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Table 1. Effect of the concentrations of ferrous ions in the first soak

solution on the hardness of cooked soybeans

Concentration Number of Dry weight of residue Relative
of Fe (M) measurements Mean *+S.E. (g) hardness (%)
0.02 9 2.21 +0.09% 59.12
0.05 9 2.17 £0.07% 55.5"
0.10 9 1.88 +0.09"° 48.1°
0.20 9 1.90 +0.09® 48.6°
0.05 -6 2.07 +0.08"® 52.9"

2 ® Dry weights of the residue for soybeans soaked in distilled water
were 3.74g for a and 3.91g for b.

Means not sharing a common superscript are significantly different

at P<0.05.
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Table 2. Fffect of soaking time in a ferrous chloride solution on

the hardness of cooked soybeans

Soak time (hr) Number of Dry weight of residue® Relative
FeCl. NaCl measurements Mean £S.E. (g) hardness? (%)

0 8 18 2.76 +0.10% 73.8

2 6 9 2.45 +0.06"° 65.5

4 4 9 2.29 +0.10%¢ 61.2

5 3 9 2.11 +0.13¢ 56.4

6 2 9 2.26 *+0.09° 60.4

8 0 9 2.26 *£0.07°¢ 60.4

2 The values for soybeans soaked in distilled water were 3.74g and 100%.
Means not sharing a common superscript are significantly different
at P<0.065.

Table 3. Effect of total soaking time on the hardness of cooked

soybeans

Total soaking Number of Dry weight of residue Relative

time (hr) measurements Mean=+S.E. (g) hardness (%)
4 3 3.594+0. 28" 90.4%
8 6 2.08+0.13® 57.7°
16 12 1.93+0.08" 50.4°¢
24 12 1.89+0.08" 47.8¢

a b ¢ @ Nry weights of the residue for soybeans soaked in distilled
water were 3.97, 3.60, 3.83, 3.95g for a, b, ¢, d, respectively.
Means not sharing a common superscript are significantly different at
P<0. 05.
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Table 4. Effect of metal ions in the first soak solution

on the hardness of cooked soybeans

1st Number of Dry weight of residue?® Relative
solution  measurements Mean £S.E. (g) hardness® (%)
H20 12 2.96 *+0.14% 93.7
FeCl. 12 1.84 +0.04° 58.2
MeCl2 12 2.62 *+0.15% 82.9
NaCl 9 2.76 *=0.24% 87.3
ZnCl, 9 2.78 +0.16% 88.0
CoCl2 12 2.78 *£0.20% 88.0
AlICls 12 2.88 +0.14%° 91.1
Fe(Cla 9 2.91 *0.22% 92.1
NiCla 12 2.97 +0.10% 94.0
MnCl2 12 3.01 *£0.18%° 95.3
CuCl. 12 3.03 *£0.19%° 95.9
CaCl: 11 3.48 *+0.18° 110.1

2 Cooked soybeans were homogenized in 20 m€ of water. The values
for soybeans soaked in distilled water were 3.16g and 100%.

Means with different superscripts are significantly different (P<0.05).
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Table 5. Softening effect of sodium carboxylates on winged beans

Salt Number of Dry weight of residue Relative hardness
measurements Mean+S.E. (g) (%)
H20 59 8.31+0.10* 100.0
NaCl 9 7.37%0.24%¢ 88.9
Na Maleate 9 3.54+0.21¢ 42.6
Na Malonate 9 3.700.247¢ 44.5
Na Citrate 12 4.40+0.30%F 52.9
Na Succinate 9 5.28+0.31°¢ 63.5
Na Malate 9 5.31%0.24° 63.9
Na Oxalate 8 5.68+0.41° 68. 4
Na Tartarate 9 5.7140.20° 68.17
Na Acetate 10 7.36%0.07° ‘ 88.5
Na Lactate 10 7.69+0.10° 92.5

Means not sharing a common superscript are significantly
different at P<0.05.
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Table 6. Energy gain due to the formation of Mg-complexes

Rotation of Binding Stabilization

Type  Conformation carboxyl plane(s) energy energy?

(degree) (Kcal) (Kcal)
A+ Mg?y, 1 180 -498.0 -481.4
A+ Mg®luy I 180 -429.6 -415.0
M2+ Mg?* I 74, T4 -769.2 ~T47.2
M2+ Mg®* v 180, 76 -798.9 -754.7
M2+ Mg?* WY 180, 180 -811.4 -732.1
A+ Mg®*+ A° VI 180 -789.7 -764.0
M2+ Mg?*+ M?~ VO 180, 80 -1005.9 -943.2

2 Stabilization energy was calculated by subtracting the sum of the
energies of Mg®* and the optimized carboxylate ions from the

energy of the optimized complex.
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Effect of Salts on the Hardness of Cooked Beans(II)

Yasuhiko Nakamura, Masako Fujisaki and Fumiko Mogami

Kagoshima University, Faculty of Education

Summary

The conditions under which soybeans are soaked in salt solutions were
investigated to define a useful and practical procedure for two-step soaking.
The initial rate of water absorption increased with a rise in temperature up
to 60 °C. The best ratio of soaking time in the first ferrous chloride
solution to soaking time in the second sodium chloride solution was 5:3 when
total soak time was 8 hr. Prolongation of the total soak time of 8 hr
improved the softening effect little, whereas a very short soak time such as
4 hr was insufficient to soften the beans. A 0.02M or lower concentration of
ferrous chloride in the first solution was recommended to avoid a coloration
and off-flaver of the cooked beans. Divalent and trivalent metal ions other
than ferrous ions hardened the beans or had a very little softening effect by
following soaking in the second sodium chloride solution. Winged beans
absorbed water and leaked sugars, amino acids and phosphates much more slowly
than soybeans and aged soybeans. This contributes to the resistance to a
softening by boiling with water. However, sodium maleate softened the winged
beans to the extent of 40% relative hardness.

The geometries of the carboxylate ion-Mg?*complexes were optimized using
the STO-3G basis and the GAUS86 program system. The calculated stabilization
energy for the maleate ion-Mg®*(1:1) complex was 273 Kcal/mol lower than that
for the acetate ion-Mg?*(1:1) complex. The energy for the maleate
ion-Mg2* (2:1) complex was 179 Kcal/mol lower than that for the acetate ion-
Mg?* (2:1) complex. This suggests that maleic acid can form firmer complexes
with Mg®*than acetic acid, and offers a possible explanation of the

difference in the softening effect between maleic acid and acetic acid.
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