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Abstract The properties of volatile flavor components were compared in commercial brown rice vinegars that were
fermented with and without ethanol addition, for which solid phase microextraction-gas chromatography (SPME-GC),
electronic nose, and sensory evaluations were performed. A total of 24 volatile compounds, mainly composed of acetic
acid, ethyl acetate, benzaldehyde, iso-valeric acid, phenylethyl alcohol, 2-phenylethyl acetate, acetoin, and isobutyric acid,
were identified in the brown rice vinegar fermented without ethanol, while major volatiles in the brown rice vinegar
fermented with ethanol were acetic acid, ethyl acetate, 1-hexyl acetate, benzaldehyde, 2-phenylethyl acetate, and
phenylethyl alcohol. The electronic nose patterns of samples indicated a significant difference in the brown rice vinegars
fermented with and without ethanol. Pungent flavor and off-flavor intensity were high in the brown rice vinegar fermented
without ethanol. According to the results, fermentation conditions affect the volatile properties of brown rice vinegars.
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2%9o] 3R Z3S $I8iA AlEE carboxen/polydimethylsi-
loxane(CAR/PDMS, 75 thickness)© 2 F B % SPME fiber(Supelco,
Bellefonte, PA, USA)7} 3@ 8-S Sk Hall A=At
A RS FF3P] Ao fibers GCE 250°ColA] 5E7F o
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spectral search program, version 5.0, USA)°]$iTh.

A= 24
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Table 1. Details of commercial brown rice vinegars used in the experiment

No. Label Contents Type
1 BVAI1 Brown rice, refined water
2 BVA2 Brown rice, malt, glucose, yeast, acetobacter, enzyme, refined water Not added ethanol
3 BVA3 Brown rice, malt, glucose, refined water, yeast, culture medium
4 BVBI Brown rice, ethanol, refined water, citric acid, yeast
5 BVB2 Brown rice, ethanol, amylase, culture medium Added ethanol
6 BVB3 Brown rice, ethanol, malt, culture medium
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Table 2. Volatile compounds in commercial brown rice vinegars fermented with and without ethanol

(Unit: peak area, %)

Sample"
Peak  RT (min) Compounds
BVAI1 BVA2 BVA3 BVBI BVB2 BVB3
1 2.248 Hexane - - - - - 0.33
2 4.046 Ethyl acetate 3.89% 11.06 13.87 15.43 17.42 11.69
3 5.148 Dipropylamine - 0.17 - - - -
4 7.559 Isobutyl acetate - 0.38 - 0.25 - -
5 7.537 Diethylimine 0.24 - 0.20 - - -
6 8.585 Methylfulvene 1.09 0.50 0.57 0.48 - -
7 13.534 2-Methylbutyl acetate 2.18 - - - - -
8 13.602 Isoamyl acetate - 2.52 1.30 231 0.22 -
9 17.392 2-Methyl-1-butanol 0.62 - 0.35 0.48 - -
10 17.406 Isoamyl alcohol - 0.77 - - - -
11 19.832 1-Hexyl acetate - - - 0.60 1.74 0.70
12 20.216 Acetoin - 0.21 0.46 - - -
13 22.463 Methylcyclopentane - - - 0.25 - -
14 22.466 Propylcyclopropane - - - - 0.49 -
15 24.871 Isobutyl isothiocyanate 0.43 - - - - -
16 24.874 4-Bromoimidazole - 0.12 - - - -
17 25.093 Acetic acid 75.24 77.47 77.32 77.68 79.57 84.12
18 25.822 Ethylhaxanol 041 0.13 0.13 0.08 - -
19 26.579 Benzaldehyde 2.18 1.00 0.53 0.32 0.14 2.86
20 26.948 Propanoic acid 0.15 0.10 - - - -
21 27.383 Isobutryric acid 0.25 0.25 0.39 - - -
22 28.312 Butyric acid - - 0.22 - - -
23 28.405 Butyrolactone 1.26 0.10 - - - -
24 28.868 Iso-valeric acid 532 2.03 241 1.01 - -
25 30419 2-Methyl-5-cyanohexane - - - 0.06 - -
26 30.749 2-Phenylethyl acetate 1.07 0.85 0.74 0.45 0.25 0.19
27 31.85 Phenylethyl alcohol 3.61 2.25 1.28 0.59 0.17 0.12
28 33.318 Caprylic acid - - 0.06 - - -
29 35.895 2,6-Di-tert-butyphenol 0.62 0.10 - - - -
YAbbreviation of samples refered to Table 1.
YMean (n=3)

