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Abstract - Bioactive substances, antioxidant activities and tyrosinase inhibitory activities of seed extracts were
evaluated to discover new functional materials, using 13 edible or medicinal plants. Total polyphenol and flavonoid
contents were highest in Taxus cuspidata, with 57.51 mg - g and 7.98 mg - g, respectively. Seed extract of Vitis
coignetiae X Vitis labruscana (RC5=0.030 mg - ml') was found to be the most effective in DPPH radical scavenging
test, and the highest ABTS radical scavenging activity was shown in Diospyros lotus (RC5=0.044 mg - ml"). Inhibitory
effects on peroxidation of linoleic acid determined by ferric thiocyanate (FTC) method were similar to BHT in
Diospyros kaki, Diospyros lotus, Magnolia officinalis, Styrax obassia, Vitis coignetiae, Vitis coignetiae X Vistis
labruscana, Zizyphus jujuba, Zizyphus jujuba var. inermis. For the inhibition against mushroom tyrosinase, Diospyros
kaki, Diospyros lotus, Poncirus tritoliata, Prunus serrulata var. spomtanea, Zizyphus jujuba and Zizyphus jujuba var.
inermis exhibited inhibitory activity, and especially Diospyros lotus showed the strongest inhibition.
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o} 27t Holrhe FAlollA A4k AlBHE RIS %t
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st 5o ZA FrIel e, AER, I, e,
, AR 9 He, 3R 5 Yot AEAERE 292 A
SarskEE o] 2= %tkSoong and Barlow, 2004).

durE o g {AE ol TRet AEFA ol 4EHEA ]
ghElo] Aok &3 A QAT Choi et al, 1992), 1 €] F
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et al., 2000), E3HKim et al, 2000) St 22 A EFA 0|4
& ghArs} 9l g do] B L gk, aejug FAF HA] 4

R ol do

-177 -



B &HEEE Korean J, Plant Res, 20(2) : 177~184(2007)

ZRXAZ 28D Qe %
7R 7E = A
deid e 3& A5 Y “V\@E"ﬂ AA g &5 e
o] IRAEAZ A A zpe Aol %t H RS ‘110}-7‘—1:—
Z8% AT AN, Wehd ] A dae gt 3,
FI, TAA Azta e fR2 L3S 7FA20HSeo and
Yoo, 2003). Tyrosinase=dzHd A4 I 2] key enzyme
© 2 melanocytet ] melanosome®l|A] H<:
Yoz depdg sk Ao2 guiA Stk A ny=
A e A4l oA °I%Eh— A ascorbic acid ® 2

aAkehA| o) 2R 20 drat g

FrHLee et al,, 2001, o= FAE a2 u]dz)of T3t
A7 Es] =T ed, Aa7kR] Bag vl ojshd
SR (Wang et al, 2006), ¥2KKim et al, 1997, Kim et
al., 2005), Zx(Lee et al., 2003), TAHEE|(Kim, 2003), &}
2] (Lee et al., 2001), HojeiA(Park and Chang, 1997)
SollA tyrosinase AsEAdo] gt Fct 3t FA Fol A=
Uzrgzo] 2 (Wang et al., 20067t &
A& Ad Aoz BuEo}
2 dits GU2A dFHez AHlET Sl el o
FURE H[ESt AL &UE AUR, HUE Sdisu s o
F 59 opiTg, wEX e o uE, 121 FHEY

3 %}—5‘):!]—1,}-_‘?_, ﬂbﬂh,}-_‘?_’ 2B /K]—;‘cl,}-‘:‘_g}. 7¥8 Ok_Q_/U‘:',,]
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£ tyrosinase A&

=
R
ZX}-ZZE o] 7]—7]’- ZX‘“ o].o:] 015_4 '6‘-/\]-§].%/\4‘L]- tyTOSlnase
AHLYE DAL ZN 2L A B IS Ei= 1)

