1 ISSN( Prmt): 1738-7248, ISSN(Online) : 2287-7428
1 Korean J ood Preserv

1 90(4} 564-572 % &

| http://dx.doi.org/10.11002/kjfp.2013.20.4.564

@ LEHRMSXYLE A
The Korean Society of Food Preservation

Quality characteristics of farm—made brown rice vinegar via traditional

static fermentation

Chang Ho Baekl, Da-Hee ]eongl, Seong Yeol Baekl, Ji-Ho Choil, Hye-Young Parkl,
Han Seok Choil, Seok-Tae ]eongl, Jae Hyun Kiml, Yong-Jin Jeongz,
Joong—Ho Kwon3 Soo-Hwan Yeo's

Fermented Food Science Division, Department of Agro-food Resource, NAAS, RDA Suwon 441-833, Korea
“Department of Food Stience and Technology, Keimyung University, Dacgu 704-701, Korea
*Department of Food Stience and Technology, Kyungpook National University, Dacgu 702-701, Korea

; =] = = ey =
HSYRHIO| 2|8t =71 2inj4 =2 FASY
WEE - AT - Bgg - HXE - g HEA - gL AR AL AFE - A5
SENESY FYSUBSY SAERAL, VBT AE7Zst, FE0sm AET st

of wsfol we} 4 2l g

Abstract

We investigated the quality characteristics of brewing brown rice vinegar through a traditional static fermentation
process. Accordingly, we decided to compare the physicochemical characteristics of brewing vinegar at different
temperatures and filtration methods. In four to five weeks’ time, the acetic acid fermentation exhibited the highest
titratable acidity and then it eventually decreased. The titratable acidity was affected by the filtration method. It
was revealed that the titratable acidity was higher in the forced filtration than the traditional filtration method.
Various organic acids were detected in order to initialize the fermentation stage and as the fermentation progressed,
only the acetic acid could be detected. The total free amino acid content was higher at a temperature of 30°C
than at 20°C. Moreover, the free amino acid content was dependent on the acetate content during the acetic fermentation
process. The main bioactive substance of the y-aminobutyric acid content was more than twice at a fermentation
temperature of 30°C compared to the fermentation temperature of 20°C. Furthermore, the total amino acid and
essential amino acid content at a temperature of 30°C was excellent. The quality of the brown rice vinegar via
forced filtration method at a temperature of 30°C was the most excellent. Based on these results, the fermentation
temperature and the use of nuruks (fermenting agent) affected the quality of the brown rice vinegar, and an appropriate
method to consider its purpose is required.
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T5 AZo) ARE D W7 M5 Rk oA A
(2010 AJAHE RS AMESIATE 1 9 IR 2 /U
B2 AF8-3F AJ2kS Sigma Co.(USA) 2 AlZol Al#E =
EFEFL AT €38 9 kgl AR ol

© (3)ZAHE7](Chungnam Hongseong, Korea)ol| 4] %

A& A L, 2011 Aih3tsint & Aol AgE
At-& Acetobactor pomorum KIY8S LA vl A (Yeast
extract 0.5%, glucose 3%, CaCOs 1%, ethanol 3%, agar 2%,
pH 7.0)0l AlthuljeFste] 4Tl A W HashHA] ARE-s)

Be oty i,

Jolg] gl AR T2 dAv] ¢3S Hade
70ColA 10237 AFsla 45 & 6% =2 AT T
ZA2Ht Ace. pomorum KIY8-S 10%(viw) %331, 30Tl

257 A wj g AL T2 AMEEIL FEE
27y B2 iy} 1S EFE M2 U2 o] APt
(Aspergillus kawachii (AK), Rhizopus japonicus (RJ))C. =
e AAFTS FE3 2T/ FES A Ul
ZTE AR FHE AYH o2 APHS HEHA B
Z1(TN=Traditional nuruk) S AFE-3IA T 2% A-EF=A4]
ZE 30T £5 90% 2 A 3097 Har 7l &,
50°ColA 2417 AZAIZ AS T8t A5 oA
HASFS ALE-sFA T

HAr|A2E Axsl7] Hall, 4 Arl 1 kgs AR - 3
A - FARAE AA 1FEE YZAZ & gotele] 2zt
o] BFE A (TN, AK, RDZ 10%(w/w) H7}3}aL, 160%(viw)
2 7KE 3 U, FEE 5%(viw) FESH] 202} 30Coll
A A2 oY ¢3S HEE ST BE T8 $ ¥R
+=GlS 9,000 rpm, 12837F YAE2](Hitachi, Ltd., GII
series, Tokyo, Japan)§t ©]-8-3F Z3A| o 2P v} F5 FrY
off £8S ¥ TES o] &3 HFAHYHoE oAsta,
ng] FoAx YAAZ At dis 6%=2 AAdskaL
o719 10%(vfv) FZ2E 9L 2H2+e] 2520, 30°C)oll A
677t X2 M Ea s ST

