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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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g9 due WnE A Zsh] AlFsk L eyt
A AP er D7HER dASITE e oAl Wels
AHEEH HATE RS ARES o] Ag, 2R Y
o] 9Ju]7} dolle] WFE-E Aejopyt 58] 7eshd,
ZhA] o P oA Thekgl Sl A Enh e win]
£ FURE AHEShe 95 Alx A AFF2 AHES 28]
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1. ez 2 x=u

B Ao AMEE dnFe 20139 10842 72
55 o datell A Aikd dn] 3 Folskla, wie b
Ao FF A E Fujste] ARESITE WS BRI
FHA (R F, oA sk greo] S FYER
o W FES AMESI A, AFE(0EE)S S (EA,
gyl A Anfele AlES AFSSEATE T2E AMESE A2
b FES FUEE I A E, A Aesks A
o ATES FURE 3 TR T2E A A2 T
°] 10%2 AHg-3tsich

A2 AEPHE FTES o] 83 A E o 5
5 o]&3te] dn| &S AZto] FAlsta, 8AIE 3 £ 1
AEES W T F IAIRE SR (@0 7HE B, 108 7}

sobAlok forkims ik

4, FE5°17] 10%) sto, 15 ¢ & WA 5 kg
) nFE @2 gole] (HEANEY], T $4)d 2zt
o] A5, WEE, A+l FES 1T 49 10%E ¥
HEH 3 obdul 5 kg(2.5 kg Sl 25 kg TS B
25T 3U3E ¢FEAFE APt HEAN LS
g dle] Zhzte] T2 10%S AEste] Tafel¥(Lock &
Lock, gF=)ol] o] 28°C Ifulo|EjellA] Z& 2o 30

C
Azt FEE APk

ol
= Fste] 1%9] FlmZee)l A|Aef 2~3%2 o
g & 0.IN-NaOH £ © 2 pH 8.2+0.17}4] F3}A A
89 0.IN-NaOH®| &H| mL 5 F3taL ofel] 2o et 2

o] ZAHKacetic acid)F o2 Fiksle] FAER AkS T

X
i
=
F

Z2H%, Z22F) = 0.6 x 0.IN-NaOH 2:H]ZHmL)

b
o

- H,S04(35342H 3} Kjeltab(Fall Zrl|Al) S Eo]
AEE BEIAIZ F 40% NaOH®} SHA(ZE)E FUAA
FRUolZ FPAA o] & EFAAFe] Solde THEY
(Boric acid)2.2 ¥F F 0.1N HCIZ &332, Kjeltec auto
sampler system 8400 analyzer(Foss Tecator, Hogandis, Sweden)

g AHgstel Zgetdnh

4. 7eld H Rl 24

A& 1 goll 80% ethanol 50 mLE 7}l i zt7] oA
75CE SAIZF %% v 3,000pmoll Al 4lie] Al7)aL 4
ZNS 0.45 um membrane filter(Woongki Science Co., Ltd.,
Seoul, Korea)Z ¢33+ T8 HPLC(Prominence HPLC, Shi-
madzu Co., JAPAN)E #4319t} HPLC #4212 Aminex
HPX-87H ion exclusion column, column oven <%=+ 40T,
mobile phasei= 0.IN H,SO,, flow rate= 0.6 mL/mine] Z71
o & ARgsISith

5. welojo|=4t ek 53

frel ofn]ieqte] A2 AR 2 gof] ofl§hE 20 mL< et
< homogenizerZ 104 &<t Wkl 1,900 x goll A 20483t
DAY a3l aL, atell A 75% olleE 10 mLE 37t
o] homogenizerZ 104 &<t wHHE F 1,900 xgol| A 207t
A4 stk BEde Pt s & SRTE
23l A1A sulfosalicylic acid 20 mg= H7lsle] 4T=2 1A17F
B RAIZ TS TA] 1,900 xgol Al 2027t AqlEe e
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% membrane filter(0.2 pm)Z o]Z}3le] o] =it ApEH-A
7](Biochrom 20, Pharmacia, England) & & #5-4] 3}3it}. o]
]l sodium citrate buffer (pH 2.2)E buffer solution®. 2 A}-&
3191 1L, buffer flow rate= 0.33 mL/min, ninhydrin flow rate

