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Fats general overview
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 FAO forecasts show world population growing sharply: 9.1 billion people will 
be reached in 2050 with a consequent increase in food production of 70% 
(World Agriculture Towards 2030/2050 FAO)

 The per capita consumption trend of vegetable oils is increasing FAO 
estimates an average annual growth rate of 2.2% for the global 
consumption of vegetable oils in the decade 2010-2020

 According to the report The Malaysian Palm Oil Sector – Overview (June 
2015) the demand for vegetable oils is expected to double in the period 
2010-2050 from 120 to 240 million tons per year (food consumption and 
biofuels)
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Characterization of genes related to oil palm (Elaeis guineensis Jacq.) drought stress responses
DO  - 10.13140/RG.2.2.25686.75845



Fats composition and components
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A) Fraction of glyceride nature (90 - 99%) - SAPONIFIABLE
• Mixed triglycerides (90 - 99%)
• Phospholipids (lecithins - traces)
• Diglycerides (traces / 4%)
• Monoglycerides (traces / 1%)
• Fatty acids (0.1 / 4% constitute the free acidity)

Waxes (esters of FA with long chain linear alcohols)

B) Non-glyceride fraction (0.5/4%) - UNSAPONIFIABLE
(very variable in function of origin, vegetable oils are richer)
• Sterols (cholesterol-animal fats, phytosterols-vegetable fats)
• Vitamin A and E
• Carotenes, carotenoids and chlorophylls
• Phenolic substances
• Flavor components
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Nomenclature - RECAP!!!
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Fatty acids characteristics
CLA: conjugated linoleic acids

The so-called CLA (Conjugated Linoleic Acids) are a series 
of fatty acids at 18 Carbon units in which the double 
bonds are found in a conjugated position and in a variable 
configuration (cis and/or trans).

In vitro anti-carcinogenic properties have been associated 
with them, therefore their presence in foods is of 
considerable interest. They are formed by bio-
hydrogenation (reduction reactions) by rumen 
microorganisms and therefore their presence in milk and 
food meat is quite frequent.

They are particularly concentrated in cow milk when 
herbal silage or fresh herb dominates feeding. 
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Fatty acids characteristics
CLN: conjugated linolenic acids

The so-called CLNs (Conjugated Linolenic Acids) are a 
series of fatty acids with 18 Carbon units in which the 
double bonds are found in a conjugated position and in a 
variable configuration (cis and/or trans).

They are very abundant in vegetable 
sources of dietary fat and scientific 
studies have demonstrated a marked in 
vitro chemopreventive (anti-
carcinogenic) activity. They bind to PPAR 
nuclear receptors (PPARα, PPARδ, and 
PPARγ) regulating gene transcription.
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Fatty acids characteristics
Some specific classes

Hydroxy substituted FAs: among which the best known is ricinoleic
acid (12-OH C18:1 (Δ9)) present in castor bean oil which is also 
optically active and naturally D(+)-ricinoleic acid prevails. 
In the vegetable kingdom there are fatty acids with substitution in 
position 2. 2-OH derivatives of acid chains from C:16 to C:25 (odd 
and even) precursors of g and d lactones (very common aromas in 
fruits).

Ketoacids: they are less frequent but are present in milk.

Furan FAs: they are fatty acids in which a furan substructure is 
present in the side chain, they are particularly present in fish (fish 
liver oil and freshwater fish) where their presence ranges from 1-
6% up to 25% of the total acid fraction.
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Fatty acids characteristics
Physico-chemical properties of relevance

The melting point of the saturated series increases as the number 
of carbon units in the hydrocarbon chain increases: -7.9°C / 75.4°C 
between C4:0 and C20:0;
Fatty acids in cis (Z) configuration have lower melting points than 
the corresponding trans (E) isomers: C18:1 (cis oleic) 13.4°C / 
C18:1 (trans elaidinic) 46°C.



U1

Glycerides compositional characteristics



U1

Glycerides compositional characteristics

The fatty acids in dietary fats are found esterified with glycerol to form mono-, di-, 
and tri-acylglycerols.

 The position of specific fatty acids on glycerol is determined by the specific 
biosynthetic pathway and in the case of animal fats it is strongly influenced by 
diet while in vegetable fats by pedoclimatic variations.

