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Abstract

This study investigated the quality characteristics of brown rice vinegar (agitated culture and static culture)
derived from brown rice 7akju with different types of yeasts. The alcohol content by yeast was the highest
in B (brown rice Takju produced by S. cerevisiae GR]) at 14.3% and the titratable acidity was less than 0.6%
in all ranges. When quality characteristics of agitated and static culture brown rice vinegar using them were
compared, acidity of agitated culture vinegar recorded the highest level or 6.05% at 7 day of fermentation DV
(brown rice vinegar produced by S. kluyveri DJ97) with the initial acidity of 1.0% and the initial pH of 3.9~4.0,
and AV (brown rice vinegar produced by S. cerevisiae JK99), CV (brown rice vinegar produced by S. cerevisiae
H9) and BV (brown rice vinegar produced by S. cerevisiae GR]) recorded as 5.64, 5.55 and 5.32%, respectively.
In addition, acidity of static culture vinegar increased continuously to 5.01~5.31% until the 14 day of fermenta-
tion and then tended to decrease slightly from the 16 day of fermentation. Difference in acidity and pH of brown
rice vinegar according to types of yeast was not significant. Comparison of free amino acid of brown rice vinegar
showed that for agitated culture brown rice vinegar, the content of total free amino acid was higher in the
order of BV, DV, AV and CV and the content of essential amino acid was the highest in BV by recording over
1,000 ppm. The content of total free amino acid of static culture brown rice vinegar was higher than that of
agitated culture vinegar in all ranges and especially static culture brown rice vinegar contained more serine,
alanine, valine, isoleucine, leucine and 7y -aminobutyric acid than agitated culture vinegar. In particular, 7y
—aminobutyric acid recorded over ten times higher level or 456.91~522.66 ppm. From these results, quality
characteristics of brown rice vinegar was affected by acetic acid fermentation methods rather than types of
yveast. However, as future aging process is expected to change flavor components and sensory characteristics,
studies on various quality factors of vinegar are needed.

Key words: brown rice, yeast, vinegar, agitated culture, static culture, acetic acid

N = a3 g By 34 S 0y YeByel nudn

Ack34). T H2E TS A5 2GRS B

HzE o AE AW AFVEAFOR £Fo AL B UEAZ, BF 0% oI PR B4R FBFY
D HISEA 712, B, obEl ester 5 FHT 4% o3 FHIE FBAZI YR PolgoY 427t B
S5 P A0S A1), oldF A2t HEHY = ZUE 5NN A%E R v o] WaksEA
TLUY AFOR FUASEOY GHES doslE B 100% HF UE A2 % FEFPe] w1 H7IW ohe
AAADE Bels) S T BN F2Ee B o] FREF YWLE Fxo 2 nEL BENE
o, 28 9 AEER, FEFEDS, AAY gL, D2IR F ST A%, B A2 Az Qo) 217 of

*Corresponding author. E-mail: yjjeong@kmu.ac.kr

Phone: 82-53-580-5557, Fax:

82-53-580-6477



SR TG B A S R A
22 o] AEsEn ok @AZA Hxo] BE A7E
F2 PERF L SAAE Y 5o FaEo) glo] WEH
QA F N2 B FE D 7154 gEgele vED
AGolTh6,7). QB AR E HEH G u)

=
Ho g A3 X7t AFstE o] 20073 179 70007+
o W& FEE AFHATDG). old @ SxelE 0FF of
el W ofmlwmal @ ke 7154 QRS0 FiEolY)
o) nFE LA B0l AuETh Sejuell
AR sl GRS Axste] AE
B [

Hzg Azsgon oHe 4z

>
P
>
Y

2 X 2
fr
o K

L N
w o
P
O
of i
le; fr
ox M
o 1o
o Mo
o M
(2
fo
ok
L
|
ol
fol
td
ol
=2
lo
o
> B
P

tlo g

N

rr

2

AL

i,

e

il
w2

4
i o

o
i)
T rfo
ox
bo{:
td
ol
X
)
o
rg
w
=
b
A}

> 1%

=~
oL, FF 9 proteaseo] g+ i3] 2l
cine, serine, proline 2 glycine 59 o}v]=4to] ZR3}o
FFFHoZ 43 F/HoIHH9,10). BF A4+ FEd,

obr| =gt {714 5o Bt e #E Buvt el
T

(11,12), Aol A4 P74 813149 B3 A77t &
W3 o] oA Yok, AR Rl WE B &ul) 4
43150 B A77F A AL Qo Fr YRS
o FRE U Ao T FF A7 A4l A
ArH16).

