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Objectives: To map extraction methods, solvent systems, fractionation procedures, extraction yields,
phytochemical profiles, and biological activities reported for Talinum paniculatum (Jacq.) Gaertn. and
identify methodological gaps relevant to pharmaceutical research. Data sources: PubMed, Scopus,
ScienceDirect, and Google Scholar were searched, with the final search performed on 31 May 2026.
Study selection: Primary experimental studies reporting extraction procedures and relevant
phytochemical, yield, or biological outcomes were eligible. One reviewer conducted screening and
study selection, and the other authors verified the included studies. Summary of contents: Twenty-
eight studies published between 2009 and 2026 were included. Leaves were investigated in 23
studies, and maceration-based extraction was used in 15. Ethanolic and hydroethanolic systems
were frequently investigated, especially for leaf extracts. Extraction yields were available or
calculable in 20 studies; 18 studies did not report additional fractionation. Chemical characterization
ranged from qualitative screening to chromatographic and mass-spectrometric profiling.
Antioxidant, antimicrobial, antifungal, and other preclinical pharmacological activities were
reported, but extraction conditions and biological assays varied substantially —Conclusion: Leaf-
based ethanolic or hydroethanolic extraction is frequently investigated and potentially relevant to
pharmaceutical development, but the available evidence does not establish its superiority over
alternative approaches. More standardized extraction reporting, quantitative chemical profiling,
direct bioactivity testing, and safety evaluation are required.
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INTRODUCTION

Natural products remain important sources for drug
discovery because many approved therapeutic agents
have been derived from or inspired by naturally
occurring compounds. In natural product research,
extraction is a fundamental preliminary step that
enables the separation of target compounds from raw
materials before further isolation, phytochemical
profiling, and biological evaluation. The efficiency of this
process is influenced by several parameters, including
solvent properties, particle size, solvent-to-solid ratio,
extraction temperature, and extraction duration. Among
these factors, solvent selection is particularly important
because solvent polarity affects the solubility and
selectivity of extracted metabolites. Therefore, solvents
with polarity compatible with the target compounds are
generally more suitable for their recovery. Conventional
extraction methods, such as maceration, percolation,
and reflux extraction, remain widely used, although they
may require large solvent volumes and prolonged
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extraction times. Modern techniques, including
supercritical ~fluid extraction, pressurized liquid
extraction, microwave-assisted extraction, and

ultrasonic-assisted extraction, have been developed to
reduce solvent consumption, shorten extraction time,
and improve extraction selectivity®.

Talinum paniculatum (Jacq.) Gaertn. is an accepted plant
species belonging to the family Talinaceae, according to
Plants of the World Online by the Royal Botanic Gardens,
Kew?2, This species has been reported as both a
traditional medicinal plant and a food source, and
previous studies have associated it with phytochemical
constituents and biological activities, including
antimicrobial potential. The leaves of T paniculatum
have attracted particular attention as an unconventional
food plant because of their nutritional value and
bioactive potential. Menezes et al.3 reported that T
paniculatum leaves contain protein, insoluble dietary
fiber, ascorbic acid, magnesium, potassium, and calcium.
The same study evaluated several solvent systems,
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including water, ethanol, ethanol/water, methanol,
methanol /water, methanol /acetic acid, and
acetone/water/acetic acid, for phenolic compound
extraction and for the assessment of antioxidant and
antibacterial activities. Methanol/acetic acid extraction
produced the highest phenolic compound yield and
DPPH antioxidant capacity among the tested solvent
systems, while the extracts also inhibited the growth of
Bacillus cereus, supporting the antibacterial potential of
T paniculatum leaves3.

Beyond its food-related potential, T. paniculatum has
been investigated in several pharmacological and
phytochemical contexts. Souto et al.” evaluated an
ethanolicleaf extract of T. paniculatum in a doxorubicin-
induced cardiotoxicity model in hypertensive rats and
reported that the extract may exert cardioprotective
effects through mechanisms associated with serum
antioxidant activity and angiotensin-converting enzyme
inhibition. Antimicrobial evidence is more strongly
represented by leaf-based studies, including
hydroalcoholic extracts and solvent fractions evaluated
against bacterial, fungal, and mycobacterial models*56.
Chemical characterization studies have also
demonstrated the use of chromatographic and mass-
spectrometric methods in T paniculatum research,
including LC-DAD-MS, GC-MS, HPLC-DAD, and UHPLC-Q-
Exactive-Orbitrap-MS/MS7.68. dos Reis et al.# reported
that a leaf extract of T paniculatum was obtained by
ethanol-water percolation and subsequently partitioned
into hexane, ethyl acetate, butanol, and aqueous
fractions. The same study evaluated the antibacterial,
antifungal, antimycobacterial, and cytotoxic activities of
the crude leaf extract and its fractions. More recently, Li
et al.8 reported that fresh T. paniculatum root contained
at least 22 natural compounds identified using UHPLC-
Q-Exactive-Orbitrap-MS/MS and proposed synephrine,
N-trans-feruloyltyramine, and chikusetsusaponin [Va as
anti-counterfeiting quality markers for T. paniculatum
root.

Despite increasing interest in the phytochemical and
pharmacological properties of T paniculatum, the
available experimental evidence remains limited and
fragmented across different research objectives. Existing
studies have investigated individual aspects of
extraction, phytochemical composition, biological
activity, or pharmaceutical formulation, often using
different plant parts, solvent systems, extraction
conditions, and analytical methods378,  This
fragmentation creates an important methodological gap
because extraction procedures, chemical
characterization, and biological outcomes are rarely
examined within a  consistently = comparable
experimental framework. Consequently, it remains
difficult to distinguish frequently investigated extraction
strategies from those supported by direct comparative
evidence. An integrated mapping of these
methodological and experimental characteristics is
therefore needed to clarify the current evidence
landscape, identify areas of concentrated research, and
highlight underexplored extraction-phytochemical-
bioactivity relationships relevant to natural product and
pharmaceutical development.
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A scoping review is appropriate for examining the
extent, characteristics, and distribution of
heterogeneous evidence, particularly when available
studies differ substantially in methodology and reported
outcomes®10, Given the limited and methodologically
diverse literature on T paniculatum extraction and
phytochemical investigation, this approach enables a
structured assessment of the available experimental
findings without assuming direct comparability between
studies. Accordingly, the present review addresses the
following research question: How have plant parts,
extraction methods, solvent systems, fractionation
procedures, extraction yields, phytochemical profiles,
and Dbiological activities been investigated in
experimental studies of T paniculatum, and what
methodological and knowledge gaps remain? By
integrating these dimensions, this review aims to
provide an evidence-based overview of current
extraction practices and to identify priorities for future
phytochemical characterization, = pharmacological
evaluation, and pharmaceutical formulation research.

