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Influence of Applied Pressure and Heat Treatment on
Antioxidant Activities of Young Leaves from Achillea alpina
and Solidago virgaurea subsp. gigantea
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Abstract - Present studies were conducted to investigate the effects of autoclaving on antioxidant activities of Achillea
alpina and Solodago virgurea. At early April, young leaves of 2 species were collected, subjected to autoclaving (121°C, 1.2
atmospheric pressure, 15 minutes), freezed-dried, grinded, and extracted with 80% ethanol. The same process was repeated
with unautoclaved control. Total polyphenol and flavonoid contents, scavenging activities on DPPH and ABTS radicals and
ferrous ion chelating effects were analyzed. Extraction yield of autoclaved S. virgurea was 39.55% and A. alpina 28.15%.
In both species, autoclaving significantly reduced scavenging activities on DPPH and ABTS radicals. On the contrary,
ferrous ion chelating effects increased after autoclaving, especially in young leaves of A. alpina. Autoclaving resulted in
decrease of polyphenol and flavonoid contents, especially in the A. alpina. The present experiments demonstrated that
autoclaving had negative effects on antioxidant activities of A. alpina and S. virgurea, except in ferrous ion chelating effects.
Young leaves of former species were unstable to heat treatment, resulting in big lose of antioxidant activity.

Key words - ABTS radical, DPPH radical, ferrous ion chelating, flavonoid contents, polyphenol centents
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g8HA A3E L lk(Liu 5, 2008).

BEo Iaplel iy 2E0R 93, AR UF, 33,
Aol o] AHA] 2ol AHPTHTH(Lee, 1999). A1
S ohgal, B, T, AU, 29, NEAEO] Yo
H, F8AE O 2= achillen, chamazulene, d—diacetyl

matricarin, cineole 0] &#A It Ahn, 1998), &%



n 9 FE 2Eky chdA 2E0 2 ofoly} £ FUE
o] 9203 ALK Choi 5, 2008), 2213 A AR

Gol=tl, G4 7k 5 g vy 2 2YEE E4
59 ARl = AR dHA SthWoo &, 2007;
Chung %, 2003; Kim %, 2004), Z12jv} x| 9J3t
EnFE 9] Iycopene T X F FiteldA] S7HDewanto,
2002), FHA9 F EedlE o 9 A St
(Choi 5, 2006) Zo] HiEglom 120C A9 7}
7kE 2]of ofgt ujF=o] <t At S7HYildiz2} Westhoff,
1981) ¥ nhk9] gHikel a3t F7HKwon &, 2006) 5=
HuEo|Qitt, waba] A9 Fof wah A AlEo A
ggdo] mA= ool th2ug JXErt A oRgAlE
o gl mAl= Pk wAT ot Qltt

2 AT AR BE S50 9H Y AE At

F o

=)

>

AE A=

Aol ARE FEI S5 9F 9] o7l 2007 4
Zol| S5 FUY Ao A st 28 A% A]

£ A5k 3 AAZ7])(FD8512, 11Shin Lab, Co, Ltd.,
Korea) 2 FAAZXsIAY, W f2]Hol "ol autoclave
£ o]gato] 121°C, 1.27]90l|lA] 158 52t 71t FAf=]gt
3 EAAZIG} AZRA|FEE HA7|(FM—681C, Hanil Elec—
tric., Korea) 2 &4|5}9 01, 243t ARAIEL} 80% ©f
TS ST Yol TRt 5, Wzkato] KAt
5 25 32%*](Chang Shin Co., Korea) 2] water bath
225 60C 2 283t 6A17F F3F FFE2E% dt9irt,
Z25.0 o7x|(Advantec No, 2, Toyo Roshi Kaisha Ltd.,
Japan) 274 ARE-Ste] Zrefolastglon, ofnt § P2
b AxRAIR} 22 W oR FEsto] - 33 Hhy

