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Alkaline saponification (base hydrolysis) cleaves ester bonds in complex lipids (triglycerides, phospholipids, cholesteryl esters) to release free fatty acids (FFAs). The released FFAs are acidified, extracted into chloroform, and analysed by HPLC-MS. This protocol is used when the total fatty acid composition of a sample is required, independent of the lipid class carrying each fatty acid.

	IMPORTANT  
This protocol uses concentrated acids (6 M HCl), concentrated base (2 M KOH), chloroform, and organic solvents. All steps must be performed in a fume hood. Use appropriate PPE (gloves, eye protection, lab coat). Use glassware throughout — chloroform dissolves polypropylene.



1.  Materials
	Reagent / Item
	Detail / Specification

	Lipid extract in isopropanol (IPA)
	Starting material — from Protocol 101 or equivalent

	KOH, 2 M in 80% methanol / 20% water
	Prepare fresh; store at room temperature in a sealed tube

	HCl, 6 M
	For acidification to pH ~2

	Chloroform, HPLC grade
	For FFA extraction (use glass tubes only)

	Methanol, HPLC grade
	For reconstitution

	Nitrogen gas or SpeedVac
	For drying steps

	Glass tubes with Teflon-lined screw caps
	CRITICAL — chloroform dissolves plastic

	Water bath or heating block
	90°C

	pH paper or indicator
	For checking acidification endpoint

	Vortex mixer
	

	Centrifuge
	3000 rpm, 4°C



2.  Protocol
Step 1 — Dry the Lipid Extract (Recommended)
Removing IPA before saponification improves efficiency by preventing dilution of the KOH reagent.
1. Transfer lipid extract (in IPA) to a clean glass screw-cap vial.
1. Evaporate to dryness in a SpeedVac (no heat required, or gentle 30°C).
1. Proceed immediately to saponification. Do not allow the dried film to sit for extended periods.

Step 2 — Saponification
Reaction: R-COOR' + KOH → R-COO⁻K⁺ + R'-OH
(Esterified lipid + base → potassium fatty acid salt + alcohol)

1. Add 200 μl of freshly prepared 2 M KOH in 80% methanol to the dried lipid film.
1. Seal the glass tube tightly with the Teflon-lined cap to prevent evaporation or oxidation.
1. Incubate at 90°C for 2 hours in a water bath or dry heating block.
1. Allow tubes to cool to room temperature, then place on ice.

	CRITICAL  
Seal tubes tightly before heating — methanol evaporation at 90°C will alter the KOH concentration and give incomplete saponification.
Use glass tubes only. KOH in methanol at 90°C will dissolve plastic.



Step 3 — Acidification to Release Free Fatty Acids
Reaction: R-COO⁻K⁺ + HCl → R-COOH + KCl
(Protonation of the fatty acid salt gives neutral, hydrophobic free fatty acids that can be extracted into chloroform.)

1. Add 6 M HCl dropwise while gently vortexing. Monitor with pH paper after each addition.
1. Continue adding HCl until pH ~2. Typically, this requires approximately 70 μl (stoichiometrically required to neutralise the KOH), but check pH rather than relying on volume alone.

	IMPORTANT  
Add HCl slowly and carefully — the reaction is exothermic and generates gas. Keep tubes on ice. Do not seal the tube while adding acid.



Step 4 — Chloroform Extraction of Free Fatty Acids
1. Add 400 μl chloroform to the acidified sample.
1. Vortex vigorously for 1 minute.
1. Centrifuge at 3000 rpm for 5 minutes at 4°C to achieve phase separation.
1. Carefully collect the lower organic phase (chloroform layer, containing FFAs) using a glass Pasteur pipette. Transfer to a clean glass tube.

1. Optionally, repeat the chloroform extraction to improve yield, combining the organic layers. Dry the chloroform extract completely under a gentle N₂ stream or in a SpeedVac.

	CRITICAL  
Use glass pipettes and glass tubes for all chloroform steps. Chloroform dissolves polypropylene and contaminates samples with plasticizers that are highly visible in LC-MS data.
Collect the lower (chloroform) phase carefully — the upper aqueous phase contains salts and residual KCl which will interfere with the LC column.



Step 5 — Reconstitution for LC-MS
1. Reconstitute the dried FFA extract in 50 μl LC-MS grade methanol.
1. Vortex thoroughly to ensure complete reconstitution.
1. Transfer to LC-MS vials or a 96-well plate for submission.
1. Store at −80°C until analysis.

	TIP  
For quantitative FFA analysis, add deuterated FFA internal standards (e.g., d9-palmitic acid, d5-eicosanoic acid) to the lipid extract before drying in Step 1. This accounts for losses at every extraction step.
The reconstitution volume (50 μl) can be adjusted depending on expected FFA concentration — discuss with the facility if signal is too low or the column is overloaded.



3.  Summary
	Reagent / Item
	Detail / Specification

	Input
	Lipid extract in IPA (from Protocol 101 or equivalent)

	Saponification reagent
	2 M KOH in 80% methanol; 90°C, 2 h

	Acidification target
	pH ~2 using 6 M HCl (dropwise)

	Extraction solvent
	Chloroform (glass vessels only)

	Final reconstitution
	50 μl LC-MS grade methanol

	Storage
	−80°C until analysis

	Analysis mode
	Negative ion mode LC-MS (free fatty acids are detected as [M-H]⁻ ions)
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