WYL PSP $18 71 2ARE A Ssid
Mz 3

ANg 9 2289 24
B Ago| ARH FA= 20059 6YolA] 10 24 3
3t i(Table 1), 2o} i’—}%—"‘ A & =252 7hRol
FAIFHL 60TAA ARAIZ & E47I(FM-681C, A7+
AJBJA} Korea)Z A 2ot ARg3H7] XWW ~70TC 23t
9&‘3} E‘Q‘ BEEANEE AT 1% £ 500 42 80% olwt
7kt 60T 48-30llA YA AE o8-8t 64
zt % AAtETt, Zt 2EA8 SmlE FLUFA -’H?—?}O‘]
drying oven(KPI-507L, Korea)ollx &3] AxAIZ & #t
Aol BAE H4ste] 2R AxFFe) tist 7M1 R
o] gFo g F5,8S YL}

“‘F

Al

©

L

7]

7]
F2F Al ARE oEE2 dFAloS ARSSHRen,

ABTS[2,2'-Azino—bis (3—ethylbenzothiazoline—6-sulfoic
acid)], DPPH(1,1-diphenylpicryl-2-hydrazyl), Folin—
Ciocalteu's phenol reagent, linoleic acid, BHT(butylated
hydroxytoluene), mushroom tyrosinase 5 Aol AREH
AleF2 Sigma AEoIUCt. FH= &A= Ultrospec 4000
(Pharmacia Biotech, Sweden)& AM-81%.2H, linoleic acid
FArs A AEol= VS-9108MS incubator(Vision
Scientific Co,, Korea)& AME3IRLE,

3 oY & ¢

AZANE g % E9¥E ¥ Folin—Ciocalteu A&
o] &3l ZA3FATH(Velioglu et al, 1998). &5 34 A
0.1mloll 2% Na:CO&-H& 2mlE H7}s}al 38 S0 Folin-
Ciocalteu Al9F 0.1mlE &3 - MA]7|L 3082 Ax|g &
750nmollA SF=E £43+rt. Tannic ac1d—- FREAR
ol-g3te] M-S 2t & F Zeluls FFE
71Z20 2 FArsIETh

& tannic acid

% SelikolE &

AZANR g3 & ZetEo|E TR diethylene glycol H]
Mg o] g3t FFUTHNFRI, 1990). FE2& 349
0.2mle]l diethylene glycol 2mlE #7}8}2 IN NaOH 0.2ml
£ A7I3kT) ol& 37 CoA 1A7F B2t ¥h-SA7l & 420nm
oA EF=E =43}9tt Naringing EEEAE 0]835lo]
AEAE 297 § F SehEeolE TS naringin 7]E2
2 kst

DPPH radical 2A&A

DPPH+ 0.15mM2] 552 99.9% ofgh-&o]] &of ARE3I
o] DPPH €9 0.8mlof o8] 529 A& 0.2mlE 424 &
Asted 30& %) 517nmellA FEEE &5 chBlois,
1958). DPPH & gttizoll it 2A5RG)L Suukg A
23 )22 SHEE 50% B4 7= Badt sE2 UE
yiglon A FYel vinE 43 I EH 2 2= gscorbic
acid®} BHTE A}&-3}%3 E}

ABTS radical £A &4

ABTS oz o) &3t 34bslel 242 ABTS'cation
decolorization assay®ioll st AHAstHcHRoberta et
al, 1999). #Fs=5 7.4mM ABTS2} 2.6mM potassium
persulfate2 E§6+] A2 eranoflA 24417 F7F HR| 5t
ABTS'E HAAIZ & 732nmeollA 2% 3ol 1.4~1.57F 5
ZZ phosphate—buffered saline(PBS, pH 7.4)22 345}
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At 34% ABTS €9 9504 ABEE =EHE 5044 A7}
g 2 108 Fofl 732nmolA FFE=E 3t ABTS A+
ol tigt AASRCHS vk AMESE =] 5%
TE 50% A7)t 2adt 2 Yetyglon A a
2] H|ZE 3t HR2F L EE ascorbic acidet BHTE AR5}
Fct,

