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Antioxidant Activity of Ripe Fruit Components of Rubus coreanus:
Extraction Using Porous Polymer Resins
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Abstract This study was carried out to develop a method of removing unnecessary sugars and high-molecular weight
soluble components from water extract by using various highly porous polymer resins: these resins are widely used as
adsorbents for polyphenolic compounds. Each anthocyanin-rich fraction (ARF) that was eluted from column packed with
4 different resins (SEPABEADS SP207, 700, 850 and Diaion HP 20) was obtained from an aqueous extract of the ripe
fruits of Rubus coreanus, which is well-known in Korea as “Bok-bun-ja”. Among the above mentioned resins, Diaion
HP20 had the highest efficacy and provided maximum yield of the ARF. The ARF eluted from the column packed with
HP 20 exhibited the strongest antioxidant activity in vitro. Bioactive phytochemicals extracted from Rubus coreanus were
investigated using the on-line HPLC-ABTS®" system, and the resulting 6 peaks were identified as radical-scavenging
components. By using liquid chromatography-mass spectrometry, 5 peaks were obtained, and these were identified as
cyanidin-3-sambubioside, cyanidin-3-glucoside, cyanidin-3-xylosylrutinoside, cyanidin-3-rutinoside and pelargonidin-3-
rutinoside. These results indicate that the use of appropriate porous resin (Diaion HP 20) leads to an increase in the yield
of bioactive components and enhancement of their biological properties.
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sodium nitrite, sodium hydroxide, 1,1-diphenyl-2-picrylhdyrazyl
(DPPH), ascorbate, 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid)(ABTS)= Sigma(St. Louis, MO, USA)AIAl F¢)ate] ARg-a}
Gt F= 2 EA o] AL8-E+= methanol, ethanol® HPLCEOE
Fisher Scientific(Fair Lawn, NJ, USA), formic acid= Applichem
GmbH(Darmstadt, Germany)2.2%€ HPLCHoZE T35l AMS-
Stk @ ® IR oA AAE A3 FHEFEA HP-20,
SP-850, SP-700, SP-207-% Yiryoong Chemical®(Bucheon, Korea)
oA st ARSI

e BEA gGof] 1keoll S/ 10LE 76t &3] &3t
S ezt & AAlEE|(452xg, 30 minE B 2o A5
E FEE ETAE 250225%)S LSl &
IAEE 2g/10mLe] H=S 838 o o=
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207)2 2+t 3x30 cm@] Ao FZ13}L methanol® 83| AllF
3 U ZHFE ST AE S48 7 Aol FFA
A FHFO00mL)E F 4 2 7E IR EES T80
AAS - F2E] A EZES ethanol(1.2 L)E §E31%
o} 8558 71%5=(Biichi Rotavapor R-144, Donau, Switzer-
land) ¥ SA7AZHHE AA anthocyanin-rich fraction(ARF) 3,
HP20-ARF, SP-207-ARF, SP-700-ARF, SP-850-ARF& ¥31°oH
Z}7re] & (%)yS ARSI

@.

Total polyphenol &2 £X
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Fig. 1. Properties and application of synthetic absorbent (http://www.ixresin.com).
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Table 1. The yields of anthocyanin-rich fraction (ARF) obtained EMEENN QFt £ Z2|hE Y £ S2lEL0|E &k
from different synthetic adsorption resins =x57

Samples Yield (%) A BFEe 2249 da] ExH Sle 23 ke
SP 207-ARF" 3.97+0.97 o] =AM ThFe %Zg‘r S 7N SR eo|=9) &
SP 700-ARF 5.02+0.73 o] F/gelr}. ©]52 phenolic hydroxyl(OH)7 1S 271 ol
SP 850-ARF 2.41£1.02 i gl 71e A TZ}%TJr AA A, Fitst, F 5

