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Quality Characteristics and Antioxidant Activity of Brown Rice Pear Vinegar

Eun-Mi Park', Hyun-Joo Lee? and Yoon-Kyung Chung?

'Dept. of Food and Drug, Chosun University, Gwangju 61452, Korea
Dept. of Nutrition and Culinary Science, Hankyong National University, Ansung 17579, Korea

ABSTRACT

This study was performed to produce quality vinegar using different types of nuruk, which is the most effective in making
traditional brown rice vinegar. The vinegar was produced with 20% vinegar starter, and pears were added to reduce the nuruk
aroma. Three different types of Nuruk that were prepared were rice, wheat, and a ricetwheat (1:1) combination. The total
acidities of brown rice pear vinegar made from rice-nuruk, wheat-nunuk, and ricet+wheat-nuruk were 8.1%, 7.5%, and 6.4%,
respectively. Free sugars, including glucose, galactose, and fructose, were highly detected from all three vinegar samples. Acetic
acid and lactic acid were the major organic acids in all three vinegar samples. For free amino acids, alanine, glutamic acid,
and arginine were mainly detected in all three vinegar samples. Total phenolic compounds were higher in brown rice pear vinegar
made of rice-nuruk than in that made of wheat-nuruk, whereas total flavonoids showed the opposite pattern. DPPH-radical
scavenging activity was higher in brown rice pear vinegar made of wheat-nuruk than in that made of rice-nuruk.

Key words : Brown rice vinegar, nuruk, antioxidant activity
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o] Agstuz AR Fale il oy} ] 7154 Edo]
AE 4 JE AHE At Yoo DS & Yoo HY 2011). F+=
2 W 5 AR A FES T FH 22 0
sHA slilFo] B3 37 Sl ndESe] E3E Zo=w
=5 Bet ol &H e, 5 nAEN FEFFe] oA,
An|EFFo] ESHA, = HiFEF2, AFIRAl S, E
et Zsht, 127 59 Tk v Ee] ASste] vhe
A HEeTFHRoR S2H gFe 5 g & AT

THShin KR et al 1999).
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2 Aol AR A2 2013 1094te2 3
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g, FE°17] 10%) b, 1= & & WZAIH T 5 ke
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[e)
S st 1%9] dlszeel AAF 2~31-2

% 0.IN-NaOH £ © 2 pH 8.2+0.17}#] F3}A]7]=H

H 0.IN-NaOH®| &:H| mL 55 -5laL ol 2jollAf e} 2
o] ZAKacetic acid)¥ o2 Fatalo] At g gakalgich

Z2H%, 22F) = 0.6 x 0.IN-NaOH Z:H]ZHmL)

T ALTE HS04(54:h 3 Kjeltab(Z3 S0 A E ¥ o]
A= BAIZ T 40% NaOHOF SRF(=R)E FUA
FRUolZ F2AA o] & EFAA o] Sole TH &Y
(Boric acid)2.2 ¥F F 0.1N HCIZ A% 3}, Kjeltec auto
sampler system 8400 analyzer(Foss Tecator, Hogandis, Sweden)

& Abgste] Zaslch

=

—~

4. welgt A 7ot 24

A& 1 goll 80% ethanol 50 mLE 7}sle] Shgwizh7] o)A
75CR SAIE FE37 TS 3,000pmell A QAEE] Al7)a 4
%5 0.45 ym membrane filter(Woongki Science Co., Ltd.,
Seoul, Korea)Z <33+ T8 HPLC(Prominence HPLC, Shi-
madzu Co., JAPAN)E #4319t} HPLC #2412 Aminex
HPX-87H ion exclusion column, column oven =%+ 40T,
mobile phase:= 0.1N H,SO,, flow ratex= 0.6 mL/min®] =71
° =2 AMgSIATh

