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Abstract: The application of elicitors has been shown to enhance the biological activities of crops and medicinal plants by
modulating their phytochemical content. This study evaluated the effect of methyl jasmonate elicitation on the biological
activities of Portulaca oleracea. Antioxidant activity of methanol and aqueous extracts from methyl jasmonate-elicited and
non-elicited plants was assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP), and
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays. Antibacterial activity was evaluated against Bacillus
cereus, Serratia marcescens, Escherichia coli, and Staphylococcus aureus using the well-diffusion method. Toxicity was tested
using the brine shrimp lethality assay. The methyl jasmonate-elicited methanol extract showed the highest antioxidant
activity with half maximal inhibitory concentration (IC, ) values of 1556.52+30.81 pug/mL (DPPH), 3353.33+29.83 ug/mL
(ABTS), and ferric reducing power of 273.24+3.49 mg ferrous (II)/g dry extract. Only methyl jasmonate-elicited methanol
and aqueous extract inhibited the growth of Serratia marcescens, with inhibition zones of 15.1+0.06 mm and 11+0.06 mm,
respectively. No inhibition was observed against the other tested bacteria. Toxicity results confirmed the non-toxic nature
of all extracts, with median lethal concentration (LC, ) values >1000 pg/mL. Overall, methyl jasmonate elicitation enhanced
the antioxidant and selective antibacterial activity of P. oleracea.
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INTRODUCTION wounds, and sores [6]. Coumarin, flavonoids, and
saponins have been reported as phytochemicals in P,
oleracea [7]. It has also been documented to contain
various bioactive compounds with biological activities
including antioxidant, anti-osteoporotic, anticancer,
anti-inﬂammatory, antiasthmatic, neuroprotective,

hepatoprotective, antimicrobial, gastroprotective,

Purslane (Portulaca oleracea L.) is an underutilized leafy
vegetable from the Portulacaceae family. It is widely
distributed in the tropical and subtropical areas of the
world. In many countries, P. oleracea is well known for
its use in folk medicine [1]. P. oleracea is recognized

for its nutritional value, primarily due to its high con-
tent of omega-3 fatty acids and antioxidants. [2]. In
the Mediterranean and tropical Asian countries, the
edible parts (leaves and purplish stems) of P. oleracea
are added to soups and salads [3]. According to the
World Health Organization, this plant is considered a
“global panacea’, signifying a cure for all diseases [4].
It is used in herbal medicine as an aperient, cardiac
tonic, muscle relaxant, anti-inflammatory, and diu-
retic [5]. Traditionally, it has been used to treat fever,
abscesses, urinary disorders, headaches, piles, scurvy,

© 2025 by the authors

muscle relaxant, and renoprotective effects [8].

Elicitation is the activation of natural plant defense
mechanisms in response to biotic or abiotic elicitors
[9]. The application of elicitors has been reported to
enhance health-promoting properties in plants by
inducing and modulating beneficial secondary me-
tabolites [10], as well as improving growth and yield
[11] and visual characteristics [12]. Methyl jasmonate
(MeJA), a widely used elicitor, is an endogenous and
lipid-derived plant hormone. The use of phytohormones
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such as MeJa as elicitors has gained importance in recent
years as an eco-friendly practice, since it is non-toxic
and classified as a generally recognized as safe (GRAS)
compound [13]. Previous studies have reported that
the application of MeJa significantly enhanced the
active constituents in Salvia verticillata [14], Curcuma
wenyujin [15], Solanum lycopersicum [16], and Lycoris
longituba [17]. Moreover, MeJA-induced increases in
phytochemical levels have been reported to enhance
free radical scavenging in broccoli [18], anticancer
activity in hairy root cultures of Senna obtusifolia
[19], and antidiabetic and antiseptic effects of essential
oil from Ocimum basilicum [20]. Previously, we had
reported that the application of MeJa improved the
growth performance and production of antioxidant
metabolites in P, oleracea, thereby modulating reactive
oxygen species (ROS) generation [21].

