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ABSTRACT

Some seeds of the Rutaceae family, Zanthoxvium piperitum, Z. schinifolium, Evodia officinalis, Poncirus
trifoliata, Citrus unshiu, were investigated to clarify their antioxidative components, Finely powdered
samples were extracted by hexane, followed by dichioromethane and then 702 methanol in a hot bath.
Its unsaponifiables containing x-and y-tocopherol with trace amount of 8-and é-tocopherol. also showed
comparatively weak activity, although the hexane fraction itself had no significant antioxidative effect
on lard. Levels of total tocopherols in the samples averages 42. 24—154. 11 mg/100g total extractives.
The dichloromethane-and 70% methanol extractives showed strong antioxidative activity, from which
antioxidative substances were purified with benzene-acetone(6:5, V/V) on a silica gel column, and with
a solvent mixture of acetonitrile-methanol-H,O(40:40:20, V/V/V) on a Sep-Pak Cis hydrolyzed by 5% -
KOH-ethanol. The recovered unsaponifiables were, then, separated on a column of high performance
liquid chromatography. The unsaponifiables produced by hydrolysis of the isolates from dichloro-
methane extractives has epi-catechin(40.0~57.1%) and (+)-catechin(19.1~24.4% to total phenolic
substances, on area base) as major component, accompanied by chlorogenic acid, gallic acid(?), trans-p-
coumnaric acid and trans-p-ferulic acid including some unknown components, and those derived from 70
% methanol extractives also comprise (+)-catechin(31.3~39.6% to total components, on area base),
epi-catechin(20.2~36.4%), trans-p-coumaric acid(8.4~15.3%) and trans-p-ferulic acid(7.7~14.1%) as
predominant component with some minor coponents, but the fraction supposed to be gallic acid(?) is not
present. The antioxidative activities of the phenolic components isolated in this work were in order of
epi-catechin>catechin>chlorogenic acid > trans- p-ferluic acid > trans-p-coumaric acid.
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| | |
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Isolation Procedure of Antioxidants from the Samples.
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Fig. 2. Standard Curve of x-and 7-tocopheroi on
HPLC &—A [ x-tocopherol, O—O : y-tocophe-
rol HPLC condition is given in Table 2.

£ Qo] & TE % Ik 150m &} 0.1% B 85
2 1~2¢ 713194, 0.0IN Na:S: (s & #Efpo] 2
7t 2] e stdt}. Control® BHTE Himdt i ¥
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742} 9] BE RS HEHME AU
3) Thin-layer chromatography(TLC)*
3+ TLC plates Silica Gel 60 Fzxssi(coated on
DC- Alufolien, thickness:0.2mm)@ov, BBEE
i 2 = toluene-ethyl formate-formic acid(40:50:
5, V/V/V) iB&H< EASAT
4) BHEWes 22 vlE 123 (HPLC)
% = Watersit 2] HPLC Model 4402 {#H3H
[, FiriEiE-S ol 9k 2.
Hexanefi 4} Ml {t &l 447>
Column : LiChrosorb SI 60(5um), 25cmXx4.0-
mm(i.d.)
Detector : Fluorescence detector{exc1.250nm,
emis. 340nm)
Gain : x4
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Mobile phase : Hexane-isopropyl ether(99.8:

0.2, V/V) 2. & Al SR HiEth K

Flow rate : 0.5mL/min, Hexane #idi#(Fr. A)2 $ikfgHe) A#o A
Chart speed : 5mm/min. A ee g, alkali ks gt A2ew(Fr.
Dichloromethane 2 methanol#itie] it AN ZHew(Fr. A2) & Yo, dichloromethane,
B9 i 70% methanol #iti¥ =t 7 gk HE #AEIA
Column : 4 Bondapak Cis, 30cmx3.9mm(i.d.) o} M Fr. A& BAS TZewm(Fr. Ay,
Detector : UV detector{(at 280nm) dichloromethane #itHt(Fr. B) 3 70% methanol
Gain : X16 sty (Fr. C) ol 3431 =59 gt ol BES

Mobile phase : Methanol-0.33M potassium Ne, o] 3 hexanefr#iwel Lol mEk{Lh
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Table 1. Contents of Extractives from Seeds of the Rufaceae Family by Organic Solvents