FEIAH. FF FEE2 ofdlY Aol st FErE

& Fetgon, Aa Ak —70°C(SW-UF-200, Sam—
won Engineering Co., Korea)o| HI3}HA] A& 0| A&
SFT
Extraction yield(%) = (A X B/ C) X 100
A 7MA TRE HE(mgml ), B & F&2H(ml)
C: 87x A& FHmg)

DPPH radical 244

2% 0.2 mLe} 0.15 mM DPPH (1,1-diphenyl—2-
picrylhydrazyl; D9132, Sigma, USA) £°8 0.8 mL& &
grsto] A2 el A 30 F3F RRAIZ] F 517 nmoj]
A FEE=S 545 THBlois, 1958). HAREol5(EDA)
< A& J7HEet AR Al s A7k d2dte] S
&= Aol & ofef o] Alof ofste] HMiEE (%)= oIS
GBS Boto] AR 7S] EDAS 50% 4
A7)l Bagh AR FE(mgml )E RCoFheRE U
BT} (4)control 2= BHT(2, 6—Di—tert—butyl—4—methyl —
phenol; B1378, Sigma, Germany)®} ascorbic acid(A5960,
Sigma, China)E& ARE3}4TY

Electron donating activity(EDA, %) = (1 —A/B) X100
Al NE A7t T3=
B: fj239] &=

ABTS radical £AEA

7.4 mMQ] ABTS(2,2 —azino—bis[3—ethylbenzothiazoline—
6—sulfonic acid]diammonium salt; A9941, Sigma, USA)
2} 2.6 mM potassium persulfates &§Fsto] A-29FA
oAl 24A17F ¢t WAISto] radicaly F/JAIZITE ABTS
gl AY Ao 732 nmollA g%} 0,700 £ 0,080
(mean * SE)¢] E|=Z phosphate—buffered saline(pH
7.4 o8 3Asto] ARESITE R FE= 50 uLof
ABTS & 950 ULE 37ksto] Ao A] 1027t BEG-AX1
% 732 nmo| A SFE=E S5 HRe 5, 1999). ABTS
radical 2A%5(RCs0)L DPPH radical &A%< AARS
ol 2 o fatglon, 2t FHES 50%
FAATIEE BRF HEH THEY r(mgml )2
UERTE Radical 2765 HlaLsl7] 917t A 2t
BHT®} ascorbic acidE ARE-5HITH
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Ferrous ion chelating &3}

225 1 mL, 80% o2 0.8 mL, 2 mM FeCly'4H,O
(iron(II) chloride tetrahydrate; 220299, Sigma, USA)
€9 0.1 mL, 5 mM ferrozine [3—(2—Pyridyl)—5,6—
diphenyl—1,2,4—triazine—4",4”—disulfonic acid; P5338,
Sigma, USA] 89 0.1mLE H7}5}o] EFH The A2
A 1027 WAzl e H, 562 nmol A FEEE 578513
H(Yen &, 2002). 5=&=2 chelating = ofgfe] 4=
Ao we} AESt &, T3l HEAS 0]83to] ferrous
ionS 50% chelating A]7]=4] a3t A| 29| == (RCso)
£ okt ZF AR chelating AIHE H|wsl7] 9Jst
o] 0.05mg'ml”" %9 EDTA (ethylenediaminetetra—
acetic acid; E5134, Sigma, USA)E %A 2L O2 A}
8319

Chelating activity(%) = (1 — A / B ) X 100
A AR k) B, B 80 Wrkel S

3 s B

FZ5 0.1 mL, 2% NayCO3 2 mLE E£351aL 35 59
1N Folin & Ciocalteu’s phenol reagent(F9252, Sigma,
USA)E 0.1 mL 7Fsto] A2ofA 302 ¢t Whe AR
6™, UV/Visible Spectrophotometer(Ultrospec 4000,
Pharmacia Biotech,)2 750 nmo|A EX =5 =435}%
th(Velioglu &, 1998). Tannic acid(T0200, Sigma,
China) & EXEAR do] 243 AL ol§ale] A
2N 7 gd & Z2]vs F¥(me g )S tannic acid 7|5

o2 gitsto] LRt

5 Bopuiols W

ZZ%5E 0.2 mL, diethylene glycol(H26456, Sigma,
USA) 2 ml, 1 N NaOH 0.2 mL< H7}ate] 37C 9] 3
4=2(VS—-190CS, Vision Sci,, Korea)ol|A] 1A]7F 9ES-A7]
T 420 nmoA S EE SHFFHTHNFRI, 1990), Na—
ringin(N1376, Sigma, USA)& REFEZ=R dlo] ZA%H
HFAS olgsto] AxAR g & Eetieols

