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Abstract

The characteristics of volatile flavor compounds of Fuji apples were compared by different extraction
methods for information leading to a natural fragrance development. The volatile flavor components of Fuji
apples were extracted using simultaneous steam distillation and extraction (SDE), solvent extraction (SE), and
solid-phase microextraction (SPME) methods and then analyzed by gas chromatograph-mass spectrometer.
A total of 66, 32 and 54 components were identified in SDE, SE and SPME extracts, respectively. (E,E)-a-
Farnesene, hexanol, butanol, 2-methyl butanol, hexyl hexanoate, hexyl 2-methyl butanoate, hexyl butanoate,
and butyl hexanoate were the major flavor components in the extracts by different methods, but the composition
of volatiles in the extracts were different. Alcohols and hydrocarbons were the major functional groups in
SDE and SE extract whereas esters and hydrocarbons were the major functional groups in SPME extracts.
SPME was the most suitable method for analysis of fresh volatiles from Fuji apples.
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Fig. 1. GC-MS chromatograms of the volatile flavor com—
ponents in Fuji apples by different extraction methods.
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Table 1. Volatile compounds identified in Fuji apples (Unit: mg/kg)
RI” Compound name SDE SE SPME D
923 Ethanol 1.168+0.392” 3.957+0.843 — MS,RI
945 Diethyl propional 0.034+0.010 0.008+0.001 — MS,RI
968 2-Pentanone 0.030+0.004 0.026+0.002 — MS,RI
977 Methyl butanoate 0.004£0.001 — — MS,RI
1026 2-Butanol 0.017+0.001 0.010+0.001 — MS,RI
1034 Ethyl butanoate 0.041+0.012 0.011+0.001 0.011+0.000 MS,RI
1039 Propanol 0.048+0.004 0.019+0.002 — MS,RI
1039 Methylethyl butanoate — — 0.002£0.001 MS,RI
1051 Ethyl 2-methylbutanoate — — 0.002£0.000 MS,RI
1070 Butyl acetate 0.020+0.000 0.012+0.002 0.011+0.001 MS,RI
1078 Hexanal 0.350+0.094 0.035+0.010 0.139+0.014 MS,RI
1091 2-Methyl propanol 0.078 £0.005 0.027+0.000 — MS,RI
1117 2-Methylbutyl acetate — — 0.021 £0.004 MS,RI
1120 3-Methylbutyl acetate 0.046+0.004 0.011£0.000 - MS,RI
1122 Propyl butanoate 0.032£0.005 - 0.024+0.002 MS,RI
1123 2-Pentanol — 0.017+0.003 - MS,RI
1135 Propyl 2-methylbutanoate — — 0.008+0.001 MS,RI
1138 Butyl propanoate - - 0.004 +0.000 MS,RI
1150 Butanol 2.441+0.044 0.714+0.030 0.035+0.002 MS,RI
1157 2-Methylpropyl butanoate — — 0.003+0.001 MS,RI
1162 B-Myrcene 0.019+0.004 — - MS,RI
1173 2-Methylpropyl 2-methylbutanoate - - 0.005+0.000 MS,RI
1181 Heptanal 0.007+0.001 — — MS,RI
1192 Limonene 0.023+0.006 — 0.004+0.001 MS,RI
1210 2-Methyl butanol 1.911+£0.095 0.353+0.022 0.070+0.005 MS,RI
1212 (E)-2-Hexenal 0.228+0.075 0.027+0.001 0.071+0.001 MS,RI
1217 Butyl butanoate 0.064+0.018 0.008+0.002 0.197+0.006 MS,RI
1229 2-Pentyl furan 0.0160.001 — — MS,RI
1232 Butyl 2-methyl butanoate 0.029£0.003 0.006£0.001 0.143£0.000 MS,RI
1233 Ethyl hexanoate — — 0.007£0.001 MS,RI
1254 Pentanol 0.102+0.003 0.016+0.001 0.004+0.001 MS,RI
1264 2-Methylbutyl butyrate — — 0.036£0.003 MS,RI
1272 Hexyl acetate 0.011£0.001 — 0.027£0.007 MS,RI
1280 2-Methylbutyl 2-methylbutanoate 0.020£0.005 — 0.130£0.009 MS,RI
1285 Octanal 0.010+0.002 — — MS,RI
1309 Butylbenzene — — — MS,RI
1312 Butyl pentanoate - - 0.004 +0.000 MS,RI
1314 Pentyl butanoate — — 0.023+0.001 MS,RI
1316 Propyl hexanoate - - 0.009+0.001 MS,RI
1317 (E)-2-Heptenal 0.042+0.002 — - MS,RI
1326 Pentyl 2-methyl butyrate — — 0.028+0.004 MS,RI
1334 6-Methyl-5-hepten—2-one 0.113+0.011 — 0.022+0.002 MS,RI
1337 Hexyl propanoate — — 0.010£0.003 MS,RI
1341 Hexyl 2-methyl propionate - - 0.034+0.002 MS,RI
1360 Hexanol 2.847+0.156 0.27340.009 0.514+0.042 MS,RI
1366 (Z)-3-Hexen-1-ol 0.013+0.000 — - MS,RI
1385 (E)-3-Hexen-1-ol 0.005+0.000 — — MS,RI
1389 Nonanal 0.061+0.014 — 0.005+0.001 MS,RI
1396 3-Octanol — — 0.004+0.000 MS,RI
1407 (E)-2-Hexen-1-0l 0.271+0.019 0.028+0.002 0.026+0.002 MS,RI
1411 Butyl hexanoate 0.064+0.014 0.010+0.000 0.269+0.016 MS,RI
1415 Hexyl butanoate 0.272+0.080 0.026+0.002 1.177+0.032 MS,RI
1423 (E)-2-Octenal 0.018+0.004 — — MS,RI
1428 Hexyl 2-methyl butyrate 0.688+0.110 0.062+0.004 2.393+0.359 MS,RI
1434 Ethyl octanoate — — 0.003£0.000 MS,RI
1442 (Z)-Linalool oxide 0.019+0.002 — 0.002+0.001 MS,RI
1452 Acetic acid 0.016+0.004 0.023+0.001 — MS,RI
1457 Furfural 0.039£0.005 — — MS,RI
1458 3-Methylbutyl hexanoate - - 0.045+0.007 MS,RI
1468 6-Methyl-5-hepten—2-ol 0.046+0.005 — 0.024+0.002 MS,RI
1470 (E)-Linalool oxide 0.007+0.002 — — MS,RI
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Table 1. Continued (Unit: mg/kg)

