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INTRODUCTION

Because of the adverse health effects of artificial anti-
oxidants, plant extract utilization as natural antioxidants has
gained considerable attention [1-3]. Studies on antioxidants
have focused on their utilization in preventing unsaturated fat
from oxidation, which leads to rancidity [4]. Fruits, medicinal
herbs, and vegetables are the richest sources of antioxidants,
such as vitamins C, A, E and β-carotene as well as crucial
minerals. Consumer preferences and strict legislation led manu-
facturers' attention to shift from synthetic to natural antioxidants
because of the carcinogenic nature of some synthetic anti-
oxidants and food additives. Synthetic antioxidants can be toxic
[5,6]. Many phytophenolic compounds were used to reduce
or inhibit lipid oxidation in lipid containing food products.
The minerals like iron, zinc, calcium, potassium and magnesium,
are the essential part of the dietary supplement [7]. The most
common micronutrient elements like Fe and Zn lack in diets
of young children and low age pregnant women especially in
low and middle-income countries [8]. Free radicals are produced
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as metabolic byproducts by biological systems both endogen-
ous and exogenous sources [9,10]. The production of endogenous
free radical results from inflammation, immune cell activation,
infection, ischemia, excessive exercise, cancer, aging and mental
stress.

Exposure to heavy metals (Hg, Cd, Fe, Pb and As), environ-
mental pollutants, certain drugs (tacrolimus, cyclosporine,
bleomycin and gentamycin), cooking (used oil, smoked meat
and fats) and chemical solvents leads to the production of
exogenous free radicals. Presence of ROS inside the cells need
to maintain at a low level because activation of several trans-
criptional factors (immunity and differentiation) and processes
(like phosphorylation, protein and apoptosis) are all dependent
on a proper production of ROS [11].

Perilla frutescens L. is an important herb of interior and
remote villages of hilly region of Uttrakhand state of India,
where peoples use seeds as a food as well as as folklore medicine
for the remedy of various ailments cough, allergy, depression,
anxiety, tumor, cough, intoxication and some intestinal problems,
cancers, infectious diseases and cardiovascular ailments. In
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northern regions of India, the stem part of the plant is used as
pain reliever and anti-abortive agent while the leaves are said
to helpful for relief in asthma, colds and flu [12]. To expel
intestinal worms and healing the cuts & wounds, the leaf juice
of this plant is used in Dekhatbhuli, Nepal [13]. The paste of
Perilla frutescens L. root in combination with goat urine is used
as a poultice to relief from rheumatoid arthritis [14,15].

Perilla frutescens L. is listed in the Chinese Pharmaco-
poeia as a traditional Chinese medicine (TCM) and has been
used for centuries as a medicinal plant for asthma, influenza,
cough, chronic bronchitis and vomiting [16]. Perilla frutescens
L. belongs to the family Lamiaceae, generally called as Bhanjira.
The plant is initially born to India and China and other ASEAN
countries are also produce this plant in large scale. In this study,
we investigated the phyto-chemicals, total phenolic content,
total flavonoid content, presence of minerals in different parts
of Perilla frutescens L. and conducted an in vitro evaluation
of antioxidant activity in different parts of the plant.

EXPERIMENTAL

The plant Perilla frutescens L. was collected for this study
from the local village of Chakrata, Dehradun, India. The plant
was authenticated by Dr. Mayaram Uniyal, (Ex-Herbs Advisor,
Government of Uttrakhand, India) and voucher specimen was
deposited to Department of Pharmacogonosy, The Himalaya
Drug Company, Dehradun, India. The root, stem, leaves were
separated and washed with distilled water and sun dried.
However, flowers and seeds were dried in shade. After drying
foreign matters and dust and dirt were removed from all parts.
The seeds were crushed in mortar and pestle while leaves,
stem and flowers were converted into powder with help of a
grinder. The method of Zurera et al. [17] was used with little
modifications.

Sample preparation for phytochemical analysis: The
powder of (root, leaves, stem and flower) and crushed seeds
were extracted in aqueous and methanol and filtered using
Whatmann filter paper No. 1. The phytochemicals screening
procedure and the qualitative tests for alkaloids, flavonoids,
carbohydrates, glycosides, saponnis, tannins, terpenoids, protein
and anthraquinone were performed as per the procedure
described by Harbone [18] with slight modifications.