 Rule 1,3-random-2-restricted: in fats of vegetable origin generally in positions 
1,3 there are residues of ac saturated fats while in position 2 ac unsaturated or 
poly-unsaturated fats.

 Mono- and diglycerides can derive from incomplete biosynthesis of triglycerides 
(they generally have position 1 (or 3) and 2 esterified) or from their hydrolysis by 
lipases (they generally have position 1 and 3 esterified).

 Triglycerides made up of different fatty acids are defined as mixed. 
PPO=DipalmitylOlein, POO=PalmitylDiolein, SSS=Tristearin, 
POL=PalmitylOleylLinolein…
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Glycerides compositional characteristics
SN- stereospecific numbering

Depending on the distribution of fatty acids on the molecule, triglycerides can have 
optical properties (center of asymmetry - Chiral carbon)

CH 2

HOH

C
H 2

OH

OH

sn-1

sn-2

sn-3

Es: sn-POS
sn-1-Palmito-2-oleo-3-stearin

It is possible to assign a sn configuration 
only through a stereospecific chemical 
analysis.

Fisher projection
L-glicerol
sn= stereospecific numbering
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Glycerides characteristics
Physico-chemical properties of relevance

The melting point of triglycerides depends of the FA composition
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The polymorphism of triglycerides depends of the FA composition and
on the crystallization dynamics

fast cooling
slow cooling

unstable stable stable
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Glycerides characteristics
Physico-chemical properties of relevance

The Iodine value (Numero di Iodio) (IV) indicates the degree of
unsaturation of a fat or oil.
It is defined as the grams of iodine absorbed by 100 g of fat
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Minor unsaponifiable components characteristics

1. Saturated hydrocarbons
2. Unsaturated and polyunsaturated hydrocarbons
3. Tocopherols and tocotrienols
4. Higher aliphatic alcohols
5. Sterols
6. Methyl sterols
7. Di- and tri-terpenic alcohols
8. Fat-soluble vitamins
9. Pigments, ubiquinones, phenols

2. Unsaturated and polyunsaturated 
hydrocarbons
the main one is squalene, a terpenic
hydrocarbon with 6 isoprene units.

3. Tocopherols and tocotrienols
benzohydropyran derivatives. 
If the side chain is unsaturated, they are 
called tocotrienols. Tocopherols have 
vitamin action (Vitamin E) and are natural 
antioxidants. The antioxidant activity is
α-T < α-T3 < γ-T < γ-T3 < β-T < β-T3 < δ-T < 
δ-T3

4. Higher aliphatic alcohols abundant 
especially in solvent-extracted oils, they 
probably derive from waxes. Examples are 
docosanol (C22H45OH), tetracosanol
(C24H49OH) and hexacosanol C26H53OH) 
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Minor unsaponifiable components characteristics

5. Sterols 
cholesterol is present in animal fats while in 
vegetable fats phytosterols prevail. 
Cholesterol is practically absent in vegetable 
fats except in tomato seed oil. 

R

R

R

The main phytosterols are: 
brassicasterol, campesterol, 
stigmasterol, β- sitosterol, Δ5-
avenasterol, Δ7-avenasterol, Δ7-
stigmastenol



U1

Minor unsaponifiable components characteristics



U1

Minor unsaponifiable components characteristics

7. Tri-Terpenic Alcohols:
present in modest quantities, but with different compositions for each oil. In the 
olive oil obtained by extraction with solvent there are erythrodiol and uvaol which 
are also found in grape seed oil.
Also present are diterpene alcohols (phytol and geranylgeraniol)

8. Vitamins: 
vitamins A, D, K and E are present. The richest fats in vitamins
A are fish liver oils and in particular cod. In the others
fats, on the other hand, β-carotene, its precursor, is present.

