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Abstract

Intact black raspberry fruits, which were crushed by hand or ground using a blender, were immersed in 20%,
40%, 60%, and 80% ethanol (125 g fruits per 900 mL ethanol) and exuded for 30, 60, and 90 days at room
temperature. Monomeric anthocyanin contents (MAC) and polyphenol contents (PHC) of the exudates were
determined measuring absorbance using a spectrophotometer. DPPH and ABTS free radical scavenging activities
(50%; SCs0) were determined for the antioxidant activities of the exudates. Twenty % ethanol exudates from
black raspberry had significantly lower MAC and PHC regardless of the fruit types. SCso were higher in 20%
ethanol exudates, suggesting 20% ethanol exudates from black raspberry had lower antioxidant activities. MAC
and PHC of the black raspberry exudates decreased with time. This study suggests that MAC and PHC in
the black raspberry could be exuded more efficiently using 40% or higher concentration of ethanol and that
crushing and grinding little affect exuding MAC and PHC. The exudates with higher MAC and PHC showed

higher antioxidant activities.
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Rubus 4 21E9 YR =7|F= v F(Rosaceae)dl <
3l Y9 #E 2 2 blackberry, black raspberry, boysen-
berry, dewberry 5°] g 2 EHE HIE3} ofr]o} A
3, ojzel7 SA6) BEHo] Atk Sevieie] Agsts
—r‘?—-lfﬂe‘c EE2 g7, 9AE7Y], g7 5 thdst
H, 2 FollA E&2 B71(Rubus coreanus Miquel) 7} HE]
G Aok BEA B LAATE NS B o
o2 Agel gow, Fuz A 7 £4S
B s, W) 86 £} 2lo] 475 S wATkE
Zq )\}\E}-(l)
<ol S-Eutetel A F2 Auiste A= =
=7]+= black raspberry$l Rubus occidentalis= —Zri
F Azel BT Qom, e, A 5L
A JATH?2). Tulio S(2)& o]g3 Ay Az
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thocyanin®} polyphenol gF&o] X33+ A3} #AHo] gitia
stA=, o] FEF2 & YF LR B8] o] 35}t
anthocyanin $%°] & Ao ®E Hu¥ 1 v}t Wada®}t
Ou(3)= blackberry 2} boysenberry®] anthocyanin $F#o]
Z+7} 9137 131 mg/100 go]aL, black raspberry= ©| Bt} ¥
53] =2 589 mg/100 golgtn Rustgth =3 Wu S4)
£ red raspberry®ll anthocyanin®] 92 mg/100 g, black rasp-
berryoll= 687 mg/100 go] o] Jciar B asAct.

UFg 7o =
tin, flavonol 5 Th&¢] phenolic compounds, vitamin C,
folic acid, calcium &°] g-rEo] Jom (), 2E A& FAr
st &3, A, obEAdYE AT T A A Vss
EFATH6). Siriwoharn 5(7)2 blackberry©ll ellagitannin¥
7} 32 mg/100 g(‘gﬂ}ﬂ—fr), flavonols©] 12 mg/100 g(§ 3}
71%) FhE A,
acid equivalent/100 gO] gt Husdtg e

anthocyanini €]l ellagitannin, querce-

% polyphenol g#o] 903 mg gallic
Anttonen¥
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Karjalainen(8)2 red raspberry®l| quercetin®] 0.32~1.55
mg/100 g(A 3} 7)), ellagic acid”} 38~118 mg/100 g(A8
H71E)e] FiEo] Adrka Baskot

H 17l digk A ES #Alo] sojuHEA e
S 7 AA ASES 83 M EFEY ko] F7t
, Ul A% black raspberry$t 1 H&
I AFSE T 7EAFo| vhFEHA A
(9). B AFoME black raspberryS ol & 7}x W
H&Edte] M AR polyphenol A&, 3it3sS
18t B&HQ & 2 Yopio], black rasp-
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AF o] AFE3F black raspberrys ATHEE T A

2008\ 5~64dol 3 Ag FATIA -20°CollH W5 B
HatAaL, A=Y Az Alolle A2 sEste] AH-sFAT

Black raspberry Z&H XM=

Black raspberry #}4A2 98 £02 o7l A =F7]
(Angelia, Angel Juicer Co., Ltd,, Busan, Korea)& A}-&3&}o]

