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Effect of Harvest Date on Antioxidant of Dendranthema zawadskii

var. latilobum (Maxim.) Kitam and D. zawadskii var. yezoense
(Maek.) Y.M. Lee & H.J. Choi

Jeong Hyang Woo and Cheol Hee Lee*
Dept. of Horticultural Science, Chungbuk Nat’l Univ., Cheongju 361-763, Korea

Abstract - This study was conducted to compare the antioxidative effects of Dendranthema zawadskii var. latilobum
(Maxim.) Kitam and D. zawadskii var. yezoense (Maek.) Y .M. Lee & H.J. Choi due to the harvest date. Harvested
samples at May 9th (early), July 17th (middle) and September 3rd (late stage) were extracted with 80% ethanol, and
biological activities and antioxidant substance contents were detected. The earlier harvested samples showed the higher
moisture contents and extraction yields. DPPH radical scavenging effect of early harvested D. zawadskii var. latilobum
(Maxim.) Kitam (RCs = 0.128 mg - mL") was stmilar to BHT (0.121 mg - mL"). ABTS radical scavenging effects of
both species harvested at early stage were higher than that of ascorbic acid which was well-known natural antioxidant.
However, both species harvested at late stage showed the highest Fe** chelating effect, but it was lower than that of
EDTA. Total polyphenol and flavonoid contents of both species were higher when samples were harvested earlier stage.

However, both species harvested at early stage contained more total polyphenols (79.93 and 75.10 mg - g') than

flavonoids (57.84 and 5491 mg - g").

Key words - Harvest date, Radical scavenge, Polyphenol, Flavonoid, Compositae
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F+&dZ[Dendranthema zawadskii var. latilobum
(Maxim.) Kitam}l= =3l (Compositae)°ll &3} alutet
Aqo) 2AHYsh= AEE £o| Holstal oY A 244E2
2 Jgde] AQuiE gl Aoke] Axs= FEze £Vt 2T
d AL Wb d2HE ) vizka oM dFER, AT
YZF, 295, 949 59 FAHa AF, 9 5ol AME-E o
FHE ALY, 1994). E3F 2 ZLole #2829 EtOAc, H:O
8B A ST A a7t R E[Ql A (Song et al.,
2000), & FE=°AE Bl5tol et F8/do] EaiH v
AtHLee and Lee, 2007).
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o}, Free radical> AW Azl H2LE wjdiol 1 EA&
ARBRAIA AlEEre] AAS W37, o2 lsto] A|Z2] 7]
0] Aat ZEEo] ALY T4 DNA &4, SdHo] ¢
B ANE doA o, A, =35t 59 Aredd HIlksE
TFetHKobatake et al, 1983; Park and Kim, 1998). gt
H, AAM= AA W Ao dHEE = JA&=F superoxi-
dase dismutase, caralase, glutathione peroxidase, non
protein bound—SH®} glutathion, vitamin 9] t}oFst 3FAF
A7} £A51e] 3522 AH free radicalS> AASE &
AL A3 HSung et al, 1997). 18\ 243 FAE=
O AkEg 5 o o= fith. WEhA] superoxidase
dismutase, glutathione peroxidase 53 &2 A a4
¥+ catechine, flavonoids, polyphenols, anthocyanins &
o] Hl=A 3ghE E+ vitamin C, vitamin E, vitamin A &
1 22 JAEAE 7= AFHTE) A Y free radicalE &
Ao 2 AT o U= FAIE B-| gk d27 s J
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%) 31 QItHPark et al, 2007).

