
J Pharm Biopharm Res, 2026, 8(1): 569-578
DOI: 10.25082/JPBR.2026.01.003

REVIEW

A Comprehensive Review on the Isolation of Bioactive Compounds from Plants

Ritu Tiwari1
∗

Divya Sharma2 Smita Mishra1 Gurav Sanjay Mahapure1 Mahaveer Dhobi2

1 Indian Pharmacopoeia Commission, Ministry of Health and Family Welfare, Government of India, Ghaziabad 201002, Uttar Pradesh, India
2 Department of Pharmacognosy and Phytochemistry, School of Pharmaceutical Sciences, Delhi Pharmaceutical Sciences and Research

University, Delhi 110017, India

Correspondence to: Ritu Tiwari, Indian Pharma-
copoeia Commission, Ministry of Health and Family
Welfare, Government of India, Ghaziabad 201002, Ut-
tar Pradesh, India; Email: ritutiwari.ipc@gov.in

Received: July 22, 2026;
Accepted: October 4, 2026;
Published: October 9, 2026.

Citation: Tiwari R, Sharma D, Mishra S, et al. A
Comprehensive Review on the Isolation of Bioactive
Compounds from Plants. J Pharm Biopharm Res, 2026,
8(1): 569-578.
https://doi.org/10.25082/JPBR.2026.01.003

Copyright: © 2026 Ritu Tiwari et al. This is an open
access article distributed under the terms of the Cre-
ative Commons Attribution-Noncommercial 4.0 Inter-
national License, which permits all noncommercial use,
distribution, and reproduction in any medium, provided
the original author and source are credited.

Abstract: Plants are an incredible source of diverse chemicals, offering endless possibilities for
new drug development. Traditional medicinal plants have the potential to provide cures for vari-
ous chronic and infectious diseases. Pharmaceutical industries worldwide are actively exploring
plant metabolites to develop therapeutic drugs. With up to 80% of people in certain regions
relying on herbal medicines, there is immense potential in extracting and isolating bioactive
compounds to create innovative new drug candidates. Although challenging, the process can be
streamlined through strategic planning and modern techniques, offering promising outcomes in
drug discovery research.
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1 Introduction
Plants are a vast reservoir of unlimited chemical diversity. Natural products obtained from

medicinal plants provide unfailing opportunities for new drug leads, due to which an increasing
interest has grown worldwide [1]. Plants used for traditional medicine, such as Ayurvedic,
Homeopathic, and other formulations, contain many substances that can cure chronic and
infectious diseases [2]. Worldwide, pharmaceutical industries conduct screening programs to
procure several chemically diverse plant metabolites to develop therapeutic drugs [3]. According
to a WHO survey, up to 80% of the population in many Asian and African countries rely on
herbal medicines for primary health care. Herbal formulations from plant raw materials contain
several types of bioactive compounds [4, 5]. Only a few are responsible for the therapeutic
activity. Hence, isolating the predominant bioactive compound(s) increases their potency
and further supports their usage as lead compound(s) for new drug candidature. However,
their extraction, isolation, and purification are challenging, as extensive research and method
development are required to isolate compounds from plants [6]. Hence, there is a need for
standard and defined methodology for the extraction of active compounds that can be used in
different commercial sectors, such as the pharmaceutical, food, and chemical industries. The
present study covers all conventional and modern techniques adopted by researchers worldwide
for isolating bioactive compounds from plant raw materials.