P. oleracea exhibits strong antioxidant activity
comparable to synthetic antioxidants, with high levels
of phenolics and beneficial fatty acids [22]. Both water
and ethanol extracts of P. oleracea demonstrate signifi-
cant antioxidant and antimicrobial properties against
various pathogens, including Helicobacter pylori and
Staphylococcus aureus [23]. Methanolic and ethanolic
extracts of P. oleracea leaves show particularly potent
antibacterial activity against multiple drug-resistant
(MDR) clinical isolates, with the highest inhibition
observed against Escherichia coli and Staphylococcus
aureus[24]. Phytochemical analysis reveals the presence
of various bioactive compounds in P, oleracea, including
saponins, alkaloids, flavonoids, and phenolics, which
likely contribute to its medicinal properties [24].

Previous studies have suggested that the application
of various elicitors, such as salicylic acid [25], sodium
chloride [26], and heat [27], as well as MeJa [21, 28],
positively influences the levels of phytochemicals in
P, oleracea. However, few studies have investigated the
influence of elicitation on the biological activity of P
oleracea. Our previous study [21] observed differ-
ences in the metabolite composition of MeJA-elicited
versus non-elicited P, oleracea extracts, suggesting that
MeJA elicitation may influence bioactivity. Therefore,
the present study aimed to evaluate whether MeJA
elicitation enhances antioxidant and antibacterial
activities in P. oleracea and to assess the toxicity of
MeJA-treated extracts.
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MATERIALS AND METHODS
Ethics statements

This study did not involve humans or vertebrate ani-
mals. The brine shrimp lethality assay was conducted
using Artemia salina nauplii, an invertebrate model
not requiring ethical approval.

Plant growth and elicitor treatment

The plant growth conditions and foliar treatment of
MeJa (Sigma, USA) in P, oleracea were outlined in our
previous manuscript [21]. P. oleracea seeds were sown
in trays, and 14-day-old seedlings were transplanted
into 300-mL pots filled with commercial potting mix
(one plant per pot). Plants were watered regularly. On
the 35™ day after sowing (DAS), seedlings were treated
with foliar sprays of MeJa prepared in 0.1% ethanol
containing 0.05% Tween 20 at concentrations of 0.1-1.0
mM. Plants were harvested on 60 DAS and stored at
-80°C. In this study, non-elicited P. oleracea (control,
0.0 mM) plants and P. oleracea plants elicited with
0.4 mM MeJa (the optimal concentration) were used.

Aqueous extraction

Aerial tissues from 50 plants per treatment were pooled
and cut into pieces to homogenize the composite. Due
to the limited dry extract yield per plant, pooling was
necessary to ensure sufficient sample quantity and
reduce variability between plants. From this com-
posite, 20 g of fresh foliage from 0.0 mM and 0.4 mM
MeJa-elicited plants were taken and heated at 80°C
in 500 mL of distilled water for 1 h. The decoctions
were then filtered, and the filtrates were subjected
to freeze-drying. The freeze-dried powder of the P
oleracea aqueous extracts, designated as 0.0Ags (from
0.0 mM MeJa/control plants) and 0.4Ags (from 0.4
mM MeJa treated plants), was then stored at -80°C
[29]. All biochemical assays were performed in three
technical replicates for each pooled extract.

Methanol extraction
Aerial tissues from 50 plants per treatment were pooled

to obtain a composite sample. Due to the limited dry
extract yield per plant, pooling was necessary to ensure
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sufficient sample quantity and reduce variability be-
tween plants. The pooled material was freeze-dried
for 4 days at -50°C and was then ground finely into
a powder form. The powder from non-elicited (0.0
mM MeJa) and elicited (0.4 mM Me]Ja) plants was
immersed in methanol at 1:30 (w/v) for 48 h at 4°C.
The sample mixture was then filtered, and the filtrates
were subjected to rotary evaporation at 40°C to yield
the dry P. oleracea methanol extract. The resulting
dry extracts (DE), designated as 0.0Meth (from 0.0
mM MeJa/control plants) and 0.4Meth (from 0.4 mM
MeJa treated plants), were stored at -80°C [21]. All
biochemical assays were performed in three technical
replicates for each pooled extract.