—— — s —v
— s — ——— ma— r——— —

Sample Solvent Zanthoxvium piperitum  Z. schinifolium Evodia officinalis Poncirus trifoliata  Citrus unshiu

m——-

hexane 8.2*(70.4)** 0.9(12.8) 1.0(12.3) 25.7(60.3) 4.0(50.4)

dichloromethane 1.7(14.6) 2.4(33.9) 3.5(43.1) 9.8(23.1) 2.5(31.6)

methanol 1.8(15.0) 3.8(53.3) 3.6(44.6) 7.1(16.7) 1.4(18.1)

total 11.7(100.0) 7.1(100.0) 8.1(100.0) 42.6(100.0) 7.9(100.1)
* per sample 100g ** percentage to total extractives
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60 Fzx:2 coatingdt TLCA| spottingdla] toluene/
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= spot& FHolRo} diethyl ether®2 ##isted o}
Al silica gel TLC plateol spottingdtad hexane-
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0.90~0.98°} 11, 50% sulfric acid®] MEE pink
BoZ BESE AOoE Mol Rfffi 1.009 spote
hydrocarbone. 2 AFzZtelch!” Fr. Ai& hexaned
=-a] Sep-Pak silica cartridgeol] ;&8A#AH Li-
Chrosorb SI 60 columne] #3% ¥ HPLCZ 4473t
Ay, Fig. 59 Table 29l Yeld HH£E AU}
2 #itoll a-9} ;-tocopherol Tt HmE 2, §-9F 5-
tocopherol2 #kol TB3F T 45, butter, &

1.04 i
9 3 !
.:. o 3
O o 0 1
o Vo ¥ 2
U O 7
0.5
U 2 ;
o 0 9 o
¢ 11
© ¢ Q e 12
00} o0 © © & & o o o § o 13
ABCDETF G H I J K

Fig. 4. TLC of Fr. A:, Fr. Bza and Fr. Ca Classified from
Solvent Extractives of Poncirus trifoliata Seeds

Adsorbent : sifica gel 60 Fxs
Developing : toluene/ethyl formate/formic acid
Solvent(40:50:5. V/V/V)
A:x-tocopherol 1:hydrocabon{(?) 12 } un-
‘B:+-tocopherol 2:DL-x-tocoperol 13 | known
C:Fr. A 3:unknown
D:chlorogenic acid 4:;-tocoperol
E:(+)-catechin & 5:p-ferulic acid

epi-catechin
F* :gallic acid
G :caffeic acid
H:p-coumaric acid
I :p-ferulic acid

6:p-coumaric acid
7:caffeic acid
8:gallic acid
9:unknown

J:Fr. B» . 10:(+)-catechin &
epi-catechin
K:Fr. G 11 :chlorogenic acid

* obtained from the tea seed(not pure)

REWm{LRaE

23 mEmES & gt JEE S 9 a-tocopherol
o] §# tocopherol®] 90% Ll Lk %A 31 ;-tocoph-
erole] 10% LIR=IR 3o, k@l 2, A, 23
e ol p-tocopherol® FHEIHZ sh}p
thel it g™ ol a-tocopherol®} .-
tocopherole] & isomer2 KEi#, shulel7)is,
safflowerifiof] & x-tocopherol®], X&id, S+ 7|
2. meadow foam #EEil* o= y-tocopherole] #H
Heye g 2o vy, £ BF 71 2 isomer7}
Ao FAE FHES A ot

= BRIAMe =21, B39 HiFdc ;-toco-
pherole] #HEHMOE BUD, Atxd= 2 isomerd]
Zgol A ZAI ey 274 F9 KB «-
tocopherol®] & &o] y-tocopherole] IRB T} T
S ig=g

Hifmit 2] tocopherol®] MK 1 &gl AT B
% dataz} 2374 BRA ol HWime] EES} toc-
opherol #m& 7ol BtRE A+71d= o9 o3¢

° e E (A)
4 &1 5 5
O Q O o
- 8 gl 8 3
s oY >~ \-é
z
}
AN AJ i\
¥
o
% (B)
x R
A\ ,_
0 5 10 15 (min.)

