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Abstract

In this study, thermal stability analysis (TG-DTG) was employed to investigate the thermal decomposition process from 20
herbaceous plant flowers. The results indicated that the decomposition of the majority of the flowers commenced at
approximately 150°C and was completed by around 600°C, with carbonization typically initiating around 300°C. In this
research, X-ray fluorescence spectroscopy (XRF) was utilized to analyze the elemental composition of 20 herbaceous plant
flowers. The results showed that Paeonia lactiflora Pall. Flowers and so on have higher inorganic content, while Cyperus
rotundus L. flowers and so on have higher carbon content. In this study, Fourier transform infrared spectroscopy (FTIR) was
utilized to explore the functional groups in the ethanol extracts of 20 herbaceous plant flowers. The results demonstrated
that the ethanol extracts of these 20 herbaceous plant flowers displayed characteristic C=C stretching vibrations in the range
of 1700-1610 cm™. This spectral characteristic implies the potential presence of valuable bioactive compounds, including
flavonoids, amino acids, and alkaloids. Gas chromatography-mass spectrometry (GC-MS) analysis of the flower extracts from
20 herbaceous plant flowers unveiled that these extracts encompass compounds with diverse bioactivities.These provide a
basis for its resource utilization.
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1. Introduction

Plant biomass is made up of lignin, hemicellulose, cellulose,
moisture, ash, and extractable substances. The separation of
biomass from plant materials and the determination of
biomass content are of great help in realizing its resource-
oriented utilization."l Thermogravimetric analysis finds
applications in diverse fields, including energy storage,
biofuels, food science, and pharmaceuticals.?!
Thermogravimetric analysis (TGA) can be efficiently utilized
to characterize organic polyoxometalates synthesized from the
active components of traditional Chinese medicine,®! For
instance, thermogravimetric analysis can be wused to
characterize the enhancement of berberine cinnamate over
berberine salts.¥l Thermogravimetric analysis can offer
specific selectivity and recognition capabilities for
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chlorogenic acid extraction using molecularly imprinted
polymers.’l  Plants with medicinal applications are
occasionally subject to adulteration. Thermogravimetric
analysis, by revealing the thermal decomposition processes of
these plants, furnishes a foundation for drug identification and
comprehensive utilization. Extracts derived from medicinal
plants exhibit antibacterial and anticancer activities.[l. The
ethanol-water vapor thermal reduction method is capable of
enhancing lithium recovery. During this process, it reduces
LiCo0,, resulting in the formation of water-soluble LiOH and
water-insoluble transition-metal oxides.”” By measuring the
contents of flavonoids, total phenols, and hydroxytyrosol in
ethanol and ethanol-aqueous solutions of olive leaves, this
research can contribute to the economic exploitation of olive
leaves in the food, cosmetics, and drug-related industries.®
The ethanol-water extract of defatted seeds, which contains
acidic substances such as chlorogenic acid, exhibits
antioxidant and antibacterial activities,” while ethanol, water,
and glycerol extracts of red grape pomace display antioxidant
and anti-pigmentation activities.'”) The water extract from the
wild plant Eupatorium adenophorum has the potential to
induce apoptosis in cervical cancer cells,!''! and the ethanol
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extract of Terminalia chebula exhibits anti-inflammatory,
antifungal, and antidiabetic activities.['”l Therefore, the ethanol
and water-alcohol extracts of medicinal plants possess anti-
inflammatory, anticancer, antibacterial, antioxidant, and
antidiabetic activities. As such, they hold potential for
applications in the food, cosmetics and drug-related
industries.Infrared spectroscopy combined with cluster
analysis has emerged as a powerful tool for identifying
different varieties of goji berries and can provide valuable
insights for goji berry breeding.['* The therapeutic effects of
traditional Chinese medicine rhubarb on ulcerative colitis is
strongly contingent on the roasting degree. Unroasted rhubarb
may induce diarrhea owing to its potent purgative properties,
whereas over-roasted rhubarb may forfeit its therapeutic
effectiveness. Mid-infrared spectroscopy in combination with
principal component analysis (PCA) can be applied to identify
properly roasted rhubarb, thereby ensuring optimal therapeutic
outcomes in the treatment of ulcerative colitis.['¥ The FTIR
spectrum has the ability to detect acids and esters in Chinese
Baijiu. Moreover, it can be effectively utilized to differentiate
the flavor profiles of various Chinese Baijiu products.!'”
Fourier transform spectroscopy is capable of detecting the
active ingredients in unknown honeysuckle samples. This
technique enables non-destructive testing, thereby
contributing to the stable and controllable quality assurance of
traditional Chinese medicine.['®! Therefore, Fourier transform
spectroscopy can be employed for the preliminary
compositional analysis of medicinal plants. This application
allows for the identification of the origin, authenticity, and
quality assessment of plant-derived products.The traditional
Chinese medicine formula Bu Shen Fang, known for its
functions such as warming the kidneys, tonifying (i,
strengthening the spleen, and invigorating yang, can have its
active ingredients effectively analyzed using GC-MS.I'
Patchouli, a traditional Chinese medicine, demonstrates
antioxidant, antithrombotic, and anti-inflammatory properties.
GC-MS can be applied to assess the pharmacokinetics of its
essential oil extract.['s Traditional Chinese medicines are also
susceptible to containing pesticide residues. GC-MS can
effectively, sensitively, and accurately detect the organic
phosphorus components present in honeysuckle samples.!'”]
GC-MS can be employed to detect polycyclic aromatic
hydrocarbons (originating from fossil fuel combustion) in
Chinese herbal medicines like honeysuckle. It has been
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discovered that honeysuckle may carry potential health risks,
which necessitate meticulous detection and evaluation.?"

In this chapter, the thermal decomposition processes of 20
herbaceous plant flowers were analyzed by means of TG-DTG
techniques, which are related to thermal stability and heat
release characteristics. The obtained results provide a
fundamental basis for the identification and comprehensive
utilization of these 20 herbaceous plant flowers. FTIR was
employed to analyze the functional groups in ethanol extracts
of 20 herbaceous plant flowers. GC-MS was employed to
determine the main compounds, unique compounds, and
cancer cytotoxic compounds in ethanol extracts of flowers
from 20 herbaceous plant species. This comprehensive
analysis provides a basis for the utilization of herbaceous plant
flowers resources and their potential cancer cytotoxicity.

2. Experimental design

2.1 Plant extraction

20 types of flower samples were collected from Longzi Lake
in Zhengzhou City (medicinal plants under herbaceous forests
that bloom from March to July), and immediately placed in the
laboratory for pre-treatment of flower samples. Separate the
entire flower sample, clean, air dry, and crush it. After the
sample is crushed, it is extracted with anhydrous ethanol and
water alcohol (ethanol: distilled water=1:1) in a water bath
(65°C). After rotary evaporation, it is stored in a refrigerator at
4 degrees Celsius for later use.

