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Abstract

This study was performed to investigate the physicochemical properties and antioxidant activity of bokbunja (Black
raspberry) vinegar by two step fermentation. The bokbunja vinegar was contained the highest amount of acetic acid
(4,641.59 mg%) followed by citric acid (1,241.05 mg%) among the major organic acids in the vinegar. The total
polyphenol and flavonoid contents in bokbunja vinegar were 38.0 mg/g and 17.8 mg/g, respectively. The ellagic acid
and gallic acid contents in bokbunja vinegar were 1,127.43 pg/g and 962.44 ng/g, respectively. At concentration of
500 pg/mL bokbunja vinegar, the DPPH radical scavenging activity and reducing power were 60.3% and 0.50,

respectively.
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AHE-E B-E2}Black Raspberry)= A 5
Jele] WE waelRA AHgSdT dme U
H 3 (Sacchaomyces cerevisiae)= Fermivin
(Fredericia, Denmark)< (57)H] 5 8Fo] @7 | A Q) 3] AR
AL, 24 HEE AT 2AAe FEIZHAA
Acetobacter pasteurianuss =% o} AME-3tH oM Al
A 2ot A AFolA s AFS FUste] ARE-st
Aok 24 wiFS SI%E WiA AlxE Al AR E yeast
extract, peptone, agar~ BD Difco(Becton, Dickinson &
Co., Paris, France)oll A, ©o]& A|&|gt E AF o A4
RE AJ9FS Sigma-Aldrich(St Louis, MO, USA)lA <)
stof ARg-SFiTt.

A w3 A K|

ZAbg BdS 93 AA vl Z2A L glucose 0.5%,
yeast extract 0.5%, glycerin 1.0%, MgSO,7H,0 0.02%,
ethanol 5.0%, acetic acid 1.0%°]1 o™, ZAbd A vi &
R 9] ZA4J& glucose 3.0%, yeast extract 0.5%, peptone
0.5%, agar 2.0%< B4$ F ethanol 3.0%, CaCO, 1.0%%
A7k o, v F 2= 30°Ce AT

il AR 27] =7t 24 brix’t HEE 2%

3 =l

Sacchaomyces cerevisiaes 5E3t] 25°CAlA 10 Y7
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ZAVFS Acetobacter  pasteurianus S
xgO 2 RFEPHA 30°ColA 15 Y
= S A

e

Ng ZAMLR7|ARE AES
Q

15 WENLHE T

- [+

[¢]

Yes ANEE 1g Fstd ZEABrix 0 to 32%, Hand
held refractometer N-1a, ATAGO, Tokyo, Japan)E ©]|-&3}]
AR oH, d3s TS g TaHS 24,000 xgol
A 1587 AAEE St FAE AAST F AAAES

Alcolyzer Wine(Anton Paar, Canberra, Austria)E ©]-83}<

2430k T3 2AEE AOACH 98t 10mLAIE
=2 Z3A)71=d a2 3= 0.1 N-NaOHY mL+E A A
A2 3ot
T |0k etk

F712ke A|EE 045um  membrane filter(Whatman,

Dassel, Germany)= o3} Jon Chromatograph(Model:
Dionex-500, San Francisco, USA)Z #2413} t}. &4

4 column

FAET st 341
2 ICE-AS6(9x250mm), ICE-AS6(9x250 mm)=  anion-ICE
micro membrane  suppressor, mobile phase= 04mM

heptafluorobutyric acid, regenarants= 5mN tetra butyl ammonium
hydroxide, flow rate= 1mL/min, injection volume 20 uL=
3}] electro conductivity detector= -2 5}S3 T},

=
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% EYsE T2 Folin-DenisH (Amerine & Ough,
1980002 &7 sttt HwAl ZFd, Hiak A%, Al
HzE 553 & FEAAZXS A5 1mgmLel Folin-
Ciocalteu A F 1 E3H3LAL 10% Na,CO, &Y

m
(W) 1 mLE 9]

5}

=

Z1eket & A2oA] 1 AIZE 3 WA}
o] 760 nmol| 4] B A & sF3A Tt
E Z2E0|E &
% ZetHo|= 3FE-S Davis MW (Chang et al., 2002)S
ol-&ate] SA AT Al 25, HEAF 2%, Al 2
25 5% ¥ 54 E 1mgmLel diethylene

glycol 2mL, 1 N-NaOH 0.02mLE 7}3F U2 37°C &2

Zo| A 1 AIZE SR WX S £ 420 nmell A FEEE S8 38t
At
IH=steE 24

eSS A 98 B Alst A28 5
58 = FA7AZR 8ol §ullo] =< % 045 um syringe

filter(Pall Life Sciences, Ann Arbor, MI, USA)Z o 3}3}]
Table 1, 29] =702 FA5IATH ET=HEA] ellagic
acid, caffeic acid, ferulic acid, gallic acid, p-coumaric acid
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g 574
Q1 &2 oxidative free radical W32 ©]-8-3te] A
EZ@9o B2 Al2Fol DPPH(a,o-diphenyl-B-picrylhydrazyl)

Table 1. HPLC conditions.