Z4H HFHO| o|SEHY B2A

Tw 24 FEAE Aigt qods HAE 2R
(PR-32a, ATAGO Co., Tokyo, Japan)E ©]-8-3}f Z43}5
T}, 244 E A2 1 mLol| 1% phenolphthalein 2] A] 2F-<-
1~2%-8 Hojrtg]a 0.1 N NaOH §dHo2 HAHZ I
acetic acid(%)% ¥+t oW, pHE pH meter (520A,
Thermo Fisher Scientific Inc., St, Waltham, USA)Z A}-&-3}
o] 435tk

o714 gk 2 Rejoto| At B4

71 BENS 33 SHTE 34519 HLB Sep-pak
Cjs cartridge (Waters Co., Massachusetts, USA)l| E3}A]A
HPLC (Sykam, S-series, Gilching, Germany)S ©]-83}o] &
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233} column Aminex HPX-87H (300 mmx7.8
mm, Bio-rad Co., USA), mobile phase= 8 mM sulfuric acid
E A3 AL, flow rate= 0.6 ml/min, injection volume-2
20 LE 3} UV detector (SPD-10A, 210 nm)ol| 4] &3
ok 8] oAt AR AlE 1 mLE 002 N HCl &0
208 &43}31, 0.2 uM membrane filter (Millipore Co.,
Ireland)Z ©}3}3F & amino acid analysis system (Sykam
S-4300, Gilching, Germany)S- ©]-8-3}o] 43} TH19).
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RI(4.87%)= A AagrTh A o= A Yelsth

A —— TN

—e— AR —— R.J

Titrated acidity (%, acetate)

& ™
TR

D.DD I ' I I 1
2 3 4 5
Fermentation time (weeks)
600
C —— TN —e— AR —a—R.J
ko

= s.00 | Fia———
z ] kﬁg\
= 400 | \
== F
= ]
=
E

0.00 | : : : - -

=ERRY

o 1 2 3 4 =
Fermentation time (weeks)

G

=T AF AT 8 A #1209 Al43 (2013)

(Fig. 1-B). 30ColA] A o=zhgt dAwn| 2= T a A (TN,
AK, RN W2 HALEE AHEE 25 BE 473K Fg.
1-C)°l 4] TN(5.29%), AK(4.93%), RI(5.18%) &, HAE12]
o2 AR A 29 A E(Fig. 1-D)= ER 459}
55l TN@.29%), AK(4.66%), RI(4.55%)2.2 YEATEH
olg|gt A= a2 5o} o ypale] wef 24 a vzt
o JEFS PR AoE FRIFHGTh 2 AFAME B
Hi&F R 459} 557}l o] 2ejA{of AF ko] 7Y
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oA @1 W& el E f-2E dhd(Fig. 2-A, B), 30T
FE73ke] TN RI= A4E7) 7448t
A0 & et thFig. 2-C, D).
T 24 Ao 48 e TE 27
HRAANE Z22F Ao A ue 9EE B
© 2 JEPTHFig. 3-A, B, C, D). o] ZAbgo] 24he
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Fig. 1. Change of titratable acidity of brown rice vinegar by traditional static fermentation treated different temperature and filtration

method.

A: 20°C, forced filtration B: 20°C, traditional filtration C: 30°C, forced filtration D: 30°C, traditional filtration.

Values are mean + SD (n=2).
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Fig. 2. Change of pH of brown rice vinegar by traditional static fermentation treated different temperature and filtration method.

A~D: Refer to Fig. 1.
Values are mean + SD (n=2).

5.0 5.0
B —+—TN —=—AK ——RJ

4.5 4.5 |
E : £ e
= 4.0 = 4.0 o - a5 s e I
= = il ]
£ 35 = 3% L %E
s s :
= = k
[ e
= =

(=) [+ ¥}
= th =
T i
+——— &
s BB W
' = th =
T i

o 1 2 . s o 1 2 - ) 4 s 6
Fermentation time (weeks) Fermentation time {(weelks)
5.0 S0
C‘ -*.
s Fm—=s—F 7 71 .5 :ﬁﬂé};&hﬁ‘i\l
= S R ii&a§T E = ——a——— % :
= 40 ¢ 1 - \ g 40T L S i f\*ﬁ"\\
— - —
; = l\i: ; 3.5 | E ]
E 35 T ¥ E =
5 30 g 30 [
o ==
5 25 |
—e— TN —e— AK ——RJ - —s— TN —e— AR —a—RJ
2.0 1 i I i 1 2.0 i i i i i
o 1 2 3 4 = 6 o 1 2 3 4 5 G5
Fermentation time (weeks) Fermentation time (weeks)

Fig. 3. Change of sugar content of brown rice vinegar by traditional static fermentation treated different temperature and filtration method.

