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Abstract

Onion vinegar, which has an undesirable flavor and taste formed through alcohol and acetic acid fermentation, possesses
additives that can improve sensory quality. Thus, the objective of this study was to present an optimized blending ratio
using response surface methods for an onion vinegar beverage by adding Omija extracts. This study was performed to
formulate an Omija-onion vinegar beverage (OOVB) and investigate its antioxidant properties and antimicrobiological effects.
The experimental design was conducted using an optimal mixture model of response surface methodology which generated
eighteen experimental trials with overall acceptance as the responses. According to the statistical analyses, OOVB demonstrated
a ratio containing onion vinegar, water, brown sugar, apple extracts and Omija extracts of 10, 72.3, 4.4, 12.2 and 1.1 (weight
ratio), respectively. The OOVB revealed desirable nutrition values (phenolics compounds 19.3 mg/100 g, total flavonoids
3.1 mg/100 g, quercetin 1.9 mg/100). The OOVB displayed antibacterial effects in Gram negative Enterobacter aerogenes,
Escherichia coli, Salmonella typhimurium and Gram positive Staphylococcus aureus. The findings revealed that OOVB was
18% in DPPH radical inhibitionand 11% in superoxide dismutase-like activity thus, OOVB has nutritional value and good
quality as well as potential biological activities for functional beverages.
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Table 1. Experimental design for omija-onion vinegar beverage prepared with material proportion
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Exp. No. Ingredients Independent variables” Dependent variable
Onion vinegar (%) Water (%) Xi (%) Xz (%) X3 (%) Overall acceptance
1 10.00 82.00 2.50 5.00 0.50 4.75
2 10.00 78.00 6.50 5.00 0.50 4.50
3 10.00 76.00 2.50 11.00 0.50 5.33
4 10.00 72.00 6.50 11.00 0.50 5.17
5 10.00 81.50 2.50 5.00 1.00 4.92
6 10.00 77.50 6.50 5.00 1.00 483
7 10.00 85.50 2.50 1.00 1.00 6.75
8 10.00 81.50 6.50 1.00 1.00 6.33
9 10.00 80.75 0.50 8.00 0.75 4.00
10 10.00 72.75 8.50 8.00 0.75 4.50
11 10.00 82.75 4.50 2.00 0.75 3.58
12 10.00 70.75 4.50 14.00 0.75 6.25
13 10.00 7725 4.50 8.00 0.25 5.33
14 10.00 76.25 4.50 8.00 1.25 5.83
15 10.00 76.75 4.50 8.00 0.75 6.58
16 10.00 76.75 4.50 8.00 0.75 6.17
17 10.00 76.75 4.50 8.00 0.75 6.33
18 10.00 76.75 4.50 8.00 0.75 6.50

D" Abbreviation: X; = Brown sugar, X, = Apple extract, X; = Omija extract.
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9 quercetin dihydrate(Q0125, Sigma, St. Louis, MO, USA)Z =
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5 um, XDB-C18, Hewlett Packard, Co., Palo Alto CA, USA)S
AFE-8}9 AL, o] AL O 2 = water : acetonitrile : 5% acetic acid
(40 : 30 : 30%), §-< 1.0 mL/min, PDA detector(370 nm) &
AREYY 20 ULE o] BAstch

M=

ol

7. SEEM U Bl B

onA gutEen U A 42SEYY FFBHS
o] A3 FAFH(KSFSN 2000)0] what 23 9FA o+ Bacillus
cereus(ATCC 9634), Listeria monocytogenes(ATCC 19115),
Staphylococcus aureus(ATCC 6538P), 3% L I3 SA+t Entero-
bacter aerogenes(ATCC 13048), Escherichia coli KCTC 1924),
Salmonella typhimurium(ATCC 14028) 3Z0] o3l JF+EAH S
AR Fitst B4ds 4517 915t Blois W (Blois
MS 1958)9] wZ DPPH(1,1-diphenyl-2-picrylhydrazyl) radical
27% 9 Marklund3} Marklund®] ®(1974)2 & 3F SOD

12

= —

0
L

~

(superoxide dismutase)?] GAMEAE B3P A(Spectro-
photometer A10934101307, Shimadzu, Tokyo, Co., Ltd., Japan)
E AHESt] Z+7F 525 nm ¥ 420 nmof| A FEE=E SA5}

.

