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Abstract

Brown rice vinegars were prepared by agitated or static acetic acid fermentation using different yeast strains
(Saccharomyces Kuyveri D7, Saccharomyces cerevisiae JK99, Saccharomyces cerevisiae GRIJ, or Saccharomyces
cerevisiae H9). Organic acid contents and levels of volatile compounds were compared in vinegars prepared by
different methods. The chosen yeast strain did not significantly affect the organic acid content of vinegar. In vinegars
prepared by agitated acetic acid fermentation, organic acid contents were, in the order of descending abundance,
acetic acid, citric acid, lactic acid, oxalic acid, and tartaric acid. In vinegars prepared by static acetic acid fermentation,
no citric acid was detected, and lactic acid content was higher than that in agitated acetic acid fermented vinegar.
The volatile compounds of both vinegars, analyzed by GC-MS, did not significantly differ when various yeast
strains were used. Eighteen volatile compounds were detected in vinegar prepared by agitated acetic acid fermentation
and 11 in vinegar prepared by static fermentation. Volatile compounds that can affect vinegar quality, including
ethyl acetate and phenethyl acetate, were present at high concentrations in static acetic acid fermented vinegar.
Electronic nose analysis showed that volatile chemical pattemns differed between the two types of vinegar, but there
were no significant differences in sensory scores between vinegars prepared using various yeast strains or by either

of the two methods of fermentation.
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detectorS ©]€3}4] 210 nmol| A AE3E . o542 10
mM KH,PO, (pH 2.32)< A}%é}(}iO H flow ratex 0.6
mL/min®] At} A 89 13] FU7FE 20 pLo] o H, 7]
AF EF3E-2 oxalic acid, tartaric acid, malic acid, lactic acid,
acetic acid, citric acid (Sigma Chemical Co., St. Louis, MO,
USA)E AHE-3HT.



Fed g87|de 24

2)20] 34k 7)43%-2- SPME (solid phase microextraction)
e o) gatel BASA HH B EHL SA8IA
carboxen/polydimethylsiloxane =~ (CAR/PDMS, 75 um
thickness) 2 & ¥ SPME fiber (Supelco, Bellefonte, PA,
USA)E o|-&sith S &S F&et7] A fibere
GC (gas chromatograph, Agillent GC 6890, Palo Alto, CA,
USA)Z 250 ColA] 587 o &3ttt SPME 3 < NaCl
25%°l A& 5 mLE #7}3} headspace vial (22.5%X75 mm,
PTFE/silicon septum, aluminum cap)°l] ¥¢] o< ¥ SPME
fiberS FYFAT A&+ 35T heating blockoll A 5871
Q3 F fibere 108 T Y RS TASIGOM,
1% GColl FYske] 28 EoF gaslgth AR BA
S 93} MSD (mass selective detector)”} F-2E GC (gas
chromatograph, Agillent GC 6890, Palo Alto, CA, USA)&
A8l 498 columnS HP-FFAP capillary column
(30 m x 025 mm % 025 ym)< °]4359th AFEE GCo
oven £ X== 35CoA 1087+ 4 3 100C7HA]= 5T
/min, 210 cn}x]% 10C/min= A5A17] 3 105 59 F34)
31Tk Injector =%+ 210C, carrier gas= helium(1 ml/min)
S AEFHAY. MSD Z72 capillary direct interface
temperature  250C,
ionization voltage 70eV, mass range 45-550 am.u. ~12]3 scan
rate 2.2 scanfsec 3L, library= Wiley7Nist0.5 (Wiley7Nist0.5
Library, mass spectral search program, version 5.0, USA)E

A3,

ion source temperature 230C, EI

ouH 24

21z9] g7)9Y 42 GC-SAW (Gas Chromatogram-
Surface Acoustic Wave) sensor’} FZE 2} (zNose
7100, Electronic Sensor Technology, Newbury park, CA,
USA)Z =439t &= 4% 2 mLS 40 mL vial (Supelco,
Bellefonte, PA, USA)ol] Y1l H|ZE0Z :Ti%‘% septum
(PTFE/silicone septum, Supelco)@ 35} 4204 244]3F
W2 & SAsIAkold AREE 71719 &% 27 SAW
sensor= 30C, column= 60C, valve= 120C, inlet> 150C,
trap< 220°C ©| 1Tk Carrier gasT helium(99.9995%)2- A}
831921, DB-5 capillary column (Supelco, Bellefonte,
PA, USA)°l 9J3] ©ddEd =z EE|H 3 SAW AIMZ 1=
stAth AEE 3 peakE UI/F S Z SAS program (version