A~D: Refer to Fig. 1.
Values are mean + SD (n=2).



568

e

FAFAL G E}E A

714t His)

A WF Ao A Ze) F71 B BELES) ol
Auc e wEAl ALgel W Wi 2ot 8%
(oxalic, citric, malic, tartaric, succinic, lactic, acetic & formic
acid 5)°| AZH UL, Far}t I gof| wpe} 2z F8
AR acetic acid”} ¥o] AAE A TtHTable 1). 30T 7%,
tartaric ¥ malic acid’} ¥3-& L& EHlde HEHJoH
ZAPLE T JEEA o] 7Rk HAESHA @toen,
citric, malic, succinic & lactic acid= &7} HHA ZFH
7HeslE 78S B9, acetic acid®} oxalic acide= =715}

A208 Al435 (2013)

o] whe} lactic acid®] FF 237X = F71ston, 1
o|Foe AFHA W= A E VeI, WE %7, lactic
acid= ¢18f ki Y] WA Y= 2o E gRIE I
(16). L& Jeong(3) 5o] AR Al Aw| 2 x9] {714k
ZATE 43 Zolg BYe ol ARSSIE wa v
9 T/ 9 HEWHA 70" AeZ A AXI

FElolo[ Aol Hst
g ew 9 outale uhe} Alze dvjaze flo}
A B2 AFE Table 337 40 UEIQITE 20T WaEE

= Ao g YeldthTable 2). 24+ wra o] f7)ake oy} ok a= AAglo] WE Z7)o|= aspartic acid,
Hhalel) wa} 2 xjole gla, aeso 93 xlo)rt Y= glutamic acid, glycine, alanine, valine, isoleucine, leucine,
A0 2 YeElGTtHTable 1, 2). 20Coll A ZA] ofz}sk z4hd phenylalanine, y-aminobutryric acid, ornithine, lysine, proline
F N lactic acid FHFe Farl Yo wel 234 ofu|i=Ato] AEEHULH o5 T2 30 ppm O[FLE
a3 ASHA o, YA #1h& warvt Xsd A Jebsth dart &g wet F opn| At ek

Table 1. Organic acid composition of brown rice vinegar by traditional static fermentation treated filtration condition at 30C

Forced filtration by centrifuge (mg%)
Fermentation time (weeks)
Organic 0 2 4 6
acid
™ AK RI ™ AK RI ™ AK RI ™ AK RI
Oxalic ~ 1.9:00" 1900 18:00  13:00  04£00 24800  36:00 1500 nd” 43100 37:00 35100
Citric 249 251 251 nd nd nd nd nd nd nd nd nd
Tartaric 4.0+0.0 49400 47400 nd nd nd nd nd nd nd nd nd
Malic 23046  224%23 21612 nd nd nd nd nd nd nd nd nd
Succinic  104.136.8 97.6+6.5 05.149.4 nd nd nd nd nd nd nd nd nd
Lacic 114349 1370£103 9854102 2935:216 4321283 34844215 nd nd nd nd nd nd
Formic 1375489 44931169  484.61159 trace nd trace trace trace trace trace trace trace
Acefic 3420112 3297184 3316173 179491248 8783:174 19842:226 31783:313 34786:306 401974357 27025213 31986184 24735:136
Total 7517 10679 10630 20897 13108 23350 31819 3480.1 4019.7 2068 3203 24770
Traditional filtration by cotton cloth (mg%)
Fermentation time (weeks)
Organic 0 2 4 6
acid
™ AK RI ™ AK RI ™ AK RI ™ AK RI

