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Abstract

Brown rice vinegar was made from brown rice mash with different brewing starter addition rates in static culture,
and its quality characteristics were investigated. As a result, the amounts of alcohol produced in the fermentation
process were shown to be 9.1, 8.8, 8.6 and 8.5% in the Nuruk 75 : crude enzyme 25 (B), Nuruk 50 : crude
enzyme 50 (C), Nuruk 25 : crude enzyme 75 (D) and Nuruk 0 : crude enzyme 100 (E), respectively. The higher
the percentage of crude enzyme added was, the lower the alcohol content that was produced. Nuruk 100 : crude
enzyme 0 (A) was appeared to contain the lowest alcohol content (7.7%). In addition, the titratable acidity in
all the groups was about 0.7%. The final titratable acidity (BV) of brown rice vinegar made with static culture
was the highest (approximately 5.2%). The initial pH appeared to be between 3.6~4.0 and steadily decreased as
the fermentation progressed, and the pH was almost unchanged after 15 day fermentation. The examination of
the changes in the organic acids showed that the acetic acid content was similar in all the groups, and that the
single starter added (AV, EV) group had much more other organic acids than the mixed starters added (BV, CV,
DV) group. From these results, the mixed starters (Muruk and crude enzyme) added group appeared to be superior
to the single starter added in terms of alcohol production ability and vinegar quality. As the future aging process,
however, is expected to change the flavor components and sensory characteristics, studies on various quality factors
of vinegar are needed.
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(@), FAE(b)7kS =43+ Hunter’s color valueZ YER]
At} NETE FFF(L=100.00, a=0.06, b=-0.16)= A&
ST

Brown rice flour

4

Water

48

0%(v/w)

J

r

Liguefying enzyme 0.03%(v/w)

[*— 90°C, 150mm. 1 hr

v v y v v
Nurukcrude enzyme Nurwdkccrude enzyme Nurukcrude enzyme Nesrwk icrude enzyme Neukoicrude enzyme
(100:0) - A (75:25) - B (50:50) — C (26:75) - D (0:100) - E
1 1 l 1 |
S. cerevisiae GRJ 5%(v/v)
v
Alcohol fermentation
|j¢——— 30°C. 3~5day
y
Pressure and filtration
;4— B5°C. 5~10 min
Acetobacter porniorum KIY8 10%(v/v)
i
Static acetic acid fermentation
|¢—— 307C. 24 day
¥ L2 2 v ¥
Brown rice vinegar Brown rice vinegar Brown rice vinegar Brown rice vinegar Brown rice vinegar
(AV) (Bv) (Cv¥) (DV) (EV)
Fig. 1. Diagram of brown rice vinegar by static ferment.
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< carbohydrate analysis column (3.9%300 mm, Waters Co),
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USA)E AH8319aL flow rate= 1.0 mL/min, injection
volume2 20 L= 3} RI detector (M410 RI, Waters Co) =
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F71ake A BFg NS 5~108) 345} Sep-pak C18
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4 column AtlantisTM dCjs (3.9x150 mm, Waters Co),
mobile phase= 20 mM NaH,PO, (pH 2.7)E AF&-3I¥ L
flow rate<= 1.0 mL/min, injection volume-> 20 1L, detector=
UV (Waters 2487, 210 nm)S AME-3FiTh
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Fig. 2. Change of alcohol and sugar content during brown rice
alcohol fermentation by different Nuruk and crude enzyme content.

A : Brown rice Zakju produced by Auruk (100) : crude enzyme (0) ratio, B : Brown
rice Zakju produced by Muruk (75) : crude enzyme (25) ratio, C : Brown rice Zakju
produced by Auruk (50) : crude enzyme (50) ratio, D : Brown rice 7zku produced
by Muruk (25) : crude enzyme (75) ratio, E : Brown rice Zakz produced by Muruk
(0) : crude enzyme (100) ratio.
Values are mean * SD (n=3).

