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vii. Identification of Functional Groups in Phytochemicals

Strategies for Identifying Functional Groups in Phytochemicals

Overview and Rationale

Phytochemical Complexity1.
Medicinal plants typically contain diverse classes of compounds (alkaloids, flavonoids, saponins, terpenoids,
phenolics, etc.), each with characteristic functional groups.
Functional group identification underpins molecular structure determination, correlates with reactivity,
solubility, and potential biological activity.

Holistic vs. Targeted Analysis2.
In  Ayurveda, synergy among multiple constituents is key, yet from a modern analytical standpoint,
isolating or confirming each functional group fosters rigorous quality control (QC) and mechanistic insight.
Balanced approaches combining broad screening for known marker compounds with advanced structure
verification.

Core Principles

Chemoselectivity1.
Certain functional groups (phenolic OH, aldehyde groups) can yield characteristic color or precipitate
changes with reagents (FeCl₃ test, 2,4-DNP test).
Understanding reactivity guides preliminary grouping and fractionation steps.

Spectroscopic Signatures2.
Infrared (IR) absorption patterns, NMR chemical shifts, mass fragmentation patterns each offer robust
confirmation of functional moieties, especially when used in complementary fashion.

Classical (Chemical) Tests vs. Spectroscopic Methods

Classical Color and Precipitation Reactions

Tests for Phenolics1.
Ferric Chloride (FeCl₃) Test: Phenolic OH groups form colored complexes (blue, green, or purple).
Gelatin Test: Tannins (polyphenols) precipitate proteins.

Tests for Alkaloids2.
Dragendorff’s reagent: Orange-red precipitate indicates alkaloids.
Mayer’s reagent,  Hager’s reagent,  Wagner’s reagent: Each yields characteristic precipitation or
coloration.

Tests for Steroids/Phytosterols3.
Salkowski Test: Chloroform extract + conc. sulfuric acid → reddish or golden coloration for
steroid/triterpene nucleus.
Libermann-Burchard Test: Formation of characteristic green or bluish color for unsaturated steroids.

Tests for Glycosides4.
Keller-Kiliani Test for cardiac glycosides (deoxysugar moieties).
Bornträger’s Test for anthraquinone glycosides (red color in alkaline layer).

Advantages and Limitations5.
Pros: Simple, rapid screening for broad functional group classes, minimal equipment.
Cons: Subjective color interpretation, cross-reactivity, limited specificity; only indicates presence/absence,
not structure or quantity.

Spectroscopic Techniques

Infrared (IR) Spectroscopy1.
Identifies characteristic absorption bands for OH (broad ~3200–3600 cm⁻¹), C=O (~1650–1750 cm⁻¹),
C-O (~1000–1300 cm⁻¹), NH (amide ~3300–3500 cm⁻¹), etc.
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Distinguishes among functional groups in the same family (aldehydic vs. ketonic carbonyl shifts).
Fourier-transform IR (FTIR) with advanced data processing ensures robust identification, especially when
combined with known reference spectra.

NMR Spectroscopy (¹H NMR, ¹³C NMR)2.
¹H NMR: Chemical shifts, coupling patterns identify aromatic protons (phenolics), vinylic protons, presence
of –OH, –NH protons.
¹³C NMR: Key for detecting carbonyl carbons, sp² vs. sp³ carbons, glycosidic linkages, ring systems.
2D NMR (COSY, HSQC, HMBC) clarifies connectivity, enabling detailed structural elucidation.

Mass Spectrometry (MS)3.
Ionization techniques (ESI, APCI, EI) yield fragmentation patterns linking to functional groups (loss of –CH₃,
–OH, ring cleavages).
High-resolution MS (HR-MS) clarifies molecular formulas, essential for certain advanced structural claims.

UV–Visible Spectroscopy4.
Less definitive for functional group ID but common for conjugated systems  (flavonoids, anthraquinones,
carotenoids).
Shifts in λmax can indicate presence of certain substituents (e.g., glycosidic moieties, extended
conjugation).

Hyphenated Methods5.
LC-MS or LC-FTIR or HPLC-DAD for on-line detection.
Significantly speeds up functional group characterization in complex mixtures, providing simultaneous
separation and structural clues.

Considerations for Scale and Application

Preparation of Extracts for Functional Group Tests

Sequential Fractionation1.
Typically, plant material is extracted with solvents of increasing polarity (hexane, chloroform, ethyl acetate,
ethanol, water), grouping phytoconstituents.
Each fraction is tested using chemical reagents or subjected to spectroscopic screening for functional
groups.

Cleanup Procedures2.
Decolorization (activated charcoal), pH adjustments, or column-based fractionation may precede final
identification steps.
Minimizes matrix interference, clarifies signal intensities in IR, NMR, or color tests.

Validity, Reliability, and Reproducibility

Reference Standards1.
Use of known pure compounds (quercetin, curcumin, etc.) or reference spectra for comparison ensures
accurate functional group identification.
Negative/blank controls confirm that color changes or spectral peaks result from the tested extract, not
contaminants or reagents alone.

Quality Control in Industry2.
Ayurvedic manufacturing often requires routine testing for consistency of “signature” compounds.
Laboratories set acceptance criteria for functional group presence, ensuring batch uniformity in herbal
preparations.

Integrating Functional Group Identification into Broader Phytochemical
Research

Multi-Step Approach

Initial Screening: Colorimetric or precipitation tests confirm broad classes.1.
Chromatographic Separation: TLC or column fractionation to isolate partial or pure components.2.
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Spectral Analysis: IR, NMR, MS for definitive functional group and structural confirmation.3.
Quantitative  Methods: HPLC or UV-based assays for concentration measurement of identified marker4.
compounds.

Pharmacological Relevance

Correlation with Bioactivity1.
E.g., presence of free hydroxyl groups in flavonoids often correlates with antioxidant capacity.
Knowledge of whether a ring-lactone structure is present (as in coumarins) can predict potential anti-
coagulant or anti-inflammatory effects.

Guiding Rational Formulation2.
In Ayurvedic synergy-based design, clarifying functional groups helps create targeted blends (cumulative
antioxidant, immunomodulatory, or adaptogenic potential).
Could inform stable processing methods (e.g., avoidance of strong acids or high heat if a certain functional
group is labile).

Conclusion
Identification of functional groups in phytochemicals is an essential pillar for:

Verifying the authenticity and potency of herbal extracts,
Uncovering structure–function relationships behind therapeutic effects, and
Enhancing standardization protocols in Ayurvedic/nutraceutical product development.

A multi-tiered approach—starting from classical reagent tests (Dragendorff, FeCl₃, etc.) to advanced spectroscopic
techniques (FTIR, NMR, MS)—establishes a clear, reproducible pathway to confirm the presence and arrangement of key
functional moieties. By integrating these insights with traditional knowledge of synergy, dosage forms, and broader
bioactivity, scientists and product developers can elevate Ayurvedic formulations toward robust, evidence-based
acceptance in both local and global health arenas.
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