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Effect of Extraction Methods on Antioxidant Activities of Mori ramulus

Hye-Mi Park and Joo-Heon Hong
Department of Food Science and Technology, Catholic University of Daegu

ABSTRACT The objective of this study was to examine the antioxidant activities of extracts from Mori ramulus
using different extraction methods (HE, hot water extraction; EE, 50% ethanol extraction; UE, ultrasonic extraction;
PE, pressured extraction). The extraction yield of PE (3.07%) was higher than that of UE (1.43%), EE (1.18%), and
HE (1.07%). The total phenolic and flavonoid contents of EE were 334.66 mg/g, and 35.64 mg/g, respectively. The
oxygen radical absorbance capacity (ORAC) of EE (3,483.37 uM/g FW) was higher than those of HE (2,687.52 uM/g
FW), UE (2,300.45 uM/g FW), and PE (2,117.62 uM/g FW). The DPPH and ABTS radical scavenging activities
of EE at 1,000 pg/mL were 65.84%, and 97.52%, respectively. The superoxide radical scavenging activity of EE
was 67.77~98.74% (100~500 pg/mL) higher than those of other extracts. The ferric reducing antioxidant power
and reducing power of EE were 189.00~974.80 uM, and 0.12~0.82, respectively. The tyrosinase inhibitory activity
of EE (23.25~67.20%) improved with an increase treatment concentration. The antioxidant and tyrosinase inhibitory
activities of EE were significantly higher than those of other extracts. In conclusion, we provided experimental evidence
that extracts from Mori ramulus have potential as functional materials.

Key words: Mori ramulus, extraction method, phenolic compounds, antioxidant activity, tyrosinase inhibition activity
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21 5 #3FF = A (Ultraspec 2100pro, Biochrom Ltd.,
Cambridge UK)Z o]&3le] 725 nmol A S3 =S A3}
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DPPH radical £27{ &M =X
DPPH(1,1-diphenyl-2-picrylhydrazyl) radical &7
&g 54(29)2 DPPHY #YE s o] 83t S48
Z A2 0.5 mLel 4<107* M DPPH €99(99.9% ethyl al-
coholel &3) 5 mLE &33to] A4 1587 W-SA171
t}S B33 = A (Ultraspec 2100pro, Biochrom Ltd.)Z
o] & }01 517 nmellA §3 == =43} th. DPPH radical
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ABTS radical £A7{ &M =H
ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)) radical &7 &4 FA(B0)S 7.4 mM
ABTS(Sigma-Aldrich Co.)¢} 2.45 mM potassium per-
sulfated HF T2 T3] A9 gaelA 24/\]7}
Eot WA &to] ABTS'S A F 734 nmollA &%
Zko] 0.70+0.027} = Al phosphate buffer saline(PBS, pH

7.4)0.7 33Tt 34 E g 180 ulel 7\]2 20 L&
F3tsto] AE3] 15237F v A7 o 243 = A (Ultras—

pec 2100pro, Biochrom Ltd.)& ©]-&3}¢] 732 nmol A &
BEE SASEY. ABTS radical 2A4 4L FEF9
A7t A o] zpol & ofefjel o] WEEE LERUTH
ABTS radical sampleapsorbance

scavenging activity (%):( - corltpr)olabsorb,mee >><100
Superoxide radical A7 &M &H

Superoxide radical &7 A =42 Nishikimi(31)9]
Wil whel oS3 2ol Stk A8 500 ulel 0.1
M Tris-HCl €584 (pH 8.5) 100 pL, 100 uM phenazine
methosulfate(PMS) 200 uL& &3%sto] 882171 & 500
uM nitro blue tetrazolium(NBT) 200 uL % 500 pM B-
nicotinamise adenine dinucleotide(NADH) 400 uL& #
7hste] Aol A 103 WA vt 33 = A (Ultra-
spec 2100pro, Biochrom Ltd.)E ©]-&3}4] 560 nmoll A
SHEE ZA3} ). Superoxide radical 274 A& F

