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Abstract Volatile flavor compounds of radish fermented by lactic acid bacteria were extracted using solid-phase
microextraction (SPME) and analyzed by gas chromatography-mass spectrometry (GC-MS). A total of 45 volatile flavor
compounds were identified. The volatile flavor compounds in unfermented radish mostly consisted of sulfur-containing
compounds (95.85%) and aldehydes (2.61%). While the composition ratio of volatile flavor compounds in radish fermented
for two days changed to sulfur-containing compounds (75.53%) and acids (11.12%). As the fermentation period was
increased, the contents of dimethyl disulfide, dimethyl trisulfide, diallyl sulfide, diallyl disulfide, and diallyl trisulfide,
which have unique garlic and scallion flavor, decreased, and acetic acid and 1-hexanol, which have a sour and fruity
flavor, increased. These changes in volatile flavor compounds seemed to have affected the flavor characteristics of

fermented radish.
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Fig. 1. Concentrations of volatile flavor compounds of fermented
radish (*Sulfur cc: sulfur-containing compound).
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Table 1. Volatile flavor compounds identified from fermented radish

Concentration (ng/g)
No. Compounds CASNo.  RI" Fermented for Fermented for 1D Odor description®
Unfermented
1 day 2 days
Sulfur-containing compounds
1 Allyl methyl sulfide 10152-76-8 <1100  139.2+7.3%* 137.8+10.9*Y 120.9+9.1° MS  alliaceous garlic onion
2 Dimethyl disulfide 624-92-0 <1100 1528.9+33.4* 553.6+17.0°  431.8+1.6° MS cabbage onion
3 Diallyl sulfide 592-88-1 1139 177.9+4.8" 154.6+5.7° 137.2+6.5¢ MS, RI  sulfurous onion garlic
4 Propyl thioacetate 2307-10-0 1172 n.d®® n.d® 14.0£0.4*°  MS, RI
5 (E)-Allyl 1-propenyl sulfide 104324-36-9 1180 7.1£0.7* 5.7£0.4° 4.6+0.3¢ MS
6 Methyl propyl disulfide 2179-60-4 1122 83.5+1.1° 20.7+0.7° 13.242.2° MS, Rl onion radish mustard
7 Methyl (E)-1-propenyl disulfide 23838-19-9 1253 83.0+1.6" 22.6+0.3 9.3+0.3¢ MS, RI
8  Allyl methyl disulfide 2179-58-0 1271 3280.3£52.0° 712.6+7.0° 446.4+10.0° MS, RI alliaceous garlic onion
9  Methyl (Z)-1-propenyl disulfide 23838-18-8 1277  742.3+6.0°  226.6+6.7" 112.0+4.2° MS, RI
10 Dimethyl trisulfide 3658-80-8 1365 1108.1+35.4* 313.5+9.2° 196.2+7.6° MS, RI sulfurous onion meaty
11 1-Allyl-2-isopropyl disulfide 67421-85-6 1419 102.0+£0.5* 44.6£1.1° 20.7+1.7¢ MS
12 (E)-1-Propenyl propyl disulfide 23838-21-3 1426 23.8+1.3" 14.2+0.4° 7.3+0.3¢ MS, RI
13 Allyl (E)-1-propenyl disulfide ~ 122156-02-9 1455  380.1%6.2"°  134.7£4.2" 56.1£3.3¢ MS
14 Diallyl disulfide 2179-57-9 1472 3608.6£54.5" 1385.2+26.8"  687.5£25.1° MS,RI  onion garlic metallic
15 Allyl (Z)-1-propenyl disulfide ~ 122156-03-0 1477  1286.6£10.2* 530.8£20.9"°  211.9£13.3° MS,RI
16 1,2-Dithiole 288-26-6 1511 700.0£39.1*  51.4+£2.3° 23.8+1.5° MS, RI sulfurous meaty
17 Allyl methyl trisulfide 34135-85-8 1580 2916.6£61.8° 574.6+20.7°  338.0+9.8° MS, Rl creamy garlic onion
18 Allyl propyl trisulfide 33922-73-5 1719 83.4+4.0° 21.6£1.1° 11.8+3.8° MS, RI alliaceous garlic onion
19 3-Vinyl-1,2-dithi-4-ene 62488-52-2 1723 267.0+£6.2° 33.8+1.7° 7.5+1.3¢ MS
20 Diallyl trisulfide 2050-87-5 1780 966.9+7.7" 146.6+7.6° 77.4£6.4° MS, Rl garlic onion metallic
21 Allyl (Z)-1-propenyl trisulfide ~ 382161-75-3 1790  269.4+12.1*  82.5+£5.9" 31.4+3.3¢ MS
22 2-Vinyl-4H-1,3-dithiine 80028-57-5 1832  244.4+3.6° 53.3+2.8" 23.4+2.8° MS, RI
23 3-Methylthiopropyl 505-793  >2000  7.4+£0.4° 33+1.1° 3.0£02°  MS  sulfurous horseradish
isothiocyanate
24 4-Methylthio)butyl 4430368 >2000  484+39°  14.0:0.6° 83:0.7°  MS cabbage radish
isothiocyanate (erucin)
o5 (Erd-Methylthio-3-butenyl 13056 507 52000 199409 49403 274115 MS
isothiocyanate
Subtotal 18074.7£118.17 5243.3+48.3"  2996.2+36.1°
Alcohols
26 Ethanol 64-17-5 <1100 n.d° 40.1£9.7° 141.6+4.9° MS strong alcoholic
27 3-Methyl-1-butanol 123-51-3 1210 8.7£1.5° 6.3+0.7° 6.0£0.4° MS, RI  whiskey fruity banana
28 3-Methyl-2-butenol 556-82-1 1320 7.8+0.8° 11.1£0.6° 20.2+1.0° MS, Rl  fruity green lavender
29 1-Hexanol 111-27-3 1353 20.5+1.3¢ 109.0+1.9° 139.3+¢1.2* MS,RI  oily fruity alcoholic
30 2-Hexenol 2305-21-7 1405 nd® 1.1+0.2* 1.0+0.1* MS, RI fruity green leafy
31 2-Ethyl-1-hexanol 104-76-7 1491 4.1+0.1* 1.8+0.0° 2.0£0.1° MS, RI citrus fresh floral
32 2-Ethyl-2-hexen-1-ol 50639-00-4 1572 n.d° 17.7£0.3° 24.8+1.1° MS
Subtotal 41.1£2.1°  187.249.9° 334.9+5.3°
Acids
33 Acetic acid 64-19-7 1444 n.d® 332.4+1.9° 441.0422.7%  MS,RI  sharp sour vinegar
Subtotal n.d° 332.4+1.9° 441.0+22.7°
disulfides= TFZl wl=9llA, propenyl propyl disulfides= 1€l <z} sulfoxide lyase®] TANHo| 28] AHE & I3 s
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Concentration (ng/g)