HP 20-ARF 5.54+1.11 o] gkt AL 7HITH19).
YAnthocyanin-rich fractions of the ripe fruits of Rubus coreanus by 2 Aelde = FE= 48] ARP EAlsks < 219
using highly porous polymer resins = ey ZEld ol RS =4 dle] B welgth & 289
ol Uigt EFEFZE gallate/tannic acid/catechin 352, & &
WA (surface area)yS 7HA L Jom Algubdo] w9 ZTh(Fig. 1). R0z st EFEHZEE catechin® AHE-SIITE Table 2
Wepd 2o BA 5 BAR <1500Da0) A AW @ ol wi vig) go] 350 BB wt dE 8B Aolvh
Fglom §7 Sele] Seth St B FERS UoR  Fulshl UEhdor] g Bel o883 Ut cawching 713
SIS BAFAAL 187 BHE ANAUT, @ 48 AAE 02 AL o /9 L Eelsl gEel HEHRSH 5O
Table 19 JERNSATE Z tannic acid, gallate A1 AES BATH AT 3% BFE

& 325 209 SP 850 48.13mg(2.41%), SP 207 79.39 E4d BFA 459 ARF= & FEE9 18] 10-208] 712
P

mg(3.97%), SP 700 100.36 mg(5.02%), HP 20> 110.80 mg FEIT Yo, o1 F S
(5.54%)% JERT BEAC] 95 HP 20-ARFZF 7P 80] = = FFEASS Slsn

850-ARFollA 71 s34 2o

= TGS & < AU Ity F EEhE 0= R Table 20014 H= mpel 3o

Table 2. The total polyphenol and total flavonoid contents from ARC and ARFs (mg/g)

ARF?
Standards ARC"
SP 207 SP 700 SP 850 HP 20
Gallate 7.38+0.62% 71.69£2.15 85.23+7.08 95.69+3.39 82.15+4.00
Total polyphenol Tannic acid 10.56+0.70 83.64+2.45 99.02+8.04 110.91£3.85 95.52+4.54
(+)-Catechin 11.71+£0.98 113.66+3.42 135.12+11.22 151.71£5.37 130.24+6.34
Total flavonoid (+)-Catechin 30.00+10.00 270.00£10.00 310.00+10.00 370.00+20.00 320.00+4.00

YAqueous extract of the ripe fruits of Rubus coreanus
f’Anthocyanin-rich fractions of aqueous extract of the ripe fruits of Rubus coreanus by using highly porous polymer resins
dAll values are expressed as meantSD of triplicate determinations.



152

ARC?| ZgtHicol= dhefo] 30+10 mg/gl 2 7Pg Wkom, Sp
850-ARF7} 370£202.2 7 #58 ¢ F AUAUTH o] ARCS
H]Ls}oq SP 850-ARF] Z@}H o= 3hako] 12, 33HH =9
=2 & F AUk o]AF SP 850- ARFOM ZesEg SR
rol=vt 7}%} ERHOZ FHHUS & F ATk

EHMERN0 o5t
F2E3 459 FFA ARFOl| tig DPPH SuZd A7%

S50 ME HAS0s B/tEn

E
< vwEl¥oer 2 A3E Table 391 YERIAT & FEE
AMe 1C,, FZ7F 406 ug/mll WHH SP 207, SP 700, SP 850,

FAFEA

HP 20004+= 2+ 27, 31, 20, 16 ug/mLE UERY
nE gz LAsEde & AolE HolA] §skrh AR &
FEES v H¢ 7474 15.0441(SP 207), 13.108H(SP 700),
20.341(SP 850), 25.36Wi(HP 20) =2 Uz AARSE YeER)
At o] %01]*1 HP 200] 7P -8 St &A% S Ze &
AL & UAgTh

BBl o3t SB0 WE NS BTIETEEILEY)
bl o3 gas BYATE A Axdt sleE A

Foll A-8-E photochem FHE= Al5e] S wel 843 A
4oz FEE Jom 849 AL ascorbates BT=IE
st AR U U &2A%FS ascorbated] 33 TEE A
E3olo AETF AsleE S vl #rlsle W ol th20). Table 3
o Lt ule} Zo] ARC 10 ug/mLoA|A] ascorbate 0.57 ug/mLol|
483 a2 Hol= WA SP 207-ARF, SP 700-ARF, SP 850-
ARF, HP 20-ARFIIM = 1 ug/mLolA 22 ascorbate 1.02, 0.70,
0.86, 1.13 pg/mLoll 433t 2z &A%S el 53]

=2 F38k8] %] A 43 WA 2 & (2011)

Table 3. Antioxidant activity of ARC and ARFs measured using
photochemiluminescence (PCL) method and DPPH-radical
scavenging method

