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Abstract

Cold plasma (CP) was applied to examine microbial safety and physicochemical properties of rough rice. CP was
generated in a square-shaped plastic container (250 W, 15 kHz, ambient air) and dielectric barrier discharge plasma
treatment was applied for periods of 0, 10, and 20 min during 2 weeks at 4 and 25TC. As a result of observing
changes in growth of microorganisms, 3.46-3.86 log CFU/g of total aerobic bacteria and 2.27-2.86 log CFU/g of
mold were detected in the early stage of storage. The growth of total aerobic bacteria and mold was increased
depending on the storage temperature and period, but there was no big difference between cultivars. Microbial
analysis after storage showed that microorganisms of plasma-treated group were less grown approximately 1.50
log CFU/g. Moisture content of rough rice was decreased by storage temperature and periods. As for the amylose
content, changes in the content by plasma were not observed in Samkwang, Cheongpum and Misomi, whereas
Palbangmi showed a tendency to increase. The results of this study indicated that CP treatment improved the microbial
quality of rough rice, but further studies should be conducted to reduce the deterioration of sensory quality induced

by CP.
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Table 1. Total aerobic bacterial counts (log CFU/g) of rough rice
treated with cold plasma by storage temperature and periods

. Ti Storage period (week)

Culivars T(?CHI)) (Tmuﬂs 0 2 4 8 SEWP
0 376%% 389% 419" 49 0015
4 10 361™ 33" 37T 410™ o021
20 345% 349" 3567 381" 0006
Samkwang 0 376" 403 43" 534 0001
2510 361" 3757 3897 440™ Q042
20 345% 3597 3707 396 0026

SEM” 0012 0018 0031 0033
0 377 388 421 49 0015
4 10 366" 367 376Y  410™ 0016
0 357 35 363 377 0033
Cheongpum 0 377" 4MY  43™ 535 0016
2510 366" 3767 3897 444™ 0016
0 3507 366" 3% 393 017

SEM 0019 0013 0015 0029
0 378" 3877 44™ 4™ 0018
4 10 36 363" 376Y 408%™ 0017
20 346% 347 3577 37 005
Misomi 0 378% 403 439" 539 0018
510 362 3767 391 440V 0023
0 346% 361 3667 3907 0026

SEM 0022 0021 0020 0023
0 386" 3977 428 505" 0015
410 36 366" 3871 412" 0026
20 346% 348" 3587 379% 009
Palbangmi 0 386" 407" 441™ 549 0010
2510 365 3767 395 444™ 004
20 346% 3597 370% 396" 0031

SEM 0031 0015 0028 0018

UStandard error of the means (n=18).
DStandard etror of the means (n=12).

9Values with different letters within the same column differ significantly (p<0.05).
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Table 2. Mold counts (log CFU/g) of rough rice treated with cold
plasma by storage temperature and periods

Temp. Time Storage period (week)

(C) (i) ¢ 2 4 g8 SeM®
0 27 3Y 3™ 3™ 0026
4 10 251™ 259 277™ 288™ 0019
0 2277 241" 253" 258 0045
Samkwang 0 27 317 3™ 37 0021
510 251" 2767 291% 298 0017
0 2277 2547 268" 24T 0051

SEM” 0051 0016 0030 0025
0 281" 3167 358 370™ 0021
4 10 254 260 283" 296™ 0019
0 2357 2437 261" 268" 0026
Cheongpum 0 281" 325%  341™ 4™ 0017
510 2™ 21T 29T 3067 004
0 2357 2527 266% 275" 008

SEM 0024 0020 0022 0024
0 280" 320" 353%™ 366™ 0026
4 10 253 26 283" 290" 009
0 2357 243 256" 2597 0042
Misomi 0 280" 327 342" 400™ 0019
%510 233" 277 293 298 0025
02357 2527 264 27 0026

SEM 0031 002 0021 0038
0 286 3:Y 375 39 004
410 264" 2657 285 289 Q07
0 2497 258Y 2607 267F 003
Palbangmi 0 28" 327 350" 412 002
510 264" 283 296 312 0016
0 2497 262 27 289™ 0034

SEM 0018 0029 0031 009

DStandard emror of the means (n=18).
Standard emror of the means (n=12).
JValues with diffetent letters within the same column differ significantly (p<0.05).
P Values with different letiers within the same row differ significantly (p<0.05).

