White Paper 25 5th Week of December 2025

Comprehensive Analysis of Fatty Acid
Composition in Edible Oils and
Accredited Analytical Methodologies

Prepared by: Nutioils Pvt Ltd

H.V.P. Wijewardane — Industry Analyst | Coconut Sector Development
Date: December 2025

White Paper on Policy & Industry Analysis

1. Introduction: The Lipidomic Foundation of Edible
Oils

The global edible oil industry constitutes a cornerstone of agricultural economics and human
nutrition, serving as the primary source of dietary fats essential for physiological sustenance.
Fats and oils are not merely caloric reservoirs; they are complex biochemical mixtures whose
functional properties, nutritional value, and oxidative stability are governed by their specific
fatty acid composition. This lipid profile—the distinct arrangement of saturated,
monounsaturated, and polyunsaturated fatty acid chains esterified to a glycerol
backbone—dictates everything from the melting point of a margarine to the smoke point of
frying oil, and ultimately, the cardiovascular impact on the consumer.

In the contemporary food landscape, the characterization of these fatty acids has
transcended basic nutritional labeling to become a rigorous forensic science. Regulatory
bodies such as the Codex Alimentarius Commission and the Food Safety and Standards
Authority of India (FSSAI) have established stringent standards to combat adulteration, ensure
food safety, and align with evolving epidemiological data regarding heart health.
Consequently, the accreditation of testing methodologies has become paramount.
Laboratories operating under NABL (National Accreditation Board for Testing and Calibration
Laboratories) or similar ISO 17025 frameworks must utilize validated Gas Chromatography
(GC) protocols to precisely quantify fatty acid methyl esters (FAMEs), differentiate between
subtle cis/trans isomers, and detect sophisticated adulterants.’

This report provides an exhaustive examination of the fatty acid compositions of commercially
significant edible oils, the impact of processing techniques on these profiles, and the
accredited analytical frameworks used to verify their authenticity and safety.



2. Lipid Chemistry and Biochemical Significance

To accurately interpret the fatty acid profiles of edible oils, one must first establish a robust
understanding of the underlying lipid chemistry. Edible oils are predominantly composed of
triacylglycerols (TAGs), which account for 95-98% of the liquid oil volume. A TAG molecule
consists of one glycerol molecule esterified with three fatty acid chains. It is the nature of
these chains—specifically their carbon chain length and the degree of unsaturation—that
defines the oil's identity.

2.1 Structural Classification of Fatty Acids

Fatty acids are carboxylic acids with long aliphatic chains, which may be saturated or
unsaturated. The specific geometry of these chains influences the intermolecular forces
within the oil, thereby determining its physical state and chemical reactivity.

2.1.1 Saturated Fatty Acids (SFAs)

Saturated fatty acids possess hydrocarbon chains with no double bonds. The absence of
double bonds allows the molecules to assume a straight, linear configuration, facilitating tight
packing and strong van der Waals forces. This structural characteristic renders fats high in
SFAs solid at room temperature.

Lauric Acid (C12:0): A medium-chain fatty acid (MCFA) abundant in coconut and palm
kernel oils. Its shorter chain length confers distinct metabolic properties, as it can be
absorbed directly into the portal vein and oxidized for energy more rapidly than
long-chain fats.?

Palmitic Acid (C16:0): The most common saturated fatty acid in plants and animals,
serving as the primary structural fat in palm oil. Its high melting point is critical for
providing structure in margarines and shortenings without hydrogenation.*

Stearic Acid (C18:0): Found in cocoa butter and animal fats, it is unique among
saturates as it has a neutral effect on blood cholesterol levels, unlike the
cholesterol-raising effects of myristic (C14:0) or palmitic acids.”

2.1.2 Monounsaturated Fatty Acids (MUFAs)

MUFAs contain a single double bond in the fatty acid chain, typically in the cis configuration.
This double bond introduces a "kink" or bend in the hydrocarbon chain, disrupting the crystal
lattice and preventing tight packing. Consequently, high-MUFA oils are liquid at room
temperature but may solidify under refrigeration.