5. welojo|=4t ek £H

freg] op|igbe] #AE AR 2 gof] olehE 20 mL2 7Hgh
T homogenizer® 10+ &< wHFsle] 1,900 x gollA] 2083
AAEE sk, FAtel Tl 75% ollghE 10 mLE H71st
o] homogenizerZ 104 &<t wREGE F 1,900 xgol|A] 2083k
A4 stk AEAS Tt dEEd & SRTE
23l A1A sulfosalicylic acid 20 mg= H7}sle] 4TE 1A]3H
Zob A7 the thA] 1,900 xgollA] 20837 A4 Ee) e
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% membrane filter(0.2 pm)E o]#}3te] ofn| =2t 2pEEA
7](Biochrom 20, Pharmacia, England) & % #5224 3}3it}. o]
]l sodium citrate buffer (pH 2.2)E buffer solution®-Z A}-&-
315 aL, buffer flow rate= 0.33 mL/min, ninhydrin flow rate

+ 0.33 mL/min, column temp.+= 37C, injection volume-= 40
pL= 3skeich

&l
2% A2(1 mgmL) 02 mLa] 10
% 2N-Folin-ciocalteu®] & Al 0.4 mLE &3k H 3&3F
Ao A WA 10% NasCOs(sodium carbonate) 0.8 mL
S 71 H 1IARE B3F Aol A wEEAIZ]L F 750 nmel| A
ELISA readers ©|-&3l] F4=E Sk Al=ol| 3
d % Z2EE T aallic acid (3.124~400 ppm)2] &=
IAM-& E3dlo] AR g9 gallic acid equivalent(GAE)® UE}
Wk

X

7. & E2lE0|lE = =

2% AlE(1 mg/mL) 0.1 mLell S/ 0.5 mLe} 5% NaNO,
(sodium nitrate) 0.03 mLE Z33t 5 621 2041 WkE-
A1ZATE 10% AICl; + 6H,O(aluminum chloride) 0.06 mLE &
g 5 6wzt A2ol4 "EEAIZITE 1 M NaOH 0.2 mLE
A7V & 75 0.11 mLE Y2 5 415 nmellA] ELISA rea-
derg ©] &3t FHEE SH3Ih Alsd &/E F &
g o= ghake catechin(3.12~5,400 ppm)2] FEIA S
535t AR mgW catechin equivalent(CE)Z YERHS]

0

N

8. DPPH XXl=0{s &H

Al gl Uigk AA-Fd 5 1,1,-diphenyl-2-picryl hudrazyl
(DPPH)el| th3t gkd&d o 2 Bloise] WPl ole) ksl &
A5 =438k 0.05 mM DPPH £ 0.768 mL9} 0.192 mL
22 AEE 41 BIER TS H oA 3087 §HEA
ZAt}. 96-well plateol] £ 0.2 mLE #7138t th5 517 nme]|
A EF=E =481tk A1 52] DPPH radicalell thgh Axl-g

of5e offf Aol 23T FHE G2 vigsle] Ak

NEHNT ) FYE
AE T AT F I

AAFAF(%) = (1— % 100

9. ABTS Radical &M= &%

21 % A 5o] MAFe]5S ABTS assay= =43tk 1.5
x 7 mM ABTS$} 3 x 2.45 mM potassium persulfateS 2:1 2

dAnju o] F

i)
[

3 1043

SN A Gaol RAZTE 2447 F =
Z3slo] F33571 0.17+0.03°] 2 w744 EtOHES &A1 A
ABTS radical cation £-2 TFE] 2™, ABTS radical cation
49 0.95 mL9} 0.05 mL A5 &3
ZF REEAIZ] T 734 nmell A FREE S5t A8
ABTSz}H Zol| t gl Aagods ofef] 2o S8H 3%
#2 ddste] =SSt

it

AAEAS(%) = |1-

10. SAHIXE

2 A A dojzl Az}= SPSS(Statistical Package for
Social Science)E ©]-g-3to] BA BAsAh AT H
HEoatw FAGKI AL, BAIA Fold A dduiA] &
2HE-2 (one-way analysis of variance)= 3t 3 p<0.05 ===l
A Tukey's testS °]-&ato] s AT

