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Antioxidant Activity of Methanol Extracts from Cudrania tricuspidata
Bureau according to Harvesting Parts and Time

So Ra Choi*’, Dong Hyun You*, Jong Yeob Kim*, Chun Bong Park*, Dae Hyang Kim*, and Jeong Ryu**

*Medicinal Plants Research Institute, Jeollabukdo ARES, Jinan 567-804, Korea.
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ABSTRACT : To obtain the information on antioxidant activity by harvesting parts and time in Cudrania tricuspidata
Bureau, total phenolic contents, flavonoid contents, superoxide dismutase (SOD) like activity and 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) radical scavenging activity of methanol extracts from Cudrania tricuspidata were investigated. Total phenolic
contents was the highest in leaf [30.2~38.8 mg/g dry weight (DW)] and followed by root bark, stem bark, fruit, root except
bark and stem except bark. Among harvesting time, total phenolic contents of leaf was the highest as 38.1~38.8 mg/g DW in
May and June, and then decreased to October. Root bark harvested in April and May contained 26.6~27.8 mg/g DW total
phenolic compounds and total phenolic content fell to a very low values at 1.8 mg/g DW in February. Flavonoid contents was
very high in leaf and root bark. Especially, root bark harvested in April had the highest of flavonoid contents as 23.2 mg/g
DW. As a result of simple linear regression analysis of total phenolic contents on flavonoid contents according to harvesting
parts, it showed a high correlation (p < 0.001) with 0.57~0.97 R? (coefficient of determination). As RCs, value, that was, the
concentration of sample required for 50% reduction of DPPH absorbance, was 13.7~20.5 yg/mL in leaf so DPPH radical scav-
enging activity was very high. But SOD like activity of 1,000 yg extract/mL MeOH was a low value of 0.3~9.2% in all samples.
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M A of7kaL Utk 53] AU oy F9le drksHde] =
S Ao ZAMEJEH], Chon e al (2005)9 <& U wgk
4 old XY oRitllA AL = FABUTF (Cud- L FEEANAM Ee LS Hole dihydroquercetin 7-C
rania tricuspidata Bureau)= BHFEE (Moraceae)dll &3k -BFD-glucopyranoside & 8&<] o] gl FH= o AA
Py AwEo R AgolFoln FTole 1.0-35eme] 7F ASIAI RN v o]l A7IE v Qlow 3 oA
A7 93 2¥= AL wEa] d2Aol 1097 52 o taxifolin, orobol, eridictyol, dihydrokaempferol, steppogenin
wi7b dele 5] Utk AHom FARPE e A T3 22 EPhReolEA] SijtEel o8 w2 sl B
(ARl shetl 42 —T—Oﬂe 2 o) Wl ggoz 2y Quial dt} (Lee ef al, 1994). T3 23]9] ethylacetate®}
gl A80R AS HEAY &5 Haet o8k & ether RY =N w2 IS EO]* 6-p-hydroxybenzy!
o|rFtell= A, 7 asol AL *W]OJC’L A8 71H, & kaempferol-7- O-BD-glucopyranoside 5= H]E3F 452 S}
9, =T, A SOl &3t A, 71 el of  Beol=rh 3jlE vk 2lom (Lee, 2002) Erfe] Bl

/3 Al Fohar 7155 o] itk 2z om0} fujo] mE il Bo] ZAEI O (Cha er
22 FAWUEe] 845} (Chon ef al, 2005; Lee, 2002;  al, 1999; Cha & Cho, 2001) F& BAAEL ol7A] &
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Table 1. Characteristics of Cudrania tricuspidata fruits used in this experiment.
Stages of fruit ripening Length (mm) Diameter (mm) Weight (g) Color
Unripe fruit 21.3d° 24.5d 73¢ Green
Middle ripe fruit | 25.2c 26.6 C 10.0c Orange + green
Middle ripe fruit II 27.4b 31.5b 15.0b Brilliant red
Ripe fruit 31.7a 36.1a 25.1a Red
Overripe fruit 31.3a 371a 27.0a Dark red
"Means with the same letters in column are not significantly differnet at the 5% level by DMRT.
£ 93 FRTFE 7Ieed ImLE e F 0.0mL Folin-

