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Abstract

Effects of cryoprotectants on protein denaturation of soybean curd, tofu, during frozen storage were examined.
A whole-coagulated non-press tofu was prepared by adding 2% of isolated soybean protein to soy milk in order
to prevent loss of added cryoprotectants. The cryoprotectants added were glocose, glycerol, sorbitol, propylene
glycol, and tripolyphosphate. The texture characteristics of soybean curds before and after frozen storage were
measured by sensory evaluation and Texture analyzer, and the results were evaluated by response surface meth-
odology (RSM). Glucose, glycerol, sorbitol, and sodium tripolyphosphate were effective as single cryprotectant,
and the mixtures of glucose and sodium tripolyphosphate, and sorbitol and propylene glycol were also effective
in minimizing textural change during freezing. Overall, the mixture of cryoprotectants were more effective than
single cryoprotectant. According to the RSM, the maximum effect of cryoprotectants in minimizing textural
changes during freezing was obtained with the mixture of 2.1% glucose, 6.7% glycerol, 2.1% sorbitol, 0.4%
propylene glycol, and 0.3% sodium tripolyphosphate. However, considering the sensory acceptability, the opti-
mum use of cryoprotectants in frozen tofu was 1% glucose, 2% glycerol, 1% sorbitol, 0.2% propylene glycol,

and 0.5% sodium tripolyphosphate.
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Whole soybean

{

Soaking (at 10~ 15°C, water for 13hrs)
|

Addition of water (double weight of soaked bean)

\

Grinding (in waring blender for 5 min)
l

Press filtration

!

Addition of ISP (2% of soybean milk)
l

Cooking (at 95-100°C, for 6min)
!
Addition of cryoprotectants

!

Cooling (to 80°C)

i

Addition of CaSO, (2% of soybean milk)
1

Coagulation

l

Heating (at 90°C, in water bath for lhr)
!

Formation of soybean curd

J

Soaking (at 10-15°C, water for 10 min)

Fig. 1. Preparation of whole-coagulated(non-pressed)
soybean curd (tofu) processing.
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7 e YA E AR o3 A2 AT
H-(control)s} ¥] &l e}

Y55 519 TAF o) wXe B3} 3hyEA|
JeFE FPH o A HI| $fsled H3-FH B Y
(RSM; Response Surface Method)2] 5413434 & (central
composite design)'"ell @} 5714 SHPEAE A
2 ZAH 0 7180 3 FIH(-1, 1), FFH(-1S,
157k 2% seAlZ F 45709 A2 =2k
+2k+n; F7 2°=320, oA 2x5=1070, 44
3728 Ak FHAEE A ZSlrh. Table 12
X (glucose), X,(glycerol), X; (sorbitol), X (propylene gly-
col), X (sodium tripolyphosphate)2 Z=2kel )]0}
Z A7l M) AR Hrbge #413 Ao A 5
f3tekol] dsted glucose?} sorbitor- 0.5-3.5%, glycerol
1-7%, propylene glycol & 0.1-0.7%, sodium tripoly-
phosphate= 0-0.6%2] ¥ 912 g}

AuiAgat 714 A 2] ARE vieteR 7|3 % F
AF= Table 29) ZFe] glucose, glycerol, sodium tripoly-
phosphate® A SZ 3l APAHS WHE 354
(-1, 0, HE 3}3L L} A sorbitol, propylene glycol2- .

Table 1. Actual factor levels(%) corresponding to coded
factor levels of the cryoprotectants added to whole-co-
agulated soybean curd (tofu) for the experiment of Re-
sponse Surface Methodology

Coded factor level

Factor Symbol

-1.5 -1 0 1 1.5
Glucose X, 05 1 2 3 35
Glycerol X, 1 2 4 6 7
Sorbitol X, 05 1 2 3 3.5
Propylene glycol X, 01 02 04 06 07
Sodium tripolyph- X 0 0.1 03 05 06
osphate
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HEAZ FEE A 20X20X 1.5 cmE A2
Texture analyser(TA-XT2, England)E ©}-§3te] cutting
tests AAIStE . AMS-" &3 & FA7) 04 mmel
GEELE 7 om, ME 5 em®] 2 A )02 A A el
AHgElg e, g3 o] EEHEE 3.0 mmisE, 24 ¥
de 3-Ae] FAM M 32 & HY cutting
force(g)2 T3+ =t
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SAS package'”2) SAS/STAT procedureE ©]-8-3}o]
FA 3ty o, vk #H == SAS/GRAPH procedureS-
o] g3t} Wh-ggtel Hi AL 1Ay, A3,
235} F FoAFE %A Felat R o] FoiR =