Ao g Yo Z+Z) 20, 40, 60, 80%2] ethanol(Ducksan
Pure Chemicals, Seoul, Korea)oll E7H&< 900 mL 2 4
125 g) WS Xtste] Ao RAA3tHar, 30d @ = A
3te] EAsH AT

M

Monomeric anthocyanin &tzf S8

Monomeric anthocyanin %8 pH differential method
= ALg3te] =335 tH10). Anthocyanine pH] W3}
wet 7F9 A F2A M-S oA {49 oxonium FHE)
= pH 1.091 4, F212] hemiketal = pH 45914 $-A 3}
™, pH-differential method= ©] ¥Fgo] 7|2E FAo
0.025 M potassium chloride(Oriental Chemical Ind. Co.,
Ltd., Seoul, Korea) buffer® A8 & A sl 345 3ol
0.7~1.00] U2 EE A& Ht 1 JAuFE Als
£ 0.025 M potassium chloride(Oriental Chemical Ind. Co.)
buffer(pH 1.0)¢} 0.4 M sodium acetate(Samchun Pure
Chemical Co., Ltd., Seoul, Korea) buffer(pH 45)= Z}Z}
33tk 167 < HFSIAZ & spectrophotometer
(Beckman DU® 530; Beckman Coulter, Fullerton, CA,
USA)E AR&-38te] H &4 314(515 nm)# 700 nmell A &

S o} Ao 93} monomeric anthocya—

(A x MW x DF x 1000)
(ex1)

Monomeric anthocyanin (mg/L)=

A=(Ax vis-max— A700 nm)pH10~ (Ax vis-max —A700 nm)pH45
Ay vis mae ANFFHRFAA Y FH=

Ao nm: 700 nmoll A o] F3=

MW: cyanidin-3-glucoside®] ¥ 2}#=449.2

DF: 3] Auj<

e EFFAF=26900

Polyphenol &+2f =%

Black raspberry A& 942 polyphenol %S Folin-
Ciocalteu 1D et S48t A8 20 uLoll S/
158 mLe} 2 N Folin-Ciocaltue reagent(Sigma Chemical
Co., St. Louis, MO, USA)E #H7}3tdth 3% F 20%
NaCO;z 89 300 pLE 7138} 40°CollA] 3053+ ®x] st
spectrophotometer(Beckman DU® 530)2 A}-&3}o] 765 nm
dqAx EFEE =AH3AUT. Gallic acid(Sigma Chemical
Coell 93 EEFHS o831 polyphenol &S A&

AT

DPPH radical scavenging activity S8

DPPH radical scavenging activitye F=3 A|8E
methanolZ 3] 43} 50, 100, 200, 300, 500 ug/mLe] TE=Z
24z} 1 mLA A Z3}ar, 2,2'-diphenyl-2-picrylhydrazyl
(DPPH; Sigma Chemical Co.)E& methanol®]| =<¢1 DPPH
0.1 mM &S 2 mL¥ H7hste] oA WAz T 30
B % spectrophotometer(Beckman DU 530)2 A}-&-3}4
517 nmoll X FF =S =A8ta, o2 2o 93] free radical
scavenging activityS T3+ M(12), free radical scav—
enging activity® A129 FEE=Z YEld FASZHE
50%9] DPPH free radical scavenging activity(DPPH SCso)
E T3t

A P i B
AR AT R

Free radical SC&V*i(

. .. = 1
enging activity (%) >X 0

ABTS radical scavenging capacity =4

ABTS radical scavenging activity= Brand-Williams &
9] WH((12).2 =A3FAUY. 2,2'-Azinobis(3-ethylben—
zothiazoline-6-sulfonic acid) diammounium salt(ABTS;
Sigma Chemical Co.)& S5 ¥4 7 mM2] ABTS £
€ 9HE 11 potassium persulfate(Sigma Chemical Co.)E 3
7H6.6 mg/10 mL)& ¥ & &g ste] aol x5t
12~18A17F & 734 nmol A FF= kel 0.700+0.057}F ==
= ethanol® 3]433}a1, 50, 100, 200, 300, 500 pg/mLe] &=
7} A2 Az 2 A7 400 uL F 343 ABTS &4
3600 WLE ¥ 183 9HEAIA 734 nmell A FBEE 5