DPPH free radical scavenging activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging activity of P. oleracea extracts was ana-
lyzed according to the standard procedure [30]. The
methanolic extract was dissolved in absolute methanol,
and the aqueous extract in distilled water, to prepare
working solutions ranging from 1.0 to 6.0 mg/mL.
Into each well of a 96-well plate, 150 uL. of DPPH
reagent (0.3 mM) and 50 pL of the extract solutions
were mixed and incubated at room temperature for
30 min. The absorbance was read at 515 nm. A graph
of the percentage of inhibition against concentration
was constructed to obtain IC, from the fitted linear
curve. Ascorbic acid served as a comparative standard.

ABTS radical scavenging activity

The ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) assay was carried out as described previ-
ously [31], with slight modifications. The methanolic
extract was dissolved in absolute methanol, and the
aqueous extract in distilled water to prepare working
solutions ranging from 0.2-1.0 mg/mL. Into each well
of a 96-well plate, 200 pL ABTS solution and 20 pL of
the extract solutions were mixed and incubated for 30
min at room temperature. The absorbance was read
at 734 nm. A graph of the percentage of inhibition
against the concentration was plotted to obtain IC,|
from the fitted linear curve. Ascorbic acid served as
a comparative standard.
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Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was carried out following previ-
ous procedures [32], with slight modifications. The
methanolic extract was dissolved in absolute methanol,
and the aqueous extract in distilled water, to prepare
working solutions at 0.6 mg/mL. Into each well of a
96-well plate, 180 puL of FRAP reagent and 20 pL of
the extract solutions were mixed and incubated for 30
min at room temperature. The absorbance was read at
595 nm, and FRAP activity was expressed as ferrous
equivalent (mg Fe (II)/g DE). Ascorbic acid served as
a comparative standard.

Screening of extracts for antibacterial property

The bacteria examined in this investigation included
Bacillus cereus, Escherichia coli, Staphylococcus aureus,
and Serratia marcescens. The bacterial strains were
sourced from the Microbiology Department, Institute of
Biological Sciences, Universiti Malaya, Kuala Lumpur,
Malaysia. The antibacterial properties of P. oleracea
extract were evaluated using the well-diffusion method.
The methanolic extract was dissolved in absolute
methanol, and the aqueous extract in sterile distilled
water, to prepare working solutions at 60, 100, and
500 mg/mL. Precultures of S. aureus, B. cereus, E. coli,
and S. marcescens were spread onto Mueller-Hinton
agar (MHA) plates using a sterile cotton swab. Then,
tive wells with a 6-mm diameter were created using a
sterile cork borer. Into each well, 100 pL of the extracts
was added. Ciprofloxacin (5 ug/mL) was used as the
positive control. After 24 h of incubation, the diameter
of the inhibition zone was recorded.

Artemia salina (brine shrimp) toxicity assay

The toxicity of P. oleracea extract was evaluated using
brine shrimp larvae as a bioassay model. The brine
shrimp eggs were hatched by incubating the eggs in
simulated seawater for 48 h at room temperature with
constant aeration and irradiation of light. The simulated
seawater was prepared by dissolving 19 g of NaCl salt
in 500 mL of distilled water. After 48 h, active brine
shrimp were transferred to 6-well plates using a micro-
scope and paintbrush, with 10 shrimp placed in each
well containing artificial seawater. Methanolic extracts
were dissolved in 1% dimethyl sulfoxide (DMSO) to
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prepare concentrations of 10, 100, 250, 500, Table 1. Antioxidant potential of MeJa-treated P. oleracea extracts