Oleic Acid (C18:1): The quintessential MUFA, named after olive oil (Olea europaea). It is
renowned for its high oxidative stability relative to polyunsaturated fats and its beneficial
impact on cardiovascular health, specifically in maintaining high-density lipoprotein
(HDL) while lowering low-density lipoprotein (LDL) cholesterol.” Modern breeding
programs have prioritized "High Oleic" traits in sunflower, safflower, and soybean crops to



create oils that can withstand industrial frying temperatures without degradation.’

2.1.3 Polyunsaturated Fatty Acids (PUFAs)

PUFAs contain two or more double bonds. While these multiple unsaturations render the oils
liquid even at low temperatures, they also make the molecules highly susceptible to oxidative
attack by free radicals, leading to rancidity.

e Linoleic Acid (C18:2, Omega-6): An essential fatty acid (EFA) that humans must obtain
from the diet. It is the predominant fatty acid in sunflower, corn, and soybean oils.”

e Alpha-Linolenic Acid (C18:3, Omega-3): Another essential fatty acid, crucial for
anti-inflammatory pathways. It is found in significant quantities in flaxseed, mustard, and
canola oils. However, its presence (specifically the three double bonds) makes oils
extremely unstable for deep frying, often necessitating partial hydrogenation or blending
in the past.®

2.2 The Omega-6 to Omega-3 Balance

The nutritional quality of an edible oil is often evaluated not just by individual fatty acid
content, but by the ratio of Omega-6 to Omega-3 fatty acids. Anthropological research
suggests that pre-industrial human diets maintained a ratio of approximately 1:1 to 4:1.
Conversely, modern diets, heavily reliant on refined seed oils like soybean and sunflower, often
exhibit ratios exceeding 15:1."

e Implications: An excessive intake of Omega-6 (Linoleic acid) relative to Omega-3
(Alpha-Linolenic acid) is hypothesized to promote pro-inflammatory pathways, as both
compete for the same desaturase and elongase enzymes in the body.

e Qil Selection: Qils such as mustard and canola offer more favorable ratios (closer to the
ideal range) compared to corn or sunflower oil, which are deficient in Omega-3s."

3. Comprehensive Fatty Acid Profiles of Major Edible
Oils

The diversity of edible oils available in the global market reflects the botanical variety of
oil-bearing crops. The fatty acid profile of any given oil is a fingerprint of its origin, though it
can be influenced significantly by agronomic factors such as soil quality, climate, and plant
maturity.'

3.1 The Lauric Group: Coconut and Palm Kernel Oils

3.1.1 Coconut Oil

Coconut oil is distinct among vegetable fats for its extreme saturation, often exceeding 90%.
However, labeling it merely as "saturated" oversimplifies its biochemistry. The lipid profile is
dominated by medium-chain fatty acids (MCFAs), particularly Lauric acid.



Fatty Acid Profile:

Lauric Acid (C12:0): 451% - 53.2%

Myristic Acid (C14:0): 16.8% - 21.0%

Palmitic Acid (C16:0): 7.5% - 10.2%

Oleic Acid (C18:1): 5.0% - 10.0%

Linoleic Acid (C18:2): 1.0% — 2.5%.°

Functional Insights: The high content of Lauric and Myristic acids confers a sharp
melting point (approx. 24°C) and exceptional resistance to oxidative rancidity, allowing for
prolonged shelf life.?® While historically vilified for its saturated fat content, the specific
metabolism of lauric acid—which bypasses the carnitine transport system for direct
mitochondrial oxidation in the liver—has fueled its resurgence as a "functional food"
ingredient.®

o O O O O

3.1.2 Palm Kernel QOil (PKO)

Frequently confused with palm oil, PKO is extracted from the seed kernel of the oil palm fruit
(Elaeis guineensis). Its composition is remarkably similar to coconut oil, earning it the
classification of a "lauric oil."

Fatty Acid Profile:

o Lauric Acid (C12:0): 45.0% - 55.0%

o Myristic Acid (C14:0): 14.0% - 18.0%

o Oleic Acid (C18:1): 12.0% - 19.0%."