ZE9] #A7t A Fo] Aol & o}t o] MEE R ERY
AT

Superoxide radical _( sampleabsorbance
scavenging activity (%) controlapsorbance

)x100

FRAP(ferric reducing antioxidant power) X
FRAP &4 2 Benzie®} Strain(32)9] W] ule} ths
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o] #iks) &4 1711

fer(300 mM, pH 3.6)E5 37°CollA 7}=3F & 40 mM HCI
o &3 10 mM 2,4,6—tris(2—pyrldyl)—s—trlazme(TPTZ,
Sigma-Aldrich Co.) 2.5 mL¢ 20 mM ferric chloride
(FeCly) 2.5 mLE H7}slo] A %3kt A& 30 uloll A%
% FRAP reagent 900 pLo} 575 90 pLEs ¥ % 37°C
oA 10&3F WESAIZ g 333 =A (Ultraspec 2100
pro, Biochrom Ltd)& ©]&3}¢] 510 nmollA] FFEE =
AslA . FRAP+= FeSO4-7TH20(Sigma-Aldrich Co.)E
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=439tk A& 1 mLell 0.2 M phosphate buffer(pH 6.6)
2 mL®} 1% potassium ferricyanide €9 2.5 mLE 7}3F

% 50°Cell A 307t REEAI AT §E- % 10% trichloro-
acetic acid &9 2.5 mLE 7Fs & 942 ¢ ), e
2.5 mLoll 5/ 2.5 mLe} 0.1% FeCls &9 0.5 mLE &%
3t t}S 343 = A (Ultraspec 2100pro, Biochrom Ltd.)
Z o]g3le] 700 nmolq FHEE SAEh
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Tyrosinase A3 &4-& Kameyama 5(34)9 W¥S
S-g3ko] 96 well plates] Al& 100 pL, 0.175 M phos-
phate buffer(pH 6.8) 40 uL, 5 mM L-DOPA 40 puLE <=A4]
Y2 Y3 mushroom tyrosinase(2,000 U/ml, Sigma-
Aldrich Co.) 20 pLE #7}ske] 37°C vjg7]ol A 10% &
o Wk A7l v} AA®E DOPA chromeS microplate
reader(UVM-340, ASYS Co., Eugendorf, Austria)E ©]
4319 490 nmell A FH=E 5743} Tyrosinase A
3 @42 FEF] H7F A Fo] Aol & ofEfje} o] W
&2 UERATH

Tyrosinase sampleapsorbance

inhibito};y activity (%):( - corltliolazsorzgmCe >><100
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3L SPSS(19.0, SPSS Inc., Chicago, IL, USA)E ©]-&3}4
WTAREA(ANOVA)S AASHIAL 7 54 Hahke] 1914
(7X0.05)2 Duncan's multiple range test® 733}t

2248, & Hs, & Z2i20|S 3% U ORAC
ZEuol we gx 2320 2348 & AE %

Zobuicol= 32 % ORAC FH& Table 137} B}, 234

g 77t A4 HeRE(ER), 2995

Z=(HE), 50% °l
Z(UE) 3 7FF2 PR 247 Abol& yehfigle
W, PE(3.07%), UE(1.43%), EE(1.18%) % HE(1.07%) <+
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Table 1. Extraction yield, total phenolic, total flavonoid contents, and ORAC (oxygen radical absorbance capacity) of extracts from

Mori ramulus

. D
Extraction method (dry basis, %)

Yield Total phenolic
(Tannic acid mg/g)

ORAC
(Trolox pM/g FW)

Total flavonoid
(Rutin mg/g)

HE 1.07+0.02° 247.06+2.32" 35,321,192 2,687.524221.44°
EE 1.18+0.04° 334.66+0.65° 35.64+0.73 3,483.37+189.91°"
UE 1.43+0.05" 206.56+1.53° 34.49+3.21 2,300.45+176.36°
PE 3.07+0.09° 210.80+1.33° 33.59+2.41 2,117.62+178.35°

])HE, hot extraction; EE, 50% ethanol extraction; UE, ultrasonic extraction; PE, pressured extraction.

