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Onion vinegar has an undesirable flavor and taste that results from alcohol and acetic acid production
from fermentation. In this study, we have used onion vinegar to develop an onion vinegar beverage
with better sensory quality. The objective of this study was to determine the optimum blending ratio
by using response surface methods to produce an onion vinegar beverage containing Yuza (Citrus ju-
nos Sieb ex Tanaka). The optimal formula for a fermented onion beverage was determined using a
central composite design by the response surface methodology. The independent variables were ob-
tained by regression analysis of the reaction surface of brown sugar, apple extracts and Yuza extracts.
The optimum mixing ratio for onion vinegar:water:brown sugar:apple extracts:Yuza extracts was
6.0:77.6:4.9:9.2:2.3 (w/w). The actual overall acceptance was 7.08 under optimum conditions, which
was close to the maximum predicted value of 6.96. The concentration of phenolic compounds, total
flavonoids, and quercetin present in the onion vinegar beverage was 14.8 mg/100 g, 2.6 mg/100 g
and 14 mg/100 g, respectively. The onion vinegar beverage showed antimicrobial activity against
Staphylococcus aureus, Escherichia coli, Salmonella typhimurium and Enterobacter aerogenes. It also showed
antioxidant effects, with a DPPH radical inhibition rate of 18.2% and superoxide dismutase (SOD)-like
activity of 11.5%. In conclusion, the onion vinegar beverage described here seems to have nutritional
value and potential biological activity.

Key words : Biological activities, onion vinegar, phenolic compound, total flavonoid, quercetin
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Table 1. Level in blending condition for onion vinegar beverage
added with Yuza in fractional factorial design

Independent variables'

i(‘);lj Brown sugar  Apple extract  Yuza extract
X1 X2 X3
2 0.5 2 0.4
-1 25 5 12
0 45 8 2.0
+1 6.5 11 28
+2 85 14 3.6

"The content (w/w) was g% of each additive per 100 g of
Yuza-onion vinegar beverage.
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Table 2. Central composite design consisting of 18 experiments
for the study of three experimental factors in coded

units
Coded independent variables” Depcndent
Exp. variables
No. X1, X2 X2 Overall
acceptance
1 1 1 1 5.00”
2 +1 -1 -1 5.12
3 1 +1 -1 5.24
4 +1 +1 -1 5.50
5 1 1 +1 5.06
6 +1 -1 +1 541
7 -1 +1 +1 5.75
8 +1 +1 +1 6.31
9 -2 0 0 5.56
10 +2 0 0 5.75
11 0 -2 0 4.35
12 0 +2 0 5.82
13 0 0 2 429
14 0 0 +2 5.53
15 0 0 0 7.12
16 0 0 0 6.82
17 0 0 0 6.71
18 0 0 0 6.94

UThe coded levels of independent variables are same as repre-
sented in Table 1.

% Abbreviation: X; =
extract.

9 Acceptance test (9-point hedonic scale, n=25).

brown sugar, X, = apple extract, X5 = Yuza
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Table 3. Model coefficients estimated by multiple linear re-
gression and polynomial equation for dependent vari-
able (overall acceptance) on onion vinegar beverage
added with Yuza

Factor Coefficients
Constant -1.619
Linear

Xi 0.642°
X2 0.804°
X 2928
Quadratic

X1 -0.081
X -0.052"
X5 -0.799
Crossproduct

XiXa 0.007
X1Xs 0.041
XXs 0.051
Model

Linear 0.0006
Quadratic <0.0001
Crossproduct 0.4091

Second order polynomials

Y = 1.619+0.642X;+0.804X,+2.928X3-0.081X;*+0.007X: Xo-
0.052X,°+0.041X:X5+0.051XX3-0.799X5>

R* 0.9645

Total Regression (>F) <0.0001

Lack of fit 0.2903
*p<0.05

Abbreviation: X; = brown sugar, X, = apple extract, X3 = Yuza
extract. Abbreviation: Y = overall acceptance
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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, YE: Yuza extract
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Table 4. Contents of phenolic compound, flavonoids and quercetin in onion vinegar beverage added with Yuza (mg/100 g)

Samples Phenolic compound Flavonoids Quercetin

Onion vinegar 33.3+1.0° 3.040.2° 2.040.1°

Onion vinegar beverage added with Yuza 14.8+1.0° 2.6+0.2° 1.4+0.1°

References:

Commercial product A 66.4+2.1° 34403 22403

Commercial product B 8.7+0.4° - -
UNot detected.
Different letters (**) within a column indicate significant difference (p<0.05).
2 4%, BE 276%, ZYYU2EZ2 276%, A, A quercetin@ Foll A2 ¢ Y& A2 2o ARz
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Table 5. Antimicrobial activity of onion vinegar beverage added with Yuza

Gram (+) Gram (-)

Bacillus ~ Staphylococcus Listeria Salmonella Escherichia  Enterobacter

cereus aureus monocytogenes typhimurium coli aerogenes
Onion vinegar 11 13 13.8 10.8 10.5 10
Onion vinegar beverage added N 10 - 9.7 9.8 10

with Yuza

Commercial product A 15 14 11.5 11.2 11 9.7
Commercial product B - - - 10.3 11 9.5