MATERIALS AND METHODS
1.Review Design

This study was conducted as a scoping review to map
the available evidence on extraction methods,
fractionation strategies, solvent systems, extraction
yields, phytochemical profiles, and biological activities
reported for Talinum paniculatum (Jacq.) Gaertn. A
scoping review design was selected because the existing
literature is heterogeneous in terms of plant part,
extraction procedure, solvent type, phytochemical
assessment, and biological assay, making evidence
mapping more appropriate than estimation of a pooled
effect size. The review was conducted in accordance
with established methodological guidance for scoping
reviews and reported following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews, PRISMA-ScR109,

2.Review question and eligibility framework

The review question was formulated using the
Population/Material-Concept-Context framework. The
guiding research question was: How have plant parts,
extraction methods, solvent systems, fractionation
procedures, extraction yields, phytochemical profiles,
and Dbiological activities been investigated in
experimental studies of Talinum paniculatum, and what
methodological and knowledge gaps remain? The
Population/Material consisted of studies using T
paniculatum from any plant part, including leaves, roots,
stems, aerial parts, whole herbs, flowers, or seeds when
available. The Concept included extraction methods,
fractionation strategies, solvent types, solvent polarity
or concentration, extraction yield, phytochemical
screening or profiling, compound diversity, and
biological activities. The Context included primary
experimental laboratory studies, including in vitro, ex
vivo, in vivo animal, pharmacognostic, phytochemical,
extraction optimization, and formulation studies that
reported data specific to T. paniculatum.
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3.Eligibility criteria

Studies were included if they clearly investigated T.
paniculatum, used plant material, crude extract, or
fraction of T paniculatum, reported the extraction
method and solvent used, and provided extractable data
on phytochemical screening, phytochemical profiling,
extraction yield, and/or biological activity. Eligible
studies included primary experimental studies, such as
in vitro, ex vivo, in vivo animal, pharmacognostic,
phytochemical, laboratory-based, extraction
optimization, and formulation studies. Only full-text
articles published in English or Indonesian were
considered eligible.

Studies were excluded if they did not clearly investigate
T paniculatum, only mentioned T. paniculatum as part of
a herbal mixture without extractable species-specific
data, were reviews, editorials, opinion articles, or short
proceedings without primary experimental data, did not
report the extraction or fractionation method, or did not
provide relevant extractable outcome data related to
phytochemistry, extraction yield, or biological activity.

4.Information sources and search strategy

A literature search was conducted in PubMed, Scopus,
ScienceDirect, and Google Scholar, with the final search
performed on 31 May 2026. No restriction on
publication year was applied. The search strategy
combined botanical terms, extraction-related terms,
phytochemical terms, and biological activity terms. The
botanical terms included “Talinum paniculatum”, “Java
ginseng”, and “ginseng jawa”. These terms were
combined with extraction-related keywords, including
extract*, extraction, fraction* solvent*, maceration,
soxhlet, reflux, infusion, decoction, ultrasonic,
ultrasound-assisted, and microwave-assisted.
Phytochemical-related terms included phytochemical*,
plant-derived compound*, plant-derived chemical*,
plant bioactive compound*, bioactive compound*, and
phytonutrient*. Biological activity terms included
biological activit*, antioxidant, anti-inflammatory,
antimicrobial, cytotoxic* and wound healing.

For Google Scholar, the search was restricted to the first
80 records ranked by relevance using the predefined
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search queries. This predefined screening limit was
applied to establish a consistent and manageable
retrieval approach. The search was designed to identify
experimental studies addressing the prespecified
extraction-related and phytochemical or biological
activity concepts rather than to retrieve all publications
concerning the species irrespective of their research
focus. The complete search expressions used for each
source are provided in Supplementary Table 1.

5.Study selection

All retrieved records were compiled, and duplicate
records were removed before screening. Study selection
was performed in two stages. First, titles and abstracts
were screened by a primary reviewer to identify
potentially relevant studies based on the predefined
eligibility criteria. Second, the full texts of potentially
eligible articles were assessed by the same reviewer to
determine their suitability for inclusion. The resulting
selection of included studies was subsequently reviewed
and verified by the other authors against the eligibility
criteria and the information reported in the source
publications. This verification process was intended to
improve the consistency and accuracy of the final study
selection but was not performed as independent
duplicate screening.

A total of 176 records were identified from the
databases, consisting of 9 records from Scopus, 2 from
PubMed, 85 from ScienceDirect, and 80 from Google
Scholar. After removal of 11 duplicates, 165 records
were screened by title and abstract. Of these, 80 records
were excluded, and 85 reports were sought for retrieval.
Fourteen reports could not be retrieved, leaving 71 full-
text reports assessed for eligibility. Forty-three reports
were excluded at the full-text stage: 4 herbal-mixture
studies without extractable T. paniculatum-specific data,
2 reviews, editorials, opinions, or short proceedings
without primary data, 20 studies without reported
extraction or fractionation methods, and 17 studies
without relevant outcome data. Finally, 28 studies were
included in this scoping review. The study selection
process is presented in the PRISMA flow diagram.
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Figure 1. PRISMA flow diagram

6.Data charting

Data were charted using a standardized extraction form
developed for this review. The data charting form was
developed iteratively and refined during the extraction
process to ensure that variables relevant to the review
question were consistently captured. Extracted data
included study identity, author, year, country, study
design, plant part, plant material condition, extraction
method, solvent used, solvent concentration or polarity,
extraction conditions, fractionation method, extract or
fraction type, extraction yield, phytochemical screening
method, identified phytochemical classes or compounds,
analytical instrument or profiling method, number or
diversity of compounds, biological activity tested, assay
or experimental model, dose or concentration,
comparator, main findings, eligibility decision, and
additional methodological notes.

