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Quality Characteristics and Antioxidant Activity of Vinegar Supplemented
Added with Akebia quinata Fruit during Fermentation
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ABSTRACT This study investigated the physicochemical properties and antioxidant activity of vinegar added with
different levels (0%, 1%, 3%, 5%, and 7%) of Akebia quinata fruit during two-step fermentation. The physicochemical
properties of vinegar evaluated were pH, total acidity, alcohol, and total sugar and amino acid contents. The antioxidant
activities were based on ABTS radical scavenging activity, SOD-like activity, and reducing power. During alcohol
fermentation, total acidity and alcohol contents of vinegar increased, but total sugar contents decreased. During acid
fermentation, total acidities of vinegar increased. Vinegar added with 7% A. quinata fruit showed the highest total
sensory score. Total polyphenol contents of vinegar added with 0% and 1% A. quinata fruit were not significantly
different. However, vinegar added with 3, 5, and 7% A. quinata fruit showed significantly higher total polyphenol
contents of 136.6, 381.59, and 415.35 mg/100 g, respectively, after 13 days of fermentation. Further, total flavonoid
contents of vinegar added with 0~7% A. quinata fruit significantly increased to 21.73, 15.79, 15.15, 26.19, and 26.87
mg/100 g, respectively, after 13 days of fermentation. In addition, tannin contents of vinegar added with 0~7% A.
quinata fruit significantly increased to 0.2042, 0.2004, 0.1255, 0.1384, and 0.1255 mg/100 g, respectively, after 13
days of fermentation. Moreover, ABTS radical scavenging activities of vinegar added with 0~7% A. quinata fruit
significantly increased to 5.87, 12.59, 25.63, 34.02, and 35.25, respectively, after 13 days of fermentation at a concen-
tration of 5 mg/mL. Additionally, SOD-like activities of vinegar added with 0~7% A. quinata fruit significantly in-
creased to 8.22, 17.49, 16.86, 16.89, and 15.68%, respectively, after 13 days of fermentation. Reducing power of
7% A. quinata fruit was 0.527 after 1 day and 1.539 at the end of fermentation. Our results demonstrate that antioxidant
activity significantly increased during fermentation according to the content of A. gquinata. Further, the total polyphenol,
flavonoid, and tannin contents were shown to be closely related with antioxidant activities. Thus, A. quinata could
be effectively used as a vinegar and functional food material based on its antioxidant activity.

Key words: Akebia quinata, vinegar, quality characteristics, antioxidant activities

Received 13 March 2014; Accepted 15 May 2014
Corresponding author: Jeung Hee An, Division of Food Bioscience,
Konkuk University, Chungju, Chungbuk 380-701, Korea

E-mail: anjhee@kku.ac.kr, Phone: +82-43-840-3584

T35 A E 943 thEA Bk Age 9l Ak
25 Tl o] H-2 A EEolA AFsAES oA MAE
o DNA, 7 99 BE NE FFZ £4A)7]2 1 H9 9
w2l MEZF 715S AU HAS fEsle AR dEA
AT

ibsl 242 Edaka 9%k AbsE Asta AW 4
R ksl gt Qe Ao dEA Jlom T o
Y3 a3l T3S 2t A% Ayt s AP
ATH2-4). ]9} FHAT}] L& 852 THE ALY A%
(balsamic vinegar)e] @4itst &4(5,6), vy g ds
o] 83 A% A|XE E3 glioma C6 AEA ALs}2 &4k



1218 o]&7 - 999 - oAU - &

of ek Bo avk(l), JNZdS H7hsE A %9 kst 44
(7), o] Axo) kst % %3 s ZaI®), At %
A et &g B kst 2A49), 2 el HE2H10),
AFH(1D), ERFE12), 2(13), =2H14), 31 H.(15), MA

(16) 4% SolA 45t o] WLt 4z ozl
7]-X] E‘_—%‘—o] J,l.a‘]—xq og T——l’—U:IE]D:]/\i /\]}_ }\H]E]:_Q_ ZJ;‘(]_ =
7} 3 3 ﬂﬂ‘ﬂ Ll_zﬂ 1] S A Hste] AxS
85 5 A ZRE ol g} A FoRE A
o] FolA| a1 MD}(17). ek Ao A A 7]l gk A
T2 Fgag A xe %Q/ﬂoli Fepe] F4ES =
gx 2] a3(18), FoF T4 A x4 vk A a3
(19), oFZ 2 x| A Zﬂ Y drede g9 Ask a¥(20),
A zoll A lipase A3 @77 dFo] HaHUTt
(21) w3 7= Yy E SFR-3k A Al ZoA @ F=4A
, total cholesterol, LDL-cholesterol®] #4~<} HDL-
Cholesterol«] S7hR eI A9t A ¥A(22) So] Bl

l

jat

]E}(l).

