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Abstract
The aim of this study is to examine the radical scavenging activity of perilla and sesame oil that Koreans 

traditionally consume. For DPPH radical scavenging activity, oil and its hexane/70% methanol extracts (ME) are 
used and for superoxide and hydroxyl radical scavenging activities, ME are used. Unrefined perilla oil, sesame 
oil, and refined sunflower oil are used. The yields for ME of perilla, sesame and sunflower oil are 0.57, 0.61, 
and 0.30%, respectively, and the amounts of phenolic compounds in ME of corresponding oil are 18.77, 88.64 
and 0.05 μg tannic acid/mg, respectively. IC50 for DPPH scavenging activity of perilla, sesame and sunflower 
oil are 2.12, 1.91, and 3.35 mg/mL, respectively and those for ME of corresponding oils are 0.42, 0.07, and 
43.11 mg/mL, respectively. In DPPH assay, the solvent used for oil sample is iso-octane and that for ME is 
methanol. Superoxide anion scavenging activity of ME of perilla, sesame and sunflower oil tested at 1 mg/mL 
concentration are 21.10, 13.25, and 3.14%, respectively. Hydroxyl radical scavenging activities of those samples 
tested at 1 mg/mL concentration are 86.08, 93.30, and 93.17%, respectively. In summary, the refining process 
seems to remove the phenolic compound during oil processing. Antiradical substances in perilla and sesame oils 
responsible for scavenging DPPH radicals are present in the methanol fraction, while the antiradical substances 
in the sunflower oil are in the lipid fraction. DPPH scavenging activity of ME of sesame oil is significantly 
higher than that of perilla oil (p<0.05). However, superoxide anion scavenging capacity of ME of perilla oils 
was found to be greater than that of both sesame and sunflower oils (p<0.05).  
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INTRODUCTION

Diets rich in lipids are not preferred in this day and 
age, because they are high in calories, as well as lipid 
radicals when metabolize in the biological system. 
Subsequently, plant oils composed of unsaturated fatty 
acid have been considered unhealthy due to their sus-
ceptibility to oxidation. However, there is a consensus 
of the health benefits of the Mediterranean-style diet in 
which olive oil is the principle fat source (1). This health 
promoting effect of olive oil on humans is explained 
by the presence of antioxidants, mainly phenolic com-
pounds, in it (2). The amount of phenolic compounds 
in olive oil varies with the state of the oil, not by the 
location of production (3). Virgin olive oils are known 
to have greater health benefits than other olive oils that 
are consumed unrefined (4). Phenolic compounds in oils 
are believed to be removed during the various stages 
of refining (2). Therefore, plant oils consumed in the 
natural unrefined state might also have health benefits 
like those of virgin olive oil. Sesame oil and perilla oil 

are some of the oils consumed unrefined in Korea.  
The physiological importance of long chain n-3 fatty 

acids on health benefits has been well documented in 
terms of prevention and treatment of cardiovascular dis-
eases, inflammatory diseases and cancer. These effects 
might be due to either n-3 fatty acids themselves, as 
structural components of membrane phospholipids, or to 
their products, modulating biosynthesis of potential cel-
lular mediators, eicosanoids. Eicosapentaenoic acid 
(EPA), docosahexaenoic acid (DHA) and alpa-linolenic 
acid (ALA) belong to n-3 fatty acids and fish oils are 
rich dietary source for EPA and DHA. But fish oil is 
not easy to consume because of its smell, thus the ma-
jority of the population are interested in the alternative 
dietary source of long-chain n-3 fatty acids, ALA (5). 
ALA is found in many foods including perilla oil, flax-
seed oil, and borage oil, as well as walnuts and leafy 
vegetables. Whether dietary ALA, as a precursor of EPA 
and DHA, has health benefits similar to EPA or DHA 
from long-term dietary intake, is being investigated. In 
Korea, perilla oil is commonly used in cooking with ses-
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ame oil, both of which are consumed in the natural, un-
refined state. The major fatty acid in perilla oil is ALA 
and in sesame oil is linoleic acid. 

