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A B S T R A C T

The methanolic and ethanolic Piper betle L. (PB) extracts (PBM and PBE, respectively) yielded 14.14 % and 8.23 
%, respectively. The phytochemicals in the PB extract were alkaloids, flavonoids, coumarins, tannins, terpenoids, 
cardiac glycosides, and saponins, whereas steroids and pholbatannins were obtained from Piper retrofractum (PR) 
and Glycosmis pentaphylla (GP) extracts, and anthaquinones were found only in the GP extract. Furthermore, only 
the PB extract exhibited antibacterial activities against Vibrio parahaemolyticus, Staphylococcus aureus, Escherichia 
coli, Bacillus cereus, and Pseudomonas aeruginosa with minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) values ranging 0.24–3.91 mg/mL. The highest bactericidal activity was 
observed against V. parahaemolyticus. PBM and PBE extracts had total phenolic contents of 130 ± 4.46 and 
147.69 ± 0.03 mg gallic acid equivalents (GAE)/g, respectively, with scavenging activity (IC50) of 0.03 mg/mL. 
The total phenolic contents were significantly decreased, whereas antibacterial activities remained stable (>50 % 
at 65 ◦C for 12 h). Toxicity evaluation showed that PBM and PBE caused hemolysis in a dose-dependent manner, 
with IC50 values of 0.24 and 0.44 mg/mL, respectively. Both extracts were moderately toxic to Artemia salina 
(LC50 = 0.58–0.61 mg/mL). Finally, the PB extract exhibited inhibitory activities against lipase, glucoamylase, 
and trypsin. Based on these findings, crude extracts of PB have the potential to be used as antibacterial, anti
diabetic, anti-obesity, and dietary supplements.

1. Introduction

Medicinal plants are the potential source of bioactive ingredients in 
various traditional herbal medicines. Phytochemicals derived from 
medicinal plants have various health benefits including antimicrobial 
activity, antioxidant capacity, digestive enzyme inhibition, anti
thrombin activity (Subramaniam et al., 2020) and nutritional supports. 
Moreover, the intensive research reported the new findings in neph
roprotective efficacy (Edo et al., 2023), hepatoprotective activity of 
Ricinodendron heudelotii (Baill.) on paracetamol-induced treatment (Edo 
et al., 2024a), blood sugar control of Cyperus esculentus L. (Edo et al., 
2024b). Therefore, medicinal plants are a significant source of natural 
alternatives to chemical compounds for various products aimed at 
combating pathogenic organisms (microorganisms or pests). Approxi
mately 25 % of all modern pharmaceuticals are of plant origin. Several 
useful medicinal plants are distributed in southern Thailand, including 
P. betle L. (PB), P. retrofractum Vahl. (PR), and G. pentaphylla (Retz.) (GP) 

DC.
PB or “Phlu”, in Thai, is a climber belonging to family called Piper

aceae with a distinct scent. It was once used to treat black tooth stains by 
ancient Thais and as a broad-spectrum medication. PB is widely culti
vated for local consumption and commercial purposes throughout South 
and Southeast Asia, particularly Thailand. Currently, PB leaves are also 
distributed in fresh markets to elderly individuals as wraps for areca nuts 
for chewing, religious ceremonies and traditional treatments. There are 
eight phytochemical groups: phenols, glycosides, alkaloids, flavonoids, 
steroids, saponins, tannins, and terpenoids. The primary bioactive 
compounds are β-caryophyllene, eugenol, and hydroxychavicol, estra
gole, 1,8-cineol, α-pinene, β-pinene, caryophyllene, and hydrox
ycatechol (Biswas et al., 2022), which have antioxidant activity, 
antibacterial activity, anti-inflammatory activity (Parkpoom et al., 
2016). PR or long pepper is commonly applied as a spice and condiment. 
It is also used in traditional medicine because of its antiflatulent, ex
pectorant, and antitussive properties. The phytochemical profile of 
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P. retrofractum comprises six primary compounds: quinones, sterols, 
glycosides, flavones, tannins, and alkaloids (Jadid et al., 2017). These 
compounds exhibit antifungal (Sari and Nugraheni, 2013) and anti
bacterial activities (Panphut et al., 2020). GP is commonly found in 
Thailand. Its leaves and stems are traditionally used to treat various 
ailments, including internal and external abscesses, fever, intestinal 
worms, and liver and skin problems (Bulbul and Jahan, 2016; Khan
dokar et al., 2021). These plant parts contain four primary phyto
chemical groups: alkaloids, phenolic compounds, terpenoids, and 
steroids (Aiyakool and Vajrodaya, 2014). The constituents of medicinal 
plants are microbially degradable and accumulate in the environment 
within a short time. However, the efficiency and safety of these plants 
require further investigations.

