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Abstract : The black raspberry (Rubus coreanus Miquel) contains anthocyanin, tannins,
gallotannin, gallic acid, ferulic acid and phenolics. It brightens the eyes and protects the liver and
kidneys. It was effective for anti—aging. Thus, the purpose of this study was to inform the
excellence of black raspberry and to screen antioxidant activity to ensure the possibility as a
functional material. In this study, bioactive compounds in black raspberry were determined.
Additionally, black raspberry was extracted by CM (chloroform:methanol, 2:1, v/v), 70% methanol
and 70% ethanol, and were investigated and compared in vitro methods. Total phenol and
flavonoid contents were measured to compare each different solvents. In addition, DPPH radical
scavenging activity and ABTS radical scavenging activity, ferric reducing antioxidant power,
reducing power were determined to measure the antioxidant activity. The results were the highest
in 70% ethanol extracts, and the higher the concentration showed a significantly higher antioxidant
capacity. When observed the relationship between the study, antioxidant activity of black raspberry
was supposed to affect by the anthocyanin, phenol and flavonoid contents.

Keywords . black raspberry (Rubus coreanus Miquel), Bokbunja, antioxidant activity, anthocyanin,
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Z|TL reactive oxygen species (ROS)¥} Z-2
AFet djabitEe] w3te] Yglos HiHof whe)
ROS 9 free radical& AAT & e AA &
et 249 ave Skt Tl AEA S
4G olaF YAHES] oA A, aaet F2 B
T 7]Zte] dE o] QlojA AEAoA F4tet
24E g4, Afste A2 FaT 9uE Ad
o 2], o]t AEA FolMk HlERe=
polyphenols, phenolic acids, flavonoids 2
carotenoids &&o] =& Mgt ofyz} vitamin B
E3+=7} vitamin C, anthocynin 5 o2 A&
AEES ot glo] olHg AAFEES
AujellA o] WMoy 218 #Hikeh, DNA
&4 52 do7]= ROS ¥ free radical A|A
& 4 e YT ol it Ao A8 Sl
AGEHES dstke Aoz deiA A3l
1 % BEX(Rubus coreanus Miquel)= a4
(Rosaceae)oll &dt= Y9 €94 BHo=z 99
el e AT W ERAR, SEAE o
2, m=, §8 59 i 50~1,000 m AH9
g Al sk S~6doll At A
o] #i1, 7~8de] iyt A==, I
e 531 F2H02 o2 3 HAHES Moo=
hspEfo] ©utat Alnk, =53 2 712 9l
zolge GuiE Fetsto] Algst QioH4l ¢
ARz G FHoME AN CR Rubussk
A& oF 2000F9 nlAds S VIR AL 3l
Hof| Tl Ag FRAE Aolste] A 5
T Z2 oRgor Holil Qi Huete &
T ol ARgst QIoHSl FET =oALk
Rubus & 2&9 dWig W5FE7]F(raspberry)
2 FA5HH o] &of &oh= AE2 40091F ©]
Aol ekl ghei(6]. oFE Koty && HA ot
W = A ofal bt S Besh oS
7 skl HIE hgolAdE 71E okl 55 Tt
HA sk WS A5t oS WAl st
it & Sl s EolH MRS FHSH st &
¥F A= 5 B2 852 7He o= HilE
o UATHTL. ol=dt EEAY] JYdRCEE F
71491 At A, Zgel FHSHH 5S| citric
acid ¥ astraglin® -2 7|4k Hgly C7t
Wol Zglr|o] W tannins, gallotannin, gallic
acid, ferulic acid, protocatechuic  acid,
epicatechin, ellagic acid 123 anthocyanin®]

o)
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LB et s

[e)
<
2t gdo] atst 409l HeskdEel 9
2 At qAZ-g[10], AE 2
(111, 9193 Fotels el izt d9F
w12l 522 FE2C] A% duAE f
23 HAF7HI3] Tl B

