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1.

ABSTRACT

In this study, the influence of germination on the phenolic profile and antioxidant activities of
purple perilla sprouts was investigated. The results demonstrated that the total phenolic
content, total flavonoid content, and antioxidant activities of purple perilla sprouts significantly
increased (p< 0.05) when compared to those of purple perilla seeds. The maximum amount of
the total phenolic content was found to be 23.78 mg GAE/ g DW at the first stage (G1), which
was an increase of 142.98% when compared with those of the seeds. The total flavonoid
content reached the maximum value of 95.38 mg RE/ g DW, which was up 316.50% when
compared with those of the seeds at the G2 stage. Among the six phenolic compounds which
were identified and quantified, five significantly increased during germination. These findings
suggested that germination can be used as a new approach for the further development of
purple perilla sprouts as a potential food for human consumption.

INTRODUCTION

Purple perilla (Perilla frutescens var. acuta) is an annual eatable
herbaceous plant native to Asia, which belongs to the Lamiaceae family
[1,2]. It has been consumed as an edible vegetable, and can be used in
food ingredients, oil crops, or medicinal materials [3,4]. Perilla seeds
contain approximately 51% total lipids, and its essential oils are used in
perfumes, soaps, detergents, and cosmetics [5,6]. Purple perilla leaves
are used in salads, sushi, and soups, as well as pickles and garnishes [3].
Several studies have suggested that Perilla frutescens leaves and oils
display a range of biological activities, including antiallergic,
antiinflammatory,
antitumour,
antioxidant,
and
antiimmune
characteristics, which have been attributed to phenolic compounds such
as caffeic acid, rosmarinic acid , rosmarinic acid methyl ester, and
triterpene acids [7-14]. Phenolic acids seem to have the greatest healthpromoting potential as a result of their scavenging free radicals,
inhibition of lipid peroxidation, and thus their anticancer activity [15].
Germination is an inexpensive and effective method for increasing
the nutritive and health qualities of plants [16]. Many studies have been
conducted regarding the changes in phenolic compounds, as well as the
antioxidant activities, of germinated seeds. There some researchers
reported that the content of phenolic profiles and antioxidant activities
increased significantly during the germination of buckwheat [17]. Other
researchers reported that thirteen germinated edible seeds (mung bean,
alfalfa, fava, fenugreek, mustard, wheat, broccoli, sunflower, soybean,
radish, kale, lentil, and onion) were excellent sources of dietary
phenolic antioxidants [18]. Some group researchers also have reported
that germination increased the total phenolic and flavonoid levels, as
well as the AA of the seeds, and also influenced the profile of the free
and bound phenolic compounds during the germination of mung beans,
radish, broccoli, and sunflowers [19]. However, almost no information
exists to date concerning the effects of germination on the phenolic
acids and antioxidant activities of purple perilla seeds.
Therefore, the objectives of the present study were to investigate the
effects of germination on the phenolic phenolic acids, as well as the
antioxidant activities in the seeds and sprouts of purple perilla. The

expectation was to provide some scientific basis for the further
development of purple perilla sprouts as a potential food for human
consumption.
2.

MATERIALS AND METHODS

2.1

Materials

In this study, the purple perilla seeds (Perilla frutescens var. acuta)
were provided by the Beijing Lvshangu Sprouts Co., Ltd. (Beijing,
China).
2.2

Chemicals and reagents

The standard phenolic compounds were procured from the SigmaAldrich Chemical Co. (St. Louis, MO, USA). The HPLC
chromatograms of mix seven phenolic compounds standards as detected
at 280nm are presented in Figure 1. The HPLC-grade solvents were
purchased from the Fisher Chemical Co. (Shanghai, China). All of the
other chemicals and reagents used were of analytical grade.
2.3

Germination of purple perilla

In this study, the purple perilla seeds were washed with distilled
water. Then, the seeds were soaked in water for 12 hours at room
temperature. The imbibed seeds were distributed evenly in a
germination tray containing many holes and were washed every 12
hours under dark conditions. The germination of the seeds was carried
out at room temperature. The sprouts were harvested after 2, 4, 6, and 8
days (G1, G2, G3, and G4) from the sprouts placed in the environment
with a cycle of light and dark. Then, the sprouts were frozen in liquid
nitrogen, freeze-dried, milled, and stored at -40 °C awaiting further
analysis.
2.4

Determination of the total phenolic contents(TPC)

