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The Ayurvedic Pharmacopoeia of India Ayurveda HU

The Ayurvedic Pharmacopoeia of India Ayurveda HU stands as a cornerstone in the preservation,
standardization, and promotion of traditional Ayurvedic medicine in India. As a comprehensive
reference, it plays a vital role in ensuring the quality, safety, and efficacy of Ayurvedic drugs, thereby
supporting practitioners, manufacturers, researchers, and consumers alike. This article provides an
in-depth overview of the Ayurvedic Pharmacopoeia of India Ayurveda HU, exploring its history,
significance, structure, and contributions to the global acceptance of Ayurveda.

Understanding the Ayurvedic Pharmacopoeia of India Ayurveda HU

The Ayurvedic Pharmacopoeia of India Ayurveda HU is an official publication that consolidates
standardized information on the quality standards of Ayurvedic drugs. It encompasses detailed
descriptions of raw materials, herbal drugs, mineral preparations, and formulations used in
Ayurveda, along with their pharmacognostic, physicochemical, and phytochemical characteristics.

Historical Background and Development

The need for a standardized reference for Ayurvedic medicines led to the inception of the
Pharmacopoeia of India in 1958, initiated by the Government of India. The Ayurveda HU (Herbal
Unani) segment was later integrated to expand the scope to herbal and Unani medicines. The
Pharmacopoeia has evolved through rigorous research, field studies, and collaborations with
Ayurvedic experts, ensuring it remains a credible standard.

Objective and Significance

The primary objectives of the Ayurvedic Pharmacopoeia of India Ayurveda HU are:

- Standardize the quality of Ayurvedic drugs to ensure safety and efficacy
- Provide authentic reference standards for identification, authentication, and quality control
- Facilitate research and development in Ayurveda
- Support regulatory frameworks for manufacturing and trade
- Promote global acceptance and integration of Ayurveda into mainstream healthcare
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Structure and Content of the Pharmacopoeia

The Ayurvedic Pharmacopoeia of India Ayurveda HU is organized systematically into various
sections, covering the entire spectrum of Ayurvedic medicinal materials. Its content is curated to
serve as a comprehensive guide for quality control and standardization.

Major Sections and Components

- Herbal Drugs: Detailed descriptions, identification parameters, and quality standards for various
herbs used in Ayurveda.

- Mineral Drugs and Preparations: Standards for mineral-based medicines such as Swarna
(Gold), Rajat (Silver), and other mineral preparations.

- Herbal Formulations: Standardized formulations like Churna, Taila, Kwatha, and others with
specifications.

- Pharmacognostic Studies: Morphological, microscopic, and chemical properties for
authentication.

- Physicochemical Tests: Parameters such as pH, loss on drying, ash values, extractive values,
etc., to ensure quality.

- Phytochemical and Analytical Data: Data on active constituents, chromatographic profiles,
and other analytical markers.

- Storage and Packaging Guidelines: Recommendations for preserving the potency and quality
of Ayurvedic drugs.

Key Features

- Use of authentic references and classical texts
- Inclusion of modern analytical techniques for validation
- Clear identification and authentication protocols
- Guidelines for Good Manufacturing Practices (GMP)
- Focus on safety, efficacy, and quality assurance

Role of the Ayurvedic Pharmacopoeia in Quality Control

Quality control is fundamental in ensuring that Ayurvedic medicines are safe for consumer use and
retain their therapeutic properties. The Ayurvedic Pharmacopoeia of India Ayurveda HU provides
standardized tests and reference standards that facilitate this process.

Identification and Authentication
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Accurate identification of raw materials prevents adulteration and substitution. The Pharmacopoeia
offers microscopy, macroscopic, and chemical tests to authenticate herbs and minerals.

Physicochemical Testing

Parameters like moisture content, ash values, extractive values, and volatile oil content help
determine the quality and purity of herbal drugs.

Contaminant Testing

Standards include limits for heavy metals, microbial contamination, pesticides, and other impurities,
aligning with safety regulations.

Analytical Standardization

Advanced techniques such as Thin Layer Chromatography (TLC), High-Performance Liquid
Chromatography (HPLC), and Gas Chromatography (GC) are used to profile active constituents,
ensuring batch-to-batch consistency.

Importance of the Pharmacopoeia for Manufacturers and
Practitioners

For manufacturers, the Pharmacopoeia acts as a regulatory blueprint, guiding the manufacturing
process, raw material procurement, and quality assurance protocols. It helps in:

- Developing standardized formulations
- Ensuring compliance with national and international standards
- Preventing adulteration and contamination
- Facilitating export and global recognition

Practitioners benefit by having access to validated and standardized medicines, which enhances the
credibility of Ayurvedic treatments and ensures patient safety.

Global Impact and Future Perspectives

The Ayurvedic Pharmacopoeia of India Ayurveda HU has significantly contributed to the global
recognition of Ayurveda. By establishing international standards, it has helped in:

- Facilitating Ayurveda's integration into mainstream healthcare systems worldwide
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- Supporting research collaborations and clinical studies
- Promoting export opportunities for Ayurvedic products
- Enhancing consumer confidence in Ayurvedic medicines

Looking ahead, ongoing research aims to incorporate advanced analytical tools, expand the scope
to include new formulations, and align with international pharmacopoeial standards such as those of
the World Health Organization (WHO).

Challenges and Opportunities

While the Ayurvedic Pharmacopoeia of India Ayurveda HU has achieved significant milestones, it
faces certain challenges:

- Inconsistencies in raw material quality due to ecological variations
- Adulteration and substitution in herbal ingredients
- Need for continuous updates with scientific advancements
- Global acceptance and standardization hurdles

Opportunities for growth include harnessing modern analytical technologies, fostering sustainable
harvesting practices, and strengthening regulatory frameworks.

Conclusion

The Ayurvedic Pharmacopoeia of India Ayurveda HU remains an essential document that underpins
the integrity, safety, and efficacy of Ayurvedic medicines. Its comprehensive standards and
guidelines serve as a foundation for quality assurance, research, and global acceptance of
Ayurveda. As the field evolves, continuous efforts to update and refine these standards will ensure
that Ayurveda continues to flourish as a trusted system of traditional medicine, contributing
effectively to holistic health and wellness worldwide.
 
The Ayurvedic Pharmacopoeia of India Ayurveda HU: A Comprehensive Review

Introduction

In the realm of traditional medicine, Ayurveda stands as one of the most ancient and holistic
systems of healing, with roots stretching back over 3,000 years in India. Central to the practice of
Ayurveda is the use of a wide array of herbal, mineral, and animal products, which are
systematically documented and standardized in the Ayurvedic Pharmacopoeia of India (API).
Among the various editions and updates of the API, the Ayurveda HU (Herbal Units), an integral
component, has garnered significant attention from practitioners, researchers, and regulators alike.
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This investigative review aims to analyze the scope, development, and critical features of the
Ayurvedic Pharmacopoeia of India Ayurveda HU, shedding light on its role in standardization, quality
assurance, and global acceptance of Ayurvedic medicines. We will explore its historical evolution,
structural composition, key methodologies, and the challenges faced in establishing a robust
pharmacopoeial framework for Ayurveda.

Historical Evolution and Significance of the Ayurvedic Pharmacopoeia of India

Origins and Development

The Ayurvedic Pharmacopoeia of India was initiated by the Government of India in the 1960s under
the Department of Indian Systems of Medicine and Homoeopathy (ISM&H), with the primary goal of
standardizing Ayurvedic drugs. The first edition was published in 1976, followed by subsequent
revisions and updates to incorporate advances in pharmacognosy, analytical techniques, and quality
standards.

The Ayurveda HU was introduced as part of the API to provide detailed monographs on herbal raw
drugs, their botanical identity, physical constants, chemical constituents, and quality standards. Its
purpose is to serve as a reference for manufacturers, regulators, and researchers to ensure
consistency, safety, and efficacy of Ayurvedic medicines.

Significance in Modern Context

The standardization through the API, particularly the Ayurveda HU, is crucial for:

- Ensuring quality control across manufacturing units.
- Facilitating scientific validation of traditional claims.
- Promoting international trade by conforming to global quality benchmarks.
- Supporting regulatory compliance and licensing procedures.
- Encouraging research and development in phytochemistry and pharmacology.

Structural Composition of the Ayurveda HU

Monograph Format and Content

The Ayurveda HU follows a systematic monograph format, comprising:

- Botanical Name: Including accepted scientific nomenclature.
- Family: Taxonomical classification.
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- Part Used: Roots, stems, leaves, flowers, etc.
- Description and Morphology: Morphological features and distinguishing characteristics.
- Microscopic Features: Cell structure, tissue organization.
- Physical Constants: Properties like total ash, acid-insoluble ash, water-soluble ash, specific

gravity, etc.
- Chemical Profiling: Qualitative and quantitative analysis of key phytoconstituents.
- Tests and Assays: Pharmacognostic and physicochemical tests to confirm identity and purity.
- Standardization Parameters: Markers, chromatographic profiles, and other parameters.
- Storage and Packaging: Recommendations to maintain quality.

Key Elements in the Monographs

The monographs are designed to serve as authoritative references, emphasizing:

- Authentic Botanical Identification: Ensuring correct plant sourcing.
- Adulteration Detection: Parameters to identify contamination or substitution.
- Quality Assurance: Establishing acceptable ranges for physical and chemical constants.
- Reproducibility: Facilitating consistent manufacturing practices.