NO gase g ki
Hol glot. WHe] BExks fuide FE% &
732 g

2 AFoAEe BEAE] chloroform:
methanol (CM, 2:1, v/v), 70% methanol, 70%
ethanol®] |u¥ =2 ZZE3}o] anthocyanin, total
phenol, flavonoid &&-& ZAstal, 4kt 53
(DPPH  radical activity, ABTS
radical scavenging activity) 2 = (ferric

scavenging

reducing antioxidant power, reducing power)=
Zxole] BEAe] 23 golo] whE sl
= Hluste] AgEEd on A7 AE
e mHom clse] 4v HEHE olw
lofl Hiet 7|2A=s AAde=s dd FAiFe
o] olg 71sAe ARstna shoich
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2. M= ¥ UH

21, H8 =

2 Afo AHEE A= 20159 9Y HE R
A AT EBER(Rubus coreanus Miquel)
EME FEAZAA AT A AlSol F+dst
o] deep freezer (DF-8514, Il-Shin BioBase
Co., Daegu, Korea)o|4 -80C=E HIsIH AL
Ripss

2.2, NB9 F&

AR F&22 52 AFHE B2 2 100
g= F3l chloroform:methanol (CM, 2:1, v/v),
70% methanol, 70% ethanol & Z+ 109} 7}
St (1:10, w/v) 24X7H4 23] F&E3 F o1t
(filter paper, Advantec, No.2, Tokyo, Japan)st
Aot. FEEE2 rotary evaporator (Hei-VAP
Advantage, Heidolph, Germany)& ©]-&3sto] 4
0ColA St sFste] 8mME AAT =, Ad
of AHgottt AlRS g2 FE A ANE F
g gt F& & A T WEE®E UE

.
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2.3, Anthocyanin &2 &3
BB29] anthocyanin ¢S pH-differential

RS WYgdstel SAsAH14]. &, dxE &
Bz Bab 05 go]  methanol-1 M HCI
(85:15, v/v) 15 mLE 7}sto] 308 <9 =3t
H ojiste] B4 ARR ARESHETH AR 1.0
mLe] 0.025 M potassium chloride buffer (pH
1.0) 3.0 mLE 7ot & o Ayl A=
1.0 mLo] 0.4 M sodium acetate buffer (pH
4.5) 3.0 mLE 71t & Ao 2047t A5}k
UV/Vis spectrophotometer (SP-200, Analytik
Jena Co., Jena, Germany)E AH8ste] 510 nm
% 700 nmold FHEE 57 shelch, Hiao)
anthocyanin 32 cyanidin—3-glucoside®] &
BBAS(€=26900 M 'em )& o]&3te] A4
ST 5],

2.4, Total phenol &2F &H

Total phenol &#-2 Folin—Denis' ¥#H< #
gste] APstATH6l. =7 FEH 0.5 mLof
S5 4.0 mL2 21, Folin-Denis reagent 0.5
mLE 71t &, & 4o 3BT A2 WA H
10% Na,COs solution 0.5 mL2S #H7lste] A
o 1A1ZF gt & 700 nmoA SFEE
ottt BEFHRE caffeic acidE AFESHA A
2 1 gd& mg CAE (mg of caffeic acid
equivalents)2 WEFHSICH

N
ox rlo

AN

[

2.5. Flavonoid &2f =X

Total flavonoid $F2 A& F&4 0.5 mLo|
10% aluminium nitrate 0.5 mLe} 1 M
potassium acetate 0.5 mLE ¥ %, 80%
ethanol 2.0 mLE 7loto] & 283t & 408
7t Ao ®A]ste] ¥-EAIXl & 415 nmollA &
FE e ZAHSEH1T]. o] W EEEAHQ

lg
Al

loJ

querceting AMRS] HEFAS ZAste] A=
g mg QE (mg of quercetin equivalents)=
wrshec

2.6. DPPH radical scavenging activity &3

DPPH (1,1'-diphenyl-2-picrylhydrazyl) radical
scavenging activity= Zt 8 B A= FEF
0.2 mLe} 0.1 mM DPPH 2.8 mLE =%
FAA 3027 BEEAIZ] & 517 nmollA
L5 ESA4st] dEidlth 4 Am =
free radical scavenging activity:= Al2& 3

o

Fet

10 ofd

4o gl oL

N

B22 Fuf(Rubus coreanus Miquel) @] 3H4tst &4 4 A=jgd=4d 3

2] ¢F& blank9] &FZ7t 50% HASt=dH 248
g AB9 ®xel ICs (50% inhibitory
concentration) 22  AWNE  EA|SFACH18-19].
o] wfj FA HwE 95}o] controlZ ascorbic
acidg AHgsty] 22 ez 3= E 4ot

k.

