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Abstract

This research used soybean from Canada as raw material and focusing on
two major categories: (1)Effects of different soaking, grinding temperature and
heating methods on soy milk protein and soy milk quality; (2)Effects of
different soaking, grinding temperature and different heating methods on tofu

texture.

Results showed: (1)Using different grinding temperature (5°C ~ 30°C -

60°C ~ 80°C), as grinding temperature increased, the soymilk would become

more yellowish and greenish. At lower grinding temperature, the soymilk
viscosity, color brightness, and white index were higher. The protein surface

hydrophobicity increased as /the grinding temperature increased. The soaking

temperature at 5°C had higher protein surface hydrophobicity than at 30°C.

Two-step heating had higher: protein surface/hydrophobicity than one-step
heating.

Using SDS-PAGE celectrophoresis pattern analysis, as the grinding
temperature increased, the amount of B-conglycin subunit would increase. But
the acidic and basic subunit of Glycinin and the ratio of 11S/7S would decrease.

(2) Using different heating, soaking and grinding condition, the syneresis rate
increased as grinding temperature increase. Soaking temperature at 30 ‘C or
two-step heating had higher syneresis rate than soaking at 5 ‘C or one-step

heating in respect. Two-step heating had higher density than one-step heating.
Using lower soaking and grinding temperature and two-step heating would

increase the tofu hardness, gumminess, adhesiveness, springiness, chewiness

I



and cohesiveness. The results of this experiment could be used to improve the

tofu quality for soy processing manufacturer.

Keyword: B-conglycin, Glycinin, surface hydrophobicity, tofu, texture,

grinding
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=~ & (soybean) > & ¢ & Glycine Max (L.) Mcrrill, - & % -

3
b
gt

2+ 2% (Glycine) 2 - #2 ¥ aipt » 47 48

BHA IS RHA LT A AT AE

B2 fEAE BE (FRE 200305

LR EA XA GG T 35-40%F9 F - 20%:d % ~ 35% K

it &4 2 5%:0% > (Smithetal ,1978) ¢ ~ & F—v B < 304 37 &30

+ ¥ (cotyledons) # > 14 3¢ B E¥73 48 (protein bodies) 2 253" 33

ook B v BT - AR 39 (storage proteins) o % E F-

0OE P A F 85~05%E Ik R0 B ek 9 ¥ A pH 4.5~4.8

R Cik o w7 fEpL Tk -9 8T Cacid precipitable protein ) 14 oK% %



FPX B v PR R 2 T @ 5 (sedimentation coefficient ) ¥
A% 2878 1S e 158 S m fad A (4- e B 7S e 118 @
& v %’frév\ B £ ik 37%4c 31% > H_ 5 i & = & ( Yamauchi et

al.,1991) -

(1)28 7k 3% 24
2S 74 3% * #i a-conglycinin » A3 £ % 21kDa- H £ T B4
pHA5 > AR B A Edy F¥ 9 22% 18 54 - £ 4mzp

g0 B o Aotk oo WE P4 A CGarciaetal,, 1997 ) o

(2)7S s 39 i

7S % ¢ (conglycinin) B %= FHEAd o fr B =i H
Aotk chn 53 B S (B 1-1)0 7S 3 ha 3 £.9 5 180
kDa ~210kDa> @ a~o’% Bz &» F & 4~ B X 5 67 kDa~ 71 kDa fr
50kDa (& = ) gt B rugi-ki®* 4 24 (Thanh et al.,1978) - 7S
FRFG AR F A RAF R A IopH Ao AMBEF RAF 0«
% H <48 ¢ f24% (Thanhetal.,1979)> F 2. » & F 4+ % A& (1>0.5)
FF o Pl#e® % o @ tryptophan 2 H s 7 piiRflfang £ 40 0§

A et BEE R YL 75C (Garciaetal.,,1997) o



(DS 3 39 B4

1S 7k 3=+ (glycinin) B 4~ + 4 d 6 BR-xH ~H2 6 B
fer H A Mirle s (B 1-2) ~F &5 5 350kDa - paltfrkg b =x H
Rz A+ E > &% 5 38kDa % 20kDa> = 'ﬁ P A et e
= oom B/ he M pe S E AR AR R TR 4 B A A £ AR
BB AVMMEUFTR S frd S B (R 1-2) A
B & 75H ¢ TSR A A KET (1<0.1) 7,7 j2s (Badley et
al,1975) 2 SR B 5 850 IS/F 5= ekt » ik & T
¥ A S48 (Nakamura et al,, 1984 )

Fooho 11S SRR L oK S BT o e L

=2

= HAEMay s Pl EREEE & sEaiFr g o

(4) 15S 3 §-9 BiF

15S 3k 39 ¥ 3139 78 11%=+% - &#F & 55 50,000 2
#% Catsimpoolas et al., (1970) 4&ip| » 15S £ Fv ¥ iv &% 2 3% F-0
3 REfr4 B EM bR A 1SSk v 2 ip? 7 BT 11S 3%
o S RER 2 1SS I 2 HH - F9 B2 11S 3k H-

vt F s mip e ke
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Flpoo AR 2 BRI R eR 0 B PR~ 2BsE
FABRAGEACK R FREE S MR EMBATR
A2 AR SR F PR~ ARSI KT S ok o

FORML S F o Pl E wAR TR K progel Ak i o B A AVE R ALE
125°C » Rl ¢ ¢ progel ) = metasol 4% > @ 7 € &% ; H GRS F]4
T (Catsimpoolas et al., 1970 )-:

heat

sol » progel ~ «———+—gel
—
cool

excess heat ( 125°C )

Metasol

Dio (1993) dp i » Tk 3 F @ > o5 ¢ BB S 3kP
41 Castring of beads) & £ & # # + = &, K & (random aggregation )
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B R FaERTARE 100CE " R&ERT - 47

it %
PR BEIE Y FAAREfR 2RELE - 4 molten

globule state ¥ B A 43 24 > WMo R ingy Fo oINS Fo F
€ B 5 39 Fehrt a1+ (Hirose,1993) -

11S 3k 39 3% » &™MAF FmT™ o1 T0CHE 4nf28 > 80°C

Pl 2f38 ) A3 3T BART > o3 90CH 4-f34 > 100C R =
> 4t (Hashizum et al.,1975) o Utsumi ( 1985a) {r Kinsella ( 1979)
F 9 7S~ 1S fei gt B 3w (SPD) f 80°C 4r £ 30 4 48735 & %

4 & 5 11S>SPI>TS o H @417 2 o

b B RE AT e PR T ALATRE 6B E RS
)2 0 Fou HRPEAARARS D A n R+ AXp ( Wang et
al,1991)° + & F-0 GBI € @ (a) G 428TA 2 BT 4 F 1
B RTER 455 (b)) Bk iaERA) S o kAR T

