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Change of Aroma Compounds during Corn Vinegar Ripening
In-Ung Shin', Eun-Hee Park’, Yeong-Hwan Choi?, Su-Jin Ryu?, Woo-Chang Shin?, and Myoung-Dong Kim'*
'Division of Food Biotechnology and Biosystems Engineering, Kangwon National University, Chuncheon 24341, Republic of Korea

2Kooksoondang Brewery Co. Ltd, Seongnam 13202, Republic of Ko

rea

Vinegar was prepared from corn produced in Gangwon province and changes to the major aroma compo-
nents were investigated for acetic acid fermentation and ripening. The most prevalent volatile component
in corn alcohol was determined to be 2-phenylethanol (accounting for 27% of total aroma components); the
levels of 2-phenylethanol decreased to 15% after acetic acid fermentation. Principal component analysis of
volatile compounds revealed that corn vinegar was distinguishable from corn alcohol. The highest content
of total volatile components (50%) was acetic acid, followed by 2-phenylethanol and diethyl succinate. Ethyl
phenylacetate and diethyl succinate had the highest odor activity value, and might contribute most pro-

foundly to the aroma of corn vinegar.
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SHAY ol ANHYULm[12, 18], F7] B/d7HOrder
Activity Value, OAV) 7§ g2 AME3Slo] EF 7| AEo] 4
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et HaE Yot A X FF= Saccharomyces cerevisiae
KWN [20]2 AF&3t9 25, YEPD (2% glucose, 1% yeast
extract, 2% peptone) B ] o] 600 nmo| A A3 TH=
(ODgpo) 71222 27] F% ODgoo=1 TELE HJF3HH
30Tl A 24A17F Fet I W7 & AHE-ste] Aul st S
ot A dFd o AFR-3E 5= Acetobacter pasteurianus
KSD5E[20] AR&-3Hlt. 2 & Alxs17] {18t olehZ (5%,
wiv)o]l SHH GY (2% glucose, 1% yeast extract) B X| &
AHE3Lo] A. pasteurianus KSD5 @55 30°C oA 18A17F
£k A w12 AHgate Hulersialc

42 Az LR S55E 20188 ZUAE B ZAA
234E $9208 oo A 2007 Axsko] gL,
AzE S5t AF2oA 12047 F A T 247
(Sung Chan Machinery, Korea)E ©]-&3}o] 235} o
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55t ARSI
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ODgpo=5 TTLE &4 Gt o] HFd4aL 25Tl A
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T a2 AXsHdr. dAHR2(1,637 xg, 208)F 559
AFEol AAE 3LY S &5 AW 2 Tav)
(Kobiotech, Korea)ol] &3t A v %3t A. pasteurianus
KSD5 #F& ODgpo=0.8 502 HES &, 30CAA
450 rpm 27102 48A7F FF A L EE APt T
a7t 4EE Az 20Co0A 3L A5

Al 2= 94E2(10,000 xg, 108)3 & A5HE 3|3}
31 oJ7}X| (Filter paper no. 5C, Advantec, Japan)Z o|3}3t
T 2AL WFIA70T)0 Bt EE A2 52
7 Z7)(1ShinBioBase, Korea)E Alg&3le] T2 AZXSH
T0%(w/v) olleE& AHE-Sto] Aol 1AIZE 5% &35
t} 2202 7 27| (Eppendorf, Germany)S AH&3}o]
T oSS AAT F FEASE 3f pyridine (Sigma-
Aldrich, USA)o| €3] A7l methoxyamine hydrochloride
(20 mg/ml, Sigma-Aldrich)E 50 ul F7}3l¢] 30T o A
908 SoF WA F Tl HFS-Eo N-methyl-N-trimethylsilyl
trifluoroacetamide (Sigma-Aldrich)S 50 ul & 7}3}3 37°C o)
A 308 o WAg & o I} A (polytetrafluoroethylene,
0.45 um, Sigma-Aldrich)2 oj1}sle] Ao AL&-3t4 T}

S 21 S A 29 A= RTX-581 MS 29
(30 m x 0.25 mm, 0.25 um film thickness)®] A2}% gas
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Table 1. Relative contents (peak area, %) of volatile compounds in corn alcohol and corn vinegar.

