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A B S T R A C T

Over the last few decades, there has been a surge in the popularity of herbal medicine due to extensive
research in traditional medicine.These organic bioactive compounds or agents include alkaloids, glycosides,
coumarins, flavonoids, terpenoids, carbohydrates, and essential oils derived from plant sources that exhibit
various biological functions. The phytomolecules obtained from herbal resources are widely used to treat
multiple diseases and used as antioxidants, anticancer agents, agents for cardiovascular and central nervous
system ailments, antidiabetic agents, antimicrobials, and so on. This review article offers a comprehensive
overview of phytomolecules and their potential for healthcare. It explores the traditional use of medicinal
plants and herbs for treating various ailments and the scientific rationale for their use as nutraceuticals. The
article also presents the classification of herbal biomolecules, and the methods used for their extraction,
purification, and characterization.
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INTRODUCTION

In recent decades, there has been a growing interest in the
field of phytomedicine due to its potential in advancing
healthcaremonitoring. Phytomedicine, also known as herbal
medicine, is the use of plant-based products for medicinal

purposes. The use of plants for medicinal purposes dates
back to ancient times, and it continues to be widely used in
many cultures around the world. Plants play a crucial role
in the field of medicine and the maintenance of global well-
being. Medicinal plants and herbs, traditionally believed to
have medical or therapeutic benefits, have greatly influenced
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the medical industry worldwide. They are utilized to ensure
well-being and optimal circumstances, as well as to treat
various disorders. The significance of medicinal plants in
the healthcare sector cannot be overstated, as they offer a
natural, safe, and cost-effective alternative to synthetic drugs.
Their integration into mainstream healthcare systems could
potentially have far-reaching implications1.

Research in phytomedicine has led to the development
of several plant-based remedies that are effective in treating
various ailments. The utilization of various plant compo-
nents, including leaves, flowers, stems, seeds, buds, sprouts,
and fruits, has been a traditional practice for treating
various ailments. The use of plant-derived medicines or
phytotherapies has been documented to have a long history
of effectiveness in the treatment of various diseases2,3.
The chemical composition of plant constituents exhibits
variations that are dependent on their geographical origin4.
Herbal biomolecules (HBs) have been employed in tradi-
tional medicinal systems for centuries for the treatment of
various ailments. Current research on the ethnobotanical use
of these herbal molecules provides a scientific justification
for their use as potential nutraceuticals. The study of HBs
has gained considerable interest in the scientific community
due to their therapeutic potential and bioactive properties.
The identification and extraction of active compounds from
herbal sources have led to the development of novel and
effective nutraceuticals. The use of HBs as nutraceuticals
has several advantages, including their natural origin, low
toxicity, and minimal side effects. These advantages make
theman attractive alternative to synthetic nutraceuticals.The
continued investigation of HBs as potential nutraceuticals
holds great promise for the development of safe and effective
therapeutic agents for the treatment of various ailments5.
The initiation of a ligand-target interaction is a crucial event,
which triggers a cascade of signalling steps that are essential
for the normal functioning of the body. The molecular
interaction between the ligand and target biomolecules
initiates a series of signalling pathways that result in a diverse
range of physiological responses. This intricate process is
an integral part of the body’s normal functioning and is
crucial for maintaining homeostasis. Understanding this
process is of utmost importance in the field of biomedicine,
as it has significant implications for the development of
novel therapeutic interventions and the treatment of various
diseases 6.

The use of plant-based therapies for therapeutic purposes
is still prevalent in developing countries. This is due to the
easy accessibility of plants, their low production cost, their
satisfying effects, and their minimal adverse effects. Such
therapies have become a popular alternative to conventional
pharmaceuticals. Despite the growing interest in plant-
based therapies, there is still a need for further research to
understand their mechanisms of action and efficacy7. The
phytomolecules obtained from herbal resources are widely

used to treat multiple diseases and used as antioxidants,
anticancer agents, agents for cardiovascular and central
nervous system ailments, antidiabetic agents, antimicrobials,
and so on. As phytochemicals show a defensive mecha-
nism of action against several chronic diseases, including
cancer, cardiovascular diseases, diabetes, and neurodegen-
erative disease, developed countries are utilizing traditional
medicine systems more and more. Plant biomolecules are
also involved in antiviral as well as antimicrobial activity and
also show efficacy in radioprotection8.

The isolation, extraction, purification, and chemical char-
acterization of biomolecules have been the focus of research
since the BC century. Over time, it has been discovered
that different plant parts contain a variety of biologically
active compounds, including alkaloids, glycosides, phenolic
compounds, terpenoids, flavonoids, tannins, carbohydrates,
vitamins, organic acids, and more, which are used to
treat various diseases. Herb-based biomolecules (HBs) are
widely used in all aspects of healthcare9. This review article
offers a comprehensive overview of phytomedicine and its
potential for healthcare. It explores the traditional use of
medicinal plants and herbs for treating various ailments and
the scientific rationale for their use as nutraceuticals. The
article also presents an in-depth analysis of the classification
of herbal biomolecules and the methods used for their
extraction, purification, and characterization. It concludes
by highlighting the potential of plant-based therapeutic
compounds in preventing and treating chronic diseases such
as cancer, cardiovascular diseases, and neurodegenerative
diseases. Additionally, it highlights the effective utilization
of herb-based biomolecules in phytotherapy. Overall, the
review article emphasizes the importance of phytomedicine
in healthcare and the need for further research in this area.

