gelling agent

A
7} s}k

gelling agento] 2] %

o] 0.9~7.2%7}+%

e

ol
7°

Mv_,o

1

A

e

3|
joe

HZAL

<
ur

Rr
op
ok
K1
I

Uk
&l

™
H
)

b
el

X

Fol, & @7

Be 95

7H

=
=

3+

P T

&

HEE AL

o}
=

X 17.9cm X 15cm)ol] 2 A =

o

3
A Akl m

= =
= P

bo] g4

S

Vg FF 1LY 250ml=

KR

4

b
file)

0
_z“ﬁ
Rl
H

3o
oF

s

Z]
=]

2 &S 10-203] HAlEH,

Bkt of = 4

=
bl

lod  texture

3|

Ag

N

analyser=Z <

X0
Jio
7

MSPI(200mesh)$} MSPII(325mesh) 2 %

(06% GDL~+ 1.0% CaSOQ.), 1% CaS04(Sigma, Co)%t
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AR E el B, o
A 8ml+02% &
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ole
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2
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juel
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=
o0
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iShl
B
o
2
ok
o

AANE Azl A7]E 3X3x3mA oM, ABe ANEEE 420 s oF

Al H7hE Agatglon EAHEAM A Duncanel B HAH oz BAE

5) 84X 7t dSsoldETol ojxls Fg A
T4 Ao A4 ©ud BHEs 203H 452 EilEL 63 3

AHA BIEAE viscozyme, cellulast 151 (NOVO enzyme), El3 o]

O

cellulase®  AH&3tla, oW Ee& A2 peascalse  (Gist-Brocades),
maxazyme NNP(Gist-Brocades)®] &#& 343 H7] 93te] AEZA T3
Az el AHEdtE FHA F dFS 242 AR v F A7
Ng A8E 7o FA

T 2 01~ 1%A #A7lsted A% =7 @ "we W
$h5 AT ol YEAVE % EA A (Cilas 1064, France)2 %4313

o

8. UM £RE 0|3 NER Ax =2 =Al
RIste] @G ¥ Qw T

of 2217 54§ 2AET, A 271E(100-200mesh)E ¥ 4 5ho]

H

w

g Az F 294 3 A5H 54 AT
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9. MTHe UFYF=ol Mo U HaAMH
IAEE 9 23 AFAHAE 7|F o2 pilot FEY A

2
HE,
r b
o
£

BAHE EAE ASAT ol AMEE diFTAEES dk AVle vl
NAAE ALstn, 44 +8 & ¥ MSPI200 mesh)g o] &3tgith.
10. M5O S2esy S4 U NF¥Y A
1) A2 A=
A iz sUsA Az WARYAERY) AFEE AxE F

ARFHT Qe TR A7 7o) wE HIE ZAYEL, AES 8084
71 f18te AFE Azg FHAdd SuAE 3FFR UF A, A
g

814 16ml, 3 F+0.2% CaSO0s4, 1% CaSOs&E H

b4

+
&
oY)
w2
o
o
2
w
9
]
—1(1
—
<
&S
A

7bete] 9 FAs & F o] 8948 polypyropylene filmdl ¥3 & AT
F FE Az 202 AT F 4T oA Azxd AFE £4E
0C

% 0TAA AFHAN AFYL AT

pHe 7% pH meter(Corning 440)& Al&3ted Alg QA5 wyleld
A AH A9, AN EE gRFE(AFRE) AFF 10gd FFF 20w

2 AN NaOH= F82 wW7Hd 44
stivk. Ee AFF @y v5x& F5 103 THF 20miE 7vate 187
E3Azl & Toyod Al Nol2Z o#3lal Ao FFEE v MA(Jasco, V-550)
Z 600nmel A 743t

rl

3
>,
oy
ot
<

¢

el MYESE oldd $HE BFAUAGSE o &3 101

o7 B3 & FU7A M TE Trypic soy agar(Difco)2 30CoA 197 H3

=
o2
ot

colony counter® AFd9x, 714 AT& APT agar(Difco)Z
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Anaerobic Jar(2.5L)91 A Anaerocult A(gas generator system, Merck)& %

7\ AHE S35 30T 197 BHuwF & colony counter® AF3HA T

1
dad AL WGAY(ATRY) ARFE AZY F 4L L

-2, Stable Micro Systems,
Ltd. England)2 TPA test® #35t}t. ol XS probe; © 35 mm,
graph type; force vs time, force threshold 300 g, test speed; 1.0 mm/s strain;
10%9oH, 2t A3e 168 wE} FFAE FaA

HERZ Azsly 52828 & FAAAEVT 4 (5-2380N Scanning
electron microscope, Hitachi, Japan)g ©o]&3te] AFH <o A& ZASIAT
AN RE FH HolZE gwe Az FE FRO FAF F 2 HAd F
A7AzE FEE 05mmoldtE E7ted 72 Adstd FHsgd. EHlE X
2o SEM ion sputter coater® ©]-€3t9d gold-palladium Z2& X3 dedA

5027 ZEAlFAom Az FElE 18kVel accelating voltageolx #Z3}od

6) GC/MASSO} 2|8t g7 BM

HEH gdt FRel giFuARTz Az WFFY P HEE
B28}7] 98l SPME(solid phase microextractio)®®d ol ¢3sted GC/MSDE
BAsdrh BEAHQ TR 98¢ FHAF AR A5 WEAETY
% 10 ml headspace viald]l 5mlE 2 % stir plateZ o] &3t A& wytst™

a9, ol 30CE Pz, AEs SPME fivere

2
oL
i
2
Mz
fijo

DVB/carboxen/polydimethylsiloxane Stable fiber& 2 3}e] 303t
FANZATG. FEAE 7 AL €377 Y5t injectd] == 250TllA
«

AS AAs7] 95t 2B0THAAM 308
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7t conditioning A Z1th.  olw] A}g-3F GC:= HP 5890, Z 32 DB-5 fused silica
capillary column(60 x 0.32 mm 1D.), °|¥42 dF 7t1~2 £ 1.2 mL/min,
QF kv 508dA 3B FAAZIGIE BF 5TH 250CT7HA] & & 10%
b SRAANHDG. = GC/MSDE HP 5973, scan range:®  50-500 amu,

interface/source/quade 280C/,/150C/H65CE 3l & 232 GCo HYsg
A AAEPom Mol Y&  chromatogramie Hr7] AR wiley
spectrum ¥} H) w3te] 2Ho1a}od )
11. 2 M5 Hqx 3 7] WY

1,22 A A7 23 @ AAF ANz dAFRe HH Ax 4
7N ksk o o
12. M55 O 44 U R HEQ SEY =A

ANAFE A F olg9 AZAAH 7z "Agd o F& AR

=

AFFe 948 aiaxd wE fFrAEEA12%) 30mldl 10%
lead acetate &4 6ml HA7FE 1 12,000 x gl A 1087 ¥4 E 8 (Beckman
Coost o A5 de #Heto 10% oxalic acidE 2ml Al H7lete 22 24
M 1087 dAEY HEAE Atk o] 4THE Sep-Pak Cis
cartridge(Waters)& ¥ #A1712 o Z(pore size 02m A& AEZ 39
YMC polyamin II column(4.6 X250mm)E Al&3sle] E4390. o AlgE
20uE  FYse  2mimin® O] TAIH L olF e grg 7%
acetonitrile(Fisher Co.) ©]lt}. Fructose, glucose, sucrose, raffinose %

F A% Tl Hgte A2

il
<]

stachyose 3t%& HPLCZ HA3 @Ay

los]
s
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2) 5 ¥ T35 o259 Y
LEeE

Ayt RS A FHRAIRE 1 g8 FHilY 80% methanol 100 mL
of & 40] 3083 sonicationAl# F&3Ah ©]E 4T, 3600rpmel A 15&3t
AA B A7) 32, o} (Whatman No. )& o] €3t o7ttt 471 F4&

B3 & HAATEE/E o83 AYEFHS thE 80% methanol 5
mLol &8t 02 gm membrane ZEE EH/AA HPLC £48 AS2 AHE

PFE 2 FEARY ojxZeE Iy P 4L ofdet Zrh od
HPLCS 2z 9% 20 pL, 2% XTerra' " RP (46 mm X 25 cm), °IF
2 A 0.19% acetic acid® 53 water, ©]54 B 0.1% acetic acidg& w3t
acetonitrile, °)¥ %% 1.0 mL/min, A% 7] UV detector 245 nmollth. °]&X
o vlge& A9 Bl ul&S 82182 ste BAE AFSAIL, ofF 15874 A
o} Bol ¥]-§& 75257 S5 MEAZY 1 g 258 F¢& A B vl&
o] 50:50, 1 Th 15% Bre 20800 HEE AdHom IV 2UE
Ab-8-3F 3t ok

HPLC conditions for isoflavone analysis

Description Condition
XTerra’™ RP185um
4.6x250mn Column W11851D 024, USA
Column oven temperature Room temp.
0.1% acetic acid in water
0.19% acetic acid in acetonitrile

Column

Mobile phase

Detector UV detector (254nm)
Flow rate 1.0 m¢/min

Run time 85min

Sample injection volume 20 b

82:18(0.1% acetic acid in water : 0.1% acetic acid in acetonitrile)
Composition of mobile phase — 7525 (for 15min) — 50:50(for 25min) — 20:80(for
15min) — 50:50(for 15min) — 82:18(for 15min)
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3) ol ATS A #Mol 0jX|= ol2E=Ee Fx-EY 2

O® olxE2Ee BA 5S4 =A
12% 9% olaZP ¥x S4oz 724 B4, E-Sgs 29
A4 (Clog P) ¥ &34 (ASlogS)2 2& Eststd 54, FF4EE YE

% seblE(AL FRE, A F4E), A IYEAN, 49 A
7]1$-4 =(Balaban index) %% EILSTEINE, DIPPR, MRCK, HOPOC, HSDB,
PhysProp, PreADME, TRCTHERMO$ 2 dlolelwo]~E o] &3l &3

o]
A

@ MzZzF U Mz

AEF djt Ao o)gd MEF(cell lines)x HepG2(hepatoma,
human)E ATCCERE REgwol AMgsiath. AX WA AHgd HiAe
MEM(mimimum essential medium)& AH&3tsch wWg  Ea3, 93,
microplate(96-well) & g AFEEL ol&&3ey Iy T 2AVTE
& autoclaveol Al 1217C, 15 IbofiA 1587 719t e & A& A=

33 =842 238 T sterilized filter(0.22 ym pore size)2 o &t H g

o

8 10% fetal bovine serum® 1% streptomycin-penicillineg #H7tste] o]
gtggon], AE A" L Ad wEA 37CE FASFHEA AFRSFAT

ALl ZH wat anchorage-dependentd AEE vl Fehaa uvbgof

confluents} Al A gk2 uj Ll Az Rzl sl ol &5t 1
anchorage-independentd A2l 2% wixo] confluentdtAl FHHAS =

assayoll ol &3stAch Mixst @ wiF Tk o FFRE AEE 77 3
7C, 5%  CO:Z  fAsWA CO:  incubatorel A i FEKTH
Anchorage-dependentdt A12Z= wiA & #7183 trypsin-EDTA(0.05% trypsin,
053 mM EDTA - 4Na)& 37CelA 523k Agstdnt. o5 AEXE 23 F,

1000 rpmell A 5%7F AR g AP A AAG I A wjAE ¥ 9
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T A 3w wrEalgdnh olE@ A dojzl AEE wiAd E4AZ F
AAG AMEEFE o] ALESPTH M I freezingd MAE HUtetd -70T

liquid nitrogen tankol] E# ¥ A}& 2 Ao ) F3to] wjgeaAth

o>
ME
Ach
o

i
—Yi

o

O

® Cytochrome P450 1 A& &4l =A}

2o wgEAEe] HUAS YE] dsiMEe A, #d F9 g 9
3 ¥APEY E42 AFHE phase [ 2A49 FAHE AAHk e, o
23 ¥ F2 cytochrome P450 & A A7 B}, ojgg whe-& FE
TAEAA dojrpemz QA7 2 HAE<Q HepGZ AX 29 S ol &3kl B
= A 2 A = 2xste BELAEHH ZEd wgde
benzo(a)pyrene(BlalP) g ol &3tA . ¥ olx s
cytochrome P450 1 isozymes(CYP1Al, 1A2 2 CYPIBDeOl "A& %<&
ethoxyresorufin-O-deethylase(EROD)& 4 & X g8 =A% o] 23] ZAAL
EROD £4¢ +4¥ Wortelboer 59 #8™e o8 &4k &
24well platecll A wjdstEA 60%HE FAAS W 24X Bt ARE AP
&, thA] 24417 ES 4 M BlalPet ANEE AHIYAY SHAEToRE T
3 HepG2 M ® & hanks balanced salt solution(HBSS)2. 2 23] M #H3dld &