This study investigated the phytochemical composition of three 
medicinal plants: P. betle (PB), P. retrofractum (PR), and G. pentaphylla 
(GP). The research also evaluated their biological activities, including 
antibacterial and antioxidant properties, as well as the temperatures and 
storage time affecting on these activities for further applications. 
Finally, the toxicity and inhibition of digestive enzymes were studied to 
evaluate their efficacy as antibacterial agents and dietary supplements.

2. Materials and methods

2.1. Phytochemical extraction

GP stems and PB leaves from Mueang district, Phatthalung province, 
and PR fruits from Chulabhorn, Nakhon Si Thammarat province were 
collected from cultivated area. The voucher specimens of GP, PB and PR 
with herbarium accession number as 01579, 01582, 01,585 were 
deposited at herbarium of Walailak Botanic Park. The cleaned samples 
were placed in hot air oven at 40 ◦C for 3 days before being ground into a 
fine powder (mesh size of 0.25 mm). The phytochemicals were extracted 
from the powdered samples with 95 % methanol and 95 % ethanol using 
a modified maceration method (Ungcharoenwiwat et al. 2023). A stock 
solution of the crude extract (500 mg/mL) was prepared using 95 % 
methanol or ethanol. The crude extract solutions were kept at − 20 ◦C 
until use.

2.2. Analysis of phytochemical groups from plant extracts

Ten phytoconstituents in the crude extracts were screened using a 
modified protocol described by Ayoola et al. (2008). The presence of 
compounds was qualitatively evaluated by observing the color change, 
sedimentation, and foam formation.

2.3. Evaluation of antibacterial activity

The inhibitory efficacy of all extracts was evaluated against bacterial 
strains, including B. cereus TISTR747, S. aureus TISTR2329, E. coli 
TISTR527, P. aeruginosa TISTR357 and V. parahaemolyticus TISTR1596. 
The single colony of all strains was re-streaked on nutrient agar (NA) at 
35 ± 2 ◦C for 24 h (supplement with 3 % NaCl for V. parahaemolyticus). A 
direct suspension of bacterial strains (1 × 108 CFU/mL) was swabbed 
across three planes on Müller-Hinton agar (MHA) (with 3 % NaCl for 
V. parahaemolyticus). The crude extract solutions (50 µL) loaded in 
sterile discs (0.6 mm diameter) were placed on surface of agar in trip
licate, and the kanamycin (500 µg/mL) and organic solvent were applied 
as a control. The activity was observed after incubation at 35 ◦C for 24 h. 
The clear zone of inhibition surrounding the paper disc was reported to 
be millimeters in diameter.

2.4. Evaluation of minimum inhibitory concentration (MIC) and 
minimum of bactericidal concentration (MBC)

The susceptibility of specific bacteria was studied as the MIC value 
using a broth microdilution assay modified from the Clinical and 

Laboratory Standards Institute (CLSI) (CLSI, 2009) and Ungchar
oenwiwat et al. (2023). A two-fold serial dilution of the PB extract in a 
suitable solvent, ranging 500–0.24 mg/mL, was prepared into 96-well 
plates in triplicate and evaporated the solvent under vacuum at RT 
(28 ± 2 ◦C). An aliquot of bacterial suspension (10 µL), containing 
approximately 1 × 106 CFU/mL, was inoculated to each well containing 
MHB or 3 % NaCl MHB and then incubated at 35 ◦C. Kanamycin (500 
µg/mL) and organic solvent were a control. After 20 h of incubation, the 
oxygen consumption of bacteria was qualitative determined using 
resazurin solution (0.18 %) for 4 h of incubation. The blue well at the 
lowest concentration of the crude extract was considered the MIC value. 
For MBC assay, a 10 µL from each well was dropped onto agar plates in 
triplicate, and the bacterial growth were observed after incubation at 
35 ◦C for 24 h. The absence of bacterial colonies at the lowest concen
tration of the crude extract was recorded as the MBC value.

2.5. Determination of total phenolic content and antioxidant activity

Phenolic compounds are important constituents with various bio
activities. The total phenolic content (TPC) of all crude extracts was 
assayed using the Folin-Ciocalteu assay with UV–visible spectropho
tometry (modified from Muhamad et al. (2019)). The TPC expressed as 
gallic acid equivalents (GAE) per gram of sample was calculated from 
calibration curve of gallic acid.