Peak  Retention time

Corn vinegar

No. (min) Compounds Corn alcohol Ripening time (month)
0 1 3
1 02:15 Ethyl acetate 11.09 18.52 15.17 541
2 05:41 Ethyl 2-methylbutanoate 0.25 - - -
3 04:28 Isobutyl acetate - 0.61 0.49 0.21
4 09:15 Isoamyl acetate - 4.60 2.96 0.71
5 14:26 2-Methyl-1-butanol 3.04 0.61 0.50 1.49
6 15:19 Ethyl hexanoate 0.39 - - -
7 22:06 Ethyl octanoate 1.01 - - -
8 22:36 Acetic acid 0.90 34.71 43.29 50.25
9 23:08 Furfural - - 0.11 0.52
10 23:46 2-Ethyl-1-hexanol - - 1.82 0.65
11 24:38 Benzaldehyde 15.72 1.18 1.77 5.97
12 25:00 Ethyl nonanoate 0.46 - - -
13 25:06 Propanoic acid 0.25 0.16 0.13 0.17
14 25:32 Ethyl 2-hydroxyhexanoate 033 - - -
15 28:07 Ethyl decanoate 0.52 - - -
16 28:31 p-Tolualdehyde - 0.20 0.23 0.29
17 29:08 Isovaleric acid - 1.31 1.95 3.93
18 29:04 Ethyl benzoate 0.56 - - -
19 30:08 Diethyl succinate 8.71 7.71 248 717
20 32:16 1-Octanol - - 0.09 -
21 33:13 Ethyl phenylacetate 0.68 042 0.13 0.12
22 34:14 2-Phenylethyl acetate 0.28 8.93 822 418
23 34:38 Ethyl dodecanoate 0.33 0.10 - -
24 34:50 Hexanoic acid - 0.18 0.49 0.53
25 37:20 2-Phenylethanol 26.71 13.86 15.80 14.55
26 38:15 Heptanoic acid - - 0.12 0.1
27 38:48 1-Undecanol - - 0.16 -
28 38:49 2-Ethylhexanol 0.08 - - -
29 40:54 4-Ethylguaiacol 0.66 0.32 0.25 0.25
30 41:08 Ethyl myristate 1.44 - - -
31 41:09 Ethyl stearate - 0.22 - -
32 41:22 y-Nonalactone 033 0.27 0.37 0.38
33 41:37 Octanoic Acid - 0.81 1.07 0.91
34 44:51 Nonanoic acid 0.78 0.52 0.80 0.78
35 45:59 2-Methoxy-4-vinylphenol 217 2.23 - -
36 46:29 Benzoic acid 0.76 - - -
37 47:21 Ethyl palmitate 18.46 1.49 0.68 0.49
38 48:39 L-Phenylalanine 4.09 0.82 0.59 045
39 49:04 Phenol - 0.22 0.33 0.48
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Table 2. Aroma-active compounds in corn alcohol and corn vinegar.