Extraction yields explicitly reported by the original
authors were recorded without modification. When
sufficient information was available, extraction yield
was calculated from the reported mass of recovered
extract and the corresponding starting plant material
and was clearly distinguished from directly reported
values. Yield calculations were interpreted according to
the material basis and extraction procedure described in
each primary study. When yield was not reported and
could not be reliably calculated, it was classified as "not
reported” (NR). Crude extract yields, fraction recoveries,
and mucilage yields were treated as distinct extraction
ISSN: 2250-1177 [90]

outcomes because their denominators and experimental
purposes may differ Biological evidence was also
categorized according to whether activities were
directly evaluated through experimental assays or
inferred from previously reported properties of
identified compounds. Studies relying exclusively on
compound-based predictions were retained for
phytochemical mapping but were not considered direct
experimental evidence of biological efficacy.

7.Data synthesis and evidence mapping

The extracted data were synthesized using descriptive
and narrative approaches. Study characteristics were
summarized according to publication year, country,
study design, and plant part. Extraction strategies were
mapped according to extraction method, solvent type,
solvent polarity or concentration, extraction condition,
fractionation method, extract or fraction type, and
reported yield. Phytochemical findings were
summarized according to screening method, compound
class, analytical instrument, and number or diversity of
identified compounds. Biological activities were
grouped according to activity type, assay or
experimental model, dose or concentration, comparator,
and main outcome.

Owing to substantial heterogeneity in plant materials,
extraction procedures, solvent concentrations, analytical
techniques, experimental models, and reported
outcomes, a quantitative meta-analysis was not
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considered appropriate. Instead, the evidence was
synthesized descriptively and narratively to identify
recurring methodological patterns, the distribution of
extraction approaches, and gaps in chemical
characterization and biological validation. Frequencies
were used to describe how often particular plant parts,
extraction methods, solvents, and fractionation
procedures were investigated. These frequencies were
interpreted as indicators of research emphasis rather
than evidence of comparative extraction efficiency or
pharmacological superiority. Extraction yields and
biological outcomes were discussed within the context
of their respective experimental conditions, and direct
comparisons were limited to findings supported by
sufficiently comparable methods. Particular attention
was given to the distinction between phytochemical
characterization, direct experimental bioactivity testing,
and biological activities inferred from compound
databases.

8.Methodological
approach

limitations and appraisal

A formal critical appraisal or risk-of-bias assessment
was not performed because the objective of this scoping
review was to map the scope, characteristics, and gaps
of the available evidence rather than to determine
pooled effectiveness or exclude studies based on
methodological quality. Nevertheless, methodological
limitations were charted descriptively, including
absence of extraction yield, incomplete reporting of
extraction conditions, lack of compound-level profiling,
absence of direct experimental bioactivity testing, and
limited comparability between plant parts, solvent
systems, and extraction methods.

RESULTS

1.Study selection

A total of 176 records were identified from the database
searches, including 9 records from Scopus, 2 from
PubMed, 85 from ScienceDirect, and 80 from Google
Scholar. After removal of 11 duplicate records, 165
records were screened by title and abstract. Of these, 80
records were excluded, and 85 reports were sought for
retrieval. Fourteen reports could not be retrieved,
leaving 71 full-text reports assessed for eligibility.
During full-text assessment, 43 reports were excluded: 4
studies were herbal-mixture studies without extractable
Talinum paniculatum-specific data, 2 were reviews,
editorials, opinions, or short proceedings without
primary data, 20 did not report extraction or
fractionation methods, and 17 did not provide relevant
outcome data. Finally, 28 studies were included in this
scoping review. The study selection process is presented
in Figure 1.

2.General characteristics of included studies

The 28 included studies were published between 2009
and 2026. Most studies were conducted in Indonesia
and Brazil. Twelve studies were from
Indonesia11'12'13'14'15'16'17'13'19'20'21»22. Ten studies were

from Brazil564233242572627 Two studies were from
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Thailand?829, and one study each was from China, India,
Malaysia, and the Philippines3083132,

The included studies covered a broad range of
experimental designs, including phytochemical profiling,
in vitro antioxidant and antimicrobial assays, in vivo
animal pharmacological studies, ex vivo uterine
contractility assays, toxicological studies, extraction
optimization, and formulation-related investigationss64
30872826,  Several studies focused primarily on
phytochemical screening or compound profiling without
direct biological testing, whereas others evaluated
specific biological activities, including antioxidant,
antibacterial, antifungal, cardioprotective,
gastroprotective, diuretic, antidiabetic, anticholesterol,
immunomodulatory, uterine relaxant, antinociceptive,

cytotoxicity, toxicity, or formulation-related
outcomes!1.12:8317,18,19,20,29

A detailed summary of the included studies, including
study characteristics, plant parts, extraction strategies,
extract or fraction types, extraction yields,
phytochemical or analytical profiling, biological activity
models, and key findings, is presented in Supplementary
Table 2. The distribution of plant parts, extraction
approaches, fractionation procedures, and selected
reporting characteristics across the 28 included studies
is summarized in Table 1.

Table 1. Distribution of extraction approaches and
reporting characteristics among the included studies.

Number of
studies (n = 28)

Characteristic

Plant parts investigated

Leaves 23
Roots 7
Stem-containing materials 6

Extraction approaches

Maceration-based extraction 15

Fractionation and separation

Studies reporting additional 10
separation or fractionation

Studies without reported additional | 18
fractionation

Extraction yield reporting

Extraction yield reported or 20
calculable
Extraction yield neither reported 8

nor calculable

Biological activity assessment

Studies without direct biological 5
bioassays

Note: Categories are not necessarily mutually exclusive
because some studies investigated multiple plant parts
or extraction approaches. Frequencies represent the
number of studies reporting each characteristic.
Additional separation includes fractionation and
precipitation procedures as classified in the included
studies.
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3.Plant parts used for extraction

Leaves were the most frequently investigated plant part
and were used either alone or as part of mixed plant
materials in 23 Studies5,6,4,12,23,30,13,3,15,16,24,17,25,31,19,20,7,32,21,
29.2627.22. Roots were used in seven studies8251832282129,
Stem-containing materials, including stems, fronds, or
young stems and leaves, were represented in six
studies113014253222 These plant-part categories were
not mutually exclusive because several studies
investigated more than one plant organ within the same
experimental design. Accordingly, the frequencies
represent the number of studies involving each plant
part rather than independent or exclusive study groups.