HPLC model Agilent 1100 series
Column OP C,4 (250%x4.6 mm)
El"::rlrlllgg?ature 25°C
Flow rate 1.0 mL/min
Injection 50 uL
320 nm ;:rfli?lalls :sii((ii, p-coumaric acid,
Wavelength 280nm  gallic acid
260 nm ellagic acid
A : 0.2 M ortho-phosphoric acid, pH 1.57
Mobile phase B : 20% 50 mM ammonium dihydrogen

phosphate, pH 2.6 in 80% acetonitrile
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Table 2. HPLC solvent conditions.
Gradient step ~ Time (min) A (%) B (%)

1 0.0 95.0 5.0

2 10.0 80.0 20.0

3 15.0 70.0 30.0

4 20.0 60.0 40.0

5 25.0 10.0 90.0

6 30.0 10.0 90.0

7 32.0 95.0 5.0

8 40.0 95.0 5.0
£ o] &3 W (Choi et al, 1993)] we} APt &
A AF), BEA Ax, AR HEE 55 T 547
z3&ke] 300, 500 pg/mLe] FEE ZAT A Fl| 2x10* M
DPPHEY 1mLE 7]-3}.1_ vortex mixer® W HIsle] AL
oA 3047 WhE A7l & 517 nmell A ¥ Sk
DPPH ZHHZt 2715 (%)> okl el 2ol ¢Js) Ar=Eatae

™, YA ZTZ+= BHA(butylated hydroxyanisole)E A&
By =

DPPH radical scavenging _ (-
activity(%) 2o 3%

2 (Reducing power)
3 H L Oyaizue] WH (Oyaizu, 1986)S o] &3l =4
sttt BEA ZAFd, BEEA A%, AlH ARE F5S
F FAAZ3] 300, 500 ug/mLe) i‘:i ZAF A
0.2M phosphate buffer(pH 6.6) 2.5 mL3} 1% K,Fe(CN),
2.5mLE F7FS}AL, water bath(50°C)ollA] 20 & <t HkS-
Al AT 98-l 10% trichloroacetic acid 2.5 mLE 7}
sle] AAIE-E](3000 xg, 5 )3 & A5N 25mLE FH 3}
Atk Ao 7 2.5mLe 0.1% FeCl, 0.5 mLE &
7ete] 700 nmellA FBEE SH A oM, FANERTE
+ BHAES ARSI

SAAZ

Aol dojx A} ke SPSS 11.5(Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA) software
ol &ste] FAAEE st e™, T 282 Duncan®] T
H $17 74 (Duncan's multiple range test)ol] 2]3l] F2dS
g
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H : s 10
Fermentation time (days)

Fig. 1. Changes in Sugar and ethanol concentration during
alcohol fermentation at 25°C for 10 days. Each value represents
the mean (n=3).

Wg %7100 24.0040.15 Brix©] 1o up 2 E7F A2 EA
Al 7HAdte] 8.6+0.13 Brixo|Qon, 4=L Fhape
%it'ﬂ Hlg| oz FA438HA F7Fste 11.4410.02%=
UEelto ) o] % evtsiA &g st FaEe] wha 1044l
FEE 8.4040.05 Brix, ¥ T2 11.78+0.03%= ek
Wt} Choi et al.(2005)= E-EAF ZL;_O]J] 93 %27
FEE 24BrixE HYste] ¢3S B s AN A9 o
TE 8-9Brix, ¥ FFS 10-11%= UrEM + A
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ojvt E 7|HR AMEElY 4SS *M o}Ei(Han et
al, 1997; So et al, 1999) & $7]¢] = 71451900
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A EE Y F gag TR e Hels
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Fig. 2. Changes in alcohol concentration and acidity during
acetic acid fermentation at 30°C for 15 days. Each value
represents the mean (n=3).
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Table 3. Contents of orgarnic acid in bokbunja juice and vinegar.
Organic acid Acetic acid Citric acid Malic acid Lactic acid Succinic acid
Juice (mg%) 57.53+6.34" 441.86+7.92 85.43+2.41 ND? 7.00£3.99
Vinegar (mg%) 4,641.5949.11 1,241.05£6.64 190.04+4.56 ND 134.64+5.67
Signiﬁcant skkk3) EX T KKk KKk
YEach value represents the mean+SD (n=3).
IND : not detected
™" Significant at p = 0.001
50

