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Abstract

To investigate the textural and physical characteristics of WSF(whole soybean flour) tofu affected by
coagulant and its concentration, CaCl,, CaSO,, GDL(glucono-3 lactone), MgCl,, and some mixed coagulants
were used in this study. Yields of WSF tofu coagulated with CaSO, and GDL were ranged 4.3-4.5(g/g WSF),
but common tofu was 2.2-3.0(g/g soybean). As the water addition ratio increased, L and a value were
increased while heating time increased, b value increased. L value of WSF tofu was lower and b value was
higher than conventional tofu and 4 commercial tofus. Kinds of coagulant and its concentration significantly
affected to textural properties of WSF tofu. As the concentration of coagulant increase, the hardness increased
in most all coagulants. WSF tofu coagulated with CaSO, and GDL recorded low hardness and adhesiveness,
and high springiness among the used coagulants at the same concentration. As the hardness increased, the
gumminess and chewiness increased in most all coagulants. As coagulation temperature and molding pressure
increase, hardness also increased. WSF tofu coagulated with 0.3% CaSO,+GDL was the most similar in the
textural properties with conventional tofu and 4 commercial tofus. WSF tofu coagulated with 0.3% of
CaSO+GDL at 85°C, 10 times water addition, Smin. heating and 25.0g/cm® molding pressure recorded the
highest score in the sensory evaluation.
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Table 1. Effect of various coagulant concentrations on the WSF (Whole Soybean flour) tofu colors made at the heating

for 85°C, 5 min and 25 g/cm’ molding pressure

S Tofu Yicld(g/g WSF)

oaguial 02% 0.3% 0.4% 0.5% 0.6%

CaCl, 348" 362 341 3.36° 334

CaSO, NG 4.20° 3.86" 378" 3.58°

GDL NG 4.39° 3.84% 372" 3.69°

MeCl, NG 3.56° 3500 338" 335"
Ca-gluconate+ CaCl, 338 3.39° 344 3.49° 343"
Ca-gluconate+ CaSO, NG 4.10° 3.93 376" 3.62°
Ca-gluconate+ MgCl, NG 343 347 3.46* 3.43°
GDL+CaSO, 4.15° 4.48° 428" 381 374
GDL+CaCl, 3.53% 3.54% 357" 3.50% 3.43°

"Means followed by the same letter in column are not significantly different at the 3% level using Duncan's multiple range

test.
NG; Non-gelation
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Table 2. Effect of coagulant concentrations on the WSF tofu colors made at the heating for 85°C, 5 min and 25g/cm’

molding pressure

Coagulant Conc.(%) Color
L a b
Ca(l, 02 86.97" -2.81* +17.57*
0.3 87.49* -2.96™ +18.82*
0.4 86.98® -2.88° +18.36
05 86.72" -2.80° +17.96®
0.6 86.26° -2.97%® +17.28°
CaSO, 03 86.89, 268, +17.58°
04 86.28° 2797 +17.45°
0.5 85.94° -2.74 +18.20*
0.6 85.59¢ -291° +17.61°
GDL 03 87.18° -2.58° +18.01°
04 85.81° -2.53 +18.52
0.5 85.76" -2.58¢ +17.80
0.6 85.14¢ 247 +17.53°
MgCl, 0.3 86.42° -3.00° +17.29°
04 87.82° -2.84° +17.55°
0.5 87.50° -2.82° +17.47°
0.6 86.63° -2.78" +17.21°
Ca-gluconate+CaCl, 02 85.92°1 -2.74° +16.67°
0.3 87.00° -245° +17.40°
04 86.87" -2.50° +17.39°
0.5 86.66™ -2.64° +18.03
0.6 86.45° -2.56° +18.03*
Ca-gluconate+CaSO, 0.3 85.57™ -2.99° +19.73°
04 86.32° -2.88" +18.90°
05 86.09° -2.53¢ +17.89°
0.6 8575 -2.68® +17.59°
Ca-gluconate+MgCl, 03 86.37° -2.86 +18.36*
04 86.54° -2.73° +17.36"
0.5 87.39° -2.73° +17.33°
0.6 87.37° -243° +17.31°
GDL+CaSO, 0.2 86.85% -3.02° +18.21*
03 86.51" 264" +18.80°
0.4 86.44" -2.23° +17.56
0.5 86.34" 229 +17.32°
0.6 86.27b -2.42° +17.32°
GDL+CaCl, 02 85.75¢ -2.49% +16.93°
0.3 86.72° -2.65% +17.97°
04 87.27° -2.08" +17.40°
0.5 86.65° 2.01° +17.44°
0.6 86.54° -1.28* +17.39%

