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Change of Physicochemical Characteristics and Functional Components in
the Cereals of Saengsik, Uncooked Food by
Washing with Electrolyzed Water

Tie-Yan Jin, Deog-Hwan Oh!, Chong-Ouk Rhee, Dong-Ok Chung’, and Jong-Bang Eun*
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Abstract We investigated changes in the physicochemical characteristics and functional components of the Saengsik
cereal grains-milled rice, brown rice, glutinous tice, and barley- by washing with electrolyzed water. There were no
changes in the composition of all cereal grains that was dried with hot-air and freeze-dried after being washed with
electrolyzed water. The L and a values were not affected by drying in milled rice, brown rice, glutinous rice, or barley,
but the b value increased in milled rice and glutinous rice-this increase was greater with hot-air drying than with freeze-
drying. The dietary fiber content of the all cereals increased with hot-air drying. The niacin content decreased in all
cereals; the extent of this change was greater with hot-air drying than with freeze-drying. The B-glucan content of barley
was higher in samples that underwent freeze-drying than in those treated by hot-air drying, but was not affected by
washing with electrolyzed water. Thus, other than a change in color for milled and glutinous rice, no changes in the
physicochemical characteristics and functional components these products were observed with freeze-drying. Data indicate
that the electrolyzed water washing could be effectively used as pasteurization step in the uncooked cereal grains.
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Table 1. Proximate composition" of milled rice dried with hot-air and freeze-dried after washing with electrolyzed water (Unit: %)
Hot-air drying Freeze-drying
Control” Acidic electrolyzed ~ Alkalic electrolyzed ~ Acidic electrolyzed ~ Alkalic electrolyzed
water water water water
Moisture™ 7.90+0.35 7.90+0.32 8.03 1034 7.91+0.38 8.01+0.31
Protein™ 6.67+0.75 6.421+0.67 6.371+0.59 6.361+0.57 6.321+0.62
Carbohydrate™ 84.01+1.57 84254278 84.16+1.87 84.24+2.97 84.19+234
Fat" 0.92+0.12 0.93+0.08 0.941+0.80 0.96+0.06 0.94+0.13
Ash™ 0.51£0.07 0.521£0.08 0.51£0.08 0.53£0.05 0.55+0.04
"Mean=+SD (n=3).
2Milled rice without washing and freeze drying.
MValues in the same row are not significantly different (p <0.05).
Table 2. Proximate composition” of brown rice dried with hot-air and freeze-dried after washing with electrolyzed water (Unit: %)
Hot-air drying Freeze-drying
Control” Acidic electrolyzed  Alkalic electrolyzed  Acidic electrolyzed  Alkalic electrolyzed
water water water water
Moisture™ 7.99+0.51 7.971+0.60 8.06£0.22 7.98+0.33 8.014+0.39
Protein™® 7.40£0.40 7.59+0.57 7.54+0.65 7.41£0.67 7.70+0.90
Carbohydrate™ 80.16+3.16 80.04 +£2.53 79.96£2.33 80.26+2.52 79.91+1.29
Fat'* 2.38+0.28 2471021 2.51£0.10 2.331+0.21 2.37+0.22
Ash™ 2.07+0.17 1.92£0.20 1.94+0.19 2.03+0.29 2.01£0.18

"Mean + SD (n=3).
PMilled rice without washing and freeze drying.
NSValues in the same row are not significantly different (p <0.05).
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Table 3. Proximate composition” of glutinous rice dried with hot-air and freeze-dried after washing with electrolyzed water  (Unit: %)
Hot-air drying Freeze-drying
Control” Acidic electrolyzed ~ Alkalic electrolyzed ~ Acidic electrolyzed ~ Alkalic electrolyzed
water water water water
Moisture™ 8.06:+0.41 7.92+0.24 8.07+0.21 8.02£0.66 7.95£0.38
Protein™ 7.31£0.59 7.31£0.64 7.36£0.87 7.47+£0.69 7.40+0.72
Carbohydrate™ 82.53+4.248 2.77+3.85 82.54+4.37 82.5114.22 82.63+3.64
Fat' 0.46+0.07 0.48£0.09 047+0.07 0.51£0.08 0.5210.04
Ash™ 1.51+0.17 1.5210.11 1.54%0.14 1.49+0.12 1.50+0.10

UMean =+ SD (n=3).
PMilled rice without washing and freeze drying.
MValues in the same row are not significantly different (p < 0.05).
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Table 4. Proximate composition” of barley dried with hot-air and freeze-dried after washing with electrolyzed water (Unit: %)
Hot-air drying Freeze-drying
Control” Acidic electrolyzed ~ Alkalic electrolyzed  Acidic electrolyzed ~ Alkalic electrolyzed
water water water water
Moisture™ 7.99+0.38 7.91£0.35 8.031£0.43 8.02+0.25 8.11£0.13
Protein™ 10.16 £1.08 10.10£0.71 10.02+0.77 10.06+0.73 10.03£0.85
Carbohydrate" 79.50£3.68 79.57£2.39 79.45+2.13 79.4442.38 79.38+2.02
Fat™ 1.32+0.19 137+0.22 1.44£0.16 143+0.15 143+0.11
Ash™ 1.03+0.17 1.05+0.12 1.06+0.16 1.05£0.16 1.05£0.11