CLASSIFICATION OF HERBAL BIOMOLECULES
(HBS)

HBs are a group of bioactive compounds derived fromherbal
plants, including, but not limited to, alkaloids, glycosides,
coumarins, flavonoids, tannins, terpenoids, essential oils,
fixed oils, phenol, and carbohydrates10. These compounds
can be classified into two main groups of metabolites:
primary and secondary as shown in Figure 1.

Primary metabolites and secondary metabolites

Primary metabolites, such as carbohydrates, amino acids,
fatty acids, and organic acids, are essential for plant
growth, development, and maintenance, playing critical
roles in photosynthesis, respiration, protein synthesis, and
other physiological processes. They serve as the building
blocks for plant growth and development, providing energy
and organic compounds necessary for plant survival11.
In contrast, secondary metabolites, including flavonoids,
alkaloids, phenolic acids, and others, are not essential for
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plant growth but play crucial roles in plant defence, stress
response, and adaptation to environmental changes.

Fig. 1: Classification of Herbal Biomolecules (HBs) and its
metabolites

These metabolites exhibit a range of biological activi-
ties, including antimicrobial, insecticidal, antioxidant, and
signalling activities, which help plants to defend against
pathogens and pests, protect against oxidative stress, and
communicate with other plants and organisms. Under
stress conditions, plants produce secondary metabolites to
enhance their adaptability, and thesemetabolites play critical
roles in defence against pathogens and pests, antioxidant
activity, and signal molecule activities, ultimately contribut-
ing to plant survival and fitness12. Additionally, secondary
metabolites can also play roles in plant-to-plant commu-
nication, attracting beneficial insects, and influencing soil
microorganisms, highlighting their importance in plant
ecology and interactions with the environment.

Alkaloids: Alkaloids are a diverse group of naturally
occurring, organic compounds that contain nitrogen and
are primarily found in plants, as well as some animals. One
notable example is Catharanthus roseus, which produces an
impressive array of around 120 alkaloids, with approximately
70 exhibiting pharmacological activity. The biological effects
of alkaloids are wide-ranging, and their alkaline properties
stem from the presence of a nitrogen atom. To date,
approximately 10,000 alkaloids have been identified, with
the majority being utilized for recreational and therapeutic
purposes. Alkaloids are classified based on the type of
nitrogen-containing ring they possess, which enables their
categorization into distinct groups. Many alkaloids have
been harnessed for their medicinal properties and are cur-
rently employed as drugs in modern medicine. Examples of
these pharmacologically active alkaloids include morphine,
nicotine, atropine, caffeine, quinine, and codeine. These
compounds have been instrumental in the development of
various treatments and therapies, underscoring the signifi-
cant contribution of alkaloids to the field of medicine13.

Glycosides: Glycosides are a diverse class of secondary
metabolic products primarily derived from plants, char-
acterized by their ability to break down into one or
more sugars. The non-sugar portion of the glycoside
is known as a glycone or genin, and glycosides play
a vital role in the plant’s life, regulating physiological
processes, protecting against pathogens and pests, and
promoting overall health. Various types of glycosides exist,
including C-Glycosides, anthraquinone glycosides, saponin
glycosides, cardiac glycosides (CGs), and isothiocyanate
glycosides, each exhibiting unique biological activities
such as anti-inflammatory, antioxidant, and antimicrobial
properties14–18. Many medicinal plants contain significant
levels of naturally occurring glycosides, including those with
anticancer properties, and the use of glycosides derived from
medicinal plants as alternative medications to treat various
cancers has been recognized, highlighting their potential
as valuable therapeutic agents. Furthermore, glycosides
have been found to exhibit a range of biological activities,
including anti-diabetic, anti-hypertensive, and anti-arthritic
properties, making them a promising area of research for
the development of new drugs. Additionally, glycosides
have been used in traditional medicine for centuries, and
their potential as lead compounds for the development of
new pharmaceuticals is being increasingly recognized8,19.
Overall, glycosides are an important class of compounds
with a wide range of biological activities and potential
therapeutic applications.

Terpenoids: Terpenes are naturally occurring molecules
composed of several isoprene units, which are the building
blocks of these compounds. Terpenoids, on the other hand,
refer to the various types of terpenes that differ in the
number of isoprene units they contain. Monoterpenoids and
sesquiterpenoids are two examples of terpenoids, each with
distinct properties and functions. Terpenoids are volatile
substances responsible for the fragrances of plants and
flowers and are widely distributed in the leaves and fruits
of higher plants, conifers, citrus, and eucalyptus20. Herbal
terpenoids, such as cadinene, caryophyllene, zingiberene,
guaiazulene, and guaianolide, are widely used and character-
ized by their therapeutic and other effects.These compounds
have been found to exhibit a range of biological activities,
including anti-inflammatory, antioxidant, and antimicrobial
properties, making them valuable for the development
of new drugs and therapies21. One of the most well-
known and widely used terpenoids is artemisinin, which
is mainly isolated from Artemisia annua. Artemisinin is a
potent antimalarial agent, and its derivatives are used for
the treatment of malaria. In addition to its antimalarial
properties, artemisinin has also been found to exhibit
anticancer, anti-inflammatory, and antioxidant activities,
highlighting its potential as a versatile therapeutic agent.
Terpenoids have also been found to play important roles
in plant defence, signalling, and communication22. They
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can act as repellents or attractants for insects and other
animals and can also influence plant-plant interactions and
soil microorganisms. Overall, terpenoids are an important
class of compounds with a wide range of biological activities
and potential therapeutic applications.