The antioxidant property acting as radical scavenger of the crude 
extracts was measured by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity according to the protocols described by Muhamad 
et al. (2019). All analyses were carried out in triplicates. Free radical- 
scavenging activity (%) was calculated using the following equation: 

%Scavenging =
(Abs [control] − Abs [sample] )

Abs [control]
× 100 

2.6. Study of thermal stability and storage time

The lifetime of the phenolic contents and antibacterial stability of the 
crude PB extracts are of concern for quality control. The extracts were 
incubated at various temperatures at 28 (RT), 37 ◦C, and 65 ◦C for 
different durations (3, 6, and 12 h) and 121 ◦C for 15 min (autoclave 
condition). The temperature that resulted in the highest remaining total 
phenolic content was selected to study the effect of storage time (1, 7, 
14, 30, and 90 days). All treatments were done in triplicate. The TPC, 
MIC, and MBC of the extracts were assessed as described above. The 
stability value of TPC (%) was reported using the following formular: 

%Stability =
Phenolic at time
Phenolic at 0 h

× 100 

2.7. Analysis of phytochemical metabolites by LC-QTOF MS

Liquid Chromatograph-Quadrupole Time-of-Flight Mass Spectrom
eter (1290 Infinity II LC-6545 Quadrupole-TOF, Agilent Technologies, 
USA) was used for chemical components analysis. The substances from 
PBM were separated on Zorbax Eclipse Plus C18 Rapid Resolution HD 
(150 mm length x 2.1 mm inner-diameter, particle size 1.8 μm, Agilent, 
USA). The mobile phase A was 0.1 % Formic acid and 0.5 mM amm
nonium formate in water, and B was 0.1 % Formic acid and 0.5 mM 
ammnonium formate in acetonitrile, at a flow rate of 200 µL/min. The 
program was specified as follows, 90 % B (15 min), 90 % B (24 min), 5 % 
B (26 min) and 5 % B (30 min). The UPLC condition was positive and 
negative electrospray mode for the MS analysis using data-dependent 
automatic MS/MS acquisition modes (AutoMSMS).

2.8. Hemolytic activity against human erythrocytes

Hemolytic activity refers to the ability of a phytochemicals in PB 
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extracts to damage or lyse red blood cells, leading to the leakage of 
hemoglobin from the cells. This phenomenon can be used as an indicator 
of cellular toxicity, indicating the potential of a substance to harm the 
cells. This method was described by Madakka et al. (2021). Briefly, the 
PB extract was mixed with 10 % human erythrocytes at a ratio 1:2 and 
then incubated at 37 ◦C for 1 h (water bath). The final volume (1 mL) in 
each tube was adjusted by PBS solution, and the supernatant was 
separated at 1000 × g for 5 min. Triton X100 (1.0 %), PBS solution, and 
organic solvent were used as controls. Hemoglobin released into the 
supernatant was absorbed at 540 nm using a spectrophotometer, and 
hemolysis (%) was calculated using the following equation: 

Hemolysis (%) =
Abs [sample] − Abs [Negative control]

Abs [Positive control] − Abs [Negative control]
× 100 

The hemolyticity was considered by comparing percentage of 
hemolyticity with negative control according to ASTM F756-00, if % 
hemolysis was 0 to 2.0 = non-hemolytic, 2.1 to 5.0 = slightly hemolytic, 
and more than 5.0 = hemolytic.

2.9. Determination of toxicity with Artemia salina model

The brine shrimp lethality assay, a modified method of Ramos et al. 
(2009) provides a preliminary evaluation of the toxicity of the crude 
extract. PB extract solution (2.4–153.6 mg/mL, 500 µL) were added to 
vials, and the organic solvent was evaporated with vacuum desiccator 
until dry. Five milliliters of 2.5 % artificial seawater were added to the 
vials to prepare a final concentration of 0.24–15.36 mg/mL PB extracts. 
Ten nauplii (24-h old) were transferred to each vial, and all vials were 
placed at room temperature (28 ± 2 ◦C) for 24 h. Evaporated solvent 
vials containing 2.5 % artificial seawater were used as negative controls. 
The toxicity was considered as LC50 < 100 µg/mL=high toxicity, 100 
µg/mL>LC50 < 500 µg/mL=moderate toxicity, and LC50 > 1000 µg/ 
mL=low toxicity.