1.1 Plant metabolites
Metabolites are small molecules that are usually intermediate products or end products of

metabolic pathways. These are responsible for various cellular functions, such as structure
development, signaling, enzyme catalysis or inhibition, cofactor activity, or protective effects [7].
Metabolites can be categorized into two: primary metabolites and secondary metabolites.
Primary metabolites are directly involved in the growth, development, and reproduction of an
organism. Metabolites that play important key roles in plants’ basic life functions such as growth,
development, and reproduction are known as primary metabolites. Secondary metabolites are
not directly involved in basic functions but have important ecological roles [7, 8]. For example,
mono and disaccharides such as fructose and sucrose work as fuel for plants, and amino acids are
building blocks; hence, they are categorized as primary metabolites. Actinomycin, a naturally
produced antibiotic, is synthesised using tryptophan as a precursor molecule and is known as a
secondary metabolite [9]. These metabolites contribute to the vast and versatile pharmacological
effects of medicinal plants. Since ancient times, secondary metabolites have been essential for

Journal of Pharmaceutical and Biopharmaceutical Research • SyncSci Publishing 569 of 578

https://doi.org/10.25082/JPBR.2026.01.003
https://crossmark.crossref.org/dialog/?doi=10.25082/JPBR.2026.01.003&domain=pdf
ritutiwari.ipc@gov.in
https://doi.org/10.25082/JPBR.2026.01.003
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://www.syncsci.com/journal/JPBR
https://www.syncsci.com


Volume 8 Issue 1, 2026 Ritu Tiwari, Divya Sharma, Smita Mishra, et al.

treating several diseases and have been applied as traditional and complementary medicine [9,10].
In modern medicine, these metabolites act as lead compounds for drug development targeting
tuberculosis, diabetes, cancer, and other ailments [11, 12]. Secondary plant metabolites are
classified according to their chemical structures into various classes. The classes of secondary
metabolites include alkaloids, phenols, saponins, terpenes, and lipids. These classes are further
diversified based on their structure. Phenolics can further be classified as simple phenolics,
tannins, coumarins, flavonoids, chromones and xanthones, stilbenes, and lignans [8, 12].

1.2 Extraction and isolation of secondary metabolites
As discussed above, secondary metabolites possess pharmacological activities of great interest

for drug discovery and development. Hence, researchers strive to extract and purify them while
facing challenges in extraction and isolation. The first and foremost step in plant metabolite
isolation is extraction with a suitable solvent. It is essential to acquire basic knowledge of the
nature and characteristics of the target metabolite before selecting an extraction solvent. Key
properties include pH, polarity, thermostability, and miscibility. In chemistry, extraction is
a fundamental separation technique that is commonly used to separate the desired substance
from its matrix based on the polarity of the extraction solvent [13]. Nonpolar substances such
as steroids, terpenoids, quinolines, etc., can easily be extracted using nonpolar solvents such
as hexane, petroleum ether, toluene, etc. Whereas polar substances like phenols, flavonoids,
glycosides, etc., can readily be isolated by using polar solvents such as water, methanol, or
ethanol [13, 14]. Similarly, alkaloids and phenols can be enriched by acidbase extraction
techniques. The extraction method must be selected according to the target phytoconstituent(s)
to be isolated.

2 Plant extraction (Primary enrichment)
Raw plant material is first extracted in the desired solvent, after which active compounds are

isolated from the extract (Table 1). This methodology can also be called primary enrichment of
plant materials. Numerous methods are used to prepare plant extracts, which are selected based
on the target compound for isolation. The efficiencies of extraction methods mostly depend on
critical input parameters, understanding of the plant matrix, chemistry of bioactive compounds,
and scientific expertise. Several extraction methods exist; conventional approaches include
maceration, percolation, infusion, digestion, and decoction. These methods are timeconsuming
and laborintensive [13, 14]. Other extraction techniques utilise specialised extraction apparatus
to make the process easier and quicker. These include Soxhlet extraction, Microwaveassisted
extraction, Ultrasoundassisted extraction, Supercritical Fluid Extraction, and Pressurized Liquid
Extraction [15]. The extraction methods mentioned above are explained in Table 2.