AT g2 2ol 93} free radical scavenging activity=

1o,

T3} AL, free radical scavenging activity S A|52] =9
2 Yyepd FAo2HE 50%2 ABTS free radical scav-
enging activity(ABTS SCs)& T3}t
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Free radical scav- _( B )>< 100
enging activity (%) ANE TR FE =
SAHEM

B A3o 33 wrEsgon A A7}E SPSS program
(SPSS version 12.0)2 ©]§3t4, H7 3 EF 2 X (mean
+SE)E 31, one-way ANOVA test & p<0.05 =&
o] A Duncan®] =AM E AT 7] FoAS B4
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Black raspberry  E&EMO|  monomeric  anthocyanin
slak
0o
HE A7 717kl WE black raspberry &2 mon-

omeric anthocyanin %2 Fig. 13 2t} 98, £02 o
7 A, HF71S 0|83} 7t black raspberryE ¥E7F A&

£ ethanold]l ¥o] A&E34S o Al 71A FEH S A8
E5F 20% ethanol®ll ] monomeric anthocyanin &) 172
~282 mg/LZX 92 FE9] ethanol =R HT FolHo
2 2k (p<0.05). 40%, 60%, 80% ethanoldl IA&3F Al g
ol = 248~380 mg/L%] monomeric anthocyanin®] &5
o] AL, o]F Atololl A e FZ Q] Apo] & Ho|A] Ighe
™ (p>0.05), black raspberry 2} 2] &ejol] welA = mon-
omeric anthocyanin &#&o] 2 &<l zo]7F A THp>
0.05). o] g A3} Z B v ethanolS &r]Z =3k black
raspberry 3% 9] monomeric anthocyanine 20%S A £
3t TX 9] ethanolS AF&3}al black raspberry 42 7
A ZA &3 AE3AE FARGE o] IEFHEE dF
IYEE AHE3te Aol E&34YS & F UMk Kang
(13)2 BEA 9 & 3o =2 I JEF 20 74351

o

T JEFNAM ] anthocyanin o] o} erfo] J&&
o A& FUF Aoty Raustded, ole A&V IE
Al AEE HUbske 59 HE 2ol tE A 7]l A
o2 Azttt 717be] W& monomeric anthocyanin $F %
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D60 days

2 309 HEF T 239~380 mg/L, 60¥€ Fof 216~337
mg/L, 909 & 172~308 mg/LE I Z7]7to] Zo]AF+=E
monomeric anthocyanin &#%°] Z+4sl= H¢S e
o= red radish®} red-fleshed potatoS 2221 25°Cell A
65F < AFsHEA &39S W monomeric anthocya—
nin g&Fo] 7+A3S H 313 Rodfiguez-Saona $(14)¢]
T¢} raspberry juice®] monomeric anthocyanin 3F#-< 100
do] At & SA A% AF FHFY 1% Foldes
B33 Rein(15)9] A9} FAFSFA .

Black raspberry Zl&°H2| polyphenol &t
Black raspberry A&l dtF% o] 9J= polyphenol 3t
=2 Fig. 29 YEF T} Polyphenol $F%-< monomeric an-
thocyanin $F&3} FAFSHA 20% ethanolol| A H &3 A9
A 772~905 mg/LE $gkon 604 A9 =E Fe) 9} 902
Aol A& A £0F o710 20% ethanolel]l FE3F Al
BME FYgHoz FPh(p<0.05). 40%, 60%, 80%
ethanol <9 ¢] polyphenol d&o] 913~1,059 mg/LE H]
E%OU o5 Atolo Ao foF Q] Aole itk
(p>0.05). ©]*] ¥ monomeric anthocyaning *3}+3k poly-
phenol{ 7} 20% ethanolodlA] Aoz HA 58S
B2l A& black raspberrydl] Xt} B]=432] ethanol¥} &
AHgE 5732 71X polyphenol77F 7] WjEo = FHHr)
Black raspberry A< 9] polyphenol 3+#% 744 o] 3
o wa o<l Aol fAATHP>0.05). ol# g A=
black raspberry #4-& 3l BT HAEFNA 9L
2 g2 I=F R} polyphenol o] =4 YERE Kang(13)
9] AF A el= &Egk=d|, monomeric anthocyanin &
I et AR JE 229 Aold wE ZAE FAHET
30Y 7+A 2 2 #Z 3 black raspberry HZH 9] polyphenol
shee 30U Aol 870~1,059 mg/L, 604 Ao 790~1,031
mg/L, 0L A ol 772~963 mg/LE FZE7|7to] ZAojH ) w}
2} ZAasle TS 2YT o9k 2] black raspberry 2
1 monomeric anthocyanin® polyphenol &5 3
7%t ¢S YERW 22 E black rasp-