[¢]
(mg'g )& naringin 7]E0& FHAksto] Uretiict

Az
BE AYe 39S 1312 Sjof 33 o4 ke Aty

t}, EA X 2]= SAS version 9,1(SAS instritute Inc,, Cary,
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#2lo] ofslo] 2 W57} golrh. wetA AlEEo] wet 7}
AR} 22 4o 1A= AFE 2] B2 Aow
A7y ofek

A 29 71%t EA 27} radical £A% vX= I
Ascorbic acid, tocopherol, polyhydroxy W3aF& 35}
2, WS ol 5o GBS yhg T DPPHY} 3
Yo BAEL el olge DPPH AAM(Cha 5,
2009; Choi 5, 2008)& AgHuHo] 7eska FAISIEA
7} dto] =2 o] Qltk(Blois, 1958; Jung 5, 2004;
Cha %, 1999a). Potassium persulfate} HF-3-5lo] & A
H AEAO] ABTS cation radical®] F&8N9] aAils)
E4o] oste] AAE0] BN EE= HelE o835k ABTS™
2AM(L 5, 2007)& 5497 vl=/d ket 249 24
S B SAT ¢ olens FEE M Y &
ol A} AHg-ETHRe 5, 1999). DPPH radical?t ABTS
radical =5 AU Aks} el E2 el DPPH radical>
free radical, ABTS radical- cation radical & 7]29]
SA4o] A2 thay, 559 ket 549 540 uet
AR E7 s 4 QLo B & (Shin F, 2008), F+E&9

Table 1. Extraction yield from young leaves

Scientificname ~ Korean name Treatment E)'ctraction
yield (%)
Achillea alpina == FD*  34.35+0.06
FDAH" 28.15+0.25
Solidago virgaurea

50|93 FD  39.150.16

subsp. gigantea

FDAH 39.55+0.21

“Freeze-dried.
YFreeze-dried after heat treatment at 121°C for 15min.
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Table 2. Radical scavenging activities of extracts obtained from young leaves

Scientific name Korean name Treatment DPPH Az ABTS+ 1
RCso (mg'mL™) RCso (mg'mL")’

BHT 0.121 £0.003 0.217 £0.004
Ascorbic acid 0.026 + 0.000 0.199 + 0.009
Achillea alpina 5= FD* 0.284 +0.002 0.355+0.019
FDAH" 1.790 + 0.031 1.059 £ 0.102
EE R FD 0.333 £ 0.004 0.407 + 0.004

Solidago virgaurea subsp. gigantea
FDAH 1.002 £ 0.035 0.828 £0.022

“Concentration required for 50% reduction of DPPH at 30 min after starting the reaction.
¥Concentration required for 50% reduction of ABTS " at 10 min after starting the reaction.

*Freeze-dried.
“Freeze-dried after heat treatment at 121°C for 15 min.

PSR S ZHT Ao F E7O radical A%
& BT 2] 24T ast gr,

Sok A% SAAZAAG A AN F BAAZY
F27 &5 1939 DPPHS} ABTS radical 2452 =
AR A, FEL 250 9H ofdd B 7 dA ol
0I5} radical &A% WolXHtHTable 2), £3 A& =
Arizxste FE3 520 5095 ofHd FEE9
DPPH 3

radical 2AASL 7 dAE] & EAAZXPES uf
X} 7k} 6,30, 3.014f =9kom ABTS radical &A%
< 2,98, 2,030 7 Uttty &9 o2 =5
39 ofdYET; Zif- Ao ot aAZA WSt
=27 eyt A9 23 F F 25 DPPH radical 4
75 °] ABTS radical 2755l 7kf- B4 2fo] o3t G
oFo] FSsHA UEhET

