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Antioxidant Activities of Rubus coreanus Miquel and Morus alba L. Fruits
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Dept. of F ooa’[ Science and Technology, Chonbuk National University, Jeonbuk 561-756, Korea
‘R&D Center, Daesang FNF Co., Ltd, Gyeonggi 467-813, Korea

ABSTRACT The antioxidant activities of extracts from Rubus coreanus Miquel (black raspberry) and Morus alba
L. (mulberry) fruits were investigated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, 2,2-azino-bis-(3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS) assay, and reducing power assay. Aqueous mixtures of ethanol, methanol, and acetone
were analyzed in order to determine the most effective extraction solvent for the two fruits. Black raspberry and
mulberry extracts with the 60:40 acetone-water mixtures (v/v) showed the highest DPPH radical scavenging activities
(56.2 and 85.2%, respectively) compared to the other extraction solvents. The 60% acetone extract was finally selected
as an extraction solvent and then sequentially fractionated according to solvent polarity. Among the fractions of the
two fruits, the ethyl acetate fraction showed the highest antioxidant activity as well as total phenolic and total flavonoid
contents. In addition, there were high correlation coefficients between antioxidant activities and their contents. The
ECso value of the ethyl acetate fraction from mulberry fruit was 2.2 times lower than that of butylated hydroxytoluene
(BHT) in DPPH assay. The major phenolic acid and anthocyanin of the two fruits were protocatechuic acid and cyani-

din-3-glucoside, respectively.
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oA tol] A8k BR2(Rubus coreanus Miquel fruit)
9} @Y (Morus alba L. fruit)= A5 172 el A 2009
of ik AL Fdste] T4xdx & F, o] & 150 pm&E
4 (Single type stainless roller, Shinpoong Eng. Ltd.,
Gyeonggi, Korea)sle] AF&3}3It). 2,2-Diphenyl-1-
picrylhydrazyl(DPPH), 2,2-azino-bis-(3-ethylbenzo-
thiazoline-6-sulfonic acid)(ABTS), Folin-Ciocalteu re—
agent, butylated hydroxytoluene(BHT), gallic acid, pro—
tocatechuic acid, p—hydrobenzoic acid, vanillic acid,
syringic acid, p—coumaric acid, ferulic acid, salicylic
acid, rosmarinic acid 53 &2 A2k Sigma-AldrichA}
(St. Louis, MO, USA)ell A 43kl om, 1 vpe] AJoFE2
analytical grade® 943t AR&-3ISltt.

wALel e rlo] ksl &4 Aol ARt FE8 e
= } 225 gol 20~100%(v/v)<e]
ethanol, methanol ¥ acetone F&-&v 250 mLE 717t
A7 ato] Lo A 12A17F wREEE 3o Whatman No.
4(GE Healthcare Bio-Sciences AB, Uppsala, Sweden)
& AHgSte] o FetE AA S 23] WGl o, o] o 7ol
S Rof 500 mL2 H&ste] A RE ARSIl
EEAL QY9 2FEELS HEAY 29 £ 1 kgol
60%(v/v) acetone 10 LE H7}3to] Aol A 12413 gk
gk $of] ¥ (Whatman No. 4)3h= IS 38 AT

o oJ3og moA A0°CNA 75t wE] SulE AAT
Fol 5A0Z AT B t)e] 2FZE60%, v/

1
v, acetone extract) &
o, HExeF oo #8152 FAAF & HEAle U9

ZFZE 120 goll 77 1.2 LE 3H718te] d2dlA 124]

. l
ol AAT Foll BAAZ AYT) BEAS or] LHZ
o] FES HEAVE 247 1.2, 0.3, 1.4, 17.1 2 78.8%

Z Il=d sietE ¥ & E2tELolE EE =H
% &4 3}3E $FER(total phenolic content)<
Dewanto 5(14)9] WHE o883tk A5 0.1 mLol
Folin—-Ciocalteu's phenol reagent 5 mLE 3 7}3Fo] 18
ZF REEAIZ o)l 5% NayCOsz 3 mLE H7Fatgivt. ekl
A 1IAIZE o wr-g-A1 A 725 nm(UV-1650PC, Shimadzu
Co., Kyoto, Japan)olA H3=E FSA3IG oW, gallic
acidg XTEAE AMEste] A4S AFFdo s S
At $o FE2EY F ded SHE FFS FEE mg
g gallic acid® YeE AT

