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Abstract
Perilla (P. frutescens L.) is widely cultivated across East Asia, and its seeds 
are highly regarded for their nutritional and functional properties. Seed size 
reportedly affects seed germination and growth; however, current research 
comparing the bioactive compounds and physiological activities across 
different seed sizes remains limited. We investigated the effect of seed 
size on the chemical composition and the antioxidant and anti-inflammatory 
activities of Perilla frutescens L. seeds. Seeds were categorized into small 
(average 1.26 mm), medium (average 1.66mm), and large (average 2.18 
mm) categories. Larger seeds showed a higher content of fats, with a 
total fatty acid content of 48.3% compared to 38.4% in smaller seeds. 
Notably, α-linolenic acid, a key omega-3 fatty acid, was present at 69.55% 
in large seeds, whereas small seeds contained 62.25%. Total phenolic 
content and antioxidant activities, assessed using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic 
acid) (ABTS) assays, were significantly higher in larger seeds. The total 
phenolic content was 147.5 GAE μg/g for large seeds, 118.7 GAE μg/g 
for medium seeds, and 96.1 GAE μg/g for small seeds. For antioxidant 
activities, DPPH radical scavenging activity (IC50) was 79.5 μg/g in large 
seeds, 91.2 μg/g in medium seeds, and 121.8 μg/g in small seeds, while 
ABTS radical scavenging activity (IC50) was 54.3 μg/g in large seeds, 84.1 
μg/g in medium seeds, and 105.8 μg/g in small seeds. Additionally, the anti-
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inflammatory activity, measured using the lipoxygenase (LOX) inhibitory 
assay, was also more pronounced in larger seeds, with LOX inhibition 
values of 28.2% for large seeds, 35.5% for medium seeds, and 43.7% for 
small seeds. These findings suggest that seed size significantly influences 
the nutritional and functional properties of Perilla frutescens seeds.

Introduction
Perilla (Perilla frutescens L.) is widely cultivated in 
East Asia, and its seeds are valued for their nutritional 
and functional properties, making them a valuable 
ingredient in both food and medicinal products. 
The cultivation of P. frutescens has also expanded 
to regions such as the United States, South Africa, 
Egypt, and Russia.1–3 P. frutescens is cultivated 
both as a seed oil crop and as a leafy vegetable. 
Perilla leaves are rich in anthocyanin pigments and 
flavonoids, including quercetin, β-carotene, luteolin, 
caffeic acid, and rosmarinic acid.4,5 Caffeic acid, a 
polyphenolic compound, is known for its antioxidant 
and anticarcinogenic properties, including its role 
in reducing oxidative stress and inhibiting aflatoxin 
production.6 Rosmarinic acid, an ester of two 
molecules derived from caffeic acid, helps remove 
reactive oxygen species (ROS) produced in the 
body, which may contribute to aging and various 
diseases.7 Additionally, it exhibits anti-mutagenic, 
antiviral, and anti-cancer activities. Perilla oil is 
known for its rich in α-linolenic acid and omega-3 
fatty acids, both of which are beneficial to health.8,9 
Perilla seeds are abundant in α-linolenic acid, 
which may help lower blood cholesterol levels 
and helps prevent cardiovascular diseases.10 
However, variations in the quality of perilla seeds 
can lead to significant differences in the chemical 
composition and antioxidant activity of perilla oil. 
Additionally, perilla oil contains various polyphenols 
and antioxidant compounds that reduce oxidative 
stress, contributing to its anti-aging and anti-cancer 
effects.11 However, these functional components 
can vary greatly depending on seed quality and 
the extraction methods used. In addition, perilla oil 
extracts from different varieties differ significantly 
in fatty acid composition and antioxidant activity.12 

Previous studies have examined the impact of 
variety, cultivation environment, and post-harvest 
processing methods on the quality of perilla oil.6,11 
Moreover, various studies have examined the impact 
of different extraction methods on the chemical 
characteristics and stability of perilla oil.13–15

