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To investigate the usability of the bitterns produced during
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salt manufacture, the characteristics of soybean curds

coagulated with bittems like solar salt bittems (SSB), dehydrated salt bittems (DSB), concentrated sea water (CSW)
and bittems produced during the storage of solar salt (BSS) were measured. The Mg contents of all the bitterns

were the same, but the Na content of the BSS was 1.0-2.0

times as high as that of the other bitterns. The yield

of the soybean curds did not differ with the addition of coagulants, except for the CSW. However, the soybean
curds were acquired in large quantities by the DSB and CSW. The mg and Na contents of the soybean curds
that were made with the bittems were higher than those of MgCl,. The heavy metals were below 3 ppm in the

curds, especially those produced by the CSW, but Pb was

not detected. Among the mechanical characteristics of

the soybean curds, their adhesiveness was not affected by the coagulants, but the mechanical hardness of the curds

produced by the DSB and CSW was lower. The sensory

evaluation showed that the curds that were produced

by the bittems were more highly preferred than those produced by MgCly. In particular, the soybean curd that
was made with the CSW was favored due to its soft texture. The results of this study, particulady the high yield
of the curds that showed a soft texture, showed that the bittems, especially the CSW, could be used safely and

economically.
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+047% % 1= o] A FAsivt vl MeCL, 7%
T4(12.0~30.0%)° 2§38t Th10). A sFAsiv1
Yol vl heFoll Bk 71EX)E Zn 70 ppm ©]3},
Cat 4% ©l3}, Na&E 4% ©]dl, K& 6% ©]d}, HlaE
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Table 1. Mineral contents of bitterns for soybean curds production
)

Minezl Bittern name"
SSB DSB CSW BSS

Na (%) 421097 36102°  32:00°  65:02°
Mg (%) 36102° 3503 35:05%  34:00°
K (%) 12401 09:0.1°  12¢00°  1.0£00"
Ca (%) < 0.02%

al (%) 158£02° 153103  159:05"  154:03"
S04 (%) 6.1:01°  5602°  75:00°  55:03°
Zn (ppm) 07:07° 14101 14:01° 28228
As (ppm) 0.1:00°  01:00° 01200  01:00"
Heavy metal” (pm)  03:02°  00:00'  02:00° 03203
MgCh (%) 177618 174220 17532 169%05

USSB was solar salt bittern, DSB was dehydrated salt bittern, CSW was concentrated
sea water, and BSS was bittern from solar salt during storage.

Sandard error rate.

IThe same letters in a row of mineral were not significantly different at (p<0.05)
by Duncan’s multiple range test.

“Heavy metal meant the added values of Cd, Pb and Hg.

YExpected amount of MgCl, was calculated as following equation if Mg was bound
totally with Cl: MgCl, (%) = {weight of Cl, (762 x weight of Mg + 19.2) +
weight of Mg} x 100 + 100 mL
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Table 2. Yield and moisture content of soybean curd affected to
bittern coagulants

Added concentration of bittern”

Coagulant”
0.80% 1.00% 130% 1.70%
- 2067444479 19374453 207.95+4.54™¢ 202.51+11.84™
(78.67:022°  (76.79+025)  (77.361020)  (76.09+045)
bSE 219.08+16.75  220.08+18.92% 225.15+19.74" 235.48+18.54°
(7834+2.08)  (79.69+2.80)  (79.23021)  (79.85+0.74)
oW 2353142013 221.87+6.34%  197.73£1.59™ 203.44+8.80™
(7838%0.83)  (7827:028) (77.61+0.09)  (78.330.52)
s 17699+10.95"  183.16+3.13" 182.51+12.65" 206.17+2.89™
(769143.12)  (77.20£187)  (77.20£1.32)  (79.1742.75)
Control 2%° 3% 4% 5%
MeCl 197.81+12.91™  193.80+12.91™ 195.8749.75" 195.87+13.10°
e (778442.63)  (7694+2.90)  (77.92£2.04)  (77.75+1.67)

YSSB was solar salt bittern, DSB was dehydrated salt bittern, CSW was concentrated
sea water, and BSS was bittern from solar salt during storage.

The added amount of bittern was based on the volume of soy milk.

IThis yield indicated the rate(%) of the weight of curd to the weight of soybean.
“The same letters were not significantly different at p<0.05 by Duncan’s multiple
range test.

IThe parenthesis was moisture content(%) of soybean curd.

9Added MgCl, was based on the weight of dried soybean.
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Table 3. Heavy metal contents of soybean curds produced by
various bitterns

(unit : ppm)
Added
Coagulant”  concentration” As Cd Pb
(%)
08 0~ 0.15+0.06" 0
- 1 035+022°  023t003"  354<177°
13 007+005  0.13t009"  03+029"
17 1794034 012:010°  024+023"
08 002:001°  0.13t006"  0.23%0.18"
bSE 1 199:001" 012006  1.16+0.35"
13 001x001°  0.12¢006"  0.050.04"
17 027:0.14  0.112006"  192#0.71"
038 b 0.08+0.01" -
1 - 0.08+0.02° -
CSW
13 - 0.08+0.02° -
17 166+001°  006+003°  022:028°
08 071:042°  0.17:0.11° .
1 002:002°  017:011°  1.07£0.00%
BSS a ab
13 . 0.18:0.11°  2.14+1.59
17 - 017:0.11°  2.05+1.33"
2 118042  0.18:0.12° .
3 117:042°  017:0.11° .
MgCh N
4 . 0.18+0.12 :
5 086:042"  0.170.11° .