Table 1 List of solvents generally used to isolate target phytoconstituents

Phytoconstituents Polarity Solvents for extraction

Alkaloids Polar Methanol, Ethanol
Flavonoids Polar Methanol, Ethanol, Water
Phenols/Polyphenols Highly Polar Methanol, Ethanol, Water
Tannins Moderate/Nonpolar Diethyl ether, Hexane, Chloroform, Dichloromethane
Terpenoids Nonpolar Hexane, Chloroform, Petroleum ether, Toluene
Glycosides Polar Water, Methanol, Ethanol
Anthocyanins Polar Water, Methanol, Ethanol
Coumarins Polar Water, Methanol, Ethanol
Anthraquinones Nonpolar Hexane, Chloroform, Petroleum ether, Toluene
Steroids Highly Nonpolar Hexane, Toluene, Petroleum ether

2.1 Soxhlet extraction
Soxhlet extraction, also known as continuous hot extraction, is a process in which finely

powdered plant material is placed inside a porous thimble and suspended above extraction
solvent held in a roundbottom flask. The solvent is continuously heated using a heating mantle
until it evaporates [16]. The evaporated solvent quickly condenses and flows back toward the
roundbottom flask connected to a condenser. This repeated cycle speeds up the extraction. The
entire process continues until solvent flowing from the extraction chamber leaves no residue
behind. The apparatus used is the Soxhlet extractor, consisting of a roundbottom flask, extraction
chamber, siphon tube, and overhead condenser [17]. This method is suitable for partially soluble
plant products mixed with insoluble impurities. It is the most common method used for plant
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Table 2 Different methodologies, their advantages, and disadvantages of plant extraction Primary purification

Technique Rawmaterial
nature

Utility
maintenance

Solvent
nature

Solvent
volume

extraction
time (min) Advantages Disadvantage

Maceration Coarse Aqueous,
Organic 10 1440 Volatiles extractableHigh yield Large solvent volumeLong

extraction time

Infusion Fine 0 Aqueous 6 120 Waterextractable compounds Not applicable for volatiles

Digestion Coarse Heat Aqueous,
Organic 6 60 Waterextractable compounds Not applicable for thermolabile

compounds

Decoction Coarse Heat Aqueous 8 20 Waterextractable compounds Not applicable for thermolabile,
midpolar and nonpolar molecules

Percolation Coarse Aqueous,
Organic 10 1440 Volatiles extractableHigh yield Large solvent volume Long

extraction time

Soxhlet Fine Heat and heat
exchanger Organic 4 120 Higher assay yields Not applicable for thermolabile

compounds

Microwaveassisted Fine Electromagnets Organic 2 60 Best for flavonoids; high yield Not applicable for thermolabile
and nonpolar compounds

Ultrasoundassisted Fine Ultrasound Organic 2 60 High yield Not applicable for thermolabile
compounds

Supercritical fluid Coarse Supercritical fluid Organic 2 45 High yield; applicable for
thermolabile compounds

Expensive, high maintenance;
not applicable for polar substances

Pressurised Liquid Coarse High pressure and
temperature Organic 2 30 High yield Expensive, highmaintenance

extraction, as it consumes less time and solvent and does not require filtration. However, it is
unsuitable for extracting thermolabile bioactive components [14].

2.2 Microwaveassisted extraction
It is one of the advanced techniques relying on dipole rotation and ionic transfer via ion

displacement within solvent and plant material. This method is mainly used to extract polar
compounds such as flavonoids [17]. Electromagnetic radiation (300 MHz to 300 GHz) is applied
to plant material suspended in solvent; energy absorbed by the plantsolvent mixture is converted
into heat. This causes dipole rotation and ion migration in the solvent, facilitating solvent
penetration and assisting the extraction process. However, this process generates minimal heat
with nonpolar solvents owing to low dipole movement and therefore performs poorly under
those conditions. This technique minimises solvent consumption and extraction duration [18].
However, it is suitable primarily for phenolic compounds and flavonoids. Compounds such as
tannins and anthocyanins may degrade due to their thermolabile nature.