The reactive oxygen species (ROS), such as super-
oxide anion, hydroxyl radical, hydrogen peroxide, and 
singlet oxygen and reactive nitrogen species (RNS), such 
as nitric oxide and peroxynitrite, are responsible for oxi-
dative stress that, once elevated, consequently leads to 
oxidative damage (6). The prevention and removal of 
ROS can be achieved enzymatically or non-enzymatically. 
Living cells have biological defense mechanisms that 
combat the effects of ROS generated during normal met-
abolic processes. These natural processes are called 
‘antioxidative enzyme systems’. Nonenzymatic reactions 
are also effective for scavenging ROS and RNS (4). The 
nonenzymatic antioxidants vitamin E and C, as well as 
many phenolic phytochemicals that possesses scaveng-
ing activity have received considerable attention in re-
cent years because they function as chemopreventive 
agents against oxidative damage (7,8). In fact, foods hav-
ing antioxidant properties or containing antioxidants are 
receiving much attention due to their ability to prevent 
oxidative damage to human body. The main dietary anti-
oxidants are polyphenols followed by vitamins and car-
otenoids, quantitatively.

In this study, the antiradical activities of perilla oil, 
which usually consumed unrefined like olive oil, were 
studied. DPPH radical scavenging activities of the oil 
and methanol fractions of oil samples were analyzed and 
superoxide anion and hydroxyl radical scavenging ability 
were examined with the methanol fraction of oil, where 
the phenolic compounds were present. These activities 
of perilla oil are compared with those of sesame oil, 
which is also usually consumed unrefined. The anti-
radical effects of unrefined oil were compared with those 
of refined oil, sunflower oil and its methanol fraction.  

MATERIALS AND METHODS

Oils
Perilla and sesame oils, extracted by cold pressure, 

were purchased at a local market (Busan, Korea). And 
the sunflower oil was kindly provided by L Company 
(Seoul, Korea). The sunflower oil was refined, but did 
not have antioxidants added.

Preparation of methanol extracts of oils
For the preparation of methanol extracts of oil, 100 

g of oil was dissolved in 500 mL hexane followed by 
successive extractions three times with 200 mL of 70% 
aqueous methanol. The mixture was stirred each time 

for 1 hr. The extracts were combined together and then 
brought to dryness in a vacuum rotary evaporator at 
40oC. The residue (methanol extracts) was dissolved in 
methanol and stored at -20oC until it was used (9).

Total polyphenols 
The content of total phenols in methanol extracts (ME) 

of oil was determined according to the Folin-Ciocalteu 
colorimetric method using tannic acid as a standard (10). 
The procedure consisted of added 0.2 mL extract diluted 
to suitable concentration to 2.8 mL water, and addition 
of 0.2 mL Folin-ciocalteu reagent. After 7 min, 2 mL 
of 7% Na2CO3 solution was added. The extinction was 
measured after 90 min at 750 nm. Tannic acid served 
as a standard for preparing the calibration curve ranging 
1～300 μg/mL assay solution.

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scav-
enging activity

DPPH radical scavenging activity of oil and ME of 
oil was determined using a Microplate Reader described 
by Hatano et al. (11). For oil samples, iso-octane was 
used as a solvent (12). Briefly, 100 μL of oil diluted 
with iso-octane was mixed with 100 μL of 60 μM DPPH 
in 95% iso-octane. The reaction mixture was left to stand 
in the dark for 30 min, then the optical density was de-
termined at 540 nm using a Microplate Reader (model 
680, Bio-Rad Laboratories Ltd, UK). For ME of oil sam-
ple, the same assay procedure described above for the 
oil sample was used, except methanol was used as the 
solvent. Reaction mixture was prepared with 100 μL of 
ME of oil and 100 μL of 60 μM DPPH in 95% methanol. 
The scavenging activity of oil or methanol extracts of 
oil against DPPH radical was expressed as IC50. 

Superoxide radical scavenging activity
Superoxide anions (O2

-) generated in an enzymatic 
system (xanthine-xanthine oxidase) were reduced by ni-
troblue tetrazolium (NBT) (13). The reaction mixture 
was prepared with 400 μL methanol extract, 100 μM 
xanhine, 60 μM NBT, 0.05 U/mL xanthine oxidase, and 
0.1 M phosphate buffer (pH 7.4) to be a total volume 
2.0 mL. This mixture was incubated at 37oC for 10 min 
and then measured the absorbance at 540 nm. The con-
trol was run without xanthine oxidsase.