2.7. ABTS radical scavenging activity &3

ABTS cation decolorization assay©ll 2|3t
W20l wWdste] ABTS (2,2-Azino—bis—3-
ethylbenzothiazoline—6—sulfonic acid) radical<
ol-gqt 4tee A& Agslth. 7 mM
ABTS®t 245 mM potassium persulfateE 1:1
W/v)el HIER 4lo] 16A17F &9t ool ®A]s}
o] ABTS radical& FAAIZ] &, ethanolZ 3]4
sto] 735 nmoflA SFE Frel 0.70(£0.02)°]
g okt FAE 84 3.9 mlo Alm =
N 01 mLE Y2 & 108 H 734 nmoA &
FEE =AYt Control2 ascorbic acidE
A28t 11 ABTS radical scavenging activity=
WEe= SHbste] FAISHI

2.8. Ferric reducing antioxidant power
(FRAP) &3

FRAP 742 &d=E o]&oto] Pt
ZHAol= "WHHR21-22]22 0.3 M sodium
acetate buffer (pH 3.6)7 10 mM 24,6-
tripyridyl=S—triazine (TPTZ) solution, 20 mM
ferric chloride® 10:1:1 (v/v/v)E2 E%ste] A
A A-of| A5t ARESHATE Alm 2R 0.2
mLo|| FRAP reagent 3.0 mLE 7}t 3087t
water bathol] WFA|gt FH 593 nmoA STEE
=43t 0H ferrous sulfateE o]-&3sto] HTFA
= % & FEHFE BASHATE Control
ascorbic acid& ARgSFTt.

2.9. Reducing power &3

EE2to] gufE FEEY WE  reducing
power®] 542 7 Alm F& 89 1.0 mL °f
0.2 M sodium phosphate buffer (pH 6.6) 1.5
mL®} 1% potassium ferrycyanide 1.0 mLE 4
I 50C9] water batholA 2087 ¥H-g AJFch
HFSAIZ] St o] 10% trichloroacetic acid 1.5
mLE 7F5to] 42 % 3,000 rpmell 1027 94
st E8E A5 1.0 mLE FF4 3.0
mL I3]3 0.1% ferric chloride solution 0.2
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mLe} & EAA 108 T 700 nmolA FL=
& EA5FATH23].

2.10. A w2

Ad  HolHe 33 RHE
mean+SD (n=3)0= FHSIYct 3 AY &
7H]  f9AHQl Zol= one—way  ANOVA
(analysis of variance)2 &4 gt H p<0.05 5=
o] Duncan's multiple range test] ¢3to] Zt
FE 7O {8 HESHIT BAA A gt
Z2 32 [BM SPSS statistic ver. 225 AFgS

k.

3. 4y 9 nE
31. & 8
ERB2H(Rubus coreanus Miquel)] chloroform:
methanol (CM, 2:1, v/v)@ 70% methanol &
70% ethanol®] % 4~&-2 Table 1o YeHS
th. Zt guid F&F &2 70% ethanoloA
72.52%= 7Y% =7 Jed1, 70% methanolol
A 66.60%, CMOIA] 32.56% <=0 & UrERgtTh

LB et s

3.2. Anthocyanin &H2f

EBRB7L Bato] anthocyanin &2 Table 13}
Zo] 156.5240.79 mg/100 g DW (dry weight)
2 Yyepgrh. Anthocyanine 41 24 59
AL et AEAY 84 A Aag Al
SN, o], e dd T at Qe

Aog oddA  QIrH24]. H2FT 1.12+0.02
mg/g[25], =542 < Vaccinium
corymbosum L. (Northern Highbush)

129.2£3.2 mg/100 g[26], 2"z} 340.4 mg/kg
= Hiwo] QIoH27]. whetbA, & dddold EE
2} Bl anthocyanin &S olHth £& ZAo
= 1= ]I

