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ABSTRACT

We investigated the characteristics and biological activities of vinegars added with different levels (0%,

0.5%, 1%, 2%, and 3%) of young leaves of Akebia quinata. During alcohol fermentation, alcohol and total acidity
contents of vinegars increased. During acid fermentation, total acidity and amino acid contents increased. Vinegar
added with 3% A. quinata leaf showed the highest total sensory score. The contents of total polyphenols, flavonoids,
and tannin significantly increased during fermentation according to the amount of 4. quinata leaf. After 22 days of
fermentation, total polyphenol, total flavonoid, and tannin contents of vinegar added with 3% A. quinata were 4,079.08
mg GAE/100 g, 2,927.08 mg CE/100 g, and 3,618.00 mg TAE/100 g, respectively. ABTS radical scavenging activity
of vinegar added with 3% 4. quinata was 79.63%. Anti-cancer activities of vinegar added with 3% A. quinata were
48.65% and 52.90% against MCF-7 and HepG2 cells, respectively. Vinegar added with 3% A. quinata showed anti-bacte-
rial activities against Bacillus cereus, Shigella flexneri, Salmonella enterica, Bacillus subtilis, and Klebsiella pneumoniae.
Our results demonstrate that the biological activities of vinegar added with 3% A. quinata leaf (22 days of fermentation)
were excellent, and their enhanced total polyphenol, flavonoid, and tannin contents were associated with antioxidant,
anti-cancer and anti-microbial activities. Thus, 4. quinata can be used as a functional material in vinegar and other

foods.
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=8%), Q7NEAHE XA FAH)S Az A& 74
dto] ALR3FA(T. =2 = Acetobacter pasteurianusE )
AN wgste] ARgRSla me] A A 2%(v/v)
HEste] 37°Col A 72A17F A vl FA Z T

MCF-7(breast cancer ell)¥} HepG2(liver cancer cell)
= AEFE dAxEFT 23 (Korean Cell Line Bank,
KCLB, Seoul, Korea) . 2 ¥-E] #21dto}l 100 units/mL<]
penicillin-streptomycin(GIBCO, Grand Island, NY, USA)
2 10%9] fetal bovine serum(Hyclone, Logan, UT, USA)
o] 39 RPMI1640(Wel Gene, Daegu, Korea)& A}-&3}
o] 37°C, 5% COz &-Z7]oA w3t

Bacillus subtilis KCTC 1021), Bacillus cereus(tKCTC
1012), Escherichia col{KCTC 1039), Salmonella enter—
ica subsp.(KCTC 2931), Shigella flexneriKCTC 2517),
Klebsiella pneumoniae(KCTC 2242)E nutrient broth
(Difco, Detroit, MI, USA) 36°CellA] vl katsict. A= 24
A& AHe 5FF7]0 @ol o]= rotary vacuum evapo-
rator(R-114, Buchi Co., Sandy, UT, USA)Z ¥=3 %
A 8E tA] 344 Zshin Co., Yangju, Korea)sl] £23

SFA T

SEES
Ao AbRE A2 A 1 kgd AlFEke] 15413
oF Zofl A3 F Aol W] 0% FoF ]S A AT
B715 AAT &S A & Yar 100°CellA 50 &<t &
Zbetal 107 58 €2 F a5 is HET Fe 4
]

