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Characterization of Vinegar using Rubus crataegifolius and Rosa rugosa Thunb
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Abstract

Production of vinegar by fermentation using Rubus crataegifolius (Korean raspberry) and Rosa rugosa Thunb (Haedanghwa)
were investigated. At the first step, ethanol fermentation performed for 12 days on Haedanghwa wine containing 17.6°Brix
sugar concentration, 6.2% ethanol concentration, and pH 2.9, and on Korean raspberry-Haedanghwa wine containing 7.0°Brix
sugar concentration, 11.4% ethanol concentration, and pH 3.4. In the second step, after supplementation of 1% acetic acid
to Haedanghwa wine and Korean raspberry-Haedanghwa wine which adjusted their ethanol concentration to 6%, aerotropic
acetic acid fermentation was carried out using Acefobacter aceti at 30C and 200 rpm for a period of 12 days. Korean
raspberry-Haedanghwa vinegar contained a 3.7% concentration of acetic acid. Total phenolic compounds and color in Korean
raspberry-vinegar was higher than that in Rosa rugosa Thunb vinegar. This result demonstrates that use of Korean raspberry
and Haedangwha mixture for vinegar fermentation improves the color and taste of the final product.
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5l ethanol ¥EE F=dla, BAH Wa M| ethanol THaF
IS 243 & S JEshe 27 IR S AL
£-3lt}(Jeong et al 1996, Lee et al 2003a, Park et al 1999,
Seo et al 2001, Woo et al 2007).

2FS71(Rubus crataegifolius, Korean Raspberry)= &34}
(Rubus coreanus) %3’4- ﬂ”ﬂ Zu|3} Abgr) Sl EEHET Ak
D= 6~7€ H24 A& 2= thdA A EEA F,
A& gl el AAoA] de] xEo] flow, AlEA, U
57 ZHoA EiExlele thh AJo]x S H.QITtK(National
Rural Living Science Institute 2001). B-Al= HEaFE 4F
Aslelo] ok, B Ao Abgy] g A% AP A
A= nd|gk Aglo|th AlE7 = SZ o] eksla A A o] =

A Fate] g, &5, B =5 T 7hsAdo] EobA 9
A NS Sl = AREA FEEY] Boke 7 AEF E
By 2E A FEE WA= Bl frelsitkLee et al
2003a, Lee et al 2003b).

NG SHRosa rugosa Thunb. Haedanghwa)= B3|t} A
gt T altrtel maf EdolA &zt vk S
Hog 5~79d F guivt 8= 3 ikl o] momn,
et AEwA Aol F5o] AThHashidoko et al 2002,
Lee et al 2004). dlFste] Hold & 545 o] 83l 313
FNEE A ZT o= IATE o] & 2Fe] A8 AlEle
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AF3=E o] 83 A S7 TOoZ AgHHo|tHKong et al
2003, Kim et al 2007, Lee & Seo 2008, Choi SY 2009).
= Agst] A2E e A7 EAHCEE 3
Fele] B e éi%gi g 73] AFEA
v BV Adstke ofelge] Atk old & dte A
qdstE /\}&6}04 ethanol T& 2} acetic
acid & E A3stu dAJE Alxo] o]|3sta EAS EA
sto] Ad7]-sgEt A2 AxE A AFE TSI

s3ksl 2AES
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1. A2 ZH|

| FeHRosa rugosa Thunb)= 20070 % 7= A oA
Aol & FEete] tek FAlof Az ol ARSI AbE
71(Rubus crataegifolius)= 2007d% 62 Q- E AS Ful
sto] Zhekek Ao Ax o] —80T W¥EarolA]l Bsksl
t}. Ethanol W&ol A8 & S(Saccharomyces cerevisiae)=
Red Star Premier Cuvee(LeSaffre, France)® AM&-3}9ith %
2bte A ek T (Daejeon, Korea)oll Al -2
Acetobacter aceti KCTC 10105 A-8-3l3ith A&z} vels
OFBAFE(K,S,05)2 247 A YA (cheon, GyeongGi-Do,
Korea)¥} Sigma’k(St. Louis, MO., U.S.A)) A& A3}
=3