RES A8k UATE T2 CF ethyl acetate, benzaldehyde,
iso-valeric acid, phenylethyl alcohol, 2-phenylethyl acetate, ace-
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Hujalxe] 9 3] A B acetic acid?} 77% X XA
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Fig. 1. Comparison of derivative peaks in commercial brown
rice vinegars fermented with and without ethanol by GC-SAW.
BVA, commercial brown rice vinegar fermented without alcohol;
BVB, commercial brown rice vinegar fermented with alcohol
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Fig. 2. Derivative peak patterns in commercial brown rice vinegars fermented with and without ethanol by VaporPrint™ image
program. BVA, commercial brown rice vinegar fermented without alcohol; BVB, commercial brown rice vinegar fermented with alcohol

Table 3. Sensory properties in commercial brown rice vinegars fermented with and without ethanol

Sample"
BVA 1 BVA 2 BVA3 BVB 1 BVB2 BVB 3
Color 3.40+084" 3.14£0.56" 3.20+0.92° 3.30+0.82° 2.00+0.66° 3.00+0.82*
Taste 3.10+0.88° 3.00+0.82° 2.70+0.67° 3.70+0.48* 2.13+0.31¢ 2.00£0.67¢
Pungent flavor intensity 2.90+0.57* 2.71£0.78® 3.20+0.92° 2.60+0.97® 2.00+0.47° 2.11+0.87°
Off-flavor intensity 2.70+0.67 2.57+0.80% 3.30+0.95* 2.20+0.63% 1.88+0.57¢ 2.22+0.79™
Flavor 3.00+£0.67 3.43+0.64® 2.90+0.74% 3.70+£0.67* 2.75+0.78% 2.22+0.63¢
Overall palatability 3.30+0.67* 3.43+0.44* 2.70+0.48° 3.60+0.52* 2.13+0.82° 2.11£0.74°

YAbbreviation of samples refered to Table 1.
IMeans+SD (n=3)

*DValues within a row followed by different superscripts are significantly different at p<0.05.



06— —
2154
/ \
poo {4
A 1
\ A ’
1_ -
L *BVAL
PERN 100 4 mBvA2
7 A
’ .l ’—.s ABVA3
Y 4 ann
e fee ot
spo / o ! 00y W :
! W
1 7 \ LGy P P X BVB2
* ’ Se
\ , ®gve3
> -2.00 v
N_ -
-3.00

~4-06

Fig. 3. Principal component analysis of main-peaks in
commercial brown rice vinegars fermented with and without
ethanol. BVA, commercial brown rice vinegar fermented without
alcohol; BVB, commercial brown rice vinegar fermented with
alcohol

ekt ol FAAE e W] W ohe $7HHQ)

} % gtk ol @
CREEREEE delsk wHes oot el
wgE Ao @ = 2ol Abst fAt
A gL Al kol sl gk

1
u
=2
R
&
b
oft
=)
£
-,
=
2
2
N

E
E *é-ErOH th gk %WO Eﬂ ]

ggalue ex Zeaggd] o
—L

*ﬁ-j-_ Xé.%t& Alé%l o2 gEBHe 24, 5, 9K 5 7
Bal=d ge5o] 3om(30), 3 GC- SAW ANA2E &4
B Afe] A2kA] A gt Adle] FEE Rl B Riw
TG, & A7eld= FEH7E 7l tﬂra} Rt fﬂﬂlﬂz
o] Fr|Ele] AolE SAW AAE o] 83t HAER 4l&3H
el 7FeEE B 4 Usen, o|ZA x| ) H]ﬂli—éw
Axze] B4 7FeAe] IS Aoz I