2.10. Digestive enzyme inhibitory activity

Glucoamylase activity was determined by the DNS assay with 1 % 
soluble starch as the substrate. The crude extract solutions at 1.95 mg/ 
mL were mixed with citrate buffer (pH 5.5) at ratio 1:1 to final volume at 
500 µL. A glucoamylase solution from Aspergillus niger (5 U/mL in citrate 
buffer, pH 5.5, 500 µL) was mixed into test tube at 37 ◦C for 15 min. 
Enzyme activity was measured according to Sharma et al. (2014). The 
percentage inhibitory activity was calculated using the following 
equation: 

%Inhibition =
(Abs [enzyme] − Abs [sample] )

Abs [enzyme]
× 100 

Bovine pancreatic lipase activity was assayed using p-nitrophenyl 
phosphate (pNPP) as a substrate. The PB extract solutions at 1.95 mg/ 
mL were mixed with Tris-HCl buffer (pH 8.5) (1:1 v/v) to final volume 
200 µL. A lipase solution from the bovine pancreas (25 mg/mL, pH 8.5) 
was added to the test tubes and placed at 37 ◦C for 15 min. The enzyme 
activity was determined using method of Kanwar et al. (2005) and the 
inhibitory activity (%) was calculated using the above equation.

Bovine pancreatic trypsin activity was measured using azocasein as a 
substrate. The crude extract solutions at 1.95 mg/mL were mixed with 
Tris-HCl (pH 8.5) at ratio 1:1 to final volume 200 µL. Trypsin solution 
from bovine pancreas (1 U/mL, 50 µL) was mixed into each tube and 
incubated at 37 ◦C for 15 min. The enzyme reaction was analyzed using 
a method of Spelbrink et al. (2011) and the inhibitory activity (%) was 
calculated using a previously described equation.

2.11. Statistical analysis

All assays were conducted in triplicate and standard deviation, graph 
plots, and linear regression were generated using Microsoft Excel 2020. 
Statistical analyses were performed using one-way analysis of variance 
(ANOVA) and Tukey’s multiple tests using Minitab19. Statistical sig
nificance was set at p < 0.05.

Table 1 
Qualitative analysis of phytochemical groups in medicinal plants alcoholic extracts.

Compounds P. retrofractum P. betle G. pentaphylla
Methanol Ethanol Methanol Ethanol Methanol Ethanol

Alkaloid +++ +++ + + ND ND
Terpenoid +++ + + + +++ +++

Cardiac glycoside ND + + + + +

Saponin ** * * * *** **
Flavonoid + + +++ +++ + +

Coumarin + +++ +++ ++ +++ +++

Pholbatannins ND ND ND ND ++ ++

Tannin ++ + +++ +++ +++ +++

Anthraquinones ND ND ND ND +++ ND
Steroids ++ ++ ND ND ++ +++

Remark +++ High detectable ++ Moderate detachable.
+ Low detachable *** High foam reaction .
** Moderate foam reaction * Low foam reaction
ND Not detectable.

Table 2 
Antibacterial activity of alcoholic crude extracts against five pathogenic bacteria.

Samples 
(50 mg/mL)

Inhibition zone (cm)
S. aureus B. cereus P. aeruginosa E. coli V. parahaemolyticus

GPM ND ND ND ND ND
GPE ND ND ND ND ND
PRM ND ND ND ND ND
PRE ND ND ND ND ND
PBM 20.5 ± 2.1 14.3 ± 1.9 12.0 ± 0.9 19.7 ± 0.9 19.3 ± 0.5
PBE 21.6 ± 0.4 17.3 ± 0.9 13.3 ± 1.9 23.2 ± 0.2 18.3 ± 2.8
Kanamycin 21.9 ± 0.5 22.7 ± 2.9 9.3 ± 1.2 20.0 ± 2.6 9.3 ± 0.9

Remark ND; Not detectable (No inhibition zone).
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3. Results and discussion

3.1. Phytochemical screening from medicinal plants

Plant extractions were performed for PB, PR and GP using 95 % 
methanol and ethanol. The extracts from GP yielded low amounts (3.1- 
4.2%) of brownish-orange paste. Crude PR extracts showed the highest 
yield of a brownish paste (PRE 15.23% and PRM 6.86%). For PB, the 
methanolic crude extract (PBM) had a higher yield (14.14%) than the 
ethanolic crude extract (PBE) (8.13%). Both the extracts appeared as 
dark greenish pastes. Ten phytochemical groups were screened in the 
crude extracts (Table 1). There were slightly different phytochemical 
groups in the two solvents except for GP. Detectable phytochemical 
groups were divided into five primary compounds, namely terpenoids, 
saponins, flavonoids, coumarins and tannins. Phenolic compounds are 
the large group and have high solubility in polar organic solvents, 
especially alcohols and often combine with numerous compounds in 
plant extracts.