S 52 AYAE D]Uralo}xﬂ‘ﬂﬂ o5 "WEie Yl
g 252 8-S Akebia quinata® #EAHL =
GHElE o), i, 7 oA A JTH23). & F
o JEe Ei(ﬂi B)oz B ATz, s
@), 2y, 2F0H%), WsWHR), 75 0RaE), 5
TUPIE) 2= 091 oFA = ARE-%o] $tal phenold &4
saponin $7F =& 242 &84 JvH@23). o5 dvl=
FEFONHZE B8 ) £33 £31, 35 28}, ol
28 5o Zeol A T FIHE T AL(EH =
Ak A& J3 85 599, 48T, A 3 59 A8
'237F 2#A Arh24). 5411477}7\] S5 digk AFEA
5 9= FEE0 93 Ko} $-4F

o5 g wetol= o
(25), &F el AFE e HepG2 {P%“ﬂ_‘_oﬂ gk Al

x4 EAx X}@ = AF(26), 25 & FE5E9 &
M+ a3H27), & 19] triterpene glycosidesoﬂ w3tk

=
of &gk A1(29), oF F7IZNH EgH AT ¥
gk A730), &5 #3 do & FEES DNA &5
3t human lymphocytesoll Al &4kst 2 B S g 3jo] #
AT Fol Atk WA o & dvfe g A=
5ol atsl A 3 a923), I A e L g
(23), o2& 4ulE #H7tek B e o)stes 54 R It
ot FAF a9(23) ol Utk e o F I E o] &
T BaEA] g ow 18 AelA 7l

g 27
B8, 08 2] % U ARy A0 00 Ji
oz 2

fn i
A

A=
gl
?_
B

ol g w715 AFEe] A AAEe] 8
B AN W el d

Acetobacter pasteurianus= ]ii_::/\e] of| A wljF3lo] AL-E-3}
gom nlg A wjR|ol 2%(v/v) FFFe] 37°CollA] 724
b AXwE A AT

Alx HZ=
A 1 ke AT o 154 A 8ol B3t olF 1A%
B wja 7%201] ol WEo] Y3 A 15 1

H
5 3 L9 75 300 g, 917]& 400 g< 715l E3abSih
1 F 088 HubekA e xad &Y F 1 kel
yaiAl 1, 3, 5, 7%(w/w) 25 dul& &3+t 215 25°Ce]
o] A E S

A AA7E 13 3L HEAZCE 14 HE
e B3 3Asle] 9% YTL Ftgo] HE2 AT
FT2E 10%G/v) AE3H] 30°CoA 139 A o F
A %= Az

pH, EAF 812 9l o432 51 =X

pH =42 pH meter(HI 8014, Hanna Instruments,
Keysborough, Australia)® & 33] =431, 4+ 3
=k HL§_°” 1 mLE #3}e O 1% phenolphthalemg

Zé sk 3 acetic amd(%)i 3 akslo] L}E]—lﬁgdu} ot
o A2 100 mLAl 254 30 mLE 7heta 28
ato] 100 mL& WrobA] WS AZ 15°Cell A ¢
=

)
pas

2
=

=13
S

3 3 542 phenol-sulfuric acidi o2 F43F31
=d(32) spectrometer(Genes ys 10, Thermo Fisher
Scientific, New York, NY, USA)E ©]&-3}o] 470 nmol A
EFLE S5t G AL glucoseE XTEEHE A}
B35t EFEAel A gHsEA T ofl et FHEES AR 10
mLol| formalin(Daejung) -8} 5 mLE 7}ékaL 0.1 N NaOH
(Daejung) ¥ o2 HAH3} AlF F9 ofu|AkS gly-
cineo. 2 ZA 3} ).

3

ol

o

0
p
=

O] At

—

0
I

M
A ZAHL AAA(CR-400, Konica Minolta, Osaka,
Japan)& o] &3] SA s L(PE, lightness), a(H &,



°oF ang

redness), b(ZM % yellowness) 2 E YeR S}

o

& EddE, & S22 0|E, Bl &2 =H

% ZovlE g2 Slinkard9} Singleton(33)2] WHS
@63 sty 725 nmollA FHEE S ieEHAEE
gallic acid(Sigma-Aldrich Co., St. Louis, MO, USA)&
AFE31E L FEE g9 mg gallic acid equivalent(GAE,
dry basis)Z % Z ¥ &9 =S AE3 Y & S8R
ol= g}&2 Zhishen 5(34)2] ¥ whet 510 nmel| A
FTAEE A E%T‘H ZE A o| = catechin(Sigma-
Aldrich Co.)& AFE3I3al, & Z8H o= SFL mg
catechin equivalents(CE)/100 mLE YeRHich € &

22 AOAC Wl wel 725 nmoll A &3 =E S35
J%J—T“ 2+ ol &= tannin acid(Sigma-Aldrich Co.)& A}
F3ial, gy g2 mg tannin acid equivalent(TAE)/

100 g& i LFERH A TH(S5).