Table 2. Effects of various cryoprotectants addition on the cutting forces” of thawed whole-coagulated soybeancurd

(tofu)

Room temp thawing

4°C thawing

Cryoprotectant Concentration (%) Beforefreezing

Storage temp(°C)

Storage temp(°C)

-70°C 220°C 270°C
Control 0 329 727221 602%1.83) 89242.71) 749%(2.28)
Glucos 1 340° 499%(1.47) 408°(1.20) 677°(1.99) 442°(1.30)
ucose 2 341° 449(1.32) 334%0.98) 513%%1.50) 375%1.10)
Glveerol i 341° 531%(1.62) 407°(1.24) 5361.64) 432°(1.32)
yeero 2 337 504%(1.50) 3695(1.10) 518%(1.54) 361%(1.07)
bitol 1 330° 452°%1.37) 432°(1.31) 554(1.68) 457°%(1.38)
Sorbito 2 355 446%1.26) 415%1.17) 496%(1.40) 444%(1.25)
! Unit: g,

 Different letters are significantly different (p<0.05)
 Changed ratio (=thawing/before freezing).



960 A FEE A A 31d A4E (1999)

Cutting force (g)

Fig. 2. Three dimensional diagram for cutting force and
combination ratio of glycerol and sodium tripolyphos-
phate.
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Table 3. Regression coefficients of the second order
polynormialsl) of 5 response variables for the cutting
force of whole-coagulated soybean curd

Indepen- Indepen-
dentvariable  f3, dent vari- P,
X, able X,
Intercept 47921 Interaction X X, -5.859
Linear X, -12.262%* XX, -2.866
X,  -14.805%* XX, -0.691
X, -8.245% XX, 0816
X, -0.636 XX, -4.500
X, -9.589%* XX, 2922
Quadratic X -9.427 X,X;  6.897*
X} -6.773 X, X, -5.978
X  -3.018 XX, 6328
X} 1.538 XX, -2.116
XS 4516

*:p< 0.05, **:p< 0.01
"Model on which X, = glucose, X, = glycerol, X; = sorbitol,

= propylene glycol X, =sodium tripolyphosphate
Y = Bo+B X +B,X, 4B, X 4B, X 4B X #B, X 4B, X,

X B X B X B X X243, X X+, X X,

+B15X Xt B XXy 4B, X X 455X, X s+ B3, X X+ B3

X3X5+B45X4X5
(R* =0.746)

< Az AAH 23 2y ZAATRY)7
07460131_111 Z 3NEA L FeEe] 0.1% o
2 Vet M 45 uhERde] TS B FUH 2
2} o34 2zt kel uk-gA 4% cutting forceol
oJ8FS 1A 28 Table 302 HE] AbEsle] 20
2 ey o83t 7

Cutting force
=47.921-12.26 glucose-14.81 glycerol
—8.25 sorbitol-9.59 sodium tripolyphosphate
+6.9 glycerol + sodium tripolyphosphate

Arlsl 3EA ZollA glucose(X,), glycerol(X,),
sodium tripolyphosphate(X, 3= 242t A 2.2 1%
o] pFoll A | sombitol(X,) = 5% H24FlAM cutting
forceol] °33-& viH.om, AFEAHgo A& glycerol(X,)
3} sodium tripolyphosphate(X,) &l A3 at&ollA 5% 2]
o)A o] alA= T of Aol A F-H-2] cutting force
= YAzt e by shiEAle o
38 o] A W AL E glucose, glycerol, sodium tripo-
lyphosphate, sorbitol 257} WE4 45 F52 237
e oAlshed Eav) ol AeR vEyd. 1
B}, duAdgols dd shFAIE 2 AH7)sle
ANz FREOE AEA Yo wpe} Y FAE A
3] E3bsted Avg vk} Y5 TR YEeE

Table 4. Optimum concentrations of cryoprotectants for
frozen tofu as determined by RSM of cutting test

Cryoprotectants Symbol Minimum Res- Actualconcen-

ponecode value tration(%)
glucose X, 0.081 2.1
glycerol X, 1.485 6.9
sorbitol X, 0.102 2.1
propylene glycol X, 0.163 0.4
sodiumtripoly X, -0.032 0.3

phosphate

Q3 HiRE HAsh=d o A Aol vl
= o] Ayt 9 hYFA AtololA{e] Az At
22 QE A5 EAL Al Hoes S TAIE £
aled Hrigho Al Yrlgkel St 7] WlEel et
W &322 A& ¥} Propylene glycol(X,)S- A4
o)Al eo] QA FR] oo} FH-9] cutting forceol] ZA o
S vXA] o= Ao FaEgvh F5-9 cutting
forceel] 3t FYEAHIZF AF3AR-0] BRI Fig 29
zre] glycerol®] 712 714714 M sodium tripoly-
phosphateZ 0.3-0.6% = M1 of 7h4sh= A3
Rolx ALZ viepyiet