Analytical Methodologies and Quality Standards

Pharmacognostic and Physicochemical Tests

The Ayurveda HU stipulates rigorous testing protocols, including:

- Macroscopic examination (size, shape, color).
- Microscopic examination (cellular features).
- Ash values (total, acid-insoluble, water-soluble).
- Extractive values.
- Loss on drying.
- Fluorescence analysis under UV/visible light.

Phytochemical and Chromatographic Techniques

Advances in analytical chemistry have been integrated into the Ayurveda HU, featuring methods
such as:

- Thin-layer chromatography (TLC) for fingerprinting.
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- High-performance liquid chromatography (HPLC).
- Gas chromatography-mass spectrometry (GC-MS).
- UV-Visible spectrophotometry.

These techniques help in establishing chemical profiles, identifying bioactive markers, and detecting
adulterants.

Microbial and Heavy Metal Testing

To ensure safety, the monographs include standards for:

- Microbial contamination levels.
- Heavy metal residues (lead, arsenic, mercury, cadmium).
- Pesticide residues.

Challenges and Critiques

While the Ayurveda HU has significantly advanced standardization, several challenges persist:

Botanical Authentication and Supply Chain

- Misidentification of plant species remains a concern, especially with substitutes and adulterants
entering the supply chain.

- Sustainable sourcing and conservation of medicinal plants pose ecological challenges.

Analytical Limitations

- Variability in phytochemical content due to environmental factors.
- Limited access to advanced analytical instruments across manufacturing units.

Regulatory and Implementation Barriers

- Discrepancies between traditional knowledge and scientific standards.
- Lack of enforcement or compliance in small-scale manufacturing.
- Need for periodic updates to incorporate new scientific insights.

Global Acceptance and Standardization
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- Variability in international standards for herbal medicines.
- Challenges in harmonizing API standards with global pharmacopoeias like the WHO or

European Pharmacopoeia.

Future Directions and Recommendations

To address these challenges, the following strategies are recommended:

- Integration of Advanced Analytical Technologies: Adoption of metabolomics, DNA barcoding,
and chemometric analysis.

- Capacity Building: Training manufacturers and regulators in modern standardization techniques.
- Sustainable Cultivation: Promoting organic farming and conservation programs.
- Regular Updates: Periodic revision of monographs to reflect scientific advances.
- International Collaboration: Harmonizing standards for global trade and recognition.

Conclusion

The Ayurvedic Pharmacopoeia of India Ayurveda HU represents a cornerstone in the scientific
validation and standardization of Ayurveda's vast herbal pharmacopeia. Its comprehensive
monographs, rigorous testing protocols, and evolving methodologies have significantly contributed
to elevating the quality, safety, and efficacy of Ayurvedic medicines. Despite existing challenges,
ongoing scientific and regulatory efforts promise to reinforce its role as an authoritative reference,
fostering the global acceptance of Ayurveda as a credible and sustainable healthcare system.

For researchers, clinicians, and regulators, the Ayurveda HU remains an indispensable tool in
bridging traditional wisdom with modern science, ensuring that the rich legacy of Ayurveda
continues to thrive in the contemporary world.
 

 QuestionAnswer What is the Ayurvedic Pharmacopoeia of India (API) and why is it important?
The Ayurvedic Pharmacopoeia of India (API) is an official publication that provides standardized
quality standards for Ayurvedic medicines and ingredients, ensuring safety, efficacy, and
consistency in Ayurvedic practice across India. How does the Ayurvedic Pharmacopoeia of India aid
practitioners and manufacturers? It serves as a comprehensive reference guide detailing the quality
specifications, testing methods, and permissible limits for raw materials and finished products,
helping practitioners and manufacturers maintain quality standards. What are the key components
covered in the Ayurvedic Pharmacopoeia of India? The API covers various components including
herbal drugs, mineral drugs, formulations, and standards for raw materials, ensuring authenticity and
purity. Is the Ayurvedic Pharmacopoeia of India accessible to the public and practitioners? Yes, the
API is publicly accessible through official publications and online platforms, allowing practitioners,
students, and manufacturers to reference standardized guidelines. How often is the Ayurvedic
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Pharmacopoeia of India updated? The API is periodically revised and updated by the Ministry of
AYUSH to incorporate new research, improved testing methods, and evolving standards in
Ayurveda. What role does the API play in global standardization of Ayurvedic medicines? It helps
promote international recognition and standardization of Ayurvedic drugs by providing a credible
reference for quality, thereby facilitating exports and global acceptance. How does the API
contribute to the safety of Ayurvedic medicines? By setting strict quality parameters and testing
protocols, the API ensures that Ayurvedic medicines are safe for consumption and free from
contaminants or adulterants. Are there digital versions of the Ayurvedic Pharmacopoeia of India
available? Yes, the API is available in digital formats, including PDFs and online databases, making
it easily accessible for practitioners and researchers worldwide. What is the significance of the
Ayurveda HU (Herbal Universe) in relation to the API? Ayurveda HU is an online platform that
provides access to Ayurvedic databases, including the Ayurvedic Pharmacopoeia of India,
facilitating research, education, and quality control in Ayurveda. How does the Ayurvedic
Pharmacopoeia of India impact the future development of Ayurveda? It provides a scientific
foundation for standardization and research, encouraging evidence-based practices and innovation
in Ayurvedic formulations and therapies. 

 
Related keywords: Ayurveda, pharmacopoeia, India, herbal medicines, traditional medicine, herbal
drug standards, medicinal plants, Ayurvedic formulations, herbal pharmacology, quality control

Chemical And Spectral Approaches Natural Product

Introduction to Chemical and Spectral Approaches in Natural Product
Research

Chemical and spectral approaches natural product research are fundamental aspects of modern
natural product chemistry, playing a crucial role in the discovery, isolation, and structural elucidation
of bioactive compounds derived from natural sources. Natural products?compounds produced by
living organisms such as plants, fungi, bacteria, and marine organisms?have historically been a
prolific source of pharmaceuticals, agrochemicals, and other biologically active substances. To fully
understand these complex molecules, scientists employ a combination of chemical techniques and
spectral methods, which together facilitate the identification, characterization, and understanding of
their biological functions.

This article delves into the core principles, methodologies, and applications of chemical and spectral
approaches in natural product research, highlighting their importance in modern science and their
impact on drug discovery and development.
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Understanding Chemical Approaches in Natural Product Chemistry

Extraction and Isolation Techniques

The initial step in studying natural products involves extracting compounds from biological material.
The choice of extraction method depends on the source and the nature of the target compounds.

Common extraction techniques include:

- Solvent Extraction: Using solvents like methanol, ethanol, dichloromethane, or water to extract
bioactive compounds.

- Solid-Phase Extraction (SPE): Employing cartridges packed with sorbents for selective
extraction.

- Supercritical Fluid Extraction (SFE): Utilizing supercritical CO? for efficient and environmentally
friendly extraction.

- Distillation: For volatile compounds, techniques like steam distillation or hydrodistillation are
common.

Following extraction, compounds are often separated through chromatographic methods:

- Thin-Layer Chromatography (TLC): Rapid screening of extracts.
- Column Chromatography: Separation based on polarity or size.
- High-Performance Liquid Chromatography (HPLC): Precise separation and quantification.
- Gas Chromatography (GC): For volatile and thermally stable compounds.

Isolation involves collecting pure compounds from mixtures, often requiring multiple
chromatographic steps.

Structural Elucidation through Chemical Methods

Once isolated, natural products undergo chemical transformations and derivatization to aid in
structural elucidation.

Key chemical approaches include:

- Derivatization: Modifying functional groups to improve detectability or stability.
- Hydrolysis: Breaking down complex molecules into simpler units to infer substructures.
- Chemical Degradation: Sequential breakdown to deduce structure.
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- Chemical Synthesis: Creating target molecules or analogs to confirm structures.

Though valuable, chemical methods alone often lack the specificity needed for complex natural
products, which leads us to the importance of spectral approaches.

Spectral Techniques in Natural Product Identification

Importance of Spectral Methods

Spectral techniques are indispensable for rapid, non-destructive, and highly specific structural
analysis. They provide detailed information about molecular frameworks, functional groups, and
stereochemistry, enabling scientists to confirm the structure of natural products with high
confidence.

Common Spectral Techniques

- Nuclear Magnetic Resonance (NMR) Spectroscopy

- Principle: Exploits magnetic properties of atomic nuclei (¹H, ¹³C, and other isotopes).
- Applications:
- Determining the molecular framework.
- Identifying functional groups.
- Establishing stereochemistry.
- Types:
- Proton NMR (¹H NMR): Provides information about hydrogen environments.
- Carbon NMR (¹³C NMR): Reveals carbon skeleton.
- 2D NMR (COSY, HSQC, HMBC): Clarifies connectivity and spatial relationships.

- Mass Spectrometry (MS)

- Principle: Measures the mass-to-charge ratio (m/z) of ionized particles.
- Applications:
- Determining molecular weight.
- Inferring molecular formula.
- Fragmentation pattern analysis for substructure elucidation.
- Techniques:
- Electron Ionization (EI)
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- Electrospray Ionization (ESI)
- Matrix-Assisted Laser Desorption/Ionization (MALDI)

- Infrared (IR) Spectroscopy

- Principle: Measures vibrational transitions of molecular bonds.
- Applications:
- Identifying functional groups such as hydroxyl, carbonyl, and amines.
- Confirming presence of specific bonds.

- Ultraviolet-Visible (UV-Vis) Spectroscopy

- Principle: Measures absorption of UV or visible light by conjugated systems.
- Applications:
- Characterizing chromophores.
- Studying conjugation and electronic transitions.