Hepd B Al wEAze o5y FASHL
TG FAAL AP 99 YLLWE 24 L ER FF
of WE Wr] gre FASHL ZARGCH, o F B85
of b L AT X uhF Yol npE @vl 2]
FAEAL ma 2T

= =

B Ao ARgE du= 2009 AE AFAkol| A A Hl
gt WA AvE PSR, FFEL FFIAH(F)N A
TAstA ALEsTh dv) ¢zl AMEH ERE A
Hostn g Fstox] RBAF Saccharomyces cer-

evisiae JK99(A), Saccharomyces cerevisiae GR]J(B), Sac-
charomyces cerevisiae HI(C), Saccharomyces kluyveri
DJ97(D) 4%< YPD HjA|(yeast extract 1%, peptone 2%,
glucose 2%, agar 2%, pH 6.0)ol A 30°C, 2417+ A thul %
3t om, 4SS Acetobacter pomorum KJY 8(KCTC
10173BP)S A8 A (glucose 3%, yeast extract 0.5%,
CaCOs3 1%, ethanol 3%, agar 2%, pH 7.0)°ll 4] 30°C, 48A17t
Al & 5 4°Coll A WARAstEA AT

293 dryxe] F4 54 1367

2 A 500 goll AAF 1,500 mLE 7F3Fe] 55°Cell A
6A1F Tt FEAIA FAE FH3 & 10°Brix7}t HES
A8k 2o 121°Col A 15%3F &3 F 4579
BH(A B CH DE A4 HEst 3287 (HB-103-
2H, Hanbaek Scientific Co., Bucheon, Korea)oll 4] 30°C, 24
A7 BRI E Al A FEEZ ARG TH AP E ] AREE
TEE v ¢3S TRNS dAS T 6%E AT §
Acetobacter pomorum KJY 8& FHE3 30°CollA] 250
rpm O = 1097 vl FAIA ARE-SEA T

g% R0 ME sHo| dFSUS

vl 1 kg 5A7F < RS & &S5 Wl Fv|skA
Zu3k dujd +5 300 g& £ A, B,C 2D F
50 mL¥% A4 1,600 mLE Z7t H7bek & 37 A
3}-eu ok 7] (HB-103-2H, Hanbaek Scientific Co.)oll A 30°C,

3L ARG A A AR SR ©E o ¢ SLE 5

=
o]

[
Hanbaek Scientific Co.)oll 4 30°C, 250 rpm .2 WG A ZH S
o, AXuF FHe 2w %71(HB-103-2H, Hanbaek
Scientific Co.)ell A 500 mL 42t &ek2==¢] 100 mLA B3
ste] 30°CE AAEE AlFHoH, dAEE $ NS Als
2 AR&-3Th

UIFZ &gt 3 e
I FEF2 A5 100 mLE S/ 3, FHAE ]
43l A3 &= Gay Luccac TableZ 34tste] Al&3)

Fom(17), T+ digital refractometer(PR-101, Atago
Co., Ltd., Tokyo, Japan)Z A}&3te] =A3sFA T}

HYLE & pH
AR EE A8 1 mLell 1% phenolphthalein A A] 2F5-
2~3%% "goj=d oS 01 N NaOH=Z 3} HA3H

acetic acid(%)2 2Fst o™, pH= pH meter(Metrohm
691, Metrohm UK Ltd., Herisau, Switzerland) £ 4 -&°f| A
e

