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ABSTRACT:

Herbal medicines continue to play a pivotal
role in global healthcare, owing to their wide
therapeutic potential and natural origin. The
increasing demand for herbal formulations in
pharmaceuticals, nutraceuticals, and
cosmeceuticals necessitates the adoption of
reliable extraction and analytical methodologies
to ensure quality, safety, and efficacy.
Conventional extraction techniques, although
widely used, are often associated with drawbacks
such as excessive solvent consumption, long
processing times, and degradation of heat-
sensitive compounds. In response, modern green
and non-conventional extraction technologies -
including ultrasound-assisted extraction,
microwave-assisted extraction, supercritical fluid
extraction, enzyme-assisted extraction, and the
use of deep eutectic solvents—have gained
significant attention. Parallel advancements in
analytical technologies such as HPLC, HPTLC,
GC-MS, LC-MS, NMR, and chemometric tools
have transformed herbal drug standardization and

quality control. This review critically examines
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contemporary  extraction  and  analytical
methodologies employed in herbal technology,
highlighting  their  principles,  advantages,
limitations, and applications. Emphasis is placed
on sustainability, regulatory compliance, and the
integration of advanced analytical platforms to
bridge the gap between traditional herbal practices

and modern pharmaceutical requirements

Keywords: Herbal technology, green extraction,
phytochemical analysis, chromatography,

standardization, quality control.

INTRODUCTION:

Herbal medicines have been utilized for
centuries as primary healthcare resources,
particularly in developing nations. According to
global health estimates, a significant proportion of
the world’s population depends on plant-based
remedies for disease prevention and treatment.
Medicinal plants are rich sources of secondary
metabolites such as alkaloids, flavonoids,
terpenoids, glycosides, phenolic acids, tannins,
and saponins, many of which exhibit
antimicrobial, antioxidant, anti-inflammatory,

anticancer, and neuroprotective activities.

The rapid expansion of herbal products in global
markets has intensified the need for efficient
extraction, reliable analysis, and rigorous
standardization. However,  the intrinsic
complexity of plant matrices, variability in raw

materials, and lack of harmonized quality
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standards pose major challenges. Traditional
extraction techniques—such as maceration,
percolation, decoction, infusion, and Soxhlet
extraction—are simple and cost-effective but
suffer from low selectivity, high solvent usage,
prolonged extraction times, and potential

degradation of thermolabile constituents.

To overcome these limitations, innovative
extraction technologies aligned with green
chemistry principles have emerged.
Simultaneously, advancements in analytical
methodologies have enabled precise gqualitative
and guantitative evaluation of phytoconstituents.
This review provides a systematic overview of
cutting-edge extraction and analytical approaches
in herbal technology, emphasizing their role in
enhancing extract quality, reproducibility, and
regulatory acceptance

IDENTIFICATION AND
AUTHENTICATION OF  MEDICINAL
PLANTS

Accurate identification and authentication of plant
materials form the foundation of herbal drug
quality assurance. Errors at this stage can
compromise safety and therapeutic efficacy.

Methods of Plant Identification
Expert Determination: Considered the most
reliable method, involving taxonomic specialists

associated with herbaria or academic institutions.
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Recognition: Based on prior experience and
familiarity with plant species.

Comparative Analysis: Identification through
comparison  with  authenticated  specimens,
images, or descriptions.

Use of Taxonomic Keys: Widely applied due to

accessibility and practicality.

Plant Authentication Techniques
Authentication ensures the use of correct plant
species and plant parts, preventing adulteration
and substitution.

e Macroscopic Evaluation: Examination of
morphological features such as color, size,
shape, and texture.

e Microscopic Analysis: Study of anatomical
characteristics including stomata, trichomes,
fibers, and calcium oxalate crystals.

e Chromatographic Fingerprinting: TLC and
HPTLC  profiles serve as chemical
fingerprints for identity confirmation.

o Molecular Techniques: DNA-based markers
provide high specificity and are increasingly

used for authentication.

EXTRACTION TECHNIQUES IN HERBAL
TECHNOLOGY

Conventional Extraction Methods

Traditional methods remain widely used but have
inherent limitations.