Hydroxyl radical scavenging activity
In the presence of hydroxyl radical, 2-deoxyribose is 

oxidized and degraded to malondialdehyde (MDA) (14). 
The reaction mixture was prepared with 0.2 mL of 10 
mM FeSO4·7H2O with 10 mM ethylenediaminetetra-
acetic acid (EDTA) in it, 10 mM 2-deoxyribose solution 
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(0.2 mL), sample solution (1.4 mL) or 0.2 M phosphate 
buffer (1.4 mL, pH 7.4). The reaction was initiated by 
addition of 10 mM H2O2 (0.2 mL) followed by in-
cubation at 37oC for 4 hr. To stop the reaction, 1 mL 
each of 2.8% trichloroacetic acid (TCA) and 1.0% thio-
barbituric acid (TBA) were added to the incubation me-
dium immediately and then boiled for 10 min. The mix-
ture was immediately cooled in the ice water. The ab-
sorbance of the mixture was measured at 540 nm. The 
-OH scavenging activity was calculated as the inhibition 
of 2-deoxyribose oxidation by comparing with the con-
trol run with the phosphate buffer.

Statistical analysis
Analysis of one-way variance (ANOVA) was followed 

by Duncan’s multiple rage test in order to determine the 
statistical significance of measurements between groups, 
using the SAS software (p<0.05).

RESULTS

Yields and total phenol contents of methanol extracts 
of oils

Yields for ME of perilla, sesame and sunflower oils 
were 0.57, 0.61 and 0.30%, respectively (Table 1). The 
differences in extraction yields for three oils might be 
due to the oil state. Perilla and sesame oils were un-
refined ones, obtained by cold pressure of the corre-
sponding paste but the sunflower oil provided by com-
pany was refined oil produced by solvent extraction. 
The concentrations of phenolic compounds in ME of 
perilla, sesame and sunflower oils were 18.77, 88.64 and 
0.05 μg tannic acid/mg, respectively (Table 1). Total 
phenol content in ME of sesame oil was the highest 
among three oils at 4.72, and 1772.8 folds greater than 
that for perilla and sunflower oil, respectively. In this 
study, the yields for ME and the concentration of phe-
nolic compounds in ME of sesame oil are greater than 
those for perilla oil, which are in good agreement with 
results by Kim et al. (15) who used the same extraction 
procedure and the same method for total phenol determi-
nation as us.  

Table 1. Yield for methanol extract of oils and the concen-
tration of phenolic compounds

Oil Yields (%) Phenolic compounds 
(μg tannic acid/mg)

Perilla
Sesame
Sunflower1)

0.57
0.61
0.30

18.77
88.64
 0.05

1)Sunflower oil was kindly provided by L Company (Seoul, 
Korea) without adding antioxidant in it but refined.

Table 2. IC50 for DPPH radical scavenging activity by the 
oil and its corresponding methanol extract (mg/mL)

Oil1) Methanol extract2)

Perilla
Sesame
Sunflower

2.12b

1.91c

3.35a

 0.42b

 0.07c

43.11a

1)Oil and DPPH were dissolved in iso-octane.
2)Methanol extract and DPPH were dissolved in methanol.
a-cData with different letters are significantly different with 

ANOVA followed by Duncan’s multiple range test at 
p<0.05.