- Circular Dichroism (CD) Spectroscopy

- Principle: Measures differential absorption of left and right circularly polarized light.
- Applications:
- Determining stereochemistry, especially chiral centers.

Integrating Chemical and Spectral Approaches

The combined application of chemical and spectral methods provides a comprehensive strategy for
natural product elucidation.

Typical workflow includes:

- Extraction and preliminary screening using TLC and UV-Vis.
- Isolation via chromatographic methods, monitoring fractions with TLC, HPLC, or GC.
- Structural analysis:
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- Use IR to identify functional groups.
- Employ NMR (¹H, ¹³C, 2D NMR) to elucidate the skeleton.
- Confirm molecular weight and formula with MS.

- Confirm stereochemistry via chiroptical methods like CD.
- Chemical derivatization to validate functional groups or stereochemistry.
- Synthetic confirmation by preparing analogs or the natural product itself.

This integrated approach ensures accurate and reliable structural identification, which is critical for
understanding biological activity and potential therapeutic applications.

Applications of Chemical and Spectral Approaches in Natural Product
Research

Drug Discovery and Development

Natural products have historically been a rich source of new drugs. The identification and structural
elucidation process relies heavily on chemical and spectral methods.

- Example: The discovery of penicillin involved chemical extraction and spectral analysis to
identify the antibiotic compound.

- Modern applications: Screening plant extracts for bioactivity, followed by spectral analysis to
identify active constituents.

Quality Control and Standardization

Spectral techniques ensure batch-to-batch consistency in herbal medicines and natural products by
confirming chemical profiles.

Understanding Biosynthesis Pathways

Chemical and spectral data help elucidate biosynthetic pathways, enabling scientists to understand
how organisms produce complex molecules.

Marine Natural Products

The marine environment is a treasure trove of novel compounds. Advanced spectral techniques help
characterize these complex molecules, fostering new drug leads.
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Challenges and Future Perspectives

Despite the power of chemical and spectral approaches, challenges persist:

- Complexity of natural products: Highly complex structures can be difficult to resolve.
- Low abundance: Sometimes compounds are present in minute quantities, requiring highly

sensitive methods.
- Stereochemistry determination: Accurate stereochemical assignment remains challenging,

especially in flexible molecules.

Future directions include:

- Hyphenated Techniques: Combining chromatography with spectral methods (e.g., LC-MS/MS,
LC-NMR).

- Computational Methods: Using molecular modeling and spectral prediction to assist structural
elucidation.

- Metabolomics: Applying global spectral profiling to analyze complex biological mixtures.

Conclusion

Chemical and spectral approaches natural product research are indispensable tools that
continue to revolutionize the discovery and understanding of bioactive compounds from nature. The
synergy between chemical techniques?such as extraction, derivatization, and synthesis?and
spectral methods?like NMR, MS, IR, and UV-Vis?provides a powerful framework for elucidating
complex molecular structures. As technological advancements progress, these approaches will
become even more robust, sensitive, and efficient, opening new horizons in natural product
chemistry, pharmacology, and beyond.

Harnessing these methodologies not only accelerates drug discovery but also deepens our
understanding of nature?s chemical diversity, ultimately contributing to innovations in medicine,
agriculture, and biotechnology.
 
Chemical and Spectral Approaches in Natural Product Research: Unlocking Nature?s Chemical
Vaults

Introduction

Chemical and spectral approaches natural product research have revolutionized the way
scientists explore and understand the vast chemical diversity found in nature. Natural
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products?compounds produced by living organisms such as plants, fungi, bacteria, and marine
organisms?have historically served as invaluable sources for pharmaceuticals, agrochemicals, and
other biologically active substances. Deciphering the complex chemical structures of these natural
compounds has been a formidable challenge, but advances in chemical techniques and spectral
analysis methods have dramatically enhanced our ability to identify, characterize, and utilize these
molecules. This article delves into the core strategies and tools employed in the chemical and
spectral analysis of natural products, highlighting their significance, methodologies, and recent
innovations.

The Significance of Natural Products in Science and Medicine

Natural products have played a foundational role in drug discovery and development. Notable
examples include:

- Penicillin: The first antibiotic, derived from Penicillium fungi.
- Morphine: An analgesic alkaloid from Papaver somniferum (opium poppy).
- Taxol: An anticancer agent isolated from the Pacific yew tree (Taxus brevifolia).
- Streptomycin: An antibiotic from Streptomyces griseus.

Their structural diversity and biological activity make natural products a treasure trove for medicinal
chemistry. However, their complexity poses analytical challenges, necessitating sophisticated
chemical and spectral techniques for proper identification and structural elucidation.

Chemical Approaches in Natural Product Analysis

Chemical approaches form the backbone of natural product research, involving extraction, isolation,
derivatization, and chemical reactions to analyze and manipulate compounds.

- Extraction and Isolation Techniques

The first step involves extracting compounds from biological matrices, often followed by separation
and purification:

- Solvent Extraction: Using solvents like methanol, ethanol, or dichloromethane to solubilize target
compounds.

- Liquid-Liquid Partitioning: Separating compounds based on polarity differences.
- Chromatography: Techniques such as:
- Column Chromatography: Utilizing stationary phases like silica gel.
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- High-Performance Liquid Chromatography (HPLC): Offering high resolution and sensitivity.
- Thin-Layer Chromatography (TLC): A quick qualitative method for preliminary analysis.

- Derivatization and Chemical Reactions

Chemical modification can enhance detection, stability, or provide insight into structure:

- Derivatization: Adding functional groups to improve chromatographic behavior or spectral
responses.

- Chemical Reactions: Using reactions like hydrolysis, oxidation, or reduction to break down
complex molecules or confirm structural features.

- Chemical Tests and Functional Group Analysis

Classical chemical tests help identify functional groups:

- Dragendorff?s reagent: Detects alkaloids.
- Fehling?s test: Identifies reducing sugars.
- Salkowski?s test: Indicates steroidal compounds.

While traditional, these tests are often complemented by spectral methods for definitive
identification.

Spectral Techniques: Illuminating Molecular Structures

Spectral analysis has become indispensable, providing detailed insights into molecular frameworks
with precision and speed.

- Nuclear Magnetic Resonance (NMR) Spectroscopy

NMR is perhaps the most powerful technique for elucidating the structure of organic compounds:

- ¹H NMR and ¹³C NMR: Reveal the environment of hydrogen and carbon atoms.
- 2D NMR Techniques:
- COSY: Correlates proton-proton couplings.
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- HSQC and HMBC: Connect proton and carbon signals over one or multiple bonds.
- NOESY/ROESY: Provide spatial proximity information, aiding stereochemistry determination.

Advances: High-field NMR (up to 1.2 GHz) allows unprecedented resolution, even for complex
mixtures.

- Mass Spectrometry (MS)

MS provides molecular weight and fragmentation patterns:

- Electrospray Ionization (ESI): Suitable for polar compounds.
- Matrix-Assisted Laser Desorption/Ionization (MALDI): Useful for large molecules like peptides.
- Tandem MS (MS/MS): Offers detailed fragmentation pathways, facilitating structural elucidation.

Applications: Determining molecular formulas, detecting isomers, and analyzing complex mixtures.

- Infrared (IR) Spectroscopy

IR identifies functional groups based on vibrational transitions:

- Broad peaks: Indicate hydroxyl groups.
- Sharp peaks: Correspond to carbonyl or nitrile groups.

It provides complementary information alongside NMR and MS.

- Ultraviolet-Visible (UV-Vis) Spectroscopy

Useful for compounds with conjugated systems, UV-Vis helps determine the presence of aromatic
rings, conjugated double bonds, and chromophores.

Integrating Chemical and Spectral Data for Structural Elucidation

The true power in natural product analysis comes from integrating multiple techniques:

- Stepwise Approach:
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- Use chromatography for purification.
- Apply chemical tests for functional group insights.
- Employ IR and UV-Vis to identify chromophores and functional groups.
- Use NMR and MS for detailed structure determination.

- Case Study Example:
- Isolate a novel alkaloid from a plant extract.
- Use IR to detect amine and aromatic groups.
- Apply NMR to determine the carbon skeleton.
- Use MS to confirm molecular weight and formula.
- Derive stereochemistry through NOESY experiments.

This multidisciplinary approach ensures accurate and confident structure elucidation, essential for
subsequent biological testing and synthetic efforts.

Recent Innovations and Future Perspectives

The field of natural product chemistry continues to evolve with technological innovations:

- Hyphenated Techniques: Combining chromatography with MS (LC-MS, GC-MS) and NMR
(LC-NMR) for real-time analysis.

- Metabolomics: High-throughput spectral profiling to study complex biological mixtures.
- Cryogenic NMR: Enhances sensitivity for small sample sizes.
- Computational Chemistry: Molecular modeling and spectral prediction tools streamline structure

verification.
- Artificial Intelligence (AI): Machine learning algorithms now assist in spectral interpretation and

pattern recognition.

These advancements accelerate discovery, reduce sample requirements, and improve accuracy,
unlocking the full potential of natural products.

Challenges and Opportunities

Despite technological progress, challenges remain:

- Complex Mixtures: Natural extracts often contain hundreds of compounds.
- Structural Isomers: Differentiating isomers requires sophisticated techniques.
- Limited Sample Availability: Rare organisms produce minute quantities.
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- Stereochemistry Determination: Critical for biological activity but often difficult.

However, opportunities abound:

- Integration of multi-omics approaches.
- Synthetic biology to produce natural products in engineered hosts.
- Development of universal spectral databases.

