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ABSTRACT

Water extracts from beefsteak plant stems (BS), leaves (BL), and ripe seeds (BR) were examined for their antioxidant activities 
and phenolic compounds. Based on superoxide anion radicals scavenging activity, the BS extract (61.8%) is the most effective one 
followed by BL and BR extract (60.8% and 33.3%, respectively). The antioxidant activity determined by the 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) method revealed that the BS extract had the highest activity on DPPH free radicals (54.8%). In addition, the extracts 
of BS, BL and BR were effective in reducing capacity and chelating effect on ferrous ions in comparison with the control. Total 
phenolic compound and flavonoid content of the BS extract was found to be superior to other beefsteak plant extracts. The results 
indicated that the BS extract of beefsteak plant has effective antioxidant functions, especially in superoxide anion radical and DPPH 
radical scavenging activities and reducing power. It was of our paramount interest to further identify the specific antioxidant compo-
nents in BS which may be a new health-care food supplement or functional food for special use in the future.
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INTRODUCTION

Oxidation is essential to many living organisms for 
the production of energy to fuel biological processes. 
Reactive oxygen species (ROS) produced by ultraviolet, 
sunlight, ionizing radiation, chemical reactions and 
metabolic processes have a wide variety of pathological 
effects, such as carcinogenesis and cellular degenera-
tion related to aging(1). Superoxide and hydroxyl radicals 
are the two most representative free radicals. In cellular 
oxidation reactions, superoxide radical is normally 
formed first and its effects can be magnified because it 
produces other kinds of cell-damaging free radicals 
and oxidizing agents. Furthermore, these ROS can slow 
down aging and prevent Alzheimer’s disease(2). Note 
that almost all organisms are able to defend antioxidant 
and repair oxidative damage in the systems that evolved, 
as these systems prevent the damage completely. Anti-
oxidants are substances that can delay or prevent oxida-
tive cellular oxidizable substrates. Principal sources of 
antioxidant include herbs, spices, and medicinal plants. 
Natural antioxidants from dietary plants are reported 

to prevent oxidative damage by free radical and active 
oxygen, and they also prevent the occurrence of disease, 
aging, and cancer(3).

Beefsteak plant is an annual herbaceous plant, 
belonging to the family Labiatae, commonly known 
as perilla (Perilla frutescens). Its leaves are often used 
in a variety of Asian foods to add both flavor and color. 
It is also grown ornamentally in gardens. In general, 
the stems, leaves, and seeds of beefsteak plant are used 
individually in Chinese medicine to treat a variety of 
diseases(4). The stem of the plant is traditionally used 
as an analgesic and anti-abortive agent. The leaves are 
said to be helpful for asthma, colds and flus, and regu-
late stomach function. On the other hand, the seeds are 
employed for dyspnea and cough relief, phlegm elimi-
nation, and bowel relaxation(4). Considerable attention 
has been given to the anti-inflammatory, anti-allergic 
and anti-tumor promoting substances contained in 
beefsteak plants(5-8). Recently, extracts of beefsteak 
plants have been studied as a treatment for allergic 
rhinitis. Beefsteak plants contain high level of rosma-
rinic acid which appears to have anti-inflammatory and 
anti-allergic actions(9-12). Although animal studies hint 
that beefsteak plants might also be useful for a different 
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type of allergy, such as severe, rapid reaction known as 
anaphylaxis, commonly associated with shellfish, peanut, 
and bee-sting allergies(6,11), there are only a few reports 
on antioxidant activities of leaves(13,14) and seeds(15,16) 
from beefsteak plant. Due to the increasing interest in the 
relationship between antioxidants and diseases, there is a 
need to get an overall measure of the antioxidant activity 
of extracts from beefsteak plant.

In this study, we evaluated the possible antioxidant 
effects of water extracts from different parts of beefsteak 
plant stems (BS), leaves (BL), and ripe seeds (BR) in 
different in vitro antioxidant tests including superoxide 
anion radical and 1,1-diphenyl-2-picryl-hydrazyl (DPPH) 
radical scavenging, reducing power, metal chelating 
activities, total phenolic compounds and flavonoids. This 
work has examined the influence of beefsteak plant on 
human beings and provides an important background for 
further study.