7|&o] JierE A HAEsEAIQl BHT(Butylated hydroxy—
toluene)?} BHA(Butylated hydroxyanisole)+= BHstH &3}
e} A A ol5o] QUAFE Aol Hojx| oL Holdg & i
o] A7IEH e (Kasuga et al, 1988; Branen, 1975),
ascorbic acid®} tocopherol Z-2 A FARIA= QHABA|TE
T=0 2= AR Ak AHA| FEo] Wil 71| HiAE Ty
ol Qlt}. wetA F o= theFdt AEAMERE A &4
o Ee A A4S gt HE SABHAIE AiEEH
{13t TheRt d-E0] &) o] Foiz|aL ik,

2 dts FAR AR ARE A7 et &
Akel 2t 9 gHiket B4 S EA4%Y, Eoh & g41s)
AIE 7IHE ¢ Sle AR 8IS FotEr] st A4
shirt,

R

A A=

5 AT axjje] AT Al S0l Az} FF
A%xE 20069 5 9U(AS 7)), 79 1745 571) % 9¥
3L 7)ol 2+ ==hsto] HelE A AskaL zAERTE A
HARZ ARESHETHTable 1),

3 A 3o FAAZXRFDSS12, Ilshin Lab. Co. Ltd.,
Korea)st A|EE £33 & 80% oleh2S S22 ARE-3}]
water bathol ¥Ztto] 25 eh75£%3%|(Changshin Co.,
Korea)E AHE-8I 60TCoA A1 2319}, 242+o) =59
= o3I (Advantec No. 2, Toyo Roshi Kaisha Ltd.,
Japan) 2°8<= ARS3te] Ao} sglen T2 IARE ARE-
st F 33 WHE FESIAT FE2ES A4 78 70T
off HAstHA Aol ARSI FEEY & &2 ol
Aol &l ALFsIETE

Extraction yield %) = (AXB/C) x 100

Table 1. List of plant species used for this study

TA2E} A 2 0] AR} Fatol| m A= A 71 9f ek

1) DPPH(1,1-diphenyl—2-picrylhydrazyl) free radical
AHEY

DPPHeO| tgt Az Axz A|5o] e =3
OO

AP free radicaldll AAE Fofste] 43S AAA7= F
=& 2743}= 449l Blois(1958)2] HHS -$-835fo A3Psta
o F=E 2% 449 #58 0.2mLe 0.15mM DPPH
0.8mls S8t A2 - Aol A 3087 ¥RISH & 517
nmoA ODE &A3I¥ ) X FAS(EDAS A7 A7-%}
T4 FHE 2olE HEERE Fotger, AR £3
72 EDAE 50% FaAZI=H Hoe AR F%(ng -
mL )& RCs;# =2 YEPHTH (+H)controlE2+ BHTS
ascorbic acidg AME8F 2™ ol Alof| &jaf git|d A E
2 AAksFatt

Electron donating activity (EDA, %) = (1-A/B) X
100

Al A= H7Y S =

B: &9 4=

2) ABTS *(2,2'-azino—bis(3—ethylbenzthiazoline—6-
sulphonic acid) diammonium salt) cation decolorization
assay

Re 5(1999)% UHE 583t 2.6mM potassium
persulfateo]] ABTS AJoFE =o 7. 4mM ABTS €42 7H=¢)
o, AL - UaoA 24A17F B WAISY radicals FAA
20 AME- 2ol 732nmollA ODZkel 0.70+0.030] HEE
ABTS Ajeke] HXF phosphate—buffered saline(pH 7.4)<
2 BJAste] Aol ARSIt FEER FHISH AR 50400
S|4 % ABTS 89 95045 47t 7Kgt & kaollA 1083t

 Scientific name Korean name Harvest date
May 09,2006
Dendranthema zawadskii var. latilobum (Maxim.) Kitam R July 17,2006
Sept. 03,2006
May 09, 2006
Dendranthema zawadskii var. yezoense (Maek.) Y M. Lee & H.J. Choi Az July 17,2006

Sept. 03, 2006
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g
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3) Fe* chelate &1t

Yena 5(2002)9] S 3-8ote] Adstgon =25 W
o] grAks) F-of o) ferrous ion?| chelate®+= ¥2]E °]&
StALE, #5259 =8 2%t A& ImLef -8 (80% EtOH)
0.8mLE E3%3t9 2mM FeCl, - 4H,0O 100xL2} 5mM
ferrozine 100u.5 AU ZE H7Fstal A0 A 1057t HESA]
71 & 562nmoflA] ODF 5431l 235 RCodt 2= UEL
T} (+)controlZ2i= EDTAE ARE-3}% T

