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4. TECHNOLOGY OF VEGETABLE OILS 
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TECHNOLOGY OF VEGETABLE LIPIDS 

Seeds, Grains, Fruits 
Control, Cleaning, Dehulling 

Grinding, heating, pressing, separation 

Pressure raw oil  Meal 

Refining 

 
Food oil 

 

Hydrogenation 

Interesterification 

Fractionning 

 

 
Margarines,... 

Extraction  
Hexane, CO2 supercritical 

Extraction oil De-oiled meal  

Animal feed 

2 



RAW OIL PRODUCTION 
Seeds, Fruits 

100 kg (42% fat)   

Pressure 

Solid residues elimination 
Filtration, centrifugation 

Grinding 

Heating 

Cleaning 

RAW OIL OBTAINED 

BY PRESSURE  

41 kg 

 

 

Refining 

Liquid Fraction  

34 kg 

Meals 

65 kg 

Extraction 
De-oiled meals 

57 kg (1-2% MG) 

7 kg 
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Physical extraction with screw press 



EXTRACTION 

Miscella 

Oil (40%) - Hexane 

Meal            

(10-15% oil) 

Hexane 
Solvanted Meal 

(hexane : 30%) 

Desolvanted meal  

Distillation 

Solvant extractor 

Extraction by 

percolation 

Raw oil of extraction 

Desolvanted oil 

vacuum 

Refining 
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Chemical extraction 

by solvant 
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SAIPOL Le Mériot  Pant (photo C. Helsly) 

Hexane extraction plant 

Solid 
supply 

Miscella 
towards 

distillation 

Vapors 
evacuation 

Cooled meals 



REFINING OF FOOD FATS 

Unwanted Constituents 

NATURE TENEUR ORIGINE EFFET
AG libres 0,5 – 5% Hydrolyse

(naturel)
Goût
Fumée

P.lipides 0,2 – 1,5% Naturel Trouble
instabilité
Organoleptique

Produits d’ox. f(Mat Ière) Auto-ox. Instabilité
Organoleptique
Nutrition

Flaveurs < 0,1% Naturel
Auto-ox.

Odeur
Goût

Cires  100 mg/kg Naturel Trouble

Pigments  10 mg/kg Naturel Goût
Couleur

Métaux  1 mg/kg Naturel

Contamin.  10 mg/t santé
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REFINING OF FOOD FATS 

Rapseed 

oil 

Raw oil 

Meal 

Refined oil 

Diester 

Raw 

Glycerine 



REFINING 

Objectives 

 Get rid of undesirable const.  

 Respect food grade application  

  strict reglementation 

Principes: 

 insolubilisation (1) 

 adsorption (2) 

 distillation (3) 

Technology 
 

degumming (1) 

 

 

Neutralization (1) 

 

 

Washing - drying 

 

 

  Bleaching (2) 

 

 

    (Dewaxing) (1) 

 

 

Deodorisation (3) 

 

Refined oil 

P. lip. 

 

 

AGL 

 

 

 

 

 

Pigments 

 

Waxes 

 

 

Flavors 8 
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Raw oil 

H3PO4 

H2O 
gums 

NaOH H2O 

soaps 

neutralised oil 

Degumming oil  

1 1 

1 

2 2 

2 

3 3 

3 

Washing 

water 
Refined and 

dry oil  

vide 

Dryer 

1- mixer 

2- contactor 

3- centrifuge separator 

4- heat exchanger  

5- feed pump 

4 5 

Degumming 

Deacidification Washing Drying 
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? 

degumming 
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phospholipases: phospholipase A2 hydrolyses for 

instance fatty acid in position sn-2, releasing R2 FFA 

and a lysophospholipid. This lysophospholipid is a 

powerful detergent able to break cellular membranes. 

Snake and bee venoms are very rich in PLA2. 

degumming 

http://en.wikipedia.org/wiki/File:Phospholipases2.png


ENZYMATIC DEGUMMING 
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Affinity 

for oil 

Affinity 

for 

water 

Phospholipids Triglycerides 
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ENZYMATIC DEGUMMING 
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ENZYMATIC DEGUMMING 
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Commercial enzymes 

ENZYMATIC DEGUMMING 



19 



20 

Neutralization 
 

→ Get rid of FFA under the form of soap or «neutralization pastes» : crucial unitary 

operation of refining. Pastes:  soaps of sodium, soda, water, salts, sodium 

phosphates, mucilages, neutral oil can be retained, coloring constituants, oxydation 

products and diverse contaminants.  

