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Abstract

The solvent extracts of Aruncus dioicus var. kamtschaticus Hara, which were extracted by using several
solvents with different polarities, were performed to investigate the antioxidant activities, whitening effect and
antimicrobial activity. The content of total polyphenol of fractions from Aruncus dioicus var. kamtschaticus
Hara extract showed the highest value (335.88+£2.26 mg/g GAE) on ethyl acetate fraction. The ethyl acetate
and n-butanol fractions were 0.06 mg/mL and 0.25 mg/mL as ICs values on DPPH radical scavenging, and
99.16£0.09% and 89.29+0.64% on ABTS radical scavenging activity, respectively. Also, reducing power and
FRAP value were significantly higher on ethyl acetate fraction. The SOD like activity showed 80.76+0.61%
on ethyl acetate and 72.34+0.79% on n-butanol. Tyrosinase inhibition activities (at 5 mg/mL) were 59.08+0.98
% on ethyl acetate fraction. The chloroform fraction showed the strongest antimicrobial activities against B.
cereus (14 mm), B. subtilis (12.5 mm), S. aureus (10.8 mm), E. coli (20.7 mm) at 0.1 mg/disc and the inhibition
zone diameter of ethyl acetate fraction was 17.2 mm against E. coli at 0.5 mg/disc. The minimum inhibitory
concentrations (MIC) of chloroform fraction against B. cereus and E. coli were 50 and 25 pg/mL, respectively.
From these results, it is suggested that ethyl acetate and n-butanol fractions of Aruncus dioicus var. kamtschati-
cus Hara could be used as functional material for food additive ingredient and chloroform fraction could be
suitable for the development of a food preservative.
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FRAP(ferric-reducing antioxidant potential) =
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10 mM 2,4,6-tris(2-pyridyl)-s-triazine(TPTZ, Sigma) 5
mL¥} 20 mM ferric sulfate(FeSO4) 25 mL-S 7}8}e] A 235}
At A ZH 09 mL FRAP reagente] 1 mg/mLe] &%
LA AAF ZHzhe] EEE 003 mL %%—‘F 0.09 mL
£ ¥ g5 37°ColA 1087 vHg-A1Z1 &, 593 nmoll A
spectrophotometer(Shimadzu UV-1800, Shlmadzu Co.,
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mg/mL FEE AZXd xTFoz ARSI, 0125,
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AlZ o 283 EFES 50°Col A 208 52t incubationA
71 3 trichloroacetic acid(0.25 mL, 10%, w/v)E J7IA1 7]
% 108 F9F 3000 pme Z AR E A|H AAN05 mL)
o &o]24(0.5 mL)9} 1% ferric chloride(0.1 mL, Sigma)
£ #H7MA#H 3L, UV/Visible spectrophotometer(Shimadzu
UV-1800, Shimadzu Co., Kyoto, Japan)& AF&3ta] 700 nm
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Superoxide dismutase(SOD) FAIEH &H
Marklund®} Gudrun(17)2] #e] HH S o] &3l A&7

9] SOD A4S S439H. &, A1 0.1 goll 50 mM
tris—cacodylic acid buffer(TCB, pH 8.2) 10 mLE 7}3F &,
0.1 N NaOH¢} HCIZ pH 828 %43t} o] €4 09 mLol
20 mM pyrogallol(1,2,3-benzenetriol, Sigma Co., 10 mM
HCIS &vlZ ted A=) 01 mLS 71t ¥ 1 mL pipette
2 33 38t 2% £ 420 nmol A ¥ = WsE ZA
Atk

SOD-like activity (%)= (1) x 100

C
A: Absorbance at 420 nm determined with test sample
B: Absorbance at 420 nm determined with buffer instead
of pyrogallol

C: Absorbance at 420 nm determined with buffer instead
of test sample

Tyrosinase sl &4

FNEu F2E 9] tyrosinase A3 FAL Yagi 5(18)

o] W wWel 43Rk 0.175 M sodium phosphate

buffer(pH 6.8) 0.5 mLell 10 mM L-DOPAE =<l 7]& 9

02 mLe} A58 01 mLe &£33 &9 mushroom

tyrosinase(110 U/mL) 0.2 mL 3 7}8le] 25°Col|A] 23&-7F Bt

A7l & AAE DOPA chrome spectrophotometer?]