fre)®el FHH1.5 kg), F5(500 g),
(500 g)& Wi HFd F AFG LT %

A& 3 SRR
HolFo] oz e Azt oF Ahae gai o

i, Y, 432 Y olojt B EH
A% AE9 pH A= pH meter(HI 8014, HANN-
Ainstruments, Seoul, Korea)& AF&31%13L, F4t &2
0.1 N NaOH(Daejung, Siheung, Korea) o2 # A3}
o A avFEE ST F AR T s 24 D)
o7 35T 9 8-S phenol-sulfuric acid¥(32)
© 7 spectrometer(UV-2101(PC)S, Shimadzu Corp.,
Kyoto, Japan)E ©]-€3}% 520 nmol Al F4 35} glucose
(Daejung) & AH&3F TFFAM 02 HE FAtsiglon, 4=
& % 42 Lee 5(28)Y €¢3E SHAWHES o] &35t
15°CE 255 950 0.159 ¢3ed 25 IR E &
3 FAkskglth ol At F 2 Lee 5(28)9] AL a o
S YAlEg 3k A5 A5 10 mLel formalin(Daejung)
a5 mLE 7F8}e] 0.1 N NaOH & o 7 XA 5te] 2A]

SAT Foll A8 T o nAts glycineo &

ol

A ZAHL AAFA(CR-400, Konica Minolta, Osaka,
Japan)E ©]&3}4] L(" %, lightness), a(d 4=, redness),
b(ZM %, yellowness) # 22 HEFHATE o]w) AFEH %
T F g2 Lgk 96.87, agte]l -0.54, bgke] 0.230]% )

T e
570 388 78 Awpor AgAslEda o
25W & Aol HEPE AN GG,

725 nmollA EFEE AP, EFEAEE gallic
acid(Sigma-Aldrich Co., St. Louis, MO, USA)E A}-&3}
o Azt g o R FA5te] 4L AR <A
o] &%E 100 g9 mg gallic acid equivalent(GAE, dry
basis)2 & Z8dlE9 FS AEIGT T S 0]
E g2 Zhishen $(34)3% Zou 5(35)¢ Wl wzh
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510 nmellA =5 F4830 3 BFEFH A E cat-

echin(Sigma-Aldrich Co.)& AF&3t¥ o, AR & &
ZfH -ol= 82 mg catechin equivalents(CE)/100 g2
= el shd deRe AOAC HH(36)9] ol8 725
mmol A EFEE =3P TEIA FA =
acid(Sigma-Aldrich Co.)& Al-&3}lR o,
mg tannin acid equivalent(TAE)/100 go & YEFNSIT).

tannin
Etd gleke

__,Z_

ABTS ZiC|Z A7 =H™

ABTS @7t 27%58 Arano 5(37), Re 5(38)2] ¥
2 0] 83} 734 nmoll A SHEE SHsG 1, A3 ke
FE= Ao xS valste] gz A7 g4
WE-&(%)Z YERNJ T
MNEESMHAMS(MTT assay)

MAEZEAFLEMTT assay) Lee 5(28)2] WS o] &
ate] ZFHAE 5x10* cells/mLe] AE7 BFH 96 well

plateE 24417 v & 5 mg/mLE #]#]s8}al 244
e F7hE owgsiddt 2 F 7 welll MTT &<
(Genetrone biotech, Gwangmyeong, Korea) 5 mg/mL&
A7helar 447F ok WS AT, 1 T wjoraN S A A
t}2 A ¥ formazan 272 DMSO(Biosesang, Seong-
nam, Korea)ol €3|AA 540 nmolA SH=E 543}
thoolw AR FAEE AE3= Axe] MEZEE o}
s m4o 98] MTT7} formazanS 2 Agd 4S5 o
ERly &S M ES < v g gk,

S ABEE

st

o

m|0|-

O

Plate Count Agar(pancreatic digest of casein 5.0 g,
yeast extract 2.5 g, dextrose 1.0 g, agar 15.0 g, dis—
tilled water 1.0 L; Difco) 20 mLE petri dishel] &3 t}&
36°C <l5fH o8 (Lab. Companion, Kimpo, Korea)ol 4]
24Xy &<t Wit Bacillus subtilis, Bacillus cereus,
Escherichia coli, Salmonella enterica subsp., Shigella
flexneri, Klebsiella pneumoniae 24242l @55 100 ulL®
=3 3 paper disk(8 mm)E A ol EaL 1 9
SHT 1 mld #4729 2% 100 mgs 59 40 uLes
T3k Th. 36°C Qo] Bl A 24417t &k -
disk 9ol A7)+ clear zone2] A FF5 gl
SAXz

2 ATl A AE gkl gk FA

c., Chicago, IL, USA) program< ©]-&3d}o] HEAHEA]
(ANOVAYHE Agstglon, A8 319 1942 Dun-
can® t=w¥ 9 A¥ ¥ (Duncan's multiple range test)2
2 X0.05 FFolA frolF Aolg AFst.