+ 0.33 mL/min, column temp.+= 37C, injection volume-= 40
pL= 3sk3ich

e ke ¥4 B2 o] phosphomolybdic
HhAlE] = Y2l & o] 83 Folin-Denis
Atk 21 % A8 mg/mL) 0.2 mLel 10
% 2N—Fohn-c1ocalteu9] HE Al 04 mLS £33 5 3587t
A2 A FH-G-AIZTE 10% Na;COs(sodium carbonate) 0.8 mL
= 7Kg H A1 BeF dAhdlA] ¥ReAIZ] 750 nmell A
ELISA readerE o] &3sle] THEE =H5tAth A B0 &
% ZouE S gallic acid (3.124~400 ppm)2] X+
B3l] AR g3 gallic acid equivalent(GAE)Z e}

7. & EElE0|E g2 &Y

2% AlE(1 mg/mL) 0.1 mLell S/ 0.5 mLe} 5% NaNO,
(sodium nitrate) 0.03 mLE &3t ¥ 6321 A-2olA] ¥kg-
A1ZATE 10% AICl; + 6H,O(aluminum chloride) 0.06 mLE &
g3t 5 617t 204 §HSAIZITE 1 M NaOH 0.2 mLE
A7V & 75 0.11 mLE ¥ 5 415 nmellA] ELISA rea-
derg ©o| &3l FFEE SHIUTE A8 HiE T &
gt ol $HEFS catechin(3.12~5,400 ppm)e] EFEIJAS
F3ld AR mg@ catechin equivalent(CE)Z YERY AT

|>|-

8. DPPH XXl30is &3

A5 gk dAFgod 52 1,1,-diphenyl-2-picryl hudrazyl
(DPPH)el| th3t gk1ed o 2 Bloise] WPl o8] ks &
23& &%t} 0.05 mM DPPH £ 0.768 mL<} 0.192 mL
4:1 ¥ &= E3et F haeA] 303t WA

Zth. 96-well plateol] €< 0.2 mLE 37138 T3 517 nmol|
A TS =35It A 529 DPPH radicalel] o3t A=
o5 olel ol 24T FHE e UIstel HHEaLc

o-1- BA=

/\]i }\]E.E_.

NS Y

AT S (%) = (1- %100

9. ABTS Radical &= &4
21 % A 59] MAFe5S ABTS assay® =35t} 1.5
x 7 mM ABTS$} 3 x 2.45 mM potassium persulfateS 2:1 2

dnju 2 zo] F

i)
Jm

J 1043

S3IA1A ael BHZTE 24413 T 734 nmoll A FHES
=3 ste] F3%71 0.1720.030] 2 w712 EtOHES g4
ABTS radical cation £92 TH51. 2™, ABTS radical cation
£ 0.95 mLE]— 0.05 mL A5 EFAZ 5 gaclA 108
AR B 734 nmell A 35S S35l f‘l
ABTSZEI 2l 01t 2152 ofd) 219
#e ddsted A=k

_T.“u m

N
Z)

AAEA (%) = [1—

10. EAIXZ]
2 AdA dojzl Az}= SPSS(Statistical Package for
Social Science)Z ©]-&-3le] B4 BA st AT Y B
Exoxz BANGT BA4 ol A9 e A ¢
2Hi-2(one-way analysis of variance)= 3+ & p<0.05 F=ol
A Tukey's tests ©]-&3dt] s HA 3Tk

An o oy

1. 5

2 AR AR, AFS, EFEHY)TFRORE A Z3
dulu & zo] FAIEE 43 Azb= 747} 8.10, 7.50, 6.43
%2 2 UENITHTable 1). Moon SY 5(1997)9] 2] x9] &7
3 ) e B5A Sadu)w Ao|A] AFEE 3.65~6.12
%Ol L, Al En| 2 2] AEE 5.1%% B 9 tH(Jeong
YJ et al 1998). B AgoH & o]5 o[ AFE] HIB|A
2 TS AEE YERITE S22 X0 4l5te] RE=A]

)] %

248 Belel Sl e ohd) At e e
]

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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T A2 Ede F A4 Tk gigh Yol glon,
AL FHTAJAS)S] A5 Ap=e] Zx 2pHst 2 Fdug
312 Qlete] F AA IS 0.12% oo ® AN, F
AL TS Sx FH 83 Ve ® Aa vk F 4
A g 98 AR a5 4 AT e
Aoz FAAY TaxEE &&H1 Y} Joo KH &
(2009)2] AFA = dnj2 o] TEYH Y A5 o}
2 AN FES o] &3 MR vzt BB
£ o] &ato] Azt AnAETh F AL ghgo] 4uf o] %
o] E2 #oZ Yelyt) ol FEo| X3 Hojde vt
ot E4F T Av|dse] dds Eafiehe &40t 7] o

ME o
g
Sc

Park JP et al 1993).

