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Abstract

Black raspberry was fermented with or without seeds. Chemical characteristics were analyzed during wine
fermentation. pH of black raspberry wine decreased in the early stage of the fermentation and thereafter
increased. Total acidity increased until the 4th day of fermentation with little change afterwards. Both pH and
acidity were not affected by the blending of the seeds. Sugar concentration decreased and alcohol concentration
increased during the fermentation, and they were not influenced by the blending of the seeds. L', a*, and b"
values of black raspberry wines tended to increase until the 12th day of the fermentation and decreased or
little changed thereafter. L*, a*, and b" values of black raspberry wines made from the fruits with seeds (BRSW)
were lower than those of black raspberry wines without seeds (BRW) with no significance. Monomeric
anthocyanin (MA) and polyphenol contents (PC) decreased during fermentation. MA was not significantly
influenced by the blending of the seeds. PC in BRSW were higher than those in BRW with no significance.
Alcohols were the major volatile components, and there were no differences between alcohol compositions in
the two wines. There were also no differences in color, flavor, taste and overall acceptability in sensory
characteristics. Similarity in the chemical characteristics between the BRSW and BRW suggests that

development of black raspberry wine with seeds blended is possible.
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M OB HAdFS DEAAA Ttes HaFo Bd /9 A,
% TS FHOE FE3 TE AT Aok AL F=
Black raspberry(Rubus occidentalis)& 3% #5202 Azhel v wf, FE A Fo Wle] ofste Ael=
o7 A FEr)R F stdelth g TlRe B OE 8ehA 245 7Hd Blow . H2 HdF9
v 7} (Rosaceae)dll <319, raspberry, boysenberry, black- ofe] 750l Aak HtHow AFHI e, EeF &
berry 5ol Ao W72 772 L= anthocyanin 52 <A 8h= polyphenolo] 3 g ababa-g-ol] ofs 4329
polyphenol 8t3H&°] gH-&lo] glo] itstes 7HA (), S 2 A4F A g A aRE Ztevs AT
A} Z719E triterpeneF 7t EAI3HA 2] EHE JHAE 7F 2 iEES AASAL on(7-9), 4F =S TEA
Aoz dedA JTH2-4). Fuetall A gitE s YFE7) A Az FaF] AR g 77 254 JAPH
F+ W& black raspberry 24, U277 T = A Ao FEuetal A e Qe #AF F black rasp-
o] &t anthocyanin ¥&Fo] vi-¢- 2 A= A A 9] berry #LdF= 553 FH07t e €24, 1 55 ¥
7] W2 (56), ol E ol 8T 7tEAFEC] /EEHA Jlon, 7154 WEel A=t #& ALF F suelt
a2 F ¥ A< Ao| black raspberry Y Fo|t}, Aot 7] Y F 26~62%(w/w, dry basis)ZS =}
HLF= FLdE RE §to e €2 5= Aew Askar JTH10). o] A oke Aol 13~28%5 AFA|staL
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© 1 linoleic acid$} linolenic acid”} 242t 53% ¢} 32~33%
2R 8Fe] B x| ubako] 909% o]l Aoz et}
(10). Egk RSt Foll AW o]&jo] EAE F AgdAo] 7]
== Ed0] gfEo] g Aoz ®elth Luther 5(11)
£ black raspberry A3t 719 FEEo] A E 43S A
stal HAEY S-S Tol HA AF E—‘—Zﬂi/ﬂ’] 7Vs2d
< 71 F Adoe A& AT £ Juranic 5(12)2
MZ e 5% 9] raspberryE 9] Aot FEE o] Izt i
& Az dis) & FAEE 7HAH, ol A FEE
HrEe] A= ellagic acidet #H o] vkl sk o
gl Mokol] a-g5o] Q= ol9} 7o AT EA] T

Foll dold & UEE HAotS Zol ¥ HEAA, X
AES I3 AT L] e s AEME Bk 3
o Aag o], B Ao A= black raspberryd] # St &
of X3 HEFE AR}, FuS HE3e dVHFA
7499} vuste] sskx EA4S B4 A
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A& o A}&3 black raspberrye AR E T FTol A
W 5~6¢d F83 A& FYUs -20°Coll A dF B