Fig. 2: An illustration depicting the presence of HBs in different
plant species

Essential oil: Volatile oil, also known as ethereal oil or
essential oil, is a fragrant and unstable substance found
in plants and animals. These oils are characterized by
their ability to evaporate quickly when exposed to air
at room temperature, releasing their distinctive aromas.
Essential oils are typically extracted from various parts
of plants, including flowers, leaves, stems, bark, wood,
roots, seeds, fruits, rhizomes, and gums or oleoresin
exudations. The production and consumption of essential
oils and perfumes are increasing worldwide, driven by
their growing demand in aromatherapy, cosmetics, and
pharmaceutical applications23. However, the quality and
yield of essential oils can vary greatly depending on factors
such as the plant material used, extraction methods, and
production technologies. Therefore, advances in production
technology are crucial for enhancing the overall quality
and yield of essential oil. Most herbal volatile oils are
used for therapeutic purposes, and their potential health
benefits are being increasingly recognized24. These oils
have been found to exhibit a range of biological activities,
including anti-inflammatory, antimicrobial, and antioxidant
properties, making them valuable for the development of
new treatments and therapies. Some essential oils, such as
tea tree oil and eucalyptus oil, are also used in traditional
medicine for their antimicrobial and anti-inflammatory
properties25. Overall, essential oils are a valuable resource
with a wide range of applications from aromatherapy and
perfumery to pharmaceuticals and traditional medicine.

Flavonoids: Flavonoids are a diverse group of phenolic
substances extracted from various vascular plants, with
approximately 8,000 distinct chemicals identified to date.
These compounds serve multiple purposes in plants, includ-
ing acting as antioxidants, antimicrobials, photoreceptors,
visual attractants, feeding deterrents, and light filters26. The
health benefits of flavonoids are numerous, and include
vasodilating, anti-inflammatory, antiviral, and antiallergenic
properties, making them a valuable component of a healthy
diet. Flavonoids have received growing attention in recent
years due to their potent antioxidant properties, which help
prevent the production of free radicals and scavenge existing
ones, thereby reducing oxidative stress and inflammation
in the body27. These compounds are widely distributed
in various plant-based foods, including vegetables, fruits,
grains, roots, flowers, bark, stems, tea, and wine. Flavonoids
can be classified into different types based on their chemical
structure, which includes flavones, flavanones, flavonols,
catechins, anthocyanins, and chalcones28. Each of these
subclasses has unique properties and biological activities,
and they have been found to have therapeutic significance in
the prevention and treatment of various diseases, including
cardiovascular disease, cancer, and neurodegenerative dis-
orders.

The medical industry has widely adopted flavonoids
due to their potential health benefits and therapeutic
applications. Research has shown that flavonoids can interact
with various cellular signalling pathways, influencing gene
expression, enzyme activity, and cell signalling, which can
lead to improved health outcomes. Overall, flavonoids are a
valuable group of compounds with a wide range of health
benefits and therapeutic applications.

Coumarins: Coumarins are naturally occurring
biomolecules often containing an oxygen substituent at
the C-7 position. These compounds are highly valued
for their bacteriostatic, physiological, and anti-tumour
properties, which make them an attractive target for further
derivatization and screening as potential therapeutic agents,
as shown in Figure 3. Coumarin can also be found in certain
fruits (such as bilberry and cloudberry), green tea, and
other foods, such as chicory. Most coumarins are found in
higher plants, with the richest sources being Rutaceae and
Umbelliferone. They are also in significant concentrations
of essential oils, including cinnamon bark oil. These
compounds exhibit various effective pharmacological
actions, such as anti-inflammatory, anti-cancer, anti-
bacterial, etc. Synthetic coumarins are primarily used as
aroma chemicals due to their odour strength, alkali stability,
and relatively low cost29–31.

Biomolecules in various plant species

Numerous plants such as Moringa oleifera, Duboisia species,
Cannabis sativa, Ficus racemosa, and members of the
Amaryllidaceae family have been studied to gain a better
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Fig. 3: Schematic representation of molecular mechanisms and
signaling pathways of the most representative coumarins and
their derivatives

understanding of the diverse biomolecules produced by both
primary and secondary metabolism.

The variations in primary and secondary metabolites
may arise from differences among species, within a species,
in growing regions or environments, during processing
and storage, as well as from other factors such as plant
age, plant part, and analytical methodologies. Since plants
grow in different locations and environments, they receive
varying amounts of minerals and nutrients, which can
be identified using spectroscopic and chromatographic
techniques illustrated in Figure 432.

EXTRACTION OF BIOMOLECULES

Biomolecules are extensively employed in medical and non-
medical fields, yet their widespread application has resulted
in a limited availability of herbal plants. The extraction of
biomolecules from herbal plants, which can alleviate the
anxiety of the patients associated with synthetic drugs, is
therefore imperative. It is crucial to purify biomolecules to
develop therapeutic agents. Multiple approaches have been
developed to establish the sustainability of medicinal plants,
including good cultivation practices, proper collection
methods, plant tissue culture, genetic modification, and
more. Implementing these approaches can effectively ensure
the longevity and abundance of medicinal plants33.