Scavenging effect of oil and methanol extracts of oil 
on DPPH radical

As shown in Table 2, IC50 for DPPH radical of perilla, 
sesame, and sunflower oils were 2.12, 1.91, and 3.35 
mg/mL, respectively and for ME of corresponding oils 
were 0.42, 0.07, and 43.11 mg/mL, respectively. The 
DPPH scavenging activity in ME of sesame oil was the 
highest and is recognizable compared with other samples 
(p<0.05) (16,17). According to these results, antiradical 
capacity in methanol extracts of sesame and perilla oil 
is superior to sunflower oil. However, antiradical activity 
in ME of sunflower oil is negligible. These results can 
be interpreted that antiradical substances in sesame and 
perilla oil are present in the methanol fraction while that 
for sunflower oil exist in the lipid fraction. These results 
are in good agreement with Espin et al. (16) who worked 
with 57 edible oils from different sources. They demon-
strated that the highest antiradical capacity was in the 
methanol fraction of sesame and safflower oil, while the 
antiradical activity in the methanol fraction of sunflower 
oil was negligible. Dose dependent inhibition of DPPH 
radicals by oils (Fig. 1A) and its MEs (Fig. 1B) were 
observed. Linear inhibition curves for oil samples as well 
as ME samples were obtained. These results demonstrate 
that iso-octane can be used in the DPPH assay when 
oil sample is applied (12). According to the IC50 for 
DPPH of oil and the ME samples, the ME samples dem-
onstrated greater DPPH radical scavenging activities 
than those of corresponding oils. These results indicate 
that antiradical capacity of phenolic compounds in the 
ME is greater than other antioxidants, such as tocopher-
ols, in the lipid fraction of oil. 

Free radical scavenging activity of methanol extracts 
of perilla, sesame and sunflower oil against reactive 
oxygen species 

To evaluate the physiological activity of edible oils 
in terms of preventing oxidative damage, the free radical 
scavenging activities of oils were studied with methanol 
extracts in which phenolic compounds are present. As 
shown in Fig. 2A, superoxide anion scavenging activity 
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Fig. 1. Scavenging effect of oil and methanol extracts of oil 
on DPPH radical. A: Dose dependent inhibition on DPPH radi-
cals by oils, B: Dose dependent inhibition on DPPH radicals 
by methanol extract of oils. Iso-octane was used for oil sample 
and methanol was used for methanol extracts of oil.
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Fig. 2. Free radical scavenging activity of methanol extracts 
of perilla, sesame, and sunflower oils against reactive oxygen 
species. A: Superoxide anion scavenging activity of methanol 
extract of oils, B: Hydroxyl radical scavenging activity of 
methanol extract of oils. a-cData with different letters are sig-
nificantly different with ANOVA followed by Duncan’s multi-
ple range test at p<0.05.

of the perilla oil ME was the highest, followed by ses-
ame and sunflower oil. The inhibition rate for the perilla 
oil ME tested at 1 mg/mL was 21.10±2.83% which is 
1.6 and 6.7 folds greater than that for sesame (13.25± 
2.60%) and sunflower oil (3.14±1.21%) MEs, re-
spectively. Superoxide anion scavenging activity of per-
illa oil ME is higher than that for sesame oil, which 
is in line with the results reported by Kim et al. (15). 

Also, ME of sunflower oil showed antiradical activity 
against superoxide anion, which is in line with the result 
from DPPH radical assay; however, hydroxyl radical 
scavenging activities of those MEs observed in this study 
are much higher than for superoxide scavenging activity. 
Over 90% inhibition was observed from all three sam-
ples. The hydroxyl radical scavenging activity of sesame 
and sunflower oil MEs are significantly higher than the 
perilla oil ME. 

In summary, antiradical capacity in the methanol frac-
tion of edible oils was compared; for DPPH radicals, 
sesame oil showed greater activity than perilla oil. But 
for superoxide anion scavenging activity, perilla oil re-
vealed superior activity to sesame oil. The methanol 
fraction of sunflower oil did not reveal any antiradical 
capacity to DPPH radical and superoxide anion. 