9. Pigments: chlorophylls and carotenoids are present. Chlorophyll is
particularly present in olive oil and its presence depends on the variety
of the olives, the degree of ripeness and the extraction technology.
Among the particularly abundant carotenoids are β-carotene and lycopene. Palm 
oil is the richest in carotenoids (about 400 mg/100 g).
Ubiquinones: are represented by coenzyme Q
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Reactions on fats

Oxidative rancidity
It is a predominantly chemical phenomenon and consists of an absorption of 
oxygen by unsaturated fatty acids. It is an autocatalytic reaction. Hydroperoxides
are primary products from which various compounds derive (aldehydes, acids, 
ketones and hydrocarbons)

Hydrolytic rancidity
It is exclusively an enzymatic phenomenon caused by the lipases present in the fat 
matrix (native or microbial or added origin) which cause the breakage of the
ester binding of lipids with release of glycerin and fatty acids

Ketonic rancidity
It is a phenomenon of oxidation of the methylene group in position β with respect 
to the carboxyl of the fatty acid and the formation of a ketoacid which by 
subsequent oxidation leads to a methyl ketone. It is catalysed by an enzyme, the 
β-oxidase produced for example by mushrooms (Gorgonzola)
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Reactions on fats: oxidation

The -CH2- groups between two double bonds 
in lipids (called doubly allylic) are doubly 
activated for hydrogen abstraction 
so C-H bond energies drop dramatically as 
shown in the structure on the left. 
Numbers in parentheses are bond energies in 
kcal/mol.

The order of reactivity, then, is doubly allylic 
H between two double bonds > singly allylic 
H next to double bonds >> H α to the -COOH 
group > H on methylene groups farther down 
the acyl chains.
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Reactions on fats: oxidation

All types of biological molecules are damaged by 
ROS, but lipid oxidation plays a special role in this 
process because the energy barrier to initiate 
lipid peroxidation is lower than those to initiate 
oxidation of proteins, carbohydrates, or nucleic 
acids.

There is interplay between oxidative reactions of 
various biomolecules. Free radicals of other 
molecules may initiate lipid oxidation while 
products of lipid oxidation modify proteins and 
nucleic acids and deplete antioxidants. 

Different mechanisms are able to induce lipid 
peroxidation: free-radical reactions, 
photoxidation, enzyme action, and oxidation 
catalyzed by trace metals.

Mono-unsaturated

Poli-unsaturated



U2

Reactions on fats: oxidation

! Oxigen reactive species
Oxigen in singlet state has more energy thereby
the oxidation reaction is favored thanks to a 
smaller activation energy

Reaction progress
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FA+3O2

FA+1O2

Activation energy

ΔE

FAO2
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Reactions on fats: oxidation

Singlet oxygen 
(1O2) is the first 
electronic excited 
state of molecular 
oxygen (O2). 

Considered as a 
distinct chemical 
entity, its 
electronic 
configuration is 
responsible for its 
unusual 
thermodynamic 
stability but 
remarkably 
enhanced 
reactivity towards 
other molecules 
in the singlet 
state.
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Reactions on fats: oxidation

Diagram illustrating the one- and two-
photon-initiated, triplet-state 
photosensitized production of singlet 
oxygen, O2(a1Δg). 
The letter S denotes discrete states of 
the sensitizer with singlet spin 
multiplicity, and T denotes states with 
triplet spin multiplicity. 

IC (Internal Conversion) and ISC (Inter 
System Crossing). Depending on the 
sensitizer, the simultaneous absorption 
of two photons may or may not populate 
the same state as that created upon the 
absorption of a single higher-energy 
photon.

https://pubs.rsc.org/en/content/articlehtml/2010/cs/b926014p?casa_token=3bqUx9WyaTgAAAAA:ayaYnMT5ohOOVqWbjsZU_PiLbWTSyNAFR5mE3c1slOC9ZLR-QBlXDkasXay1uWud79eedsxx9nf-AiE
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Reactions on fats: oxidation

Riboflavin, porphyrins, and chlorophyll 
derivatives are photosensitizers naturally
occurring in foods. 
Meat, fruit juice, and vegetable oils, 
together with dairy products, such as 
cheese, butter, and milk, are susceptible to 
photoxidation resulting
from their natural content of 
photosensitizers.

Photosensitizers absorb light, becoming 
excited to one or more energy-rich state(s).
The excited sensitizer (Sen*) undergoes 
internal reactions that ultimately result in 
the oxidative alteration of a second 
molecule.
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Reactions on fats: oxidation

Riboflavin has been 
traditionally considered as the 
active photosensitizer in dairy 
products. 
Riboflavin can initiate 
photooxidation of types I and II 
by exposure to UV radiation or 
visible light up to approximately 
500 nm. 
Recent studies have shown the 
presence of five other 
photosensitizers in butter: 
protoporphyrin, 
hematoporphyrin,
a chlorophyll a-like molecule, 
and two unidentified 
tetrapyrrols.