=
O

3+ BlalPg AMEE AAS £ 3uM ethoxy resorufinol® 10 mM decumarol
& EfslE HBSSE 15 ml A #H7ste] 37CoAA wfkslgin. 1587 984
71 & %% 10 mM NaOHE #Hrtsle] pHE 7.8 oldoz #3147

u
o >

U

32

excitation length 530nm ¢} emission length 585 nmolA EZ A =& FA 3}

. EROD &4 & w2 &2 resorufin EEF T Mo oA FEE AT

£
e

G " Fr2 B A3 nmol resorufin/min/mg protein®Z ZA|FSITE AL

o] @l FekS hovine serum albumin(BSA)E EFEHEZ AME3le] BCA
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@ Quinone reductase(QR) &4] XA}

B g e 9 Bl A 244 EAAE FAFAAYE A
A e QR HAA xe 84& ST delA quinone
reductase(QR) EAEAH S 2432 vt QREAG LS HepG2 AlXd Zt A8 E
H7lslo] 48417 B oF vk E & 08% digitonin® 2 mM EDTA(pH 7.8)& &
frete 50 w9 lysis 89 Wil plateg 25TANA 108 w¥stgoh 2™
o 98- (25 mM Tris - HCl(pH 7.4), 0.67 mg/mL BSA, 0.01% Tween-20,
5¢M FAD, 30«#M NADP, 1 mM glucose-6-phosphate, 2 U/mL
glucose-6-phosphate dehydrogenase, 0.3 mg/mi MTT)® 50 mM menadione&
1000:19] wle=2 4 &48 200 pH Z wellol R7FstArh 5% Foll 50409
0.3 mM dicoumarol™ 5 mM potassium phosphate(pH 74) §%4-& H7}sto] wb
& FAAZ G 610 nmollM FFEE ZHSAY. 4 A5 g% AEE
Ae A7 fetol QREAY S SHse AN FdA 4 ANsE FIled
48717+ Fob w3t plateo] 20049 0.2% crystal violet&H-& H7bsted 10
T A2 HAsY. 29 g BE AN crystal violetE RS AlHs
200 el 05% sodium dodecy! sulfate®t 50% ethanol& & #H7}sted 37T
A CIAIZE &9 sEEAZ T 1AIZE $ ELISA reader® 610nmollA el §3 =&

13. M5R2 NF sl

AT QR gEEqRRe Az 12% FHoel AAM2 X

AL, TS ARG L, Favtel Y, EaANL degdY, 33

1%
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AEH 48 gFrALga Az 12% 2 15% FHAd F74A

FHE o] g wFEREE da], Zuwsl, A, 38R, t2eRA F

94 =9 WFEIAREAE@%)N 1% CaSO.F H7Mstd $m, 43
A AEE AA AFRE AxY F dAHANEBX3x15em)E Agste] 0T
A 33 ARAIFAT. ol & autoclave® 121 TolA 1583F A thg nlg
A 589 fungi® HE I g 25ColA 3-797 ¥EAZ £ focus group
of o8 LaE HAFH EAHE ARG, olw A¥E 5F9 fungi:
Monascus anka(01150IFQ  4478), Monascus anka(01154 ATCC 36928IFO
6540),  Monascus anka(00370IFO 30873), Mucor hiemalis(00376), Mucor
hiemalis f hiemalis(00601 IFO 8443)Z JFZHEZNGATLY BE FFF o] &
st

_44,_



Al 3% d3 2 aF

1. el M2 U 2 =2 &g
YEE Tt B ¥

Atk WFE AWl wob Uwr R PW F £, WY, gz Y, B A

oay
o
e
Hu
ot
ot
=)
Mo
i
)
i
o
ok
o
2
il
o

ol
ol

TozE vARRssty] Ertestng We EHE shel 200mesh # 325mesh

2 R E S, F70 2719 - Fluidized bed opposed jet mil

>
Al
H

r’o

1(Model 100AFG, Alpine Aktiengesellshaft Augsburg, Germany)& o|&3d}o
CWS(cut-off wheel speed) 5,000rpmol| A & 3}%3c},

1) ety &3 ofol & EetE

FRe 4Rz AgsE TUYL GFESG AT AR R E

dojHoz i geke ok Rk, gEE A RLe
F3E Tl WA tebgid, ol WFEIA AAH T
fejel  Aoldfrt AAHY) dEelst ANt @@ isoflavone”

phytoestrogen

rlo
ol
i)
2
g
0
il
Ho
i
r 2
poea
rir
¥,
o
b
UO
=
Hd
ffet
12
2
o
fd
o,

% daidzein® genistein® A AEZ A
of Agste] rERAY YHEAR

2o] F isoflavone &#HS 438 A3 1087.2-2619.1 mg/kglZ ¥ W&
TEE E3lwH, ol & 5o dF FFol wmet 458-2317 mg/kge] WHE B
olir, AR AAg o] WM E isoflavone o] tha A vielbd A} wlas)
B AP AMEE 59 isoflavone = Alg ol Aozt A% &
Sl=AF iRt Sulal g7 9% ¥ isoflavone §#HS HA 3, A A
717b #-& MSPUZF MSPIE T ¥ vEYE, ol MSPIY 35 A7 3

N,
fu



of N AN FEH H57 Soluy] drow A

2) Mo gl Qo

A5He Yz ALET uFriARge Az YJr s FA4% 23
(Table 7, Table 8, Fig. 1), §¢to 2+ o1& w4 4 oy, HI7E g
de Lkl 29 MSPIZF MSPL Btk o7k =2 86898 YEtWULL, 2 99
a9t batolls 2 Aozt gtk ® dns EEYAE 71F2E 200 meshe 75

um, 325 meshi= 45 mE Edsjok ati=d], B AF] AL MSPIL 50% A
T7F 3130 mn, B YE7F 56.38 mm 1ow, MSPIIE 90% ojArel 2850 m, B

A% 1442 mE EAEo] MSPI¥ 200 mesh W&loli, MSPIY 79+
325 mesh vl AL &4 4 A, dwrHo g <7t oA =HdH dA

2 AAE = e A A4 27 15 m AR Bude] sled, 5

o

o
"y
i
k1
ox

c7F 15 pm W o 2 A AR AAE & qUs

Table 5. Proximate composition of soybean and microparticulated soybean

powder.
Dry basis(%)
Sample
Ash Fat Protein CHO
Domestic 5.19 19.67 37.33 37.80
(baektae) ) ' ' '
USA NOI 545 21.15 35.72 3768
MSsPrV 5.81 23.59 37.04 33.56
MSPIT? 5.42 22.77 38.87 32.94

" microparticulated soybean powder(USA), Z)micmparticulated soybean powder(Australian)
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Table 6. Iosflavone content of soybean and microparticulated soybean

powder,
Isoflavone(mg/kg)
Sample ( To/tﬁl )
Daidzin Genistin Daidzein Genistein mg/xg
Domestic =
(baektae) 117.8 186.2 619.8 891.3 1815.1
USA NOI 53.6 69.4 466.2 493.0 10872
MSPI" 9.4 148.8 773.0 882.2 1900.4
MSPII”' 161.6 2329 994 .4 1230.2 2619.1

Table 7. Hunter value and particle size of microparticulated soybean powder.

Hunter value

Sample

L a b
MSP1Y 85.14 -1.71 20.61
MSPII” 86.89 -151 20.28

Table 8. Particle size of microparticulated soybean powder.

Mean particle size(um)

10% o0% 90% Mean
5.16 31.30 112.15 56.38
2.92 12.01 28.50 14.42

1) microparticulated soybean powder(USA), 2)microparticulated soybean powder(Australian)
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MSPII(325mesh)

260mesh

MSPI(200mesh)
Fig. 1. Particle size distribution of microparticulated soybean powder
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AAEC] JFos R ML 29 wrd MSPI(200mesh)$ 260mesh:
LTl W AVe 84E Egon, AFE ARE 9% 71E AL grH
F 9} w528k A MSPI(325mesh) A& +7F 7}
F9 79 MSPI(200mesh) X8 TE 2.08
g/MSPI g, MSPII( 325mesh)= 1.99 g/MSPIl g© 2 98 mAR2e] 2w A%

o $¥e Fradh

Fig. 2. Water holding capacity of microparticulated soybean powder
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Sedimentation(ml)

A(200mesh) B(260mesh) C(325mesh)
Soybean powder

Sedimentation(m
O = N W A O O

A(200rresh) B(260mesh) C(35resh)

Soybean milk

Fig. 3. Dispersion stability of microparticulated soybean powder and soybean
milk
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o] 2}, MSPIIS] 74+ 8% o] Bfole

Table 9. Effects of microparticulated soybean powder and coagulant
concentration on the vyield and textural properties of
Chundubu( Compressed)
Sample MSPC” O (Chundubu Textural properties
o) Co @S g Springiness ~ Cohesiveness Hardness(g) Chewiness
08 3%T0.04“ 0.76+0.05" 059003  6899+741°  306.7:+43.2°
6 1.0 4091006" 0751004° 057002 6770+%H4"  2979+491%
12 411+£011°  071£004° 059+002°  6415%886"  2705+51.3°
MSPI 08 3921007 074£005" 058001 8174+1158" 364.71606™
8 10 3%009 073:0.04°  058£001™ 7587L745% 3254+384%
12 4001008 0752006  059£002°  7895%1360™ 351.9:+824"
08 387004 077004 058£001%  8462%1181° 3795%61.1°
10 10 380097 074+009" 0601003  821.9+1233" 3631+868"
1.2 3981007 077002  057£001° 8293+726" 3663+336"
F-value 460™ 217 3.33" B2 662"
08 4071004 0771007 058001 718319997 3251+544™
6 10 398+001™ 077+004" 059001  7086+93T7 31921465
12 4087008 0.76+1004° 058+002° 6326642 3104£474°
MSPH 08 387+003° 078+007° 059£001°  8112+956" 371.3+509™
8 10 4001005 080+002°  058+002° 7645+1032% 36321486%
12 4011007 0774002  059+002° 7%62+99° 3599+469%
08 381008 079104™ 0591002  SA1+798 39281404
10 1.0 4081006 079£003" 057+001° 760.0£90.3°  3454%49.8™
12 4072018 077+£004°  058+001"  7783%t117.8° 351.1+60.4
F-value 596" 1.50 1.28 475 364"

1 . . . 2)
microparticulated soybean powder concentration,

significance at 5%, ™ significance at 1%, “significance at 0.1%
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Table 10. Values of regression equation calculated with microparticulated
soybean powder and coagulant concentration for
Chundubu. (compressed)

Sample Variables Regression equation R
= 77758+81.5X;—1553X2+7.88X 1 Xz 0.939
Hardness  —16.43X:"+16.43X°
MSPI"
Chewiness = 337.7+40.63X,—8.69X2+5.74X1X> 0.877

— 13.32X°+9.43X,”

0.79+0.085X1 — 0.0055X 2 + 0.0005X:1 Xz 0.802

—0.0078X,°~0.0138X>"
Springiness

Il

771.02+47.15X, — 21.25X2— 10.02X:1 X2 0.771
MSPIT” Hardness
—39.98X,%+ 28.92X "
Chewiness
= 353.2+22.41X;—11.31X2—6.75X1 X2 0.827

- 20.83X,*+ 12.49X5°

" microparticulated soybean powder(USA), Z)microparticulated soybean powder{Australian)
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MEP(merniparticulated soybeat powdarn) |

Hardness(g)

MSP concentiaton

850

Hardness(g}
~J
(8]
o
‘o
[an]
(v

-t

w

o
Hardness{g)

Fig. 4. Response surfaces on the hardness of Chundubu(compressed)
according to microparticulated soybean powder and coagulant
concentration.
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2) o STA, SHSAN U A A

W5 mARED 2o 8%Z A, 449 ddSuAE vrEa
Z

AFHFE Azxstel £4 3 2488 FH5AY. 2 Z3(Table 11), F&&
A& Zbel el 7h 9ol MSPI HEl+E CaCl@d7F7t 3.76-385 #AFH g/MSP

g8 W &g By, 1 99 $uA HATE 392-401 AFHE g/MSP
g M= $£&E EIY T MSPH AMgTtE MSPL ATt €9
Ca-gluconate & 31A|7} ©}& $-3Ad Hlste] Y& £&8 BTt TR B

24l 549 g8y, G Anet 494 49 Aoz MSPI At
MSPI et it woka, $uA ¥g e84 e CaCl F7F79 Ca-gluconate
7H7F e S4B A4 veEdoed, duste GDLATE & oW

A $HAE CaSOs HFTEZF A% ®A v gnAnid B4 Yith
T gaA #HE ¥WEE CaSO& 1.0%, GDLE 0.6%, Ca-gluconate 1.0%,
CaCla 0.3%°14 ®¥lmz 2 $& =294 2 g v, o 7 5W
o AANYFRORE FRE Azd o ZZe $uA 28%0] B Ars} g

SA e, ole TR Az A83 989 Aolg Az zdd g I
olgti o AT},

o
FenA Fee ddguA T F2 FF Ax F2 2oli A& CaChE
A 9jetal, CaSOs GDL, Ca-gluconateE AA sl & 2L 283 EAA 4
WA FuetA HrEAY x4 Al®E 12 a9 EFAIEE0, 0.75:0.25,

