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Headspace Volatile Components of Commercial Boiled Rice
in Plastic Package

Hidenobu Sumitani, Aya Nakatani and Sachiko Suekane

Boiled rice in various plastic packages has been commercially produced in Japan. Volatile
components were separately prepared from four kinds of commercial boiled rice in plastic
packages using the Tenax headspace trapping (dynamic headspace sampling) and heat
desorption techniques. Each volatile component was analyzed by GC-MS.

Altogether, 65 components were detected. Fiftv-five components, including six alcohols, nine
aldehydes, seven ketones, two esters. one acid, 19 hydrocarbones and 11 other components were
identified.

In two of four rice products, hexanal content was particularly abundant. Hexanal, one of the
main off-flavor components, may arise from oxidative degradation of unsaturated fatty acids,
especially linoleic acid. It is a well accepted fact that when rice is stored at elevated temperature
and then boiled, the stale flavor such as hexanal is apparent. In addition, the increase in hexanal
and pentanal content of the two products has been observed during storage at 35C for a month.

Key words : volatile components. boiled rice. dynamic headspace sampling, capillary GC-MS,
stale flavor (komai-shu), hexanal.
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Fig.1 Total ion gas chromatograms of headspace volatiles from commercial boiled rice products in

plastic package.

Temperature programmed from 40T (Smin isothermal) to 200Tat 3T /min on a DB-Wax
column (60m *0.25mm i.d., 0.25 um film thickness).

1S: Internal standard (cyclohexanol).



Table 1 Headspace volatile compoenents of 4 kinds of commercial boiled rice products in plastic

package.
Retention Retention Index Content (ng)
Time (DB ~Wax) Volatile Component Product Product Product Product
(min) ~ Exp. Ref. A B C D
Alcohols
19.10 1149 1148  butanol tr. tr. 16.04 51.87
19.74 1163 1162 l-penten-3-ol 20.81 6.54 34.09 33.92
24.02 1255 1255 pentanol 2013 45.76 50.13 21945
2873 1357 1358 hexanol 18.73 37.04 52,13 21147
32.04 1454 i434  l-ocen-3-ol 39.54 41.40 54.14 33.87
34.65 1494 1495 2-ethyl-1-hexanol 4.16 10.80 18.05 23.94
Aldehydes
12.07 979 977  pentanal 162.32 132,92 43108  887.78
16.19 1084 1082 hexanal 36626 B12.77 282705 4895.73
20.88 1187 1185  heptanal 20.81 37.04 68.17  157.61
25.71 1291 1292  octanal ir. 34.86 46.12 69.83
27.36 1327 1328 (£ )-2-heptenal n.d. tr. 42.11 (3.84
30.45 1395 1399  nonanal 79.08 80.62 54.14 157.61
32.08 1434 1436 (E)-2-octenal tr. 3.72 24.06 31.92
33:53 1468 1466  2-furfural ir. tr. 8.02 25.94
36.16 1531 1329  benzaldehyde 72.84 76.27 88.22  157.61
Ketones
8.02 820 813  acetone 351.60 67.55 15840  1801.4¢
9.71 a05 902  2-butanone 272.61 196.11 54135 45087
19.37 1155 11534 3-heptanone Ir. n.d. 14.04 n.d.
20.73 1184 1183  2-heptanone 22,89 23.97 30,08 163.59
2554 1287 1288 Z2-octanone Lr. .54 65.02 15.96
27.95 1340 1341 6-metyl-5-hepten-2-one 1041 13.07 14.04 3591
41.34 1661 1659  acepophenone 9573  106.77 64.16 29.93
Esters
8.20 825 822 methyl acetate 58.27 15.25 Ir. 31.92
9.36 880 885 ethyl acetate 139219 1307.40  657.64 r.
Acids
48.39 1852 1850 hexanoic acid 62.43 32.89 10.03 5.4
Hydrocarbones
6.15 582 600 hexane tr. 76.27 39293 n.d.
6.60 700 700 heptane 392477 nd. 162405 27731
7.22 770 765 methyleyclohexne 242853 nd. 43810 tr.
7.60 804 800 octane tr. n.d. Ir. n.d.
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10.85
12.74
14.40
18.18
18.52
18.76
20.87
2145
2421
25.36
27.69
274
30.56
44.81
46.47