= [e]
'\L_}’\j|\__

SPSS 18.0(SPSS
o

o]

o A& 991
Zat o o
UTFZ WS T 0|sEtd EY
o2 o]YuaS Hrlet] Axd Az 3L WE F
pH, 3=, 9= 2 93 438 g4 A3 A9
Table 1] WeERNSAT
43L& FE 194 pHE x4 6.160|9a o5& o

2ol A7kt 0.5%, 1%, 2%, 3%~ 6.05, 6.01, 6.11, 5.90
o F F2a AR 7] frol 4] afelrt ot o F ol
A7 7ke] {-oA Aol7} Ho|A| okt ¢Fg wE 4Y
A ZTNA 4.25%3 25 ojAA HIbE 0.5%, 1%,
2%, 3%N A 4.24, 4.23, 4.23, 4.242 RExT} 08 oY

o AT ] FAH Aolsk molA gk oF Wi
%719 pHel # PAL BN BHE F714 S
ojgt Ao HRITH28).

d

F 5 AL A EE g ZdolA 0.60%P 3 08 o] A
7V 0.5%, 1%, 2%, 3% A 0.75%, 0.70%, 0.70%, 0.70
PR NETI OF oY HIbE Aloldl fro]A zte]7t
UAAARE 05 oAl HIkrt 7he] fo] 4 Apol= Ut
AHE B 494 xTANA 0.84%% YE Yo o=
oj@el H7kt 05% 1%, 2%, 3%~ 0.86%, 0.87%,
0.90%, 0.92%=2, E3] tzato] 1l 3% o= ojuals
A7 el A 4=zt %Q& o7 Z748FATHIX0.05). o=
Lee 5(28)°] & wdg A+ A% oF 7t wet

Table 1. Changes in pH, acidity, total sugar, and alcohol of
vinegar of Akebia quinata during alcohol fermentation period

Akebia Fermentation day
quinata (%) 1 4

0 6.16£0.00° 4.25+0.00°

0.5 6.05+0.00° 4.24+0.01°

pH 1 6.01£0.01° 4.23+0.00°
2 6.1120.01" 4.23+0.00°

3 5.90+0.01° 4.24+0.00°

0 0.60+0.10° 0.84+0.00°
Acidit 0.5 0.75+0.00° 0.86+0.02%
%) y 1 0.7040.03* 0.87+0.00%
o 2 0.70+0.03 0.90+0.00"

3 0.704+0.03° 0.9240.03°

0 9.64+0.05° 4.84+0.01¢

Total 0.5 9.69+0.01° 5.77+0.39°
sugar 1 10.49+0.01° 5.88+0.01%
(%) 2 10.54+0.01" 6.27+0.01°
3 11.49+0.02° 6.98+0.35°

0 0+0.00 9.00+0.00

0.5 0+0.00 9.00+0.00

Al(‘f,;’l)“’l 1 0+0.00 9.00-£0.00

o 2 040.00 9.00+0.00

3 0+0.00 9.00+0.00

Values are mean+standard deviations of triplicate determination.
Different superscript letters in the same column indicate sig-
nificant differences (P<0.05).