750, and 1000 pg/mL; 1% DMSO is widely ABTS DPPH FRAP

used as a safe solvent in brine shrimp le- Extract (IC,, pg/mL) (IC,, pg/mL) | (Fe (II) mg/ g DE)

thality assays [33]. Aqueous extracts were 0.0Meth 1662.83+7.49° 3551.50+58.79" 212.93+1.32¢

directly dissolved in seawater at the same 0.4Meth 1556.52+30.81° | 3353.33+29.83" 273.24+3.49"

concentration range. The numbers of live | 0-0Ags 4694.67+212.10° | 10961.02+389.89° | 88.80+7.15¢

and dead shrimp were recorded at 24 and 0.4Aqs 3715.87+131.71¢ | 7516.60+216.25¢ 130.18+10.32¢
Ascorbic acid 48.92+2.01° 37.36+0.25* 6337.99+37.60*

48 h post-incubation. Shrimp observation
and counting were performed using a light

@ - Data are reported as mean valueststandard error (n=3). * - Means bearing identical
letters within each group are not significantly different (P<0.05); - 0.0Meth-non-elicited

minOSCOPe, with POtaSSium dichromate as P, oleracea (methanol extracts); 0.4Meth — 0.4 mM of MeJa-elicited P. oleracea (methanol
the positive control. The mortality percent- extracts); 0.0Aqs-non-elicited P. oleracea (aqueous extracts); 0.4Ags-0.4 mM of MeJa-

age of brine shrimp was estimated using
the following equation:

) Nc — NI
% mortality = “Ne x 100

where Nc=total number of shrimps used in each well,
and Nl=number of living shrimps in each well. The
lethality concentration of 50% (LC, ) was determined
following the probit analysis using SPSS.

Statistical analysis

Data from all assays, performed in triplicate per treat-
ment, were analyzed using IBM SPSS Statistics Version
26 (IBM Corporation, Armonk, NY, USA). Mean dif-
ferences were evaluated by one-way ANOVA followed
by Duncan’s multiple range test (DMRT). Principal
component analysis (PCA) was conducted in R to
assess relationships among measured parameters,
incorporating previously published enzymatic and
non-enzymatic antioxidant data [21] alongside cur-
rent results.

RESULTS

Antioxidant potential of P. oleracea extracts
(ABTS, DPPH, and FRAP assays)

The free radical scavenging properties and reducing
potential of P. oleracea extracts were evaluated. As
shown in Table 1, the 0.4Meth extract demonstrated the
highest DPPH free radical scavenging activity (lowest
ICso = 1556.52+30.81 pg/mL), ABTS scavenging activity
(lowest ICso = 3353.33£29.83 pg/mL), and ferric reduc-
ing power (273.24+3.49 mg Fe**/g DE) compared with
the 0.0Meth extract. However, no significant difference

elicited P. oleracea (aqueous extracts).

was observed in the ABTS and DPPH free radical scav-
enging activity between 0.4Meth extracts and 0.0Meth
extracts. A significant increase in the ferric-reducing
power of 0.4Meth extracts was observed compared
to 0.0Meth extracts. Similarly, 0.4Aqs extracts also
exhibited the highest DPPH free radical scavenging
activity (IC, =7516.60+216.25 pg/mL), ABTS free radi-
cal scavenging activity (IC, =3715.87+131.71 pg/mL),
and ferric reducing power (130.18+10.32 Fe (II) mg/
g DE) compared to the 0.0Aqs extracts. A significant
increase in ABTS and DPPH scavenging activity was
observed in 0.4Ags extracts compared with 0.0Aqs
extracts, whereas ferric-reducing power showed no
significant difference. Methanol extracts of P. oleracea
exhibited significantly higher antioxidant activity than
aqueous extracts. All extracts displayed significantly
lower antioxidant potential than the positive control
(ascorbic acid).