3.3. Total phenol &HZF

EE2Ro] g F=E5olA9 total phenol 9
2F2 Table 1o YEHA 2™ 70% ethanol =
EollA 42.9340.82 mg CAE/go 2 71 =7
ugky, 70% methanololA  40.47+0.83 mg
CAE/g, CMellA 23.43+0.15 mg CAE/g +<
2 CMOA 71 @2 grez #EEQ. Ak
k2] acetone/methylene  chloride ~F&E3}
methanol HEYEA Z+7y 4.53+0.13,
27.2240.83 TAE mg/100 g[28], tZe] wgte
F25 326.46%1.97 mg®h[29]2 EEAS] total

Table 1. Contents of anthocyanin, total phenol, flavonoid and ICsy values in the antioxidant

activity evaluation assays of black raspberry (Rubus coreanus Miquel)

Assays

Black raspberry powder

Anthocyanin content (mg/100 g DW?)

Extraction yields (%)

Total phenol content (mg CAE?/g)
Total flavonoid content (mg QE/g)
DPPH” (ICsp, mg/mL)

ABTS (ICsp, mg/mL)

FRAP (ICsp, mg/mL)

156.52+0.79

cMY 70% methanol ~ 70% ethanol

32.56 66.60 72.52
23.43+0.81°°  40.47+0.83°  42.93+0.82°
20.87+£0.47° 32.82+0.14° 34,73+0.31°¢
2.674+0.312° 0.518+0.002°  0.478+0.006
0.446+0.010°  0.175%£0.002°  0.126+0.004°
2.41940.145°  0.658+0.001*  0.577+0.008"

D CM: chloroform:methanol mixture (2:1, v/v). 2 DW: dry weight ¥ CAE: caffeic acid

equivalents.
4

QE: quercetin equivalents. ¥ DPPH radical scavenging activity (DPPH), ABTS radical

scavenging activity (ABTS), ferric reducing antioxidant power (FRAP). © The values are

means*SD (n=3). Values with the different letters in the same row are significantly different

(p€0.05) by Duncan's multiple range tests.
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phenol ?tgo] ¥ w2 Zow Uetgon, Cho
S03019] EEZ 60% g2 FEES] total
phenol o] 41.3 mg/gl 2 HIH Aoz H
of # AR e FAR Aoz ehirh

3.4. Flavonoid &tZf

BE2rel 7+ gu) F=E=<lA flavonoid
2 Table 1¢] Yetlo™, 70% ethanol &
EoA 34.73£0.31 mg QE/g, 70% methanol
%%Bo0] 3282+0.14 mg QE/g, CM *&E
20.87+0.47 mg QE/g2Z total phenol =Fe]
At vt FAor &4 HAMh Kim 5
[31]1¢] AoF methanol FEE % v (Curcuma
longa L) 1431+0.00 mg/g,  HEA
(Belamcanda chinensis (L) DC.) 12.02+1.44
mg/g, Mz (Saururus chinensis (Lour.) Baill)

ook
o

23.90+0.36 mg/g, X Z(Leonurus japonicus
Houtt.) 20.35+0.36 mg/g 522 HuH A}
v gle w 52249 flavonoid &2 ¢ &
o 479 Ao ek

3.5. DPPH radical scavenging activity
B&2zrel 7+ guid  F=E=3 controldl
ascorbic acid®] DPPH radical £275& Z 5%
HZ H|wet AE Fig. 1o YehiL, [Csat
2 5t Table 1] Yepiglct. Z+ Sufd
Z£52 0.2, 04, 0.6 mg/mLe| FE2 Txo] =
A A sk ot Hxp fo¥o=
(p€0.05) radical &271%5°] F7tst= AT YA
tt. 70% ethanol FEEINA ¥z Z+Z
24.58+0.15%, 41.02+0.29%, 59.55+£0.50%=
FEE 3o M =2 2A5E BYeH, 0%
FEE| 22.51£0.24%,
38.38+£0.44%, 56.85+0.06%°2 VLE}GO M,
CM FZEE°] 4.26+0.15%, 7.19+0.60%,
14.28£0.56%= 7zt 89 &= 5 7P B2
A27%5S B} ICso2 70% ethanol FEE3}
70% methanol FE&=A Z+ZF 0.478+0.006,
0.518+0.002 mg/mLZ =2 free radical £75
< Uy, CM FE59] 39 2.674+0.312
mg/mLZ 70% ethanol F&& Hlsl < 5.64)
O free radical A7%5E 741 = Aoz
el o] 23 Z2 ARgE AMEEH FE8
jo] S/l s AEdEdo] SalEE H=
7h gt AR Aolrt yehdthe Hiote
AR Aoz YERTH32].