FO AT AL HA BR R RLF0 T

sk 1A
FTRERTE EEHEF R LTI S PR

Mk pF > B B 9 peptide chain ¥ 12358 4 VB R~ 353 ~ f SEfE T

P E BRI E ed TRE A B AP R B

AR LN B A 2 BaniTr 4 8y Fegs s BB

PR RFERS TARBET BT by Tat 2 S



BAEJL @ F0 FA SRR 2 Xk hent G o d 0 H g o

A AR oo

0N
T
RaN
=
3
=

0 FZ7 Rk R A R @ kR R RN A
Fosol k> w25 e Fd TRRARF P> 977, 2 MR R~ g =
(Nakamura et al.,1986) ¢ @ ~ & F-v F ¢ » H 7S~ 11S fr SPI %
Ard ik B A W 5 10% ~A12%Fe 7% @ Shimada et al.,1980;Puppo et

al.,1995) -

(z)pH E

B0 FHRRMELFEF pH @ ®a § 917 b > #E1L
(elasticity ) % #u% |2 (resistance to deformation) % % pH *% i@ 3
dv o e BL¥T4  (fracturability) % # & (hardness) P|% % pH "% A
RS AP IRE T (pHS8.5) A AR H S s S-S
(interchain disulfide bonds) ( Puppo et al.,1999) - @ :x % pH i# ¢ i<
o FerdtRiame GfoE R m#icP > Hermanson (1978) p

pH # ™' » g ~ & %v ¥LE AT % » Shimada f- Matsushita



(1980) JfF:; 2 T7S e 11S e ® pH & (pH9) 7% B Mgk & vt
#is pH i@ (pH7.5) pF5 i o

L2 30 cnEFEL (pl) 43 pHA2~4.6 2 B > 383t pH i@ ¥
B3 FREPE YR F pH A pl s g2 XA ERE
DR R Ak B L B f pH 3T pl FE > BEIL § beif Bv
A B 3 0 5 ¥ FReded B niT 4 5F KA A= 0k 53 ih
S 1H(Puppo et al., 1999 )» izt R A8 HL 5 R > & 40§ -k 4 (Puppo

etal.,1995) -

(z) 2#%

BREE Y TR RAF N KARB N K R A3

RL TS AR o T A BT B0 TRIMER S TR
Woo bd FRRAR HGFARERS G 0 T HREREA

Hoaray 2 WAss &~ f 5% © Nagano et al, (1992) §4pdi~ & 78
Hae HRHERS 64C » e BB R F M 64CHI 7 ¢ 42 5

% o Keretal, (1993) ™dpdi+ 8 11SzkF-v EARFd 80C 41
90°C » H %% &~ "g2 Hf 4 o Furukawa et al., (1979) 45 41 » SPI #7
AR B R T AR R DR A R R RRRERLERE

EREPEGE N Fo FRBESIERRLF 5 R0 > Tiok 5



4v 10°C » 3= %ﬂz ERY igét % 600 2 o F-v %‘r%‘*]&? A G PEE
Bdndedt 5 o4 B2 ERINL unfolding » B {445 F # 5 4«

@ % {4 Hermanson ( 1978) o

(= )FRd A8 st

Fid fh (SH) {ofErngt (S-S) A1) & & F e 20
FELEd o Fod THMAR B foSHASZ EF B> Flas
FABEARY SH § § 1-2; S-S4E > @ it ¥ 48 15 % (Shimada et
al.,1988 ; Shimada et al., 19895 Yamagishi et al.,1984 ) ~ & 7S I ¥
83 EALZ AR A Ao B aF WG 1200k AL o 11S Tk 30 R
7S BALE Afe 20 B gEaE (Fukushima,1991) 0 # 7S 7k kv #7%
SRRE L R pR AR EAER L B 2 0 5 11S B AT
TR I CEX Rl

Voutsinas et al., (1983) 4 Lk Jov F R B fofnd A 2
B E gkt Pk B 42 o Shimada et al., (1988) 4511 < & 4 4
0 SEF RO FRRE ~EARfopH ER 4 > €1 MR R B 4 > R

EHE D 130 ] § BUR A 0 A i AR o
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o~ Fev FRIR T 2

Pl 0 BRI AF Leng TSR R ER Kk
2OF R RA IR TS TARRASTER
S bR S FlZ A RAFTE S HPLC ~ 37k F o T AL sHg Y 1

2 T AR SERAR

B0 FREERBBRTE > Fv TR RAFE 30 FAS
PNETRESAJooR AR TS Fpt sl RiTH 4 L ArRR s F gl
Hed Fook s+ 23 15F go@ o WiRARET ™ - BR A g8
Hdp+ 4E% Cionic bonding) »# 3% & &t > i i F ok g
LM o Wi te 0 H4GAURILE R o FHRDIIT F% Hie o i2a
Beiok e o om g e B A 2 RE (Kuntz et al,, 1974 ) o Bl 2 39
B p f# & 92 % 3 nitrogen solubility index ( NSI) - protein
dispersibility index ( PDI) » water-soluble nitrogen §= water-dispersible

protein (WDP) % ( Aguilera,1997) -

(= )% *£# (Fluorescence spectrophotometry )
FREFF I - AP o AR HN EFRAARZE B

Brphhengrd > A3F 5 0 E 4 LR B AT L 0 K AR kg T
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A I L N s T A el R B & SRk
(emission ; EM) e (excitation ; EX) & & & iﬂ" 2 8% £ EM
Fe EX > e f ik F LA F 3 TR 2 F R &Y 40
BAOEA o blde® * R T 0 TR N2 REDTRF R
FE (P 39 F-gikiEAs 3+ 23 8% ) 3 & (Dufour et

al.,1997) -

(=) =& C(electrophoresis)
R ATH T e FHHE [P F DT RS FE
% 7 (electrophoresis ; EP ) Fl¥-d B A d R L e e @ i
AEF 3 7 fagravell ((NHy) o2 K (-CO0) > &~ @i pH i
fi“fjj‘}-;g BaA F T F TR S S Bkt b A S o
v A2 REA SRS LT E S “J’Tﬁ_ﬂ?ﬁ RS ‘/‘7"<F'$TI~"¥? 7]
ATEF D A e Fo B ade B fode B8 T AR 7

g T R R A LR A T A SRR

(z) mBEF

v Fhe#iis g XA+ ER (unfolding) @ R AL H 4 o @
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TAEE EAREM R T T KRR o B A A (S R i AR o

() # 3 & s (Electron Microscopy )
TR RERRY TREAM > 59 T8 39
FREDHAGEE N FENER . F9 FRRERBHED ] §8 5

B S HEBAZRT M

T~ %0 &gk E e Tl &

g3 8 Sy iz KB eqps R i1 iffe? ¢ 7 45
SEAE T EARE G NS I QiR K RSN RSP ES i S
Pl o Ra 0 8 RIET EFHF MIAFR I B FEa
GEepki W BT RTINS FRESEE BT

GAEE TS BRI RS B [T M TS

MR T A G L E IR Aok AT S e (Haskard et
al.,1997 )¢ v B gk 3 0EF 0 G R EK R0 T e TR

LIEF I RF ARG LA o Ft o RIE R0 Fehdomoankie
( surface hydrophobicity ) 3 B4*t 7 2 ¥ g Rlgn kit 4t o F % f? B

fert i Bt R

v %ﬁ‘ﬁ”’%\'\iﬁﬁi’}\"b‘.é‘ﬁ%lb s i ?ﬁ’m‘*ﬁ_}g 2 2r Rl koo
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(1)

Ry FRESRLLSEY 4 D fd o g

Y
C,)

Z
|

Jreh

2
X

A_
=i

BB e BpE s AT FEE D @2 o 4o
(Laligant et al,,1991) ¢ iz o+ F 2 3 iv* ¢ TR 4 g gk
Moo R e M R TRk FE G AT B L
RAFER Rk RFVE 2L AFERE Y § G
KRR R4 2o

oo Fk g BB AT R E F5 T se
F R4 o ARd Tk Ry F R ¥R o i
B it Ef g KT 2 AR AR B PIRB iR B oo ©

5 H R AR A R R e ek o e

=i

8-anilino-1-naphthalene sulfonic' acid' ¢ ANSA ) ~ cis-parinaric acid
(CPA) - i & B kaR? WAL MFREF « TLFHVIES
i N F-vw ?ﬁ’ﬁ”’ﬁun]\& I S S

F1* i BHBET RIS B9 F i @ ogn-k e (Sklaretal, 1977) -

TEKFSFE LR N B R0 L ek FRRBTED R
% ¥ 5 #1 (Nishi et al., 2001 ; Fukui et al., 2002 ; Ascencio et al.,

2004) o Ah Y AR FRBEASLSFEORLE S EFE L B SEBE T



ER-BERFDAFER I FFF A B9 7 £ 95 6-84%(Kovat
etal.,1984) A & K8l (FiE4e? » = B L PRV AT 8 Fafdse @

