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Summary

The antioxidant potential of methanolic extract, supercritical carbondioxide
extract and enzymatic extracts from Rubus coreanus was investigated using DPPH free
radical, hydrogen peroxide, different reactive oxygen species (ROS) such as superoxide
and hydroxyl radical and nitric oxide (NO) assays.

Proximate chemical composition of Rubus coreanus was: moisture 74.3%, ash
content 4.9%, carbohydrate 3.1%, crude protein 6.1% and crude lipid 11.6%.
Extractable yield of enzymatic extracts lie between 4.49-5.43% while supercritical
carbondioxide extracts were between 5.25-8.92%. Highest extractable yield was shown
by 70% methanolic extract among the all extracts and it was 10.12%. Total phenolic
content was determined using Folin-Ciocalteu method and methanolic extract showed
highest content (2409.01 mg/100g). The total phenolic content of supercritical
carbondioxide extracts were between 1316.09-1605.06 mg/100g while enzymatic
extracts showed the total phenolic content between 606.54-783.93 mg/100g. The Rubus
coreanus extract prepared using supercritical carbon dioxide for 120 min time duration
showed highest DPPH free radical scavenging activity (ICso: 310 #g/mL) and 70%
methanolic extract showed second highest scavenging activity(ICso: 490 pg/mL). Both
values were higher than that of commercial antioxidants BHT and a-tocopherol (ICso:
40 xg/mL and 70 1g/mL respectively). Further, highest superoxide radical scavenging
activity also showed by the extract prepared by supercritical carbon dioxide (ICso: 80 ~
380 p¢g/mL) which were higher than that of all other extracts as well as BHT and a
-tocopherol. 70% methanolic extract showed the second highest scavenging activity
(ICs0: 240 pg/mL) and Flavourzyme (ICso: 710 #g/mL), AMG (ICso: 980 ©g/mL) and
Alcalase (ICso: 850 1g/mL) extracts showed higher activity than that of BHT and «a
-tocopherol in superoxide radical scavenging. Hydrogen peroxide scavenging activity
was highest in 70% methanolic extract (ICso: 670 1g/mL) which was higher than the
values of both BHT and and -tocopherol and second highest activity was shown by the
Protamex (ICso: 3390 rg/mL). Hydroxyl radical scavenging activity was highest in the

supercritical carbondioxide extract prepared for 120 min (ICso: 46~50 rg/mL).



Methanolic and enzymatic extracts showed lower activity in hydroxyl radical
scavenging. Nitric oxide scavenging activity was highest in supercritical carbondioxide
extract prepared for 30min (ICso: 750/18/mL) and it was higher than that of BHT ( ICso:
1630 pg/mL)and -tocopherol (ICso: 2340 ©g/mL).

In conclusion, this work has shown that the supercritical carbondioxide extract
and metanolic extract of Rubus coreanus act as strong radical scavenging agent which
can be used as a natural source of potential antioxidants. Further work is needed to
purify and isolate the bioactive compounds available in Rubus coreanus, which later,

can be used in medicinal or pharmaceutical industry.
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1. A3A s

1) AdAE

&2 Rubus coreanus Miq.) vl g AFEEAAE Jibg A (F)AF 54
o Al AFol ~40CT=E F4 YA F 2443 1F 52 7x3to] AMgsATh

2) FERL Y A

b

B Ag o Abg3dk F B3] 3 A (AMG, Celluclast, Termaryl, Viscozyme, Ultraflo,
Pectinex) ¢} whulz 13 & & (Protamex, Kojizyme, Neutrase,

Flavourzyme, Alcalase)= NovoAF(Novozymes Nordisk, Bagasvaed, Denmark)e]
A gk AFEE oW, 1,1-diphenyl-2-picylhydrazyl (DPPH), 2-deoxyribose,
peroxidase, thiobarbituric acid(TBA), 2,3-azino-bis(3-ethylbenzthiazolin)-6-sulfonic
acid(ABTS), trichloroacetic — acid(TCA), butylate hydroxytoluene(BHT), «a
—-tocopherol, nitro blue tetrazolium salt(NBT), xanthine, xanthine oxidase,
Folin—Ciocalteu reagent, sodium nitroprusside, sulfanilic acid &< Sigma AHSt.
Louis, MO, USA)olA FY43&ts1 o™ Ethylenediamine tetra acetic acid(EDTA),

peroxidase, deoxyribose, &< Fluka AFHBuchs, Switzerland)e] A<, 1 & EE A

ohe BHE ETAGS gL

2. 49 H

HEZ dujo] AW RS AOACH 97 wet FE=ES 105T Az, x
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0.5 m¢ enzyme solution

