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Abstract – The content analysis of fatty acids in Perilla cultivars and commercial oils is conducted through gas
chromatography with a flame ionization detector. Results show that Perilla cultivars, such as Deulsaem and
Daesil, contain high amounts of α-linolenic acid (262.22 and 261.97 mg/g, respectively). Among commercial oils,
Perilla oil contains a higher amount of α-linolenic acid (515.20 mg/g). Accordingly, α-linolenic acid is a major
fatty acid of Perilla cultivars and oil. Therefore, Perilla cultivars could be used as a food supplement for nutritional
and pharmaceutical purposes.
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Introduction

Perilla (Perilla frutescens; Labiatae) is an annual

herbaceous plant used for various purposes in Asia. In

Korea, it has been used for food, medicinal, and industrial

purposes. In China, Perilla is considered as a traditional

medicinal herb used to treat various diseases, such as

anxiety, tumor, intoxication, cough, allergy, bacteria, and

fungal infections.1-4 Previous studies have revealed that

Perilla contains three major nutrients, namely lipid (44%),

protein (17%), and carbohydrates (28%) and several fatty

acids (FA). α-Linolenic acid (ALA) is more than 60% of

the total FA in Perilla seeds.5,6 ALA prevents colon cancer,7

exhibits effects against Crohn's disease,8 and affects

learning and memory skills.9 Linoleic acid shows anti-

oxidant properties, prevents inflammation in the colon,

and stimulates anti-tumorigenic proteins.10–12 Oleic acid

has anti-tumor activity,13 while palmitic acid is related to

diabetes mellitus and cardiovascular diseases.14 Meanwhile,

stearic acid exhibits antibacterial properties.15

In Asia, Perilla oil has been used as a garnish and food

supplement. The oil is now being developed as a healthy

functional food. Accordingly, Perilla oil has been the

topic of some previous bodies of research. The oil has

been found to lower serum lipids and Ovalbumin-specific

lgG1 levels,16 prevent brain damage by suppressing inflam-

mation, and exert significant antidepressant-like effects.17

There are few reports on analysis of functional ingre-

dients in Perilla cultivars. This study aims to determine

the FA content in Perilla cultivars and commercial oils

using gas chromatography (GC) with a flame ionization

detector (FID).

Experimental

Plant materials – Perilla cultivars (i.e., Dami, Danjo,

Deulsaem, Anyu, Yujin, Dayu, Yeupsil, Hyangim, and

Hwahong) and oil (P. frutescens var. japonica) were

contributed by the Southern Area Crop Science, Rural

Development Administration, Miryang, Republic of Korea

(2015). Commercial oils (i.e., nut, soybean, corn, olive,

cooking, canola, and grape seed oils) were purchased

from a local retailer in Anseong, Republic of Korea.

Sample preparation of Perilla cultivars for GC –

Each Perilla cultivar seed (1 g) was ground and extracted

with internal standard (1 mL).

Apparatus and chemicals – The samples were analyzed

by Agilent 7890A GC (Agilent, CA, USA) equipped with

a FID and a DB-Wax column (Agilent, 30 mm × 0.25 mm

× 0.25 μm). The samples were stored in a FRS-300RWE
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refrigerator (Dongbu Daewoo Electronics, Seoul, Republic

of Korea) until use. The GC-FID methylation was conducted

with sodium hydroxide and iodomethane purchased from

DaeJung Chemicals and Metals Co., Ltd. (Siheung, Republic

of Korea). Dimethyl sulfoxide (DMSO) was purchased

from Wako Pure Chemicals Industries, Ltd. (Osaka, Japan).

GC-FID methylation – Ground sodium hydroxide (20

mg) and iodomethane (0.1 mL) were added into DMSO

(0.5 mL) with the samples, and then sonicated for 30 min

at room temperature. CH2Cl2 and distilled water were

added. Subsequently, the non-polar phase was obtained.

The collected CH2Cl2 layer was evaporated by nitrogen

gas.18 The FA methyl ester was then prepared.