 

→ Reactions taking place during this process are: 

 neutralization of exces of phosphoric acid added to degum oils  (1) 

  neutralization of FFA under the form of sodic soaps: 

  R-COOH + NaOH -> R-COONa +H2O  (2) 

 

→ As weak acids, reaction in exces of alkali displaces equilibrium towards soaps 

formation, ↓ residual acidity. Excess  ~ 0,01 et 0,05 % for degummed soya oil    

 

→ AVOID «side saponification» (3), i.e. partial saponification of triglycerides => 

glycerol and sodium soaps. ↑ losses. 

 

→ Kinetics (1) & (2) >> (3) 

 



21 

Washing and drying  

 

 
→ Get rid of alkalines substances (soaps and soda in excess) present at the 

outlet of neutralization turbine, + last traces of metals, phospholipids and other 

impurities. Objectives: < 30 ppm of soap. 

 

→ Good separation of raw oil/degumming otherwise → important emulsions are 

being formed, difficult elimination of soaps.  

 

→ Washing more effective if done in two steps, water washing must be as hot as 

possible (90°C). 

 

→ Post-stream Drying: humidity removal if still present in washed oil before 

decoloring operation → risk of filter clogging specially in the presence of soaps.  



BLEACHING 

NEUTRAL 

BLEACHED OIL 

(Dewaxing/ 

filtration) 

vacuum 

Dry vapor 

REFINED OIL 

Filters 

NEUTRALIZED OIL 

(100°C) 

N Saturation 

cooler 

desodorizing 

heater 

DESODORIZATION 

Filters 

Adsorbing clays 

vacuum 
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Vertical Filter 

Inlet bleached oil 

Inlet blend 
oil/clays  

elimination of 
clays 
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DESODORISATION 

isomerisation degree of 10% 

Effect  of desodorisation parameters (couple temperature/length) on isomerisation degree 

of unsatrated acids (ex : linolenic acid  C18:3) 

Content in trans FA in refined oils (colza oils, combined oils) - Source ITERG 

Teneur en AGT Moyenne Minimum Maximum 

En % des AG Totaux 0.8 0.3 1.9 
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REFINED FATS  

Results 

HUILE BRUTE RAFFINEE 

TAG 85 – 89% 98 – 99% 

P.lipides 0,1 – 1,5% < 50 mg/kg 

AG Libres 0,5 – 5% < 0,1% 

AG trans < 0.1% 0.3 – 1.9% 

Stérols 0 – 2% (soja) < 1% 

Tocophérol 0,15% 0,1% 

Pr. d’ox. Variable Variable 

Cires  100 mg/kg < 5 mg/kg 

Pigments  10 mg/kg < 0,02 mg/kg 

Métaux  1 mg/kg  1 mg/t 

Contaminants  10 mg/t  1 mg/t 
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OIL            RAW         REFINED 

TAG 

P. Lipids 

FFA 

Trans FA 

Sterols  

tocopherol 

Pr. Ox 

Waxes 

Pigments 

Metals 

Contaminants 



ADAPTATION OF FATS to FOOD APPLICATIONS 

Objectives :  stability 

   technological, organoleptic and nutritionnal properties 
 

Physical Levers : 

 Kinetics control of cooling  (size and nature of fat cristals) 

 Fractionation (increase in FA with high or low melting points) 

 

Chemical Levers  

 Hydrogenation (melting profile modif. [nature of FA] +  stability) 

 Interesterification (modif. Of melting profile [position of FA]) 

 

Enzymatic levers 

 Interesterification => structuration of TAG 

 glycerolysis => emulsifying power 

 Authorized treatments (arrêté du 12/02/73) 26 
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FRACTIONATION 

FAT 

Controlled cooling 

HIGH melting point Fraction 

Melting 

separation 

Composition 

Equipments : 
 

Cooling system  

Parameters : 
 

Cooling speed 

overcooling.  

Agitation speed 

Cristallisation time 

temperature 

decanting 

centrifugation 

filtration 

LOW melting point Fraction 
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FRACTIONATION OF FATS  

- Continuous Filtration -   

Vapor 

Stearin 

Olein 

Inlet 

Vacuum Recycling 

pump 

stearin cake  

R
ec

y
cl

in
g

 

Aspiration 
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Olein 

(permeate) 

press 

vapor 

Stearin 

(retentate) 

Inlet (partially cristallized 

fat) 

Press Filter 

Stearin cake 

FRACTIONATION OF FATS  

- Press Filter -   

30 



FRACTIONATION OF PALM OIL 

 Stéarine (20%) Oléine (80%) 