Incubation for 12 hr

Inactivate enzyme(80C for 10 min)

Filtrate(Whatman No.1)

Adjust pH 7

Freeze at -60C for 12 hr

Freeze dry

Fig. 1. Schematic diagram of enzymatic extraction from Rubus coreanus Migq.
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Table 1. Characteristics of different carbohydrases and proteases in hydrolysis process

Optimal o
Enzyme Characteristics
pH T(C)

AMG 45 60 Hydrolyzes 1,4~ and 1,6- linkages 1n liquefied starch

Catalyzes the breakdown of cellulose mnto glucose,
Celluclast 45 60 _ )

cellobiose and higher glucose ploymer

Hydrolyses 14-glucosidic linkages in amylose and
Termamyl 6.0 60 )

amylopectin.
Ultraflo 7.0 60 Breakdown of —glucans, pentosans and other gums

Ability to liberate bound materials and to gradenon—
Viscozyme 4.5 50 .

sratchpolysaccharides
Protamex 6.0 40 Production of non-bitter protein hydrolysis
Neutrase 6.0 50 Endopeptidase activies
Alcalase 3.0 50 Endopeptidase activies
Kojizyme 6.0 40 Amino- and carboxy peptidase activies
Flavourzyme 7.0 50 Endoprotease and exopeptidase activies
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BEAGUE FAAZS ¢ 34 Zof FEgaAd 100gE HsFal 70% W g
< 1000mLE 7}ste] &3k & 40C9 shaking incubatorol] A 3A17F F&3F &
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=5

= # AFgste] o]l& WEE FEAIEE A tHFig. 3).

Dried fruit powder(10g)

<~70% Methanol 1,000m¢

Extraction ( 25C, 24 hr)

Concentration (vacuum rotary evaporator, 40C)

Crude extract

Fig. 3. Schematic diagram of methanolic extraction form Rubus coreanun Miq.
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o
A2

B2 duje] % polyphenol &2
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=

v |
e

AL£-3

=
=
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(1) DPPH radical 47

H

Blois(101)¢]

X
O

3} A
=

9] free radical %7

Fa8

7+

il

o
=

A

=]
By

B

i
o

0

N

M DPPH £ 29mlo] 7z} 3=%E 0.1mL

HAIZ1 4x10°

9]

&

g

I

of

F A oH(Fig 4).

5]

ojn

DPPH free radical 24 &A & t}

DPPH free radical 2724 (%)
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+« DPPH radical scavenging activity(Blois, 1985)
EtOH extract(50p2)+150 uM DPPH(195p0)
Mixed for 1 min
Incubated at room temp. for 30 min

Measured absorbance at 520 nm on a microplate reader

NG,

@—N—N NO,
[

1,1-diphenyl-2-picrylhydrazyl radical
NG, (DPPH)

Fig 4. Schematic diagram of DPPH radical scavenging assay

(2) Superoxide anion radical 47 &4

Superoxide anion radical(Qs") 2AZA L Nagai 5(102)¢ = w&k 0.06M
NaxCOs3 buffer(pH 10.5)¢] 3mM xanthine 200, 3mM EDTA 0.02ml, 0.15% bovine
serum albumin 20x0, 0.75mM NBT 20409 &38| AlZ 20uE ¥l 25TY
incubatoro] A 10% wWFg3k & 6mM<e] xathine oxidase(XOD) 100 S 7}35te]
25C 9] incubatorol A 20% wkS-3k 3 6mMe CuCl 0.02 mlE H7Fste] 560nmoll
A F3=E SAsA(Fig 5).

Superoxide anion radical 27 &4 & th& 3} 7ko] AAFakd T,

Superoxide anion radical 47124 (%)

= (2T ZE-ASFTEE)/NE2T53 5] < 100

- 14 -



superoxide radical(20,') — hydrogen peroxide (H,0,)
— singlet oxygen('0,) or hydroxyl radical(OH")

Assay mixture 495 p@
Add. 5 p@ xanthine oxidase (reaction)

after 5 min

Measured absorbance at 560 nm

NBT +20,* = NBTH, +20

Fig 5. Schematic diagram of superoxide anion radical scavenging assay

(3) Hydrogen peroxide 7] &4

o] FZ&&o| 3 hydrogen peroxide (H.0Q) A7 &4 =

F= % 100uLE 96 microwell plateo] %

Miiller(103)2] WHol| wha} z}z}e] 2
3L 37C 9 incubatorell /] 5%

AlZAT o719 20uLe] hydrogen peroxideE 3 7}A]7]
b HdEg Al A

HkS-o] v 3 1.25mM ABTS®} peroxidase(l unit/mL)E
% ELISA reader® 405nmol A

7t7b 30uE A 7hat

o] HFEAHog 37C9 incubatoro] A 10 ¥E-S-Al 71

FEEE SH Y HFig 6).
Hydrogen peroxide 2~AH &2 ot o] A4St
2 (%)