Antibacterial activity of P. oleracea extracts

The antibacterial properties of P. oleracea extracts were
tested against four bacterial species. Extract efficacy
was quantified by measuring the diameter of the in-
hibition zones. The results of the antibacterial activity
are summarized in Table 2 and Fig. 1. None of the P,
oleracea extracts at 60, 100, or 500 mg/mL inhibited
the tested bacteria, except for 0.4Meth and 0.4Aqs
extracts at 500 mg/mL, which inhibited S. marcescens
with zones of 15.10+0.06 mm and 11.00+0.06 mm,
respectively. Clear inhibition zones were observed in
wells containing the standard antibiotic ciprofloxacin
(5 ug/mL) against all tested bacteria.
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Table 2. Antibacterial activity of MeJa-treated P. oleracea extracts

Diameter of the inhibition zone . .
Bacteria Extracts Concentration of extracts (mg/ mL) I;(:)Isll,tl(‘;e:go;:;i‘;l I\(Iif:ttlll‘/'if;;ztg)ﬂ
60 100 500
Escherichia coli 0.0Meth ND ND ND 38.00+0.06 ND
0.4Meth ND ND ND
0.0Aqgs ND ND ND 39.00+0.06 ND
0.4Aqs ND ND ND
Serratia 0.0Meth ND ND ND 25.93+0.07 ND
marcescens 0.4Meth ND ND 15.10+0.06
0.0Aqs ND ND ND 28.07+0.07 ND
0.4Aqs ND ND 11.00£0.06
Bacillus cereus 0.0Meth ND ND ND 33.10+0.06 ND
0.4Meth ND ND ND
0.0Ags ND ND ND 33.17%£0.09 ND
0.4Aqs ND ND ND
Staphylococcus 0.0Meth ND ND ND 24.97+0.03 ND
aureus 0.4Meth ND ND ND
0.0Ags ND ND ND 26.07+0.07 ND
0.4Aqs ND ND ND

Data reported as mean values+standard error (n=3). ND - Not detected; CIP - ciprofloxacin (positive control), sdH,O - sterile distilled water (nega-
tive control), Meth — methanol (negative control); 0.0Meth — non-elicited P. oleracea (methanol extracts), 0.4Meth — 0.4 mM of MeJa-elicited P. oleracea
(methanol extracts), 0.0Ags — non-elicited P. oleracea (aqueous extracts), and 0.4Aqs —0.4 mM of MeJa-elicited P. oleracea (aqueous extracts).

Fig. 1. Antibacterial activity of P. oleracea at various concentrations (60, 100, and 500 mg/mL). (A, B - E. coli), (C, D - S. marcescens),
(E, F - B. cereus), and (G, H - S. aureus).
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Table 3. Mortality percentage and LC, | of methanol and aqueous P. oleracea extract

