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Abstract

This research has attempted to investigate the volatile flavor compounds of onion products through acetic fermentation,
and to create a natural beverage with beneficial biological properties which can also fulfill customer quality standards. Onion
products (OAF (M): Onion extracts at five days of acetic fermentation, OAF (F): Onion extracts at ten days of acetic
fermentation) were produced by acetic fermentation. Volatile flavor compounds from onion extracts, OAF (M) and OAF
(F) were used by Mixxor liquid extractions and analyzed by GC/MSD. Compounds of 49, 75 and 69 were identified in
onion extracts, OAF(M) and OAF(F) respectively. Among the major volatile flavor compounds classes, sulfur containing
compounds (36.7%), acids (31.2%) and aldehydes (13.5%) in onion extracts were changed into acids (69.6%) and alcohols
(24.6%) in OAF (M) and acids (80.6%) and alcohols (15.5%) in OAF (F). During acetic fermentation acetic acid,
1,3-butanediol (odorless) and 2,3-butanediol (onion flavor) increased remarkably, sulfur-containing compound such as
2,5-dimethylthiophene having anti-oxidant activities was detected by fermentation.
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Table 1. Changes in volatile compounds detected during onion acetic acid fermentation (ng/g)
5 OE" OAF (M) OAF (F)"
Compounds R MeanS.D.” MeanS.D. Mean£S.D.
S-containing compounds (28) 62,692.2 332,131.6 498,105.3
Di or Trisulfides
Dimethyl disulfide <1,100 8,279.5+1,040.9° 5,338.3+899.9 11,989.9+3,747.9°
Ethylmethyl disulfide” 1,145 6,369.5+1,012.2° 2,544.1+603.2* -
Diethyl disulfide 1,214 1,561.0+29.3 A -
Methyl propyl disulfide 1,232 1,380.6+129.4° 15,160.2+1,569.2 5,689.9+41,012.1°
Methyl 1-propenyl disulfide 1,266 2,596.2+124.5 - -
Methyl trans-propenyl disulfide 1,292 469.3£19.0° 4,129.3+615.8° -
Methyl 3-methylbutyl disulfide” 1,376 715.2+87.2 - -
Dimethyl trisulfide 1,385 2,189.7+117.3 1,937.74431.2 -
Thiophene derivatives
3-Methylthiophene 1,119 749.7+100.7° 135,425.5+1 7,003.3° -
2,5-Dimethylthiophene 1,257 27,392.542,803.6" 78,309.1%15,602.1° 143,743.6+11,809.4°
2,3,4-Trimethylthj0phene* 1,360 - 2,237.1+£562.7 -
2-Formyl-3-methylthiophene” 1,740 749.5+116.8 - -
3,5-Dimethyl-3-(methylthio)thiophene 1,743 - 22,234.245734.4 24,079.245,922.6
2-Acetyl-5-methylthiophene 1,898 - - 12,362.242,020.8
3,4-Dimethyl-2,5-dihydrothiophene-2-one” 2,005 5,843.7+490.0° 25,913.7+2,965.2° 48,761.845,795.6°
2-Thiophenecarboxylic acid >2.600 - - 144,037.8+21,528.7
Sulfur-oxygen compounds
Dimethyl sulfoxide 1,609 2,428.4+183.0° 7,460.14579.6° 19,375.8+6,770.3°
2-(Propylthio)ethanlol” 1,692 - 18,127.543,243.3 -
3-(Methylthio)propanol 1,727 - 10,714.3£765.2* 17,596.4+2,579.0
1-Methyl-dithio-2-propane” 1,736 452.6+40.7" 2,600.6+440.7° 5,139.4+703.8°
Methylpropyl sulfoxide” 1,742 - - 23,216.445,112.8
3-(Ethylthio)- 1-propanol 1,788 - - 22,963.0£2,931.5
1,2-Dimethoxy-3-(methylthio)benzene” 1,817 585.4+137.6 - -
3-Ethyl-1-thia-cyclohexane” 1,825 428.5427.5 - -
Z—Ethylthiacyc]ohexane* 1,845 - - 5,221.9+£806.4
Dipropyl sulfoxide” 1,855 - - 4,362.6+830.4
Dimethyl sulfone 1,934 208.2+42.7 - -
4-Methyl-3H-1,2-dithiol-3-one” 1,995 292.6+102.3 - -
Acids (21) 53,397.3 15,167,501.8 43,514,124.8
Acetic acid 1,465 48,289.8+5,300.5 14,439,623.4+106,535.8° 41,794,366.5+5,602,459.8"
Propanoic acid 1,551 - 130,040.0+1,918.2° 292,287.8+45,854.6°
2-Methylpropanoic acid 1,576 - 76,346.7+1,383.0° 207,211.7425,299.3
Butanoic acid 1,636 541.0+11.2° 34,110.7+1,104.8° 39,142.34+5,905.9°
2-Propenoic acid 1,645 - 12,051.2+1,171.6" 44,020.5::4,480.9°
2-Methylbutanoic acid 1,676 213.2492.3" 114,939.2+1,518.6° 345,677.7+£33,927.5°
2-Butenoic acid 1,696 - 5,241.8+1,095.9* 21,732.343,251.3°
Pentanoic acid 1,744 - 22,939.6+1,031.4 23,367.7+4,452.5
2-Methylpentanoic acid 1,772 - 5,274.74348.0° 14,416.9+1,734.3
2-Butenoic acid 1,782 - - 15,398.4+1,833.6
Hexanoic acid 1,851 490.5+29.1° 37,957.2+1,252.7° 48,599.5+6,020.9°
2-Methylhexanoic acid’ 1,872 1,255.2485.8 - -
2-Pentenoic acid” 1,883 999.74+202.7 - -
2-Methyl-2-pentenoic acid 1,933 370.5+24.7 - -
2-Ethylhexanoic acid 1,955 1,237.3+£361.0 - -
Octanoic acid 2,070 - 85,370.0+13,198.7* 115,091.8+13,928.4°
Decanoic acid 2,277 - 56,697.6+6,930.0 70,625.3+£19,221.6
9-Decenoic acid” 2,341 - - -
2-Furoic acid 2,456 - 33,050.8+6,688.3" 69,213.6+11,362.4°
Benzoic acid 2,456 - 67,140.4+6,728.0° 133,708.0+16,448.2°

