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Abstract Brown rice of Korea and China was irradiated at doses ranging from 0 to 15 kGy to verify the identification
properties of viscosity measurement by determining the relationship between starch content and specific parameters. The starch
contents of brown rice were 71.52 and 64.58% for rice of Korea and China, respectively. Additionally, a higher starch content
was associated with a higher viscosity. The viscosity and the corresponding specific parameters decreased significantly as the
irradiation dose increased, and these changes were influenced by the spindle speed (50, 150, 300 rpm), with a higher effect
being observed at lower speeds. The determination coefficients (R?) describing the relationship between irradiation dose and
viscosity values ranged from 0.9423 to 0.9567 in Korean samples and from 0.9119 to 0.9387 in Chinese samples. The
viscosity and the corresponding specific parameters enabled identification of the non-irradiated and irradiated brown rice from
30 unknown samples with an accuracy of 90%. Based on these findings, the viscosity and specific parameters can be applied

as an additional tool for screening of irradiated brown rice.
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Specific parameter (a.u.)=Viscosity of 10% sample suspension
(cP)/Starch amount in 1g of samplexViscosity of 5% starch
suspension (cP)
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Table 1. Viscosity of irradiated brown rice prepared with 10%
concentration at various doses and rpm (Unit: mPa-sec)

Origin
Doses (kGy) RPM -

Korean Chinese

0 50 1063.45" 847.99
150 470.72 373.52

300 289.77 245.45

0.5 50 906.08 771.14
150 381.53 366.16

300 232.80 235.30

1 50 846.05 711.53
150 389.92 270.66

300 250.56 186.67

2 50 848.35 593.35
150 388.76 288.29

300 256.51 188.46

2.5 50 613.30 541.09
150 318.58 250.94

300 210.00 187.74

4 50 543.35 435.43
150 242.94 235.90

300 171.29 167.45

5 50 493.12 438.14
150 239.36 224.75

300 164.51 164.22

7.5 50 195.13 172.13
150 116.56 123.33

300 92.65 87.91

10 50 180.24 123.71
150 90.78 80.55

300 66.61 53.98

15 50 112.28 101.16
150 7227 79.34

300 51.16 53.69

YMean of triplicate determinations.
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Table 2. Specific parameters of irradiated brown rice prepared

Table 3. Regression expressions and coefficients of irradiated

with 10% concentration at various doses and rpm (Unit: a.u.) brown rice based on viscosity and specific parameter
Origin Origin
Doses (kGy) RPM Parameter RPM
Korean Chinese Korean Chinese
0 50 223.53" 191.32 50  y=989.54¢ 60! y=803.26¢ 1%
150 108.29 92.23 R?=0.9482 R™=0.9387
300 66.88 60.80
> r=-0.9225, p=0.0001 r=-0.9291, p=0.0001
0.5 50 190.47 173.98 — T - N
150 $7.77 9041 150 y=436.19 y=347.87¢
300 53.73 58.29 Viscosity R2=0.9423 R2=0.9156
1 50 177.85 160.53 r:—0.9297, p:0.000I r:—0.9261,p:0.0001
150 89.70 66.83 300 y=279.89¢ !> y=238.19¢ 70113
2 >0 17833 133.87 r=-0.9434, p=0.00004 r=—-0.9413, p=0.00005
150 89.43 71.18 — -0.1601x _ 2 a-0.1581x
300 5920 46,68 50 y2208.01e y2181.23e
25 50 128.92 122.08 R=09482 R09387
150 73.29 61.96 r=-0.9225, p=0.0001 r=-0.9291, p=0.0001
300 4847 46.50 150 y=100.35¢™""6 y=85.893¢ 17
4 50 11422 98.24 Specific R*=0.9423 R>=0.9156
parameter
150 55.89 58.25 r=-0.9297, p=0.0001  r=—0.9261, p=0.0001
. 41.4
300 3953 8 300 y=64.595¢ 122 y=59¢ 01135
5 50 103.66 98.85 - -
150 55.06 55.49 R’=0.9567 R’=0.9119
300 37.97 40.68 r=-0.9434, p=0.00004 r=-0.9413, p=0.00005
7.5 50 41.02 38.83
150 26.82 30.45 £ specific parameterS 73k AR 2 ZAMAF] w2 A
300 21.38 21.78 o] Hske st =t St dvle] b Al
10 50 37.89 2791 2 specific parameter®] A3 Table 29} 72t} =4t dnle] 73
150 20.88 19.89 - V] ZAFES] specific parameters A ZHET =4 ke
300 15.37 13.37 ™, rpm2] S7to] WE specific parameter 742 ZAPA ol we)
st A 249 F2b Ave] speci
s o 23.60 8 @ 3] ME]-‘.‘ , 50 pmollA] A€ = "2 specific parameter
150 16.63 19.59 = ZAFRE 22353 au, BIZAFEE 190.47-23.60 au] HEI=EA
300 1181 13.30 150 2 300 pme] Azfs} vlmet w) zARPo} HlARE 7he] 2