MATERIALS AND METHODS

I. Chemicals

Ascorbic acid and ferric chloride were purchased 
from Fluka (Switzerland). Gallic acid, potassium ferricya-
nide, ethylenediaminetetraacetic acid (EDTA), phenazine 
methosulfate (PMS), nicotinamide adenine dinucleotide 
(NADH), nitroblue tetrazolium (NBT), 1,1-diphenyl-
2-picrylhydrazyl (DPPH), and 3-(2-pyridyl)-5,6-bis(4-
phenyl-sulfonic acid)-1,2,4-triazine (Ferrozine) were 
obtained from Sigma Chemical Co. (St. Louis, MO, 
U.S.A.). All other chemicals used were of analytical grade 
and obtained from either Sigma-Aldrich or Merck.

II. Preparation of the Extract

The beefsteak plant stems (BS), leaves (BL), and 
ripe seeds (BR) were purchased locally (Goangder Tarng 
Ginseng Co., Taoyuan, Taiwan). The dried beefsteak 
plants were ground in a mortar, and extracted twice using 
50 mL of distilled water (70°C) under reflux for 4 h. The 
supernatant was separated from the solid residue by 
paper filtration. The extracts were combined and evapo-
rated at 60°C under reduced pressure. All dried extracts 
were stored at 4°C until use.

III. Superoxide Anion Radical Assay

Measurement of superoxide anion radical scav-
enging ability of the extracts was done based on the 
method described by Lin et al.(17) with slight modifica-
tion. The reaction mixture contained the same volume 
of 120 μM PMS, 936 μM NADH, water extract, and  
300 μM NBT in a total volume of 1 mL of phosphate 
buffer (100 mM, pH 7.4). After 5 min of incubation at 
ambient temperature, absorbance of the resulting solution 

was measured at 560 nm. The superoxide anion radical 
activity was calculated as scavenging effect (%) = (1 - 
absorbance of sample/absorbance of control) × 100.

IV. DPPH Radical Assay

Scavenging effect on DPPH radical was measured by 
the method of Lin et al.(17). Briefly, 0.1 mL of a 1 mM 
methanol solution of DPPH was incubated with varying 
concentrations of the water extract. After a 30 min incu-
bation period at room temperature, absorbance of the 
resulting solution was read at 517 nm. The 1,1-diphenyl-
2-picrylhydrazyl radical scavenging activity was 
expressed as the inhibition percentage calculated as (1 - 
absorbance of sample/absorbance of control) × 100.

V. Reducing Power Assay

The reducing power was determined according to 
the method of Lin et al.(17). The water extract (0.25 mL) 
was mixed with 0.25 mL of 200 mM sodium phosphate 
buffer (pH 6.6) and 0.25 mL of 1% potassium ferricya-
nide. Then the mixture was incubated at 50°C for 20 min. 
After 0.25 mL of 10% trichloroacetic acid was added to 
the mixture to stop the reaction, the mixture was centri-
fuged at 3000 rpm for 10 min. The supernatant (0.5 mL) 
was mixed with 0.4 mL of deionized water and 0.1 mL 
of 0.1% ferric chloride solution, allowed to stand for 10 
min, and the absorbance was measured at 700 nm. Higher 
absorbance indicated higher reducing power.

VI. Chelating Effect on Ferrous Ions

The chelating effect of ferrous ions was estimated 
by the method of Lin et al.(17). Briefly, the water extracts 
were added to a solution of 2 mM FeCl2 (0.02 mL). The 
reaction was initiated by the addition of 5 mM ferrozine 
(0.04 mL) and the mixture was shaken vigorously and left 
standing at room temperature for 10 min. The absorbance 
of the mixture was measured at 562 nm. Chelating effect 
was calculated using the equation: (1 - absorbance of 
sample/ absorbance of control) × 100.

VII. Determination of Antioxidant Contents

Contents of total phenolic compounds in the extracts 
were estimated by a colorimetric assay based on proce-
dures described by Slinkard and Singleton(18) with some 
modifications. Basically, water extract solution (0.05 
mL) was mixed with 0.05 mL of Folin-Ciocalteu’s phenol 
reagent. Then, 0.5 mL of a 15% sodium carbonate solu-
tion was added to the mixture and then it was adjusted 
to 1 mL with 0.4 mL of distilled water. The reaction was 
allowed to stand for 10 min with intermittent shaking, 
after which the absorbance was read at 725 nm. Gallic 
acid was used for constructing the standard curve (5-35 
μg/mL; y = 0.0964x - 0.0519; R2 = 0.9856) and the results 
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were expressed as μg of gallic acid equivalents per mL of 
extract.