Leaf-based studies covered the widest range of
biological and formulation-related outcomes, including
antioxidant activity, antibacterial activity, antifungal
activity, cardioprotective and renoprotective effects,
gastroprotective activity, diuretic activity,
immunomodulatory activity, toxicity, nutritional
evaluation, mucilage-related functional properties, and
pharmaceutical formulation development>61223303.24,
17.207.2627, Root-based studies were more commonly
associated with uterine or reproductive activity,
antidiabetic activity, antimicrobial interaction, and
compound-level root profiling®18282129  Stem-based
studies were less frequently linked to direct biological
testing and were more often included in comparative
phytochemical, GC-MS, or formulation-related
studies111432,

4.Extraction methods reported across studies

Maceration-based extraction was the most frequently
reported strategy and was used in 15
Studiesl1,12,13,14,15,16,17,18,31,19,20,7,32,21,22_ Percolation_based
extraction was reported in four studies, including
hydroalcoholic leaf extraction and sequential extraction
strategies>6425.  Infusion followed by ethanol
precipitation was used in three related Brazilian studies
evaluating ethanol-soluble fractions from leaf
material2426.27,

Decoction was reported in two studies, one involving
aqueous root extraction for UHPLC-Q-Exactive-Orbitrap-
MS/MS profiling and another involving mucilage
extraction from fronds308. Soxhlet extraction was used
to obtain methanolic root and leaf extracts and in
sequential phytochemical work involving different plant
parts?52829, Ultrasonic-assisted extraction was reported
in one study of aqueous leaf extract from an
unconventional food plant contextz3. Comparative
solvent extraction across multiple solvent systems was
reported in a leaf-based nutritional and antioxidant
studys.

5.Solvent systems and polarity-based extraction
patterns

The included studies used diverse solvent systems,
ranging from water and hydroalcoholic solvents to semi-
polar and non-polar organic solvents. Ethanol or
ethanol-containing systems were used in many leaf,
root, stem, and tuber studies, including ethanol-water
extraction, 70% ethanol, 95% ethanol, 96% ethanol, and

ISSN: 2250-1177 [92]

Journal of Drug Delivery & Therapeutics. 2026; 16(11):87-99

998% ethanol Systemsl1,5,6,4,12,14,16,17,18,19,20,7,21,22_ Water_
based extraction was used in infusion, decoction,
ultrasonic-assisted extraction, and mucilage extraction
Studie523,30,8,3,24,26,27_

Methanol was mainly used in Soxhlet extraction,
comparative solvent extraction, and root or leaf
phytochemical studies!332829, Semi-polar and non-polar
solvents, including ethyl acetate, hexane, petroleum
ether; and dichloromethane, were used for sequential
extraction, fractionation, or bioassay-guided
isolation5641317253132, Qverall, hydroalcoholic systems
were most commonly linked to leaf extraction and
biological assays, whereas semi-polar and non-polar
solvents were more often used when the study aimed to
fractionate or enrich specific bioactive
constituents5642531,

6.Fractionation and extract types

Most studies used crude extracts without further
fractionation. Eighteen studies did not perform or did
not report fractionation11.12,23,13,8,14,3,15,16,18,19,20,7,32,28,
212922 Ten studies applied additional separation steps,
including liquid-liquid partitioning, ethanol
precipitation, ethyl acetate fractionation, ethanol
precipitation of mucilage, column chromatography, flash
chromatography, or preparative TL(C56430241725312627,

Liquid-liquid partitioning was used to obtain fractions
such as hexane, ethyl acetate, n-butanol, and aqueous
fractions from hydroalcoholic leaf extracts>¢#. Ethanol
precipitation was used after aqueous infusion or
decoction to obtain ethanol-soluble fractions or
mucilage30242627. Chromatographic isolation or TLC-
guided fractionation was reported in studies aiming to
isolate or enrich active constituents from sequential
extracts2531,

7.Extraction yield

Extraction yield was reported or could be calculated for
20 of the 28 included studies5641230,138141624,172518,
31,19.7.28.29.26.27, Eight studies did not report extract yield
as mass yield or percentage yield11.23315203221,22,

Reported extraction yields varied across solvent systems
and experimental procedures; therefore, the available
yield values should be interpreted as study-specific
outcomes rather than directly comparable measures of
extraction efficiency. Hydroalcoholic leaf extraction by
maceration or percolation produced yields around 16-
17% in several studies>¢47. Ethanol leaf extracts
reported in Indonesian studies showed yields of
12.22%, 12.58%, 14.5432%, and 17.12%121617.19, |n a
comparative solvent study, extraction yield varied
markedly by solvent, with hexane, ethyl acetate, ethanol,
methanol, water, hot-water fresh-leaf extract, and hot-
water dried-leaf extract producing different yields; the
highest yield was observed for hot-water fresh-leaf
extraction, followed by methanol and water extraction?3.

Root- and non-leaf-based studies also reported
heterogeneous extraction yields, although direct
comparisons with leaf-based extracts were limited by
differences in starting material, extraction conditions,
solvent systems, and yield calculations. Methanolic root
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extraction produced a yield of 6.67%, while methanolic
leaf extraction in the same study produced 9.62%2°.
Ethanolic root extraction produced approximately
2.93% based on extract mass and starting simplicia
weight!8.  Ethanolic stem extraction produced
approximately 8.17% based on reported extract mass
and starting material4. Mucilage extraction from fronds
produced experimental yields ranging from 2.32% to
4.90%, with an optimized predicted yield of 3.44% and
validation yield of 3.43 % 0.09%30. Ethanol-soluble
fractions obtained after aqueous infusion were
consistently reported at 3.42% of plant dry mass2426.27,

Although extraction yield was available in 20 of the 28
included studies, differences in reporting practices
limited meaningful comparisons across publications. In
particular, crude extract recovery, solvent-fraction
recovery, and mucilage extraction represented different
experimental outcomes and should not be interpreted
using a single comparative framework. Furthermore,
identical yield values reported in related publications do
not necessarily represent independent extraction
experiments. These findings highlight the need for
clearer documentation of starting material, extraction
conditions, yield calculation methods, and experimental
reproducibility in future studies.

