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Advancements in Quantitative and Qualitative Methods for
Quality Control of Herbal Drugs: A Comprehensive Review
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ABSTRACT

The quality control of herbal drugs is a critical aspect of ensuring their safety, efficacy and
reliability. The complex composition of herbal products, influenced by environmental, genetic
and processing factors, necessitates robust analytical approaches. This review highlights recent
advancements (2020-2024) in quantitative and qualitative methods for herbal drug quality
control. Quantitative methods, such as HPLC, GC, and NMR spectroscopy, focus on the precise
measurement of bioactive compounds, ensuring batch-to-batch consistency. Complementary
to these are qualitative methods, including DNA barcoding, TLC and phytochemical screening,
which authenticate botanical sources and detect adulterants. The integration of these
methodologies provides a comprehensive framework for quality assessment, addressing
both compositional consistency and authenticity. Despite advancements, challenges such as
variability in raw materials and the lack of universal standards persist. This review underscores the
need for interdisciplinary collaboration to overcome these challenges and standardize quality
control practices globally. By leveraging recent technological innovations, the pharmaceutical
industry and regulatory bodies can ensure the safety and efficacy of herbal medicines, fostering
consumer confidence and adherence to regulatory requirements.
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INTRODUCTION

Herbal drugs have been widely used in traditional medicine
across the globe due to their therapeutic properties and ease of
access. In recent years, there has been a surge in the popularity of
herbal drugs, leading to an increased demand for effective quality
control measures. These measures are necessary to ensure that
herbal medicines are safe, effective and consistent. The challenge
with herbal productslies in their dynamic composition, which can
vary based on cultivation, environmental factors and processing
methods. This variability can affect the potency and safety of the
products. Regulatory bodies such as the WHO have emphasized
the importance of setting high-quality standards to prevent issues
such as contamination and adulteration in herbal drugs.!"?

To maintain product integrity, quality control measures
are implemented to check the identity, purity, potency and
consistency of herbal drugs. These measures are becoming more
advanced with the advent of sophisticated analytical techniques.
In this review, we will explore the latest developments in quality
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control methods, specifically from 2020 to 2024, to understand
how these innovations have improved the ability to assess and
ensure the quality of herbal medicines.”’

QUANTITATIVE METHODS

Quantitative methods are essential for determining the
concentration of active ingredients in herbal drugs. This is
important because the therapeutic effects of herbal medicines
rely on consistent levels of bioactive compounds. These methods
help ensure that the potency of the product remains constant
across different batches.™

Chromatographic Techniques

HPLC is one of the most used techniques to quantify bioactive
compounds in herbal drugs. It works by separating the
components of a mixture based on their chemical properties.”!
UHPLC has recently been developed, offering even higher
sensitivity and faster analysis, which allows for the detection of
trace-level compounds. Additionally, newer columns in HPLC
systems have improved the resolution, enabling better separation
of complex herbal mixtures.®

GC is another effective method for analyzing volatile compounds
such as essential oils and terpenes in herbal products. GC is
especially useful when analyzing herbal drugs that contain
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compounds with low volatility. Recent developments in GC
technology, such as improved detectors and the combination
with MS, have enhanced the precision of this method."”

Spectrophotometric Techniques

UV-visible (UV-vis) Spectrophotometry is a simple and
cost-effective method used to estimate the content of phenolic
compounds and flavonoids as shown in Table 1, which are common
in many herbal medicines. It is widely used due to its ease of use
and ability to provide quick results. Recent improvements have
been made by combining UV-vis with advanced data analysis
techniques, such as Principal Component Analysis (PCA), which
helps interpret complex data.l®

FTIR is another important tool that helps identify the chemical
composition of herbal products. FTIR provides a chemical
fingerprint that can be used to authenticate the herbal drug and
check its purity. This method is quick, non-destructive and has
become increasingly important in recent years."’

