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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 25°C. 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.

Key words : rough rice, cold plasma, storage, quality

MoOE

e Zo AgAgozn ool Hlsael A AAR
oz FHoz HFstw glon} Azt auEe] X%4<

A 2 H AR A 5 2 (minimum market access, MMA)

*Corresponding author. E-mail : tlrtod@korea.kr

Phone : 82-31-695-0614, Fax : 82-31-695-4085

Received 8 November 2017; Revised 23 November 2017;
Accepted 23 November 2017.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

- olell w2t = ﬂ?‘?ﬂ% 2 /\‘ﬂ &

e RS]S9, 58 5
=8| et ‘RAD}(Z) upebA At
Elb 2 gl 7]—“%01 FAE THH7] AelM=

Oﬂ?"" 311
iﬂ‘ri g % 9l

xﬂuﬂﬂﬂol e 1) B 0E
of) 21l A HASHA B %fﬂ%ﬂ% Az 9 A4
o] BAolek, AR 2 F el ol wleh FA

o7} AnE A% &, A%, /2 2 ié}ﬂ%ﬁ 7
g o] AEA o= e FE L 3l =

- 908 -



Changes of microbial and chemical properties of rough rice treated with cold plasma by storage temperatures and periods 909

2 e FaeA 713 A2 2 2736 ==t ol
A% T Az FAE AP _E, FudE 5
ol AA WslsiAl |Ark3). gk 2% 2 d5e] AA7|3t
T AE Aol FHAE Wl &S nA= A
2172 ek Kim 5@ & YL gl )
A e Ao % Bacillus cereuss B Z3F 0| E] A&
o] 7kssh tEA o7 AFFo] WAt B ustsich
2ER ERE AFAHES AFEARE, THA B
e H s Al o]getA F4d 54 (5)el wg AUt
W vk glo, He] Az i n|AE ASAst
o & A= mzlg Aol

HT F - A ERokl A AtreR Zefzelel uist &
Aol S7ksta 9tk Eehzrte ZAEY w2 duAE
7R A o] 23 AR FelEHA o]50] zte
ANAA 7} MZ HP S o] F= FEE S5HH, P YA
gk of g} slehA whgAdo] 2 &4 o, A Fol
F3E o] glo] EejsketA A 2|7t SAlel 7Fsd 7ot
6). < theFst Wb W] Fefzutg A48t FH
9 O 7ES] mAE At Hg e AlEE vE e
W(7-9), Ho] A7 N flste] Eekznt Al =8 A&
o &3t A= dFg Aot}

meba] 2 Aol = FulellA] ALk o] AAgebdAd
GHE 98 7| 27|RATFR A2 FeReE A ed H o
A 4 77t mE v E AYSHs 2 dub
Wl dEstaa skl

=

El

™

Alz Fd| ¥ RAEAYUA Zet=0l XMz|

B AFllA AR vE w2 S ksl
A 84 FFor g o sy A ¥ 9 vk
N FEI 71380 R ofd R ghFo] a1 Wil gl
AHESEAL Sl B FF2 ol &asith v 7H )
o] FFL A7E 79 Al S FRAET
(F, AE, nlan) B AAEE 2 Al S g
S FRAETEET) AP S A 20161 2ol A
o Bl g 2S AT

A& Zakznt AgE

A Szt Al 28-S 2-2(10)3l] 0, 10 Z 205 2231
th A7t dsE AlEE 27093 4T 2 25T AR
o, FEx= 4T 7% 36.2-382%, 25T 25.3-27.8%%
ok Fehzut A28k Al5o] Az mE v|AdE T4
= S8l 23 AREsilen, 1 9 F4 549 B4 S8l
ZY7}e] A8 5 5 E4)7]Hanil Co., Wonju, Korea)E ©]
S3ote] 452 B B ARE 839

ojdE &4

AG2E B 7|l mE Zekzek A g He nAE
A& WskE dotiEy] 9Jate] dvmAE 9 o] &
=33 h S A8 3 goll B 4 F90.85% NaCl) 27
mLS 3 7}5le] Bag mixer(Model 400, Interscience, St. Nom,
France) S A3l 1202 F<F 3 F 107 sAgo=
|43t 54 A2 total plate count agar(Difco Laboratories,
Detroit, MI, USA) 2 YM agar(Difco Laboratories) & A}-&-3

