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Phytonutrient Profile of Purple Perilla (Perilla frutescens var, crispa) Seeds
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ABSTRACT To characterize phytonutrients, the seeds of
12 purple Perilla (Perilla frutescens var. crispa) accessions
collected from Korea and Japan were used for quantitative
analysis of tocopherols, phytosterols, squalene and fatty
acids. The average tocopherol, squalene and phytosterols
contents were 12.2 mg 100g'1, 3.99 mg IOOg'1 and 77.20
mg IOOg'l, respectively. Among 4 tocopherol (T) isomers
(a-T, B-T, v-T, and 6-T), v-T was present in the highest
quantity (11.03 mg 100g'1) with the least variation (CV =
13.7%), while [3-T was present in lowest quantity (0.25 mg
100g'1). Compared to campesterol (4.36 mg IOOg'l) and
stigmasterol (13.32 mg IOOg'l), (3-sitosterol exhibited higher
quantity (59.51 mg 100g'1) with 9.5% of variation. The major
fatty acids were unsaturated fatty acids such as linolenic
(61.5%), linoleic (17.3%), and oleic (9.9%) acids compared
to saturated ones: palmitic (7.6%) and stearic (3.7%) acids.
When Korean and Japanese accession were compared, almost
no difference in content could be observed, while more
variation as evaluated by CV (%) could be observed in
Japanese accession in most phytonutrients suggesting wider
genetic variation of purple Perilla in Japan. Presence of all
above-mentioned phytonutrient compounds strongly suggested
health beneficial value of purple Perilla seeds.
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Perilla frutescens (L.) Britt, a member of family Lamiaceae,
is an autogamous annual species which is widely cultivated
in Asian countries like China, S. Korea, Nepal and Japan
since the ancient times (Nitta and Ohnishi, 1999). Recently,
it has been also grown in to USA, Europe and Russia
(Nitta et al., 2003). The species consists of two varieties
that can be identified based upon their morphology and

uses; P. frutescens var. frutescens, a seed oil crop and P.

frutescens var. crispa, a leafy vegetable crop (Lee et al.,
2002). The later is commonly called as ‘Cha-jo-ki’ in Korean
name, or purple Perilla due to the color of their leaves.
Purple Perilla also has been used as a traditional herbal
medicine; e.g., the leaves as well as seeds were used for
colds and coughs and for the promotion of digestion.
Perilla seed, a rich source of protein (17%) and fat (51%)
has long been used as plant oil source in various oriental
countries including Korea, China, Japan, and India (Adhikari
et al., 2006) as a delicacy after frying or in combination
with cereals or vegetables after cooking and also as a
cooking medium (Longvah & Deosthale, 1991).

Perilla fresh leaves has also been used as condiments or
flavoring agents in various Korean foods (Shin & Kim, 1994).
Similarly polysaccharides isolated from leaves exhibited
stimulatory effects on the macrophage system (Kwon et
al., 2002). Among different kinds of vegetable oil, Perilla
seed oil contains the highest amount of n-3 fatty acid (a
-linolenic acid, C18:3) (Longvah & Deosthale, 1991),
which is known to improve the learning ability, retinal
function, suppression of carcinogenesis, metastasis, thrombosis
and allergy (Kinsella, 1991). Beside a-linolenic acid, the
oil also contains the fatty acids like palmitic acid (C16:0),
stearic acid (C18:0), oleic acid (C18:1) and linoleic acid
(C18:2). The Perilla seeds also contain various groups of
lipid nutraceutical compounds. The first group could be
tocopherol, a lipid soluble vitamin E which has the antioxidant
properties and play an important role in human and animal
nutrition (Ohkatsu et al., 2001). The second group could
be phytosterols which are mainly known for cholesterol-
lowering effect (Jones et al., 1997) and preventive effect
on the development of colon cancer (Awad and Fink,

2000; Janezic and Rao, 1992). [3-sitosterol, a major form
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of phytosterol decreases the number of developed tumors
in the colon (Raicht et al., 1980), shows stimulatory effect
on the epithelial cell proliferation (Janezic and Rao, 1992),
and inhibits human cancer cell growth during incubation
(Awad et al., 1998). Another phytosterol, stigmasterol was
reported to bind to chondrocyte membrane and possesses
potential anti-inflammatory and anti-catabolic properties
(Gabay et al., 2010). The third group of lipid phytonutrient of
purple Perilla seeds could be squalene, a kind of hydrocarbon
strongly involved in the biosynthesis of cholesterol (Moreda
and Perez-Camino, 2001) and exhibits protective activity
against several carcinogens like azoxymethane (Rao et al.,
1998).

