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Abstract

We compared the physicochemical properties of commercial brown rice vinegar fermented with and without ethanol.
The pH and total acidity did not significantly differ between the two types of vinegar. Sugar content, reducing
sugar content, and free sugar concentration were higher in commercial brown rice vinegar fermented with ethanol,
whereas browning, turbidity, and overall color darkness were higher in vinegar fermented without ethanol. The
ratio of acetic acid to total organic acids was 0.94 - 0.96 and 0.97 - 1.00 in commercial brown rice vinegar fermented
with or without ethanol, respectively. A higher content of total amino acids, 93.07 - 509.48 ppm, was found in
vinegar fermented without ethanol. Fermentation conditions affected the physicochemical properties of brown rice
vinegar, as shown by significantly higher y-aminobutyric acid (GABA) content in brown rice vinegar fermented
without versus with ethanol.

Key words : commercial brown rice vinegar, ethanol addition, quality, organic acid, amino acid
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Table 1. The details of the commercial brown rice vinegars used
in the experiment

No.  Label Contents Type
1 BVAI Brown rice, refined water,
Brown rice, malt, glucose, yeast,
2 BVA2 Not added
acetobacter, enzyme, refined water cthanol
3 BVA3 Brown rice, malt, glucose, r'eﬁned water,
yeast, culture medium
4 BVEI Brown ricg, .ethanlol, refined water,
citric acid, yeast
Brown rice, ethanol, amylase,
5 BVB2 culture. medium Added ethanol
6 BVE3 Brown rice, ethanol, malt,

culture medium

=383) 2] A|1678 A63 (2009)

pH, & N,

A)52] pH =72 pH meter(Orion 3 star, Thermo electron
Co., Beverly, USA)E A3t & Ateve 4% 1 mLE
#3}4] phenolphthaleing A|A]2Fo 2 7}35}3L 0.1 N NaOH
fHo 7 F3} AAst] 1 AAHA(mL)E 2AEH%) S
2 I dEE ZHYEA Master-M, ATAGO,
Tokyo, Japan)S A-&-3t3 o™, 3 kS Nelson-
Somogyi HH(16)= A&t

I

ZMT, Bt 3 M EH

A% 9 ge= Alg S FHste B33 EA
(Optizen 2120UV, Mecasys Co., Ltd, Daejeon , Korea)E
AH8-81e] 420 2 660 nmol| A 7}t SBE=E SA3IAT

Al59 71A1A ME+= AMAHA (CM-3600D, Konica Minolta,
Osaka, Japan)& ©]-8-3t] L(E ), a(H %), b(FHE) &
S =A3s¥ o, AdkA <l 23 AE)= Hunter-Scofield 2
(AE=v/ AL*+ Ad* + AV )S 0183t djon, tx
TE FF4(L=100.00, a=0.00, b=0.00)Z A&t}

H1
Y

il

F2ig 2 ®7|&

Alge] f2% AAE = x4
A hexanelZ  FA]A Era ]743}"’ Sep-pack Cis
catridge®l] &3 A4 Bl @A QJE-S A AT T 045
um membrane filter2 &]3}3}] HPLC(high performance
liquid chromatograph, Waters 2690, Waters Co., Milford MA,
USA)Z B89tk f8ld £49-2 Carbohydrate analysis
column(3.9x300 mm, 10 ym)S ARE-3t ©]F 80%
acetonitrileZ 0.6 mL/min®] 42 Z 3} RI detectorS
AMgEte] EAEATh 714 B4 Atlantis™ Cig
column(3.9%300 mm, 10 pm)S A}-8-3%] 10 mM KH,PO4
(pH 2.32)E ©|%5 J(flow rate 0.6 mL/min)>.Z 3} UV
detector(210 nm)°l <J3l FA3tA .