(1) 2 HFF #2255 § £ 5(2) RS # CRAMMEE R

X

BT RRARE);(3) WBETE - 2ok R EEL - &
BT A 5 ¢ B E K (firmtofu ; Momen tofu) ~ #t 2 & (soft

tofu)~ £ X e K (filledtofu) % o W T &% e Fah 5 o

BrE 2 QT a A G A (2T ) A® T
AU Bk S EE R R 1 0 SkRE S ME AR TE

1 '

iﬁﬁ’%@woﬁiﬁﬁﬁkﬁiﬁﬁwﬂﬁﬁﬁ’uﬁi%{

LE 2 R AR ¢ 2 30 mAS A KA Sl
SRE2L 030 ER N BABHBIFIHFAIR?  nE L

IR E RS R NE G rE LB R (F 1996)

(=) We

7_
\“"1“-7

Qi< Bd B2 5682 1

WiThce fFpr > B2 jj%

FRRRAT S GREM > 9 4 2

7

£ 2. 0.3% o #-5E F A [RS8 5]~
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BIHAE S o BB g 7585C L2 R EI0S > REIM
B 5 20~30 ~ > i B RRFE A B TS iE e 2t Sl
B2 2F°7 GRS FZRBRERRE > FIMEY R ALY EBTHER
POXTBRMPEAT R oo A FEFRAEFSFER ($

1996) -

(Z) g§XER

Wirg Kot 2 2 RERBME KPR - T FHE-6-
M By ( glucono-d-lactone » GDLY) & & F4 /,"j‘ g 5 E iff:ja‘_ 7_0.3% o
Bk G M A drt 2 RO R ARISS R L £ 80CT
#3044 ;ﬁd GDL X #-k 2 5 % % #f (Gluconic acid ) ( Bl
) e itz pHE > BREE A (SH) )= gadt (S-S)
R0 FAFTAR S FREAFAIEY > A A2 0 o d 204
TEARF FEARAI TP YR LT ERFHERY FRIA
ﬁﬁMmLﬂﬁiE@%@%ﬁ&éﬁsfﬁﬁ(@Mmddv

1986 ) °
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v e ifz P enA WV 3 v Ged s A (trypsininhibitor )

=f

B TR P ME LRI R E ‘ﬁ{ri‘}ﬂ'ﬂ* % (Wang et

al., 1982 ) o (e 3§ & eite F e d27r € *5 W H F & % & (Liener, 1972) -

C FERE A E O B3

gy
WS R A AARTFF Y B FA R M (Saio,1979) o

(1987) 37 4> & ik F Jrande $5 307 B ] oh L T o che
F 2o gak dhithad 50 0 r 8 2 B R RO Y BRI R g
Be# o Liu % (2004) Fda st i te A e 2 B8 14 &
RAe#2 7S 30 RILER (T5CH sk 524 f 4o 1 11S 3k
U BHIER (95C) MIFES A4S 0 d - AR B E TS IR
Foo R GRS N C PR 1IS Tk Fd & TS sk id g
@%#@@f?ﬁﬁﬁﬁ@%’ﬂﬁ%@@iiﬁ%#%ﬁ&%?

P0G S HORHEA TR e REEN (RS )

(=) RER PRI KR

&l o AR m/J 4t bt’?fézkxg BB R ’%ﬁmi&

17



B BB p W IFTE FEF Y 2 AFARMI e 5 AR
4F (Calcium sulfate ; CaSO4 )~ % i* 4% (Magnesium chloride ; MgCl, )
% BEf-0-P fa (Glucono-6-lactone ; GDL ) ~ #rfiz 4% ( Magnesium
sulfate ; MgSO,) % % it 4f (Calcium chloride : CaCl,) °

BT L@ E bk # % S AA > Chang (2006) 33 -
FRadl o7, 2 chE i i ehifokac 4o~ Fie Aogc > BSEE 2 R

A X

L

o U & IVAEN F ATH A 2 B RS BB 0 BRAR A PR
e B vk B ESTALEEAT 2 B (F 1> 2004) o @ GDL | ¥ AL 7" »% 4
e Fen@l v, AR v a2 R AR 0 o v peek (P
2006 ; Liuetal., 2003) .3_}\12&& S BRI E S Bg oo by B
* e - FEGRFIR P R RARF R GE R AN BRI g N § B e o
Breene (1991) 4p 1 » REAFERAES » *TRHF B FAF ~ 7K

Birds Fofed g5 - A FRABERA > BHP 2 2H

’1\

Fov g SR SRS SRR R o RFRG R R
%’}é??%ﬁwﬁ%gﬁﬁﬁi’%ﬁ$%%ﬁ%@%%’%
BB BRSNS F 2 o FRARG R L

E ’Jﬁ“ 13- ’}ﬁ’ﬁi/i— AL RERA S T2 B A xﬁ"%ﬁ’

PR B0 TR AE A B ARG e B 2 RAN

AT EIE0 TR R T R DR
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(=) /}{W%’Jﬂ]‘ v R BB
Chang (2006) 4

7] Sv aR BB PE B jﬁm_}ii\rﬁ ’
e m,/\ﬁaﬁi v i Fev ?ﬁ'}

3

v HRF AT
BRE o FRE K] - k4 LT
MER ;SRR RFARE - FIRERN - S g+ FH 8K

3B A dif b SRR IR R B T0~801C 2 % ¢
Hou ¥ (1998) » 3 > J Sv R F B P E J]‘iiﬁ:’ff ARRF 5 R
Fou kit R0 FRHAFREES 0 n ERGER B E FOiteg
Hm '8 e A K Beddows et al,
AP He G F W2

(1987) =1 %%k 24
WAL R G5 250mpm > IR 5 5254 o

(® ) G4 R E

SeBRIBRE ZOIORBERFTHEZ #E“/T‘. 5 &k &~ > @ Gandhi et
al.,(1988) » ip 4R TR B B R R A
R R4 EL R E Tkl ER
B RR RSV I

o

«M 2
_.)\.,\
45
rI,

OB s RPEER Y § RS e
A F R AW T EHARE A S o n WiTg ke
[“"Ell]‘/} %’4‘3@ o
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SR Y VAR G

GREd A pndaerad s gd A1 N gAY T
&

om0 G&ES T R F2 b H e maE i (texture properties )

S RPBE REXBEDER FE (440 1994)0 PRI G T

—i

[

By BEIF A AHF 0 ARDF AR FRRT V-
B REBLPFBRL LR L AR, TP B
® % (4 1994)

@ B 2w A 47 (Texture profile‘analysis » TPA) A #7F A 55t
W2 $iF 0 H O pIe § % gg;;'aﬁ N L 25%&3‘@@%@
A58 5 RS 10 A —pF I B (force-time curve ) ( Bl = )0 H A1 iE 2
~ It F]F A6l E DA R (Hardness) ~ ¥ £ ( Adhesiveness ) ~
384+ ( Springiness) ~ p F 1+ ( Cohesiveness ) ~ ¥+ 4 4 ( Resilience ) ~

.4 ( Gumminess )~ *2 "1+ ( Chewiness ) % = 78 %-#c( Bourne,1978 )
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- FE 9 2 B

Table 1. Composition of soy bean protein

Fraction Percent of total(%) Component Molecular weight (kDa )
28 22 Trypsin inhibitors 8-21
Cytochrome c 12
7S 37 Hemaglutinins 110
Lipoxygenases 102
B-Amylase 67
7S globulin 150-200
118 31 11S globulin 350
15S 11 11S globulin 600
( Hayashi, 1998 )
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2.8 7S 1ISTh v 2 A H 40 R

Table 2.Subunits and denaturation of 7S globulin and 11S globulin

Denaturation
temperature
Soy protein fraction (CH Subunit Molecular weight (kDa )
7S globulin ( B-conglycinin)  60-70°C a 67
a 71
B 50
118 globulin ( Glycinin) 80-90°C  Acid polypeptide 38
Basic polypeptide 20

( Ruiz-Henestrosa,et al.,2007, )
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(1)