2. Hix|

Z20HE 9S8 $13F BiR]+= nutrient broth(Difco, St. Louis,
MO, USA)E AH&-stslem, X8 uiK30T, 200 rpm)ol Al
L3519tk 14 iR (nutrient agar) A|1Z5 1817 nutrition broth
o AL 1.5%whN) T2 H7kedn

3. MET|-AY g UEF M=

Araz]-sidst 3 dET e Ad AT Ao Ha
H ol Falo] AAE o t3-3 ZTtHHan et al 2010).
a3t ol 1 kgoll =FS5 1,000 mLE 3 718k] mixer= 1
B A F 80T=E 24" g2 FxoA A3t 5§49
Termamyl 120L(Novo, Denmark) 4 mLE H7}e+ & Ao
WA 2AI7F Z<F A sttt g X0 5= 65TE F
A3k Fof T3} F2A91 AMG300L(Novo) 4 mLE 73+ &
of o] & a3t GHFoE ARSIt YEE e = A
ANA dE F YM7IE AAE vhdst] dAste &, o5
A7) s o 8 ALgStAnt st Bt AhEr] Ot
M-S 1,500 mL:0 mL, 1,500 mL:7,500 mLe] H] &= &
sla, A e HEE-S Arlsle] 7] 9% 24°Brix$l Al
29 9 LE FH|31% 21, pectinase 0.5 g¥} K»S,05 0.2 g2

o
ol

F
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Aariel dlgstE ol 89k 24k TR 583

A7Vt & Ao A 16A17F WX 8HtH(Table 1). ERE 5
3 & 25Tl A ethanol ¥R 3FATE

4. ARy |-siEtst =5 AX M=

Ethanol ¥ €5 12 73] Foj 3|<3} &= wktg el Ak
=7)-sgs} 53t ‘?—iﬁ—r«] ethanol F=+ 217} 6.3%<} 11.4%
Row, olF oAHgt & et FHTE AMESI 6%E X
A3tk TA] 71, 1% 5—}1‘_]_'?—5 A7Vt A. aceti TS =
22 10%((v/v) TR HEFST 30T, 200 rpmelA] 129
B aU1H o2 HFAATE MEXRE 2 L PR HEYe
500 mLATE AE 2719 LEN Yo 2Ate] AdTe
1.1x107 cfwmL] %S Btk

it

Y 4] #2715 o]g3le] 4TollA 10,000xg2 10837
AalEelste] A3 FedE 045 xme] FEHZ A3 F
oj3tl 10 xLE gas chromatography(6890, Agilent Techno-

logies Inc., Santa Clara, CA, U.S.A.)E o]83lo] & sl
GC9 2HE Z71& HP-INNOWax column(0.25 z#m, 30 m
0.25 mm, Agilent Technologies Inc.)S A}-83f] QB &%
35Tl 58, 28]a 150C7H 5T/min =2 d5A1Z
3 250C7HA] 20C/min SE2 S7HA1Z]1 &, 250Col|A 28

A RS e stk FY71 AE7]e 2k
T‘:— Zy7Zy 225C 9 260CO|N AL, carrier gast Ni, AE7]E
flame ionization detector, split ratiox= 10:1Z 3}3ITh

2) pH &3
drgelo] pH 742 913ked pH meter(IstekA}, model 725p,
Seoul, Korea)E AF&-3}31th