A e 2 Ee = UV-visible spectrophotometer(UV Spec-
trophotometer 1601, Shimadzu Co., Kyoto, Japan)E ©]-&3}
o ZA3AY MEE HE(l), A% (a), 3T (b)FS
=43l Hunter's color valueZ YEPH A 271 &
F4(L=100.00, a=0.06, b=-0.16)E A}-&3}H 1 =+ 660

nmel A FRER S50,



1368 ol ¢ - AFTE - 2A4Y - £
Sp|ct st

S
e &3 BFdS Sep-pak Cis cartridged] 3
A7) B2, 045 um membrane filter2 o 2}8}e] high per-
formance liquid chromatography (HPLC, Waters 2487, Wa-
ters Co., Milford, USA)E #2434 tH18). ¥4 columne
carbohydrate analysis column(3.9x300 mm, Waters Co.),
mobile phase= 75% acetonitrile(J. T.baker Co., Phillipsburg,
USA)S AM839 3 flow ratee 1.0 mL/min, injection
volume- 20 uLZ 3}4] RI detector(M410 RI, Waters Co.)
2 E48a

FElofd it B4

24 HE ol fEjotu=t HFLS AE 10 m
ethanol 30 mLE 7}t th3 sh4F A0 WX A A ©@e
< AA-AAs L A AES 8000 rpmell A 1587 SR
3 & 958 FHste TR7ME HdIAI AT Citrate buffer
(pH 2.2) 10 mLE 7}t 3|4 A171 & 0.45 ym membrane
filter2 oJ7}3 o] HES amino acid autoanalyzer(L-8300,
Hitachi Co., Tokyo, Japan)E ©]-&3la E434tH19).

-

2
T
L 1=
w2

SAAE|

Fme P A LEAS] YREAE 35 R 57
2 g g

i

54 R0 ME &0| YISUSMHo| ZEHEY
BE TR O dv ¢I2& Tade FAELS A}
A 13

3 A3} Fig. 13 2o] 3L dFe Br} 143%= 713
=93 A, C 2 DolA 247} 1411, 130 2 124%% eSS
¢ FFHe wde] FFoz eyt o

Y - A AAE - A8

57 O Titratable acidity OpH
T i ] _
S 4 A —
o
9
&, ]
=
T
[}
©
o 27
=
g
o
1
o I s O w

A B C D
Kind of yeast

Fig. 2. Titratable acidity and pH of brown rice Takju with
different yeasts. A~D: Refer to Fig. 1.
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Table 1. Hunter's color value and turbidity of brown rice
Takju with different yeasts

Hunter’s color value

18 - Samples” Turbidity
,'g O Alcohol content [0 Sugar content L . a b
o 16 1 A 8374007 -244+00 20800 0.08%+0.0
T 44 - — — B 73.9+0.0 -1.6+0.0 181x0.0 0.19+0.0
5 — - C 84.3+0.0 -22+0.0 195+£0.0 0.084+0.0
g 12 1 | ] D 85.8+0.0 -25+0.0 20.1+£0.0 0.07+0.0
%’ 10 A ] "Refer to Fig. 1.
3 Values are mean+SD (n=3).
g %]
é 61 Table 2. Free sugar content of brown rice 7Takju with differ-
S 4 - ent yeasts
g 2 Samples” Free sugar (mg%)
ﬁ 0 P Fructose Glucose Sucrose Maltose
A B c b A 50+3”  160+7 ND? 135+6
Kind of yeast B 64+4 342+10 ND 148 +5
. . . C 61+2 406+6 ND 75+6
Fig. 1. Alcohol and sugar content of brown rice 7akju with D 55+ 1 20545 ND 151+3

different yeasts. A: brown rice 7akju produced by S. cerevisiae
JK99, B: brown rice 7akju produced by S. cerevisiae GR], C:
brown rice Takju produced by S. cerevisiae H9, D: brown rice
Takju produced by S. kluyveri D]J97.