Hydrogen peroxide
= [1-(E2TTZE-ANES

Z)/dE=T5%5%] x 100

I o{l
o
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| 808 Sample |

|

| Add 10040 Phosphate buffer (0.1 M, pH 5.0) |

|

| Add 2040 of 10mM H:O |

|

| Incubate at 37C for 10min |

|

| Add 3040 of 1.25 mM ABTS |

|

| Add 300 Peroxidase (1U/ml) |

| Incubate at 37C for 10min |

| Absorbance at 405nm(blue colour) |

Fig. 6. Schematic diagram of hydrogen peroxide scavenging assay

(4) Hydroxyl radical 274

FZ 59 hydroxyl radical 24 &4 Chung &< H(104)<

Jsted 43R S hydroxyl radical FeSO. - 7THO®9] &) 3kl 4] Fenton ®F
So2 APANAY. TEENL 10mM FeSOs - 7TH:O &, 10mM EDTA &%
10mM 2-dexoyribose &M< 717 2000 S H7FeE & Zbzhe] FEE 20009t 0.1M
phosphate buffer & (pH 7.4) 1mE 2o EFAIZ & F F97F 1.8m7 HEH
ZA AT

Hhg-& Aol 10mM HoO2 2005 Wol 37Tl 4A3F &<k w35 A2 ¥ 2.8%
trichloroacetic acid®} thiobarbituric acidE 772} 1 m¥ #H7FAl7]12 100C B+ &
o A 10&7F WA & 532nmollA FHE=E FA3AHFig 8).
Hydrogen peroxide 272242 th3 o] ALkt
Hydroxyl radical &7 &4 (%)

= I-(HE2TF3E-Aa5gd=)/dE=753%] x 100
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| 20040 Sample |

|

| Add 1.2m¢ of 0.IM Phosphate buffer (pH 7.4) |

|

Add Fenton reaction mixture
(20040 10mM FeSO..7H-0O
2000 of 10mM EDTA
20040 of 10mM 2-deoxyribos)

|

| 20044 0f 10mM H.0: |

|

| Incubate at 37C for 4hrs |

Add 1m¢ of 196 TBA and
1m¢ of 2.8% TCA

| Keep in the boiling water bath(10min) |

| Absorbance at 532nm |

Fig. 7. Schematic diagram of hydroxyl radical scavenging assay

(5) Nitric oxide radical 27 A4

AAH o2 nitric  oxide radicalNOe)E  AAs= EZ2A  sodium
nitroprusside(SNP)& A}-&3ste] HZxAu]e] =59 NO L2AZAH S SAAH
(105). = A& 05mle] 10mM sodium nitroprusside(SNP) 2ml<} pH 7

phosphate bufferE % 7}ste] 25C 2] incubatoro]l 4] 150 wWHg-3k & ukS-&5 F 05

2
7 vk A A Y. 1 t}e Napthylethylenediamine dihydrochloride(0.1%)E 1ml 3
7Vatar Ao 308 WkSAZl & 540nmollAd FF =S =483 tHFig 8).

Nitric oxide radical &2 3 o] Aitstddoh

Nitric oxide radical 27124 (%)

= -z F3=-ANEFEE)/HETEFEE] x 100



Test sample + 10 mM SNP (sodium nitroprusside in PBS , pH 7.4)
l Incubate under light at 25 °C for 150 min

Add Griess reagent (1:1)
l Incubate for 10 min at room temp.

Measure absorbance at 540 nm

Fig. 8. Schematic diagram of nitric oxide radical scavenging assay
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Table 2. Approximate chemical composition of Rubus coreanus Miq.

Crude
carbohydrate

Crude

Crude

Crude ash

Moisture

protein

lipid

3.1

6.1

11.6

4.9

74.3

o
+
N
-

[\

&< Table 30 YERHAT

%
FETES 449~543%, =9A o|4tst

-

o

-

5.25~8.92%

o
R

|

+&
=2 10.12% =

=9

FEE

tgom, 700 WEE %

7}

e FE= 1.02%, ol¢ =(26)= 60% ol

(107)
&ttt

R=2
o

H, 4

9.93%¢z}t

ol
ol
G+
N
N
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Table 3. Extraction yields of Rubus coreanus Miq.

