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ABSTRACT 

Polyscias fruticosa (L.) Harms, belonging to the Ginseng family (Araliaceae), is a valuable 
medicinal plant in Vietnam. Recognized in the Vietnamese Pharmacopoeia, it is esteemed for its 
antioxidant, anti-inflammatory, and antipyretic properties, making it a significant contributor to 
traditional medicine. This research contributes to the understanding of elicitor-induced changes 
in antioxidant activity, and secondary metabolite content of in vitro root extract of P. fruticosa. 
The results showed that the antioxidant activity of the root extract tested by DPPH radical 
scavenging assay with an IC50 value of 1.28 mg/mL in the baseline and the lowest IC50 value of 
0.89 mg/mL in the medium treated with yeast extract (YE). The highest total phenolic and 
flavonoid content were displayed in jasmonic acid-treated samples at 24.31 ± 2.86 mg gallic 
acid/g extract and 29.25 ± 0.26 mg quercetin/g extract, respectively. The highest saponin was 
also produced in roots elicited by jasmonic acid, where it reached about 167.19 ± 3.29 mg 
aescin/g extract. Furthermore, investigation with antioxidant enzyme activities showed another 
superiority when using elicitors YE (64.4 ± 3,14 U/mg protein) and mannitol (Man) (65.39 ± 
3.85 U/mg protein) in peroxidase (POD) activity and using jasmonic acid (8.87 ± 0.74 U/mg) in 
catalase (CAT) activity. Lastly, TPC and TFC exhibited a positive correlation of r = 0.53 while 
the TPC and DPPH scavenging activity and TFC and POD showed a remarkably negative 
correlation of r around -0.8. In conclusion, this study highlights the advancements in eliciting 
root cultures to enhance specific phytochemicals and antioxidant activity. The information 
provided holds significant value and will be of interest to scientists engaged in plant 
biotechnology, particularly in the elicitation of medicinal plant roots. 

Keywords: Antioxidant, elicitors, in vitro tissue culture, Polyscias fruticosa (L.) Harms, 
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INTRODUCTION 
Traditional medical practices have been 

researched and practiced for numerous ailments 
for millennia. Ancient people, benefiting from 
favorable natural conditions with abundant 
medicinal herbs, have made significant 
discoveries in the field of remedies that exhibit 
both efficacy and safety in their usage. Ming 
aralia, scientifically known as Polyscias 
fruticosa (L.) Harms belongs to the Araliaceae 
family. These plants thrive in temperatures 
below 25 oC (Ho, 2017). It has been reported 
that P. fruticosa is composed of amino acids, 
saponins, alkaloids, glycosides, polyphenols, 
flavonoids, tannins, and vitamins (C, B1, B2, 
and B6); thus, this herb possesses potent 
antioxidant properties and antibacterial activity 
against Gram-positive, Gram-negative bacteria 
and molds (Mawea et al., 2021; Ly et al., 2022). 
In vivo testing in old male rat demonstrated that 
the root extract of P. fruticosa could stimulated 
sexual activity, and increased fertility (Boye et 
al., 2018). Additionally, this plant is rich in 
saponins, a class of bitter-tasting steroids (Ly et 
al., 2022). Saponins showed a wide range of 
biological effects, such as reducing 
inflammation and blood sugar levels and 
inhibiting the formation of tumors (Khoang et 
al., 2022). Moreover, saponins also exhibit 
diverse biological activities, including 
hemolytic, anti-inflammatory, antifungal, 
antibacterial, molluscicidal, cytotoxic, and 
antitumor properties, potentially playing crucial 
roles in plant defense (Hussain et al., 2019). 

Elicitors are stressors that trigger the 
production of biologically active secondary 
metabolites (phytoalexins) in plants, including 
cultivated plant cells. These substances function 
as signals and evoke defense responses when 
recognized by elicitor-specific receptors on the 
plant cell membrane (Halder et al., 2019). 
Consequently, secondary metabolites are 
synthesized and accumulated at an increased 
rate. Different elicitors have been used in plant 
cultures; however, the effectiveness of elicitors 
strongly depends on the concentration, time 
exposure, elicitor type, and cell culture type 
(Dhiman et al., 2018). Recently, only one study 
has used yeast extract, salicylic acid, and silver 

nitrate as elicitors to study their effect on the 
growth of suspension cells of P. fruticosa (Kim 
et al., 2018) but not yet on the antioxidant 
metabolites and enzyme activities. However, all 
elicitors used in this study inhibited cell growth. 