Chlorophyll and 
porphyrin molecules 
absorb light in the UV 
and violet region with 
absorption peaks of 
approximately 410 nm 
(the Soret band). 
In addition, they absorb 
light pronouncedly in 
the red above 600 nm, 
and therefore, they may 
be responsible for the 
formation of off-flavors 
in dairy products 
exposed to light of 
wavelengths longer than 
500 nm.

Riboflavin
Vitamin B2 Chlorophyll
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Reactions on fats: oxidation
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Reactions on fats: oxidation

Formation of fatty acids hydroperoxides through
the mechanism of ene-addition.
Oxigen in singlet state.
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Primary products of lipid oxidation

Non volatile, relatively unstable 
Peroxide value (mEq of O2/kg)
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Reactions on fats: oxidation

Primary products of lipid oxidation

Non volatile, relatively unstable 
Peroxide value (mEq of O2/kg)
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Reactions on fats: oxidation

Reaction products yields follows 
thermodynamic stability 
profiles.
Double bonds position might
change due to resonance
equilibria.

At temperatures below 40°C Z
(cis) isomers prevail over E
(trans) while at higher 
temperatures the more stable E
forms are more abundant.
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Reactions on fats: oxidation

Primary products breakdown through different 
mechanisms

Fatty acids hydroperoxides
undergo to various re-
arrangements where 
hydroperoxyl group shifts 
through various positions 
along the alkyl-chain.

These re-arrangements 
contribute to the 
complexity of the primary 
products mixture -> 
secondary products will 
reflects this great 
“chemical dimensionality”
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Reactions on fats: oxidation

pentane 2,4-decadienal

Octanoic acid

Secondary products

Fatty acids hydroperoxides
are unstable, their 
breakdown occurs to form 
the so-called “secondary 
products” of lipid 
oxidation.

Various chemical classes 
are represented:
hydrocarbons (saturated 
and unsaturated), 
aldehydes (saturated and 
unsaturated), ketones and 
carboxylic acids.

Secondary productsSecondary products
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Reactions on fats: oxidation

Reactions of β-scission of 
the diene 9-hydroperoxide 
in linoleyl acyl of TAGs 
involved in formation of 
volatile products.
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Reactions on fats: oxidation

Reactions of β-scission of 
diene 13-hydroperoxide in 
linoleyl acyl of TAGs involved 
in formation of volatile 
products.
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Reactions on fats: oxidation

Representative structures of TAG dimers and oligomers 
linked by peroxide (C–O–O–C) or ether (C–O–C) linkages
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Reactions on fats: oxidation

Time course of formation of oxidized monomers (♦), 
dimers (▪), and oligomers (▴) by HPSEC analysis in 
methyl linoleate (ML) and methyl conjugated linoleate 
(MCL) during oxidation at 30ºC.

Time course of 
formation of main 
volatile compounds 
in SO (safflower oil)
and TO (Tonalin™ 
oil) during oxidation 
at 30ºC.



U2

Reactions on fats: oxidation
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Reactions on fats: oxidation



Case Study

 Origin - botanical / geographical

 Post-harvest drying (traditional in field, 
traditional under controlled conditions
and at low temperature)

 Storage 0-12 months at different
conditions: normal or modified
atmosphere, 5 and 18°C

Volatiles formed by lipid oxidation and 
enzymatic activity (endogenous or 
exogenous - bacteria, moulds) 



Case Study

133 volatiles belonging to different
chemical classes and formation pahways
enable a clear clusterization of samples
according to origin and post-harves
treatment

Fisher ratio (F), driven by post-harvest drying (D1 vs. D2).
Fisher critical value at the 95% of confidence level (α = 
0.05 Fcrit) for the data matrix dimensions was 2.16. 
The results indicate the most informing variables with a F 
value between 202 and 22, as being a series of linear and 
branched alcohols (2-heptanol, 2-methyl-1-propanol, 3-
methyl-1-butanol, 2-ethyl-1-hexanol, benzyl alcohol), 
esters (ethyl acetate, butyl butanoate, 2-methyl-butyl 
propanoate) and acetic acid.
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Most of the informative compounds 
have been correlated with nut 
ripening and/or fermentation
processes occurring in vegetables.
For instance, 3-methyl-1-butanol 
(i.e., isoamyl alcohol) is a 
fermentation product in grapes and 
wines, where it is formed from L-
leucine, and 2-methyl-1-propanol 
has L-valine as precursor. 
2-Heptanol is formed during tomato 
ripening, from β-ketoacids hydrolysis
and subsequent decarboxylation, 
while 2-ethyl-1-hexanol has been 
found in fermented soybean foods.