05:0.5, 0.25:0.75, O:1)= SHAE A 23 F olE S1AY 7EAr o] HAFF

Ag T 2% CaSOs~GDL &&
SaAZE wlaA Egdoh. 294 54F ©#HA4ES 200mesh CaSOs4-Ca-
gluconate>GDL~Ca-gluconate>CaSOQs,-GDL 7+ 401911, MSPII= & 14
Zhel 2 zbol7b @ldvh E bt ART MSPI A2l 9 A A bl
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Table 11. Effects of coagulant varieties and concentration on the yield and
textural properties of Chundubu(compressed)

Textural properties
Coagulant CC"  (Chundubu

Sample varieties (%) g/MSP g)

Springiness Cohesiveness Hardness(g) Chewiness

03 3762006 076£006™ 058001 8U0E765" 3642+50.7°

CaCls 04 383*006° 0757003 058+001°  8032+769% 351.3+40.0°

05 3851008 078004  058+001% 865776 3680+50.7°

08 392007 0747005 058001  8174+1158* 347706

CaSO; 10 39%B+009"° 073£004° 058+001"  7587+745% 32541384°

12 400F008" 0732004 059001 7636112347 33091627

MSPIY 04 392+003™ 0732004 0581001 9139%106.7 3379+56.4"

GDL 06 39%6+008" 0751003  057+001° 990.1%1725" 4243*336°

08 388%£002" 0757004%  057*001°  9756+106.7" 4198499

08 39%+006" 077002 0574001 75001669 331.7+328

glu%g; ae 10 392+0.065™ 0.79+0.03" 057001°  8R7+706° 3794+40.3°

1.2 4011003 077005  0582001™ 81091595 3625+30.3

F-value 53" 295" 491™ 11.26™ 641"
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Textural properties

Sample Coagulant  CCV
vareties (%) %UZ? Springiness  Cohesiveness Hardness(g)  Chewiness
06  383F007% 081003  058+001° 1447841256 680.7+637
CaCl; 08  390+0047 0857003  058+£001* 13899333 6794+5%6.8°
10 406+003™ 084+004"  058+001°  10719+786 521.4+509°
08  387E003®  O78F006*  059+001°  81121%9  371.3E584°
CaSO: 10 409£005" 079+002%*  058+002° 7645199  3532+469°
1.2 401£007% 0774007 0591002  7952+564° 3309%431°
MSPPI 06 393007 079+005% 058+001% 16.3+1842" 769.7£1109°
GDL 08  400+002¢ 080+004% 0574001 17102*1705" 7825+97.2°
10 407+002° 079004 056001  13483%137.1° 6028L70.3°
10 3812002 082+004™ 0584001 1479411126 69.1+665°
Ca- 12 385*003% 081F0.04™  059+001° 1420611394 6746779
gluconate
14 381006%  080+074%  05RET7I6 137031716 e4d6+444”
F-value 1757 417 545™ 12315™ 6417

1) .
coagulant concentration, *

soybean powder(Australian)

““significance at 0.19,

2

“significance at 5%, ™ significance at 1%,
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Table 12. Effects of mixed coagulant ratio, varieties and heating time

vield and textural properties of Chundubu

on the

Mixed Design (Chundubu

Textural properties

Sarmple coagulant point g/SPC g) Springiness  Cohesiveness Hardness(g) Chewiness
1 382+003% 078+003"  058+001° 11079769  497.0+534%
2 38*006" 075003 060£001"  10309%578 4602365
3 3907005 0751003  059+1001°  10644%754%  4738%500
CasO~ 4 382%003™ 0761003  050T001" 11206+482™  50424313"
GDL 5 300" 077H004"  058+001%  11433+10655° 5159+62.7%
6 3HE008” 074004  059001™ 101621677 44551417
7 3742005  076+003™ 0601001  1287+111.2° 5739+50.1°
8  377=003° 079003 0590019 11770535 53651357

F-value 428" 280" 660" 14.107 11,07
1 384£003  076+00F  058+001”  10820+9%2  4809+424°
2 37020029 0781002 057+001° 117094647  5233+339"
3 380T004%  076+003° 058001 11602+692  511.0%206™
ISP G&L: 4 365E008%  077E004™ 058001  1079.0=845"  4844+476°
gliconate D 3702002 078+003™  058+001 12400+1063° 5668+59.0°
6 374008 077004 058+001°  11224+560°  499.2+348%
7 360100 0791002  059+001° 114691609  5334+369™
8 377002 078004 0581001 132861744  G60ERY

F-value 12.30° 2.16' 227" 16.02™ 13017
1 344004 0791003  058+001°  11609%1126° 535.9+586
2 3702002°  081£002°  058+001¢  1061.8%1003 4991 +589°
3 3792004° 0801003  060+001°  1041.8+619"  4999+382°
ngr 4 3642008 08010037 0591001°  10624+1573" 4973+779°
gluiconate D 370F002¢  081+1002°  0571001° 113441866 509EY
6 374700%% 081+00Z° 057+001°  12202+939% SH06THME
7 3601003 082002  0572001°  12088%1061° 610.7E544°
8 3772002 081£003"  057x001%  14509%117.8" 67111693

F-value 1250 169 2537 23.08™ 1625
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Mixed Design (Chundubu

Textural properties

Sarmple coagulant point g/SPC @) Springiness  Cohesiveness Hardness(g) Chewiness
1 383£003° 0821003° 058+001° 14548+12259 6929+711°
2 3761004 083+003°  057+001°  16424:1129° 7872%676°
3 383006 0810047 0581001° 1486897 69591522
CaS0,~ 4 380T003™ 080+0048  058+001"  15M4+1BE 71711776
GDL 5 384006 080T004" 057+001° 1543%1708% 7045+RYF
6 387002 081004 057001 14419761 670.6+548
7 374%003 0841004  0571001°  16855%1439° Q051756
8 380007 0MET003  056£001°  19228+840°  9083E596"

F-value 410 222 6.90™ 2568 1664™
1 3661004° 08+003° 0571001 189%66£1229° 91337636
2 367H005°  085£002°  058+001"  16592+1365° &094+721°
3 376£003" 083003 057+001°  17RILIE  8AITE4L
— G&I:— 4 370E004° 0851003  057+001° 1706414005 8278+R7
gluiconate 5 373T0.02° 0831008 057001 16897+879  8B8+522
6 367010 0831003  057+001" 16965£156F 8116+86.2°
7 3704001 083+003"  056+001¢  19934+1138 93294645
8 372007 081003  058+001° 15802%12384° 77189713

F-value 157 1.3 589 1763™ 9.29™
1 371003 084+003°  058L001° 15657+1236™ 7671764
2 377E009"  0831004" 05810071  14366x1184° 697.8+78.4"
3 376L005™ 083+003"  058+001"™ 151061115 732.1+70.4™
ngr 4 36970027 083004 059+001° 1486410907 731.9+777
gluconate 5 372002 083+002° 059+001" 14724+895°  7143T47¢
6  36910.04™ 083+004° 058+001" 14M5*1230° 727.8+795™
736510010 0B4F002°  088+001°  1506.0+1285° 780.9+758"
8 378T006° 0861003  058L001° 1671.7t1484" &7.3TRE

F-value 35" 1.10 429™ 583 440"

" microparticulated soybean powder(USA), Pmicroparticulated soybean powder(Australian)

significance at 5%,

™ significance at 196, "significance at 0.1%
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Table 13. Values of regression

mixed coagulant ratio

equation calculated with heating time and

for Chundubu.

Mixed
Sample Variables Regression equation R
coagulant
Hardness  =1140.07+306X; +13.94X, —66.30X: X, +76.17X,° ~75.02X5 0941
CaSOs~GDL
Chewiness  =5148+1351X; +598X, —33.60X Xy —39.86X,° 396X, 095!
MsPL”
CaSOs-
Cohesiveness  =0.582+0.003X; +0.001X,—0.008X; Xz +0.002X*—0.002X"  0.743
Ca-gluconate
_ . . 2 2
Springiness  ~0847-0.000X1 ~0.006X,—0.000X1Xo+0.006X,"+0.008X5" ()75
GDL- Cohesiveness  =0.573—0.007X; +0.001X5+0.035X:1 X2 —0.003X:%—0.0003X5> 0.865
Ca-gluconate ~ Hardness  =1694 36+ 182.7X, —30.89X, — 102.4X, X5+ H4.77X° +27.58X,”  0.838
MSPD®
Chewiness  _g1500.1 6 16X — 19845 - 535X Xs +45.45X, 2+ 1708 8%
CaS0s~ Hardness  =1511.71—113.14X; +2.70X, +43.4%X: X2 +286.14X," —49.362X+ 0.960
Cohesiveness =698 46 —46.18X; —3.56X,+1857X1Xo — 157.41X,°— 17.46X,° 0962

Ca-gluconate

" microparticulated soybean powder(USA), Pmicroparticulated soybean powder(Australian)
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MSP(micropatticulated soybean powder) |

Fig. 5. Response surfaces on the hardness of Chundubu(compressed)
according to mixed coagluant ratio and heating time.
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4) | LaUtAIZE, =2 o HIlEo] et g

webAlzbel A9 B dge] AbgF 1LY 42 FAZI(OMNI 5000,

ol & o)zt §lo} HR o2 mAHRIL, AY =
& TR BYS Bz st 2087 tESE F STAE HIF 80T 271004

LA & 289 cheese clothel]l o #3l1 plastic €71(XE 6cm, =°]

65cm)dll FEF(AE 5em, =9l 34em, T4 380g)2 208+ Al 433}

A}

3 ApEel Gae HluwE medA AE gellan gume A5
_]

05%2 w2 AxF F A/hEel wE AFRe] #5H EHE 2

e A dad Ayt b A5 E AL 334l 0.3%, gellan gum 0.015%
7b A JEbdth =3 Table 157 Fig. 6 H7HA 2 EF-E& A AFE ol

2 AR By A4S 2Ae Aoz EFSaA 03%e H7HA 0.01%
b M S5 AFE JHE JEUd R, AFRd A8 7t AkAEE

carrageenan, gellan gum, sodium alginate 0.01% %2 ey},

Table 14. Sensory properties of Chundubu(umcompressed) according to

addition of gellan gum

Mixed coagulant Sensory properties
(gellan gum) Overall
content(%) Appearance  Surface  Hardness Springiness Accep.
0.35(0) S Gt + + +
0.4(0.025) FRTRR o+ NI FRI +
0.3(0.0D) + i - ++ FR—
0.2(0.015) 4t 4+ R 44 +
0.3(0.05) ++ + P a— +
0.5(0.01) + ot ++ 4 +
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Table 15. Sensory properties of Chundubu(uncompressed) according to

addition of various additives.

Mixed coagulant(additive) content(%)

Additive

0.5
(0.01)

0.3

(0.05)

0.2

0.4
(0.025)

0.35

0

varieties

(0.015)

o

W

Alginate

o

&

o)

B

0

B
e

T

ap

Carrageenan

0

~X
o
B

o
e}
e

70

8o

H

I

ol

uzel

g

ol

N

Gellan gum

!

Pectin

7

alginate

3 w1z

B

o
"2

—

N
o
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Fig. 6. Chundubu(uncompressed) prepared with various additives
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Fig. 7. Compressed and uncompressed Chundubu
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I(Table
A eho] 10%0° 3

270~571 m7hA YErt HAER A,

[e]
T

22729 o)A 20857~220.11 m= %7 ZA
F dAe 24089 mmol A & Aol wgek

Table 16. Effects of various enzyme on the particle
prepared soybean milk by traditional method

A dFE
1A & og 45 =27] WEke

22

o

1) ExAHA FE 3

=7F 2487 mAE A =7 Ba Ao
50%°l 3=
Sk A4 B A= AS
HAEHE BA
LER= R

g = A7)

fow, 5 19

At

size and specific surface of

Enzyme Cumulative mean diameter(um) Total mean Specific
(%) 10% 0% 0% diameter(im)  surface(cm¥g)
Control ~ 2487=152" 22729454 44749+13 24080+36" 89153211588
01 27004 2016678 M4315%16" 2230953 68101616004
Viscozyme 05 273+£04° 206.73+47% 4490+21° 22666+49° 713311717
10 381£13° 21349+05% 465918 231.80+12" 765762+506.3
01 571£04° 22011+55° 467707 23591423 60426110157
Celluclast 05 374£01° 20857+2.1% 4467+24" 22944£26% 5%530+1859"
10 422+16" 2089794 44578+25" 23054+60° 5846294518
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gl AFHe A9 HEAHA TR g 784 EF2Yd giF A
AL AHRs7] Wi FH AzA Aol AFue Aol EAHoE FHA
Atk HEHY TR dad FRH e T4 A ZHE 7ER St 9
A A7)17F B8 gF AR de] gegtE Rl g4 4 vk Azt ©E
AT WIE zAEGHTable 17, Fig. 8). Awtxo=w % @A77 3L
MSPIE T+ doidez i A7|7F & MSPIY &4 Ay 947t A JE
Wb T A EEe] #Hit dEE ZH MSPIE 56.40 gm, MSPIE= 14.40
Hovt, 8% &doz REAANAL W Zzt 60 mm, 27 ml 2 SUeE A