475 nmol| /\1 FHE=E =43} Tyrosinase A3l 4L
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A: Absorbance at 475 nm determined with test sample

Tyrosinase inhibition ability (%)= (1*

B: Absorbance at 475 nm determined with buffer instead
of enzyme
C: Absorbance at 475 nm determined with buffer instead

of test sample

Disc diffusion assayol| 2|st ?Jﬂ_"‘ﬂéi £3
Zt FEEY 82 4
fusion assay® =33l oH,
AT 3FFY 2 24T 3FFE FFAPFAT
o A F-Futo} ARESIAT AE-H 1% 2
Io) w2 58 Ed |
al

150
:“é
X
N
AL
flo
.%
&
D

=

N

N

o FAID S B A=

BS o] 83te] 100 uLA¥ =osle] FEH|stA L, A|EE disc
2 0.1, 05 mge] HE= paper disc(8 mm)ol] A3 FFA
71 J AZIAAS AA & E FEAIZ T FHAHR] 9
LA 7] A E2 30~37°Coll A 2441 7F v st & disc 1
o] B A &S (clear zone, mm)S =45t FTFILAA S
H] 23} H Tk

E|AXNSHSE(minmum  inhibition  concentration,  MICO)
=3

o] vJebd E/0<% 1} chloroform £8&¢9 MIC =



50 Ed

Table 1. List of strains used for antimicrobial experiments
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Strains Media” Temp. (°C)
Bacillus cereus NA/NB 30
Gram positive bacteria Bacillus subtillis NA/NB 30
Staphylococcus aureus NA/NB 30
Escherichia coli NA/NB 30
Gram negative bacteria Salmonella enterica NA/NB 37
Pseudomonas aeruginosa NA/NB 37

UNA: nutrient agar, NB: nutrient broth.

Ao A AT 2ol disc diffusion assay®E =745
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Table 2. Yield of each fraction extracted from Aruncus dio-
Icus var. kamtschaticus Hara

Fraction Yield (%, w/w)
80% ethanol” 29.25
Fractions of 80% ethanol extract”
n-Hexane 12.34
Chloroform 2.25
Ethyl acetate 12.76
n—Butanol 19.82
Water 52.84

’”Yield (%)=weight of solid extract/ weight of dry sample x 100.
2Yield (9%6)=weight of solid fraction/ weight of 80% ethanol ex—
tract x 100.

Table 3. Total polyphenol contents of various solvent frac—
tions from 80% ethanol extract of Aruncus dioicus var.
kamtschaticus Hara

Solvent Polyphenol contents (mg/g GAE")
80% ethanol 157.43+0.947
-Hexane 146.25+0.09°
Chloroform 132.15+0.57¢

Ethyl acetate 335.88+2.26"

n-Butanol 185.70+0.24°

Water 115.01£0.33"

'I)GAEZ gallic acid equivalents.
'Z)Values are mean+SD (n=3).
YValues with different letters differ significantly (p<0.05).

30 Yet gttt =705 rE ethyl acetate(335.88+2.26 mg/
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Table 4. DPPH radical scavenging activity and ABTS radi-
cal scavenging activity of various solvent fractions from
80% ethanol extract of Aruncus dioicus var. kamtschaticus
Hara

DPPH radical ABTS radical

Solvent scavenging scavenging activity
activity (mg/mL)" (%)
80% ethanol 0.500.017% 72.96+£0.32°
n-Hexane 0.78+0.01° 28.83+0.33°
Chloroform 0.98£0.02" 39.57+0.87°
Ethyl acetate 0.06+0.01t 99.16+0.09%
n-Butanol 0.25+0.00° 89.29+0.64"
Water 1.17+0.02* 17.20+0.09"
Ascorbic acid 0.03+0.00° 99.42+0.15°
Y Amount required for 50% reduction of hydrogen donating

activity.
?)Values are mean+SD (n=3).
IValues with different letters within a same column differ sig—
nificantly (p<0.05).

radical 2AEA T3 A SGH, 4 FE5Eo| It
Ae T dm SFEY ol F7tskd
sttbs Bl §ARSFY TH24,25).

