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Volatile Flavor Compounds in Commercial Vinegar Beverages Derived from Fruits
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This study compared volatile flavor profiles of 4 commercial vinegar beverages (Italian vinegar bever-
age (IVB), Japanese vinegar beverage (JVB), Japanese Yuzu-Ponz (JYP), and Korean white wine vine-
gar beverage (KWVB)). Flavor components of vinegar beverages (VBs) were determined using
SPME/GC/MSD. The profiles of VBs were as follows; IVB (11 acids, 17 esters, 10 alcohols, 8 alde-
hydes, 3 terpenes, 4 aromatic hydrocarbons, 9 ketones), JVB (7 acids, 8 esters, 9 alcohols, 7 aldehydes,
13 terpenes, 7 aromatic hydrocarbons, 1 ketones, 3 miscellaneous compounds), JYP (3 acids, 12 esters,
8 alcohols, 7 aldehydes, 63 terpenes, 6 aromatic hydrocarbons, 2 ketones, 5 miscellaneous compounds),
KWVB (10 acids, 10 esters, 9 alcohols, 8 aldehydes, 2 terpenes, 5 aromatic hydrocarbons, 4 ketones,
2 miscellaneous compounds). IVB and JVB showed similar flavor compositions (acids, ketones and es-
ters in particular), whereas major components in JYP and KWVB were terpenes (79.6%) and acids
(81.0%), respectively. Five compounds including 2-phenylethyl acetate (floral, fruity, sweet odor),
2-phenylethanol (floral, rose odor), vitispirane (fruity odor), geranylacetone (fragrant odor) and acetic
acid were identified as major components in balsamic vinegar beverages.

Key words : Vinegar beverage, Yuzu-ponz, fruit vinegar, flavor
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Solid phase  microextraction
2y glaE 2

Ng9 FeA Fr14E F2S SPME B3 (Supelco™
Solid Phase Microextraction Fiber Holder, Supelco, Inc.,
Bellefonte, PA, USA)9| Polydimethylsiloxane/
Divinylbenzene (PDMS/DVB) fiber (0.65 um coating thick-

ness, Supelco, US.A)E AHE-3H3TE 4] # Kol SPME fi-



bere= 250ColA 302 &< 243k A3 100 ml
headspace glass vial (Supelco, Inc., USA)l|l 7} A& 10g¥}
WHEFEZ cyclohexanone (95.7 ug)s FY$ % alumi-
mum crimp seal (20 mm, open center)Z} polytetrafluoro-
ethylene (PTFE)/sillicone septum (60 mils)2.2 %3}
t}. A% SPME fiberE 1A AA headspace glass vial U]
(X 400)d A= ALY =45 408 5 FFHAMA
GC/MSDE E438tglon] zt Mg« 33] HhE AAJskglth

Gas chromatography/Mass selective detector
(GC/MSD) 241 & 2Ly 7|48 33

GC/MSD #4-& HP6890 GC/5973 mass selective de-
tector (MSD, Hewlett-packard Co., Bellefonte, PA, USA)&
A3, columne DB-Wax'™ capillary column (60 m
length x 025 mm LD x 025 pym film thickness, J&W
Scientific, Folsom, CA, USA)S A3tk 7148 &3
% SPME fiberg& 24 F93t4] injection portol A 220, 5
7r EAAFH 21, splitless modeZ #A3HH Tk GC/MSD
A z271& Chas o W3] wtet sttt 2 sE
A< 4L standard MS library data (Wiley 275K,
Hewlett-Packard Co., Bellefonte, PA, USA)el &3ttt 1
2l AFEAE Hstd 4 =9 FFe WFEFEA
(cyclohexanone, 95.7 ug)< ©o|-&3te] & 3&F(factor=1,
ng/g) o= sttt