YMean of triplicate determinations.
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Table 4. Viscosity and specific parameters of coded unknown brown rice prepared with 10% concentration at various rpm

CodedNo. RPM Viscosity Specific parameter CodedNo.  RPM Viscosity Specific parameter
(mPa-sec) (a.u) (mPa-sec) (au)
50 923.46" 194.10 50 221.17 46.49
1 150 427.25 98.29 16 150 114.78 26.41
300 268.01 61.85 300 83.03 19.16
50 857.63 180.28 50 677.04 142.32
2 150 406.71 93.56 17 150 368.82 84.85
300 255.13 58.88 300 24241 55.95
50 965.32 202.92 50 140.90 29.62
3 150 452.30 104.05 18 150 103.72 23.86
300 280.35 64.70 300 75.40 17.40
50 707.55 148.73 50 267.34 56.20
4 150 361.14 83.08 19 150 95.45 21.96
300 227.29 52.46 300 75.92 17.52
50 156.69 32.94 50 548.32 115.26
5 150 11531 26.53 20 150 261.36 60.12
300 78.03 18.01 300 165.54 38.20
50 279.36 58.72 50 254.56 53.51
6 150 96.92 22.30 21 150 102.60 23.60
300 77.58 17.90 300 67.79 15.64
50 148.34 31.18 50 548.51 115.30
7 150 99.77 22.95 22 150 233.32 53.68
300 79.14 17.40 300 148.88 34.36
50 283.96 59.69 50 340.74 71.63
8 150 113.73 26.16 23 150 107.09 24.64
300 88.88 17.52 300 88.44 20.41
50 548.62 11532 50 501.77 105.48
9 150 330.56 76.04 24 150 32632 75.07
300 21221 48.98 300 250.86 15.64
50 483.08 101.55 50 639.89 134.51
10 150 283.40 65.20 25 150 31243 71.87
300 179.04 41.32 300 209.29 48.30
50 598.14 125.73 50 806.73 169.58
11 150 307.55 70.75 26 150 298.42 68.65
300 211.56 48.83 300 185.15 42.73
50 886.93 186.44 50 761.42 160.06
12 150 333.39 76.70 27 150 328.77 75.63
300 21245 49.03 300 188.71 43.55
50 726.97 152.81 50 793.58 166.82
13 150 369.34 84.97 28 150 36247 83.39
300 206.87 47.74 300 246.37 56.86
50 898.19 188.81 50 605.40 127.26
14 150 423.00 9731 29 150 355.50 81.78
300 395.10 68.11 300 200.16 46.19
50 814.42 171.20 50 1338.85 281.43
15 150 395.20 90.91 30 150 604.98 139.18
300 236.68 54.62 300 364.73 84.17
YMean of triplicate determinations.
7} 0.9423(y=100.35¢ )3} 0.9156(y=85.893¢*¥™)0] R o1, At #rlel 5]74e] AGASTE 09423095672 rpmoll W 2}

300 rpmoll A1 0.9567(y=64.595¢ ")} 0.9119(y=59%""3 M= = ol7} ZA] gron Ak Arle] ARAS GA] 0.9119-0.9413
22HT 24 dn)y)l Bl 2o AL HoE=9o) wak =+ O F rpmel wWE pol7k AR YTt FA4F dvje} Sk Al
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Table 5. Estimated doses of the unknown brown rice by
regression expressions and equations between specific
parameter and irradiation dose

Coded Irradiation RPM Irradiation

No.  dose (kGy) 50 150 300  estimation
1 0 0.43"Y -0.15 0.35 no
2 0 0.89 -0.51 0.75 no
3 0 0.15 -0.27 -0.01 no
4 1 2.10 1.39 1.68 yes
5 10 11.51 9.77 10.28 yes
6 3 7.90 11.04 10.33 yes
7 10 11.85 10.83 10.17 yes
8 10 7.80 9.87 9.24 yes
9 3.68 2.04 223 yes
10 3 2.10 3.17 3.60 yes
11 10 3.14 2.57 225 yes
12 0.68 -1.97 222 no
13 3 1.93 1.22 243 yes
14 1 0.60 -0.23 -0.43 no
15 10 1.22 0.72 1.35 yes
16 3 9.36 9.80 9.78 yes
17 3 2.37 1.23 1.16 yes
18 1 12.17 10.55 10.56 yes
19 3 8.17 11.16 10.50 yes
20 1 3.69 3.76 423 yes
21 10 8.48 10.63 11.42 yes
22 3 3.69 4.59 5.08 yes
23 3 6.66 10.31 9.28 yes
24 10 4.24 2.13 0.88 yes
25 10 2.72 245 2.34 yes
26 1 1.28 2.79 333 yes
27 3 1.64 2.08 3.17 yes
28 10 1.38 1.36 1.03 yes
29 1 3.07 1.50 2.70 yes
30 1 -1.89 2.40 -2.13 no

YMean of triplicate determinations
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