In our study, different elicitors, including 
mannitol, yeast extract, and jasmonic acid, were 
used to study their effectiveness in stimulating 
secondary metabolite production and 
antioxidant enzyme activities in P. fruticosa. 
The results from our study can open new 
insights into the application of elicitors to 
enhance the production of valuable metabolites 
for therapeutic application. 
MATERIALS AND METHODS 
Materials 
Biological materials 

The in vitro culture plantlets of P. fruticosa 
sub-cultured in our laboratory were used as the 
culture specimen. 
Chemicals 

Murashige and Skoog medium (MS),  
1-Naphthaleneacetic acid (NAA),  
6-Benzylaminopurine (BAP), and mannitol 
were purchased from Duchefa (Duchefa 
Biochemie, Haarlem, Netherlands). Yeast 
extract and jasmonic acid were purchased 
from Merk (Darmstadt, Germany) and Sigma-
Aldrich (Sigma-Aldrich, St. Louis, MO, USA) 
respectively. Guanicol and H2O2 were 
purchased from Silong, China. 1,1-Diphenyl-
2-picrylhydrazyl (DPPH), NaNO2, AlCl3, 
Na2CO3, and Follin-Ciocalteu were purchased 
from Sigma-Aldrich (Sigma-Aldrich, St. 
Louis, MO, USA). 
Preparation for Polyscias fruticosa (L.) 
Harms extractions 

The root samples obtained from the in 
vitro culture and wild-type roots were 
subjected to a series of steps for extracting 
bioactive compounds, following the protocol 
of Zhou et al. (2020) with some 
modifications. Firstly, the samples were 
cleaned and dried at 60 oC until they reached a 
constant weight. Once dried, the roots were 
ground into a fine powder. Next, all samples 
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mixed with methanol were sonicated at 38 oC 
for 30 minutes for a better extraction. After 
sonication, the vials were centrifuged for  
6 minutes to separate the solid particles from 
the solution. The supernatant, containing the 
crude extract, was then evaporated in an oven 
set at 60 oC to remove the methanol and 
concentrate the bioactive compounds. Finally, 
methanol was added to each extract, resulting 
in a 40 mg/mL solution. 

Total phenolic content assay (TPC) 
The TPC in the methanol extracts of P. 

fruticosa in vitro roots was estimated by the 
Folin Ciocalteu (FC) colorimetric method 
(Singleton et al., 1999) with some 
modifications. The formation of blue 
compounds from the TPC assay, which is the 
reduction of the blue-colored FC reagent with 
gallic acid as the standard, was measured at 
765 nm to determine the content of TPC. 

Preparation of standard curve of gallic acid 
and TPC quantification 

The gallic acid solution was prepared for 
the standard calibration curve. One mg of gallic 
acid (GAE) powder was dissolved in 1 mL of 
methanol 80 % and Milli-Q water at a ratio of 
1:9 to prepare various concentrations of GAE 
solution (0.04, 0.02, 0.01, 0.005, and  
0.0025 mg/mL). In each concentration, 40 µL 
of the gallic solution was mixed with 480 µL of 
FC reagent (diluted with Milli-Q water 1:10), 
then the mixture was incubated at 40 oC for  
1 minute. Then, 480 µL of Na₂CO₃ (6 %) was 
added to the mixture and continuously 
incubated at 40 oC for 15 minutes. The 
absorbance of the blue-colored mixtures was 
measured at 765 nm by a UV-Vis 
spectrophotometer (SpectraMax® iD5) against 
the blank solution. A linear equation was used 
to calculate the amount of phenolic compounds 
in the extraction samples. 