AR, TEF A x Al AA dlEste A-E-st3 T

Black raspberry &3 H|

Black raspberry #t¥& F # o E YiFo] 3 & £0
2 o3, g& 3 72 5% 7](Angelia, Angel Juicer Co.,
Ltd., Busan, Korea)& ©]&3}o] A Sto] oA =E 4o
T 5 o 25l potassium metabisulfite(Junsei Chemical
Co., Ltd., Kanto, Japan) 150 mg/kgE 7}l 60°Cell A
30&7F 71Esa T A WAzl & & 2 (Fermivin,
Saccharomyces cerevisiae, Gist-Brocades, Seclin Cedex,
France)E F7H2 g/kg)star, 25°Col A HaE A2 st
6N F 27 FE7} 24%7) HES v Hrhsla,
18°Col A eHaAr Ao, 8UA 42sta, 2144 HEE
83t 4°Cel R#AstA
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pH & M= £F

pH+= pH meter(pH/mV/TEMP Meter P25, Istek Inc.,
Seoul, Korea)Z S43t9th. 4t YA85 10 mL #3}
o}, pH 7°] 2 w744 01 N NaOHZ Hg&ta, 1 HY %S
o] &3} citric acid(%)Z YERH AT

Citric acid (%)=(VxNxFxD x64x100)/ (1000 xv)

V: NaOH &9 7%

N: NaOH &< 5=(N)

F: NaOH £ Factor

D: A= 34w

vi A& AR FH(mL)

WEFY B S0 vE JF 581

AUTZ sk =
A8 100 mLE FFIAFANZ S/ 4 0 mL A=
W 3 =F[FZ 100 mL7bA 23 15°Coll A F4A

(Deakwang Inc., Seoul, Korea)Z =73} t}.

2= U o 2 EY
#d Fo] 9= FEA (Master-M, ATAGO Co., Ltd.,,
Itabashi-Ku, Tokyo, Japan)Z =743} BrixZ YE A
o g Azt & F S Somogyi HH(13) 0.2 F #3}
Ak S AT Aok &AE v 2o] AxsAT &
A A KNaC4H4064H:0(Samchun Pure Chemical Co., Ltd.,
Pyeongtaek, Korea) 90 g3 NasP0,;12H,O(Samchun Pure
Chemical Co.) 225 g& 1 L volume flaskell ¥ 32} S/
£ 500 mL7FHA] 219 A tHa). CuSOHHO(Samchun Pure
Chemical Co.) 30 g& 33 F7F4 100 mLol = thb).
KIO3(Samchun Pure Chemical Co.) 35 g& 3% &&F5 100
mLol 4 tHe). )} (©F (@) &3l S/FFZ 1 LE
EY. 89 B KyC:04H,O(Samchun Pure Chemical
Co.) 90 g¥ KI(Samchun Pure Chemical Co.) 40 g-& 3=}
SHF =599 1 LE HEYY. 894 C HS04(95~98%,
Samchun Pure Chemical Co.) 55 mLE 33} S/ 34
sted 1 LE vHEATh &9 D(0.05 N NaxS:03 &) 0.1 N
Na»S:03 &9 (Samchun Pure Chemical Co.)< 28] 3] 438}
At
g3 10 mLell 35% HCl(Samchun Pure Chemical Co.)
£ 743 3 70°Coll A 523t 7FEste] nigtd g S #4
Fo2 JteEaistAnt. 7tge] 2ud st pH 7¢] 2
HH77]-X] 5 N NaOH(Samchun Pure Chemical Co.)E 7}38}]
T 33 FRFE 7F8t 100 mLE 9EATh 7R
¢k A58} thZ AR 32} S/ 10 mLol| 84 A}
mL%‘.T% A7Hek &, 483 37 T Bolx &
ARG 7 AZ20 &4 B &4 CE 10 mLA
ZA A BE Mo g HE wrlx] 9 DE
, The Aol o3 & s &St
%)= (2 A AFL3F 0.05 N NapS.0; 8 A A 2
o A3 0.05 N NaxS:03 &9 A A 3F) x1.449 x
25205 &4 9] factor/10
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AR A5 Mr= AMAA(CM-3500d, Minolta
Co., Ltd., Osaka, Japan)E AF&3}l] CIE 4% L'(lightness),