1. & e
B AN BEE, RS, SHHDTFROR AxY

21}
a2 2o FAEE EAG A= 22 8.10, 7.50, 6.43
%2 2 VEGTHTable 1). Moon SY 5(1997)2] 21x9] 57
W n| e Byl PeA] EAE . Aol A AHEE 3.65~6.12
% )AL, Al #nl2] o] A 5.1%2 H1% %t (Jeong

Felx= o5 o] Aol HlsiA

%]: - 5 U] =i
8% S A= a%lEe] Wil A5l et AlshErt
oflel MAAQ vte 2-¢-57] WL Holok

Table 1. Total acidity of brown rice pear vinegar

Rice nuruk  Wheat nuruk Ricet+Wheat nuruk

Total acidity

b
%) 6.43+0.38

8.10+0.1° 7.50+0.17*

Data are the average values of three independent experiments.
Values with different letters are significantly different at p<0.05.
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Table 2. Total nitrogen of brown rice pear vinegar

Rice nuruk Wheat nuruk Ricet+Wheat nuruk

Total nitrogen

0.17+0.00°
(%)

0.24+0.01*  0.23+0.01°

Data are the average values of three independent experiments.
Values with different letters are significantly different at p<0.05.
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Table 3. Free sugar composition of brown rice pear

vinegar (Unit: mg/100g)
Sample Rice nuruk Wheat nuruk RicetWheat nunuk
Sucrose 48.48+0.13"  55.88+0.23" 28.91+0.11°
Maltose 11.40+0.05° 6.04+0.11° 4.4240.11°
Lactose N.D. N.D. N.D.
Rhamnose 2.96+0.11° 472+0.12° 3.86+0.17°
Ribose 57.59+0.14°  53.59+0.20° 20.81+0.20°
Mannose 19.72+0.04* 4.78+0.04° 13.15+0.18°
Fructose 269.66+1.63°  100.34+0.51° 429.01£3.71°
Galactose  1,397.65+9.60°  919.09+1.09° 301.29+1.89°
Xylose 3.3020.06°  14.39+0.66° 24.99+1.73
Glucose  2,110.90+8.01°  14.41+0.20° 24.63+0.54°

Data are the average values of three independent experiments.
Values in the same row with different letters are significantly
different at p<0.05.
N.D. : Not detected.

S Hn 27} 1,707.46 mgl. 2 7HE =t} RS 7 %
AT AE Ak PR E A2 27} 23242 mgo 2
e e 7.}*—1‘#9} *M 1Z2ollA e 3
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7P =ske

