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Effect of Low—temperature Plasma Current Intensity on the Edible Quality of Brown Rice
MENG Ning"?,LIU Ming', LIU Yan-xiang',ZAN Xue-mei'*,ZHANG Pei—yin*, TAN Bin'",ZHAI Xiao—tong'
(1. Academy of National Food and Strategic Reserves Administration, Beijing 100037, China;2. College of
Tourism and Cooking, Harbin University of Commerce , Harbin 150076, Heilongjiang, China;3. College of Food
and Biological Engineering, Jimei University, Xiamen 361021, Fujian, China)

Abstract: For the problem of the long cooking time and rough taste of brown rice, the glow discharge plasma
technology was used to treat brown rice. Also the texture analyzer, scanning electron microscope, Fourier near—
infrared spectrum, and X -ray diffractometer were used to analyze the influence of characteristics, sensory
quality, texture characteristics, microstructure and crystal structure caused by different current intensities of
rice cooking. The research results showed that low —temperature plasma technology could improve the cooking
performance and eating quality of brown rice to a certain extent, and significantly increase the water absorption
rate, heating water absorption rate, volume expansion rate and solids loss rate of brown rice (P<0.05) by 3%,
30%, 50%, and 0.5% respectively(P<0.05). Besides the cooking time of brown rice was shortened to 24.8 min
(P<0.05). Compared to the brown rice in control group: the hardness, chewiness and adhesiveness of low—
temperature plasma treated brown rice were significantly reduced to 1 566.60 g, 451 and 709.11(2.0 A), while
the sensory score, elasticity, adhesion and recovery were significantly increased. When the current intensity was
1.5 A, the texture characteristics of brown rice and sensory quality was the best (P<0.05). It was observed by

scanning electron microscope that there were pits and cracks on the surface of low—temperature plasma treated
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brown rice, which further explained the increase of water absorption. X-ray diffractometer analysis showed that
the crystallinity of glow discharge plasma treated brown rice had decreased, which reached the minimum value of
31.19% at 1.5 A. However its crystal type of had not changed, which was still typical A type. Fourier near
infrared instrument analysis found that the peak content of hydrophilic groups in brown rice increased and the
hydrophilic properties increased. Taken together, brown rice had the best edible quality when the current
intensity was 1.5 A. The research results showed that low —temperature plasma technology had potential
applications in improving the edible quality of brown rice.
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Table 1 The sensory evaluation index definition and scoring

standard of brown rice
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Fig.1 Effect of low temperature plasma current intensity on

soaking water absorption of brown rice
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Fig.2 Effects of low—temperature plasma current intensity on the

cooking times of brown rice
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Fig.3 Effects of low—temperature plasma current intensity on the

heating water absorption of brown rice
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Fig.4 Effects of low—temperature plasma current intensity on the

volume expansion rate of brown rice

WE 4 fs, ROKRGARRSE 257 b B HARFR
FE K I (P<0.05 ), AH HL 35 T X6 HE 4R K AR FR
IR B N T 249 50% (LR 2.0 A); 788 10 72
ORI PR FR I I 55 5 ok A Bk 2 DI AH G, Bk

SRR TR AL B OK AR W AN, 78 Al R v by
R TR, SRR B AL AR R

AR U 5 125 7 A F I 5 B XA K T ) 4 2k 32 11
SN LA 5,

[ 2 R 1%

0 0.5 1.0 L.
AL IR /A
KA FHFIRAE P<0.05 K27 B3,
B 5 {RIBSEFAETREEITRKE R IR RN

Fig.5 Effects of low—temperature plasma current intensity on the

n
g
(==

boiled loss rate of brown rice

HE S ATED, YHREE R 1.5 A F1 2.0 A B, RS
K EDE Y 3 23 m T H B4 (P<0.05). 7
ARV ARG EIEY) & G, — e RN HZE
AR AR M B, IR i BT A 1 P22 PR I
Tk S5 B AR AL BT K 22 2 O P A A B A
2.3 BETHN T

AV 75 25 1 A L A B R R A SRR R 74 52 i)
L3R 2,

e 2 Frow, AR A5 B AR A BEXPRE K RS DT

®2 RESETERREENERRE RRNZM

Table 2 Effects of low—temperature plasma current intensity on sensory quality of brown rice

SMIZEHY i
WA Uk ‘ : : — ik WY
B kRSN itk T
0 14.25+1.26" 6.50+0.96" 5.75+1.50" 6.50+1.91° 6.75+2.63" 6.00+0.82* 17.75£2.36" 2.50+0.58"
0.5 16.00£2.16° 6.50+1.41° 6.75+1.89" 7.00+1.83" 7.25+2.06° 6.25+1.26" 17.50£1.73" 2.75+0.58"
1.0 16.25+2.22° 6.55+1.29° 6.25+0.96" 7.50+0.58" 7.75+0.50° 6.25+0.96 19.25+2.87* 3.50+0.50"
1.5 16.50+3.16° 7.25+1.26" 6.25+0.50" 7.50+2.38" 7.75+1.71* 6.75+1.26" 19.00+3.46° 3.50+0.58"
2.0 16.25+0.96" 7.50+1.00° 4.75+0.50" 7.55+1.26° 7.50+1.29 6.00+0.82* 18.00+1.41* 4.00+0.00°
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Table 3 Effects of low—temperature plasma current intensity on the texture characteristics of brown rice

HL AL SR /A /g /% JE mp=Re0a WEL I PRI
0 2063.11+599.69° 62.81+16.81" 912.07+ 307.23" 23.95+2.79° 684.08+358.24° 0.44+0.03*
0.5 1804.28+481.41" 63.60+13.52" 794.92+307.23" 24.18+1.18° 538.07£196.22" 0.44+0.03"
1.0 1729.05+284.83" 66.97+15.72" 734.33+186.01° 23.15+2.84" 487.16+240.15° 0.40+0.04
1.5 1594.96+478.55° 72.63+12.69 715.30£234.06° 23.96x1.83" 478.68+242.10¢ 0.45+0.02
2.0 1566.60+213.24° 59.50+8.98¢ 709.11£253.66° 22.98+3.45° 451.34+227.81" 0.43+0.04*

1 RIS RI P FORHE P<0.05 KR B2

LB H A BE (A3 RE K DR A R B | MELPRGYE R 26
PRI/, 25 H TSR N 2.0 A IFBH B ELVE: A
BiMERARZE 1 566.60 g.451.34 11 709.11(P<0.05).
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Fig.6 Effects of low—temperature plasma current intensity on the microstructure of brown rice
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Fig.7 Fourier transform infrared images of brown rice flour

treated by low temperature plasma technology

KAE 1450 em™ F1 1350 em™ B VT A9 W Y004 X6F Y CH,
A CH 125 i AR 30105 AH e Ase T RE A AR i, Ab 28 J5 +
AR TE 1650 em™ AbiFIEAT FIT3EE LGRS Y IR AT 0 )i
TR OH Y PR 2h 2, I R WIRE K 2855 85 1



2021 44 H
42 55 7

RaftASAR

2010

TRAN BRI /K S AT TR I, SR /K PR REAR B4 &
2.7 X-SHERATHA T

VIR 45 B~ R A B B K 1) XS A7 5 1l i
TS HOLE 8 fk 4.

15201/ 2328
\nJ

20A
15A
1.0A
05A
0A

0 10 20 30 40 50 60
T (20)1°
8 (RIBEEHEFUHLEEREKE X-H&IT5EIE
Fig.8 X-ray diffraction pattern of brown rice treated with low

temperature plasma
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Table 4 X-ray diffraction parameters of brown rice after low

temperature plasma treatment
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