PPP 30% 0% 
PPO, POP 26% 51% 

OOP, OPO 44% 44% 

OOO 0% 5% 
 

Composition moyenne 

Trisaturés (PPP) 6% 
Disaturés monoinsaturés (PPO, POP) 50% 

Monosaturés diinsaturés (POO, OPO) 40% 

Triinsaturés (OOO) 4% 
 

PALM 

Cristallisation (28°) 

Filtration 

 Oléine Palme Stéarine 

Indice d’iode 56/58 50/55 32/36 
Pt fusion 19/21 36/38 50/55 

%S à 15° 18/22 38/42 76/82 

%S à 20° 5/7 28/32 67/73 
%S à 25° 2 23/27 58/62 
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HYDROGENATION 

 CH = CH   +  H2       CH2 CH2  

 -  melting point 

 -  stability (rapeseed - soya) 
 

                   TOTAL or PARTIAL Hydrogenation, selective or not: 
  selectivity = f([catalysts], temperature : k3/k2; k2/k1) 

  

k3  k2  k1 

 C18:3   C18:2   C18:1   C18:0 

(linolenic)  (linoleic)     (oleic)  (stearic) 

 

  Apparition of  trans forms (15 - 40% depending on conditions)   ex: elaïdic acid 

        (trans-Δ⁹ 18:1) 

  Apparition position isomers ( 40%), conjugaison ( 2%) 

 

           Applications : raw matter for margarine, pastry, frying oils, ….  

+ catalysts  

[Ni, Cr, Cu, Mn] 
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PRINCIPE SCHÉMATIQUE DE L’HYDROGÉNATION 

Filtration 

H2 

Paramètres : 
 

Température 

Pression  

Agitation 

Catalyseur 
  (%, type, activité) 

Huiles hydrogénées brutes 

Post raffinage 

Catalyseur usagé 

Huiles neutres sèches Huiles brutes 
Raffinage Catalyseur neuf (Ni, Cu) 

R
ec

yc
la

ge
 

REACTEUR 
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Hydrogenation degree 

Total Partial 

A
G

 t
ra

n
s 

Low T° 

New Catalyst 

Elevated T° 

Used catalyst  

Influence of temperature and quality of catalyst on AG trans formation 
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Trans FA content in several food products 

AG Trans 
Teneur Mini 

(% AG Totaux) 

Teneur Maxi 

(% AG Totaux) 

Pain de mie 3.7 21.2 

Viennoiserie 24.5 34.8 

Pâtes feuilletés, pizza 16.6 61 

Soupes deshydratées 4.3 27 

Viande bovine 1.0 2.8 

            agneau 3.6 5.4 

Beurre 4 11 

Lait (vache/chèvre/brebis) 1.8 5.6 
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Sandwich bread 

Pastry 

Puff pastry, pizza 

Dehydrated soups 

Bovine meat 

Lamb 

Butter 

Milk (cow/goat/ewe) 
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TRANS FA 

• Negative health effects of industrial trans: effect on 

plasmatic lipoproteines and prostaglandines 

synthesis 

• Compulsory labelling of trans FA 

 

Increase / optimizing of fat processing 

• New definition of process parameters (desodorisation, 

desacidification) 

 - lower temperature, shorter time, intense vacuum 

• Alternatives to partial hydrogenation :  
 - physical fractionation, IE (chimical ou enzymatic) … 
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INTERESTERIFICATION 

     Principle : rearrangement of FA on glycerol 

  modif. Of melting behavior of oil without modification of the oil global FA composition 

 S         I 

 S            +             I 

 S         I 

     50% solid                 50% liquid 

S S S I I I 

S I S I S I 

S S I S I I 

 12.5%  12.5%      25%      25%    12.5%    12.5%    

 Non directed : T > Tmelting of FA 

     Modification of melting profile 

 Directed : T intermediate 

     Cristallisation of high melting point TAG    

 (displacement  of equilibriums) 
39 
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CHEMICAL INTERESTERIFICATION 
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CHEMICAL INTERESTERIFICATION 



ENZYMATIC INTERESTERIFICATION 

     Principle : rearrangement of FA on glycerol 

  specificity of biocatalyst to direct modification  

43 

Use of sn-1,3 lipases 

=> Analogue human milk fat in Betapol®, with palmitoyl in sn-2 and PUFA in  

sn-1,3 

=> Cocoa butter analogues – texture control 
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http://europe.croklaan.com/ProductGroups/Betapol/ 
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Use of non selective lipases is also possible => randomization 