Protein 75
' l
Groups A B o
! | ] | —
Isomers B, B, B, B, B,

I
E 1
- X0) (BX X _ o0
(%P %; é? %?l%f )
(2)

VIEW FROM C

YIEW FROM D

Bl- .+ 23k i 2 8 A
(1) 7S 3 3ot eh=c § ~ A

(2) 1S3k 3o X H ~ 48

Fig.1.Structures of subunits in soy globulin
(1) Structures of 7S globulin ( Kilara et al.,1986 )
(2) Structures of 11S globulin ( Peng et al.,1984 )
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(1)

(2)

E T T
= q....%
L

Bl= 3k 30 BB s 7350

Fig.2. Two types of gel aggregation in gloublin

(1) &~ F = & B # Molecule nandom aggregation

(2) &+ F # + ¢ k%1 Molecule forming a string of beads

24
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3. AR Ay,
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4. 1R BRsk 697 Ak

G o= 96V

S. o FrBkt ke S

(._ }Jﬁ?k-£ i O— ﬁ;}(_&j
Fl=. % 2 30 RILHCF

Fig.3.Schematic of soy protein denaturation

(e > 1980)
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Whole soybean
% distilled Water

Soaking

|

Grinding

Cooking

Filtrating
Okara < l

Soymilk

Coagulating

Pressing

Whey < l

Tofu

Ble ~ 2 F Rl
Figure 4. The processing of tofu.
( iz -2000)
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| Nl 4 -H.0
oH ! ’

W~ 0 FHEE-6-P faKfRs R S HEE

Figure 5. D-Glucono-6-lactone hydrolysis in water to form D-gluconate.

(Belitz et al.,2004)
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J& T fm %
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E

R RS g

~
7

(b) & £ 34 #

(a)— B3\ Ao #t

Figure 6. Effect of selective thermal denaturation on the filled tofu:

2004)

bl

(Liu et al.

(a) one-step heating and (b) two-step heating microstructure .
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£ DOWN STROKD ——+—— L STRACYT =W AT =4 COWN STROXE —3— UPEIRCKE
z a ]

i
HARDNESS

¥

F1,

-

FRACTURAEBILITY
/ E3

3
= el
8 Al:3 \
ARLCA : 4 AREA ARLIA
Al 1 AZ3 Ad:6
Tioo ATEA o Thoe o
£l A3:4 t4:5 \/
l | ADHESIVE FORCE I
TIME

DN I L

Fig7. Texture profile analysis, ( TPA") curve

( Bourne, 1978 )
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-~ R &R
(= )R
FE AP AL D A EOPTHREHVE AL L moisture

12.42% ~ protein 36.9% ~ lipid 21.6% ~ ash 5.22% » % x>tk 44

1. Acetic acid ~ Hexane ~ Trichloroacetic acid ~ NaOH ~ Thiourea ~ HCI
(Kanto Chemical, Japan’) o

2. Methanol (J.T.Baker, USA) o

3. N'N'-bis-methylene-acrylamide ~ SDS(Sodium Dodecyl Sulfate) ~Tris
base ~ glycerol ~ Glycine ~ Coommassie brilliant blue(R-250) ~
2-mercaptoethanol ~ BSA ( bovine serum albumin ) ~ ammonium
persulfate ( APS) ~ Urea ~ Acrylamide - Bradford reagent -~
N,N,N-N-tetramethylethylendiamine (TEMED) ~ Bromophenol
blue - 8-anilino-1-naphthalene sulfonic acid( ANS ) ( Sigma, USA ) o

4. Protein marker ( Bio-Rad,USA) -

5. ¥ 5 HEMAN A2 (GDL) : ¢ A X B F LS PR/ E o L
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1. pH ] T_ik : Microprocessor pH Meter SP2200, SUNTEX,
Taiwan o

2. & %@*Jﬁ%& B #14% -CLO10 > Taiwan °

3. #icF A4 R 3+ (Refractometer ) : PR-100 » ATAGO - Japan °

4. Bt 7 RIEE % ¢ LI-COR » Odyssey » USA o

5. % Sk & Sk skZ¥ 4 47 1% : Thermo ° varioskan flash » USA -

6. ¢ £ ik (Color meter) : ColorFlex45/0 » HunterLab » USA -

7. R & B : Major Science » waver shaker, USA -

8. L& R F : Ettan IPGhor3 > GE Healthcare Piscataway, USA -

9. % /A EJE % Boi-RAD » Power Pac HV » CA.USA -

10. iF ©= T /A1  Boi-RAD - Mini-Protean Tetra cell » CA.USA -

11.3L 7 3+ (Viscometer ) - RVDVEI115 » Brookfield » USA -

12478 -k i# #§ - B206 - Firstek » Taiwan °

13.58 2% & #7 1% : Thermo > Biomate 3 » USA -

14. 8 53 4P = ik (Texture Analyser) : TA-XT2i, Stable Micro
SystemsB, England -

15.4 + A4« 4%  Centrifuge » Kubota 5100 > Japan °

16.% ¢t % 4% : Nano-Lite™ > Ultralum > USA -
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\4

5

~N

B AR

AETRRAREA LA AL

A ARRFRACEFERE IR SRR T
EERETLRE SRR FER (5:30T) &
eE B UAREAE (5-30~60-80C) & ’i'l‘i’#
BlF - BoAeA (B Aed) 2 BAcA ‘wa%.‘ifff’( °
R B R ERICA IR S B A sk
¥. 11 SDS-PAGE 3¢ H T ik A 47 -

Rix 1 2 iz B R s
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wht
et

pH 8 -k

5C~30CkRzief &

|
Jeyl
7%

¥ % 2 A

5°C ~30°C ~607C ~80C

BV A A

B EB 3V 4 A

Jan

O

g} ~ . —? I%E /ﬁuﬁ;‘?_@

i O A 1

Fig.8. Scheme of the experiment procedures
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N
pults
bt
Rg
W
=
7
Rg

W
T
5>

e
=
™

beits

5

7

T

R
{ \.
RS

=hg

=F S B2 Bk b5 1:3(Watanabe et al.,1988) » I ik BB
(2009) #7'!?%1[70 e /%/ 17{ 41"‘}"—/\ 54 J\,{ﬂ{ "" ;}'ﬂ 4 -5\}’:];1;/%7 E/fg_fif« Tt 1
pH8 2 NaOH ;3% 2 30°C-kiE2ie + & H 44 Akt 5CRiEZ

S 25 2
T 4+
7 ]Ijk l’- o

ey

RIFA SR DR AT RBFE SRR TR SRR

B A 2 g ok pe il pHS 2 NaOH 3 /% » ¥ 14 pH meter ] 2_
HRR o f 25~ 20g ~ & F »= £484L7 2 4c » 60ml pH8 2. NaOH
Bk g B ST 30CEE R FEH 2 A BRI 20 & 6 ] B IS B
DA B o EEFA BB SC ~30C 60T - 80°C2 3+ ks 2ok 1:10

2 bl I B R g 5 B -

\

BB rLERTS 2 B R - B S () 2
BB A S N o
-ﬂﬁhﬁ%ﬁ:zﬁﬁiﬁﬁﬁi%tﬁ%zaﬁo
BB A N R iff:ﬂ’%n; 75CadET » £ 4e# T 95Ca

#F31 & 48 Liu (2004) -
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SRR UTIEEEY

PR 0 FI A A

St A FBAr L

E ’J\;}i }U ’Fﬁé‘ﬁ@%f"* o
2. R FIE P B

S E

(D= ]\ BEAR R R T

AR R E

4 ? o @ % 1 35 Spindle » %

o

Pl etk AR B’*%%t%iﬁfﬁf (Z® 25C) 450ml

Z ¢ 5 100rpm > & &RLE E o
(2)E * 3R 4 B
rd A RR]E

HeYe LEZPRAE (0~100 HiE4x3 %fr}zﬁ

7 » BB AR
FoTpRdAXE ) a Bl EHEZS o fEKSEI b ELEKE I
FEBES - FHRELEAHP T X FH I5E, 73

Index,WI ) °

WI=100—{ (100-L)*+a*+b*} "