J
924.15 mgoi 7]—74

okl B AdoAe Ar2oz wE Fnjula XM=

ZE AEol 2,110.90 mg/100gC-2 7P A UEstn
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Table 4. Organic acid contents of brown rice pear vi- Table 5. Free amino acid contents of brown rice pear
negar (Unit : mg/100g) vinegar (Unit : mg/100g)
Sample . . Sample . .
Rice ‘Wheat Rice+Wheat Rice Wheat Rice+Wheat
Com- Com-
.. nuruk nuruk nuruk .. nuruk nuruk nuruk
position position
Oxalic acid 2.54+ 0.06° 5.19+0.05° 1.78+ 0.38° Phosphoserine 4.5120.07° 3.9840.11° 4.17+0.08™
Citric acid 21.42+ 0.32* 5.09+0.11° 747+ 0.07° Taurine 1.33+0.06" 0.5240.11° 0.32+0.03°
Tartaric acid ~ 46.96+ 0.74*  26.67+0.75"  27.81%+ 0.19 Urea 31.39+0.22 N.D. N.D.
Malic acid 13.91+ 0.22° 3.83+0.20° 6.82+ 0.15° Aspartic acid 50.19+0.45 12.08+0.15° 6.25+0.06°
Succinic acid 13.28+ 0.09° 17.75+0.39* 11.34+ 0.31° Threonine 37.58+0.44* 30.72+0.39° 27.47+0.36°
Lactic acid ~ 3,778.74+15.15° 1,822.8144.21°  2,248.35+04.81° serine ND. 47 74+0.56* 48.67+0.44°
Formic acid 9.74+ 0.05* 4.38+0.08° 8.76+ 0.10° Asparagine 63.05+0.59 N.D. N.D.
Acetic acid  3,159.59+ 7.03° 3,726.48+3.32"  2,773.42+ 2.08° Glutamic acid 86.40+0.52° 04.01+0.83* 59.89+0.82°
Data are the average values of two independent experiments. a-Aminoadipic ND 0.8320.01 ND
Values in the same row with different letters are significantly di- acid o ' ' o
fferent at p<0.05. Proline 29324050°  4850£049°  3021=0.51°
Glyci 46.44+0.34" 40.81+0.78° 32.0440.43¢
A AR, SAnT) B AEEdch WESS AR d
: NS
wluj 2] 2o A Z4To] 372648 mg/l00g, FAte] 182281  Alanine 104.98+139™ 102672092 106.82+0.83
mg/100gC.2 =9t} &3t F22 A1-at Anjujal o= Valine 57.76+0.94'  5539+0.68"  44.27+0.73°
24k 2,773.42 mg/100g, BA4F 2,248.35 mg/100g2- = TFE f+ Methionine 11.3740.60°  12.63+0.43"  9.73+0.12°
= =g A5 9]
7be Bt s AEEIT Isoleucine 36.66+0.73 37.09+0.66 28.8240.49°
Moon SY 5(1997)¢] AFollAE Fuf Al dn|2]zxe] F
—‘f( )l %LJ _1 . ] ]f o Leucine 53.424088°  56.59+045°  43.10£0.39°
RIS 22, TS TR AL SA, kAL A}
T, A Z 7F0] AZH QT B4 2 4 974 Tyrosine 26.2040.53° 28.18+0.49* 19.99+0.47°
o] ataro] e AL wel 2Ale] §7]4F TAo] kS uk Phenylalanine 49040.13°  9.84:0.11°  837:0.14°
2 B2 2(Lee DS et al 1972), o132 AFEIA Thdt § -Amino-n-butyri
s { : ) ©] s A SR yAminonbuytic 0000 7imo0r 677022
714k Eo] ZA 2 Fol| A HEEHJTHKim CJ e al 1981; Jo acid
BH 1987; Jeong YJ et al 1996; Jeong YJ et al 1999). Histidine 25.58+0.51% 23.68+0.52* 18.53+0.41°
3-Methylhistidine N.D. N.D. 0.76+0.00
5. weloto| =4t Bk 4
s Carnosine 11.04+0.10 N.D. N.D.
B AR AR, WrE, SFFFo A vl
. b a b
A z0] fEloln| Al & 25ERS} AEEgon, 1 o Hydroxylysine 0.52+0.00 1.40+£0.03 0.43+0.02
© B8 AT Table 59 2ok Al 7HA] @l 2l 2ol A Ornitine 7.91+0.26" 1.70£0.04°  1.86+0.12°
AR depde] o] 7P wokom, 1 thgo] 25 Lysine 27.53+046°  10.3240.33° 15284034
BRI, ok27ide] AR 2T A2 oMt phanolamine 2556005 LI5£003  1.72¢002°
A= oF 200089 flopuliito] AEHE Aow &
HAl = <F 2004] Frefopn) I AE== A 4e Arginine 82.75+0.65°  74.6740.97°  55.530.61°
A a(Jeong YJ & Lee MH 2000), Lee SW(2012)2] A-9l]
A Total 817.08£9.60  701.66+4.57°  570.96+6.30°