Fig. 5. HPLC of Standard Tocopherol isomers(A) and
Tocopherols in Unsaponifiables of Hexane
Extractives from Poncirus trifoliata Seed(B)

Instrument : Waters HPLC Model 440

Column : Lichrosorb SI 60(5um)

Detector : Fluorescence Detector excitation 250nm.
emission 340nm

Attenuation : X4

Solvent : Hexane-isopropyl ether(99.8:0.2, V/V)

Flow rate : 0.5m//min

Chart Speed : Smm/min
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1}, Janiszowska & Pennock™ & el da} 7]
ol &% 5 o] & tocopherolol BT FiFEANA Kk
o] BlE Myl B x-tocopherolo] HHE IO 2
o H 3, FEol =¥ Hkie #:8<S a-tocoph-
erol ¥&°] Fou, y-tocopherol-& o] iﬁ;ﬁh}- ol
8ol & —E 3 3.
Chow#™'ol] olald EE3 aRime] #
E(tocopherol+tocotrienol) 7} oliveiiol]l 5~15mg/

¥ vitamin

R BRI 2R s

100g oil, BEihol 20~32mg/100g oil, saffloweri
Table 2. Tocopherol Levels in the Seeds of the Ruta-
ceae Family
level(mg)
Seed tog:opherol per total
isomer per seed
100g extractives
100g
x-tocopherol 2.50 31.20
p-tocopherol tr.* tr. -
Zanthoxvium
T +-tocopherol 4,79 59.8
piperitum N
é-tocopherol tr. tr.
total 7.29 91.00
x-tocopherol 5.66 47.17
p-tocopherol tr. tr.
Zanthoxvium _
T +-tocopherol 7.35 61.25
schinifolium
&-tocopherol tr. tr.
total 13.01 108.42
x-tocopherol 1.66 23.68
_ f-tocopherol tr. tr.
Evodia :
L «-tocopherol 1.30 18.56
officinalis . '
o-tocopherol  tr. tr.
total 2.96 42.24
x-tocopherol 0.33 4.06
, B-tocopherol tr. tr.
Poncirus
o --tocopherol 3.15 38.87
trifoliata
4-tocopherol tr. tr.
 total 3.40 42.93
x-tocopherol 13.95 33.71
_ B-tocopherol tr, tr.
Citrus
. 7-tocopherol 49.85 120.40
unshiu i
d-tocopherol tr. tr.
total 63.80 154.11
* trace

HEFRHE ) 1l R Pl H B8 HE 7

ol 25~49mg/100g oil, palm seed oilell 33~73mg/
100g oil, #ECiol 30~81mg/100g oil, 4% 718
o] 53~162mg/100g oil 8}l KTkl 56~160

.mg/100g oil FESI 3 e},

A RO #£RE 39 %o # tocopherol &8
< fBiatE B9 10029 154.11mg 2.2 RE = 4
=43, thgol Axel 2uE I 7o) &% 108.
429 91.00mgMoH, o 5F ®Hxle] HEE 42
24~42.93mgl.8 1 F&ol §j¥E 3 K w4 L
To, A= o] 52| tocopherol i#E7} S0 &
S8 o,

Dichloromethane #ithi<) Fr. Bell A #1453t Fr.
Bi, Bz, Ba% Bi 2l 457#19] k(L HhE AET £F
Fr. Booll M3 #ilk fbitol B2E = Yo (datay &), =
dichloromethane?] #ith{% B2 #ixol A methanol
M2 4 Fr. Colx HEkitit Eol FE3l=
2. o] 5#|& acetonitriled] ¥ Sep-Pak Cis car-
tridgeoll acetonitiled #:BAA, Fr. ¢S, &9
acetorﬁtrile-methanol-water(40 140:20, V/V/V)
2 Fr. C:& 4o, nigkfeito] #EAXN 2%
Hu. |

Fr. B22t Fr. C: & #1438t F fraction collector
o} UV-monitorol &3t fR4X peak & RHolB g, & 7)
ol phenoltt HiEs(t &5l HFEZ BAEHAAY o] 4
1S5S ks #E3te hexane 0 2 [Eksl] 9L Fr.
Baa 9} Fr. G & TLCAl BB tiY Fig. 4(s8 %}
i) oA B vield e £RE dAQY Fr. B
ofl 5 chlorogenic acid, '(+‘-)-cat-ech1n, gallic acid,
caffeic acid, trans-p-coumaric acid, trans-p-fer-
ulic acid9} RffE$} —%3H= spot7h S Y™,
Fr. Csol| chlorogenic acid, {(+)-catechin, trans-p-
coumaric acid, frans-p-ferulic acid2 #HHE =
spot7} FTESIA O, .