Sample Extraction yield(%)
Carbohydrases Viscozyme 454
Celluclast 4.49
AMG 4.56
Termamyl 5.23
Ultaraflo 5.22
Proteases Protamex 5.16
Kojizyme 5.03
Neutrase 543
Flavourzyme 475
Alcalase 4.56
30 min 59
Superertieal 60 mi oo
120 min 8.92
70% methanol 10.12

The values are averages of triplicate experiments.

L Table 49 VAT 7} 322 3

] 2,409mg/100g o= 7H =kt %

B T F ZEdE g2 1208 75 d=9 1,605mg/100g

2 7 ge] Jbg mgton], FEAlgte] AojdA4E 1 dee] Frbetdlh. @
o K3

= Celluclast® F=3< uj

)
i
e
(il
[-'0
o
o
o))
S
o
o
!
]
o0
W
e}
8
Sy
—
o
S
(1je]
o
2
o
=)
o
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M e FHS Hlow B3
At

B2 Ao F EFYuedEde AFFEE € 60%0l e
FE=dA 47 414mg/g B 41.3mg/g, A S(107)& oEE FEEI4 584mg/g,
A 51092 830%HWE &= FEdS w 360.93mg/gelet 3o, A} 5(24)2 HiE
P I o J’]’ oA 75% olMEFEE 5.06~587%, 80% HWE&F==ol

1

aoh duAE R FEEO OE E

fol

M
of

o] 71A] AEA A Eo E}Eok A3t Aoz &2 phytochemical
E53gEolY FdErolERfE HAYRSAZA LT F glom, 53] &
A4 242 AEAd grEel e 2xF A= st E Ygd xRk FAF
S 712 ¥k olyg} phenolic hydroxylZ] & 7FAal Q17| wlstol] w9 = 7]E}
AEASEH A 2ddste Ads 7HAH FAkst, b To vds A2 7

Te e Aow 4L Av110).

ofN
e
AR
i)

Table 4. Polyphenolic contents in enzymatic, supercritical carbon dioxide and
methanolic extracts of Rubus coreanus Miq.

Sample Polyphenol contents (mg/100g)
Carbohydrases Viscozyme 606
Celluclast 783
AMG 781
Termamyl 700
Ultaraflo 749
Proteases Protamex 675
Kojizyme 680
Neutrase 689
Flavourzyme 738
Alcalase 795
30 min 1,316
Supercritical
60 min 1,573
carbon dioxide
120 min 1,605
709 methanol 2,409

The values are averages of triplicate experiments.
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4. DPPH radical 2A&A

582 du] Zt #5549 DPPH free radical 2484 543 A3 Table 5
of ettt &2 @uf Z5EE°] DPPHel tid ICy @2 &E44 FE5&
A 3520~4800 pg/mL, QA elitstera FEFE 310~480 pg/mL, 70% wEHE
490 pg/mLE thzZ7-¢1 BHT9 40pg/mLet a-tocopherol®] 70 pg/mLel B]&jA wj
T e d4Es BHAth

Z 5108)° 93t EHEA dul 60% cEe FEEoA 94%, dFFE=E oA
91%9 % DPPH radical &~ 2ol dtkal siloem 31 (1072
EoA 80% &AZAe] Advha s A 5(40)2> HEAte Axdy 2 &
mjoll DPPH radical &A A AFolA sZ231x, Addzx o7 X
sol Eva stloen 7 HxE FEE&WE AAGTE SR o EEFEEolA

%

=
T st oldd dis FHEA A AU @A Ao sl
5

HAAEANA kst &4 "o 713 @ol o] &5 = DPPH AAEA
& ATE AGAE FHoE ojFoier, A 51142 EEZITE e 2 o
Be 3559 ICo#e 247 214pg/mL 2 452ug/mLolgt 9o, A S(112)&
FAF 5F(nFol, AL, A, FF)A 4.0~346.8ug/mg, Gl=F NHEFEE
A 22.22ug/mL(113), A &l FEEA 1569~54.16pg/mL(114), ALY ] &uf 3
5 4~858ug/mL(115), B3} SviFEEA 27.3~705ug/mL(116), EFHE &4
FEE0|A 0.046~0.113mg/mL (117), 27 70%° et FEFEo| A 439ug/mL(118),
gou mege FEEA 1.89mg/mL, < 92 3.82mg/mLolE 3 thH119).

fr 501202 HAAFEY oHAEFEE 100pg/mL FEolA oA DHHP
radical 2~A &4 47.2~61.3%, "<& 7o A 89.88~9888% = A &Ado] Erhal 3f
Feow, 2 F(121)2 2t 60% g FEEANA 81% AASHE, W F(122)
ot EFEEAA 0% Al A 1232 AFfrelA 946%, WEE