Sk v Ee] S Rl oz o
WS 714 WA ES 35ClA 48413, Fgo]= 25 CellA
5947 v eket - 30300709 HEE A wiAI N Alest
o log colony forming unit(CFU)/go-Z YERHTE

T HstE BAs5] fleted 8, A, eid e
AOAC I 1Del eJste] Z7g etk 82 105C F
M9z, AHL e 25 &2 soxhlet F&7]
(Soxtec System HT 1043 extraction unit, Foss Tecator,
Hoganas, Sweden)Z 215} 31, @22 kjeldah'H ol
Az 2 d A 4 7] (Kjeltec 2400 AUT, Foss Tecator,
Mulgrave, Australia)Z =% 3}t

il

AT

OlLEA A

obd 22 Tk Juliano®| WA FH(12)0l whet A=
100 mg®ll 95% ethanol?} 1 N sodium hydroxideE 7}3}1L,
100CelA T3kA1Z] F WZPAIZI T S8kl 1 N acetic
acid®t 2% LKI&S H7keto] ANk A7 & W3
H =AUV Spectrophotometer 1601, Shimadzu Co., Kyoto,
Japan)Z 620 nm2] 3ol A FFEE S35k glucose S
o] &3 FFEIA Hidste] Satsiitt

=
S

*
2

SAHEA

£ Ao A dojzl A= SPSS 12.0(Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA) program-<
Ao 7 Aol foldS 753 & Duncan’s
multiple range tests®l] ]38l A @] 2ol & 5% ol
AN A8k

i o nE
ojdE 24

Fehzul AEg B AFLE 9 77| mE drts
714 0u| B E B ATE Table 190 A|ASFATE A7 Z7]9
£ B F3d] BAIRC] 346-3.86 log CFU/go] HEH At
AgeE B 7|7t met o e duts | R A=

=



910 S A FA

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

Temp. Time Storage period (week)

(C) (mn) 2 4 8 SEM?

Cultivars

0 3767 389" 419  49™ 0015
4 10 361" 3% 377 410% 0021
20 345% 349" 356" 381° 0026

Samkwang 0 376" 403 433 534 0001
2510 361 3757 3897 440 0042
20 3457 3597 3707 396" 0026

SEM” 0012 0018 0031 0033

0 377 388 421 493™ 0015
410 366" 367 376 410% 0016
20 357 35 363 377 0033

Cheongpum 0 377"  404% 437" 535" 0016
2510 366% 3767 3897 44 0016
20 3527 366Y  37™ 0 393 0017

SEM 0019 0013 0015 0029

0 378% 387 424™ 4™ 0018
4 10 36" 3:3% 376Y 408" 0017
20 3467 347" 357 37 0025

Misomi 0 378%  403% 439" 539" 0018
25 10 362" 3767 391" 440" 0023
20 346" 361 366 390 0026

SEM 0022 0021 0020 0023

0 386% 397 428" 505 0015
410 365%™ 366% 387 4™ 0026
20 346 348 358Y 379" 0029

Palbangmi 0 386" 407 441% 549" 0010
25 10 365 3767 395%  44™ 0024
20 346" 359% 3707 396" 0031

SEM 0031 0015 0028 0018

UStandard error of the means (n=18).
Standard error of the means (n=12).
3 alues with different letters within the same column differ significantly (p<0.05).
*Values with different letters within the same row differ significantly (p<0.03).
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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)