ABTS radical 271

s FE2E 2 £ E9 ABTS U4 2424 S
w7tst A3, Table 49 vreRd vk9} o] 0.5 mg/mLe] &
T oA ethyl acetate & E0] 99.16+0.09% % 7} =4
e o™, p-butanol &8 &2 89.29+0.64%9] 2 &4
S Ho] akal ) 272 ascorbic acid(99.42+0.15%)¢] &
A3 vln Al B A5 9] ethyl acetate ¥8& & o] HE
A S ¢ F A

Lee 5(26)2 AH|E2] oAl E FEE<] 1,000 pg/mLY]
FTZolA 4353%<] ABTS &tz &AAEAAS et
I HAEPOH, Lee 52N 3% vge FEE
(1,000 pg/mL)°] 85.0~91.4%2] A~AHSS 2 A &9 DPPH
gz 2A% 2 dddde vgi g2 S e
I RustiEd, A3 = E/0<E0t chloroform #¥
= (39.57+0.87%)2 n-hexane #3E(28.83+£0.33%)°l H]
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Reducing power
wNsr 25 2 B85 ¥55 01,0305 07,10
AR F FEolee BANE
S =43 A3+ Fig. 13 2t} 1.0 mg/mLol A ethyl
acetate 239 FF % X7} 269+007E 7+ =A YE
%o ™, 80% ethanol FE& 2.37%0.03, n-butanol 1.74+
0.03, m~hexane 0.76+0.04, water 0.56+0.02, chloroform
038+0.05 ¢ 2 T35 X2 Yt & &mj&

3.00 —&— 80% Ethanol
—&- n-Hexane
250 —a— Chloroform
—x— Ethyl acetate
—6— n-Butanol
—e— Water

0.1 0.3 05 0.7 1
Concentration (mg/mL)

Fig. 1. Reducing power of various solvent fractions from
80% ethanol extract of Aruncus dioicus var. kamtschaticus
Hara.

EL Tyl Z71E e 3= SV Y dew 5
7FalR 2. ethyl acetate ¥ &2 1.0 mg/mLe FEol /H

ez g et $UEAE 500 pg/mLY of
75% ethanol, hot water, 85% ethyl acetate &2 3%
=217} 0.78, 0.60, 0.58% YEFTIAL Shon 5(29)2 B3}
‘}i-l—, Au| o] Weg e, olAME FEE(1,000 pg/

ol Zhz} 0275, 0233, 01019 F3% Fx5 el
E‘rb Lee 5(26)9] B arsto] Hlushd, & Aol AMEE =
Nevt FE2E5 2 BYEY FA7Hnd 255 4 5 A
Atk

FRAP &%

FRAP valued] =4-& & pHolA 3L A| o 2]3] ferric
tripyridyltriazine(Fe* ~TPTZ) B&x]7} s&kA 9] ferrous
tripyridyltriazine(Fe” ~-TPTZ) .2 95+ IS o] &
gk ol oh(15). A A /057 ethyl acetate ¥ 8 &
9] FRAP value® 539+0.02 mME 714 ¥4 Yehgon
(Table 5), n—butanol(3.63+0.05 mM), 80% ethanol(1.39
+0.06 mM), n-hexane(1.08+0.03 mM), chloroform(0.65+
0.01 mM), water(0.22£0.00 mM) #3& +=°2 FRAP
valueE YeER At B8 E 3 ethyl acetate £ & 5o 714
=2 FRAP valueE YEl oy} o Z+<l ascorbic acid

