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Changes in volatile compounds of persimmon vinegar during aging
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Abstract To investigate the changes in volatile compounds of persimmon vinegar (PV) during aging, PVs aged for 3-25
years were analyzed using solid-phase microextraction-gas chromatography-mass spectrometry. In total, 90 volatile compounds
were identified, and acids and esters were the most abundant, followed by ketones and alcohols. The concentration of acetic
acid ranged from 8,925.0 to 26,132.3 ng/mL, depending on the aging period. Ethyl acetate concentration ranged from 32.5 to
50,681.7 ng/mL and ethanol was present only in PV aged for 3 years (PV-3). The volatile compound content was the highest
in PV-3. The volatile profiles of PV aged for 22 years (PV-22) and 25 years (PV-25) were considerably similar. Acids were
the most predominant in PV-15, PV-22, and PV-25, whereas esters were abundant in PV-3. The contents of acids, alcohols,
and esters decreased, while the aldehyde and ketone content increased with aging.
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Solid phase microextraction (SPME)

A Ze] WY RS FE517] flste] SPMES &8Il
SPME (Supelco CO., Bellefonte, PA, USA)x= SPME fiber$}
SPME AXUE FA=o] 9o SPME fiber= 50/30 um divi-
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Gas chromatography-mass spectrometry (GC-MS)
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v EAE S AR v=a WAHS = WA (peak area
ratio)2 ato] Thy 2ol osf g% silet. ol ¥= HHw|e}

Z 1) 2] A S (response factor)= 10]2FaL 7P sl TE

F(ng/mL)= 3 WA H]x3-heptanol®] F(ug)x1,000 ng/ug
Al&e] ¢ (mL)

SHEN

B Agox] Ao Azl= SPSS 20 (SPSS Inc., Chicago, IL,
USAYS ol8-ste] B+ EFAAE Jepilon 7+ fo4
L YR EAEY 3 5 p<0.05 M dAe] vEARS
o] &3] AFEHA A

247} ol &t

A xo| Fwy Y2
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MSE EA3}thFig. 1, Table 1). & 90F2] A ARo] 7+
2z FAENCH Uy QR FFe gHe A7
o wat Zpol7} AYAT 22 SAF A 2 (PV-22)9F 259
3% ZFAZPV25)E WS- FARFATE HNEH o g 7haze] 3
g g AHReE olZERe] Fel w3tem ot
ERe 487 Il =it

SA717 A zdA FEHeE FAE g RS 4t

ST

= acetic acid (no. 1), propanoic acid (no. 2), 2-methyl pro-
panoic acid (no. 3), butanoic acid (no. 4), 3-methyl propanoic
acid (no. 5), hexanoic acid (no. 7)2} octanoic acid (no. 9)53.2.™,
o] & acetic acid= 2% FH U HEOZ 54377k
2 8,925.0-26,1323ngmL. W2 EA3IATE FEZEF= 2-
butanol (no. 13), 2-methyl-1-propanol (no. 15), 2-methyl-1-
butanol (no. 16), isoamyl alcohol (no. 17), 2,3-butanediol (no.
19), 1,3-butanediol (no. 22)3} 2-phenylethanol (no. 23)°] 354
o2 AT ©] = 2-butanoke 590.8-1,377.1 ng/mL, isoamyl
alcohol2  35.5-9494ngmL 18] 150.7-
7263 ng/mL M2 EAISFA

A AE]F+= methyl acetate (no. 31), ethyl acetate (no. 32), 1-
methylpropyl acetate (no. 38), 2-methylpropyl acetate (no. 39),
ethyl butanoate (no. 40), isoamyl acetate (no. 47), l-methylpro-
pyl butanoate (no. 48), 3-methylbutyl propanoate (no. 51), ethyl
hexanoate (no. 52), methylbutyl butanoate (no. 53), 3-oxo-2-butyl
acetate (no. 58), octyl acetate (no. 59), methyl octanoate (no.
60), 1,3-propylene diacetate (no. 63)2} 2-phenylethyl acetate (no.
65)7t 3 EHLE FAHEHALT, o] F ethyl acetate= 32.5-
50,681.7 ng/mL, 1-methylpropyl acetate™= 1,122.3-3,347.5 ng/mL
)3 isoamyl acetate= 484.5-4,980.3 ng/mL HSIE EA8IIH

AEFoIA+= 2-butanone (no. 77)3} acetoin (no. 80)°] 354
o7 ALY, z+zt 1,554.9-4,547.3 ng/mLF 629.8-1,762.0
ng/mL MY ZE SASIA Y. LH|Sto| =F+= acetaldehyde (no. 24),
benzaldehyde (no. 29)$} 2-hydroxybenzaldehyde (no. 30)7} &%
Hog =AUt FHFE tetrahydrofuran (no. 67), furfural
(no. 68)3} 5-methylfurfural (no. 69)°] FFXLo =2 EAIATE.