BSH 854 HD
FAAZ SOl WE A% Avgzel A, % A4S A=
AR A%, F /1EE B ikl

Rl 2l
Jﬂﬂ AHS Table 3011 LERARE Al et 7] el

b el whe Aol
o FEAS 37002 A Yehtor, vad £ 72
AT 0137 T LA W% Vs
we 0% Uehith A3H A 24 ¥

Nz7t FHH7 BES A2z w8 HaLd we
NAFEE T4 TV WA Az ¥
2 Yo, ol 98 W ZAUE Ag A 4

3

ot
e P
23

[ kh

o
kL
10 L

-
Omm

FO
12

AR 2E 2AA7 AT BERAC] Be Uy 4
A B2} SPME-GC ¥4, AAE Hd 3 &
Ak 2 A, GC-MS #4E T drjAx9]
ol 4 vt wEE @mazel T fwy ARe
acetlc acid, ethyl acetate, benzaldehyde, iso-valeric acid, phenyl-
ethyl alcohol, 2-phenylethyl acetate, acetoin, isobutyric acid &2
= % 4%l I 4Rol SRt FAH BE Ay
z9] 8 3T AJEL acetic acid, ethyl acetate, 1-hexyl ace-
tate, benzaldehyde, 2-phenylethyl acetate, phenylethyl alcohol &
o UERor, & 1659 A Aol =T Ax
A F8 R} Arldke GRg Ee) A8 B 3
o] Agoa 2ok wEAd 7Hzt ThE Helo

G Qglon], 24A7t WrlazE F40 oJ@ 2abdEw 744
Trxm guseio® et A7 G2 w}ﬂ} LR ES
& sdle] Tha Aolghe RIsklTh. A3, olFe] el )
3 A=l E 4 EH7F daw e
et webd 37 R wanale dujaxe] g
FEFE HAE AoE EIFHAT

OSL‘m
= ol
;E

>
Py
N
5
Hir
X
T

ZAle| =2
B ATE $ENEY FTEATARIEANE: PI0071732010)
o] el 23k AFAFe] URZ oo ZAI=FHU

o
ror

—_

.Jeong YJ, Seo JH, Jung SH, Shin SR, Kim KS. The quality com-
parison of uncleaned rice vinegar by two stages fermentation with
commercial uncleaned rice venegar. Korean J. Food Preserv. 5:
374-379 (1998)

2. Yukimichi K, Yasuhiro U, Fujiharu Y. The general composition
inorganic cations free amino acids and organic acid of special
vinegars. Nippon Shokuhin Kogyo Gakk. 34: 592-596 (1987)

.Jeong YJ, Lee MH. A view and prospect of vinegar using kyung-
pook special products (persimmon, apple, and grape). Food Ind.
Nutr. 5: 53-39 (2000)

4.Joo KH, Cho MH, Moon SY, Song SH. Volatile compounds and
sensory odor properties of commercial vinegars. Korean J. Food
Sci. Technol. 30: 299-305 (1998)

.Kim GR, Yoon SR, Lee JH, Yeo SH, Kim TY, Jeong YJ, Yoon
KY, Kwon JH. Quality comparison of commercial brown rice
vinegar fermented with and without ethanol. Korean J. Food Pre-
serv. 16: 893-899 (2009)

6. Hodgkin D, Simmonds D. Sensory technology for flavor analysis.
Cereal Foods World 40: 186-191 (1995)

7. Chou UD. Use and development of sensation sensor. Bull. Food
Technol. 8: 122-131 (1995)

8.Noh BS. Analysis of volatile compounds using electronic nose
and its application in food industry. Korean J. Food Sci. Technol.
37:1048-1064 (2005)

9.Lim CL, Noh BS. Application of electronic nose in biotechnol-
ogy. Korean J. Biotechnol. Bioeng. 22: 401-408 (2007)

10. Kahn JH, Nickol GB, Conner HA. Identification of volatile com-
ponents in vinegars by gas chromatography-mass spectrometry. J.
Agr. Food Chem. 20: 214-218 (1972)

11. Blanch GP, Tabera J, Sanz J, Herrais M, Reglero G. Volatile com-
position of vinegars. Simultaneous distillation-extraction and gas
chromatographic-mass spectrometric analysis. J. Agr. Food Chem.
40: 1046-1049 (1992)

12. Yoon HN, Moon SY, Song SH. Volatile compounds and sensory

(95

W



532

13.