8. SHEA

FAE A 2 A ue] oS- SAS 9.1(Statistical
Analysis System, Inc., Cary, NC, USA) T2 13(18)2 o]-&3}
Qor, i F =S SAS/GRAPHE AMgsto] & w4
709 AT S ARSI Ea, i AP Bohe] 2L
A= SPSS 16.0(Statistical Package Inc., Chicago, USA)2 A}
&3t ZAREA(ANOVA)S steH, A4 94 A4
2 Duncan's multiple range test2 H3 & p<0.05 =24 A

25t ATt

b
H
E
Kl
D



1 He - AeE

T
g
ole

EH BAZT] HA vk 2F ] {9 gEo] 0052
ong wenygo] FAFHOR FOFS B = AU,
A4=7ke] 0957302 BFo| AMRE 270 ZFHA o]
UK Table 2). A3, 0|23}, AAFIFES] < &
S Hrohy 0|80 0.05 olato|BE MY 9 AFF
AstH oz fo5hE Yehgich LA 0.16550| B2
FolA mAFe] antel 4hjlo] Bdasitta shplo
4BsHA Astr] s Y skl = stk vt

njmog(ngﬁ;_nr
O o] 2 N
o 12

of

=

LS
L

Mool oftt
offh flo 2 Lok

olo

>
flo
o
o
B
N
i)

AWHA 7] S % = - 1.336+1.262(3d8H+H0.623 (At s & 115
H)+3.189(2 1| &} F=M) - 0.133(FA
2’ - 0.005(F A (At Hs a5 ) -
0.041(AFHs Z 5N - 0.025(3F4 %)
(02} FFH)H0.347(A s =05 )
(L1172} F5) - 3.220(2.1] 2} F5)

Table 2. Model coefficients estimated by multiple linear
regression for dependent variable (overall acceptance) and
polynomial equation calculated by RSM program for the
omija-onion vinegar beverage

Factor Coefficients

Constant -1.336
Xy 1.262"

Linear Xa 0.623"

X; 3.189

X -0.133"

Quadratic X5 -0.041"
X5 -3.220°

XiXe -0.005

Crossproduct XiX; -0.025
XoXs 0.347°

Model

Linear 0.0001
Quadratic 0.0001
Crossproduct 0.1655

Second order polynomials

Y = - 1.336+1.262X,+0.623X,+3.189X; — 0.133X,? - 0.005X, X,
- 0.041X,” - 0.025X,X35+0.347X,X;5 — 3.220X5>

R 0.9573

Total regression (>F) 0.0001

Lack of fit 0.1721
* p<0.05.

Abbreviation: Y = overall acceptance, X; = brown sugar,
X, = apple extract, X; = Omija extract.
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Fig. 1. Response surfaces for the effect of two independent
variables on the sensory score (overall acceptance). BS:
brown sugar, AE: apple extract, OE: omija extract.
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ootz : B BAY : ATEEIEY : 207} FE =
10 : 7231 : 440 : 12.16 : 1.13(FAH]L)

AR H o2 A7) el es wigket oux ot gtz
29 Aukd 7|3 % FHe 7002 JERHQTHTable 3).

il

2. 20|x} HIt SutxZ=0| H=H sfEtE, & E2lE
£0|E FEE Y FAME 24

=4 SRES goZ AA wE ASA vE F
o A EEE AEA T EE EA Q] A
3}gHE-o| ti(Shahidi & Naczk 1995). & phenol 3= Table 4
of Uetfgich dutzolA 33.3 mg/100 g, 2m|#} M7} ot
223 193 mg/100 g, A8 Az RoA ZZ 3L, 664 mg/
100 g, 8.7 mg/100 g2 A=) &Y Zo|7} QlAe
L, SiAE A Fatol wlEA SHHE Y] d(Lee HY 2006)
2 41.5~54.8 mg%(7]|E=4 gallic acid), A48 Fal(Moon 5
2010)2] &, 55~144 mg%(7|Z=E4 catechin)® ZHZE %,
SuAH(Ko ES 2010)9] 2, 162~178 mg%(7| 253
gallic acid), AFHA A 72.6 mg/g(AEF 7|, 71252 gallic

0
Ml

Table 3. Optimum blending condition for omija-onion
vinegar beverage using response surface methodology