FRe Frde QR TAY A0R AR,
%

14385.6~16882.7 cm’/ge] B E JEFNITE  Fig. 8-a® &4 2 &4 w$
A mE AA H = ¥gE Yed gog Fakdel it =t 60
mHA A MSPL 3% &i ¥HEA7E Z7td we = da %S 24vh

Fao] maAE cellulosed HEA o Easte celluclastEths @438 5
FEARA viscozyme®] EFR7E W AA JEbgz, Eax M Al @A
MSPI& ®HE 2413t o4 REE % a4 &7t A9 glol A A FAH
Aok W " d= Az e MSPHY A 24 9 g4 A A
Fhell met 2 xpel7h GlTHFig. 8-b). Fig. 9% &4 A A ¥ dF v
AES dx72 stod ZaXd gFoAEgde guy F7HE Jed
Aok, &4 Ao % A= P &ZHg wLdHA  celluclastBEthE
viscozyme A 2-F7F EHA FrF ZHF A3, A AZe] wElA e oF 24

4 old AHE A gAl Arde AE 2Ad
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Table 17. Particle size and specific surface of microparticulated soybean powder

according to enzyme treatment

e Erzymre Gumulative Evzyme treatrent Gme(rmin)
0 nen damstertum g % ) © W ®» 240 AW
1006 3/ 3410 34 348 3% 348 33 33F
206 O Q8 DX NG 0P W HF 07
Control A 2 12920 123 1067 1RE 1R 10069 12019
Mean P DB AT QX DB QY DY DS
Specific surface 101668 112104 W67 10035 1043 1306 100213 LIORS
1005 3/ 4F 3 3 307 28 2% 310
50228 O R 41T £ M4H LY U5 8
V-01 a0 1021 1342 1315”1087 1R 1AM 1BTE 165"
Mezn P P BT T BHLHS AT DR B4
Spedific surface 10I6RE 1006GS 102471° 11526™ 19615™ 131U 13B1E 1562°
109 33 3% 33 318 307 3 3 3
3006 .27 82t @ 40 M4sF 4 M BE
V05 apPs 1R85 1401 1224 130017 1B 1R 164" 1275°
Mean 6L1Z° 04 VB D BE® HIF HR B
Spectfic surface 101464 107803 107615 1SRBIY 1284 10163 12M18 100678°
1096 3™ 320 3 3¢ 29 30F 3
26 Q19 O KO HF LY L8 LT oF
Mspr V10 ars 127 134E 109 1RBEB 1B 152° 1540 U
' Mezn PH L T HA AW A AP MW
Specific surface 10117 107376 11FH:3° 1I9RE" 14103 13004 124773° 10828°
102 317 318 3 312 308 301 3 2%
2% BIF 2T N4 L 06 D50 DOF RF
Cc01 ans 13701 1BN 1ML 1B15 IO IR UP 129
Memn R 69 O 657 Q80 QI OF P
Spedific swface 1193720 11302 1IB78 14R26° 18I51° 1284 11867 12000°
1006 3 38 31 312 3§ 31 316 3
06 SIS NE N NI N 4P O
05 ars IBY IBHIHUP UG IUY UL 1B 134
Ve 6124 T 613 O Q8 Q80 3R Q4P
Specific swrface 1111720 73 1306° 116200 11787 11328 18R7 113817
1006 3AF 3 32t 318 30 29¢ 307 32
502 S 3 A0 UP” 0 w8 LW o
C-10 qa0s 1B 4B IBD IR’S 1B6G 1B2 154 1AUB
Mezn 624 8 ST HBH U U e Y
Specific swface  111803° 107376 115m3° N9REE 134103 1304 14779 108028
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1026 25 245 208 245 24 245 243 2.8

5123 133 RE  BF 1313 1313 1308 1314 1334

Control a6 24 Y 01 VR S W .06 04 78 B
Mean B NG BUE B Bof B BE BE

Specific srface 14366"  4ARIY 4406 14668 1047 10BS 15404 4IRS

1096 24 25" 235 237 238 234 2% 207

206 1By 41 126 13.04' 1273 1268 Ry 2E

V- 01 ars P& U NE I & 7L8¢ RE N3P
Mean BT 7T B gilsey y.i¥:sh 15 B RIS

Spedific suface 1SR 13RI 1640 1611710 161090 16818° 163707 18818

0% 231 244 24% 248 251° 257 245 263"

2% 1337 1320 RW 13 1304 AtoA 136" 1397

V- 05 A% BX  RY  N® BE % 7 nE  BY
Mean BE BT BN B B5F B4F »es  qx

Specific srface 15354 1631080 IMRS” 1F0L1” 143R3°F 13R1° 44”147

109 2.5 287 250" 246 2% 256" 245 248

204 3% 4w 1313 1204 1314° 1315 1344 1337

MEPIY V-10 QP ‘Y uaeg g 07 R I B Ry
Mezn ast WL B3I 10" X7 B B BN

Specific surface 16807 156097 4760 1T 4090 182 4 LI

1% 253 23 260° 2 247 254 248 258

2% 1B 2% 126 1251° 1201° 24 4 Rx

01 A6 8 R 7 G 215" S < < S I 7 P e na®
Mean RY B B BE KE B4 B KT

Specific surface 15KB6°  4EBS  1BVO° 1R99° B4 42090 158 145380

1026 24 245 247 2uF 2471 250 25% 254

06 “e Ry s 1268 1284 1257 VA S v s

C05 ans s N mor N e e ew N’
Mean B2A BA' B pokes BHL BI17° xnE B

Spedific suface 161334 1501 121" 16367 15020 47810 142R3° 139380

1026 257 265 254 25F 257 258 268 261

206 BHE R 15 1257 1258 1265° e 129°

C-10 ans Ry N TR M M ne L RrT
Mezan ne B2 B BAT B B3 BB BE

Specific swface 19457 1668 MBS 16148 137080 1BHR 1R 132402

v Microparticulated soybean powder(US.A)

2 Microparticulated soybean powder(Australia)
Different letters in same column mean significantly difference at(p<0.05)

abe

_70__



Particle size(um)

(a)
50.00
0 50 100 150 200 250 300 350
Enzyme freatment{min)
(b) o
£
=
(]
N
w
<@
O
P 24.00
a
22.00
2.0
0] 50 100 150 20 290 X0 30
Enzyrre treatrrent(rrin)
Fig. & Effects of enzyme treatment on the particle size of

microparticulated soybean powder
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Fig. 9. Effects of enzyme treatment on specific surface of microparticulated. soybean

powder
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Table 18. The color value of microparticulated soybean powder according to enzyme

treatment
Serrgle Ezyme oo Brzyrre treatrrent(min)
) ¢ vaue g k) 0 D 1 190 20 AW
L %0 B BB BE RO RIT BO® 76
ot a -2 0% 0r  -08e 05 0% 012 0w
b 9% 98 1047 108 10% 9% 9% 9
AE - w14 154 19 131 18 1R
L 7% 2% BB BB BB BII BN RS
v & W 2 A 0% 08 0% 0% 0B
b 99 94 9B &R 88l 8% &6 9%
JE 0% 051 0% 109 123 12 12 0®
L 3 BB BV BB BT BRD® RO B®
vogs 43R 138 120 10 0% -1’ <100 0P
b 9B 901 8 8’ 8% 857 gD 8B
JE 013 113 1w 131 15 1% 113 11
L B2 BH B[O BHE BB BO  BHA PRI
e v 2 M 13 0 st 0% 0L 09 1%
b 947 8% 87 908 77 873 897 9B
JE 00 13 183 150 154 1683 146 0%
L 718 728 7O B2 7BV BHU 7BRB 02
ol a 1B -1® 1% 118 16 0% 09 0%
b 9% 9B 9%  8H 887 &7 &M™ 907
JE 08 04 o7l LB 110 123 1 10
L 26 R0 VR RUT R ™M RR R
o5 a -2 -4 -131 <115 0% 0% 08 -0
b 103 9% 9B 8B 890 862 &77 &%
JE 081 0D 0B 130 109 138 e 1
L R¥ BB R BT B BU R B®
10 a -1 -1& -1 -7 10 08 0% 0%
b 0% 92 9% 90 &% 8RB 9200 897
JE 0B 0T 0 18 124 113 10 113
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L & BOU O NR AN ORI RB 79 R
oy —1.&5 15 1B 0™ 048 02 QI8 017
b 1015 9% 93 94 904 911 90 910

£ - 16 18 1B 14 e 1’

L 040 48 W% 70 7A 7M  71I7 737

] a  -l67 20 B -1 12 -l 0% 0P
VO e 9w 9B aw 967 9% 943
JE 06 1B 1B 1T 1B 18 1% 1%

L 8 0O 7% A4 e TNH TR 0B
Vs @ ML Ag a5 @ 6 1 09 -3
b 17 103 1071 100 9% 9% 96 Al

JE 0 0® 09 1% 1M 1w 1® 24

L W6 7 TeA et e T M4 75

. a 18 1% A% ¥ 4D 1B 089 -0

8P V-10 -

b U 1019 105 104 98 1000 9™ 97

JE 0% 14 18 1% 10 1% 167 27

L 04 70 00 6Y £F 68 20N 26D

cop A M8 OB s B 09 09 a2 o
b 11 1019 9% 919 &% 8% 9B 900

JE 051 1B 1B 2B 254 2% 280 3B

L @6 M0 7B M08 66 W6 64 0F

a 206 18 A%  -ls -2 D B -5
Oy e 9w om  9m sw 90 8@ &
AE 1T 1B 2B 20 2% 2B 28 2%

L &5 N0 46 034 NE N6 A 06

] a 206 -9 A% -4 -1% -2 a2 -8
Oy hne 0w e 9w 9 95 9@ &®
JE 20 151 1% 217 24 24l 2% 28

v Microparticulated soybean powder(U.S.A.)
2 Microparticulated soybean powder(Australia)
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Fig. 10. Effects of enzyme treatment on the AJE of mircroparticulated soybean
powder
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—o— G(storage modulus)
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Fig. 11. Effects of temperature on the storage(G’ ), loss(G” ) modulus, Tan delta
and etha of microparticulated soybean powder milk
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Fig. 12. Effects of temperature on the storage(G' ) modulus, loss(G” ) modulus of
microparticulated soybean powder milk
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FTuUollA Axgor Azd wHREDY dxEs FAHE 2R HF
T AZI7 3356pm wA Azd mAERZEd dl@dte]  MSPII
(microparticulated soybean powder I1)Q! 14.42um, MSPI 56.38:m2] &3+ Z7| 2
aUgA e u R Do) Bak 7beAde]l UthTable 19). ¥ &
g FRA dE AVle A FH Az dAAA ARSI = colloid mill
oY} mixer® EHE A HTF YL 240~245mA o}, colloid mill=
cutting millZ E%ste] A ZE speed mil2 A F$ 165m-198mz 7]1&

4 HHEgs YAV Hads 4 F AT

Table 19. Particle size of prepared soybean powder with various mill

Samge Dlanstextum Specific
10% 5006 0 Ve Surface(cig)
Trpect mill 529 D% Q% BB el

Collod mll 53084315 28181686 M821+167

Mixer ASTTI521 RT0F537 M14H9+15 U361 VSRR

MEPL 516 31D 11215 &%

Import

MSHI 29 1201 2850

2
4
4z
il

g B el mg Axd gFvAee % FHde=
=

Al Ad(Table 20), & 29 0 dFvjqeEdz Az AFE7t
3.8g/SPCgoll vlete] el Alzgl 2= Azg HFFod nlste} F£80]
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o] 79 9f5itel vldled Byl A FA ostd F9
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Table 20. Effect of various microparticulated powder on the yield and

textural properties of Chundubu(Compressed)

Textural properties

Yield

Sampl
pie g/SPC g) Springiness Cohesiveness Hardness(g) Chewiness

MSPI  382%£003 0.76£003 059+0.01 11206%+486 504.2+t31.3

MSPII  380*0.03 080£0.04 058%0.01 1544.4+1338 7171776
DMSP  289=0.01 074=004 057=0.01 600646440 253.2%36.0

Control  237+0.01 0.78£0.04 058%0.01 63519+93.86 290.5%52.0

MSPI: microparticulated soybean powder(USA),
MSPII; microparticulated soybean powder(Australian)

DMSP: domestic microparticulated soybean powder(Impact mill)

) B geol B2 gFEYe s, HF
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cyclone®] ZA$-7 7% 22 L g Bk £ AFE AxA &9 FS 3

S A7 R AFE A3 Fobeks Awelged, 4% A7t B4S 80l

g T wARge viste] zelzh glojAl Fif FRel #F AU AF

of & Ro=z AAZG

Table 21. Particle size according to recovered microparticulated soybean

powder
Mean particle size(um)
Sample
10% 50% 90% mean
0 575=0.11 23.79%0.20 74.74%0.39 32.06%+0.16
1 6.28%0.20 32.62+0.86 11291+0.21 4751057
2 6.24£0.65 32.581+4.38 113.42£2.39 47351346
3 5.94%0.08 30.63+0.06 110.65=0.02 45.37%0.04
4 6.57=0.10 33.48%0.96 111.95%0.44 47.65%+0.86
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Table 22. Color value according to recovered microparticulated soybean

powder
Color value
Sample
L* value ax value b* value Chroma
0 85.90+0.12  -1.08%0.61 17.30%£0.19 14.27+4.08
1 87.321013  -0.34=0.09 24.38+£0.35 24.39%0.35
2 8647015  -0.05=0.08 24991013 24.99%0.13
3 86.33x0.11  -0.18=0.12 24.440.54 24.4410.54
4 37.00x0.26  -0.18=0.08 24.25%0.19 24.25%0.19