GC conditions – Accordingly, 1 μL (split ratio: 1:20)

of FA methyl ester was injected into an Agilent 7890A

autosampler (Agilent, CA, USA) at 250 oC. The column

was a DB-Wax (Agilent, 30 mm × 0.25 mm × 0.25 μm) in

Agilent 7890A (Agilent, CA, USA) by FID. The column

temperature was set to 50 oC for 1 min. The analysis was

started at 200 oC. The temperature was increased at 25 oC/

min for 5 min. The column was set re-initiated at 230 oC,

then, increased at a rate of 3 oC/min for 20 min. The

injector and ion source temperatures were set at 250 oC and

200 oC, respectively. Table 1 shows the detailed conditions.

Result and Discussion

ALA (Fig. 1) is an essential fatty acid, with a structure

of long chains that is a precursor of the eicosapentaenoic

and docosahexaenoic acids. ALA is known as an omega-

3 fatty acid.19 The ALA analysis in ten Perilla cultivars

was conducted using GC-FID. Table 2 shows the data.

Among the Perilla cultivars, Deulsaem and Daesil contained

higher contents of total FA, that is, 449.7 and 451.18 mg/

g, respectively, as well as ALA contents of 262.22 and

261.97 mg/g, respectively. Fig. 2 shows the Deulsaem

chromatogram. Shin and Kim (1994) revealed the

composition of the total lipid and the major lipids in the

Table 1. GC conditions for the ALA analysis

Instrument
GC model : Agilent 7890A (Agilent, CA, USA)
Detector: FID (280 oC, H2 35 mL/min; air 350 mL/min; He 35 mL/min)

Column DB-Wax (Agilent, 30 mm × 0.25 mm × 0.25 μm)

Injector temperature 250 oC

Column temperature 50 C (1 min) → 200 oC (5 min) → 230 oC (20 min)

Split ratio 1:20

Separator temperature 250 oC

Ion source temperature 200 oC

Fig. 1. ALA structure.

Fig. 2. GC chromatograms of Daesil (A) and Perilla oil (B).
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seeds of Perilla cultivars. Their conclusion was almost

similar to ours. The major FAs were linolenic (61.1 –

64.0%), linoleic (14.3 – 17.0%), and oleic (13.2 – 14.9%)

acids.20 Lee et al. (1986) determined FA from seven

Perilla cultivars. The FA content of oil from Perilla

cultivars used ranged from 10% to 20% in linoleic acid

and from 50% to 70% in linolenic acid content.21 Choung

(2005) also analyzed the seed and vegetables of Perilla

varieties. They compared the characteristics of seed Perilla

and vegetables Perilla varieties. The seed Perilla varieties

had more total FA than the vegetables varieties. However,

the difference in FA compositions was not observed.22 

Additional analysis was conducted, wherein we com-

pared the FA contents of Perilla and commercial oils. The

content analysis of FAs from commercial oils was

conducted using GC-FID. Table 3 shows the data. Among

the commercial oils, olive and corn oils contain high

amounts of total FAs (920.19 and 902.42 mg/g, respectively).

However, the highest ALA amount was in Perilla oil

(515.20 mg/g). Fig. 2 shows the chromatogram of Perilla

oil. Sinclair and Gibson (1992) analyzed various oils,

including Perilla, olive, fish, and safflower oils. They

showed that Perilla oil contained 57% ALA and 13%

linoleic acid,23 which were almost similar to our results.

According to Sargi et al. (2013), Chia and white Perilla

seeds contained high ALA amounts (544.85 and 539.07

mg/g, respectively).24 Kostik et al. (2013) investigated the

FA compositions of coconut, corn, cottonseed, linseed,

palm kernel, olive, soybean, sunflower, peanut, safflower,

and canola varieties. Their results showed that the oleic

acid composition in olive oil was 78.4%.25 Ten Perilla

cultivars were analyzed in this study. Among them, three

Perilla cultivars (Dami, Hwahong, and Deulsaem) were

analyzed for the first time.

