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Quality properties of samkwang and palbangmi treated with
atmospheric-pressure plasma by storage
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Abstract Atmospheric-pressure plasma (APP) was applied to determine quality characteristics of brown rice (BR) and
white rice (WR) of Samkwang and Palbangmi. APP (250 W, 15 kHz, ambient air) was generated and dielectric barrier
discharge was applied for 0, 10, and 20 min for 2 weeks at 4 and 25°C. The growth of total aerobic bacteria and mold
increased depending on the storage. Water content of BR and WR decreased by storage temperature and periods. No viable
counts were detected for molds by APP-treated 20 min at 4°C. Changes in protein and damaged starch contents in plasma
were not observed. Amylose contents were not changed, but WR (Palbangmi) showed a tendency to increase. The results
show that APP improved the microbial quality of BR and WR of Samkwang and Palbangmi, although further studies
should be conducted to determine change in quality by APP.

Keywords: rice, plasma, storage, quality

=

[

M

F2 7
SR 74
w3z 913}

B(Oryzae sativa LyS $BURIE S4HSZ AlA
A FAoZ o] &HI e EHE Jo] 2 gFzhgo|t)
219 BE3 o3 A3 & o theFs ARS|F
o wAg Ao Ha} hAslal, A AAFS TSI e A
o]tk(Shin &, 2016). ]9 we} Fu AT 7S W FEo
S & & e OgsE fste] AEAQ] =85S &
ola e “‘ﬁiﬂ‘ﬂwc AS o] et st TR SA
oy} A, WH 5 22 7]~in]%8 7N skaL ‘E}

A 78 T ARV AR AR T IHAES AxSP]
218t ARQAlN sl Aok 2y B A Folle s &

WE S 502 ?l sled EZo] A3}= L o] 'iﬂri‘r 7+
31*301 AashE o= ¢ EEW 22 (Kwak &, 2015), §-534
AeA 71271 5 A 24A e 5 ot Fdws)
7b g 4 9lEP(Yoon 5, 2007). WA 2S5 2
J2 AHAEAA AFE A2 FEE7] Y8 vig Fositha
EIEad 1= S A= ”Lj A A #AS AFE Ao

E'_JJ_

—

pi

*Corresponding author: Hyun-Joo Kim, Crop Post-harvest Technol-
ogy Division, Department of Central Area Crop Science, National
Institute of Crop Science, RDA, Suwon, Gyeonggi 16613, Korea
Tel: +82-31-695-0614

Fax: +82-31-695-4085

E-mail: tlrtod@korea.kr

Received January 3, 2018; revised January 29, 2018;

accepted January 30, 2018

165

Ag Al AREE A e Olﬂié F2 54 A5 Ui
£(Choi %5, 2005; Zhou 5, 2001)°] FAo|o, mAE A5
sl #A3k A7 mFe Aok

2 719 STkzvkE sAFEok A8y 913t

AF7F A vk FepEuke Z1A7F By 52 duRE
7HA =S o, ol AAE R WA o]Ee] Zh= oy
A7t MZE FYg o] R AHE omElH(Lee 5, 2017),
sPAYAEGE ol 3lshE wheAde] & EAF, AeX Bol
xgE]o] glo] EElsleky A st Al 7Fset 7lEelt)h o
gt Fefzut A2="S o] gete] dnm|, A2 53 22 I/ b
FEo YA FRE 98] HEe Ate oY 2 R
H v} JTKKim 5, 2016; Lee 5, 2016). 3FX|5t &rjg} wnje]
AR FRE flele Fefzuls A8 Ave AR A
ot}

ufeba] 2 Ages dnjel Wule] AR FHE

(SRS
AT

O:

91 7]

ZARE U] doke] WS L 713 B LY 4
% B EFS olgste] trIS Sekxe} Hel F, AFew

2 7170w s gt 9 dul

HstE #Esoit

b

R

0

ANz =d E2t=0t X2

2 AFlA AREE e} winle Fgd wakga vt
2 e AR g v F308 AU Y Al =
Feh FRAETE) B AdEE 2 A
Shl GRAER (@) A 20163 %= #fuy,

Il:ll
ES

op

ol ofo

]

> |o

]

-

4 Mg

=
R a8 EANA



166 =2 F 388 %] A 50 WAl 2 & (2018)

g3t A& ARSI Bl= Ad7](Model SY88-TH, Ssangyong
Ltd.,, Incheon, Korea)S °©]83le 4AE Bt drje}t v F

