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Germination-Induced Changes in Flavoring Compound Profiles and Phytonutrient
Contents in Scented Rice

M M Chayan Mahmud1, Animesh Chandra Das‘, Seul=Ki Lee1, Tae—-Hyeong Kim2, Yejin 0h2, Yoo—-Hyun Chos,
and Young—Sang Lee"'

ABSTRACT Although rice has been cultivated as a major food crop for approximately 5,000 years, the interest of customers in
‘scented rice’ is a recent trend in the Korean market. As a part of developing a germinated scented rice variety, the newly bred
scented rice variety ‘Cheonjihyang-1 se’ was germinated for 24 h, and changes in profiles of flavor-related volatiles, lipophilic
phytonutrients, and fatty acids were investigated. The profiling of volatile compounds by using a headspace-gas
chromatography-mass spectrometry (HS-GC-MS) revealed a total of 56 odor-active flavoring compounds; 52 at the
pre-germination stage, 51 at the post-germination stage, and 47 common at both stages. The major flavoring compounds were
nonanol and benzene, which constituted 11.5% and 6.6%, respectively, of the total peak area in pre-germinated rice, and 19.4%
and 6.5%, respectively, in post-germinated rice. Germination induced an increase in 13 flavoring compounds, including
3,3,5-trimethylheptane and 1-pentadecene, which increased by 763 and 513%, respectively by germination. However, we
observed a germination-induced decrease in most of the other flavoring compounds. Especially, the most important scented
rice-specific popcorn-flavoring compound, 2-acetyl-1-pyrroline, showed 89% decrease due to germination. Furthermore, the
germination of scented rice induced a decrease in the content of various phytonutrients. For example, the total contents of
phytosterols, squalene, and tocols decreased from 207.97, 31.74, and 25.32 ug g”' at pre-germination stage down to 136.66, 25.12,
and 17.76 ug g'l, respectively at post-germination stage. The fatty acid compositions were also affected by germination. The
composition of three major fatty acids, linoleic, oleic, and palmitic acids, increased from 36.6, 34.2, and 24.4%, respectively, at
the pre-germination stage to 37.9, 36.9, and 20.7%, respectively, at the post-germination stage. All these results suggested
significant changes in the flavor-related compounds and phytonutrients of the scented rice variety ‘Cheonjihyang-1 se’ during the
process of germination, and subsequently the need for developing a more precise process of germination to enhance the flavor and
nutritional quality of the germinated scented rice products.
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Black: Pre-germination
Pink: Post-germination

Fig. 1. Chromatograms of scented rice at pre- and post-germination stages. Rice grains at the pre- and post-germination were
placed in a headspace vial, and the volatile compounds were analysed by using a gas chromatography-mass spectrometry
(GC-MS) combined with solid phase microextraction (SPME) system.
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Table 1. Changes in odor-active compounds during germination in scented rice.

Pre-germination Post-germination Change
No. Group Flavor compound Peak Area STD" Conzso)szi)tion Peak Area STD" Con‘(l([;o)szi)tion Difference”  Ratio”
() 0