The effects of perilla variety and cultivation 
environments on the composition of fatty acid 
and antioxidant activity of perilla oil have also 
been documented.12,16 Selecting high-quality 
perilla seeds for oil production may enhance the 
nutritional properties of the oil. While studies have 
shown that seed size affects seed germination and 
growth, current research comparing the bioactive 
compounds and physiological activities based on 
seed size remains insufficient.17,18

The aim of this study was to classify perilla seeds by 
size and analyze their fatty acid profiles, proximate 
components, and antioxidant and anti-inflammatory 
activities to identify potential nutritional and 
functional differences among seed-size categories.

Materials and Methods
Materials
Perilla (Perilla frutescens var. japonica) plants 
were cultivated and harvested in Cheongsonggun, 
Gyeongsangbuk-do, Korea, in September 2023. 
After harvesting, seeds were sorted by size. Seed 
size was measured by determining the diameter 
of individual seeds using a digital caliper with an 
accuracy of 0.01 mm. A representative sample of 
seeds was selected, and the measurements were 
taken across the longest axis of each seed. The 
average size for each category was calculated 
based on these measurements.  Classified 
seeds were washed and dried prior to analysis. 
DPPH (2,2-Diphenyl-1-picrylhydrazyl) and ABTS 
(2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic 
acid) were obtained from Sigma-Aldrich (St. Louis, 
MO, USA). The lipoxygenase inhibitor-screening kit 
for the anti-inflammatory activity assay was procured 
from Cayman Chemical (Ann Arbor, MI, USA).

Sample Preparation
The seeds used in the experiment were measured 
for size and weight, resulting in a size range of 1.18–
2.5 mm and a weight range of 1.6–6.0 mg. Thus, 
seeds were classified into three categories: small 
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(1.18–1.76 mm, 1.6–3.5 g), medium (1.77–1.97 mm, 
3.5–5.0 g), and large (1.98–2.46 mm, 5.0–6.0 g). 

Analysis Of Bulk Density and Seed Volume
The bulk density of perilla seeds was determined 
using the formula D=M/VD = M / VD=M/V, where 
DDD represents bulk density (g/L), MMM is the 
weight of the seeds in a full container (g), and VVV is 
the volume of the container (L). In this study, a one-
liter container was used. Bulk density was recorded 
in g/L, and to express it in kg/m³, the value was 
multiplied by 1,000. Seed volume was determined by 
calculating the number of seeds per gram of sample. 
To measure this, a 1g sample of perilla seeds was 
carefully weighed, and the individual seeds within the 
sample were manually counted. The resulting value 
represents the number of seeds per gram (seeds/g), 
providing an indication of seed size and density

Proximate Analysis 
Moisture content was measured following AOAC 
methods by oven-drying the samples at 105°C, 
while ash content was determined by incinerating 
the samples in a muffle furnace at 550°C. Crude 
protein was analyzed using the Kjeldahl method 
(VAPODEST500, Gerhardt), and crude lipid content 
was determined by Soxhlet extraction (Soxtherm, 
Gerhardt). Carbohydrate content was calculated by 
subtracting the values obtained for moisture, ash, 
crude lipid, and crude protein from 100%. 

Fatty Acid Composition 
Following AOAC methods, the extracted fatty acids 
were derivatized into fatty acid methyl esters (FAME) 
using BF3/MeOH (14% boron trifluoride). FAME 
were analyzed using gas chromatography (Agilent 
7890A GC, Agilent Technologies, USA)) with an 
SP-2560 column (100 m × 0.25 mm × 0.2 µm film 
thickness, Sigma-Aldrich) and a flame ionization 
detector. The injection port was set to 225°C, while 
the detector temperature was maintained at 285°C. 
Nitrogen was used as the carrier gas at a flow rate 
of 0.75 mL/min, with 1 µL of samples injected at a 
split ratio of 200:1. The oven temperature program 
began at 100°C, held for 4 minutes, then increased 
to 240°C at a rate of 3°C/min, and maintained for 15 
minutes. Fatty acids were identified by comparing 
them with FAME standards (F.A.M.E. Mix, C4-C24, 
18919-1amp, Sigma-Aldrich).