FH) 91% E=AsI] 55 WMuE SR ARSI

7t Fekzek Age 7] ANdE AeEHoud fHAEwd
Zgznt A28S B8(Kim 5, 2015)8k] 0, 10, 208 A28}
Atk A7t 958 AlEE AT o2 Y7 408k 25°Cl

A7gsisl e
Atk FEkzut AP AR Az
]

, FEE 4°CY 73 36.2-38.2%, 25°CE 25.3-27.8%

2 nag pae

IS AREsIslen, 1 ¢ 4 B4 248 98 449 A8
2} 7](Hanil Co., Kangwon, Korea)s °©]83l 45% &

2 3=
= 1T
Qb 23 A7EE st

A 0 Aol Be Fehze Aele 4 9

ms} ule] MAE AL WSS Dojus] flske] Qub

o] &
n] A2t

=% FE5 A8tk S A8 3gol BddE A 9(0.85%
NaCl) 27 mL-& 3 7}38t] Bag mixer (Model 400, Interscience,
St. Nom, France)s AME-3l] 1202 &<+ £ 5 1071 349

o= HHF 4oL

total plate count agar (Difco Laboratories,

Detroit, MI, USA)2} YM agar (Difco Laboratories)S A}-&3}¢]

=it v

ZAl o
[l

EEGANPPEOE AR

2 35°ColA 48117k, FFolE 25°CAlA 5Y7F wgst & Al
3193 log colony forming unit (CFU)/go.2 3HiHsld )

13
I
i
m
=
2
ob
I

wd i 0
2

ATk T

105°C p7hanzem o &

=
AL, @ de KeldahH o2 g @i £47](Kjeltec

2400 AUT, Foss Tecator, Mulgrave, Australia)= 2
Fpom Fueigl

5955 o] d

i

.
= 248n

opUE 2 TR Juliano®] BIAA (19850 whet A= 100
mgdll 95% ethanolZ} 1N sodium hydroxideE 7}3}3Z, 100°Col|A]
331 T WA AT 38kl 1N acetic acid®t 2% L-KI &

Table 1. Total aerobic bacterial counts (log CFU/g) of Samkwang and Palbangmi by atmospheric pressure plasma by storage

temperature and periods

Temp Time Storage periods (week) SEM
Cultivars o . _
0 (min) 0 2 4 8 (n=12)
0 3.33* 3.46> 3.92% 4.11™ 0.019
4 10 3.18™ 3.31% 3.55% 3.75™ 0.037
20 3.01% 3.08" 3.30% 3.42% 0.040
Samkwang 0 3.33% 3.58% 4.10™ 4.26™ 0.015
25 10 3.18™ 3.39% 3.69% 3.87" 0.044
20 3.01% 3.20% 341 3.52°" 0.028
Brown SEM" 0.045 0.023 0.024 0.032
Rice 0 3.49* 3.53% 4.08» 4.20™ 0.026
4 10 3.28™ 3.33% 3.63% 3.74™ 0.022
20 2,99 3.04= 3.37% 3.58% 0.056
Palbangmi 0 3.49* 3.65% 421 4.34™ 0.022
25 10 3.28™ 3.47™ 3.83 3.95% 0.021
20 2.99¢ 3.16% 3.46% 3.64°" 0.048
SEM 0.047 0.028 0.035 0.029
0 3.29* 3.47% 3.63™ 3.79™ 0.019
4 10 2.93% 2.95% 2.98% 3.09% 0.020
20 2.65% 2,65 2.66" 2.78% 0.038
Samkwang 0 3.29* 3.58% 3.81% 4.12™ 0.026
25 10 293" 3.39% 3.51 3.73™ 0.022
20 2.65% 3.20% 3.20% 3.27% 0.024
White SEM 0.025 0.019 0.020 0.035
Rice 0 3.35% 3.54% 3.T71™ 3.99™ 0.025
4 10 3.02% 3.10% 3.00 3.04% 0.018
20 2.79% 2.83% 2.84% 2.88™ 0.022
Palbangmi 0 3.35% 3.65% 3.95" 4.35™ 0.028
25 10 3.02 3.47% 3.56™ 3.72" 0.024
20 2.79¢ 3.16% 3.31% 3.51% 0.025
SEM 0.029 0.021 0.020 0.023

UStandard error of the means (n=18).