Conclusion

Chemical and spectral approaches form the twin pillars of natural product research, enabling
scientists to unlock the chemical secrets of nature. By combining classical chemistry techniques with
state-of-the-art spectral analysis, researchers can accurately identify, characterize, and harness
natural compounds for medicinal and industrial applications. As technology advances, the pace of
discovery accelerates, promising new bioactive molecules and a deeper understanding of nature?s
chemical diversity. This synergy of chemistry and spectroscopy continues to inspire innovation and
holds the key to future breakthroughs in natural product science.
 

 QuestionAnswer What are the main differences between chemical and spectral approaches in
natural product research? Chemical approaches focus on isolating and characterizing compounds
through techniques like chromatography and chemical reactions, whereas spectral approaches
utilize spectroscopic methods such as NMR, MS, IR, and UV-Vis to elucidate the structure of natural
products non-destructively. How has the integration of spectral methods advanced natural product
discovery? Spectral methods enable rapid, accurate identification and structural determination of
complex natural products, reducing reliance on time-consuming chemical derivatization and
enabling high-throughput screening of bioactive compounds. What are the challenges associated
with spectral analysis of natural products? Challenges include the complexity of natural product
mixtures, overlapping signals in spectra, low abundance of certain compounds, and the need for
sophisticated data interpretation techniques to accurately assign structures. How do chemical and
spectral approaches complement each other in natural product research? Chemical methods
provide detailed insights into the composition and reactivity of compounds, while spectral techniques
facilitate rapid structural elucidation, making their combined use more effective for comprehensive
natural product analysis. What recent technological advancements have improved spectral analysis
in natural product research? Advancements include high-resolution NMR spectroscopy, mass
spectrometry with tandem MS/MS capabilities, cryogenic probes, and computational tools like
chemoinformatics and machine learning algorithms, all enhancing sensitivity, resolution, and data
interpretation. 

 
Related keywords: chemical analysis, spectral methods, natural products, spectroscopy,
chromatography, mass spectrometry, NMR spectroscopy, compound identification, phytochemistry,
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structural elucidation

Read the full article online: Chemical and spectral approaches natural product

pharmacognosy kokate

Pharmacognosy Kokate is a renowned textbook that serves as a cornerstone in the field of
pharmacognosy, providing comprehensive insights into the study of natural drugs, their sources,
properties, and applications. Authored by Dr. C.K. Kokate, this book has become an essential
resource for students, researchers, and professionals in pharmacy, medicine, and related
disciplines. Its detailed coverage of the identification, analysis, and standardization of herbal
medicines makes it a vital reference in understanding the scientific basis of herbal drug development
and quality control.

Introduction to Pharmacognosy Kokate

Pharmacognosy, the science of natural products, involves the study of drugs derived from plants,
animals, and minerals. The textbook Pharmacognosy Kokate offers an in-depth exploration of this
field, emphasizing the importance of traditional medicine while integrating modern scientific
techniques. The book's systematic approach helps readers understand the complex nature of
phytochemicals and their therapeutic potentials.

Key Features of the Textbook

- Comprehensive coverage of plant identification and classification
- Detailed descriptions of phytochemical constituents
- Standardization and quality control methods for herbal drugs
- Clinical applications and pharmacological considerations
- Practical techniques for extraction, isolation, and analysis

Contents and Structure of Pharmacognosy Kokate

The book is structured into several chapters, each focusing on different aspects of pharmacognosy.
This organized format makes it easy for readers to navigate and find specific topics of interest.

Major Sections of the Book
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1. Introduction to Pharmacognosy

- Definitions and scope of pharmacognosy
- Historical background and evolution
- Importance of natural drugs in modern medicine

2. Sources of Drugs

- Plant sources: classification, morphology, and identification
- Animal and mineral sources
- Cultivation and collection of medicinal plants

3. Phytochemistry

- Phytoconstituents: alkaloids, glycosides, flavonoids, tannins, and terpenoids
- Extraction and isolation techniques
- Qualitative and quantitative analysis

4. Botanical Identification and Categorization

- Morphological and microscopic examination
- Organoleptic evaluation
- Pharmacognostic standards

5. Standardization of Herbal Drugs

- Quality control parameters
- Pharmacopoeial standards
- Modern analytical techniques like HPTLC, HPLC

6. Herbal Formulations and Applications

- Types of herbal dosage forms
- Stability and storage considerations
- Therapeutic uses and clinical relevance
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Importance of Pharmacognosy Kokate in Pharmacy Education and
Research

The relevance of Pharmacognosy Kokate extends beyond basic education, influencing research and
industry practices. Its comprehensive approach aids in the development of standardized herbal
medicines, ensuring efficacy, safety, and quality.

Role in Education

- Serves as a primary textbook for pharmacy students learning about natural drugs
- Provides detailed illustrations and photographs for plant identification
- Facilitates understanding of analytical techniques through practical examples

Role in Research and Industry

- Guides researchers in isolating and characterizing phytochemicals
- Assists in quality control and standardization of herbal products
- Supports the development of new herbal formulations with scientific backing

Pharmacognosy Kokate and Modern Analytical Techniques

Advancements in analytical technology have greatly enhanced the study of natural products, and
Pharmacognosy Kokate integrates these modern methods to improve drug standardization.

Key Analytical Techniques Covered

- High-Performance Thin-Layer Chromatography (HPTLC)
- High-Performance Liquid Chromatography (HPLC)
- Gas Chromatography (GC)
- Mass Spectrometry (MS)
- Nuclear Magnetic Resonance (NMR) spectroscopy

These techniques enable precise identification, quantification, and purity assessment of
phytochemicals, which is crucial in ensuring the quality of herbal medicines.

Significance of Analytical Techniques
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- Detect adulterants and contaminants
- Standardize herbal extracts
- Facilitate regulatory approval processes

Application of Pharmacognosy Kokate in Herbal Drug Standardization

Standardization remains a critical aspect of herbal medicine quality assurance. Pharmacognosy
Kokate emphasizes the importance of establishing pharmacopoeial standards to ensure consistency
and safety.

Parameters for Standardization

- Macroscopic and microscopic evaluation
- Organoleptic assessment
- Physicochemical tests (pH, ash values, extractive values)
- Phytochemical screening
- Quantitative analysis of active constituents

Challenges and Solutions

- Variability in plant constituents due to environmental factors
- Use of marker compounds for standardization
- Adoption of modern analytical tools for precise quality control

Role of Pharmacognosy Kokate in Clinical Practice and Herbal
Medicine Development

The book's insights have a direct impact on clinical applications and the development of herbal
medicines.

Clinical Relevance

- Identification of herbal drugs with proven therapeutic efficacy
- Understanding pharmacological actions based on phytochemicals
- Safe prescribing practices involving herbal medicines

Herbal Medicine Development
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- Formulation of herbal products with standardized constituents
- Conducting stability and efficacy studies
- Ensuring compliance with regulatory standards for herbal drugs

Future Trends in Pharmacognosy and the Role of Kokate

The future of pharmacognosy involves integrating traditional knowledge with cutting-edge
technology. Pharmacognosy Kokate provides a foundation for this evolving field.

Emerging Areas

- Nanotechnology in herbal drug delivery
- Bioinformatics and phytochemical databases
- Bioprospecting for novel bioactive compounds
- Standardization of traditional medicinal systems like Ayurveda and Traditional Chinese Medicine

Contribution of Kokate?s Work

- Offers a scientific basis for exploring new herbal drugs
- Guides standardization and quality control in herbal research
- Promotes sustainable and ethical sourcing of medicinal plants

Conclusion

Pharmacognosy Kokate remains a vital resource in the study and application of natural drugs. Its
comprehensive coverage of the identification, analysis, and standardization of herbal medicines
makes it indispensable for students, researchers, and industry professionals alike. As the world
increasingly turns to herbal and plant-based therapies, the principles outlined in Kokate?s work will
continue to underpin advancements in pharmacognosy, ensuring that herbal medicines are safe,
effective, and of high quality. Embracing modern analytical techniques and sustainable practices,
the future of herbal drug research guided by Kokate?s teachings holds great promise for integrating
traditional wisdom with scientific rigor.

If you want to explore further, consider delving into specific chapters of Pharmacognosy Kokate or
exploring recent advances in herbal medicine standardization and phytochemical research.
 
Pharmacognosy Kokate: An Expert Insight into the Foundation of Natural Product Chemistry

Pharmacognosy, often regarded as the science of natural drugs, forms the bedrock of modern
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phytotherapy, herbal medicine, and drug discovery from natural sources. Among the many influential
texts that have shaped this discipline, Kokate's Pharmacognosy stands out as a seminal work,
widely regarded as the authoritative textbook for students, researchers, and practitioners alike. This
article aims to provide an in-depth, comprehensive review of Kokate's Pharmacognosy, exploring its
significance, core content, and practical applications in the field of natural product research and
pharmacognostic studies.

Introduction to Kokate's Pharmacognosy

Kokate's Pharmacognosy, authored by C.K. Kokate, is a comprehensive textbook that has been a
cornerstone in pharmaceutical education since its first publication. Its core objective is to bridge the
gap between traditional herbal knowledge and modern scientific validation, providing detailed
insights into the identification, analysis, and standardization of crude drugs derived from natural
sources.

The book is renowned for its systematic approach, clarity, and exhaustive coverage of concepts
ranging from plant identification, macroscopic and microscopic studies, phytochemical screening, to
the evaluation of crude drug quality. Its practical focus makes it an essential reference for
pharmacists, herbal researchers, and quality control analysts.