35

Rps o> Febpla s 2 R 3d FAa skt s SDS-PAGE 34 F 3
/77 /ﬂ*‘ﬁ"l,(

a0



(3)F-v B2 o g RiEA 7R 2

F B kYp Zhang & (2005) > 2Rl A4~ - e~ 2 5
BAhcH e jl*i ¢OEREE 2 ot R Bk {«?J‘ ¢ 8-anilino-1-naphthalene
sulfonic acid (ANS) k& & o

SE P A e s - B 2 A BB 2R Sl AR
kB [F] £ 0.01~0.06mg/ml 2. 7% J% > B~ 2ml ff-f# % > 3 4e > 10pl SmM
T ANSA 7% » > 2R TR 20min 0 2 ke kb k R AT RS A
£ 375nm ~ st £ 380~580nm TR H ¥ kiE o A FHRER

SRR RN AyER g (L) SRR L R

.L

m gk (So) e

P45 (2004) = & 42 i sip] 2o
v FHE LSS 1 % Bio-Rad 161-0303 -

%ﬁﬁaﬁﬁi? e el

N

2
a. &%

A

& 5 running gel 12% stacking gel4Y%

40% Acrylamide/Bis solution 3ml 0.5ml
0.5M Tris HC1 ( PH6. 8> - 1.26ml
1.5M Tris HCI1 C PH8. 8) 2.5ml -

dd H:0 4.35ml 3.18ml
10% SDS 100 ¢ 1 50 u 1
10%APS 50 p 1 25 ¢ 1
TEMED bu 1 b ul
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b. 39 FkR BT

=09 Tk R 2 & ¥ protein-dye binding = i B % 2
( Bradford,1976 ) #- M #& £ & &7 2 & jF v (BSA)(bovine serum
albumin) ¥ % 452 39 F o #-k & 2.0mg/ml 2. BSA f#f# & 10 B k
B ¥R > 4c » Bradford reagent ;& £ 353 > £ 12 595nm jp|ex sk @ > T
oo Z0 o HAERAELfR L B Rk @ARKE S F

%—VAJOIE’ "h‘:/%)i Eg] @il?}ﬂ ?ﬁ*ﬂ’g%ﬁﬂzﬂo

c. 7 &t 3

1 Bio-Rad = # 2_ g i% ‘L,ﬂ Y S A ImmZ2 BB EFEE 10
W& TRsThekEE T o prll 12%running gel 22 4962
stacking gel - 14 2 #t+ K FF 2 5P~ 2.4ul & G BEF BRI &4~ 9.6ul
sample buffer **#c® & ¢ » &~k P 12 100C-Kkig 5 448 0 B~
100l %16 587 35 3 &4~ F 29K s stacking gel 17 1
oA B FRABRE > BEF LA KT 80my 27 30 A4

B4 % 0 i & P08 ) stacking gel 18 72 150 mv & {7 100 4 4555 %% o

-\\

AW I R AT TRWTE o Bedl R A B 1 coommassie brilliant
blue(R-250):& {7 4 ¢ 30 4 45 £ &7 A 7 12 destain ¥4 %27 9%

DRy ST S ;F q\p Lod-v FiE fe o B S 7 SR
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(=)

H\v

/',% /.I?_}i N },’% };F]:i’/.w_}il’t’ '{’Eéib I'+ i+ }‘J’F’ }A“'W%ﬁ’i 2?:;5
L&A

B 250ml # Fo b g N gz 2

\"3\

a]% s A 4P % 10°C 1S k4 0.3
%GDLEESFI%“‘J&@&’:Q s B 80°CkiE A 30 AmE e

iR B A WP T ok E s B A %‘r» s TR A B e 1 R

(DEFHRPIT

o

¥ Liu % (2004) 2.3 2408t o BB R tsthe K
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Tofu weight

Tofu density(g/cm?) = Tofu volume

(3)E B ol %

S5 8 % (2003) 23 & 4o 00 i3 2E o B 20°C250ml & J]‘i*“’i%
TP T2 g KE R R T RPI T2 K2 A & (Hardness ) ~
'+ % 14 ( Adhesiveness )~ 384 ( Springiness )~ p F % ( Cohesiveness ) ~
w48 4 (Resilience ) ~ #}#+ (Gumminess ) > *2 v+ ( Chewiness ) &
= 3F Sedice A 7R 2 4o 0 R0 E 45 15mm [F] 75 adaptor ( SMS P/5)
% F 4 (force): 25kg »\ (7 & BN R op] TEFRR B R K TS
B &2 609 0 Bl TR B S 2.0mm/sec. 0 F - & SR E &
BH TR o
(Z )zt a4

F IS = FAF > P71 S % 11 SAS, 9.0 Rl i 7 A2t A 4
F B T IoEHER % L (meantSD) 47 > 1% ANOVA % £
HA P T L RIE 2 £ B 1UEH N5 5 A F P2 (Duncan’s

-

multiple range test) A ¥ £ B o p<005 2 L2 BF LR o
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3 41 by =2 12
2~ 55%Y1%

— N

91\*

EAERCBRERZ B S HE R FLBE

(=) A RERFRAERFRSSHL s RRR 2L PP
BEF0 FARNTF 2 250 TER BRS80S
M oded Tt g A F ER (unfolding) s & A& 3 4 o &

F % 5C~30CxE# % 5C ~30C ~60TC ~80C-k a‘%’_@jﬁ" AT

N
|
et

‘7
_\.
f:
'\1-|~
W
/%’,i
R
Jit
IS
N
:‘ﬁ
fd
W
ik
Mm‘.q.
%E;X

7

)
L
beits
|
5]

3 B ¥ 14P12# (Duncan's multlple range test) kg F A £ v i 5C
30C ~ 60°C ~ 80°C-kif /&% J\»”er? |18 22 T3k R A ] 5 15.09 ¢p »

13.75¢p ~ 13.12¢p ~ 12.73¢cp » E ¥ 5C i1,

FE

B A s = FREAR T
MEDLL > @ 30C~60C ~80CEREALFRIEMHLL o d
E AT BACRRARS 0 2 B RARARARN o (20100 B R R R
FEHA 2R R FE RS PSR N EF R R R

oo HAFw ALK ET AR J S RPREEFRERY BN R

o F]p B jﬁ;\é‘!ﬁ»ﬁih "2 "% 1 o Al-Kishtaini ( 1971) dp o B 3
75°C’}<‘2§’_”’3f£’ﬂiiﬂf&%b&ié_i"?g?t‘i LB AP SR
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Lz, ARRFHERFEHERARL RO

Table 3.Effect of different soaking and grinding conditions on soymilk

viscosity

Soaking Temp(C) Grinding Temp(C) Viscosity(cp)
5 15.20+£0.69"

30 13.58+0.29%

’ 60 13.05+0.78"

80 12.7540.98"

5 14.98+0.39°

0 30 13.92:£0.84%

60 13.18+1.16"

80 12.7241.59"

a-b means in the same column with different superscripts are
significantly different (p<0.05).
* mean £SD(n=3)

e ARRFRERGFEHDE RARR LR AT L

Table 4. ANOVA for viscosity of soymilk by different soaking and
grinding conditions

Source DF SS Mean Square  F Value
Soaking 1 0.02 0.02 0.02
Grinding 3 19.27 6.42 7.49°
Soaking*Grinding 3 0.25 0.08 0.10

*P<0.05
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1

N
:if
¥
g
W
W

s

T ‘7‘$§
ﬁ
|
a1

%
=
Q-
{w
Sy
=g
i
#
e
7
W

BFRHE N F BB A F PR (Duncan’s multiple range test ) kg ¥ £ B
Wi UEFEREM T CLE (RE) AR I AKE > SCERAR
30CEA T aE A~ W 5 82.97 & 82.60- J\m_)ii o 0 5°C~30C ~