Table 23. Yield and textural properties of Chundubu(Compressed) according

to recovered microparticulated soybean powder

Textural properties

Yield
Springiness Cohesiveness Hardness(g)  Chewiness
0 368+0.06 0.720£0.03 0.566+0.00 384571£246 157.186%+13.3
1 389+0.06 0.757+0.03 0588+0.01 520.164+£61.0 232.575+34.7
2 384+0.09 0.734+0.03 0595+£0.00 545538559 239.263%34.2
3 398F0.01 0.793£0.02 0590+0.00 5950881372 278.842+23.2
4 394+0.04 0763002 0592=0.01 543.957+49.7 246.378+304
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Table 24. Effect of compression times on the textural properties of

Chundubu(compressed)

Compression Textural properties

Sample Times
) Springiness Cohesiveness Hardness(g) — Chewiness

Chundubu 10 077+0.03° 060=001" 8154+859™ 396.1+628"
15 0.82+001* 059£0.01° 831.0137.9" 4605422

20 0.77£004°> 059+0.01° 836.1+ 39.9° 3794%306"

Commercial

mean+SD  0.82+£0.03% 05520.01°  769.2+79.3" 3455+41.1°

tofu

Table 25. Effect of soaking times on the salt content and texture properties

of Chundubu(compressed)

Soaking time Salt ) Texture properties
(hrs) content(%)
Springiness Cohesiveness Hardness(g) Chewiness
0 1907* 0.752+001° 0522+001° 391475+4° 153.888%20°
2 1.112°  0.763+0.00° 0.364£0.02° 3575678 133.092+35°
4 0971  0763+000° 0.4661001° 475.125+78" 169.295+30°
24 0.761° 082310.02° 0505*t0.01° 555.733+97° 230.384+38"

_l:[i‘
Wb MSPIF & AlRF5e] vlstel Agte] 423 Zge BT o 2
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Table 26. Descriptive analysis of Chundubu(compressed) and commercial

tofu

Commercial dubu
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Table 27. Sensory evaluation of Chundubu(compressed) according to various

coagulant
Coagulant
Soft-dubu
Sea water GDL-CaS04
4% WA (Roasted nutty) 580+ 158" 6.40+1.64" 5.15+1.76°
Ful A (Beany) 3.35+1.60" 390+ 1.77° 3.75+2.10°
o} # (Off-flavor) 2.55+1.76° 2,75+ 2.00% 2.80£2.02°
A (Color) 3.70+1.42° 3.50£157" 6.35+1.69°
At ol A} (Cutted surface) 6.10+1.48° 7.40+2.26° 4.35%1.66°
A4 (Homogenousness) 440+1.43° 3.40%1.76° 6.10£1.71°
2¥E0Z FE9 04 (Hardness) 6.05+157" 6.30+2.13° 5.85+£1.81°
2¥ow Y2u A (Springiness) 4107137 3.60+£1.98° 6.45%1.36°
aFon FEu BAAE AR 5.40=1.90° 5.45+2.28° 5.65+1.69%
7134 (Hardness) 475+1.59* 5.25+1.86" 5.25+1.83"
g4 (Springiness) 3.45+1.36° 2.85+1.66" 5.40+1.85"
$34 (Cohesiveness) 4854123 460+230°  490+183°
434 (Chewiness) 485+1.81° 5.15£2.35" 525+ 1.83°
2% % (Roasted) 6.25+1.88" 5.55%2.06" 415%+198°
ZHl™ gt (Beany) 3.05+1.64" 3.80+1.79% 365%+2.13"
¢ =t (Bitter) 3.10+1.97° 405+2.16° 3.002.03°
WS sh(Astringent) 3.15+1.87° 5.05+1.93 2.90+1.71°
o Bk (Sweety) 3.85+2.01° 2.90=+1.33% 2702163
AA A 7] % = (Acceptability) 4.95+2.06" 3.75+1.55 5.70+1.63°
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Table 28. Sensory evaluation of Chundubu(uncompressed) according to

various coagulant

Coagluant

Commercial
Sea water Mixed GDL-CaSOs dubu

123 WAl (Roasted nutty) 6.30=1.78" 565£1.73" 565+1.90" 3.35+1.69
Fn) ) (Beany) 3.75+1.94" 370£205" 455%229° 415+2.18
©)3(Off-flavor) 2701198 275£215 275+1.80° 350%+2.33"
A (Color) 460167 480+154° 505+£1.82° 7.10%1.89°
Aol Ael(Cutted surface) 5457233 4.25+1.65" 540+1.82° 350%3.14°
24 (Homogenousness) 5357195 4.95%1.70° 440+2.04° 7.30*2.36°
2Fo% w2 754 (Hardness) 390245 4001178 500245 6.10£1.48"
a0 Tz ¥4 (Springiness) 3207 167° 4.15%£1.63° 4.30+239° 6.70+1.89°
2¥OB FEu RAAE AR 315+2.01° 375%£1.77° 435+232° 595+161°
73173 (Hardness) 2.85+1.76" 3.10£097° 365+1.84° 570+1.98
34 (Springiness) 2.05+10.89° 3.00£1.17° 3.05+1.73° 6.35+1.60"
%4 (Cohesiveness) 2.95+1.70° 385£208" 400%2.15" 495+2.06°
A8 (Chewiness) 350=2.31" 385228 410%£215" 505%2.35°
143 2 (Roasted) 535184° 530F1.81° 4.80+1.74" 455+1.82°
F8ld 3t (Beany) 445+193" 390+1.74" 500£2.13" 3.95+2.28
£ ot (Bitter) 3.00+2.13" 2752174 410%=231° 230%1.56°
H2 2 Astringent) 45552.04" 420+217° 490+263" 285+1.84°
@ gt (Sweety) 3.95+2.11° 320+161%° 290+£1.80" 260+0.99°
A 713 S(Acceptability)  3.7011.87° 495+219" 3.20%£1.40° 545+233°
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Table 29.

Yield and textural properties

of prepared chundubu according to

coagulant
Texture
Sarrple
Yield Springiness  Cohesiveness Hardness Chewiness
MSH 3210 076100 000" UD6ERY 5424313
MSHI 380003 00004 058+001° 15441138 T71+76
Sea water 413100 0/BF008 0300 W06 3WETLRIE
196 CaSOy 3%+00 0737004 058001  7TR7+45  IBRERK
Comrrecial 070068 0807001  2BS7T5760  1A%+UT
Table 30. Color value of prepared chundubu according to coagulant
Color
Sample
L" value a" value b" value chroma
MSPI 80.23+0.23°  -002+001"°  14.30£011°  14.30£011°
MSPII 82.11+0.07" -0.02+0.04° 1578 +0.08" 15.78+0.03*
Sea water  80.58%0.84" -0.45%0.06° 14.82+0.50° 14.83+0.50°
1% CaSOq4 79.96+1.25° -0.37+0.03° 14.79+0.25° 14.80+0.25
Commecial ~ 81.81£0.01° 0.05+001° 13364001  13.36+0.01°
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AFH A7tz 92 12hd= A7 23 gelling agent®] H7HAl 2
ER7F WA A gelling agentdl d¥g Hrtste] 1 A% 2AEA
1 43} Table 313 o] MSPI, MSPIIZ | 2§ AF5E W H7leko) F7}
ol wet Ay, g Fol FTriEE Aoy, MEe A$ wrE ug
W Late] o Fol Frhghel wel wA et (Table 32).
Table 31. Effect of white egg on the textural properties of
Chundubu(uncompressed)
Con. Textural properties
Sample
(%) Springiness Cohesiveness Hardness(g) Chewiness
Whiteegg 1.0 0.44%0.04"% 053%0.02° 7423+7.12" 17.31£3.85'
MSPI 0 0.350.03" 043%£0.02° 66.90+£539"  10.10+1.99°
1.0 0.42+0.04% 048+002°  83.09%9.26°  16.46=3.80'
2.0 04710.03" 051=002° 9696+938"  23.24:+4.10°
3.0 0.5210.04 0555002 119.72+12.29% 3503+6.13°
4.0 0.55+0.06™ 055+0.01" 131.0411831" 41.86+7.72°
MSPII 0 0.5010.04° 049+001" 111.79+12.19° 27.70£568°
20 0541002 051+001° 21386+6.09° 16.46+3.12°
4.0 0.5810.03° 054001 13817+847" 42.66+4.69°
6.0 0.6310.03* 056%0.00" 166.65£9.96° 58.72+550%
8.0 0641002 056001 170.87+7.08" 61.27+464
F-value 71.38"" 63.73" 138.38"" 13357
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Table 32.

Effect of white egg on the textural properties of Chundubu

(uncompressed)
Con Color value
Sample ((y)‘
° L™ value a" value b* value Chroma
Whiteegg 1.0 82.77+0.45° -1.01+0.02° 1470+0.03° 14.16+0.03°
MSPI 0 80.260.08" -0.34+0.02* 11.74+0.01° 11.74+0.01°
1.0 80.15+0.25" -0.26+0.02° 12.32+0.05° 12.32+0.05°
2.0 80.45+050 -0.42+0.01° 1152-+0.09" 1152+0.09"
3.0 80.62£0.02 -050+0.03" 11.00+026 11.01+0.26'
4.0 81.09+£0.22¢ -056+0.00° 10.68+0.02 10.70+0.02
MSPII 0 7803+0.08" -0.36+0.01" 1569+0.02* 15.70+0.02°
2.0 7951+0.02%  -0.82+0.01" 1431+0.01° 14.33+0.01°
4.0 80.01+0.02% -1.12+0.02" 12.85+0.02° 12.90%0.02°
6.0 81.600.05° -152+0.01' 11.97+0.01" 12.06+0.01"
8.0 83.8010.22" -1.66+0.00 11.04*001' 11.16+0.01"
F-value 85.35 1870.68 663.26 656.53

_94_



5) B A F oS40t giFOMEL0 OXl= g =AL

o,

T AsH(Table 33) WA sl Gre 39 BEE U A £

A BAee Azd Fhoel 1%4 ksl AY LEM 1N Ex
_r(.

Ao e A% g Pa Ak FH Qe A9 AR YE7F 1532m) ¥ shel

By Bl masl A% BisE e Gad g G4 W AR
of Frhgel W W wAel Yot $uHE VAL Hel WA E A
def <@ T vlARE o 9 P AR AdE] e Aoz Ba

L

Table 33. Effect of various proteinase on the particle size of soybean milk

Mean Particle size(ym)

Enzyme ‘o
mean Specific
109 50% 90%

diameter surface

Soybean milk  825+0.3° 125.2+0.9% 383.1t27" 153.2+0.2° 6989.1 +70.8"
ECONASE CE  631+1.2° 1273+26" 3823+42% 154.7+3.7° 8187.9+£550.9°

ECONASE CE
blending

30.1870.2° 1282F0.8" 380.0t4.0° 1565+1.8" 6314.2+80.7

Maxazyme NNP  436+T0.1"% 121.9+09° 379.1+3.7° 1466+=19° 7767.4+178.9

PANAZYME

751407 1296713 3869+05" 1585*t14" 7841.1%152.2%

TTA

Promod 279P  3.490.1% 123.0+29 379.1%£54° 1483+3.8% 9389.3+129.7°

Peascalase 5367017 101.6702° 3588%6.1° 1253%15 5807.6:855°
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Table 34. Textural properties of prepared Chundubu by various soybean

powder

Textural properties

Yield Springiness Cohesiveness Hardness(g)  Chewiness

Baktae 3.341+0.06™ 0.771+0.06° 0.5838+0.01" 763.133+£73* 346.984+495°
3 3.63%£0.02° 0.746+0.02° 0595+0.01° 583988+54° 259.323+269°
FHieelF 3.7510.01% 0.802+0.05° 0591£0.01° 721.3751+104" 343.641 £64.8°

F-value 93.22 3.14 1.29 9.88" 763"
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Fig. 5. Picture of various commercial tofu
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Table 37. Effects of gelling agent and mixed soybean milk on the textural

properties
Textural properties
Sample
Springiness Cohesiveness Hardness(g) Chewiness
Mixed soymilk  0.819£0.01 0.583+0.01 194.7%+79 93.831%3.9
Chundub
undubtt 07524006 0603£001 618081 9821+58
(uncompressed)
0.1% 0911005 0594%0.02 163.59+16.3 88.65112.3
Gelli
ag(:ertrtlg 0.15%  0.878£0.07 0581%=0.01 165.91%£27.3 8547198
0.2% 0.859*0.09 0.585L£0.01 150.81+21.7 78221178