23 Az A rFoE Az g
S gako] oF 11%EA Aspergillus sp.2 AZH EF2
UFE FFF oF 9%ETE A YEHY £ A3 75
A7FHA)EOE 9F 3% =4 Vet ol
foliut ofue} HskgH o] riraele dake] §
2 Agdtt g9 438 Bart AP
A3 HE 39 o|FHEE AAF] A3}

fr =l yo
-r

Y o

o oY o o

HANE, pH ¢ A%
HEA vlgo] WE dAv) g3 dEde) HYis g
pH A= Fg. 3] YeRIth 873

€
A garIe] 3RS 27189

RE
T A AT} 0.6% 08t A T BiRY 25 52
FAE YA So 5(6)Y] 75 ARl o gAlx
N ATFEE ALES dFE TaAGA AT}
0.88% = UEISTh= ®ae] HlgjAe w2 X4tk pHe
SFE FEVIZE T FE3] FAaste 3874422 UEL
Hth ¢3E HE T8 §, NEE A 23 Hg. 490
Yehd AA Y LIS 56~60, aghS 29~-1.60.8 H|5=3

1.0 -
——i B[ =4[ —[] =%—[
R 0.8 -
i3 0.6
o]
o
'é 0.4
H
g 0.2
0.0 T T T |
0 1 2 3 4
Fermentation timeldays)
7 ——; =B ——( =[] —%E
6
5 x|
4 4
E
3 4
2 -
1 .
0 ‘ ‘ . )
0 1 2 3 4

Fermentation time(days)

Fig. 3. Change of titratable acidity and pH during brown rice
alcohol fermentation by different Muruk and crude enzyme content.

A~E: Refer to Fig. 2.
Values are mean + SD (n=3).
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Fig. 4. Change of Hunter’s color value during brown rice alcohol
fermentation by different Nuruk and crude enzyme content.

A~E: Refer to Fig. 2.
Values are mean + SD (n=3).
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Fig. 5. Change of titratable acidity and pH in brown rice vinegar

by static fermentation with different MNuruk and crude enzyme

content.

AV : Brown rice vinegar produced by Auruk (100) : crude enzyme (0) ratio, BV

: Brown rice 7akju produced by Muruk (75) : crude enzyme (25) ratio, CV : Brown

rice Zakju produced by Muruk (50) : crude enzyme (50) ratio, DV : Brown rice Zakju

produced by Muruk (25) : crude enzyme (75) ratio, EV : Brown rice Zakjur produced

by Miruk (0) : crude enzyme (100) ratio.

Values are mean + SD (n=3).



880

=4 F A5 8k A Al184 Ales (2011)

Table 1. Change of free sugar content during brown rice alcohol fermentation by different Nuruk and crude enzyme content

Fermentation time (days)

Fr(e‘c;‘gs%ar Sampl” 0 1 2 3 4

Fructose ND” ND 104 20 70

Glucose 1,629 1,923 579 369 385

A Sucrose ND ND 165 164 97

Maltose 6,334 444 418 166 86

Fructose ND 148 78 29 161

Glucose 8,712 399 244 243 275

g Sucrose ND 164 145 151 215

Maltose 1,588 181 269 140 145

Fructose ND 184 166 124 194

Glucose 8,969 360 279 291 355

¢ Sucrose ND 174 320 281 283

Maltose 1,871 231 154 152 176

Fructose ND 207 142 103 135

Glucose 9,064 406 287 306 304

> Sucrose ND 327 354 322 284

Maltose 1,866 275 155 151 139

Fructose ND 209 142 115 7

Glucose 9,005 339 291 324 322

: Sucrose ND 169 219 mn 260

Maltose 1,974 424 215 163 62

A E: Refer to Fig. 2.
Not detected.
ol 24 BT Shin FUYS HEF Az F W Aw]  {AAN I

S7he 27 €2E v % 27 wet g 2APEE 7|13 & Wk {714k % 232 Table 201
Aokl sFYoH, B Ao HE AHMEE ZF H7HHe et 771 OE-‘C— oxalic, tartaric, malic, lactic,