HBs of phytomedicine can be extracted using either
conventional or modern methods. The conventional extrac-
tion processes include maceration, percolation, decoction,
infusion, soxhlet, and other classic miscellaneous con-
ventional extraction techniques (MCET). There are two
types of MCETs: infusion and decoction. Distillation,
soxhlet extraction, and maceration are still frequently used
processes.

Conventional route

• Maceration:

Maceration is a process for extracting both organized and
unorganized plant drugs. Multiple macerations, such as
double or triple, are often used to improve extraction
efficiency. During maceration, plant material is soaked at
slightly elevated temperatures called digestion.There are two
types of maceration: circulatory extraction and multistage
extraction techniques. Additionally, there is potential for
improvement with this extraction technology, mostly due
to efficiency, environmental concerns, and time constraints.
Significantly, polarity and consequently solubility, groups
involved in the study of natural products typically per-
form a series of extractions using solvents with varying
polarities, ranging from apolar alkane-based solvents (such
as n-heptane, n-hexane, and cyclohexane) to intermediate
solvents (such as dichloromethane and ethyl acetate) and
ultimately to polar solvents (alcohols andwater)34. However,
themaceration technique has significant disadvantages, such
as excess solvent usage, time consumption, and inefficient
extraction35.

Fig. 4: Techniques for extracting herbal biomolecules (HBs)
from phytomedicinal herbs

• Percolation:

The percolation method is a more efficient extraction tech-
nique compared to maceration, offering several advantages.
During this process, an imbibition process is employed,
where the solvent gradually penetrates the plant material,
preventing the percolator - the vessel used for extraction -
from getting clogged. This results in a more consistent and
controlled extraction process. However, one of the primary
disadvantages of the percolation method is the potential for
dilution of the extract. As fresh solvents are added during
the process, the extract can become diluted, leading to a
longer evaporation time. This can be a significant drawback,
particularly when working with thermolabile compounds
or when a concentrated extract is required. Despite this
limitation, the percolation method remains a popular choice
for extracting bioactive compounds from plant materials,
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due to its efficiency and ability to produce high-quality
extracts. By optimizing the extraction conditions and solvent
composition, it is possible to minimize the disadvantages of
the percolation method and obtain the desired extract36.

• Soxhlet extraction:

Soxhlet extraction is a widely used and efficient method
that combines the principles of percolation and maceration
techniques. This hybrid approach allows for the optimal
extraction of bioactive compounds from plant materials.
The Soxhlet extraction process involves the use of high
temperatures and a solvent recycling system,which increases
themass transfer rate and enhances the extraction efficiency.
The Soxhlet apparatus consists of a distillation flask, a
condenser, and a solvent reservoir. The plant material is
placed in a thimble, and the solvent is heated, causing
it to evaporate and rise into the condenser. The con-
densed solvent then drips into the thimble, extracting
the bioactive compounds from the plant material. The
extracted compounds are then collected in the solvent
reservoir, and the process is repeated until the desired
level of extraction is achieved. Soxhlet extraction offers
several advantages over conventional methods, including
increased efficiency, reduced solvent consumption, and
improved extract quality. The high temperatures used in
Soxhlet extraction can also help to break down complex
plant matrices, releasingmore bioactive compounds into the
solvent37. The Soxhlet extraction is a reliable and efficient
method for extracting bioactive compounds from plant
materials, and is widely used in various industries, including
pharmaceuticals, cosmetics, and food processing.

• Miscellaneous conventional extraction techniques
(MCET):

The Multiple Component Extraction Technique (MCET) is
a versatile method that combines reflux extraction, infusion,
and decoction to extract bioactive compounds from plants.
Reflux extraction, a key component of MCET, involves the
repeated circulation of a solvent through the plant mate-
rial, allowing for more efficient extraction of compounds
compared to maceration and percolation. Although reflux
extraction is less efficient than the Soxhlet method, its
simplicity and ease of use make it a popular choice for plant
extraction38. Decoctions, another component of MCET,
are commonly used to prepare ayurvedic extracts known
as ”Kwaths.” This traditional method involves boiling the
plant material in water to extract the bioactive compounds.
Decoctions are particularly useful for extracting water-
soluble constituents, such as polysaccharides, glycosides,
and alkaloids. Infusion, the third component of MCET,
involves steeping the plant material in hot water to extract
the bioactive compounds.Thismethod is also used to extract
water-soluble constituents and is commonly used to prepare
herbal teas and tinctures39. Overall, the MCET method

offers a flexible and efficient approach to plant extraction,
allowing for the extraction of a wide range of bioactive
compounds using different solvents and techniques. Its
applications are diverse, ranging from the preparation of
traditional herbal remedies to the extraction of high-value
compounds for pharmaceutical and cosmetic applications.

Modern route

Various modern techniques are available for the extraction
of HBs (Table 1), such as pressurized or accelerated solvent
extraction (PSE or ASE), Microwave-assisted extraction
(MAE), Ultrasonic-assisted extraction (UAE), Supercritical
fluid extraction (SFE), Enzyme-assisted extraction (EAE),
and Pulse electric field extraction (PEFE).