60C ~BOC Bt » # T35~ %] 5 83.06 ~ 82.87 ~ 82.76 ~ 8245 » =

)23 AR o AV VRBRINEFER T 0 5SCERE2
30C2A T BEFMPAL R AS5CERAZICEFIEF < 5 ¥k
FILpE T @ A b 4201 2239 0 @ BERE R BE 5T
30°C ~ 60°C ~ 80°C f #f » L5 A 852109 ~ 223~ -2.28 ~ -2.40
SCHERFRPAE Z ey FLE A 30C ~60CEFLF
EPHARA B0CHERRAAN Z B L FRGHF -d 1 5
A SEFEAE BRERRF  HE R RS B o b
B(FEIR) mZ 5CEFZ2I0CEFIRFLIFBHEFN

BFFETISE A B 5 10.07 2 9435 5°C ~30C ~60C -~ 80°C£§'t;”ﬁ§ » H

hg
Ny
P
A’s,“i

BEFHPREIISEL, Y S 9.3459.83+988-995 %
5—;&&;@’:}*1;;5’_}}1’%@%;?*%%%0 A WLiE (v Bl @ 0 5Ciaid 2

30CEA T N 7 REBHFLRRETIEELS S 8037 %2 79.70
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M Eg&ﬂﬁiﬁ&ﬁﬂ%%ﬁ »5°C ~30C ~60C -~ 80°C1,7§‘ff]§ B L g R

BF Rl o W] 5 80.52 ~ 80.05 ~ 79.95 ~ 79.61 v kit i

Rg
W

3
E:)
>
ok
g
=

FHAT > REDRFERE RFDEFRER > £ UF2L 2
REEd BibS -y o Wang 8 (1996) 44t 24c1 Y » ' &

FEEEMES Ead Baatr o BV B F Aot BB A B

(2) A kiR~ BRARGEEHE RIS T4 5 skt B3
BB E3 2NNy T i o kv Fr3 FX &
AR R0 FAwaRER A R R e o £ Tk
GEEA RBA S 2 BRRGHE AP HRET - KBS B B
BN RFER IR E D ZE Y FA ek > Shardk
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Table 5. Effect of different soaking and grinding conditions on soymilk color

Soaking Grinding

Condition("C) Condition(°C) L a b Wi
5 83.12+1.30* 2.02+0.35 8.79+1.50°  80.82+1.78"
30 83.00+1.42° 2.07+0.36" 9.56+1.48"  80.29+1.18°

5
60 82.94+1.28" 2.07+0.34™ 9.63+1.48"  80.2241.52°
80 82.82+1.09° 2.30+0.31° 9.76+1.61*  80.024+0.98"
5 83.01+1.35° 2.17+0.32%¢ 9.90+0.58"  80.22+1.28"
30 82.73+1.19° 2.39+0.32" 10.09+1.55°  79.82+0.79°

30
60 82.58+1.48" 2.49+0.34° 10.12+1.28"  79.69+1.18°
80 82.07+2.76" 2.49+0.26° 10.15+1.14*  79.2142.47°

a-c means in the same column with different superscripts are significantly different (p<0.05).

*  means £SD(n=3)
** WI= 100—{ (100—L)2+a2+b2}1/2
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Table 6. ANOVA for (a) change of soymilk by different soaking and

grinding conditions

Source DF SS Mean Square  F Value
Soaking 1 1.36 1.36 1285
Grinding 3 0.84 0.28 2.66
Soaking*Grinding 3 021 0.07 0.66
**x P <0.001
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Table 7. Effect of different soaking, grinding, and heating conditions on
surface hydrophobic (So) of soymilk protein

Soaking Heati Grinding Surface hvdronhobic(S
Condition("C) cating Condition(°C) urface hydrophobic(So)
5 1.89+0.31¢
30 1.774+0.188
unheated )
60 2.494+0.62°%
80 2.87+0.51°¢
5 4.38+0.424
30 4.98+0.55%
5 one-step X
60 6.12+0.56%
80 6.1840.30%
5 4.77+0.34%
30 5.42+0.60"
tworstep
60 6.36+0.08%
80 6.29+0.35%
5 2.13+0.38'
30 2.09+0.41"
unheated )
60 2.69+0.37°
80 3.10+0.27¢
5 4.78+0.75%
30 5.08+0.47%¢
30 one-step X
60 6.07+0.45%
80 6.67+0.38%
5 5.14+0.27¢
30 5.3240.19¢
two-step
60 6.50+0.03%
80 6.76+0.24%

a-gmeans in the same column with different superscripts are significantly
different (p<0.05).
* mean=SD(n=3)
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Table 8. ANOVA for surface hydrophobic(So) of soymilk protein by
different soaking, grinding, and heating conditions.

Source DF SS Mean Square ~ F Value
Soaking 1 0.98 0.98 6.27
Heating 2 174.72 87.36 559.13"
Grinding 3 26.97 8.99 57.54"
Soaking*Heateding 2 0.00 0.00 0.01
Soaking*Grinding 3 0:31 0.10 0.67
Heating*Grinding 6 2.02 0.34 2.16
*P <0.05
*H% P <0.001
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Fig.9 Effect of different soaking, grinding, and heating conditions on

surface hydrophobic(So) of soymilk“protein

53




(1) 5CEF A4 # (2) 30CEF A4 #t

- R BEETIRRE BRI RS FE A0S T

i

L 60°C ~d : 80°C B

N
of the soymil

with effect of different soaking and grinding conditions by

( SDS-PAGE ) profile

protein subunit composition

unheated heating.
(1) 5% soaking, unheated, a: 5°C ~b:30°C ~c:60°C ~d:80°C grinding

(2)30°Csoaking, unheated, a: 5°C ~b:30°C ~¢:60°C ~d: 80°C grinding

54



(1) 5CxF - B4 ft (2)30CxEF - B4 fh

Bt -, - R BREETIRER B R FRE AR T
<

(1) 5CEF- BRtedra:

(2) 30CiEd - 4
Fig.11. Sodium dodecyl
( SDS-PAGE ) profile of the soymilk protein subunit composition

with effect of different soaking and grinding conditions by

one-step heating.
(1) 5°Csoaking, one-step, a: 5°C ~b:30°C ~c:60°C ~d: 80C grinding

(2)30°Csoaking, one-step, a: 5°C ~b:30°C ~¢:60°C ~d: 80°C grinding
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Bl -, D ER&B/ELTARER A@*%E %}w FaHE w2 §
<

(1)5CEZA K a

(2) 30CixEF ™ Ao g
Fig.12. Sodium dodecyl
( SDS-PAGE ) profile of the soymilk protein subunit composition

with effect of different soaking and grinding conditions by

two-step heating.
(1) 5°Csoaking, two-step,a: 5C ~b:30°C ~c:60°C ~d: 80°C grinding

(2)30°Csoaking, two-step, a:5°C ~b:30°C ~c:60°C ~d: 80°C grinding
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Table 9.Effect of different soaking, grinding, and heating conditions on the soymilk protein subunit composition

Subunit composition(% )

Soaking Heating(‘C) Grinding B veini Glveini 11S/7S
catin -
Condition('C) B Condition('C) conglyernin yerm
a a' B A A3 B
5 4.94 11.11°% 8.12™ 18.46™ 8.79% 13.12 1.67
30 5.36 11.399%F 8.08™ 18.26'™ 8.43! 12.67¢ 1.59
unheated ,
60 5.76' 11.50%" g1 17.33° 7.89™" 11.06' 1.43
80 5.88! 11.65% 8.66™ 17.84™°P 7.05P 10.57™ 1.35
5 6.12! 10.23" 10.43°F 26.02% 9.89% 24.67° 2.26
30 6.65" 10.78%" 11.98¢ 25.548 9,78t 23.43¢ 2.00
5 one-step A
60 7.23% 1129918 10.85° 24.87" 9.23M 20.07° 1.84
80 8.39% 11.74% 10.68°F 24.43" 8.97! 18.538 1.69
5 7.50°F 10.30" 9.45k 26.58%f 10.56° 25.51° 2.30
30 8.31¢ 11.08%" 9.061 29.52° 10.05% 23.81° 2.23
two-step .
60 10.29° 12.44° 10.05h 28.64° 9.67° 24.52° 1.92
80 10.56 13.65° 11.47¢ 27.22° 9348 22.25° 1.65
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Subunit composition(% )

