
J Food Sci Nutr
Vol 13, p 241～244 (2008)
DOI: 10.3746/jfn.2008.13.3.241

Antioxidative Substance Isolated from the Leaf of Zanthoxylum schinifolium
⁃ Research Note ⁃

Chang-Ho Jeong and Ki-Hwan Shim†

Division of Applied Life Sciences, and Institute of Agriculture and Life Sciences, 
Gyeongsang National University, Jinju 660-701, Korea

Abstract
Methanol extracts were prepared from Z. schinifolium leaf and successively fractionated with chloroform, buta-

nol, and water. The butanol fraction exhibited the highest antioxidative activities. Therefore the butanol fraction 
was purified and a chemical structure was identified by 1H-13C-NMR spectra, and FT-IR. The isolated antioxidative 
substance was identified as quercitrin.
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INTRODUCTION

Reactive oxygen species (ROS) such as hydrogen per-
oxide (H2O2), singlet oxygen (1O2), superoxide anion 
radical (·O2

⎯), and hydroxyl radical (·OH) are generated 
from the autoxidation of lipids, as well as reactive nitro-
gen species (RNS) (1,2). Formations of these excess 
ROS and RNS by UV irradiation, smoking and drug me-
tabolism are likely to damage several cellular compo-
nents such as lipids, proteins, nucleic acid, and DNAs 
through oxidative nitration processes (3). In addition 
these reactive species cause inflammation or lesions on 
various organs and are associated with various degener-
ative diseases, including cancer, aging, arteriosclerosis, 
and rheumatism (4-8). Plants contain a wide variety of 
chemicals that have potential antioxidant activity. The 
best known phytochemical antioxidants are traditional 
nutrients, such as β-carotene, ascorbic acid, and α
-tocopherol. However, there is growing evidence that a 
significant portion of the antioxidant capacity of many 
food plants is due to compounds other than the tradi-
tional vitamins (9). Recently, researchers have sought 
to isolate powerful and nontoxic natural antioxidants 
from edible plants, not only to prevent human disease 
resulting from autoxidation and lipid peroxidation, but 
also to replace synthetic antioxidants (10). Therefore, the 
research into the determination of the natural antioxidant 
source is very important to promote public health.

Zanthoxylum schinifolium (Korean name: Sancho) is 
an aromatic medicinal plant belonging to the Rutaceae 
family and distributed in Korea, China, Japan, and 
Taiwan (11-14). 

The chemical constituents of Z. schinifolium, espe-

cially from the fruit, have been studied extensively. The 
known compounds in Z. schinifolium have been identi-
fied as aurapten, collinin, epoxyaurapten, hydrangetin, 
umbelliferone, acetoxycollinin, aesculetin dimethylether, 
norchelerythrine, dictamnine, skimmianine, and friedelin 
(11,12). Choi et al. (15) investigated antimicrobial activ-
ity and the essential oils composition of Z. piperitum 
and Z. schinifolium. However there is little information 
available about the antioxidative activities of extracts 
from Z. shinifolium leaf.

The objectives for this study were to investigate the 
antioxidative activities of extracts from Z. schinifolium 
leaf. In addition, a compound was isolated and identified 
from the active butanol fraction of Z. schinifolium leaf.

MATERIALS AND METHODS

Instruments
IR spectra were obtained with a Hitachi 270-50 spec-

trophotometer, 1H- and 13C-NMR along with 2D-NMR 
data were obtained with a Brucker AM 500 (1H-NMR 
at 500 MHz, 13C-NMR at 125 MHz) spectrometer in 
methanol-d4.

Extraction and isolation
Z. schinifolium leaf (300 g) belonging to the family 

Rutaceae, were collected from a plantation at Jinju, 
Korea in June 2007. They were ground in a blender, 
extracted three times with methanol (1.5 L) each for 3 
days at room temperature. The combined methanol sol-
ution was concentrated and dried under reduced pressure 
at a temperature no higher than 45oC. The methanol ex-
tract (37.40 g) was sequentially extracted with chloro-
form (18.34 g), butanol (5.07 g) and water extract (13.99 
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g) for a subsequent bioassay. The organic solvent ex-
tracts were concentrated to dryness in vacuo at 45oC, 
and the water extract was freeze dried. The butanol frac-
tion (5.07 g) was chromatographed on a silica gel col-
umn (Merck 70～230 mesh, 500 g, 70 cm×5.5 I.D.) 
and successively eluted with a stepwise gradient of 
chloroform/methanol (99/1→0/1). Active fraction F10 
(0.72 g) was combined and applied to a silica gel col-
umn, eluting with a dichloromethane-ethanol mixture of 
increasing polarity (49/1→1/1), to give six major sub-
fractions (F10-1 through F10-6), based on a comparison 
of the TLC profiles after examination with shortwave 
UV light (254 nm) and by spray with 10% v/v sulfuric 
acid in water. F10-4 was purified on a Sephadex LH-20 
resin column chromatograph using methanol. For further 
separation of the biologically active substance, a Waters 
Delta Prep 4000 HPLC was used. The column [300 
mm×3.9 m PREP ODS column (Hewlett Packard)] was 
eluted with 30% methanol at a flow rate of 5 mL/min, 
and the elute was measured at 254 nm. 