Benzenacetic acid 2,584 - 46,718.4+8,713.3*

279,264.7+34,180.1°
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Table 1. Continued
Compounds RP OF 3) OAF (M)’ OAF ()"
Mean+S.D. Mean+S.D. Mean+S.D.

Alcohols (31) 21,131.7 5,346,372.9 8,361,499.6
Mono alcohols
2-Butanol <1100 - 11,924.543,440.9 -
Propanol <1100 - 63,682.0+7,380.3 -
2-Methylpropanol 1110 - 72,944.9+18,219.5° -
2-Pentanol 1130 868.0+211.4* 19,821.7£1,097.5° -
Butanol 1157 - 12,851.1£2,745.0 -
2-Hexanol 1211 - 7,513.24939.2* 14,576.0+4,061.5°
3-Methylbutanol 1220 - 321,795.5+38,680.5 47,490.5+13,121.2*
1-Pentanol 1261 - 14,942.2+1,350.4° 91,758.7+£14,225.4°
5-Methyl-2-hexanol 1273 - 12,681.9+925.2° 11,628.9+1,365.2°
4-Methyl-2-hexanol 1281 - 37,281.143,685.1° 39,493.446,394.1°
4-Methylpentanol 1304 - 25,660.5+4,063.0 24,925.343,915.2
2-Methylpentanol 1310 - 8,735.3+425.5° -
2-Heptanol 1326 - 5,795.3+872.5° 7,335.1+1,093.0°
2,4,4-Trimethyl-1-pentanol 1329 - 33,475.7+4,091.5 35,328.946,379.2°
2-Methyl-2-buten-1-ol" 1349 - 3,199.94257.3 -
6-Methyl-2-heptanol” 1365 - 8,025.6+813.2° -
4-Methyl-2-heptanol” 1396 - 12,748.8+1,146.7° -
2-Ethylhexanol 1496 - - 9,969.6+578.6
Furfurylalcohol 1669 - 62,530.8+3,073.3° 81,834.2+18,091.5°
Benzenemethanol 1890 - 23,409.8+1,773.3 41,185.9+4,897.6°
Phenethylalcohol 1926 - 746,438.4+14,327.7° 1,087,687.5+131,577.6°
1-(2-Ethoxypropoxy)-2-propanol” 2016 645.9+129.7 - -
6-Methyl-2-pyrazinylmethanol” 2098 - 6,814.9+£353.0% 10,281.0+1,893.0°
4-Hydroxybenzenethanol” 2547 - 434,886.5+76,970.9 526,482.6+116,315.1
Di and triols
3,4-Dimethyl-3,4-hexanediol 1522 25,552.3+1,064.1° -
2,3-Butanediol 1559 5,628.6+1,913.1* 1,052,389.2+65,639.2° 1,878,798.4+225,037.5
1,3-Butanediol 1591 13,678.5+1,898.6 1,370,248.0+244,391.7° 2,920,729.3+351,561.6°
1,2-Propandiol 1607 - 81,002.3+2,021.0° 184,215.9423,929.9°
1,2-Ethanediol 1647 - - 12,741.843,993.4
Diethylglycol” 1822 310.6+29.8 - -
1,2,3-Propanetriol” 2359 - 870,021.5+139,752.7° 1,335,036.8+235,555.4°
Ketones (22) 3,405.9 774,413.0 1,428,792.6
3-Methylacetylactone 1088 627.9+38.1° - -
3-Methyl-2,4-pentanedione 1091 - 30,875.3+4,039.2° 22,959.4+7,732.1°
3-Methyl-2-hexanone” 1110 - - -
4-Methyl-2-hexanone 1124 - 26,929.8+3,601.3° 23,671.7+5,887.4®
C7-Ketone 1177 - - 21,360.8+8,331.7
2-Heptanone 1214 - 9,509.6+£976.6 -
3-Octanone 1225 - 10,300.1+6,104.3 -
5-Methyl-2-heptanone” 1236 - 8,391.14303.1 -
2-Octanone 1240 - 16,168.3+3,907.2° -
5-Methyl-2-heptanone 1259 - 5,112.3+336.1° -
6-Methyl-2-heptanone” 1299 - - 6,227.5£775.3
3-Hydroxy-2-butanone” 1300 - 454,748 3+10,716.8 1,027,431.7+210,435.0°
2-Hydroxypentan-3-one 1384 - 5,856.8+1,463.7 -
Dihydro-2(3H)-furanone 1650 - 11,523.4+1,378.7° 20,993.042,579.6°
3-Methyl-2(5H)-furanone 1736 - 4205.4+241.6° 5,458.8+1,054.7°
2,3-Dimethyl-2-butenoic gamma—lactone* 1894 - 59,022.8+2,784.8° 78,958.343,680.6"
5-Methyl-2-octyl-(2H)-furan-3-one” 2011 656.3£110.9 - -