33 A% A ZPVIE)eIME £ 3FCIZEHTF 265, 2
LF 1IF, AR 10, BS5LF 4F, Q=R 3F, AE
R 3%, FOR 3%, duR 23, HSEE 19 A 4R

2-phenylethanol =
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Fig. 1. Total ion chromatograms of volatile compounds in
persimmon vinegars with different aging period using SPME
method. PV-3: persimmon vinegar aged for 3 years; PV-15:
persimmon vinegar aged for 15 years; PV-22: persimmon vinegar
aged for 22 years; PV-25: persimmon vinegar aged for 25 years. 1:
acetic acid, 4: butanoic acid, 7: hexanoic acid, 12: ethanol, 32: ethyl
acetate, 38:1-methylpropyl acetate, 47: isoamyl acetate, 77: 2-
butanone. .S: internal standard.

o] TRHENLH, 2 F 7P FFel E=Ud aFS dIER
(64,145.1 ng/mL)A 3L 1 322 2HF(28,097.6 ng/mL)2} &3-E
F(13,993.8 ng/mL) 0|k ME FFEZE ethyl acetate
(50,681.7 ng/mL)&] ko] 7P =T, I TSSO F acetic acid
(26,1323 ng/mL), ethanol (9,578.5 ng/mL)3} isoamyl acetate
(4,980.3 ng/mL) <=°]AT}.

159 =43 ZAAZPV-1500- 5 F 1B3FCEIZEF 24%, 4F
1%, $ZEF 8F, Grllstol=R 7%, B3lrdR 65, AE
5%, TR 3%, HeR 3%, VIEsRE 65)0] e 4R
FAENCH, 2F(16,427.0 ng/mL), °2~E1H(3,572.0 ng/mL)
AEF(3,300.1 ng/mL) o2 Fo] =3}t JE sER
acetic acid (8,925.0 ng/mL)2| $Hgo] 7P =k, 11 oo
butanoic acid (1,938.7 ng/mL), hexanoic acid (1,838.8 ng/mL)

2} 2-butanone (1,554.9 ng/mL) =°| T}
22d A% A ZPV-2)RME T 2ECEIZEF 24%, A

T 10%, €227 85, dHlslol=F 7F, @skraw 5T, Ale

et o Hu du

F 5%, 7R 3%, dERF 3E, VIEEE )Y 3 A
o] FRENeH 7P o] =UdF IFS AHR(16,881.1 ng/
mL)AL I TR o 2EF(8,562.5 ng/mL)%t AEF(6,872.9
ng/mL) =01tk N FFEZ = acetic acid (13,581.4 ng/mL)2]
ko] 7 =9k, o1 U9 F 2-butanone (4,258.3 ng/mL), 1-
methylpropyl acetate (3,137.5 ng/mL)<} benzaldehyde (1,676.7 ng/
mL) o]t

25 A1E ZHA Z(PV25)IME & 2ECIZEF 243, AF
105, ¢2eF 8%, gulstol=R 7%, "R 5%, AE
T 5%, 7R 3%, AeF 3%, VEEE 7)Y 3 AR
o] RN 7P Tl =YW 2FS 4AHR(17,815.5ng/
mL)A3L 1 o2 o 2EF(8,974.2 ng/mL)$} AEF(7,388.9

ng/mL) o|Act. N SFHEZE acetic acid (13,981.5 ng/mL)<]
Shafo] 7P BT, I U0 & 2-butanone (4,547.3 ng/mL)7 1-
methylpropyl acetate (3,347.5 ng/mL)<} benzaldehyde (1,815.4 ng/
mL) o)Atk