Flavonoid contents in the extracts were determined 
by a colorimetric method described by Kim et al.(19) with 
some modifications. The water extract (0.05 mL) was 
mixed with 0.4 mL of distilled water and 0.02 mL of a 
7.5% sodium nitrite solution, followed by 15% aluminum 
chloride solution (0.02 mL). After 6 min, 0.2 mL of  
1 M sodium hydroxide and 1 mL of distilled water were 
added to prepare the mixture. The solution was mixed 
well and the absorbance was read at 510 nm. Rutin was 
used for constructing the standard curve (10-100 μg/mL; 
y = 0.0118x - 0.0108; R2 = 0.9989) and the results were 
expressed as μg of rutin equivalents per mL of extract.

VIII. Statistical Analysis

All data were presented as mean ± standard devia-
tion (S.D.) of triplicate parallel measurements. Statis-
tical analysis was performed using Student’s t-test, and 
p value < 0.05 was regarded as significant and p value < 
0.01 very significant.

RESULTS AND DISCUSSION

Many studies have shown that natural antioxidants 
are closely related with their biofunctionalities, such as 
the reduction of chronic diseases like mutagenesis, carci-
nogenesis, and DNA damage, etc. Natural oxidants are 
also related to inhibition of pathogenic bacteria growth, 
which are often associated with the termination of free 
radical propagation in biological systems(20,21). Thus, 
antioxidant capacity is widely used as a parameter to 
characterize food or medicinal plants and their bioactive 
components. Gallic acid is a biological lipid antioxidant 
that prevents the formation of free radicals from lipid 
peroxidation and has been shown to be an antimutagen 
or anticarcinogen in Salmonella tester strains(22) as well 
as in human leucocytes in vitro(23). In the present study, 
the antioxidant activities of beefsteak plant were evalu-
ated in a series of in vitro test: superoxide anion radical 
and DPPH radical scavenging, reducing power, metal 
chelating activities, and total phenolic compounds and 
flavonoids.

I. Superoxide Anion Radical Scavenging Activity

Superoxide anion, a reduced form of molecular 
oxygen, has been implicated in the initiating oxidation 
reactions associated with aging(24). Also, it has been 
implicated in several pathophysiological processes, due 
to its transformation into more reactive species such as 
hydroxyl radical that initiate lipid peroxidation. Super-
oxide anions play an important role in formation of 
other reactive oxygen species such as singlet oxygen, 
hydrogen peroxide, and hydroxyl radical, which induce 

oxidative damage in DNA, lipids, and proteins(25,26). 
Also, superoxide anion is an oxygen-centered radical 
with selective reactivity. These species are produced by 
a number of enzyme systems in auto-oxidation reactions 
and by non-enzymatic electron transfers that univalently 
reduce molecular oxygen. It can also reduce certain iron 
complex such as cytochrome c. In the present study, all 
extracts from different parts of beefsteak plant effec-
tively scavenged superoxide anion radical in a concentra-
tion-dependent manner (Figure 1). These results showed 
BS and BL had the highest activities upon the elimina-
tion of superoxide anion radical than that of ascorbic 
acid (p < 0.05), but the scavenging activity of BR was 
the same as that of gallic acid. Scavenging effect of water 
extracts from different parts of beefsteak plant and stan-
dards (ascorbic acid and gallic acid) on the superoxide 
anion radical decreased in the following order: BS > BL 
> BR > gallic acid > ascorbic acid, with 61.8%, 60.8%, 
33.3%, 28.5% and 19.5%, at the concentration of 5 μg/
mL, respectively. These results clearly suggested that 
antioxidant activity of the extracts from different parts of 
beefsteak plant were also related to their ability to scav-
enge superoxide anion radical. The result was in agree-
ment with that reported by Nakamura et al.(13), who 
demonstrated that the scavenging activity of rosmarinic 
acid from the leaves of perilla was greater than that of 
ascorbic acid or other phenolcarboxylic acids and rosma-
rinic acid effectively exhibited antioxidative activity in 
the biological systems through the scavenging of O2

-, 
one of the precursors of ROS. Additionally, Robak and 
Gryglewski(27) reported that antioxidant properties of 
some flavonoids are effective mainly via the scavenging 
of superoxide anion radical.

