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The purpose of this study was to develop a supplemental healthy food that can help prevent high blood pressurerelated
diseases caused due to the excessive consumption of sodium in salt. This was achieved by using ion-displacement
techniques to produce mineral salt with lower sodium content by using fermented brown rice by-products rich
in minerals. Mineral salt containing 2019.2 mg/100 g of potassium, 678.5 mg/100 g of magnesium, 48.7 mg/100
g of calcium, and 19.5 mg/100 g of sodium was obtained by fermenting brown rice by-products to create a culture
medium for the mineral salt. Mineral salt containing 1769.7 mg/100 g of potassium, 573.6 mg/100 g of magnesium,
35.3 mg/100 g of calcium, and 19.5 mg/100 g of sodium was obtained by filtering and refining the by-product
extract of fermented brown rice. The results showed that when the stream velocity of the instrument used for electrolysis
was 200 mL/min and the current and the concentration of the reactive liquid in the purified water chamber were
higher, the effect of electrolysis was greater. Ion hot water extraction of the fermented brown rice by-products
improved by up to 95% and was collected as purified water within 90 min of the reaction time. Chloride ions
with pH 7.4 were produced by mixing sodium hydroxide in a purified saline water chamber with electro-analyzed
water. The salt produced in this study contained low sodium, 5.7~30%, as compared to 40% sodium content of

the normal salt.
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Table 1. Conditions of electrodialysis
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Flux (mL/min)

Changing conditions Electric current Operating time
Saline water Purified water Fermented extract A) (min)

Flux 100 100 100 1 15

100 200 100 1 15

100 100 100 1 15

Electric current 100 100 100 2 15
100 100 100 3 15

100 100 100 3 10

100 100 100 3 20

100 100 100 3 30

100 100 100 3 40

Operating time 100 100 100 3 50
100 100 100 3 60

100 100 100 3 70

100 100 100 3 80

100 100 100 3 90
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Table 2. Comparison of K, Mg, Ca, and Na content in brown
rice by-product according to the fermentation method

(mg/100 g)
By-products of Liquid Solid-state Fermented
brown rice fermentation” fermentation extract
K 165458438  1341.04:1345"  2082.73:1.19"  2019.23+4.00°
Mg  93427:1666"  71602¢7.15°  717.00:131°  678.51£8.16°
Ca  6590t148'  60.13t109°  5877:0.15°  48.69:1.60"
Na  25.13:040° 17528057 2537031  23.51:060°

"Liquid fermentation after the hot water extraction of by-product brown rice.
Hot water extraction after solid-state fermentation of by-product brown rice.
Walues are MeantSD. Means with different alphabet letters in the same row are
significantly different at p<0.05 by Duncan’s multiple range test.
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Table 3. Comparison of element content before fermentation and
that of the fermented extract of brown rice by-products

(mg/100 g)

Element By-products of brown rice Fermented extract”
Cu 21 4.7
Zn 8.6 125
Mn 29.6 373
Fe 52 8.4
Total 45.5 63.9

"Hot water extraction after solid-state fermentation of by-products of brown rice.
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Table 4. Filtration recoveries of the fermented extract of brown rice by-products

Fermented extract” Primary filtrate

Primary filtration recovery

Secondary filtrate Secondary filtration recovery

Blement (mg/100 g) (mg/100 ®) (mg/i00 ¢) )
K 2019.2 1,769.7 88 16,989.1 96
Mg 559.9 573.6 74 5,621.3 98
Ca 46.1 353 52 324.8 92
Na 252 19.5 83 173.6 89
Cu 473 33 70 31.6 96
7n 12.5 83 66 73.9 89
Mn 373 27.10 73 2629 97
Fe 8.4 54 64 51.3 95

"Hot water extraction after solid-state fermentation of by-product brown rice.
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Fig. 1. Electrodialysis effect by the flow rate.
Electric current, 1 A; Operating time, 15 min.
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Fig. 2. Electrodialysis effect by the application of current.
Flux, 100 mLjmin; Operating time, 15 min.
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Fig. 3. Changes in the ion concentration of the purified water
during electrodialysis.
Flux, 100 mLjmin; Electric current, 3 A.
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during electrodialysis.

Flux, 100 mL/min; Electric current, 3A.
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water (A) and the fermentation extract (B) during electrodialysis.

Table 5. Mineral concentration of the final purified water and
mixture
(%)

Element Purified water Mixture”
K 298 257
Mg 99 84
Ca 0.6 05
Na 0.3 57
Cu 0.1 0.0
Zn 0.1 0.1
Mn 0.5 0.4
Fe 0.1 0.1
Total 413 41.0

"Composing solution of purified water and saline water after electrodialysis.
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Table 6. Mineral ion concentration according to the mixing ratio of refined salt in mixture

Refined salt mixture ratio”

Element

02 04 0.6 0.8 1 12 14 1.6 1.8 2 22 24 2.6

K 257 214 184 16.1 143 129 1.7 10.7 99 92 8.6 8.0 76 71
Mg 84 70 6.0 53 4.7 42 38 35 32 30 28 26 25 23
Ca 05 04 04 03 03 03 02 02 02 02 02 02 02 0.1
Na 57 113 153 183 20.6 25 240 25.3 264 213 28.1 288 294 30.0
Cu 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zn 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mn 0. 03 03 02 02 02 02 02 02 0.1 0.1 0.1 0.1 0.1
Fe 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 410 40.7 40.5 404 403 40.2 40.1 40.0 40.0 399 399 399 39.8 39.8

"Mixture is composing solution of purified water and saline water.
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