o fr Ao

SAZZ I SPSS (Statistical Package
Inc.,, USA)E o] &-3Fo] EAHEA(ANOVA)S AAIStY B
A 94 (p<0.05) H% Duncan’s multiple range test= 3}
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Table 1. Volatile flavor compounds of vinegar beverages (ng/g)
1 Vinegar beverage” Odor
Compound R VB ]VBg ]\?P KWVB description”
Acids (12)
Acetic acid 1458  287,519.4° 97,3189°  45968.1° 422,691.6°
Propanoic acid 1544 411.9° 2 - 743.6°
Isobutyric acid 1570 1,555.7° 226.6" 663.1° 869.2° Cheese, phenolic, fatty
Butanoic acid 1627 666.6" - - 286.4°
Isovaleric acid 1669 19,697.9° 8,643.6" 5,440.2° 5921.8" Sweaty, cheese, rancid
Hexanoic acid 1845 3,863.4° 1,856.8" - 4,201.9°
2-Ethylhexanoicacid 1949 - - - 1,273.3
Heptanoic acid 1955 421.6 - - -
Octanoic acid 2065 23,236.8" 19,861.5" - 17,069.4°
Nonanoic acid 2168 4,369.6" 154.9° - 582.7°
Decanoic acid 2272 6,923.9 7,210.6 - 3,798.1
Dodecanoic acid 2491 1,453.4 - - -
Esters (27)
Methyl acetate <900 315.2 - - 413.8
Ethyl acetate 939 12,797.7° 436.6° 3,740.9° 770.5° Fruity, solvent-like
Isobutyl acetate 1016 1,539.8 - - 213.8°
Ethyl pentanoate 1066 260.2° - 205 - Fruity, orange, grass
Isoamyl acetate 1118 33,213.0° - 245.2¢ 2356.0° Fresh, banana, sweet
Ethyl 2-butenoate 1155 - - - 143.6
Ethyl hexanoate 1226 187.3° 140.3° - -
2-Ethylhexyl acetate 1375 - - - 995.2
3-Methyl-2-butylacetate 1389 - - - 344.7
Ethyl octanoate 1431 972.3° - 199.7° - Fruity, fats, floral
Octyl acetate 1473 - - 3,698.4 - Waxy, floral, apple-like
Furfuryl acetate 1539 - - 49.1 -
Bornyl acetate 1572 - - 702.6 - Pine, camphoraceous
Ethyl benzoate 1662 296.5" 97.8° 1,043.5° - Chamomile, flower, celery
Diethyl succinate 1674 9,685.3 - - -
Benzyl acetate 1766 2189.2° - - 532.3°
Methyl salicylate 1774 1,502.0° 385.7° - -
Ethyl phenylacetate 1783 1,229.9° - 3,735.4° - Sweet, waxy, fruity
Methyl laurate 1790 - 1,017.3 - -
Ethyl 2-hydrobenzoate 1808 472.4 - - -
2-Phenylethyl acetate 1815 71,995.4° 18,881.5° 2,7283° 14,467.7° Floral, fruity, sweet
Ethyl dodecanoate 1832 501.9 2534°  1172.1° - Mango-like
Phenethyl isovalerate 1991 198.7 - - -
Ethyl 3-phenylprop-2-enoate 2138 - 223.0 - -
Ethyl pentadecanoate* 2145 - - 703.3 -
Ethyl 4-ethoxybenzoate 2175 - - - 564.5
Farnesyl acetate 2283 1,575.4 - - -
Alcohols (20)
Ethanol 980 2,582.4° 156.5°  20,071.6" 633.6°
2-Methyl-1-propanol 1102 408.3" - 280.5° - Wine, solvent, bitter
Isoamyl alcohol 1116 - 2,190.1 - -
2-Methyl-1-butanol 1205 2,673.1° 880.4° 1,353.1° 279.0 Wine, onion
3-Methyl-1-butanol 1208 8,182.3° - 2042.4° 1,143.0 Whiskey, malt, burnt
2-Ethyl-1-hexanol 1491 4705° 212.4° - 774.5"
Octanol 1557 - 100.3° 1,423.6° -
1-Methyl-4-(1-methylethyl)-2-cyclohexen-1-ol* 1562 - - 1,827.6 -
2-Isopropoxyethanol 1568 - - - 245.0
1-Methyl-4-(1-methylethyl)-3-cyclohexen-1-ol* 1573 - - 912.6 -




Table 1. Continued
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C q R Vinegar beverage” Odor
ompoun: IVB VB JYP KWVB description’
1-Acetoxy-2-propanol 1578 - - - 2933
Undecanol 1594 1,069.2 - - -
Propylene glycol 1599 - - - 1,278.5
Nonanol 1654 407.8 - - -
Furfuryl alcohol 1663 - - - 399.1
Benzyl alcohol* 1880 1,136.1 - - -
2-Phenylethanol 1915 259727 10,375.5°  6,540.5° 5467.4°  Floral, rose
Dodecanol* 1965 777.4° 3,201.4° - -
3-Tetradecanol 1992 - 4223 - -
2-Tetradecanol 2020 - 615.6 - -