Subsequently, TPC in root extracts 
followed the protocol of standard GAE, 
except for gallic acid, which was replaced by 
a root extract sample. The concentration of 
TPC in samples was calculated based on the 
standard curve built with GAE. 

( )
( )

Concentration of gallicacid mg mL
TPC

Concentration of extracts g mL
=  

The TPC was calculated as GAE equivalent 
(mg of GAE/g of dry weight of extract). 

Total flavonoid content assay (TFC) 
The TFC in the methanolic extracts of  

P. fruticosa was estimated by the aluminium 
chloride colorimetric method (Phuyal et al., 
2020). 

Preparation of Standard curve of Quercetin 
and TFC quantification 

To prepare the standard curve, 1 mg of 
quercetin powder was dissolved in 1 mL Milli-
Q water and diluted to different concentrations 
(0.18, 0.09,0.045,0.0225 and 0.01125 mg/mL). 
Next, 240 µL of each concentration's solution 
was transferred into an Eppendorf tube, mixed 
with 40 µL of 5% NaNO2 solution, then 
incubated at 27 oC for 6 minutes. After 
incubation, 40 µL of 10% AlCl3 solution was 
added and continuously incubated for  
6 minutes. Thus, 400 µL of NaOH 1M and  
280 µL of ethanol 30% are added 
simultaneously and left for 30 minutes. Finally, 
the absorbance of mixtures was measured at 
510 nm by UV-Vis spectrophotometer 
(SpectraMax® iD5) against the blank solution. 

To quantify the TFC of root extracts, a 
similar procedure as described for quercetin 
solution was followed, except a root extract 
sample replaced quercetin. The TFC values of 
the extracts were calculated using the formula: 

( )
( )

Concentration of quercetin mg mL
TFC

Concentration of extracts g mL
=  

The TFC was calculated as quercetin 
equivalent (mg of quercetin/g of dry weight of 
extract). 

Total saponin content assay 
The total saponin content (TSC) in the 

methanolic extracts of P. fruticosa was 
estimated following the total saponin content 
assay (Khoang et al., 2022) with some 
modifications. 

93 



Le Thi Van Anh et al. 

Preparation of Aescin standard curve and 
TSC quantification 

One mg of aescin powder was dissolved in 
1 mL of methanol and then diluted to different 
concentrations (0.08, 0.04, 0.02, 0.01, and 
0.005 mg/mL). In each concentration, 150 µL 
of the solution was taken to the Eppendorf tube 
and mixed with 600 µL of the reagent mixture 
(mixture of acetic acid and sulfuric acid in 
proportion 1:1). Then, the mixture was vortexed 
and incubated at 60 oC for 30 minutes. The 
absorbance of mixtures was measured at  
527 nm by UV-Vis spectrophotometer 
(SpectraMax® iD5) against the blank solution, 
subsequently plotting the calibration curve. 

The TSC content in root extracts of  
P. fruticosa followed the aescin standard curve 
except that aescin was replaced by a root extract 
solution. The absorbance was measured, and 
the TSC was calculated using the formula: 

( )
( )

Concentration of aescin mg mL
TSC

Concentration of extracts g mL
=  

The TSC was calculated as quercetin 
equivalent (mg of aescin/g of dry weight of 
extract). 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) 
scavenging activity 

In vitro antioxidant activities of the root 
extracts were determined using the DPPH free 
radical scavenging assay, described by Phuyal 
et al. (2020). 

Preparation of ascorbic acid standard curve 
and DPPH activity in root sample 

Two mg of ascorbic acid was dissolved in 
1 mL of Milli-Q water and was diluted in 
various concentrations (0.00625, 0.003125, and 
0.0015625 mg/mL). In each concentration,  
40 µL of solution was taken to add with  
760 µL of DPPH 0.25 mM, then incubated the 
mixture at room temperature for 20 minutes in 
the dark. Thus, the absorbance of the mixture 
was measured at 517 nm by UV-Vis 
spectrophotometer (SpectraMax® iD5) against 
the blank solution. 