Compound 1 (102 mg) was isolated by recrystalliza-
tion with MeOH. The homogeneity of 1 was demon-
strated by TLC in a developing solvent system of chloro-
form/methanol (3:1) (Rf=0.32). 

Compound 1 (Quercitrin). IR Vmax (KBr) cm-1: 3378, 
2932, 1651, 1607, 1505; 1H-NMR (500 MHz, meth-
anol-d4) δ: 0.94 (d, J=6.0 Hz, 3H), 3.31 (dd, J=3.5, 2.0 
Hz, 1H), 3.43 (m, 1H), 3.76 (brd, J=7.5 Hz, 1H), 4.22 
(s, 1H), 5.34 (s, 1H), 6.13 (s, 1H), 6.28 (s, 1H), 6.90 
(d, J=6.5 Hz, 1H), 7.27 (d, J=7.5 Hz, 1H), 7.33 (s, 1H); 
13C-NMR (125 MHz, methanol-d4) δ: 18.1, 72.3, 72.4, 
72.6, 73.8, 96.1, 101.5, 103.9, 105.2, 116.8, 117.3, 
123.2, 123.4, 136.4, 147.0, 150.5, 159.2, 159.3, 163.4, 
170.2, 179.6.

DPPH free radical-scavenging activity
The effect of quecitrin on DPPH free radical was esti-

mate according to the method of Blois (16). Quecitrin 
(0～200 μg/mL) in 4 mL of DMSO was added to an 
ethanol solution of DPPH (1 mM, 1 mL) The mixture 
was shaken and left to stand at room temperature for 
30 min; the absorbance of the resulting solution was 
measured spectrophotometrically at 517 nm (UV-1201, 
Shimadzu, Tokyo, Japan). This activity is given as per-
cent DPPH free radical scavenging that is calculated as 
% DPPH scavenging=[(control absorbance – extract ab-
sorbance) / (control absorbance)]×100. 

Reducing power
Reducing power was estimated according to the meth-

od of Oyaizu (17). Briefly, extracts (0～250 µg/mL) in 
1 mL of appropriate solvents were mixed with 2.5 mL 

of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of potas-
sium ferricyanide [K3Fe(CN)6] (1%), and then the mix-
ture was incubated at 50oC for 30 min. Afterward, 2.5 
mL of trichloroacetic acid (10%) was added to the mix-
ture, which was then centrifuged at 3,000 rpm for 10 
min. Finally, 2.5 mL of the upper layer solution was 
mixed with 2.5 mL distilled water and 0.5 mL FeCl3 
(0.1%), and the absorbance was measured at 700 nm 
(UV-1201, Shimadzu, Tokyo, Japan).

Inhibition of lipid oxidation
The ferric thiocyanate (FTC) method (18) using the 

linoleic acid model system was used to measure in-
hibitory activity on lipid oxidation. Quercitrin dissolved 
in 0.12 mL of ethanol was added to a reaction mixture 
in a screw-cap test tube. Each reaction mixture consisted 
of 2.88 mL of 2.51% linoleic acid in ethanol and 9 mL 
of 40 mM phosphate buffer (pH 7.0). The known anti-
oxidants, BHA and α-tocopherol, were used as a com-
parative standard to evaluated the antioxidant activity of 
quercitrin. The test tube was covered with aluminum foil 
to eliminate the influence of the light upon the lipid per-
oxidation and then placed in an incubator at 40oC. At 
daily intervals during an incubation period, a 0.1 mL 
aliquot of the mixture was diluted with 9.7 mL of 75% 
ethanol, followed by addition of 0.1 mL of 30% ammo-
nium thiocyanate. Precisely 3 min after the addition of 
0.1 mL of 20 mM ferrous chloride in 3.5% hydrochloric 
acid to the reaction mixture, the absorbance was meas-
ured at 500 nm (UV-1201, Shimadzu, Tokyo, Japan). 

Statistical analysis
The results for each group were expressed as mean 

±SD. Data were analyzed by one way ANOVA between 
control and sample treated groups using SAS software 
(SAS Institute Inc., Cary, NC, USA). Significant differ-
ences were determined among groups at p<0.05.

