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Fig. 1. The name and appearence of 30 varieties of colored rice cultivars used in this study.
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Table 1. B-Galactosidase activities and alkaline phosphatase activities of 70% EtOH extract of the colored rices using E. coli PQ 37 as an

indicator cell

B-Galactosidase Alkaline phosphatase
I factor
OD at 420 nm % OD at 420 nm %
Control 0.209£0.019 100.00 1.526 + 0.177 100.00 1.00
Chuchung 0.175 £ 0.009 83.48 1.406 + 0.065 92.15 091
DK 1 0.252+£0.015 120.50 2.015+£0.194 132.05 091
SC-45 0.168 £ 0.015 80.10 1.265 £ 0.084 82.88 0.97
SC-5 0.245 +0.035 117.08 1.927 £ 0218 126.33 0.93
B-89-11-2 0.18510.042 88.45 1.448 + 0.149 94.90 0.93
Muthumanikam 0.155 £ 0.020 73.93 1.302 £ 0.096 85.32 0.87
SMC 22/u 0210+ 0.054 100.25 1.542+0.162 101.04 0.99
IR 1544-38-2-2-1-2-2 0.192 £ 0.003 91.76 1.450 £ 0.049 95.03 0.97
Jumlalocal 0.142 + 0.020 68.00 0.943 £ 0.104 61.81 1.10
Jumlalocal-1 0.159+£0.024 76.03 0.959+0.144 62.84 121
Parnkhari 203 0.146 £ 0.035 69.88 1.104 £ 0.163 72.33 0.97
Usen 0.194 1+ 0.016 92.58 1518 +£0.132 99.49 0.93
DV 85 0.177 £ 0.033 84.51 1.311+£0.229 85.96 0.98
DZ 78 0.171 £ 0.030 81.46 1.300 £ 0.181 85.19 0.96
Elwee 0.178£0.019 85.11 1.272£0.016 83.39 1.02
IR 17491-5-4-3-3 0.184 £ 0.006 87.72 1.167 £ 0.023 76.49 1.15
Kele 0.175+ 0.031 33.37 1.428 £0.186 93.62 0.89
wx 124-341-23-10-1-B 0.176 + 0.033 84.10 1.421£0.125 93.11 0.90
HP 833-1-3-1-1-1 0.196 £ 0.016 93.36 1.569 £ 0.113 102.84 0.91
HP 883-1-1-1-B-1-1 0.185+ 0.052 88.45 1.623 £ 0.367 106.40 0.83
wx 124-163-45-7-1-1 0.175£0.018 83.44 1.349+0.149 88.41 0.94
wx 139-3-64-20-3-1 0.193+0.012 92.09 1.694 + 0.044 111.01 0.83
LK 1A-2-12-1-1 0.214 £ 0.005 102.02 1.741 £ 0.157 114.10 0.89
LK 1-3-6-12-1-1 0.189 £ 0.021 90.24 1.291 £ 0.169 84.65 1.07
LK 1D-2-12-1 0.178 £ 0.019 35.12 1.322+£0.102 86.66 0.98
LK 2-7-12-1-1 0.228 £ 0.022 108.85 1.566 % 0.080 102.63 1.06
LK 1B-4-12-1-1 0.197 £ 0.019 94.05 1.474 £ 0.104 96.61 0.97
LK 1B-2-1-1 0217+ 0.049 10341 1.564 + 0.094 102.53 1.01
RGS No.336 0.180£ 0.015 85.74 1.594 + 0.196 104.46 0.82
Gillim hukmi 0.214+£0.022 102.05 1.513+0.117 99.17 1.03
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Table 2. The effects of chemical direct mutagens using E. coli PQ 37 as an indicator cell
Dose B-Galactosidase Alkaline phosphatase )
(ug/tube) (units) (units) R-factor
Distilled water - 7.54£0.65 5754+ 573 0.13
Mitomycin C 0.30 21.53+2.86 16.50 % 2.06 1.33
2,4,7-Trinitro-9-fluorenone 0.90 12.24 £2.41 13.34 £ 2.64 0.92
4-Nitroquinoline-N-oxide 0.21 48241535 36.301 5.14 1.36

Table 3. Antimutagenicities of 70% EtOH extracts of the colored rices against mitomycin C using E. coli PQ 37 as an indicator cell

B-Galactosidase Alkaline phosphatase
R factor I factor
(units) (units) (%)