Zlo} -

T

Ho

992 A5G -0l -
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w A5 TG diE2TolA 9.64%%3L o F ofdd
A7 0.5%, 1%, 2%, 3% A 9.69%, 10.49%, 10.54%,
11.49%% o5& ojddg HA/EFSE o] Fol4os &
oA = AEgS Bolrh 2y 3 IE 4UH izt
A 4.84%R 3 25 oA HIE 0.5%, 1%, 2%, 3%l 41
5.77%, 5.88%, 6.27%, 6.98% %, &5 vE Ay 0 F
odels HNEFE T ol FoHor FIheel
t}, o] 3 A Lee 5(28)9 Aol o8 A7 o]
S/NERE Fo] Tt ATer Bt e A$

FAG 27} olfs ol o8 gake W wRst RolA
7] el A ol ekl whgold dme FFol wohr i
Aoz w4l

Ch AP E 194 gzl A 4.25%03 oF of”el Ut
T 0.5%, 1%, 2%, 3% 4.24, 4.22, 4.23, 4.260.2 A5
7

=4
& 7kt 0.5%, 1%, 2%, 3% 4.61, 4.62, 4.61, 4.589]
Ao, iy vpxul B9l 1999 &= ta 74
Zatol A 45595 05 oAl "I 0.5%, 1%, 2%, 3%
ol A 4.53, 4.58, 4.56, 4.57% YEN o, o & H7}o|
we} pHE Fol4 xpo]7F Holx] ekttt

A g F F4F ¥%F WlE Fig. 1B9F 2ol 24bta
F F2tE Bisle it a

1940 thzTel A 0.83%=
YEla 02 oA A7 0.5%, 1%, 2%, 3% 4 0.86
%, 0.87%, 0.90%, 0.92%= {+2]4 o2 2}o]7} Ho|x] ¢
skoh, 28y 2AbEE 4d Ao 543 SUFske] dlZzatel
A 8.2%= YElWI oF o H7 0.5%, 1%, 2%,
3%AN A 8.9%, 9.1%, 9.3%, 9.7%= ©.& oj¥ S 7}t
FE FAETE FgH R FUFIITHIK0.05). o] % A
wa 104A7EA F7Fete] giztol A 10.48%% 3 o &
olel A7 0.5%, 1%, 2%, 3% 10.48%, 10.76%,
10.38%, 10.30%% 7} =& FAEE YJERgler A&
7ol f-o3 zfe| 7} BolA| gk}, 2abdE 19U dlx=
oA 912993 0F o A7 0.5%, 1%, 2%, 3%
oA 9.24%, 8.82%, 8.98%, 9.10%= & =}o]7} §13

pH
N

-2 0%
——0.5%
—— 1%
2%
37 —x-3%
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Acid fermentation (day)
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Acid fermentation (day)

Fig. 1. Changes in pH (A) and acidity (B) of vinegar added
0, 0.5, 1, 2, and 3% of Akebia quinata during acid fermentation
period. Values are meantstandard deviations of triplicate deter-
mination. Different letters (a-c) in the same acid fermentation
day indicate significant differences (P<0.05).

Uh Ak Az ol fxad T 24t Ago R
A E = ko] titoln o] 4 Aol TaF A%
o stuz dwtHow I A% A2 2 FES 4%
oFem grAstaL J=ul(42), ¥ AT AIelM = 24
FFol 4% olde® Hx A4S S5 I 2R
109 o)F2E A Z77F Bolx] 2Ed 1 o] f+ Kang
43 AR ATl E & kel 27 &

F7keta 9l

o
Qi oA e WA Falw WE =) ofrwite] 275

At g 19 ] o] eihe tixtol A 0.42% %3t
%

0.44%, 0.44%= 277 &5 oJ-e A7t 7He] {94
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Amino acidity (%)

7

10 13

Acid fermentation (day)