S: not significant.

All values are expressed as mean+tSD of triplicate determinations.

Mean with different superscript letters (a-d) within the same column differ significantly (P<0.05).
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o] FHFu 4—"?%(29.88%)01] HE) 747 d F%(31.65
%)l Al Fgro] SR T B Kim $(6)9] I A
oF FARSIATE & dE 9 FER ol g9k ERA 72
7} 334.66 mg/g 2 35.64 mg/gl® 7 ol FfrH o]
ARow o2 FEWH vl& A5 50% e F&
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50% ol gte2 &3 F7]- 87k EFE o] o FAo
[ RN
AT

o} i ABARAY §Eol Fold] MR A}
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sl g Aol el AIRlel 80% dRE R F
A
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Zqs W FEFE0] 7P 5otk Baet fAkeklth
(8). &A1 FEWH M2 F dE TF2 206.56~
334.66 mg/g o= A2l Aol & HEMR o, F E2)
H-o|= ke 3359~35.64 mg/g o E 2% ¢l xfo]E
Ve A ¢kgkth ORAC 418 AAPHERE F %9 per-
oxyl radicalell gt AA S FFEZ SAHSHH, per—
oxyl radical $=2¢e] i3k JA| A7t JA &S BF v
g 54 Wolth(35). ORAC =4 A3 ERolA g%
3,483.37 uM= 7FF 58 s YERie™, HE
(2 687.52 uM), UE(2,300.45 uM) % PE(2,117.62 uM) <=

2 2450} Table 1914 el A3 8 ORAC g
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362 = = aako] S7Fstel whEl ORAC kol Z7hakth
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el on £3] 1,000 pg/mL FEAE SN =T
© & AR&3 ascorbic acid(77.49%)°] °F 0.85u1¢] 244
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Fig. 1. DPPH (A) and ABTS (B) radical scavenging activity
of extracts from Mori ramulus. Means+SD (n=3) with different
letters (a-o0) above bars are significantly different by Duncan's
multiple range test (P<0.05). HE, hot extraction; EE, 50% etha-
nol extraction; UE, ultrasonic extraction; PE, pressured extraction.

Yepidch o FE%HS 100~1,000 ug/mL E ol A
HE 10.46~48.95%, PE 11.75~44.64% % UE 10.32~
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3l Shin(22) A 70% ol ¥H& %52 DPPH rad-
ical 2A #4& =AM A7) 10 pg/mLellA 16% 2 100
ug/mLAlA 73%=E W&}, 3 &} FrAgE A IS VERY
Ao H% L o)EH o :jr_% A4S Vet Bustad
t}. ABTS radical A & E ANgoA F=7)F 7}
o wal 24 &AJo] FrlEl o, 53] EEolA 42.35
~97.52% = 7} =& &8 YElo] DPPH radical 427
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100 4

Superoxide radical scavenging
activity (%)

catechin 100 250 500

500 pg/mL.
(600 ugfmL.) L concentration (ug/mL) _

Fig. 2. Superoxide radical scavenging activity of extracts from
Mori ramulus. Means+SD (n=3) with different letters (a-g) above
bars are significantly different by Duncan's multiple range test
(P<0.05). HE, hot extraction; EE, 50% ethanol extraction; UE,
ultrasonic extraction; PE, pressured extraction.