Vol. 30, No. 4(2017) ZAF 25 3 FupREd by AR He) 793
Table 1. Continued
1 1 1
Compounds RP M or 3) OAT () OAF (B
ean+S.D. Mean+S.D. Mean+S.D.
4-Hydroxy-2,5-dimethyl-3(2H)-furanone 2060 - 13,132.3£2,477.0° 29,265.745,224.9°
4-Hydroxy-5-oxohexanoic acid lactone 2108 - 28,882.9+4,630.4 142,420.3£17,097.3
1-[(acetyloxy)methyl]-1H-pyrrole-2,5-dione” 2188 2,121.7+452.3 - -
5-Hydroxymaltol” 2320 - 89,754.7+15,475.5 -
1-(4-Hydroxy-3-methoxyphenyl)ethanone” >2600 - - 50,045.4+9,746.8
Esters (7) 2,307.0 156,524.5 116,236.4
Ethyl hexanoate 1233 1,206.24316.6" - -
Ethyl 4-hydroxybutanoate 1794 - 134,026.0+6,628.0° 81,490.3£3,034.6
Phenethyl acetate 1823 - 14,557.341,319.3" 23,068.6+2,891.4°
Methyl cinnamate 2099 - 7,941.3+646.4" 11,677.4+1,482.0°
Methyl palmitate 2209 465.1493.4 - -
Ethyl palmitate 2245 287.2+14.8 - -
Methyl stearate 2417 348.5+54.1 - -
Aromatic compounds (6) 1,894.9 8,959.5 38,449.5+6,665.5
Methylbenzene 1051 143.9435.2° 8,959.542,294.8° -
Limonene 1191 921.4+229.2 - -
Benzaldehyde 1537 - - 21,236.746,250.5
Naphthalene 1748 332.9430.6" - -
Phenol 2026 - - 17,212.842,220.5"
2,4-Bis(1,1-dimethylethyl)phenol” 2312 496.7+104.5 - -
Aldehydes (3) 23,173.3 0.0 8,122.1
2-Methyl-2-butenal 1102 1,653.5+279.2* - -
2-Methyl-2-pentenal 1163 21,519.8+431.9" - -
Furfural 1481 - - 8,122.1+1,420.0
Pyrazines (3) 150.8 2,513.5 756.0
2,5-Dimethylpyrazine 1338 - - 756.0+29.6"
2,6-Dimethylpyrazine 1364 - 2,513.5£216.6 -
2,3,5-Trimethylpyrazine 1432 150.8+33.4 - -
Miscellaneous compounds (6) 2,308.4 0.0 29,969.3
1-Butyl-2-propylcyclopentane 1098 407.0+64.4 - -
Tetradecane 1398 800.7+37.7 - -
Hexadecane 1621 405.4£76.4 - -
Hexadecene” 1628 695.3£164.8 - -
5-Hydroxy-2-methyl-1,3-dioxane” 1833 - - 29,969.343,561.3
1,3,5-Trithiane” 1841 - - 4,782.7+£810.9

) OE: onion extracts, OAF (M): onion extracts at 5 days of acetic fermentation, OAF (F): onion extracts at 10 days of acetic fermentation.
? Retention index on DB-WAX™ column (60 m lengthx0.25 mm i.dx0.25 um film thickness, Agilent J&W Scientific, Folsom, CA, USA).
® Mean concentration (ng/g) of samples, and concentration of each compound was calculated as relative content to cyclohexanone (142 1ig) put in sample.

“ Not detected.

" These compounds were tentatively identified by MS library data (Wiley 275K, Hewlett-Packard Co., Bellefonte, PA, USA).

Different letters (*°) within a row indicate significant difference (p<0.05).
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Fig. 1. Changes of volatile flavor compounds classes
during onion acetic fermentation. OE: onion extracts, OAF
(M): onion extracts at 5 days of acetic fermentation, OAF
(F): onion extracts at 10 days of acetic fermentation. [:
Sulfur containing compounds, []: alcohols, [l: acids, [1:
ketones, [IlI: esters, [l: aromatic compounds, B4: aldehydes,
H: pyrazines, &J: miscellaneous compounds.
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