The sample was extracted as described by other researchers, with
some modifications [20,21]. The freeze-dried sprout powder (0.1 g) was
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extracted and sonicated with a 10 mL solution of acetone/water/acetic
acid (70:29.5:0.5, v/v/v) for 30 minutes, followed by centrifugation
(10000 rpm, 10 minutes). The supernatant was then used for the
estimation of TPC, TFC, ABTS, FRAP, and reducing power.
Extractions were performed for three replicates.
The total phenolic content was analyzed using theFolin Ciocalteu
(FC) colorimetric method described previously [22]. Briefly, in a 96well microplate, an aliquot of 50 uL of the sample extracts was mixed
with50uL of the Folin-Ciocalteu reagent, followed by the addition of 50
uL of a sodium carbonate solution (7.5%, w/v). The mixture was stirred
and measured at 765 nm, after remaining in the dark for 30 minutes. A
blank sample consisting of water and reagents was used as a reference.
A sample color blank was examined using the sample and water in
order to exclude the color interference of the sample extract. The results
were expressed as the mg of gallic acid equivalents per g of dry weight
(mg GAE/ g DW). Every sample was then analyzed in triplicate.
2.5

Determination of flavonoids contents(TFC)

An AlCl3 method was adopted for the determination of the total
flavonoids, with minor modifications [23]. Briefly, in a 96-well
microplate, 50 uL of the extracts were added to 20uL of NaNO 2 (5%).
After 5 minutes at 25℃, 20 uL of AlCl3 (10%) were added, and the
solution was allowed to stand for 5 more minutes. Then, the reaction
mixture was treated with 130 uL of NaOH (1 mM). At this point, the
absorbance of the mixture was determined at 510 nm against a water
blank. The results were expressed as the mg of rutin equivalents per g of
dry weight (mg RE/ g DW), and every sample was analyzed in
triplicate.
2.6

Determination of ABTS cation radical-scavenging activity

The ABTS free radical (ABTS+) scavenging capacity was
determined by the aforementioned method, with slight modifications
[24]. The ABTS+ stock solution was prepared by reacting the ABTS
solution (7 mmol/L) with a potassium persulfate (2.45 mmol/L)
solution, under dark conditions at room temperature for 12 to 16 hours
before use. The ABTS+ working solution was prepared by diluting the
stock solution with a phosphate buffer (pH 7.4) to an absorbance level
of 0.75 to 0.80 at 734 nm. Briefly, in a 96-well microplate, 10 uL of the
extracts were added to 190 uL of the ABTS+ working solution. The
absorbance of the mixed solution at 734 nm was recorded after 10
minutes in the dark conditions. The inhibition percentage of ABTS+
was calculated as follows:
Inhibitionsample (%)=(Abscontrol –Abssample)/Abscontrol × 100
Where Abscontrol is the absorbance of the control sample, and Abssample is
the absorbance of the sample.
Then, the results for the ABTS+ scavenging capacity of the samples
were expressed as a trolox equivalent antioxidant capacity. Atrolox
standard curve was built by plotting the inhibition percentage versus the
trolox concentration at 734 nm for the ABTS assays. As before, every
sample was analyzed in triplicate.
2.7
Determination of Ferric reducing antioxidant power
(FRAP)
FRAP assay was conducted according to the method described by a
group researcher, with some modifications [25]. The working FRAP
solution was freshly prepared by mixing anacetate buffer (300 mM,
pH3.6), 10 mM TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine) solution in 40
mM HCl, and a 20 mM ferric chloride solution at a ratio of 10:1:1. The
working solution was warmed at 37℃ before usage. Briefly, in a 96well microplate, 10 uL of the extracts were mixed with a 290 uL FRAP
solution at one-minute intervals. After four minutes of incubation at
37℃, the absorbance was read at 593 nm. A calibration curve was made
using ferrous sulphate. This was expressed as mM Fe2+ per g dried
weight (mM Fe2+/g DW), and every sample was analyzed in triplicate.
2.8

Determination of Reducing power

The reducing power of the extracts was determined using the process
described by others group researchers, with some modifications [26].
Briefly, an aliquot of 100 uL extracts was mixed with 100 uL potassium
ferricyanide (1%, w/v) in a phosphate buffer (0.2 M, pH 6.6). The
mixture was incubated at 50℃ for 20 minutes, and then added to 50 uL
of trichloroacetic acid (10%, w/v), followed by centrifugation at 3000 g
for 10 minutes. The upper layer of the solution (90 uL) was mixed with
distilled water (50 uL) and ferric chloride (10 uL, 0.1%, w/v). Then, the

absorbance was measured at 700 nm after 30 minutes. The blank
contained all of the reagents with the exception of the sample extract.
At this point, the results for the reducing power were expressed as a
trolox equivalent antioxidant capacity. A trolox standard curve was built
by plotting the inhibition percentage versus the trolox concentration at
700 nm for the reducing power assays, and every sample was analyzed
in triplicate.
2.9