14.

15.

17.

18.

19.

20.

21.

22.

odor properties of commercial vinegars. Korean J. Food Sci.
Technol. 30: 299-305 (1998)

Hur SH, Lee WK. Volatile flavor components in pumpkin vine-
gar. J. Food Sci. Nutr. 3: 119-122 (1998)

Seo JH, Park NY, Jeong YJ. Volatile components in persimmon
vinegars by solid-phase microextraction. Korean J. Food Sci.
Technol. 33: 153-156 (2001)

Lee BY. Application of electronic nose for aroma analysis of per-
simmon vinegar concentrates. Korean J. Food Sci. Technol. 31:
314-321 (1999)

.Zhang Q, Zhang S, Xie C, Zeng D, Fan C, Li D, Bai Z. Chra-

cterization of Chinese vinegars by electronic nose. Sensor Actuat.
B-Chem. 119: 538-546 (2006)

Anklam E, Lipp M, Radovic B, Chiavaro E, Palla G. Characteri-
sation of Italian vinegar by pyrolysis-mass spectrometry and a
sensor device (electronic nose). Food Chem. 61: 243-248 (1998)
SAS Institute Inc. SAS user’s guide: Statistics. Cary, NC, USA
pp. 119-138 (1982)

Clark TJ, Bunch JE. Qualitative and quantitative analysis of fla-
vor additives on tobacco products using SPME-GC-mass spec-
troscopy. J. Agr. Food Chem. 45: 844-849 (1997)

Editorial Committee of Encyclopedia Chimica. Encyclopedia
Chimica, Kyolis Publishing & Printing Co., Ltd., Tokyo, Japan
Vol. 11, p. 110, 811, 847, Vol. 2, p. 481 (1964)

Merck Index. An Encyclopedia of Chemicals, Drugs, and Biolog-
icals, 12™ ed. Merck Co. Inc., Whitehouse Station, NJ, USA p.
1130, 1270, 552, 1129, 737, 88, 97, 149, 326, 8, 243, 220, 752
(1992)

Nishiya T. Composition of soju. J. Jpn. Soc. Brew. 72: 415-432

23.

24.

25.

26.

27.

28.

29.

30.

31.

FEAEASEA A 2 AA 5T (2010)

(1977)

Yuda J. Volatile compounds from beer fermentation. J. Jpn. Soc.
Brew. 71: 818-830 (1976)

Burdock GA. Fenaroli's Handbook of Flavor Ingredients (6™ ed.).
CRC Press Inc., Boca Raton, FL, USA. p. 1632 (2010)

Kobayachi M, Shimizu H, Shioya S. Beer volatile compounds
and their application to low-malt beet fermentation. J. Biosci.
Bioeng. 106: 317-323 (2008)

Jones DD, Greenshields RN. Volatile constituents of vinegar. I. A
survey of some commercially availlable malt vinegars. J. Inst.
Brew. 75: 457-463 (1969)

Jones DD, Greenshields RN. Volatile constituents of vinegar. II.
Formation of volatiles in a commercial malt vinegar process. J.
Inst. Brew. 76: 55-60 (1970)

Hong HK. Gas identification using micro-gas sensor array and
neutral-network pattern recognition. Sensor Actuat. B-Chem. 33:
68-71 (1996)

Noh BS, Oh SY. Application of electronic nose based GC-SAW.
Food Sci. Ind. 35: 50-56 (2002)

Guadarrama A, Rodriguez-Mendez ML, Sanz C, Rios JL, de Saja
JA. Electronic nose based on conducting polymers for the quality
control of the olive oil aroma: Discrimination of qulity, variety of
olive, and geographic origin. Anal. Chem. Acta 432: 283-293
(2001)

Seo HS, Kang HJ, Jung EH, Hwang IK. Application of GC-SAW
(surface acoustic wave) electronic nose to classification of origins
and blended commercial brands in roasted ground coffee beans.
Korean J. Food Cookery Sci. 22: 299-306 (2006)