II. Scavenging Effect on DPPH Radical

Antioxidant properties, especially radical-
scavenging activities, are very important due to the 

Figure 1. Scavenging effect of water extracts from beefsteak plant on 
superoxide anion radical. Each value is expressed as mean ± standard 
deviation (n = 3). (◇, BS; □, BL; △, BR; ◆, ascorbic acid; ■, gallic 
acid).
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deleterious role of free radicals in foods and biological 
systems. The reduction of DPPH absorption is indica-
tive of the capacity of the extracts to scavenge free 
radicals, independently of any enzymatic activity. 
The method widely used to predict the ability of flavo-
noids to transfer H atoms to radicals is based on the free 
radical, 1,1-diphenyl-2-picrylhydrazyl in the DPPH assay. 
The antioxidants were able to reduce the stable radical 
DPPH to the yellow coloured diphenyl-picrylhydrazine. 
Figure 2 illustrates the DPPH radical scavenging ability 
of different parts of beefsteak plant and standards. 
Ascorbic acid and gallic acid were used as reference 
radical scavengers. The extract of BS showed excellent 
DPPH radical scavenging activity that was enhanced 
with increasing concentration. Scavenging effects of the 
extract of beefsteak plant and standards on the DPPH 
radical decreased in the order: BS > gallic acid > ascorbic 
acid, i.e. 54.8%, 47.2% and 34.0%, at the concentration of  
10 μg/mL, respectively. However, the DPPH radical scav-
enging activities of BL and, BR were low. Some inves-
tigators(28) have reported that the change of the content 
of the flavonoids and phenolic acids in the leaves and 
seeds of P. frutescens L. at different growth stages were 
determined. In addition, Yamamoto et al.(29) have studied 
that fresh leaves are a more useful source of phenolic 
compound because the quantity of rosmarinic acid in 
fresh leaves is 10 times larger than that in the seeds.

III. Reducing Power

The antioxidant activities of natural components 
might have a reciprocal correlation with their reducing 
powers. In this assay, the yellow colour of the test 
solution changes to various shades of green and blue 
depending on the reducing power of each antioxidant 
sample. Reducing power of a compound served as a 
significant indicator of its potential antioxidant activity. 
Reducing powers of water extracts from different parts 
of beefsteak plant, ascorbic acid and gallic acid were 
enhanced by increasing concentration of samples (Figure 
3). Specifically, reducing powers of water extracts of BS 
were higher than those of BR and BL at 2.5 - 62.5 μg/mL. 
As seen in Figure 3, reducing powers of the extracts from 
different parts of beefsteak plant were in the following 
order: BS (1.96) > BL (1.69) > BR (1.49) at the concen-
tration of 37.5 μg/mL. On the other hand, reducing 
powers of ascorbic acid and gallic acid were 1.97 and 
1.96, respectively. Reducing powers of the extracts from 
different parts of beefsteak plant and standards were 
similar statistically. The water extracts of BS, BL and 
BR showed significant effects on the reducing capacity 
at all amounts. Reducing power of a compound might 
serve as a significant indicator of its potential antioxidant 
activity(30).

The antioxidant activity has been reported to be 
concomitant with the development of reducing ability(31). 
Therefore, the antioxidant activity of the extracts might 

partially be a result of its reducing ability. Okuda et 
al.(32) mentioned that the reducing ability of tannins 
prevented liver injury by inhibiting the formation of lipid 
peroxides. Furthermore, reductones such as ascorbic acid 
can react directly with peroxides and also with certain 

Figure 2. Scavenging effect of water extracts from beefsteak plant on 
DPPH radical. Each value is expressed as mean ± standard deviation 
(n = 3). (◇, BS; □, BL; △, BR; ◆, ascorbic acid; ■, gallic acid).
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Figure 3. Reducing power of water extracts from beefsteak plant. 
Each value is expressed as mean ± standard deviation (n = 3). (◇, BS; 
□, BL; △, BR; ◆, ascorbic acid; ■, gallic acid).
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precursors, thereby prevent peroxide formation. The 
reducing ability of various extracts might be due to its 
hydrogen-donating capacity, as described by Shimada et 
al.(33). Therefore, the extracts might contain reductones, 
which could react with free radicals to stabilize and 
terminate radical chain reactions.