Concentration Vitamin C equivalent DPPH
Samples antioxidant capacity IC
(ug/mL) %
(uM) (ng/mL)
1 -
ARCY 10 3.21 (0.57 pg/mL) 406
50 9.20 (1.62 pg/mL)
SP 207-ARF? 1 5.78 (1.02 pg/mL) 27
SP 700-ARF 1 3.93 (0.70 pg/mL) 31
SP 850-ARF 1 4.88 (0.86 pg/mL) 20
HP 20-ARF 1 6.44 (1.13 ug/mL) 16

YAqueous extract of the ripe fruits of Rubus coreanus
2 Anthocyanin-rich fractions of aqueous extract of the ripe fruits of
Rubus coreanus by using highly porous polymer resins

HP 20-ARFellX 71 943 superoxide 0]z A75S 2k
X

Aoz RIFT olHd Ade T B 7E LA
7ol wt B2 W R w5 71 844 S

g % k.

=
=]
o

doy 24 rr

AA[ZH HPLC-ABTS™0ll 2|8 ARC, HP 20-ARF2} SP
850 ARF’PEI gitsl 23 =M

FE87 459 IFFA ARFOl Wi 2HZ 7S
HP-202} SP-850°] Aoz UeEh} o) HIE
e Filstbes peakE WHE AJZre] g]lslr] <]

e o
iy 2L ru{
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ARC A)
UV Abs.(A = 254nm ) UV Abs.(A = 520nm )
E Non-anthocyanin 3 Anthocyanig
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=]
g
£
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Time (min)

Fig. 2. HPLC-ABTS™ on-line assessment of radical scavenging ARC (A), HP20-ARF (B) and SP850-ARF (C).
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Table 4. Positive and negative area of the anthocyanin from ARC and ARFs (HP20 and SP850)

Peak area (x10°)
Non-Anthocyanin
+
(RT. 13.85) 1+2 3 4 >
Po.” Ne. Po.? Ne.” Po. Ne. Po. Ne. Po. Ne.
ARCY 9.23 1.44 2.16 0.36 3.80 0.43 9.18 0.34 0.23 0.11
HP20-ARF? 31.84 7.80 10.29 1.50 21.75 2.12 47.65 4.81 1.72 0.40
HP20/ARC? 3.45 542 4.76 4.17 5.72 493 5.19 14.15 7.48 3.64
SP850-ARF 21.77 6.50 12.44 2.00 2333 2.11 51.36 4.73 1.9 0.88
SP850/ARC 2.36 4.51 5.76 5.56 6.14 491 5.59 13.91 8.26 8.00
DPositive peak are detected polyphenol at 254 nm.
f)Positive peaks are detected anthocyanin at 520 nm.
9Negative peaks are ABTS™ signal at 735 nm.
YAqueous extract of the ripe fruits of Rubus coreanus
% Anthocyanin-rich fractions of aqueous extract of the ripe fruits of Rubus coreanus by using highly porous polymer resins
9HP 20/ARC: Ratio of the each peaks area of ARC versus those of HP 20 or SP 850
sf\* A} 520 nm
142 5 )
“ B) TIC
C)Molecularlon D) Full scan
e - n 7
3 ) m/z 581 " 1
‘:: =3 287 [M*sambubiose]
e 26,5255 | BaEsEET EETI1 000 1324353400 15005155 :’ |
oy - 5 139 2
= 2 m/z449 3
s =3 [M*-glucose]
E 287
1
287 3
[M*-xylosyiutinose] 581[l‘«l’-llmlnlmse]
727
i
595 4
3 [M*ratinoside]  [M*-thamnose]
287 149
' 579 5
w3 [M-rutinoside] IM*llnnnmsej
a7 133
i on 5 e TR s g o At Akav A en s A o€

Fig. 3. HPLC-ESI-MS chromatograms of anthocyanins recorded at 520 nm (A), total ion chromatography (B), molecular ion selected
ion plots of the five major anthocyanins detected 1-5 (C) and full scan mass spectra (D) in Rubus coreanus sample. peaks: 1. cyanidin-3-
sambubioside; 2. cyanidin-3-glucoside; 3. cyanidin-3-xylosylrutinoside; 4. cyanidin-3-rutinoside; 5. pelargonidin-3-rutinoside.