However, information on quantitative properties of above-
mentioned lipid phytonutrients in Perilla crop, especially in
purple Perilla are very limited and this study was conducted
to quantify the contents of tocopherols, phytosterols, squalene
and fatty acid composition of 12 purple Perilla accession

collected from Korea and Japan.

MATERIALS AND METHODS

Plant materials

Twelve accessions of purple Perilla (Perilla frutescens
var. crispa) seeds were collected from Korea and Japan.
Among them, the seeds of Korean accessions were collected
in such habitats as roadsides, wastelands, abandoned fields,
and the marginal lands around farmlands, because var.
crispa is not being cultivated due to the decreasing use of
its seeds in Chinese medicine. It is occasionally found in
a relict form in Korea (Lee and Ohnishi, 2001). While, the
seeds of Japanese accessions were kindly provided from
the Plant Germplasm Institute, Graduate School of Agriculture,
Kyoto University, Japan. In Japan, var. crispa is extensively
cultivated and used as a vegetable crop. To propagate the
seeds of the twelve accessions of var. crispa, five individuals
of each accession were grown in a field at the Faculty of
Agriculture, Kangwon National University, Chuncheon,
Gangwon Province. The 12 accessions of var. crispa from
Korea and Japan are small in seed size (<2 mm), have
only hard seeds with a dark brown color, have purple
leaves and stem, have either wrinkly or non-wrinkly leaves.

The seeds were ground to fine powder and stored at -20C

for further analysis.

Tocopherols, phytosterols and squalene analysis

The samples for the analysis of tocopherols, phytosterols
and squalene were prepared according to Park et al. (2004)
with some modifications. Dry powdered Perilla seeds (1.5
g) were extracted on 10 mL ethanol with ascorbic acid as
an antioxidant. The mixture was shaked on hot water bath
(80°C) for 10 minutes. After that 300 uL of 44% potassium
hydroxide was added and shaked for 18 minutes on same
conditions for saponification. After cooling on ice, 10 mL
of n-hexane and 10 mL of distilled water was added and
the solution was centrifuged, then upper hexane layer was
collected and again added the 10 ml n-hexane to the
remaining solution. The process was repeated for three times
and collected hexane solution was then washed by 10 ml
of distilled water for three times. The solution was passed
through Na,SO4 anhydrous to remove the water, concentrated
on rotary evaporator and dissolved on isooctane. The samples
were analyzed by gas chromatography (Agilent 6890,
Agilent technologies Co. USA) under optimized conditions
by flame ionization detector (FID). The analysis was
performed on a capillary column (25.0 m x 250 um x 0.40
um nominal) of CP-SIL 8CB capillary on constant column
flow (1.0 mL.min™). Similarly injection volume was 1 pL
with split ratio 1:50. The temperature was set at 290°C for
both injector and detector with carrier gas He. The column
oven temperature was initially set on 220°C for 2 minutes,
then raised up to 290°C at the rate of 5°C min" and held
for 14 minutes, then, the temperature was raised to 310C
at 10C min" and held for 18 minutes. Peak identifications
were conducted based upon the retention times of standard

compounds.

Fatty acid composition analysis

Sample preparation and fatty acids composition in Perilla
seeds were performed according to Kim et al (2000).
Powdered Perilla seeds (0.5 g) were methylated with 680 puL
methylation mixture (Methanol: benzene: 2,2-dimethoxypropane:
sulfuric acid = 39 : 20 : 5 : 2) and 400 puL heptanes. After
heating for 2 hours at 80C in water bath and cooling on
room temperature, the samples were centrifuged for 2 minutes
at 2000 rpm and upper heptanes layer was collected. The
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samples were then subjected to gas chromatography (Varian,
CP-3800) using a CP-SIL- 88 CB FAME (50.0 m x 0.25
mm x 0.2 pm nominal) capillary column. The temperature
for injector and detector (FID; flame ionization detection)
were set on 210 and 290°C, respectively and the carrier
gas was helium. The injection volume was 1 pL with split
ratio 1:50 on constant column flow (1.0 mL.min’l). The
oven temperature was initially set on 100C for 5 minutes,
then raised up to 160C at 5C min" and held for 5
minutes, again raised up to 180C at 4C min" and held
for 10 minutes and then it was raised up to 220°C at 3C
min" and held for 15 minutes. Authentic standards were

used to identify the peaks based upon the retention time.