55.1%, A 398%° a2AZAEE, A U242 T71AF 50% AEE FE=ElA
66.97% a~AZdS, A 51252 VA 85.7%, & 80.4%, #HeF 86.6% % Ay
ol5o] Eoha sklomn, o] F(126)2 80% WEE FEE 100ug/mL sE=olA &
T4 AR FE Al oAkl 100%, s lsrh 98.5%, &E M 100%°] = €A
&, A 51202 FARdes F5E9 DPPH radical 271848 A3 92.9%, 7



1 89.9%, AR 81.8%, ¥ 77.6%, 5ol 66%et At H 5(128) A thol
A 3715-5563%9] 2ABAL, A 512908 FxR 4F(Ze R, A5 1A
7], E7HAFE]) el DPPH radical 44 €432 33.33~70.52%¢ 3} St

A vyl AbstaA o A A E = free radicalE AAMES =857, AAxES] W
A7 Ast T AMEEAHE Asletr] wlZel ol free radicalEs HASIAIF S
24 AME7F REE e, Ao &g g Zdd dAE Foste] At
S THATIAL AFH AL A A el w=3tE JAlEte A48 A
2 ol&¥a Aqrh130). H]A <FASE free radical?l DPPHE ascorbic acid,
tocopherol, polyhydroxy W% 3t3E Feol 93] sxo] Z& nepao] A
© dHE ol &ste] ksl S FAsk=t, olelg DPPH: AA =€ 45
wol 5ol = QFA g WA A (diamagnetic molecule) = H4Hs Al (AH) EAA] &4t

st @4& AW SHEHE F4AE Wol DPPHE o3 #Zo] e th13l).
DPPH -+ AH — DPPH - H + A -
Mahoney ¢} Graf 5(132)2 o]#]gt AR F o5 FA9 Asitst B Fol A A
3}

45+ ROO-, R+, RO- T #4& T+ HAAE F& o= Fdgo]

phenolic acids, flavonoids % 715} phenol
=

d 2 gk Fatkstzrge] A ston olejdt EHS g o) A5
£ HAFolFo] wrhal & rh(133)

B AFdME F ZgdE o] 2 2A olatdletr FE2ET 70% v
SFEEANA AT ALAo] wf =S ASE Als "

AHorg HEZ Auf F2&ES DPPH 42719 ZHoz3% 4414 485 17
e w A oI Es FEENME F4 FEE & Hu oF 109 old9 &
HE HolE Fo] At wEtA BHT 53 22 FA4 astA s Rl =do]
AAL AAE Fao] A 2 QA A =L HUME Ui dEEv g& ax
Hie AFo A, ol YAl olitd s FEWHES &8 DPPH &£A9 H249 A
FNLE nesayt stria AzE
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Table 5. DPPH radical scavenging activity of enzymatic, supercritical carbon

dioxide and methanolic extracts from Fubus coreanus Miq.

Sample DPPH scavenging activity (ICs, ug/mL)
Carbohydrases Viscozyme 3,520
Celluclast 4510
AMG 3,770
Termamyl 3,600
Ultaraflo 4510
Proteases Protamex 4 800
Kojizyme 3,510
Neutrase 3,550
Flavourzyme 3,740
Alcalase 4750
30 min 480
Superertieal 60 min
120 min 310
70% methanol 490
BHT 40
a-tocopherol 70

ICs ( pg/mL) values were calculated from regression lines using five different
concentrations in triplicate experiments.
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5. Superoxide anion(Oz ) 2AEA

BRA dujo] 7 FEEd thdt superoxide anion(02 - ) A2ASAE A3 2
= Table 6°] YERASITE superoxide anion A& that 2t FEE9] ICx
e ZaH FEEANA T10~3450 pg/mL, ZAA olitstEi F=
pe/mL, 70% WES FEEA 240 pg/mLoeE %8 A2AFAHS HIYoL, AA
Aoz txzl 34 AbskAl BHT(180ug/mL) Btk whe &4S B3l 2y
27 FollAE A A2l a-tocopherol®] 1,600 pg/mLBE = ZUA o] A3}
g2 FE2E I EE FEEAAE o 4- 2009 =2 @48 HArh

T 51342 of%e] SR =(I FEEEE, dHoHAHOIE, &
< 2647~74.0pug/mg, o= 26.11pg/ml(113), =FHlg] TAFEES ICshv
0.89-3.77 mg/mLz} A TH117).