Table 1. Proportion of Korean Raspberry-Haedanghwa
for wine brewing

Haedanghwa  Korean Raspberry-

wine Haedanghwa wine
Rosa rugosa(mL) 1,500 1,500
Rubus crataegifolius(mL) 0 7,500
Water(mL) 7,500 0
Sucrose(g) 2,153 1,740
Pectinase(g) 5 5
Dry yeast(g) 5 5
K>S:05(g) 2 2
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8-3}o] 4Tl A 10,000xg
2 108237 Y83l e }\}%O—ﬂ% spectrophotometer(UV-
visible spectrophotometer UV-1650 PC, Shimadzu, Japan)=
A8 S8 Y 280, 320, 420, 520 nmollA4] 10 mm
A cuvetteS AHE-SFl oM, SFHTE blank=z AHE-SHIIT
Agso= 3 phenol &2, Az hydroxycinnamate -, Apnee &
AR, Apo/Asx

O

AT E Asp= anthocyanin© 2, ApgtAsy
= HER ZAENTh

A SFe whg oS 10,000xgol A 1087 YA R}
a1, Sep-pak Cjs catridge(Waters Co., Milford, MA, USA)=
A, A, A S AA F, o] AL C-610 column(30 cm
7.8 mm ID, Sulpeco Co., Bellafonte, PA, U.S.A)= *2}ak
HPLCe| 438} 2™, ] 5732 0.1% phosphoric acid< A}
43191, 752 0.5 mL/minth 210 nm 529 SHE=ES
sgee] 24 GRS BAGR, A% B oary P
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6) oto|=&t HAL

g olS 10,000xgoll A 1083 FalEelsta, dEdS
045 pm o33 o 2 o33k 2, oJol 20 xLE amino acid
analyzer(L-8800, Hitachi, Tokyo, Japan)ol F13te] & &3
Fa=g

6. THSZAL
% 717b0] Bt kg 22 P A} Aol WA
16217 HBalgch FAE AR A EG e 0d
3 2

7. EAIXE]

A& = 1-way analysis of variance(ANOVA) WHO &

AX ] stATHAlbright et al 1999). 4 ZA2E 13k}
FUAE UeEA

Flil off

HoMA o} RATHEEEE

2 =)
Ao g FH] —?—@] 12%] 59t ethanol 2
= 713kl wE gro HAavt =
Brlxoﬂiﬂ 12¢ Zole d=E
17.6°Brix 2 7232, pH 2.9, ethanol 5% 6.2%%1

(Table 2). AFE7]-3]23} 13 TEFoIM= F=o vt
w24 dojuf, TE 129 Foll= 7.0°Brix$ 2™, pH 3.4,

ethanol 5= 11.4%3 T}

ags} o= Ha o) Ahar]-sd st 5 B RO etha-
ZZ3}AL acetic acidE 1% =2 M7 &

b dtgalon) g 713 5, 2EF AYEeE T
3 9= wg A% g Ax)dMe dE 199] pH
7} 28904 12 Foll&= pH 24% Fadted Hlawsked, Ak
2 A s gE) 2] )0 Al

~3.2% FA ¥ AKFig. 1).
AE T oehs FEE R 7]' YA FA A 3+

Table 2. Component of Haedanghwa wine and Korean
raspberry-Haedanghwa wine after fermentation at 25C for
12 days

Haedanghwa Korean raspberry-

wine Haedanghwa wine
Ethanol(%, v/v) 6.2 11.4
pH 2.9 34
°Brix 17.6 7.0

40F
—— Haedanghwa vinegar
—1— Korean raspherry-
Haedanghwa vinegar
A5
T | o—0—mo—o—"
L 30
25t H*\.“‘
20F

o2 4 5 g 10 12 14

Fermentation time (days)

Fig. 1. Changes in pH during fermentation at 30C for 12
days.
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asto] HE GOl sEst A2 AHET]-sEs 2 X

A 02% olst® Aol ARYE ZA3E W tHFig. 2). ol2

St A3te= 2719] ethanolo] ZA4HTe] Z-8of o] ARE]

o], 24 X33 2 AR o8 WIe F AL Hol &
A

o). ol g3t 4§°ﬂ/‘15 ‘:“E 71 Poﬂ mE 24 v 7P
A

E1r(Flg 3)