RI” Compound name SDE SE SPME D
1474 2-Hexenyl butyrate — — 0.021 £0.005 MS,RI
1511 Pentyl hexanoate 0.029£0.007 — 0.052£0.007 MS,RI
1530 (E)-2-Nonenal 0.011+0.002 — MS,RI
1550 Linalool 0.007+0.001 — MS,RI
1554 Hexyl 2-butenoate 0.003£0.001 — 0.016 £0.002 MS,RI
1562 Octanol 0.028+0.003 — 0.014+0.001 MS,RI
1585 6-Methyl-3,5-heptadien-2-one 0.017+0.003 — MS,RI
1609 Hexyl hexanoate 0.729+0.130 0.072+0.003 0.753£0.082 MS,RI
1612 Butyl octanoate 0.120£0.014 0.015+0.001 0.102£0.009 MS,RI
1617 Hexyl tiglate 0.028+0.002 — 0.037+0.008 MS,RI
1637 (E)-2-Decenal 0.080+0.016 — MS,RI
1658 3-Methylbutyl octanoate 0.044+0.009 - 0.029+0.014 MS,RI
1660 Estragole - - 0.014+0.000 MS,RI
1668 (E)-2-Hexenyl hexanoate 0.011£0.003 - 0.009£0.002 MS,RI
1672 2-Methyl butanoic acid 0.031£0.007 - MS,RI
1722 (Z,E)-a-Farnesene 0.170+0.018 0.01340.002 0.056+0.013 MS,RI
1750 (E,E)-a-Farnesene 8.638+0.803 1.627+0.085 4.659+0.594 MS,RI
1758 (E,Z)-2,4-Decadienal 0.037+0.006 0.005+0.002 MS,RI
1779 r—Cadinene — — 0.034+0.010 MS,RI
1800 (E,E)-2,4-Decadienal 0.078+0.013 0.007+0.000 MS,RI
1808 Hexyl octanoate 0.148+0.022 0.024+0.001 0.022+0.002 MS,RI
1812 (E)-B-Damascone 0.020£0.001 — MS,RI
1815 Butyl decanoate 0.013£0.001 — MS,RI
1846 Hexanoic acid 0.063+0.009 0.015+0.007 MS,RI
1887 Sesquirosefuran 0.077£0.013 — MS
1930 Denrolasin 0.015+0.003 - MS
2039 (Z)-Nerolidol 0.009+0.001 — MS,RI
2354 (E)-Farnesol 0.273+0.012 0.024+0.005 MS,RI

Total 21.776+1.178 7.479+1.046 11.365+1.231

1) . .
Retention index.

2 ..
"Mean + standard deviation

(n=3).

Table 2. Comparison of relative peak area% of functional groups identified in Fuji apples by different extraction methods

Functional groups SDE SE SPME
group No. Area% No. Area% No. Area%
Acids 3 0.50 2 0.50 - —
Alcohols 16 42.22 11 72.71 8 6.08
Aldehydes 13 453 5 1.09 3 1.90
Esters 21 11.00 11 3.41 36 49.86
Hydrocarbons 4 40.32 2 21.93 4 41.83
Ketones 4 0.82 1 0.35 1 0.19
Miscellaneous 5 0.61 - - 2 0.15
Total 66 100 32 100 54 100
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