In conclusion, our results revealed that Perilla oil and

Deulsaem contained higher ALA amounts. These results

could be used as a guideline in choosing Perilla cultivars

and oils to be used as food supplement for nutritional and

pharmaceutical purposes.
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Table 2. FA contents from Perilla cultivars

Sample
FA (mg/g)

α-Linolenic acid Linoleic acid Oleic acid Stearic acid Palmitic acid Total

Dami 188.07 ± 6.97 35.97 ± 2.41 51.83 ± 2.18 8.77 ± 0.38 22.44 ± 0.91 308.08 ± 12.85

Danjo 237.77 ± 5.16 64.99 ± 1.42 70.14 ± 1.80 12.06 ± 0.32 29.29 ± .68 415.25 ± 9.38

Deulsaem 262.22 ± 0.44 75.88 ± 1.50 72.22 ± 0.59 10.89 ± 0.15 28.49 ± 0.23 449.75 ± 2.91

Daesil 261.97 ± 3.70 76.69 ± 0.96 69.17 ± 0.67 10.09 ± 0.12 33.26 ± 0.20 451.18 ± 5.65

Anyu 242.38 ± 3.07 56.70 ± 1.88 69.99 ± 1.10 9.01 ± 0.09 28.11 ± 0.82 362.19 ± 6.96

Yujin 248.54 ± 4.26 62.71 ± 1.41 69.89 ± 1.41 8.81 ± 0.13 29.87 ± 0.57 419.82 ± 7.78

Dayu 249.06 ± 15.26 56.57 ± 3.29 57.94 ± 3.70 11.01 ± 0.69 29.29 ± 0.68 403.87 ± 23.62 

Yupseol 244.51 ± 8.77 55.56 ± 1.65 54.12 ± 2.05 11.50 ± 0.40 30.76 ± 1.04 396.45 ± 3.91

Hyangim 208.84 ± 6.86 48.70 ± 1.59 53.28 ± 1.89 8.33 ± 0.31 24.30 ± 0.85 343.45 ± 11.5

Hwahong 189.08 ± 14.13 34.48 ± 2.28 42.99 ± 2.99 5.85 ± 0.39 21.29 ± 1.46 293.69 ± 21.25

Table 3. FA contents from commercial oils

Sample
FA (mg/g)

α-Linolenic acid Linoleic acid Oleic acid Stearic acid Palmitic acid Total

Nut oil 33.19 ± 0.62 276.31 ± 5.40 456.32 ± 7.74 31.21 ± 0.53 78.10 ± 1.36 875.14 ± 15.65

Perilla oil 515.20 ± 1.92 141.16 ± 0.76 147.05 ± 1.34 23.08 ± 0.35 52.12 ± 0.45 878.61 ± 4.81

Soybean oil 55.27 ± 0.15 480.78 ± 1.45 205.03 ± 0.77 40.84 ± 0.21 102.48 ± 0.47 884.40 ± 3.06

Corn oil 8.45 ± 0.12 474.88 ± 3.09 294.09 ± 1.14 19.08 ± 0.12 105.93 ± 0.46 902.42 ± 4.93

Olive oil 5.03 ± 0.15 563.24 ± 0.69 693.67 ± 7.24 30.80 ± 0.36 127.45 ± 1.50 920.19 ± 9.94

Cooking oil 56.32 ± 1.72 260.31 ± 8.29 439.08 ± 14.75 22.19 ± 0.84 55.57 ± 2.05 833.47 ± 27.66

Canola oil 61.61 ± 1.70 165.86 ± 4.16 563.37 ± 13.94 17.76 ± 0.39 38.51 ± 0.95 847.11 ± 21.14

Grape seed oil 2.57 ± 0.07 592.96 ± 13.43 176.83 ± 2.45 38.98 ± 0.91 67.23 ± 1.14 878.57 ± 18.00



262 Natural Product Sciences

Development (Project No. PJ010156022016), Rural De-

velopment Administration, Republic of Korea. We thank

the National Center for Inter-University Research Facilities

(Seoul National University, Republic of Korea) for the

measurement of spectroscopic data.

References

(1) Lee, K. N.; Shin, H. H.; Han, D. S.; Kim, Y. O.; Choi, K. E.; Kwag,

J. S.; Back, S. H. Kor. J. Pharmacogn. 1997, 28, 264-270.

(2) Nakamura, Y.; Ohto, Y.; Murakami, A.; Ohigashi, H. J. Agric. Food

Chem. 1998, 46, 4545-4550.