‘;%’F

AN &

0

ABTS™ atc|z
ABTS™" &0z 27%<S 7 mM ABTS™ &9 2.45
mM potassium persulfateE &§3}o] QFaol A oF 24217+
HH-3-A170 ABTS™ solutions Al &9} EgHalo] ool 6
ZH S AIA 734 nmoll A FHEE S5 Ak
A7 9 dlx2at& vlawste] 2oz

== to] g S
= E(%)Z HER AT

5 4)0 e

SOD FAIEM

SOD A S5AH S A& pH 8.5% E A3 tris-HCl
buffer(50 mM trisaminomethane+10 mM EDTA, pH
8.5)9 7. 2 mM pyrogallolS H7}sFe] 25°Col Al 1087
W-$-A171 3 1 N HCIE 7Fsle] 420 nmollA] EF =S =A
3kt SOD AN & &5 H7F9 U279 3%
zfol 5 WMES(%)E YERN S
sty =4
gL A FEo 0.2 M sodium phosphate buffer(pH
6.6)¢} 1% potassium ferricyanide® 7}z} &3sle] 50°C
ol Al 204 &<k ¥HSAIZl F 1% trichloroacetic acid(w/v)
£ 7hete] dAEE o 3 A FR/, 0.1% ferric
chloride €9& ¥o] 700 nmol A SH =5
L-ascorbic acid(Sigma-Aldrich Co.)& YAz
Agste] vER AT

Aohe Aze) s B4y 1219

SHE2AM

TE 2 SPSS Version 18.0 package program(SPSS
Inc., Chicago, IL, USA)S o]&3lo] 7 Alglte] B3
FEAAE AFESHAL Duncan®< ol8-sko] 2k Al He]
FAE 5%(/X0.05) frolFwelA AFaalth

g WS F9| o|ststy Ht
d3e g =t

A3}= Table 19 YERATE HE 1UA
5.99, o2 dAu| AJ}E 1, 3, 5, 7% A 27
5.75, 5.729] & YvERde] o F I 7<47HL 5, 7%0%
ol Hsle] fojHo R vokty BE A7 49 A
o= tlFzite] 4.31, o= A A7ME 1, 3, 5, 7% A 27t
4.30, 4.30, 4.29, 4.225 e o] pH7F 54 3] 743t

Z2F e wtE 1940 txTo] 0.60%, o5 )
A7t 1, 3, 5, 7% A ZH7F 0.60, 0.64, 0.72, 0.78%=
Ha A w2 gheks Wglov oF dvl H bk wE F4k
ol fro]Ho g Futelqlth o] F wE 4dA el 2T
o] 0.61%, o= 4w A7} 1, 3, 5, 7%N A 212} 0.66,
0.68, 0.74, 0.79% % Ha 25} vlaus)] HgS uf FA
gl oA Aol gl oy oF HutHe] TSR
A e SUHEY {§99A AelE HAlTh

\.

jatod)

=

Table 1. Changes in pH, total acidity, alcohol and brix content
of vinegar added with different levels of Akebia quinata during
alcohol fermentation period

Akebia

quinata (%) I day 4 day
0 5.99+0.02° 4.31+0.02°
1 5.96+0.02° 4.30+0.03%
pH 3 5.99+0.00°  4.30£0.01%
5 5.75+0.00° 4.29+0.02°
7 5.72+0.01° 4.2240.01°
0 0.60+0.01° 0.61+0.01°
L 1 0.60+0.01° 0.660.00°
T"tal(;sld‘ty 3 0.64:0.01°  0.68+0.01°
0 5 0.72:0.01° 0.74+0.02°
7 0.78+0.02° 0.79+0.01°
0 0+0 12+0.0°
1 0+0 12+0.0°
Al(coj’l;"l 3 00 1240.0°
o 5 0+0 11£0.5°
7 0+0 10+0.5°
0 7.26+0.01° 4.48+0.01°¢
Total sugar 1 9.83+0.00° 6.46+0.01°
((y)“g 3 10.67+0.00° 7.90+0.01%
o 5 13.060.00° 9.76+0.01%
7 13.63£0.01°  11.37£0.00°

Values are mean+standard deviations of triplicate determination.
Different superscript letters (a-¢) in a column are significantly
different (P<0.05).
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Fig. 1. Changes in pH (A) and total acidity contents (B) of vinegar added with different levels of Akebia quinata during acid
fermentation period. Values are meantstandard deviations of triplicate determination. Different letters (a-c) in the same fermentation

period are significantly different (P<0.05).
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Fig. 2. Changes in amino acid of vinegar added control, 1, 3,
S, and 7% of Akebia quinata during acid fermentation period.
Values are meantstandard deviations of triplicate determination.
Different letters (a-c) in the same fermentation period are sig-
nificantly different (P<0.05).
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Table 2. Changes in color, total sugar of vinegar added 0, 1,
3, 5, and 7% of Akebia quinata during acid fermentation period

Akebia

quinata (%) I day 13 day

0 38.62+0.07° 51.990.43"

L 1 37.45+0.22° 47.18+0.34°
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Values are meantstandard deviations of triplicate determination.
Different superscript letters (a-¢) in a column are significantly
different (P<0.05).
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Fig. 3. Sensory evaluation of vinegar with different levels of
Akebia quinata. Values are meantstandard deviations of tripli-
cate determination. Different letters (a-e) in an item are sig-
nificantly different (P<0.05).
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