=4 7(2of mE ZA=o| 3 ME H|w

Z A AR g2 PV-3o] 7MY Ete, O o=
PV-25, PV-229} PV-15 =o]IAIRE PV-228}F PV25+= SAHS R
el zlo|E Holx| YSkrKTable 1, Fig. 2). A2 7% PV-
304 gheFo] 7P =k (28,097.6 ng/mL), PV-15, PV-229}
PV-25= 247} 16,427.0, 16,881.13F 17,815.5 ng/mLO.Z &gl &
Z}o]7t gATH(Table 1, Fig. 3A). AHF2] thF-E-S acetic acid=
PV-3014 71 dFaFo] #9ko (26,1323 ng/mL), PV-15914] 71
SHOITHS,925.0 ng/mL). L fJo= Be AMR7F FAEAEY &
g717ke] BIFETE AR TRE UAdte AP BHAFY
t}. Propanoic acid®} butanoic acide #4d7|7te] F71E4= 3
Zo] F7tshe 43S B =, propanoic acid®] 739~ PV-3914
1152 ng/mLe] 21, PV-157F 550.8 ng/mL, PV-227} 951.7 ng/
mL, PV-257} 1,167.4 ng/mL°] %1 2™, butanoic acid= PV-3¢]
210.6 ng/mLo] 121}, PV-157F 1,938.7 ng/mL, PV-227} 1,286.1
ng/mL, PV-257} 1,401.7 ng/mL°] %1t} Hexanoic acid, heptanoic
acid®} octanoic acid= PV-15014 S718F9AIRE PV-229) PV-259]
e Ol A ZASIATE Acetic acide %9 FE 34
AEOF ethanol®] ZAFEE sl AYAE =t (Tesfaye 5, 2002),
AEHQ Yo RE Ax IAMY Xze &40 JAPIFH
acetic acid®} ethanol®] ko] ZHAdtow, 1822 A &
A A zoA 71 Fheo] Stttk A Slth(Verzelloni &,
2010). Propanoic acid= %9 Wa3g T F= Lactobacillus
sanfirancisco®l 2J3] A=, 53] AYH oz AFXS A%
oM B APEE Aoz LA thPark &, 2008). 2-Meth-
ylpropanoic acid®} 3-methylbutanoic acid= X|Z23- UepH =
S TR EAA AzdA olF dEoE AL Fr Y
LA =t (Callejon 5, 2008), °1& FHTEL PV-3olr 713
gheFo] Wit

GISHE AR, PV3oIN LdIEESF] Tl 7P =3
om PV-15914 7% WttH(Table 1, Fig. 3B). 3] ethanol (no.
12y PV-3ol MRt o ko7 EA)81913(9,578.5 ng/mL), Tk
E A zoM e AEHA &%4th PV-39lX 9 ethanole] HAEE
= g3 e 2EE Hase I
3 El(Lee 5, 2018), PV-30l4 ZAMg7} &
TR &t7] wliEo =z AzFEY o] flY% 2-butanol, isoamyl
alcohol, 2,3-butanediol®} 2-phenylethanol®] &aFo] Ed=dl, 2-
butanol& A|&]slale PV-3914] o] 7Hg &9t} 2-Butanol
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Table 1. Volatile compounds identified from persimmon vinegars with different aging period

Concentration (ng/mL)”