2.3 Ultrasoundassisted extraction
This process applies highfrequency sound energy (> 20 kHz), which disrupts plant cellwall

integrity and increases the accessible surface area of plant material for solvent penetration [19].
This leads to the release of secondary metabolites into the solvent. The extraction process
suits small sample sizes, reduces extraction time and solvent consumption, and maximises
yield. However, the method may lack reproducibility, and highenergy input may degrade
phytochemicals through freeradical generation [20].

2.4 Supercritical fluid extraction (SFE)
It is an advanced extraction technique that utilises the unique properties of “supercritical

fluids”. Supercritical fluids are substances held at temperature and pressure above their critical
point, where distinct liquid and gaseous phases no longer exist. Supercritical fluids can diffuse
rapidly into porous solid matrices and dissolve target materials efficiently [21]. Supercritical
carbon dioxide is mainly used for plant extraction, as it is an ideal solvent featuring low viscosity,
high diffusion rate, and high volatility. Thanks to its low critical temperature, it is also used to
extract thermolabile compounds. However, it shows low efficiency for polar solutes because of
its nonpolar character; therefore, volatile polar modifiers such as methyl acetate, diethyl ether,
methanol, or formic acid are added to the system [21].

2.5 Pressurized liquid extraction (PLE)
Pressurized liquid extraction (PLE) is an advanced extraction technique that performs sol-

ventbased extraction at high temperatures and pressures kept below the solvent critical points,
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so that solvent remains in the liquid state throughout the whole extraction process [22]. High
pressure and temperature alter solvent physicochemical properties, decreasing solvent surface
tension and viscosity. This increases analyte solubility in the solvent and delivers significantly
higher extraction yields compared with conventional extractions. Most PLE instruments are
automated; hence, it is a less laborious but expensive method [22, 23]. SFE and PLE are costly
and rarely used for routine plant extraction. Other methods are selected according to the target
bioactive compounds.

3 Isolation and purification of active phytoconstituents
Secondary enrichment

Before proceeding toward secondary enrichment, it is necessary to determine the phytochem-
ical profile of plant extracts obtained from primary enrichment. Qualitative and quantitative
analysis helps identify predominant phytoconstituents and facilitates secondary enrichment [24].
Crude quantification of analytes within extracts can also be performed to assess extractive
value. Qualitative and quantitative analysis of phytochemicals present in plant extracts can
be completed using a series of biochemical tests summarised in Table 3. When investigating
a specific phytochemical ingredient or compound class, solution polarity can be adjusted to
precipitate particular chemical classes of interest while leaving undesired molecules dissolved.
Compounds bearing primary, secondary, or tertiaryamine groups, carboxylic acids, lactones, and
phenols can be selectively extracted by adjusting pH to alter their polarity and solubility. Multi-
ple techniques can be implemented for secondary enrichment of bioactive phytoconstituents
according to experimental requirements. Techniques most commonly employed for secondary
enrichment are sublimation, crystallisation, acidbase extraction, and chromatography. Within
phytochemistry, distillation, differential extraction, and chromatography are more widely used
than sublimation and crystallisation. Different compoundisolation techniques are explained
below.

3.1 Sublimation
Sublimation describes a phase transition where a solid substance converts directly into the

gaseous state without passing through a liquid phase. It is an endothermic process occurring
at temperatures and pressures below a substance’s triplepoint on its phase diagram. The
reverse process of sublimation is deposition (desublimation), in which a substance passes
directly from gas to solid phase and crystallises on a cold surface [25]. This technique can be
applied to isolate rare compounds such as camphor from Cinnamomum camphora and Ocimum
kilimandscharicum [26].

3.2 Crystallisation
Crystallisation is a separation technique used to obtain purified compounds from supersatu-

rated solutions. In natural crystallisation, plant extract is dissolved in a sparingly soluble solvent
under heating. After complete dissolution, the solution is allowed to cool so that crystalline
natural compounds precipitate. Most natural compounds are amorphous in the solid state;
hence, this method is rarely used for compound separation. Purification can be achieved in four
straightforward steps: a) Crystallisation of the product and retention of the filtrate; b) Dissolving
the isolated product in a fresh solvent; c) Recrystallisation of the product and retention of
the new filtrate; d) Concentrating the filtrate obtained in step 1 to recover additional product,
which is then recrystallised using filtrate from step 3. This simple workflow utilises both filtrate
streams to maximise product recovery.