2.2 Thermal stability test of herbaceous plant flowers

The processed flower powder was subjected to analysis using
a PerkinElmer synchronous thermal analyzer (TG model:
STA8000).The thermal analyzer is equipped with a platinum
crucible, a balance, and a horizontal furnace, and has a sample
capacity of approximately 200 mg. A 10-mg portion of the
experimental sample flower powder was taken.High-purity
nitrogen was introduced at a pressure of 0.1 MPa and a gas
flow rate of 20 mL/min. The temperature was ramped up from
30°C to 800°C at a heating rate of 10°C/min and then held at
800°C for 5 minutes.

2.3 Elemental analysis of herbaceous plant flowers

The flower sample powder was evenly spread in a measuring
container with a diameter of 40 mm and then placed in an XRF
(Shimadzu EDX-7000, Japan) for elemental analysis. A
sample irradiation area with a diameter of 10 mm was selected.
After the testing process, the results were collected, organized,
and used to generate elemental spectra.

2.4 Fourier transform infrared spectroscopy analysis of
herbaceous plant flowers

The extraction solution of flower samples was analyzed using
a potassium bromide (KBr)-based Fourier-transform infrared
absorption spectrometer (NicoletiS10, Thermo Fisher
Scientific).A 15 pL aliquot of the liquid extract sample was
dropped onto 200 mg of dried potassium bromide (KBr)
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powder. The KBr powder had been previously dried at 105°C
for 24 hours and then mixed and ground evenly in an agate
mortar. The mixture was subsequently pressed into a
transparent pellet for analysis.Subsequently, each sample
tablet was positioned within the sample holder of the Fourier-
transform infrared (FTIR) spectrometer for analysis. The
spectral range was configured as 4000-400 cm™!, the scanning
frequency was fixed at 32, and the spectral resolution was
determined as 4 c¢cm’!. During the scanning process, the
interference from water and carbon dioxide was subtracted.
The infrared spectral standard spectra of different parts of the
samples and their extracts were acquired using OMNIC 8.0
infrared operation software.

2.5 GC-MS Examination of Flower Extracts
Herbaceous Plants

The analysis of 20 ethanol extracts was carried out using an
Agilent GC-MS system (7890B/5977B). For the
chromatographic conditions, the elastic quartz capillary
column HP-5MS(60 mx250 pumx0.25 pwm) was used. High-
purity helium gas served as the carrier gas at a flow rate of 1.2
mL/min, with a split ratio of 5:1. The column was initially set
at 40°C, then heated at 6°C/min to 250°C and held for 2
minutes. After that, the temperature was increased at 5°C/min
to 280°C and kept constant for 5 minutes.

Mass spectrometry conditions: The electron ionization (EI)
ion source was employed with the following parameters: the
ion source temperature was 230 °C, the quadrupole
temperature was 150 °C, the ionization voltage was 70 eV, and
the ionization current was 150 pA, and a scanning range of
30-600 amu.The corresponding chemical components were
retrieved by referencing the NIST17L standard spectral library.
The relative content of compounds was determined through
the peak-area normalization method.

from

3. Results and analysis

3.1 Analysis of volatile components in the flowers of
herbaceous plants

Fig. 1(ab) illustrate that the thermal decomposition process of
most plant flowers can be categorized into three separate
stages. The initial stage, occurring from approximately 30°C
to 150°C, is characterized by the loss of adsorbed water and
crystalline water.?'’ In the second stage, ranging from
approximately 150°C to 600°C, natural macromolecular
compounds such as proteins, sugars, and fats undergo thermal
decomposition,? and the lowest point of the DTG curve
commences the process of carbon formation at approximately
300°C. In the third stage, within the temperature span of
600°C to 800°C, the production of CO, and H,O occurs,
followed by their decomposition into ash. The natural
macromolecular compounds, namely proteins, sugars, and fats,
present in the 20 herbaceous plant flowers commence
decomposition at 150°C. This finding suggests that the
application temperature for these 20 herbaceous plant flowers
should not surpass 150°C. In summary, from the thermal
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decomposition profiles of the flowers of 20 herbaceous plants,
it is evident that the onset and termination times of the three
stages of flower thermal decomposition vary among different
species. The majority of the flowers exhibit decomposition
within the temperature span of approximately 150°C to 600°C,
and the process of carbon formation commences at around
300°C. This indicates that the flowers of these 20 herbaceous
plants possess the characteristic of easy degradation.?! The
flowers of Paeonia lactiflora Pall., Oxalis corymbosa DC.,
Orychophragmus violaceus (L.) O. E. Schulz, and Oenothera
speciosa Nutt show non-uniform thermal decomposition in the
temperature span of 200-400 °C. Notably, the flowers of
Paeonia lactiflora Pall. may contain a diverse array of natural
macromolecular compounds.The thermal decomposition of
Iris tectorum Maxim is non-uniform in the temperature span
0f 200-600°C. This may be attributed to the presence of high-
molecular-weight  substances, such as  long-chain
hydrocarbons, or inorganic substances like silicates and
carbonates,  within  their = natural = macromolecular
compounds.The decomposition rate of Paeonia lactiflora Pall.
and Iris tectorum Maxim. is relatively rapid. It is also likely
that Paeonia lactiflora Pall. and Iris tectorum Maxim. contain
a higher proportion of low-molecular-weight volatile
compounds.