No RIV Compound name Sig? Identification
PV-3 PV-15 PV-22 PV-25
Acid
1 1415 acetic acid *% 0 26,132.3%1,771.8°  8,925.0£733.0"  13,581.4+1,445.7° 13,981.5£901.5" MS?, RI”
2 1519 propanoic acid ok 115.2£1.6" 550.8+11.4" 951.7+246.0¢ 1,167.4+60.7¢ MS, RI
3 1553  2-methyl propanoic acid ok 175.7+9.5% 283.4+20.5° 255.3+63.3*" 408.3+23.8¢ MS, RI
4 1615 butanoic acid ok 210.6+6.1* 1,938.7+83.8¢ 1,286.1+129.6" 1,401.7+88.6" MS, RI
5 1660  3-methyl butanoic acid ok 221.1+22.8* 698.3+24.7¢ 491.4+92.08 472.44£20.5" MS, RI
6 1729 pentanoic acid o nd® 189.8+15.3% tr¥) 22.1£0.4* MS, RI
7 1839 hexanoic acid ok 252.5+96.4* 1,838.8+232.3% 225.2461.6" 262.0+41.6" MS, RI
8 1948 heptanoic acid ok 38.4+10.7* 168.6+30.1° tr tr MS, RI
9 2054 octanoic acid ok 468.2+210.4" 1,369.4+£198.6° 89.9+17.3* 100.2+15.3* MS, RI
10 2161 nonanoic acid 71.5+45.2 103.5+4.5 nd nd MS, RI
11 >2200 decanoic acid 412.1£192.7 360.8+£62.8 tr tr MS, RI
Subtotal ** - 28,097.6+1,798.0° 16,427.0+802.5*  16,881.1+1,477.9* 17,815.5£909.5*
Alcohol
12 944 ethanol 9,578.5+812.7 nd nd nd MS, RI
13 1034 2-butanol ok 920.9+£72.3% 590.8+16.5" 1,221.6£10.7¢ 1,377.1£50.0° MS, RI
14 1047 1-propanol 159.9+23.9 nd nd nd MS, RI
15 1099  2-methyl-1-propanol 140.3£12.4¢ 19.8+2.2% 43.4+6.3" 12.7+0.6" MS, RI
16 1187 2-methyl-1-butanol ok 387.0+77.8" 84.0+4.9* 135.4+8.0* 151.0£11.2% MS, RI
17 1188 isoamyl alcohol ok 949.4+162.8" 35.5+4.0" 128.5+4.0" 140.1£5.2* MS, RI
18 1476 2-ethyl-1-hexanol 54.7+16.1 nd nd nd MS, RI
19 1530 2,3-butanediol ok 490.8+38.6" 172.0+48.0* 417.4+134.38 465.6£36.8" MS, RI
20 1538 2,6-dimethyl-4-heptanol 496.5+12.4 nd nd nd MS, RI
21 1545 2-methyl-1,4-benzenediol ~ ** nd 21.9+6.4% 86.9+18.2° 58.9+18.2%° MS, RI
22 1566 1,3-butanediol ok 89.4+£10.6"" 57.7+24.3* 171.4+£28.0¢ 123.9+6.9° MS, RI
23 1919 2-phenylethanol ok 726.3+136.4° 150.7+20.2* 274.7+39.3* 306.3+61.0* MS, RI
Subtotal #%13,993.8+848.3¢  1,132.4+60.5" 2,479.4+144.7" 2,635.5+90.0"
Aldehyde
24 706 acetaldehyde ok 127.3+1.4° 14.1£0.4* 15.8+1.3% 21.0+2.9° MS, RI
25 809 2-methylpropanal nd 7.3£1.5 7.240.2 9.0+0.7 MS, RI
26 904 2-methylbutanal ok nd 37.3+0.7" 33.2+1.1% 38.5+1.5° MS, RI
27 909 3-methylbutanal ok nd 86.9+£1.9° 57.8+3.1* 66.1x1.3" MS, RI
28 1044 2-butenal ok nd 28.240.2% 44.7+6.6° 49.7+1.0° MS, RI
29 1521 benzaldehyde ok 400.8+134.0* 1,386.8+127.1" 1,676.7+226.4" 1,815.4+216.3" MS, RI
30 1685 2-hydroxybenzaldehyde 44.5+14.1 47.5+4.8 38.3£9.0 40.8+11.2 MS, RI
Subtotal ok 572.6£134.7* 1,608.1+127.2" 1,873.74226.7°  2,040.5+216.6"

PV-25004 7F¢ ghaFo] :=9kom(1,377.1 ng/mL), PV-150014 713
SHRITH(590.8 ng/mL). 2-Butanol pyruvate®F-E] F]AIE TiA}]
9]’5‘]] AAE acetoino] TAE o] 2,3-butanediole] ¥3Z, 2-butanone

S AA hydrogenation F|o] %523 E Th(Axelsson, 2004; Ghiaci
%, 2014). Isoamyl alcohol3} 2-phenylethanol> =5 PV-39ll4 7}

A gaFo] =hTh Isoamyl alcohol¥} 2-phenylethanols 2 f-2
Al dRE HE F AR FRE de ov=ite] HAE o

Atel] o8] ofu|=7]9} FHEAT|7E A A FHo] APET FAR=
2 TEE EA Al FE UmR L £Fe] dle] HIE &)
Ak a7 2T S B FE Hole 95 dtkn F,
1995).
A g FAfe mAEd o 4 °

7zt FAR7E Aaske Are 27 Li% ‘ﬂe oA AAAE
A2 ool vl#| 3K Callejon 5, 2009; Ubeda 5, 2011). ©] £
o %= 1-propanol (no. 14), 2-methyl-1-propanol3} 2-methyl-1-butanol

2E AR AZFEAE, o152 BT PV30lA 7P §hegol
=t

2B FES Auum, pV3dlA o2ElFe o] 7P w3k
o pV-15914 7P Wektk(Table 1, Fig. 3C). ol2ElRF FollA
ethyl acetate, methyl acetate, 1-methylpropyl acetate2} isoamyl
acetate®] $rFo] E=ok=tl] 53| ethyl acetates= PV-39A] o 2~H
Fo| fRRe z}x] 51 50,681.7 ng/mL EAISII O PV-15, PV-
229} PV2259E 3] 7HAEle] Z4zh 325, 69.8% 78.1 ng/mL
—cZH STt Ethyl acetatei= ethanol?} acetic acid®] ol 2~E{3} Wt
ofsf BAHEE =EE é]i 5ol ) 548 FofeA

o rJrEé} | EAleA B A% 86, S0lE e UEie] 4

Z9] F4E AshPle F8& %JOLLE dHA Uck(Lee 5, 2012;
Choi & 2018). Ethyl acetate”} PV-15, PV-22%} PV-2594 &4

olf= %

A1 ethanol®] &
& AH|EWA ethyl acetate®] 7FrEaf|7)F R

JJrﬂ < "l 9
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Table 1. Continued