Cultivars (C)  (min) 0 5 p 3 B
0 273 3™ 354 36™ 0026
4 10 251" 25% 277 288™ 0019
20 2277 241 253 258 0045
Samkwang 0 273 317 3™ 376 0021
2510 251 2767 291% 298" 0017
20 227" 254 268 274 0051
SEM” 0051 0016 0030 0025
0 281 316" 358™  370™ 0021
4 10 254 260% 283" 296™ 0019
20 2357 243" 261" 268" 0026
Cheongpum 0 281 325%  341™  404™ 0017
2510 254" 27Y 297 3067 0024
20 2357 2527 266 275" 0028
SEM 0024 0020 002 0024
0 280" 320" 35" 366" 0026
4 10 253 202 283" 290" 0029
20 235 243" 256" 259Y 0042
Misomi 0 280" 327  342™  40™ 0019
2510 253 27 293 298 0025
20 235 25% 264" 27™ 0026
SEM 0031 002 0021 0038
0 286" 322% 375" 393" 0024
4 10 264" 2657 285" 289Y 0027
20 2497 258%  26™ 267 0035
Palbangmi 0 286" 327 350" 412 0021
25 10 264 283 296" 312 0016
20 2497 262Y 277 289™ 0034
SEM 0018 0029 0031 0029

UStandard error of the means (n=18).

Standard error of the means (n=12).
Values with different letters within the same column differ significantly (p<0.05).
"Values with different letters within the same row differ significantly (p<0.05).
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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)

Cultivars (C)  (min) 0 2 . 3 S
0 1016™% 1070 1157 11.19™ 0274
4 10 1036% 1066 10.63" 1085 0.107
20 1029 1060° 1093 1L07Y 0145
Samkwang 0 1016™ 1056 1L16™ 10477 0071
2510 1036™ 1047 1051% 1035 0.061
20 1029% 1060 1091% 10407 0050
SEM” 0043 0269 0041  0.600
0 1077 1043" 1116™ 1028 0.149
4 10 109" 1025™ 11.22™ 1015 0068
20 1087 1008 1083™  981% 0042
Cheongpum 0 1077 1040™ 1L18™ 987" 0039
2510 1091 1025™ 1069 983 0041
20 1087 1018™ 1078™  941% 0051
SEM 0020 0134 0058 0035
0 ILIY 1034 1081Y 1036 0252
410 1073 990™  1095™ 995"  0.065
20 1087 882" 1088 9457 0019
Misomi 0 ILIP 990™ 1130™ 948" 0249
2510 1073 8317 1043™ 9377 0045
20 1087 8997 1092™  9.12% 0037
SEM 0285 0048 0031 0069
0 1183 1203 1132Y  1040% 0177
410 1190™  1202™ 1073 1037% 0038
20 12057 1208%  1066™ 1051 0087
Palbangmi 0 1183 1187 966" 943" 0238
2510 1190 11867 989  9.88™  0.065
20 1205 1183 8517 977 0080
SEM 0089 002 0043 0155

"Standard error of the means (n=18).
Standard error of the means (n=12).
F*Values with different letters within the same column differ significantly (p<0.05).
"*Values with different letters 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

Temp. Time Storage period (week)

Cultivars (C)  (min) 0 5 p 3 B
0 210° 2100 211" 211" 0085
4 10 211 214 211 211 0081
20 197 199° 194 190" 0065
Samkwang 0 2100 206" 212" 212" 004l
2510 211" 211t 212 212 0018
20 19 191" 191" 195™ 0026
SEM” 0033 0080 0059 0054
0 189" 190" 195 195 0036
4 10 158" 15 163 16 0036
20 171" w1 7 0120
Cheongpum 0 189" 189" 190" 194" 0041
2510 158 159" 158 1665 0050
20 171 1® 1 166 0047
SEM 0057 0097 0040 0036
0 221 226 222 227 00M4
4 10 2137 213 212 217 0069
20 183 183 181" 189" 0020
Misomi 0 221 223 220" 221 0076
2510 213 213 2110 217 0043
20 183" 183 182" 190" 0026
SEM 0032 0043 0050 0070
0 181 18 18 18 0093
4 10 18 185 185 187 0021
20 18 183 18 182 0047
Palbangmi 0 181 18 18 18 0088
2510 185 185 184 187 002
20 183 185 181 183 0040
SEM 0098 0048 0018 0043

UStandard error of the means (n=18).

