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Abstract

Volatile flavor components (VFCs) in cooked black rices (Suwon-415 and Chindo) were studied. The major
reactions during cooking, which result in aroma volatiles, are the Maillard reaction between amino acids and
reducing sugars, and thermal degradation of lipid. Black rices washed with water were soaked in 1.5 folds
water and heated at 110°C in oil bath for 30min. VFCs in cooked black rices were extracted for three hours
by SDE and were analyzed by GC and GC/MS. A total of 91, 82 volatiles were identified in Suwon-415
and Chindo black rice, respectively. Suwon-415 was composed of 26 alcohols, 10 aldehydes, 5 acids, 11
esters, 15 ketones, 9 hydrocarbons, 3 furans, 3 nitrogen containing compounds and 9 sulfur containing
compounds. Chindo was composed of 28 alcohols, 9 aldehydes, 4 acids, 12 esters, 14 ketones, 5
hydrocarbons, 3 furans, 3 nitrogen containing compounds and 4 sulfur containing compounds.
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Fig. 1. Total ion chromatogram of volatile flavor
components in Suwon-415 by SDE-GC/MS.
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Fig. 2. Total ion chromatogram of volatile flavor
components in Chindo by SDE-GC/MS.
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Table 1. Volatile flavor components in cooked black rice
Peak No. Components RTY RP MP® Peak Area (%)_
: Suwon-415 Chindo
1 Ethylbutylether 3433 746 CH, 0 1.20 0.67
2 Acetone 3.600 758 CH.O 0.11 0.10
3 Ethyl formate - 3.692 765 CH0, 1.48 1.48
4 Butanal 4.292 810 CH,0 0.28 0.17
5 Ethyl acetate 4.467 815 CHO, 5.22 493
6 2-Butanone 4.658 820 CHO 0.17 0.11
7 2-Methyl-2-propanol 4.783 824 CH,0O 0.08 -
8 2-Methylbutanal 4.875 827 sHo 0.07 0.10
9 3-Methylbutanal 4.958 829 Hio 0.21 0.22
10 2-Propanol 5317 839 C,HO 0.55 0.28
11 Ethanol 5450 843 CH,0 2.84 238
12 Methy] heptane 5.758 887 CHy, 0.08 0.08
13 3-Ethyloctane 5.957 915 CoHy, 0.06 -
14 2-Pentanone 6.342 965 CH,0 1.36 1.05
15 2-Butanol 8.017 1023 CH,0 0.07 0.08
16 Toluene 8.233 1028 CH, 0.22 0.17
17 Propanol 8.500 1035 C.H,O 0.31 0.29
18 Ethylisopropylether 8.617 1038 CH,0, 0.11 0.08
19 Dimethyl disulfide 9.533 1061 CHS, 0.13 0.11
20 Hexanal 9.992 1072 CH,,0 1.46 1.23
21 2-Methyl-1-propanol 10.692 1090 H, ;0 0.32 1.04
22 3-Pentanol 11.475 1107 H,,0 0.56 0.53
23 3-Methylhexanal 11917 1115 CH,0 039 0.17
24 2-Pentanol 12.150 1119 CH,,0 0.33 L1
25 Methylethyl disulfide 12.900 1133 CH,S, 0.11 0.06
26 Butanol 13.367 1141 CH, 0 0.24 0.13
27 3-Heptanone 13.467 1143 CH,0 0.06 -
28 2-Heptanone 15.075 1173 H,,O0 0.18 0.15
29 Heptanal 15.192 1175 CH, 0 0.25 0.11
30 Limonene 15.767 1185 C,oHyg 0.04 -
31 Diethyl disulfide 16.642 1201 CH,S, 0.07 -
32 3-Methyl- 1-butanol 16.967 1206 CH, 0.57 1.15
33 2-Pentylfuran 17.983 1222 CH, 0 0.27 0.18
34 Pentanol 19.600 1247 CH,,0 041 0.20
35 Dimethylhexanone 20.200 1256 CH,0 0.14 -
36 3-hydroxy-2-butanone 21.133 1270 CH.O, 0.49 1.11
37 Octanal 21467 1276 CH,0 0.10 -
LS. n-Butyl benzene 22.883 1296 CH, 8.86 5.60
38 Methylpentyl disulfide 25.708 1340 CH,.S, 0.14 -
39 Hexanol 26.237 1363 CH,, 1.55 0.70
40 Dimethy! trisulfide 26.800 1356 CHS, 0.11 -
41 Nonanal 28.960 1390 CH,0 0.25 0.14
42 3-Octen-2-one 29.177 1392 CH, 0 0.07 0.07
43 Ethylpentyl disulfide 29.404 1395 CH,S 0.08 -
44 2-Octenal 30.385 1404 CH, 0 0.13 0.11
45 Acetic acid 31.958 1434 ,H,0, 731 6.54
46 Heptanol 32.942 1449 LH,.0 0.59 0.07
47 Benzaldehyde 37278 1518 CH,0 0.32 0.21
48 Octanol 39217 1551 CH, 0 0.32 0.08
49 Dimethylsulfoxide 39.883 1562 CH,S 0.17 0.11
50 o-Isophoron 40417 1571 CH, 0 0.15 -
51 1,2-Propanediol 41.242 1585 C,H,O, 0.06 -
52 Pentadecane 41350 1590 C,:H,, 0.15 0.15
53 1,2-Ethanediol 43.667 1624 C,HO, 6.15 -
54 Methy] acetate 43.800 1626 C,H,O, 0.48 -
55 Nonanol 45.383 1651 CH,,0 0.34 0.07
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Table 1. Continued