Fig. 1. Morphological changes of Cudrania tricuspidata fruits by
ripening stages.
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e} SHAR sl (Fig 1) A5205 gvie] 74
3} 7o) Zrlshe ZAIIUA T H&e) ALahs & AJo)
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Ciocalteau's phenol reagents 713l E3tal 337+ A2
WA s o] &lell Na,CO; £31-8-2] 02 mLE 7lsl] &
AL SFHTE UK 2mLlE RFE § A4 A7
HW218ke] 1,000 x gl A 1027 D42 sttt FE
250 uLE micro plate®] %71 % ELISA reader (Spectra Max
190, Molecular Devices, U.S.)Z 725mm ] F3=2 =43
T caffeic acidE ©]&3st] 23 EFFHoRNH F dls
shake 3HkEo 2 7T

2) ST o= F

ZF dE B3 593 AlF 200 uLell diethyleneglycol
500 uL= 23 1IN NaOH 50 pL= &3t vortexing 3t
% 37C oA 117 59 A3l ELISA reader®

£20mollN FFEE 833t} o] W FFEHE naringin

2 AgIgon WEoR BT,

3) SOD AR A3
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th ABE Ees 330 29 & 40 WEe ImL

2 1,000 g 2 3|AEHATEH A8 FA 02mL, Tris HCI
buffer (50 mM Tris (hydroxymethyl) aminomethane with 10
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H7¥sted 25CelA 1087 ¥EA17]3L 0.1 N HCI 0.1 mLE
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RC5C.2 FABIACH 3RO = SA3I00T. aksbAQl
BHA (butylated hydroxianisole), BHT (butylated hydroxyto-
luene)®] RCs= A 3T

5) BAEA

Fosd SR rol= kel AAlE Yol o]
R T 34 BT SAIZE 132 SAS system,
release 8.01 (SAS institute Inc, Cary, N.C., US.)E °]&3}
ATt

al 7S
=

EZP T
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Sheko

AW o] 8591 Wghe: FEE] FvE
> 29 >4 > gl >3] (2] A9, 7] @ A9))
©F JERSTE (Table 2). 99 A5 5¥% 69 Tl &%
o] 38.1~38.8 mg/g DWE 7F& =9kon o] [047HA] A
51971 witoll Fiksbgdo] w2 o MEA /A 5Y, 699
AFAsNoF & Aoz AzhEch vhH 239 A4 49, 59, 9
Lol 24.3~27.8 mg/g DWSIH Hls] 2¢ 1Y€ AFA] 1.8mg/g
DW= dA3] vrol FH7|7F B3t FoE o] 343 7
2% F AT = 5Y9 10890 18.2~19.2 mg/g
DW= &tom 799 11.5mg/g DW= Holx|= 7 o|qlth.
Z7] (&9 A9t e (29 A9 9A FuE TEge] 59
ANFA ESom dule Aol JAPEE Fus Tl 5
7FskaAch.

Lee ef al. (2007) GA] AT 80% olehe FEE9]
IS Akl FolE RS A > 29 > 9] >E] >
7P ol AR 1g T e 1,228~1293 mg/g, LA H
= 223~543 mg/gs Rtk B IEFATE ARV (Morus
bombycis) -8 WetE FEES] FHlE IS 7] > %
>guf >9 o7 BAERIEY (Sa e al, 2004) TA|EL}
ok thar Zpolzt ATt

HE S3E 5 g0l anthocyanin@} antho-
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I RS WA e w3 ofHEI7F H2 AS WA He
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Table 2. Total phenolic contents and flavonoid contents according
to harvesting parts and time in Cudrania tricuspidata.

. Harvesting Total phenolic ~ Flavonoid
Harvesting parts time contents contents
(mg/g DW) (mg/g DW)
Mar. 20 3.0b" 13a
Apr. 25 29c 1.0 bc
May 24 3.8a 1.2a
Stem exceptbark  Jun. 19 20e 0.7d
Jul. 25 2.2d 1.1ab
Sep. 7 2.2d 09c
Oct. 11 19e 0.6d
Mar. 20 15.2b 5.3 cd
Apr. 25 15.8b 59b
May 24 18.2a 6.8a
Stem bark Jun. 19 14.8b 5.1de
Jul. 25 11.5¢ 4.7 e
Sep. 7 12.6c 5.1de
Oct. 11 19.2a 5.8 bc
Feb. 1 1.0d 0.3d
Apr. 5 3.0c 25c¢
Root except bark MFe)iy 24 532 124
Sep. 7 5.0b 3.5b
Feb. 1 1.8¢c 0.8d
Apr. 5 26.6a 23.2a
Root bark May 24  27.8a 16.4 b
Sep. 7 243b 13.9c¢
May 24 38.8a 18.6 a
Jun. 19 38.1ab 19.1a
Leaf Jul. 25 359b 18.5a
Sep. 7 31.8c¢ 15.4b
Oct. 11 30.2¢ 14.4b
Unripe fruit Oct. 11 9.7c 21c
Middle ripe fruit] ~ Oct. 11 9.8¢c 2.8b
Middle ripe fruit Il Oct. 11 10.3 bc 3.0b
Ripe fruit Oct. 11 11.0ab 3.4a
Overripe fruit Oct. 11 11.6a 3.6a

"Means with the same letters in column are not significantly
different at the 5% level by DMRT.