Negative control 6.91+0.50 51.19+£5.79 0.14

Positive control 1973£2.62 14.68 +1.83 100.00 1.36 1.00
Chuchung 1520+ 1.19 11.71 £ 0.71 72.61 1.30 0.95
DK 1 1771 £ 1.14 12.45+1.02 84.84 1.43 1.04
SC-45 1220+ 1.25 9921 1.01 67.57 1.23 0.90
SC-5 1778+ 1.88 13.02+142 88.69 137 1.00
B-89-11-2 1476 £ 1.86 1137+ 1.42 77.42 1.30 0.95
Muthumanikam 1148+ 1.58 945£1.08 64.41 121 0.89
SMC 22/u 16.56 + 1.71 11.95+1.28 8141 1.39 1.02
IR 1544-38-2-2-1-2-2 17.16 £ 0.11 12.84+0.17 87.50 1.34 0.98
Jumlalocal 10.02£2.18 855+ 141 58.27 1.16 0.85
Jumlalocal-1 13.19+ 184 10.54 + 1.45 71.80 125 0.92
Parnkhari 203 9.32+1.49 8.95+1.27 60.99 1.04 0.76
Usen 1481+ 168 1151+142 78.42 129 0.94
DV 85 1239 +2.43 1012+ 1.84 68.96 122 0.90
DZ 78 1334+ 3.05 11641142 79.32 1.14 0.83
Elwee 14.61 £ 2.00 1140+ 1.01 77.65 1.28 0.94
IR 17491-5-4-3-3 14.64 £ 025 9.68+0.21 65.96 1.51 1.11
Kele 1695+ 1.87 1270+ 1.21 86.54 1.33 0.98
wx 124-341-23-10-1-B 1634+ 2.16 1120+ 1.24 76.31 146 1.07
HP 833-1-3-1-1-1 1522+ 1.73 11.87+1.04 80.83 1.28 0.94
HP 883-1-1-1-B-1-1 15.68 £ 2.05 12.85+1.47 87.50 122 0.89
wx 124-163-45-7-1-1 16.80 + 2.37 12.14+0.84 82.68 1.38 1.01
wx 139-3-64-20-3-1 17.46 £ 1.63 1493+ 1.37 101.73 117 0.86
LK 1A-2-12-1-1 1990+ 1.98 1541+ 1.63 104.95 1.29 0.95
LK 1-3-6-12-1-1 7.93+1.07 8.80£0.78 59.96 0.90 0.66
LK 1D-2-12-1 1824+ 1.24 1322+ 1.05 90.07 1.38 1.01
LK 2-7-12-1-1 17.77+1.80 13.05£0.86 88.88 1.36 1.00
LK 1B-4-12-1-1 20.87 £2.97 13.80+ 1.09 94.01 1.51 1.11
LK 1B-2-1-1 16.68 + 1.67 13.24+1.08 90.21 1.26 0.92
RGS No.336 19.18+2.09 15.02+ 1.14 102.35 127 0.93
Gillim hukmi 15.78+ 1.89 10.87 £ 0.67 74.07 145 1.06
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Table 4. Antimutagenicities of 70% EtOH extracts of the colored rices against 2,4,7-trinitro-9-fluorenone using E. coli PQ 37 as an indicator

cell
B-Galactosidase Alkaline phosphatase
R factor I factor
(units) (units) (%)

Negative control 8.20% 0.66 62.32 + 7.566 0.14
Positive control 13.32+£2.63 14.45 + 2.856 100.00 0.92 1.00
Chuchung 6.98+1.26 11.73£1.39 81.17 0.59 0.65
DK 1 8.08+2.87 1233+ 2.76 85.32 0.64 0.70
SC-45 10.13+£1.20 19.95+ 2.81 138.07 0.51 0.55
SC-5 327+0.17 6.32+0.16 43.77 0.52 0.56
B-89-11-2 7.02+0.96 14.75 £ 1.80 102.06 0.48 0.52
Muthumanikam 6.39+098 10.65+ 1.01 73.71 0.60 0.65
SMC 22/u 926421 13.86+ 5.25 95.93 0.64 0.70
IR 1544-38-2-2-1-2-2 2.89+0.66 6.00x1.24 41.53 0.48 0.53
Jumlalocal 10.86 £ 0.31 16.52+0.87 114.31 0.66 0.72
Jumlalocal-1 5.87+1.47 10.79+ 1.39 74.68 0.54 0.58
Parnkhari 203 9.93+227 18.06 £ 4.15 125.00 0.55 0.60
Usen 6.56+1.78 10.98 £ 1.77 75.96 0.59 0.64
DV 85 5.05£0.78 814+ 1.15 56.36 0.62 0.68
DZ78 10.18 £ 2.61 18.14+ 447 125.56 0.56 0.61
Elwee 8.97 £3.07 15.81 £ 4.81 109.41 0.56 0.61
IR 17491-5-4-3-3 5.14£0.75 7.79+£1.01 53.93 0.66 0.72
Kele 8.98+ 1.84 15.40+£2.70 106.56 0.58 0.63
wx 124-341-23-10-1-B 939+ 1.56 17.56 £ 2.15 121.54 0.53 0.58
HP 833-1-3-1-1-1 13.33+1.92 2332+ 3.10 161.41 0.57 0.62
HP 883-1-1-1-B-1-1 10.82+1.22 1735+ 143 120.06 0.62 0.68
wx 124-163-45-7-1-1 1046+ 2.23 17.96 £ 2.04 124.28 0.58 0.63
wx 139-3-64-20-3-1 9.58+1.35 12.89 £ 2.31 89.19 0.75 0.81
LK 1A-2-12-1-1 11.72+2.06 18.92+ 249 130.95 0.62 0.67
LK 1-3-6-12-1-1 518+£0.72 10.03+ 1.36 69.43 0.52 0.56
LK 1D-2-12-1 9.081 1.06 15.14£2.37 104.75 0.60 0.66
LK 2-7-12-1-1 920+ 1.85 17.37£247 120.21 0.53 0.58
LK 1B-4-12-1-1 870+ 1.71 1535+ 2.64 106.26 0.57 0.62
LK 1B-2-1-1 7.52+1.76 11.65+3.77 80.63 0.66 0.72
RGS No.336 7.05+ 135 12.10+2.63 83.73 0.58 0.64
Gillim hukmi 10.78 + 0.58 16.09 + 0.68 111.36 0.67 0.73
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Table 5. Antimutagenicities of 70% EtOH extracts of the colored rices against 4-nitroquinoline-N-oxide using E. coli PQ 37 as an indicator