"Means followed by the same letter in column are not significantly different at the 5% level using Duncan's multiple range

test.
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Table 3. Colors of WSF tofu, conventional and
commercial tofu

Sample Color
L a b
WSF tofu" 86.51" -2.64*° +18.80°
Conventional tofu" 89.89° -1.28° +14.74°
Commercial tofu A 90.45* -2.57° +15.16"
Commercial tofu B 89.07* -2.45% +15.33°
Commercial tofu C 87.95 -1.75° +15.49°
Commercial tofu D 89.85* -2.58+ +15.74°
Commercial tofu E 89.80" -2.62" +15.02™

"Tofu(WSF tofu, Conventional tofu) made with 0.3%
GDL+CaSO, coagulant the heating for 5 min and 25g/cm’
molding pressure.

“Means followed by the same letter in column are not
significantly different at the 5% level using Duncan's
multiple range test.
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Table 4. Effects of various coagulant concentrations on the textural properties of WSF tofu made at the heating for 85°C,
5 min and 25g/cm’ molding pressure

Textural properties"
Coagulant Conc.(%) -
Hard.(g) Adhes. Cohes. Spring. Gumm.(g) Fra. Chew.
CaCl, 0.2 283.13 -404.9* 0.519* 0.932* 147.12> ND? 137.03"
03 270.50" -533.0* 0.501* 0.940° 135.66° ND 127.59°
0.4 350.03* -651.9° 0.514* 0.957" 180.09* 194.90 172.36°
0.5 321.45% -633.6® 0.507* 0.947" 162.92% ND 154.23*
0.6 312.73% -688.8" 0.501° 0.961° 156.73% ND 150.61°
CaSO, 0.3 131.5% -298.56" 0.501* 0.963* 65.99° 97.33" 63.56°
04 201.10° -446.26" 0.502* 0.955* 101.62° ND 97.27°
0.5 231.35* -526.35¢ 0.516* 0.969* 119.16® ND 115.43%*
0.6 244.03* -600.99° 0.499* 0.973¢ 121.75° 148.70° 118.41°
GDL 03 161.28¢ -336.18" 0.475* 0.960* 77.29¢ 131.40° 74.36¢
04 202.03¢ -435.45* 0.489* 0.967* 98.84¢ 164.50® 95.67°
05 271.25° -569.07° 0.481* 0.951° 130.38° 200.50* 124.13°
0.6 311.65° -647.14° 0.507* 0.972° 157.95 214.08 153.43°
MgCl, 0.3 244.13° -422.05* 0.509* 0.942%® 126.21° ND 114.97°
04 279.43 -485.42% 0.491* 0.925° 136.88" ND 126.68"
0.5 309.50° -557.49° 0.513* 0.961* 158.94° ND 152.77°
0.6 259.10° -521.08* 0.491* 0.948* 127.14° ND 120.50°
Ca-gluconate+CaCl, 0.2 260.20¢ -530.40 0.486* 0.972* 127.27¢ ND 123.62°
0.3 289.88° -561.40™ 0.510° 0.959 147.85° ND 141.74°
04 293.00° -512.51* 0467 0.942" 136.76> 1524° 128.87*
0.5 309.75" -608.28° 0.486* 0.954® 150.39 246.1* 143.42"
0.6 34453 -460.65* 0.493* 0.940" 169.91* ND 159.85°
Ca-gluconate+CaSO, 0.3 167.70% -357.41* 0.516* 0.926* 86.65° 105.75* 80.40¢
04 195.05¢ -439.21° 0.486* 0.967 94.86" 134.10¢ 91.73*
0.5 238.08° -546.17° 0.493* 0.926" 11747 158.00° 108.80"
0.6 257.10¢ -575.20° 0.512% 0.973" 131.80* 131.40° 128.30°
Ca-gluconate+MgCl, 0.3 169.93¢ -321.49* 0510 0.960" 86.50° ND? 83.45°
04 252.68° -482.02° 0.497* 0.954* 125.19* 153.60 119.37*
05 277.58* -455.57° 0473* 0.958* 131.61* ND 126.04*
0.6 261.83* -482.11° 0.500° 0.943* 130.70 ND 123.23*
GDL+CaSO, 0.2 103.33¢ -206.63* 0.464* 0.946° 48.69¢ 84.10° 45.68°
0.3 186.60¢ -418.90° 0.501* 0.967® 93.53% 142.45® 90.35°
04 194 .83¢ -403.28" 0.462* 0.946° 90.36" 155.60¢ 86.73°
0.5 257.08° -650.60¢ 0.510* 0.975* 130.83* 156.20° 127.52¢
0.6 294.48* -694.46° 0.464° 0977 136.42° 172.10° 133.31*
GDL+CaCl, 0.2 190.38¢ -504.39* 0.481* 0.934" 91.76 115.5° 86.46"
0.3 294.35" -595.36* 0.492¢ 0.954* 144.62° ND 137.93*
04 292.78° -496.24" 0.483* 0.960¢ 140.15¢ 244.0° 134.53*
0.5 337.00° -532.18° 0471° 0.950* 158.48* ND 150.49°
0.6 307.43%* -516.43* 0.474* 0.936 146.17* ND 137.16*