Cultivars
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Table 3. Moisture contents of rough rice treated with cold plasma
by storage temperature and periods

Temp. Time Storage period (week)
() (min) 2 4 8§  SEMP
0 1016%% 10707 1157 1L19™ 0274
4 10 1036% 1066 1063 10857 0107
20 1029%  1060° 1093%  1107Y  0.145
Samkwang 0 1016™ 1056 1116™ 10477 0071
510 1036 1047° 10517 1035 0061
20 1029% 1060 1091% 10407  0.050
SEM” 0043 0260 0041 0.600
0 1077 10437 116" 1028 0.149
410 10917 1025™ 112" 1015 0068
20 1087 1008 1083 9817 (0042
Cheongpum 0 1077 1040™ 1L18™ 987" 0039
2510 1091™ 1025 1069 983" 0041
20 1087 10187 1078™  941% 0051
SEM 0020 0134 0058 0035
0 1L 10347 10817 10367 0252
410 1073 990" 109" 995" 0065
20 1087 882" 1088 9457 0019
Misomi 0 ILIF 990" 11307 9487 0249
%510 1073"  831%  1043® 9377 0045
20 1087 8997 109" 912® 0037
SEM 0285 048 0031  0.069
0 1183 1203™ 1132% 104" 0177
410 1™ 0™ 10737 1037 0038
20 12057 1208% 1066 1051% 0087
0 1183 1187 966Y  943% 0238
2510 11907 11867 989 988"  0.065
20 1205 118  851% 977" 0080
SEM 0089 002 0043 0155
UStandard error of the means (n=18).
OStandard etror of the means (0=12).

%Values with different letters within the same column differ significantly (p<0.05).

M Values with different letiers within the same row differ significantly (p<0.05).
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Table 4. Lipid contents of rough rice treated with cold plasma
by storage temperature and periods

) CTi Storage period (week)
Cultvass T(ergl)) (Tmul?s 0 2 4 8  SEM?
0 2109 2100 211* 211" 0085
4 10 211" 214 211 21 0081
0 197 19" 194 190" 0065
Samkwang 0 2100 206" 212" 212 004l
%510 21 21t 212 212 0018
0 19 1a1™  191™ 195 0026
SEM” 0033 0080 0059 0054
0 18" 1%* 19" 195 003
4 10 158" 1590 163 L6¥ 0036
0 1t 1™ 1t 1wt 0
Cheongpum 0 18" 18" 190" 194" 004l
510 158" 159 158 166 0050
0 171" 1™ 1t 166 0047
SEM 0057 0097 0040 0.036
0 220" 226 222 22T 00M
4 10 213 213 21 217 0069
0 1837 1837 181" 1897 0.0
Misomi 0 221" 223 200 221 0076
%510 213 213 21t 217 043
0 1837 183 18" 1%¥ 006
SEM 0032 0043 0050 0070
0 181 18 18 18 0093
4 10 18 185 185 187 0021
0 183 183 182 182 0047
Palbangmi 0 181 18 18 18 0088
5 10 185 185 184 187 002
0 183 185 181 183 0040
SEM 009 0048 0018 0.043