cell
B-Galactosidase Alkaline phosphatase
R factor 1 factor
(units) (units) (%)

Negative control 750£1.02 59.10x6.11 0.13

Positive control 48.02+5.33 37.26 528 100.00 1.34 1.00
Chuchung 45.02+5.40 32,66+ 2.70 87.64 1.38 1.03
DK 1 43.55+4.87 38.37£4.80 102.96 1.14 0.85
SC-45 35.34+2.85 2390+ 2.17 64.13 1.48 .11
SC-5 4568 £7.14 41.13+£8.99 110.39 1.13 0.84
B-89-11-2 31.83 £ 4.68 2974+ 416 79.82 1.07 0.80
Muthumanikam 3341+7.04 29.49 + 6.43 79.15 1.14 0.85
SMC 22/u 4590 £4.50 37461+ 4.19 100.52 1.23 0.92
IR 1544-38-2-2-1-2-2 32.52+2.37 21.14 £ 3.18 56.72 1.55 1.16
Jumlalocal 21.44+4.15 18.58 £3.28 49.87 1:15 0.86
Jumlalocal-1 25.55+6.07 21.36+4.83 57.33 1.19 0.89
Parnkhari 203 26.69 + 1.51 2844+ 1.47 76.31 0.94 0.70
Usen 31.23+£7.17 22.84+5.50 61.28 1.37 1.03
DV 85 23.53+3.70 15.80£0.94 42.39 1.49 1.11
DZ78 3306+ 1.84 2470+2.32 66.28 1.35 1.01
Elwee 39.07 £ 6.75 33.26 £ 5.53 89.27 1.17 0.88
IR 17491-5-4-3-3 28.55+0.36 18.15+£0.70 48.72 1.57 1.18
Kele 31.88+7.64 21.97 £ 4.69 58.96 1.45 1.08
wx 124-341-23-10-1-B 39.87+3.13 30.14+ 1.90 80.89 1.32 0.99
HP 833-1-3-1-1-1 39.07+4.78 24.03+291 64.49 1.63 1.22
HP 883-1-1-1-B-1-1 36.90+4.78 31.19+ 347 8371 1.18 0.88
wx 124-163-45-7-1-1 38.35+8.12 29.13+£5.55 78.17 1.31 0.98
wx 139-3-64-20-3-1 3529+ 1.77 31.80+1.80 85.33 1.11 0.83
LK 1A-2-12-1-1 48.05+5.50 32271280 86.59 1.49 1.11
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Screening of Mutagenicity and Antimutagenic Activity against Chemical Direct Mutagens of Ethanolic
Extracts from Colored Rice Bran

Seok Hyun Nam, Su Min Chang' and Mi Young Kang"* (Department of Natural Science, Ajou University, Suwon,
442-749; ‘Department of Food Science and Nutrition, Kyungpook National University, Taegu, 702-701)

Abstracts: The cytotoxic, mutagenic and antimutagenic activities against chemical direct mutagens such as
mitomycin C, 4-nitroquinoline-N-oxide, 2,4,7-trinitro-9-fluorenone of the 70% ethanol extracts of 29 colored rice
varieties and chuchung as a control were examined. The results obtained using authentic alkaline phosphatase activity
as a growth representative of the indicator cell E. coli PQ 37 demonstrated that the extracts of 13 kinds of colored
rice varieties including Jumlalocal and Jumlalocal-1 showed strong toxic effect on the cell growth. However the
extracts of DK 1, SC-5, LK 1A-2-12-1-1 and wx 139-3-64-20-3-1 seemed to have stimulatory effects on the cell
growth. The mutagenicity and antimutagenicity of the colored rice varieties were screened using SOS chromotest.
The mutagenic activity was detected from Jumalocal-1, IR 17491-5-4-3-3 and Jumlalocal. On the contrary, 7 samples
including LK 1-3-6-12-1-1, Parnkhari 203, Jumlalocal, wx 139-3-64-20-3-1, Muthumanikam, HP 883-1-1-1-B-1-1
and Jumlalocal-1 were shown to have antimutagenic acitivities against the chemical direct mutagens used in this
study.

Key words: colored rice, chemical direct mutagens, mutagenicity, antimutagenicity
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