Ingredients Omija-onion vinegar beverage
Onion vinegar 10.00
Water (%) 72.31
Brown sugar (%) 4.40
Apple extracts (%) 12.16
Omija extracts (%) 1.13
Predicted value” 7.03
Actual value® 7.00

Table 4. Contents of phenolics compound, total flavonoids and quercetin in fermented vinegar beverages

oulz A7} PhreR Az
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acid)(Lee MY &
o ol e

2012)3} o] Z Az 2HE w4 3AtE
Aoz ArEr A& 2SR AY A9,
66.4 mg»h= 2 HlEA ol AEEHYE, ol 155
FARX 22N BRI 2 362%) YREAA 7]A"E AL
2 Azgch v, A8 22829 BE 8.7 mg/l00 g0 2
@2 AEE L}E}lﬂ e, o= A= A, 7
2T, 20, HE) d 7K EYUY2ERL, 71
A BEH] O 412 2852 B2 AT H 7HA7 U
B it

% EE}EiOlE 5}1}54 2}%*% 48 A2SE BE Al

A

A°1]A1 3.0~34 mg/lOO g ngﬂ ﬁﬁ]'(Table 4). FUY A 3 o
o] F EgtiE ol 3RME9 Fef(Lee HY 2006)-2 4.1~9.0
mg%(7]|&&E2 catechin) HE&E %11, 2023 (Ko ES 2010)2]
AL, 2.1~3.2 mg%(7]1EEZ quercetin), A} 34.2 mg/g
(AEF 7|1&, 715254 quercetin)(Lee MY 5 2012) 3
e} o] & ATolH AL 2ol A7} PohE %ﬂ—
2 gaold Flde 4 e Aeed 2] ol a7l
3 4 9le Aotk

Querectin® §217] 7%, A AT} oA E Bt b}
2, Pt F 2 ok o] A7 7]AJo] <A (Leighton
5 1992; Hwang EK 2009; Jin 5 2009) A& 02 oFulzx, Qu]
A A7t Fuh R 9 AEAIE AdlA 1.9-2.2 mg/100 g 3
S E U th(Table 4). SWAF Futoll A= FAGatolA 1524
mg%, ARt 5.70 mgholl Hlste] tha A2 o] HEEH
SlthJeong 5 2006). & AFoA NE=E Qu|zpH 7} Fubx
@l ofulzo| Bl o AaETA AR ke 7}
A2 YA= o) ofulxof v|F] 28 7|TA0] =L 2n
A A7} P2 SR 207} U A0 ARG JERE
AS) A9 EEIAAE SRE S84 23 48
of BRI Az Ro|T AE Be] AL FAAze AR
ol AR AFoR ALY A7 il e AEL
2 2 4 gk mebd B Ao enld A7 gmtagRs
AEAIZ vHsiA = AR 7HAE 7S e AE

(mg/100 g)

Commercial product A Commercial product B

Samples Onion vinegar Omija-onion vinegar beverage
Total phenol 33.3+1.0" 19.3+1.2°
Flavonoids 3.0£0.2" 3.1£0.2®
Quercetin 2.0£0.1° 1.9+0.5®

66.4+2.14 8.740.4°
3.440.3° 2
2.240.3° .

Y Mean£S.D. (n=3).
2 Not detected.

Different letters (“) within a column indicate significant difference (p<0.05).
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el
A°A 6ol i3l Hold FwBES YA, @
ol W7k R SRS A9, 1Y S
genes, Escherichia coli, Salmonella typhimurium 30| )38 &
T3S e, 37 FAt Staphylococeus aureus©l| A
7 FeAol Uehtek ol2ie FRAALS Fuiel Sehn
wolt e W ofu} 2AME B AAE 7] Ak
2o shgEol g BaHel Qe wkEn, wvja) A
7t oz el f714ke) gol wolo] me gol 7
a3 ASE ARET ASANZLE B A, T2 S4T)
AT RS ebelch Potel FFLAl i b
o W= 91}k (onion oil)= aflatoxin A2 Aspergillus
sp.&F Gram Aol ti3l] atAdS LR 9131, Welsh onion
Z2ZB 0 AZAINER AMEEE sorbate, propionate@} 7S
BEARTE Hold 78S 7HRttn B g thHughes &
Lawson 1991; Zohri 5 1995; Augusti KT 1996). 4] =9] S5
{7)Ake] acetic acid®] A|ZHujjo]| AT u|BE(Bacillus

cereus, Bacillus mesentericus, Salmonella aertrycke, Staphylococcus

- A5t Enterobacter aero-

aureus, Phytomonas phaseoli, Saccharomyces cerevisiae, Asper-
gillus niger) B/ A x| o] W7F AE 3 (Garruti 5 2003)°] =
21 acetic acid+= lactic acid®} 22 o2 F-7|Ato)| H| 3] &
ZAgo] Zstar Hlag W2 oM E E4s 7MY, 4%
F& oSt A e EITE Wollths Hilet fAsH. E