USSB was solar salt bittern, DSB was dehydrated salt bittern, CSW was concentrated
sea water, and BSS was bittern from solar salt during storage.

PThis was the percentage of added bittern against the volume of soy milk or MgCl,
against the weight of soybean.

The same letters in a column were not significantly different at p<0.05 by Duncan’s
multiple range test.

9 was not detected.
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Fig. 2. Macro-mineral contents of soybean curds produced by various bitterns.

SSB was solar salt bittern, DSB was dehydrated salt bittern, CSW was concentrated sea water, and BSS was bittern from solar salt during storage.
Added amount of bittern was based on the volume of soy milk and MgCl, was on the weight of dried soybean.
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Table 4. Texture of soybean curds prepared with various bitterns.

=T AF AT 8 A #1209 Al1E (2013)

) Added concentration” Strength Hardness Adhesiveness
Coagulant %) Max. stress (Dyne/cmz) ) ©

08 582.54+54,09 207.22+27.61° 440.7039.68"*" -1.08+0.49"™

B 10 660.18+44.26 336.8422.57¢ 499.29+30.88% -1.18+0.60™

13 593.42+46.32% 302.76+23.64 448.04+32.38° -1.08+0.29"™

17 645.43+80.80" 329.38+41.33% 483.99+57.77¢ 0.86+0.53™

08 525.0086.74™ 277.1137.88™* 410.32+53.62 1112032

DSE 10 5§22.26+90.24™ 266.46+46.04 395.02+63.52" -1.05+0.62"™

13 515.89+97.89™ 255.87+50.67" 379.94+70.07° 0.89+0.46™

17 416.00+65.37" 2122543335 318.01+46.77 -1.00+0.00™

08 459.83+5427" 234.60+27.69° 402.2361.66™ -1.00+0.00™

cow 10 505.00+70.76™ 257.65+36.10™ 387.13+50.22" -1.08+0.29"™

13 652.57+106.80" 332.94+54.48" 492.80+78.21" -1.2140.43®

17 594.92+87.00" 303.53+44.30" 449.97+64.20° -1.15%0.38°™

08 660.00£29.20% 336.73£14.92" 500.05+19.18% -133+0.52°

- 10 887.40+106.44" 452.76+54.30" 669.68+71.73" 1204045

13 592.00+35.62*" 302.06+18.17 449.62+25 82 -1.20£0.45

17 526.33£91.39™ 268.55+46.64™ 402.33+69.71™ -1.00+0.00™

20 547.17+64.57 279.15+32.92* 416.60+42.98 0.670.52°

- 30 681.83+32.52¢ 347.87+16.63¢ 517.5724.43¢ -133+0.52°

g 40 632.80+64.58" 322.84+32.94° 483.98+49,00® -1.000.00™

50 532.1731.01" 271.52415.81% 412.48+19.90° -1.1720.75™

"SSB was solar salt bittern, DSB was dehydrated salt bittern, CSW was concentrated sea water, and BSS was bittern from solar salt during storage.
This was the percentage of added bittern against the volume of soy milk or MgCl, against the weight of soybean.
IThe same letters in column were not different (p<0.05).

Table 5. Sensory properties and crude protein of soybean curds prepared with various coagulants.

Coagulant”
Characteristics
SSB DSB CSW MgCl,
Hardness 5.857+1952 6.143+1.574" 5.142:1.574" 7.000:1.826"
_— Softness 5.429+1.718" 5.714+1.604™ 6.857+1.069" 47141704
Moistness 4.714+3,039° 4.8572.610° 6.5712.149" 442942 573"
Adhesiveness 4.571£1.902° 5571£1.512° 4.714+1.704° 4.429+2.299"
Bitter 3.143+2.545" 2.429+1.397" 2.429:0.976" 3429+2.225"
Salty 3.000£2.380" 3.143£1.069" 2571£0976" 2714£2.289"
Taste Burned 21431952 1.857+1.676" 1.7141.380° 1.857+1.864"
Roasted nutty 5.000£1.633" 5571£1272° 65711813 5571£1512°
overall 6.417£1.248" 6.375£1.279" 6.4171349" 5.875:1.801°
Color 6.333£1.239" 6.9171213" 7.125:1.154° 6.8750992"
Flavor 6.333+1.404" 5.958+1 459" 6.417+1.139" 5917+1.530°
Total preference 6.500£1.180° 6.587:1.030° 6.6960.876" 5.813£1.420"

YSSB was solar salt bittern, DSB was dehydrated salt bittern, CSW was concentrated sea water, and BSS was bittern from solar salt during storage. 10% bitterns were added
to soymilk and 2.0% MgCl, was added to soymilk against the weight of soybean.
The same letters in row were not different (p<0.05).
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