6-p- C-hydroxybenzyl quercetin-7- O-3D-glucopyranoside, kaempferol-
7- O-B-D-glucopyranoside, quercetin-7- --D-glucopyranoside
2 T8, =3 Zu|olA Staphylococcus aureus, Bacillus

subtilis, Bacillus cereus 52 WU FAAHS Hole
prenylated Z2}H =0]=9] euchrestaflavanone B, C 5% &

=N} (Lee et al, 2004). Park et al. (1992)°] <J3l &
I} EHO| ethlyacetate fraction®ZFE] 471K ZelR o]=
AJEo] BEE|E=r YolX= kaempferol, kaempferol-7-O-f
D-glucopyranoside, &%-°| 4= kaemferide-7- -3D-glucopy-
ranoside, naringenin kaempferol-7- O-f-D-glucopyranoside -3
ol gel= v} o} 2 7keu ¥l kaempferol-7- O-BD-
glucopyranoside 3w A AN e ZoE v
A (Kim et al., 1993). °3]9] ethylacetate F=ENA &
A4S YeRE 8418 u]= gericudranin A, B, C, D, E

(SR =1
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Fig. 2. Simple linear regression of total phenolic contents on flavonoid contents according to harvesting parts in Cudrania tricuspidata.

5ol EEHASH (Lee et al, 1996) FHE AT A3 <
3

F4ksl 22l toxifolin, orobol, eriodictyol, dihydrokaemp-
ferol, steppogenin 5= E2|E B} AUTH (Lee ef al, 1994).

FABURE S A2 EQl JMA YT (C. cochin-
chinensis var. gerontogea)?] B2]o|A 2] xanthone 3}t
& 9A 22 AF skl digk disksS 7o) Bard
vl QIt} (Chang ef al, 1994). 4] ZgH o= ke
144~19.1 mglg DWE HPorw 589~79 AFHA 185~

118

19.1 mg/g DWE =3t}

TEYUE I SR eols S AR U 3
FA7F BaE vk et (Jeong er al, 2007) £ Aol =
Ee] ABA (p<0.001)e] AFEAT (Fig. 2). L} o
S5-9d IAAITE e e Zo® FAEIT 29
e &y Aol FAATE 0.70~0.872 =& v Irje
0.53, ¥ 049, H¢} Z7] (=¥ A|9l)= 0.20~0.28= H]aL
2 woit), 53] w3 2y Al 2ve AFAF R
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0.84~0.972 FoE3} Zepcol= o] AdAo] ml$- =
ko yz] K9] AAAF RAE= 0.57~0.772 BT

SODE= A WollA superoxideE H,0,2 AFAZ &
peroxidasel} catalaseol] 9|8 HFHOo 7 E3} 44z HH3HA
7l @ EZ G} pHoll EQPY3lr] wiiel 8421 SOD
AR E2E A} ke At Es] W8 Folt) &
A2E T =2 SOD HARMIS Yelie 2E2= gt
2717} 9dem 920 pg/mL FEOIA 62.11%2] =S S
Helth (Lim et al, 2007). A RF A EpRo] 739
1,000 sg/mL F oA 03~92%¢] W& FAS Bt
(Table 3). ¥& SOD 48 ek 29 19 58
® e (29 A9)et 2 E 8.992%Z BT = $
Fol =oAL 2.9-6.6%= YR} ol ST o=
dFs o2 A3 B A7) 5 271 G Al9)
e 59, 9 699 £ SOD /o] =Skt g
drjellX e SOD fAR o] s 119t AsoA] o
2 E%O™ ascorbic acid®] ¢ 100 gg/mLolA 11.6%,
1,000 zg/mLolX 98.1%2] B4 Bt}

FAWUNE veke 2552 2-500 sg/mL FE2 -
DPPH 22758 ZHASIAL free radical 227%5°] 50%2 A&
FE RCsp TH810] dbshd-S Hastqitt (Table 3). & 4
oA g4 3HFslA|el BHA (butylated hydroxianisole)2}
BHT (butylated hydroxytoluene)2] RCs,©] Z}2; 2.1 pg/mL,
15.5 g/mLe] Atk 9-& RCsy #el 13.7~20.5 ug/mLE Yo}

