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11.4. FATS AND OILS 
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Composition 
 

Mostly triacylglycerides with different fatty acid composition. 
Other constituents: 3% unsaponifiable fraction  
 

Designation 
 

“fat” – generally designates a solid at room temperature  
“oil” – liquid.  
Depending on climate. 
Many fats are neither solid nor liquid, but semi-solid.  
 

OILS OF PLANT ORIGIN 
With regard to the processes used to recover: 
- Oilseed oils (enormous number of sources) 
- Fruit oils (two sorts of sources with economic importance) 
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Olive oil 
 

- Obtained from the pulp of the fruit of the olive tree (Olea Europaea 
sativa). 
- 90% of the world’s harvest from the Mediterranean region (Italy, Spain). 
 

Cold pressing → virgin oil (provence oil). → warm pressing at 40 ºC. → 
the oil cake is extracted with a solvent → (“sansa” oil) – refined (not 
more than 0.3% free fatty acids). 
 

Relationship between sensory properties and free fatty acid content (FFA) 
in virgin oils: 

Virgin olive oil extra 0.8% > FFA Pleasant aromatic taste 

Virgin olive oil 2% > FFA Slightly less aromatic in taste 

Lampante oil 2% < FFA Much less taste 
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Palm oil 
 

- The fruit of the oil palm → two different oils (pulp, seeds).  
 

- Its utilization is constantly increasing. 
 

- Palm plantations: in western Malaysia and Indonesia 
 

- Processing: 
 

Steam-treating (fruit cluster)  
→ to diminish the high lipase activity  
→ to separate the pulp from the seed.  
Pressing the pulp → crude oil recovery → centrifugation →  
→ washing with hot water → drying. 
 

Crude oil → high carotene content →the colour is yellow to red. 
Refined oil → colour is destroyed by bleaching. 



5 

Oils rich in lauric and myristic acids 
 

Coconut and palm seed oils → in vegetable margarines.  
Solid at room temperature.  
 

Melt in the mouth with a significant heat uptake → producing 
a cooling effect. 
 

Shelf life stability is reflected in fatty acid compositions. 
Linoleic acid is present in negligible amounts → no autoxidative 
changes. 
 

Ingredients in preparations containing water → microbiological 
deterioration may occur - release and partial degradation of C8–C12 to 
methyl ketones → “perfume scent rancidity”. 
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Oils rich in palmitic and stearic acids 
 

1. Cocoa butter 
2. Fats called “cocoa butter interchangeable fats”.  
Melting points: 30-40 ºC. They are relatively hard. 
 

Cocoa butter  
- Narrow melting range. 
- Triacylglycerols containing predominantly palmitic, oleic and stearic 
acids. 

Triacylglycerides 1,3-dipalmito-2-olein 1-palmito-3-stearo-2-
olein 

1,3-distearo-2-olein 

Ratio  
(% peak area) 

22 46 31 

Cocoa butter can be distinguished from substitutes on the basis of 
triacylglyceride composition. 
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Cocoa butter  
- Pleasant, cooling sensation in the mouth when it is melted. 
Characteristic of only a few types of triacylglycerols. 
- Resistance to autoxidation and microbiological deterioration 
 

Utilized in the manufacturing of chocolates, candy and confections. 

Cottonseed oil   
 

Raw oil: dark red, has a unique odour.  
 

Contains a poisonous phenolic, gossypol, 
which is removed during refining. 

Oils rich in palmitic acid 
 

Oils in this group contain more than 10% palmitic acid. 
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Cereal germ oils  
 

Corn (maize) oil is the most important.  
Salad and cooking oil, margarine and mayonnaise (creamy salad dressing) 
production. 
 

Wheat germ oil – high tocopherol content → additional nutritive value. 
 

Rice germ oil – consumed in Asia.  
 

Pumpkin oil  
- Utilized in southern Europe as an edible oil.  
- Brown, nut-like taste. 
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Oils low in palmitic acid and rich in oleic and linoleic acids 
 

Important raw materials for margarine production. 
A large number of oils from diverse plant families. 
 

Sunflower: the most cultivated oilseed plant in Europe.  
Light yellow oil with a mild flavour. 
Refined oils – salad or frying oil, raw material for margarine production.  
 

Legume oils 
 

1. Soybean oil 
- At the top of the world production of edible oils of plant origin. 
- Refined oil: light yellow and has a mild flavour.  
- Reversion flavour: aroma defect. Branched furan fatty acids rapidly 
oxidized on exposure to light → intensive aroma substances (3-methyl-
2,4-nonandione (MND) and diacetyl) “beanlike, buttery, hay-like”. 
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Shelf life of the oil can be improved by partial hydrogenation 
Melting point range: 22–28 °C … 36–43 °C.  
Raw materials for margarine production, in baked products. 
 