3] AAIZF HPLC 848X A&="8 A83F3tt. Fig. 201 et
o oBke} 7Fo] HPLC £4) column® 258 EE¥ E2e 1313
O 2 UV 520 nmollA HEE] o] positive peakES ZHe ELEU}EZ
He BofF A AATE EEEo] Ye= 8EE2 pinnacle
pumps B3l AEHOR FHEE PFE ABTS T“/‘rE]%Ur Eless
sto] 2oz AASS 2 4% UV 735 nmol|A] negative peak
Z YelA Y. Anthocyanin Al€9] 22 5% UV 520nm
NN FEske BAEAES 7RI Qo] BE ALY 24 #ET
T oA =, 29 BFL 254 nmellA 1 AT
E FEE7 HP 20-ARFS} SP 850-ARFo] W3t & oz &
oS 2= Z129] negative peake] WE S H]wEle] Table 4

o YeRHSITE UV 520 nmollA] 57§2] 531§k anthocyanin peak
7} #ZER 0™ peak 1422] negative peak W& Zke] ARC7}
0.36x10°¢1 WFH] HP 20-ARF(1.50x10°), SP 850-ARF(2.00x10°%)
<} H]JL‘?S]-‘D% HP 20 &2Alo 28k =22 oF 4.174), SP 850
FEA o7 FFE2 5560 FAsaTo]l FTFEASH, peak
3, 4, 59 thelM= HP 20-ARFOlM= Z+2F 4.93, 14.15, 3.644]
Z71e1 o™, SP 850-ARFS 7tz 491, 13.91, 8.008) 71 5=
H3s & JAh AT o] st A (Table 3)0l4
SP 850-ARFEC} HP 20-ARF7} T 3%t sRxlsl=4HL zk= A
© 2 Yehd o]+ anthocyanin®] oFd dEstEA, o & E9f
retention time 13.85 min®l] YER= 254 nme] positive peak 53}
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Table 5. Identification of the major anthocyanins detected in Rubus coreanus

Retention time Absorption Absorption MS/MS .
Peak . wavelength wavelength Identity
(min) (nm) (nm) Molecular ion Fragment ions”

1 6.91 279 516 581 287 (cy) cyanidin-3-sambubioside
2 6.97 279 515 449 287 (cy) cyanidin-3-glucoside

3 7.59 280 518 727 581(M"-rham), 287(cy) cyanidin-3-xylosylrutinoside
4 7.84 274 511 595 449(M*-rham), 287(cy) cyanidin-3-rutinoside

5 9.91 267 498 579 433(M"-rham), 271(pg) pelargonidin-3-rutinoside

dcy, cyanidin; pg, pelargonidin; rham, rhamnose

7+e BAEC] HP 20-ARFo| O 35 o 7 F=4 Aoz Hut

N sigtE 7= B4

850-ARF2] anthocyanin AJ&-2 3213}
7] $18td LC-MS 418 AAlstaen 1 A= Fig 39 o
ERNATE. Ton sourceZ electrospray ionizations ARE-SI3L positive
ion modeZ full scan #2413l 570¢] 2 peakell st [M+H]
parent ionol] TH3F EAIH-S QIS wl, 2zt miz 581, 449, 287,
595, 5792 YERST Peak 1°] A% miz 5815 MSMST 2
cyanidin(m/z 287, [M-sambubios]) fragment ion®] 2= o™
71 ¥ HE, UV-vis spectrum, mass spectrometric fragment
HS 53| cyanidin-3-sambubioside® 2 54 3T Peak 2-5014]
= Zpzte] EAEFe| gt UV-vis pattern®} fragment ions H]L
3oy cyanidin-3-glucoside, cyanidin-3-xylosylrutininoside, cyanidin-
3-rutinoside, pelargonidin-3-rutinoside® 291 ¥ %) ©. ™ (Table 5)
peak 1-4= cyanidin(m/z 287)& A7AZ S anthocyanindS &
T AU B Aol FEE anthocyanins-S B4} 27|25
B HiE 7|E 33 dAghe AoR EIFHATQL).
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9] anthocyanin®l  cyanidin-3-sambubioside, cyanidin-3-glucoside,
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nosideS mass pattern 51 A% Q1 S Tl HHA Bk
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