8.Phytochemical screening and compound profiling

The phytochemical approaches used in the included
studies ranged from qualitative screening to advanced
compound-level profiling. Qualitative phytochemical
screening was commonly used and frequently assessed
flavonoids, saponins, tannins or polyphenols, alkaloids,
steroids, terpenoids, glycosides, quinones, coumarins,
and related compound classes16.17.18,19,20,28,22,
Spectrophotometric approaches were employed for both
phytochemical quantification and antioxidant capacity
assessment. Total phenolic content and total flavonoid
content were used as chemical composition-related
measurements, whereas DPPH, ORAC, and reducing
power assays provided functional estimates of
antioxidant capacity based on different analytical
principles231331517,

TLC or TLC-densitometry was used for phytochemical
confirmation or extract profiling in several
studies?531193222, GC-MS or gas chromatography-based
methods were used to characterize volatile, semi-
volatile, phytosterol, or other extract constituents in leaf,
root, and stem materials1125322129 [,C-based methods,
including LC-DAD-MS, LC-ESI-QqQ-MS/MS, HPLC, LCMS,
and UHPLC-Q-Exactive-Orbitrap-MS/MS, provided more
detailed compound-level or semiquantitative evidence
in a smaller number of studies®42387.26,

The most detailed compound-level profiling was
reported in mass spectrometry-based studies. An
ethanolic leaf extract study annotated 32 compounds
using LC-DAD-MS?. A leaf infusion-derived ethanol-
soluble fraction study reported nucleosides, organic
acids, chlorogenic acids, amino acids, and O-glycosylated
flavonoids using LC-DAD-MS?6. A fresh root study
identified and quantified 22 compounds using UHPLC-
Q-Exactive-Orbitrap-MS/MS and proposed synephrine,
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N-trans-feruloyltyramine, and chikusetsusaponin IVa as
potential anti-counterfeiting quality markers8. GC-MS-
based studies identified multiple compounds in leaves,
roots, and stems, but several of these studies discussed
biological relevance through compound databases
rather than direct bioassays!1.3221,

9.Biological activities reported

The biological evidence reported for T paniculatum
encompassed cell-free functional assays, in vitro
biological investigations, ex vivo experimental models,
and in vivo pharmacological studies. Antioxidant-related
outcomes were assessed using different methodological
approaches, including DPPH, ORAC, ferric thiocyanate,
reducing power, and oxidative stress-related
measurements. Because these assays differ in their
underlying analytical principles and biological
relevance, their findings were considered separately
from measurements of total phenolic or flavonoid
content623133.15247  Antibacterial activity was evaluated
against organisms such as Staphylococcus aureus,
Shigella sonnei, Shigella dysenteriae, Bacillus cereus, and
other bacterial models543161922, Antifungal activity,
particularly against Candida albicans, was investigated
using crude extracts, fractions, or formulation
products®4:20,

Systemic or organ-specific pharmacological activities
were also reported. Ethanolic or hydroalcoholic leaf
extracts were investigated for cardioprotective,
renoprotective, antioxidant-related, ACE-inhibitory,
diuretic, hemodynamic, gastroprotective, oxidative
stress-modulating, and inflammatory marker-related
effects in animal models?47.26. Root extracts were
investigated for estrogenic activity, uterine relaxant or
tocolytic effects, and antidiabetic activity182829, QOther
studies evaluated anticholesterol activity,
immunomodulatory activity, antinociceptive and
antiedematogenic activity, allelopathic or phytotoxic
activity, cytotoxicity, genotoxicity, toxicity, irritation
potential, and formulation-related properties122317.2531,
2027

Five studies did not perform direct biological bioassays
and were therefore classified as analytical, inferred-
activity, or formulation-focused evidence rather than
direct experimental bioactivity studies!18143221 Three
of these studies discussed biological relevance based on
GC-MS-identified compounds and database-supported
pharmacological predictions!13221, One study focused on
compound identification and quality-marker selection
without direct biological testing8. One study focused on
hydrogel formulation optimization without direct
biological activity testing!+.

10. Evidence map of extraction strategies,
phytochemical profiles, and biological activities

Evidence mapping showed that leaf-based ethanol or
hydroalcoholic extraction was the most frequently
represented strategy across the included studies. These
extracts were repeatedly associated with phytochemical
classes such as flavonoids, phenolics, saponins, tannins,
alkaloids, steroids, and related compounds, and were
linked to multiple biological activities, including
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antioxidant, antimicrobial, cardioprotective,
anticholesterol, immunomodulatory, and formulation-
related outcomes!23.1516,17,19,20,7,

Semi-polar and non-polar fractions were most often
reported in studies evaluating antimicrobial, antifungal,
antinociceptive, antiedematogenic, or
immunomodulatory outcomes. Ethyl acetate and hexane
fractions were repeatedly used in antimicrobial,
antifungal, antinociceptive, antiedematogenic, or
immunomodulatory studies®>6417.25, Dichloromethane
extract was identified as the most bioactive extract in an
allelopathic or phytotoxic assay and was further
subjected to chromatographic isolation3!l. These
fractionation studies reported bioactivity in semi-polar
and non-polar fractions, particularly in antimicrobial,
antifungal, antinociceptive, antiedematogenic, and
immunomodulatory models.

Water-based extraction strategies were mainly reported
in traditional-use, nutritional, green-extraction, and
formulation-related contexts. Infusion followed by
ethanol precipitation produced ethanol-soluble leaf
fractions that were repeatedly used in toxicity, diuretic,
endocrine/reproductive safety, and gastroprotective
studies?42627, Decoction and aqueous extraction were
also used in root compound profiling, mucilage
extraction, nutritional evaluation, and antioxidant or
antimicrobial screening?33083,

Overall, the evidence map revealed three recurring
extraction-related research patterns. First, ethanolic and
hydroethanolic extraction of leaves was frequently
investigated in studies involving phytochemical
screening, antioxidant assessment, antimicrobial testing,
and pharmacological evaluation1231617.197, Second, ethyl
acetate and hexane fractionation was primarily
represented in investigations focusing on antimicrobial,
antifungal, immunomodulatory, antinociceptive, and
antiedematogenic outcomes56417.25, Third, aqueous
extraction and infusion-derived preparations were
applied in nutritional, pharmacological, analytical, and
formulation-oriented research2330826, However, these
methodological patterns primarily reflect the
distribution of existing research rather than direct
evidence that particular solvents or extraction
techniques consistently produce superior phytochemical
recovery or biological activity. The limited integration of
standardized extraction conditions, quantitative
chemical profiling, and comparable biological assays
remains a central gap in the available evidence.