Various concentrations of extracts of  
P. fruticosa (2, 1.5, 1, 0.75, and 0.5 mg/mL) 
were prepared by diluting the stock solution of 
extracts with methanol. The procedure described 
for ascorbic acid solution was followed for each 
concentration. The absorbance was measured 
and plot to the calibration curve of the 
percentage of inhibition (I%) to determine the 
IC50 based on the optical density of the control 
(ODC) and the sample (ODS): 

C S

C

OD ODI% 100%
OD
−

= ×  

Antioxidant enzyme activity 
The antioxidant enzyme activity of POD 

and CAT was determined following the 
protocol of Chen & Zhang (2016). 
Preparation of extracts 

One-fifth of the fresh young roots of  
P. fruticosa were collected and ground with a 
mortar and pestle in liquid nitrogen. Three mL 
of 100 mM PBS buffer pH 7.8 was added to 
homogenize the sample, then transferred the 
homogenate into a 15 mL centrifuge tube and 
centrifuged at 4,000 rpm for 20 minutes at  
4 oC. After centrifugation, the supernatant was 
transferred to the new tube and kept on ice. 
The concentration of crude protein (mg/mL) 
was measured using a NanoDrop 2000 
spectrophotometer (Thermo Scientific). 
POD activity assay 

The reaction buffer for 15 reactions was 
prepared by adding 8.4 µL of guaiacol 0.2 % in 
15 mL of PBS 100 mM pH 7.0, then, adding 
5.7 µL of H2O2 30%. For measurement,  
200 µL of PBS 100 mM pH 7.8 and 1 mL of 
reaction solution were added into a cuvette and 
considered blank. To measure the enzyme 
activity of root extract, 200 µL of each crude 
extract and 1 mL reaction solution were into 
the cuvette. Subsequently, the absorbance was 
measured at 470 nm against the blank every  
15 seconds for 1 minute. 
CAT activity assay 

The reaction buffer for 15 reactions was 
prepared by adding 23.25 µL of H2O2 30% in 
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15 mL of PBS 100 mM pH 7.0. For 
measurement, 200 µL of PBS 100 mM pH 7.8 
and 1 mL of reaction solution were added into 
a cuvette and considered blank. The enzyme 
activity of root extract was measured by adding 
200 µL of each crude extract into 1 mL 
reaction solution in the cuvette. Subsequently, 
the absorbance was measured at 240 nm 
against the blank every 15 seconds for  
1 minutes. 

Statistical analysis 
All the experiments were repeated three 

times. The data was presented by means of 

three replications ± standard deviations. The 
difference between parameters was analyzed 
using ANOVA one way and Turkey posthoc 
test to assess the statistical significance of the 
means, with p < 0.05 considered significant. 

RESULTS 

in vitro root culture 
Our previous study confirmed that MS 

supplemented with 2 mg/L NAA strongly 
stimulated root induction from leaves of  
P. fruticose. Therefore, this medium was 
chosen for the following experiments. 

 

 
Figure 1. Morphological changes in roots following a month of elicitor exposure 

 
After four weeks of culture in MS medium 

supplemented with 2 mg/L NAA, roots started 
to be produced from the leaf pieces of P. 
fruticose. Two weeks later, root-induced leaves 
were transferred to another MS medium 
containing both NAA hormone and an elicitor. 
After a month of growing in media with 
elicitors, roots were harvested for investigation. 

We investigated the effects of elicitors at 
different concentrations on in vitro root 

formation: Mannitol (20, 30, 40 50 g/L), YE 
(100, 200, 300, 400, 500 mg/L), and JA (2.5, 5, 
7.5 mM). Root development was measured 
following a month. The root biomass produced 
by the explants was used to determine suitable 
concentrations of elicitors for stimulating root 
growth: Man 30 g/L, YE 100 mg/L, and three 
concentrations of JA at 2.5, 5, and 7.5 mM. 
Consequently, increasing the number of roots 
collected, the quantity of secondary compounds 
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the plant contains, and other activities were the 
goals. 