F(Lee 5, 2009), Ente, $ub Abh w&, 3e] 9
HRPUHKim %, 2008)S 0~150C oA &4 2|5te] DPPH
radical 275 4 ABTS AASS EA43% Au} dA 2o
2]&lo] DPPHQ} ABTS radical & %0] BG: Z71E|9 0
uh, £ dAolA BEY 2509 ojfde 121C &
Ao &Jsto] radical 475 0] HF @A A51E =
, ol A S felol weh deEdEd 7 ¢
A% =] Zpol7t 7] WO 2 BZEQIeh A AR
o 0~150C 9] A& & 3 A3} 110, 120, 130C2] &
A S 3 A RE IX2ekA] &S A|ZET} ABTS radical
2Aso0] ko) 150C o] Px|ejA] ABTS radical 274
ol 2A F7elltH(Kim &, 2008), wWebA 5 =

A

209 e 121CHT} 22 Sx 27 0fA
938 F7H 4= 9loHR

Mgt Ao gatstarts 24T Favt gl ZoR
A7 =l it

A &9] 719t A7} ferrous ion chelating®] 1]X]
t 9%

A ol] EAel= oy B4} 52 radical 2] Haber—
WeissHF--(Haber2} Weiss, 1932), Fenton ¥F-(Thomas
%, 1993), 0,-o] Q& Fe’ 9] Fe™ 2| A3 5ol 23}
Aol Ho0.2 OHS] EXAIA7|E A3t FEH oz
0y, Hy0s, RO ROO 59 22} radical S AJAdal=t|, o]
& 27} radical & Q1A|9] AlElE 22A|A (Fridovich, 1986),
-3 Minotti®} Ausst, 1987)2} 2HelH(Addis, 1986) & <
A e i,

71t dAe)7t B3} 220195 0]219)2] Fe’* chelating

of m 2= ;@4— A5 @JJ( T & R5E 7o Ao
oJ5to] Fe’* chelating A7} Z7HE|glon] HE0 o]
olo] &2n|9F Hr} 719l g elo] &3t chealting T}
#3571 27 L}E}wu}(Table 3). &9 ofdd2 7t
] & 2ZPS uf Fe’* chelating AT}7} 1,478} 27}
gglon, &893 ofAYe Ik AHeo 2Jste] Fe'
chelatlng §_14-7]' 1,099} S71E QI BE ofYde &5
u]od] ]2l Wi} Fe’' chelating F7H7} 1,838 %9
t} O8y T £ 2% chelating agent® ARR-E= §HA
oju|:=AFe]l EDTA REUl:= chelating &317} =53] WoF
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Table 3. Ferrous ion chelate effect of extracts obtained from
young leaves

Scientific name Korean reatment Fe™' chelate ef_flect
ame RCso (mg'mL")*
EDTA 0.030£0.003
Achillea alpina EZ FD’ 2.338£0.244
FDAH*  1.591+0.177

Solidago virgaurea SRy
&

. FD 3.178 £0.280
subsp. gigantea

FDAH 2917+0.149

“Concentration required for 50% reduction of ferrous at 10 min after
starting the reaction.

"Freeze-dried.

*Freeze-dried after heat treatment at 121°C for 15 min.

MFreeze dry
NFreeze dry after heat treatment

60
50
40

30

(mgg™' DW)

20

Total polyphenol contents”

10

Solidago virgaurea
subsp. gigantea

Achillea alpina

Fig. 1. Contents of total polyphenol in extract obtained

from young leaves.
“Based on tannic acid as standard. (DW=dry weight)