YHard.; Hardness, Adhes., Adhesiveness, Cohes.; Cohesiveness, Spring.; Springiness, Gumm.; Gumminess, Fra.;
Fracturability, Chew.; Chewiness.”’ND; Not-detected®Means followed by the same letter in column are not significantly
different at the 5% level using Duncan's multiple range test.
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Table 5. Sensory evaluation of WSF tofu made at various coagulant concentrations
1 1) 2)
Coagulant Conc.(%) Texture Flavor Over. Texture
Sth TR TB TBt TS Uty Sth
Ca-gluconate+CaCl, 02 1.8% 39 35 2.1° 1.7 1.6 4.7 44+ -+
03 2.6° 2.6° 2.9* 2.4 2.3% 2.0® 35° ++ ++
04 32 25 29 26 3.0 2.5% 2.7* ++ +
0.5 3.4%® 1.7° 2.4 2.6° 38 2.8 2.4 ++ +
0.6 4.0° 1.9 2.0° 2.6* 3.9* 2.9 1.7¢ ++ +
Ca-gluconate+CaSO, 03 2.4 3.6" 3.4* 2.0 1.9 1.6* 31 +++ +++
04 3.0™ 3.3 3.6 2.4 1.9 L7 3.6° bt et
0.5 3.4 2.1 2.6% 2.9° 2.6° 2.1° 2.3° +++ ++
0.6 4.00 1.I¢ 1.9° 2.9 2.7 2.1° LO° + +
» Ca-gluconate+MgCl, 0.3 24° 3.1 30 2.6 1.9° L7 3.0 R e
04 3.0 24% 2.5 2.6 2.7 1.9° 2.8 ++++ +++
0.5 3.0 2.3 2.3 2.7 2.8 2.0 23 +++ ++
0.6 3.1 2.1° 2.6° 2.9° 3.0 2.6 1.8¢ ++ +
GDL+CaSQ, 0.2 1.6 4.1* 3.0° 1.8 1.5° 1.5° 3P -+ A+
0.3 2.0° 4.7 3.3 2.2% 1.8 1.5 36 bt
0.4 2.5 3 29 2.5 1.8° 1.7° 3.0 +++ TS
0.5 3.7 3.0° 2.4% 2.8 2.8 2.0® 2.0¢ +++ ++
0.6 4.1* 3.0 2.1° 2.7 24° 2.5 1.6° +4++ +
GDL+CaCl, 0.2 2.5 3.0 3.0 2.1 1.6° 1.8° 4.3 4t +++
0.3 34° 2.5% 2.5° 2.3 2.0 1.7 3.5° +++ +++
04 4.0 20° 2.5° 2.5° 3.2a 200 3.3 +++ ++
0.5 45 2.1° 2.1° 2.4 3.3 2.2¢ 2.4 ++ ++
0.6 4.3 2.0° 1.6° 2.3 36 2.5° L7 + +

PEvaluated by mouth- H: hardness, Sth: smoothness, TR: roasted nutty taste, TB: beany taste, TBt: bitter taste, TS: sour taste,
Over.: overall acceptance, Each values represent the mean of the rating by panels using 5 point scale(1: very poor, very weak,

5 : very good, very strong).