HPLC analysis of the phenolic acids

Freeze-dried samples (2.0 g) were extracted with 20 mL of
methanol/water/methanoic acid (80:19:1, v/v/v) for 20 minutes in a
sonicator bath, which was shaken every 10 minutes using a vortex
stirrer, and then centrifuged (3800 g, 10 minutes). The extraction was
repeated twice more, the supernates combined, and then concentrated at
40°C under vacuum conditions for methanol evaporation using a rotary
evaporator. The extracts were dissolved in 1 mL of methanol: water
solution (1:1, v/v), and filtered through 0.22 um micro-filter paper prior
to the HPLC analysis.
The chromatographic separation was carried out using an HPLC
(Thermo-ultimate 3000) equipped with a diode array detector (DAD).
The analytical column was 250 mm x 4.6 mm Innoval Neo XD C18
column. The mobile phase consisted of A (0.1% acetic acid in water),
and B (acetonitrile). The conditions were set as follows: acolumn
temperature of 35C; flow rate of 1.0 mL/min; and injection volume of
20 uL. A 47-minute gradient was programmed as follows: 0 to 5
minutes, 15% B; 5 to 15 minutes, 25% B; 15 to 25 minutes, 35% B; 25
to 28 minutes, 35% B; 28 to 32 minutes, 40% B; 32 to 40 minutes, 95%
B; and 40 to 47 minutes, 15% B. The phenolic acids were detected at a
wavelength of 280 nm. The phenolic compounds were identified by
comparing the retention times with those of their respective standards.
The contents of phenolic compounds were quantified using external
calibration curves. The HPLC chromatogram of the six standards of
phenolic acids is presented in Figure 1.

Figure 1: Representative UPLC-DAD chromatogram of mix seven
standards as detected at 280 nm. Peak numbers refer to the phenolic
metabolites listed in Table 2. Peak no. 1, gallic acid; 2, chlorogenic
acid; 3, caffeic acid; 4, syringic acid; 5, p-coumaric acid; 6, transCinnamic acid.
2.10 Statistical Analysis
The data were expressed as mean ± standard deviation (SD). The
data were analyzed by a one-way analysis of variance (ANOVA) and a
posthoc Duncan test. A Pearson correlation test was used to evaluate the
correlation among the variables. The differences of p < 0.05 were
considered significant.
3.

RESULTS AND DISCUSSION

3.1

Total phenolic content (TPC)

Germination can increase the content of intrinsic phenolic
compounds and antioxidant activities due to the action of enzyme
synthesis and kernel modification [27]. In this study, the TPC ranged
from 12.74 to 23.78 mg GAE/ g DW during the germination processes
(G1-G4), which had increased by 29.61 to 142.98% when compared
with those of the seeds (Figure 2A). The perilla seeds, leaves, and stems
have been utilized as a folk medicine for treating intestinal disorders
due to their several phenolic compounds [14]. Some researcher also
reported the highest yield of the total phenolic of purple perilla leaves
was found to be 12.15 mg GAE/ g DW, which was much less than that
of the purple perilla sprouts at the G1 stage in this study [28].
Therefore, purple perilla sprouts have been confirmed to be a good
source of phenolic content.
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3.2 Total flavonoid content (TFC)
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Figure 2: Inﬂuence of germination on the total phenolic content (TPC)
(A) and total flavonoids content (TFC) (B) of purple perilla sprouts.
Different small letters respectively indicate the significant differences at
p≤0.05 level.
3.2