1 1-Butanol, 2-methyl- 69,142 15,144 0.0 84,001 44,829 0.1 14,859 121%
2 1-Butanol, 3-methyl- 63,020 7,774 0.0 ND* - - - 63,020 0%
3 1-Decanol 517,940 86,242 0.3 832,454 28,835 0.7 314,514 161%
4 1-Decanol, 2-methyl- 1,957,911 228,543 13 1,744,089 252,128 1.5 213,822 89%
5 1-Heptanol 3,358,756 171,083 22 385,120 76,350 0.3 -2,973,636 11%
6 1-Hexanol 9,167,290 1,897,081 6.0 1,431,025 278,871 1.2 7,736,265 16%
7 Alcohol 1-Hexanol, 2-ethyl- 1,689,123 475,488 1.1 2,920,194 541,912 2.5 1,231,071 173%
8 1-Nonanol 5,716,467 530,519 3.7 237,321 47,108 0.2 -5,479,147 4%
9 1-Octanol 9,669,464 1,044,510 6.3 2,705,326 387,457 2.3 -6,964,139 28%
10 1-Octanol, 2-butyl- 753,179 107,279 0.5 1,009,992 109,947 0.9 256,813 134%
11 1-Octen-3-ol 1,403,123 155,815 0.9 996,775 200,087 0.9 -406,348 71%
12 2-Octen-1-ol, (E)- 1,843,662 170,502 1.2 1,455,115 196,319 1.2 -388,547 79%
13 Menthol 323,090 34,524 0.2 249,855 46,612 0.2 - 73,234 77%
14 2-Decenal, (E)- 4,450,053 656,680 2.9 1,576,800 83,391 1.4 2,873,253 35%
15 2-Heptenal 1,311,488 52,772 0.9 1,133,423 103,620 1.0 -178,065 86%
16 2-Nonenal, (E)- 2,107,399 154,810 1.4 1,867,551 137,194 1.6 -239,848 89%
17 Benzaldehyde 1,948,343 142,257 1.3 6,304,800 249,897 5.4 4,356,457 324%
18 Benzeneacetaldehyde 980,164 170,664 0.6 700,656 66,587 0.6 -279,507 71%
19 Alde- Decanal 5,763,721 936,357 3.8 6,437,514 485,419 5.5 673,793 112%
20 hyde Heptanal 794,688 33,013 0.5 968,111 60,517 0.8 173,423 122%
21 Hexanal 5,823,508 650,312 3.8 4,118,691 756,900 3.5 -1,704,817 71%
22 Nonanal 17,545,917 2,961,413 11.5 22,570,891 3,184,172 19.4 5,024,973 129%
23 Octanal 4,491,752 37,561 2.9 4,148,884 624,135 3.6 -342,869 92%
24 Pentadecanal- 614,542 206,644 0.4 2,351,497 390,061 2.0 1,736,955 383%
25 Pentanal 152,774 23,930 0.1 150,342 69,575 0.1 - 2,433 98%
26 Bases 2-Acetyl-1-pyrroline 5,371,558 159,685 3.5 566,425 32,407 0.5 -4,805,133 11%
27 Acetic acid, phenylmethyl ester ND - - 2,795,942 288,565 2.4 2,795,942 -
28 Esters Hexadecanoic acid, methyl ester 993,775 437,153 0.6 374,618 89,570 0.3 -619,156 38%
29 Hexanoic acid, methyl ester 149,853 27,558 0.1 ND - - -149,853 0%
30 n-Propyl acetate ND - - 19,932 3,333 0.0 19,932 -
31 Furan Furan, 2-pentyl 9,045,473 922,552 5.9 4,325,234 688,550 3.7 -4,720,239 48%
32 1-Pentadecene 610,075 30,969 0.4 3,129,104 242,528 2.7 2,519,029 513%
33 Benzene 10,025,814 137,470 6.6 7,573,613 2,629,137 6.5 -2,452,201 76%
34 Benzene, 1,3,5-trimethyl- 3,772,188 154,201 2.5 1,742,075 182,497 1.5 -2,030,113 46%
35 Decane 410,129 38,862 0.3 152,844 24,069 0.1 -257,286 37%
36 Dodecane 3,924,218 226,506 2.6 2,350,555 100,600 2.0 -1,573,662 60%
37 Ethene, tetramethoxy- ND - - 1,639,177 397,699 1.4 1,639,177 -
38 Ethylbenzene 2,726,600 303,471 1.8 807,124 102,529 0.7 -1,919,476 30%
39 Hydrocar Heptane, 2,2,4-trimethyl- 164,823 20,141 0.1 ND - - -164,823 -
40 bone Heptane, 3,3,5-trimethyl- 159,428 38,305 0.1 1,216,455 189,304 1.0 1,057,027 763%
41 Heptane, 3-[(ethenyloxy)methyl]- 201,515 32,388 0.1 103,431 22,324 0.1 - 98,085 51%
42 Hexadecane 1,747,002 410,950 1.1 1,508,368 311,172 1.3 -238,634 86%
43 o-Xylene 1,803,025 224,042 1.2 1,064,130 130,956 0.9 -738,895 59%
44 Pentadecane 1,730,571 186,832 1.1 338,860 45,420 0.3 -1,391,711 20%
45 Tetradecane 6,670,047 688,382 4.4 3,111,267 226,010 2.7 -3,558,780 47%
46 Toluene 6,115,610 1,786,946 4.0 2,994,286 617,616 2.6 3,121,323 49%
47 Tridecene ND - - 877,264 64,260 0.8 877,264 -
48 2,3-Butanedione 130,565 9,587 0.1 49,065 16,819 0.0 - 81,499 38%
49 2-Heptanone 483,258 33,423 0.3 2,352,088 429,956 2.0 1,868,829 487%
50 2-Nonanone 239,010 30,184 0.2 ND - - -239,010 -
51 Ketone 2-Octanone 491,897 8,774 0.3 84,408 15,677 0.1 -407,489 17%
52 2-Pentadecanone, 6,10,14-trimethyl- 1,815,482 170,606 1.2 1,238,274 18,038 1.1 -577,208 68%
53 3-Hexanone 2,649,881 414,904 1.7 1,910,939 872,842 1.6 -738,941 72%
54 5,9-Undecadien-2-one, 6,10-dimethyl 2,582,557 467,555 1.7 1,300,721 128,307 1.1 -1,281,836 50%
55 5-Hepten-2-one, 6-methyl- 3,307,484 434,580 22 3,749,357 431,059 32 441,872 113%
56 Sulfur compounds Dimethyl trisulfide 227,172 10,004 0.1 ND - - -227,172 0%

