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Abstract

This study aimed to examine the cultivation characteristics of soybean sprouts
enhanced with inorganic contents using magma seawater in order to improve the
quality and functionality of soybean sprouts as one of the Korean traditional food.

This investigation used soybean (Glycine max L.) with a 100-seed weight of 8.93,
a long axis of 6.19mm, a short axis of 4.46mm, and a thickness of 5.33mm as the
material for growing soybean sprouts. The pH of magma seawater and
electrodialized magma seawater used for -cultivation ranged between 7.51-7.57
comparable to a drinking water pH of 7.13. Meanwhile, EC was 67.5-253 times
higher. The most abundant inorganic substance of magma seawater was Cl at
18,950mg/100g, followed by Na at 9,616mg/100g, SO, at 2,4755, K at 3935 and Ca
at 384.3. In contrast, the contents of Na and Cl were lower in electrodialized magma
seawater.

Water absorption rate increased rapidly for 8 hours after soaking in soybean
sprouts cultivated with magma seawater. Water absorption rate was highest at
156.2% 1in 25% electrodialized seawater, and decreased as the concentration of
cultivation water increased. Germination rate was greater than 99% in drinking
water, 12.5%, 25% and 50% electrodialized magma seawater, and 12.5% magma
seawater. However, germination rate was poor iIn magma seawater at a
concentration greater than 50%. The outcome is thought to be attributable to
magma seawater level caused by osmotic pressure and others.

The length of soybean sprouts cultivated for 5 days was longest at 16.7cm in
drinking water, followed by 14.6cm in 25% electrodialized magma seawater. The
weight of soybean sprouts was heaviest at 0.52g in drinking water, followed by
0.50g in 25% electrodialized magma seawater. The length of embryonic axis of
soybean sprouts was longest at 77.8mm in drinking water, followed by 69.5mm 25%

electrodialized magma seawater. Fine roots were most abundant in sprouts



cultivated in drinking water and electrodialized magma seawater. Likewise, the
growth of soybean sprouts was poor with short length and heavy weight as the
concentration of cultivation water increased.

The yield rate of soybean sprouts cultivated in 25% electrodialized magma
seawater was 562.0% which was lower than that of sprouts cultivated in drinking
water at 599.7%. Yield rate was lower as the concentration of cultivation water
was higher. Moreover, the rate of cotyledon formaiton was high, indicating low
quality.

In regards to the inorganic substances of soybean sprouts cultivated in magma
seawater, there was no difference in the contents of P and K according to
cultivation water levels. On the other hand, the contents of Mg, Na and B were
higher as the concentration of cultivation water increased. The content of Ca was
low in soybean sprouts as cultivation water level increased. The inorganic contents
of cotyledon showed a decreasing tendency compare to those of embryonic axis as
cultivation water level increased. The overall inorganic contents of soybean sprouts

increased as the concentration of magma seawater increased.
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Fig. 2. Schematic diagram of soybean sprout.
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Table 1. Conditions of the analysis of minerals in the magma seawater and

soybean by wusing an inductively coupled plasma-optical emission

spectrometer(ICP-OES).

Parameters Conditions

Optima 7300 DV
Instrument

(PerkinElmer, Germany)

Plasma gas flow 15.0L-min

Cattier gas flow 0.2L-min '

Nebulizer gas flow 0.65L min "
9. EAAE

g g zALAIe] BAREAS SPSS(statistical package for social science, Ver
18.0) B4 23 E& o] g5l ANOVA(one-way analysis of variance)= p<0.059]
A oS AEstanh 2 A 94 Ao+ Duncan® s A (Ducan’s

multiple range test, DMRT)S A A 811t}
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Table 2. The characteristics of soybean sprouts.