Linoleic acid®fl gt 343} & 31}

Linoleic acid®] IHit2to] i3t A aats dohid 7] {3t A
HollA BEGHE 99.9% ofleh-&of %<l 2.51% linoleic acid
0.5ml, 0.05M phosphate buffer(pH 7.0) 1ml, %% 0.5ml,
a1 HFF=7t 250g - ml7t HES 2AG AR 0.5mlE
24590, FAE &2 T 40T oA BhSAIFT A
7o AelR a7 ferric thiocyanate(FTOHHOZ &%
89=t(Haraguchi et al,, 1992), 8¢ F712 Y3 0,1ml
£ F3l 75% oeHE 2.7ml, 30% ammonium thiocyanate
0.1ml, 3.5% HCIY =21 0.02M ferrous chloride 0.1ml¢} &
23t & 500nmoliA FFEE EH3HATE Linoleic acid9] 2+
48} e vk 169 Sl ARSR RS FE %0
A AR M7 e e W3S YR S e
e Zro) MERes A&yl

Tyrosinase QA &A

1/15M sodium phosphate buffer(pH 6.8)5 WH-E2] ¢nj
2 AMESEYem 5mM L-DOPA 2004, tyrosinase(100
unit - ml™") 2004, FEA]& 2004(4mg - ml™?), phosphate
buffer(pH 6.8) 4004E 313 3 37 CollA 3087 HR-&-A)7]
I ice AollA ¥FS-E HAAZ] F 475nmollA FF=E £33}
AtHYagi et al, 1986). Tyrosinase?] A== A7 A7}

Table 1. List of plants used this study and extraction yield from seeds

FA F2E A B4 € Tyrosinase A3j 84 B

ShA e MBS FHE golA ARES WK NgRel &
P gt 5k A butfer 7K HEDS FHE 2 A
31 o8 MRS A/ISH g USRS FYE o= U
MEEEECRETTEY

SAEA

BE AL 23] ol HhESte] HAlslglen, SAS 9.1 22
IHE olgsto] PR ot B2 A2 HAIBIATE & EejdlE
g ZetE o]t FF, DPPH ¥ ABTS 2oizt 7% 1
2 AFAE A ke A dBAELe I F 2AE
AAste] HEsIGit.

A o uF

I HE HFE BRst [{EHE, AR, FeEy
Follx] ZHzhe] Gulls $HY Exz RITtoA ARR 0] FF
BRRE URAA S, ARURE Qo E S o2 ARgRit
E3F RSO T ARRRIEE) Ol Sted FhieollA
A9 - AR - HEAR AREHY, FHolAEs HUE AR
o] JUDE F&3he AR LA Utk oJNF A2 4R
€ A8 Bt o83k 13%Y AHHAEA FAFEEE =A
sto] 7153/ 4 7o) St S 2Hd 1251 mHEA S HE
sttt

80% NH-&E olgste] 2:5EL AT 2}, HEUF,
TR, BALRY FA|M FE4-80] 15.65~24.20%2 &%
on SR, WU RdiauR, HEX WEde] auF
o] FRolA 0.95~3.35%2 F+&4-80] *A UehdthTable
D.