Table 5. Ferric reducing antioxidant potential (FRAP) and
superoxide dismutase (SOD) like activities of various solvent
fractions from 80% ethanol extract of Aruncus dioicus var.
kamtschaticus Hara

Solvent FRAP value (mM) SOD like activity (%)
80% ethanol 1.3940.06V% 66.49+1.31¢
n-Hexane 1.08+0.03° 67.82+0.49
Chloroform 0.65+0.01" 57.17+1.60°
Ethyl acetate 5.39+0.02" 80.76+0.61"
n-Butanol 1.63+0.05° 72.34+0.79°
Water 0.22+0.00% 1555+1.32f
Ascorbic acid 9.09+0.24 99.95+0.06"

ll)ValueS are mean+SD (n=3).
?Values with different letters within a same column differ sig-
nificantly (p<0.05).
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H3lo] 242 mME FRAP valueE YER Ath= Bato] )
31 F=/05 v} ethyl acetate £ &L nf 9 =2 A4S 7}
A Aoz Yepth =3 /15 vk FRAP valueste &
HE o wE FYAe 22 AgFS JE It

SOD A

pyrogallol®} =75}
Z2 93217 A4E T
80% ethanol %%, n-hexane, chloroform, ethyl acetate,
n-butanol I EL 57.17+1.60~80.76+0.61%2] FAS
et Ao, water 8
23 UERAT. B A
u}

o] ko] =L o)

A 1

=2 15655+1.32% 2 71 &
2] SOD fAIEAd2 & Zg9=

=0 $A4S Yehfo], #H=4
33+E 3 flavonoids S3HES Bol 745 SOD FAF
450l Frhstthe Ba1(32,33)¢F dAet= 43S e
Biba=o

Ak OFR A B

.I

_V.Erﬁ

(34)%1 A=A 48.30%, %1 2540%, =23}
21.60%, w3 583%, A& 4.97%= SOD A& e
3L, Lim 5(35)& i ogE F3E°] 76.1% SOD
A2 5ol BEE T Haskgl o, Son F(36)2 =4}
o} ®olxp7t mlgh-E FEEollA 59.63%, 4893%°] &S
vebdta Baust itk £ A5 23 w7k water £

=5 AT 98 2 FEEL 7|8 Bud o] FRe

FAEET vluF &2 SOD FAEAS 7“311] a3}
EHF =2 A Aho = o)) 75 Aoz ddHT

Tyrosinase A aff&hA

71:7HFU]' FEE E EYES YFL=Z 01,05 1, 5 mg/
mL9 TE 2 343} tyrosinase A4S A H
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Fig. 2. Tyrosinase inhibition of various solvent fractions
from 80% ethanol extract of Aruncus dioicus var. kamtscha-
ticus Hara.

=
.Z—é_zl.

A1 - AFR - Aol - FEA
4o rd wg foFez Zrkste A4S UERS]
()

W, B3 E FoA ethyl acetate ¥&Eo] 2522+2.38~
59.08+0.98% =2 71 =2 tyrosinase A4S YJEMNA L,
I o2 80% ethanol F&E°| 21.25+1.43~44.81+1.70%
2N Fo)Hom & &84S YEI AT n-Hexane, chlo-
roform¥} water ¥&&E-& 1 mg/mLe] =714 &7t
FARE e A g9kt 5 mg/mLe] =AM water
FYE FoHoz =2 48 et Es F