¥ -& Nluminant

o H

a'(redness), b'(yellowness) S =439, %
D65-10"& Al AT

Monomeric anthocyanin &tgf S8

Monomeric anthocyanin 332 pH differential method
£ 283t SAsEATHI4). o] B2 anthocyanin pH
o] ¥igte| wel 7tgH e FxZF HES oA {49
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oxonium FEj= pH 1.0914, F
4590 A SAB T EAO 7128 Aolth 0.025 M potas-—
sium chloride(Oriental Chemical Ind. Co., Ltd., Seoul,
Korea) buffer2 A|&% 3|43} F3= 3ko] 0.7~1.0°]
U & Mu+E gstal, 2 I MulsE AlRE 0025
M potassium chloride(Oriental Chemical Ind. Co.) buf-
ferpH 1.009F 04 M sodium acetate(Samchun Pure
Chemical Co., Ltd., Seoul, Korea) buffer(pH 45)= Z}z}
gAstAtt 158 ¢ HE3 A2 ¥, spectrophotometer
(Beckman DU™ 530; Beckman Coulter, Fullerton, CA,
USA)E AH&3ted A& 314515 nm)Z 700 nmoll A &
BeE A3 & e A4 9l monomeric anthocya-
nin ¢FE AFEEATH

A1 9] hemiketal &8l = pH

(A X MW x DF % 1000)

- AAD - B

Monomeric anthocyanin (mg/L)=
(ex1)

A= (Ax vis-max — A700 nm)pH 1.0~ (Ax vis-max — A700 nm)pH 45
Ay vismax HAFFIHZANA Y FHEE

A700 nm’ 700 nme A 9] FF=

MW: cyanidin-3-glucoside®] #A}#=449.2

DF: 3] w4

e =53 AF=26900

Polyphenol &t2f A

Black raspberry H& 99| polyphenol %2 Folin-
Ciocalteu 9 (15)0l we} S35tk A& 20 uLoll S/
158 mL¢} 2 N Folin-Ciocaltue reagent(Sigma Chemical
Co., St. Louis, MO, USA)E #7894t 38 % 20%
NaxCO3 £ 300 uLE 7138} 40°Coll A 30%3F WHx]3 &
spectrophotometer(Beckman DU® 530)2 A}-&3}ed 765 nm
N FTFEE =H3A} Gallic acid(Sigma Chemical
Co)ell 93k ZF214(y=0.0009x —0.0288, R*=0.9952)2
©]4-3}ed polyphenol &S 2F&EsHA T
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Black raspberry 28 F+5 35 Zz83lod o
2 FRY] g JES B4 GCe FID7F ¥
% Clarus 600(Perkin Elmer, Fremont, CA, USA)S A}-&38}
931, column< DB-WAX(30 mx0.53 mmx1 pm; Agilent
Technologies Inc., Santa Clara, CA, USA)E AF&3}4th.
Detecter®] =+ 250°C, injector®] &=+ 200°CZ 39S
™, split ratio= 20:1% 3}$t}. Carrier gas®l Hed] F3&
4 mL/minE 3P .1, oven ==& 45°CollA] 287t FA] 3k
%, 230°CE &8 4587 A8t F 2687 E43tAh

2173

=

Black raspberry -2 o] &3} A Z3F Aot E g3
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Fg gty gistdA 208 S U
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7E=E T3S FFAEQA 7= giE] 98 A=HA
Al A} 53 A% FAE Zrh 94 vjg Eho =
AABAT. F5HIIE AAEH7] Aol 7|FEZEE black
raspberry 34 F, 4, o9 ] 25 AR, AE 3
vl ik Hrivk Fud B2 4L A7 W 3 F 248

A F UF ANEE 37 }‘8} 2 39
SH| 24
FollMs BEFE 33 W Axste] EAsGO

=
A3 A3= SPSS program (SPSS version 12.0)S ©]-83}
o ZHmean+SE)E T3l A 3L, two-sample

o
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Fig. 1, 291 Al A&t} Black raspberry 3 9] pHE 3.47
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Fig. 1. pH of black raspberry wines during fermentation.
BRW, black raspberry wine without grinding; BRSW, black rasp-
berry wine with seeds blended. Bars represent standard errors