Total Phenolic Compounds
The Folin–Ciocalteu method19 was used to assess 
the total phenolic content of perilla seeds, with 
calculations performed based on a standard curve 
of gallic acid. The results were represented as 
micrograms (μg) of gallic acid equivalent (GAE mg) 
per gram of sample dry weight.

Dpph Radical Scavenging Activity
DPPH radical scavenging activity was assessed 
using a modified Blois method.20 A 90 µL DPPH 
solution was combined with 10 µL of each sample 
and incubated at 37 °C for 30 minutes. Absorbance 
was then recorded at 515 nm using a UV/Visible 
spectrophotometer (Perkin Elmer, Waltham, MA, 
USA). Each experiment was conducted in triplicate, 
and ROS scavenging activity was expressed as a 
percentage (%) using the formula.

DPPH radical scavenging activity (%) = (Absorbance 
of blank - Absorbance of sample) / Absorbance of 
blank × 100.

ABTS Radical Scavenging Activity
The ABTS radical cation method21 was modified 
to assess the free radical-scavenging activity of 
pure chemical compounds. To prepare the ABTS 
reagent, 5 mL of 7 mM ABTS was mixed with 88 μL 
of 140 mM potassium persulfate, and the mixture 
was kept in the dark at room temperature for 16 
hours to generate free radicals. The reagent was 
then diluted with water at a ratio of 1:44 (v/v). For 
evaluating scavenging activity, 100 μL of the ABTS 
reagent was combined with 100 μL of the sample 
and incubated at room temperature for 6 minutes. 
Post-incubation, absorbance was measured at 734 
nm, with 100% methanol used as a control. The 
ABTS scavenging activity was calculated using the 
following formula

ABTS radical scavenging activity (%) = (Absorbance 
of blank - Absorbance of sample) / Absorbance of 
blank × 100.

Lipoxygenase Inhibitory Activity
Lipoxygenase(LOX) inhibitory activity (anti-
inflammatory activity) was determined using a LOX 
inhibitor-screening assay kit. Nordihydroguaiaretic 
acid (NDGA), which served as the standard LOX-
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inhibitory and anti-inflammatory compound, was 
used as a positive control. Initially, 15-LOX (90 
μL) and the test samples (10 μL) were added to 
individual wells of a 96-well plate. The reaction 
was initiated by adding arachidonic acid (10 μL), 
which serves as a substrate for LOX, to each well, 
followed by incubation on a shaker for 5 minutes. 
To terminate the reaction, 100 μL of chromogen 
was added to each well. The hydroperoxide formed 
from arachidonic acid by 15-LOX was quantified 
by measuring absorbance at 500 nm using UV 
spectroscopy. The LOX inhibitory activity (%) 
was calculated using the manufacturer's protocol: 
(C−T)/C × 100, where C and T correspond to the 

enzyme activity without and with the test samples, 
respectively.

Statistical Analysis
 All experimental values are expressed as 
mean±standard deviation (mean ± SD). Statistical 
comparisons were performed using IBM SPSS 
22 (IBM, Armonk, NY, USA). One-way analysis of 
variance (ANOVA) was employed for comparisons 
among experimental groups, and Tukey’s test 
was conducted as a post hoc analysis to identity 
significant difference between individual groups. A 
significant level of p<0.05 was used as the criterion 
for statistical significance.

Table 1: Classification of Perilla seeds according to sizes

	 Small	 Medium	 Large

Size (mm)	 1.26* ± 0.02c	 1.66 ± 0.03b	 2.18 ± 0.04a

Weight (g)	 2.10 ± 0.17c	 3.48 ± 0.14b	 5.42 ± 0.08a

Bulk density (g/L)	 687 ± 5.8c	 744 ± 9.7b	 800 ± 14.2a

Seed Volume (seeds/g)	 302,571 ± 659a	 218,823 ± 861b	 147,600 ± 987c

*Data are means ± SD (n = 3).