= B

8.1)= A&k principal component analysis (PCA)E &4

she] A= 2 AL Wl 2AS,
=47}
Aol gl 1099 AL Tl sle] Az A

g, B AR AE, olARES) A, F Vs 3 AW
A 71220l thste] 53 A =H6)(1: uH - ofsitt [ vl

Hzel 4710 HBHE 54 735

v, 5: vl st/ of-e- Feholl ofs) Hrkekith
gt tigk A/ AEE 108 FAE AME-E
A gl el #gk eHrte Ak 99 a2 E AR
o} ol AlRE F70] v £ #2150 mL)ol 30
mLE 2] HAMeA A AT

SAAzZ|

A Avte]l EA xg]+= SAS program (version 8.1)2 ]
£5t0] W (mean)@ EFHAKS.D)E HASHT B
L EAHEA(ANOVA) S AHE-519131, Duncan’s multiple
test® 4 ASHATHID).

fiﬂ_ﬂlé‘za] v714 E—éﬂ 8 Table 1, 29
YepSiTh o Ay A9 E 2 7)0= oxalic acid, tartaric
acid, malic acid, lactic acid, acetic acid, citric acid 6Z°]
AZERon, gt A H o) we} malic acide HEE
A ote) w3k LA Al AW 0 F acetic acid 2 citric
acide Z713F WHH lactic acid= FAsh= Ao 2 Yelhdth
LA BT AZxe & #F0 B3] LE 6YA
acetic acid ¥F#o] TA =& Ao = Yeyou a8+
o & & Aole & F Ik BAEE wE d”]*]i
o] F714k ke war) Mol we} malic acid F citric
acid= AZH A BT =3 LB 14°]’“HTE1 Ct+ ’;L%
+ oxalic acid7} AESH A FAo ™, DT 21X+ tartaric
acid7} AEHA] &t Az o g éxl ”‘E*l ol = acetic
acide= 578k, lactic acide= & 794 607~728 mg% =

7R oY, 1 o]FEE AHE ASE YEyth 1
U A LE Frjd e &9 #v) A 2B TR lactic
acid $HFo] tha =2 Ao= UrE‘r‘xkE} ﬁzow ek

L= lactic acid= 742 Al A 2

o] A58t lactic acidE A= Zi&i '%‘X 3 5111](9%

ol dl 2ol AA e THE f7]4k H

ol =thar BuEUTH20-22). 53] FF2A x4

lactic acid®] o] o™ WA ] ¢glo]

Ao dEiA k1), AEo= - f7I &3 8 X3

T BHus dai(&aLE, % ]
Z



736 Sk 2 F A4 -5 818 A Al17d Al535 (2010)

Table 1. Organic acid content in brown rice vinegars by agitated

acetic acid fermentation with different yeasts

Table 2. Organic acid content in brown rice vinegars by static
acetic acid fermentation with different yeasts

(Unit : mg%) (Unit : mg%)
) o Fermentation time (day) ) o Fermentation time (day)
Yeast Organic acid Yeast Organic acid

0 3 6 0 7 14 16

Oxalic acid 45” 47 37 Oxalic acid 45 49 42 49

Tartaric acid 36 33 14 Tartaric acid 36 51 55 2

N Malic acid 263 3) - A Malic acid 263 3 - -
Lactic acid 435 198 91 Lactic acid 435 607 605 337
Acetic acid 702 3268 6220 Acetic acid 702 3539 6793 6890

Citric acid 82 300 236 Citric acid 82 - - -

Oxalic acid 46 42 40 Oxalic acid 46 48 33 38

Tartaric acid 49 46 44 Tartaric acid 49 58 51 21

B Malic acid 306 - - B Malic acid 306 - - -
Lactic acid 736 259 215 Lactic acid 736 728 564 443
Acetic acid 864 3154 7213 Acetic acid 864 4035 6810 6712