DStandard emror of the means (n=18).
Standard emror of the means (n=12).
Jyalues with different letters within the same column differ significantly (p<0.05).
M Values with different letters within the same tow differ significantly (p<0.05).
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o] fadhs = = Table 6. Amylose contents of rough rice treated with cold plasma
AT} 422 B Zo)znp 9 AR e Hals A3 by storage temperature and periods
o2 el A= etit(Table 5). Eohz=rt A 2]gh Bl Culie e Time Storage period (week)
Az W ol F WSS 393 AK(Table A T
6) Ao Ao goF o7 Afo|= gl ot Tilule] 0 1625 1612 1651 1653 0313
Bz Fekank Aol elal] opd R ol Tk 410 1640 1622 1648 1632 0210
B Beld) Zefzmlel o8] ¥ B el IR A 01638 1625 1648 1627 0154
1 ] 3 5 3 oA IE AR o
SoobdRs g5 dgel A3 dyE dAed ddom g, 0 1625 1609 1653 162 023
°lg 7] fE FEHATVL dastha dddn %510 1640 1614 1661 1622 0.196
0 1638 1617 1656 1661  0.19%
Table 5. Protein contents of rough rice treated with cold plasma SeM? 0326 0198 0132 0.186
by storage temperature and periods 0 585 1570 158 1577 0218
- Sto iod (week
Culfivars 1o Time Tage petiod (veek) i 400 IS 1557 IST IS 0133
(C) (min) 2 4 8 SEM’

0 1543 1567 1575 1596 0204
Cheongpum 0 158" 1567 1575 1572 0.186
310 BT 1559 15577 13837 0.139
0 1543 15597 15917 1606  0.187
SEM 0281 0113 0140 0.I%7
0 155% 1572 1591 1593 0342
4 0 159 1575 1609 1600° 0234
0D 1554 1562 15837 1609”0150
Misomi 0 1559 15987 16257 16537 0343
3510 1596 1598 1625 16598  0.128
01554 1588 1627 1674™  0.103
SEM 0377 0208 0153 0.3
0 1986 1923 1965 2010b 0452
410 2068 2188 240" 2193 033
0 202" 20800 2096 22048 0489
Palbangmi 0 198" 19500 2018 2018 0287
2510 2164 2188 2185 2185 0273
0 2027 2198% 2183 209" 0346

0 6267 626™ 579" 5957 0020
410 629" 629" 595" 605" 002
20 608”7 6087 591" 6147 0031
Samkwang 0 62% 6107 593 63" 0014
510 629 614”58 637™ 0020
0 608”7 6047 571% 636™ 0033
SEM” 0030 0027 0024 0016
0 681 681 628 6517 001
4 10 6567 6367 635 631 0025
20 667 667 64" 6537 004
Cheongpum 0 681" 638" 628" 687 0019
510 656™ 639 649" 690™ 0017
20 667 6587  618% 674™ 006
SEM 0023 0018 0028 0018
0 5947 5947 584" 609 0018
4 10 606" 626™ 581 587" 00l
20 599 597 58 5%0Y 0020

Misomi 0 594 623 5617 613 0026
. o o N SEM 0284 0470 0373 0331
510 606" 617" 583 633" 0018 .
- o . b Standard error of the means (n=18).
0 597 5% s%Y 6l 0028 “Standard error of the means (n=12).
SEM 002 0018 0027 0015 Pyalues with different letters within the same column differ significanly (p<0.05).

. - . " Values with different letters within the same row differ significantly (p<0.05).
0 7187 719 7228 7047 0017

4 10 713 7 717 730Y 0026

20 7087 7087 698  709Y 0010

Palbangmi 0 718" 719" 700" 7ATY 00
%5 100 7Y 723 6T 72™ 0037

0 708% 13T 717 113 0040

A Al v ERle] arito] SlahA] oL gheko]
AR e Aem dulA glo] g ARk AR
A Ak Aol 4 fAVE et dRA Irii).
g A2 ARG Tl Tgol ddate] Aol EafH o
frelA bl sk, felA ke vl f-o] opd 20}

D L. Agelo] Fib ARG A& AAN7I A Ak
Standard error of the means (n=18). 5401 01%7]‘ 1 11_ 71@4 7}?)’1 33:1_5—],1:1 o pl=

2 L= o] = He = L‘Cr/]'(16)- j_fﬂ
Standard error of the means (n=12). ~ L
®Values with different letters within the same column differ significandy (p<0.05). 3w AT F ARSEHTA HEoRl o]

" Values with different letiers within the same row differ significantly (p<0.05). Fasle] Axo] n|AAdte] e Zrkel dh kA A

o-1- o
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