YMean+SD (n=3).
?Milled rice without washing and freeze drying.
NSValues in the same row are not significantly different (p < 0.05).
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Table 5. Color values” of milled rice, brown rice, glutinous rice and barley dried with hot-air and freeze-dried after washing with

electrolyzed water

Hot-air drying Freeze-drying
Control” Acidic electrolyzed Alkalic electrolyzed Acidic electrolyzed Alkalic electrolyzed
water water water water
L 84.07 £ 0.99" 8430127 83.68 £1.02 84.86x1.10 84.19+1.36
Milled rice a -0.82+0.03" -0.851+0.07 -0.82+£0.04 -0.79£0.05 -0.8110.04
b 1491+£0.21° 19.63+1.14° 19.75+1.06° 14.971£0.94° 1442+ 0.46°
L 64.90+1.78" 64.65+1.52 65321136 65.14+2.07 65.48+2.75
Brown rice a 5.03+0.15™ 4.93+0.29 490+0.43 502022 5.02+0.14
b 21.74 £0.38™ 22.191+0.62 21.87+1.76 2223+1.34 22.28+1.00
L 82.57+1.26M 81.88+2.23 81.98+1.55 81.94+1.14 82.501+0.98
Glutinous rice a -0.63 £0.03™ -0.85+0.07 -0.70 = 0.06 -0.70+£0.04 -0.66+0.03
b 14.74+0.63* 19.63+1.14° 18.43+1.02° 14.16 +0.20° 14.24+0.45°
L 69.29+2.63N 68.55+2.39 68.90+2.39 69.05+1.95 69.30+1.30
Barley a 4.51+0.30M 478+0.28 477£036 4.64+0.40 4.76+0.36
b 20.09 £ 1.00M 20.75+£0.78 20.55+0.86 19.88£0.77 20.67+0.87

YMean £ SD (n=3).
?Milled rice without washing and freeze drying.
NValues in the same row are not significantly different (p <0.05).

**Values in the same row not sharing a common superscript are significantly different at o= 0.05 Turkey’s multiple range test.
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Table 6. Contents" of total dietary fiber (TDF), insoluble dietary fiver (IDF) and soluble fiber (SDF) of milled rice, brown rice, glutinous

rice and barley dried with hot-air and freeze-dried after washing with electrolyzed water (Unit: %)
Hot-air drying Freeze-drying
Control” Acidic electrolyzed Alkalic electrolyzed Acidic electrolyzed Alkalic electrolyzed
water water water water
IDF 0.32£0.02¢ 0.42+0.02" 0.43 £0.03° 0.36£0.03% 0.35+0.03*
Milled rice SDF 3.17+£0.17° 4.0610.15° 4.11£0.15° 3.51£0.17* 3.63£0.28%
TDF 3.4910.19° 447+0.18° 4.54+0.11¢ 3.87+0.148° 3.98£0.30%
IDF 331+0.15° 421+0.23° 4.16+0.27* 3.51+£0.26® 3.49+0.43%
Brown rice SDF 3.20%+0.22° 417£0.13° 4.1410.12° 3.42+£029° 3.39+0.30°
TDF 6.51+£0.37° 8.39+£0.36° 830+0.39 6.93£0.52° 6.88+0.33°
IDF 0.33+£0.03° 0.53£0.02° 0.57£0.06° 0.36 £0.04° 0.34£0.03°
Glutinous rice SDF 3.10%0.16* 0.57£0.06° 421£0.29° 3411018 3.57+0.33°
TDF 3.43+0.19° 478 +0.30° 4.781£0.30° 3.77+£0.21° 3.91£0.36°
IDF 5.10%£0.15° 6.18+0.20° 6.25+0.18 5.10+£0.17° 5.06 £0.26°
Barley SDF 5251040 . 6.80+0.22° 6.86 1027 5.13£0.13* 5.09£0.20°
TDF 10.34 £0.55° 12.97+£0.28° 13.11£0.39° 10.23£0.07* 10.15+£0.20°

"Mean+£SD (n=3).
PMilled rice without washing and freeze drying.

*4Values in the same row not sharing a common superscript are significantly different at o= 0.05 Turkey’s multiple range test.
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Table 7. Contents” of niacin and p-glucan in milled rice, brown rice, ghutinous rice and barley dried with hot-air and freeze-dried after

washing with electrolyzed water

Hot-air drying Freeze-drying
Control” Acidic electrolyzed Alkalic electrolyzed Acidic electrolyzed Alkalic electrolyzed
water water water water
o Niacin (mg/100g) ~ 0.96 +0.09* 0.78 £0.09° 0.82+0.13 0.95+0.12® 1.00£0.10°
Milled rice
B-glucan (%) - - - - -
, Niacin (mg/100g) 2.19+0.15° 1.73£0.19 1.64+0.18 2254036 2.16+£027°
Brown rice
B-glucan (%) - - - - R
. . Niacin (mg/100g) 0.83£0.10° 0.66 £0.07° 0.64 £0.09* 0.84+0.10 0.88 +0.07°
Glutinous rice
B-glucan (%) - - - - R
Barle Niacin (mg/100g) 1.59+0.08 0.82+0.13° 0.8410.19* 1.63+0.16° 1.71£0.10
4 p-glucan (%) 1.53+£0.15% 1.84+£0.11¢ 1.91+0.174 1.62 £0.05° 1.66 £0.10%*

YMean+SD (n=3).
PMilled rice without washing and freeze drying.

“Values in the same row not sharing a common superscript are significantly different at o.=0.05 Turkey’s multiple range test.
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