According to Figure 1, the root biomass 
had developed after a month. Leaf fragments 
in a medium containing NAA only produced 
more calli than roots, although new root 
formation was still observed. However, the 
biomass proliferated with the formation of 
large numbers of long roots in the medium 
containing YE and JA at a concentration of  
5 mM. Roots in a medium treated with Man 
were slowly regenerated and in small 
quantities. 

Total phenolic content 

The TPC was expressed in milligrams of 
Gallic acid equivalent per gram root extract 
(mgGAE/g extract) (Table 1). The baseline 
extract treated with NAA exhibited a TPC 
value of 10.35 ± 0.84 mgGAE/g. Notably, 
introducing Man led to a substantial increase 
in TPC, reaching 17.36 ± 1.85 mgGAE/g (p < 
0.05). Similarly, adding YE resulted in a 
significantly higher TPC value of 18.95 ± 
2.55 mgGAE/g (p < 0.05). Among 
concentrations of JA, NAA + JA 2.5 mM 
exhibited the highest TPC value at 24.31 ± 
2.86 mgGAE/g (p < 0.01). In contrast, the 
wild root extract showed a comparatively 
lower TPC value of 6.35 ± 1.13 mgGAE/g 
than the roots grown in NAA 2 mg/L. 

 
Table 1. TPC values of Polyscias fruticosa root extracts elicited by elicitors 

Extracts TPC values (mgGAE/g extract) 
NAA 10.35 ± 0.84 
NAA + Man 17.36 ± 1.85* 

NAA + YE 18.95 ± 2.55* 

NAA + JA 2.5 24.31 ± 2.86** 

NAA + JA 5 22.56 ± 2.43* 

NAA + JA 7.5 21.49 ± 3.19* 

R_W 6.35 ± 1.13* 

Note: (*, **) indicate the significant difference between treatments and NAA only with p < 0.05 and 0.01, 
respectively. R_W: wildtype roots. 
 
Total flavonoid content 

The TFC in P. fruticosa roots was 
quantified in milligrams of quercetin 
equivalent per gram (mgQE/g extract). Table 2 
elucidates the intricate influence of diverse 
elicitation strategies on the flavonoid 
composition. The baseline extract of NAA-
treated samples exhibited a TFC value of 22.44 
± 0.27 mgQE/g. The addition of Man 
significantly reduced to 13.59 ± 1.30 mgQE/g 
(p < 0.05). Conversely, the combination of 
NAA with YE yielded a TFC value of 18.99 ± 
2.64 mgQE/g, a non-significant difference 
from the TFC produced by roots grown in 
NAA only (p > 0.05). Notably, NAA + JA 2.5 
mM and NAA + JA 7.5 mM demonstrated 
statistically significant increases in TFC (27.65 
± 0.15 mgQE/g and 29.25 ± 0.26 mgQE/g, 
respectively) (p < 0.01), highlighting a positive 

modulation of flavonoid synthesis. 
Furthermore, the wild root extract (R_W) 
exhibited a TFC value of 16.46 ± 0.89 
mgQE/g, which was lower than the baseline. 
Total saponin content 

The TSC in P. fruticosa roots was 
expressed in milligrams of aescin equivalent 
per gram (mgAE/g extract) (Table 3). The 
extract of NAA-treated samples established a 
foundation with a TSC value of 54.08 ±  
2.40 mgAE/g. The treatment with Man showed 
a significant increase in TSC to 73.01 ±  
1.40 mgAE/g (p < 0.05). Meanwhile, the 
combination with YE demonstrated a 
substantial elevation to 123.67 ± 8.56 mgAE/g, 
suggesting a significant positive modulation of 
saponin synthesis. Notably, NAA + JA  
2.5 mM, NAA + JA 5 mM, and NAA + JA  
7.5 mM exhibited statistically significant 
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increases in TSC (167.19 ± 3.29 mgAE/g, 
140.69 ± 1.94 mgAE/g, and 136.90 ±  
0.81 mgAE/g, respectively) (p < 0.05), 
highlighting a dose-dependent positive 

modulation of saponin synthesis. Furthermore, 
the R_W extract displayed a TSC value of 
137.37 ± 2.84 mgAE/g, a significant increase 
compared to the baseline. 