Soaking . Grinding — —
Condition(‘C) Heating(C) Condition(C) B-conglycinin Glycinin 11S/7S
a o B A A3 B
5 4.19" 9.44k 15.32° 18.66' 7.78" 15.01" 1.43
beated 30 5.33 9.47* 14.16° 18.01™° g.12™ 13.93 1.38
unheate . ..
60 5.78! 10.231 10.55" 17.62°P 7.08™" 12.38" 1.43
80 6.08' 10.56" 16.02° 17.65° 7.43° 11.17" 1.11
5 6.17" 10.20° 9.65Mk 23.73! 9.88% 22.44% 2.15
%0 30 7.16" 10,06 9.76% 21 9.23M 22.79¢ 1.97
one-ste ) . .
P 60 7.20% 10:50" 10.54°F 20.9 8.95 21.95¢ 1.83
80 7.85¢ 11571%F 10:16" 19.5% 8.67¢ 24.93° 1.80
5 7.03"¢ 11.68¢ 9,034 26.43°F 10.34% 25.67° 2.25
30 8.77° 11.78% 9.22iK 27.11% 9.88% 23.77° 2.04
two-ste
P 60 9.21° 12.23% 10.34° 26.98°4° 9.56' 22.09° 1.84
80 10.42° 13.87° 10.36° 26.65°% 10.17% 23.33¢ 1.74

a-j means in the same column with different superscripts are significantly different (p<0.05).

* mean £SD(n=3)
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Table 10. ANOVA of soymilk B-conglycinin- a subunit composition by
different soaking, grinding, and heating conditions

Source DF SS Mean Square F Value
Soaking 1 0.40 0.40 4.63"
Heating 2 155.27 77.63 894.54™
Grinding 3 47.96 15.99 184.23"
Soaking*Heating 2 0.28 0.14 1.59
Soaking*Grinding 3 1.43 0.48 5.48"
Heating*Grinding 6 710 1.18 13.64™"
*P <0.05
*¥*% P <0.001
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Table 11. ANOVA of soymilk /3 -conglycinin- &' subunit composition

by different soaking, grinding, and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 3.92 3.92 32.38"
Heating 2 31.42 15.71 129.79"
Grinding 3 29.68 9.89 81.72""
Soaking*Heating 2 12.10 6.05 49.96"
Soaking*Grinding 3 1.16 0.39 3.19"
Heating*Grinding 6 6.98 1.16 9.6
*P<0.05
**% P<0.001
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Table 12. ANOVA of soymilk [ -conglycinin- 5 subunit composition by

different soaking, grinding, and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 41.24 41.24 73.53""
Heating 2 18.90 9.45 16.85
Grinding 3 13.54 451 8.05""
Soaking*Heating 2 164.60 82.30 146.74"
Soaking*Grinding 3 4.15 1.38 2.47
Heating*Grinding 6 31.92 5139 9 49"
**% P<0.001
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Table 13. ANOVA of soymilk Glycinin- Acid polypeptide subunit
composition by different soaking, grinding, and heating

conditions.

Source DF SS Mean Square F Value
Soaking 1 52.26 52.26 27477
Heating 2 1067.83 533.91 2806.52"""
Grinding 3 14.14 471 2478
Soaking*Heating 2 49.07 24.54 128.97""
Soaking*Grinding 3 6.51 2.17 11.417
Heating*Grinding 6 78 60 477 2505
**% P<0.001
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Table 14. ANOVA of soymilk conglycinin-Basic polypeptide subunit
composition by different soaking, grinding, and heating

conditions.

Source DF SS Mean Square F Value
Soaking 1 10.67 10.67 10.14"
Heating 2 1832.13 916.06 870.5""
Grinding 3 81.29 27.10 2575
Soaking*Heating 2 10.45 593 4.97%
Soaking*Grinding 3 2242 7.47 7.1
Heating*Grinding 6 876 1.46 1.39
*P<0.05
Rk P <0.001
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Table 15. ANOVA of soymilk conglycinin- A3 subunit composition by
different soaking, grinding, and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 0.34 0.34 6.72"
Heateing 2 50.97 25.48 50526
Soaking*Heating 2 0.45 022 4.41"
Soaking*Grinding 3 1.40 047 924"
Heating*Grinding 6 1.59 0.26 504"
*P<0.05
*Hx P<0.001
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Table 16.Effect of different soaking, grinding, and heating conditions on
density and Syneresis rate of tofu

Soaking Heat Grinding Densitv (e/em3 Syneresis rate
Condition(‘C) caling o ndition(cy DomSIY (gem3) o
5 1.01£0.03* 1.14+0.28°%"
30 0.99+0.03% 1.2340.20°
one-step . de
60 0.97+0.03 1.46+0.39
s 80 0.95+0.01% 5.06+£0.97%
5 1.67+0.62° 1.53+1.24%
30 1.32+0.59% 1.57+1.06%
two-step . bede
60 1.32+0.64 2.76+0.28
80 1.3140.68° 3.05+0.33%cde
5 0.99+0.02% 1.3140.60°
30 0.99+0.04% 1.57+0.97%
one-step a cde
60 0.99+0.03 2.06+1.53
% 80 0:96+0.03% 3.91+2.15%
5 1.64+0.64% 3.71+1.64%0d¢
30 133+0.61% 4.17+1.92%¢
two-step . abo
60 0.96:+0.02 4.51+1.96
80 0.96:+0.02% 5.43+2.40"

a-e means in the same column with different superscripts are significantly
different (p<0.05).
* means+=SD(n=3)
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Table 17. ANOVA for tofu syneresis rate by different soaking, grinding,
and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 14.76 14.76 8.81"
Heating 1 15.10 15.10 9.01"
Grinding 3 44.01 14.67 8.75""
Soaking*Heating 1 15.01 15.01 8.95"
Soaking*Grinding 3 1.12 0.37 0.22
Heating*Grinding 3 7.89 2.63 1.57
*P<0.05
**% P<0.001

B AR FRECREEHERBRL S A4

Table 18. ANOVA for tofu density by soaking, grinding, and heating

conditions.

Source DF SS Mean Square F Value
Soaking 1 0.10 0.10 0.72
Heating 1 1.30 1.30 9.39"
Grinding 3 0.61 0.20 1.46
Soaking*Heating 1 0.10 0.10 0.73
Soaking*Grinding 3 0.08 0.03 0.19
Heating*Grinding 3 0.48 0.16 1.15

*P<0.05
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FSCEREHE (a) - F4cd (b) - R4 ®
o
Fig.13. Comparison between ( a-two-stape heating ( b ) one-stape heating

for 5 °C soaking and 5 'C grinding tofu

Fl-r. SCEF BOCERERME (@) = F4cdh (b) - Rbcf
2 R
Fig.14. Comparison between ( a)two-stape heating ( b ) one-stape heating

for 5 °C soaking and 80°C grinding tofu
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Bl 1. 30CEASCRERERME (@) = F4cdh (b) - R
B R
Fig.15. Comparison between” ( a°) two-stape heating ( b ) one-stape heating

for 30 °C soaking and 5°C grinding tofu

B+ +. 30T 80°C & %

Jaun

:I”f%."li (a) = B4r# (b)) - F4e
2 B R
Fig.16. Comparison between ( a)two-stape heating ( b ) one-stape heating

for 30 °C soaking and 80°C grinding tofu
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(a) 30Ci& i 80C B A o fuse

(b) SCA SCRER - Kk

Fig.17. Comparison between tofu with.5°C soaking, 5°C grinding,

one-step heating and 30 “C soaking, 80 ‘C grinding, two-step
heating

(a) 30 °C soaking, 80 ‘C grinding, two-step heating

(b) 5°C soaking, 5°C grinding, one-step heating
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Table 19.Effect of different soaking, grinding, and heating conditions on tofu texture.