% Zd}lH -ol= $Fek(total flavonoid content)L Jia &
(15)2] W& o] &3}3th A5 500 pLell 5% NaNO;
75 uLg FH7tste] Ag2elA 53 REEAIZ Fol 10%
AlCl; 150 L& #7Fakgich. o] &<4el 1 M NaOH 0.5 mL
Z5H5 275 pLE #71EE Fo] 510 nmoll A SHES
43}, cateching XTELZ AFE-3te] 23t
FHoZ S A T FEEO F HEA I3F
B

F%E mg9 ng catechin®® YERYRITEH
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DPPH assay< Brand-Williams 5(16)2] %S o]
stdth. Al 9 0.2 mLell 60 uM DPPH €9 2.8 mL
H7rske] ehaell Al 30@3F WEEAIZL ol 515 nmellA &
ZE S48 en xR BHTE AHE-sH%ith. DPPH
radical 27 % DPPH radical®] 3 =5 50% 7aA]7]
= Qa3 AJF 9 F%(the half maximal effective con-
centration, ECso, pg/mL)E Th2-2] 2]o] o]sle] dojx 2
IE WAH oz Aitstel vYEY AT

DPPH radical scavenging activity (%)=

ol it oo

(Absorbanceconiro — Absorbance sampie)
Absorbanceontrol

ABTS assay© Arts 5(17)9] WS o] &35t A&
ol 30 pLoll ABTS radical cation €9 3 mLE #H7}514]
Ao A 7TEZE S AIZ] Fo 734 nmoll A SHEE FH
stolon, fx752= BHTE ARE3IATE 4 Al A4
ABTS radical cation €92 7 mM ABTS £ 2.45
mM potassium persulfateS 3 7}3F $of koA 12A]3F
o AoA Hste] HFErR7l 2.45 mMl ABTS

<100
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radical cation Mg Axstgon, A A 2.45 mM
ABTS radical cation €% 5 mM phosphate buffer sal-
ine(pH 7.4)5 #7138k 734 nmoll A &3 =7} 0.70+£0.02
7} H =5 g4 ste] A&t ABTS radical cation 427
s 2 ABTS radical cation®] 3 %=E 50% #HAA7]=H
83k A5 F%(ECso, ng/mL)E th&9o 2ol 23t
ol A3E o R Astste] YEATH

ABTS radical cation scavenging activity (%)=

e e o
N

(Absorbance conwrol — Absorbance sampie)
Absorbancecontrol

Reducing power+ Ovyaizu(18)9] W¥ S o] &3t}
A& 1 mLol 0.2 M phosphate buffer(pH 6.6) 2.5 mL%}
1% KoFe(CN)s 2.5 mLE #7}38le] 50°C water bathol] 4]
205-7F vk A AT}, o] HkS-dlof| 10% trichloroacetic acid
2.5 mLE 37tste] 9A4E2(2,200X g, 5+) & F-o 45
NG H3ich o] A5 2.5 mLoll SF/FS 2.5 mL9 0.1%
FeCls 0.5 mLE #7}3}e] 700 nmol A &3 =S 43K
o hEFE+E BHTE AHE39 Y. Reducing powers
A= R "o} TR ] FFEe] Aol 2 YERISl e
™, reducing powerol| A Wh&d o] FF =7} 0.57} H=H
g AR F2(ECs, ng/mb)e S4E A5 Uity

o2 Askate] e

<100

Phenolic acid®2} anthocyanin =M

Phenolic acid &2 Abdel-Aal®} Rabalski(19)2] =
W& o] 839tk 7F Al Z= HPLCE Weh28 A3 5
mg/mLe] FE=&2 &3]3k Fo 0.45 um syringe filter® <
Fato] A ER AT Als FYFS 20 uL, 29
2 supelcosil LC 18 column(25 cm*4.6 mm, 5 pm,
Supelco Co., Bellefonte, PA, USA), ¥ &%+ 25°C
D F452 1 mL/min®] AT} °]5 4 6% formic acid(8-7l
A)9} acetonitrile(f1] B)o]$l 2™, gradient program<
0~35%2 &vl AE 100%°1A 82% = %4, 35~40%2
Sl AE 82%% 4], 40~42%-2 &1 AE 82%c°lA]
100%% <7} 42~60%<2 &) AS 100%= frA8kA
Asltt. 7E7]+ photodiode array detector(PDA,
waters 2998, Waters Co., Milford, MA, USA)E A}-8-5}<]
protocatechuic acid®} p—-hydrobenzoic acid= 260 nm,
gallic acid, vanillic acid % syringic acid® 270 nm,
p-coumaric acid, ferulic acid, sinapic acid, salicylic
acid ¥ rosmarinic acid 320 nmolA AZE3IAT