3.3 Acid-base extraction
Acidbase extraction is a liquidliquid extraction method typically used to separate organic

compounds from one another based on their acidbase properties. The principle is that most
organic compounds are more soluble in organic solvents than in water. However, once converted
into ionic species, organic compounds gain watersolubility [27]. These compounds can readily
be converted into cations or anions by adding acid or base. For example, to separate an organic
acid from an organic mixture, the mixture is treated with alkaline solution. Under alkaline
conditions, acidic compounds become watersoluble. After phase separation, the aqueous layer
contains the organicacid salt. The target acid can be recovered by neutralising the aqueous phase
with acid and extracting it into an organic solvent such as chloroform.

As another example, alkaloids are polar but only sparingly soluble in pure water. Their
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Table 3 Qualitative and quantitative phytochemical analysis protocol

Tests Qualitative Test Quantitative Analysis

ALKALOIDS

Mayer’s test: Extracts were dissolved in 5 mL methanol and 5 mL
of 2 N HCl and filtered. The filtrate was treated with Mayer’s
(Potassium Mercuric Chloride) solution. A cream-coloured pre-
cipitate indicates a positive test. Wagner’s tests: Wagner’s reagent
(aqueous solution of iodine and potassium iodide) was added to ex-
tract dissolved in methanol–HCl solution; a reddish-brown colour
indicates a positive test. Dragendorff’s test: Spot a drop of extract
onto precoated TLC plate. Spray the plate with Dragendorff’s
reagent. An orange spot indicates a positive test. TLC method:
Solvent system: Chloroform : methanol : 25% ammonia (8:2:0.5).
Spots are visualised after spraying with Dragendorff’s reagent.
Orange spots indicate positive results.

The extract was dissolved in acidified alcohol (10% acetic acid in
ethanol), incubated for 4 hours, filtered, basified with NH4OH,
and left for 13 hours for alkaloid precipitation. The precipitate is
filtered, washed, and weighed. TLC–HPTLC method: Powdered test
samples are moistened with half-diluted NH4OH and macerated
with EtOAc for 24 h at room temperature. The organic phase is
separated; the aqueous filtrate is acidified then basified with NH4OH
(pH 11–12), and extracted with chloroform (3 ×). The combined
chloroform fraction is concentrated by evaporation and used for
chromatography. Alkaloid spots are separated using chloroform–
methanol (15:1) solvent mixture and detected via HPTLC.

FLAVONOIDS

Shinoda test: Extract mixed with water; magnesium ribbon and
concentrated HCl are added. Pink colour indicates a positive test.
NaOH test: Treat extract with dilute NaOH, then add dilute HCl.
A yellow solution formed in NaOH that turns colourless upon
adding dilute HCl indicates flavonoids.

0.5 mL extract is incubated with 0.1 mL 10% AlCl3, 0.1 mL 1 M
CH3COOK and 4.3 mL water for 30 minutes at room temperature.
Absorbance is recorded at 415 nm; quercetin is used for the standard
calibration curve. Total flavonoids are expressed as mg quercetin
equivalent (QE) per gram of extract. TLC–HPTLC method: 1 g pow-
dered sample is extracted with 10 mL methanol in a waterbath (60 ◦C
/ 5 min). The filtrate is concentrated by evaporation; water–EtOAc
(10:1 mL) mixture is added and mixed thoroughly. The EtOAc phase
is retained for chromatography. Flavonoid spots are separated us-
ing chloroform–methanol (19:1) solvent mixture and detected by
HPTLC.