93.86%, UE 87.82%, PE 86.64% <=°|lt}. Lim S(37)&
4, AA 2 Ay vekg &5 2 ABTS radical 27
DS AR A APelA ol oR 2 S YE
Wow Ax] 2 gy 3~30 pg/mLolA & 5~10%% t}
A W A4S HER o o= 3 dEskAI)]l BHASH
ascorbic acid®} B uE}7] Y8l Fe FolA FAFSE A3t
ol g} Aetdt) mE AlgolA ABTS radical 27 &4
©] DPPH radical &7 &7 H]slo] 5 A4S YERIA
=, o)== t2] Aol A ABTS radical &7 42 4
© DPPH radical 227 4B} 54 Fo] kst 245
chain breaking 343} 24 1 st 4= 9o o &
A4S YEpdva Baste] &7 Aol ARt
(30,38).
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= Uz o2 A}E3 catechin(87.36%) H Tt}
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EHE ODEE mUE mPE

1200 A

800 -

FRAP (uM)

400 +

ascorbic 100 250 500 1000
acid
(100 pg/mL) ]— concentration (ug/mL) J
1
b mHE ©DEE ®UE ®=EPE a

Reducing power (O.D. 700 nm) w

250 500 1000

|

Fig. 3. FRAP (ferric reducing antioxidant power) (A) and re-
ducing power (B) of extracts from Mori ramulus. Means+SD
(n=3) with different letters (a-n) above bars are significantly
different by Duncan's multiple range test (P<0.05). HE, hot ex-
traction; EE, 50% ethanol extraction; UE, ultrasonic extraction;
PE, pressured extraction.

ascorbic
acid
(100 pg/mL)

concentration (ug/mL)

2 Als T

FRAP 2 2t
GA F=E=°] FRAP % g2 Fig. 39 #th. FRAP
+ EE F7Fo] 100~1,000 pg/mL &l Al 189.00~974.80
uME 7 52 84S Yehdislen, 53 1,000 ng/mL
FTro M= AU FETL O E AFESE ascorbic acid(1,239.88
uM)e] digr 0.8u9] &S YERSITE 100~1,000 ng/
mL XA HE 145.48~818.28 uM, UE 81.85~488.81
uM, PE 128.68~854.55 tMZ EE FEEA T& o=
A o 8 FRAP7} S7HE & ERlat3ith. Jung 5(40)2 AW
- R AEUE Q1] 80% HERE: &= dldl FRAPE
AV A Z7F 1.77 uM/ug 2 8.52 pM/ug e 2 F41 = o]
FZE9 FRAP @] #rta Husglr). 3
H EE 7ke] 100~1,000 pg/mL &l
A1 0.068~0.817% =< &4& HEROH 5% o&4
o= Frletith
AN ETL o2 AFE-H ascorbic acid(0.78)H.t} f-2] 4 o
2 52 245 Uehdglth oE FEEelA Y SdES
1,000 pg/mLel A HE(0.65), PE(0.56) % UE(0.43) =&
2 Zdo] YEltom FRAPSH A A dS YERI AT
A& o] frolAos kel FEUQl EEolA &

&
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120

EHE OEE m®mUE ®BPE

100 4

Tyrosinase inhibitory activity (%)

ascorbic 100 250 500 1000
acid
(250 pg/mL) L concentration (ug/mL) _—

Fig. 4. Tyrosinase inhibitory activity of extracts from Mori
ramulus. Means+SD (n=3) with different letters (a-g) above bars
are significantly different by Duncan's multiple range test (P<
0.05). HE, hot extraction; EE, 50% ethanol extraction; UE, ultra-
sonic extraction; PE, pressured extraction.

FEUel w2 A% FEE9| tyrosinase A3l 24>
Fig. 49} Zt}. Tyrosinase A3 €42 EE 100~1,000 pg/
mL F5EoA 23.25~67.20%% %o &AS LRl oH,
53] 1,000 pg/mL §=oA = FANET 22 AFE-SF as-
corbic acid(78.96%)2] < 0.854]¢e] A4S YEeER AT
100~1,000 pg/mL &=°lA HE, UE % PE7} 22 23.90~
48.42%, 19.85~32.84% % 17.03~29.78% = F-X %o L
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