Fr. Baa, Fr. Csoll o] #Higk{bi: $hEl HFES
=78 B} BAES] 3t R} o] EE reverse-phased)
g Bondapak Ci1s(30cmx3.9mm) columne] 3%
HPLC= #r#stitiy, =& &#tel Fr. B 789
X 12f8 9] peak7l sr# = Q= (Fig. 6), peak 1, 2,
6, 7, 99} 10 caffeic acid, chlorogenic acid, (+)-
catechin, epi-catechin, traits-p-coumaric acid<}

trans- p-ferulic acid2 BEYE & A9, peak 5
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Table 3. Levels of Phenolic Components of Fr. Bza and Fr. Ca Separated by HPLC(area %)

——

s ——_—

3 4 )

C B C B C B C

Sample 1
Component
Fraction B C B
1. caffeic acid tr.* 1.2 0.9
2. chlorogenic acid 8.5 5.1 7.7
3. unknown 2.1 1.3 3.4
4. unknown 1.0 1.0 25
5. gallic acid(?) 3.5 3.0
6. (+)-catechin 229 31.3 214
7. epi-catechin 53.7 202 3534
8. unknown 0.5 104 0.7
9, frans-p-coumaric acid 32 153 2.8
10. trans-p-ferulic acid 1.6 141 1.5
11. unknown 1.9 tr, 1.8
12. unknown 1.0 tr. 0.9

11 065 10 12 10 tr. 0.5

43 41 33 32 26 7.2 1.5

1.2 04 10 10 11 15 1.0

05 05 08 40 52 32 838
4.5 6.5 5.7

352 244 336 191 396 219 38.1
36.4 571 265 487 274 40.0 266

52 07 65 30 25 27 24
84 41 142 82 94 61 103
77 15 131 30 102 95 101

10 t. 09 1.0 09 05

1.2 tr, 1.2 tr. 12 0.2

Each component was added in the ratio of 10mg to 100g lard.
Experimental conditions are described in Material and Experimental

* tr. : trace amount

1: Zanthoxvium piperitum,
4 : Poncirus trifoliata, - 5 :Citrus unshiu
B : Fraction Ba, C : Fraction C,

£ gallic acid2 #tEdh. TLCA M H#HE 5&E=
2} 219k (+)-catechin®} o] 23} flavanolik 2] 3fx
B 4% OHl conformatione] A& & epi-
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ching #4833l NMRZ 1 #:EE RIES v
2t} Fr. C:¢] 8= Kejol] o) Mikel RV <
7 Ao}, BEEI A2 94 (4)-catechind
epi-catechinol';'d.g.tﬁ, trans-p~ferulic acid$} trans
-p-coumaric acid’} I o522 Wi, caffeic
acid®} chlorogenic acidx wHHAA Y Fr. B9
F1EStE gallic acid2 9 ARA & peake YERA
orottt & EEN A= epi-catechind] #&S K&t
7} o189} & polyphenol &#-°] EEMHY 717 3t
A Z38l1, & peake] @it Table 39 £A3HA
o}

ojg} o] HiEkf{b Aol U= 24 Fol HiFRS o
@o] HFHste A o BEYE Y polyphenol {£&
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2 : Zanthoxylum schinifolium,

3 : Evodia officinalis

o2 oA,

4) HPLCOIAM S BEl 2t polyphenol 1L &2 EE
1t 7

=EFH EEWS polyphenol® HEs{t &Koo=
(+)-catechin, epi-catechin, chlorogenic acid,
trans-p-ferulic acid®} trans-p-coumaric acidS &
F U} Table 4= =H2HERANA LS polyphenol
{t&%= BHT, a-tocopherol-& lardel 0.01%, 0.02
% wm3te] Mt S e HRE Uil He
2 epi-catechin, (-+)-catechin®} chlorogenic acid
© BHTY «-tocopherol®. o} S Mkt HS B2
°|3l, W trans-p-coumaric acidyl trans-p-ferulic
acid® tocopherolRr} <zt W2 HiEg{tiES JE}
Weg o] ool £ ER Vil e &
BT &kHS stela YZE) o] &2 Hirose™ 9}
&%V W HRSE —x P}l = Nato &
cacao ZANA AL trans-p-ferulic acido} trans-p
-coumric acide BHTR Y} o} «-tocopherol @t
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Table 4. Antioxidative Activity of Some Phenolic
Components Isolated from Dichiorome-
thane-and 709 Methanol-Extractives of

Seeds of the Rutaceae Family
Component Induction Period(hr.)
0.01% 0.02%

Control 2.5

BHT 10.5 20.5
x-tocopherol 9.0 13.5
chlorogenic acid® | 17.5 36.0
chlorogenic acid 18.5 37.5
(+)-catechin* 23.5 43.5
(+)-catechin 23.0 42.0
Epi-catechin 26.5 18.0
tmus-p-coumziric acid* 9.5 16.0
trans-p-coumaric acid 9.0 16.5
trans-p-ferulic acid 11.5 20.5

* authentic standard
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