ENZYMATIC INTERESTERIFICATION 
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Ex application palm oil 

- Increase SFC – eeding with cristals (IV) 

ENZYMATIC INTERESTERIFICATION 
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Ex application palm oil 

ENZYMATIC INTERESTERIFICATION 
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Ex application palm oil 

ENZYMATIC INTERESTERIFICATION 
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Pretreatment 

of oil 

Catalystr: 

NAOCH3  
Desodorisation Bleaching 

PROCESSES COMPARISON 

Chemical Interesterification 

Enzymatic interesterification 

Pretreatment 

of oil 

Catalyst: 

lipase  
Desodorisation 

Simpler process but precaution have to be taken to prolonge life of 

biocatalyst 
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Soya and palm oils  

Sunflower and palm oils 

PROCESSES COMPARISON 
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Chemical IE  Enzymatic IE 

advantages - Reproductible and efficient  

- batch operation 

- Reproductible and efficient if no inlet 

change occurs 

- simple, clean and safe process 

- less post-treatment 

- better nutritionnal quality of fat 

- lower initial investment 

Drawbacks - Toxic catalyst 

- highTemp  

- side reactions  

- off flavours and oxidation 

- important loss of oil 

- biocatlyst affected by initial purity of oil 

- hydrolysis 

- acyls moieties migration  

- less flexibility 

PROCESSES COMPARISON 



MARGARINE: principle of processing 

Emulsion, cooling 

Cristallisation, blending 

Packaging 

   - Fractionated 

   - Hydrogenated 

   - Interesterified 

Aqueous Phase: Fat Phase: 

- Lecithine 

- Monoglycerides 

- dyes 

Liposoluble Ingredients: Neutral /bleached oils : Additives: 

Salt 

Sugar 

preservative 

Citric acid 

Milk Water 

Dosing pump 

cold 

Agitation 

Without trans FA 

Refined oil 

Fraction 1-X 

X 

Fully hydrogenated 

Saturated oil 

Interesterified 
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PARTIAL GLYCERIDES PRODUCTION DE 
BY GLYCEROLYSIS 

- Used to rearrange FA and produce blends of partial glycerides 

(MAG, DAG, TAG). Enzyme sn-1, 3 or not specific 

 

- Preferred immobilized Enzyme/ elevated content in glycerol 
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PARTIAL GLYCERIDES PRODUCTION DE 
BY GLYCEROLYSIS 
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PARTIAL GLYCERIDES PRODUCTION DE 
BY GLYCEROLYSIS 



4. Few oils monographies 

61 
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95-98 %  lipids = TAG, triester of FA and glycérol 

 

Hydrolyzed partially before being absorbed by enterocytes , 

resynthéetized under the form of TAG and transported by lipoproteines 

until target  tissues (adipose, liver, muscles…)  

 

 Mutiplr part and essential : energy carrier, structure, signalization, 

gene expression modulation 

 

 FA : carbon chain with carboxyle moities at one extremity. Chain can 

be devoid of double bond => saturated FA or present double bonds:  

 

Then FA are said : 

- monounsaturated (most frequent in nature oleic acid, MUFA) 

- Polyunsaturated (PUFA) 

FEW CONCLUSIONS 



2 series or PUFA  very important:  n-6 serie (or omega 6) and  n-3 serie 

(or omega 3) with first double bond located respectively at 6 or 3 carbons 

from the methul extremity of the molecule. Precursor of omega 6 and 

omega 3 series are linoleic acid (LA, 18:2 n-6) and alpha-linolenic acid 

(ALA, 18:3 n-3). These two acids are said « essential » because they can 

not be synthesized by animal organism and must be brought by diet.   

 

 FA Profile very specific and determine with FA position on TAG => oil 

properties 

 

 Chemical and enzymatic process help refig oil and modulated their 

functionnal properties 

 

 Development of enzymatic method for biomodifications 

 

 Complex socio economical context: competition for ressources 

(biofuels), high pressure on agricultural lands linked to emergents markets 

and increasing demand of ois, complexity of some supply chain (palm), 

strong image of lipids/fat in collective conscience and complex reltionship 

with health. 
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Cire de carnauba 

La carnaúba est 

une cire issue des 

feuilles d'un palmier 

du nord-est du 

Brésil, le Copernicia 

prunifera. Elle se 

trouve 

généralement sous 

la forme de copeaux 

jaunes-bruns, 

cassants, très 

odorants 

Merci pour votre attention 

http://en.wikipedia.org/wiki/File:Suikerbonen_De_Bock_Lentilles_-_Assortie.JPG
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