YRefer to Fig. 1.
?)Values are mean+SD (n=3).
INot detected.
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Fig. 3. Changes of titratable acidity and pH in brown rice
vinegar by agitated fermentation with different yeasts. AV:
brown rice vinegar produced by S. cerevisiae JK99, BV: brown
rice vinegar produced by S. cerevisiae GR], CV: brown rice vine—
gar produced by S. cerevisiae H9, DV: brown rice vinegar pro—
duced by S. kuyveri DJ97.
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Fig. 4. Changes of titratable acidity and pH in brown rice
vinegar by static fermentation with different yeasts. AV~
DV: Refer to Fig. 3.

=

oo 2 3w
o % jo

ko]
ﬁr
Ky 32
iz =
= o
o;?, E’,
W g
k—‘(zl ﬁ
of
e
o
349
(o]
a
2
o
(S
ki
qrr
e,
—
I\
e,

)
-+
N
o
ol\

7¥ake] 501~531%=, k] o]
1% A= 9A YEhsen, a1
Bolx ekgith & 16U AFE

ol AAMFRY F =

=
ol
-
2 2

rﬁ
i
2
T

ol

fr

B
o,
fr
ol
odt
o
fr

P AL
:Oé
ol
rr
A
r M
Lo
N
N
i)
>
ok

5 H
o

)

Pxofol oot o N
ox oy ol
ox M M1 Hu
(o]

FUIO N JE rm

)

A,

fr

o

H

o

oX,

M

o o
1

ol

>

o

o
i
o, il

j=)
==
o2
o
o

T = U R o A N = R <
N
ra
i
i:o{t
N
o~
o
o



1370 o5q - BFE - AT S5

Table 3. Content of free amino acid in brown rice vinegar
by agitated fermentation with different yeasts

Y - A AAE - A8

Table 4. Content of free amino acid in brown rice vinegar
by static fermentation with different yeasts

Free amino acid content (mg2%)

AvY  BV? ¢V’ DVY

Free amino acid content (mg%)

AvY  BV?  ¢cv?  DV?

Phosphoserine 1.29 1.34 1.33 1.73
Phosphoethanolamine ND” ND ND ND
Taurine 3.95 4.65 4.30 4.03
Aspartic acid 0.82 1.07 0.95 1.71
Threonine 6.16 7.12 6.58 6.93
Serine 6.49 8.12 6.87 7707
Glutamic acid 18.29 22.13 18.10 25.11
a-Aminoadipic acid 1.62 2.25 4.65 241
Glycine 7.69 9.90 7.78 8.81
Alanine 33.84 41.14 35.87 40.37
a-Aminobutyric acid ND 0.83 ND 0.69
Citrulline 2.25 1.82 2.67 1.89
Valine 13.08 16.64 14.15 15.03
Cystine 0.22 0.25 0.46 0.24
Methionine 6.40 7.78 6.49 7.39
Cystachionine 0.35 0.29 0.35 0.31
Isoleucine 7.79 5.56 8.55 9.06
Leucine 21.19 26.40 21.66 23.75
Tyrosine 12.26 14.76 11.72 13.23
Phenylalanine 14.74 16.91 7.34 14.83
B-Alanine ND ND ND ND
B-Aminoisobutyric acid 3.12 1.04 891 1.21
7 —~Aminobutyric acid 5.94 5.00 5.44 4.56
Tryptophan ND ND 3.87 ND
Ornithine 17.13 21.76 20.08 20.68
Lysine 17.59 20.28 13.13 18.68
Histidine 7.18 8.43 3.75 7.94
3-Methyl-histidine 0.32 0.32 0.13 0.36
Arginine 9.69 10.81 0.75 8.80
Proline 21.43 2497 22.07 24.10

Total free amino acid 240.83 28157 23795 271.62
Essential amino acid 86.95  100.69 81.77 95.67

{”AVZ brown rice vinegar produced by S. cerevisiae JK99.
%)BVS brown rice vinegar produced by S. cerevisiae GR].
YCV: brown rice vinegar produced by S. cerevisiae.
f)DVI brown rice vinegar produced by S. kluyveri D]J97.
YND: not detected.