e

methanol

B22 Fuf(Rubus coreanus Miquel) @] 4tet &4 9 A=lgd=4 5

cMa
W 70% MeOH
W 70% EtOH

mAAY

DPPH radical scavenging activity

0.2 mg/mL 0.4 mg/mL 0.6 mg/mL

Concentration

Fig. 1. DPPH radical scavenging activity of

—

various extracts from black raspberry
(Rubus coreanus Miquel).

Y The values are means*SD (n=3).
Bars with the different letters are
significantly  different ~ (p<0.05) by
Duncan's multiple range tests. ? CM:
chloroform:methanol mixture (2:1, v/v)
extract. ¥ AA: ascorbic acid.

3.6. ABTS radical scavenging activity
EE2Zo g0 5 FEE° ABTS radical
2752 Fig. 20 Yepiglon, 1 Aol ot
ICsot-2 Table 19 EASFALE ABTS radical
aA%e 7t BE7L ol et gelxem
Z7FAtH(p<0.05). 1% 70% ethanol F&E<|

3 | 84.02+0.21%, 98.15+0.21%,
99.77+0.08%, 70% methanol FEEo|A

61.34+0.60%, 92.52+0.50%, 99.31+£0.00%=
0.2 mg/mLe] sEoA= 70% ethanol FEE2
A7Asol 8 e g4S vUstdley & sk
AMEe & Aol §lo] 23t radical 275 S
of. ESF control®l ascorbic acid®} H]|SgF

radical A£A%E  UEHATHE7.44+0.56%,
99.68+0.08%, 99.91+0.08%), CM FE&E2 &
oz 24.67+1.06%, 44.76+0.94%,

61.34£091%8 oE FE2 F B2 245
HEoh E3t IG5 2 70% ethanol FE=0]
0.126+0.004 mg/mLE &S AASS HYL,
70% methanol F&%°] 0.175+£0.002 mg/mL,
CM FEE 0446+0.010 mg/mLe] £o2 4
ehtth £ AQ Zd DPPH 47% 4t
ABTS 475 248 @AR] Aol Al of
SO At vsd A veds w1
[33]¢F AR Ao® e
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(%)

100.00

80.00

oM
60.00
W 70% MeOH

40.00 W 70% EtOH

man’

2000

ABTS raical scavenging assay

0.2 mg/mL 0.4 mg/mL 0.6 mg/mL

Concentration

Fi

—

g. 2. ABTS radical scavenging activity of
various extracts from black raspberry
(Rubus  coreanus Miquel).

Y The values are means+SD (n=3).
Bars with the different letters are
different  (p<0.05) by

Duncan's multiple range tests. 2 CM:

significantly

chloroform:methanol mixture (2:1, v/v)
extract. 2 AA: ascorbic acid.

3.7. Ferric reducing antioxidant power
(FRAP)

R 7t F=&E¢] W& FRAP Z7H:= Fig.
3o YEpilar, ICsy#t-2 Table 1ol Yefli it
HE FEE0A 4T 58ee sz {9
Zol zpol7b AARN(p<0.05) EEEZZ ferrous
sulfateE ARgSte] S4T FBEE AEAS &

o |
Asto] garet AT 70% ethanol F&EA 2+
oy 0.274+0.006, 0.515+0.008,

0.727£0.006 mM Fe?'= §2]4 0 2(p(0.05) &
A Yehgew, 70% methanol FEEO|A
0.2404+0.001, 0.449+0.010, 0.671£0.005 mM
Fe?*, CM F&5-2 0.073+0.001, 0.155+0.004,
0.237+0.007 mM Fe?'2 e Aoz el
a, ICsp> 70% ethanol FEEA
0.577+0.008 mg/mL, 70% methanol FEE&°]