DISCUSSION

The antiradical capacity of plant oils are widely stud-
ied using DPPH radical (16,18) with olive oils, and espe-
cially with virgin olive oils (4,9,19). The substance re-
sponsible for these antiradical activities is phenolic com-
pounds, which are rich in unrefined olive oils, especially 
virgin olive oil (4). In this study we examined the anti-
radical capacity of perilla and sesame oils, which are 
consumed unrefined like virgin olive oil, and which 
Koreans favor in their cooking. Refined sunflower oil, 
whose major fatty acid is linoleic acid, was also 
examined. The yields for the ME of perilla and sesame 
oil were 2 fold higher than that for sunflower oil (refined 
oil), as expected. However, the amounts of phenolic 
compounds in ME from perilla and sesame oil are sig-
nificantly different, although methanol extracts yields for 
both oils are not different. Kim et al. (15), who used 
same extraction process and assay method for phenol 
as we did, also reported higher phenol content in the 
methanol fraction of sesame oil compared to perilla oil. 
However, in our study, approximately 4.7 fold greater 
phenolic compounds in the ME of sesame oil than the 
ME of perilla oil were observed. For sunflower oil, very 
small amount of phenolic compounds were present in 
the ME. The refining process might remove the phenolic 
compounds (2). DPPH radical scavenging capacities are 
observed from both oil and methanol extracts of perilla 
and sesame oils. The antiradical activity in the methanol 
fractions are significantly more effective than the lipid 
fractions of these oils, indicating that the antiradical ac-
tivity of phenolic compounds in ME are superior to the 
antioxidants present in lipid fraction. However, DPPH 
radical scavenging activity of sunflower oil is found be 
greater in the lipid fraction than the methanol fraction. 
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Antiradical capacity in methanol fraction of sunflower 
oil is negligible; IC50 for DPPH radical is 43.11 mg/mL. 
According to these results, antiradical substances seem 
to be present in the methanol fraction of perilla and ses-
ame oils, but in the lipid fraction for sunflower oil. 
Soybean oil and corn oil are other oils that also have 
antiradical substance in the lipid fraction (16). These ob-
servations were confirmed in the present study when the 
antiradical effects of methanol extracts of the three oils 
were studied with superoxide anion. The MEs of perilla 
and sesame oil demonstrated antiradical capacity on su-
peroxide anion while almost no effect was observed from 
ME of sunflower oil. When antiradical activity in meth-
anol fraction of sesame and perilla oil is compared, ses-
ame oil showed greater DPPH radical scavenging activ-
ity than perilla oil, but for superoxide anion, perilla oil 
demonstrated higher activity than sesame oil. These re-
sults are in good agreement with the results of Kim et 
al. (15). The differences in antiradical capacity against 
different radicals from identical oil samples might be 
due to the different types of antioxidants present in the 
corresponding oils. Both oxidant and antioxidants may, 
in some cases, act by multiple mechanisms depending 
on the reaction system. Furthermore, antioxidants may 
respond in a different manner to different radical or oxi-
dant sources (20). A representative phenolic compound 
in sesame oil is sesamole derivatives. Among these, ses-
aminol is known to have the strongest antioxidant activ-
ity (21,22). And for perilla oil, several phenolic com-
pounds such as rosemarinic acid, luteolin, chrysoeriol, 
quercetin, catcehin and apigenin have been identified 
(23-25). Besides these phenolic compounds in perilla oil, 
flavanoids and anthocyanins are also reported to have 
antioxidant properties. Not much information regarding 
the antioxidants in sunflower oil has been reported. 

The antiradical effects of plant oil have been recently 
investigated, because of the low incidence of car-
diovascular diseases in the populations that consume the 
Mediterranean-style diet in which the primary fat source 
is olive oil (1). These antiradical effects of olive oils 
have studied extensively with phenolic compounds pri-
marily present in the methanol fraction of oil (4,16,19). 
These phenolic compounds have been shown to have 
good in vitro antioxidant and chemoprotective proper-
ties, which may have some biological functions in vivo. 
However, the extent of in vivo antioxidant and protective 
effects of phenolic constitutes depends on their 
bioavailability. Indeed, the apparent absorption of many 
phenolic acids after olive oil consumption has been re-
ported in both human and animals. One important find-
ing in this study regarding the DPPH assay is that iso-oc-

tane (12) can be used in the study using Microplate 
Reader for optical density measurement. The DPPH as-
say using microplate is introduced for mass sampling. 
In our study, ethyl acetate originally introduced in the 
DPPH assay for oil sample by Espin et al. (16) does 
not work properly when the microplate is used. DPPH 
radical dissolved in ethyl acetate demonstrated the stabil-
ity and molar absorption same as in methanol solution 
(16). In our study, iso-octane worked on DPPH radicals 
properly (Fig. 1A) similarly to methanol (Fig. 1B). 
Linear inhibitions on DPPH radicals by various oil sam-
ples were observed to be concentration dependent, such 
as the ME of oil, in which iso-octane and methanol were 
used as solvent. Based on the results from this study, 
we can suggest a new method using iso-octane for the 
oil and lipid fraction in DPPH assay. If data can be col-
lected from different fractions of the sample, such as 
total oil, methanol fraction and lipid fraction, then the 
data will be very informative for locating and identifying 
the antiradical substances present in the samples. 