AEAW de &4tz AEA 3FEY phenolic

Scientific name Korean name Collection time Extraction yield (%)
Diospyros kaki FAgB o Oct. 2005 7.00
Diospyros lotus gL Oct. 2005 6.35
Ligustrum obtusitolium HEUF Oct. 2005 24.20
Magnolia officinalis iR I g B A= Oct. 2005 6.25
Poncirus tritoliata B Oct. 2005 15.65
Prunus serrulata var. spomtanea AR =4 Jun. 2005 2.60
Styrax obassia ZEuh Sep. 2005 8.55
Taxus cuspidata = Oct. 2005 18.65
Vitis coignetiae w2 Sep. 2005 6.60
Vitis coignetiae X Vistis labruscana o2 x ‘Pu ) Sep. 2005 335
Zanthoxylum schinifolium ArEUR Sep. 2005 3.70
Zizyphus jujuba AR BB R Sep. 2005 335
Zizyphus jujuba var. inermis o) =L Oct. 2005 0.95
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hydroxyl7)& ©¥j2 9 AcjEtsEat 44 2gs7] wEel
aatsh gt 5 ohekst g AYe AL gEA it
(Lee et al, 2005). ZtZko] FA\M AzxFH G & Ed=
TS AR A3 FEoA 57 51mg * g 2R 7MY 9k,
HEx Padda] wulE o, TE&UFY FAIAE 44.36
mg - g7 oA ¥|n A A UebdthTable 2). ¥FH BARGTE,
HURE Ak URe] e 3 Zede 90| 3.94~8.33
mg - g’ 02 Wittt F EetR ol A F Pl
I8 AdBYE e, TR 7.98mg - g 22 FEFo
W kA, HE X Hdde] wujEa HBEAE vEY &
Al vebgeh 2eiv U] FA= gk 0.04mg - g0
ZetH o= g A ThiatAl 2 Ao 2 ENE
ZFA5&59 DPPH aojzh &46-S 2R 23 50%2

Table 2. Content of total polyphenols and flavonoids in seeds

A2ABAE Hole £EEQ 5T RCo HEX Fdde]
HjZo| A 0.03mg * mI'2 RAMEo] 1A 22 woid 4AAE
A& BthTable 3). L §lE ofo] LEFAF FEE04 RCwo
Fol 0.044mg - mI'2 &L AATPE Hyon, wRet
URe] 2} £3t DPPH 2t £2A840| iy #2 A2
2 22, v AR duR B3 RCwakol 242
6.564mg - ml™ ¥ 3.515mg - mI"2 ZA}Ee] DPPH gtz
aAgA o] mi¢ F3E o 5 Ut

ABTS &tz 24842 DPPH atjz 2A8A A et
o Azkel FARE FAE BYed, TE&5A A RCxokol
0.109mg - ml"&2 RAlElS] 7P 2 AAEAS Bk 1
HE olo] MEX Wadel wuiF 9 i3 FAV 24z

0.113mg - mI"9} 0.125mg - mI™8] RCydFE R\ ascorbic

Sample Total polyphenols (mg - g'¥ Total flavonoids (mg - g'y
Diospyros kaki 26.75+0.12 2.13+0.10
Diospyros lotus 443610.23 3451049
Ligustrum obtusitolium 39.56 £0.57 3.54+0.04
Magnolia officinalis 2225+0.02 2.61+0.08
Poncirus tritoliata 3.94+0.12 148 +0.09
Prunus serrulata var. spomtanea 6.54 +0.65 0.04+0.00
Styrax obassia 18.19+0.63 2.71+£0.06
Taxus cuspidata 57.51+0.03 7.98+0.58
Vitis coignetiae 46.53+0.54 4141034
Vitis coignetiae X Vistis labruscana 51.07+141 420+0.14
Zanthoxylum schinifolium 8.331+0.42 0.37+£0.12
Zizyphus jujuba 14.60+0.72 0.96+0.14
Zizyphus jujuba var. inermis 11.27+0.40 0.52+0.05

“Milligrams of total polyphenol content per g of seed on tannic acid as standard.
sMilligrams of total flavonoid content per g of seed on naringin as standard.
“Values are mean + S.E.