OS2 AR

=EAF AlEe| RUIA BEk

715k 2 0] Abu| e} A ujof] JFS Fof 2% FHo
93 92 v|XItKFurukawa & Udea, 1963). 53] 4] %
o] FFAAH F A Fgol 98] AAE = acetic acid
= Az FAESE wg FA AT AH o] FtH(Moon
et al,, 1997). ZFqZ B2} 2z F714F s 24

St A3}= Table 334 o) #7114 e 2EH A citric
acid, malic acid, acetic acid, succinic acid =S 2 YEGS
, R} 2 2ol A acetic acid”} 4,641.59 mg%= 7 =
shekS B, citric acidE 1241 05 mg%e] TS B
St} o] Ad= = A zd sidE f71F 5

rlo

acetic acid

ol 7 w=oe ﬁ%@ﬂr(kong et al, 1998)2} H<3}
A BRAF 2 Z)ME acetic acid o] 7MY =& AL
FRlsk .

Z E2(dlz &
ZYH A EEE 2EA g B e 23
ARHEF SR ohekst et BAES 7K ol 52
phenolic hydroxy”]1& 7FA|3 17] Wizl ©hid gl 7]gf
A EAEZ sl 42 Uiy, kst 29 &
o] A& 715 7tk Ba7t U th(Fine, 2000).
B@z 259, B2 Az 2 AT 2z F EE¥E
) A3t A= Fig 33 2k & Eevs g
B2 2 %7} 3801 mg/g 2 HEF 2630 mg/g,
8.82-19.54 mg/gHt} =2 TS HYch EEA}
%2 Zgy| =9 §eo] FEA HU} 2o o]f= B
, I, AL FE Awo] AN o B
FZ9 2107 A8HATE B3 Chung et al.(2010)S
AL AZHHA, “ERRHA 28 A2t E FEE R
el f&%l Eal Bilste] B@a; Az &
Hs ol =2 A#et fAkskdh
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—gﬂ}i_._ |== = anthocyanidins, ﬂavonols flavones,
cathechins % flavanones 522 %o om, A&
ot ERj8s ZgtHolEE z‘ﬂ-}\}ﬂz]—_g_, _‘Epjr7] A3} 4
g, w9, AR, B, o)l s, WG 5 e

—s L T10

Total phenolic contents (mg/g)

A B

Sample

Fig. 3. Total phenolics contents of bokbunja juice, bokbunja
vinegar and commercial vinegars. A: Bokbunja juice B:
Bokbunja vinegar, C: Commercial pomegranate vinegar, D
Commercial bokbunja vinegar, E: Commercial blueberry
vinegar, F: Commercial brown rice vinegar Each value
represents the meantSD (n=3). Mean separation within columns
by Duncan's multiple range test at 5% level.

Total flavonoid contents (mg/g)

Sample

Fig. 4. Total flavonoid contents of bokbunja juice, bokbunja
vinegar and commercial vinegars. A: Bokbunja juice B:
Bokbunja vinegar, C: Commercial pomegranate vinegar, D:
Commercial bokbunja vinegar, E: Commercial blueberry vinegar,
F: Commercial brown rice vinegar. Each value represents the
meantSD (n=3). Mean separation within columns by Duncan's
multiple range test at 5% level.

7154 A 8395 vt X 73513 th(Nakagawa &
Amano, 1974; Middleton et al, 1994; Kawaguchi et al.,
1997). BE2} ZFH BEZL Az A9 A% & ZatE
ro|t gtEke =X 3 A= Fig. 49} 7t} A %3 B2}
Nzel & Eehniwols FAL 1791 mgeo® HFo
(11.62 mg/g)2 Al 2| 2(A13 & 2] %: 5.80mg/g, Al¥
A A3 1.90me/lg, AT FEAF A% 171 mglg, Al

mlm rﬁa _iﬁ
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Table 4. Phenolic compounds contents of bokbunja juice and vinegar.