4. Evaluation of antibacterial activity by disc diffusion method

The antibacterial potency of the six alcoholic plant extracts against 
the five bacteria was assessed using the disc diffusion method (Table 2). 
Inhibition zone of Gram-positive bacteria ranged 14.3–22.7 mm, 
whereas those of Gram-negative bacteria ranged of 9.3–23.2 mm. Only 
crude PB extracts (PBE and PBM) effectively inhibited all tested strains. 
PBE showed inhibition zones of 17.3– 23.2 mm, and PBM exhibited 
zones of 12.0–20.5 mm. S. aureus displayed the highest susceptibility 
(20.5 ± 2.1 mm), followed by E. coli (23.2 ± 0.2 mm), 
V. parahaemolyticus (19.3 ± 0.5 mm), B. cereus (17.3 ± 0.9 mm), and 
P. aeroginosa (13.3 ± 1.8 mm). Panphut et al. (2020) and Syahidah et al. 
(2017) reported similar findings, PB exhibited high inhibitory activity 
against Gram-positive bacteria, whereas PR exhibited low or no activity. 
However, the results of GP differed from those reported by Murugan 
et al. (2020), who reported high bacterial activity against S. aureus.

4.1. Determination of MIC and MBC of plant extracts

Both alcoholic extracts of PB had potential inhibition against five 
pathogenic bacterial strains (Table 3). The MIC and MBC values of PBM 
and PBE ranged from 0.24 to 3.91 mg/mL and 0.98 to 3.91 mg/mL. The 
lowest MIC was found in V. parahaemolyticus (0.24 mg/mL, PBM), fol
lowed by B. cereus (0.98 mg/mL, PBE), P. aeruginosa and E. coli (1.95 
mg/mL, PBM). For MBC values, there were one or two-folds increasing 
from MIC values that were found in treatments of B. cereus (3.91 mg/mL, 
PBM and PBE) and V. parahaemolyticus (1.95 mg/mL, PBE).

These results were correspondence with the investigation of Chan 
et al. (2009), who reported that methanol-extracted bioactive sub
stances, especially phenolic compounds, were more abundant than those 
extracted from ethanol because of their higher polarity. Phenolic com
pounds promote the cell membrane permeability in K+ and H+ transfer 
using carboxyl groups in aromatic hydrocarbons, which inhibit ATP 
synthesis by consuming a proton motive force (Nouri et al., 2014). 
Hydroxychavicol, eugenol, and chavibetol as main phenolic compounds 
in PB extracts, can precipitate DNA or penetrate bacterial cell walls 

(Jesonbabu et al., 2011).

4.2. Total phenolic content and antioxidant activity

The TPC analysis in extract was investigated to determine the redox 
properties acting as antioxidants. The methanolic crude extracts 
generally exhibited higher TPC than the ethanolic crude extracts, except 
for the crude PB extracts (Table 4). TPC values ranged 44.32–130.07 mg 
of GAE/g for methanolic extracts and 34.38–147.69 mg of GAE/g for 
ethanolic extracts. The highest TPC was observed in PBE at 147.69 ±
0.03 mg of GAE/g, followed by PBM at 130 ± 4.46 mg of GAE/g.

DPPH scavenging activity, the activity increased in dose dependent 
manner, with IC50 values ranging 0.03–3.36 mg/mL. The highest IC50 
values were observed for PRM and PRE, whereas the lowest IC50 values 
were observed in PBE and PBM. These suggested that the bioactive 
constituents possessing the antibacterial activity of PB extracts had also 
associated with their TPC and antioxidant activity. Moreover, the PB 
extract contained high amount of phenolic compound. This was sup
ported by Altemimi et al. (2017), who reported that phenolic com
pounds transmitted electrons to other compounds, thereby exhibiting 
antioxidant activity. Antioxidant activity held significance for various 
applications, including reduction of inflammation, prevention of blood 
clots, and inhibition of enzymes.

4.3. Thermal stability and storage time

Temperature significantly affected the stability of both the TPC and 
the inhibitory potency of the PBM extracts, as shown in Fig. 1. TPC 
remained stable at temperatures between 28–35 ◦C and significantly 
decreased (p < 0.05) at higher temperatures. However, only 37.2 % of 
TPC remained after 12 h at 65 ◦C, and a similar decrease was observed 
under autoclave condition (33.21 %). The remaining antibacterial ac
tivity was stable at more than 50 % from MIC (1.95 mg/mL). A long- 
term storage study revealed a significant decrease in TPC (p < 0.05), 
with 85.9–22.3 % remaining after 7–90 days. Moreover, MBC decreased 
2 folds of the MIC (3.81 mg/mL) for 90 days. According to Cheng et al. 
(2017), the temperature and storage time affected the structure of 
phenolic compounds by modifying their hydroxy groups. Moreover, the 
loss of TPC might be due to thermal degradation or heat-labile nature or 
degradative enzymes (Benjamin et al., 2022). On the other hand, mi
crowave drying treatment could increase more the TPC than fresh 
sample (Benjamin et al., 2022), and high temperature showed the 

Table 3 
Broth micro dilution assay of alcoholic crude PB extracts showing MIC and MBC against five pathogenic bacteria.