 
Table 2. TFC values of Polyscias fruticos root extracts elicited by elicitors 

Extracts TPC values (mgQE/g extract) 
NAA 22.44 ± 0.27 
NAA + Man 13.59 ± 1.3* 

NAA + YE 18.99 ± 2.64ns 

NAA + JA 2.5 27.65 ± 0.15** 

NAA + JA 5 21.58 ± 0.35ns 

NAA + JA 7.5 29.25 ± 0.26** 

R_W 16.46 ± 0.89* 

Note: (*, **, and ns) indicate the significant difference between treatments and NAA only with p < 0.05, 
0.01, and non-significant difference, respectively. R_W: wildtype roots. 

 
Table 3. TSC values of Polyscias fruticosa root extracts elicited by elicitors. 

Extracts TSC values (mgAE/g extract) 
NAA 54.08 ± 2.4 
NAA + Man 73.02 ± 1.4* 

NAA + YE 123.67 ± 8.56** 

NAA + JA 2.5 167.19 ± 3.29** 

NAA + JA 5 140.69 ± 1.94** 

NAA + JA 7.5 130.9 ± 0.81** 

R_W 137.37 ± 2.84** 

Note: (*, **) indicate the significant difference between treatments and NAA only with p<0.05 and 0.01, 
respectively. R_W: wildtype roots. 
 
Antioxidant enzyme activities 

The activity of the enzyme in the P. 
fruticosa root extracts was measured and 
shown in Figure 2. The results showed that the 
measured POD activity in the control sample 
was approximately 17.85 ± 5.05 U/mg protein. 
Treatment with Man and YE showed a 
remarkable increase in POD activity to 65.385 
± 3.846 and 64.397 ± 3.140 U/mg (p < 0.01), 
respectively. Meanwhile, there was a slight 
increase in the POD activity in the roots treated 
with JA. As the concentration of JA increased, 
the measured POD activities were 24 ± 6.788, 
24.826 ± 1.848, and 23.468 ± 3.688 U/mg, 
which did not show the dose-dependent 
between studied JA concentration and POD 
activity. The sample of R_W displayed a 
significant rise with 85.53 ± 6.847 U/mg. 

As a reference, the baseline’s measured 
CAT activity was roughly 2.261 ±  
0.246 U/mg in roots grown in an MS medium 
containing only NAA. There was a significant 
rise to 7.772 ± 0.314 U/mg (p < 0.01) when 
YE was introduced. Adding Man did not 
significantly decrease CAT activity, which 
was 1.923 ± 0.544 U/mg. The enzyme activity 
was not affected by the concentration of JA, 
and it was highly boosted to 8.532 ±  
0.389 (JA 2.5 mM), 8.737 ± 1.002  
(JA 5 mM), and 8.866 ± 0.738 U/mg  
(JA 7.5 mM) in roots elicited by JAs. The 
CAT activity in R_W, which was 20.656 ± 
0.913 U/mg, was significantly higher than the 
roots grown in MS medium containing only 
NAA (p < 0.05). 
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Figure 2. Peroxidase (left) and catalase (right) activities of Polyscias fruticosa root elicited  

by elicitors. (*, **) indicate the significant difference between treatments and NAA  
only with p < 0.05 and 0.01, respectively 

 
DPPH scavenge activity 

The assessment of DPPH scavenges 
activity, measured through IC50 values in 
milligrams per milliliter (mg/mL), shown in 
Figure 3, sheds light on the efficacy of diverse 
elicitation strategies in P. fruticosa extracts. As 
a positive control, ascorbic acid demonstrated 
robust antioxidant potential with an 
impressively low IC50 value of 0.005 mg/mL 
(Fig. 3). In comparison, the extract of NAA-
treated samples exhibited a moderate IC50 value 
of 1.28 mg/mL, as a reference. The addition of 

Man increased the IC50 to 1.39 mg/mL. 
Conversely, the YE treatment yielded a 
noteworthy decrease in the IC50 to 0.89 mg/mL. 
Concentrations of JA (2.5, 5, 7.5 mM) in 
conjunction with NAA demonstrated the IC50 
values of 1.065, 1.004, and 1.08 mg/mL, 
respectively, which did not indicate the 
correlation between studied JA concentration 
and DPPH activity. In contrast, the wild root 
extract (R_W) displayed a higher IC50 value of 
2.66 mg/mL, indicative of comparatively lower 
DPPH antioxidant activity. 