Compound Ellagic acid Caffeic acid Ferulic acid Gallic acid p-Coumaric acid
Juice (ug/g) 93.60+2.40" 7.61+0.73 7.43+0.41 146.2+1.89 19.68+0.52
Vinegar (1g/g) 1,127.43£1.04 15.05£0.32 7.84+0.41 962.44+0.95 21.81£0.43
Significant % %2) ok NS * ok -
DEach value represents the mean+SD (n=3).
INS, **, *** Nonsignificant or significant at p=0.01, 0.001, respectively
2Hg] A% 1.52mg/e)R Tt U] & S Uehfo] & = 25 - o
Bhrieol= ek w3 F Tl e AP Y 201 :
. a
5 154 b
H=5tElE =4 2 04
2R AFos BRA) Ao dEsies BAS 2§ o
Zt= Table 49F 2ot HE2F 229 ellagic acid 3H©] 2 02 d
- < d
1,127.43 ng/g©. 2 713 % gkom, ZFH-L2 93.60 ug/gol A e & e e ¢ &
oh B3 gallic acid®] S ZFdH B A7 7t

Z} 146.27, 962.44 ng/gS. 7 E-H-2} 2
St} Caffeic acid, ferulic acid, p-coumaric acid®] =

A0 Wt BEA Hxo gl B, o F E

1271 =& os W

g9, & ZgHyols ‘0‘]—31:_,/]— 7o Aoz g% 2} 3
9, 35, Tl FrEo] e HEsigtEe] wa Al

Al O Bol 54 20 Z AlRETH

SR 57

DPPHE ofA5 2RI 8l ESHE, polyhydroxy WEF:
shebE, WS oblRel ol Zd?q'L]' TaE ol 71
Aoz g3 EAE A sto] = ool wet 22 A}
Aol B ElojA|= P& ol 0}"4 TheFe A AL 25

Pkt =22 GA5] Sl Bol o853 3TH(Jeong et

2= T

l‘

ol

[ 300 ug/mL
100 - I 500 ug/mL

a a

80

DPPH-radical scavenging activity(%)

Sample

Fig. 5. DPPH-radical scavenging activity of bokbunja juice,
bokbunja vinegar and commercial vinegars. A: Bokbunja juice
B: Bokbunja vinegar, C: Commercial pomegranate vinegar, D
Commercial bokbunja vinegar, E: Commercial blueberry
vinegar, F: Commercial brown rice vinegar, G: BHA. Each
value represents the meantSD (n=3). Mean separation within
columns by Duncan's multiple range test at 5% level.

Sample

Fig. 6. Reducing power of bokbunja juice, bokbunja vinegar and
commercial vinegars. A: Bokbunja juice B: Bokbunja vinegar,
C: Commercial pomegranate vinegar, D: Commercial bokbunja
vinegar, E: Commercial blueberry vinegar, F: Commercial
brown rice vinegar, G: BHA. Each value represents the
meantSD (n=3). Mean separation within columns by Duncan's
multiple range test at 5% level.

al, 2009). 82} 259, B} 2% Al 2] %9] DPPH
2z AAGES ST A= Fig 59 2ok BiEAL 4
%9 DPPH &tZ &AEL 300, 500 pg/mL =0l A
717} 38.80%, 60.31%°1.0H, 2H5H-2- 25.63-40.79%°] 2
I, AT A ZE 273-2036%F2 BEA} A %7} ZEA T A]
¥+ 212Xt} DPPH &)z 2AEA o] ol gAkst &4do]

e A 02 AR E AT

g FEE FA= 2 AATE 2
g e, &2 8998 /e 222 3=
%7} A WEbdth(Shinde et al., 2008). T3 Y
|27} rkstA =4 AHEE 5 dSS UERl= A Eo
lT—_ &}th(Baron, 1998). E-E-2} ZFo HEz}k 2%

x9] S-S =43 AF= Fig. 63 2oUTh S

300 pg/mL FEolA BE2} 21 %7} 033, ZEdo] 0.149]
RAem, 500 pg/mL FEANA HEAF A 271 050, Y
o] 03002 Hia} & x7F AFA ) FYPHo] g8 4
o2 Al H AT Y xTE AFE-E BHAE 300 pg/mL
EFEolA 149, 500 pg/mL =AM 1.98S VeI, Al
A 2E 0.05-0.162] S 29

DPPH #it|z £A8A 3 Shgs EA¢ A 584
2 ol gatsl G4, Zeus, SEtRo|E T At
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