A2 2] felop|mat 24 Al SFERIAL, 2,
gehd, ojazeldl, 2o, of2rd wor we o
UERIATE. Moon SY 5(1997)9] dtellA] @m| 2%
FERIME ) dEhd) o] ARolal, Zo]il olzrd F9

L
Fepol wTIRL SGoM, ol B 4 A3t FAE R

otk fgohn =4t 3 GABA(gamma-aminobutyric acid)&
H|eh whg] ofnjqto 2 5 A T4 AN 4l

3 AgEdRE & duA vk 2 APl v} opnjwi
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upen] - of

El22to] AE2 Fnlj2] 2E 13.70 mg/100g, 2= &)
W2 2E 7.17 mg/lOOg, = 75 ArEid 2E 6.77 mg/100

o= Yeyith & fejop| i@u s B ArE |
UlHHé.iE 817.08 mg/lOOg, = FHuluj) 2E 701.66 mg/
100g, =FFo= Az ?ﬂﬂl 4] 2 570.96 mg/100g.°-
2 FoJARl zte]E Bth

- O = o
& Ao A, ATE, EETHEOR AT dv)
Hzel T A=A =l dFE 27 8.3 mg GAE/ML,

6.7 mg GAE/mL, 5.7 mg GAE/mLZ A= A3, 1 A=
Fig. 1] YeRHATE 2 drjuja)zolA 3 Fﬂ” R

ke fo)d oz x}olrt 3}2}@ Lee SW(2012)2] <19
M oedgt And oA F s sidtE el 471~
11.60 mg/100 mLZ B39l on ol B A8 Az}l fA}
=g
AR We2 TIER o R A 23 PulHjdxe] F =
gt ol= g&ke Z+Zt 040 mg CE/mL, 0.52 mg CE/mL,
0.21 mg CE/mLZ ¥A =31, 71 A3} Fig 20 YERHRA
. F =4 S5hE S v R 7 el 2] oA
% 2 freld e g2 ztol7t itk 18
A o A2 o2 A F3 Huu)al 2
AN 7wkl F Feti o= gl oA e U
A oA 71 =itk ol A% U8
o] Zpolell 9]t Ao]
B Ao A2 USRS 3520 7 A %3
21z9] DPPH &A% &4 ZA¥+= Table 63 &} &AF5,
UrE E37E9] DPPH &AM = 47 42.3%, 54.8%,
53.0% 2 2}o] S HITh Lee SW(2012) o AFollA Bad
ekl @n) 2l 2] DPPH radical 7% 91.27~96.72%¢l
Hstd 2 A3e] dye= oha WA SA=JAT dAvle &
2kl gd Aol A DPPH radical 245 = =7 S71E
T grtstdgdo] dase 3o R st thKo MR e

10 r
iy a
Egt b
L
=T C
] 6 L
£
g T
§or
T
E O 1 J i
E Rice Muruk Wheat Murulk Rice+Wheat
Muruk

Fig. 1. Total phenolics of brown rice pear vinegar.
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Fig. 2. Total flavonoids of brown rice pear vinegar.

Table 6. DPPH radical scavenging activities of brown
rice pear vinegar

Sample DPPH radical scavenging activity(%)
Rice nuruk 42.3+0.55°
Wheat nuruk 54.8+1.05"
Rice+Wheat nuruk 53.0+0.92*

Data are the average values of two independent experiments.
Values with different letters are significantly different at p<0.05.

Table 7. ABTS radical scarvenging activities of brown
rice pear vinegar

Sample ABTS radical scavenging activity(%)
Rice nuruk 65.9+0.83"
Wheat nuruk 62.7+2.69°
Ricet+Wheat nuruk 64.7+1.05°

Data are the average values of two independent experiments.
Values with different letters are significantly different at p<0.05.
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