Oils composed of long chain unsaturated fatty acids 
are believed not to be healthy due to their susceptibility 
to oxidation. Lipid radicals produced during oxidation 
are very critical to the body because they readily partic-
ipate in the chain radical reactions, which subsequently 
elevate the oxidative stress in the body. Oxidative dam-
age by uncontrolled oxidative stress is well recognized 
as a cause of degenerative diseases, such as cancer, heart 
disease, atherosclerosis, rheumatoid arthritis and also for 
the normal aging process. Thus, it might be important 
to consume oils with high ROS scavenging activity for 
health concerns. In this study, the ME of the perilla oil 
showed the highest superoxide anion scavenging activity 
among three oils, and also demonstrated a competitive 
activity against DPPH and hydroxyl radicals to sesame 
oil. 

In conclusion, the methanol fraction of cooking oils 
demonstrated antiradical activities against DPPH radical 
and ROS. The antiradical substances in methanol frac-
tion of perilla and sesame oils, phenolic compounds, are 
more potent for scavenging DPPH radicals than the ones 
in the lipid fraction. Thus, we could conclude that un-
refined oils contain greater antiradical activity in their 
methanol fractions than refined oils, and are recom-
mended for daily consumption. 

ACKNOWLEDGEMENTS

This study was supported by the research grant 
(#109130-3) from the Ministry for Food, Agriculture, 
Forestry and Fisheries, Republic of Korea, which is 



56 Sunhee Hong et al.

gratefully appreciated.

REFERENCES

1. Assmann G, de Backer G, Bagnara S, Betteridge J, 
Crepaldi G, Fernandez-Cruz A, Godtfredsen J, Bacotot B, 
Paoletti R, Renaud S, Ricci G, Rocha E, Trautwein E, 
Urbianti G, Vaerla G, Williams C. 1997. International con-
sensus statement on olive oil and the Mediterranean diet: 
implications for health in Europe. Eur J Cancer Prev 6: 
418-421.

2. Pellegrini N, Serafini M, Colombi B, Del Rio D, Salvatore 
S, Bianchi M, Brighenti F. 2003. Total antioxidant ca-
pacity of plant foods, beverages and oils consumed in Italy 
assessed by three different in virto assays. J Nutr 133: 
2812-2819.

3. Owen RW, Mier W, Giacosa A, Hull WE, Spiegelhader 
B, Bartsch H. 2000. Phenolic compounds and squalene 
in olive oils; the concentration and antioxidant potential 
of total phenols simple phenols, secoiridoids, lignin and 
squalene. Food Chem Toxicol 38: 647-658.

4. Lee OH, Lee BY, Kim YC, Shetty K, Kim YC. 2008. 
Radical scavenging-linked antioxidant activity of ethanolic 
extracts of diverse types of extra virgin olive oils. J Food 
Sci 73: 519-525.

5. Ikeda A, Inui K, Fukuta Y, Sugano M. 1995. Effects of 
interavenous perilla oil imulsion on nutritional status, pol-
yunsaturated fatty acid composition of tissue phospholi-
pids and thromboxane A2 production in streptozotocin-in-
duced diabetic rats. Nutrition 11: 450-455.

6. Kehrer JP. 1993. Free radicals a mediators of tissue injury 
and disease. Crit Rev Toxicol 23: 21-48.

7. Fang YZ, Yang S, Wu G. 2002. Free radicals, anti-
oxidants, and nutrition. Nutrition 18: 872-879.

8. Huang D, Ou B, Priop RL. 2005. The chemistry behind 
antioxidant capacity assay. J Agric Food Chem 53: 1841- 
1856.

9. Gutfinger T. 1981. Polyphenols in olive oils. JAOCS 58: 
966-968.

10. Tarko T, Duda-Chodak A, Sroka P, Satora P, Jurasz E. 
2008. Physicochemical and antioxidant properties of se-
lected polish grape and fruit wines. Acta Sci Pol Technol 
Aliment 7: 35-45

11. Hatano T, Edamatsu R, Hiramatsu M, Mori A, Fujita Y, 
Yasuhara T, Yoshida T, Okuda T. 1989. Effects of the 
interaction of tannins with co-existing substances, VI. 
Effects of tannins and related polyphenols on superoxide 
anion radical, and on 1,1-diphenyl-2-picrylhydrazyl 
radical. Chem Pharm Bull 37: 2016-2021.