Anthocyanin 42 Kim 5(20)2] %S o] &3}
7} AliE HPLCE We&S AH&3te] 5 mg/mLe] &%
La)5 3o 0.45 um syringe filter= o] ¥}8lo] EAIAF 2
AFE3F9 a1, HPLC system< Futecs NSG-Series(Futecs
Co., Ltd., Daejeon, Korea)E& AF&3F3 T A8 FUFS
20 pL, Z¥8-& GROM-SIL 120 ODS-5 ST column(25
cm*4.6 mm, 5 um, Futecs Co. Ltd.), Z# &%+ 35°C

2 42 1.0 mL/min°| At} o] 542 water : acetoni-
trile : acetone : phosphoric acidg 81.7:8.4:8.4:1.5(v/v)
2 233 gulE AF8eksla, HE 7]+ UV detectorg AF
£3}e] 530 nmolA HAEIF T TFEZ LS cyanidin-3-
glucoside, cyanidin—-3-rutinoside, pelargonidin-3-glu—
coside % peonidin-3-glucosideS A3}t

SHEN
7 AEL 33] W Aste] 942 AHE SAS FA X2
I3 (ver. 9.1, SAS Institute, Cary, NC, USA)S o] &3}
) EFHAE GERATh 2 A R3]
0.05 F=olA one way ANOVAR FAIRA3 Fo
Duncan's multiple range test® B3} ow % 4
SIRHE, & EtRolE, QtEAOMY T3 22 gits) A
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Ethanol, methanol & acetoned] =F45 7138t
Ak oFket 5 =(20~100%)2] aqueous SHj = FZE3)
15709 &=k} o] FEMe] DPPH assay 4A¥3= Table
13} o}, DPPH assayt DPPHY] free radicale] 333}
S 7HA L = BEZAA AAE WoFi A= A
SIRES-& o] &3t Ao R ksl Aol EAlEkE
kg A=A 9 kst G4 S st F2 AMEdrt
) 0

(16). EH-=}9} ov] FZE Mo DPPH radical &7 %< zHzt

o olo
B

Table 1. DPPH assay of various aqueous extraction solvents
from black raspberry and mulberry fruit

h Solvent. DPPH assay (%)

Sample’ concentration

(%, vIv) Ethanol Methanol  Acetone

20 44.140.1%% 42.240.1° 48.6+0.4°

Black 40 46.810.1: 43.2¢o.2‘: 52.5¢o.3:

raspherry 60 50.00.1° 48001 56.2:0.0°

80 48.2+0.1°  47.6£0.0° 54.240.0

100 38.2402°  45.1+0.1°  9.240.1°

20 65.940.4°  68.3+0.3° 72.6+0.1°

40 72.6+0.6°  73.4+04° 77.9+1.1°

Mulberry 60 76.0£0.6"  74.4+0.3" 85.2+1.0°

80 74.040.1°  78.4+0.1*° 81.9+0.6°

100 38.3+0.7°  72.840.1°  9.4+0.3°

"The concentration of sample is expressed as 2.5 g of black
raspberry and mulberry fruit per 250 mL of each extraction
solvent.

?Values are mean+SD (n=3).