Adulteration Risk: Due to the overlapping profiles of PKO and coconut oil, PKO is a
common, cheaper adulterant in pure coconut oil supply chains. Differentiation requires
precise quantification of minor sterols or iodine value analysis, as PKO typically has a
slightly higher lodine Value (IV ~14-20) compared to coconut oil (IV ~6-10).%

3.2 The Palmitic-Oleic Group: Palm Oil

Palm oil is derived from the mesocarp (fleshy pulp) of the oil palm fruit. It is the most widely
consumed vegetable oil globally due to its high yield and versatility.

Fatty Acid Profile:

o Palmitic Acid (C16:0): 39.3% - 47.5%

o Oleic Acid (C18:1): 36.0% - 44.0%

o Linoleic Acid (C18:2): 9.0% - 12.0%

Stearic Acid (C18:0): 3.5% - 6.0%.°

Fractionation Mechanics: The near 1:1 balance of saturated (Palmitic) and unsaturated
(Oleic) acids allows palm oil to be physically fractionated into Palm Stearin (solid, high
melting point) and Palm Olein (liquid, lower melting point) without chemical modification.
This unique property makes it the industrial fat of choice for replacing hydrogenated
shortenings in baked goods, thereby avoiding trans fats.’

o



3.3 The High-Oleic/Linoleic Group: Groundnut, Sesame, and Rice Bran
3.3.1 Groundnut (Peanut) Oil

Groundnut oil is a premium cooking oil in India and China, valued for its high smoke point and
distinct nutty aroma (in cold-pressed varieties).

e Fatty Acid Profile:
o Oleic Acid (C18:1): 35.0% - 69.0% (typically 46-55% in Indian cultivars)
o Linoleic Acid (C18:2): 12.0% - 43.0% (typically 20-32%)
o Palmitic Acid (C16:0): 8.0% - 14.0%
o Lignoceric (C24:0) & Behenic (C22:0): Presence of long-chain saturated acids
(1-3%) is a specific identifier for groundnut oil.’

e Cultivar Variations: Advanced breeding has led to "High Oleic" peanut varieties (e.g.,
Runner-type mutants) where oleic acid can reach 80%, rivaling olive oil in stability and
health benefits. However, traditional Indian varieties maintain a balanced MUFA/PUFA
profile.®

3.3.2 Sesame Oil

Sesame oil is characterized by exceptional oxidative stability, not due to saturation, but due to
the presence of potent antioxidant lignans (sesamol, sesamin).

e Fatty Acid Profile:
o Linoleic Acid (C18:2): 37.0% - 47.0%

Oleic Acid (C18:1): 35.0% - 43.0%

Palmitic Acid (C16:0): 8.0% - 11.0%

Stearic Acid (C18:0): 4.0% - 6.0%.°

e Authenticity: The balanced Oleic-Linoleic ratio is consistent across geographies, but
Turkish and Indian varieties may show wider variations in oil yield and minor fatty acids
based on climatic conditions.?

o

o

o

3.3.3 Rice Bran Oil

Extracted from the aleurone layer (bran) of rice, this oil has gained popularity for its
nutraceutical profile.

e Fatty Acid Profile:
o Oleic Acid (C18:1): ~38.4%
o Linoleic Acid (C18:2): ~34.4%
o Palmitic Acid (C16:0): ~21.5%."

e Unique Components: It is the only significant source of Gamma-Oryzanol (1.5-2.0%), a
mixture of ferulic acid esters of sterols. Oryzanol confers high-temperature stability and
has been clinically linked to cholesterol reduction and management of menopausal
symptoms.? The oil's balanced fatty acid composition (SFA:MUFA:PUFA ratio of approx.



24:42:34) aligns closely with WHO recommendations for ideal fat intake.?’