AN EASEA A 51AA 5T (2019)

Concentration (ng/mL)

No RI Compound name Sig Identification
PV-3 PV-15 PV-22 PV-25
Ester
31 822 methyl acetate ok 896.0+74.3¢ 323.7+20.5* 695.1+13.8" 770.3£12.4" MS, RI
32 885 ethyl acetate ** 0 50,681.7+3,223.7° 32.5+0.9" 69.8+1.9" 78.1£1.5* MS, RI
33 897 methyl propanoate oK nd 38.2+1.8% 152.4+£2.9° 168.0+3.6° MS, RI
34 920 methyl 2-methylpropanoate ~ ** nd 15.0+1.9* 19.44£2.7%% 22.340.5" MS, RI
35 962 ethyl propanoate 547.6+30.6 nd nd nd MS, RI
36 973 ethyl 2-methylpropanoate 162.2+4.1 nd nd nd MS, RI
37 983 propyl acetate 1,429.8496.4 nd nd nd MS, RI
38 999  I1-methylpropyl acetate ok 1,122.3+£308.4* 1,296.0+27.8" 3,137.5+63.6" 3,347.5+57.7° MS, RI
39 1020  2-methylpropyl acetate ok 617.6+63.1¢ 87.5+3.4" 223.7+6.3% 246.3+3.4" MS, RI
40 1043 ethyl butanoate ok 63.8+5.7° 8.0+0.5" 9.8+0.7* 9.5+0.3* MS, RI
41 1051 propyl propanoate nd nd 91.4+5.6 91.7+£0.8 MS, RI
42 1056 1-methylpropyl propanoate  ** nd 149.8+2.9* 830.5+17.1° 864.5£9.0¢ MS, RI
43 1059 ethyl 2-methyl butanoate 36.4+3.7 nd nd nd MS, RI
44 1062 Zmethylpropyl 2-methyl- nd 34.841.4° 53.026.0° 53.041.4° MS, RI
propanoate
45 1075 butyl acetate 19.6+£5.2 nd nd nd MS, RI
46 1082 2-methylpropyl propanoate ~ ** nd 16.3+0.7* 65.6+1.9° 67.3+2.5° MS, RI
47 1118 isoamyl acetate ok 4,980.3+215.4¢ 484.5+6.0" 1,583.3+20.1% 1,664.2+10.8° MS, RI
48 1124 l-methylpropyl butanoate ~ ** 7.8+0.14 228.6+5.1° 315.4+2.7¢ 327.8+1.0° MS, RI
49 1153 pentyl pentanoate ok nd 11.742.2% 25.0£1.7° 24.3£1.2° MS, RI
50 1170 methyl hexanoate *x nd 164.8+£5.4° 20.0+£3.0* 17.6x1.2% MS, RI
51 1172 3-methylbutyl propanoate  ** 2244274 35.9+2.6° 299.6+6.0° 317.246.1° MS, RI
52 1209 ethyl hexanoate ok 233.7+10.0° 12.0+0.1* 6.5+1.0" 71114 MS, RI
53 1244 3-methylbutyl butanoate ok 9.9+0.3% 43.7£5.9° 76.7£3.7 77.5+3.4° MS, RI
54 1250 hexyl acetate 66.1£1.6 nd nd nd MS, RI
55 1302 2-methylpropyl hexanoate — ** nd 59.2+7.18 27.243.54 18.6+2.8" MS, RI
56 1314 ethyl heptanoate 33.34£9.0 nd nd nd MS, RI
57 1325 2-hydroxyethyl propanoate 863.6£174.2 nd nd nd MS, RI
58 1363  3-oxo-2-butyl acetate ok 53.5+13.9* 141.4+8.6° 286.8+47.5¢ 337.9£9.2¢ MS, RI
59 1368 octyl acetate ok 135.2455.98 14.8+1.2% 34.6+£8.1* 41.949.34 MS, RI
60 1375 methyl octanoate ok 45.8+8.6* 195.1422.6° 43.6+7.1* 52.6+6.5" MS, RI
61 1591 methyl decanoate nd 15.3£3.7 nd nd MS, RI
62 1625 ethyl decanoate 366.1£51.4 nd nd nd MS, RI
63 1651 1,3-propylene diacetate ok 80.6+15.9% 32.0+2.8* 116.1£17.3€ 127.7£10.1¢ MS, RI
64 1673 diethyl butanedioate 860.0£144.2 nd nd nd MS, RI
65 1825  2-phenylethyl acetate % 697.5+79.5¢ 131.4+27.84 379.5+138.5° 241.3+53.5"8 MS, RI
66 1897 ethyl 3-phenylpropanoate 112.1+15.1 nd nd nd MS, RI