A 29 719t BA gl o5t & EeulE ¥ Sl iolE
SO

s S
peroxy radicale] 4

of Al 4SS AAIAl
oA ERL 3} 3¢

S AMWES = alkyl radical E+= alkyl—
A5 FoFO 2 M radical-S AH|AsE
71=d)(Labuza, 1971), ZT}H 0]
GerelA, GuAE E
2N P 3HCha &, 1999b;
Kawaguchi 5, 1997), %E]ﬂ]lé‘ﬁ] HE s e &
U2 A|(Lee 5, 2005b) & Chfet A s Helo
B3 2201943 oYL S5 X5 FAAZIAY,
o eIl BRNET F ARAARENA 5 B
Gl 9 & Sehiolsol Hekg X 3
B 71 AP0 ool F EejulE 2

ZRIAAE} B £33 ojaslel st el ulAE 3

BFreeze dry
NFreeze dry after heat treatment

W 50 r
s 45

B

o= P

o

So 25

sE o

- 15

5 10

= 5

0 S

Solidago virgaurea
subsp. gigantea

Achillea alpina

Fig. 2. Contents of total flavonoid in extract obtained
from young leaves.
“Based on Naringin as standard. (DW=dry weight)

mg'g O 3,964 ﬁiﬁ}?‘i&uﬁ, 3 eaua'luOl e
2 43,66 mg'g oA 13.22 mg'g O & 3 30uH 7rAE}Y]
o}, 8t A% FAAxRet %ﬁUl@‘H oo AXAR 1 g
o] & Za|vL IS 55.82 mg-g oo, et G
3t X BoJAE 24.25 mgg 02 2.30u) 723HGic
Z o]l oS eEu|F et 719 Ao o3t & &
a}ig_o]c tﬂau P4 jl’;O] 74,1::1] ].%L.
iiﬂOﬂ oJgt uﬂiﬂl =4 e AAE Qg radical 4
o= xuﬂgoh;}

4 H=sEs %ﬂﬁéﬂi
A A £5& §ol3 1 6‘}7%1% A HiEsketES A
5 ZE= gsyd 240 %L%%
#H‘(Chm 5, 2006; Turkmen
5, 2005), A& Fol wet A7 Aelgdel vlAl= @
3 =

Fo 7Zb7] o2 Ao R HIiEoQtt FE(Lee %, 2009),
Zx(Woo 5, 2007), IAF(Kim 5, 2008) Oﬂx‘lﬂ
o] elafo 5

=4 B2 def 9 gkalksl aapt #7}51

U, 7= 7E e o 3 St ot gF W gt

i};_*éOl 2‘8164 7MEIO4E}(Zhong = 2003)

2 G34AE 7HEA s At 7}ELE$P 7}05*17@1]
AA 2o ogt HlegdEd ko] 7] debsit o
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ol whet dAjE]7t Ae@Aol nxe gl
g2 T Az wet GxeEst Aol
o] EPEﬂl Uetd 4= gloeng d3gs Ea)
7}*171J~Z} g EHOﬂ ERE

80% olEs U DRYIRET 2280 & Belols
U ZglRro|=9] ek DPPHE} ABTS radical &A%
9 ferrou ion chelating =S =4 319tk 5231 &
SUFY FEFEE I EA Y S5 RN 7t
& =901(39.55%), 7HEA Rt F& oddolA 7
SoItH28.15%). w2 250 %F oS 7ItEA e &
DPPH radlcal 2AGA o] A3 Faste], zkz 1,506
0.669 mg'mL "4 RCsoto] 27151 ch ABTS
radical 2784 E38F 742} 0,704 mg'mL ", 0,421 mg'mL™"
A RCsofto] S7Fal3itt, WHH ferrous ion chelate &}
£ 7RI Aelol olelo] FaEIglon, BE] oIzl
2 Zoz el ot EAE & Bl
Sepriols §ee gt 55 BE olagly
g0l 7Tk, web 2 ARoINE JAA s 250)
AF 9} BE oJUU Q] Ferrous ion clelate 15 FFAFA|
] 4= QA9 DPPH Y ABTS radical 2453} & Z2|9|
Bopicol e e Al A0 Uehith
2, BE| ojelal SEuliziol wlslel dekgAo]
o @xjelo] okt O] WP 2 Aoz Liekget
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