1 0111\1 L‘—E UI_LF—_%, ‘_51—(/‘2_‘]—+131)L— 2o u]-._ 6:]
Hléléﬂ FA 4 ke 747 0.24, 023, 0.17%= YERETH
(Table 2). YE] 29| 7F kojis WLt HEA7=
gh=ro] ME kg whae 2wl 7

Az Ae] AF A ze) F
gt P =Sl EAlStA o5 T

B 34Eo] dndse] dids Fllste v ol Holut
7] ol F HAaghol %WPark JP et al 1993). A% &
n| A xe] F Al TS v

74 e
Z

=
YEE oz WD dF e duAdeR o gu m
S ZBE F 42 Fo) G FFE vFPol AT 4o
7w} A o] 5ol el Gk Yang YM (2009)] ©l5hel
AWH o el KT e 4427 Y Bk
AL 2 25k AL Zol MR A& H R om wotd e

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 19.7240.04° 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° 301.2941.89°
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.

& Hu|2 27} 1,707.46 mgl & 71 =gtk ZAke 7k %
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127} 1,672.36 mg
o7 7P wskom, xxEe AIE Atel] AA HE =AU
53] "l AZolA o] 924.15 mgo &2 71
éa‘féoﬂfﬂ—t— AFEo g THE dnua ZoA =
,110.90 mg/100ge-& 7% =4 Yebta,
o= ‘1 ?ﬂﬂlﬂﬂ | 2ol M e Z2HE 2 ~7} 919.09 mg/
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£ duld WS Hrlsle] HE 2 Zo)|7)o] P HQ
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s9o.

4. 7|4 ek

AP A5, AF5, SR AT An

l—r:
Nze] §7140S BAF ATHE Table 49 2T} AYES
A}E3E G2 2ol A= RAkEE 24 SHo] 72t 3.778.74
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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° 3.98+0.11° 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 4696+ 0.74°  26.6740.75"  27.81% 0.19° Urea 31.39+0.22 N.D. N.D.
Malic acid 1391+ 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+ 009"  17.7540.39°  11.34+ 0.31° Threonine 37.58:0.44°  30.72+039°  27.47+0.36°
Lactic acid ~ 3,778.74+15.15° 1,822.81+4.21°  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* 59.8940.82°
Data arfe the average Val.ues .of two 1ndependenF e?(penments. a-{%mmoadlplc ND. 0.830.01 ND.
Values in the same row with different letters are significantly di- acid
fferent at p<0.05. Proline 203040500 48.504049°  30212051°
Glyci 46.44+0.34" 40.81+0.78° 32.0440.43¢
A AR, SRR A AEEAY DESe AsRE
: NS
vluj 2} 2o A Z4te] 372648 mg/l00g, Fate] 182281  Alnine 104.98+139™  102.67£0.92  106.82+0.83
mg/100g 0.2 =9t} &3t 22 A12a AnujA 2= Valine 57.76+0.94°  5539+0.68"  44.27+0.73°
241 2,773.42 mg/100g, 314 2,248.35 mg/100gS- & TH2 f+ Methionine 113740.60°  12.63£043*  9.730.12°
A= = A 2= O
7Ibe Bnt s AEEIT Isoleucine 36.66+0.73 37.09+0.66" 28.82+0.49°
Moon SY 5(1997)°] AFllM = =) Al An|2] 29 F
—‘f( <l %Lj _1 i ] ]f ol Leucine 53.424088°  56.594045°  43.10+0.39°
2 RIS 24 TS TR A, SA Bubal A}
3,/]_}1\1_’ —Zr'}ﬁl}d' % 7%01 7]5]%5:4 9}]\‘;} 3’4’?:‘1}—\115_@ _El'__;g %7]}1\1_ Tyrosme 2620i053b 2818:*1049a 1999i047c
o] ataro] e AL wel 2Ae] §7)4F FAo] kS uk Phenylalanine 490+0.13°  9.8420.11'  83720.14°
& Ao Z(Lee DS et al 1972), o]F 2] AFEA thket # -Amino-n-butyri
o { : ) ©] -'e A ALR R yAminonbuyric 0000 7imor 677022
714k Eo] A2 Zo| A HEEHATKKim CJ e al 1981; Jo acid
BH 1987; Jeong YJ et al 1996; Jeong YI 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| =it Btk 4
s Carnosine 11.04+0.10 N.D. N.D.
B AN ArF, W5, SFFFE AT Avil
. b a b
A z0] fEloln| Al & 25ERS} AEEglon, 1 ot Hydroxylysine 0.52+0.00 1.40+0.03 0.43+0.02
© BXg AT Table 59 2ok Al 7BA] @nju) 2] 2ol A Ornitine 7.91+0.26" 1.70£0.04°  1.86+0.12°
AR depde] o] 7P wskom, 1 thgo] 2§ Lysine 27.53+046°  103240.33° 15284034
EFIAE of2ride] M2 EAEAT A2 oMb pyanolamine 2554005° 1154003 1.720.02°
2 ok 2] =£2] S o]jl_]._}‘\_}-o H= %749_§°]' ]
HAL = eF 20482 Frefot] I AE=E A 42! Arginine 82.75+0.65°  74.6740.97°  55.530.61°
A a(Jeong YJ & Lee MH 2000), Lee SW(2012)2] A7+l -
A #n 2] Gelolu] et BA Avle F2ehull uhel Total 817.08+9.60"°  701.66+4.57°  570.96+6.30
Pehd, o] azolal, Roldl, ok2rld £OR & FFL
YERAATE Moon SY 5(1997)2] AollA dnj2xe 2 otk fEoln|=2t 3 GABA(gamma-aminobutyric acid)&