Citric acid 143 204 244 Citric acid 143 - - -

Oxalic acid 48 49 43 Oxalic acid 48 17 - -

Tartaric acid 43 44 17 Tartaric acid 43 41 40 28

Malic acid 297 - - Malic acid 297 - - -

¢ Lactic acid 524 147 163 ¢ Lactic acid 524 713 487 330
Acetic acid 786 3222 6141 Acetic acid 786 359 6508 6382

Citric acid 116 215 294 Citric acid 116 - - -

Oxalic acid 39 32 27 Oxalic acid 39 32 31 31

Tartaric acid 45 43 16 Tartaric acid 45 57 - -

o Malic acid 314 - - o Malic acid 314 - - -
Lactic acid 386 329 174 Lactic acid 386 719 613 365
Acetic acid 618 3533 6501 Acetic acid 618 3682 7087 6890

Citric acid 92 352 312 Citric acid 92 - - -

"A: Siccharomyces cerevisiae JK99, B: Swccharomyees kluyveri DIV, C: Swccharomyes

 cerevisiae GRI, D: Saccharomyces cerevisiae H9.
Mean (n=2).
Not detected.

FEd &7 42 Hlu

Az A 4R FE 3 B 24 9
el 7% fr71akely Wakd Edo] daEIpgolA] A
7|1% tar Y5l Aoy Helo] i ol o] s 747}
o] {3 go] H= o2 deA Uth(12). Av|A 9
AR FTH 2 4080 g2 g HES GC-MSE
A% A3 Table 3% Atk 5 8% T/RE D S
g dujalxe] FH A AR O F jcetic acid B]S-9|
=2 72102 YEdY Alcohol T phenylethyl alcohol,

isoamyl alcohol9] H]-&0] =& ASE EFG O M, esteri
= ethyl acetate, isoamyl acetate, isobutyl acetate H]-8-0] =2
Ao Z Yeltt 1 o]9of| benzaldehyde, iso butyric acid,
pentanoic acid, heptanoic acid, caprylic acid 5°] A% %]

YA: Saccharonpees cerevisiae IK99, B: Siccharomyces kuyveri DIV, C: Siccharomyees
, cerevisiae GRJ, D: Saccharomyces cerevisiae H9.

Mean (n=2).

Not detected.
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2 559l H13l phenylethyl alcohol H]-&©0] =2 A
Uehdon CHF AZE acetic acid Bl &S WO} vy
ol ethyl acetate & isoamyl acetate H|&0] =2 Z o2 e}
YT} DA 212 acetic acid B]&-°] ThA 9.1, isoamyl
alcohol H|-&©0] Th2 o] vl8| =& ZoE YEyth
B FTRHE G AAEE A2 WY HES
2% I Table 491 2t} & T8 e JRo=
acetic acid®] ¥]&o] AF o2 =4 ey o ;) alcohol
5+ 1-butanol, phenylethyl alcohol, isomyl acohol H]-&-©]
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QRS vlued AT B BuT AERE e AR HlE)



Table 3. Volatile compounds in brown rice vinegars by agitated
acetic acid fermentation with different yeasts
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Table 4. Volatile compounds in brown rice vinegars by static
acetic acid fermentation with different yeasts

(Unit : peak area, %) (Unit : peak area, %)
Peak RT Compounds Agitated acetic acid fermentation Pk R (ain) Compounds Static acetic acid fermentation
(min) A’ B C D A" B C D

1225 Hexane 013" 017 B - 1 39 Ethyl acetate 455" 482 090 176

2 404 Ethyl acetate 246 2.10 22.60 8.02 2 726 Isobutyl acetate D 0.61 - -

3 511 Dipropylamine 0.16 - 3 726 Diethylimine - 041 - -

4 754 Isobutyl acetate 241 274 2.66 033 4 1333 1-Butanol 813 1124 593 604

5 856 1,35-Cycloheptatriene 0.43 - 5 1722 Isoamyl alcohol 236 2.66 223 207

6 1203  Isobutyl alcohol 0.14 0.15 - 0.17 6 20.03 2-Butanone L3 097 1.50 1.30

7 13.60 Isoamyl acetate 10.09 7.98 12.35 1.96 7 24.93 Acetic acid 7069 6390 7743 7163