Corn vinegar

Corn alcohol Aging time (month)
Compound Odor' . o Reference 0 ! 3
characteristics  (mg/l) Concen- Concen- Concen- Concen-
tration OAV® tration OAV tration OAV tration OAV
(mg/l) (mg/l) (mg/l) (mg/l)
Alcohols
2-Methyl-1-butanol  Winey, onion, fruity 7 [25] 1758 251 6.02 <1 4.50 <1 1369 195
2-Phenylethanol Honey, spicy, rose 7.5 [24] 7.05 <1 6.24 <1 6.50 <1 6.09 <1
Acids
Acetic acid Pungent, vinegar 200 [24] 55.49 <1 3649.15 1824 415992 20.79 4912.67 24.56
Hexanoic acid Cheese, fatty 3 [24] - - 0.08 <1 0.23 <1 0.25 <1
Isovaleric acid Rancid, acidic 3 [24] - - 113 - 154 - 316 1.05
Propanoic acid Pungent, rancid 8.1 [24] 0.90 <1 0.96 <1 0.82 <1 0.92 <1
Heptanoic acid Sweaty, cheese 3 [24] - - - - 2.29 <1 2.01 <1
Octanoic acid Fatty, rancid 10 [24] - - 2246 224 2696 269 2341 234
Nonanoic acid Fatty 3 [24] 1262 420 1430 476 2012 670 20.08 6.69
Esters
Ethyl acetate Pineapple, solvent 12 [24] 19478 1623 23476 1956 163.92 1366 6923 576
Isoamyl acetate Banana 0.16 [24] - - 083 5.18 049 306 0.11 <1
Isobutyl acetate Fruity, sweet 1.60 [24] - - 1.22 <1 0.89 <1 0.39 <1
Diethyl succinate Fruity 1.2 [24] 48,02 4001 7247 6039 2129 1774 6266 5222
Ethyl phenylacetate Flowery 0.14 [24] 1093 7807 1165 8321 320 2285 3.08 2200
Aldehyde
Furfural Bready 6.2 [27] - - - - 0.05 <1 0.27 <1
p-Tolualdehyde Fruity - [27] - - 5.56 - 5.75 - 7.37 -

a) OT : odor threshold, b) OAV : odor activity value.

2222 2o A 55.49 mg/l $Ro|QOoU, AL WE T 22
T A 20X Ex= 3,649.15 mg/lZ A °F 658 Z713FR
ok 24P e 4 BHE AAUA AEH o= F718t
A Lo &4 MA A A tie] oF 1.38) Z7}3H
4,912.67 mg/lE YEFH ). Ethyl acetated] A $+= 5
Sol M S4s NER 24 LA AYHA oF 120 3
7FF AT (194.78 me/l) SRS AXNHA F=7F g
3ttt <4 371¥ & %A, hexanoic acid, isovaleric acid,
propanoic acid, heptanoic acid, octanoic acid, nonanoic
acid5 9] §7]4t3} furfural, p-tolualdehyde 52 &H|s|=
ARL &2 07 dHaFo] £713}% S, ethyl acetate,
isoamyl acetate, isobutyl acetate 2] d|AH = JEO] §
2 &4 7170l At wet Faskgich(Fig. 1).
—.—]‘Q‘/‘j 7] AEL solid phase microextraction-gas
chromatography/mass spectrometry (SPME-GC/MS)H <
o] &3ste] F&stATH21]. 3L F7] HES A6 9
3 A& 5 mle &2 3 (Supelco, USA)o| Yol WE3S &

70CoNA 3087 HAT F 250Co|A A EEH SPME
fiber (50/30 um DVB/CAR/PDMS, Supelco)o] 30E%59F &
st &3H &7 AEL AFAZE7](mass selective
detector)7} ZZHE GC (78094, Agilent)o] ¢ & &g
98l 250CoAA 202 F A5 e n, DB-5MS A H
(30 m x 0.32 mm, 0.5 um, Agilentye AM&35te] AF7IAE
O]FHLE 1 mi/mlo §&02 AMSSIGIT $HA] &7 A
29 58 At Ak o] 23 AU 70 eV, HYH =
50-500 m/z= HAATATH20]. FHH 2 HufjE= F7] A
1632 2T AR AMESE AFEA o AHgstglon &
7148 B4 A3l Table 20] Uit

F7) AEY =Y A AA =R gF #Y v
A 9 E]T‘;- skﬂ%/\-l 7]-(odor activity value, OAV) 7] §[22]
F7] &9 9FE= BIsklTh23, 24].
w Ho ﬂizj 1i£[25 28]E 23
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Fig. 1. Concentration of volatile compounds in corn alcohol (L) and corn vinegar ripened for different time. Averages and stan-
dard errors determined from three independent measurements are shown.

Az 9] g E49 n|X= FFol ululsiota wstgitt
[23].