Z Eov = ?F
Folin—Denis¥-& -5-83t9 &A38IHH(Velioglu et al,

1998). == A& 0. 1mL°ﬂ 2% Na,CO; 2mLE 33t & 3
7k 9ES-A1Z1 %o 1 N Folin—ciocalteu's phenol reagent
10045 7Fotal 83| S8sto] A2ollA 3087 WAIT &
750nmo A ODE 4314t 2822 tannic acidE 7|&
o2 o] A Ao, 2 gh& AXAE g7
tannic acid % Hmg - g )22 AL

% EfE ko|E T
Diethylene glycol B[S AME-SFEATHINFRI, 1990). &
E A& 0.2mLo] diethylene glycol 2mL¢} 1 N NaOH 0.2
& A7l 37CoA 1IA1ZE HESAIZ] 3 420nmollAl OD
£ SA3N Yy, 2E 242 naringins 7|&£22 HAHEFAE A
qotg e Auks AXAR g naringin & (mg - gH)o=
Aslsict

k-3,

|IN

n,

ag

o= 9 &
o135t A 29 532 68.9~83.1%2 Ut ASz7]
of 83 G Ao} AR & &2 ZH2F 32,10 W
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Table 2. Moisture content and extraction yield of samples

FAk3E 84

ek ¥ tHTable 2),

1) DPPH assay0ll 2|8t radical AHE2 &H
o]

S FALEIAIQ] BHTS A& sHARSHA|
off tistA free radical A~A

HaZoR 3] Alre] 2t 258
TS ST AT, TUEE S 27)0] S 2O 32
ol

0.128mg - mL'9] RCsoft= YEHY BHT(RCs=0.121
=%t radical A7 B AS £7|¢
A5 3710 =85 AR THoll 52X UEREA]
3). TLE|i HFAZXY BE AEe HREHY aAg o] ¥
1L 8 A7)0 mE AR Zhof] oA Q) Afol= YEREA] ¢F

mg - mL™")%} vl&

Ut

2) ABTS assaydll 2|t radical AHEI =H

HTURS FAR BF A2 -

ABTS radical &2AZA 0] &9k

Ag9] 4

Z7|9} 3‘7101] 7‘@3} A &2 RCsofto] Z
mg - mL'e 2 YER 2491 BHT(RC%=0.217mg - mL™)
ek ascorbic acid (RCx=0.199mg - mL )Xt} EAo] &kt
AL T71(RCx=0.218mg - mL™Mel =83t A|8% BHTS} H]
AAZA]L qu Zulkxlo gz ©
AS =)o =ERE A E 9
27840] 0.133mg - mL2] RCogtS Uy
M B A 5 7FE %8 ax

238} ABTS radical

radical &

ABTS radical

BHT®} ascorbic acid®tte &%=

3) Fe2' chelate &1}

Fe chelating &3}l o3t A¥l= Table 3ol UERARITE

T2 A7|7} ol &
7191 9Hel| 35t
5] tﬂﬂﬁEP(Table 3. T Ez= S
Z+7+ 0,170 ¥ 0,192

e T

L—O

= EA.

H%z9] Fe¥ chelating £37+= DPPH % ABTS radical &

P g AL

Ko) wrgle

F71o14 7+

SR o™, RCsogto]
1.112mg - mL"2 YERGH L8 i 241Q] EDTAY = &
SHH Az XARRL] Fe* chelating B1k=

4:3hA)7]0]| wHE 2] 1Q] Aol 2 HolX] str

ascorbic acid=

U THTable

= A
ET%

%k ABTS

BRew, gzl

Scientific name Harvest date Moisture (%) ~ Extraction )@& (%)
May 09, 2006 81.2 32.10
D. zawadskii var. yezoense (Maxim.) Kitam July 17,2006 809 30.19
Sept. 03, 2006 75.5 2342
May 09, 2006 83.1 31.30
D. zawadskii var. latilobum (Maek.) Y M. Lee & H.J. Choi July 17,2006 80.8 26.60
Sept. 03,2006 68.9 23.35
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THZ} FT A2 FAKSH A3 vjA= pRA7Y FF