The Significance of Kokate?s Pharmacognosy in Modern Pharmacy

Kokate's Pharmacognosy holds a pivotal role in various aspects of pharmaceutical sciences:

- Educational Foundation: It serves as a fundamental textbook for students pursuing pharmacy,
pharmacology, and related disciplines, providing foundational knowledge essential for
understanding natural products.

- Standardization & Quality Control: The detailed methodologies for drug identification,
authentication, and standardization help in establishing quality benchmarks for herbal drugs.

- Research & Development: It offers insights into phytochemical screening techniques and the
study of bioactive constituents, aiding in the discovery of new drugs.

- Integration of Traditional and Modern Medicine: The book emphasizes traditional uses and
scientific validation, fostering a holistic approach to herbal medicine.

- Regulatory Compliance: Knowledge derived from Kokate?s work supports compliance with
pharmacopoeial standards and regulatory frameworks for herbal products.

Core Content and Structure of Kokate's Pharmacognosy

Kokate?s Pharmacognosy is structured to guide readers through the entire spectrum of natural
product study, from basic concepts to advanced analytical techniques. The core sections include:
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- Introduction to Pharmacognosy

- Definition, scope, and importance
- Historical perspective
- Difference between pharmacognosy, phytochemistry, and ethnobotany

- Crude Drugs: Classification and Collection

- Types of crude drugs: Whole, powdered, extractive
- Sources: Plants, animals, minerals
- Collection, preservation, and storage techniques

- Macroscopic and Microscopic Studies

- Macroscopic identification: Shape, size, color, odor, taste
- Microscopic examination: Cell structure, tissue organization
- Tools and techniques: Microscopes, staining methods

- Botanical Identification

- Morphological and anatomical features
- Botanical classification and taxonomy
- Herbarium techniques

- Physicochemical Tests

- Determination of moisture content, ash values, extractive values
- pH, solubility, and specific gravity

- Pharmacognostic Screening and Standardization
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- Organoleptic evaluation
- Microscopy
- Physicochemical analysis
- Phytochemical screening

- Phytochemical Screening and Analysis

- Qualitative tests for alkaloids, glycosides, tannins, flavonoids, saponins
- Quantitative estimation techniques

- Modern Techniques in Pharmacognosy

- Chromatography (TLC, HPLC, GC)
- Spectroscopy (UV, IR, NMR, MS)
- DNA barcoding for plant identification

- Toxicity and Pharmacological Evaluation

- Safety assessment
- Bioactivity studies

Key Features and Methodologies Emphasized in Kokate

Kokate's Pharmacognosy is celebrated for its meticulous detailing of methodologies that are
essential for authenticating and standardizing herbal drugs. Some of the key features include:

Macroscopic and Microscopic Characterization

- Macroscopic features such as shape, size, color, odor, taste, and surface characteristics help in
initial identification.

- Microscopic examination involves studying tissue sections, identifying cell types, and
recognizing diagnostic features such as cork, cortex, vascular tissues, and epidermis.

Physicochemical Parameters
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- Ash values: Total ash, acid-insoluble ash, water-soluble ash, indicative of purity and
contamination.

- Extractive values: Quantify the amount of active constituents extractable with various solvents.
- Moisture content: Ensures stability and prevents microbial growth.

Phytochemical Screening

- Qualitative tests help detect classes of compounds; for example:
- Alkaloids: Mayer's and Dragendorff?s tests
- Glycosides: Legal?s test
- Tannins: Ferric chloride test
- Flavonoids: Shinoda test
- Saponins: Froth test

- Quantitative estimation employs techniques like titration, spectrophotometry, or
chromatographic methods to determine the amount of bioactive constituents.

Modern Analytical Techniques

- Chromatography: Used for fingerprinting and purity testing.
- Spectroscopy: Confirmatory identification of compounds.
- DNA barcoding: A recent advancement for authenticating plant species, especially important in

preventing adulteration.

Practical Aspects of Pharmacognostic Studies Highlighted in Kokate

Kokate emphasizes hands-on training in various practical methods, crucial for students and
professionals involved in herbal drug standardization:

- Collection and Preservation: Proper techniques to ensure drug integrity.
- Preparation of Slides: For microscopic examination, including staining procedures.
- Standardization Protocols: Developing pharmacopeial standards for raw materials.
- Phytochemical Tests: Performing qualitative and quantitative assays.
- Chromatography Techniques: Setting up and interpreting TLC, HPLC results.
- Quality Control: Establishing parameters to detect adulteration and contamination.

Impact of Kokate?s Pharmacognosy on Industry and Research
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The influence of Kokate's Pharmacognosy extends beyond academia into industry and research
sectors:

Herbal Product Standardization

The detailed protocols enable manufacturers to produce herbal medicines with consistent quality,
potency, and safety.

Drug Discovery

By providing phytochemical screening methodologies, the book aids researchers in identifying
bioactive molecules for new drug development.

Regulatory Frameworks

Guidelines from Kokate support compliance with pharmacopoeial standards, ensuring the
authenticity and safety of herbal products.

Conservation and Sustainable Use

The book underlines the importance of ethical collection, conservation of medicinal plants, and
sustainable harvesting practices.

Limitations and Areas for Modernization

While Kokate?s Pharmacognosy is comprehensive, certain limitations should be acknowledged:

- Evolving Techniques: Rapid technological advancements necessitate regular updates,
especially in molecular biology and genomics.

- Standardization Challenges: Complex herbal formulations pose challenges beyond the scope of
traditional methods.

- Global Perspective: Incorporation of international pharmacopoeial standards and practices could
enhance its applicability.

Nevertheless, the core principles laid out remain invaluable, serving as a foundation upon which
modern innovations are built.

Conclusion: The Enduring Value of Kokate?s Pharmacognosy

Kokate?s Pharmacognosy remains a cornerstone textbook that has profoundly influenced the field
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of natural product research and herbal medicine. Its meticulous detailing of traditional identification
techniques, coupled with modern analytical methods, provides a holistic approach essential for
ensuring the quality, safety, and efficacy of herbal drugs.

For students, researchers, and industry professionals, Kokate offers a solid platform to understand
the complexities of pharmacognostic studies. Its systematic approach, practical orientation, and
comprehensive coverage make it an indispensable resource in the ever-evolving landscape of
herbal pharmacology.

As the world increasingly turns to natural remedies and herbal medicines, the foundational
knowledge encapsulated in Kokate's Pharmacognosy will continue to guide scientific inquiry, quality
assurance, and sustainable use of medicinal plants for generations to come.
 

 QuestionAnswer What is Pharmacognosy according to Kokate? Pharmacognosy, as described
by Kokate, is the study of natural drugs, including their source, history, identification, and
standardization. What are the main objectives of Pharmacognosy in Kokate's teachings? Kokate
emphasizes understanding the nature of natural drugs, their identification, standardization, and
quality control to ensure safe and effective herbal medicines. How does Kokate differentiate
between crude drugs and herbal medicines? Kokate defines crude drugs as raw plant or animal
materials used in medicine, whereas herbal medicines are processed preparations derived from
these crude drugs with defined standardization. What are the key parameters for the identification of
crude drugs in Kokate's Pharmacognosy? Parameters include macroscopic, microscopic
characteristics, physical constants, and chemical tests to accurately identify and authenticate crude
drugs. How does Kokate suggest ensuring the quality of herbal drugs? Kokate advocates for
standardization through morphological, microscopic, physiochemical, and phytochemical
evaluations, along with contamination checks. What role does Pharmacognosy play in modern drug
development according to Kokate? It plays a crucial role in discovering new drugs from natural
sources, understanding their active constituents, and ensuring their safe and effective use. What are
the common methods used in Pharmacognosy for analyzing natural drugs as per Kokate? Common
methods include macroscopic and microscopic examination, ash values, extractive values,
phytochemical screening, and chromatographic techniques. Why is Kokate considered a
fundamental reference in Pharmacognosy education? Because it provides comprehensive,
systematic knowledge on natural drugs, their identification, standardization, and quality control,
making it a foundational text for students and professionals. 

 
Related keywords: pharmacognosy, kokate, medicinal plants, herbal drugs, phytochemistry, plant
constituents, natural products, drug discovery, traditional medicine, plant drugs

Read the full article online: Pharmacognosy kokate
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Phytochemical Screening Methods

Introduction to Phytochemical Screening Methods

Phytochemical screening methods are essential techniques used in the identification and
qualitative analysis of bioactive compounds present in plants. These methods help researchers
determine the presence of various phytochemicals such as alkaloids, flavonoids, tannins, saponins,
terpenoids, and phenolics, which are often responsible for the therapeutic properties of medicinal
plants. Understanding the phytochemical composition of plant extracts is crucial for drug discovery,
quality control, and standardization of herbal medicines. This article provides a comprehensive
overview of the various phytochemical screening methods, their principles, procedures, and
significance in phytochemical research.

Types of Phytochemical Screening Methods

Phytochemical screening methods can be broadly categorized into qualitative and quantitative
approaches. Qualitative methods identify the presence or absence of specific phytochemicals, while
quantitative methods measure their concentration. The focus here is primarily on qualitative
screening techniques that are widely used as initial steps in phytochemical analysis.

Qualitative Phytochemical Screening Techniques

Qualitative screening involves simple, rapid, and cost-effective tests to detect groups of
phytochemicals in plant extracts. These tests rely on specific chemical reactions that produce
characteristic color changes, precipitates, or other observable phenomena.