Maceration: Prolonged soaking of plant material

in solvent.

biopublishers.com Page 26


https://bpsrj.biopublishers.com/
https://nsl.niscpr.res.in/ISSNPROCESS/issnassignedinfo.jsp
https://bpsrj.biopublishers.com/past-issues/
https://biopublishers.com/

BIO PHARMACEUTICAL SCIENCE AND RESEARCH JOURNAL

ISSN: 3049-2599

DOI: https://doi.org/10.63712/bpsrj-v2ilp005

Percolation: Continuous solvent flow through
powdered plant material.

Decoction: Boiling of hard plant parts in water.

Infusion and Digestion: Suitable for soft tissues

and moderately heat-stable compounds.

Solvent Extraction: Separation based on

differential solubility in immiscible solvents.

Advanced and Green Extraction Technologies
Supercritical Fluid Extraction (SFE)

SFE employs supercritical CO: as a solvent,
offering high selectivity, minimal solvent residue,
and environmental safety. Its tunable solvating
power makes it ideal for lipophilic compounds.

Microwave-Assisted Extraction (MAE)

MAE utilizes microwave energy to rapidly heat
polar solvents and plant tissues, resulting in
enhanced mass transfer, reduced extraction time,

and improved yields.

Ultrasound-Assisted Extraction (UAE)

UAE relies on acoustic cavitation to disrupt cell
walls, facilitating solvent penetration and efficient
release of phytochemicals.

Enzyme-Assisted Extraction (EAE)
Hydrolytic enzymes selectively degrade cell wall
components, improving extraction efficiency

under mild conditions.
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Deep Eutectic Solvents (DES and NADES)
These novel green solvents are biodegradable,
tunable, and effective alternatives to conventional

organic solvents.

ANALYTICAL TECHNIQUES FOR
HERBAL DRUG EVALUATION
Chromatographic Methods

Column Chromatography: Widely used for
purification based on adsorption differences.

lon Exchange Chromatography: Separates
charged molecules with high selectivity.
Thin-Layer Chromatography (TLC): Rapid
qualitative analysis and fingerprinting.
High-Performance Thin-Layer Chromatography
(HPTLC): Enhanced resolution, automation, and
quantitative capability.

Gas Chromatography (GC): Suitable for volatile
compounds.

High-Performance Liquid Chromatography
(HPLC): Gold standard for separation and
quantification of phytoconstituents.

Hyphenated and Spectroscopic Techniques
GC-MS, LC-MS/MS, NMR, IR, UV-Vis, and
Raman  spectroscopy  provide  structural
elucidation,  metabolomic  profiling, and
adulteration detection.

Chemometric Applications
Multivariate statistical tools such as PCA and
PLS-DA assist in interpreting complex datasets,
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improving quality evaluation and authenticity

verification.

ISOLATION OF PHYTOCONSTITUENTS
Phytochemical isolation involves separating
bioactive compounds into pure forms using:

e Acid-base extraction

e Polarity gradient extraction

e Fractional precipitation

e Advanced chromatographic technigues

These methods enable the recovery of alkaloids,
glycosides, phenolics, and other active
constituents with high purity.

STANDARDIZATION AND QUALITY
CONTROL OF HERBAL DRUGS
Standardization ensures batch-to-batch

consistency, safety, and therapeutic reliability.

WHO-Recommended Parameters

¢ Morphological and organoleptic evaluation

e Microscopic and quantitative microscopy

e Physicochemical analysis

e Qualitative and quantitative  chemical
profiling

e Toxicological and microbiological testing

Challenges in Herbal Standardization
o Raw material variability

e Lack of reference standards

¢ Inadequate regulatory frameworks

e Limited access to advanced instrumentation

Volume 2 Issue 1 — 2025 (Oct - Dec)

CURRENT CHALLENGES AND FUTURE
PERSPECTIVES

Despite technological advancements, issues such
as scalability, cost, technical expertise, and
regulatory harmonization remain. Future research
should focus on integrating green extraction
technologies, validated analytical platforms,
chemometrics, pharmacovigilance, and clinical
evaluation to strengthen global acceptance of

herbal medicines

AIM AND OBJECTIVES

Aim

The primary aim of this review is to critically
evaluate modern extraction and analytical
methodologies employed in herbal technology,
with a focus on improving the quality, safety,
efficacy, and standardization of herbal medicines.