Antioxidant capacity

An increase in the content of phenolic compounds is linked to a
subsequent elevation of antioxidant capacity. In this study, the
antioxidant activities of purple perilla sprouts during germination were
evaluated using the ABTS, FRAP, and reducing power assay methods.
These assays have already been widely used to evaluate the antioxidant
activity in lentil, mung beans, radish, broccoli, and sunflowers [19,30].
The antioxidant capacity of the purple perilla sprouts, which was
determined by the ABTS, FRAP, and reducing power assay methods,
are presented in Figure 3.
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Figure 3: Inﬂuence of germination on the FRAP (A), ABTS(B) and
reducing power(C) of purple perilla sprouts. Different small letters
respectively indicate the significant differences at p≤0.05 level.
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The changes of the TFC at the different germination stages is
presented in Figure 2B. The total flavonoid content was found to range
from 35.49 to 78.97 mg RE/ g DW during the germination process (G1
to G4). Germination significantly increased the TFC, and its value
reached a maximum of 95.38 mg RE/ g DW, which was an increase of
316.50%, at the G2 stage. In fact, an increase of the TFC with the action
of germination had already been described in previous studies [19, 23].
The activities of PAL, which is an important and rate-limiting enzyme
for the biosynthesis of flavonoids and phenolic acids, were found to also
be enhanced during germination. Therefore, the TFC increased during
the germination process. The TFC of purple perilla sprouts was much
higher than that of the leaves. The leaves’ highest yield of total phenolic
was 7.23 mg RE/ g DW [28]. The same phenomenon of the TFC has
also been documented in broccoli sprouts, where it was found to be
higher than that of the mature plants (Aires et al., 2011) [29]. These
results further confirmed the higher TFC in purple perilla sprouts.
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The ABTS radical cation can become reduced when exposed to
antioxidants. In this study, the ABTS value ranged from 138.30 to
181.58 umol VE/g DW during the germination processes (G1 to G4),
which had increased by 857.11 to 1156.64% compared with those of the
seeds (Figure 3A). The ABTS value had increased significantly
(1156.64%) at the first stage (G1). Then, a gradual decrease in the
ABTS value from stages G1 to G4 was observed. The ABTS value was
determined to be the highest at the G1 stage. These results confirmed
that the methanol extracts of purple perilla sprouts had a stronger
antioxidant capacity to reduce the ABTS radical cation.
Ferric reducing activity is mainly influenced by the size of the
conjugated double bond (CDB) system [25]. In the present study, the
FRAP value ranged from 343.86 to 430.45 umol Fe(Ⅱ)/g DW during
germination processes (G1 to G4), which had increased by 313.69 to
417.86% when compared with those of the seeds (Figure 3B). The
FRAP value had increased significantly (417.86%) at the first stage
(G1). Then, a gradual decrease in the FRAP value from stages G1 to G4
was observed. The FRAP value was determined to be the highest at the
G1 stage. These results indicated that the antioxidants of purple perilla
sprouts showed significant activity in the reduction of the Fe 3+-TPTZ
complex due to the high number of CDB.
The total reduction capability serves as a significant indicator of the
potential antioxidant activity [22]. In this study, the reducing power
value ranged from 112.28 to 118.15 umol VE/g DWduring the
germination process stages (G1 to G4) (Figure 3C). The reducing power
value was found to gradually increase from 274.76 to 294.38% when
compared with that of the seeds (29.54 umol VE/g DW). The highest
level (118.15 umol VE/g DW) was reached in the G1 stage. An
insignificant decrease in the FRAP value from stages G1 to G4 was
observed.
It was determined that germination significantly increases the
antioxidant capacity (ABTS, FRAP, and reducing power methods) of
purple perilla sprouts [31]. Regarding lentils and kidney beans, and that
which reported by some researchers regarding broccoli sprouts [32].
The increment of antioxidant capacity during germination seemed to be
related to the rise in the content of antioxidants, such as vitamins and
phenolic compounds. In the present study, the total flavonoid content,
as well as the ABTS, FRAP, and reducing power methods, showed the
significant correlation (r2 = 0.929, 0.930, 0.978, respectively) (Table 1).
The total phenolic content and antioxidant activities shared a positive
correlation. However, it did not reach the significant statistical level.
There was a decrease in antioxidant capacity observed as the
germination proceeded [33]. This may have been due to a high demand
for oxygen during the early germination stage, and a lower demand for
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oxygen during the late germination stages. The increased phenolics may
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have been protecting the cells from potential oxidation-induced
deterioration during early germination, and increased the antioxidant
capacity [16].
Table 1: The correlations between TPC, TFC and antioxidant
activities.

determined by HPLC.
Data represent mean ± SD of triplicate determinations. ND, not
detected. Values with different letters within a column are significantly
different (P < 0.05).
Some group scientists detected three phenolic acids (coumaroyl
tartaric, caffeic, and rosmarinic) in purple perilla leaves [9]. Other
researchers detected nine phenolic acids (gallic, protocatechuic, pHydroxybenzoic, isovanillic, chlorogenic, caffeic, ferulic, sinapic, and
rosmarinic) in purple perilla leaves [3]. In this study, six phenolic acids
were identified and quantified. However, some of the phenolic acids
were not detected in the reports by other researchers [3,9]. The
differences in the detected phenolic acids may have been due to the
different extraction conditions, chromatography systems employed and
plant tissues [38].
4.

CONCLUSIONS

The total phenolic content, total flavonoid content, and antioxidant
activities in purple perilla seeds were determined to increase greatly
after germination. six phenolic acids were identified and quantified, and
five of these were observed to significantly increase during germination.
The results of this study suggested that purple perilla sprouts are
excellent nutritional sources of flavonoids and phenolic compounds.
Also, it was determined that germination can be used as a new approach
to the further development of purple perilla sprouts as a potential food
for human consumption.
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