Subtotal * 0 64,145.1+3,258.4°  3,572.0+£52.8% 8,562.5£164.3"®  8,974.2+83.4"
Furan
67 853 tetrahydrofuran ok 65.0+6.6° 13.2+0.7* 18.0£1.14° 23.3+0.6" MS, RI
68 1451 furfural ok 159.4+23.34 435.1£29.4% 354.7+66.7° 346.1+44.8° MS, RI
69 1574 5-methylfurfural ok 35.7+16.1* 105.3£17.34 368.6+88.5" 291.1+48.0° MS, RI
Subtotal ok 260.1£29.1* 553.6+34.1° 741.3+110.8° 660.6£65.7%C
Hydrocarbon
70 958 4-methylnonane nd 61.1+19.4 85.3432.2 91.3+9.9 MS, RI
71 971 3-methylnonane nd 29.6+£7.0 35.1+15.3 42.8+5.2 MS, RI
72 1000 decane *x 227.3+21.8% 100.1£18.14 119.3+38.5" 129.4+15.24 MS, RI
73 1049 1-decene * 35.242.4° 21.9+4.4% 25.5+8.84P 27.4+1.9"8 MS, RI
74 1079 butylcyclohexane 14.8+1.1 11.1£2.4 12.843.1 12.5£0.5 MS, RI
75 1178 limonene ok 17.4+4.08 2.5+0.4* nd nd MS, RI
Subtotal 294.6+£22.3 226.4+27.9 277.94£53.3 303.4+19.0
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Table 1. Continued
Concentration (ng/mL)
No RI Compound name Sig Identification
PV-3 PV-15 PV-22 PV-25
Ketone
76 805 acetone ok tr 39.3+2.9" 26.1£3.74 24.9+0.2% MS, RI
77 895 2-butanone ok 2,235.2+164.3" 1,554.9+63.4" 4,258.3+119.0¢ 4,547.3+134.0° MS, RI
78 981 2,3-butanedione ok nd 1,032.3£41.5* 1,569.8+24.68 1,670.3£23.8¢ MS, RI
79 1167 2-heptanone ok nd 43.8+2.0° 5.7+0.8" 6.8+0.8" MS, RI
80 1269 acetoin ok 1,762.0£123.1¢ 629.8+43.7* 1,012.9+102.6" 1,139.7+£79.5% MS, RI
Subtotal ok 3,997.24205.3%  3,300.1+87.6" 6,872.9+159.0¢ 7,388.9£157.6"
Phenol
81 1876 guaiacol ok nd 48.9+6.3" 52.6+1.7" 28.3+4.4% MS, RI
82 1963 p-cresol ok 46.1£19.1* 149.0+10.8"% 25.4+0.7* 23.0£6.1* MS, RI
83 >2200 2,4-di-tert-butylphenol ok 80.9+31.2° 145.5+7.4¢ tr 31.9+2.3* MS, RI
Subtotal ok 127.0£36.6" 343.4£14.5" 78.0£1.9* 83.2+7.8"
Miscellaneous
84 1076 dimethyl disulfide ok nd 32.4+2.2° 12.6+1.2% 10.7+1.5% MS, RI
85 1166 isocineole nd nd 15.0+2.5 13.4+1.9 MS, RI
86 1186 trimethyloxazole ok nd 23.34£5.7* 51.7+7.6° 47.448.8" MS, RI
87 1202 I-ethyl-3-methylbenzene ok 10.4+1.8¢ 2.5+0.4* 11.0£1.8¢ 6.4+0.2" MS, RI
88 1402  2,3,5-trimethylpyrazine ok nd 23.8+1.5% 34.2+4.9° 26.3+0.4* MS, RI
89 1475 tetramethylpyrazine ok nd 112.5+33.9* 664.3+£72.9" 567.5+77.0° MS, RI
90 1636 butyrolactone ok nd 52.9+8.4" 17.8+0.9* 21.9£2.44 MS, RI
Subtotal ok 10.4+1.8" 231.5+34.5% 806.6+73.6° 693.7+£77.6°
Total *% 0 111,498.4+3,8253¢ 27,394.6+823.2%  38,573.3+1,526.2% 40,595.4+:961.7°

Retention indices were determined on DB-WAX using C,-C,, as external reference.
%% sionificantly different (p<0.05) among samples in a row. Values of the amount in the same row with different superscripts (A-D) are

significantly different (Duncan test, p<0.05).
IMeantstandard deviation.