PHENOLS

Ferric Chloride test: Extract solution treated with FeCl3 solu-
tion. Blue-black colouration indicates presence. Folin–Ciocalteu
test: Reagent is added to extract suspended in water. Blue-black
colouration indicates positive result. Phenol test: Spot extract onto
filter paper. Add a drop of phosphomolybdic acid reagent and
expose to ammonia vapour. Blue-coloured spot indicates positive
result.

0.5 mL sample solution (100µg/mL) is mixed with 2 mL 10% Folin–
Ciocalteu reagent and 4 mL 7.5% (w/v) Na2CO3 solution, then
incubated at room temperature for 30 min. The developed blue colour
is measured at 765 nm. Gallic acid is used to construct the calibration
curve. Total phenol content is expressed as mg gallic acid equivalent
(GAE) per gram of dry extract.

TANNINS

Ferric Chloride test: Extract solution treated with FeCl3 solu-
tion. Deep bluish-green solution indicates positive test. Braemer’s
test: 10% alcoholic ferric chloride is added to 2–3 mL methanolic
extract (1:1). Dark blue or greenish-grey colouration indicates
tannins.

400µL extract (100µg/mL), 3 mL 4% vanillin in methanol, and
1.5 mL concentrated HCl are incubated for 15 min, and absorbance
is measured at 500 nm. Catechin is used for calibration. Total tannin
is expressed as mg catechin equivalent (CE) per gram of extract.

TERPENOIDS

Salkowski test: Extract mixed with 2 mL chloroform; concen-
trated H2SO4 is added to form a separate layer. Reddish-brown
colouration confirms presence. Liebermann–Burchardt test: To
1 mL methanolic extract, add 1 mL chloroform, 2–3 mL acetic an-
hydride, and 1–2 drops of concentrated sulphuric acid. Pink or red
colouration indicates positive test for terpenoids.

100 mg extract is dissolved in 9 mL ethanol and incubated for
24 hours. The mixture is filtered and extracted with 10 mL petroleum
ether; the organic fraction is concentrated and weighed.

SAPONINS

Foam test: Extract mixed with distilled water, heated and fil-
tered. Distilled water is added and shaken vigorously. Stable froth
and emulsion formed after adding oil signifies saponins. TLC
method: 2 g powdered sample is reflux-extracted with 10 mL 70%
EtOH for 10 min. Filtrate is concentrated, enriched with saturated
n-BuOH and mixed thoroughly. Butanol phase is retained and
concentrated for chromatography. Saponins are separated with
chloroform : glacial acetic acid : methanol : water (64:34:12:8).
Chromatograms are exposed to iodine vapour; spot colour and Rf

values are recorded.

5 g extract is mixed with 100 mL 20% aqueous ethanol, heated and
stirred at 55 ◦C for 4 hours and filtered. Residue is re-extracted under
identical conditions. Combined filtrates are concentrated, 20 mL
diethyl ether is added and shaken vigorously, and the aqueous layer
is recovered. 60 mL butanol is added for extraction, followed by two
washes with 10 mL 5% NaCl solution (discard NaCl layers). The
remaining solution is heated for 30 min, dried, and weighed; results
are reported per gram of extract.

STEROIDS

Chloroform and concentrated H2SO4 are added to aqueous plant
extract. A red lower layer indicates steroids. Liebermann–
Burchardt test: To 1 mL methanolic extract add 1 mL chloroform,
2–3 mL acetic anhydride, and 1–2 drops concentrated sulphuric
acid. Dark green colouration indicates steroids. Alternative test:
To 1 mL extract add 2 mL acetic anhydride and 2 mL concentrated
H2SO4. A colour change to blue or green indicates steroids. TLC
method: 2 g powdered sample is extracted with 10 mL methanol in
waterbath (80 ◦C /15 min). Concentrated filtrate is used for chro-
matography. Sterols are separated with chloroform : glacial acetic
acid : methanol : water (64:34:12:8). After spraying plates with
anisaldehyde–sulphuric acid reagent and heating (100 ◦C /6 min),
spot colour (greenish-black to pinkish-black) and hRf values are
recorded under visible light.