RESULTS AND DISCUSSION

During the preliminary screening for antioxidative ac-
tivities, we observed that the methanol extract of Z. schi-
nifolium leaf showed significant antioxidative activities. 
In fractionation guided by antioxidative activities, the 
butanol fraction was purified by silica gel column chro-
matography and the isolated fraction was bioassayed. 
Finally, an active compounds was isolated. The chemical 
structure was identified as quercitrin through spectro-
scopic analysis including IR and NMR.

Scavenging effect on DPPH radical
The model of scavenging the stable DPPH radical is 

a widely used method to evaluate the free radical scav-
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enging ability of various samples. The effect of anti-
oxidants on DPPH radical scavenging was thought to 
be due to their hydrogen-donating ability. Fig. 1 shows 
the dose-response curves for DPPH radical-scavenging 
activities of quercitrin. Quercitrin exhibited 67.58 and 
85.49% radical scavenging activity at concentrations of 
25 and 200 μg/mL, respectively (IC50=12.9 μg/mL). 
However, BHA (IC50=12.1 μg/mL) and α-tocopherol 
(IC50=13.9 μg/mL) showed 90.64 and 92.83% radical 
scavenging activity at a concentration of 25 μg/mL, 
respectively. The free radical scavenging activities of 
pure antioxidant compounds, plant and fruit extracts and 
food materials (19,20) exhibit an almost linear correla-
tion between DPPH radical scavenging activity and con-
centration of polyphenolic compounds in various vegeta-
ble and fruits (21,22). Our results revealed that quercitrin 
isolated from Z. schinifolium leaf was one of the major 
free radical scavengers, acting possibly as a primary 
antioxidant. 

Reducing power
In the reducing power assay, the presence of reduc-

tants (antioxidants) in the samples would result in the 
reducing of Fe3+ to Fe2+ by donation of an electron. The 
amount of Fe2+ complex can be then be monitored by 
measuring the formation of Perl’s Prussian blue at 700 
nm. Increasing absorbance at 700 nm indicates an in-
crease in reductive ability. Fig. 2 shows the dose-re-
sponse curves for the reducing powers of quercitrin. It 
was found that the reducing powers of quercitrin also 
increased with the increase of quercintrin concentrations. 
At 150, 200, and 250 μg/mL concentration, the quercitrin 
showed absorbances of 0.82, 0.98, and 1.19, respec-
tively. The BHA and α-tocopherol, positive control, ex-
hibited high reducing powers of 1.84 and 0.93 in 250 
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Fig. 1. DPPH radical scavenging activity of quercitrin isolated 
from Z. schinifolium leaf. ●: Quercitrin, ○: BHA, ▼: α-To-
copherol.
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Fig. 2. Reducing power of quercitrin isolated from Z. schinifo-
lium leaf. ●: Quercitrin, ○: BHA, ▼: α-Tocopherol.

μg/mL, respectively. Many studies have observed a di-
rect correlation between antioxidant activity and re-
ducing power of certain plant extracts (23,24). The quer-
citrin examined in this study demonstrated good re-
ducing capacity thereby acting as an efficient reductone. 

Inhibitory effect of lipid oxidation
Antioxidant activity of quercitrin was determined by 

the FTC method. Quercitrin exhibited effective anti-
oxidant activity at all concentrations. The effects of vari-
ous amounts of quercitrin on peroxidation of linoleic 
acid emulsion are shown in Fig 3. The antioxidant activ-
ity of quercitrin increased with increasing concentration. 
The 1,000 μg/mL concentration of quercitrin showed 
higher antioxidant activity than that of 1,000 μg/mL con-
centration of α-tocopherol (70.35%). At 250, 500, and 
1,000 μg/mL concentrations of quercitrin, the percentage 
of inhibition in the linoleic acid system were 7.59, 54.47, 
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Fig. 3. Antioxidant activity of quercitrin isolated from Z. schi-
nifolium leaf at the level of 250, 500, and 1,000 μg/mL. ●: 
Control, ○: 250 μg/mL, ▼: 500 μg/mL, △: 1,000 μg/mL, ■: 
BHA (1,000 μg/mL), □: α-Tocopherol (1,000 μg/mL).
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and 76.94, respectively. The result shows that quercitrin 
is also a free radical inhibitor, particularly of the peroxy 
radical, which is the major propagator of the fatty acid 
autoxidation cascade, thus terminating the chain reaction. 
The antioxidant quercitrin was also isolated from Z. schi-
nifolium leaf. Quercitrin is a well-known antioxidant 
substance found in many edible plants such as chestnut 
leaves (25) and Korean cherry (26).
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