Mtr: trace.

YMass spectrum.

9nd: not detected.

DRetention index.

A7y}, 1-Methylpropyl acetate= PV-15, PV-229} PV-259] of| 2=
R T 3840=E 7Y do] Bstow, 4 7|kl S
FE o] FUIskE S HAUTE Methyl acetate®} isoamyl
acetate= PV-3°l4] 71 9kl w3tom, PV-1594 7P W
TEE HAEFATE Ubeda 52011y 72 B7] 55 o] &3t 4
2 Az B F AW AR HsE dreisied], HAx Az
4 F methyl acetate®] FFo] ThE 2 %¢} Hlusle] F W=
Uelsith 2 olfr= 2] Y ke ohE o) Hlsle] Bo
o, ¢IE WF T pectinesterase®] ]3| galacturonic acid<}
methanolZ -3 F]©] methanol E=Fo] B7] wFo]th(Fernandez-
Gonzalez 5, 2005). ©]EA AAdE methanole 542 Uel=
o 2ARE 5 2ARFe] AR MRl ¥AN ol&H 5o
2 3o AHHoR 548 AT Y#A UtH(Ubeda
= 2011).

2B F= ORI, WF, A2 T UE HEFY Fas IINE
S = ethyl acetate (£7 HE B|E3}S] isoamyl acetate (Bl
), 2-methylpropyl acetate (2% 3F), 2-phenylethyl acetate (g1,
E %) L ethyl hexanoate (At} )7} thE A o|tHPires &,
2014). °l& 3}¥t=S PV-30lA 7P fhgol WSk 4717k
F7FetAA sheFo] AA AasEdl, PV-1500A4 ZAsohrt
PV-228} PV-259014 THA] S7kske AEE BEAATh Az &4
A ethanolzt FAF7F PIAE o8] &H|EWHA 2o A
ote A&EE TR fFREHY Ao JYAFE o5

o] shgo] 7HASHEY YA UTHCallejon &, 2009; Palacios &,
2002).

AEFe AF, 47170 T7HEFE o] Ftste] PV-
250041 ko] 71 =9ho™(7,3889 ng/mL) I THEO& PV-22
oA o] =9kTH6,872.9 ng/mL, Table 1, Fig. 3D). &3] 2-
butanone, 2,3-butanedione (no. 78) ' acetoin®] o] ==t
2-butanone> PV-25914 7H¢ o]l Eqtom, Pv-159014 717
slao] A9tk 2,3-Butanedione> PV-3914 & HAZEo] A %9k
3, PV25ollA 7P gl Btem, &4 717l SR
slafo] F71eke A2 HATH Acetoin® PV-30l4 7Pg &k
o] E%om PV-15904 7 W2 R HEHATE Acetoin
2,3-butanediolZFE ZAbEF ol o3 A= Al A%, ol
Az g e Az Tl o gPgoz EHJUE B
7} AtH(Caligiani 5, 2007; Guerrero 5, 2007). 53k TAld] 2
M= &80 L#ld 5 acetoin®] FEo] Tagtiar &
A ) THGuerrero 5, 2008).

ddjslo| =R/e HA717ke] S7HEFE Shepo] Svteke AT
S Ho] pV259lA] Bheko] 7Hd E9E01(2,040.5 ng/mL), PV-3¢]]
A geko] 71 SItH(572.6 ng/mL, Tabel 1). 3HAITH acetalde-
hydes PV-30llA] 7174 $Heko] =9kom(127.3 ng/mL), PV-15, PV-
229} PV-5591A1E o] ZA 7HAstSith. Acetaldehydes ¥
< B8 F pyrwaeEFEH APE FUHAER ethanolS )&
3l acetic acid®} acetoin®] -7-#]°]tHRomano 5, 1994). Acetal-
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Fig. 2. Comparison of volatile compounds in persimmon
vinegars with different aging period. Values of the amount with
different superscripts (A-C) are significantly different (Duncan test,
p<0.05); PV-3: persimmon vinegar aged for 3 years; PV-15:
persimmon vinegar aged for 15 years; PV-22: persimmon vinegar
aged for 22 years; PV-25: persimmon vinegar aged for 25 years.