DISCUSSION
1.Principal findings

This scoping review provides an integrated overview of
extraction procedures, solvent systems, fractionation
strategies, extraction yields, phytochemical
characterization, and biological activities reported in
experimental investigations of Talinum paniculatum.
The principal finding is that the available evidence is
concentrated around a relatively limited set of
conventional extraction approaches, particularly leaf-
based ethanolic and hydroethanolic preparations, while
substantial methodological heterogeneity restricts
ISSN: 2250-1177 [94]
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direct comparisons of extraction performance and
biological outcomes. Among the 28 included studies,
leaves were the most frequently investigated plant part,
maceration was the predominant extraction approach,
and fractionation was less consistently reported. The
available evidence also demonstrated an uneven
integration of extraction yield measurements,
compound-level chemical characterization, and direct
biological validation. Importantly, the predominance of a
particular extraction strategy should not be interpreted
as evidence of its experimental superiority. Rather, the
present findings identify = where experimental
knowledge is concentrated, where methodological
reporting remains incomplete, and which extraction-
phytochemical-bioactivity relationships require further
investigation. This integrated perspective provides a
basis for designing more standardized and directly
comparable studies in natural product research and
pharmaceutical development.

2.Importance of plant part selection

Plant part selection is a critical consideration in T.
paniculatum research because different organs may
differ in phytochemical composition, extractability, yield,
and biological relevance!8. The predominance of leaf-
based studies is important because leaves were the
plant part most consistently linked with nutritional,
antioxidant, antimicrobial, cardioprotective, antifungal,
diuretic, gastroprotective, immunomodulatory, and
formulation-related outcomes37426, Menezes et al.3
reported that T paniculatum leaves contain protein,
insoluble dietary fiber, ascorbic acid, magnesium,
potassium, and calcium, supporting the relevance of
leaves as both nutritional and bioactive plant material.
Leaf extracts also showed antioxidant and antibacterial
potential in food-oriented assays, including inhibition of
Bacillus cereus, which supports the prioritization of
leaves in future extraction and formulation studies3.
Ethanolic or hydroethanolic leaf extracts were further
associated with systemic pharmacological effects in
animal studies, including cardioprotective and
renoprotective effects in a doxorubicin-induced
cardiotoxicity model in hypertensive rats’. Leaf-derived
ethanol-soluble fractions obtained after aqueous
infusion were investigated for cardiorenal, toxicity,
pubertal development, and gastroprotective outcomes,
indicating that aqueous extraction followed by ethanol
precipitation represents a repeated Brazilian research
pathway for this species2627.24, Root-based studies
appear to represent a different research direction
because roots were more often associated with
reproductive, uterine, antidiabetic, antimicrobial-
interaction, and compound-level quality-marker
studies®282918, The root-focused study by Li et al. is
particularly relevant because it identified and quantified
22 compounds using UHPLC-Q-Exactive-Orbitrap-
MS/MS  and proposed  synephrine,  N-trans-
feruloyltyramine, and chikusetsusaponin [Va as anti-
counterfeiting quality markers for T. paniculatum root8.
Stem-based evidence remains comparatively limited and
was represented mainly by GC-MS profiling and
formulation-oriented work rather than extensive direct
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bioactivity testing, indicating that stems are still
underexplored compared with leaves and roots11.1432,

3.Solvent polarity and extraction strategy

Solvent selection is a major determinant of extract
composition because extraction efficiency depends on
the compatibility between solvent polarity and the
solubility characteristics of target metabolites!. The
recurrent use of ethanol and ethanol-water systemsin T.
paniculatum studies is consistent with broader natural
product extraction literature, which recognizes alcohol-
based solvents as useful for recovering a wide range of
polar to semi-polar phytochemicals!33. In the mapped
studies, hydroethanolic leaf extraction was repeatedly
associated with phytochemical classes such as
phenolics, flavonoids, saponins, tannins, alkaloids,
steroids, and related metabolites+7.1917. The broad range
of phytochemical classes reported in ethanolic and
hydroethanolic extracts is consistent with their use
across different biological and formulation-related
investigations. Nevertheless, the presence of these
compound classes alone does not establish which
constituents are responsible for the observed
pharmacological effects, particularly when quantitative
profiling and compound-specific biological validation
are unavailable37.1217.  Methanol-containing systems
produced strong phenolic recovery and antioxidant
capacity in the comparative solvent study by Menezes et
al, particularly methanol/acetic acid extraction, but
methanol-based extraction is less suitable for direct
food, herbal, or pharmaceutical translation than
ethanol-based extraction because of toxicological and
solvent-removal considerations3.1.

Water-based extraction strategies remain important
from traditional-use, safety-oriented, and green-
extraction perspectives because water is accessible, low-
cost, and more environmentally compatible than many
organic solvents3326. In T paniculatum, water-based
approaches were used in infusion, decoction, ultrasonic-
assisted extraction, mucilage extraction, and aqueous
root profiling, showing that water extraction is relevant
for both ethnopharmacological and formulation
contexts26:30823, However, water-based extracts may not
recover the same range of semi-polar or lipophilic
constituents as hydroalcoholic or organic-solvent
systems, which explains why several studies applied
ethanol precipitation or liquid-liquid partitioning after
aqueous or hydroalcoholic extraction426,