Bacterial species PBM 
(mg/mL)

PBE 
(mg/mL)

Kanamycin (µg/mL) Comparison

MIC MBC MIC MBC MIC MBC

S. aureus 1.95 1.95 1.95 1.95 1.95 1.95 PBM=PBE
B. cereus 1.95 3.91 0.98 3.91 0.97 0.97 PBE
P. aeruginosa 1.95 1.95 3.91 3.91 7.81 7.81 PBM
E. coli 1.95 1.95 3.91 3.91 3.91 3.91 PBM
V. parahaemolyticus 0.24 0.24 0.98 1.95 31.25 31.25 PBM

Table 4 
Total phenolic content and DPPH scavenging activity of medicinal plant alco
holic crude extracts.

Crude 
extract

Total phenolic content (mg of 
GAE/g of extract)

Antioxidant activity IC50 

(mg/mL)

GPM 44.32 ± 1.67 0.12
GPE 34.38 ± 1.30 0.90
PRM 46.48 ± 0.51 2.30
PRE 19.73 ± 6.63 3.40
PBM 130.07 ± 4.46 0.03
PBE 147.69 ± 1.82 0.03
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increasing of flavonoid content in ginger powder (Chan et al., 2009). 
The complex of polysaccharide and flavonoids had reported in ther
mostability improvement (Fernandes et al., 2020). These supported that 
crude PB extracts contained complex forms of phytochemical groups 
that might be released or change their forms leading to affect on thermal 
resistance and antibacterial activity. The stability of other active com
pounds and their functional group transformation should be intensive 
studied in the future.

4.4. Phytochemical metabolites by LC-QTOF/MS

The phytocomponents from PBM analyzed by LC-QTOF/MS with 
positive and negative electron spray ionization modes (ESI− /ESI+) 
revealed the retention time, mass, matching score and area sum (%) 

(Fig. 2 and Table 5.). The main components in extract from positive 
mode were steroids as mometasone furoate (12.3 %), alkaloids as ery
sopine (6.64 %) and quinazoline (4.31 %), quinones as heptaprenyl 
diphosphate (4.79 %), lipids as diglycerides (6.22 %), gingerglycolipid A 
(3.81 %) and stearidonic acid methyl ester (3.33 %). For the negative 
mode, the major components were flavonoids as demethoxyegonol 
(15.34 %), and phenolics that composed of 4-hydroxycinnamaldehyde 
(6.40 %), 2,5-dihydroxybenzal-dehyde (5.09 %), 1-(4-hydroxy-3- 
methoxyphenyl)-5-(4-hydroxyphenyl)-1,4-pentadien-3-one (4.76 %) 
and isopulegone caffeate (2.72 %). Moreover, 3-hydroxychavicol 1- 
glucoside had also found in small area. The most of phenolics were 
detected by negative mode and other metabolites were determined by 
positive mode. The prevalent components in PBM extract had reported 
their biological properties including anti-bacteria of mometasone 

Fig. 1. Stability of TPC and antibacterial activities against E. coli of PBM at different temperatures and autoclave condition (A) and at room temperature (28 ◦C) for 
90 days (B).

Fig. 2. Total ion chromatogram of PBM analyzed by LC-MS/MS on positive and negative modes.
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furoate (Neher et al., 2008), 2,5-dihydroxybenzaldehyde (Schabauer 
et al., 2018), 2,5-dihydroxybenzal-dehyde (Wong et al., 2008); anxio
lytic activity of erysopine, antimicrobial and anti-complement activities 
of egonol and derivatives (Emirdağ-Öztürk et al., 2011); anti- 
inflammatory and antioxidant effects of 4-hydroxycinnamaldehyde 
(Lee et al., 2022). The chemical components of PBM varied based on 
several influences including the plant type, developmental phase, col
lecting time, habitat as well as extraction method.

4.5. Biological toxicity assay

4.5.1. Hemolytic activity
Hemolytic activity against erythrocytes is an important property to 

evaluate the potential safety of crude extracts for in vivo applications. In 
addition, the data can provide indirect information regarding the po
tential general toxicity. PBE and PBM exhibited hemolytic activity in a 
dose-dependent manner with IC50 values of 0.44 and 0.24 mg/mL, 
respectively (Fig. 3A). Potential mechanisms include the disruption of 
red blood cell membranes, ripping of the lipid bilayer and changes in the 
concentration of surrounding solution. According to Zohra and Fawzia 
(2014), the terpenoids and glycosides in betle leaf extracts could adhere 
to the erythrocytic membrane, eventually leading to disintegration.