Different superscript letters (a-e) in the same column indicate
a significant difference according to Duncan's multiple range
test (P<0.05).
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9.2~56.2%%} 9.4~85.2%°] W= vr&etA Hebg e,
aF % 60% acetone &8 FE3 HE2Lel ot 5
o] 7Y & 245 Bt FE8 2=
100%2] dd-grjr gddgrd F/HTE H71s 60%2
80%2] FxolAM, FZEH 2= acetone £l A 73
ksl 8-S Bolon, BEEzF FEQHET o] FE 99
DPPH radical £27%0°] ¢k2S st} ojz)st A3

= FE&819 F=¥ DPPH assayolA] Z82F 75% etha—
nol F&Eo0] EEA} 100% ethanol =21t} 1.1v) 73+
248 29 50% ethanol F&&°] 2Y 100% ethanol

ZZ2ERTh 1,94 743 248 nygtiE Aol §AFES T
(9,12). =3+ =818 DPPH assayollA = HEA}F 75%
acetone FEE°| HE4 80% methanol FE &1t} 733t
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4o 2 DPPH assay, ABTS assay % reducing power
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Table 2. ECsy values of various extracts from black raspberry and mulberry fruit

2.t] 60% acetone
7V kst &do] Frtske

1.9 2 1}(data not shown),

219 60% acetone

3& e

A &

& o7 7

A

pil

o o Az ooX A F
LY M
03: —lN'

=5
o
2

Eh

=
SR

B2 YET ol 7]
© ;ILH%UHE _’=,'—§1 O}L-_
d shgkEo] &3t

tate I EA 7 EA L}E}%E}b
(24,25). E3] 2.t] ethyl acetate
reducing powerol| Al thZ7= A}

oF 1.29) w2 ECxo k2 Kol 71

H®2F 60% acetone F
FZEHT DPPH assaye
ABTS assay= 1.1, reducing power+= 1.28] 2 ECso
e vEldo] & AA T Ak Ak Bt Ak
FAHRZE U272 AREE BHTZF 117.5~152.7 pg/mL
o] WMo A ECso #tS HEFNR O HE
acetone F=%9| ECso at 47 813.4~1,422.1 pg/mL
9} 481.9~1,349.8 pg/mL= thz7ol Hla vt aats} &

[e)
R

oF 3tH23). wheba] A 7HA] ] v

)
SRS ALgstel Garsl B4 L

1l

E X
S4=
=5

ECs0 %t DPPH assay°lAl water>
- butanol> chloroform> n-hexane> ethyl acetate 3
B 92, ABTS assay®} reducing powerel| A water>
chloroform> n-hexane> n-butanol> ethyl acetate ]
shgith Wil et & EH ECs w2 Al
7FA] &aksl EA oA n-hexane> water> chloroform>
n-butanol> ethyl acetate -8 & To & 7FA3}o]
e g8 240 ebde o tegot, 7}
33 35 B B
KN

o] X5 ethyl acetate
2 Aol Ao AB
o] B3] gt
3 adojup

ECso value”

(ng/mL) of antioxidant activity

Sample DPPH assay ABTS assay Reducing power
Comparison" 144.6+2.47 152.742.5 117.5¢1.0
60% acetone extract 813.4+22 4™ 1,422.143.8° 870.6+5.7°
n-Hexane 251.4£7.2° 966.1+£21.0° 465.3+1.5°
Black raspberry Chloroform 322.1ﬂ:6.3: 1,097.2&:18.?° 566.7i13.f6°
Fractions Ethyl acetate 166.2+2.9 339.4+1.4 176.5+£0.2
n-Butanol 333.9+1 4° 666.7+10.9° 400.2+5.2°
Water 629.9+3.5° 1,716.0423.7° 1,277.3+4.8
60% acetone extract 481.9+5.9¢ 1,349.8+7.74 745.9+5.2¢
n-Hexane 3,984.3£18.9° 7,462.6+34.2° 4,962.0£26.3"
Mulberry Chloroform 694.9i4.2i 1,692.0i5.0: 866.3i9‘3:
Fractions Ethyl acetate 64.9+1.5 210.7+0.6 101.9+1.4
n-Butanol 430.0+8.1° 846.046.5° 591.0+3.3°
Water 1,711.9£4.4° 3,955.6+26.7° 1,719.0+8.7°

1)Comparlson is butylated hydroxytoluene (BHT).

YECso values are expressed as the effective concentration at which antioxidant activity using DPPH or ABTS cation radicals were

scavenged by 50%; absorbance was 0.5 for reducing power.
Values are mean£SD (n=3).