IV. Chelating Effect on Ferrous Ions

Ferrozine could quantitatively form complexes 
with Fe2+. In the presence of other chelating agents, 
the complex formation was disrupted as the red color 
of the complex is decreased. Measurement of the rate 
of color reduction therefore allowed estimation of 
the chelating effect of the coexisting cheater. Figure 
4 shows the chelating effects of the BS, BL and BR 
extracts on ferrous ions. The percentages of chelating 
activities increased as water extracts concentration 
increased. Similarly, absorbance of Fe2+-ferrozine 
complex decreased linearly based on the concentration 
(from 12.5 to 75 μg/mL). Specifically, the BR extract 
showed a sharp increase in scavenging ability in a 
concentration-dependent manner. The difference among 
all beefsteak plant concentrations and control values 
were statistically significant (p < 0.01). In addition, the 
BR extracts exhibited 82.2% chelation of ferrous ion at  
75 μg/mL concentration. On the other hand, the percent-
ages of chelating capacity of the extracts of BS and BL 
were 53.7% and 46.6%, respectively. Both BS and BL 
extracts showed moderate ferrous ion chelating ability 
that reached 57.1 - 64.5% at 112.5 μg/mL. The chelating 
effects of beefsteak plant extract were in the order of 
BR > BL ≈ BS. However, EDTA showed an excellent 
chelating ability of 94.2% at 12.5 μg/mL, while citric 
acid was not a good chelating agent for ferrous ions. 
Chelating effect on ferrous ions of an antioxidant mole-
cule prevents oxyradical generation and the consequent 
oxidative damage. Chelating ability was significant as 
they reduced the concentration of the catalyzing transi-
tion metal in lipid peroxidation(34). It was reported that 
chelating agents, which form s-bonds with a metal, are 
effective as secondary antioxidants since they reduce 
the redox potential thereby stabilize oxidized form of 
the metal ion(35). Since ferrous ions were the most effec-
tive pro-oxidants in food system(36), the moderate to 

high ferrous-ion chelating abilities of various extracts 
from beefsteak plant would be beneficial. These assays 
were used to establish the abilities of water extracts 
from different parts of beefsteak plant to chelate and had 
important applications for the pharmaceutical and food 
industries.

V. Amount of Total Phenolic Compounds and Flavonoids

Although the biological activity and superior safety 
of beefsteak plant are well documented, few reports on 
the quantitative presence of total phenolic and flavo-
noid in beefsteak plant are available(14,28). As shown in 
Table 1, the extract of BS was found to have the highest 
phenolic content [594.0 ± 4.7 μg (gallic acid equiva-
lents) / mL (extract)] among all beefsteak plant extracts 
evaluated, followed by 576.7 ± 2.1 μg/mL and 515.8 ±  
1.6 μg/mL of BL and BR, respectively. On the other 
hand, total flavonoid content in the extract of BS was 
also found to be superior to the other beefsteak plant 
extracts [939.5 ± 10.2 μg (rutin equivalents) / mL 
(extract)]. The lowest flavonoid content was exhib-
ited in the water extract of BR (133.1 ± 10.0 μg/mL). 
Polyphenolic compounds played an important role in 
stabilizing lipid oxidation associated with its antioxidant 
activity(37,38). The total flavonoid concentrations equiva-
lents were used for the measurements of water extract 
concentrations. Based on this study, we proposed that the 
potent free radical-scavenging and antioxidative activity 
of beefsteak plant might result from its high contents 
of phenolic and flavonoid type compounds. This result 
was in agreement with the report by Meng et al.(14), who 
demonstrated high correlation between o-dihydroxylated 
polyphenolic compounds and antioxidant activity. In 
contrast, the main phenolic compound has been proven 
to be rosmarinic acid. There are small amounts of flavo-
noids and phenolic acids such as catechin, apigenin, lute-
olin, caffeic acid, and ferulic acid found in the leaves and 
seeds of beefsteak plant(28,39-41). In general, medicinal 
plants of the same scientific name differ in composition 
of effective components and their contents, depending 
on its origin and growth conditions(28). In addition, the 
extraction method is another major factor to deter-
mine the composition of effective components and their 
contents in the resulting plant extract. Flavonoids have 

Table 1. Contents of total phenolic compounds and flavonoids in water extracts from beefsteak plant

Extract Total phenolic compounds 
[gallic acid equivalents (μg/mL)]

Total flavonoids 
[rutin equivalents (μg/mL)]

BS 594.0 ± 4.7a 939.5 ± 10.2

BL 576.7 ± 2.1 927.0 ± 11.7

BR 515.8 ± 1.6 133.1 ± 10.0
aData expressed as mean ± standard deviation of three samples analyzed separately.



Journal of Food and Drug Analysis, Vol. 17, No. 6, 2009

494

been proven to display a wide range of pharmacological 
and biochemical actions, such as antimicrobial, anti-
thrombotic, antimutagenic and anticarcinogenic activi-
ties (42,43). In food systems, flavonoids can act as free 
radical scavengers and terminate the radical chain reac-
tions that occur during the oxidation of triglycerides. 
Therefore, flavonoids show antioxidative efficiency in 
oils, fats and emulsions(44-47).