Preparation of extract for total phenolic content, total
flavonoid content and antioxidant studies: Powder of each
plant parts (root, leaves, stem and flower) and crushed seeds
were macerated in methanol for 4 h. The extracts were filtered
and filtrates were used for assay of total phenolic, total flavonoid
contents and antioxidant activity.

Determination of total phenolic content: Total phenolic
content in different extracts of Perilla frutescens L. was deter-
mined by Folin-Ciocalteu’s method. Aliquots of each extract
(1 mL) and standard gallic acid (10, 20, 40, 60, 80, 100 µg/mL)
was transferred into the 10 mL volumetric flask containing 5
mL of distilled water and 0.5 mL of Folin-Ciocalteu’s reagent
and shaken vigorously. After 5 min, 1.5 mL of 20% Na2CO3

solution was added and volume was made up to 10 mL with
distilled water. All solutions were kept for incubation at room
temperature for 2 h. After incubation, absorbance of dark blue

colour was measured at 750 nm by using spectrophotometer.
The extracts were performed in triplicates. The data for total
phenolic contents of each plant part extract was expressed as
mg of gallic acid equivalent weight (GAE)/100 g of dry mass
[19,20].

Determination of total flavonoid content (TFC): The
total flavonoid of each plant part extract was estimated by
aluminum chloride colorimetric assay. Briefly, 0.5 mL aliquots
of each of the extract and standard solution (0.01-1.0 mg/mL)
of rutin were added into 5 mL volumetric flask containing 2
mL of distilled water and 0.15 mL of sodium nitrite (5% w/v)
solution and mixed vigorously. After 6 min, 0.15 mL of (10%
AlCl3) solution was added and the solution was allowed to stand
for further 6 min and then 2 mL of 4% NaOH solution was
added to the mixture. The final volume was made up to 5 mL
with distilled water, mixed thoroughly and allowed to stand
for another 15 min. The absorbance was determined at 510
nm spectrophotometerically. The extracts were performed in
triplicates. TFC was determined as mg rutin equivalent per gram
of sample with the help of calibration curve of rutin [21].

Sample preparation for heavy metal analysis: 250 mg
each of homogeneous material of different parts were weighed
and mixed with 0.5 mL of gold solution (10 ppm) and 8 mL
of nitric acid into the Teflon vessels of microwave digestion
system. Vessels were closed and keep inside the multiwave
PRO (Make-Anton Paar, Sr. No81321827) for digestion. The
microwave digestion conditions are shown in Table-1.

TABLE-1 
MICROWAVE DIGESTION CONDITIONS 

Step Temp. 
(°C) 

Power in 
watts 

Time 
(min) 

Fan speed 

Power ramp – 650 6 1 
Power hold – 1000 20 1 
Cooling 70 0 – 3 

 
After digestion, the vessels were allowed to cool and solu-

tion was transferred into volumetric flask. The samples were
transferred in polyethylene bottles and analyzed for metals
contents by inductively coupled plasma mass spectrometry
(ICP-MS), make Perkin-Elmer, Model-NexION 300X, Sr. No.
81XN3041501as per method described elsewehre used [22].

Antioxidant activity: The antioxidant activity of the
prepared extracts was estimated using stable 2,2-diphenyl-1-
picryl-hydrazyl (DPPH) free radical according to Brand-Willams
et al. [23] method with some modifications. A methanol
solution (1 mL of 0.05 mM) of DPPH was mixed with1 mL of
sample solution with varying concentrations of plant extracts
and standard solution separately. The reaction was carried out
in triplicate and absorbance was measured at 517 nm after 30
min incubation in dark using UV-VIS spectrophotometer
(Shimadzu, Model No. 1800). The inhibition % was calculated
using the following formula given below [24]:

A B
Inhibition of DPPH activity (%) 100

A

−= ×

where, A = absorbance of blank and B = absorbance of sample.
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RESULTS AND DISCUSSION

Phytochemical screening: The phytochemical screening
variations in the extracts of aqueous and methanol extracts
are shown in Table-2. The polyphenols were found present in
all aqueous and methanolic extracts. Tannins were observed
in all parts of aqueous and methanolic extracts except the
flower and methanolic extract of root. Only aqueous extract
of leaves had shown the presence of flavonoids, which were
present in methanolic extract of all parts. Alkaloids were
present in all methanolic extract of all parts where as it was
absent in the other aqueous extracts of stem, flower and root.
It was revealed that seeds contained the maximum number of
phytochemicals, while polyphenols were present in all part of
the plant followed by tannins, alkaloids and flavonoids.