Soaking Grinding Textural properties
Temp Heating Temp ) o ' ) )
) ) Hardness Adhesiveness Springiness Cohesiveness ~ Gumminess Chewiness
5 17.38+£0.95 - 43.19+£2.77° 0.61+0.14% 0.52+0.04 7.73+£0.99%  5.08+0.76%°
30 16.15+0.88 - 35.07+1.41°F 0.60+£0.17%  0.50+0.10°¢  7.71+0.95  4.89+1.05%
one-step 60 15784097 - 33.82+2.15% _ (0.5040.13"°  048+0.08%  7.6740.78¢  5.1240.96
5 80 14.65+1.10" - 32.2342.73! 0.5740.16™  0.47+0.05% 7.4240.65%  4.76+1.06°
5 18.62+1.33% - 45.03%1.89° 0.:63£0114° 0.54+0.04° 8.47+0.83*  5.24+1.18%
30 17.61£1.04* - 36.17+1.51¢ 0.62+0.11%° 0.5140.04%° 8.30+0.93®  5.08+0.90%
two-step 60 17.05£1.04% - 3423+1.18""  0.6120.16™ 0.51+£0.06¢  826+0.86°  4.84+1.11%
80 16.62+1.06% - 33.34+1.18" 054019 0.4940.06°%  7.97+0.80>  4.48+1.93%
5 17.30+1.48° - 41.88+1.67° 0.600.06™  0.49+0.07°%  7.41+0.78%  5.29+1.11%
30 161711657 — 34.25+1.84"" " 0.56+0.13%¢  0.51+£0.06™¢  6.71+1.04™  5.11+0.81*
one-step 60 15.41+0.985 - 33.72+1.61" 0.49+0.05°" 0.46+0.12% 6.30+0.828"  4.78+0.66°
20 80 14.10+0.90" - 32.99+1.431 0.47+0.05" 0.45+0.13¢ 5.97£0.90"  4.13+0.73°
5 18.48+1.41* - 42.26+1.85° 0.61£0.05%  0.52+0.06% 8.42+0.93%®°  5.4140.82°
30 18.17+1.01°* - 35.70+1.38% 0.58+0.09%°  0.5140.04®¢  7.96+0.84>  5.15+1.18"
tWO—Sth be _ fg bede abed ef abed
60 17.67+1.21 34.44+1.52 0.55+0.06 0.50:£0.09 7.03+0.92 4.88+0.92
80 15.7840.90% - 33.18+1.741 0.50+£0.06%"  0.49+0.08°%  6.68+0.91%  4.54+0.73°%

a-h means in the same column with different superscripts are significantly different (p<0.05).
* Value are mean of ten replicates.
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Table 20. ANOVA for hardness change of tofu by different soaking,

grinding, and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 1.09 1.09 0.89
Heating 1 319.15 319.15 260.46""
Grinding 3 44426 148.09 120.86""
Soaking*Heating 1 2.60 2.60 2.12
Soaking*Grinding 3 16.91 5.64 4.6
Heating*Grinding 3 7.38 2.46 2.01

*P<0.05

**% P <0.001

oo ARRG C BRPRRIEERE LR 44

Table 21. ANOVA for adhesive change of tofu by different soaking,
grinding, and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 38.57 38.57 11.87
Heating 1 101.23 101.23 30.98™
Grinding 3 7601.80 2533.93 775417
Soaking*Heating 1 4.44 4.44 1.36
Soaking*Grinding 3 102.27 34.09 10.43™
Heating*Grinding 3 7.37 2.46 0.75
% P <0.001
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Table 22. ANOVA for springiness change of tofu by soaking, grinding,
and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 0.34 0.34 23.96""
Heating 1 0.04 0.04 2.63
Grinding 3 0.55 0.18 12.88"
Soaking*Heating 1 0.02 0.02 1.35
Soaking*Grinding 3 0.08 0.03 1.93
Heating*Grinding 3 0.03 0.01 0.80
*#x P<0.001

Ro 2 A REF  BREE R HE R R RS 24T 4

Table 23. ANOVA for cohesive change-of tofu by different soaking,
grinding, and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 0.01 0.01 1.78
Heating 1 0.06 0.06 10.48™
Grinding 3 0.12 0.04 745"
Soaking*Heating 1 0.003 0.003 0.56
Soaking*Grinding 3 0.01 0.004 0.69
Heating*Grinding 3 0.01 0.005 0.87
*Ex P <0.001
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Table 24. ANOVA for gumminess change of tofu by different soaking,
grinding, and heating conditions.

Source DF SS Mean Square F Value
Soaking 1 92.77 92.77 121.57
Heating 1 70.97 70.97 92.95™"
Grinding 3 67.08 22.36 29.28""
Soaking*Heating 1 2.87 2.87 3.76
Soaking*Grinding 3 28.39 9.46 12.397
Heating*Grinding 3 1.90 0.63 0.83
kP <0.001

2SI ARERE C BFRASRGEHBE L 2 24T 4

Table 25. ANOVA for Chewiness change of tofu by different soaking,
grinding, and heating ‘conditions.

Source DF SS Mean Square F Value
Soaking 1 0.08 0.08 0.08
Heating 1 0.34 0.34 0.32
Grinding 3 39.31 13.10 12.18™
Soaking*Heating 1 1.43 1.43 1.33
Soaking*Grinding 3 4.66 1.55 1.44
Heating*Grinding 3 0.91 0.30 0.28
*#x P<0.001
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(1) 40% Acrylamide/Bis solution

a.Acrylamide.....................oll 116.8¢g
b.N’N’-bis-methylene-acrylamide...... 3.2¢g
C.dd HyQreevvreeevnneeenns 7 £ % 300ml

Bk E FEP o 2 Bt 4AC IR

(2) 0.5M Tris HCl (pH6.8)

a.Tris base............... 6g
b.dd H,O.....cennneal % & 60ml

@ ™ HCljF .1 pH % 6.8

(3) 1.5M Tris HCl (pH8.8)

a.Tris base............... 27.23¢g
b.ddH,O...coovvvininninls % 1 80ml

@ ™ HCljf .1 pH % 8.8

(4) Running buffer ( pH8.3)

a.Tris base............... 12.1g
b.Glycine.................. 57.6g
c.SDS..... 4.0g
dddH,O..........ool. to 4L
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gripx > L% HClF %3 pH8.3

(5) 2X Sample buffer

a.0.5M Tris-HCI (pH6.8) .................. 2.5ml
b.Glycerol 20% (v/v) ...oooiiiiiiiiiin... 2.0ml
C.10% SDS....oo 4.0ml

d. 2-mercaptoethanol 2% (v/v) ........ 0.2ml
e.Bromophenol blue........................... 0.2mg
£AddHyO. e to 50ml

( 6 ) Coommassie blue stain buffer

a. Coommassie blue......... ... Coaipe 0.5¢
b.Methanol................... .. ol 800ml
c.Aceticacid................. 0 e e 140ml
ddddHyO. oo e to-2L

aMethanol.............cooooviiiiiiiii. .. 400ml
b.Aceticacid........ccooeeeiiiiiiiiin.... 70ml
CAdHLO. oo to 1L
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(9) 10%APS (Z % % petl)

a.ammonium persulfate......... 100mg

(10) ANSA /% % pe
#20.39g2_ 8-anilino-1-naphthalene sulfonic acid /% **pH6.8 {Fafk %
Ao e el ER ASmMenANSAR R 0 AR R T MEREET X >
AR 20304480 A E e RO gEGSDIECE Y o B adCTH

* o
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