4.Fractionation as a bioactivity-enrichment strategy

Fractionation is important when the objective is to
enrich, localize, or compare biological activity across
more defined extract fractions*5¢. The study by dos Reis
et al.# obtained a hydroalcoholic leaf extract by ethanol-
water percolation and subsequently partitioned it into
hexane, ethyl acetate, n-butanol, and aqueous fractions,
allowing antimicrobial and cytotoxic activities to be
compared across fractions. In that study, the crude leaf
extract showed activity against Serratia marcescens and
Staphylococcus aureus, the hexane fraction showed
strong activity against Micrococcus luteus and Candida
albicans, and the ethyl acetate fraction showed activity
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against Escherichia coli. Cerdeira et al. used crude leaf
extract, hexane fraction, and ethyl acetate fraction to
evaluate antimicrobial interactions with oxacillin against
reference and clinical strains of Staphylococcus aureus®.
Another study by Cerdeira et al. reported antifungal
activity against Candida albicans and evaluated
interactions with fluconazole, oxidative damage
markers, and phytochemical constituents such as
phytosterols, ascorbic acid, benzoic acid, chlorogenic
acid, and caffeic acidé. These studies suggest that semi-
polar and non-polar fractions may concentrate
constituents responsible for antimicrobial or antifungal
effects that may be less apparent in crude extract
evaluation alone*56. Ramos et al.2> also reported that
hexane and ethyl acetate extracts of T paniculatum
showed antinociceptive and antiedematogenic activities
in a formalin-induced model, further supporting the
relevance of semi-polar and non-polar fractions for
activity-guided investigation. Nevertheless, fractionation
should not be interpreted only as an improvement step
because it increases process complexity, may reduce
total mass yield, and may introduce solvent-residue,
scalability, and standardization challenges before
formulation development?33.

5.Phytochemical evidence

fragmentation

profiling and

A major finding of this scoping review is that
phytochemical evaluation in T paniculatum studies
ranges from qualitative color-based screening to
advanced chromatographic and mass-spectrometric
profiling7819. Qualitative screening is useful as an initial
pharmacognostic step, but it is insufficient for extract
standardization because it does not identify individual
compounds, quantify marker compounds, or allow
robust comparison across studies and laboratories!s8.
More informative studies used LC-DAD-MS, LC-MS,
HPLC, GC-MS, or UHPLC-Q-Exactive-Orbitrap-MS/MS to
identify or annotate compounds in leaf, root, stem, or
fractionated extracts’468. Souto et al. annotated 32
compounds in an ethanolic leaf extract using LC-DAD-
MS, which strengthened the chemical interpretation of
cardioprotective and antioxidant-related findings in
their preclinical model?. Tolouei et al. reported
chlorogenic acids, amino acids, nucleosides, O-
glycosylated flavones, and organic acids in an ethanol-
soluble fraction from leaf infusion, linking an infusion-
derived  fraction  with  measurable chemical
constituents?e. Li et al. provided the most detailed root-
level chemical profiling by identifying and quantifying
22 compounds and proposing three anti-counterfeiting
quality markers for T. paniculatum root8. The proposal of
quality markers is relevant because herbal quality
control increasingly requires measurable and traceable
marker compounds rather than only broad qualitative
phytochemical classes834. Despite these advances, the
mapped evidence remains fragmented because some
studies reported biological activities without extensive
compound-level profiling, whereas other studies
reported detailed chemical profiles without direct
experimental bioactivity assays!!83221, This separation
between phytochemical profiling and biological
validation limits mechanistic interpretation and makes
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it difficult to determine whether biological effects are
driven by major compounds, minor constituents,
synergistic mixtures, or extraction-related matrix
effects!34,

6.Biological activity patterns and translational
relevance

The biological activity evidence for T. paniculatum is
diverse, but it is not yet sufficiently standardized to
support direct ranking of extracts, solvents, or plant
parts across outcomes?!0. Antioxidant activity was
commonly evaluated using DPPH, ORAC, ferric
thiocyanate, reducing power, total phenolic content,
total flavonoid content, or oxidative stress-related
endpoints, but these assays differ in chemical principle,
biological relevance, and  comparability3137.23,
Antibacterial and antifungal outcomes were also
heterogeneous because the included studies used
different organisms, extract concentrations, diffusion or
microdilution methods, positive controls, and extract or
fraction types*563. The antimicrobial evidence is
nevertheless important because multiple studies
reported activity of leaf extracts or fractions against
organisms such as Staphylococcus aureus, Bacillus
cereus, Serratia marcescens, Escherichia coli,and Candida
albicans*>63. The strongest translational evidence
beyond in vitro screening comes from animal and ex
vivo studies showing cardioprotective, cardiorenal,
gastroprotective, toxicological, pubertal-development,
uterine, and antidiabetic outcomes, although these
models are not directly comparable to each
other7.26.27.242818 For wound-healing or oral-soft-tissue
applications, relevant extract characteristics would
include antioxidant, anti-inflammatory, antimicrobial,
cytocompatible, fibroblast-supportive, and collagen-
supportive activities because wound repair involves
oxidative stress control, microbial control, inflammation
regulation, fibroblast activity, and extracellular matrix
remodeling3536. The current T paniculatum evidence
supports antioxidant and antimicrobial potential, but it
does not yet provide sufficient direct evidence on oral
fibroblast proliferation, collagen deposition, epithelial
closure, or oral mucosal wound-healing models34635,
Therefore, the available evidence is useful for selecting
candidate extracts, but it is not sufficient to claim
wound-healing efficacy without targeted
cytocompatibility, fibroblast migration or proliferation,
collagen deposition, inflammatory-marker, and oral-
relevant antimicrobial assays3536.

7.Implications of extraction strategies for future
pharmaceutical research

The findings of this scoping review suggest that
extraction strategy selection for T. paniculatum should
be guided by the intended research objective rather than
by the frequency of solvent use alone. Ethanolic and
hydroethanolic leaf extraction represents a frequently
investigated approach with potential relevance to
pharmaceutical research because these preparations
have been evaluated across multiple phytochemical and
biological contexts?431917.  From a formulation
perspective, ethanol and ethanol-water systems may
also offer practical advantages over methanol-
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containing systems, particularly when solvent safety and
downstream processing requirements are
considered?33.

However, alternative solvent and fractionation strategies
remain relevant for specific purposes. Ethyl acetate and

hexane fractions have been investigated in
antimicrobial, antifungal, immunomodulatory,
antinociceptive, and  antiedematogenic  studies,

suggesting their potential value for further bioactivity-
guided fractionation and compound isolation#5617.25,
Water-based extraction and infusion-derived
preparations may be particularly relevant for
traditional-use investigations, hydrophilic constituents,
and selected formulation applications26308,
Furthermore, the application of UHPLC-Q-Exactive-
Orbitrap-MS/MS to root extracts demonstrates the
potential contribution of advanced analytical techniques
to phytochemical characterization and quality-marker
developments.