Cultivation (traditional and genetic engineering) → development of 
soybean genotypes → fatty acid composition which meets the different 
demands.  
 
Low linolenic and high oleic genotypes 
- Considerably more stable to oxidation.  
- Partial hydrogenation is no longer required. 
 
Low palmitic and low saturate genotypes 
Palmitic acid is involved in the increase in cholesterol in LDL → it is 
decreased.  
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2. Peanut oil 
- Characteristic fatty acids: arachidic (20:0), eicosenoic (20:1), behenic 
(22:0), erucic (22:1) and lignoceric (24:0) acids. 
 

- Fatty acid composition is greatly influenced by the region. 

Peanut butter: spreadable paste  
- Ingredients: roasted and ground peanuts.  
- Addition of peanut oil and, occasionally, hydrogenated peanut oil. 

Origin Linoleic acid [w/w] Oleic acid [w/w] 

Africa (Senegal or 
Nigeria) 

25% 55% 

South America 41% 37% 
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Rapeseed oil 
 

- Old rape and turnip rape cultivars:  
45–50 [w/w] erucic acid –heart muscle damage.  
- Canola: “Zero” erucic acid cultivars (22:1 < 5% ) 
 

- “double zero” cultivars (low levels of erucic in the oil and goitrogenic 
compounds in the seed meal). 
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Mustard oil glucosides (glucosinolates) → hydrolyzed to esters of 
isothiocyanic acid → isomerization → thiocyanates (esters of normal 
thiocyanic acid or rhodanides)  

- volatile  
- dissolved in oil 
- hazardous to health 
- detrimental to oil flavour  
- Ni-catalyst poisons  
 

- Susceptible to autoxidation (high content of linolenic acid).  
Hyrogenation → stability and melting properties, resembles 
coconut oil. 



14 

Sesame oil 
 

- Contains considerable amount of tocopherols. 
- Phenolic antioxidant: sesamol (derived from hydrolysis of sesamolin) 

Safflower oil  
 

- Carthamus tinctorius (thistle-like plant grown in 
North America and India). 
- New cultivars: 80% oleic acid 15% linoleic acid. 
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Linseed oil  
 

- Flax (fibre and seed production). 
- High linolenic acid content → readily autoxidizes → bitter substances.  
- Autoxidation involving polymerization reactions → (“fast drying oil”) → 
base for oil paints. 
- Mostly the coldpressed oil is utilized as an edible oil. 
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ANIMAL FATS 
 

Major fatty acids: oleic, stearic and palmitic. Greatly varying fatty acid 
composition (breed of animal, feed).  
 
1. Depot fats and organ fats of domestic animals (i. e. cattle and hogs) 
2. Milk fat. 
 
Beef fat 
 

- Light-yellow (carotenoids derived from animal feed). 
- Friable, brittle consistency, melts between 45 and 50 ºC. 
- Fatty acid composition of beef fat is not influenced greatly by feed 
intake. 
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Prime beef fat → heating to 30–34 ºC → yields two fractions.  
1. Oleomargarine (liquid):  
- Soft fat  
- Similar consistency than melted butter → margarine and baking 
industries. 
 
2. Oleostearine (solid, pressed tallow) 
High melting point of 50–56 °C (used in the production of shortenings). 

Prime beef fat (“premier jus”)  
- Commercial products prepared from beef fat. 
- Obtained by melting fresh and selected fat trimmings in water heated 
to 50–55 °C. 
- Lipolytic action: max. 0.65% free fatty acid. 
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Edible beef fat (secunda beef fat)  
- Obtained by melting fat in water at 60−65 °C. 
- Typical beef fat odour and taste. 
- Free fatty acid content max. 1.5%.  
 
Lower quality tallow: industrial or technical importance (e. g. raw 
material for the soap and detergent industries). 
 
Hog fat (lard) 
 

- Obtained from fat tissue covering the belly (belly trimmings) and 
other parts of the body.  
- Back fat  → utilized for manufacturing bacon.  
- After tallow and butter, the most consumed animal fat. 
- Grainy and oily consistency (influenced by breed and feeding). 
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- Commercial products: 
 

Neutral lard (the highest quality)  
- Obtained exclusively from belly trimmings (abdominal wall fat).  
- Mild flavour, white in colour. 
 

Lard from other organs and from the back – rendered using steam.  
 