*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 2. Mold counts (log CFU/g) of Samkwang and Palbangmi by atmospheric pressure plasma by storage temperature and periods

Temp Time Storage periods (week) SEM
Cultivars o . —
{9 (min) 0 2 4 8 (n=12)
0 2.16“ 231% 2.78™ 3.09%Y 0.026
4 10 1.82% 2.01% 2.30% 2.40% 0.068
20 0.00¢ 0.00¢ 1.36% 1.49% 0.092
Samkwang 0 2.16% 241% 2.95% 3200 0.029
25 10 1.82% 2.11% 2.35% 2.58 0.057
20 0.00* 1.42% 1.85% 2,114 0.073
Brown SEM" 0.054 0.045 0.071 0.073
Rice 0 2.40¢ 249 2.86™ 3.20% 0.023
4 10 2.16™ 221% 247 2.68% 0.063
20 0.00¢ 0.00¢ 1.68% 1.92% 0.077
Palbangmi 0 2.40" 2.57% 3.09* 320 0.024
25 10 2.16™ 2.38% 2,72 2.85 0.055
20 0.00¢ 1.46% 2.10% 240 0.072
SEM 0.057 0.061 0.073 0.025
0 1.82% 2.11% 2.39™ 2.57% 0.067
4 10 0.00% 0.00 1.20 1.75% 0.079
20 0.00° 0.00¢ 0.00¢ 0.00" 0.000
Samkwang 0 1.82% 231 3.04> 3.32% 0.057
25 10 0.00* 1.63% 221> 2.39 0.063
20 0.00* 0.00% 1.26% 1.92% 0.097
White SEM 0.050 0.055 0.105 0.048
Rice 0 2.16“ 2.20% 2.20% 247 0.050
4 10 1.49" 1.77% 1.77% 1.96% 0.109
20 0.00¢ 0.00¢ 0.00° 0.00° 0.000
Palbangmi 0 2.16% 237 3.42% 3.65" 0.053
25 10 1.49" 2.11% 2.525 2.57% 0.088
20 0.00¢ 0.00% 1.77% 1.98% 0.061
SEM 0.107 0.049 0.057 0.042

UStandard error of the means (n=18).

*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 Samkwang and Palbangmi by atmospheric pressure plasma by storage temperature and periods

Temp Time Storage periods (week) SEM
Cultivars o . -
9] (min) 0 2 4 8 (n=12)
0 11.73* 12.93* 13.01™ 10.61* 0.361
4 10 11.70 13.23% 13.33* 10.78* 0.093
20 11.60 13.64™ 11.57% 9.79" 0.052
Samkwang 0 11.73” 12.58 11.42% 9.90 0.158
25 10 11.70* 12.06* 11.25% 9.94" 0.103
20 11.60* 12.65>" 11.30% 9.43« 0.086
Brown SEM" 0.060 0.301 0.061 0.158
Rice 0 9.51% 10.59™ 11712 8.66"" 0.078
4 10 11.09™ 10.10¢ 11.19™ 8.76™ 0.063
20 11.08™ 10.00¢ 10.97¢ 8.98* 0.045
Palbangmi 0 9.51» 10.16* 9.74* 8.69" 0.075
25 10 11.09* 10.50" 9.97% 8.55% 0.107
20 11.08™ 10.82* 9.71% 8.43% 0.080
SEM 0.074 0.102 0.043 0.078
0 11.68” 12.51% 13.22% 13.72% 0.072
4 10 11.63” 12.58¥ 13.08™ 12.92% 0.047
20 11.57 12.38°% 12.80% 12.41% 0.039
Samkwang 0 11.68* 12.44° 13.86™ 12.58* 0.052
25 10 11.63* 12.40% 12,77 12.61* 0.053
20 11.57 12.29% 12.36% 12.41% 0.073
White SEM 0.048 0.040 0.076 0.060
Rice 0 10.23* 10.31* 10.82% 11.35% 0.106
4 10 10.25" 10.23* 11.05% 10.53% 0.078
20 10.56* 9.89" 10.78> 10.35¢% 0.077
Palbangmi 0 10.23» 9.81™ 10.35%% 10.71% 0.154
25 10 10.25" 9.83 10.22% 10.56™ 0.081
20 10.56™ 9.65% 10.51¢ 11.14* 0.042
SEM 0.103 0.072 0.107 0.098
UStandard error of the means (n=18).
*dValues 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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Temp Time Storage periods (week) SEM
Cultivars o . -
{9 (min) 0 2 4 8 (n=12)
0 6.27% 6.52% 6.48% 6.61™ 0.100
4 10 6.36™ 6.56™% 6.65" 6.59™ 0.102
20 6.56% 6.39% 6.68"* 6.68™ 0.024
Samkwang 0 6.27" 6.71% 7.30™ 6.84% 0.139
25 10 6.36™ 6.61* 6.74" 6.80™ 0.041
20 6.56" 6.63" 6.86™ 6.81™ 0.026
Brown SEM"Y 0.098 0.043 0.123 0.042
Rice 0 7.45° 7.64° 7.45° 7.48° 0.106
4 10 7.57% 7.528x 7.39% 7.40% 0.035
20 7.54% 7.30°% 7.41% 7.49% 0.079
Palbangmi 0 7.45> 7.17% 7.65" 7.45" 0.047
25 10 7.57% 7.390 7.71% 7.84™ 0.082
20 7.54* 7415 7.76™ 7.32" 0.031
SEM 0.017 0.075 0.074 0.087
0 5.55% 5.50* 5.55% 5.79™ 0.111
4 10 5.68% 5.56" 5,728y 5.91™ 0.043
20 6.05™ 5.67 5.73% 6.11% 0.101
Samkwang 0 5.55% 5.69% 569 5.84"™ 0.117
25 10 5.68™ 5.61% 5.80"¥ 5.94¢b 0.122
20 6.05™ 5.49° 5.67" 5.78" 0.078
White SEM 0.090 0.122 0.099 0.082
Rice 0 7.08* 6.69% 6.97% 7.03% 0.064
4 10 737 6.80° 6.62% 7.11™ 0.133
20 7.03* 6.75™ 6.82% 7.09™ 0.039
Palbangmi 0 7.08" 6.85* 7.23* 7.27* 0.039
25 10 737" 6.82 7.10™ 7.23% 0.132
20 7.03* 6.85* 6.93¢ 6.96 0.031
SEM 0.149 0.057 0.044 0.039
UStandard error of the means (n=18).
*“*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. Damaged starch contents (%) of Samkwang and Palbangmi by atmospheric pressure plasma by storage temperature and
periods