No. Compounds CAS No. Unfermented Fermented for Fermented for 1D Odor description
1 day 2 days
Aldehydes
34 2-Methyl-2-butenal 1115-11-3 <1100  189.5+8.8* 70.5+2.9° 43.1£1.9° MS green ethereal nutty
35 2-Ethyl-2-hexenal 645-62-5 1324 302.4+£7.8" 42.7+0.5° 15.6+0.4¢ MS, RI
Subtotal 491.9£11.8*  113.2+£2.9° 58.8+1.9°
Benzenes
36 1,3-Dimethyl-4-ethylbenzene ~ 874-41-9 1314 9.8+0.7* 6.5+0.5° 6.4+0.2° MS, RI
37 2,5-Dimethylethylbenzene 1758-88-9 1341 9.5+0.7 6.4+0.5° 5.9+0.6°  MS,RI
38 1,2,4,5-Tetramethylbenzene 95-93-2 1411 38.0+£2.3* 22.8+2.3° 20.8+2.3° MS
39 1-Ethyl-3,5-dimethylbenzene ~ 934-74-7 1421 112.2+8.4* 77.748.5° 61.2+4.8° MS
Subtotal 169.5£8.8"  113.5+8.8" 94.3+5.4°
Terpenes
40 o-Cymene 527-84-4 1347 13.7+0.4° 6.6£0.4° 6.1£0.9° MS, RI
Subtotal 13.7+0.4° 6.6£0.4° 6.1+0.9°
Hydrocarbons
41 Dodecane 112-40-3 1200 451114  34.1x6.1° 18.4+2.2° MS, RI
42 Pentadecane 629-62-9 1500 6.5£1.2° 3.9+0.8° 2.6+0.4° MS
Subtotal 51.711.5°  38.0+6.2° 21.042.2°
Others
43  Dihydrobenzofuran 496-16-2 >2000 n.d’ 6.1£1.3* 7.5+0.3° MS
44 Phenol 108-95-2 >2000 2.6+0.4° 1.0£0.1° 0.7+0.0° MS  phenolic plastic rubber
45 Benzoic acid 65-85-0 >2000 12.5+0.5% 7.3£0.2° 6.4+0.4° MS faint balsam urine
Subtotal 15.1£0.6° 14.4+1.3° 14.6+0.5°
Total 18857.6£119.6* 6099.6+50.6°  4338.6+44.2°

DRetention indexes were determined using n-alkanes of C, to C,, as external standards
Il dentification was performed as follows: MS, mass spectrum was consistent with that NIST mass spectrum database, RI, retention index was
consistent with that of the literatures (http://webbook.nist.gov/chemistry/name-set/)

Shttp://www.thegoodscentscompany.com/search2.htm]
YAll values are the meanEstandard deviation

YValues in the same row with different superscripts (a-c) are significantly different (Fisher test, p<0.05).
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Fig. 2. Changes in the contents of representative sulfur-
containing compounds during fermentation.
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