(n=3).
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Fig. 2. Total acidity of black raspberry wines during fer-
mentation. Abbreviations are the same as in Fig. 1. Bars repre-
sent standard errors (n=3).
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Fig. 3. Alcohol and sugar concentrations in black raspberry
wines during fermentation. Abbreviations are the same as in
Fig. 1. Bars represent standard errors (n=3).
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WEFe) setd S4e AL 49 583

14.1%9%}F 140%74A] 7d53 & 2E 48 AU 21974704
W3}zl 912l th Black raspberry WEFY wra A = It
UFg FFo] WsE Hol BEaFF Az 4YA7A
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W7 s A H A, 219 A 7A] HEAIH o 129
Aol ZE Fayyo] gdxd Aoz Adsycy £
Aots et Ha ot RFANS o] g HEF BT T
I G3E T wstol] v AEFE Kol Zfolr) gl
13}(p>005) Kang(16)2] AFol = BExF &g A &g
Z7] 64747 A Fo] AnlEUA FAM At 4I2E
ke Fkske], A HE )7 208 Aols F B o)
48%0]a1, &¢F2 ko] 123%7F Hol B AFZA T} FAF
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AZHAE o]&38te] Z78 3 black raspberry #9F¢] CIE
AT e Fig. 49 YE T @art AlztE o] 12U 5712
= Aot T WEZE L gho] 03, #E TS o] &3
HE e 048 27180t o) T 224 asAY A
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149+ 030190 em, L 3} vkd7kA 2 2 a 129 /744 =
F7tete AES BAr} o|Fde HAsAY Wt ¢l
Aok BFEF 2" Fe 07~20, b FE 02~048 Fe
#s BYe, ol WAEFVE ML o] T Bepl S 714
7] o wetEnh A ZHETO A= W sto] At
Lee 5(18)9] AFoME XxFo Wtary F L' k2 &
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sl AEe BYed, ole SO, #7tet HA, o 5ol
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Monomeric anthocyanin &t

Black raspberry & 2] monomeric anthocyanin 3%
& Fig. 59} 2t} &a %7]2 494 9] monomeric antho-
cyanin 2 M] S 33 HEFIF 2469 mg/L, FE Y
75 o] &% ATV} 2687 mg/LALL, YR IALFF
AR Faste, 21940 A okS E3Hgk Aol 2214 me/L,
aHA g2 Aol 2131 mg/LALH, Hoks £33 LEF
9} HEFATS o] &S LAEF Zholl= Aol7t fAATHp>
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o]+ polymerization ¥F-g & o]t B33} T} Shoji
5(20)2 gel permeation chromatographyS ©]-&3}] rosé
cider®} red wine®] anthocyanin M4 Z 223 & B A3
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43l Mazza 5(19)2]

=

—A—BRW
—m—BRSW

3100
2900
2700
2500
2300
2100
1900
1700

1500 1 1 1 1 1 J
8 12 16 20 24

Monomeric anthocyanins (mg/L)

Fermentation time (days)

Fig. 5. Monomeric anthocyanin contents in black raspberry
wines during fermentation. Abbreviations are the same as in
Fig. 1. Bars represent standard errors (n=3).

Fig. 4. L*, a", and b" values of black raspberry wines
during fermentation. Abbreviations are the same as in
Fig. 1. Bars represent standard errors (n=3).
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Polyphenol &2k

Black raspberry ¥t 2] w834 < polyphenol &%
H3E Fig. 60 Yebioh & a8 444 <] polyphenol &3S
Aoks E33 WaF7) 6624 mg gallic acid equivalent
(GAE)/L, #F A S o] 83 &g 37} 5926 mg GAE/LS
o g A Fol MM A, HE 2194 = Aok
S ¥33 ZAo] 5954 mg GAE/L, #FAw-S o]&3F Aol
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Fig. 6. Polyphenol contents in black raspberry wines during
fermentation. GAE: gallic acid equivalent. Abbreviations are the
same as in Fig. 1. Bars represent standard errors (n=3).
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5592 mg GAE/LIH. &, Aots
phenol 3ol FFHTE o]
THp>0.05), 2 e UEhfo] A