Temp Time Storage periods (week) SEM
Cultivars o : _
O (min) 0 2 4 8 n=12)
0 10.67* 6.90% 6.84% 6.62% 0.154
4 10 11.43* 6.89% 6.89" 527 0.052
20 10.64* 7.30% 6.97% 6.48" 0.263
Samkwang 0 10.67* 7.89% 6.12% 6.09% 0.165
25 10 11.43* 10.67% 5.97% 6.09% 0.077
20 10.64* 9.09” 5.61% 5.84% 0.267
Brown SEM" 0.35 0.062 0.055 0.267
Rice 0 9.10™ 5.75% 6.18% 4.62% 0.040
4 10 8.58™ 5.75% 6.72™ 4.53% 0.060
20 8.40™ 5.89" 5.75% 5.19" 0.133
Palbangmi 0 9.10™ 5.17% 5.68% 5,120 0.047
25 10 8.58™ 5.33% 6.57™ 5.05" 0.044
20 8.40™ 5.00% 6.21% 4.85% 0.136
SEM 0.16 0.041 0.053 0.043
0 8.13 8.39™ 8.30% 7.48% 0.099
4 10 7.51% 7.25% 7.20% 8.57™ 0.112
20 7117 7.70% 8.42" 9.57™ 0.411
Samkwang 0 8.13 6.78% 8.85™ 8.30% 0.113
25 10 7.51* 7.12% 8.46"" 7.17% 0.073
20 711 7.71% 9.72® 7.67% 0.453
White SEM 0.473 0.077 0.192 0.101
Rice 0 6.13" 7.21% 7.86™ 7.89™ 0.188
4 10 6.12% 7.38% 8.13™ 767 0.175
20 5.72> 7.74™ 8.84™ 6.65% 0.315
Palbangmi 0 6.12% 6.48% 6.93% 5.71% 0.112
25 10 6.12% 7.08% 7.05% 6.86™ 0.112
20 5.72% 7.98% 7.73% 7.14% 0.100
SEM 0.062 0.118 0.088 0.325

DStandard error of the means (n=18).
*4Values 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).

Yoon DH, Kim OW, Kim H. The quality of milled rice with refer- Zhou Z, Robards K, Helliwell S, Blanchard C. Ageing of stored rice:
ence to whiteness and packing conditions during storage. Korean Changes in chemical and physical attributes. J. Cereal Sci. 33: 1-
J. Food Preserv. 14: 18-23 (2007) 15 (2001)