Table 38. Effects of gelling agent and mixed soybean milk on the textural

properties
Color value
Sample
L= ax bx* AE
Mixed soymilk 83.09 0.13 12.87 21.59
Chundubu
82.23 -0.74 13.31 20.83
(uncompressed)
0.1% 82.28 0.01 12.34 21.11
Gelling
0.15% 82.45 -0.16 11.99 21.42
agent
0.2% 2.72 -0.16 12.01 21.64
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Table 39. Effects of various coagulants on the proximate composition of

Chundubu(uncompressed)

Content(%)
Component
A(sl ) B(EZ&23u4) C(EgeaA) DA A E)

Moisture'’ 89.96 90.26 89.35 89.77
Ash” 9.02 8.54 11.17 5.36
Protein”’ 33.54 35.01 33.29 35.01
Lipid” 16.78 17.92 1859 23.70
Carbohydrate” 40.66 38.53 36.95 35.93

D .y .
wet basis, © dry basis
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Fig. 18. Changes in absorbance of liquid and airobic microbe of Chundubu
during storage at 0C and 30TC.
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Table 40. Changes in textural properties of Chundubu(uncompressed) during

storage periods at 0C

Storage .
Sample period Textural properties

(days) Springiness  Cohesiveness Hardness(g) Chewiness
A 0.668+0.07 0.580£0.06 30.01%£55 10.88x15
B 0 0.765%0.08 0.610x0.05 433638 205754
C 0.752x0.06 0.603=0.01 61.80%£8.1 282158
D 0.808*0.11 0.623%£0.02 42.00%£39 21.20%4.3
A 0.782£0.07 0.647x0.02 31.66%336 16.15%£3.26
B 1 0.701 £0.04 0.573x£0.03 3143%143 1266*1.70
C 0.754£0.04 0.604£0.03 52281350 23.73+1.80
D 0.811=0.01 0.614+0.01 51.49%£1.05 22.77T1.68
A 0.687x£0.05 0.595+0.04 3093507 12.46+297
B 5 0.770£0.05 0.601£0.02 4790+702 22.19*t3.80
C 0.841£0.04 0.596%0.03 78351465 32.74%471
D 0.820£0.08 0.598£0.03 54.45+6.15  27.01%6.40
A 0.495%0.14 0.422=0.04 18.58+6.83 6.54+3.75
B 5 0.672£0.11 0.655%£0.08 3440781 15.09%4.27
C 0.694£0.13 0.59610.06 4072+819  17.24*6.05
D 0.711+0.03 0.618%£0.05 3898£665 16.98%2.44
A 0.427%0.17 0.535+0.01 26.70£1.13 6.3514.46
B 4 0.751%=0.05 0.628£0.05 3830425 1813*3.36
C 0.593£0.16 0501=0.07 3806%£1006 16.57*7.18
D 0.830£0.05 0.622£0.02 56.82+356 29.35*3.17
A 0.596+0.09 0.590=0.07 27231488 9.59+2.66
B 5 0.804%0.01 0.628+0.03 4558+516 2286*11.43
C 0.827x0.06 0.622%0.01 59521101  3091*7.33
D 0.802£0.06 0.614£0.04 48561239 2398%345

(Arsh, B:&§t& a4, C:CaSOy DA HF

)
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Table 41. Changes in color value of Chundubu during storage periods at

0T
Storage Color value
Sample period

(days) Lx ax b 4E
A 80.55 -0.86 13.22 19.93
B 0 81.77 -0.74 13.31 20.83
C 81.55 -0.76 13.22 20.64
D 81.55 -0.76 13.22 20.64
A 79.37 -0.93 13.69 18.94
B 1 81.94 -0.84 14.35 20.81
C 82.13 -0.78 13.81 21.03
D 83.54 -0.95 1671 21.93
A 72.81 -0.38 12.38 14.56
B 5 81.24 -0.51 13.29 20.28
C 81.92 -0.56 13.04 20.92
D 83.38 -0.74 15.43 21.79
A 80.54 -0.76 1361 19.78
B 5 81.99 -0.57 13.67 20.84
C 82.05 -0.64 13.00 21.08
D 83.54 -1.03 16.62 21.97
A 80.50 -0.71 13.93 1965
B 4 31.50 -0.54 14.23 20.30
C 81.59 -0.61 13.54 20.56
D 83.75 ~0.89 16.70 22.07
A 81.22 ~0.57 13.63 20.21
B - 80.96 ~0.68 13.48 20.10

5

C 82.22 -0.68 1293 21.25
D 83.60 -0.66 15.49 21.93

(A, B2 g3 a4, C:CaS0s DAl #HE)
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Fig. 19. Changes in synerisis of Chundubu(uncompressed) during storage

periods at 0C
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Fig. 20. Picture of Chundubu(uncompressed) prepared in tofu factory
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(a)

(b)

Fig. 21. Morphology of Chundubu(compressed) according to enzyme

treatment
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Fig. 22. Morphology of Chundubu(uncompressed)
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Fig. 23. Morphology of Chundubu(uncompressed) according to addition of

gelling agent
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Wigganse

(a)

(b)

Fig. 24. Chromatogram of Chundubu(microparticulated soybean milk) and

tofu(soymilk prepared traditional method) by GC/MSD
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Microparticulated Soybean Powder

|

Water addition and
Homogenization

l

Microparticulated soybean milk

Enzyme treatment

I

________ Mixed coagulant

Stirring and
coagulation

l

Molding

\

Chundubu(compressed)

Fig. 25, Processing sheet of Chundubu(compressed)
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Microparticulated Soybean Powder
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Water addition and homogenization

1
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Heating
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Cooling

o
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Mixed coagulant
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molding

Chundubu(uncompressed)
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Fig. 26. Processing sheet of Chundubu{uncompressed)
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Table 41. Effect of enzyme treatment on the soy-oligosaccharide

Enzyme Sugar content(%)
treatment
(min) Fructose Glucose Sucrose Raffinose Stachyose  Total
0 1.81 1.48 2.46 1.35 2.00 9.10
30 1.90 1.58 2.35 1.31 1.95 9.08
60 1.94 1.70 2.32 1.29 1.93 9.17
MSPI 120 2.01 1.75 2.26 1.27 1.84 9.12
180 2.05 1.89 2.21 1.27 1.86 9.27
240 2.07 1.90 2.19 1.29 1.87 9.28
300 2.08 1.86 2.18 1.28 1.87 9.28
0 1.39 1.26 2.92 1.39 2.33 9.30
30 141 1.33 2.28 1.14 2.21 3.36
60 1.46 1.45 2.61 154 2.23 9.29
MSPII 120 1.55 1.62 2.55 1.33 2.30 9.34
180 1.53 151 2.55 1.30 2.25 9.14
240 1.60 1.68 2.60 1.37 2.15 9.40
300 1.65 1.68 2.50 1.33 2.00 917
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Fig. 27. Changes in the oligosaccharide content according to enzyme

treatment time
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I, oA EIE Ffetn e WP, TRV E dREn AT wEA, Hie
Ao oz vetwd dbE, 123 o)AZHE EA9 Eo Ui &d=e &4

3l AX AT AAT dA2 L5 v FFE BRI

sd, 12%F olAZTR FoA Caco-2 cell A/l £33 o 2dS

Agste] AEE BREE 4EE 27 70 o4 e FARYE B e
daidzein, glycitin, acetyl genistin, acetyl glycitin®] &1t} =3 Aztel FW &
F AEE JedE HIA® 0~20%°] #A%8As & 554 &2 24, 20~
70%9] WYE AFE T4t He B4, 10~100%= 471 2EHe 28 9
o3t} 123 olAZEE FolA BgAe HIA 371 7B &9ka, 2Ed7)
2 gfote AT 5~11% HHZ YEY 57 & HA &0l AAENA
o wWiRAe olAEE FHate wiF Al oM e genistin®  acetyl

genisting A Ydnes 70~70% Wz dedd, Exe SAE YA (polar

surface area, PSA)S 8|27t 714 wota, wj@ A, olAE71E FHg Wi
A, dRINE &5 wgAY Fo7 =4 vehgon, FAREAAS FAIL

252 HIAY FA7F @ 33e 529 B4 A3 AVISAAEE e
W+ Balaban index: Hl@ A7} 7b4 =A debytz, widA, obMErE T
=y

oA, BRI E AR sl so

E=4
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@ Cytochrome P450 1 A3l &4] =A}
e ds ETT A4 FH(xenobiotics)E S UAE
oAe] Eagel s AW phase 1% phase I Wgoz FET o)
, e T W&o o8| #&Ao] ZF7FshaL phase II WHE-
o] 7]dol ¥ £ AEZE dr} Phase I W2e glucuronide, glutathione ¥
sulfate 59 AW B3 ZH(conjugation) = W&o EHR o] Hr2o] 93|
21917 4ol MYz wid A ey oled Aty Fol g ATHYE
dEo] WAl B FHAQ wddon BAHH d5E 2 P
A4 B NFAREL o8 FF9 2ok g8 fEEHE ¢S dese
Rez odefx g, o]#d & F2 W9 phase I tAIE 2dEgoz
4

2 AAAY, B0l FhE B

oo

lod

Fd3 LHIFES wEo] H 2 vjAH A Y= phase 1T A}
ExAGSEGaA)d G F7) GEQ Aeg A Aot P 53 o
T ojaEHEe g AgHY, B8 2d 2 d8ATE i o o9 &40
A Aoz MIAHAUL, ANHD e 8714 59 37t phase I 2 11 &

=%

Al F4E 2dste] 2dde Audiabel 98¢ Fed 7" Ro B

A
= A gl

et B Aol A 12F difoliaZelE e Yo R HepG2 AEFE
ol-8&to] plate AollA ®lE thE A< phase I HAFE4AQ cytochrome P450 1
o AEgdon BlalP F5% EROD AL ZHsn o)2Zgs 7z
HHEste HEs Y. 1 dakE Table 43¢ veERd we} 2o

128 o]|A~ZetE 9 EROD B4 <L = A daidzein, genistein, glyciteind}
2 WA Mm%, thgol WigA, otMEsE Fhstn g wiwA,
HREVE st A e A oz veign, wgE, wga), o4 e )
T Esta v Mg, 2RdYdE d4sn s wgAe 72 7 goAs=

o 7F& %9k, th&ol daidzein, glycitein®] o2 pelu}i

O_L/

genistein®] &4
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Table 42. Molecular(structural, physicochemical and absorption prediction) properties of soy isoflavones

Structural

Physicochemical

Absorption prediction

Soy isoflavones Substituent® » ASlogS* Cell . PSAAY Balabe:;n
Mw RI R2 R3 Clog P* " @l)  permeability’ A index
Daidzein 254.24 H H - 1.849 4818 16.36 8.8 66.8 1.97
Genistein 270.24 OH H - 1.522 1530.03 523 795 87.0 2.01
Glycitein 284.27 H OCHs - 2.081 32245 5.86 80.5 76.0 197
Daidzin 416,38 H H H 0.069 745.28 1.20 70.6 145.9 1.47
Genistin 432.38 OH H H -0.257 18405 5.24 51.3 166.1 151
Glycitin 446.40 H OCHs H -0.482 1558.7 8.22 70.0 166.1 155
Acetyl daidzin 458.42 H H COCH;3 0.457 368.39 6.92 74.6 152.0 1.43
Acetyl genistin 47442 OH H COCH;s 0.130 906.66 19.44 452 172.2 1.47
Acetyl glycitin 488.45 H OCHs COCH3 0.415 640.28 22.62 71.0 161.2 1.50
Malonyl daidzin = 502.43 H H COCH>COOH 0.076 1435.84 ~ 10.9 189.3 1.38
Malonyl genistin 51843 OH H COCH2COOH -0.250 83.63 - =() 209.5 1.42
Malonyl glycitin  532.46 H OCH3 COCHCOOH 0.035 2482.13 - 47 198.5 1,45

’Chemical basic structure

®Calculated logarithm of octanol/water partition coefficient, ‘Calculated logarithm of water solubility, Caco-2 cell permeability, “Human
intestinal absorption using the database(BEILSTEINE, DIPPR, MRCK, HOPOC, HSDB, PhysProp, PreADME, TRCTHERMO), f’l‘opological
polar surface area, *The relative electronegativity



Table 43. Effect of sov isoflavones on benzolalpyrene-induced ethoxyresorufin-O-deethylase activity
in human liver derived cells! Structure activity relationship(SAR)