Weight per
Diameter Length Thickness
100 Seeds
(mm) (mm) (mm)
(g)
8.93£0.18 6.19+0.33 4.46£0.30 5.33+0.21




2. Aujere] A4
Tz Al AR Aol pH B F7ol2 e 4T 4= Table 33
2o pHel 4§ &alel pH7F 75124 A7|Zegt &9all pH 7579 HS2Ekd
om Fx&E pH 7.13% Htt 0.38~0444 %= 7 Kang et al. (2000)2 F74 F+*
ol A Auja=2] pHe Tvhee] Al s Aol7k YehliA otk Haisk o] pH
o]

7F Aol mAl= dEge gle Aow ddEn

Hir
32
N

ECE &9 57F 405mS-em ‘2 714 Eol A7) Rad &) 10.81mS-em Bt}
37} =okal, k= 016ET 253 Eotom FU|E e 4siaolA e Cl 7t
18949mg - L& 7}4 wotom theo® Na SO, Mg, K #olglth. @7 2s3 &
Gl Cl7F 3929mg - L= 7b %ekon] th&o® Mg, SO, Na, Ca 9]
A, FxE HE v = FUE S JErdth Bae et al. (2012)0] HaLg
g9kl 49) B2 dF A% Clo| 23803mg - L2 b4 metom, Na, SO, Mg,
K 9] Rateh fAbetgitt



Table 3. Inorganic element contents, pH and EC of used water.

Chemical characteristics

Cultivation water

MSW* ED TW
pH 751 757 7.13
EC 405 10.81 0.16
Mg 1,117 1,043 6.46
Ca 384.3 210.7 757
Na 9,616 873.4 214
Tnorganic K 3935 16.35 3.12
element Mo 0.08 0.02 0.02
(mg - L Fe 0.02 0014 001
B 4.69 4.82 0.06
cl 189497 3,929.0 3.39
SO 24755 866.3 6.2

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.



32

16

Soaking time (h)
10

po= WA oK ® T o
I R T T =
(- o B = w T B
WoT T oM u A T
N o o o ol S T \\
A AT o o M T g g
S G = ™ o c 5
oI X 1. o M/m T & uﬂ
R of I o -
T o Mo ﬂm = 24 W )
MM gy Mo RS
wOH g N M g B oW ow T
Njo L~ R (- <
A o X = N ™ do ™ o
o S W oy Lo oo &
N = o Yo ¥ = W F R
= = w5 T D z &
op ™ MM 5 o) A o T & 0 g2 o
® 5 L ok o W oo W b
B T Mu )0 (- o~ = Jﬂ <H
_ R s A 3
ST oA S iE D
LS > 5 i
= M o M B G G z o
pd P o BT g
LR oy T R e 1
L . t 1
W oy Lm0 o T A .
LR R R s
o T B N HoAs g 2
uuTrd G & mm = wﬂ * *
_ - ~
o TR B AP ox o w o
y B B0l e T T A
cE T L ER e O
3 B~ — = =% o o ™ 2 2 8§ 8 8 8 ¢ g
mu ﬂw % No ™ ® B W w 7 Ld_M S
\] 0 R . 0 o,
F - s R O ot (%) pojdosqe e M

Fig. 3. Effect of soaking time on the water absorption of soybean seeds.
2 MSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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Table 4. Germination of soybean sprouts grown in magma seawater.

(%)
Germination time
Soaking condition
12h 24h 36h
12.5% 33 b” 96.7 a 99.3 a
: 25% 0.0 ¢ 733 d 84.7 ¢
MSW*

50% 0.0 ¢ 00 e 6.7 d

100% 0.0 c 00 e 00 e

12.5% 16.7 a R.7 a 100.0 a

25% 160 a 973 a 100.0 a

ED

50% 2.0 be 92.7 b 100.0 a

100% 0.0 c 88.7 ¢ 933 b

T™W 16.7 a R.7 a 100.0 a

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
The different letters are significantly different at the p<0.05 level of significance as determined by

Duncan’s multiple range test.
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Fig. 4. Soybean sprouts germinated after 32 hours.

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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—~—MSW12.5% -®-MSW25%  —+ED25%
15 | ~—ED50% ——ED100% --TW /

Whole length (g)

48 72 96 120
Cultivation time (h)

Fig. 5. Effect of magma seawater treatment on the elongation of whole length of

soybean sprouts by each days.

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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Table 5. Equations to predict soybean sprouts whole length grown by magma

seawater.