BV, DV, AV 3 CV o2 yeyten], 45 faobr| =it
T BVolA 100 mg% ©]4 o2 7bd =5kth 34 ofn
=2+ glutamic acid, alanine, valine, leucine, tyrosine
penylalanin, ornithin, lysine, proline®| 1.2 ™, dnje] =&
gt 715 AIERE ¢ y-aminobutyric acid® 4.56
~594 mg% 2 VERGTE AXu|Fo) A F f2lolu et &
ZF2 DV, AV, CV 2 BV £0.2 yehgton], B4 felolv]
w4k e DV7L 13375 mg% 2 7 Eker BV 1219
mg%, CV 12047 mg%, AV 119.08 mg»% = ZE T3+l A
100 mg% ©1/¢9] E2 &S YEP JATHTable 4). 9 o}
"] =2k threonine, serine, glutamic acid, glycine, alanine,
valine, isoleucine, leucine, y-aminobutyric acid, proline2-
2 S0 b2 yetsth S el b HE9
tyrosine & lysine &2 G|l ol Q& 24 FAES

B 4 %3, Wk serine, glycine, alanine, valine, iso-

Phosphoserine 2.03 1.70 1.88 2.03
Phosphoethanolamine ND” ND ND ND
Taurine 5.98 4.88 5.71 6.17
Aspartic acid 0.63 0.63 0.65 0.74
Threonine 17.40 14.04 16.33 18.06
Serine 16.61 14.64 15.86 17.41
Glutamic acid 10.20 10.52 9.11 12.28
a-Aminoadipic acid 1.99 2.46 2.39 2.86
Glycine 1851 18.03 17.71 19.64
Alanine 74.02 66.88 7191 79.07
a-Aminobutyric acid ND 0.95 0.42 0.85
Citrulline 3.46 2.33 3.11 3.26
Cystine 1.73 1.77 1.87 1.80
Valine 29.04 27.01 28.48 33.96
Methionine 6.95 7.24 8.15 8.70
Cystachionine 1.21 1.20 0.62 0.55
Isoleucine 20.22 28.39 19.92 22.32
Leucine 37.73 36.00 37.97 41.15
Tyrosine ND ND ND ND
Phenylalanine 7.60 9.21 9.49 9.38
B-Alanine 0.98 1.07 0.85 1.14

B-Aminoisobutyric acid  0.61 0.37 1.39 0.32
y ~Aminobutyric acid 51.89 45.69 46.76 52.27

Tryptophan ND ND ND ND
Ornithine 0.10 0.17 0.10 0.16
Lysine 0.14 0.10 0.13 0.18
Histidine 6.10 1.17 8.20 7.16
3-Methyl-histidine 0.13 0.09 0.14 0.14
Arginine 0.15 0.12 ND 0.09
Proline 32.14 37.40 31.67 36.56

Total free amino acid 34755 334.06 34082 378.25

Essential amino acid 119.08  121.99 12047 133.75

i4)Abbreviations are the same as in Table 3.
ND: not detected.
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Table 5. Hunter's color value in brown rice vinegar by agi—
tated fermentation with different yeasts

Hunter’s color value

S 1 1
amples L a b
AV 84.15+0.01  -150%0.01 17.23£0.04
BV 79.91+0.02 -0.9240.00 17.104+0.01
cv 84.3340.01 -1.63%0.01 17.39+0.00
DV 86.27+0.04 -1.95+0.01 16.18+0.01

4”Refer to Fig. 3.
YValues are mean+SD (n=3).

Table 6. Hunter's color value in brown rice vinegar by static
fermentation with different yeasts

Hunter’s color value

S l 1
amples L a b
AV 8350+0.107  -1.44%0.00 17.57+0.01
BV 79.68+0.04 ~1.08+0.01 17.75+0.00
cv 84.92+0.04 -155+0.01 17.68+0.00
DV 80.82+0.05 -1.21+0.01 18.78+0.03

})Refer to Fig. 3.
Values are mean+SD (n=3).
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