3.4 The High-PUFA Group: Soybean and Sunflower

3.4.1 Soybean Oil
Dominating the Western edible oil market, soybean oil is highly polyunsaturated.

e Fatty Acid Profile:
o Linoleic Acid (C18:2): 48.0% - 59.0%

o Oleic Acid (C18:1): 17.0% - 30.0%

o Alpha-Linolenic Acid (C18:3): 4.5% - 11.0%.*

Stability Challenges: The significant presence of Linolenic acid (C18:3) makes soybean
oil prone to "flavor reversion" (fishy odors) upon oxidation. This instability was the
primary driver for the widespread use of partial hydrogenation in the 20th century, which

inadvertently created the trans fat crisis."”

3.4.2 Sunflower Oil
Traditional sunflower oil is a linoleic-rich oil, though the market is shifting toward high-oleic

variants.
e Traditional Profile:
o Linoleic Acid (C18:2): 48.0% - 74.0%
o Oleic Acid (C18:1): 14.0% - 40.0%.°
e High-Oleic Variant:
o Oleic Acid (C18:1): 75.0% - 91.0%

o Linoleic Acid (C18:2): 2.0% - 17.0%.'°
Implications: High-oleic sunflower oil is functionally distinct from the traditional variety.

It possesses excellent frying stability and a neutral flavor, making it a premium industrial
frying oil often compared to olive oil in fatty acid structure, though lacking olive oil's

unique phenolics.”
3.5 The High-MUFA Group: Olive, Canola, and Mustard

3.5.1 Olive Oil
Olive oil is the benchmark for high-MUFA oils, integral to the Mediterranean diet.

e Fatty Acid Profile:
o Oleic Acid (C18:1): 55.0% — 83.0%
o Palmitic Acid (C16:0): 7.5% — 20.0%

o Linoleic Acid (C18:2): 3.5% — 21.0%.°
Quality Indicators: While the fatty acid profile confirms authenticity (e.g., screening for

hazelnut oil adulteration), the oil's value is largely derived from minor components like
squalene and polyphenols, which are preserved only in "Virgin" grades.*



3.5.2 Canola (Low Erucic Rapeseed) Oil

Canola was developed through traditional breeding of rapeseed to eliminate toxic erucic acid
and glucosinolates.

e Fatty Acid Profile:

o

o

o

o

Oleic Acid (C18:1): 51.0% - 70.0%

Linoleic Acid (C18:2): 15.0% - 30.0%
Alpha-Linolenic Acid (C18:3): 5.0% - 14.0%
Erucic Acid (C22:1): <2.0% (Strict regulatory limit).*

e Health Profile: It boasts the lowest saturated fat content (~7%) among common cooking
oils and provides a healthy Omega-6 to Omega-3 ratio of 2:1, supporting
anti-inflammatory dietary goals.®

3.5.3 Mustard Oil (Brassica juncea)

Mustard oil presents a unique regulatory and nutritional case study, particularly regarding the
divergence between South Asian tradition and Western safety standards.

e Fatty Acid Profile (Traditional):

@)

o

@)

o

Erucic Acid (C22:1): 22.0% - 50.0%

Oleic Acid (C18:1): 10.0% - 15.0%

Linoleic Acid (C18:2): 10.0% - 20.0%
Alpha-Linolenic Acid (C18:3): 6.0% — 14.0%.%

e The Erucic Acid Controversy:

o

The Hazard: Erucic acid is a very long-chain monounsaturated fatty acid. Animal
studies (specifically in rats) in the 1970s linked high erucic acid intake to myocardial
lipidosis (fat accumulation in the heart).™

Regulatory Action: Based on this, the US FDA, Canada, and EU banned high-erucic
mustard oil for edible use. In the US, it must be labeled "For External Use Only"
(Import Alert 89-08) unless the erucic acid is removed.*

Epidemiological Paradox: In India, where mustard oil is a staple, epidemiological
studies have not consistently shown higher rates of cardiac disease linked to its
consumption. In fact, some data suggests the high Alpha-Linolenic acid (Omega-3)
content (ratio ~1:1) offers cardioprotective benefits that may offset erucic acid risks.™
FSSAI permits mustard oil (Kachi Ghani) as a standard edible oil but mandates strict
purity tests (Polybromide test) to prevent adulteration with toxic Argemone oil.”®