Table 3. Radical scavenging activities of 80% ethanol extracts from seeds

Sample DPPH (RC,,, mg - ml"' ) ABTS (RC,,, mg - ml'y
Ascorbic acid 0.026 +0.000~ 0.199+0.009
BHT 0.121+0.003 0.217£0.004
Diospyros kaki 0.081 £0.001 0.833+0.095
Diospyros lotus 0.044 +0.000 0.109+0.012
Ligustrum obtusitolium 0.633+£0.017 0.812+0.024
Magnolia officinalis 0.117+£0.005 0.283+0.057
Poncirus tritoliata 6.564+0.051 5.277+0434
Prunus serrulata var. spomtanea 3.515+0.055 2.369+0.356
Styrax obassia 0.399+0.040 0.856+0.002
Taxus cuspidata 0.100+0.003 0.272+0.016
Vitis coignetiae 0.071 £0.000 0.220 +0.005
Vitis coignetiae X Vistis labruscana 0.030+0.004 0.113+0.011
Zanthoxylum schinifolium 1.458 £0.202 0.776 £0.137
Zizyphus jujuba 0.190+0.001 0.764 +0.245
Zizyphus jujuba var. inermis 0.122+0.021 0.125+0.048

“Concentration required for 50% reduction of DPPH - at 30 min after starting the reaction.
vConcentration required for 50% reduction of ABTS+ - at 10 min after starting the reaction.

*Values are mean + S.E.
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acid(RCy=0.199mg - ml") ¥ BHT(RCyx=0.217mg - ml™) X
o 52 &AEAYE Yetlch ¥1H DPPH gt &7 549
SRRl "HipRt o] Exl= RCgkel 22t 5.277Tmg - mlt X
2.369mg - mI"'E2 ZAlEo] o] FEEL sir]d £AEA o
o e Ao 2 FI et

Ferric thiocyanate(FTC)¥H-S x| &AM} Z7]0f A==
BABHE O] g EA5t] AlEte] AEE 3= Aoz
(Haraguchi et al., 1992), 845 FAEHE-2 ferrous chlor—
ide?} ¥-25}o] H-249] ferric chloride A4S AT &2
Aol A5 ZE FEE 0.05mg - mI'E 3} linoleic
acid®} RHSAIZ) & 8 1A 0B FRPTE A3t AR
TS ZAPBIAT ARE H7FekA ¢ SaliTie g2 =43t
&2 (controD)d] - HHS- 8UAol )&l oI5t FpAkEL
29| Aoz F4=rt 36598 A EAHNY, BHTS
HlEst] FAREEY H7-S FF=7F 0.357~0.4972 A
s AAEASE SR = JAUTHTable 4). 16Y0] 7
wspat PAGRO) EAEEENA FEE) 372 A &
AEglon WM FHET}F 11052 IIsHES] A4
= oI 4 Uit 240 A RE 29 FF =TT 2,558
B =], ol AEAEE 270 FA4E TSR] A
22 e R A7) fEe] Aeg Hlct 24U &
Lol AU SAEEEA §3=rt 242 3,588 3,178
B A A=, 5, ARUR, FATUR B3 5550}
77] 1,403, 0.875, 07092 A WAk} AR S-S oF 2= 9l
ot ¥R 32¥A7F =2 BHT A g+ S34%=+ 0.5210]1%
3, iR, nguUR gedhll ZREufl B2 HEx
e wulE, FHFUE, SRR FAFEENA &

Z2} 2559] A} 84 9 Tyrosinase A3 24 g4

Fee 0.379~0.6572 A48 AR E S-S e 5=
ok 9, FHEUR, AR, WU 28 AR U] Fa)
FZEA THEE 2.230~3. 7142 &4 3=

v 16440 EA4H dizFe FHE IS VIFE2E 39
Z}zy Aele) A AAES 4RSS 23 o)
ZA2EEA 89.07%2 BHTS 87.06% R} thid =2 Ab
A E-S e THFig. 1. 2 Yol 2F9UE |2 ot
R, giEURe] ZAREE0ME 88% ol B2 dALS
Hojoh vk ®zhtRe] A -4 8%8 A AAEALS
Ay Koz ofgton] wilRol e Arstd A8 69.47%°0
k=

]
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]
1
|
1
]
1
-50 0 &0 100
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Fig. 1. Inhibitory activity of seed extracts and BHT against the oxidation
of linoleic acid as measured by the thiocyanate method at 16 days. The
final concentration of all tested sample was 25 yg - ml".