WEAA T4 227 d38E Fas) $
& B3k 3hEAe] e E i EEEAEE
E3o] HAbs A= Table 49} 7ok, & 2=34d 74
shysA el 5 AAIZSE AAIE glucose 2.1%,
glycerol 6.9%, sorbitol 2.1%, propylene gylcol 0.4%, so-
dium tripolyphosphate 0.3%% “ebxtet. o] & AgHS
E¢] ¥ 3= b4 (saddle pointyS LHERS17] o -Fo
M EA (ridge analysis)& E38le] FM =

21T dAt

Aupx o2 shYFAE Hrat w|sha YA
+ “4‘3l°1 733t Faol] g2utst ofdinte] 9lom of
e A2z gt % ¥ 2el3 23S
= 'r—Lﬂ‘G]"“’l T 2. 4lel| 2)3ted Ad=iEl 349 ‘J‘ﬂi
A 7} 2L Table 59 e} 7| 2020 M B 8
Y54 2L glucose 1%, glycerol 2%, sorbitol 1%, pro-
pylene glycol 0.2%, sodium tripotyphosphate 0.5%°] %12
FYTA I FEFF VI EEE vtelAE o2
ehde}. ol FYFA M 2= bt o], Fu)zt 7
Z o FAH<] JaS njA “ﬂ—‘f‘wl‘;% 227 Wz
& g 7| A 3 Aol A -2 Table 49] FHHx
e FEHEQ AR 7]1‘\3’} WA byt
propylene glycol} sodium tripolyphosphate® 522 &
7H S TR AEA L o Fe] AlA HrHE: %
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Table 5. Optimum concentrations of cryoprotectants for
frozen tofu as determined by preference test

Ranking of preference

X, Cryoprotectants

i ryop: > 3
X,  glucose 1Y 2 2.1
X, glycerol 2 4 6.7
X,  sorbitol 1 2 2.1
X, propylene glycol 02 0.4 0.4
X sodium tropolyposphate 0.5 0.3 0.3

YConcentration of cryoprotectants.

of w5 mlapol m o= Toh A9 zhel7} gigieh

F3e) 227 WAHEE FPEAY WARe F
HAAAGF Zhaste] A0% TR fabslA 7] o E

o *J%E-ZJH W7V F7AA Az Ha g E
AR FRA A 43d Aoz Azsigodt, A4
Pz el e TR 24745 @ % A B
s FRHoE FrEne YEAFoD Qg
Ty 227k 2k HasEwa oS40 $L,
= wvho] 71 ofat FHE WA A A%E B
Ach 3 /A 24 A WS EARA LG 5o A
A9 B EA Aobe) HAzgel 12709) A2lag
Z 7125 £9] 3918 AG Ao vep YA
o) H7 YR A 244 HeA AT T
gstel ZAFoIok FE & 4 sk

2 o

TR YEAAF defri= A wAds} o]2
Qdte] dolvl= 227 A3t3AS 43}s)y] $3)e
FYEA AH7E T Az FA L NEstal FYEA
A eighlgs) HobS 5/«}3}314, of2] 7}2]
FAE AH7teled wighE FH-E Axste] JEAAE
FopA] S YEAA F «l ZAZ e R
W B (RSM)S2 FA 8L 57 AL 2 ohe} w]as)
Aok 5oz Qg 75 27 WE ok
9]3= glucose, glycerol, sorbitol, sodium tripolyphosphate”}
whel shy-FA2AM o) glsd.2, glycerol# sodium
tripolyphosphate A}o]ol| 4= A3 242 9l 7o v}
el HEH o2 YEFT FPEAE dH2e
7Bk AR o8 7HAE E3bste] sl A
o] FH-z2 8] dzpA|e] o] B Z o2 ek
o} 227 W kg g A g o] RSME B3ted
AR PEFRL 33EA FHA AH7lES glucose
2.1%, glycerol 6.9%, sorbitol 2.1%, propylene glycol 0.4%,
sodium tripolyphosphate 0.3% ¢l¢gl.e™, 23 7t3} ¢4

gt} g7hA] srejst A 7] 3% FAbel] o3t 3YEA
#H4 HrlFE glucose 1%, glycerol 2%, sor-bitol 1%,
propylene glycol 0.2%, sodium tripolyphosphate 0.5% ©]
et
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