Table 3. DPPH and ABTS radicals scavenging effect and ferrous ion chelating effect of extracts obtained from Dendranthema zawadskii var.

latilobum (Max1m ) Kltam and D. zawadsku var. yezoense (Maek )Y M Lee & H.J. Ch01 accordmg to harvest date

o DPPH ABTS Fe* chelate
Scientific name Harvest date RCs (mg - mL'y RCy (mg - mL'y RCy (mg - mL 'y
BHT 0.121 £0.003 b¥ 02170004 d -
EDTA - - 0.030+0.003 a
Ascorbic acid 0.026 £0.000 a 0.199 +0.009 cd -
May 09, 2006 0.128+0001 b 0.133+0.009 a 1421 +0.007 cd

D. zawadskii var. latilobum

(Maxim.) Kitam July 17,2006

Sept. 03, 2006

0.192+0013d
0.199+0.003 d

0.189 +0.003 bc
0418+0.004 ¢

1.850+£0.000 ¢
1.112x£0056b

May 09, 2006
July 17,2006
Sept. 03, 2006

D. zawadskii var. yezoense
(Maek.) Y M. Lee & HJ. Choi

0.179+0.002 ¢
0.171+0.002 ¢
0.166+0011c

0.170+£0.009 b
0.192+0.002 ¢
0213+0011d

1.235+£0.004 be
1483+0.146 ¢
1.207+0015b

“Concentration of the material which is required to scavenge 50% of 0.15mM DPPH radicals at 30 min. after starting the reaction.,
*Concentration of the material which is required to scavenge 50% of 74mM ABTS radicals at 10 mun. after starting the reaction.
*Concentration of the material which is required to reduction 50% of ferrous ion at 10 min. after starting the reaction.

*Mean separation within columns by Duncan * s multiple range test,p <0.05.
Values are mean + SE.

F Y 9@ EfikolE F

2slo] 43R Az} R AR T &
aeF 4 2 ZPk b ol|E SRR Fig, 13 At F A=
5 Z7|of 2% Al 2o|A SH4IEE 4 THo| 7 &
fom, 73 A7|7F ZoldE Mt 249 shEo] WolR|
S ok S 27191 58 AFS +Eze] F EF
i 2 79.93mg - g'ol%aL, A F7|(1E)2 A= 7]
9ol 83 HoL 717 7197 2 65.28mg - g & o]
Polx|= AL AT = AT FFERY AGRE S £
Zlofl =850& o) 75.10mg - g 194 e e A= 57|
ot S F7)0) &5t AR & F S s TS UEY

Total polypheno]
O Total flavonod

90 r (A)
79.93 a
80

70
60
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20
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7T1.97 b

Coaterts {mg - g 'DW?

July 17, 2006
Harvest date

May 039, 2006 Sept. 03, 2006

o & ZEfE kol e Al Asx7)o 3wt LHx

(57.84mg - g )2} FFH%(B4.91mg - g)ollA 7 A LEL

Hon E3) A5 27| Rt g Axe AGE= S &

71(38. 28mg g ol =2 i} 1 4u] ol =& F EYE
ro| = Feka VeI

wpatd] B ALE Fdte] AEH ] A7 ulet FHAkSE

39| gfo| A= AZ E1E = e, ks 3

HRE o

S o] g3t Azt YT 7] SN B 27

off Ehol= Ao Bt #2|& A= YZE L}
718 = EOFA xpo| 2 Q3 Al T2 Fo] 5Y FEt

= AHiA]of

w28} A7), AR

O Total polyphenol

21y i
OTotal flavonoud

80
70
60
50
40
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10

62,84 Db

Contents (mg - g~ 'DW)

May 09, 2006 July 17. 2006 Sent. 03, 2006

Harvest date

Fig. 1. Total polyphenol and total flavonoid contents of extracts obtained from shoot of plants harvested at different dates.
A: Dendranthema zawadskii var. latilobum (Maxim.) Kitam, B: D. zawadskii var. yezoense (Maek.) Y M. Lee & HJ. Choi.
‘mg of total polyphenol content per gram of dried sample based on tannic acid as standard.