HE &R 3Q o]} HHE5t¢l o™ Duncan® o4
AR RI0ZE F4L AR this £4& $lst
SIMCA(v. 14, Umetrics, Sweden) T2 1H-S o]-&3lo] F
A& E A (Principle Component Analysis, PCA)Z} &
aAE #d

_8.:&2

H X (Partial Least Square-Discriminant
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&/ 717to]l ZAMstHA A G AtmHe #HE
octanoic acid [40]2} LU eFS U EFU = isoamyl acetate
B5lE &4 edAe AEHA YA, A LEE A
AHA F7|247H71 12T AR = A2 YETH. o]
3t A3= vlglo 2 octanoic acid®} isoamyl acetateZ} ZAF
T8 E AXHA S A2 HAAI Frof nX= F
o] HAF Ad Aoz AE et AhufF ot #HHE nonanoic
acid®| 7-¢ A RO o3t EFe] M= X FEAIT
&4 B Foll FFol F7eke AFE Uit &
A3k UJEY & diethyl succinate [24]= <A 37] Qo A
P 2 37 @47H62.22)F HEIWHItH(Table 2).
Yoon F[38]2] dAtZAT}e] &JstH Yo Z3H A& o
Qof AF9 AR B 7tEFol 3A4E JLA F AR
< YA Zk(threshold value)o] R 79 H|FO 2= 4]F9)
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Fig. 2. Principal component analysis of volatile compounds
in corn alcohol and corn vinegar ripened for different time.
(A) is score plot ( ®: corn alcohol, ®:cornvinegar, A:cornvine-
gar ripened for one month, ¥: corn vinegar ripened for three
month) and (B) is loading plot.
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£2 Jolu}y] ] 37 4EE st Wt
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FAE Y] HES HoR FHREA 23 A 1574
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B 87.7%, Al 2584 H-E 10.5%2] 719 && 22t vehylo]
% 98.2%9 3 7]9 &S Uehith(Fig. 2). S5 &9 &

JES PCIS /|20 B2 Beugn, 955 4%
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)
ox
]

l

&4 7|17ko] Aol wet S A2 PC2E 7|20 E
stdo g fejso] 4 7|3k Zate| wet 7] JE %
dol oA or FEEUY B AR A4S 5ot &
P el S A2 7| ARY FFE vlud 2
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71o1&0] 10.5%0| A PC2o| Al W3t7F & &L ethyl
acetate2 E-21E|Qith Ethyl acetate= o g3} 249 o
2H| 23} wh-g-of ofsf B = ([42] 4 717te] HstH
A A AR ghego| A Adteta BHE o

2 AFE Bt Sf A2 24 ER Yoo &
4 £HG 24bo] oF 65 F7151H LM, isovaleric acid,
hexanoic acid ¥ isobutyl acetate’7} A &= A-S &35}
S}, w3k 44 7170¢] 23] wet furfural, p-tolualdehyde,
hexanoic acid @ isovaleric acid®] 3tgFo] Z715t= A¢S
Uehel 9] Ee) Hapt podon TRIE AL
Qsppom, 44 Ao Tt 55 Hze] T3hE 2
7] &Y 593 Ql g HIE elstdt

o 4o

2 o

RUEON D S4eE AL H2E AZT T
2R HE R £4 o8 MSEE 22 PARE 24
shalch 44 2ol M S B el 4 4
-2 2-phenylethanol 2 24 A 34 JE2 & 27%E
AR Ao, A HE T 15% $EO2 A3 F
HE B 23 S5 53 944 2L ZHUE 9 &
g 717te] wet 7] A& EAo] e e Zpo| 7t ElE S
ok A A o] T AA A EF FolA RAbo] ¢
50%8 A7lsko] 71 Fako] &S ALE Ueptos, 1
t}2 % 2 2-phenylethanol, diethyl succinate <A 2 =%t
t}. Ao S UElY = ethyl phenylacetate®} T3S
EFJ L diethyl succinate S o A 2 33HE 9] 7] &4
717k w70 bt o] ARo] 24 wE ¥ 429 7] &

Aol & FFE vAE A2z BEHUS.
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