The most potent odorants (OT values up to 
2500 μg/L) correlated closely (> 0.800) with 
storage time were: 1-heptanol (green, 
chemical), 2-octanol (metal, burnt), 1-octen-3-ol 
(mushroom), (E)-2-heptenal (fatty, almond), 
hexanal (leaf-like, green), heptanal (fatty), 
octanal (fatty) and nonanal (tallowy, fruity). 



Case Study

Eight-carbon-atom alcohols, 2-
octanol and 1-octen-3-ol, are 
known products of linoleic acid 
cleavage, which are generally 
promoted by fungal 
lipoxygenase/hydroperoxide liase
enzymes. 
With the exception of 1-octen-3-ol, 
which was not detected in Tonda
Romana hazelnuts and was below 
the LOD in TR D2 samples, the 
increasing trend of these alcohols 
was quite informative, and might 
be correlated to the occurrence of 
off-odors related to metallic and 
mushroom-like notes.
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leaf-like, green

fatty



Case Study

fatty, almond



Case Study

mushroom

metal, mushroom
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Reactions on fats: deep frying and thermoxidation

High-temperatures 
Thermoxidation

The chemistry of lipid 
oxidation at the high 
temperatures of food 
processes such as baking 
and frying is highly complex 
because both oxidative and 
thermal reactions are
involved simultaneously. 

At low or moderate temperatures, formation of oxidation compounds 
during the induction period is slow; hydroperoxides are the major 
compounds formed, and their concentration increases until advanced 
stages of oxidation.
Polymerization compounds only become significant in the accelerated
stage of oxidation after the end of the induction period.

At high temperatures, formation of new compounds is very rapid; the 
oxygen pressure is reduced, and consequently, the initiation reaction 
becomes more important and gives rise to an increase in the concentration 
of alkyl radicals (R•) with respect to alkylperoxyl radicals (ROO•). 
Hydroperoxides decompose rapidly and are practically absent above 150ºC, 
indicating that decomposition of hydroperoxides becomes faster than 
formation. As a result, polymeric compounds form from the very early 
stages of heating through termination reactions that mainly involve alkyl 
(R•) and alkoxyl (RO•) radicals. In addition, because of the low oxygen 
concentration, significant amounts of nonpolar TG dimers (C-C linkages) are 
also produced.
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Schematic 
representation of 
main groups of 
alteration 
compounds formed 
during frying. 

Abbreviations: TAG, 
triacylglycerols; DAG,
diacylglycerols; 
MAG, 
monoacylglycerols; 
and FFA, free fatty 
acids.

Reactions on fats: deep frying and thermoxidation
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Reactions on fats: formation of oxysterols

Oxysterols

Sterols are susceptible to oxidation. 
Common steroid (ring) oxidation products 
are hydroxyl-, keto-, epoxy-, and dihydroxy-
derivative. 

Side-chain oxidation is believed to be mainly 
a result of enzymatic reactions. 

Accumulating experimental evidence 
suggests that autoxidation of sterols follows
a free-radical mechanism. 
The major primary autoxidation products of 
cholesterol are 5,6-epoxysterols and 7-
hydroperoxysterols, which are lately 
converted into 5,6-dihydroxysterols, 7-
hydroxysterols, and 7-ketosterol.
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Reactions on fats: formation of oxysterols

Oxysterols
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Reactions on fats: lypoxygenase

Primary products

Fatty acids hydroperoxides
can be also formed by 
enzymatic catalysis - no 
need to activate O2; in this 
case the enzymes 
(lypoxygenases - LOX) 
lower the reaction energy 
barrier.

Lypoxygenases - LOX are 
substrate specific (linoleic 
and linolenic acids are 
preferably oxidated) and 
recognize the 1-Z-4-Z-
pentadienic sub-structure.