USTD : Standard deviation of 3 independent replications
2'Composition (%) : (Peak area of each peak/total peak area of a column) x 100 (%)

Difference :

Peak area at pre-germination stage — peak area at at post-germination stage

“Ratio : (Peak area at post-germination stage/peak area at pre-germination stage) x 100 (%)

ND : Not detected
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Table 2. Germination-induced changes in phytosterol, squalene, and tocol contents (pug g') in scented rice.

Phytonutrient

Pre-germination

Post-germination

b}

Group Compound Mean STD Mean STD p value
Campesterol 29.94 1.59 21.02 2.54 0.007

Phytosterol Sitosterol 138.64 10.08 86.07 17.50 0.011
YLOSIerols Stigmasterol 39.38 1.55 29.57 4.17 0.019
Total phytosterol 207.97 13.20 136.66 23.27 0.010

Squalene Squalene 31.74 0.15 25.12 4.50 0.063
a-tocopherol 6.81 0.52 5.07 0.91 0.046

a-tocotrienol 7.54 0.18 5.52 1.15 0.040

Tocol [3-tocopherol 0.41 0.01 0.33 0.06 0.077
0cols y-tocopherol 0.77 0.05 0.57 0.09 0.028
y-tocotrienol 9.79 1.19 6.28 1.24 0.024

Total tocopherol 7.99 0.57 5.96 1.06 0.044

Total tocotrienol 17.33 1.37 11.80 2.37 0.025

Total tocols 25.32 1.94 17.76 3.42 0.029

Yp value : p values obtained by the Student’s r-test
Table 3. Germination-induced changes in fatty acid composition (%) in scented rice.
) Pre-germination Post-germination n
Fatty acid p value
Mean STD Mean STD

Myristic acid (14:0) 0.98 0.03 0.57 0.03 0.004
Palmitic acid (16:0) 24.40 0.33 20.72 0.01 0.004
Palmitoleic acid (16:1) 0.11 0.01 0.13 0.00 0.053
Stearic acid (18:0) 1.51 0.02 1.44 0.00 0.038
Oleic acid (18:1) 34.16 0.11 36.92 0.45 0.014
Linoleic acid (18:2) 36.63 0.36 37.86 0.52 0.112
Linolenic acid (18:3) 1.17 0.00 1.20 0.01 0.035
Arachidic acid (20:0) 0.38 0.01 0.43 0.00 0.036
Eicosenoic (20:1) 0.34 0.01 0.41 0.02 0.061
Behenic acid (22:0) 0.31 0.00 0.33 0.01 0.210

Yp value : p values obtained by the Student’s r-test
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