“Different superscript letters (a-f) in the same column indicate a significant difference according to Duncan's multiple range test

(P<0.05).
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o] HEA} 60% acetone F+=%(55.1 pg/mg)Ht} 1.4%
Al vEbsT) o= O~100%-°4 ethanol ¥&= HExF 5
=9 F HsEAd =T F SR xolE ol 77
48.8~67.1 ng/mg3 18.3~23.9 ng/mg, 2.t FFH 80%
ethanol FEE2 F H&A IJFEY F SR eol= 3
2ko] 247} 9.9~22.5 ng/mg¥ 1.3~3.4 pg/mgel &= 71E
o] Az}o} v)n3hH, EEA}F 60% acetone FE =
4 StEe e WAR & ZetH olE i%%k% =
UEeEh o, 9t] 60% acetone —?%%8 = d=4 I3FgE
I F ZE o= 3hgFo] BF FA| YEHTHO,11). 21
60% acetone FE&2 OPE/\]C‘]—” SheF 23k 7)o B
H 29 100% ethanol F&=2] StEAold &5(0.5 pg/
mg)oll Bl 2F3F =2 S JER I UH1I).

HEA Y EE 34 2
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Table 3. Total phenolic, total flavonoid, and anthocyanin contents of various extracts from black raspberry and mulberry fruit

Sample Total 1E)henolic Total 2ﬂavonoid Anthocyanin content
content’ (pg/mg) content” (png/mg) (ng/mg)
60% acetone extract 24 44147 29.9+0.5° 0.8+0.0°
n-Hexane 57.2+0.8° 48.7+£0.3° 0.1£0.0°
Black Chloroform 50.3+4.2° 37.6+0.2° NDY
ack raspberry . a R
Fractions Ethyl acetate 243.342.8" 140.3+2.6 0.6+0.0
n-Butanol 83.6+4.2° 64.2+0.1° 1.8+0.1°
Water 11.4+1.4° 18.2+0.2 0.3+£0.0°
60% acetone extract 41.842.1° 35.5+0.2° 0.620.0°
n-Hexane 11.3+0.67 10.6+0.1° ND
Mulberry Chloroform 34.2+1.4° 30.6+0.2° ND
Fractions Ethyl acetate 373.9+1.5° 256.8+1.1° 1.5+0.0°
n-Butanol 64.0+0.7" 57.3+0.5 0.7+0.1°
Water 22.0+0.4° 14.8+0.1° 0.6+0.0°

])Total phenolic content expresses as pg gallic acid equivalent per mg of extract and fraction.
Total flavonoid content expresses as pg catechin equivalent per mg of extract and fraction.
Values are mean+SD (n=3).

YDifferent superscript letters (a-f) in the same column indicate a significant difference according to Duncan's multiple range test

(P<0.05).

ND is an abbreviation for not detected.

Table 4. Correlations coefficient between each antioxidant component content and each antioxidant activity for various extracts
from black raspberry and mulberry fruit

Regression analysisl) at an extract concentration of 100 pg/mL

1
Sample DPPH assay ABTS assay Reducing power
60% acetone extract
Y=0.146X,+5.725, R=0.95  Y=0.191X,+12.961, R=0.99 Y=0.004X,+0.161, R=0.99
n-Hexane
Black _ Chloroform —§_ 50o% 11,002, R=0.96  Y=0.369X»+7.083, R=0.99  Y=0.007X>+0.045, R=1
raspberry  Fractions Ethyl acetate
n“']]:gran"l Y=9.211X5+11.668, R=0.46  Y=7.070Xs+23.673, R=0.29 Y=0.077X5+0.412, R=0.16
60% acetone extract
Y=0.154X,+4.804, R=0.97  Y=0.063X,+2.988, R=0.84  Y=0.001X,—0.019, R=1
n-Hexane
Mulberry . Chloroform 'y 531% 13753 R=0.98  Y=0.095X,+2.246, R=0.86  Y=0.007X,— 0.045, R=1
Fractions Ethyl acetate
n-Butanol » _ _ _ _ _
Wator Y=35.390X;— 1.216, R=0.89 Y=15.663X;—0.176, R=0.83 Y=0.290X;— 0.049, R=0.86

UX,, X», Xs, Y, and R are total phenolic content, total flavonoid content, anthocyanin content, each antioxidant activity, and correlation
coefficient, respectively.
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