Plants contain minerals and active substances, which
enable them to be used as basic substances in the production
and application of modern medicines.* Fig.1c reveals that the
flowers of 20 herbaceous plant species contain elements
including K, P, Ca, Cl, S, Fe, Cu, Mn, Zn, Si, Ti, Br, Rb, Sr,
Cr, Co, Ni, and others. Among these elements, K and P are
classified as abundant elements, Ca and S as moderate - level
elements, while Fe, Zn, Mn, Cl, and Cu are considered trace
elements. Furthermore, Si, Ti, and Co are beneficial elements
for plants. The flowers of the 20 herbaceous plant species are
capable of absorbing Ni, Br, Rb, and Sr elements. Through a
comparison of the high contents of K, Ca, and Si, it can be
inferred whether the content of silicates and carbonates is
relatively high or low.Through thermal stability analysis and
elemental analysis, it can be concluded that Paeonia lactiflora
Pall. flowers, Hemerocallis hybrida Bergmans, Trifolium
repens L., Echinacea purpurea, and Hemisteptia lyrata
(Bunge) Fisch. & C. A. Mey. have higher inorganic content,
while Cyperus rotundus L., Hosta plantaginea (Lam.)
Aschers., Oxalis corymbosa DC., Coreopsis basalis (A. Dietr.)
S. F. Blake, and Erigeron annuus (L.) Pers. have higher carbon
content.A high Cl content is also detected in the majority of
flowers. While Cl is an essential nutrient for plant growth,
excessive accumulation thereof can give rise to cell toxicity.!>*!
Sr plays a role in facilitating bone regeneration, promoting
growth, and stimulating calcium signaling. Notably, the
majority of flowers contain Sr, which can potentially be
utilized in the synthesis of strontium nanoparticles endowed
with antioxidant activity.**) Additionally, the flowers of these
plants can be employed in the formation of strontium
nanoparticles that possess antioxidant activity.
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Fig. 1: TG (a) and DTG (b) curves of 20 herbaceous plant flowers; (c) The relative content of floral elements in 20 herbaceous plant
species.; (d) Infrared spectra of ethanol extracts from the flowers of 20 herbaceous plant species ; (¢) Column chart depicting the
chemical composition and content of various categories of ethanol extracts from the flowers of 20 herbaceous plant species; The
infrared spectra from top to bottom and 1-20 are as follows: Taraxacum mongolicum Hand.-Mazz., Cirsium arvense var. integrifolium
Wimm. & Grab., Cyanus segetum Hill, Hemisteptia lyrata (Bunge) Fisch. & C. A. Mey., Coreopsis basalis (A. Dietr.) S. F. Blake,
Trifolium repens L., Paeonia lactiflora Pall., Erigeron annuus (L.) Pers., Oxalis corymbosa DC., Hemerocallis fulva ‘Golden Doll’,
Hosta plantaginea (Lam.) Aschers., Setaria viridis (L.) Beauv., Cyperus rotundus L., Hemerocallis hybrida Bergmans, Echinacea
purpurea, Orychophragmus violaceus (L.) O. E. Schulz, Leucanthemum maximum (Ramood) DC., Oenothera speciosa Nutt., Iris
tectorum Maxim., Gaillardia pulchella Foug.
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Fig. 1d shows that the infrared spectra of the ethanol
extracts of Taraxacum mongolicum Hand.-Mazz., Erigeron
annuus (L.) Pers., and Oxalis corymbosa DC. flowers have a
large absorption peak at 3369.2 cm’! and an O-H stretching
vibration between 3600-3000 cm™',2"! indicating the possible
presence of sugars, phenols, alcohols, and carboxylic acids.?*]
There are two absorption peaks around 2980.7 c¢cm’!, and
between 3000-2800 cm™!, it is a C-H stretching vibration, 3!
which may indicate the presence of alkanes. There is an
absorption peak around 1737.1 cm™!, and between 1900-1600
cm’!, it is a C=0 stretching vibration,?”) which may indicate
the presence of esters, carboxylic acids, and ketones. There is
an absorption peak around 1640.1 cm™!, and between 1700-
1610 cm, it is a C=C stretching vibration,*? which may
indicate the presence of olefins. There are several absorption
peaks around 1374.2 cm™!, and between 1480-1300 cm’!, they
are C-H angular vibrations, which may indicate the presence
of sugars. There are several absorption peaks around 1271.1
cm’!, and between 1310-1000 cm’!, there are C-O stretching
vibrations,**! which may indicate the presence of carboxylic
acids, phenols, esters, ketones, and alcohols. There is an
absorption peak around 1081.8 cm™!, and between 1310-1000
cm’!, it is a C-O stretching vibration,! which may contain
carbohydrate substances. There is an absorption peak around
875.9 cm’!, and between 900-780 cm, it is an out of plane
bend of -CH, possibly indicating the presence of
aldehydes.The ethanol extracts of flowers from 17 other
herbaceous plants (such as Cirsium arvense var. integrifolium
Wimm. & Grab., Cyanus segetum Hill, Hemisteptia lyrata
(Bunge) Fisch. & C. A. Mey., Coreopsis basalis (A. Dietr.) S.
F. Blake, Trifolium repens L., Paeonia lactiflora Pall., and
Paeonia lactiflora Pall.) exhibit relatively small C=0
stretching vibrations between 1900-1600 c¢m’', and may
contain fewer substances such as esters, carboxylic acids, and
ketones. Moreover, the infrared spectra of ethanol extracts
from Cyanus segetum Hill, Paeonia lactiflora Pall.,
Hemerocallis fulva‘Golden Doll’, Hosta plantaginea (Lam.)
Aschers., Setaria viridis (L.) Beauv., and Echinacea purpurea
display relatively weak O-H stretching vibrations in the span
of 3600 - 3000 cm!. This suggests the possible presence of
fewer substances such as sugars, phenols, alcohols, and
carboxylic acids. In summary, the extracts from the flowers of
20 herbaceous plants species display C=C stretching
vibrations in the range of 1700-1610 cm™. This indicates the
potential presence of compounds such as flavonoids, amino
acids, and alkaloids.P"l The existence of active functional
groups in most plant flower extracts implies that these extracts
are probably endowed with medicinal value. This discovery
furnishes a scientific foundation for the comprehensive
utilization and further investigation of plant flower extracts as
prospective therapeutic agents.

As illustrated in Fig. le, the ethanol extract of Echinacea
purpurea, exhibits the highest proportion of hydrocarbon
substances.Among the ethanol extracts of various plant
flowers, the highest proportion of phenolic alcohol substances
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was identified in the ethanol extract of Hemerocallis hybrida
Bergmans. The highest proportion of aldehyde ketone
substances is found in the ethanol extract of Paeonia lactiflora
Pall.. The highest proportion of acid substances is found in the
ethanol extract of Leucanthemum maximum (Ramood)
DC..The ethanol extract of Cirsium arvense var. integrifolium
Wimm. & Grab., has the highest proportion of ester substances.