Aldehydes (13)
3-Methyl pentanal 1170 - - - 2203
Nonanal 1390 2,310.4° 21.3° - 422.8°
Furfural 1471 3,559.1° 2,042.7° 1,025.3°  1,268.8° Woody, almond, sweet
Decanal 1497 4277.7° 928.5" 7185°  2,170.7° Stewed, green, waxy
Benzaldehyde 1526 1,219.9° 640.9° 4044°  2502.8" Burnt sugar, almond
5-Methylfurfural 1575 4609.9* 259.7° 74.2° - Caramel, burnt sugar
Phenylethanal 1645 - - 299.9° 216.2° Honey-like, rose
Dodecanal 1702 1,722.7° 1,044.3° - 893.3°
Tridecanal 1807 - 528.3° - 279.6°
2-Phenyl-2-butenal 1936 - - 1,086.4 -
Methylphenyl pentenal* 1944 - - 470.5 -
5-Acetoxymethyl-2-furaldehyde* 2210 535.9 - - _
5-Hydroxymethylfurfural 2528 2,903.8 - - -

Terpenes (72)
a-Pinene 1012 - - 518.1 - Terpeny, fruity, sweet
Camphene 1053 - - 60.6 - Sweet, fruity, herbal
B-Pinene 1089 - - 411 - Musty, sweet, pine, resin
Linaloyl oxide* 1099 - - 240.5 -
a-Phellandrene 1147 - - 2,340.7 - Fruity, minty, herbaceous
a-Myrcene 1151 - - 3,677.9 - Metalic, musty
B-Mycene 1157 - - 1,409.2 -
a-Terpinene 1161 - - 4,027.1 - Gasoline-like, Ethereal
Limonene 1183 - 101.0° 146,729.1° - Green, citrus-like
B-Ocimene 1223 - - 303.9 - Herbaceous, mild citus
7 -Terpinene 1231 - - 53,668.9 - Citrus-like, Terpeny
m-Cymene 1259 - - 1,570.3 -
p-Cymene 1261 - - 2,490.8 - Lemon, fuity, fuel-like
a-Terpinolene 1269 - - 9,230.5 - Woody, fruity, sweet,
(Z)-Linalool oxide 1447 242.6° 1,164.4° - -
a-Cubebene 1456 - - 513.6 - Mild, waxy, woody
(E)-Linalool oxide 1474 - 1,142.1 - -
-Cubebene 1480 - - 2,555.3 -
Isomenthone 1490 - - 561.7 - Herbal, minty, sweet
Camphor 1513 - - 1,157.2 - Green, dry, leaf, camphor
Vitispirane* 1519 9,441.1° 5,706.7° - - Fruity
Linalool 1550 - 2453°  121,420.5° -
a-Cedrene 1553 - - 2,888.8 -
Acetoxy-(Z)-linalool oxide* 1567 - - 658.1 -
Terpinen-1-ol 1574 - 84.5 - -
B-Elemene 1577 - - 1,561.9 - Waxy, herbaceous
Fenchol 1578 - - 4,293.0 - Campbhoraceous, earthy
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Table 1. Continued

Compound R Vinegar beverage” Odor X
IVB JVB JYP KWVB description )

B-Caryophyllene 1582 - - 22,426.9 - Musty, green, spicy, waxy
Gurjunene isomer 1587 - - 2,313.2 -
Gurjunene isomer 1591 - - 34914 -
Terpinen-4-ol 1597 - 3228°  39,954.0° - Terpeny, woody, sweet
Dihydrocarvone 1603 - - 481.7 - Warm, herbaceous
v -Elemene 1623 - - 9,228.1 - Fruity, dry
B-Terpineol 1627 - - 11,577.8 - Pungent, woody, earthy
3-p-Menthanol 1635 - - 4,468.4 -
Safranal 1639 - 265.7 - -
6-3-Carene 1650 - 298.7 - -
Farnesene isomer 1653 - - 62,253.6 - Oily, fruity, citrus-like
7 -Selinene* 1659 - - 2,488.0 -
v -Muurolene 1673 - - 2,767.1 - Oily, herbaceous
Ledene 1680 - - 46,500.2 -
a-Terpinenyl acetate 1687 - - 19,240.2 -
a-Terpineol 1697 - 3,895.6° 214,180.1° - Peach-like, anise, oily
Valencene 1703 - - 5,277.0 - Pepper-like, orange
a-Zingiberene 1705 - - 1,106.5 - Spicy, fresh, sharp
a-Muurolene* 1710 - - 8,224.7 - Woody
Neryl acetate 1719 - - 40,243.0 - Floral, rose, fruity
Piperitone* 1725 - - 2,131.6 - Mint, herbal
L-Carvone 1733 - - 3,163.2 - Basil leaves, herbal, sweat
6-Cadinene 1742 - - 29,639.2 - Herbaceous
Geranyl acetate 1750 - - 64,370.9 - Floral, rose, sweet, fruity
B-Sesquiphellandrene 1755 - - 6,059.9 - Sweet, fruity, herbaceous
Citronellol 1761 - - 848.1 - Citronellol, rose, sour
Cubenene 1767 - - 1,143.0 -
Nerol 1796 - - 7,443.0 - Floral, rose, citrus
Germacrene B 1815 - - 5,665.2 - Woody, spicy
Calamenene 1818 - - 446.7 - Weak spicy, weak floral
Geraniol 1844 - - 25,207.4 - Rose, geranium, floral
Geranylacetone 1849 24740 2,386.6 - 2,409.5 Fragrant
(Z)-Carveol* 1864 - - 157.6 -
a-Calacorene 1904 - - 385.9 - Dry-woody
Palustrol 1924 - - 11,427.6 -
Ledol 2033 - - 4,900.3 - Sweet
Globulol 2081 - - 26,889.9 -
Viridiflorol 2089 - - 52,845.1 - Sweet, green
[-Maaliene 2138 - - 911.9 - Woody
B-Guaiene* 2151 - - 3,914.0 -
Eugenol 2173 - 567.0 - -
a-Eudesmol* 2203 - - 4794 - Sweet, cool
a-Cadinol 2233 - - 15,554.1 - Green, waxy, woody
Farnesol 2285 - 712.3° - 2,234.2%
Juniper camphor 2299 - - 2,991.2 -