Table 1: Comparative Fatty Acid Composition of Key Edible Oils

(Values expressed as % of total fatty acids)

Oil Type | Saturate | Monoun Polyunsa | Primary Omega- Smoke
d (SFA) saturate | turated Fatty 6: Point
d (PUFA) Acid Omega- (°C)
(MUFA) 3 Ratio

Coconut 82-92% 6-1% 1-2% Lauric N/A 177
(C12:0)

Palm 49-50% 37-40% 9-10% Palmitic ~45:1 235
(C16:0)

Soybean 15-16% 22-24% 57-60% Linoleic ~7.5:1 238
(C18:2)

Sunflow 10-12% 20-40% 48-70% Linoleic >60:1 227

er (C18:2)

Canola 7-8% 61-63% 28-32% Oleic ~2:1 204
(C18:1)

Olive 13-15% 70-80% 5-10% Oleic ~10:1 190-210
(C18:1)

Groundn | 16-20% 46-55% 25-32% Oleic ~32:1 232

ut (c18:1)

Rice 20-25% 38-42% 34-37% Oleic / ~20:1 232

Bran Linoleic

Mustard 4-6% 60-65% 20-25% Erucic ~1:1 250
(C22:1)

Sesame 14-15% 39-42% 40-43% Linoleic / ~42:1 210
Oleic




4. Processing Impact: Cold Press vs. Refining

The pathway from seed to bottle dramatically influences the final chemical composition of the
oil. While the core fatty acid profile (SFA/MUFA/PUFA ratios) remains largely stable across
extraction methods, the minor components—which dictate flavor, stability, and therapeutic
value—are heavily altered.

4.1 Cold Pressed / Wood Pressed (Kachi Ghani) Extraction

Cold pressing involves mechanical extraction using a hydraulic press, screw press, or
traditional wooden ghani (mortar and pestle) at temperatures strictly maintained below 50°C.

Preservation of Minor Components: This low-thermal process retains heat-sensitive
antioxidants such as tocopherols (Vitamin E), phytosterols, and phospholipids. For
instance, cold-pressed groundnut oil retains significant levels of resveratrol and a strong
nutty aroma, which are typically lost in refining.*?

Oxidative Stability: Paradoxically, while cold-pressed oils contain more natural
antioxidants, they also retain higher levels of free fatty acids (FFAs), moisture, and trace
metals (pro-oxidants) that would otherwise be removed during refining. This can lead to a
lower smoke point and faster onset of hydrolytic rancidity if the oil is not stored in dark,
airtight containers.*

Nutritional Superiority: Studies indicate that cold-pressed oils retain up to 90% of their
natural Vitamin E content, whereas refined oils may retain less than 30%. The retention of
bioactive compounds like sesame lignans or peanut phytosterols contributes to better
lipid profiles (LDL reduction) in consumers compared to refined alternatives.*?

4.2 Industrial Refining Process

Refining is designed to produce a bland, odorless, shelf-stable, and visually clear oil. It
involves four major stages:

1.
2.

Degumming: Removal of phospholipids (lecithin) using water or acid.

Neutralization: Treatment with alkali (NaOH) to saponify Free Fatty Acids (FFAs),
removing them as "soapstock.” This significantly raises the smoke point.

Bleaching: Use of activated clay to adsorb pigments (chlorophyll, carotenoids) and
oxidation products.

Deodorization: Steam distillation under high vacuum at temperatures of 220°C-260°C to
strip volatile odor compounds.*’

4.2.1 Chemical Consequences of Refining

Trans Fat Formation: The high temperatures used during deodorization can induce the
thermal isomerization of cis-unsaturated fatty acids into trans isomers. While modern
processes are optimized to minimize this, refined oils can still contain 0.5% to 4.0% trans
fats, unlike cold-pressed oils which are trans-fat free.*’



e Process Contaminants:

o 3-MCPD and Glycidyl Esters (GE): In the presence of chloride ions (natural or from
processing water) and high heat (>200°C), glycerol backbones can react to form
3-MCPD esters and Glycidyl esters, which are potential carcinogens. This is a critical
issue for refined palm oil due to its specific precursor profile.?

e Nutrient Stripping: The process efficiently removes "impurities," but biologically
valuable compounds like beta-carotene (in palm oil) and polyphenols (in olive oil) are
often collateral damage, necessitating artificial fortification (e.g., Vitamin A/D addition) in
many markets.*®

5. Regulatory Frameworks and Quality Standards

The fatty acid composition of edible oils is strictly governed by international and national
standards to ensure fair trade and consumer safety.