Extraction of Plant Material

Before performing phytochemical tests, plant material must be processed:

- Drying and grinding the plant parts (leaves, stems, roots, etc.)
- Extraction using suitable solvents such as water, ethanol, methanol, chloroform, or ethyl acetate
- Filtration to obtain clear extracts for testing

Selection of solvent depends on the nature of the phytochemicals targeted.

Common Phytochemical Screening Tests and Their Principles

Below are some standard tests for major classes of phytochemicals:
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1. Alkaloids

- Reagents: Dragendorff?s reagent, Mayer?s reagent, Wagner?s reagent
- Principle: Formation of precipitates or colored complexes with alkaloids
- Procedure: Add reagents to the extract; observe for precipitate or color change
- Observation: Orange or brown precipitate with Dragendorff?s reagent indicates alkaloids

presence

2. Flavonoids

- Reagents: Sodium hydroxide (NaOH), aluminum chloride (AlCl?)
- Principle: Formation of yellow coloration in alkaline medium or a fluorescent complex
- Procedure: Treat extract with NaOH or AlCl?; observe color change
- Observation: Yellow coloration indicates flavonoids

3. Tannins

- Reagents: Ferric chloride (FeCl?)
- Principle: Formation of dark blue or greenish-black coloration due to phenolic complexes
- Procedure: Add FeCl? to the extract
- Observation: Blue-black coloration signifies tannins

4. Saponins

- Reagents: Frothing test
- Principle: Saponins produce stable foam when shaken with water
- Procedure: Shake the extract with water; observe foam formation
- Observation: Persistent froth indicates saponins

5. Terpenoids and Essential Oils

- Reagents: Salkowski?s test (for terpenoids)
- Principle: Acidic reaction producing a reddish-brown interface
- Procedure: Mix extract with chloroform and sulfuric acid; observe color change
- Observation: Reddish-brown interface indicates terpenoids
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6. Phenolics

- Reagents: Ferric chloride (FeCl?)
- Principle: Formation of colored complexes
- Procedure: Add FeCl? to extract
- Observation: Blue, green, or black coloration suggests phenolic compounds

Advanced and Confirmatory Phytochemical Screening Methods

While qualitative tests provide preliminary information, advanced methods are required for
confirmation and detailed analysis.

Chromatographic Techniques

Chromatography separates phytochemicals based on their affinity for stationary and mobile phases.

- Thin-Layer Chromatography (TLC): Rapid and cost-effective method for fingerprinting
compounds.

- High-Performance Liquid Chromatography (HPLC): Quantitative analysis with high
resolution.

- Gas Chromatography (GC): Suitable for volatile compounds like essential oils.

Spectroscopic Methods

Spectroscopic techniques help in identifying phytochemicals based on their absorption spectra.

- UV-Vis Spectroscopy: Used for flavonoids and phenolics.
- Infrared (IR) Spectroscopy: Identifies functional groups.
- Nuclear Magnetic Resonance (NMR): Provides structural information.
- Mass Spectrometry (MS): Determines molecular weights and structures.

Significance of Phytochemical Screening

Phytochemical screening serves multiple purposes in herbal and pharmaceutical research:

- Initial identification of bioactive compounds in plants
- Standardization of herbal medicines
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- Quality control and safety assessment
- Supporting pharmacological studies and drug development
- Understanding plant chemistry for ethnobotanical studies

Challenges and Limitations of Phytochemical Screening

Despite its usefulness, phytochemical screening faces certain challenges:

- Limited specificity of qualitative tests
- Interference from complex plant matrices
- Requirement for confirmatory advanced techniques
- Variation in phytochemical content due to environmental factors
- Need for standardization of methods for reproducibility

Conclusion

Phytochemical screening methods are fundamental tools in phytochemistry and natural product
research. They provide quick and cost-effective means to detect various bioactive compounds in
plants, guiding further detailed analysis. While qualitative tests are invaluable for initial screening,
incorporating advanced chromatographic and spectroscopic techniques ensures precise
identification and quantification. Together, these methods contribute significantly to the discovery,
development, and standardization of herbal medicines, ultimately supporting the integration of
traditional knowledge with modern pharmaceutical sciences.
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> This comprehensive overview aims to serve researchers, students, and professionals interested in
phytochemical analysis, ensuring they are equipped with essential knowledge on phytochemical
screening methods.
 
Phytochemical Screening Methods: A Comprehensive Review
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The exploration of plant-derived compounds has been a cornerstone of medicinal chemistry,
traditional medicine, and pharmacognosy. As the demand for natural products with therapeutic
potential grows, so does the importance of accurately identifying and characterizing
phytochemicals?the bioactive chemical constituents present in plants. Phytochemical screening
methods serve as essential tools in this endeavor, enabling researchers to detect, isolate, and
analyze a wide array of secondary metabolites. This article provides an in-depth review of the
various phytochemical screening techniques, their principles, applications, advantages, and
limitations, offering valuable insights for researchers, clinicians, and students engaged in natural
product research.

Introduction to Phytochemicals and the Need for Screening

Plants produce a diverse array of secondary metabolites?collectively termed phytochemicals?that
serve ecological functions such as defense against pests, UV protection, and inter-plant
communication. These compounds include alkaloids, flavonoids, tannins, saponins, terpenoids,
phenolics, and glycosides, many of which possess significant pharmacological activities.

Given the structural diversity and complexity of phytochemicals, their identification requires robust
screening methods that are sensitive, specific, and adaptable to various plant matrices.
Phytochemical screening acts as a preliminary step, guiding further isolation and characterization
processes, and providing insights into the potential therapeutic or toxicological properties of plant
extracts.

Classification of Phytochemical Screening Methods

Phytochemical screening techniques can be broadly classified into two categories:

- Qualitative methods: These detect the presence or absence of specific phytochemicals based
on characteristic reactions.

- Quantitative methods: These measure the precise concentration of phytochemicals within
samples, often utilizing instrumental analytical techniques.

This review emphasizes qualitative screening methods, which are typically employed in initial
investigations, and discusses their principles, procedures, and interpretative criteria.

Qualitative Phytochemical Screening Techniques

Qualitative methods rely on chemical reactions that produce observable changes?such as color
shifts, precipitate formation, or fluorescence?indicative of specific classes of phytochemicals.
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1. Alkaloid Screening

Principle: Alkaloids are nitrogen-containing compounds that generally form insoluble salts with acids,
facilitating their detection.

Common Methods:

- Dragendorff?s Test: Treatment of extract with Dragendorff?s reagent (bismuth subnitrate and
potassium iodide) results in an orange-red precipitate if alkaloids are present.

- Mayer?s Test: Addition of Mayer?s reagent (potassium mercuric iodide) produces a
cream-colored precipitate.

- Wagner?s Test: Iodine solution in potassium iodide yields a brown precipitate with alkaloids.

Procedure:

- Prepare the plant extract (usually aqueous or hydroalcoholic).
- Add specific reagents sequentially.
- Observe for characteristic precipitates or color changes.

Limitations:

- Some reactions may give false positives or negatives.
- Not specific for individual alkaloids.

2. Flavonoid Screening

Principle: Flavonoids exhibit characteristic color reactions with particular reagents, owing to their
phenolic structures.

Common Methods:

- Aluminum Chloride Test: Addition of AlCl? produces a yellow coloration due to complex
formation.

- Shinoda Test: Magnesium filings and hydrochloric acid lead to pink or red coloration.

Procedure:
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- Treat extract with reagent.
- Observe color development within minutes.

Limitations:

- Some flavonoids may not react, leading to false negatives.

3. Tannin Detection

Principle: Tannins precipitate proteins and alkaloids, and react with ferric chloride to produce
characteristic colors.

Common Methods:

- Ferric Chloride Test: Addition of FeCl? yields blue-black or greenish coloration.
- Gelatin Test: Tannins precipitate gelatin solutions.

Procedure:

- Add FeCl? to the extract.
- Observe for color changes.

Limitations:

- Presence of other phenolic compounds can interfere.

4. Saponin Identification

Principle: Saponins produce foam upon agitation, owing to their surfactant properties.

Procedure:

- Shake the extract vigorously with water.
- Observe persistent froth.

Limitations:
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- High carbohydrate content may cause false positives.

5. Terpenoid and Essential Oil Screening

Principle: Terpenoids often impart characteristic odors or may be detected via specific reactions.

Common Methods:

- Salkowski Test: Addition of chloroform and sulfuric acid produces a reddish-brown interface for
terpenoids.

Procedure:

- Mix extract with chloroform.
- Carefully add concentrated sulfuric acid along the sides of the tube.
- Observe color change at the interface.

Limitations:

- Not specific; used mainly as a preliminary test.

Advanced and Instrumental Phytochemical Screening Methods

While qualitative tests are invaluable for initial screening, quantitative and detailed structural
elucidation often require sophisticated analytical techniques.

1. Chromatographic Techniques

- Thin-Layer Chromatography (TLC): Rapid, cost-effective, and suitable for preliminary
separation.

- High-Performance Liquid Chromatography (HPLC): Precise quantification and separation of
complex mixtures.

- Gas Chromatography (GC): Ideal for volatile compounds like essential oils.

2. Spectroscopic Techniques
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- UV-Vis Spectroscopy: Used for identifying conjugated systems like flavonoids.
- Infrared (IR) Spectroscopy: Provides functional group information.
- Nuclear Magnetic Resonance (NMR): Offers detailed structural insights.
- Mass Spectrometry (MS): Determines molecular weights and structures.