3.2 The ethanol extracts of herbaceous plant flowers
contain active substances that possess insect - resistant,
antibacterial, antioxidant, or cytotoxic functions.
By combining the attached materials and searching for the
paper, it can be concluded that 34 active substances with insect
resistance, antibacterial, antioxidant, or cytotoxic functions
were found in the ethanol extracts of flowers from 20
herbaceous plant species,(Fig. S1-S20; Table S1-S20),
including n-Hexadecanoic acid, Dodecane, 1-fluoro-,
Melezitose, 7-Ethyl-4-decen-6-one, 2-Cyclohexylpiperidine,
Hexadecanoic acid, methyl ester, Methyl 12,13-
tetradecadienoate, 9,12-Octadecadienoic acid (Z,Z)-, Methyl
4,7,10,13-hexadecatetraenoate, Caryophyllene, etc. Among
them, 22 substances with cytotoxicity were found, including
n-Hexadecanoic acid,Melezitose,2-Cyclohexylpiperidine,
Hexadecanoic acid, methyl ester, 9,12-Octadecadienoic acid
(Z,Z)-, Caryophyllene, cis-.alpha.-Bergamotene, Benzoyl
isothiocyanate, Methyl 3,5-tetradecadiynoate, etc.
Application of material in Table 1 of the paper query: n-
Hexadecanoic acid has been shown to induce nuclear
condensation and fragmentation in T24 cells, thereby
inhibiting cell proliferation. Additionally, n-Hexadecanoic
acid exhibits antioxidant properties.** Dodecane, 1-fluoro-
exhibits potential anti-inflammatory properties.l**) Melezitose
induces apoptosis of A549 cells by causing cell cycle arrest at
the G1 phase.’”! 7-Ethyl-4-decen-6-one has been identified as
a compound with potential for the synthesis of antibacterial
agents.’¥! 2-Cyclohexylpiperidine exhibits potent anti -
inflammatory and apoptotic activities.’”) Hexadecanoic acid,
methyl ester demonstrates significant anti-cancer activities,
particularly against breast cancer and skin cancer.l*" 15-
Tetracosenoic acid, methyl ester, (Z)- exhibits remarkable
medicinal value in facilitating the regeneration of nerve cells
and repairing damaged nerve fibers.!*!l Methyl 12,13-
tetradecadienoate has been shown to decrease the affinity
between a - glucosidase and isomaltose. As a result, It has the
potential to serve as a therapeutic option for diabetes
treatment.!*?) 9,12-Octadecadienoic acid (Z,Z)- exhibits
substantial antioxidant activity.3! Methyl 4,7,10,13-
hexadecatetraenoate demonstrates anti-inflammatory and
antibacterial activities.**! Butyl propionate can be utilized in
the preparation of banana essence and ether-like flavors.
Moreover, it can serve as a flavoring agent in food production
1431 Caryophyllene exhibits anti-cancer and anti-inflammatory
activities. Additionally, it has the potential to relieve itching.[4¢]
cis-.alpha.-Bergamotene has anticancer activity.*’! f-biphenyl
has antioxidant and anticancer activities.!’?] Benzoyl
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Table 1: Active substances with insect resistance, antibacterial, antioxidant or cytotoxic functions in GC-MS analysis.

Number RT substance
1 35.447 n-Hexadecanoic acid
2 14.654 Dodecane, 1-fluoro-
3 20.334 Melezitose
4 23.18 7-Ethyl-4-decen-6-one
5 28.547 2-Cyclohexylpiperidine
6 34.502 Hexadecanoic acid, methyl ester
7 25.132 15-Tetracosenoic acid, methyl ester, (Z)-
8 22.292 Methyl 12,13-tetradecadienoate
9 27.872 9,12-Octadecadienoic acid (Z,Z)-
10 25.82 Methyl 4,7,10,13-hexadecatetracnoate
11 10.325 Butyl propionate
12 25.545 Caryophyllene
13 25.157 cis-.alpha.-Bergamotene
14 27.108 B-biphenyl
15 8.223 Benzoyl isothiocyanate
16 26.539 Methyl 3,5-tetradecadiynoate
17 36.754 Arachidonic Acid, TBDMS derivative
18 32.995 1-heptatriol
19 34.446 Tert-Hexadecanethiol
20 35.597 Hexadecanoic acid, ethyl ester
21 6.553 3-Hexen-1-ol benzoate
22 13.065 3-Furanmethanol
23 28.553 trans-13-Octadecenoic acid
24 29.848 Octadecanoic acid, ethyl ester
25 6.072 Trifluoroethanol, TBDMS derivative
26 17.338 Alpha-l-thamnopyranose
27 18.251 5-Thio-D-glucose
28 25.476 Thymidine
29 18.976 Thymine
30 27.434 Phenol, 3,5-bis(1,1-dimethylethyl)-
31 24.444 Copaene
32 25.832 cis-5,8,11,14,17-Eicosapentaenoic acid
33 12.446 Nonanoic acid
34 15.899 Eucalyptol

isothiocyanate has anti-cancer and antibacterial activity.[>!)
Methyl 3,5-tetradecadiynoate has antibacterial and anticancer
activities.’2l Arachidonic Acid, TBDMS derivative have
anticancer activity. 1-heptatriol has antifungal and anticancer
activities. Tert-Hexadecanethiol has antibacterial and
cytotoxic properties.’’] Hexadecanoic acid, ethyl ester
constitutes the substance responsible for the odor of the extract
of red clover flowers.] Compounds mainly composed of 3-
Hexen-1-ol benzoate exhibit antibacterial activity.’4 3-

6 | ES Food Agrofor., 2025, 21, 1612

Furanmethanol has anti hepatitis B virus activity.l’s} The
extract mainly composed of trans-13-Octadecenoic acid has
insecticidal and anti-tumor activities.’® Octadecanoic acid,
ethyl ester has cytotoxicity.’®! Trifluoroethanol, TBDMS
derivative can be used to make antibacterial films.* Alpha-I-
rhamnopyranose has cytotoxicity.[®¥] 5-Thio-D-glucose has
anti-tumor activity and can be used for radiation therapy.[®!
Extracts containing Thymine exhibit cytotoxicity.l*
Hexadecanoic acid, ethyl ester can kill insects through contact
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killing.l®”) Thymidine is cytotoxic and can be used as an anti
AIDS drug.®! Phenol, 3,5-bis(1,1-dimethylethyl)- has
antibacterial and anticancer activities.l*) Trifluoroethanol,
TBDMS derivative can be used to make antibacterial films.®
Copaene has antibacterial and bactericidal effects.l®! cis-
5,8,11,14,17-Eicosapentaenoic acid exhibits insect resistance
activity.®®  Nonanoic acid has anti-inflammatory,
cardioprotective, and analgesic activities. Eucalyptol contains
cytotoxic, antibacterial, antioxidant, and enzyme inhibitory
activities.l*”)

4. Summary and Prospect

In summary, the flower extracts of 20 herbaceous plant species
contain diverse chemical substances. The majority of flower
extracts from these plants contain substances with insect-
resistant, antibacterial, antioxidant, and anticancer activities.
These extracts render the plants suitable for use as medicinal
plants in understory intercropping systems. Moreover, they
hold great potential for applications in various fields such as
food, pharmaceuticals, agriculture, and cosmetics. This study
therefore lays a theoretical groundwork for the comprehensive
utilization of the flowers of these 20 herbaceous plant species.
Especially in the flowers of these 20 herbaceous plant species,
there are n-Hexadecanoic acid,Melezitose,2-
Cyclohexylpiperidine, Hexadecanoic acid, methyl ester, 9,12-
Octadecadienoic acid (Z,Z)-,Caryophyllene, cis-.alpha.-
Bergamotene, Benzoyl isothiocyanate, Methyl 3,5-
tetradecadiynoate, and other anticancer active substances
indicate that flower extracts from 20 herbaceous plant species
can be used for cytotoxicity testing.