Chemicals and reagents

Vitamin E standards (tocopherols: a-T, (3-T, v-T, and 6
-T) were obtained from Merck (Darmstadt, Germany).
Squalene, stigmasterol, (3- sitosterol and campesterol were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
Ascorbic acid, chloroform and anhydrous sodium sulfate

were obtained from Samchun (Seoul, Republic of Korea),
potassium hydroxide, benzene, sulfuric acid and n-heptanes
were purchased from Daejung (Seoul, Republic of Korea)
and ethanol was purchased from Duksan chemicals (Seoul,
Republic of Korea). Fatty acid methylation mixture was

purchased from Supleco (USA).

RESULTS AND DISCUSSION

Vitamin E content

Vitamin E contents of the different accession of Korean
and Japanese purple Perilla seeds are presented in Table 1.
Only tocopherol form of vitamin E: a-T, 3-T, v-T, and 6
-T were observed in the Perilla seeds, while no tocotrienols
were observed as reported by Lee and Kim (2008). The
minimum, maximum, and average total vitamin E contents
of 12 tested accessions were 9.36, 13.70, and 12.20 mg
100g'l, respectively. Total tocopherol content in Korean
accession seeds ranged from 12.76 mg IOOg'1 (K126157)
to 13.70 mg lOOg'1 (K126205) with an average of 13.25

Table 1. Seed tocopherol contents of purple Perilla accessions collected from Korea and Japan.

Tocopherol (T) content (mg 100g™)

Collection ACC.Number

a-T B-T v-T 6-T Total
K126157 0.51 0.20 11.65 0.40 12.76
K126158 0.49 0.26 12.35 0.44 13.53
K126177 0.45 0.26 11.67 0.45 12.82
Korea K126203 0.59 0.25 12.14 0.45 13.44
K126205 0.49 0.29 12.46 0.46 13.70
Mean 0.51 0.25 12.05 0.44 13.25

CV (%) 10.6 13.6 3.1 5.4 32

K126334 0.41 0.21 8.32 0.42 9.36

K126335 0.39 0.21 8.34 0.43 9.37
K126336 0.45 0.24 12.07 0.68 13.44
K126337 0.34 0.17 11.33 0.40 12.24
Japan K126355 0.42 0.28 11.04 0.47 12.21
K126357 0.38 0.32 9.23 0.52 10.45
K015970 0.54 0.34 11.72 0.47 13.08
Mean 0.42 0.25 10.29 0.48 11.45

CV (%) 15.5 25.0 15.7 20.0 14.9
Total Mean 0.45 0.25 11.03 0.47 12.20
CV (%) 16.1 20.3 13.7 16.3 13.0
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mg 100g'1 and 3.2% CV, while Japanese accession seeds
exhibited total tocopherol contents ranging from 9.36 mg
100g" (K26334) to 13.44 mg 100g” (K26336) with higher
coefficient of variation (14.9%). Among the four tocopherols,
[3-T was present in least quantity (0.25 mg IOOg'l) but had
highest variations (20.3%) while y-T was present as highest
quantity (11.03 mg IOOg'l) in all accessions as reported
earlier by Shin and Kim (1994) and Park et al. (2004) who
reported y-T as a major form of vitamin E in purple
Perilla.

Squalene content

The squalene content tested in different accessions of
purple Perilla seeds is presented in Table 2. The average
squalene content was 3.99 mg 100g”, which is higher than
various seeds and fruits reported by Ryan et al. (2007).
The lowest squalene content (2.52 mg 100g'1) was observed
in Japanese accession (K126337), while the highest squalene
content (5.68 mg IOOg'l) was observed in Korean accession
(K126158). Considering the fact that K126205, an accession

which showed lowest (4.06 mg IOOg'l) squalene content
among Korean accessions exhibited similar squalene content
compared to K126355 which showed highest value (4.19
mg 100g") among Japanese purple Perilla accessions suggested
that purple Perilla found in Korea may have higher squalene
compared to those cultivated in Japan. Also accessions
collected in Japan showed higher variation (CV = 18.6%)
than Korean accessions (CV = 14.2%).

Phytosterols content

Three major phytosterols: campesterol, sitosterol, and
stigmasterol in purple Perilla seeds were quantified. The
total phytosterol content in 5 tested Korean accessions
ranged from 76.48 mg 100g” to 84.91 mg 100g" with an
average of 81.23 mg 100g'1 (Table 2), while total phytosterol
contents in tested 7 Japanese purple Perilla seeds varied
from 63.17 mg IOOg'1 to 80.97 mg 100g'1 with an average
of 74.32 mg IOOg'l. Similar to the case of vitamin E and
squalene, higher variations as evaluated by CV (%) could

be observed in Japanese accessions (8.3%) compared to

Table 2. Seed squalene and phytosterol contents of purple Perilla accessions collected from Korea and Japan.