3. Other Techniques

- Bioassays: Functional screening based on biological activity.
- Immunoassays: Specific detection of phytochemicals using antibodies.

Advantages and Limitations of Phytochemical Screening Methods

| Advantages | Limitations |

|----------------|-----------------|

| Simple and rapid | Qualitative; does not provide concentration data |

| Cost-effective | Potential for false positives/negatives |

| Useful for preliminary assessments | Requires confirmatory tests for definitive identification |

| Wide applicability across plant species | Some reactions are subjective in interpretation |

Emerging Trends and Future Directions

Recent advances aim to improve the specificity, sensitivity, and throughput of phytochemical
screening:

- Hyphenated Techniques: Combining chromatography with mass spectrometry (e.g., LC-MS) for
comprehensive profiling.

- High-Throughput Screening (HTS): Automated methods to analyze multiple samples rapidly.
- Molecular Techniques: Genomic and metabolomic approaches to predict phytochemical profiles.

Additionally, integration of machine learning and chemoinformatics is opening new avenues for rapid
screening and identification.

Conclusion
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Phytochemical screening methods are indispensable tools in natural product research, offering
insights into the complex chemical makeup of plants. While traditional qualitative tests remain
valuable for initial assessments, the integration of advanced instrumental techniques enhances
accuracy, specificity, and depth of analysis. A thorough understanding of these methods enables
researchers to identify promising bioactive compounds, guiding the development of novel
therapeutics and contributing to the expanding field of phytochemistry.

In sum, the careful selection and application of phytochemical screening techniques?ranging from
simple color reactions to sophisticated instrumental analyses?are vital for unlocking the medicinal
potential of plants. As technology advances, so too will our capacity to explore the phytochemical
universe with greater precision and efficiency.
 

 QuestionAnswer What are phytochemical screening methods used for? Phytochemical screening
methods are used to detect and identify bioactive compounds such as alkaloids, flavonoids, tannins,
saponins, and terpenoids in plant extracts, aiding in the assessment of their medicinal and
therapeutic potential. What are the common qualitative phytochemical screening tests? Common
qualitative tests include Dragendorff?s test for alkaloids, Ferric chloride test for phenolics, Shinoda
test for flavonoids, foam test for saponins, and Salkowski?s test for steroids and terpenoids. How
are phytochemical screening methods performed in the laboratory? They typically involve extracting
plant material with solvents, followed by applying specific chemical reagents to the extracts and
observing color changes, precipitate formation, or other reactions indicative of particular
phytochemicals. What is the significance of using both qualitative and quantitative phytochemical
screening methods? Qualitative methods identify the presence of phytochemicals, while quantitative
methods measure their concentrations, providing comprehensive insight into the plant's
phytochemical profile and potential therapeutic efficacy. Are there any modern techniques used in
phytochemical screening? Yes, advanced techniques such as High-Performance Liquid
Chromatography (HPLC), Gas Chromatography-Mass Spectrometry (GC-MS), and Nuclear
Magnetic Resonance (NMR) are used for detailed identification and quantification of
phytochemicals. What are the limitations of traditional phytochemical screening methods?
Limitations include lower sensitivity, potential false positives or negatives, inability to quantify
compounds precisely, and the requirement for skilled personnel to interpret results accurately. Why
is phytochemical screening important in drug discovery? It helps identify bioactive compounds with
therapeutic potential, guiding further pharmacological studies and the development of new drugs
from natural sources. 

 
Related keywords: phytochemical analysis, plant secondary metabolites, qualitative analysis,
phytochemicals detection, extraction methods, qualitative phytochemical tests, phytochemical
constituents, screening techniques, natural product analysis, phytochemical profile
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Phytochemical Analysis Methods

Phytochemical Analysis Methods

Phytochemical analysis methods encompass a broad spectrum of techniques used to identify,
quantify, and characterize the multitude of chemical compounds present in plants. These
compounds, known as phytochemicals, include alkaloids, flavonoids, terpenoids, phenolics,
saponins, tannins, and many others that contribute to the medicinal, nutritional, and sensory
properties of plants. Accurate phytochemical profiling is essential for various applications, including
drug discovery, quality control of herbal products, authentication of plant species, and understanding
plant biochemistry. Over the years, advancements in analytical technologies have significantly
enhanced the sensitivity, specificity, and throughput of phytochemical analysis. This article explores
the most common and effective methods used in phytochemical analysis, highlighting their
principles, applications, advantages, and limitations.

Qualitative Phytochemical Screening

Qualitative phytochemical screening involves preliminary tests to detect the presence or absence of
specific classes of phytochemicals in plant extracts. These tests serve as an initial step in
phytochemical investigations, guiding further quantitative and structural analyses.

Common Qualitative Tests

- Alkaloids: Dragendorff?s, Mayer?s, Wagner?s, and Hager?s tests detect alkaloids through
formation of precipitates or color changes when reagents react with nitrogenous compounds.

- Flavonoids: Shinzawa?s test or alkaline reagent test involves adding sodium hydroxide, which
produces a yellow coloration indicating flavonoids.

- Phenolics and Tannins: Ferric chloride test yields a blue or green coloration, indicating
phenolic compounds.

- Saponins: Froth test involves shaking the extract with water; persistent foam indicates
saponins.

- Terpenoids and Steroids: Salkowski?s test involves adding sulfuric acid to induce color
changes, indicating terpenoids or steroids.

These tests are simple, rapid, and cost-effective but are qualitative and often require confirmatory
analyses.

Extraction Techniques
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Before performing chemical analyses, phytochemicals are extracted from plant material. The choice
of extraction method influences the yield, purity, and profile of phytochemicals recovered.

Common Extraction Methods

- Maceration: Soaking plant material in solvents at room temperature for extended periods.
- Percolation: Continuous passing of solvent through plant material packed in a percolator.
- Soxhlet Extraction: Reflux extraction allowing solvent to repeatedly wash the sample, suitable

for exhaustive extraction.
- Ultrasound-Assisted Extraction (UAE): Using ultrasonic waves to enhance solvent

penetration and extraction efficiency.
- Supercritical Fluid Extraction (SFE): Utilizing supercritical CO? as a solvent, ideal for

non-polar compounds.

The choice depends on the nature of phytochemicals, the plant matrix, and downstream analytical
methods.

Chromatographic Techniques in Phytochemical Analysis

Chromatography forms the backbone of phytochemical analysis, allowing separation, identification,
and quantification of complex mixtures.

High-Performance Liquid Chromatography (HPLC)

HPLC is perhaps the most widely used technique for analyzing plant phytochemicals due to its high
resolution, sensitivity, and versatility.

- Principle: Separation based on differential interaction of compounds with a stationary phase
(column) and a mobile phase (solvent).

- Detection: Coupled with UV-Vis, diode-array detectors (DAD), fluorescence, or mass
spectrometry (MS).

- Applications: Quantification of flavonoids, alkaloids, phenolics, and other phytochemicals.

Gas Chromatography (GC)

GC is suitable for volatile and thermally stable compounds such as essential oils, terpenoids, and
fatty acids.
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- Principle: Separation based on volatility and interaction with the stationary phase in a capillary
column.

- Detection: Flame ionization detector (FID), MS.
- Applications: Analysis of essential oils, aromatic compounds, and other volatile

phytochemicals.

Thin-Layer Chromatography (TLC)

TLC is a simple, rapid, and inexpensive method for qualitative analysis and fingerprinting.

- Principle: Separation on a stationary phase (silica gel) coated on a plate, with visualization
under UV light or after spraying with reagents.

- Applications: Rapid screening, comparison of samples, preliminary identification.

Spectroscopic Techniques

Spectroscopy involves measuring the interaction of electromagnetic radiation with molecules,
providing qualitative and quantitative information about phytochemicals.

Ultraviolet-Visible Spectroscopy (UV-Vis)

UV-Vis is widely used for estimating total phenolic or flavonoid content.

- Principle: Absorption of UV or visible light by conjugated systems in phytochemicals.
- Applications: Rapid quantification, monitoring extraction efficiency.

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR provides information on functional groups present in phytochemicals.

- Principle: Absorption of infrared radiation causes vibrational transitions in chemical bonds.
- Applications: Structural characterization, fingerprinting of plant extracts.

Mass Spectrometry (MS)

MS is an invaluable tool for structural elucidation and quantification when coupled with
chromatographic techniques (e.g., LC-MS, GC-MS).
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- Principle: Ionization of molecules followed by mass-to-charge (m/z) analysis.
- Applications: Identification of unknown compounds, structural determination, and

quantification.

Nuclear Magnetic Resonance (NMR) Spectroscopy

NMR provides detailed structural information about phytochemicals.

- Principle: Interaction of nuclear spins with magnetic fields in the presence of radiofrequency
pulses.

- Applications: Structural elucidation, purity assessment.

Quantitative Analysis Methods

Quantitative phytochemical analysis aims to determine the concentration of specific compounds
within a sample.

Spectrophotometric Methods

These methods involve measuring absorbance at specific wavelengths correlated with compound
concentration, often using calibration curves.

- Folin-Ciocalteu Method: Estimation of total phenolics.
- Aluminum Chloride Method: Quantification of flavonoids.
- pH Differential Method: Measurement of anthocyanins.

Chromatography-Based Quantification

Using HPLC or GC coupled with suitable detectors allows precise quantification of individual
phytochemicals.

Enzymatic and Immunoassays

In some cases, specific enzymatic reactions or immunoassays are employed to quantify particular
phytochemicals with high specificity and sensitivity.