7

m 90 days

Fig. 1. Monomeric anthocyanin contents in
black raspberry exudates exuded under
different conditions. Intact, black raspberry
without any crushing or grinding; crushed,
black raspberry crushed by hand; ground,
black raspberry ground using a blender; num-
bers, ethanol concentrations for exuding. Bars

represent means+SE (n=3). "p<0.05: sig-
nificantly different among the groups of black
raspberry exudates with the same fruit type

Ground and exuding days.
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o
<
€ 600 |
K%)
o
S 400 b Fig. 2. Polyphenol contents in black rasp-
s% berry exudates exuded under different
S conditions. GAE: gallic acid equivalent.
& 200 Legends are the same as in Fig. 1. Bars repre-
sent means+SE (n=3). 'p<0.05: significantly
o K || || || || || || || || || || || different among the groups of black raspberry
20 40 60 80 20 40 60 80 20 40 60 80 zxudates with the same fruit type and exuding
ays.
Intact Crushed Ground
berryE ©]-&3 71y 2lE o] EAl ulg} A3 JHFAI TS Table 1. DPPH radical scavenging activities of black rasp-

Aus)of s,

3 A7) 2

o= sl 30U ET F2 HE 7|1kl e
asittal deEn

¢

Black raspberry EEHo| StAISE &HM

Black raspberry & 9] ditslsS dolr 7] ¢35k A
Holl M= A9 B3AES #ol7] 93] DPPHSF ABTSE
o] &3t F 7k 9 S-S AHE-stSith DPPHE 3383 o
2 o3 H free radicalE 7L Y& FE4 EZZ 4
3} gAdo] = EFAZRE HAE Fo 2o radical®l
AAEo] Mzo] HEZtMgA & =dMoF I
ABTS radical #4stdS 71 BAdl o3 AlA=

radical 59 HEA 0] &AM HTH(16,17).

DPPHS} ABTSE ©]| 83} black raspberry 3 & 9]
free radical scavenging activityS T-3}al, o] Al59 F

=¥ 2 Jeld F40 23 DPPH SCxet ABTS SCs&
T3 gk& Table 13} 20 Yellth. DPPH SCy -2 3024
A3 A8 FolA o7]0] 40% ethanololl &3+ A &7}
127 pg/mL, 609 A&} Q0L A E43 A8 FAME FF7]
2 Zo} 40% ethanolol &3 A&7} 242} 134 pg/mLe}
162 ng/mLEA T8 2SR T @2 S UEdo] it
sb50] =55 & F AU E=gH 0GR AR FolA 5F

712 Zro} 80% ethanololl FE3F A&, 604 A Al & FollA]
A¥ o7 80% ethanolol]l &3 A1 E, VLA A5 FolA]

s
a=
Z

T

o 7o) 20% ethanolell &3

ZYZ} 202 pug/mL, 206 ug/mL, 240 yg/mLZ vl & =& 7k
=1 ‘)rEhH‘ﬂ == 5—Zﬂai‘:} Pislsol Hes & 4 AN
o} Y o2 20% ethanoldl HE3te] 3044 E43 A5
o} Qow 209 ethanolol Z3te] 304 HAF A2
Aosta, e Feo Faz IS FE A UM 20%
ethanol F&N 9] itslso] 718 EA vYehd A2 mono-
meric anthocyanin® polyphenol 3&o] F2]&H o2 & A
Z3el AV A= AoE FHAdHY.
ABTS SCs #E 30, 60, 909 A] E43F A&7

Lwl DPPH SCs Zk©]

=
mL, 2
R,
%)

=4

=
25

berry exudates exuded under different conditions
DPPH SCs (pg/mL)"

Samples Exuding time (days)
30 60 90

20 177+£339N9 193+ 149 217427

ntact 40 171+6 186i17‘°;d 172+22
60 151423 143+16° 178428
80 188+9 206+9¢ 189+41
20 200+ 16 167 +6 240+52

Crushed 40 127412 137i12?b 177+27
60 168+11 147+18"° 185+35
30 163+14 137+11° 187432
20 172+42 171 +11% 227439

Gromnd 40 142428 134i17§ 162+12
60 143+8 1606 181+19
80 202+38 146+ 14 169+13

Legends are the same as in Fig. 1.

