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Abstract

For the purpose of enhanceing soybean-sprouts quality, the optimum conditions for ozone treatment of soybean
during soaking before cultivation at 18~207T were evaluated with ozone concentration, treatment time and treatment
frequency by respomse surface methodology. Germination rates of cleaned soybean by ozone water in the conditions
of solubilized- ozone concentrations of 0.15 to 0.35ppm, ozone-reatment frequency of 1.5 to 2.3 times and
ozone-treatment time of 30 to 36min. increased 18.8 to 24.0% for the control products. And, length of hypocotyl in
conditions of 0.12 to 0.33 ppm, 1.7 to 2.7 times and 45 to 90min. were also increased by 69.36 to 79.40%. On
the other hand, weight of roots with ozone treatment were decreased in the conditions of solubilized ozone
concentrations of 0.1 to 02ppm and ozone-treatment time of 30 to 57min. But, ozone-ireatment frequency did not
affected root growth. Putrefaction rates of the comtrol were 5 to 15%, but those of ozome-treated samples during
cultivation did not show. The overall optimum conditions for above 16% germination rates, above 9% hypocotyl
yields compared to the control samples and below 98% of the comtrol root weight were solubilized-ozone
concentrations of 0.25 to 0.30 ppm, ozone-treatment time of 43 to 49min. and ozone-treatment frequency of one
time.
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Fig. 1. Washing process of soybean by ozone water.
Abbrevations :
S ; sample (soybean), SN ; stainless steel net,
1 ; injection hole of gaseous ozone by aspirator style,
P ; pump, T ; tmer, SP ; screw pipe,
O ; ozone generator, OW ; tank of ozone water,
OM ; ozone monitor
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Table 1. Ozone treatment conditions during soaking

of soybean
Levels
CodeA, 1 0
Ozone concentration(ppm), C X1 01 03 05
Treatment times(min), H X2 30 60 9%
Treatment frequency, F X3 1 2 3

AX] = (C-03)/02 ; X2 = H60 ; X3 = (F-2)/1

Table 2. Experimental conditions for the central
composite design

Experimental factor values

Exp. No RealA Codified

C H F X1 X2 X3
1 0.1 30 1 1004 -1
2 0.5 30 1 1 1 -1
3 0.1 20 1 -1 1 -1
4 05 0 1 1 1 -1
5 01 30 3 1 -1 1
6 05 30 3 1 A1 1
7 0.1 %0 3 -1 1 1
8 0.5 90 3 1 1 1
9 0.1 60 2 -1 0 0
10 0.5 60 2 1 0 0
11 0.3 30 2 0 1 0
12 03 29 2 0 1 0
13 0.3 60 1 0 0 -1
14 03 60 3 0 0 1
15 03 60 2 0 0 0
16 03 & 2 0 0 0

AC in ppm, H in minwes and F in frequency of ozone
treatment.
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Table 3. Quality of soybean sprouts by ozone treatments for central composite design

(% _of control)

Germination oy Hypocotyl Hypocotyl . Putrifaction

BpNo i) Vield(k)  ighte)  lengthim) ROt WelshtE) o)

1 105.7 110.0 118.6 1194 954 0

2 1128 117.2 126.7 92.6 1753 0

3 91 1069 1132 1180 69.7 0

4 1112 113.5 119.2 95.4 1455 0

5 1149 104.6 1186 103.4 69.5 0

6 1075 1008 93.2 79.0 1454 0

7 1053 111.8 1252 1185 95.5 0

8 1033 109.8 104.9 921 2041 0

9 108.7 104.7 116.2 119.2 583 0

10 104.9 1124 1138 9.7 1622 0

11 1234 108.3 117.2 189.0 133.0 0

12 1121 107.2 107.6 1662 1424 0

13 1.0 1011 98.6 170.1 1271 0

1 1140 111.6 1185 1780 1230 0

15 1195 116.3 129.8 1894 142.9 0

16 118.0 114.0 1142 166.4 2027 0
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Table 4. Taylor second equations calculated by response surface method program

Response Taylor second equation R2 Signiicance
Germination rate y=89.38+155.81X1-0.09X2-8.63X3-553.58X12 + 09193 0.0114
(% of control) 0.22X2*X1+0.002X22-17.88X3*X1-0.023X3X2-2.97X32 ’ '
Hypocotyl weight  y=104.66+77.67X1-0.35X2-20 58X3-260.78X12 + 08800 00313
(% of control) 0.38X2*X1+0.002X22-5.06X3*X1-0.02X3X2-5.48X32 ’ '

Hypocotyl length  y=33,61+996.61X1-0.09X2-9.00X3-1764.27X12 + 0.9671 0.0009
(% of control) 0.05X2*X1+0.001X22-0.88X3*X1-0.11X3X2-4.47X32 ; ’
Root weight y=100.29+482.45X1-1.93X2-8.63X3-553.58X12 + 08381 0.0727
(% of control) 0.60X2*X1+0.005X22-18.00X3*X1-0.58X3X2-7.34X32
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Fig. 2. Contour lines of response surface of germination rate for ozone concentration, treatment time

and treatment frequency during soaking of soybean. Number of contour lines indicate
germination rate(% of control).
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Fig. 3. Contour lines of response surface of root weight for ozone concentration, treatment time and
treatment frequency during soaking of soybean.
Number of contour lincs indicate root weight(% of conmol).
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Fig.'4. Contour lines of response surface of hypocotyl length for ozone concentration, treatment time
and treatment frequency during soaking of soybean.
Number of contour lines indicate hypocotyl length(% of control).
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Fig. 5. Contour lines of response surface of root weight for ozone concentration, treatment time and
treatment frequency during soaking of soybean.
Number of contour lines indicate root weight(% of control).
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Fig. 6. Synthetic contour lines of respons surface of

hypocotyl length(a), weight of hypocotyl(b),
weight of root(c) and germination rate(d) for
ozone concentration and treatment time.
The zone(ozone concentrations of 0.25 to 0.30 ppm,
ozone-treatment time of 43 to 49min) in the figure
represents  the optimum  conditions for above 16%
germination rate, above 9% hypocotyl yields compared
to the control samples and below 98% of the control
root weight.
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