Some LOX are region- and stereospecific and 
consequently the spectrum of possible 
products is quite limited.

Enzyme catalysis
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Reactions on fats: lipoxygenase
Insight - Tea aroma and lipid oxidation 
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Reactions on fats: lipoxygenase
Insight - Extra-virgin olive oil aroma

https://www.solagrifood.com

Human panel 
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1-Penten-3-one -
Pungent

(Z)-3-Hexenal -
Green

(E)-2-Hexenal - Bitter
almond

Propanal - Fresh

Hexanal - Green

(E)-2-Hexen-1-ol -
Green grass

Eucalyptol - Herbal

Benzaldehyde -
Almond

1-Penten-3-ol -
Pungent

(Z)-3-Hexenyl
acetate - Green

1-Octanol -
Mushroom
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Reactions on fats: lipoxygenase
Insight - Extra-virgin olive oil aroma
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Reactions on fats: trace metals catalysis

Transition metal ions, first, participate in the 
Fenton reaction believed to be the main
source of the hydroxyl radical (•OH) in 
biological systems. 
Another contribution of transition metal ions 
to lipid peroxidation is a result of their role in 
the decomposition of lipid hydroperoxides. 

These primary products of peroxidation may 
slowly decompose spontaneously, especially at 
elevated temperatures, but transition metal 
ions accelerate their decomposition, resulting 
in formation of alkoxyl (RO•) and peroxyl
(ROO•) radicals.
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Reactions on fats: trace metals catalysis

The redox state of metals is crucial for the oxidative
stability of foods. 
The most common redox state for iron, the oxidized ferric 
[Fe(III)] ion, is significantly less pro-ooxidant than the reduced 
ferrous [Fe(II)] state.
However, several enzymatic and nonenzymatic food 
components or additives may convert the ferric iron to the 
more oxidizing ferrous form: enzymatic iron-reductase systems, 
ascorbic acid, glutathione, and phenolic compounds. 

The reduction of the ferric to the ferrous state is the driving 
force for the catalysis of oxidation by iron, being 
thermodynamically possible for reductants whose one-electron 
reduction potential is lower than that of ferric iron.

The redox potential of the Fe(III)/Fe(II) transition depends 
strongly on the chelating agent and pH. Iron coverts a wide 
physiological range of redox potentials, from approximately 
−0.5 to 0.6 V, depending on the ligand complexed to the metal.
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Reactions on fats: trace metals catalysis

Table on the left collects some of the food systems or 
food model systems in which the ascorbic acid 
combined with traces of iron causes oxidation of 
important food components, for example, lipids, 
proteins, α-tocopherol, or ubiquinol

Iron-reducing enzymatic systems are also a relevant font 
of the reactive ferrous ions in meat-based foods not 
subjected to thermal treatments. 
Cellular membranes of muscle foods contain NAD(P)H-
dependent enzymatic systems with the capacity to 
transfer one electron to convert ferric to ferrous iron, 
such as ferredoxin, thioredoxin, and cytochrome P450.
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Reactions on fats: lipases and hydrolytic rancidity

Lipases attack triglyceride emulsions at the interface. The greater the surface 
area of ​​the oil/water emulsion, the faster the activity of the lipases will be.
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Reactions on fats: lipases and hydrolytic rancidity

Free acidity (acidità libera) is not an organoleptic "defect" since, especially with 
regard to vegetable fats, the long-chain fatty acids released are not perceived. 
Rather, it is a parameter that indicates the quality, degree of conservation and 
handling of a substrate which also falls under current legislation.

Free acidity: g oleic acid / 100 g oil
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Reactions on fats: ketonic rancidity

It is a phenomenon of oxidation of the methylene group in β position with 
respect to the carboxyl of the fatty acid with formation of a keto acid which, by 
subsequent oxidation, forms a methyl ketone.
It is catalyzed by an enzyme, the β -oxidase present in some penicilli (Penicillum
roqueforti - Gorgonzola)
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Smoke point of fats and acrolein formation

The smoking point is the temperature at which a heated fat undergoes 
hydrolysis of the triglyceride component with consequent release of glycerol. 
The latter, due to the effect of the high temperature, dehydrates and forms 
acrolein, a compound with irritating properties (IARC Group 3, not carcinogenic 
for humans).
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Smoke point of fats and acrolein formation