5.1 Codex Alimentarius (Global Standard)

The Codex Standard for Named Vegetable Oils (CXS 210-1999) acts as the global constitution
for edible oils. It defines the specific ranges of fatty acids that constitute an "authentic" oil.

e Compliance: If a sample labeled "Sunflower Qil" is found to contain >1.5% Linolenic acid
(C18:3), it violates the Codex standard (limit is typically <0.3% for traditional sunflower),
indicating potential adulteration with soybean or mustard oil.°

e Recent Updates: The 2022-2024 amendments to Codex have revised the allowable
ranges for Oleic (C18:1) and Linoleic (C18:2) acids in sunflower oil to account for the
prevalence of new hybrid varieties and climate-induced variations.™

5.2 FSSAI (India)

The Food Safety and Standards Authority of India (FSSAI) regulations are critical given India's
status as one of the world's largest importers and consumers of edible oils.

e Specific Mandates:

o Argemone Oil: FSSAI mandates that all vegetable oils must test negative for
Argemone oil, a toxic adulterant associated with Epidemic Dropsy. The standard
requires the use of a specific Thin Layer Chromatography (TLC) or spot test.*°

o Blending Restrictions: While multi-source edible oils are permitted, the blending of
mustard oil was banned in 2021 to curb the rampant admixture of cheap palm olein,
forcing the sale of pure mustard oil.”

o Trans Fat Limits: FSSAI has aggressively reduced the limit for industrial trans fats in
oils and fats to not more than 2% by weight, aligning with WHO's "REPLACE"
initiative.?



5.3 US FDA and EFSA

e US FDA: Maintains the ban on high-erucic mustard oil for edible use. It also mandates
the labeling of trans fats and has revoked the GRAS (Generally Recognized As Safe)
status of Partially Hydrogenated Qils (PHOs), effectively banning added industrial trans
fats."

e EFSA (EU): Has established stringent maximum limits for 3-MCPD esters and Glycidyl
esters in refined vegetable oils, particularly for oils used in infant formula, driving
changes in refining technologies across the supply chain.?

6. Accredited Analytical Methodologies

The enforcement of these regulations relies on robust, validated analytical methods. The
quantification of fatty acids is not a simple direct measurement; it requires chemical
derivatization and sophisticated chromatography.

6.1 Sample Preparation: Preparation of Methyl Esters (FAMEs)

Gas Chromatography (GC) requires analytes to be volatile. Intact triacylglycerols (TAGs) have
high boiling points and degrade before vaporizing. Therefore, the fatty acids must be cleaved
from the glycerol backbone and converted into volatile Fatty Acid Methyl Esters (FAMEs).

6.1.1 Alkaline Transesterification (Method: ISO 12966-2 / AOCS Ce 2-66)

Reagents: Potassium Hydroxide (KOH) in Methanol.

Mechanism: A rapid transesterification occurs at room temperature.

Application: Ideal for refined oils with low Free Fatty Acid (FFA) content (<0.5%).
Limitation: This method cannot methylate FFAs; it only converts fatty acids attached to
triglycerides. Consequently, it is unsuitable for crude oils with high acidity unless a prior
neutralization step is performed.”'