• Pressurized or Accelerated Solvent Extraction (PSE
or ASE):

The Multiple Component Extraction Technique (MCET)
is a highly efficient and versatile method that has gained
widespread acceptance in the field of natural products
extraction. Its flexibility in handling a diverse range of veg-
etative extraction samples, including wood, leaves, flowers,
fruits, gums, and agricultural residues, makes it an ideal
choice for extracting bioactive compounds from various
plantmaterials.MCET iswidely employed in the preparation
of extracts rich in biologically active compounds, such as
flavonoids, alkaloids, phenolic compounds, lipids, essential
oils, and other valuable phytochemicals. The technique’s
ability to extract a broad spectrum of compounds has made
it a valuable tool in the discovery and development of new
natural products, including pharmaceuticals, nutraceuticals,
and cosmeceuticals. The applications of MCET are diverse
and continue to expand, with potential uses in the food, bev-
erage, and pharmaceutical industries, as well as in the devel-
opment of new sustainable products and technologies40.
Overall, MCET is a powerful technique that offers a flexible
and efficient approach to extracting bioactive compounds
from plant materials, and its continued development and
application are expected to have a significant impact on
various industries and fields of research.

• Microwave-assisted extraction (MAE):

MAE involves microwaves that induce ionic conduction and
dipole rotation in the solvent and the sample, producing heat
that helps extract biomolecules from the plant matrix. MAE
systems are broadly divided into multimode or closed sys-
tems and focused or mono-mode or open systems. In both
systems, extraction is carried out at elevated atmospheric
pressure. As a part of improving extraction efficiency, the
MAE is further modified with nitrogen-protected MAE
(NPMAE), vacuum-assisted MAE (VAMAE), ultrasonic
MAE (UMAE), dynamic MAE, etc. Extraction efficiency
mainly depends on factors like solvent selection, solvent
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ratio, extraction time, microwave power and temperature,
nature of plant materials, etc.41,42.

• Ultrasonic-assisted extraction (UAE):

The UAE technique, widely used in various healthcare
applications, is a testament to the industry’s commitment to
safety and environmental friendliness. UAE uses both high-
frequency and low-frequency ultrasound waves and has
emerged as a useful, safer, and greener method of extraction.
It depends on factors such as the frequency and intensity of
the ultrasound waves, type of solvent, and temperature43–45.

• Supercritical fluid extraction (SFE):

SFE involves extracting supercritical fluids, defined as any
pure homogeneous substance above their critical points. To
increase the efficiency of SFE, various strategies, such as
the use of ionic liquid solvents combined with enzyme-
assisted, sudden decompression, etc., are used.The efficiency
of the SFE depends upon factors like particle size, moisture
content, pressure and temperature, solvent-to-feed ratio,
solvent flow rate, etc. It is being used to harvest a wide range
of extracts, bioactive molecules, and single compounds46.

• Enzyme-assisted extraction (EAE):

TheEAEmethod ismainly used to overcome some demerits,
like less efficiency and low quality of the extract, which is
prepared through conventionalmethods.The basic principle
of EAE is that enzymes are ideal for catalysis, which work
with specificity and regioselectivity to extract bioactive
compounds from the plant matrix. The efficiency of the
EAE depends on various operational systems, extraction
time, type, and concentration of enzyme, as well as substrate
particle size. The EAE method mainly extracts different
biomolecules and compounds responsible for flavour and
colour, oils, juices, etc., from the plant matrix. The cost and
availability of enzymes are the demerits of this method47.

• Pulse electric field extraction (PEFE):

PEFE is a modern extraction technique largely used in the
food industry to increase the shelf life of food products.
It is efficient, non-thermal, and rapid. The basic principle
of this technique is to increase the membrane permeability
with the help of an electric current. The extraction yield of
PEFE depends on various factors, such as the intensity of the
electric field, duration of extraction, the shape of the pulse
wave, type of solvent, and pH48.

STAGES FOR PURIFYING THE HERBAL
BIOMOLECULES OF PHYTOMEDICINE

Purification of phytomedicine is a crucial step in identifying
potential lead molecules for therapeutic agents. This process
involves various methods such as gas chromatography (GC),

high-performance liquid chromatography-electrospray ion-
ization tandem mass spectrometry analysis (HPLC-MS),
isolation methods, and spectroscopic methods such as UV-
visible spectroscopy, FTIR, etc. The purification process
plays a vital role in removing inactive phytochemicals from
the extract. Non-toxic solvents and methods can effectively
purify the biomolecules from herbal products. However, the
extraction, fractionation, and chemical structure identifi-
cation processes are time-consuming and have slowed the
use of herbal products in medicinal agents49. To overcome
these challenges, automatic and rapid isolation techniques
have been developed to purify the biomolecules from herbal
products. As various extraction, fractionation, and chemical
structure identification tools advance, these techniques may
help the purification and structure identification processes
depicted in Figure 5.

Fig. 5: Depiction of various stages involved in purifying herbal
biomolecules of phytomedicine

TECHNIQUES FOR CHARACTERIZING THE HBS
OF PHYTOMEDICINE

Various techniques are available for identifying and
characterizing herbal biomolecules (HBs). These include
ultraviolet-visible spectroscopy (UV-VIS), fluorescence,
nuclear magnetic resonance spectroscopy (NMR), Fourier
transform-infrared spectroscopy (FT-IR), single crystal
X-ray diffraction (SC-XRD), mass spectrometry (MS),
liquid chromatography (LC), gas chromatography
(GC), polarimetry, thin layer chromatography (TLC),
immunoassays (IA), gel and capillary electrophoresis
(GCE) and DNA and protein sequencing (DNA-PS). These
techniques aim to identify the different compositions and
characterize the structure of various herbal biomolecules
found in the leaves, roots, and stems of various herbal plants,
which exhibit unique biochemical activity.