4.5.2. Determination of toxicity against a. Salina
A. salina larvae lethality assay was investigated to assess the in vivo 

toxicity of PBM and PBE extracts (0.06–7.80 mg/mL). The morphology 
of A. salina larvae treated with all concentrations of extracts remained 
unchanged compared to that of the control group for 24 h. Abnormal
ities in swimming behavior and body size were observed (Table 6). The 
swimming or body size compared to the control group showed no sig
nificant difference (p > 0.05). At low concentrations (0.06–0.24 mg/ 
mL), the survival rate exceeded 90 % between treatments (Fig. 3B).

Table 5 
Proposed compounds from PBM analyzed by LC-MS/MS.

Peak Rt 

(Min)
Proposed compound Formula m/z Mass Score 

(DB)
Diff 
(DB, 
ppm)

Area 
Sum 
(%)

Positive mode
1 1.914 Mometasone Furoate C27H30Cl2O6 543.1322 520.1431 65.99 − 2.29 12.3
2 8.451 ZM 447,439 C21H36O10 536.2281 513.2389 96.07 − 2.48 4.31
3 9.654 (9R,10S,12Z)-9,10-Dihydroxy-8-oxo-12-octadecenoic acid C18H32O5 351.2142 328.2249 99.27 0.17 3.04
4 12.861 Gingerglycolipid A C33H56O14 699.3561 676.3670 99.65 0.16 3.81
5 13.813 Erysopine C17H19NO3 286.1442 285.1370 98.75 − 1.72 6.64
6 14.540 all-trans-heptaprenyl diphosphate C35H60O7P2 677.3721 654.3828 92.81 − 2.17 4.79
7 17.346 Stearidonic acid methyl ester C19H30O2 291.2323 290.2250 97.78 − 1.44 3.33
8 18.874 Obtusilactone A C19H32O3 309.2429 308.2356 98.57 − 1.47 3.77
9 22.382 Azaspiracid 2 C48H73N O12 856.5237 855.5159 89.17 − 3.07 3.26
10 23.985 DG(14:1(9Z)/22:6(4Z,7Z, 

10Z,13Z,16Z,19Z)/0:0)
C39H62O5 611.4672 610.4599 99.63 − 0.28 6.22

Negative mode
1 1.896 D-Mannonate C6H12O7 195.0515 196.0588 98.48 − 2.36 5.63
2 2.811 Sulfamethoxypyrida-zine C11H12N4O3S 279.0602 280.0675 − − 15.98 2.12
3 6.093 2,5-Dihydroxybenzal-dehyde C7H6O3 137.0247 138.0320 87.16 − 1.95 5.09
4 8.498 p-Hydroxycinnam-aldehyde C9H8O2 147.0459 148.0531 − − 4.76 6.40
5 10.039 2-Fluoro-3-guanidino propionic acid C4H8FN3O2 148.0533 149.0606 45.76 − 3.8 19.65
6 11.930 1-(4-Hydroxy-3-methoxyphenyl)-5-(4-hydroxyphenyl)-1,4-pentadien-3- 

one
C18H16O4 295.0980 296.1054 97.25 − 1.93 4.76

7 13.221 Demethoxyegonol C18H16O4 295.0982 296.1054 97.51 − 1.85 15.34
8 14.724 N-Undecylbenzene sulfonic acid C17H28O3S 311.1690 312.1763 96.82 − 1.17 6.14
9 15.589 Isopulegone caffeate C19H24O4 315.1604 316.1677 97.78 − 0.8 2.72
10 16.942 4-Androsten-3,17-dione 19-aldehyde C19H24O3 299.1655 300.1728 99.15 − 0.84 3.06

Fig. 3. Hemolytic activity against human erythrocyte (A) and toxicity evaluation using A. salina larvae (B) by crude PB extracts.

Table 6 
Swimming behavior and body size of A. salina treated with crude PB extracts.