Table 4. Inhibitory effects of 80% ethanol extracts from seeds on the oxidation of linoleic acid as measured by the thiocyanate method

, Incubation period (days)
Sample 0 g 16 2 E3)
Control 0.301 £0.003" 3.659+£0.012 3.618+0.076 2.558 +0.097 1.969 +0.068
BHT 0.306+0.016 037440012 0.460+0.027 0.4161+0.006 0.521 £0.026
Diospyros kaki 0.300+£0.015 0412+0.014 0.496+0.013 0.510+0.016 0.657 £0.006
Diospyros lotus 0.298 +£0.008 0.364 £0.007 0.446+0.002 0.382+0.015 0.462 +0.009
Ligustrum obtusitolium 0.324 £0.029 0.370+£0.010 0.502+0.018 0.709+0.032 2.230+0.103
Magnolia officinalis 0.311£0.009 035410015 0.396+0010 0.320+0.013 0.379+0.004
Poncirus tritoliata 0.296 £0.027 3.629+0.035 3.792x0.070 3.178 +0.140 2.455+0.102
Prunus serrulata var. spomtanea 0.324 £0.008 0.497+0.036 1.105+0013 3.588 +£0.003 2.865 +0.084
Styrax obassia 0.274+0.007 0.357+0.007 0.414 £0.026 0.356+0.020 0.446 +0.006
Taxus cuspidata 0.304+0.022 0459+0018 0.638+£0.024 1.403+0.077 3.595+0.043
Vitis coignetiae 0.302 £0.004 0.373+£0.026 0.420£0.007 0.338+0.016 0.397 +0.008
Vitis coignetiae X Vistis labruscana 0.294+0.000 038610014 0444 £0011 0.360+0.015 0.403 +£0.017
Zanthoxylum schinifolium 0.293+0.018 0.375+0.010 0.516 £0.031 0.857+0.041 3.714+0.030
Zizyphus jujuba 0.269+0.007 0.376+0.016 0434+0016 0.383+£0.031 0473 £0.022
Zizyphus jujuba var. inermis 0.316 +£0.009 0.368 £0.016 04170011 0.349+£0.021 0.418+0.002

“The final concentration of all tested sample was 25 »g - g'.
*Values are mean + S.E of absorbance at 500 nm.
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% ZejoE o E9tEeolt ¥, DPPH % ABTS 2t
07 2745, 181 AFAS IR 7] A3 HALE B4
3ttt 1 A ¥ ZevEs 9 SR ol e
R=0.812 2 JdTAL BHY(Fig. 2), P 2 EA4 &g
HE o] 28 3¢ SR olE F5o] g the Choi 5
(2005)¢] Aol S-AIITh DPPH 2t 4753 ABTS 2t
Oz £4% E3F R=0.952 £ ABAE A= Lee §
(2005)9] Huo|A= DPPHS} ABTS i aA5S
R=0.769] 4HTAE Bk st & Edvs g9
DPPH ¥ ABTS =itz &A% 27 R*=0.32, R*=0.312 &
ol B Hojglen, et o= ¥} DPPH ¥ ABTS
o 2AEH-L 712 R’=0.15, R*=0.132 dAdo] A9l ¢l
£ o2 B4 9tHdata not shown), Lee $(2005)¢) 211
M= FetR ol & Tt b ehld AAE Atojols Al
BA 7L Gk stiet A2 4412442 DPPH 9 ABTS
oz £274%7 zHz R?=0.88, R’=0.922 & QT4 29l
e, § Zejule ¢ EetikolE = 2 R=0.17,
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