L

Falof At 24

A2 FrE|olr| Al H2e AJE 10 mLo)| ethanol 30
mLE 7}t T 24 hr 2ol WXAA TS A A
slar 2l 8,000 pmoll A 15487 YARE S & A5
Hate Fe1E A Z T 28] 3L pH 229 citrate buffer
10 mLE 7}8}e] 3 A17] & 0.45 um membrane filter=
o}3}3k ]S amino acid autoanalyzer(L-8800, Hitachi Co.,
Tokyo, Japan)E ©|-&3}] H4J3}Ach

SAAZ|

EAIX2) & SAS(Statistical Analysis System)©]] 2]3F &
EX(ANOVA)Y| 98] AZ38t9 2™ Duncan’s multlple
range testZ oS HSIIATH



AR AR Az FRUTL fe] BERAe] B olgetd FASA v 895
Znt g A Ho] Ttk A9 3 ke 4 737 HE dv|
2% 038~1.04 mg%, FRA7} LA Hn|22E 097~
oH, BAE, BE U gHelT B blm 446 mgBEA 4 TH7} WA A2z ws) 74
FAHE F5e g2 Alg @A %9 pH, F A=, A7F g A oA oo g L& ghs EAh o
= 9 3T S 293 2= Table 29} 2Tk A8 € AE Az A T4 T EE dvize] Fee 48
°] pHE 2.44~2.83 W E A5l we} 2}o]E HY o, 1 &n B Vel FEYEEe] 4FE HE § 24 UEE
FAH7E A @27} oA W2 pH 3 HolF9le Sal F-o] anlEo] #UT ko] v Yt ¢
U g A ofYith F At 74 ¥ EE TR dv| o] APelle ¥ IE gl 773
o) 2o 5.62~6.85%] e YERHEA A AL S Hrheke] 24 UEE SR g5 HaE e g
g} ohefst 7S HAFAh s A7 dE v o] AH|7} o] FfRA] ¢ho} AT FFo] EA et
A ZE 622~644% 2 AZAL] whet xpol7b 2] &9k Aoz ALEHTH14).
Jeong S(17) A%< F At=w= dv| wigvlel] JaFs
Hrol dn] Hrgo] =545 F AR} moAH, Al 2T, Etr U J|HH Mz EN HD
9 HZF AFY g To JFS gonz FY 2z Al dujaze 2 gr 9 Mz ZgAn=
T F AR OE S v Basignh 123 9e 74 Table 30 JEITE A8 ZAEE 34 371 ¢E
FX7F g A2 27} 42~70 °Brix, 7RV LE @ A2 27} 0.131~1.063, FHH7 HE Av|2 2= 0.04
U4 3E 53~86°Brix®E LE AB7F AR Aolg GRS 2~00928 PV} LEA R ZAET} frolHo R
Uehgth Ax9 gxe 4 77 28 dn Azt
Table 2. Comparison of pH, acidity and contents of sugar and 0.03~005, FAH7} Fa& Av|H2E S4o] 27Fss8l
reducing sugar in commercial brown rice vinegars fermented o o= AldAx0 BF HFAFS TEE R 274
with and without ethanol A5 Fate] AMEHER gl vk Zlog woE,
Sample pH Acidity (%) Sugar content sugR:rd légnntgent Zjl—&ll—i‘:"g]- EH?%_ ;d]]ﬂl’zj]gi —T—@ Rl
("Brix) %) FAZ7F EE dv)zo vls)] =A Yestth 71AE A
BVAL 276:001" 5624028  55:00°  1.042004° Eell M La(FE)E 8307 Ha v zel =4 b
Notadded pypy o000 685017 42600 018004 EFSOP, bR )2 B B St fARE g
BVA3 2664000 662:015°  70:00°  038:003° = 78 A7 TR drHEelA A bt dnk
BVBl  256:000' 622:0.12°  86+00"  446:0.12° o;] ??}(A?F %Xé fxdz} e z‘ﬂ‘uwiﬁl 1085 NSL'Q%
MG BB 24400 644003% 74200 2.43:008 "527‘57;‘?; Zﬁu] Sl 37177655 #e Herd o ®
BVB3  283:00° 6340145  53:00°  097+00% A7 A Aol o A7E T 2 AoR et

"Means*SD (n=3).
*MWalues within a column followed by different superscripts are significantly different
at p<0.05.