A S(136) g ES 582 FE3 § superoxide anion 2 A S ZAS 4
¥ 5mg/mL =AM F&FH 42%, 27t dE Y, A EARR, S
ol &4E& HAta dden, F 513N dr H HoldHn FEE
ml)oll A 66.2% R 5352% A~ EHUE & S(138)2 ERYFT dvje] WS F=
E(lmg/mL)ol A 5291% AAZEE, & (1392 2 d4-F==Cng/mL)oA 1
0~26%2 A~2AZA S Hlga skt

Superoxide radical(Qs - )< Az} Yo o3k Hk3-Alo] vf$- 7Z3le] AME A
doA & FIAINAY FF w3l T& doZd F vt od A4 AEE F
ZE# 2, g, AU Eor 3 #3555 Foll o 1 Fo] F7hsk=H(140),
A Woel M= superoxide radicalS A Ast7] $lsle] superoxide dismutase(SOD)7}
| Eo] A Eof| Fa3F superoxide radicals A4 (H00)9F A SH o] AtAR
AGNAFE 1320 + 2H — MO + O dt Aoz dejd gom, SOD
of ols] AAHE HOo= A 22S 4FsA]7]7]1% a3l peroxidaselt catalaseol] 9]
gto 2Rl &alste]l Felgk =R Aot APAaEAtR Atk SOD9F AR 9

st AwA 24 = F= phytochemicalsell &3f& o2 Ko k2, 141).

>

AN

o] A¥EFH HEA dvfe] A olitEE s FEE 0% MEE: FE
w2 2719 kA Eoly Ha Boh 12 SA4S RS B ollY dxaow
Ab-g3 Akt Ael a-tocopherol RthE e 2AZAHE B T3 22U
ojatste A FES 1207 A AlsolM = dek A AbskAlQl BHTEUE oF
2v o] e &S YER L loA], superoxide anion radical(O; - )& A7 3kt
FHAQ Ve AELEE AT The A= ZIdE B9 skgih

_25_



Table 6. Superoxide anion scavenging activity of enzymatic, supercritical

carbon dioxide and methanolic extracts from Rubus coreanus Miq.

Sample Scavenging activity (ICs, xg/mL)
Carbohydrases Viscozyme 1,980
Celluclast 3,450
AMG 930
Termamyl 1,730
Ultaraflo 1,810
Proteases Protamex 1,510
Kojizyme 1,670
Neutrase 1,400
Flavourzyme 710
Alcalase 850
30 min 380
Supercritical :
carbon dioxide 60 1y 200
120 min 30
70% methanol 240
BHT 180
a-tocophero 1600

ICs (ug/mL) values were calculated from regression lines using five different

concentrations in triplicate experiments.
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6. Hydrogen peroxide(H202) & A &4

Peroxidase®] 712l ABTSE o]&3slo] Bz 4] 77 F=FEE29 H.0; radical
2AGHE =A3 A= Table 79 YEF QAT

Hydrogen peroxide &2A <&/ de] digt 7t F&5E9 Gy #2 424 FE=CA
3390~5540 pg/mL, =Y A °|4tsteta FEE 700~1300 pg/mL, 70% W& F=
BoA 670 pg/mLoz %UA o] irsleras} =EoA dlxz+< BHT

Hes FEE

2,200 pg/mL ¢} a-tocopherol 3,200 pg/mLell Hld| =& A2AZAHS KAL)
A 51428 FGFFEE 10pg/mLEsEolA 70%018 2ASHE Bt 3
AeH, o] 5(126)2 &FE=A AAFES 80% vEE FE= 100us/mL 5=l A
AaAbE] 72.83%, s/hsrl 89% R aT W GH 992%9 =2 aAEAHS Bl
o YHEE Zg¥E 9] ¥S95 hydrogen peroxide radicalS T ¥H oz A}
o gohal ksl

ool AZHEE EFAGWY 0% WeEFEEN dF 4" FEEA
50% ©o]A4te]l =L hydrogen peroxide radcial 2AZAH S HJAA T 7] Ao <
BEEFo|Y ST = ARl BlE B @A4E 1S

Hydrogen peroxidet®= AtAe] 39 tiAlEA=2ZA mazIT=
o] ARAE=RE FAHAAY vFE o5
AEGS FEstAY AT AR
AEFozN AA 7159 Asty w3t 2 A<
(143, 144). w2}A hydrogen peroxide 4713
peroxidased] 93 B3 AT AZR FAAA HFHOZ AHE IA AATFE F
g5 2AHste oz 43 A St (Finkel ¢+ Holbrook, 2000).

S

_%
A3 A o2 hydrogen peroxide®] A7 HAH o2 EHEEA FEE9 &AM &

& FEES W vekshu, 2AA otEtE s FEEI 0% WEs FEEECA
g =2 Fe BT webA ojs FEEL YA 8t =4 s
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Table 7. Hydrogen peroxide scavenging activity of enzymatic, supercritical
carbon dioxide and methanolic extractss from Rubus coreanus Migq.