Advancements and Emerging Techniques

Recent developments have introduced innovative methods to enhance phytochemical analysis.
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Hyphenated Techniques

Combining chromatography with spectroscopic detection (e.g., LC-MS, GC-MS, LC-NMR) provides
comprehensive qualitative and quantitative data.

Metabolomics

Global profiling of all metabolites in plant extracts using high-throughput techniques enables
comprehensive phytochemical characterization and understanding of metabolic pathways.

Miniaturized and Portable Devices

Development of portable spectrometers and microfluidic devices facilitates on-site analysis, crucial
for quality control in the field.

Challenges and Future Directions

Despite technological advancements, phytochemical analysis faces challenges such as the
complexity of plant matrices, variability in phytochemical content due to environmental factors, and
the need for standardization. Future directions include:

- Integration of multi-omics approaches for holistic understanding.
- Development of more sensitive, rapid, and cost-effective methods.
- Automation and miniaturization for high-throughput screening.
- Improved databases and chemoinformatics tools for compound identification.

Conclusion

Phytochemical analysis methods are vital tools for exploring the chemical diversity of plants. The
choice of method depends on the specific phytochemicals of interest, the required sensitivity,
available resources, and the nature of the sample. Combining different techniques
 
Phytochemical Analysis Methods: A Comprehensive Review of Techniques and Applications

The exploration of plant-derived compounds, known as phytochemicals, has garnered significant
scientific interest due to their diverse biological activities and potential health benefits.
Phytochemicals encompass a broad spectrum of bioactive molecules such as alkaloids, flavonoids,
terpenoids, phenolics, saponins, and glycosides, each contributing to plant defense mechanisms
and human health. Accurate identification and quantification of these compounds are essential for
phytochemical research, quality control, pharmacological studies, and the development of functional
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foods and nutraceuticals. This comprehensive review delves into the various phytochemical analysis
methods, highlighting their principles, advantages, limitations, and applications in modern
phytochemistry.

Introduction to Phytochemical Analysis

Phytochemical analysis involves the qualitative and quantitative assessment of plant constituents.
Given the chemical complexity and diversity of plant matrices, selecting appropriate analytical
techniques is crucial for reliable, sensitive, and reproducible results. Analytical methods have
evolved from classical techniques like colorimetric assays to sophisticated instrumental approaches
such as chromatography and spectrometry. The choice of method depends on factors including the
nature of the phytochemicals, sample matrix, required sensitivity, and available resources.

Sample Preparation and Extraction Techniques

Prior to analysis, proper sample preparation and extraction are fundamental. Extraction methods
aim to isolate phytochemicals efficiently while minimizing degradation or loss.

Sample Preparation

- Drying and grinding to increase surface area
- Defatting (if necessary) to remove lipids
- Homogenization for uniformity

Extraction Techniques

- Solvent Extraction: Using solvents like methanol, ethanol, acetone, or water; parameters such
as solvent polarity, temperature, and time are optimized.

- Ultrasound-Assisted Extraction (UAE): Employs ultrasonic waves to enhance solvent
penetration and extraction efficiency.

- Microwave-Assisted Extraction (MAE): Uses microwave energy to accelerate extraction.
- Supercritical Fluid Extraction (SFE): Utilizes supercritical CO? for non-polar compounds, offering

an environmentally friendly option.
- Solid-Phase Extraction (SPE): For purification and concentration of analytes.

Proper extraction ensures representative and reproducible analysis, influencing the reliability of
subsequent analytical methods.

Qualitative Phytochemical Screening

Published by: breathecarolinas.org Page 46 of 51



Thin Layer Chromatography In Phytochemistry Chromatographic Sc... Vol. 2024, Issue 12

Initial qualitative tests provide rapid insights into the presence of different phytochemical classes
within a plant extract.

Common Qualitative Tests

- Alkaloids: Dragendorff's, Mayer's, Wagner's reagents
- Flavonoids: Shinoda test, alkaline reagent test
- Phenolics and Tannins: Ferric chloride test
- Saponins: Froth test
- Terpenoids: Salkowski test
- Glycosides: Keller-Killiani test

While these tests are simple and cost-effective, they lack specificity and quantitative capacity,
serving primarily as preliminary screening tools.

Quantitative Phytochemical Analysis Methods

To accurately measure phytochemical concentrations, advanced analytical techniques are
employed. These methods combine separation and detection strategies to achieve high sensitivity
and specificity.

Chromatographic Techniques

Chromatography remains the cornerstone of phytochemical analysis due to its ability to separate
complex mixtures.

High-Performance Liquid Chromatography (HPLC)

- Widely used for flavonoids, phenolics, alkaloids, and glycosides.
- Requires suitable stationary phases (e.g., C18 columns).
- Detection methods include UV-Vis, Diode Array Detector (DAD), Fluorescence, and Mass

Spectrometry (MS).
- Advantages: High resolution, quantitative accuracy, flexibility.

Gas Chromatography (GC)

- Suitable for volatile and semi-volatile compounds like essential oils, terpenoids, and fatty acids.
- Often coupled with MS (GC-MS) for identification.
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- Requires derivatization for non-volatile compounds.

Thin-Layer Chromatography (TLC)

- Qualitative or semi-quantitative.
- Rapid, inexpensive, used for screening.
- Can be coupled with densitometry or densitometric scanning for quantification.

Spectroscopic Techniques

Spectroscopic methods are essential for rapid, non-destructive analysis.

UV-Visible Spectroscopy

- Based on absorption of UV or visible light by certain phytochemicals.
- Used for total phenolic content (Folin-Ciocalteu method), flavonoids, and anthocyanins.
- Limitations include lack of specificity.

Fourier Transform Infrared Spectroscopy (FTIR)

- Provides molecular fingerprinting.
- Useful for identifying functional groups.

Mass Spectrometry (MS)

- Provides molecular weight and structural information.
- Often coupled with chromatography (LC-MS, GC-MS) for targeted analysis.

Nuclear Magnetic Resonance (NMR)

- Structural elucidation of isolated compounds.
- Quantitative NMR can determine compound concentrations directly.

Other Quantitative Methods
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- Spectrophotometric assays: For total phenolic, flavonoid, and tannin content.
- Electrochemical methods: Emerging techniques for specific compounds.

Advances and Challenges in Phytochemical Analysis

Despite technological progress, phytochemical analysis faces ongoing challenges.

Analytical Complexity

- Plant extracts are complex matrices with overlapping compounds.
- Co-elution and matrix effects can hinder accurate identification.

Standardization and Reference Materials

- Availability of pure standards is essential for quantification.
- Variability in plant material due to environmental factors complicates analysis.

Sensitivity and Detection Limits

- Some phytochemicals are present at trace levels requiring highly sensitive instrumentation.

Data Processing and Interpretation

- Advanced software and chemometric techniques are increasingly employed for data analysis.

Emerging Techniques and Future Perspectives

Innovations continue to enhance phytochemical analysis capabilities.

Hyphenated Techniques

- Combining chromatography with advanced detectors (e.g., LC-MS/MS, GC-TOF-MS) for
comprehensive profiling.

Metabolomics
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- Global profiling of plant metabolites using NMR and MS techniques.
- Enables understanding of phytochemical variation across samples.

Miniaturized and Portable Devices

- Development of field-deployable sensors and portable spectrometers for rapid screening.

Artificial Intelligence and Data Mining

- Advanced algorithms for pattern recognition, compound identification, and quality control.

Conclusion

The field of phytochemical analysis methods is dynamic and integral to advancing our understanding
of plant chemistry and its applications. From classical qualitative tests to cutting-edge instrumental
techniques, each method offers unique insights and faces specific challenges. Accurate, sensitive,
and reproducible analysis depends on appropriate method selection, meticulous sample
preparation, and rigorous validation. As technology evolves, integrating multi-dimensional
approaches like metabolomics, chemometrics, and bioinformatics will further deepen our capacity to
explore plant chemical diversity, facilitate standardization, and unlock novel bioactive compounds for
therapeutic and industrial uses.

Understanding and refining these analytical methods remain vital for phytochemists,
pharmacologists, and quality assurance professionals dedicated to harnessing the full potential of
plant-based resources.
 

 QuestionAnswer What are the most commonly used techniques for qualitative phytochemical
analysis? The most common qualitative methods include colorimetric tests, Thin Layer
Chromatography (TLC), and Gas Chromatography-Mass Spectrometry (GC-MS), which help identify
the presence of various phytochemicals such as alkaloids, flavonoids, tannins, and saponins. How
does High-Performance Liquid Chromatography (HPLC) contribute to phytochemical analysis?
HPLC allows for the separation, identification, and quantification of phytochemicals with high
precision and sensitivity, making it a vital tool for analyzing complex plant extracts and determining
the concentration of specific bioactive compounds. What role does spectroscopic analysis play in
phytochemical studies? Spectroscopic techniques like UV-Vis, Infrared (IR), Nuclear Magnetic
Resonance (NMR), and Mass Spectrometry (MS) provide structural information and help in
identifying and characterizing phytochemicals based on their spectral signatures. What are the
challenges associated with phytochemical analysis methods? Challenges include the complexity of
plant extracts, presence of numerous compounds at different concentrations, variability in
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phytochemical composition due to environmental factors, and the need for advanced, costly
instrumentation and expertise. What recent advancements have improved phytochemical analysis
techniques? Recent advancements include the integration of hyphenated techniques like
LC-MS/MS, use of high-resolution mass spectrometry, metabolomics approaches, and the
application of machine learning algorithms for data analysis, enhancing sensitivity, accuracy, and
throughput. 
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