2 Tl w8 ksdol w2 Ao en AFH A7
2 9GS 1] ity ZuE 29 1Y AFA 156.6 1g/mL
2 free radical 2750 AR o FHA 77 =olBF=E
RC50] Solx 99 7d AHA] 12.0 pg/mLE 713 Yo} gpat
sPdo] =Skt Hel (2] Ay 2 s glE 2A
sol Wkont Hiszgt Zgoldrt 99 RCsp 18.6~34.8
pgmlE Bow =71 (3 Al2)e 34.3~132.0 ug/mLE
RCso 742l W37t A= 53] 108 1Y =S8t} dvile
2 H.9lo] H|3] DPPH radical £7%5°] @ojx|& 743k0|3)
<Hl ASETE RCse T7ete] @Atsdol 7h4skith
Lee et al. (2007) GA] FAEUF 80% olehe F
DPPH £&71%50] oM 30~35%% ¥ 3] > g > 7pA|,
%7] <olg} stk DPPH £71%S Hole ¢ Al¥o)
Chon (2003)°ll <]3l dihydroquercetin  7- O-B-D-glucopy-
ranoside 5 83 0% A% H} Sk ESH ZyloA= RCs°]
4.03~5.94 g/mLE Hol= 4kst EZ  6-p-hydroxybenzyl
kaempferol-7- O-FD-glucopyranoside, 6-p-hydroxybenzyl quercetin-
7- O-BD-glucopyranoside, kaempferol-7- O-AD-glucopyranoside,
quercetin-7- O-FD-glucopyranoside 5 4%°] 22|E ATt (Lee,
2002).

HbA AR vlEhs 3520 RCse o > Erf > e >

1 H ol
- T Tz
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Table 3. SOD like activity and DPPH radical scavenging activity
according to harvesting parts and time in Cudrania
tricuspidata.

SOD DPPH raqlical
Harvesting parts Harvesting time  like activity scavenging
%)" activity
[RCso (g/mL)’]
Mar. 20 3.2b° 63.5d
Apr. 25 3.2b 429e
May 24 6.2a 343
Stem except bark  Jun. 19 3.4b 94.1b
Jul. 25 24c¢ 78.3 ¢
Sep. 7 3.8b 441 e
Oct. 11 1.8d 132.0a
Mar. 20 1.8 ab 31.7a
Apr. 25 03d 343a
May 24 09cd 19.3c¢
Stem bark Jun. 19 1.6 bc 32.0a
Jul. 25 1.9ab 34.8a
Sep. 7 24a 242b
Oct. 11 1.5 bc 18.6C
Feb. 1 9.2a 2479a
Apr. 5 49c 98.6b
Root except bark sz 24 43¢ 799 ¢
Sep. 7 6.2b 52.5d
Feb. 1 89a 156.6 a
Apr. 5 26cC 20.1b
Root bark MF;)iy 24 42b 16.0
Sep. 7 3.6b 12.0d
May 24 29c 14.4a
Jun. 19 5.9ab 14.7 a
Leaf Jul. 25 6.3 ab 19.1b
Sep. 7 6.6a 20.5b
Oct. 11 5.6 b 13.7a
Unripe fruit Oct. 11 04c 186.0c
Middle ripe fruit]  Oct. 11 03c 166.8d
Middle ripe fruit Il Oct. 11 39a 187.8 c
Ripe fruit Oct. 11 3.5a 271.7b
Overripe fruit Oct. 11 21b 358.8a
Antioxidants
100 116e
L 250 31.0d
aigc/?‘:?;c acid 500 60.8 c
750 89.6 b
1,000 98.1 a
BHA (butylated hydroxianisole) 2.1+0.2"
BHT (butylated hydroxytoluene) 15.5+2.5

*Sample concentration was 1,000 zg/mL MeOH.

*RCy value is the concentration of sample required for 50%
reduction of DPPH absorbance.

SMeans with the same letters in column are not significantly
different at the 5% level by DMRT.

"Fach values represented mean=SE.

7] £o8 FAWURe tE AAE HAT (Sa ef dl,
2004).
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>E7] (9 A9l o2 yeton STReols e
H|s=gk 7 goldnt. 53] Fuledt Fetiicols ke 54,
64 YoM =943 DPPH radical 27152 29 438 ¥
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