Standard error of the means (n=12).
“Values with different letters within the same column differ significantly (p<0.03).
"Values with different letters within the same row differ significantly (p<0.05).
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Table 5. Protein contents of rough rice treated with cold plasma
by storage temperature and periods

Storage period (week)

. Temp. Time
t o .
Culivars () ing g 2 4 8 SEM’

0 6267 626" 579" 5957 0020
4 10 629" 629" 595 605" 0023
20 608" 6087 591" 6147 003
Samkwang 0 62" 610® 59" 632™ 0014
2510 629" 614™  58™ 637 0020
20 608" 6047 571% 636" 0033
SEM” 0030 0027 0024 0016
0 681" 681" 628" 6517 0021
4 10 6567 6567 635 631 0025
0 66T 66T 642" 653 004
Cheongpum 0 681" 638% 628" 687 0019
2510 656 639 649" 690" 0017
20 667 6587 618" 674™ 0026
SEM 0023 0018 0028 0018
0 594 504 584" 609% 0018
4 10 606" 626" 581" 587 0014
20 59™ 597 585" 590% 0020
Misomi 0 594 623" 561" 613" 0026
2510 606" 617" 583%™ 633 0018
20 59" 596 598 6157 0028
SEM 002 0018 0027 0015
0 7I8%  7a9Y  72Y T4t 0017
4 100 713" 73 717t 730 0026
20 7087 708" 698" 709% 0010
Palbangmi 0 718% 719" 700" 717 0020
2510 713 723 6907 721™ 0037
20 708" 735 717" 713" 0040
SEM 0018 0040 0026 0017

"Standard error of the means (n=18).
Standard error of the means (n=12).
¥*Values with different letters within the same column differ significantly (p<0.05).
*Values with different letters within the same row differ significantly (p<0.05).
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Table 6. Amylose contents of rough rice treated with cold plasma
by storage temperature and periods

Temp. Time Storage period (week)

Cultivars (C)  (min) 0 ) i 5 SENP

0 1625 1612 1651 1653 0313
4 10 1640 1622 1648 1632 0210
20 1638 1625 1648 1627 0154
Samkwang 0 1625 1609 1653 1622 0235
25 10 1640 1614 1661 1622 019
20 1638 1617 1656 1661  0.1%
SEM” 0326 0198 0132  0.86
0 1585Y 1570 158" 1572 0218
410 1507 1557 1577 1588™ 0133
20 1543 15677 1575 1596™ 0204
Cheongpum 0 1585 1567 1575 1572 0186
2510 1517" 1559 1557 1583 0.139
20 1543 15597 1591 1606  0.187
SEM 0281 0113 0140 0137
0 155 15712 1591° 1593 034
4 10 1596 1575 1609 1601 0234
20 1554 1562 15837 1609% 0150
Misomi 0 1559° 1598 1625™° 1653 0343
2510 1596 1598 1625™ 1659"  0.128
20 1554 1588 1627 1674™ 0103
SEM 0377 0208 0153 0130
0 198 1923 1965 20106 0452
4 10 2164 2188 2190" 2193° 0323
20 2122 2180° 2196" 22.04" 0489
Palbangmi 0 198" 1950° 2018 20.18" 0287
2510 2164 2188 2185 2185 0273
20 2122 2198™ 2183 2209" 0346
SEM 0284 0470 0373 0331

UStandard error of the means (n=18).

)

Standard error of the means (n=12).

““Values with different letters within the same column differ significantly (p<0.05).
“Values with different letters within the same row differ significantly (p<0.03).
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