Lee et al(2003b)2 AHE7] A 25 A|Z817] Y3l] 12} &A
2 14°Brix® 23 E B7] 5ol SRTS HE3 £ 28C
ol 50417t BF HFEAIAH 7] ethanol LENES A2 &

o]= 24} WA acetic acid E& ol AFE-SlSTE 7] Aler}
1.5%, 2RF &5 196 pmellA] 176A13F HR o =M Ate
4% o]’de] A xS AAUTE el A& Ax Aldle EE AR
250417, Rt &% 200 rpmoll A 7P e Atme] A xE
A THLee et al 2002). Jeong et al(1996)2 2% Azl
A, 271 AEE 1%E 2dste, ¥R 2% 30T, & AR

=

F

—— Haedanghwa vinegar

B4 —— Korean raspberry-
Haedanghwa vinegar

Ethanol concentration (%)

ok
0 2 4 6 8 10 12 14

Fermentation time (days)

Fig. 2. Changes in ethanol concentration during fermen-
tation at 30C for 12 days.

3? —— Haedanohwa vinegar
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g Haedanohwa vinegar
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Fig. 3. Changes in acetic acid concentration during fer-
mentation at 30°C for 12 days.

Aariel dlgstE ol 89k 24k TR 585

200 rpmel| A LE Al FF A BT 4.0~
%*é SR Park et al(1999)2 %3k 21 % A
g} 2F5ol0] ethanol 3 4%, 7] A= 2%,
FE 2% 304 209 B1F A Aol FAHE 6.7% A&
= AT} # AFdA = EES AHEY]-edEd o= etha-
1 S 6%, 7] A= 1.2%, &8 2% 30ToA 124 B9t
acetic acid gl ong A2 e AFAEe HE =
A(Z7) A, T vl 2%, agitation speed, HIF 717H)3 &
Abe A z70]]lth

21 % dgo] A3 27| ethanol TEE A7A =< wat
A B4 2ol 7t AT Seo et al(2001)2 acetic acid T ol A
F5 7129l ethanol®} 1| AJH-o] B-=3}A] =M acetic acid
gy

g o] oA e AR A4S Hustgh oyt 2% A
Zo| A= F A ethanol FEE 4~6%A oM, o] F& o]A+e]
e Tl s At Aol Aol = ATHPark er al 1999).

Ao A% Az A=, £7] ethanol FE 6%, 7] A=
1%14 79 Bt & Al Zato]l 71 ke ™(Woo et al

2007), A= A% A Aldle 27] ethanol F& 6%, 7]
A= 1%01A4 169 Bt IR A AHE 5.8~6.2%9] fHE 4
ZZ A Z3FH9 2, ethanol ZHF-30] 2.5%= 3]l EA
o]l A THKim & Choi 2005). ¥ A7o] ZA3k(Fig. 2
9} Fig. 3)ollA= 7182 AFE-E ethanold] == T8 2~4
A ool FAsH et sl 24 FEE XA @
T 109 o]Fo Zlelr s, 71291 ethanol= fed-batch
Aos g o VIR FastAY, T2 AtEe
17 acetic acid W& o] P 7]——-—32}/\] 7)== up,