Acknowledgements
All authors express their gratitude to the providers of
experimental instruments and developers of analytical
software for their strong support. We are grateful to the Natural
Science Foundation of Henan Province (252300421468), and
“Kechuang Zhongyuan”  Scientific Innovation Initiative of
Henan Association for Science and Technology
(2025HYTPO019) for providing financial support for this study.

Institutional Review Board Statement
Not applicable.

Informed Consent Statement
Not applicable.

Data Availability Statement
The data presented in this study are available on request from

the corresponding author.

Conflict of Interest
The authors declare that they have no conflict of interest.

Supporting Information
Applicable.

Engineered Science Publisher

CRediT Statement

Limin Wang: Writing — original draft, Visualization,
Methodology, Conceptualization. Wan Adibah Wan Mahari:
Writing — original draft, Visualization, Methodology,
Conceptualization. Rock Keey Liew: Writing — review &
editing, Visualization. Guanyan Li: Visualization. Xiaochen
Yue: Writing — review & editing. Haiping Gu: Writing —
review & editing, Supervision, Conceptualization. Wanxi
Peng and Xiangmeng Chen: Methodology, Writing — review
& editing, Supervision, Funding acquisition,
Conceptualization.

References

[1] L. Wang, G. Li, X. Chen, Y. Yang, R. K. Liew, H. M. Abo-
Dief, S. S. Lam, R. Sellami, W. Peng, H. Li, Extraction strategies
for lignin, cellulose, and hemicellulose to obtain valuable
products from biomass, Advanced Composites and Hybrid
Materials, 2024, 7,219, doi: 10.1007/s42114-024-01009-y.

[2] C. Tsioptsias, A. K. Zacharis, Simulation and experimental
study of the isothermal thermogravimetric analysis and the
apparent alterations of the thermal stability of composite
polymers, Polymers, 2024, 16, 1454, doi:
10.3390/polym16111454.

[3] C. Tan, Z. Huang, Self-assembly morphology and solid state
of four organic-polyoxometalate hybrids based on Berberine,
Journal of Molecular Structure, 2023, 1294, 136326, doi:
10.1016/j.molstruc.2023.136326.

[4] H. Lu, Z. Yan, M. Sun, Studies on synthesis, physicochemical
properties, biological activities of two novel berberine-based salts
with DL-mandelate and cinnamate anions, Journal of Molecular
Structure, 2023, 1294, 136359, doi:
10.1016/j.molstruc.2023.136359.

[5] H. Li, Z. Yin, Y. Zhang, J. Yang, Y. Ding, S. Wang, M. Pan,
Computational simulation-assisted design and experimental
verification of molecularly imprinted polymers for selective
extraction of chlorogenic acid, Journal of Chromatography A,
2024, 1714, 464556, doi: 10.1016/j.chroma.2023.464556.

[6] A. K. Ghosh, P. Dewaele, H. Hu, S. K. Panda, W. Luyten,
Antimicrobial efficacy of select medicinal plant extracts from
Bangladesh against food-borne bacterial pathogens, Journal of
Food Safety, 2024, 44, €13147, doi: 10.1111/jfs.13147.

[7] X. Qu, F. Zhou, D. Wang, Y. Cai, J. Zhao, J. Ma, S. Gao, D.
Wang, H. Yin, Pre-extraction of Li from spent lithium-ion
batteries through an Ethanol-Water vapor thermal reduction
approach, Chemical Engineering Journal, 2024, 482, 148608, doi:
10.1016/j.cej.2024.148608.

[8] A. Kyriakoudi, I. Mourtzinos, K. Tyskiewicz, S. Milovanovic,
An eco-friendly supercritical CO, recovery of value-added
extracts from Olea europaea leaves, Foods, 2024, 13, 1836, doi:
10.3390/foods13121836.

[9] S. Rodriguez-Blazquez, L. Pedrera-Cajas, E. Gomez-Megjia,
D. Vicente-Zurdo, N. Rosales-Conrado, M. E. Leon-Gonzalez, J.
J. Rodriguez-Bencomo, R. Miranda, The potential of plum seed
residue: unraveling the effect of processing on phytochemical
composition and bioactive properties, International Journal of

ES Food Agrofor., 2025,21, 1612 | 7


https://www.espublisher.com/

Research article

ES Food & Agroforestry

Molecular Sciences, 2024, 25, 0, doi: 10.3390/ijms25021236.
[10] M. Geropoulou, E. Yiagtzi, T. Chatzimitakos, D.
Palaiogiannis, D. P. Makris, Organosolv treatment of red grape
pomace for effective recovery of antioxidant polyphenols and
pigments using a ternary glycerol/ethanol/water system under
mild acidic conditions, Molecules, 2024, 29, 563, doi:
10.3390/molecules29030563.

[11] Nilofar, G. Zengin, A. 1. Uba, N. Abul, I. Gulcin, I. Koyuncu,
O. Yuksekdag, S. Kumar M Ponnaiya, S. Tessappan, F. Nazzaro,
F. Fratianni, F. Coppola, A. Kalyniukova, G. Emre, V. Andruch,
A multifunctional natural treasure based on a “one stone, many
birds” strategy for designing health-promoting applications:
Tordylium Apulum, Food Bioscience, 2024, 62, 105088, doi:
10.1016/j.fbi0.2024.105088.

[12] M. F. Elsadek, K. S. Al-Numair, Profiling of phytochemical
constituents of terminalia chebula fruit extract by different
solvent effects and synchronized analysis of FTIR and GCMS,
Journal of King Saud University - Science, 2024, 36, 103414, doi:
10.1016/j.jksus.2024.103414.

[13] R. Xu, D. M. Ao, X. Xu, Z. L. Wang, Y. Hu, S. Liu, H. L.
Qiao, C.Q. Xu. Study on the Identification Method of Lycium
Barbarum Cultivars in Ningxia Based on Infrared Spectrum and
Cluster Analysis, Spectroscopy and Spectral Analysis, 2024, 44,
1386-1391. doi: 10.3964/j.issn.1000-0593(2024)05-1386-06.
[14] J. Sun, L. Zhong, L. Dong, J. Chen, Mid-infrared
spectroscopic identification of the right-baked rhubarb for
ulcerative colitis therapy, Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 2024, 314, 124244, doi:
10.1016/j.sa2.2024.124244.