Molecular EROD activity”  Inhibition of

. formular Substituent Concn. nM EROD
Soy isoflavones . L
Ri Ro R3 (M) rcsorgfm/ mg activity
protein/min)
Daidzein CralT1iO0n 11 11 - 0 70.0+75 -
1 746+73 0
10 777+78 0
50 334F4.4 52.3
100 19.1+24 73.0
Genistein Cral1005 OI1 11 - 0 59.5+6.7 -
1 64.2+83 0
10 62.779.0 0
50 34+08 94.3
100 05+05 9.2
Glycitein Cral 11205 1 OCIL - 0 70.1+8.0 -
1 70.3+9.9 0
10 7401113 0
50 479+40 317
100 370+5.1 47.2
Duidzin ColT500 I 11 1 0 522188 -
1 544+99 0
10 521+7.0 0
30 21.3+45 59.2
100 112+78 785
Genistin CoIT0010 0Ol1 11 I 0 577186 -
66.31 8.8 0
10 62.9113.8 0
50 63108 83.2
Acetyl daidzin Casl IO 11 1I COCIL 0 52671155 -
1 40.3+15.6 234
10 425%20.6 19.2
50 352+14.3 33
Acety] genistin Col 100 Ol 11 COCIL 0 683196 -
1 7911164 0
10 487+11.7 289
50 84+35 87.7
Acetvl glveitin Cuil1oOn )8! OCIL COCIL 0 82.1+10.3 -
1 81.9+95 0
10 7971107 29
50 770+t85 6.2
Malonv! daidzin Coil IO I 1T COCILCOOI 0 76.7+89 -
1 — —
10 88388 0
50 83.9+82 0
Malonvl genistin Col 100y OIl 11 COCILCOOI 0 744+113 -
1 765183 0
10 729+91
50 70468 5.4
Malonvl glveilin ConlleOp 1 OCIE COCILCOQIT 0 770164 -
1 R00+78 0
10 83.0111.0 0
50 73.0+4.4 5.2

" The calculated dosc of benzolalpyrene-induced cthoxyresorufin-0O-deethylase activity in HepG2 cells relative
to 0.1% dimethvisulfoxide treated control cultures from observed values of more than three independent
experiments. EROD activity of cach treatment was normalized to protein content.
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® QR A =4}

Aol EAsY o AR HA e FAHS ZAHF oA quinone

reductase(QR) LA S A3 ot oleld QR FEdAH S AMFdo=
ZA4% ] os] RREYY ¢ qw AR o2 48 A sulphoraphaned &€ 38}l

phase II HAFE 42 QR #E 4L A8 oAFHE Fx29 ddeto A
Eddth. 1 A3 Table 449 vheld vl Zo)
QR % AL BlalP 5% EROD AN&sigAz widrixz2 =ZA

daidzein, genistein, glycitein®} #Z& H|G A7} 713 E=oka, vh&o] olHETE

FREL e DA, WAL B2U S FHdT A WA
A9 7l wAyol vehbA ghgtch WA, WFA, obAPAE Fesa dE

A, T2E7E Rt JdE wEdAe] zZ+ ++ WM< genistein®] Aol
7 we& Aol o9 e AFE HAHE o, At fd HepGZ THAE
g4 & Hepa lclc7¥ 22 AXF & Az 2d
o wladd o debHo g wopgk Folglct o ATHE FxR-84 BAdAME
FFE QR e FAAdAME
Aoz By ¥ QR % 4o A < BlalP
#% EROD A#&Adde < T oldEr]e] AF /7 QR &4
positive &%10.2 #H&3tE AoR FEHAT QR Fk FAAAE HAHo=
olAEeHE A9 A% A (hydrophobicity), HIA, At A7SA = vl# s}
of Yelgtn olAZeE Exle A TAYRE v sty Yelve Z el
o).

negative %1032 2 L3l=

T

¢

oldel A¥E Fge By olAZEE REAA AS AFiel dv
ol glojA wigds T daEdy ojdEr s B FFaA AT v&
& AA ZHol7t AW ¥+ daidzein® genistein® Z-& B @A)

F7b AubERel ns o 2~5u) wgvh #9, 12F o olaZehEel et

)

o,
=
o
s
rN
A
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I'able 44. Effect of soy isoflavones on the induction of quinone reductase(QR) activity human
liver derived cells: Structure activity relationship(SAR)

Sov isofl Molecular S Concn. QI({ Cljmmy SCam:)lel/
Sy 1soflavones vlolecula n ONLro)
i formular Rl Rz R3 (uD urotein,?rfin)
Daidzein CrstTiOs I H - 0 906+ 72.2 -
1 98211005 1.08
10 9181376 101
30 937 t829 1.03
Cenistein ColliOs O I - 0 992 1161 -
1 904 +.68.3 0.91
10 1003 +105.1 1.01
30 1249+ 96.1 1.26
Clvcitein . Cist 105 H OCI - 0 1008 + 86.3 -
1 1051 11494 1.04
10 9451 679 0.94
30 1019 V1159 1.01
Dxaiczin CalloOy 11 11 11 0 9341 576 -
1 7481 62.3 075
10 7684 62.7 0.77
50 8141569 0.82
Cenistin CalToOno Ol 1T 1 0 107521272 -
1 963 1914 0.90
10 1038 +.125.0 0.97
50 130611216 1.22
Glycitin CotrOha I OClL H 0 942 11519 -
1 1016 879 1.08
10 1074 1 333.1 1.14
50 943°+28.1 1.00
Acetv duidzin Cod 1O t i1 COCHh 0 P1B 473 -
1 10711448 112
10 976+ 1128 103
30 115011399 1.21
Acelyl yenistin Col3nOn OIl I COCIs 0 10571379 -
1 1050 +170.8 099
10 105811706 1.00
50 12161839 1.15
Acely] glycitin Conl 1O Il OCH COCH 0 933+ 1415 -
1 878 1 70.3 0.88
10 894 %1908 0.90
50 1038 +.335 1.06
Malony! daidzin CallnOn 1 il COCHRCOOH 0 1040 +333.7 -
1 1059 1.51.8 1.02
10 11414993 1.10
30 1010 + 1389 097
Malony] genistin Coal 12002 Ot It COCICOOH 0 971+ 177 -
1 10734509 1.11
10 10974328 1.13
50 12172461 1.25
Malony! glyeitin ColLOns 11 OCIL COCHLCOO1T 0 1000 * 80.3 -
1 92511122 093
10 1087+ 134.7 1.09
50 1082 1 64.3 1.08
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Fig. 31& AA948 #7lstel A%g HFRE

45+ focus groupel &ste] HF o] MAE HitS A
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olth 1AW Mag e we daTol vae TREA 2 AVES

FAY Aswrt dojAA] oksta, A MAE HY A FE e 9

M3 ol gel BawEe M2 dehie] HEE F4E AR AT ejm
2 do] A7tE $Re B Hue] FAFORE A87ts svtn GANY

Table 45. Total acceptability of coloured Chundubu by focus group
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Fig. 31. Picture of various coloured Chundubu
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Table 46. Total acceptability of flavored Chundubu by focus group

44 e
Control T Control it
71 3 bt Z o)z} ot
w3 H E At 722 9 FHA Tt
Zz e} bt 23] ot
o} b FTaHA S
HEFHE R F
T+t A 9- ettt
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2| AF AR A o+t o %] 4
EERE .
REN 2} 2] +++
o=
==
= x} ot A= ot
7] o B Zu) NRTRIREE.
3y et
e .

boURTh e R T T, e BT fre B srees R3] F0
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Fig. 32. Picture of various flavored Chundubu
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Fig. 33. Flavored tofu produced in China
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A717E AYsan 2 o7t ¢l

N Bkl zol7F A9 Y. ® i1

Table 47. Intensity of sensory attribute on the various flavored Chundubu

o =+ Bz ApEr gt A §-7HE T}
Faldy 325148 435=1.79" 3751219 490%234° 4.00%1.59%
o] # 415179 4957164 405+1.99" 695139" 35071.32°
Ag® 520089 51521.35°  620=144°  520£1.70° 490+1.21°
e
A3A 540179 535x187" 575£210° 525+200° 480+1.74°
g 525+145" 490145 535°166° 500+169" 5304156
SAA 470183 520=1.28° 495+173 470%156" 5.10%1.59°
34 450191 435=146"  440+173 390+1.25" 435*1.60°
qotzl  500+1.81° 455=147" 500£161° 445+1161° 450+1.31°
ZAT R 5152163 5257183 5301148 34011.60° 4401 1.67°
FH)dar 355154 355=182% 3857193 3751194 450+ 1.61°
wWeonk 2551076" 2927139 3.05+161" 380%217"  3.70£1.89°
ot 4152118 560=1.13" 5455147 58+1.81° 475+0.72%
o] | 3651350 490=194™ 4301697 645+143" 545+ 1547
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Table 48. Acceptability of sensory attribute on the flavored Chundubu

2 Bz gt AbFet A7+ Rl S
FH-EW  47511.86" 4101148 4501208 3254133 475%1.74°
o] # 510£168" 480158 5254194 3.05%£1.70° 5.10%=1.65°
Adddd 5151142 5102145° 605+169° 5301163 4.85+1.09°
A 475%152" 4751165 525+1.74°  4754180° 460%1.54°
g4 515173 485t181" 525%145° 485+176° 4.90%1.55°
SR8 45011617 4454147 495%136° 435+160° 465123
HEA 450*£157° 415%166" 4251152 375+155° 4.25+152°
U= 4751220 455+ 164" 4551577 4.00+152°  465+1.39°
A % 515181 500£1.72° 520%160° 355+1.61° 4.15%157°
THEY 480£158" 440+211%" 390+152% 350£1.70° 3.90%1.48%
w28 490%£192°  465+211% 4501670 4.00+175*  4.10£1.77°
ok 530£149" 450+1.63° 405+1.23° 375+165° 460£1.19%
o} ] 48511.60" 380179 410%1.80" 460+1.19° 4.20+1.82%
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Fig. 34. Fermented Chundubu inoculated with Monascus anka(IFO 30873)
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Fig. 35. Fermented Chundubu inoculated with Mucor hiemalis(tKCCM 11602)
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Fig. 36. Fermented Chundubu inoculated with Mucor hiemalis f
hiemalis(IFO 8438)
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Fig. 37. Fermented Chundubu inoculated with Monascus anka(IFO 4478)
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Fig. 38. Fermented Chundubu inoculated with Monascus anka(IFQ 6540)

- 150 -



2

MO
ra

Korea food vearbook, Nongsuchuksan newspaper Co. p. 742, Korea
(1999)

Watanabe, T., Fukumachi, C., Nakayama, O., Teramachi, Y., Abe, K,
Suruga, S. and Mivanaga, S. Research into the standardization of the tofu
making process. National Food Research Insitute, Japan(1964)

Kawaguch, Y. Effect of heat treatment of soymilk, coagulants and yveast
inoculation of the texture of soy curds. 26:434-441(1979)

Kim, K. T, Im, J. S. and Kim S. S. A study of the physical and Sensory
characteristics of ginseng soybean curd prepared with various coagulants.
Korean J. Food Sci. Technol. 28: 965-969(1996)

Hwang, I. K. and Park, C. K. Effects of coagulant concentration and
phytic acid addition on the contents of Ca and P and rheological property
of soybean curd. Korean J. Food Sci. Technol. 26: 355-358(1994)

Kim H. J, Kim, B. Y. and Kim M. H. Rheological studies of the
processing conditions. Korean J. Food Sci. Technol. 27:324-328(1995)

Baik, S. H, Kim, M. K., Yun, S. E. and Joo, H. K. Improvement on
textural properties of soybean curd by freeze denaturation of soybeans.

Korean J. Food Sci. Technol. 28:267-272(1996)

. Jang, W. Y., Kim B. Y. and Kim, M, H. Prediction of the rheological of

soybean curd during storage by using WLF equation. Korean J. Food Sci.
Technol. 27:193-198(1995)

Ko, 5. N. and Kim, W. ]J. Effect of coagulants and coagulation
temperature on physical properties of ISP-tofu. Korean J. Food Sci.