A portion of extract (2 g) is dissolved in 90% aqueous ethanol, parti-
tioned against n-hexane, filtered, concentrated, and weighed; results
are reported per gram extract sample.
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solubility increases in acidic water because of their intrinsic basic character. In neutral conditions,
alkaloids are more soluble in chloroform and methanol than in acidic aqueous solutions. Hence,
when plant extract is treated with acidic aqueous solution, alkaloids partition into the acidic
water layer, while other components can be removed. Alkaloids can then be recovered from the
acidic aqueous phase using chloroform extraction. Since chloroform and water are immiscible,
two separate layers form; alkaloids preferentially dissolve into the chloroform layer and are
collected with this organic fraction [27, 28]. (see in Figure 1)

Figure 1 Schematic depiction of acid-base extraction method

3.4 Chromatography
Chromatography is the most common laboratory technique for mixture separation. The mix-

ture is dissolved in a mobile phase that flows through a system (column, plate, or sheet) holding
a fixed stationary phase [29]. Compound migration speed depends on compoundstationaryphase
affinity, enabling effective separation. Chromatography can broadly be classified as preparative
or analytical according to separation objective [29, 30]. Analytical chromatography is mainly
used to detect multiple compounds within a mixture. Preparative chromatography is used to
separate compounds in bulk for downstream applications [30]. Based on separation principles,
chromatography can be divided into adsorption chromatography and partition chromatography.

In adsorption chromatography, mixture components adsorb onto the adsorbent stationary
phase (e.g., silica gel or alumina gel) to varying extents. The mobilephase solvent system
flows across the stationary phase; compounds travel along with mobile phase according to
their miscibility. Thinlayer chromatography and column chromatography fall within this
category [30]. Partition chromatography is among the earliest chromatographic approaches
developed by chemists and applies partitioncoefficient principles; it relies on liquidliquid
interactions and is also known as liquidliquid chromatography.

3.4.1 Liquidliquid partitioning (differential extraction)
This widelyused technique is also known as liquidliquid extraction or partition / liquidliquid

chromatography (LLC), used for separation between two immiscible liquids. In general,
liquidliquid partitioning performs repeated extractions efficiently [31]. A major advantage
of LLC is the huge diversity of available phase systems, enabling finetuned retention and
selective fractionation of components. Analytes partition between two immiscible solutions of
differing polarity; analyte retention is governed by differential solubility of mixture components
in each liquid phase. For instance, hexane and water are immiscible and readily phaseseparated.
If a methanolic plant extract is mixed with hexane, compounds with higher solubility in hexane
will dissolve into that layer. Since methanol and hexane are immiscible due to opposing polarity,
the hexane layer can easily be decanted, and target compounds recovered.

Traditional solidsupport chromatographic media (silica gel, polyamide etc.) can cause solute
tailing or irreversible adsorption, leading to low compound recovery. Such losses do not occur
in allliquid separation techniques, achieving quantitative compound recovery.

Separation outcomes can be described using the partition coefficient denoted as logP. The
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logP value for a compound is log10 of the partition coefficient (P), defined as the ratio of
compound concentration in the organic (oil) phase to concentration in the aqueous phase:

Partition Coefficient (P) = [Organic]/[Aqueous]

Calculated logP values measured against water and a reference organic solvent such as octanol
or hexane serve as a guideline for predicting solubility behaviour in other aqueousorganic solvent
combinations. A logP value of 1 means a 10:1 concentration ratio between organic and aqueous
phases; this compound is hydrophobic and favours dissolution in organic solvents. In contrast,
logP = 1 indicates a 1:10 organic-to-aqueous concentration ratio, meaning the compound is
hydrophilic and readily soluble in aqueous buffer. A logP = 0 corresponds to equal (1:1)
partitioning across organic and aqueous phases; such compounds exhibit appreciable solubility
in both phases, and solvent selection depends on application requirements. (see in Figure 2)