S Ax9 AFE F=Y il 2 43S veH17)
TFH2AZ AZ Al A7ME e tse] BREV|TRe] dojAH
amino carbonyl ¥F-3-of ©|gt ZH O Mol A=

Table 3. Comparison of browning, turbidity and Hunter’s color values in commercial brown rice vinegars fermented with and without

ethanol
. .. > ]
Brown rice vinegar (o.D?rgr’mzu%g nm) (o.D.TL:tblgég nm) L aH e Valueb AE

BVAI 1.063£0.009™ 0.035£0.005" 8327:0.16° 5.77:0.10° 54.93031° 57.900.01°

Not added BVA2 0.131:0.007 0.005:0.004" 97.14:0.08" 081:002° 104420.16° 10.8520.18°
BVA3 0.162:0.003° 0.008+0.002° 96.77:0.06" -0.80£0.01° 11630.15" 12.10£0.16"

BVBI 0.092:0.006' - 98.6310.04° 0850 7.48:0.07° 7.65007°

Added ethanol BVB2 0.042£0.007 - 98.62:0.66" 0.33:001° 338£0.14" 3.7120.08'
BVB3 0.0800.004° - 98.58+0.02° 0.5240.02° 6.58+0.02° 6.75+0.00°

L . Degree of whiteness (white +100 <> 0 black).

a : Degree of redness (red +100 <> -80 green).

b : Degree of yellowness (yellow +70 <> -80 blue).
z)AE - Overall color difference (V AL+ Ad® + A2 ).
MeanstSD (n=3).

“"Values within a column followed by different superscripts are significantly different at p<0.05.



896 Sk 2 5275318 A Al16d Al63 (2009)

Ao Z HIE v} QUTHIY). WebA] 2 ATl Al &) 1.22~391% = =] Ueh 39 e fAksE F3ks
Ax T A TSR v 2ot 4 37 dE A el Atk o= 2E F Fo] 24kt dAF Fgo g
2ol Hg] 2T B AL 22 S FHRTE F5 R Abo 2 WHslE T dF= dUAYeR o] &HH
g 7)7tel| & ZHEkE Fo] T8 Il A= AlEH (11), |24 o] AH7} Wol o] Foizl 4 F37F &
=3 u| 2zl vlsl] FHH7L E dAr ol 1 FEFol
=4 YEhd Aoz FS5Hr
Fele ek
A2E FFE AU H4F 7Y RV 2EE & 7ok Etak

NS LFGAIA domg kg o] FHrE o ATh19). = 71 B oA thite] e EA 229
AhE & AR Fo| Gyt mgoln 2o 7w|e} chalel daks Fo] A&z FAd 4% ks vzt
2] o] Z3lo| ot Table 4& Al AR 229 F3 (1,22). 53] A% Azl BP=E= F714F F acetic
A7F frol wheh gEE vz feT TS B4 acidE 2]%9 FAEC /\1 FAAFEI} I Q). A
A3E JeRATh 4 3171 48 @r]AEE maltose, o vz FHHY A5 dEel e {7k 244
glucose, raffinose, fructose =22 =4 YERto W, A3 + Table 59 YERNATE ANH O F acetic acid o]
7} @& #v]2] %+ maltose, glucose, fructose, raffinose, 713 5952 ™ oxalic, tartaric, lactic, malic, citric 2 succinic
sucrose =22 =7 YETE Moon 5(19)2 W Al acid7} A Zo wg} thak xpo)7) JdE Aoz et
P2z & L glucose”t 7MY BAl o E o] Jeong 5(17) ¥ Jo(23)7} Bargh dv|2)xe| FH f7]

fructose, sucrose maltose’} A% A& EActy B sty A 279} AV 292 eIt 3 lactic acid T
ey Aol glucose, fructose, maltose 5] 23] TR} “LE 6‘4Hl"‘zoﬂ Hls)] 34 7371 g dvl
EA8, Ha S AX= 59 glucose$} fructose2] A A zo M Oa B4 Yehgton, o] oz} & A%
27} o] F o F S 2 maltose”} glucoseE-UF Bo| Exjsl= o| A lactic a01d %L%to] =3, HBUXx 9 FA2A Z A
Ao E FAHHATH20.21). A8 F FET FFE 4 F sheo] YAl YERd Shoji 5 (24)2] Haie} AR A3
H7F gE @v|Azxd vl =P dE dAvAzrt t}. Shoji '5(24) % Entani “5(25)°l &J&FH 230l A] lactic