=
FEAL B9, PR, o]mel4l, 2ol4l, of=r]d

L
ol mgitha shglov, ol & A% Ansk f4}

H|Ek Wg) ofn

L E I

-
1
o T

3 AeEdER &

FRAAA F

| A A

LelA glek B AgelA At ool
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El24to] AFE dnjul4 2E 13.70 mg/100g, U5 &n|
A 2= 7.17 mg/100g, ool 2 Fujujd] 2 6.77 mg/100
go 2 YEyith 3 frelot| _mu TS B ATE 3

n] el 2] 2% 817.08 mg/100g, "B F5 @An|ul 2 Z= 701.66 mg/

100g, E3HrHo 2 Alxg A4 2= 570.96 mg/100g2-
= fFoAQl AelE HHh

6. itst 2y

AN A, D5, EFEoE Axg Avll

Azl F HEA e FEFe 27 8.3 mg GAE/MmL,
6.7 mg GAE/mL, 5.7 mg GAE/mLZ A= A3, 1 Ay
Fig. 19 JERRATE ZF dujuja) oA & w54 3Ee

g2 feolF oz jolrt %‘zit‘r Lee SW(2012)2] <1o]]
ME T Az F dled S3HE el 471~
11.60 mg/100 mLZ HuE|glon o] 2 Ad Axsl §A}
aFsAch

S URE IR0 2 A 23 dnuA o] F &
ghrol= ghake 247t 040 mg CE/mL, 0.52 mg CE/mL,
021 mg CE/mLE A% 3, 7 A3}= Fig. 2] YRR
o wEA SE ) v R 2F dnlu) 2] oA
F Egticol=9 ke fejdo g atelrt ek 1
U = HsA 31gE e ArEo R A23 dnujdlx
oA 71 =gk, & ZalRol= dak] glojs U
Fo2 Az dAnfuj] 2ellA 7PE ESkth ol A% d8
o] ztolof eJgk Alole} AtmErt

= AN S, U5, EFEOR AxT Anlul
21%x9] DPPH &A% ¥4 AZ= Table 62 2t} &5,
WSR2 S3H29] DPPH 275 242} 42.3%, 54.8%,
53.0% = 2}o]Z Btk Lee SW(2012) 2] Aol Hud
TheFet @nl4 29 DPPH radical 224% 91.27~96.72%¢]
HaE B Aol dute tdh B A= dnle 3
Absl 24 Aol A DPPH radical 271%& £3 =7} 713
5 grksldAdo] HasE oz B3l tKo MR e

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

°I%

sobAlok forkims ik

#4487

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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