Figure 2 Schematic diagram of purification for secondary enrichment through liquid-liquid partitioning

3.4.2 Thin-layer chromatography
Thinlayer chromatography (TLC) is an analytical method separating biochemicals based on

their relative affinity toward stationary and mobile phases. It resembles paper chromatography,
except adsorbent material such as silica gel, alumina, or cellulose is coated onto an inert flat
substrate as stationary phase instead of paper. TLC offers high versatility: multiple samples can
be separated simultaneously on one plate, which is useful for screening applications such as
druglevel testing and waterquality analysis. Risk of crosscontamination is low because each
separation uses fresh coating material [32].

3.4.3 Column chromatography
In this method, a glass column packed with silica or alumina gel serves as stationary phase.

The mixture to be separated is loaded on top of the column and allowed to adsorb onto silica.
Mobilephase eluent is then passed through the column. Compounds with higher solubility in
the mobile phase elute first, while compounds with stronger stationaryphase affinity remain
inside the column for longer. This is a preparative chromatographic technique widely used for
bulkscale separation of phytoconstituents from plant extracts [33].

3.4.4 PrepTLC
Preparative TLC (PrepTLC) is a preparative chromatography technique used to purify and

isolate compounds at larger laboratory scale. PrepTLC separates moderatequantity samples
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for subsequent bioactivity testing and compound characterisation [34]. Compound separation
and isolation are rapid, lowcost, and less laborintensive compared with HPLC or conventional
column chromatography. Isolated bands or spots are scraped from preparative plates and
collected for downstream analysis. PrepTLC plates are prepared by coating silica G (silica
mixed with gypsum) onto glass plates. Maximum sampleloading volume depends on silicalayer
thickness. Between 1 mg and 1 g of material can be separated in a single PrepTLC run.
Conventional analytical TLC must first be performed to optimise the mobilephase system before
scalingup isolation with PrepTLC [35].

3.4.5 HighPerformance Liquid Chromatography (HPLC)
Formerly known as highpressure liquid chromatography, HPLC is a powerful advanced

separation technique in analytical chemistry used to separate, identify, and quantify individual
components within complex mixtures, even for analytes present at low abundance. In HPLC, a
pump drives mobile phase through a column holding stationary phase. Each analyte exhibits
characteristic retention time inside the column determined by flow rate, analyte miscibility
within mobile phase, and analytestationaryphase interactions [36].

4 BAGF: An emerging tool for characterising plant
active phytoconstituents

Advances in highthroughput analytical technologies generate large datasets that are often
difficult to interpret. Information overload complicates the selection of biologically relevant
results. Plant raw materials contain a wide diversity of phytoconstituents; many of these can
readily be extracted and identified via mass spectrometry, yet their biological relevance may be
limited. Therefore, biological interaction assays are essential to screen and prioritise fractions
containing bioactive molecules.

Bioassayguided fractionation (BAGF) of plant extracts is a workflow coupled with chromato-
graphic separation techniques that streamlines isolation of biologicallyactive lead molecules.
Instead of targeting predefined compound classes, fractionation strategies for plant extracts are
designed according to measured biological activity, and chemical characterisation is performed
afterwards on bioactive fractions [37]. Therapeuticallyactive phytoconstituents isolated from
plants are primarily obtained through bioassayguided fractionation and purification workflows.
Within BAGF, plant extract undergoes successive chromatographic fractionation until a pure
biologicallyactive compound is isolated. Retention or rejection of each fraction is determined by
bioassay results [38]. Fractions showing high bioactivity are selected for further fractionation;
inactive fractions are discarded. Finally, the resulting active fraction is subjected to structural
elucidation.

5 Conclusion
Discovering lead compounds for newdrug development is challenging and timeconsuming.

However, isolation and identification workflows can be streamlined through strategic planning
focused on the physicochemical properties of target compounds. Applying strategies such
as bioassayguided fractionation (BAGF) can deliver promising outcomes for drugdiscovery
research.
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