[‘

Table 4. Comparison of free sugar contents in commercial brown rice vinegars fermented with and without ethanol

Free sugar content (%)

Brown rice vinegar

Fructose Glucose Sucrose Maltose Raffinose Total
BVAI - 0.17+0.01 - 0.63+0.08 0.15+0.03 0.95+0.17
Not added ethanol BVA2 0.11+0.02" 0.17:0.04 - 0.93+0.01 0.61:0.10 0.39+0.09
BVA3 0.11£0.01 0.28+0.03 - 0.11£0.02 - 0.50£0.08
BVBI 0.15+0.02 3.17:0.10 0.16£0.01 0.30£0.02 0.13001 3914023
Added ethanol BVB2 044+0.02 0.55+0.04 0.16+0.01 136:0.10 0.62+0.06 3.124032
BVB3 0.16+0.01 0.17+0.03 - 0.88+0.05 - 1.2240.12

"Means+SD (n=3).

Table 5. Comparison of organic acid contents in commercial brown rice vinegars fermented with and without ethanol

Organic acid content (%)

Sample

Oxalic Tartaric Lactic Acetic Malic Citric Succinic Total A/"IJ)
BVAI 0.03£0.00" - 005:000 5561025 - - - 5.940.12 0.94
N;’ltcgfl‘gfd BVA2 002001 007t000 002000  715:024 0042000 0061001  010£001  746:007 0.96
BVA3 0032000 0112001  002£000 690009 - - 0176000  7.23:0.04 095
BVBI 003000 008000  005:000 689019  009:001  008:001  005:001  7.10:0.11 097
Al BVBY  002:000 - - 6594012 : : - 6614009 1.00
BVB3 0.02+0.00 - - 6.2440.07 - - - 6.26+0.03 1.00
"Means*SD (n=3).

PRatio of acetic acid to total organic acids.
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Table 6. Comparison of free amino acid contentsin commercial brown rice vinegars fermented with and without ethanol

(Unit : ppm)
Amino acids Sample
BVAL BVA2 BVA3 BVBI BVB2 BVB3
Phosphoserine 11.46" 550 5.18 580 230 -
Phosphoethanolamine - - - 3.04 1.16 2.16
Taurine 19.35 13.17 14.73 714 - -
Aspartic acid 171 13.38 12.89 2294 573 429
Threonine 1.89 16.49 14.68 8.83 L.11 0.69
Serine 1.68 15.46 15.10 1021 1.09 0.73
Glutamic acid 433 4138 42.15 26.59 248 1.49
a-Aminoadipic acid - 15.05 5.00 - - -
Glycine 1.66 12.46 12.95 7.34 255 0.60
Alanine 431 50.96 53.57 23.88 2.83 1.49
a-Aminobutylic acid - - - 0.25 - 026
Citrulline - 17 0.77 051 - -
Valine 7.15 33.86 35.56 1752 294 145
Methionine - 8.86 11.59 336 2.18 -
Cystachionine 2.80 9.33 9.60 2.88 - -
Isoleucine 645 18.76 1871 12.60 204 0.66
Leucine 431 44.26 5725 20.24 239 0.80
Tyrosine 275 21.35 30.56 10.50 253 0.78
Penylalanine 324 2820 38.67 13.16 1.59 0.95
[3-Alanine 192 1.85 142 6.71 - 046
f3-Aminoisobutyric acid 0.63 172 2.37 - - 0.00
¥-Aminobutylic acid 212 1127 9.88 9.69 1.37 0.61
Ethanolamine 045 092 0.84 193 -
DL-Allohydroxylysine 1.23 1.95 122 1.26 091 17
Orinithine 071 2831 19.32 1.63 0.36 -
Lysine 1.50 3548 3227 8.35 0.65 -
Histidine 0.67 12.13 11711 295 - -
Carnosine - - - - - 1.36
Arginine 241 12.06 1931 14.36 3.53 048
Proline 234 2026 32.18 20.85 2.64 4.17
Total 91.731 457.87 480.3 244.67 41.74 2397

"Means (n=2).
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