CONCLUSIONS

The different parts of beefsteak plant are used 
individually in Chinese medicine to treat a variety of 
diseases. Compared to leaf and ripe seeds, little is known 
about the antioxidant activities of stems. Our results 
clearly showed that the extract of stems (BS) had strong 
superoxide anion radical and DPPH radical scavenging 
activities as compared to the water-soluble natural anti-
oxidants (e.g. ascorbic acid and gallic acid). In addition, 
the potent antioxidative activity of beefsteak plant might 
result from its high contents of polyphenolic compounds. 
The water extract from different parts of beefsteak plant, 
as an easily accessible source of natural antioxidant, 
could be used as a health-care food supplement and in 
the pharmaceutical industry. However, the antioxidant 
constituents in the extracts of beefsteak plant, especially 
stems extract (BS), need to be further evaluated.

ACKNOWLEDGMENTS

We are grateful to Mr. Chia-Ching, Li and Dr. 
Yu-Chi, Chen, Vanung University, for providing neces-
sary facilities to carry out this research work. This study 
was supported by a research grant (NSC 96-2622-E-438-
001-CC3) from the National Science Council of Taiwan, 
R.O.C.

REFERENCES

1.	Gorman, A., McGowan, A. and Cotter, T. G. 1997. 
Role of peroxide and superoxide anion during tumour 
cell apoptosis. FEBS Lett. 404: 27-33.

2.	Zhu, X., Raina, A. K., Lee, H. G., Casadesus, 
G., Smith, M. A. and Perry, G. 2004. Oxidative 
stress signalling in Alzheimer’s disease. Brain Res. 
1000:32-39.

3.	Hirose, M., Imaida, K., Tamano, S. and Ito, N. 1994. 
Cancer chemoprevention by antioxidants. In “Food 
Phytochemicals for Cancer Prevention II”. pp. 122-132. 
Ho, C. T., Huang, M. T. and Osawa, T. eds. ACS. 
Washington DC, U.S.A.

4.	Chinese Pharmacopoeia Commission. 2005. Pharma-
copoeia of the People’s Republic of China, Volume. I. 
Beijing: Chemical Industry Publishing House. p.53.

5.	Ueda, H., Yamazaki, C. and Yamazaki, M. 2002. 
Luteolin as an anti-inf lammatory and anti-allergic 
constituent of Perilla frutescens. Biol. Pharm. Bull. 25: 
1197-1202.

6.	Makino, T., Furuta, Y., Wakushima, H., Fujii, H., Saito, 
K. and Kano, Y. 2003. Anti-allergic effect of Perilla 
frutescens and its active constituents. Phytother. Res. 
17: 240-243.

7.	Žekonis, G., Žekonis, J., Šadzeviciene, R., Šimoniene, 
G. and Kévelaitis, E. 2008. Effect of Perilla frutescens 
aqueous extract on free radical production by human 
neutrophil leukocytes. Medicina (Kaunas) 44: 699-705.

8.	Lin, C. S., Kuo, C. L., Wang, J. P., Cheng, J. S., Huang, 
Z. W. and Chen, C. F. 2007. Growth inhibitory and 
apoptosis inducing effect of Perilla frutescens extract 
on human hepatoma HepG2 cells. J. Ethnopharmacol. 
112: 557-567.

9.	Osakabe, N., Yasuda, A., Natsume, M. and Yoshikawa, 
T. 2004. Rosmarinic acid inhibits epidermal inflam-
matory responses: anticarcinogenic effect of Perilla 
frutescens extract in the murine two-stage skin model. 
Carcinogenesis 25: 549-557.

10.	 Osakabe, N., Takano, H., Sanbongi, C., Yasuda, A., 
Yanagisawa, R., Inoue, K. and Yoshikawa, T. 2005. 
Anti-inflammatory and anti-allergic effect of rosma-
rinic acid (RA); inhibition of seasonal allergic rhino-
conjunctivitis (SAR) and its mechanism. Biofactors 21: 
127-131.

11.	 Makino, T., Furuta, A., Fujii, H., Nakagawa, T., 
Wakushima, H., Saito, K. and Kano, Y. 2001. Effect 
of oral treatment of Perilla frutescens and its constitu-
ents on type-I allergy in mice. Biol. Pharm. Bull. 24: 
1206-1209.

12.	Takano, H., Osakabe, N., Sanbongi, C., Yanagisawa, 
R., Inoue, K., Yasuda, A., Natsume, M., Baba, S., Ichi-
ishi, E. and Yoshikawa, T. 2004. Extract of Perilla 
frutescens enriched for rosmarinic acid, a polyphenolic 
phytochemical, inhibits seasonal allergic rhinoconjunc-
tivitis in humans. Exp. Biol. Med. 229: 247-254.

13.	 Nakamura, Y., Ohto, Y., Murakami, A. and Ohigashi, 
H. 1998. Superoxide scavenging activity of rosmarinic 
acid from Perilla frutescens Britton var. acuta f. 
viridis. J. Agric. Food Chem. 46: 4545-4550.