Crude extracts Concentration 
(mg/mL)

Abnormality characters
Swimming (%) Body sizes (mm)

Control 0 0 3.00 ± 0.17
PBM 0.06 76.67 ± 5.77 2.93 ± 0.11

0.12 93.33 ± 11.54 2.93 ± 0.05
0.24 80.00 ± 10.00 2.93 ± 0.00
0.49 84.72 ± 6.05 3.00 ± 0.17

PBE 0.06 90.00 ± 0.00 3.00 ± 0.17
0.12 80.00 ± 10.00 3.00 ± 0.30
0.24 83.33 ± 5.77 3.00 ± 0.10
0.49 86.67 ± 11.54 2.90 ± 0.10
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Larval characteristics are shown in Fig. 4. After 24 h, the LC50 value 
(lethal concentration for 50 % of the population) of A. salina treated with 
PBM and PBE ranged 0.49–0.98 mg/mL. Complete mortality (100 %) 
was exhibited at 0.98–7.80 mg/mL. Therefore, the LC50 of PBM and PBE 
against A. salina were estimated as LC50 at 0.58 and 0.61 mg/mL that 
could be classified as moderate toxic. The toxicity of the crude PB ex
tracts was evaluated to be low to moderate in human erythrocyte and 
organism. Therefore, it may not be suitable for internal use in organisms 
and can potentially be applied as a disinfecting agent at specific 
concentrations.

4.6. Determination of digestive enzyme inhibition

Enzyme inhibition by plant extracts has potential as an alternative 
healthcare supplements. The results showed that PBM exhibited a low 
degree of alpha-glucoamylase inhibition as 10.39 %, whereas PBE 
activated the enzyme activity (− 25.62 % inhibition). PBM and PBE 
showed lipase inhibition rates of 50.04 and 64.52 %, respectively. 
Conversely, PBM and PBE exhibited minimal inhibition of trypsin ac
tivity (5.86 and 10.03 %). Polyphenol, flavonoids, and glycoside groups 
in plant extracts are likely to contribute to this effect (Alias et al., 2017). 
Ado et al. (2013) reported that some plant extracts promoted enzyme 
activity by more than 20 %; moreover, phytochemical substances such 
as eugenol or flavonoids could delay the onset of enzyme reaction 
(Boskabady and Ramazani-Assari, 2001). Active inhibitors were mainly 
found in the phenolic and alkaloids groups that can directly bind to the 
catalytic or active sites of enzyme especially hydroxy groups (Ado et al., 
2013). These findings suggest that PB extract has potential for applica
tions as an alternative supplement in healthcare.

5. Conclusions

The present study revealed that alcoholic solvents (methanol and 
ethanol) were effective in extracting numerous phytochemical com
pounds from GP, PR, and PB. Only crude PB extracts exhibited anti
bacterial properties against five bacteria, ranging from 0.24-3.91 mg/ 
mL of MIC and MBC values. The highest bactericidal activity was 
observed against V. parahaemolyticus (MBC=0.24 mg/mL). Further
more, crude PB extracts were considered moderately toxic to A. salina 
with LC50 at 0.58–0.61 mg/mL. The total phenolic content significantly 
decreased at 65 ◦C after 12 h of incubation, whereas the antibacterial 
potential remained stable with 50 % of its initial activity. Moreover, 
crude PB extracts showed high inhibitory activity against lipase. Based 
on these results, the crude PB extracts have potential for use as anti
bacterial agents, and dietary supplements.
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Emirdağ-Öztürk, S., Karayildirim, T., Anil, H., 2011. Synthesis of egonol derivatives and 
their antimicrobial activities. Bioorganic & Medicinal Chemistry, Imaging Probes 19, 
1179–1188. https://doi.org/10.1016/j.bmc.2010.12.044.

Fernandes, A., Brandão, E., Raposo, F., Maricato, É., Oliveira, J., Mateus, N., Coimbra, M. 
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Neher, A., Gstöttner, M., Scholtz, A., Nagl, M., 2008. Antibacterial activity of 
mometasone furoate. Arch. Otolaryngol. Head. Neck. Surg. 134, 519–521. https:// 
doi.org/10.1001/archotol.134.5.519.

Nouri, L., Mohammadi Nafchi, A., Karim, A.A., 2014. Phytochemical, antioxidant, 
antibacterial, and α-amylase inhibitory properties of different extracts from betel 
leaves. Ind. Crops Prod. 62, 47–52. https://doi.org/10.1016/j.indcrop.2014.08.015.

Panphut, W., Budsabun, T., Sangsuriya, P., 2020. In vitro antimicrobial activity of Piper 
retrofractum fruit extracts against microbial pathogens causing infections in human 
and animals. Int. J. Microbiol. 2020, e5638961.

Parkpoom, T., Chuntree, K., Komutiban, O., 2016. Antimicrobial and antioxidant 
capacity of leaf extract of Piper betle Linn. for development to cosmetics. SDU Res. J. 
9, 1–20. https://doi.org/10.14456/sdu-sci.2016.1.
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