Mass Spectrometry (MS)

Mass Spectrometry, especially when paired with chromatography
techniques like HPLC or GC, is a powerful tool for analyzing
herbal drugs. It provides detailed molecular information, enabling
the identification of individual compounds in a complex mixture.
Tandem Mass Spectrometry (MS/MS) and high-resolution MS
have made it easier to analyze trace components, enhancing the
accuracy of compound identification and quantification in herbal
medicines.!"”

Nuclear Magnetic Resonance (NMR) Spectroscopy

Nuclear Magnetic Resonance (NMR) Spectroscopy is increasingly
being used for quality control due to its ability to determine the
structure of bioactive compounds in herbal drugs. Quantitative
NMR (qQNMR) offers a non-destructive way to accurately measure
the concentration of specific compounds in a sample, making it a
reliable tool for determining quality and consistency.!"!
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Chemometric Approaches

Chemometrics refers to the use of statistical methods to
analyze complex datasets. By combining chromatographic or
spectrometric data with statistical tools such as PCA and Partial
Least Squares Regression (PLSR), itis possible to better understand
the composition of herbal products, monitor consistency and
detect any adulteration. This approach has become more popular
in recent years as the ability to analyze large volumes of data has
improved.['?

Industry Applications

In the pharmaceutical industry, these quantitative methods are
essential to ensure the quality and safety of herbal medicines.
There has been a trend toward automating these processes to
improve efficiency and reduce human error. These advancements
are not only improving the reliability of quality control but also
making it easier to comply with regulatory requirements.!"*!

QUALITATIVE METHODS

Qualitative methods play a crucial role in verifying the authenticity
of herbal drugs. These methods help identify the plant species
used in the preparation and detect any potential contaminants or
adulterants. They work hand in hand with quantitative methods
to provide a complete quality control assessment.

Chromatographic Fingerprinting

Chromatographic fingerprinting is a method used to create a
profile of the chemical components of an herbal drug. TLC is often
used for this purpose as it is a quick and inexpensive technique.
HPLC is also employed for fingerprinting and is preferred for
more detailed analysis. It allows for the comparison of herbal
products with reference standards to ensure authenticity and
detect adulteration.!"!

Microscopy

Microscopy is a traditional technique that is still useful for
identifying the anatomical features of plant material. By
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Table 1: Analysis of heterocyclic phytoconstituents in Herbal Drugs.
Phytoconstituent Class  Examples Significance Analytical Applications
Methods
Alkaloids Morphine, Atropine  Therapeutic activity (e.g., HPLC, LC-MS, Standardization of
analgesic, antispasmodic). UV-vis alkaloid-rich herbs
Spectroscopy. (e.g., opium).
Flavonoids Quercetin, Antioxidant, HPTLC, HPLC, Quality control of
Kaempferol anti-inflammatory properties. UHPLC, NMR. antioxidant herbal
formulations.
Terpenoids Limonene, Volatile oils, antimicrobial, GC, GC-MS, IR Standardization of
Artemisinin antimalarial. Spectroscopy. essential oils.
Phenolic Compounds Gallic acid, Curcumin Antioxidant, anti-cancer UV-vis Evaluation of total
activity. Spectroscopy, phenolic content.
HPLC, LC-MS.
Tannins Ellagic acid, Catechin  Astringent, antimicrobial HPLC, FTIR, Quality control in
UV-vis tannin-rich plants
Spectroscopy. (e.g., tea).
Glycosides Sennosides, Digitoxin Laxative, cardiac activity. HPLC, GC-MS, Standardization of
UV-vis glycoside-containing
Spectroscopy. drugs.
Saponins Diosgenin, Surfactant properties, TLC, HPTLC, Evaluation of
Ginsenosides adaptogenic activity HPLC. adaptogenic
formulations.
Coumarins Umbelliferone, Anticoagulant, HPLC, LC-MS, Standardization of
Scopoletin anti-inflammatory. UV-vis coumarin-rich plants.
Spectroscopy.
Steroids Stigmasterol, Structural role in plants, GC-MS, NMR. Identification in
Beta-sitosterol hormonal activity. steroidal herbal
medicines.
Polysaccharides Pectins, Beta-glucans Immunomodulatory, Colorimetric assays, Quality evaluation of

examining the structure of plant cells, trichomes and other
distinctive features, it is possible to confirm the identity of
the plant species and detect any contaminants. Microscopy is

often used as a complementary tool alongside other qualitative

techniques.!"”
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prebiotic activity.