6.1.2 Acid-Catalyzed Methylation (Method: AOCS Ce 1k-09 / AOAC 996.06)

Reagents: Boron Trifluoride (BF3) in Methanol or Methanolic HCI.
Mechanism: Acid catalysis esterifies FFAs into FAMEs and transesterifies triglycerides.
Application: Essential for total fat determination in crude oils, soapstocks, or extracted
food lipids where FFAs are present.

e Safety Note: BF3 is toxic and has a limited shelf life. Methanolic HCl is a common
alternative but requires longer reaction times.>

6.2 Gas Chromatography (GC) Analysis

The separation and quantification of the prepared FAMEs are performed using Capillary Gas
Chromatography.



6.2.1 Column Selection

The choice of column is critical for resolving complex isomers, particularly the separation of
cis and trans isomers of C18:1 and C18:2.

Standard Column: Biscyanopropyl polysiloxane stationary phase (e.g., SP-2560, CP-Sil
88, HP-88).

Mechanism: The highly polar cyano groups interact strongly with the pi-electrons of the
double bonds. This interaction allows the column to separate geometric isomers (cis vs.
trans) and positional isomers (omega-3 vs. omega-6) that would co-elute on a non-polar
column.>®

Dimensions: A length of 100 meters is often recommended by AOCS Ce 1h-05 for full
trans-fat resolution, though 60 meters is sufficient for general profiling.®®

6.2.2 Instrumental Parameters

Carrier Gas: Hydrogen or Helium. Hydrogen is preferred for its high diffusivity, allowing
for faster run times and sharper peaks without loss of resolution, though safety systems
for leak detection are mandatory.*'

Detector: Flame lonization Detector (FID). The FID responds to the carbon-hydrogen
bonds. Since the response is proportional to the mass of carbon, correction factors
(Theoretical Flame lonization Response Factors) must be applied to convert Area% to
Weight% accurately, especially for short-chain fatty acids (like in coconut oil) which have
a different carbon-to-oxygen ratio.®

6.3 Adulteration Detection Techniques

Standard fatty acid profiling (FAME analysis) can detect gross adulteration (e.g., mixing
soybean oil into sunflower oil). However, sophisticated adulteration requires specialized tests.

6.3.1 Coconut Oil Adulteration (The Freezing Test)

A simple yet effective field test for checking coconut oil purity involves refrigeration.

Principle: Pure coconut oil solidifies homogeneously at temperatures below 24°C.
Adulterants like palm olein or liquid paraffin have different crystallization points.
Observation: If a layer of liquid oil remains floating on top of the solid mass after
refrigeration, it indicates the presence of an adulterant with a lower melting point.”’

Lab Confirmation: Adulteration with Palm Kernel Oil (which also solidifies) is detected by
the lodine Value. Pure Coconut Oil has an IV of 7.5-10.0, while Palm Kernel Qil is 14-20.
A value >10 suggests adulteration.?

6.3.2 Advanced Fingerprinting (FTIR & NMR)

For rapid screening, Fourier Transform Infrared (FTIR) spectroscopy and Nuclear Magnetic
Resonance (NMR) are gaining accreditation.



e FTIR: Can detect the unique absorbance bands of foreign fats (e.g., detecting 5% palm
oil in coconut oil) based on the molecular vibration of specific functional groups. It is
non-destructive and rapid.®’

¢ NMR: Quantifies specific proton environments (e.g., olefinic protons) to distinguish oils
even when fatty acid profiles are manipulated to look similar.®?

7. Conclusions

The analysis of fatty acid composition is far more than a routine quality control step; it is the
linchpin of the global edible oil trade, ensuring nutritional integrity, food safety, and economic
fairness. The chemistry of these oils—from the ketogenic lauric acid in coconut oil to the
essential omega-3s in mustard oil—defines their role in human health.

However, the industry faces dual challenges: the need to preserve these delicate lipid profiles
through gentler processing methods (cold pressing) while simultaneously employing rigorous,
high-tech analytical surveillance to combat increasingly sophisticated adulteration. The shift
towards accredited methods like AOCS Ce 1h-05 and the adoption of advanced
spectroscopic tools reflects a mature regulatory environment where safety and authenticity
are non-negotiable. As nutritional science evolves to prioritize Omega-3 balance and the
elimination of trans fats, the role of precise fatty acid profiling will only grow in significance.
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