Fig. 2. Changes in amino acid of vinegar added 0, 0.5, 1, 2,
and 3% of Akebia quinata during acid fermentation period.
Values are mean+standard deviations of triplicate determination.
Different letters (a,b) in the same acid fermentation day indicate
significant differences (P<0.05).
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aFAZ Al T E 27] 69.04~90.07 FolA L& 17
ool 48.72~76.54 FHOZ 7FAETHE B9} H|SEh,
Kim(4)2] F3l22] 9] Lgko] 17.06~19.6291 Az}
AF8It), alredness) @b AR g 194 -0.82~-0.499]
F Zrele] A E 19940 1.41~2.312 &a
o] Al w}t agke] E71ES BT} Park SU6)E
2 Zol| A agko] -0.44°14 0.400.2 ZF7t@thal B s}
t}. b(yellowness)#t2 44 aE 194 6.09~9.112]1
22 E 19949 3.57~4.72%2 7238tk ol Kim %5
7ol dv2zx bk 3.38% A7} AT 9 e
ZAE 194 Tl 4.84%% 3 08 @l Hukt
0.5%, 1%, 2%, 3% 5.77%, 5.88%, 6.27%, 6.98% =
O F of#gl FH7tel| wpel FIF Fho]l KrejH o= FUteglnt.

a1 o]

Rl
R 32 v e

o] Fol Aaste] 2T A 1944 txwtellA 4.66%
AL 5 of@el AL 0.5%, 1%, 2%, 3%°1A 5.55%,

5.57%, 5.97%, 5.69%= tx ol A 7Fd Wil 0.5%< 1%

1%, 2%, 3%°14 0.71%, 0.62%, 0.70%, 0.66%= Z+ & 7re] §9 3 zol&= filem 2% Alg8olA F9 ko] 7t
uith o124 zpolE HolA| erokth o] % At E 19UA| % =9kt Kim¥} Eun(48)°] M 75& H7tste] Alxg 1t
o T4 0.73%3L 08 oJ@e HI7E 0.5%, 1%, Al g 27 AR5 AP EEFs g 2 9
2%, 3%°1A 0.74%, 0.79%, 0.81%, 0.80% % © 5 A7} Zg Yeld Avte} vlg AxE JERTE £33 Keum
o] 2%, 3% A= ofw| At FHeFo] tixatol HlE) Stk (49)9] A% Ao A Fdo] A&A o= 7HAske] 30
FoJ 7 2}olE HYTHXK0.05). 08 H7 kol ofm] At 3 AA 1.563 mg/mLE Ho] Fomn, ihta Hd net
ol UL olE oF ofde il dy} w50 a A Tl gadhs ol Akto] B8 avH o= o] &3}
Z WA Eo] A= acid protease®} peptidase 52 & 7] ol tH(50)
A Zg o FaE o] ofn|ito] A o] ofn] ik hEk
o g F Ao HIITH28). OF o2l AXxo| HSZAL At
A% fee] g3t A3h= Fig. 39 vebliie A
LS F OF ofEIY Alxo| Mg W3 EY AN OF ofdSl HIE 2%l 4], AlBE Bgk o F oSl HIl
ZAEE T Az A W T A= Table 290 2% A 71 & %=7} A Yghor, dnhe oF of7le] A7t
LERA AT Llight) #h2 AT R 194 29.74~40.025 T 1%0NA 71 =7t Fgth 5k o F of-Yl AU
Ao ® 24 E wpA ek g 20.31~25.430.2 7439 3%NA 715 %7 A kil oF o-hels HItdrS
t} Seo 5(45)9] A% A9 A vhd HUbgo] & frolHo g skt & o F ofde Mk 2%l A,
= Lgho] Golx = o g Hol Edoe] Ad4F g it Bzl oF o HukE 19004 ko dukH
o] Fo}x] Lgto] wrolxlS Ao Holn oF ojzlel H7} 7NZEE 0 oA HIKE 1%9 2%0A 71 =A Vet
of wpg} Lgko] vrolxl Aoz wWelth 3 Park 5(46)9] Wb AAA B NEEE BAHoR BAF Ay
Table 2. Changes in color and total sugar of vinegar of Akebia quinata during acid fermentation period
Day Hunter's color 0 03 Akebia qulmata ) 2 3
1 L 37.91i0.36§ 36.51io.20; 40.02io.50: 34.44:t0.27j 29.74:t0.13:
19 25.43+0.16 23.88+0.13 23.88+0.13 23.25+0.16 20.31+0.08
1 -0.81+0.02° -0.82+0.01¢ -0.760.02° -0.54+0.03° -0.49+0.03"
19 a 2.28+0.02° 2.31+0.04" 1.80+0.02° 1.94+0.03" 1.41+0.03°
1 b 6.90i0.0SZ 7.0610.05: 9.1110.04: 7.7710.04‘; 6.0910.032
19 3.96+0.02 4.58+0.01 4.23+0.02 4.72+0.04 3.57+0.02
1 Total sugar (%) 4.84i0.0IZ 5.7710.392 5.881—0.01'0” 6.2710.01'; 6.9810.35:
19 4.66+0.02 5.55+0.02 5.57+0.00 5.97+0.02 5.69+0.01