• Spectroscopic techniques:

Spectroscopic techniques arewidely used to qualitatively and
quantitatively measure biomolecules present in herbal plant
extracts.
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Table 1: Different modern routes for extraction HBs and their principle, applications, advantages, and disadvantages
Method Principle Applications Advantages Disadvantages References
Pressurized or
Accelerated
Solvent Extraction
(PSE or ASE)

Uses pressurized solvent to
extract compound.

Extraction of
flavonoids, alkaloids,
phenolic compounds
etc.

Low solvent usage,
high extraction
efficiency, and high
selectivity.

Lack of equipment
availability.

40

Microwave-
assisted extraction
(MAE)

Heating solvent by
microwave and increase
the solubility of molecule.

Extraction of polar
and nonpolar bio
active compounds.

Reduced solvent
usage, low energy
consumption.

Need high
temperature,
Degradation of
molecules.

41

Ultrasonic-
assisted extraction
(UAE)

Using ultrasound waves to
disrupt the cell wall and
increase the solubility of
target compounds.

Extraction of
flavonoids, essential
oils, and other bio
active compounds.

High extraction
yield, simple and
low-cost method.

Low selectivity,
Degradation of
some compound.

45

Supercritical fluid
extraction (SFE)

Using superficial fluids to
extract the compounds.

Extraction of essen-
tial oils, flavours, pig-
ments, etc.

Eco-friendly,
low degradation
of compounds,
low energy
consumption.

High cost,
unsuitable
molecules having
high molecular
weight.

46

Enzyme-assisted
extraction (EAE)

Using enzyme to break the
cell wall and release target
compound.

Extraction of glyco-
sides and polysaccha-
rides, etc.

High selectivity
andmild extraction
condition.

Limited substate. 47

Pulse electric field
extraction (PEFE)

Utilize high-voltage electri-
cal pulses to rupture cell
walls and release intercellu-
lar compounds.

Extraction of essential
oil, anthocyanin, etc.

Green
methodology,
high extraction
yield.

Complex process,
limited scale pro-
cess.

48

Spectrophotometry is used to identify even the smallest
molecules and determine nucleic acid concentration. The
fluorescence properties of molecules help identify the
structure of various biomolecules. Polarimetry and Circular
Dichroism (CD) are commonly used to characterize chiral
molecules and proteins. Synchrotron radiation circular
dichroism (SRCD) spectroscopy is a recent development that
helps characterize protein conformation and interaction.
FT-IR is used to describe organic functional groups and
to confirm samples quickly. 1H and 13C NMRs are used
to analyze simple molecules and to determine structural
elucidation through the analysis of photon-photon coupling.
High-resolution mass spectroscopy is mainly developed
for analyzing, identifying, characterizing, and mapping
biomolecules, using better mass analyzers such as time of
flight (TOF) and orbitrap in addition to the quadrupole
mass analyzer. Coupling a mass analyzer with modern
chromatography, tandemMS, and the emergence of ambient
desorption/ionization are recent developments in MS50,51.

• Chromatographic techniques:

Chromatography is highly effective for separating and
purifying biomolecules from their extracts. In the past,
the bioautographic method relied on preventing microbial
growth to identify antimicrobial elements in extracts
chromatographed on a TLC layer. This method is the
most effective assay for discovering antimicrobial agents52.
One of the bioautographic techniques produces inhibition

zones on TLC plates, which are used to determine the
location of the bioactivemolecule with antimicrobial activity
in the TLC fingerprint concerning Rf values53. High-
performance liquid chromatography (HPLC) is a versatile,
dependable, and widely used method for isolating natural
compounds54. It is increasingly becoming the preferred
option for fingerprinting research for the quality control
of herbal plants55. Affinity chromatography is a vital tool
for separating biomolecules. It uses biological binding
agents like antibodies, Ig-binding proteins, and lectins,
as well as non-biological binding agents like immobilized
metal-ion affinity chromatography and molecular imprinted
polymers56,57.

• Immunoassay techniques:

There are several biochemical methods used for analy-
sis, including immunoassays, gel electrophoresis, capillary
electrophoresis, sequencing nucleic acids, and sequencing
proteins. Immunoassays rely on specific antigen-antibody
reactions and encompass techniques such as enzyme-linked
immunosorbent assays, human enzyme-linked immunosor-
bent assays, and electric trio chemiluminescence immunoas-
says. These methods are increasingly used to analyze bioac-
tive substances, employing monoclonal antibodies against
pharmaceuticals and low molecular weight natural bioactive
molecules. The specificity and sensitivity of receptor binding
investigations, enzyme tests, and qualitative and quanti-
tative analytical procedures are greatly enhanced through
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immunoassays. MAb-based enzyme-linked immunosorbent
assays (ELISA) are often more sensitive than traditional
HPLC techniques. Hybridoma technology is a specialized
process for creating monoclonal antibodies58. Immunoas-
says are also commonly used in the detection of plant
secondary metabolites.