7P o, ==
bg Zodate] wAlol] ogk At HESE gl 7hsd A

Atk

Acetic acid & 129 %0] A2 & B Ald, 3} &)=
of AhE7)-al sl 2 2] 5492 v ZtHTable 3). @S
3} A xHohE= Agr)-aF3F 2 Zo A total phenohc 3}etE
&, Ao] ZF%, hydroxycinnamate 5olA ¥ $X|E BATh
(Table 3). T& 52| A2 o] A}%@ =l x3Hd A
5ol Ao g HF AlFol == 540] A=t <t
EAjopd shE whdsle A (A3, Aol 7
Asy), 2 E“X] Ao 7S BAFE HE(And/Aso)
HEE 9 4 9ItKim SK 1996). 54 34280 nm)e] &
F= Fk2 total phenolic 33 &L, 320 nm #k-2 hydroxy-
cinnamate?] =9} WHI A7} Ut Phenolic AES
non-flavonoids$} flavonoids ©-& :r’-—rﬂﬂi flavonoid 32
flavonols, catechins, anthocyanins, leucoanthocyanins ‘2
FAEe] glon, wE el A, 5 % AdelAe 5
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Table 3. Color of Haedanghwa vinegar and Korean rasp-
berry-Haedanghwa vinegar after fermentation at 30C for
12 days

Absorbances Haefianghwa Korean raspb.erry-
vinegar Haedanghwa vinegar
Ao 12.50 67.30
Aso 0.86 1.51
Asxo 0.27 0.30
Az 3.94 11.60
Color intensity 1.13 1.81
Shade 3.13 5.03
agja g ol 54S FoidthHwang & Ahn 1975,

arginine, glutamine, leucineQl ¥Whol| W& %7]9] &3]

7] E3d A FQ oln| =4t alanine, serine, tyrosine

o2 el THdata not shown). 3833} 4o leu-
cine, arginine, glutamic acid, phosphoserine, carnosine 5|
FAAEoINT) AhE7]-8]E 3} 4] 2|4 leucine, lysine, phe-
nylalanine, alanine, glutamic acid, arginine 5°] F2 &S
2 EAESATH(Table 4). AHE7]-alF8t 2] 2ol & dutat &
A alanine, glycine, serine, threonine 5-2] ©}7| =4t Jeu-
cine, phenylalanine, valine 9] ¥5t& F-osh= ofn| =it
S FEoR GHEol AhE7)-aEE A RoM e Bie
ghE B FATHCho & Rhee 1979).

3, AbE7)-ada} 2] ZollA y-amino-n-butyric acid(GABA)
SFol algst Az Bl Al 108] B E=A JET
GABAE H|EHE) ol =ito g FEo] 347479 +4
AAG A D 2AZA], A2 At 715 @3], det
et 2 B2 93l Sdx F%o| UthJeong YJ 2009).
GABAS] e AEAM e B FToE X3E] e
uh, g} Sl £ GABA AR-E A Yol Fnd

Lol 2 2 21HOh & Oh 2003), al&srt
cbavle] ds B2 24t TEN & Z3HE GABA 4
ol et A A= dFg Aol 2] A A
=3 Q1 mono sodium glutamate(MSG)E

HoMA o} RATHEEEE

Table 4. Changes in free amino acids and related com-
pounds (mg/100 g of vinegar) in Haedanghwa vinegar and
Korean raspberry-Haedanghwa vinegar after fermentation
at 30C for 12 days

i gl o
Isoleucine 0.86 6.44
Leucine 2.63 22.70
Lysine 1.72 16.29
Methionine 0.45 5.92
Cystine 0.03 4.26
Phenylalanine 1.81 13.48
Tyrosine 1.00 8.94
Ammonia 4.62 19.65
Threonine 0.71 6.35
Valine 1.72 7.75
Arginine 3.69 20.07
Histidine 0.46 4.15
Alanine 1.27 19.50
Aspartic acid 0.49 10.19
Glutamic acid 1.85 20.44
Glycine 0.89 8.09
Proline 0.29 2.54
Serine 0.64 7.16
Phosphoserine 4.09 12.39
@ -Amino adipic acid 0.08 N.D.
Sarcosine 0.28 1.09
@ -Amino-n-butyric acid 0.06 0.07
Cystathionine 0.12 0.18
S -Alanine 0.03 2.67
B -Amino-isobutyric acid N.D.” 1.87
7 -Amino-n-butyric acid 0.12 13.40
Ethanolamine 0.02 6.93
Hydroxy lysine 0.09 0.33
Ornithine 0.02 1.84
1-Methyl histidine N.D. N.D.
3-Methyl histidine N.D. 0.39
Carnosine 4.83 12.74
Hydroxy proline 0.14 0.33
Anserine 0.98 3.89
Urea N.D. 2.65
Citrulline 0.02 0.30