Sample Scavenging activity (ICs, xg/mL)
Carbohydrases Viscozyme 3,680
Celluclast 3,970
AMG 3,630
Termamyl 4,940
Ultaraflo 3,410
Proteases Protamex 3,390
Kojizyme 4,250
Neutrase 5,540
Flavourzyme 3,480
Alcalase 3,540
30 min 1,300
Supercrtical 60 min s
120 min 700
70% methanol 670
BHT 2,200
a-tocopherol 3,200

1Cs0 (ﬂg/r_nL) values were calculated from regression lines using five different
concentrations in triplicate experiments.
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7. Hydroxyl radical & A &4

Hydroxyl radical( - OH) 4752 #A4He 2 (H02) 9 o]l & (FeCls-EDTA) 22
k3 = Fenton 9Hg-o o] AA ¥+= hyroxyl radicalell o]&f Wk-S-Alo] 7|A =2 A}
4% deoxyribose”} AFstE WA A E = 3}4EsE<Ql malondialdehyde(MDA)E
SAgorA Hrtdn. wabd BE2 duf 25559 hydroxyl radical 47124
< BHT$} a-tocopherol &4FskA|e} v ulslo] Table 8o WEFU AT

Hydroxyl radical &~A&Ad tist 7 FEFE9 IG5 2 a4%
1850~11830 ug/mL, =Y A o]AkstetAi =
o A 1830 pg/mLO & ZSQIA oliksterA s} HMEhE FEEoAE E4
HiE =& FAS HAoY x4 BHTY 4rg/mlet a-tocopherol
/mLe Blsj M= vi¢- 22 &S Bt

F 5137 dn 2 WoldnFEE 05mg/mL FXol A ZF2F 26.15% 2 44.15%
o] 2AZAHE Helva FPeH, F 51452 FAvel H
2mg/mLEZol A 137] FFo] 51~124% 2ASY, SAFEE2 3mg/mL
6096(2004), Al &(129)2-ZF 4F 0% SFEF== lng/mL &

o] aAZAe] Jota s EI T o]=(146) AHAL FEAE E
hydroxy radical 2A&ZA & < =5 9719 80.45%, =& 69.75%, FH < 3H7]
= 47 1295 # 21%F sflen, o F(131)2 FHAY WEHFS hydroxl
radical &AL 17~53%, A& o, = 2 ¥ dEg2 F=

81.8% 9 E2 AAEHE R T(147). o] (12602 &5
HeE FE5E 100/mL =4 AH5F5F 1169%, =974 94.3%, =
93.9%9 =L AAGAHS Biva slon ol S48 IYHsdHE B &
gt o] = 3heFIl=s AEdA 7 BolA] gkt Hoarskith

AA N EAEtE B A A F(reactive oxygen species, ROS)oIA 7} 74
ggia2 47 hydroxyl radicale] A FS WESA ASUALE] o3
deoxyribose”} 33 ¥ o] aldehyde’} A4 = o] DNA &24Fo oJst Eddo] oF 59
kAL A sk A7 Juh(137, 148). wEkA hyroxyl radical AA S 7HAE =

o m
-
=
03

il

AL deoxyribose2} HF23st 4= 2+ hydroxyl radicalS A7 3te] MDAS AA S
HaAd 5 Adv126).

ool A¥E FH & ATodAes HEA Ao AFEE 5 Yl FEol
2 70% Mg FEERET 297 olikste A FE=E oA hydroxyl radcials &
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Table 8. Hydroxyl radical scavenging activity of enzymatic, supercritical carbon

dioxide and methanolic extracts from Rubus coreanus Miq.
Hydroxyl radical scavenging

Sample .
activity(ICso, xg/mL)
Carbohydrases Viscozyme 4,890
Celluclast 11,830
AMG 10,600
Termamyl 4,810
Ultaraflo 11,100
Proteases Protamex 7,920
Kojizyme 1,850
Neutrase 5690
Flavourzyme 5680
Alcalase 7810
30 min 50
Supercritical )
o 60 min 48
carbon dioxide
120 min 46
709 methanol 1880
BHT 4
a-tocopherol 7

ICs (pg/mL) values were calculated from regression lines using five different

concentrations in triplicate experiments.
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8. Nitric oxide radical 2A &4

