Methods for Extraction of Secondary Metabolites
Secondary metabolites are bioactive compounds (alkaloids, flavonoids, terpenoids, phenolics, pigments, antibiotics) produced by microorganisms, plants, and fungi. Their extraction depends on chemical nature, polarity, volatility, and stability.
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1. Solvent Extraction

• Principle: Differential solubility of metabolites in polar or non‑polar solvents.
• Common solvents: Methanol, ethanol, acetone, chloroform, hexane, water.
• Procedure:
1. Homogenize sample.
2. Mix with solvent.
3. Centrifuge and collect supernatant.
4. Evaporate solvent under reduced pressure.
• Advantages: Simple, cost‑effective, suitable for large‑scale extraction.
• Limitations: Solvent residues, low selectivity.


2. Maceration

• Principle: Passive diffusion of metabolites into solvent at ambient temperature.
• Procedure: Soak biomass in solvent for hours/days → filter → concentrate.
• Applications: Heat‑sensitive compounds (essential oils, pigments).
• Advantages: Gentle, preserves thermolabile compounds.
• Limitations: Time‑consuming, low efficiency.


3. Soxhlet Extraction

• Principle: Continuous solvent reflux ensures exhaustive extraction.
• Procedure: Sample in thimble → solvent reflux → condensation → repeated cycles.
• Applications: Lipids, alkaloids, terpenoids.
• Advantages: Efficient for solid samples.
• Limitations: High temperature may degrade sensitive compounds.

4. Hydrodistillation

• Principle: Steam or water distillation separates volatile metabolites.
• Procedure: Boil sample → vaporize → condense → collect oil layer.
• Applications: Essential oils, volatile acids.
• Advantages: Produces pure volatile extracts.
• Limitations: Not suitable for non‑volatile compounds.

5. Ultrasound‑Assisted Extraction (UAE)

• Principle: Ultrasonic waves create cavitation bubbles that rupture cell walls.
• Procedure: Immerse sample in solvent → apply ultrasound → filter → concentrate.
• Applications: Phenolics, flavonoids, amino acids.
• Advantages: Fast, energy‑efficient, high yield.
• Limitations: Possible degradation of sensitive compounds.


6. Microwave‑Assisted Extraction (MAE)

• Principle: Microwaves heat solvent and sample rapidly, rupturing cells.
• Procedure: Mix sample with solvent → microwave heating → filter → evaporate.
• Applications: Carbohydrates, amino acids, pigments.
• Advantages: Rapid, minimal solvent use.
• Limitations: Requires optimization to prevent overheating.


7. Supercritical Fluid Extraction (SFE)

• Principle: CO₂ under high pressure acts as a solvent for non‑polar metabolites.
• Procedure: Pressurize CO₂ → pass through sample → collect extract → depressurize.
• Applications: Lipids, sterols, carotenoids.
• Advantages: Solvent‑free, environmentally friendly.
• Limitations: High equipment cost.


8. Solid‑Phase Extraction (SPE)

• Principle: Adsorbents selectively bind metabolites for purification.
• Procedure: Load sample → wash impurities → elute target compound.
• Applications: Amino acids, organic acids, alkaloids.
• Advantages: High purity, reproducible.
• Limitations: Limited capacity for large volumes.


9. Chromatographic Techniques

• Principle: Separation based on charge, size, or affinity.
• Types: Ion‑exchange, size‑exclusion, affinity, HPLC.
• Applications: Purification of antibiotics, enzymes, pigments.
• Advantages: High resolution and selectivity.
• Limitations: Expensive instrumentation.

10. Enzymatic Hydrolysis

• Principle: Enzymes degrade complex polymers into simpler metabolites.
• Procedure: Add enzyme → incubate → collect hydrolyzed products.
• Applications: Bioactive peptides, sugars, amino acids.
• Advantages: Specific and mild conditions.
• Limitations: Cost of enzymes, slow reaction rate.


11. Precipitation Method Summary

•Principle:Relies on changing solubility conditions (pH, ionic strength, solvent polarity, or temperature) to force metabolites out of solution as a solid phase.

•Procedure:
1) Add precipitating agent → salts (ammonium sulfate), solvents (ethanol/acetone), or acids/bases.
2) Change solubility conditions → adjust pH, ionic strength, or temperature.
3) Metabolites aggregate → form solid precipitate
4) Centrifuge → separate precipitate from supernatant
5) Wash & dry → purify target compound

•Common Agents:
-Salt precipitation: Ammonium sulfate (“salting out” proteins/peptides).
-Solvent precipitation: Ethanol, methanol, acetone (dehydration).
-pH adjustment: Brings molecules to isoelectric point.

•Applications:
-Isolation of proteins, enzymes, peptides.
-Concentration of organic acids and phenolics.
-Pre‑purification step before chromatography.
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