'mg of total flavonoid content per gram of dried sample based on naringin as standard.

“Mean separation within columns by Duncan's multiple range test, p <0.05.
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7} UERd 4 JItHKim et al, 2003; Kang et al, 2002;
Song et al., 1997). & AFolA A2} TR A
TEA]of mE AR 84S 4% 23t DPPH W ABTS
o] AAEs 9 F EYuEd ol FHF2 o2
A7l =8kt Z]AfRolA] S8t o)) Fe?* chelating &3}

= TEHATI7E 2o BAo] st FE ofe] A&
A 8 A7)0 IE AR B2 g wstel] B3k At
ANPE e, 2o kst B4 28 5835 A4 71
E¥ e (Moon et al, 2003), F+7]1A2] 7FHE-A P&, beatine
3%, DPPH A2 ds Y SOD SARAIS $84)7)71 &

T8 Pt Park et al, 2006). T3 7 B BARL
T Q& 4~9UTMA] i Elste] Al HE-S AR A

3} polyphenol, ascorbic acid ¥ glutathione®) $HF2 0]
A= rE A4S oL f-Carotene X a—Tocopherol2] §F
2 o] x| wet S7HETHKang et al, 2004). 18
L} 3 d3}te] p-carotenes 11E R 9Yo) A3HE o gk
o} F<r3lRC M ascorbic acid= 9ERE = 11¥€0] & o
o] =UTHKIm et al, 2000). HH 25 6, 8, 10€o] A
Fsto o)Al mjdiE 8o A &3l gt F HHOE 4=
goto] o|3ketd EAJS B4 AH glutamic acid, arginine
2 54 £88LE dleko] 9o prolin, phenylalanie
gl ol 7Y &3ke |, DPPH AATH 52 89 ) 69 )
109€9] ¢£0 2 35151 Edivs SHE Y betaine?] &=
2 8ol 71AF =QtHCha et al,, 2006). E3F EXZT AAHF
of A=A A8 A4S 2AKSE 23} DPPH x50l
4 Xanthine/Xanthine oxidase JAIEA 5 v|Aa 4% HAls}
AL AHAZI7 25 gA4o] S8R e POS, SOD
e T 22 a4 e g4 Qa Baje ASo] et
H o5 84o] 27N &7+ Sl 7P AT 1l 8¢
of| 7 sttt al dckJoo et al, 2007).

upeba| 22 A9 FY Rt S Jrof uat A
AE29| ghefo] th2n FFo] Falof dik= A7l A2|g

d 2AER A7 b2 A 08 vpEhdtt E3 S e

E3o|gte AlE % A =2 B2lof et gEFo] F7lsk= A7)
7V 247 @bl o Qe ASE YehT weba A3 AA &
LSS 7H‘:£§ < W Bei8 58 Augd 49
02 AEQ AR 8 A7 Lo & A= AZESIct

1

AT

FHzo} dAze] 43 A7)0 BE FPitst G Hlw
317 Y5t B 312 AXEgT) TARS GARE S
Z7)1(5¢ 99). £7)(7¥9 179) 1831 AL T7)(9Y 3] zt

zF 2AZAG 9l 34
st 24 S SASAT 32 A717F 2oldeE AEA 9
T8 3 25 280] JolAch DPPH 9 ABTS radical 4

5 Ol & Al7]o) 83t A R4S E]""*Ol o AEE 2
ot 3 =%2] DPPH radical 22752 AlS 7)o 831 A
27} 0.128mg - mL'9) RCsodt L«PEHH BHT(RCs=0.121
mg - mL )&} H|SEE 2AAS5S B A8 270 4831 &

T2} FA2E FH 3AEIAQ] ascorbic acid2thE =&
ABTS radical 2AEAE Vel 22]L}; Fe** chelating &
O] B, FHRE AR T7|of =88t o] 27| F7]9
FE5h= A B} 2940w EDTAC) vl = &4 Wit &
T LT 55 A7V HEeE F EYds 4 SefHE o=l
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THz20 F Edvs TS 47 79.93 ¥ 75.10mg - g2
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