Therefore, no single extraction strategy can presently be
considered universally optimal for T paniculatum. The
existing evidence supports a purpose-oriented selection
of extraction methods, followed by standardized
assessment of extraction yield, phytochemical
composition, biological activity, and safety. Direct
comparative studies conducted under controlled
experimental conditions are needed to establish
whether specific extraction strategies provide superior
performance for defined pharmaceutical applications.

8.Methodological gaps, and future

directions

strengths,

The first major methodological gap is incomplete
reporting of extraction conditions, including solvent-to-
solid ratio, temperature, extraction time, extraction
repetitions, plant material preparation, and yield, which
limits reproducibility and comparison across studies!?.
The second gap is inconsistent phytochemical
standardization because many studies used qualitative
screening without marker-compound quantification or
chromatographic fingerprinting?920161, The third gap is
limited integration between advanced profiling and
biological validation because some GC-MS or UHPLC-
based studies discussed biological relevance without
direct bioassays, while some bioactivity studies did not
identify major compounds!182L4, Future studies should
directly compare extraction methods using the same
plant part, batch, particle size, solvent-to-solid ratio,
extraction time, and temperature to determine whether
differences in yield and activity are truly caused by
extraction  strategy rather than uncontrolled
experimental variation!. Future studies should also
combine extraction yield, total phenolic content, total
flavonoid content, chromatographic fingerprinting, LC-
MS or GC-MS profiling, and direct biological assays
within the same experimental designl8. For
pharmaceutical or oral wound-healing development,
future studies should prioritize ethanolic or
hydroethanolic leaf extracts, ethyl acetate fractions, and
aqueous ethanol-precipitated fractions as candidate
materials for cytotoxicity, fibroblast proliferation,
migration, collagen deposition, anti-inflammatory,
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antioxidant, and antimicrobial testing74635. Safety
assessment should be incorporated early because
promising bioactivity in antimicrobial or antioxidant
assays does not necessarily indicate suitability for
mucosal, oral, or systemic use2”.1. Quality-control studies
should explore whether the root markers proposed by Li
et al. are specific to roots or whether additional leaf-
specific markers are needed for leaf-based extracts and
formulations®34. An additional concern is the potential
reuse of extraction procedures or previously
characterized preparations across related publications.
Although such studies may contribute distinct biological
findings, repeated extraction yields or chemical profiles
should not automatically be interpreted as independent
experimental confirmation. Future investigations should
therefore report whether extracts were freshly
prepared, independently characterized, or obtained
using previously established extraction protocols.

The principal strength of this scoping review lies in its
integrated examination of extraction-related and
biological evidence within a single plant species. Rather
than evaluating phytochemical properties or
pharmacological activities in isolation, this review
considers plant part selection, extraction procedures,
solvent characteristics, fractionation, extract recovery,
analytical profiling, and experimental biological
outcomes within a common descriptive framework.
Another strength is the explicit distinction between
experimentally demonstrated biological activities and
pharmacological properties inferred from compound
databases, thereby reducing the risk of overstating the
evidence provided by phytochemical identification
alone. The inclusion of studies addressing
pharmaceutical formulations, pharmacological assays,
extraction optimization, and analytical quality-marker
development also allows the available evidence to be
examined from the perspectives of both natural product
research and pharmaceutical development.

Several limitations should be considered when
interpreting the findings of this scoping review. First,
the search strategy was designed around predefined
botanical, extraction-related, phytochemical, and
biological activity terms. Although this approach
provided a focused retrieval framework, relevant studies
that did not include terms from all required search
concepts may have been missed. The relatively small
number of records retrieved from PubMed and Scopus
should therefore be interpreted in relation to the
applied search expressions and indexing coverage
rather than as a definitive measure of the total published
literature concerning the species. Second, Google
Scholar screening was restricted to the first 80
relevance-ranked records, potentially limiting retrieval
coverage. Third, the inclusion of English- and
Indonesian-language full-text articles may have
excluded relevant evidence published in other
languages, and the 14 reports that could not be
retrieved may have introduced additional uncertainty
regarding the completeness of the evidence base.

Study selection was conducted by one primary reviewer,
followed by verification of the final included studies by

ISSN: 2250-1177 [97]

Journal of Drug Delivery & Therapeutics. 2026; 16(11):87-99

the other authors. Although this verification improved
the consistency of the compiled evidence, it did not
constitute independent duplicate screening and
therefore could not completely eliminate potential
selection errors. In addition, no formal risk-of-bias
assessment was conducted, consistent with the
descriptive evidence-mapping objective of the review.
Substantial heterogeneity in plant material, extraction
conditions, solvent systems, analytical methods, assay
models, and outcome reporting further limited direct
comparisons between studies. Differences in extraction
yield definitions and the possible reuse of extraction
protocols across related publications also restricted
interpretation of repeated findings as independent
evidence of extraction reproducibility. Consequently, the
conclusions of this review should be understood as a
characterization of the available literature rather than a
comparative determination of extraction efficacy or
pharmacological superiority.

CONCLUSION

This scoping review mapped extraction methods,
solvent systems, fractionation strategies, extraction
yields, phytochemical profiles, and biological activities
reported in 28 experimental studies of Talinum
paniculatum. The available evidence was predominantly
concentrated on leaf-based extraction, particularly using
ethanolic and hydroethanolic solvent systems, while
roots and stem-containing materials were investigated
less frequently. Fractionation using ethyl acetate,
hexane, and related solvents was mainly represented in
studies evaluating specific biological activities, whereas
aqueous extraction was applied across nutritional,
analytical, pharmacological, and formulation-related
contexts.

Despite these methodological patterns, substantial
heterogeneity in extraction conditions, yield reporting,
chemical characterization, and experimental assays
prevents reliable determination of a universally superior
extraction strategy. The current evidence therefore
supports the selection of extraction approaches
according to specific research objectives rather than
frequency of use alone. Future investigations should
prioritize  standardized  extraction  procedures,
transparent yield reporting, quantitative
chromatographic and mass-spectrometric profiling,
direct biological validation, and safety assessment to
strengthen the reproducibility and pharmaceutical
relevance of T. paniculatum research.
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