GC-MS, FTIR.

polysaccharide-based
remedies.

DNA Barcoding

DNA barcoding is an innovative method for plant species
identification. By analyzing specific regions of the plant's DNA,
such as the rbcL and matK genes, it is possible to confirm the
species and detect misidentification or adulteration. This method
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is highly accurate and can be used to authenticate herbal products,
particularly those that may be easily confused with other plants.!'®!

Phytochemical Screening

Phytochemical screening is used to detect the presence of specific
bioactive compounds in herbal drugs. These compounds, such
as alkaloids, saponins and flavonoids, are responsible for the
therapeutic effects of herbal medicines. Phytochemical screening
can also help identify potential adulterants and assess the safety
of the product.

Emerging Techniques

Recent advances in metabolomics and proteomics have expanded
the scope of qualitative analysis. Metabolomics involves studying
the metabolites in an herbal product, while proteomics focuses
on analyzing proteins. These techniques provide a more
comprehensive understanding of the composition of herbal
drugs, offering valuable insights into their quality, authenticity
and safety.['”)

CHALLENGES IN HERBAL DRUG QUALITY
CONTROL

Despite these advancements, there are still several challenges
in the quality control of herbal drugs. One major issue is the
variability of raw materials. The chemical composition of plants
can vary depending on factors such as climate, cultivation
practices and harvest time. This can make it difficult to ensure
that the active ingredients in herbal drugs are consistent.!'®!

Another challenge is the lack of universally accepted reference
standards for many herbs. This makes it harder to standardize
the quality of herbal products globally. Additionally, herbal
formulations often contain a wide variety of compounds, which
makes it difficult to assess their overall quality using a single
method. These challenges highlight the need for continued
research and collaboration to establish clearer standards and
more effective quality control methods.!!

SCOPE OF THESE METHODS

The combination of both quantitative and qualitative methods
provides a thorough approach to quality control. While
quantitative methods help ensure the potency and consistency of
bioactive compounds, qualitative methods help authenticate the
plant species and detect contaminants. Together, these methods
ensure the safety, efficacy and authenticity of herbal products.®”

Emerging technologies such as metabolomics and proteomics
hold promise for further improving quality control processes.
These techniques provide a more holistic view of the biochemical
makeup of herbal drugs, which could help address some of the
challenges faced in quality control.l?!
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DISCUSSION

The use of both quantitative and qualitative methods in herbal
drug quality control is essential for ensuring that these products
are safe and effective. Quantitative methods, such as HPLC,
MS and NMR, help measure the concentration of active
ingredients, while qualitative methods, such as DNA barcoding
and phytochemical screening, help verify authenticity and detect
potential adulterants. These methods complement each other to
provide a comprehensive quality control assessment.??

While there have been significant improvements in these
techniques, challenges such as raw material variability and the
lack of universal standards still need to be addressed. Continued
research and global collaboration are needed to overcome these
obstacles and ensure that herbal products meet the highest
standards of quality and safety.!

CONCLUSION

The combination of quantitative and qualitative methods is
crucial in maintaining the quality, safety and efficacy of herbal
drugs. Technological advancements in analytical techniques have
made these methods more reliable and efficient, but there are
still challenges that need to be addressed. By continuing to refine
these methods and collaborate across industries and regulatory
bodies, it will be possible to establish clearer standards for herbal
medicines, which will help ensure consumer safety and promote
global harmonization in herbal drug quality control.
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SUMMARY

Ensuring the quality of herbal drugs is crucial for their safety,
effectiveness and dependability. Advanced techniques, including
HPLC, NMR and DNA barcoding, help maintain consistency and
authenticate sources. However, challenges such as variability in
raw materials and a lack of standardized practices highlight the
importance of global collaboration and consistent guidelines.
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