12. Lee JM, Chung H, Chang PS, Lee JH. 2007. Development 
of a method predicting the oxidative stability of edible 
oils using 2,2-diphenyl-1-picrylhydrazyl (DPPH). Food 
Chem 103: 662-669.

13. Robak J, Gryglewski RJ. 1988. Flavonoids are scavengers 
of superoxide anions. Biochem Pharmacol 37: 837-841.

14. Chung SK, Osawa T, Kawakish S. 1997. Hydroxyl radi-
cal-scavenging effects of apices and scavengers from 
brown mustar (Brassica nigra). Biosci Biotech Biochem 
61: 118-123.

15. Kim EJ, Hwang SY, Son JY. 2009. Physiological activities 
of sesame, black sesame, perilla and olive oil extracts. J 
Korean Soc Food Sci Nutr 38: 280-286.

16. Espin J, Soler-Rivas C, Wichers H. 2000. Characterization 
of the total free radical scavenger capacity of vegetable 
oils and oil fractions using 2,2-diphenyl-1-picrylhydrazyl 
radical. J Agric Food Chem 48: 648-656.

17. Shahidi F, Wanasundara PKJPD. 1992. Phenolic 
antioxidants. Crit Rev Food Sci Nutr 32: 67-103.

18. Schwarz K, Bertelsen G, Nissen L, Gardner P, Heinone 
M, Hopia A, Huynh-Ba T, Lambelet P, McPail D, 
Skibsted L, Tijburg L. 2001. Investigation of plant extracts 
for the protection of processed foods against lipid 
oxidation. Comparison of antioxidant assays based on rad-
ical scavenging, lipid oxidation and analysis of the princi-
pal antioxidant compounds. Eur Food Res Technol 212: 
319-328.

19. Brenes M, Gardia A, Gardia P, Rios J, Garrido A. 1999. 
Phenolic compounds in Spanish olive oils. J Agric Food 
Chem 47: 3535-3540.

20. Prior R, Wu X, Schaich K. 2005. Standardized methods 
for the determination of antioxidant capacity and phenolics 
in foods and dietary supplements. J Agric Food Chem 53: 
4290-4302.

21. Ho CT. 1992. Phenolic compounds in food and their ef-
fects on health I. ACS Symposium Series. Ho CT, Lee 
CY, Huang MT, eds. American Chemical Society, 
Washington, DC, USA. Vol 506, p 2-7.

22. Van Sumere CF. 1989. Plant phenolics. In Methods in 
Plant Biochemistry. Harborne JB, ed. Academic Press, 
London, UK. Vol 1, p 29-73.

23. Ezaki O, Takahashi M, Shigematsu T, Shimamura K, 
Kimura J, Ezaki H, Gotoh T. 1999. Long-term effects of 
dietary alpha-linolenic acid from perilla oil on serum fatty 
acid composition and on the risk factors of coronary heart 
disease in Japanese elderly subjects. J Nutr Sci Vitaminol 
45: 759-772. 

24. Narisawa T, Fukaura Y, Yazawa K, Ishikawa C, Isoda 
Y, Nishizawa Y. 1994. Colon cancer prevention with a 
small amount of dietary perilla oil high in alpha linolenic 
acid in an animal model. Cancer 73: 2069-2075. 

25. Okamoto M, Mitsunobu F, Ashida K, Mifune T, Hosaki 
Y, Tsugeno H, Harada S, Tanizaki Y, Kataoka M, Niiya 
K, Harada M. 2000. Effects of perilla seed oil supple-
mentation on leukotriene generation by leucocytes in pa-
tients with asthma associated with lipometabolism. Int 
Arch Allergy Immunol 122: 137-142.

(Received January 19, 2010; Accepted February 12, 2010)