Total amino acid 37.17 271.68

D N.D. : Not detected.
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YRR o] 83 AT L& Al GABAE A7 gE of(Kang
MS 2002), €% PAES GABA Ad%5°] e A=z &
A ot ] 2]xe] 739 Fg=oln| 1Akl threonine, valine,
methionine, isoleucine, leucine, phenylalanine, lysine2] 7]
F56HA FHaEe] 9lon, E3] GABAY dtako] =4 UEt
WHJeong YJ 2009).

Avdow s Az s
A, ofmlat o] u)$- vl Uebgih. ol o] ALgH
SAgselA T} ofplicate] ARFe] YolH WAE

Salo] A% AR WdE Aoz oAU G, ofn

A GG TAD o, NIAE ol §F 2T Az A

71-al g} *-15"_9} M]3

—_

= opu|iAte]l FRG thE AAlof A Ejtete] AFE-5t]
of & Ro= Aztert

5 s 4

1599 IeHALS Fate] AARE A7, Table 59F 2]
agst Hrbes AhEy] E Axo] A%, g gl digh f<]
ARl Aol & fle Aoz Yeylth ol #5zdAtel o
gt oA Eo] 2 Fo] 7 Alglel] gt M awr) vhE Blo
2 A3, o]gfgh 73 gko] 2 %] #F HrlE WIE A
< Aoz AZtEY 9] da o] Aede $9E das
o Bz} 3= =9 Hrlsto 2 s Hrt Al g4
o2 MaEE 2HE HuslthShin et al 2009). wEHA
7 Est Az AlEL] NE-E FAE acetic acid T
F Fol] &AHAFEe] AEdhe Folu A EE Hrlete] Bt
< 243 AF o] B2 Aoz vyt

2 ATE dEsE O T v et £§ske] ethanol
W gdla o5 YEE acetic acid &I T AR 2 %9
o|g}ety 5 SN FAA R, sds) T E
FollX= BE 17.6°Brix, pH 2.9, ethanol E% 6.2%% 2.1,

Table 5. Sensory component of Haedanghwa vinegar and
Korean raspberry-Haedanghwa vinegar after fermentation at
30T for 12 days

semsory sore R et vieg
Taste 3.01.5" 2.8+1.9
Color 4.1£1.9 3.2+1.7
Aroma 1.9+1.1 2.1+1.5

" Mean+S.D. without the letter are not significantly different (p<
0.05).

Aariel st o8

g 2AF whg 587

shg7)-aldsl 53 dEFolAE 9% 7.0°Brix, pH 3.4, etha-
nol % 11.4%A ). F 71X]9] FEFE ethanol F= 6%=
ZZ 38} acetic acidS 1% FE2 A 713 & acetic acid TE
= Attt dldEt Axe 12¢ F pHYF 28014 242
astn, AbE7)-s 3}l 2] Zo A& pH 3.299 T Ethanol &
A= e :L—~°ﬂ?\1 g RAAdE ALY ARE oM, ace-
tic acid®] 4% L& 9L/ = W3y} vlu|sitir} 1294
57]—51—03] A7]-dds}t A zoME 3.7%9] acetic acid &
L5 Bt ajds) o= daTe) v A, AHE7]-afdst
—.Z\_Oﬂ/ﬂ total phenolic 3}3tEe] EA Hr7l= et sid st
2z} Ad7]-a|Tsl A F FZol|A leucine, arginine, glu-
tamic acid’} F8 ofn|x=to g2 Zolw| 3, AkEr]-s)dE}t
2o GABA §e] Soldez A Uehgrh

[=
= @
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