Oxalic  213#33 2000 18:00  23:00 0500 15400 19:00 19500  32:00  45:00 35500 4100
Citric 24618 247109 24111 468430 nd nd nd nd nd nd nd nd
Tataric 42100 0500 44100 nd nd 7700 nd nd nd 28t15 nd 21.0£23
Malic 23313 224426  216£18 335821 394123 276:03 nd nd nd nd nd nd
Succinic 101446 96671 988192 nd nd nd nd nd nd nd nd nd
Lactic  1445t113 1684138 1342104 3803186 361.0:218 1152473 nd nd nd nd nd nd
Formic 43724226 4468151  485.019.6 nd trace trace trace trace trace trace trace trace
Acefic 3305143 3264186 31881214 150181335 79668239 6346:338 38515297 38084:164 287281263 19030281 2769.1:194 2678.8:244
Total 10870 1087.8 1088.7 19647 11975 7866 38534 38103 28760 19303 2726 21039

"Values are mean + SD (n=2)
Not detected
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Table 2. Free amino acid composition of brown rice vinegar by traditional static fermentation at 20C

(ppm)
Forced filtration Traditional filtration
Fermentation time (weeks)
Free amino acid
0 6 0 6
TN AK RJ ™N AK RJ TN AK RJ ™N AK RJ
Aspartic acid 837" 418 784 5.1 53 37 88.1 519 84.4 44 5.1 6.8
Threonine” 242 213 303 224 16.3 133 252 232 318 10.7 8.0 16.2
Serine 379 30.1 459 24.1 132 253 389 339 484 74 438 13.7
Glutamic acid 72.5 119.7 167.2 639 05.6 59.1 75.6 1245 176.2 26.0 35.5 70.6
a-Aminoadipic acid nd” nd nd nd nd nd nd nd nd nd nd nd
Glycine 574 582 756 240 11.1 127 60.1 61.9 783 5.0 34 114
Alanine 122.8 115.1 1484 78.1 41.5 64.7 126.7 122.1 154.0 217 14.8 43.1
Citrulline 10.0 13.1 154 93 95 1304 102 138 145 64 8.0 95
a-Aminobutryric acid nd 6.7 9.0 nd nd 13 nd 6.4 52 nd nd nd
Valine” 75.6 65.7 86.6 7.7 570 45.7 713 68.8 89.3 474 359 68.4
Cystine 15.5 13.0 19.6 6.4 nd 69.9 142 13.1 214 nd 6.2 nd
Methionine” 16.8 145 205 10.2 50 79 17.5 15.1 214 3.1 1.6 124
Cystathionine 4.0 3.6 3.6 8.3 78 19.8 37 3.6 4.1 93 8.5 13.1
Tsoleucine” 39.5 353 509 332 256 214 413 37.1 544 21.1 16.7 335
Leucine” 90.3 78.0 1145 704 50.1 65.3 939 82.2 1213 337 24.8 54.1
Tyrosine 51.8 54.5 80.0 482 54.3 106.7 53.6 622 83.8 4238 494 68.8
Phenylalanine” 81.0 64.7 94.2 78.7 69.7 711 834 66.5 98.7 503 389 66.7
3-Alanine nd nd 7.6 nd nd nd 04 nd 43 nd nd nd
3- Aminobutryric acid 2.7 25 27 29 2.5 30 31 26 43 3.6 3.6 38
¥- Aminobutryric acid 62.2 215 238 573 19.6 235 66.2 233 254 59.9 214 235
Ethanolamine 44 26 39 23 0.0 1.1 49 22 3.7 1.8 19 1.0
Ammonia 50.6 46.0 56.5 45.6 30.5 212 515 250 592 115 11.1 31.6
Ornithine 118.8 1170 170.2 106.6 104.8 82.3 1219 1237 178.1 1114 1149 163.1
Lysine” 58.5 546 787 540 491 1286 610 569 84.5 546 53.4 75.1
1-Methylhistidine 16.1 16.6 28.1 nd nd 4.8 17.7 10.0 30.0 nd nd nd
Histidine” nd nd nd 146 133 125 nd 82 nd 145 159 247
Arginine3) 11.8 135 16.0 14.8 14.6 84 122 16.1 18.8 119 16.1 18.2
Hydroxyproline 7.1 1.4 nd nd nd nd 33 nd nd nd nd nd
Proline 177.1 1322 1732 1409 89.8 67.0 1774 156.7 1850 754 480 872
Total 13058 11624 16138 992.8 756.1 11437 ¢ 13426 12253 16945 6339 5478 9164
"Values are mean *+ SD (0=2).
INot detected.
Essential amino acids.
2 ko] 271842 §X| | AL 744 9] Zo| HYA|TH isoleucine, leucine, tyrosine, phenylalanine, y-aminobutryric
EA ) 7E}_/,\_s}‘: WE 6ERdE A ashs acid, ornithine, lysine, histidine, proline ©}7|=2FS 2 30
Aoz Uehdth 724 o7st LENe] alaninew}  ppm ©1% AEEATHTable 4). 24 WA I Foll= i
phenylalanine©], AE7]H 0.2 k3l uHE A A valineZt 9] opw| et gheko] A ZhAEE W, A o 2y

o] 3A] Z7}3FAthTable 3). 30°C & -2 aspartic acid, ©] valine, ornithine, arginine, %152} ¢] y-aminobutryric
threonine, serine, glutamic acid, glycine, alanine, valine, acid, ornithine, lysine arginine $%°] S7FeF3AaL, ZAHEE
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Table 3. Free amino acid composition of brown rice vinegar by traditional static fermentation at 30C