[15]Y. Guo, N. Ullah, J. Bai, Z. Wang, R. Zhang, L. Ma, K. Lin,
Rapid detection of acids and esters in Chinese liquor by Fourier
transform infrared spectroscopy with difference spectroscopy,
Food Analytical Methods, 2024, 17, 1373-1382, doi:
10.1007/s12161-024-02670-1.

[16] X. P. Gu, Y. L. Yang, D. M. Qi, T. L. Liu, C. M. Dong.
Quantitative Modeling and Content Determination of Active
Ingredients in Lonicera Japonica Flos by Fourier Transform
Infrared Spectroscopy, Spectroscopy and Spectral Analysis, 2024,
44,2, 467-473. doi: 10.3964/j.issn.1000-0593(2024)02-0467-07.
[17] X. Liang, H. Xie, L. Yu, J. Ouyang, Q. Peng, K. Chen, F. Liu,
H. Chen, X. Chen, X. Du, X. Zhu, G. Li, R. He, Study on the
effects and mechanisms of Wenzhong Bushen Formula in
improving ovarian reserve decline in mice based on network
pharmacology, Journal of Ethnopharmacology, 2024, 324,
117756, doi: 10.1016/j.jep.2024.117756.

[18] Y. Zhu, H. Ouyang, W. Lin, W. Li, X. Cao, Y. Chang, J. He,
GC-MS method for determination and
pharmacokinetic investigation of five volatile components in rat
plasma after oral administration of the essential oil extract of
Pogostemon cablin, Heliyon, 2024, 10, e32444, doi:
10.1016/j.heliyon.2024.e32444.

[19] K. Guo, X. Wu, F. Zhang, Y. Cao, Z. Tan, S. Xiao, L. Wu,
Deep eutectic solvents-based ultrasonic-assisted dispersive
liquid-liquid microextraction for the determination of
organophosphorus pesticides in honeysuckle dew samples,

simultaneous

8 | ES Food Agrofor., 2025, 21, 1612

Molecules, 2024, 29, 3423, doi: 10.3390/molecules29143423.
[20] D. Cao, Z. Zhu, S. Zhao, X. Zhang, J. Lin, J. Wang, Q. Zeng,
M. Zhu, Concentrations, sources and health risk assessment of
polycyclic aromatic hydrocarbons in Chinese herbal medicines,
Molecules, 2024, 29, 972, doi: 10.3390/molecules29050972.
[217J. T. Li, Q. Zhang, C. X. Song, Discrimination of the Chinese
herbal medicine Kombu using thermogravimetric/differential
thermal analysis, Journal of Qufiu Normal University, 2013, 39,
95-97, doi: 10.3969/j.issn.1001-5337.

[22] X. S. Wang, T. Lan, J. J. Li, A. Y. Ning, L. B. Zhou, Multi-
indicator quantitative analysis of Isatis indigotica, Lobelia
chinensis, and Mentha based on combustion stability and trace
element indicators, Shanxi Chemical Industry, 2024, 44, 66-70.
doi: 10.16525/j.cnki.cn14-1109/tq.2024.08.021.

[23] Q. L. Nan, Q. L. Zhang, Y. M. Zhou, Study on the anti-
scaling performance of Sophora japonica extract/PBTCA blend
against calcium sulfate scale, Applied Chemical Industry, 2024,
53, 2114-2117, doi: 10.16581/j.cnki.issn1671-
3206.20240708.006.

[24], A. K. Das, N. K. Kashyp, A. K. Bhardwaj, S. Biswas, G.
Roymahapatra, S. Bhattacharyya, M. Hiat, Proximate analysis,
and mineral content determination of delonix regia flower, ES
Food & Agroforestry, 2024, 17, DOIL: 10.30919/esfaf1132

[25] L. Liu, X. Li, C. Wang, Y. Ni, X. Liu, The role of chloride
channels in plant responses to NaCl, International Journal of
Molecular Sciences, 2024, 25, 19, doi: 10.3390/ijms25010019.
[26] K. N. Vallinayaki, R. Shanmugam, T. Munusamy,
Biosynthesis of strontium nanoparticles using Mimosa pudica
and its antioxidant effect, Journal of Pharmacy & Bioallied
Sciences, 2024, 16, S1330-S1334, doi:
10.4103/jpbs.jpbs 588 23.

[27] S. Z. Ahmad, Z. U. D. Khan, S. A. Mirza, Assessment of
ethnopharmacological potential of Cyperus difformis L. in terms
of its” phytochemistry, antibacterial, antioxidant and anticancer
attributes, Notulae Botanicae Horti Agrobotanici Cluj-Napoca,
2022, 50, 12918, doi: 10.15835/nbha50312918.

[28], L. Kapoor, T. B. G. Mohan, K. Ranjith, Evaluating fuel
properties and chemical composition of Biofuel produced via co
pyrolysis of rice straw and groundnut shell, ES Energy &
Environment, 2024, 25, doi: 10.30919/esec1224

[29] P. P. Li, L. X. Pei, B. Y. Ji, J. H. He, X. Q. Li, S. C. Chen, C.
M. Dong, Analysis of infrared spectral characteristics of
Epimedium extract and determination of total flavonoids,
reducing sugars, and total phenols, China Food Additives, 2024,
35, 197-202, doi: 10.19804/j.issn11006-2513.2024.12.024.

[30] K. Zhao, C. Qian, L. Qi, Q. Li, C. Zhao, J. Zhang, G. Han,
L. Xia, Z. M. El-Bahy, J. Gu, M. H. Helal, Z. Yan, Z. Guo, Z. Shi,
Modified acid polysaccharide derived from Salvia przewalskii
with excellent wound healing and enhanced bioactivity,
International Journal of Biological Macromolecules, 2024, 263,
129803, doi: 10.1016/j.ijbiomac.2024.129803.

[31] R. Fakhlaei, A. A. Babadi, N. M. Ariffin, X. Zou,
Development of FTIR-ATR spectra and PLS regression
combination model for discrimination of pure and adulterated
acacia honey, Food Control, 2025, 169, 110996, doi:

Engineered Science Publisher


https://www.espublisher.com/

ES Food & Agroforestry

Research article

10.1016/j.foodcont.2024.110996.

[32] S. Lekshmi, S. Sethi, A. Kundu, A. Singh, K. P. Singh,
Namita, R. Kumar, R. Asrey, P. M. Sindhu, Extraction of
polyphenolic compounds from rose and marigold, UPLC-ESI-
QToF-MS/MS, FTIR characterization and assessment of
antioxidant activity, Journal of Applied Research on Medicinal
and  Aromatic  Plants, 2025, 44, 100608,  doi:
10.1016/j.jarmap.2024.100608.