Y509 DPPH radical scavenging activity.

?)Values are means+SE (n=3).

PNS: not significant at p<0.05.

YValues with different superscripts within the same columns
are significantly different at p<0.05.

monomeric anthocyanin® polyphenol $#o] & 20%
AN 7HE =& S vERA =, o8
© monomeric anthocyanin 3%} polyphenol %
ESTE Phelso] st Rk A9 ATE9
Ao} FAFSFATH3E,18,19). L} 20% ethanol & 9
monomeric anthocyanin %3} polyphenol &< T2 %
A9 AEARY FoHoz e FS YEhd v 20%
ethanol & d 9] ABTS SCx &2 THE HAEd v8) =
S B0 F9H2l 2ol FATHP>0.05). ol&
Aol A E2433F monomeric anthocyanin® polyphenol
o black raspberryoll 5o e & ks EHE
HoAd 4 37] WEelgt 44 DPPHS ABTS
free radical scavenging activity =5 black raspberry Z}42
o Fe e mE FolHA Fole YEIA %o (p>
0.05), F&717tel WE A AF=E & F sidoh

ethanol &

Ans

o]

g
<]
o
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Table 2. ABTS radical scavenging activities of black rasp-
berry exudates exuded under different conditions

ABTS SCs (ug/mL)”

Samples Exuding time (days)
30 60 90
20 269 + 5429 242+27%Y 288 +38%
ntact 40 213i31?‘; 280+ 34 238¢15?b
60 235+ 38" 216+21 260 + 38"
30 285+ 30 286+ 40 244+ 24
20 327+38" 256+ 34 364+76"
Crushed 40 184i11?b 184424 263¢36?E
60 254+ 26 211+28 266 + 34
80 261+217 209+ 25 27714
20 251 +58% 290+47 34134
Ground 40 217i31f‘: 206+ 42 256i24?b
60 226+ 12° 238+36 282+17°
30 279+ 42 215+33 257 +95%

Legends are the same as in Fig. 1.

Y509% ABTS radical scavenging activity.

?)Values are means+SE (n=3).

PValues with different superscripts within the same columns
are significantly different a p<0.05.

NS: not significant at p<0.05.

B A3 9] free radical scavenging activityS = WAF A<
FZEE AAFTAST vus ®E, 300 ppme] FE oA
ZFok(86.6%), 5 TH(80.4%), LV AHE85.7%) & Hls=gr A3
& HATH20). =3 Moyer 5(18)2] AFolA ditslsS
YE = ORAC 3] black raspberry”} 146 ymol Trolox
equivalents(TE)/g 2.2 69.5 ymol TE/g<l blackberry®l H]
g 2v) o] =A JehtE 5 Rubuss FAAE AdE o
Z 9}, black raspberry7} A dAks A Z A 9] o] 871X
7} dE AHow Az

o (]
i -

Black raspberry B2 S 8o 2 ALESAY, 02 ©
MAY, 5F712 ZolA] 20%, 40%, 60%, 80% ethanol®l
EH7HEH 900 mL F 4 125 g) 30, 60, 90Y F<F %
5 7z} A& Yo 3 monomeric anthocyanin %, poly-
phenol €% DPPHS} ABTS free radical scavenging ac—
tivity = —f—ﬂ 3ttt Ao Fefel Aaglo] 20% ethanol
S AME-5Fe] &3 7 9-o monomeric anthocyanin $H&F3}
polyphenol o] frol&o g vgity F=E7]3o] dojd
4+ monomeric anthocyanin $+%#} polyphenol &H&Fo] 7+
Adle A XYoo, 50% DPPHS ABTS free radical
scavenging activitye 20% ethanolol| 4] I &3k 7 9-of H]
WA Fol Fitslso] vyt olg AT 7344’3 E o
black raspberry & Al 20% ethanolS A <] 3l S0 & AL&-
stal A2 oAY vk E Ha glo] ¥ 2R ALES)

Aol &8 o), black raspberryd] 7}F A IE717t=
23 IHAMES Aoz Ay
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