Results and Discussion
Sample Preparation
The proportions of small, medium, and large perilla 
seeds in the total sample were 27%, 45%, and 28%, 
respectively. The average size, weight, bulk density, 
and volume of the classified seeds are presented 
in Table 1.

Even under identical cultivation conditions, seed 
size and weight varied by up to two and five times, 
respectively. We investigated the characteristics of 
perilla seeds based on size differences.

Proximate Analysis
Table 2 summarizes the analysis of the general 
components of perilla seed-size groups. Moisture 
contents of small, medium, and large seeds were 
4.8, 4.3, and 3.9%, respectively. Protein contents 
were 21.2, 20.3, and 19.1%, indicating similar levels 
across all samples. Fat content in large seeds was 
48.3%, slightly higher than in medium (41.2%) 
and small (38.4%) seeds. Ash content was also 
slightly higher in large seeds. Previous studies have 
reported crude fat content of perilla seeds ranging 

from 35–45%.8,12,22 Our results indicate that large 
seeds exhibit a higher crude fat content within this 
range, while also containing lower moisture, protein, 
and carbohydrate compositions compared to smaller 
seeds. Although crude fiber was not determined in 
this study, these findings suggest that seed size 
influences various aspects of seed quality, not limited 
to fat composition alone.

Fatty Acid Composition
Larger perilla seeds displayed the highest total fatty 
acid content (48%), with a peak in unsaturated fatty 
acids (92.95%) compared to medium and small 
seeds. Specifically, α-linolenic acid, known for its 
health benefits, was over 10% higher in large seeds 
than in small seeds, highlighting the nutritional 
advantage of larger seeds in terms of ω-3 fatty acids. 
We hypothesize that the higher fatty acid content 
in larger seeds may be due to greater storage 
capacity and resource allocation, as larger seeds 
often accumulate more lipids and other nutrients 
during development compared to smaller seeds. 
The average linoleic acid and unsaturated fatty 
acid contents in perilla seeds are reportedly 64% 
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and 92%, respectively.12 α-Linolenic acid reportedly 
provides protective effects against neuronal cell 

death and can alleviate cellular apoptotic stress 
responses in myocardial cells.23,24

Table 2: Proximate composition of perilla seeds

General Nutrients (%)		  Seed size	
	
	 Small	 Medium	 Large

Moisture	 4.8 ± 0.03a	 4.3 ± 0.02b	 3.9 ± 0.01c

Protein	 21.2 ± 0.24a	 20.3 ± 0.09b	 19.1 ± 0.04c

Fat	 38.4 ± 0.38c	 41.2 ± 0.35b	 48.3 ± 0.62a

Ash 	 2.7 ± 0.04c	 2.9 ± 0.01b	 3.1 ± 0.01a

Carbohydrate	 32.9 ± 0.21a	 31.3 ± 0.35b	 25.6 ± 0.29c

*Data are means ± SD (n = 3).

Table 3: Fatty acid profile of perilla seeds

	 Fatty acids (%)		  Seeds
	
		  Small	 Medium	 Large

Saturated fatty acids	 Palmitic acid	 6.32 ± 0.07b	 6.47 ± 0.02a	 4.93 ± 0.01c

	 Stearic acid	 3.44 ± 0.01a	 2.45 ± 0.09b	 2.11 ± 0.04c

	 Total	 9.76 ± 0.04a	 8.93 ±0.13b	 7.04 ±0.22c

Unsaturated fatty acids	 Oleic acid	 14.7 ± 0.17a	 14.05 ± 0.52a	 11.76 ± 0.06b

	 Linoleic acid	 13.29 ± 0.31a	 13.69 ± 0.42a	 11.63 ± 0.39b

	 α -Linolenic acid	 62.25 ± 1.27b	 63.32 ± 0.95b	 69.55 ± 0.76a

	 Total	 90.24 ± 0.54b	 91.07 ± 0.42b	 92.95 ± 0.52a

*Data are means ± SD (n = 3).