[33] A. Fernandez-Ochoa, 1. Y. Younis, R. K. Arafa, M. L. Cadiz-
Gurrea, F. J. Leyva-Jiménez, A. Segura Carretero, E. Mohsen, F.
R. Saber, Metabolite profiling of Colvillea racemosa via UPLC-
ESI-QTOF-MS analysis in correlation to the in vitro antioxidant
and cytotoxic potential against A549 non-small cell lung cancer
cell line, Plants, 2024, 13, 976, doi: 10.3390/plants13070976.
[34] L. Liang, Y. X. Zhao, N. Y. Qu, J. C. Huang, L. N. Wang,
Exploration of the antioxidant and anti-aging material basis and
mechanism of action of Hippophae rhamnoides based on the
Keap1-Nrf2 pathway and UPLC-Q-TOF-MS technology, Journal
of Liaoning University of Traditional Chinese Medicine, 2025, 27,
38-43, doi: 10.13194/].issn.1673-842X.2025.02.007.

[35] R. V. Mathai, S. K. Sar, J. C. Mitra, M. K. Jindal, F. Wang,
Ethanolic extraction and GC-MS analysis of antioxidant and
anticancer bioactive compounds from Mentha arvensis and Aegle
marmelos, Natural Product Research, 2024, 1-7, doi:
10.1080/14786419.2024.2406993.

[36] M. Nadeem, F. Zarreen, M. Moshahid Alam Rizvi, GC-MS
analysis of phytochemical composition and anticancer activities
of methanol and aqueous extracts of Bergenia ligulata thizome,
Journal of Food Science and Technology, 2025, 62, 623-634, doi:
10.1007/s13197-024-06047-4.

[37] Q. Zhou, Z. Wu, X. Cheng, Z. Zuo, C. Fan, Exploring
melezitose as a potential therapeutic agent in lung cancer:
inhibitory effects on cell proliferation and EMT-mediated
signaling in A549 cells, Pharmacognosy Magazine, 2024, 20,
1286-1294, doi: 10.1177/09731296241251545.

[38] S. H. Abd-Alrahman, M. M. Salem-Bekhit, M. E. A.
Elhalwagy, W. M. Abdel-Mageed, A. A. Radwan, Phytochemical
screening and antimicrobial activity of EthOH/water ziziphus
jujuba seeds extracts, Journal of Pure and Applied Microbiology,
2013, 7, 813-818.

[39] T. A. Kumosani, T. J. Al-Bogami, E. K. Barbour, S. S.
Yaghmoor, N. A. Alshareef, K. M. El-Say, S. S. Moselhy,
Molecular docking analysis of some medicinal extracts for pro-
apoptotic, antiinflammatory and antioxidative activities using
HCC cell lines, Natural Product Research, 2024, 1-6, doi:
10.1080/14786419.2024.2383265.

[40] L. S. Wei, W. Wee, J. Y. Siong, D. F. Syamsumir,
Characterization of anticancer, antimicrobial, antioxidant
properties and chemical compositions of Peperomia pellucida
leaf extract, Acta Medica Iranica, 2011, 49, 670-674.

[41] Y. Y. Gao. Research on the Process of Extracting Methyl
Eicosapentaenoate from the Seeds of Xanthoceras sorbifolia,
Beijing University of Chemical Technology, 2025, 3, 1-8, doi:
10.26939/d.cnki.gbhgu.2024.000555.

[42] M. D. Ojha, A. Yadav, B. Kongkham, D. Prabhakaran, S. L.

Engineered Science Publisher

Gholap, V. Kumar, K. K. Inampudi, P. Hariprasad, Polyphasic
approaches to identify and understand a-glucosidase inhibitory
potential of secondary metabolites of Withania coagulans fruit,
International Journal of Biological Macromolecules, 2024, 280,
135718, doi: 10.1016/j.ijbiomac.2024.135718.

[43] S. S. Farooqi, S. Naveed, F. Qamar, A. Sana, S. H. Farooqji,
N. Sabir, A. Mansoor, H. Sadia, Phytochemical analysis, GC-MS
characterization and antioxidant activity of Hordeum vulgare
seed  extracts, Heliyon, 2024, 10, 27297, doi:
10.1016/j.heliyon.2024.e27297.

[44] A. Sudhan, K. Prabhu, S. Jones, D. Balakrishnan, H. K.
Muttevi, J. Kalaivannan, The GC-MS analysis of kabasura
kudineer: a vital siddha drug in COVID-19 therapy, Journal of
Pharmacy & Bioallied Sciences, 2024, 16, S1821-S1823, doi:
10.4103/jpbs.jpbs_2 24.

[45] B. Y. Yang, Y. L. Zhang, Y. H. Xu, Y. H. Dai, Study on the
anti-inflammatory effects of B-caryophyllene on LPS-stimulated
macrophages, Biological Resources, 2024, 46, 390-396, doi:
10.14188/j.ajsh.20240509002.

[46] Tanuja, M. Parani, Identification of full-length genes
involved in the biosynthesis of -caryophyllene and lupeol from
the leaf transcriptome of Ayapana triplinervis, Genome, 2024, 67,
440-444, doi: 10.1139/gen-2024-0005.

[47] Q. Cheng, B. Lyu, J. Hu, Z. Zhang, Y. Huang, Z. Wang,
Research on the antipruritic active ingredients of Mikania
micrantha,  Fitoterapia, 2024, 174, 105837,  doi:
10.1016/j.fitote.2024.105837.

[48] C. Zeng, Study on the Process of Preparing n-Butyl
Propionate by Reactive Distillation, Hebei University of
Technology, 2017, 3, 1-13, doi:
10.27105/d.cnki.ghbgu.2018.000353.

[49] A. Spyrou, M. G. F. Batista, M. L. Corazza, M. Papadaki, M.
Antonopoulou, Extraction of high value products from Zingiber
officinale roscoe (ginger) and utilization of residual biomass,
Molecules, 2024, 29, 871, doi: 10.3390/molecules29040871.
[50] E. S. Al-Farraj, M. M. El-Gamil, K. A. Asla, Retraction note:
novel thiazole carbamothioyl benzamide derivative Mn(II), Ni(IL),
and Cu(Il) complexes: synthesis, structural characterisation,
computational, and biological potency, Optical and Quantum
Electronics, 2024, 56, 1951, doi: 10.1007/s11082-024-07890-7.
[511 Y. Wu, C. H. Huang, J. Xu, Synthesis and antibacterial
activity of 3,5-dimethylpyrazole derivatives, Chemical World,
2021, 62, 559-561, doi: 10.19500/j.cnki.0367-6358.20201101.
[52] K. Lyczko, A. Pogorzelska, U. Czgécik, M. Koronkiewicz, J.
E. Rode, E. Bednarek, R. Kawecki, K. Wegrzynska, A. Baraniak,
M. Milczarek, J. C. Dobrowolski, Tricarbonyl rhenium(i)
complexes with 8-hydroxyquinolines: structural, chemical,
antibacterial, and anticancer characteristics, RSC Advances, 2024,
14, 18080-18092, doi: 10.1039/d4ra03141e.