• Electrophoresis:

Electrophoresis is widely used to separate DNA, RNA,
or protein. Gel electrophoresis, in particular, separates
molecules of a desired size range using different currents,
various gel types, and different buffer pH. Polyacrylamide
and agarose gels are the most commonly used supporting
DNA or protein electrophoresis matrices. Capillary elec-
trophoresis is similar to HPLC and uses various detectors
depending on the types of molecules under separation59.

PHYTOMEDICINES IN THE REALM OF
PHYTOTHERAPY APPLICATIONS - A STUDY ON
THE USE OF PLANTS FOR MEDICINAL
PURPOSES

Herbal biomolecules possess various pharmacological
potentials for treating various diseases. The application of
the HBs for various phytotherapy treatments are visualized
in Figure 6. These biomolecules are instrumental in
overcoming unfavorable toxicities. As a viable alternative
with fewer side effects, the scientific evidence, technological
advances, and research trends support their development as
a treatment.

Central Nervous System Ailments (CNSA): Schizophr-
enia, depression, Alzheimer’s disease, and Parkinson’s are
debilitating conditions that affect the central nervous system.
Several phytoconstituents have been identified as potential
biomolecules for the treatment of these diseases. Natural
nootropics, such as those found in HBs, stimulate brain
health and functions. Additionally, saponins, alkaloids, and
polyphenols, known for their anxiolytic and antidepressant-
like effects, have been found to significantly contribute
to brain health. Huperzine, a sesquiterpene alkaloid, has
been found to improve cognitive function. Other effective
compounds for brain health and function include curcumin
(a phenol), ginkgolides, and resveratrol60.

In their research, Vengalasetti et al. explained the role of
neuroprotective herbs, such as Ashwagandha and Brahmi,
which contain various bioactive compounds, including
alkaloids, sterols, and betulinic acid.These herbs have shown
promise in treating dementia associated with Alzheimer’s
disease 61.

Cardiovascular (CVA) Ailments: The World Health
Organization (WHO) has reported that cardiovascular ail-
ments are responsible for the majority of deaths worldwide.
Various herbal plant-based drugs containing high levels
of HBs have been employed as a preventive measure

Fig. 6: Applications of HBs in various Phytotherapy treatments

against various cardiovascular disorders. Digitalis, derived
from the species Digitalis purpurea, is a vital source of
cardenolides, primarily used to treat myocardial infarction,
arterial hypertension, cardiac dysfunction, angina, and other
related ailments62,63.

Munawar et al. have conducted ex-vivo and in-vivo
research highlighting the therapeutic potential of Jasminum
sambac in cardiovascular diseases64. The antioxidants
present in Jasminum sambac are known to help cardiomy-
ocytes counteract oxidative stress resulting from adrenaline.
The hydroalcoholic leaf extract of Jasminum sambac is
believed to possess a cardioprotective effect owing to its
various phytoconstituents. Phytochemical screening has
revealed the presence of tannins, flavonoids, and cardiac gly-
cosides, which are thought to play a crucial role in managing
cardiovascular disorders, particularly hypertension-induced
ventricular hypertrophy and myocardial infarction65.

Phytomedicines as Antimicrobial Agents: The preva-
lence of bacterial, fungal, and viral diseases has affected
humankind throughout the ages. In the medical industry,
there has been an increasing use of HBs, which has led
to a deeper exploration of the mechanisms of antibacterial
activity of alkaloids. It has been found that the inhibition
of cell division, DNA synthesis, and protein synthesis are
some such mechanisms. Phytochemicals such as allicin,
allin, ginsenosides, flavonoids, and leaching from various
plants have also been identified for their antimicrobial
properties66.

In recent years, there has been a growing interest in
exploring traditional medicinal practices for their scientific
basis in treatingmicrobial pathogens and infectious diseases.
One such study by S. Gopika K. Prabu investigated the
antibacterial and antifungal activity of Ruellia tuberosa (L.)
leaf and stem. This study aimed to validate the use of Ruellia
tuberosa in folk medicine for treating infectious diseases67.
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Another study conducted by Saeediye et al. compared
the antibacterial activity of essential oil in both liquid
and vapour phases against a panel of bacteria, including
Staphylococcus aureus, Bacillus cereus, Escherichia coli,
Shigella dysenteriae, Klebsiella pneumonia, Salmonella typhi,
and Pseudomonas aeruginosa68. The study employed the
disc volatilization assay (DVA) and the broth dilution assays
(BDA) to determine the inhibitory potential of HEOs.

Peter Cavazos et al. conducted a study to determine
the presence of antibacterial activity, antioxidant activity,
and secondary metabolites of sequential solvent extracts
(acetone, methanol, and acetic acid) of Acacia berlandieri
and Acacia rigidula leaves. The study found that rigidula leaf
extracts can serve as a source of novel antimicrobial and
antioxidant agents. The results of this study provide a basis
for further investigations of the rigidula leaf extracts69.