Arch Biol Sci. 2025;77(4):313-322

mL for all extracts. After 48 h, the highest

After 24 h After 48 h concentration (1000 pg/mL) of all extracts
Extract Concentration % LC % LC caused only slight mortality (10-13%),
(ug/mL) mortality (pg/r::L) mortality (pg/I::L) while all other concentrations showed 0%
0.0Meth 1000 0 >1000 | 10£5.77 | >1000 mortality. As mortality was below 50%,
750 0 0 the LCs, of all extracts remained >1000
500 0 0 tg/mL. Brine shrimp mortality increased
250 0 0 with rising concentrations of potassium
100 0 0 dichromate after 24 and 48 h of incuba-
10 0 0 tion. The LCso was 63.36%2.69 pg/mL
0 0 0 at 24 h and 26.86+0.56 ug/mL at 48 h.
0.4Meth 1000 0 >1000 13.33+3.33 >1000
Z(S)g g g Relationships between MeJa
250 0 0 elicitation and antioxidant status in
100 0 0 P. oleracea
10 0 0
0 0 0 A multivariate analysis (PCA) was con-
0.0Aqgs 1000 0 >1000 10+0.0 >1000 ducted to analyze the relationships be-
750 0 0 tween MeJa elicitation with antioxidant
500 0 0 metabolites and enzymes, and the anti-
250 0 0 oxidant activity in P. oleracea (Fig. 2).
100 0 0 Previously reported antioxidant metabo-
10 0 0 lite and enzyme data [21] were included
0 0 0 . . . .
04Ags 1000 o 1000 10£0.0 1000 in this analysis. The scree plot (Flg. 2A)
250 0 0 illustrates the proportion of variance
500 0 0 explained by each principal component.
250 0 0 The first principal component (PC1) ac-
100 0 0 counted for 73.6% of the total variance
10 0 0 and PC2 for 19.8%, together explaining
0 0 0 93.4% of the dataset variability. As dis-
Potassium 100 60+0.0 | 63.36+2.69 | 100+0.0 | 26.86+0.56 cerned in the individual PCA plots (Flg
dichromate 75 50+0.0 100+0.0 2B), 0.0Meth and 0.0Aqs were separated
>0 46.67+3.33 100+3.33 from those elicited with MeJa (0.4Meth
25 36671333 36671333 and 0.4Aqs). Along dimension 1, 0.0Aqs
110 gig:g 6'(?;3%0 an<'1 0.0Meth exhibited negat.iv.e score§,
o 0£0.0 0£0.0 while 0.4Ags and 0.4Meth exhibited posi-

Data reported as mean valueststandard error (n=3). 0.0Meth - non-elicited P. ol-
eracea (methanol extracts); 0.4Meth —0.4 mM of MeJa-elicited P. oleracea (methanol
extracts); 0.0Ags — non-elicited P, oleracea (aqueous extracts); 0.4Aqs - 0.4 mM

of MeJa-elicited P. oleracea (aqueous extracts).

Toxicity of P. oleracea extracts

The toxicity of the P. oleracea extracts was tested against
brine shrimp larvae. After 24 h of incubation, all shrimp
remained alive in wells containing any of the six con-
centrations of 0.0Meth, 0.4Meth, 0.0Aqs, and 0.4Aqs
extracts (Table 3), indicating LCs, values >1000 pg/

tive scores. Among dimension 1, vari-
ables such as SOD (superoxide dismutase
activity), CAT (catalase activity), TPC
(total phenolic content), TFC (total fla-
vonoid content), TAC (total anthocyanin
content), TChl (total chlorophyll), CAR
(total carotenoid), and FRAP were positively loaded
(Fig. 2C), while AsA (ascorbic acid), proline, DPPH,
and ABTS were negatively loaded The PCA biplot (Fig.
2C) shows that MeJA elicitation increased antioxidant
metabolites and enzyme levels (TPC, TFC, TAC, TChl,
CAR, SOD, CAT) and enhanced antioxidant activity
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Fig. 2. PCA analysis. A - Scree plot, B - individual PCAs, C - PCA-Biplot, D - heat map showing relationship between the enzymatic and
non-enzymatic antioxidants, and antioxidant activities of MeJa-elicited P. oleracea extracts. 0.0Meth — non-elicited P. oleracea (methanol
extracts); 0.4Meth - 0.4 mM of MeJa-elicited P. oleracea (methanol extracts); 0.0Aqs - non-elicited P. oleracea (aqueous extracts); 0.4Ags

- 0.4 mM of MeJa-elicited P. oleracea (aqueous extracts).

(FRAP, DPPH, ABTYS) in P. oleracea extracts. These
results align with the heat map analysis (Fig. 2D) and
are consistent with the ANOVA findings (Table 1).