Collection ACC.Number Squalene_l Phyj[osterol content (n?g 100g)

(mg 100g™) Campesterol Stigmasterol (3-sitosterol Total

K126157 4.86 4.98 11.31 61.64 77.93

K126158 5.68 4.13 15.05 65.73 84.91
K126177 4.34 3.66 12.17 60.65 76.48
Korea K126203 5.43 4.06 12.76 67.70 84.52
K126205 4.06 3.76 13.30 65.25 82.31

Mean 4.87 4.12 12.92 64.20 81.23

CV (%) 14.2 12.6 10.8 4.6 4.7
K126334 3.90 4.52 13.82 56.80 75.14
K126335 3.12 3.98 11.55 47.64 63.17
K126336 3.81 5.30 14.98 60.41 80.69
K126337 2.52 4.19 14.83 53.05 72.07
Japan K126355 4.19 451 15.67 56.59 76.77
K126357 3.23 4.97 14.33 61.67 80.97

KO015970 2.74 4.29 10.11 57.03 71.43
Mean 3.36 4.54 13.61 56.17 74.32

CV (%) 18.6 10.1 14.9 8.4 8.3
Total Mean 3.99 4.36 13.32 59.51 77.20
CV (%) 25.0 11.7 13.2 9.5 8.1
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Table 3. Seed fatty acid composition of purple Perilla accessions collected from Korea and Japan.

Saturated fatty acid (%)

Unsaturated fatty acid (%)

Mono-unsaturated Poly-Unsaturated

Collection ACC.NO. : . . : .
Palmitic (C16:0) Stearic (C18:0) (012131;9@ (CLfgozli‘gc) (LC“I‘;’l;’E‘;’)

K126157 7.6 3.9 9.3 18.1 61.2

K126158 6.7 3.6 10.0 16.3 63.5

K126177 7.9 3.6 9.0 16.2 63.3

Korea K126203 7.0 3.4 10.2 15.7 63.7
K126205 8.0 3.8 8.8 16.1 63.3

Mean 7.4 3.6 9.5 16.5 63.0

CV (%) 7.7 52 6.5 5.7 1.6

K 126334 8.1 43 8.4 19.7 59.5

K126335 7.8 3.9 9.4 18.9 60.0

K126336 8.8 4.6 9.1 18.6 58.9

K 126337 7.9 3.6 12.6 15.7 60.2

Japan K126355 7.3 33 9.7 19.2 60.6
K 126357 6.3 3.0 114 18.8 60.6

K015970 8.1 3.8 11.1 14.3 62.7

Mean 7.7 3.8 10.2 17.9 60.4

CV (%) 10.2 14.4 14.6 11.5 2.0

ol Mean 7.6 3.7 9.9 17.3 61.5
CV (%) 9.2 114 12.4 10.2 2.8

Korean ones (4.7%). In both Korean and Japanese accessions
major form of phytosterol in purple Perilla seed was 3
-sitosterol (average 59.51 mg IOOg’l) compared to stigmasterol
(13.32 mg 100g") and campesterol (4.36 mg 100g™),
which was similar to previous studies (Weihrauch and
Gardner, 1978; Normen et al., 1999; Ryan et al., 2007)

that reported (3-sitosterol as a major form of phytosterol.

Fatty acid composition

Among 37 tested fatty acids, five fatty acids could be
detected under our experimental conditions and a-linolenic
(C18:3n3) acid exhibited highest (61.5%) composition as
reported earlier (Shin & Kim, 1994; Longvah et al., 2000;
Siriamornpun et al., 2006) in all tested accessions (Table
3). The other fatty acids were palmitic (C16:0), stearic
(C18:0), oleic (C18:1n9¢c) and linoleic (C18:2n6¢) acids
which showed 7.6%, 3.7%, 9.9% and 17.3% of total fatty
acids, respectively. The composition of saturated fatty acids

(palmitic and stearic acid) ranged from 9.3% to 13.4%, while
mono- and poly-unsaturated fatty acids (oleic, linoleic and
linolenic acid) were the major form consisting almost 90%
of total fatty acids. Such high presence of unsaturated fatty
acids in purple Perilla seeds suggested higher health
beneficial effects since these fatty acids may decrease the
blood cholesterol levels (Hargrove et al., 2001).

All above mentioned results regarding the presence of
various phytonutrients in purple Perilla seeds suggested
health beneficial effects of purple Perilla, especially when

consumed in form of plant oil.
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