Peak No. Components RT" RP MF Peak Area (%)
Suwon-415 Chindo
56 Heptadecane 47.258 1681 C,Hy 0.13 0.10
57 Azulene 48.717 1705 C,oHy 0.11 0.22
58 Dimethyl tetrasulfide 48942 1709 CH,S, 0.08 -
59 B-Cadinene 50.142 1731 C;H,, 0.11 -
60 Decanol 51.275 1751 C,H,,0 0.25 -
61 Butyrophenone 52292 1770 CH. 0 0.15 -
62 Calamemene 54.258 1806 1sHa, 0.07 -
63 1-Acetyl-2-pyrrolidone 55.358 1826 CH,NO, 0.04 0.14
64 Hexanoic acid 55.923 1838 CH,,0, 0.01 -
65 Guaiacol 56.100 1842 CH0, 027 1.55
66 Benzeneethanol 58.967 1898 CH, O 6.57 0.06
67 Benzothiazole 60.592 1935 C,HNNS 0.08 -
68 Nerolidol 61.733 1961 C,H,0 0.28 -
69 2-Pentadecanone 63.750 2009 C,H,0 0.70 0.36
70 o-Pyrrolidone 64.383 2026 CH,NO 0.38 041
71 Farnesol 64.675 2034 C,;H,0 0.03 -
72 Ethyl tetradecanoate 64.873 2040 C,H.,0, 0.15 0.13
73 Octanoic acid 65.575 2060 CH,O, - 0.18 -
3,4,5,6tetrahydro 3,6,6trimethyl-

74 2(3H)benzofranone 66.732 2095 C,H,0, 1.25 0.50
75 2-Hexadecanone 67483 2115 C,H,,0 0.77 0.73
76 2-Pentadecanol 67.608 2119 C,H,,0 0.04 -
71 Pantadecanoate 68.350 2143 C,H,,0, 0.10 -
78 8-Cadinol 69.433 2178 C,;H,0 0.08 0.08
79 3-Acetylanisole 69.642 2185 C,H,0, 0.10 0.36
80 Methyl hexadecanoate 70.317 2208 CH,0, 0.17 0.13
81 2-Heptadecanone 70.708 2223 Cc.H,0 0.63 0.15
82 Ethyl hexadecanoate 71.400 2250 C,:H, 0, 245 1.68
83 Hexadecyl acetate 72.592 2297 C,:H;0, 0.10 0.07
84 Farnesyl acetone 74.508 2372 C,sH;,0 0.13 0.04
85 Hexadecanol 74.875 2387 C,Hy,0 0.04 -
86 2,3-Dihydrobenzofuran 75.025 2392 C.H;0 293 5.40
87 2-Nonadecanone 76.217 2439 C,H;;0 0.06 0.04
88 2,3-Benzopyrrole 76.333 2444 C,H,N 0.13 0.10
89 Dodecanoic acid 71617 2494 C,H,,0; 0.29 0.21
90 Methyl 9,12-octadecadienoate 78.592 2527 C,H,,0, 232 1.96
91 Methyl 11,14-eicosadienoate 78.967 2540 C,H,0, 0.14 0.15
92 Methyl 9,12,15-octadecatrienoate 80.642 2595 C,H,,0, 053 0.31
93 Hexadecanoic acid 84.500 2702 C,H;,0, 9.07 17.10
94 2-Octanone 27.995 1374 CH, O - 0.08
95 1-Hepten-3-ol 32425 1442 CH,0 - 0.15
96 2-Nonanone 34.958 1481 CH,;O - 1.76
97 Hydroperoxy pentane 35.533 1489 CH,,0, - 4.47
98 2-Acetylthiazole 43717 1625 C;HNO, - 0.15
99 1-Phenyl-butanone 52.250 1769 C,H,0 - 0.08
100 Decadienal 53.167 1786 C,H,O0 - 0.10
101 E(5)-Dodeceny] acetate 64.058 2017 C H, 0, - 042
102 9-Octadecanoic acid 72,067 2276 C,:H,.0, - 0.04
103 Ethyl octadecanoate 76.650 2456 C,cH, 0, - 0.06
104 Ethyl 9-octadecenoate 77.192 2478 C,H,,0, - 1.47

URT: Retention time.
2RI: Retention index on DB-wax.
YMF: Molecule formula.
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Table 2. Comparison of relative concentration by
functional groups in Suwon-415 and Chindo black rice

(mg/kg)

Functional group Suwon-415 Chindo
Acids 18.821 47.822
Alcohols 24.907 25.201
Aldehydes 3.873 3916
Esters 14.676 19.396
Hydrocarbons 1.087 7970
Ketones 7.078 10.980
Furans 4.785 9.337
Sulfur containing 1.087 0.660
compounds
Nitrogen containing 0.621 0.998
compounds

Total 79.944 126.282
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