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Quality Characteristics of the Germinated Brown Rice Vinegar Added with Red Pepper
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Abstract

This study is to develop vinegar with germinated brown rice and red pepper (Capsicum annuum) for effective
use of the rice and red pepper. The vinegar was prepared using the wine fermented from the germinated brown
rice supplemented with 10~50% red pepper. Acetic acid fermentation was carried out with 6% (w/v) initial ethanol
concentration, at 30°C. pH values decreased from 4.27~4.41 to 3.20~3.59 during acetic acid fermentation. The
initial total acidity (0.29~0.41%) changed to 3.68~4.51% after fermentation. Hunter's a (redness) and b (yellow-
ness) values also increased as the addition of red pepper increased to 30%. Major volatile compounds consisted
of ethyl acetate, 3-methyl-1-butanol, acetaldehyde, ethanol and acetic acid. Capsaicin content (0.17~0.26 mg%)
at the initial changed to 0.16~0.29 mg% at the final of the fermentation. Antioxidant activity decreased from
48.1~79.1% to 36.6~64.9% by the fermentation. The germinated brown rice vinegar added with red pepper had
higher acceptance scores than that of the control without red pepper.
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Acetobactor aceti KCCM 402298 314
yeast extract 0.5%, peptone 0.3%, mannitol 2.5%, agar
15%, pH 7] viA 2l A Al & ¢IZE T 6%
o 3% H7h woldn] ol AFde] WA TR(HS

51x10° CFU/mL)E Al
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pH =32 A& 10 mLE #3+9 pH meter(Thermo
Orion, Beverly, MA, USA)E ZA3t¥ o F2He =74
50 mLZ 7}3}al 1% phenolphthalein® XA 2FC 2 d}] (.1
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Technologies, Wilmington, DE, USA)Z FZ3}t}t &
Z712 80°C & A 30% &< BE 3} AR oM, GC/MS
o FE-FY FNAPE FEN 1 mLE 1E ¢ FHIA
o YR EEE A 2= 4-methyl-2-pentanolS A&k A
570l 20 ppme] HEF A7t GC/ MSE AgilentAt
°] HP-6890N/59735 ©]-&3tR 1l ZAH -2 FFAP(30 mx25
mx0.2 um, Agilent Technologies) S AM&3tth 28 &
T 50°Coll A 523 FAIRE & £ 5°CE 220°C7HA] 4
A A FAT9 2+ 250°CE 3192, carrier gase
AEFS AHESIA T, 27 §452 1 mL/minZ st HH17).
e TS GC-MSE 9L mass spectrums Wiley
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Capsaicin

AlZE+ 8000 goll A 1087 42 & 045 ym sy-
ringe filter(PVDF, Whatman International Ltd., Maidstone,
England) 2 %8 & HPLCE AlE2 AME-3l9th HPLC
© AgilentAhe] HP 1100seriesE AH&39al, Z&d& HP
Eclipse XDB-C18(150 mm x 2.1 mm, 5 ym)< AF&3}4 a1,
0] 52 acetonitrile®} waterE 50:50(v/v)2. 2 &334
0.8 mL/ming #F&£2 2 T B ¥ UV detector(Agilent
Technologies) 280 nmolA] A& H o).
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Duncan’s multiple range testZ #2142 AS3AHH19).
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Fig. 1. pH changes during acetic acid fermentation of the
germinated brown rice wine fermented with red pepper.
Control: no red pepper wine, 10%: red pepper 10% wine, 20%:
red pepper 20% wine, 30%: red pepper 30% wine, 40%: red pepper
40% wine, 50%: red pepper 50% wine.
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Fig. 2. Total acidity changes during acetic acid fermentation
of the germinated brown rice wine fermented with red
pepper. Control: no red pepper wine, 10%: red pepper 10% wine,
20%: red pepper 20% wine, 30%: red pepper 30% wine, 40%: red
pepper 40% wine, 50%: red pepper 50% wine.
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Table 1. Color changes during acetic acid fermentation of the germinated brown rice wine fermented with red pepper

Fermentation time (day)

Wine" 0 17 0 17 0 17
L a b

Control 90.07+0.69 56.55+0.02 -0.44+0.02 0.40+0.05 9.15+0.13 17.86+0.14
10% 81.93+0.96 76.54+0.66 351+0.05 3.73+0.27 17.66+0.22 22.03+0.58
20% 81.55+0.73 67.60+0.41 461+0.04 7.66+0.05 21.40+0.20 29.41+0.12
30% 74.89+0.50 48.7240.26 9.16+0.06 10.24+0.26 30.61+0.18 32.93+0.40
40% 71.20+0.80 58.07+0.34 1253+0.14 6.31+0.03 35.27+0.44 35.11+0.05
50% 69.04+0.04 56.72+0.24 15.34+0.18 3.11+0.03 40524051 32.10+0.09

DControl: no red pepper wine, 10%: red pepper 10% wine, 20%: red pepper 20% wine, 30%: red pepper 30% wine, 40%: red pepper

40% wine, 50%: red pepper 50% wine.