Objectives

e To review conventional and advanced
extraction techniques used for isolating
bioactive phytoconstituents from medicinal
plants.

e To assess modern green extraction approaches
that promote sustainability and environmental
safety.

e To examine analytical and chromatographic
techniques  applied in  herbal  drug
identification, authentication, and quality
control.

e To highlight recent advancements in
phytochemical isolation and standardization
methods.
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e To identify challenges and future prospects in
the standardization and regulatory acceptance

of herbal formulations.

MATERIAL AND METHODS:

Since this study is a review article, no
experimental materials were used. The
methodology involved a comprehensive literature
survey and critical analysis of previously

published research.

Literature Search Strategy

Relevant scientific literature was collected from
peer-reviewed journals, books, pharmacopeias,
and authoritative databases such as PubMed,
ScienceDirect, Google Scholar, and WHO
publications. Keywords used for the search
included herbal technology, phytochemical
extraction, green extraction methods,
chromatography, HPLC, HPTLC, GC-MS, herbal

standardization, and quality control.

Selection Criteria

e Atrticles focusing on extraction techniques,
analytical methodologies, and standardization
of herbal drugs

e Studies published in English

e Peer-reviewed journals, review articles, and

authoritative guidelines
Data Analysis
The collected literature was systematically

reviewed and categorized based on:
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e Type of extraction methodology

¢ Analytical and chromatographic techniques

e Application in herbal drug analysis and
standardization

e Advantages, limitations, and regulatory

relevance

Information was critically analyzed and
synthesized to present a structured overview of

current advancements in herbal technology.

RESULTS

The review highlights significant progress in both

extraction and analytical methodologies used in

herbal technology.

e Conventional extraction methods such as
maceration, percolation, and decoction remain
widely used but exhibit limitations including
low selectivity, long extraction times, and
high solvent consumption.

e Advanced extraction techniques like
microwave-assisted  extraction  (MAE),
ultrasound-assisted extraction (UAE),
supercritical fluid extraction (SFE), enzyme-
assisted extraction, and deep eutectic solvent-
based extraction demonstrate improved
efficiency, reduced solvent use, and better
preservation of thermolabile compounds.

e Chromatographic techniques such as TLC and
HPTLC provide rapid and cost-effective
fingerprint profiling, while HPLC, GC, LC-
MS, and GC-MS enable accurate qualitative
and quantitative phytochemical analysis.
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e Hyphenated analytical techniques and
chemometric tools significantly enhance
compound identification, authentication, and
detection of adulteration.

e Standardization parameters recommended by
WHO ensure consistency, safety, and efficacy
of herbal formulations but require better
global harmonization

DISCUSSION

Herbal medicines are gaining global
acceptance; however, their successful integration
into modern healthcare systems depends on robust
extraction and  analytical  methodologies.
Traditional extraction techniques, although simple
and economical, often compromise extract quality
due to excessive solvent usage and thermal
degradation. The emergence of green and non-
conventional  extraction  technologies has
addressed these drawbacks by offering higher
selectivity, reduced processing time, and

environmental sustainability.

Modern analytical techniques have revolutionized
herbal drug standardization by enabling precise
identification and
phytoconstituents. HPTLC and HPLC

fingerprinting have become essential tools for

quantification of

ensuring  batch-to-batch  consistency,  while
hyphenated techniques such as LC-MS and GC-
MS provide deeper insights into complex

phytochemical profiles.
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Despite these advancements, challenges persist,
including variability in plant raw materials, lack
of universal reference standards, high operational
costs, and limited access to sophisticated
instruments in developing regions. Addressing
these challenges requires integrated approaches
combining advanced extraction technologies,
validated analytical methods, chemometrics, and

regulatory frameworks.

Overall, the adoption of modern extraction and
analytical methodologies plays a crucial role in
enhancing the reliability, safety, and global

acceptance of herbal medicines

CONCLUSION

Modern herbal technology is undergoing a
paradigm shift driven by advanced extraction and
analytical methodologies. The integration of green
extraction techniques with sophisticated analytical
tools has significantly improved the quality,
safety, and reproducibility of herbal products.
Continued innovation, regulatory alignment, and
interdisciplinary research are essential to fully
harness the therapeutic potential of medicinal
plants and ensure their sustainable utilization in
global healthcare systems.
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