Total Phenolic Content and Antioxidant Activity
Large seeds exhibited the highest polyphenol 
content at 147.5 GAE µg/g, followed by medium 
(118.7 GAE µg/g) and small seeds (96.1 GAE µg/g), 
with an observed difference between small and large 
seeds (Figure 1). Consistent with these findings, 
Russian perilla seeds reportedly have an average 
total phenol content of 112.54 µg GAE, whereas 
Korean perilla seeds have an average of 107.54 µg 
GAE.12 The accumulation of ROS in the body leads to 
oxidative stress, which, in turn, contributes to various 
diseases. Consequently, research has focused 
on natural materials with free radical-scavenging 
abilities to prevent cell damage. Therefore, we 
investigated the antioxidant activity of perilla seed-
size groups by evaluating their DPPH and ABTS 

radical scavenging activities (Figure 2). Both DPPH 
and ABTS radical scavenging activities exhibited a 
concentration-dependent increase across all seed-
size samples. The IC	 values for large, medium, 
and small perilla seeds in the DPPH assay were 
79.5, 91.2, and 121.8 µg/g, respectively. In the 
ABTS assay, the IC50 values were 54.3, 84.1, and 
105.8 µg/g, respectively. The antioxidant activity 
of large seeds was 1.5–2-fold higher than that of 
small seeds. Perilla seeds reportedly contain various 
antioxidants, such as rosmarinic acid, caffeic acid, 
vanillin, β-carotene, and β-tocopherol, in addition 
to fatty acids25. Although perilla oil is vulnerable 
to rancidity owing to its high unsaturated fatty acid 
content, producing oil from perilla seeds with high 
antioxidant activity may help prevent rancidity.
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Anti-inflammatory activity
The LOX inhibitory activity assay was employed 
to evaluate the anti-inflammatory effects of perilla 
seed extracts from various seed-size groups  
(Figure 3), following the protocol by Wei and 
Shibamoto.27 LOX inhibitory activity of the NDGA 
positive control at 4 µM was 40.4%. The LOX 

inhibitory activities of small, medium, and large 
seeds at 100 µg/mL were 28.2%, 35.5%, and 
43.7%, respectively. The LOX inhibitory activity of 
large seeds surpassed that of the positive control 
anti-inflammatory agent NDGA, as well as all other 
seed sizes.

Fig. 1: Total phenolic content of  perilla seeds classified by size
Results are show as mean±SD. Bars with different small case letters indicate significant differences between 
them at p<0.05

Fig. 2A: DPPH radical scavenging activity (IC50) of perilla seeds classified by size
Results are show as mean±SD. Bars with different small case letters indicate significant differences between 
them at p<0.05
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Lipoxygenases are key enzymes in the arachidonic 
acid pathway,26 catalyzing the oxidation of 
arachidonic acid. The resulting oxidized products 
play a role in promoting inflammation, so inhibiting 
lipoxygenase activity may help reduce inflammatory 
responses. Collectively, our findings suggest 
that larger perilla seeds, with their higher fat and 
α-linolenic acid content, enhanced antioxidant 
activity, and greater anti-inflammatory potential, may 
be particularly suitable for producing high-quality oil 
and fat products with added nutritional and functional 
benefits for the food industry.

Conclusion
This study examined the impact of seed size on the 
composition and bioactivity of Perilla frutescens 
seeds. Larger seeds were observed to have 
higher fat and α-linolenic acid content, as well as 
greater antioxidant and anti-inflammatory activities, 
suggesting potential nutritional and functional 
advantages over smaller seeds. These results 
emphasize the potential of selecting larger seeds 
to optimize the quality of perilla oil for nutritional 
and medicinal applications. Further research is 
recommended to investigate these effects in more 
detail and to confirm these observations across 
different perilla varieties.
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