L: lightness, a: redness, b: yellowness. Values are means+SD (n=3).
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dskalon S To MkE HY) Al E 1T lgpes)n 20888 A% 3P0 wANE Y
EAstath A4dd std=E § F2A4EL2 acetaldehyde, 4 SgFERZ dEA ATH26). 3-Methyl-butanol& E 3
ethyl acetate, ethanol, 3-methyl-1-butanol®} acetic acid 7)ol = 61.2~1215 ppmo. & 13 A 7leko] We 28] o
SOl A A HdEEAeH Fa gash o] RS EAs
Acetaldehyded] a#4 o Wstes Tazx7]d 423 AROZ ek} 28 AgS HHP o Yoon 5(24)& %
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He}l glo] 7 e A AFS BYon, 15 10%, Ae HAEEHAY BRasta
5| &3t AT} Acetalde- Acetic acide ¥&%7] 0.0~0.6 ppme]| e &g 6Y

20% M7t 2E 174A F
hyde= ethyl alcohol®] & X9
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@Ak olEl=go 2R A Wt oS FA dehsem 3% 30%, 40% H7HT
H @ olrlwukg, @ 2B A wg

ol ofsted A= (22), = 1084, 10%, 20%, 50% H7Hte 1394, iz7E 2E

Table 2. Volatile compound changes during acetic acid fermentation of the germinated brown rice wine fermented with red
pepper

Compounds Fermentation time (day)

Wine"
(ppm) 0 3 6 7 10 13 15 17
Control 76.7 20.2 375 128.4 109.2 52.5 56.4 40.2
10% 53.4 124 65.1 235 108.9 14.8 19.3 542.5
Acetaldehvde 20% 54.5 6.0 20.0 16.7 65.5 28.0 31.2 556.8
Y 30% 42.3 89 11.8 45.1 67.2 175 42.1 26.1
40% 61.9 12.4 3.3 3.8 65.0 41.6 40.1 245
50% 42.6 7.6 25 4.0 209 24.0 28.8 245
Control 269 133 201 1189 1442 1151 944 650
10% 227 123 1016 446 1374 566 127 0.0
Ethyl acetate 20% 340 202 1004 1029 1038 744 377 0.6
y 30% 246 96 1017 1209 1802 824 1169 714
40% 350 115 102 428 2046 1161 1093 499
50% 257 104 95 87 1350 905 731 435
Control 4040 4382 3202 2728 1745 1080 750 505
10% 3713 3370 2954 835 1366 58 83 0.0
Ethanol 20% 4088 3323 2471 1859 1097 614 288 0.7
30% 4012 3170 3052 2646 1955 1124 858 530
40% 4766 4122 3790 3717 2899 1106 1031 356
50% 3738 4560 2836 2672 2291 1017 646 316
Control 121.5 121.7 68.0 60.9 34.4 235 20.7 14.5
10% 107.2 73.2 63.3 16.1 17.3 194 12.7 0.0
3-Methyl 20% 83.1 54.2 354 274 16.2 11.3 9.2 0.5
-1-butanol 30% 80.3 56.2 54.6 42.9 39.1 275 27.3 17.3
40% 71.6 62.6 59.1 57.0 36.6 18.8 16.1 14
50% 61.2 67.4 40.4 38.2 33.7 14.3 9.8 6.8
Control 0.5 3.6 79 55.8 32.7 90.1 368.6 528.6
10% 04 0.6 10.2 9.7 485 229.5 539.5 445.2
Acetic acid 20% 0.5 0.6 5.7 14.6 46.4 303.6 497.5 475.4
30% 0.5 0.6 4.9 30.8 229.0 329.0 468.6 622.9
40% 0.6 0.0 74 19.8 177.6 278.1 273.0 525.0
50% 0.0 1.2 3.1 11.9 28.2 221.9 290.7 467.9

DControl: no red pepper wine, 10%: red pepper 10% wine, 20%: red pepper 20% wine, 30%: red pepper 30% wine, 40%: red pepper
40% wine, 50%: red pepper 50% wine.
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Fig. 3. Comparison of capsaicin content by acetic acid fer—
mentation of the germinated brown rice wine fermented with
red pepper.
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Fig. 4. Comparison of antioxidant activity by acetic acid fer-
mentation of the germinated brown rice wine fermented with
red pepper.
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Table 3. Sensory quality of the germinated brown rice vinegar added with red pepper

Vinegarl) Color Flavor Sweet taste Sour taste Pungency Overall taste

Control 5.0™ 5.0° 5.0° 5.0 1.0° 5.0°
10% 6.8" 6.8" 5.4° 78" 5.6 7.4
20% 7.4 7.6 5.8 48" 6.4™ 74
30% 5.8 46° 7.0° 78" 8.0° 7.4
40% 4.4 5.8 6.4 5.0° 6.4 5.4
50% 5.4 6.2 7.2 78" 6.0™ 7.0"

F-value 3.08 3.86° 1.33 9.83™ 12.24° 3.76

YControl: no red pepper vinegar, 10%: red pepper 10% vinegar, 20%: red pepper 20% vinegar, 30%: red pepper 30% vinegar, 40%:

red pepper 40% vinegar, 50%: red pepper 50% vinegar.

Scores of attributes evaluated by very poor (1 point) to very good (9 point). Sensory score were statistically analyzed according
to the ANOVA-one way and Duncan’s multiple range test. * “Different superscripts within a column indicate significantly different

('p<0.05, “p<0.01).
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