OFO
o
0 > g

=

3

o] ¢fztel &S M F U5 FAEA Black rasp-
berryS HIE3 o8 FUd59] Aot LS £4F Parry

521 AFM= Aot E2 henolic content”}
145~186.3 mg GAE/gel$le ™, =2 radical scavenging
capacity 9t 273 Al Eoll gk FSAH S B, St 7+
o] Azt AAE At AA JSAZAM Y] TS Bast
At} Bushman 5(22)2] Aol A Rubus 491 %38 can-
eberry o] Aot #A1sH A}, A St Fol total phenolic §H
o] 446~58.1 mg GAE/g°] %1 2™, polyphenol 3}3E 4
&= ellagic acid7} 6.7~32.3 mg/ge|Qqtta B sty &
Aol A A otg E3hst & 9] polyphenol &do] <
Hoz HA YetA ¢k A (p>0.05-2 83GA o S
g oz RSt polyphenol AEEo] ME3817]0 7)7to]
kAW, Aokel ¥-5-9 polyphenol A¥-o] Ha o Gk
< HR 7)o FREA ¥ Ao FTHETh

1..
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o
=
o
=
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=

% black raspberry W& F 9] A ARS
2243 A7E Table 19] Ve 3aA A
EZ+ alcoholi+ & methanol, n-propanol, iso—butanol
n-butanol, iso—amyl alcohol, n—amyl alcohol, 2-phenyl
ethanol & ester¥= methyl acetate, ethyl acetate, iso-am~—

yl acetate, ethyl heptanoate, ethyl lactate, ethyl caprylate,

Table 1. Contents of volatile components in black raspberry

wines (ug/mL)
X Wines

Volatile components BRW BRSW
Acetaldehyde 20.4+59"N? 21.2+6.4
Methyl acetate 1.6+1.4M 1614
Ethyl acetate 27.9+43% 25.6+3.0
Methanol 323.7+235™° 371.6+43.1
n-propanol 455+6.0™ 491430
i-butanol 110.1+£86M 1085+4.7
i-amylacetate 2.8+0.8% 33+05
n-butanol 1.4+0.1N 14+0.1
i—amyl alcohol 360.4+35.9%° 346.0+38.6
n—amyl alcohol — 0.3%£0.3
Ethyl heptanoate 0.3+0.5 —
Ethyl lactate 2.6+0.7% 27404
Ethyl caprylate 89+0.4™ 11.34+0.3
Furfural 2.0+0.1% 19402
Ethyl pelagonate 424456 36.0+0.2
Ethyl caprate 10.8+0.8% 125409
Diethyl succinate — 0.5%+0.8
Ethyl laurate 24424 21+1.8
2-phenyl ethanol 815+9.0N 80.8+9.5
Ethyl palmitate 6.1+0.2N 7.0+0.8

Abbreviations are the same as in Fig. 1.
})Values are means =SE (n=3).
YNS: not significant at p<0.05.

s
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Table 2. Sensory scores of black raspberry wines

. Wines
Sensory attributes BRW BRSW
Color 4605 48+0.3
Flavor 6.6+0.4" 6.2+0.4
Taste 56+05"° 58+0.2
Overall quality 58+0.4" 58+0.2

Abbreviations are the same as in Fig. 1.
})Values are means+SE (n=20).
?NS: not significant at p<0.05.

ethyl pelagonate, ethyl caprate, diethyl succinate, ethyl
laurate, ethyl palmitate %, carbonylf# 2 acetaldehyde$}
furfural 5°] AE&HAeH, HotS &3 g Fo) 9F
AEhg o] &gk BaAFE FHAY HREES] TH &l Sl
TR 2polE HolA ATt 9 g AR F meth-
anol¥} iso-amyl alcohol®] 7} B &3S B, I ¢
<9 2 iso-butanol®] & ¥ 7ZAZE5 9] black raspberry ¥
39 A JEdE €I o] gEES AXA L AU
ot =3 3 AR AFFT A 71F-2 methanolo] 05~
1.0 mg/mL, acetaldehyde® 0.1~0.7 mg/mL21E](23), ¥ <
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Table 20 e} A &k} ko] Ot 7|3 25
7re] Ajol= %iM_U%<p>o 05), THAY 7z e Jr
F&FTbel o7t u/\M‘:HD>0 05). =3 Tableol| & HEF A
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