[53] J. H. Wang, R. Qin, X. M. Zhang, B. Wu, Z. S. Dong, S. S.
Huang, Analysis of volatile aroma compounds in Usnea extract,
Science and Technology Innovation, 2019, 8, 77-79, doi:
10.15913/j.cnki.kjycx.2019.08.031.

[54] S. Bouchoucha, H. Boukhebti, A. Oulmi, Y. Mouhamadi, A.
N. Chaker, Chemical composition and antimicrobial activity of

ES Food Agrofor., 2025, 21, 1612 |9


https://www.espublisher.com/

Research article

ES Food & Agroforestry

essential oils of two wild olive subspecies Olea europaea L.var.
sylvestris and the endemic olive Olea europaea subsp. lapperinie
from Algeria, Natural Product Research, 2025, 39, 1864-1871,
doi: 10.1080/14786419.2023.22808138.

[55]S. S. Aparna, P. Savitha, R. P. Kumar, Cinnamomum verum,
a source of phytocompound leads against Odoiporus longicollis
(Coleoptera: Curculionidae), Journal of Plant Diseases and
Protection, 2023, 130, 1451-1457, doi: 10.1007/s41348-023-
00799-5.

[56] A. M. M. Youssef, D. A. M. Maaty, Y. M. Al-Saraireh,
Phytochemical analysis and profiling of antitumor compounds of
leaves and stems of Calystegia silvatica (kit.) Griseb, Molecules,
2023, 28, 630, doi: 10.3390/molecules28020630.

[57] M. A. Mesaik, A. Khalid, A. N. Abdalla, S. Sultana, A.-R.
Youssef, I. E. Ahmed, Y. . Mohammed, H. O. Mirghani, Z. U.
Rehman, H. A. Alhazmi, M. Al Bratty, GC-MS and cellular
toxicity studies on smokeless-tobacco show alerting cytotoxic
effect on human gingiva and lung fibroblasts, Journal of
Spectroscopy, 2022, 2022, 4005935, doi: 10.1155/2022/4005935.
[58] T. W. Zhang, Preparation and Properties of Gelatin-Based

Cerium Nitrate Antibacterial Fiber Membranes Using
Trifluoroethanol/Water as Co-solvents, Beijing University of
Chemical Technology, 2020, 6, 1-12, doi:

10.26939/d.cnki.gbhgu.2019.001585.

[59] C. Gauthier, J. Legault, K. Girard-Lalancette, V.
Mshvildadze, A. Pichette, Haemolytic activity, cytotoxicity and
membrane cell permeabilization of semi-synthetic and natural
lupane- and oleanane-type saponins, Bioorganic & Medicinal
Chemistry, 2009, 17, 2002-2008, doi:
10.1016/j.bmc.2009.01.022.

[60] S. Li, X. Li, T. Chen, Metabolic engineering of Escherichia
coli for thymidine production, Sheng Wu Gong Cheng Xue Bao,
2015, 31, 105-114.

[61] K. L. Li, J. L. Lei, B.Y. Wang, G. M. Liu, Y. S. Yang, P. Y.
Xiao, Establishment of the fingerprint of the anti-tumor active
fraction CII-3 from Periplaneta americana and determination of
multiple components, Chemical Research and Application, 2024,
36, 482-490.

[62] C. Y. Li, Q. Liang, W. X. Zhao, Z. S. Liang, F. Wang,
Research on insecticidal active components and mechanisms of
action of Artemisia capillaris against cutworms, Journal of
Southern Agriculture, 2024, 55, 105-116, doi:
10.3969/j.issn.2095-1191.2024.01.011.

[63] S. Li, X. Li, T. Chen, Metabolic engineering of Escherichia
coli for thymidine production, Sheng Wu Gong Cheng Xue Bao,
2015, 31, 105-114.

[64] M. R. Uddin, F. Akhter, M. J. Abedin, M. A. A. Shaikh, M.
A. Al Mansur, M. Saydur Rahman, A. S. I. Molla Jamal, M. A.
Akbor, M. H. Hossain, S. Sharmin, A. M Idris, M. U. Khandaker,
Comprehensive analysis of phytochemical profiling, cytotoxic
and antioxidant potentials, and identification of bioactive
constituents in methanoic extracts of Sonneratia apetala fruit,
Heliyon, 2024, 10, €33507, doi: 10.1016/j.heliyon.2024.e33507.

[65] R. M. Mostafa, M. M. Baz, H. T. Ebeed, H. S. Essawy, G. E.
Dawwam, A. B. Darwish, A. Selim, N. M. El-Shourbagy,

10 | ES Food Agrofor., 2025, 21, 1612

Biological effects of Bougainvillea glabra, Delonix regia,
Lantana camara, and Platycladus orientalis extracts and their
possible metabolomics therapeutics against the West Nile virus
vector, Culex pipiens (Diptera: Culicidae), Microbial
Pathogenesis, 2024, 195, 106870, doi:
10.1016/j.micpath.2024.106870.

[66] N. E. Rodriguez-Garza, R. Quintanilla-Licea, R. Gomez-
Flores, L. Galaviz-Silva, Z. J. Molina-Garza, In vitro
antiprotozoal activity of Schinus molle extract, partitions, and
fractions against Trypanosoma cruzi, Plants, 2024, 13, 2177, doi:
10.3390/plants13162177.

[67]F. Ding, X. Wu, N. Yang, J. Niu, Y. Hong, M. Tian, Exploring
the composition and bioactivity of Hedychium flavum leaf and
stem essential oil: in vitro assessment of antibacterial, antioxidant,
cytotoxicity, and enzyme inhibitory activities, Journal of
Chemistry, 2024, 2024, 6643335, doi: 10.1155/2024/6643335.

Publisher’s Note: Engineered Science Publisher remains
neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Open Access

This article is licensed under a Creative Commons Attribution
4.0 International License, which permits the use, sharing,
adaptation, distribution and reproduction in any medium or
format, as long as appropriate credit to the original author(s)
and the source is given by providing a link to the Creative
Commons license and changes need to be indicated if there are
any. The images or other third-party material in this article are
included in the article's Creative Commons license, unless
indicated otherwise in a credit line to the material. If material
is not included in the article's Creative Commons license and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this
license, visit http://creativecommons.org/ licenses/by/4.0/.

©The Author(s) 2025.

Engineered Science Publisher


https://www.espublisher.com/