Aromatic hydrocarbons (14)
a,p-Dimethylstyrene 1431 - 74.0 - -
4-Methylguaiacol 1624 - 499.9 - -
Acetophenone 1650 - - - 988.0
1,2-Dihydro-1,1,6-trimethylnaphtalene 1733 8,006.0° 494 6° - -
Naphtalene 1735 - - - 350.5
6-Methoxytetralone* 1952 - 1,296.2° 2,738.8" 749.9°
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1 Vinegar beverage” Odor
Compound RI VB VB JYP KWVB description”
4-Ethylguaiacol 2039 2 885.4° - 6,198.1° - Clove-like, phenolic,
p-tert-Amylphenol* 2069 - - 14,014.3 -
2-Ethoxy naphthalene 2145 - - - 2152
2-Ethylphenol 2182 4,974.6° - 551.3° -
5-Methyl-2-(1-methylethyl)phenol 2186 - - 41,708.7 -
1,6-Dimethyl-4-isopropylnaphthalene 2221 341.1% 170.4° - -
1,2,3-Trimethyl-4-propenylnaphthalene 2235 - 4315 - _
2,4-Di-tert-butylphenol 2308 - 1,709.0° 352.7° 9,790.5
Ketones (11)
3-Hydroxy-2-butanone 1290 6,284.6" - - 3,698.6"
1-Hydroxy-2-propanone 1316 - - - 1,2239
6-Methyl-5-hepten-2-one 1338 99.9 - 104.7 - Mushroom, earthy, vinyl
3-Nonanone 1353 319.2 - - -
3-Undecanone 1555 1,319.9 - - -
2-Undecanone 1590 517.8 - - -
2-Hydroxy cyclopent-2-en-1-one 1777 - - - 487.0
B-Ionone 1939 579.3 - - -
B-Methyl-r-octalactone* 1969 297.2 - - -
7 -Decalactone* 2044 293.2 - - - Peach, fat
2-Cyclohexylidenecyclohexanone* 2060 51,141.9°  37,6952° 112,3443" 45556.2°
Miscellaneous compounds (10)
Dimethyl disulfide 1069 - - 47.5 -
2,6-Dimethylpyrazine 1331 - - 04.3 - Baked potato, nutty, fuity
Dimethyl trisulfide 1375 - - 122.0 -
1-Methoxy-1,3-cyclohexadiene 1577 - - - 278.0
3-(4-Methylpent-3-enyl)thiophene* 1630 - - 847.0 .
1-Dodecene 1653 - 1719 - -
1-Hexadecene 1746 - 177.7 - -
2,6-Dimethyl benzothiazole 1928 - 177.9 - -
Phenylacetonitrile 1934 - - - 375.2
2-Acetylpyrrole 1984 - - 543.7 - Nutty, anisic sweet

DRetention index on DB-WAX™ column (60 m lengthx0.25 mm i.dx0.25 um film thickness, Agilent J&W Scientific, Folsom,

CA, USA).

2IVB: Italian vinegar beverage, JVB: Japanese vinegar beverage, JYP: Japanese Yuzu-Ponz, KWVB: Korean white wine

vinegar beverage.
IRefer to Flavor & fragrances [6].
Not detected.

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

a

Different letters ('d) within a row indicate significant difference (p<0.05).
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