(3) Liu, J.; Steigel, A.; Reininger, E.; Bauer, R. J. Nat. Prod. 2000, 63,

403-405.

(4) Takeda, H.; Tsuji, M.; Matsumiya, T.; Kubo, M. JPN. J.

Psychopharmacol. 2002, 22, 15-22.

(5) Hwang, H.; Choe, E. Korean J. Food Sci. Technol. 2011, 43, 255-

262.

(6) Zhou, X. J.; Yan, L. L.; Yin, P. P.; Shi, L. L.; Zhang, J. H.; Liu, Y. J.;

Ma, C. Food Chem. 2014, 164, 150-157.

(7) Narisawa, T.; Takahashi, M.; Kotanagi, H.; Kusaka, H.; Yamazaki,

Y.; Koyama, H.; Fukaura, Y.; Nishizawa, Y.; Kotsugai, M.; Isoda, Y.;

Hirano, J.; Noritoshi, N. JPN. J. Cancer Res. 1991, 82, 1089-1096.

(8) Shoda, R.; Matsueda, K.; Yamato, S.; Umeda, N. J. Gastroenterol.

1995, 30, 98-101.

(9) Umezawa, M.; Ohta, A.; Tojo, H.; Yagi, H.; Hosokawa, M.; Takeda,

T. Brain Res. 1995, 669, 225-233.

(10) Bassaganya-Riera, J.; Hontecillas, R.; Beitz, D. C. Clin. Nutr. 2002,

21, 451-459.

(11) Palacios, A.; Piergiacomi, V.; Catalá, A. Mol. Cell Biochem. 2003,

250, 107-113.

(12) Lee, S. H.; Yamaguchi, K.; Kim, J. S.; Eling, T. E.; Safe, S.; Park,

Y.; Baek, S. J. Carcinogenesis 2006, 27, 972-981.

(13) Carrillo, C.; Cavia Mdel, M.; Alonso-Torre, S. R. Nutr. Hosp. 2012,

27, 1860-1865.

(14) Mancini, A.; Imperlini, E.; Nigro, E.; Montagnese, C.; Daniele, A.;

Orrù, S.; Buono, P. Molecules 2015, 20, 17339-17361.

(15) Dantas da Silva, L. L.; Nascimento, M.; Siqueira Silva, D. H.;

Furlan, M.; da Silva Bolzani, V. Planta Med. 2002, 68, 1137-1139. 

(16) Chang, H. H.; Chen, C. S.; Lin, J. Y. Food Chem. Toxicol. 2009,

47, 848-854.

(17) Ji, W. W.; Li, R. P.; Li, M.; Wang, S. Y.; Zhang, X.; Niu, X. X.; Li,

W.; Yan, L.; Wang, Y.; Fu, Q.; Ma, S. P. Chin. J. Nat. Med. 2014, 12, 753-

759.

(18) Asres, D. D.; Perreault, H. Can. J. Chem. 1997, 75, 1385-1392.

(19) Sinclair, A. J.; Attar-Bashi, N. M.; Li, D. Lipids 2002, 37, 1113-

1123.

(20) Shin, H. S.; Kim, S. W. J. Am. Oil Chem. Soc. 1994, 71, 619-622.

(21) Lee, J. I.; Han, E. D.; Lee, S. T.; Park, H. W. Korean J. Breeding

1986, 18, 228-233.

(22) Choung, M. G. Korean J. Crop. Sci. 2005, 50, 171-174.

(23) Sinclair, A.; Gibson, R. Essential fatty acids and eicosanoids:

invited papers from the Third International Congre; The American Oil

Chemists Society: USA, 1992, p

(24) Sargi, S. C.; Silva, B. C.; Santos, H. M. C.; Montanher, P. F.;

Boeing, J. S.; Júnior, O. O. S.; Souza, N. E.; Visentainer, J. V. Food Sci.

Technol. 2013, 33, 541-548.

(25) Kostik, V.; Memeti, S.; Bauer, B. J. Hyg. Eng. Des. 2013, 4, 112-

116.

Received April 14, 2016

Revised June 25, 2016

Accepted August 10, 2016