Fig. 7: Antibacterial and antioxidant properties of the leaf
extracts of Acacia rigidula benth and Acacia berlandieri benth

As anti-inflammatory agents: Inflammation is a medi-
ator that plays a role in various diseases. Consequently,
developing improved anti-inflammatory drugs is essential.
Herbal plants, with their superior safety profile and
molecular diversity, have the potential to serve as alternative
approaches in the field. Acheflan and Daflon, which consist
of purified flavonoids, are marketed products used as anti-
inflammatory drugs. Several isoquinoline alkaloids such
as berbamine, berberine, cepharanthine, and tetrandrine
have been examined for their anti-inflammatory activity.
Alkaloids are present in flowering plants, with the most
prevalent families being Papaveraceae (poppies), Papil-
ionaceae (lupins), Ranunculaceae (aconites), and Solanaceae
(tobacco and potatoes). They are also found in lower plants,
insects, marine creatures, microbes, and animals. Plant-
based biomolecules exhibit anti-inflammatory activities
through multiple mechanisms, with low side effects and
without toxicity. The mechanisms of anti-inflammatory
activity are the downregulation of cytokines, adhesion
molecules, and blockage of proinflammatory pathways.
The most important plant constituents that exhibit anti-
inflammatory activities are alkaloids, terpenes, and phe-
nolic compounds such as tannins, lignins, coumarins,
and saponins. Plant-based biomolecules with antioxidant

characteristics can also be potential disease therapies70,71.
As anti-cancer agents: Molecular therapy has the

potential to be an effective and accessible means of treating
cancer, particularly if it is affordable and widely available
to the general population. Herbal remedies have emerged
as a promising option for combating this deadly disease, as
they offer numerous benefits and, when properly studied,
can be among the most powerful tools available. Plant-based
constituents, such as taxanes, vinca alkaloids, camptothecin
derivatives, and colchicine, have already been investigated
for their potential anticancer properties72. V. M. Patil and
N. Masand have developed flavonoids and their synthetic
analogues for cancer prevention and chemotherapy, high-
lighting their potential as an effective treatment method6.
Additionally, parsley, oregano, celery, saffron, dill, fennel,
and Tasmanian pepper have been found to have high
concentrations of flavonoids. Flavonoids have been shown
to have a broad range of anticancer effects, including the
modulation of ROS-scavenging enzymes, participation in
cell cycle arrest, induction of apoptosis and autophagy, and
reduction in the proliferation and invasiveness of cancer
cells73–75.

Fig. 8: Schematic representation of the anticancer activity of
flavonoids

As hepatoprotectives: Hepatic diseases, such as liver
cirrhosis, alcoholic liver disease, and nonalcoholic fatty
liver disease, are a significant health concern. Numerous
herbal remedies have been introduced to address these
ailments, among which HBs have shown promising results.
The hepatoprotective activity of phyto-molecular flavonoids,
alkaloids, carotenoids, flavonolignans, and terpenes has been
attributed to their antioxidant properties. In particular,
Silymarin and glycyrrhizin are noteworthy herbal hepato-
protectives76. Recent research by N Huzio, A Grytsyk, et
al. has demonstrated the potential of A. eupatoria L. herb
extract for creating anti-inflammatory and hepatoprotective
activity drugs77. The efficacy of Glycyrrhiza glabra extract
in improving liver function in acute liver diseases has
also been established78. Additionally, Asaad, Gihan Farag,
et al. reported that Kaempferol glycosides isolated from
C. odorata L. leaves exhibit antioxidant and antiapoptotic
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effects, ameliorating oxidative stress and inhibiting the
Raf/MAPK pathway. These findings indicate the potential of
herbal remedies in treating hepatic diseases and highlight the
need for further research79.

CONCLUSION AND FUTURE OUTLOOKS

The natural production of several biomolecules in plants
is well documented. Different properties and functions
are associated with the various biomolecules produced.
Various conventional and modern methods extract these
biomolecules from herbal plants. The phytopharmacological
approach to natural biomolecules has the potential to cure
several acute and chronic diseases. The identification of
the different biomolecules derived from other plant species
is made possible through several analytical methods. This
review aims to explore the key biomolecules found in herbs,
such as alkaloids, glycosides, flavonoids, anthraquinones,
steroids, polysaccharides, tannins and polyphenolic chem-
icals, terpenes, lipids, waxes, proteins and peptides, and
vitamins. The various bioactivities and pharmacological
potentials attributed to these herbal biomolecules are also
discussed. Additionally, this review provides a system-
atic understanding of how these herbal biomolecules are
extracted, purified, characterized, and utilized in the health-
care industry. Understanding the types of biomolecules,
analytical techniques, extraction and purification methods,
and phytopharmacological approaches can help develop
more advanced therapeutic methods, enhance therapeutic
efficiency, and increase biomolecule bioavailability. Due to
the increasing demand for greener and safermethods, expec-
tations are high for future breakthroughs in the extraction,
purification, and analysis of biomolecules. This review will
particularly interest researchers studying bioactive natural
products and biomolecules with nutraceutical properties.
Experts in scientific fields, including biochemistry, pharma-
cology, analytical chemistry, organic chemistry, clinics, or
engineering, focusing on bioactive natural compounds, can
also benefit from this review80–82.

Despite the many possibilities associated with herbal
biomolecules, certain difficulties still need to be addressed,
such as safety, effectiveness, suitable manufacturing equip-
ment, quality assessment, and an insufficient regulatory
framework. The regulatory status of herbal medicines and
issues related to quality control of herbal medications are
two significant obstacles in this regard. The abundance
of accessible plants with therapeutic value is a blessing,
and better healthcare can be guaranteed for many people
worldwide through adequate cultivation, collection, storage,
standardization for safety and efficiency, and other mea-
sures83–86.
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