DEvaluated by hand- Uty: uniformity, Sth: smoothness, Each values represent the mean of the rating by panels(+: very poor,

very weak, +++++: very good, very strong).

YMeans followed by the same letter in column are not significantly different at the 5% level using Duncan's multiple range

test.
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Table 6. Sensory evaluation of WSF tofu appreciated high overall acceptance by panels

Texture” Flavor” Texture”
Coagulant Conc(%) Over,
Sth TR TB TBt TS Uty Sth
CaCl, 02 36° 1¥ 34 215 30°  22% | 25° | 4+ ++
CaSO, 03 15 42 32 22" L& 170 | 34° | bbb b
GDL 03 1.8 40° 24 23 28% 28 | 28° | 4t bt
MgCl, 0.4 3.3 1.7¢ 33 2.4° 33 23 | 21 | o+ 4
Ca-gluconate+CaCl, 0.2 34 2.0° 2.8% 22 34 2.2 2.4% +++ ++
Ca-gluconate+CaSO, 04 2.9 2.6° 2.8% 2.6 29% 23 24% | dbtbr
Ca-gluconate+MgCl, 03 2.7° 2.2 2.7% 2.5 3.3 2.5% 2.3 ++ ++
GDL+CaSO0, 0.3 1.9 4.1* 3.2¢ 2.0 1.8 1.8° 3.7 Ftttt Ft
GDL+CaCl, 02 28% 23 2.7% 2.3 3% 250 | 28% | 44t 4t

YEvaluated by mouth- H: hardness, Sth: smoothness, TR: roasted nutty taste, TB: beany taste, TBt: bitter taste, TS: sour taste,
Over.: overall acceptance, Each values represent the mean of the rating by panels using 5 point scale(l: very poor, very weak,

S: very good, very strong).

YEvaluated by hand- Uty: uniformity, Sth: smoothness, Each values represent the mean of the rating by panels, (+: very poor,

very weak, +++++: very good, very strong).

YMeans followed by the same letter in column are not significantly different at the 5% level using Duncan's multiple range

test.

23 Ca-gluconate+CaCl, H7} &= 0.5%)|A 2tz 7}
A ¥%e™ 03% GDL+CaSO, E-81A1E #7138l
AE 9 448(gg WSHE FXE vehlglet

S04 pXe] wbE WSF FHe] Mx: 34 ¥
=7} F71tel wel L b3k "zl Foke F A
= Aefolglal, YubFy-et AldFHol vls Lgkol
HA 2 ke bk AAF] Fdor} agtd vl
&},

WSF F32] 7} §34| 5-%o W& 77124 (hardness)
L ST = BEE FRRe Adelden, &
T4 FFroll whE 7 T4 (hardnessye HWH2 2 CaCl,
& AMSg A9 w2y 29keH CaSO,8 GDL &3
AZ AFgE AP ME A vepdeh A3
(adhesivenessye -S4 ¥57} FolA4E tiHE 7}
&&= 7Z3¥Felgl ot CaSO,, GDL, Ca-gluconate
+CaSO, 3l GDL+CaSO, H7V 7 oM Aol vl
3le] Bl W& AH3S Holol. -§74d (cohesiveness)
£ A FFe wxo o BAAA FoH Ao
7+ 92, ebed A (springinessy> GDL+CaSO, &% A
7FlME S ) 255 A JERte A
YA (chewinessy& & 3324 H7volM HAlz @
2 AL Hyglon 5= A (gumminessy 1A
(hardness)e] 7}l o}l Z7lslRc).

WSF F4%2] 7} ¢34 pxo o8 #5537t F
A A7) T ME CaCl,, Ca-gluconate+CaCl,, GDL
+CaCl, ¥7}7% 02%<)A1, CaSO,, GDL, MgCl,, Ca-
gluconate+MgCl,, GDL+CaSO, #H7FE 03%°A, 1
23 Ca-gluconate+CaSO, A7 04%M ¥4
ehgen 2 % 03% GDL+CaSO, H7}77F A3t

AEE AWM E BT 148 ghe] st 7}
B2 7135 Jepigdeh
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