YNot detected.
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gof EH?} B0 E}E% onion oil gram(+ )iLoﬂ o
&3} Aspergillus fungi (aflatoxin A3 )9 o
#8 S 7FA ™ Welsh onion F& &2 HEA|(sorbate,
propionate) LTt = @4 &3/} ok R F T3, 9, 34].
2HBR fA FHLESEY FHAdS TEA o) Y4E
7123 2R FoE s SRS 53Ad 23
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3043%2 YEGI Ad 4342 AMHE atocopherol
(200 ppm)= 32.33% 5 UEIHAT. £ A79 ¢z g
7 %kﬁ%%}iiib 01 Eifa kgt A ol wsiAE tha A

Eif& SOD«] Tr/\}%“*g %Ur &Oﬂ /\1 58.58%

o
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Faro] Fatstg e ol dFellA SHol Ha A 53 O 22 271% < Yehll ol th(Table 7). 2x8 =4k &t
Fate] EAQ flavonoidsd &2 quercetin free radical °] SOD &4 259~395%, ¥I1F5H 40.8~459%[11]Z
scavenging 7402 Hol9 chelation ¥ lipoxygenase?| & 2 A7 dAxe o 2 ¥RuE5H9 SOD €4
A oA 5L B GUNIBS, B AT o) HEH  ue) i Ee BHL AL ACE AREDG. T5FHY
Ql 3ud 38 sl3HE (dipropyl disulfide, dipropyl trisulfide) NB2EE AY 3F 2ok FAHEE 5348%9 FEFS 7t
o FAASe] Ad Fo2 FitE R E Ve Yok 29 A7) AR 2EE BE 9.08%F W S-S UE
DPPH (1,1-diphenyl-2-picrylhydrazyl)= 4 & 22t et
Z- 2 4] DPPH radical £71%5°] £9W AfettiZ& &4 Gabal 282 249 okt 5”711 717 24 frAE
1A A= 580l Eob Aol B LY 2E A 83t Jang®] BA[11]o] WEW FAFEEF4Y H4
gz 2ARE0R w85 JA e A4E ANFE  DPPH #ulz 2A% A% 150%1011 Hashs 4%= Hu
gt gloltt. g 2+ 2623% DPPH &HZ 245 & SHAT 71 B AFL d 71580 #5711
THAAR A G RSN 1810%E A AL 2745 e 24 FAC 3 A= FAEY. A7 A4F =
7H3 th(Table 6). W AF % 5H(24.9~33.9% 2] DPPH radical 4 A4 AF FHE dE2AA 718 frAd dE d7e
%) B F9 e 39 (89.4~94.4% DPPH radical &7% )4 AEE AFFA ALY -G AAE YEHER £
Fabal Aol Ba1, 20192 e £ A7 Fz Aol M NEE FA FTEFEY ARV wE A
45 vt Y FASIY e Fd] HaM s W %*é A 715849 Mate td A7k A% ol f Aok & Aol
< YER ST AR 2 Z B0 A= 60.03~69.85% 9] & T
FE Uit ARxsse A AlFe FAFYE st A Qo e SR ENEdls
of ety Co} 22 A& A7tE dete] e w2 #e g3 Aolo} HdE T 2L Ydoz A4 4 I
Uehd Aoz Asdt diA o g AR EE I FEHA AZEHET 2 2otz 745 o gL 2508 4
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Table 6. In-vitro 1,1-diphenyl-2-picryl hydrazyl radical scaveng- ZRA 9 gAY &x o IS dFsit 22 o] &4
ing activity of onion vinegar beverage added with Yuza g B 9= nojoa Al (¥ HEALES 923
DPPH radical scavenging o2ZH AdAY AAAC 7SS A3 a8y Ay e
Samples A
activity (%)
O@n V%negar 26'23i0'16]:b Table 7. In-vitro superoxide dismutase-like activity of onion vin-
Onion vinegar beverage 18.10+0.47 .
added with Yuza egar beverage added with Yuza
Commercial product A 60.03+0.25 Samples Superoxide dismutase-like
Commercial product B 69.85+0.34° activity (%)
References?: Onion vinegar 58.58+0.25"
BHA (200 ppm) 57.20+0.09° Onion vinegar beverage 11.49+0.89
BHT (200 ppm) 30.43+0.41° added with Yuza
a-Tocopherol (200 ppm) 32.33+0.25° Commercial product A 53.48+0.65°
Commercial product B 9.08+1.13"

Mean+SD (n=3).

IDissolve 0.2 mg of each reference in 1 ml of dimethylsulfoxide.
Different letters (**) within a column indicate significant differ-
ence (p<0.05).

YMean+SD (n=3).
Different letters (**) within a column indicate significant differ-
ence (p<0.05).



Table 8. In-vitro fibrinolytic activity” of onion vinegar beverage
added with Yuza

Samples Fibrinolytic activity
Onion vinegar 1.51£0.09”"
Onion vinegar beverage added R

with Yuza
Commercial product A 1.31+0.08"

Commercial product B -

UThe clear zone ratio of sample and plasmin, meantS.D (n=3).
“Mean+SD (n=3).

INot detected.

Different letters (“*) within a column indicate significant differ-
ence (p<0.05).
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