 

 
Figure 3. DPPH scavenge activity of root extracts elicited by elicitors. *** indicates the 

significant difference between treatments and NAA only with p < 0.001 
 

Correlation between values obtained 

The correlation study presented in Table 4 
provides valuable insights into the 

relationships among different assays 
conducted on P. fruticosa root extract. 
Notably, TPC and TFC exhibited a positive 
correlation of r = 0.53, indicating a 
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simultaneous increase in phenolic and 
flavonoid compounds. However, the TPC and 
IC50 value showed a remarkably negative 
correlation of r = -0.825. Surprisingly, despite 
this negative correlation, the lower the IC50 
value, the higher the antioxidant activity, 
suggesting a positive correlation between TPC 
and DPPH scavenging activity. 

On the other hand, TFC and POD activity 
displayed a substantial negative correlation 
of r = -0.794. This implied that as the 
flavonoid content increased, the POD 
activity decreased. The correlations between 
IC50 and both enzymes revealed exciting 

dynamics. Although IC50 showed a positive 
correlation with r values of approximately 
0.6, indicating a potential increase in 
antioxidant activity, the actual radical 
scavenging and enzyme activities displayed 
an inverse relationship. 

Furthermore, TSC exhibited a high 
positive correlation with CAT activity, 
suggesting a potential link between TSC and 
catalase activity. The results of other assays 
exhibited moderate correlations with lower r 
values, highlighting the complex interactions 
within the chemical composition and 
antioxidant properties of the sample. 

 
Table 4. The correlation between values obtained 

 TPC TFC TSC IC50 POD CAT 
TPC 1      
TFC 0.530701 1     
TSC 0.484951 0.462225 1    
IC50 -0.82468 -0.50201 -0.12361 1   
POD -0.51885 -0.79433 -0.02639 0.629969 1  
CAT -0.35704 -0.04861 0.625613 0.613259 0.492034 1 

 
DISCUSSION 

Overall, the present results demonstrated 
that YE and JA exhibited the best results among 
all elicitors. The results of P. fruticosa treated 
with JA show greater comprehensiveness. JA 
shows a comprehensive development in the 
overall indexes, while YE shows an increase in 
antioxidant enzyme POD activity, more notably 
the DPPH value. With the lowest IC50 value 
compared to other samples, the YE treatment 
exhibits strong antioxidant activity. Elicitors 
trigger defensive responses of plants, enhancing 
the secondary metabolite accumulation (Halder 
et al., 2019). 

Although P. fruticosa treated with YE 
presents the highest antioxidant enzyme POD 
activity among all, its TPC and TFC are lower 
than that of JA treatment. One theory is that 
YE promotes the synthesis of other chemicals 
that enhance plants’ antioxidant activity rather 
than phenolic and flavonoid molecules; for 
example, it increases the POD and CAT 
antioxidant activity (Rarison et al., 2023). In 

this research, both enzymes exhibit substantial 
activity with YE treatment, particularly POD, 
with a result that is three times greater than 
the control sample, leading to a higher 
antioxidant activity. The studies conducted by 
Woch et al. (2023) showed that the 
application of JA, and salicylic acid, to 
Givotia moluccana (L.), resulted in increased 
levels of POD and CAT enzymes compared to 
the control group. In addition, the age of 
plants can also influence the concentration of 
enzymes, and the relationship is complex and 
dependent on the particular enzyme and plant 
species. The investigation conducted on the 
leaves of Ragi has demonstrated that the 
levels of specific enzymes, including catalase, 
may escalate as the plant ages. Moreover, our 
investigation demonstrated that the correlation 
between POD and CAT was negative, which 
was consistent with the research of K.B. 
Kumar (Kumar & Khan, 1983). 