3t 2 m|x}o] AL= @u|R} FEE9] Listeria monocytogenes,

DPPHE ¢FA3E zFS-attjZr2 4 DPPH 2oz A A50]
oW AGTZE BN AN S2o] Fof
;e]]L]-]oﬂ Ej-kl/\]—/\g}_ e x].Tra}r,]yl-_J /\7.];(1-_9_03 l:ﬁ}——-
A 38 AT B3 BN e 5 197
oFs}2 26.23% DPPH 2} T, @ujz} o
w2 L2 oA 1821%2 Tha ME](Table 5).
Lee(2006)= ofu}a}=olo] DPPH tt]zt A7 %o] 24.9~
33.9%E K T8FQ T, Jang(2009)S 15 °Brix2 33 ofupxt
FHY e 894-944%2 HE A S HHTH
2 A7el guiat U2 Pmtel P43 FAE T5H
of HlejA= B S U Ith ARSI RN Z
Z} 69.85%, 60.03%9] B2 eIt A8Alxa= 3
+ AlEY] vitamin C&} -2 J7HA| 2 st 2 = UE
W Aoz AtzHh
SHASE | A% superoxide dismutase(SOD)+= super oxide
onion radical(O, )& A& AE HIA 7= SWjlas &
dAta wol7) 2] Sadt Qes Shrh upxo4 SODY
FAFRA S 58.58%=2 UEbgal, eu|t H7F gz R
A 11.06% 873 eIt Table 5). Lee(2006)= Fu}o]
SOD E/4& 259-39.5%, 15 °Brix® £33 ofujxZ o) o]
HO L 40.8-45. 9%(Jang HS 2009)2 2 79| ofnbzl
SOD FAMZA =7 2 g2 UEt e 4-8A1E A9 7
T, S FARRE 53.48%9 ke 7HA Wb, AA8AlE

Table 5. Antimicrobial activity, DPPH radical scavenging activity and superoxide dismutase-like activity of fermented vinegar

beverages
Onion Omija-onion Commercial Commercial
vinegar vinegar beverage product A product B
Gram (+)
Bacillus cereus 11.0 - 15.0 -
Listeria monocytogenes 13.8 - 11.5 -
Antimicrobial Staphylococcus aureus 13.0 9.5 14.0 -
activity Gram (-)
Enterobacter aerogenes 10.0 10.7 9.7 9.5
Escherichia coli 10.5 10.0 11.0 11.0
Salmonella typhimurium 10.8 10.0 11.2 10.3
DPPH radical scavenging activity (%) 26.23+0.16"" 18.21+0.28° 60.03+0.25° 69.8520.34
Superoxide dismutase-like activity (%) 58.5840.25¢ 11.06£1.07° 53.48+0.65° 9.08+1.13"

) MeantS.D. (n=3).

Different letters (%) within a column indicate significant difference (p<0.05).
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441 1225 LIGEAN) vl A=SHRE, AR ool 2
bt g R v1sy 4R BAA 3 Ay gl
TS 193 mg/100 g, & ZelH o]t 33FHE 4 g 31
mg/100 g©] %11, quercetin 1.9 mg/100 g2 A E It &
uR W7t duhagRe] AA 754 3 Sl 0 T
Z(DPPH 0] 8 271%, SOD $AFRHY) 574 A3, Butero-
bacter aerogenes, Escherichia coli, Salmonella typhimurium %
Staphylococcus aureus 4%2] d-o| A 444 7151, DPPH
gz A5 A= 18.1%, SOD FAFEYS 11.1%9] &4
< Uepygich oj9} o] 2 A7E S AuE 2ujx A
heptasnt R4 % GAIE L SRR 28
o WA R AL Tefske] Hobdl Al AL
Aie 4 9l Res wok
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