dehyde7t &4 717bo] S718FS AT olfe 4 T 24
uhgoll 9J8) acetic acid®} acetoin® FFE 7] WlEo = AztH
th E3 benzaldehyde= <4 717k0] S71 5 gfo] St
she S 1o, PV25olA 7P o] wokth A 3, of
EE & E4S zh= benzaldehyde= 9918 98 E 3 2]%o]
ok EAsE, WARY A zox KA 7170l wet ko] St
stk dE A At Marrufo-Curtido 5, 2012; Guerrero 5,
2008). ©] 9o 2-methylpropanal (no. 25), 2-methylbutanal (no.
26)7 3-methylbutanal (no. 27y PV-3Z A|9|3 BE 72 o)A
HAEH =, o] SIHEES Strecker EH|3to| =0, Wdzt=
Hk2-of| 4] Strecker -3l WH-3-(Strecker degradtion)oll 2Jaf A4AdE A
© 2 AyZtE ch(Reineccius, 2006).

FHRO S $47170e] USSR FTlste] P22
oMM 714 dheko] =gko (7413 ngml), PV-30ll4] ko] 71
Skth(260.1 ng/mL, Table 1). ©] Z furfurals®} 5-methylfurfural
PV-39ll4] 71 EFo] vttt FERE AxdA AYE F 5
S e &4 F ST opn|iite] WdsE vkl 9
s A€t wd2l= 98-S N-glycosylamine?} N-fructosylamine
©] Amadori 3}3E(1-amino-1-deoxy-2-ketose) H=i= Heyns 3}3HE
(1-amino-2-deoxy-2-aldose)= ©]d @ 3sl=o] ZlaY=|m o]z{st 3}
52 FEFe Fo3 A7 Fh(Giordano &, 2003). WA
Az AS &4 F ddst= dhgol o3 furfurald}; 5-methyl-
furfuralS W53 Fehre] ool 7RIS A4 Ith(Cirlini
%, 2011; Marrufo-Curtido &, 2012; Guerrero 5, 2008).

HEFe PV-150014 71 ko] E%a1(343.4ngmL), ©] &
guaiacol (no. 81y PV-39A= HEHA] UAANE PV-15, PV-22
oF PV-25ellx] Z}7} 489, 52.69F 283 ngmLe] FEE HEEHUCH
(Table 1).

7IERSHES PV3AIME 15 Te] FAEHJAR PV-15, PV-22
9} PV259M = b HEE S TtH(Table 1). ©] % isocineole (no.
852 PV-229} PV-250A1%F HEEU S, dimethyl disulfide (no.
84), trimethyloxazole (no. 86), 1-ethyl-3-methylbenzene (no. 87),
2,3,5-trimethylpyrazine (no. 88), tetramethylpyrazine (no. 89)3%}
butyrolactone (no. 90) PV-15, PV-229} PV-25904 HEE AL
PV3oXE HESA LUT HlA &4 7)7ke] A Bz
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Fig. 3. Comparison of acids (A), alcohols (B), esters (C), and
ketones (D) in persimmon vinegars with different aging period.
Values of the amount with different superscripts (a-d) are
significantly different (Duncan test, p<0.05); PV-3: persimmon
vinegar aged for 3 years; PV-15: persimmon vinegar aged for 15
years; PV-22: persimmon vinegar aged for 22 years; PV-25:
persimmon vinegar aged 25 for years.

ol HZE ¥ trimethyloxazole, 2,3,5-trimethylpyrazine, tetrameth-
ylpyrazine?} 732 S|HIZ 2] 3}5HE (heterocyclic compound)S &
3717k Ft M= wg o3 AHE AoR AztEn %=
chtge] Ay wdets vhgo] HApAR] ST ofuieslo]
F531H, Strecker E3|9F-3-o ]3] Strecker ¥H|lo]=2} ami-
noketone®| AJE L, o158 oS T3l sElELe setEel
Y 2d Eth(Reineccius, 2006; Xu &, 2011). Xu 52011y &S5 ¢
BE g Az W 9 A PPN FRIF HeltE A
staedl, 2AE 270 FeRlFe el mEE ARt
A Hart FEHUES "ol 759ppme] TEE HEFHAAL,
6d $A% AxE JAINFIT 696 ppmlE FA FUFsI Tk

REleke o l=
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o
of ma} 3y A
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2 vk u)$ fAEIE F 90F] FEhA Aol FAEA
ou, AWHoF AbRel d2ElFe| FEo] w%ow 1 thg
2 AEF 43 LFY ko] =Ut} AHF 5 acetic acide &
471700l wt 8,925.0-26,132.3 ng/mL MY 2 AE AT ol
5 % ethyl acetate”} 32.5-50,681.7 ng/mL HHZ SAIIAS, &
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mL T2 &35
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o] S A ST oot xFer ST %
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