AL sodium nitroprusside
v 1 A3} Table 99 e}
¢tk Nitric oxide(NO) radical 4~7 &4 o EH"E 7—} FE=29 1Co @S 244 F=
Eol A 3250~9,8%0 pg/mLE wj$- B a7 BAL Bk a2y x94A o)itkd
50~1,840 pg/mL, 70% vlEE& FE=olA 790 pg/mLE ZUA o]4kst

BREA A 7z FEE9 nitric oxide(NO) radical &
O

Ba FEET
EFrol WES FEEA &2 BHT 1,630 pg/mLe} a-tocopherol 2,340 pg/mLol
HE] H2 2AEAES BT

d 5(149)L AFAYAZANA AT, FAZE, ATV AL AR o)Aty
A, AT, E7HAYUT, HaEuUFol A 50% ©]de NOAASE S ATt &3
o, $(150) T FAulHd= B 25% oEgE FEF 50ul FE=olA 88.4%<]

=2 NO radical 2A &4 & ® 39

Nitric oxide(NO)+i= A Aol Al nitric oxide synthase(NOS)2] #-g&o =z 7]&<l
L-arginine® 278 AP F7lFeAlz Aqurs, 481 ddxd7]s, A=
=4, ABAGA 5 AW A 7FA Astst w-go] #ofgrh(152, 153). A A Wl A
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Table 9. Nitric oxide radical scavenging activity of enzymatic, supercritical

carbon dioxide and methanolic extracts from Rubus coreanus Miq.

Sample scavenging activity (ICsp, ug/mL)
Carbohydrases Viscozyme 9880
Celluclast 5750
AMG 7900
Termamyl 5680
Ultaraflo 5440
Proteases Protamex 6740
Kojizyme 7830
Neutrase 7600
Flavourzyme 7600
Alcalase 3250
30 min 750
Supercritical )
carbon dioxide Oz Y 4
120 min 760
70% methanol 790
BHT 1630
a-tocopherol 2340

ICs (pg/mL) values were calculated from regression lines using five different

concentrations in triplicate experiments.
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V. & ¢F

B AT FEEN6 BE HEA duje ANBEE 2Aey] S, g
=, YA o)Akster A H EA4F FEUYO WE olE FEEEY F ZYdHsEd
¥, DPPH radical, superoxide anion radical, hydrogen peroxide, hyroxyl radical %
nitric oxide radical 2A &84S H7Isto g2A BE2 dujo] ARV T 2FE9 AA

2 28] A NERARE AFFLA HRoM 1 Aahi= vt 2ok

I 524 I R3S 743%, Aol 11.6%, =99 6.1%0] o, =
GrshE 2 3.1%01 A

2. BHEA duje] FEFE2 344 FEEo] 449543 %, 2 UA o|itEE A
FEE 525~892%, 70% WEs FE22 1012%% wES FE&0] M 2
FETFEe B

3.

EE2 duje] & Eedls FES 70% WES FEEA 2,409.01 mg/100g
ow M wkow A oitEtEA FE= 1,316.09~1,605.06 mg/100g, & AA

[op)

=
4. B8z dwje] DPPH radical 244 (Cs, #)S E44 FEEA 350~
480 pg/mL, =Y A olAtstEtA FE=olA] 310~480 pg/ml, 70% W& FEE
A& 490 pg/mLo =, txao =2 A3k BHT(0 pg/mL) % a-tocopherol(70 pug
/mL)el B3jA e A4S HAth

5. Superoxide anion(Os - )AAZAHACs S 2404 FE=2EAA AMGO 80
wg/mL), Flavouryme( 710 pg/mL), Alcalase( 850 pg/mL)C. 2, FZ O &2 A3 o
~tocopherol 2.t} %2 A4S B 2AA o]AsEA 1208 F EEA 180 pg
/mLe2 tixv"o =z AF§3s BHTU80 pg/mL)2t a-tocopheol(1600 ug/mL)X Tt
=< 84& Btk

6. HoOy 2AZAHACs )2 YA olitsteta F5= 302(1300 pg/mL), 60+
(840 pg/mL), 1202(700 pg/mL), 70% wWEtE FEEo|A 670ug/mLoZ, 7=
A}8-35F 3kt el BHT @ a-tocopherol B.t} =9k},

7. Hydroxyl radical( - OH) &A% YAl o]itstets 55120 (46 pg/mL)
7 70% WigtE FEE0830 pg/mL)AA =2 A4S Bon, diEz<¢ BHTS
a-tocopheroldl] H]&|A] v+ A S H AT

8. Nitric oxide(NO) radical 2A &AL 70% wl g FFZE=A 790 pg/mL, =
A olikstet s FEo A 750~1840 pg/mLoZ tx4= A3 BHT(1630xg/mL)
¢}  a-tocopherol®.t} =& A2ASTAS H AT
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