14.	 Meng, L., Lozano, Y. F., Gaydou, E. M. and Li, B. 
2009. Antioxidant activities of polyphenols extracted 
from Perilla frutescens varieties. Molecules 14: 
133-140.

15.	 Jung, M., Chung, H., Choi, J., Jung, M. J., Chung, H. 
Y. and Choi, J. S. 2001. Antioxidant activity of roasted 
defatted perilla seed. Nat. Prod. Sci. 7: 72-75.

16.	 Gu, L., Wu, T. and Wang, Z. 2009. TLC bioautog-
raphy-guided isolation of antioxidants from fruit of 
Perilla frutescens var. acuta. LWT - Food Sci. Technol. 
42: 131-136.

17.	 Lin, E. S., Yang, C. T., Chou, H. J. and Chang, T. 
T. 2009. Screening of antioxidant activities by the 
edible basidiomycete Antrodia cinnamomea strains in 



Journal of Food and Drug Analysis, Vol. 17, No. 6, 2009

495

submerged culture. J. Food Biochem. (in press)
18.	 Slinkard, K. and Singleton, V. L. 1977. Total phenol 

analysis: automation and comparison with manual 
methods. Am. J. Enol. Vitic. 28: 49-55.

19.	 Kim, D., Jeong, S. and Lee, C. 2003. Antioxidant 
capacity of phenolic phytochemicals from various 
cultivars of plums. Food Chem. 81: 321-326.

20.	Covacci, V., Torsello, A., Palozza, P., Sgambato, A., 
Romano, G., Boninsegna, A., Cittadini, A. and Wolf, F. 
I. 2001. DNA oxidative damage during differentiation 
of HL-60 human promyelocytic leukemia cells. Chem. 
Res. Toxicol. 14: 1492-1497.

21.	 Kim, E. K., Lee, S. J., Jeon, Y. J., Ahn, C. B., Song, 
M. D., Park, T. K., Moon, S. H., Jeon, B. T., Shahidi, 
F. and Park, P. J. 2007. Antioxidant effect and DNA 
protective effect of various enzymatic extracts from 
Perilla frutescens var. crispa. J. Food Lipids 14: 
335-349.

22.	Gichner, T., Pospíšil, F., Velemínský, J., Volkeová, 
V. and Volke, J. 1987. Two types of antimutagenic 
effects of gallic and tannic acids towards N-nitroso-
compounds-induced mutagenicity in the Ames Salmo-
nella assay. Folia Microbiol. 32: 55-62.

23.	Osborne, L. C., Peeler, J. T. and Archer, D. L. 1981. 
Reduction in antiviral activity of human beta interferon 
by gallic acid. Infect. Immun. 33: 769-774.

24.	Cotelle, N., Bemier, J. L., Catteau, J. P., Pommery, J., 
Wallet, J. C. and Gaydou, E. M. 1996. Antioxidant 
properties of hydroxyl-flavones. Free Radic. Biol. Med. 
20: 35-43.

25.	Aurand, L. W., Boone, N. H. and Gidding, G. G. 1977. 
Superoxide and singlet oxygen in milk lipid peroxida-
tion. J. Dairy Sci. 60: 363-369.

26.	Pietta, P. G. 2000. Flavonoids as antioxidants. J. Nat. 
Prod. 63: 1035-1042.

27.	 Robak, J. and Gryglewski, I. R. 1988. Flavonoides are 
scavengers of superoxide anions. Biochem. Pharmacol. 
37: 837-841.

28.	Peng, Y., Ye, J. and Kong, J. 2005. Determination of 
phenolic compounds in Perilla frutescens L. by capil-
lary electrophoresis with electrochemical detection. J. 
Agric. Food Chem. 53: 8141-8147.

29.	 Yamamoto, H., Sakakibara, J., Nagatsu, A. and Sekiya, 
K. 1998. Inhibitors of arachidonate lipoxygenase 
from defatted Perilla seed. J. Agric. Food Chem. 46: 
862-865.

30.	Gulcın, I. and Oktay, M. 2003. Screening of antioxi-
dant and antimicrobial activities of anise (Pimpinella 
anisum L.) seed extracts. Food Chem. 83: 371-382.

31.	 Tanaka, M., Kuei, C. W., Nagashima, Y. and Taguchi, 
T. 1988. Application of antioxidative maillrad reaction 
products from histidine and glucose to sardine prod-
ucts. Nippon Suisan Gakkaishi 54: 1409-1414.