8 1740 Isoamyl alcohol 4.74 4.39 4.19 7.50 8 2124 Propanoic acid 036 066 - -

9 2021 Acetoin 0.36 0.17 023 9 28.74 Butanoic acid 1.21 117 1.05 1.43

10 2510 Acetic acid 6574 6675 4788  68.70 10 3065  Phenylethyl acetate 293 428 342 414

112658 Benzaldehyde 0.14 0.48 0.39 0.57 11 3174  Phenylethyl alcohol 866 931 754 1160

122695 Propanoic acid 0.18 021 - 058 A Saccharomyces  cerevisize K99, B: Saccharomyees Kupveri D197, C:

B 73 Tsobutryric acid 034 0,60 020 042 .Sigfj(r;ﬂg))/cas cerevisiae GRI, D: Saccharomyces cerevisiae H9.

14 2887 Pentanoic acid 281 5.00 151 211 INot detected.

15 3075  Phenylethyl acetate  2.17 1.78 171 1.81

16 3106 Heptanoic acid 0.10 0.13 0.09 0.21 wfjgko)m v} Alate] m|E AAISHE F8 esteriolth

17 3185  Phenylethyl alcohol  8.19 6.96 552 6.31 (28,29). &4 & AXL gl wWE Hu|2xo] kA AR

18 3332 Caprylic acid 014 021 016 022 2 ST EA 185 L HALEA] 11FToE LT A

OA: Sacclaromyes cerevisiae JK9, B: Saccharomyees Huyveri DI9T, C: Saccharomyees
cerevisiae GRI, D: Saccharomyces cerevisiae H9.

Mean (n=3).

INot detected.
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Fig. 1 Comparison of PCA of E-nose patterns from various brown
rice vinegars produced by agitated and static acetic acid
fermentation with different yeasts.

SFA : Brown rice vinegar by agitated acetic acid fermentation.

SSA : Brown rice vinegar by static acetic acid fermentation.

A: Saccharomyces cerevisiae K99, B: Saccharomyces Kuyveri D197, C: Saccharomyces
cerevisiae GRI, D: Saccharomyces cerevisiae H9.
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Table 5. Sensory properties of brown rice vinegars by agitated
acetic acid fermentation with different yeasts

(Unit : sensory score)

Agitated acetic acid fermentation

A" B C D
Color 34310537 3291049  3.14069  329:076
Taste 3294095 296082  3.14:090  3.14:0.69
Pungent flavor intensity 3.142090° 4.57+0.53" 3.00:082° 2.86:0.90"
Off-flavor intensity 3144069 396082  329+095  3.86+0.69
Flavor 286069 229+095" 357+098" 3.29+0.95"
Overall palatability 3.14+038 306074  300:082  3.00:0.82

OA: Saccharomyces cerevisiae JK99, B: Saccharomyees Kuyveri DI9T, C: Shccharomyees
cerevisiae GRI, D: Saccharomyces cerevisiae H9.

PMeans of sensory score+S.D.(n=10). (5: very good / strong; 1 : very bad / weak).
“Values within a row followed by different superscripts are significantly different
at p<0.05.

Table 6. Sensory properties of brown rice vinegars by static acetic
acid fermentation with different yeasts

(Unit : sensory score)

Agitated acetic acid fermentation

A" B C D
Color 325:046”  275:071 2758071  3.00:0.53
Taste 288083  300:076 263:074  275:0.71
Pungent flavor intensity  3.50£093  3.50£093  3.13:0.83  2.63:0.74
Off-flavor intensity 338092 3381092 363:092  3.00:0.76
Flavor 2381092  288:0.64  2.88:0.64  2.25:0.89
Overall palatability 288083  300:076  3.00:0.53 263052

OA: Saccharonyces cerevisiae JK99, B: Saccharonyces Kuyveri DIY], C: Saccharonpees
cerevisiae GRJ, D: Saccharomyces cerevisiae H9.

Means of sensory scorexS.D.(n=10). (5: very good / strong; 1 : very bad / weak).
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