Cultivation water Regression equations R®

12.5% Y=0.25X"+1.073X+0.68 0.9943
MSW”

25% Y=0.0625X"+1.6745X-0.245 0.9940
25% Y=0.7822X°+0.0681X +1.6453 0.9911
ED 50% Y=-0.02X*+2.434X-0.735 0.9952
100% Y=0.1563X"+1.5472X -0.5062 0.9967
T™W Y=0.335X"+3.019X-0.815 0.9982

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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—-MSW12.5% —\-)MNSW25% ——ED25%
——ED50% ==ED100% —--TW
0.5 2
. /
E /
00
= 0.3
0.2 -
0-1 T T T T 1

24 48 72 96 120
Cultivation time (h)

Fig. 6. Effect of magma seawater treatment on the weight of soybean sprouts by

each cultivation period.

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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Table 6. Equations to predict soybean sprouts weight grown by magma seawater.

)

Independent variable” Regression equations R°
12.5% Y=0.0007X"+0.0322X +0.1662 0.9985
MSW

25% Y=0.0008X°+0.0252X +0.1742 0.9916

25% Y=0.0121X*-0.0008X +0.1986 1.0000

ED 50% Y=0.0021X*+0.0291X+0.1592 0.9931
100% Y=0.004X*+0.0161X+0.1708 0.9972

T™W Y=0.0098X°+0.0192X+0.1787 0.9976

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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Table 7. Growth characteristics of soybean sprouts cultivated with different

cultivation water.

Hypocotyl
” Hypocotyl length Root hair

Cultivation water thickness

(mm) (ea)
(mm)
12.5% 26.4 d 2.2 abc 21D
MSW

25% 226 d 2.2 be 1.2 be
25% 69.5 b 2.2 ab 41 a
ED 50% 321 ¢ 2.3 ab 1.2 be
100% 3b.7 ¢ 21 ¢ 05 ¢
T™W 778 a 23 a 43 a

¥ bdays cultivation.
MSW; magma seawater, ED; magma seawater by electrodialysis, TW, top water.
YThe different letters are significantly different at the p<0.05 level of significance as determined by

Duncan’s multiple range test
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MSW 12.5% MSW 25%

ED 50% ~ ED 100%

Fig. 7. Shapes of soybean sprouts cultivated by magma seawater treatment (5days).

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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Fig. 8. Yield of soybean sprouts cultivated by magma seawater treatment.

MSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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Fig. 9. The weight ration of soybean sprout grown in magma seawater.

MSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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Table 8. Comparison of inorganic contents on soybean sprouts cultivated by magma seawater.

Cultivation water

Inorganic element (mg~100g71, dry basis)

P Mg Ca Na K Mo Fe B
19,55 Cotyledon 867.7 399.0 2719 354.0 2,137.0 0.043 5.60 3.67
MSW? 0 Hypocotyl 935.3 528.0 159.9 1,238.0  3,492.7 0.167 7.40 6.87
- Cotyledon 864.3 435.3 248.4 366.0 2,169.7 0.037 5.57 4.03
’ Hypocotyl 945.3 746.0 154.4 15987  3,647.3 0.160 7.27 8.40
o0 Cotyledon 876.0 514.7 307.1 1104 1,907.3 0.040 6.07 3.97
’ Hypocotyl 973.3 768.0 147.9 2705 3,374.7 0.187 6.73 7.00
ED 00 Cotyledon 875.7 500.0 281.3 302.0 2,117.0 0.047 6.13 5.03
’ Hypocotyl 888.0 881.3 154.0 908.0 3,395.3 0.160 10.27 9.40
1002 Cotyledon 858.7 576.7 288.0 203.2 2,006.3 0.050 7.63 6.50
’ Hypocotyl 864.0 1,256.7 159.9 595.5 3,574.0 0.093 6.53 14.6
W Cotyledon 842.3 373.7 322.9 24.4 1,949.3 0.027 6.20 2.47
Hypocotyl 932.7 245.3 175.0 42.1 3,628.7 0.193 7.27 3.40

% The soybean sprout was cultivated for five days.

IMSW; magma seawater, ED; magma seawater by electrodialysis, TW; top water.
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