A 0.658+0.001 mg/mL, CM FEEA
2.302+0.145 mg/mL o8  FTEECh

2,4,6-tripyridyl-S—triazine (TPTZ)& Fe**9} &
sto] 4ol Fe*'-TPTZ complexs FAI5}
o] ¥2 pH A HAgofso] = BEY
o A4Q F?'-TPTZE Shgujo] HMozm
AT Are BAO HAgel st HEoH &
o] FAtelks Aol 25 AFEETH34]. Hske

LB et s

[35] 498.0+2.0 uM Fe’'/g, E7|[22] 642.20
£M Fe*'/go2 FRAP AW HI19} uws}e
= ol B2 st o3t Zor Am

ok
(MM Fe?
= d
g 140 d d
2
P 120
Eu 1.00
" o
£ 080 b
'é = 70% MeOH
0.60 c
E b W 70 % EtOH
2 oa0 5
-E b € R u AN
= 020 5 : -
- a -
§
=

0.2 mg/mL 0.4 mg/mL 0.6 mg/mL

Concentration

Fig. 3. Ferric reducing antioxidant power of

various extracts from black raspberry
(Rubus  coreanus Miquel).
U The values are means+SD (n=3).
Bars with the different letters are
significantly  different ~ (p<0.05) by
Duncan's multiple range tests. ? CM:
chloroform:methanol mixture (2:1, v/v)
extract. 2 AA: ascorbic acid.

3.8. Reducing power

Reducing power= Zt g8 ZEE1}
ascorbic acid®] HL7} Z71ste| wet $-ojF o
2(p<0.05) FFE7t St Aes BN, 70%
ethanol FEEA ZF HEx¥H= (0.120, 0.222,
0.3092 =A Yerdoen, 70% methanol &%
oA 0.114, 0.199, 0.2642 =2 &S HYch
CM FZE2 0.051, 0.083, 0.1172 g4ist &
A AdEN AR vjud 32 SO
AFS HEAth ool wW2h  total phenol,
flavonoid @&Fo] =obglel wet apitsl 84 &
Zhobe, EFH TeE E3t mopfS ERIsHirt
1 A3} total phenol ¥ flavonoidet &4Hshs
e ABEAE = ¢ & deH, ol&
total phenol¥ flavonoid o] HI4E =2
AL FAAE HAttE Bl fARE Aoz

e TH36-37].
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(oD}
1.200

1.000

0.800 o™

0.600 H 70% MeOH

W 70% EtOH

0.400 [
b AL

0.200 b ¢ a

0.000

Reducing power (OD 700 nm)

0.4 mgfmlL

Concentration

Fig. 4. Reducing power of various extracts
from black raspberry (Rubus coreanus
Miquel).

D" The values are means+SD (n=3).

Bars with the different letters are

different  (p<0.05) by
Duncan's multiple range tests. 2 CM:

significantly

chloroform:methanol mixture (2:1, v/v)
extract. 2 AA: ascorbic acid.

4. 8 E

282+9]  chloroform:methanol (CM, 2:1,
v/v), 70% methanol, 70% ethanol |4 F&&
oA AjgdEd 9 PAiEt S48 dotra
HEAS Hiole JeA A 9@ AP A9
7HE HESH] flsto] & A¥s g A
SAAZX BEAR ETA anthocynin A&
156.5240.79 mg/100 g DW (dry weight) 2 =
< S A I, 7 guidE FEE
i5te] total phenol, flavonoid &%, DPPH
radical A7A%, ABTS radical AA%, ferric
reducing antioxidant power ¥ reducing power
£ =4 A3t 70% ethanol > 70% methanol
> CM F28 $£°2 70% ethanol FEE7%
70% methanol FE&EIA w2 itekso] W
Elgtt. E35] ABTS AA%NA 70% ethanol 5
=8 0.6 mg/mLE control?l ascorbic acid®}
ol5Ql Ffo]} glo] Ee P BHEES B
}. anthocyanin, phenolic compound,
flavonoids & AZAdEHL 11 o] ot g
AEtEAdo] fojdor JUtEE ZAorR T
Aot mEkA 2 dAF A BRG] 0%
ethanol®} 70% methanol F&&EofX
ST AR & TR QIlew HAAE

Hir
rlo
o
o

B22 Fuf(Rubus coreanus Miquel) @] 34t &4 9 A=jgd=4d 7

sl

8 2 7154 AN REE AR B8
e Aoz Azdd,

nd

s
an

o
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