10.37
11.13
13.65
15.83
20.98
23.02
32738
50.66
53.91
64.16

18.43
31.93
40.93
42.64
45.04
46.97
49,24
49.92
B1.72
52.56

941

999
1040
1128
1128
1142
1187
1199
1259
1284
1334
1340
1397
1762
1797

927

951
1022
1076
1190
1216
1233
1448
1917
2014
2317

1134
1430
1650
1684
1758
1811
1876
18495
1948
1973

937
1000
1037
1125
1133
1138
1183
1200
1258
1282
1333
1338
1400
1750
1800

817

§51
1018
1074
1187
1213
1232

1916
2011
2313

benzene

decans

methylbenzene
ethylbenzene

1, 4-dimethylbenzene

1, 3-dimethylbenzene

1, 2-dimethylbenzene
dodecane
ethenylbenzene

1,2, 4-trimethylbenzene
(1-methylethenyl)-benzene
1,2, 3-trimethylbenzene
tetradecane

nephthalene

octadecane

Miscellaneous
dichloromethane
2-ethylluran
richloromethane
dimethyl disulfide
pyridine
chlorobenzene
2 -pentylfuran
I, 4-dichlorobenzene
2, 6-di-reri-butyl-4-methylphenal
phenol
2.4-di-terr-butylphenol

Unknowns
uk.
uk.
uk.
uk.
uk.
uk.
uk.
uk,
uk.
uk.

33.30
276,77
2049.79
27.05
106.13
16.65
2.08
101.97
22.89
20.81
20.81
2.08
33.30
Ir.
20.81

41.62

54.11
35.38
10.41
49.94
54.11
31.22
39.54
60.35
137.35

L

tr.
89.48
n.d.
7700
20.81
2913
44,70
n.d.
33.30

47.94
76.27
52.30
1743

13.07
6.54
7827
15.25
8.72

218
21.79

8.72

n.d.
56.65
32.69

8,72

n.d.
21.79
17.43
23.97
89.34
63.19

ir.

tr.
50.12
n.d.
26.15
8.72
15.25
23.97
115.49
30.51

I
120,30
1315.29
46.12
14.04
26.07
12.03
96.24
3.02
16.04
22.06
6.02
40.10
10.03
6.02

112.28

6.02
1r.
86.22
18.05
16.04
32.08
26.07

16.04
148.37
30.08
26.07
24.06
6.02
14.04
24.06
n.d.
12,03

205349
339.15
111.72
193.52
23142

27.93
19.95

7.98
29.93
11.97
111.72

n.d.
67.83
23.94

5.59
n.d.
317.21
3342
19.95
23.94
51.87

n.d.
tr.
23.94
t,
13.97
3.99
35.91
41.90
n.d.
13.97

Amounts were calculated from total ion intensity by internal standard method (cyclohexanol as
internal standard) ‘without response factor, and from absorbed weight of each compouud on Tenax TA
(He 100m£ /min, Th) .

Abbreviations: Exp. and Ref., experimental and reference Kovats indices: n.d., not detected: tr., trace:

uk., unidentified compound.
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Table 2 Main alkanals content of commercial boiled rice products in plastic package stored at 35T

for a month.
CBY;’;‘“M‘“‘MS Product Product Product  Product
A B C D
Initial content (ng, see Table 1) 162.32 132.92 431.08  887.78
pentanal Content (ng) after storage at 35T
for 2 month 208.41 128.02 600.33  1318.23
Initial content {ng, sec Table 1) 366.26 812.77 2827.05  4895.73
hexanal Content (ng) after storage at 35T
for a month 435:63 403.60 3818.84  7098.62
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