TPC and TFC function as antioxidants by 
reacting with free radicals via hydrogen atom 
transfer, electron transfer, etc. (Zeb, 2020). In 
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our research, generally, roots treated with 
elicitors increased TPC and TFC to neutralize 
any toxic effect caused by elicitors. This 
phenomenon has been observed in diverse 
plants under stress conditions (Kumar et al., 
2023). The same results were also obtained in 
the research of (Nguyen et al., 2020), on  
P. fruticosa, regarding the direct correlation 
between the antioxidant activity of the plant 
and its phenolic and flavonoid content. In the 
experiments of Marjia et al. (1999), they 
proved that plants that a TPC value of more 
than 20 µgGAE/mg, were generally 
considered to have strong antioxidant activity. 
Interestingly, in our study, TPC produced by 
roots treated with JA was higher than  
20 µgGAE/mg. 

The total saponin content obtained by 
treating JA at a concentration of 2.5 mM is the 
most notable value. Moreover, compared to 
wildtype P. fruticosa grown for an extended 
period, roots treated with JA for three weeks 
had a higher concentration of saponin. 
Therefore, using JA as an elicitor is a strategy 
not only to increase saponin content but also 
to reduce the culturing time. In addition, JA 
treatment was found to increase the secondary 
metabolites, including phenolic and flavonoid, 
better than those other elicitors. Our results 
demonstrate a resemblance in TSC to the 
findings of Le et al. (2022). While in the study 
of Le et al. (2022), the TSC of P. fruticosa 
was around 41.24 mg/g, our research 
demonstrates a somewhat higher result of 
54.08 mg/g for the control sample. Except for 
Man administration, which only slightly 
enhanced the TSC in the plants, the remaining 
samples exhibit a significantly greater TSC 
concentration. The average amount of TSC 
produced from plants treated with YE and JA 
is nearly threefold more than that produced by 
control plants. Therefore, our results strongly 
demonstrated a very promising method to 
increase highly valuable TSC by using 
elicitors, which could be applied in 
therapeutic applications. 

Regarding DPPH scavenge activity, the 
study of Mai et al. (2017) affirmed the 
reliability of our research since their DPPH 

results and our results show some similarity. 
The IC50 of P. fruticosa was found to be 
2,110.08 µg/mL in Mai’s study, whereas it 
was 2,089.94 µg/mL for the wild type of  
P. fruticosa in our investigation. Given that 
Jumina et al. (2019) indicated that antioxidant 
activity was weak at IC50 greater than  
150 µg/mL, it is possible to draw the 
conclusion from these data that this plant 
exhibits poor antioxidant activity. However, 
the study by Nguyen et al. (2020) on  
P. fruticosa demonstrated the opposite effect. 
In this experiment, the IC50 value fell around 
96,14 µg/mL, ten times smaller than our IC50 
results. The reasons contributing to this 
phenomenon could be the difference between 
culture conditions, source of plant harvest, 
extraction solvent (ethanol instead of 
methanol), extraction time, etc. 

CONCLUSION 
In this research, the metabolites produced 

by P. fruticosa showed minimal reaction to 
Man, in contrast to the elicitors JA and YE, 
which exhibited some considerable responses. 
Overall, Man does stimulate secondary 
metabolites and enzymes in P. fruticosa. 
However, JA and YE proved to be more 
effective. The application of YE considerably 
increased the antioxidant activity of the plant, 
while JA treatment significantly elevated the 
production of almost all the secondary 
compounds, remarkably saponin content. Our 
results also confirmed the positive correlation 
between the TPC and TFC with antioxidant 
activity. In summary, the experiment affirmed 
that elicitation is a potential tool for 
influencing plants’ antioxidant activity, 
secondary metabolites, and antioxidant 
enzymatic activity. This investigation unfolds 
perspectives for further exploration into the 
specific compounds synthesized under 
different elicitor treatments, exploring the 
diverse chemical responses induced by 
various elicitors. Further studies could also 
delve into the molecular mechanisms 
triggered by elicitors to elucidate the 
signalling pathways involved in secondary 
metabolite enhancement. 
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