Tl W dig FEE 240l 7hsstith 271 pH
= 3.6~4.02.2 Yea wrart Jagol wet FE3)
Tadtel dE 1594 33~3590H, 11 o]l A
W37} giglc) Avkz o g 2q 44 Hl§o] =S+E pH
7F 25 FA e oY 1 Aole A4 gtk ARE
ARG A, Lk (AV)llA] 8501402 7 %Al =
BAA HEO] ESFE adte Ao E e EE
TE T, EV)lAE %269 FAE BAh a2 LakT
AR Ako 7 ZEAA HE0] ZSFE FAVF B3
Ur Adkz o 2 2-9] 7S YERNATE b3 waA vl
2 2 Aol YA, 2APRE7HEe BE H7H

A 10-20] #A2 e

acetic & citric acid 5 & 6=F°] A&H Ut Malic acid=
RE H7FFA 120~130 mg%E FAFHAl VrERg o™
g 717k Fetoll= & W3} YAtk o] 23 malic acide=
SHE T dEs she AoE Arx /713t
ks 223 Jeong 5(20)9] K 1o)X malic acid7} oF
104 mg% = Yeht & A7 Aol wayo] mE o
ZpolE BATE Lactic acide= HEZ7] AV)ollA 71 =2
s YEIaL 2844 HlEo] 5255 o] Wt
om wgrt ;qaggoﬂ ule} A¥kA o g 7FAEe 74dko
FlEtltt 2774 Z20lA lactic acid®] o] oW +Y
o] fQlo] He Aoz d#A ATH9). Acetic acide=
W2 7] OF 700~800 me% L, (AV)IAE BE 1297
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Table 2. Change of organic acid content in brown rice vinegar by static fermentation with different Nuruk and crude enzyme content

Fermentation time (days)

Sample” O
0 6 12 18 24
Oxalic acid 71 30 22 24 27
Tartaric acid 2 40 23 26 39
Malic acid 127 146 102 110 109
AV
Lactic acid 388 362 130 140 134
Acetic acid 735 2,937 5,054 4,988 4,445
Citric acid 73 74 106 152 152
Oxalic acid 63 113 100 110 116
Tartaric acid ND” ND ND 64 90
Malic acid 115 147 113 125 132
BV
Lactic acid 289 303 142 120 180
Acetic acid 786 2,067 4,184 4,942 5,005
Citric acid 141 147 173 282 327
Oxalic acid 76 106 100 109 122
Tartaric acid 16 64 56 64 73
Malic acid 134 145 123 156 130
< Lactic acid 267 314 154 183 123
Acetic acid 808 1,926 3,998 5,154 4752
Citric acid 144 192 212 328 248
Oxalic acid 120 111 116 122 120
Tartaric acid 26 51 54 58 66
Malic acid 113 101 127 131 128
DV
Lactic acid 243 240 165 127 122
Acetic acid 819 2,050 4,338 5,243 4,731
Citric acid 123 124 225 251 277
Oxalic acid 139 122 115 123 125
Tartaric acid 55 59 53 58 58
Malic acid 119 130 129 128 129
o Lactic acid 246 300 180 150 118
Acetic acid 821 1,910 4010 5,062 4626
Citric acid 104 144 207 PRI 225
AV EV : Refer to Fig. 5.
PNot detected.
5054 mg% =2 71 =& Azl =g & 25 A 5,062~5.243 mg% = 7HE =& HAAAEE YERYSITh
stg.om, BV)lAE R 494 5005 mg%E 71 we AR FAER acetic acidi= 2E H7bolA HISE
AZAEE YERRRLL, (CV)~(EV)olME LE 18YA) T UL, Az Aol Ao FFE ol Az
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Fig. 6. Change of Hunter’s color value in brown rice vinegar by
static fermentation with different Muruk and crude enzyme content.

AV~EV: Refer to Fig. 5.
Values are mean + SD (n=3).
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