32.	Okuda, T., Kimura, Y., Yoshida, T., Hatano, T., Okuda, 
H. and Arichi, S. 1983. Studies on the activity of 
tannins and related compounds from medicinal plants 
and drugs. I. Inhibitory effects on lipid peroxidation in 

mitochondria and microsomes of liver. Chem. Pharm. 
Bull. 31: 1625-1631.

33.	 Shimada, K., Fujikawa, K., Yahara, K. and Nakamura, 
T. 1992. Antioxidative properties of xanthan on the 
autoxidation of soybean oil in cyclodextrin emulsion. J. 
Agric. Food Chem. 40: 945-948.

34.	Duh, P. D., Tu, Y. Y. and Yen, G. C. 1999. Antioxi-
dant activity of water extract of Harng Jyur (Chrysan-
themum morifolium Ramat). Lebensm. Wiss. Technol. 
32: 269-277.

35.	 Gordon, M. H. 1990. The mechanism of antioxidant 
action in vitro. In “Food Antioxidants”. pp. 1-18. 
Hudson, B. J. F. ed. Elsevier Applied Science. New 
York, U.S.A.

36.	Yamaguchi, R., Tatsumi, M. A., Kato, K. and Yoshim-
itsu, U. 1988. Effect of metal salts and fructose on the 
autoxidation of methyl linoleate in emulsion. Agric. 
Biol. Chem. 52: 849-850.

37.	 Osakabe, N., Yasuda, A., Natsume, M., Sanbongi, C., 
Kato, Y., Osawa, T. and Yoshikawa, T. 2002. Rosma-
rinic acid, a major polyphenolic component of Perilla 
frutescens, reduces lipopolysaccharide (LPS)-induced 
liver injury in D-galactosamine (D-GalN) sensitized 
mice. Free Radic. Biol. Med. 33: 798-806.

38.	Gulcin, Y., Buyukokuroglu, M. E., Oktay, M. and 
Kufrevioglu, O. Y. 2003. Antioxidant and analgesic 
activities of turpentine of Pinus nigra Arn subsp. pall-
siana (Lamb.) Holmboe. J. Ethnopharmacol. 86: 51-58.

39.	 Ishikura, N. 1981. Anthocyanins and f lavones in 
leaves and seeds of Perilla plant. Agric. Biol. Chem. 
45:1855-1860.

40.	Aritomi, M., Kumori, T. and Kawasaki, T. 1985. 
Cyanogenic glycosides in leaves of Perilla frutescens 
var. acuta. Phytochemistry 24: 2438-2439.

41.	 Masahiro, T., Risa, M., Harutaka, Y. and Kazuhiro, C. 
1996. Novel antioxidants isolated from Perilla frutes-
cens Britton var. crispa (Thunb.). Biosci. Biotechnol. 
Biochem. 60: 1093-1095.

42.	Hoensch, H. P. and Kirch, W. 2005. Potential role of 
f lavonoids in the prevention of intestinal neoplasia: 
a review of their mode of action and their clinical 
perspectives. Int. J. Gastrointest. Cancer 35: 187-195.

43.	 Benavente-Garcia, O. and Castillo, J. 2008. Update on 
uses and properties of citrus flavonoids: new findings 
in anticancer, cardiovascular, and anti-inflammatory 
activity. J. Agric. Food Chem. 56: 6185-6205.

44.	Das, N. P. and Pereira, T. A. 1990. Effects of flavo-
noids on thermal autoxidation of palm oil: structure-
activity relationships. J. Am. Oil Chem. Soc. 67: 
255-258.

45.	 Madhavi, D. L., Singhal, R. S. and Kulkarni, P. R. 
1996. Technological aspects of food antioxidants. In 
“Food Antioxidants: Technological, Toxicological, and 
Health Perspectives”. 1st ed. pp. 242-246. Madhavi, D. 
L., Deshpande, S. S. and Salunke, D. K. eds. Marcel 
Dekker. New York, U.S.A.

46.	Nieto, S., Garrido, A., Sanhueza, J., Loyola, L. A., 



Journal of Food and Drug Analysis, Vol. 17, No. 6, 2009

496

Morales, G., Leighton, F. and Valenzuela, A. 1993. 
Flavonoids as stabilizers of fish oil: an alternative 
to synthetic antioxidants. J. Am. Oil Chem. Soc. 78: 
773-778.

47.	 Roedig-Penman, A. and Gordon, M. H. 1998. Anti-
oxidant properties of myricetin and quercetin in oil and 
emulsions. J. Am. Oil Chem. Soc. 75: 169-180.