Lard from all the dispersed fat tissues – rendered in an autoclave with 
steam (120–130 ºC).  
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Lard contains fewer SSS type triacylglycerols and more of 
the types SUU, USU and UUU than beef fat. 
→ Lard melts: 

- At lower temperatures 
- Over a range of temperatures rather than sharply at a single 
temperature. 

→  Its shelf life is not particularly long.  
 
Contains the saturated fatty acids mainly in the sn-2 position in 
contrast to beef.  
→ Detection of lard (e. g. controlling exports to Islamic countries.) 
 
The fatty acid composition is substantially effected by feed intake. 
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Marine oils 
 

Sources  
- Sea mammals (whales and seals)  
- Fish of the herring family serve as of marine oils. 
Contain highly unsaturated fatty acids with 4–6 allyl groups:  
 
18:4 (6, 9, 12, 15)  
20:5 (5, 8, 11, 14, 17) 
22:5 (7, 10, 13, 16, 19) 
22:6 (4, 7, 10, 13, 16, 19)  
 
Marine oils are not utilized directly as edible oils 
- only after hydrogenation of double bonds and refining. 

susceptible 
to autoxidation 
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FACTORS AFFECTING THE QUALITY OF FATS AND 
OILS  
 

The extent of lipolysis 
 
Free fatty acid content (FFA or Acid Value)  
- More than 1% 

- Crude oils (without refining). 
- In the case of lard it considered spoiled. 
- Exception: olive oil (suitable for direct consumption even with a 
3% FFA content.) 
 

- FFA less than 0.1% → Refined oil or fat. 
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Sensory-relevant compounds (C < 14).  
 

Fats with low-molecular acyl residues (e. g., milk, coconut, and palm 
kernel)        there is no relationship between the sensory perception of 
quality deterioration and the levels of free FFA 
− among the free fatty acids, C < 14 usually take second place. 
 
Oxidative deterioration 
 

Unsaturated acyl residues (fats and oils) → autoxidation  
→ rapid deterioration. 
Tests for detecting lipid peroxidation in biological systems. 
 
Peroxide value – reveals the extent of oxidative deterioration of the fat.  
Based on the reduction of the hydroperoxide group with HI or Fe2+. 
Iodine is released → iodometric titration → peroxide value.   
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Hydroperoxide degradation into odorants is influenced by many factors → 
no relationship exists between the peroxide value and aroma defects, e. g. 
rancidity (already existing or anticipated). 
 
Determination of volatile carbonyls responsible for the rancid aroma 
defect (benzidine, anisidine or heptanal) and flavourless oxo-acylglycerols 
and oxo-acids.  
The proportion of aroma-active and sensory neutral carbonyls is not 
known → any correlation found between the carbonyl value and aroma 
defects is clearly coincidental. 
 
The thiobarbituric acid test (TBA) – preferred method, but the reaction is 
nonspecific:  
- a number of primary and secondary products of lipid peroxidation form 
malonaldehyde which in turn reacts in the TBA test.  
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In food containing significant amount of oleic and linoleic acids:  
Fe2+-test is more sensitive than the TBA-test. 
 
Assay of individual carbonyl compounds: gas chromatographic 
determination and simultaneous sensory panel tests.  
→ Odorants causing aroma defects. 
E.g.  
1. Warmed-over flavour of cooked meat – hexanal is the most 
important off-flavour substance. 
 

2. Rancid aroma defect of rapeseed oil – primarily caused by the 
volatile hydroperoxides (1-octen-3-hydroperoxide, (Z)-1,5-octadiene-3-
hydro-peroxide) and (Z)-2-nonenal. 
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Shelf life prediction test 
 

Aim: estimating the susceptibility to oxidation. 
 

The fat or oil is subjected to an accelerated oxidation test under 
standardized conditions. 
 

- Schaal test (fat maintained at 60 ºC).  
- Swift stability test (fat kept at 97.8 ºC and aerated continuously). 
 

Measurement of the extent of oxidation (sensory assessment, peroxide 
value). 
 
Good correlation between the length of the induction period and 
the shelf-life. 
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HEAT STABILITY OF FRYING OILS 
 

1. Determination of oxidized fatty acid content insoluble in petroleum 
ether.  
 

Separation of fried oil into polar and nonpolar fraction by column 
chromatography. 
 

2. Measurement of the smoke point: the temperature at which its 
triacylglycerols start to decompose in the presence of air. 
 

It decreases in the presence of decomposition products.  
 

- Normal range: 200–230 ºC.  
- Below 170 ºC: the fat is considered to be spoiled. 
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