Quantification of total phenolic content and flavonoids:
It is noted that total phenolic and flavonoids were found in all
parts of the plant.

The free radical scavenging activity of all parts of Perilla
frutescens L. was confirmed in the present investigation and it
is obvious that the constituents like tannins, flavonoids, poly-
phenols and proteins present in all extracts may be responsible
for such activity as illustrated in Table-2.

Heavy metal analysis: The concentration of various
elements in different parts of Perilla frutescens L. is shown in
Table-3. It is revealed that the plant have high content of iron
followed by calcium, magnesium, manganese, zinc, copper,
cobalt. The presence of zinc in all parts of the plant in the
concentration range of 17.20 ± 0.22 to 33.56 ± 0.32 ppm further
supports this study (Table-3).

Total phenolic content: The gallic acid solution of concen-
tration (10-100 µg/mL) conformed to Beer’s law at wavelength
750 nm with a regression coefficient (R2 = 0. 997). It is cleared
from the Table-4 that highest value of total phenolic content is
present in flower followed by leaves, stem, root and seeds.

Total flavonoid content (TFC): The rutin solution of
concentration (0.01-1.0 mg/mL) conformed to Beer’s law at
510 nm with a regression co-efficient (R2 = 0.994). It is cleared
from Table-4 that stem shown the maximum flavonoids content
among the all parts followed by leaves, flower, root and seeds.

Antioxidant activity by DPPH assay: HPTLC technique
was performed to assess the presence of antioxidant phyto-
chemicals in various parts of Perilla frutescens L. The yellow
colour spots clearly indicate the antioxidant activity. Maximum
number of yellow bands were appeared in leaves followed by
seeds, stem and root. Ascorbic acid was taken as a positive

TABLE-2 
PHYTOCHEMICAL SCREENING IN DIFFERENT PARTS OF Perilla frutescens L. 

Stem extract Leaves extract Seeds extract Flower extract Root extract Name of 
phytochemical Aqueous Methanol Aqueous Methanol Aqueous Methanol Aqueous Methanol Aqueous Methanol 
Tannins + + + + + + – + + – 
Flavonoids – + + + – + – + – + 
Alkaloids – + + + + + – + – + 
Terpenoids – – – – – – – – + – 
Carbohydrate – – + + – – – – – – 
Saponin – – – – – + – – – – 
Steroids – – – – – – – – – + 
Glycosides – + – – – + – + – + 
Starch + + – – + + – – – – 
Protein – + + – – + – + + – 
Polyphenols + + + + + + + + + + 

 
TABLE-3 

HEAVY METAL CONTENT IN DIFFERENT PART OF Perilla frutescens L. 

Elements Leave (ppm) Stem (ppm) Root (ppm) Flower (ppm) Seed (ppm) 
Copper 7.43 ± 0.320 7.50 ± 0.33 23.55 ± 0.36 10.05 ± 0.18 13.07 ± 0.170 
Cobalt 0.17 ± 0.002 0.11 ± 0.03 1.65 ± 0.10 0.48 ± 0.04 0.217 ± 0.001 
Iron 283.20 ± 0.330 118.38 ± 0.31 4163.24 ± 0.42 1243.35 ± 0.41 67.49 ± 0.390 
Magnesium 2609.98 ± 0.810 1501.48 ± 0.44 3084.17 ± 0.25 2701.55 ± 0.33 2785.27 ± 0.360 
Manganese 57.18 ± 0.350 20.21 ± 0.25 167.51 ± 0.71 69.80 ± 0.65 30.09 ± 0.200 
Zinc 33.56 ± 0.320 17.20 ± 0.22 31.64 ± 0.10 20.71 ± 0.20 25.99 ± 0.140 
Calcium 2948.87 ± 0.350 1104.74 ± 0.42 1575.46 ± 0.24 1528.14 ± 0.17 77.47 ± 0.440 
Data expressed as mean ± standard deviation of three samples analyzed separately. 