DISCUSSION

The results of this study support the antioxidant activity
of P, oleracea, consistent with previous scientific reports
[34,35]. Furthermore, MeJa-elicitation enhances the
antioxidant activity of P. oleracea extract, as observed
in the decrease in IC,  values and increase in ferric re-
ducing power of 0.4Meth and 0.4Ags in comparison to
0.0Meth and 0.0Ags. The increased antioxidant activity
in response to elicitor supplementation is mainly due
to the improved production of enzymatic and non-
enzymatic antioxidants [36,37]. Similar enhancements
of antioxidant activity in response to MeJA have been
reported in several plant species, including pak choi
with increased chlorophyll and glucosinolate contents
[38], Chinese chives with elevated phenolic levels
[39], callus cultures of Hibiscus sabdariffa with higher
phenolic, flavonoid, and anthocyanin contents [40],
and callus cultures of Bergenia ciliata with increased
phenolic and flavonoid contents and higher activities of

enzymatic antioxidants such as superoxide dismutase,
peroxidase, catalase, and ascorbate peroxidase [41].
Given that elicitors can enhance and induce various
secondary metabolites in plants, the antibacterial
activity of non-elicited and MeJA-elicited P. oleracea
extracts was compared. In this study, 0.0Meth and
0.0Ags extracts showed no antibacterial activity against
any tested bacteria, contradicting previous reports of P.
oleracea antibacterial effects [8]. However, consistent
with the current findings, Truc and Bui [42] reported
that 50 uL of P. oleracea methanol extract failed to in-
hibit E. coli and B. cereus, and El-Sayed and Awad [43]
found that 150 mg/mL of ethanol, hot water, and cold
water leaf extracts (100-300 uL) showed no antibacte-
rial activity against S. aureus and E. coli.

The primary factor affecting differences in P. olera-
cea antibacterial activity is the variation in its biochemi-
cal composition [44]. The biochemical composition of
P, oleracea extracts can be affected by factors including
the extraction solvent [45], extraction method [46],
extract purity (crude versus isolated compounds) [47],
plant part tested [48], and growth conditions [49]. In
this study, MeJA elicitation increased antibacterial ac-
tivity only against S. marcescens, with no effect on the
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other tested bacterial strains. This study supports the
role of MeJa in enhancing the antibacterial activity of
P, oleracea against S. marcescens. Previously, we identi-
fied active compounds such as bergenin, fumaric acid,
apigenin, and aconitic acid in MeJa-elicited P. oleracea
extract [21], which may contribute to its antibacterial
properties against S. marcescens.

Similarly, jasmonic acid-treated hairy root cultures
of Momordica charantia significantly inhibited S. aureus,
B. subtilis, P. aeruginosa, and E. coli compared with
non-elicited cultures [50]. Ztotek and Rybczynska-
Tkaczyk [20] reported that essential oil from jasmonic
acid-elicited Ocimum basilicum exhibited the highest
antibacterial activity against S. aureus and E. coli.
Comparable results were observed in jasmonic acid-
elicited extracts of Acalypha indica, which strongly
inhibited P, vulgaris, E. coli, S. typhi, and P. aeruginosa
relative to untreated extracts [51].

The brine shrimp lethality assay has been widely
used as a preliminary screening approach to study
the toxicity [52]. The toxicity screening of various
traditional medicinal plant species has been reported
following the brine shrimp lethality assay [53,54].
According to Meyer’s toxicity scale, crude extracts
with LC, <1000 pg/mL and LC,>1000 pg/mL are
considered toxic and non-toxic, respectively [55]. Since
the LC,_, of all P. oleracea extracts were >1000 pg/mL
following 24 and 48 h of incubation, the P. oleracea
extract, regardless of whether they were MeJa-elicited
or non-elicited, was non-toxic.

CONCLUSION

Me]JA elicitation of P. oleracea enhanced antioxidant
activity and antibacterial activity against S. marcescens,
likely through upregulation of bioactive secondary
metabolites. These results indicate that elicitor treat-
ment can effectively improve plant extract bioactivity,
supporting the potential use of P. oleracea extracts in
pharmaceutical, nutraceutical, and cosmetic applica-
tions as functional, health-promoting products.
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