Technol. 24:154-159(1992)

10. Saio, K. Tofu-relationships between texture and fine structure. Cereal

Foods World. 24:342-254  (1979)

- 151 -



11. Wang, H. L. and Hesseltine, C. W. Coagulation condition in tofu
processing. Process Biochem. 17:7-12  (1982)

12. Lim, B. T., De Man, J. M., De Man, L. and Buzzell, R. 1. Yield and
quality of tofu as affected by soybean and soymilk characteristics.
Calcium sulfate coagulant. J. Food Sci. 55:1088-1093(1990)

13. Tasi, S. T, Lan, C. Y., Kao, C. S. and Chen, S. C. Studies on the yield
and quality characteristics of the tofu. J. Food Sci. 46:1734-1741(1981)

14. Lee W. J, Choi, M. R. and Sosulski, F.W. Separation of
tofu-residue(Biji) into dietary fiber and protein fractions. Korean J. Food
Sci. Technol. 24:97-100(1992)

15. Hong, JS., Kim, M. K, Yoon, S, Ryu, N. S. and Kim Y. K.
Preparation of noodle supplemented with treated apple pomace and
soymilk residue as a source of dietary fiber. ]J. Korean Agric. Chem.
36:80-85(1993)

16. Van der Riet, W. B. Wihgt, A. W,, Chilliers, J. J. L. and Datel, J. M.
Food chemical investigation of tofu and its byproduct okara. Food Chem.
34:193-202(1989)

17. Kweon, M. N., Ryu, H. S. and Moon, J. H. Nutritional evaluation of tofu
containing dried soymilk residue 1. Evaluation of protein qualtiy. J.
Korean Soc. Food Nutr. 22:255-261(1993)

18. Kim, J.Y., Kim, J. H. and Moon K. D. Quality attributes of whole
soybean flour tofu affected by coagulant and theirs concentration. Korean
J. Food Sci. Technol. 32;402-409(2000)

19. AOAC. Official Methods of Analysis, 15th ed. Association of Official
Analytical Chemists, Washington, DC, USA(1990)

20. Gacula, M. C. Design and Analysis of Sensory Optimization. Food &
Nutirition Press, Inc. Connecticut, USA(1993)

21. SAS institute, Inc. SAS/STAT User's Guide. Version 6.2th ed. Cary, NC.

- 152 -



25.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

USA(1988)
Wang, H. L., Swain, E. W. and Kwolek, W.F. Effect of soybean varieties
on vield and quality of tofu. Creal Chem., 60:245-248(1983)

Okezie, B. and Bello, A.B. Physicochemical and functional properties of
winged bean flour and isolate compared with soy isolate. J. food Sci., 50
450-455(1988)

Mogeau, R. and Brassard. 'R. Insoluble dietary fiber from breakfast
cereals and bran; Bile salt binding and water holding capacity in relation
to particle size. Cereal Chem. 59: 413-417(1982)
Voutsinas, L.P., Cheung, E. and Nakai, S. Relationships of hydrophobicity
to emulsifying properties of heat denaturated protein. J. Food Sci. 48:
26-32(1983)

Food Composition Table(Fifth revision) : National Rural Living Science
Institute, R.D.A.(1996)

Hough, G., Martinez, E. and Contarini, A. Sensory and abjective
measurement of sandiness in Dulce de Leche, a typical argentine dariy
product. J. Dairy Sci. 73: 604(1990)

Hutchings, J. S. Food colour and appearance. Chapter 7. Instrumental
specification. pp. 217-223. Blackie Academic & Professional. U.K.(1994)
Whorlow, R.W. Rheological Techniques. John Wiley & Sons, New York.
pp. 243-251(1980)
Tam, K.C. and Tiu, C. Steady and dynamic shear properties of aqueous
polymer solution. J. Rheol. 33: 257-265(1989)

Hue-Ju Wang and patricia A. Murphy: Mass Balance Study of
Isoflavones during Soybean Processing. J. Agric. Food Chem., 44,
2377-2383(1996)

Kaoru Kohyama, Yoh Sano and Etsushiro Doi @ Rheological

Characteristics and Gelation Mechanism of Tofu (Soybean Curd). J.

- 153 -



32.

33.

34.

36.

37.

38.

39.

Agri. Food Chem, 43, 1808-1812(1995)

Lori Cowar, Neil C. Barnes, Kenneth D. R. Setchell and Stephen Barnes
. Genistein, Daidzein, and Their /5 -Glycoside Conjugates @ Antitumor
Isoflavones in Soybean Foods from American and Asian Diets, J. Agri.
Food Chem., 41, 1961-1967(1993)

Arthur C. Eldridge and Willian F. Kwolk : Soybean Isoflavones : Effect
of Environment and Variety on Composition, J. Agri. Food Chem., 31,
394-356(1983)

Arthur C. Eldridge : Determination of Isoflavones in Soybean Flours,
Protein Concentrations and Isolates, J. Agr. Food Chem. 30,
353-355(1982)

Huei-Ju Wang and Patricia A. Murphy: Isoflavone Composition of
American and Japanese Soybeans in lowa: Effects of Variety, Crop Year
and Location, J. Agri. Chem, 42, 1674-1677(1994)

Chigen Taukamoto, Shinji Shimada, Kazunori Igita, Shigemitsu Kudou,
Makie Kokubun, Kazuyoshi Okubo and Keisuke Kitamura: Factors
Affecting Isoflavones Content in Soybean Seeds: Changes in Isoflavones,
Saponins and Composition of Fatty Acids at Different Temperatures
during Seed Development, J. Agic. Food Chem. 43, 1184-1192(1995)
Shigeki Matusuda, Tadashi Miyazaki, Yunosuke Matsumoto, Riichiro
Ohba, Yuji Teramoto, Nackazu Ohta and Seinosuke Ueda : Hydrolysis
of Isoflavones in Soybean Cooked Syrup by Lactobacillus casei subsp.
rhamno IFO 3425, J. Fermetnation and Bioengineering, 74(5),
301-304(1992)

A, Seo and C. V. Morr: Improved High-Performance Liquid
Chromatographic Analysis of Pheonolic Acids and Isoflavonoids from
Soybean -Protein Products, J. Agic Food Chem., 32, 350-533(1994)
Yu-Chen Chang, Muraledharan G. Nair, Ross C. Santell and Williams

- 154 -



40.

41

42.

43.

44.

46.

47.

G. Helferich: Microwave-Mediated Synthesis of Anticarcinogenic
Isoflavones from Soybeans, J. Agri. Food Chem, 42, 1869-1871(1994)
Shantilal S Parmar, Sukhminder Singh and Radhey S Sharma
Compositional and Quality Characteristics of Paneer Made from Soya
Beans and Buffalo Milk under Different Heat Treatments, J. Sci. Food
Agric. 47, 463-473(1989)

R. A. Szabo, G. A. Jarvis, K. F. Weiss, K. Rayman, G. Lachapelle and
A. Jean : Microbiological Quality of Tofu and Related Products in
Canada, J. Food Protection, 52(10), 7727-730(198%)

Akihiro Ohno, Takashi Ano and Makoto Shoda : Production of the
Antifungal Peptide, Iturin by Bacillus subtilis NB22 in Solid State
Fermentation, J. Fermentation and Biocengeering, 75(1), 23-27(1993)
Hidefumi Yoshii, Takeshi Furuta, Hirokazu Maeda and Hiroyuki Mori :
Hydrolysis Kinetics of Okara and Characterization of Its Water—soluble
Polysaccharides, Biosci. Biotech. Biochem., 60(9), 1406-1409(1996)

Eun-A, Be, Tai-Wan Kwon and Gap-Soon Moon : Isoflavones Contents
and Antioxidative Effects of Soybeans, Soybean Curd and Their
By-Products(in  Korean), J. Korean Soc. Food Sci. Nut. 26(3),
371-375(1997)

5. Jeong-Soo Lee and Hong-Sik Cheigh ; Antioxidative Characteristics of

Isolated Crude Phenolics from Soybean Fermented Foods(Doenjang, in
Korean), J. Korean. Soc. Food Sci. Nutr. 26(3), 376-382(1997)

Seisaku Yoshida and Kvoko Yamauchi: Cadmium-Binding Composition in
a Supernatant from Ultracentrifugation of Soy-milk Prepared from
Soybeans and Cadimum-Containing Water(in Japanese). 2% $141 83 %],
32(6), 564-568(1991)

Taroc Takahashi, Yukari Egashira, Hiroo Sanada : Effects of Soybean

Dietary Fiber on Growth Rate, Digestibility and Gastrointestinal Transit

- 156 -



48.

49.

50.

o2.

o4

5o.

o6.

oT.

29.

60.

o)
—

Time in Rats. Y29 L, A==, 45(3), 277-284(1992)

Masako Matsu and Eri Hitomi : Suppression by Okara Koji of Plasma
Choleserol Elvation and Hepatic Lipid Accumulation in Rats(in Japanese).
Nippon Nogeikagaku Kaishi, 66(5), 899-904(1992)

Masako Matsuo : Effects of Rice Bran on Properties of Okara Tempe(in
Japanese). Nippon Negeikagaku Kaishi. 64(7), 1237-1239(1990)

s FHlke  QlAHE £Ro Az uW EIFE, A 2503, 21(1973)

v, #48, 93 0 AF SuAd mE FR9 Texture A #&
A, e pAskslx) 17, 11(1979)
UG, Ad3 0 YT b S 2 AAA BN B3 AF e

%] - A& . ST 2~ 0 =1 5 A
Y, 4T, T4, ASA 0 FEZY Fre £5 9 o, BEA

54 vla, g F9ehs] A, 22, 439(1990)

209, AA%, WD, FAF 0 eaAel @ BEPe) Frel 54y
of mAE 9, FFFATHA, 8, 151991)

g, wRY HB5 o gFe AT dE 2™y oAz, @
54 0 R ge) Wa #TIYAFRIA, 144), 381(1985)

E99, WA Az A Bk o T2 FAe Wi FHHEAS

A, 17(6), 489(1985)

=2 F ek 8] ), 22(3), 363(1990)

g, 294 0 BEdTed TR AzE 9% A 2 Eg3 Al
VY, S AFHEE A, 26(1), 26(1994)
TEY, dEd, AR Nt RygqToy FRo By B4 nAe
7t 7t 279 4, A Fahehd A, 26(1), 31(1994)

A9, B AR SPL e AZE A9 hE 2 4, V1, A2
2]

- 156 -



vO

U
<
rSL'

HrEA e As 2 kg A B8 p 204, A M (2000).

03. Barnes, S., Sfakianos, K., Coward, L., Kirk, M. and Perterson, T.G. Soy
isoflavonoids and cancer prevention: underlying biochemical and
pharmacological issues. In: Dietary phytochemicals and cancer prevention.
Butrum, R. Eds.; New York: Plenum, pp. 87-100 (1996)

o4, Cassidy, A., Bingham, S. and Setchell, KD.R. Biological effects of soy
protein rich in isoflavones on the menstrual cycle of premenopausal
womern. Am. J. Clin. Nutr. 60, 333 (1994}

55. Cassidy, A. and Setchell KD.R. Clinical experiences in assessing dietary
effects of phytoestrogens on the human endocrine system. In: Human
diet and endocrine modulation: estrogenic and androgenic effects. Eds.;
Dunaif., GE, Olin, S.S., Scimeca, J.A. and Thomas J.A.; ILSI Press,
Washinton, D.C. pp. 155-165 (1998)

56. Wang, H.J. and Murphy, P.A. Isoflavone composition of American and
Japanese soybeans in lowa : effects of variety, crop year and location. J.
Agric. Food. Chem. 42, 1674 (1994)

J7. Wang, H.J. and Murphy, P.A. Mass balance syudy of isoflavones during
soybean processing. J. Agric. Food Chem. 44, 2377 (1996)

58. 94, 2E) el WE F Y AFAF o|aZell Fre BEE W
s Agwielal dstel shg et Abete] =E (2002)

59. Wortelboer, HM., De Kruif, C.A., Van lersel, A.A.J., Falke, HE,
Noordhoek, J. and Blaauboer, B.J. : The isoenzyme pattern of

cytochrome P450 in rat hepatocytes in primary culture, comparing
different enzvme activities in microsomal incubations and in intact
monolayers. Biochem. Pharmacol. 40(11), 2525 {1990)

60. Prochaska, H.J., Santamaria A.B., and Talalay P. : Rapid detection of
Inducers of enzymes that protect against carcinogens. Proc. Natl

Acad. Sei. USA, 89, 2394 (1992)

- 157 -



61. Mehran, Y. Glynn, S.L., Wright, JL. and Hawi A. : Correlating
Partitioning and Caco-2 Cell Permeability of Structurally Diverse Small
Molecular Weight Compounds. Pharm. Res. 9, 1490 (1998).

62. Mitchell, JR. and Horning, M.G. : Xenobiotic metablism by
extrahepatic tissues @ Relationship to target organ and cell toxicity.
Raven Press, New York (1984)

63. Guengerich, F.P. : Metabolic activation of carcinogens. Pharmac. Ther.,
54, 17 (1992)

64. Zang, Y.S., Talalay, P., Cho, C.G. and Posner, G.H. : A major inducer
of anticarcinogenic protective enzymes from broccoli - Isolation and

elucidation of structure. Proc. Natl. Acad. Sci. U.S.A., 89, 2399 (1992)

- 158 -



	대두미세분말을 이용한 환경친화형 전두부 상품화 기술 개발

	요약문

	목차

	제 1 장 서론
	제 2 장 재료 및 방법 
	1. 재 료
	2. 대두의 전처리 공정 및 미분쇄 조건 확립

	3. 두부 제조 조건이 전두부에 미치는 영향 인자 조사
	4. 첨가물의 영향
	5. 부분변성을 이용한 전두부 조직감 개선 기술 탐색
	6. 대두마세분말 분쇄 공정의 최적화
	7. 전두부용 미세분말의 전처리 최적 조건 확립
	8. 국내산 두류를 이용한 전두부 제조 조건 조사
	9. 전두부의 pilot 규모 생산 및 보완 실험
	10. 전두부의 물리화학적 특성 및 저장성 조사
	11. 최적 전두부 제조공정도 개발
 
	12. 전두부의 유용성분의 효율성 조사
	13. 전두부의 제품 다양화


	제 3장 결과 및 고찰
	1. 대두의 전처리 및 분쇄 조건 확립

	2. 두부 제조 조건이 전두부에 미치는 영향 인자 조사
	3. 부분변성을 이용한 전두부 조직감 개선 기술 탐색
	4. 대두의 미분쇄 공정의 최적화
	5. 전두부용 미세분말의 전처리 조건 확립
	6. 국내산 두류플 이용한 전두부 제조 조건 조사
	7. 전두부의 시제품 생산 및 보완실험
	8. 전두부의 물리 화학적 특성 및 저 장성 조사
	9. 최적 전두부 제조 공정도
	10. 전두부의 유용성분의 효율성 조사
	11. 전두부의 다양화

	참고문헌