 
TABLE-4 

TOTAL PHENOLIC CONTENT AND FLAVONOID CONTENT IN DIFFERENT PART OF Perilla frutescens L. 

Total phenolic content Flavonoid content 
Stem Seeds Leaves Flower Root Stem Seeds Leaves Flower Root 

0.980 ± 
0.004 

0.088 ± 
0.001 

1.256 ± 
0.002 

1.516 ± 
0.005 

0.965 ± 
0.001 

4.262 ± 
0.011 

0.501 ± 
0.001 

4.064 ± 
0.005 

3.776 ± 
0.044 

2.599 ± 
0.003 

Total phenolic content (mg of gallic acid equivalent/g dry material) Flavonoid content (mg of rutin equivalent/g dry material) 

Data expressed as mean ± standard deviation of three samples analyzed separately. 
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control. The intensity of bands showed potential of scavenging
activity, darker band indicate higher scavenging and lighter
bands showed weak scavenging activity.

DPPH radical scavenging assay: In the present study,
the antioxidant activities of all parts of Perilla frutescens L.
plant were evaluated in a series of in vitro test using DPPH
radical scavenging, total polyphenols and flavonoids. The
values of percent decolorization of DPPH radicals are reported
in Table-5, where the leaves displayed the maximum scaven-
ging activity of 98.41 ± 0.24% followed by stem roots and
seeds followed by flowers. The antioxidants were able to
reduce the stable radical DPPH to the yellow coloured
diphenylpicryl hydrazine.

TABLE-5 
DPPH RADICAL SCAVENGING ACTIVITY IN  
DIFFERENT PARTS OF Perilla frutescens (L.) 

Name of part/sample Scavenging activity (%) 
Roots 86.57 ± 0.40 

Leaves 98.41 ± 0.24 
Stem 86.65 ± 0.26 

Flower 78.62 ± 0.30 
Seeds 85.56 ± 0.24 

Ascorbic acid 97.48 ± 0.26 
BHT 51.35 ± 0.24 

 
Among the five different parts of Perilla frutescens L.

and standard tested for the in vitro antioxidant activity using
the DPPH method, showed antioxidant activity, with IC50

values of 5.95 ± 0.10, 8.28 ± 0.20, 66.27 ± 0.17, 80.03 ± 0.03
and 122.35 ± 0.17 µg/mL, respectively. The IC50 value for
ascorbic acid was 5.19 ± 0.26 µg/mL. The methanolic extract
of leaves showed excellent DPPH radical scavenging activity
that was enhanced with increasing concentration followed by
stem, roots, seeds and flowers. The DPPH radical scavenging
activities of stem, root and flowers were low may be due to
the change in the contents of flavonoids and polyphenols at
different growth stages.

The extract of leaves and flowers was found to have the highest
phenolic content [1.256 µg and 1.516 µg (gallic acid equiv.)/
mL (extract)] amongst all parts of plant extracts followed by
0.980, 0.965 and 0.088 µg/mL. Phenolic compounds played
an important role in stabilizing lipid oxidation associated with
its antioxidant activity [25,26]. On the other hand, total flavo-
noid contents in the leaves and stem of Perilla frutescens L.
were also found to be superior [4.064 ± 0.005 µg and 4.262 ±
0.011 µg (rutin equiv.)/g (extract)]. The lowest flavonoid content
was exhibited in the seed (0.501 ± 0.001 µg/mL).

Conclusion

Based on this study, it is proposed that the free radical
scavenging and antioxidative activity of Perilla frutescens L.
plant might result from its high contents of polyphenols and
flavonoid type compounds. The findings indicated promising
in vitro antioxidant activity of all parts of the Perilla frutescens
L. more than that of synthetic and commercial antioxidant
and can be seen as a potential source of useful new drugs but
needs further exploration for their effective use after in vivo
clinical studies to validate its therapeutic effects.
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