(ppm)
Forced filtration Traditional filtration
Free amino acid Fermentation time (weeks)
0 6 0 6
N AK RI N AK RI N AK RJ N AK RJ
Aspartic acid 1283" 1145 553 8.1 6.1 31 1238 1140 54.6 6.0 58 6.0
Threonine” 413 73.0 309 54.0 78.0 9.7 444 726 304 242 78.0 16.6
Serine 67.5 1320 46.0 49.6 97.6 74 065.2 1315 45.0 171 85.9 133
Glutamic acid 718 2725 110.8 694 2457 31.0 726 2774 1085 463 m3 2
a-Aminoadipic acid 33 nd” nd 75 nd nd 27 nd nd 55 d nd
Glycine 93.6 1262 716 415 80.1 43 91.6 1256 705 114 65.6 8.6
Alanine 1885 2333 1715 169.8 2327 21.1 183.1 2353 169.7 518 1896 425
Citrulline 4.7 270 20 50 259 nd 38 138 nd 28 203 0.0
a-Aminobutryric acid 43 nd 24 nd 103 nd 45 17.0 42 nd nd nd
Valine” 1079 150.7 81.9 1153 149.7 327 100.8 1479 82.8 61.1 139.2 435
Cystine 260 373 8.8 219 nd nd 109 302 162 260 359 8.8
Methionine” 39.0 55.1 194 4.1 418 28 319 66.0 25.8 14.6 474 4.6
Cystathionine 8.0 nd 19 434 113 43 21 127 37 159 174 8.7
Tsoleucine” 591 810 418 749 756 199 | 515 808 413 354 754 263
Leucine” 151 1872 1076 1410 1556 328 | 1506 181 1074  6L1 1493  d64
Tyrosine 100.8 1343 64.1 1326 139.0 517 2.3 1342 67.1 94.5 1452 621
Phenylalmine” 1370 125.6 89.0 1413 1193 52.8 135.8 125.8 1035 86.5 1269 65.8
[3-Alanine 102 nd 5.1 68 nd nd nd nd nd nd nd nd
3- Aminobutryric acid 6.5 8.1 L5 59 93 34 nd 4.1 13 43 127 33
¥- Aminobutryric acid 1467 381 511 164.8 36.5 375 1169 373 509 105.7 36.5 494
Ethanolamine 8.8 6.0 nd 38 47 L1 4.1 62 1.6 42 59 18
Ammonia 532 583 474 337 54.6 nd 64.6 59.8 473 nd 40.7 nd
Hydroxylysine 14.1 nd nd nd nd nd nd nd nd nd nd nd
Ornithine 198.5 1833 89.8 260.5 183.7 85.9 190.7 1839 90.0 2062 1924 929
Lysine” 1325 1273 88.9 187.5 1288 88.6 127.8 1273 88.8 141.6 1422 938
1-Methylhistidine nd nd nd nd nd nd nd nd nd nd nd nd
Histidine” 344 416 249 515 429 226 355 425 263 385 471 262
Arginine” 318 356 623 486 409 60.1 309 35.8 632 384 56.5 67.1
Hydroxyproline 57 1.0 nd nd 23 nd nd nd nd nd 174 nd
Proline 96.3 225 1215 112.6 169.5 157 1872 220.8 1163 68.7 14995 520
Total 2001.0 24716 14104 20009 21417 588.3 19372 24884 14160 11676 21050 791.6
"Values are mean * SD (n=2).
PNot detected.
Essential amino acids.
7 2aHE BE 62AE fEjolumate] 7taZe] 2 AV} Ata RuEouE), ® A7 ddes tha 2}

A0 Yyt 429 O}Ul ke 2 g F sty ol7F AT B Joo SO TEES AHESt] BEAR
o] 38~60%7} 743 glutamic acid, aspartic acid, proline |42+ glutamic acid, glycine, arginine, alanine, proline,
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