529 E3¥E FolA n-hexane, chloroform, water ¥ 3%

| = tyrosinase A3 E Yeld= A4 o] vl s
Z 21} ethyl acetate &8 ol = tyrosinase A3 & o] &=
E4do] FiHol e AR ARG o]t Aol A
tyrosinased] AL AAA T E-A Y FHE thoFsiy,
22 AEolgte gulol wet JAEg ] Hxol xfol7t ol
E Ao AlgdEY,
U ABDY] 0% dg-g FEE 10 mg/mLe] %
Al A 6.74%2] tyrosinase A ZA3S JeERH P o, A ek
methanol & E-(1 mg/mL)ol A A (54%), 7+%(52%), 2
=(25%), A (15%), 2F-7-(28%), 2FF(11%)2] A4
S YeR At Choi 5(38)0] EustHa, g4 o F&
&9 ethyl acetate 3 &(1 mg/mL)°] 2947%E }e}tth
= Roh 5(39)9] B8} vlw s, w751 ethyl acetate
Y ET 80% ethanol FEE°] 99 ATZEALERTY FA
StAY =2 A%E Y E R 97 v aas veide
7154 sdE 98 9 A FY 543F ZHEE HAS e
7158 AFLR 89 7 3l& JoE AgdEn

A
(=]

2

—

Disc diffusion assayol| 2|8t &hrt&l

JHNF FEEO U 3T S B cereus, B. subtilus,
S aureus?}t 2 359 23 S MTH E coli; S Typhi-
murium, P. aeruginosa®t 22 3F2] ¥ 24 Aldo =
T3E F 6% Alarel tiste] disc FAHoE HAAIS 4
F= Table 63 2. w/hsrte A2F, F529 22
chloroform 3 E&2 0.1 mg/disce] X=X B. cereus(14
mm), B. subtilis(125 mm), S. aureus(10.8 mm), E. coli
(20.7 mm)<} 2o] 4572 Aol thal o] =UuTh
ethyl acetate =8 E-& E. coli(17.2 mm, 0.5 mg/disc) ¢ 2
L2 1%l g3l =2y chloroform #& &9 Hl& vA U
Bl T} 80% ethanol, 7-hexane, n-butanol, water &35 9]
A5 Aol TRl BARle] FHEAEES YEA stk
wetA e B8 E] Fo FuEd EFL S48
?l chloroform FolA & Z= EH2 F 5ozt

=70&0} chioroform 22| ZAXssZ=MC)

Paper disc H9 A%E vl&ro 2 =757 80% ethanol

FZE 79 chloroform #8E #4444 Yelid B.
cereus, B. subtilis, S. aureus, E. coli*l WA =H5v}
o] HAANEEE A ZF= Table

El

s

=
N
=

—

chloroform 38 &



¥ MEv(Aruncus dioicus var. kamtschaticus Hara) &0 F&5 9] 343} @ 724 53

Table 6. Antibacterial activities of various solvent fractions
from 80% ethanol extract of Aruncus dioicus var. kamtscha-
ticus Hara

Size of clear zone (mm)
Fraction conc. (mg/disc)
0.1 0.5

80% ethanol =D -
n-Hexane — —
Chloroform 14.0 20.0
Ethyl acetate — —
n-Butanol - —
Water - -

80% ethanol - -
n-Hexane - -
Chloroform 125 21.3
Ethyl acetate — —
n-Butanol - —
Water — —

80% ethanol - -
n-Hexane — —
Chloroform 10.8 20.0
Ethyl acetate — —
n-Butanol — —
Water - -

80% ethanol - -
n-Hexane - —
Chloroform 20.7 285
Ethyl acetate — 172
n-Butanol - —
Water - —

80% ethanol — —
n-Hexane — —
Chloroform — —
Ethyl acetate — —
n-Butanol — —
Water - -

80% ethanol - -
n-Hexane — —
Chloroform — —
Ethyl acetate - —
n-Butanol — —
Water — —

Microorganisms

Solvent

B. cereus

B. subtilis

S. aureus

E. coli

S. enterica

P. aerugionsa

YNot detected.

Table 7. Minimum inhibitory concentration (MIC) of chloro-
form of Aruncus dioicus var. kamtschaticus Hara

Growth at various concentration

Strain (ng/mL) ( NilrgL)
5 10 25 50 18

B. cereus + + + — 50

B. subtilis + + + + N/D?

S. aureus + + + + N/D

E. coli + + — — 25

Dt growth, —: no growth.
?Not detected within the concentration limit <50 pg/mL.
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1, Park 5(41)2 d&& FEEd= 27|AF 02 mg/mL
o] MIC 5% & YeiA.
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