Values are meantstandard deviations of triplicate determination. Different superscript letters in the same row indicate significant

differences (P<0.05).
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Fig. 3. Sensory evaluation of vinegar with different levels of
Akebia quinata (vinegars in 22 day fermentation). Values are
meantstandard deviations of triplicate determination. Different
letters (a-c) indicate significant differences (P<0.05).

R A7HF 2% W7hTol PY AFsiria wey

Aol ol s e Rer AR d 27 44
R o

1rksl &gl w9 Fask QIR gk 2l
orel A Urh52). HE V7 F E =
4A9] JERAQITE A %S g A5 kg 19A
681.39 mg GAE/100 gollaL ©& ol&e 7}t 0.5%,
1%, 2%, 3%~ 841.40 mg GAE/100 g, 771.63 mg GAE
/100 g, 731.95 mg GAE/100 g, 840.12 mg GAE/100 g
2 0F ojdal H ko] gzt nls| Frkekl o o
# zpol= UERA] @hkt) WA 130 0 ojdel H7}
T 0.5%°1 4 2,037.50 mg GAE/100 g = 717 =] vhe}
st g2y} oF ofY HIWE 1%, 2%, 3%+ 1,715.70
mg GAE/100 g, 1,907.71 mg GAE/100 g, 1,939.71 mg
GAE/100 g, 1,572.97 mg GAE/ 100 gO.& A& 7+] £
2] xM HolA| ¢koyct, ey T 2294 ialﬁﬂi &
2 gzl A 3,555.43 mg GAE/100 go]3l 2 oy
(g @7}% 0.5%, 1%, 2%, 3% 4 3,682.72 mg GAE/lOO
g, 3,976.32 mg GAE/100 g, 4,146.70 mg GAE/100 g,
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letters (a-f) indicate significant differences (P<0.05).
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Table 3. Antimicrobial effect of vinegar of Akebia quinata

Akebia quinata (%)1)

Different strains

0 0.5 1 2 3
B. cereus 8.33+0.58° 8.67£1.15% 8.0020.00° 9.00+0.00° 9.33+0.58"
E. coli 8.67+0.58" 8.67+0.29° 8.67+0.58" 9.00:£0.00° 9.33+0.58"
S. flexneri 8.33+0.58" 8.33+0.58" 8.67+0.58° 8.67+0.58" 9.001.00"
B. subtilis ND? ND ND ND 8.67+0.58
Sal. enterica ND ND 8.67+0.58" 9.33+1.15™ 9.67+0.58"
K. pneumoniae ND ND ND ND 9.00+0.00

Values are meantstandard deviations of triplicate determination. Different superscript letters in the same row indicate significant

dlfferences (P<0.05).
"Vinegars in 22 day fermentation.
Not detected. Growth inhibition none.
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