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Food uses of legume seeds 



Proteins, starch and fiber from legume seeds 



FRACTIONATION AND RECOMBINATION 

TECHNOLOGIES 

The fractionation and recombination system consists in a 
first stage in which the kernel/seed is fractionated in 
different meal/flour fractions and in a second stage in which 
the ingredients are mixed (formulations) and structured to 
obtain different finished products (bakery products, snacks 
etc.). 

The fractionation and recombination technologies allow to 
enhance and valorize the use and the processing of cereals/ 
legumes. 



Air classification  

Alkaline extraction/Isoelectric precipitation  

Acid extraction  

Water extraction  

Salt extraction (micellization)  

Ultrafiltration 

FRACTIONATION TECHNOLOGIES 



THE "CRACKING" OF MILK 



THE "CRACKING" OF CORN 



THE "CRACKING" OF SOYBEANS 









SCHEMATIC DRAWING OF CELLS OF PEA AND THE 
FRAGMENTS AFTER MILLING 



SCHEMATIC ILLUSTRATION OF WET AND DRY 
FRACTIONATION PROCESS 





SCHEME FOR THE PREPARATION OF PROTEIN ISOLATES 

The technique takes advantage of the 
solubility of legume proteins which is high 
at alkaline pH and low at pH values close to 
their isoelectric point (pH 4–5). 

Protein purity and yield are easily affected 
by processing conditions (e.g., 
temperature, time, flour/solvent ratio, 
condition and protein solubility of the 
starting material, type of equipment and 
process used, g forces used for 
centrifugation, laboratory vs. pilot- scale 
extraction, batch vs. continuous 
extraction, etc.).  





SUSTAINABILITY ASSESSMENT OF DRY AND WET FRACTIONATION 





"Composite flours are a mixtures of flours from 
tubers rich in starch (e.g. cassava, yam, sweet 
potato) and /or protein-rich flours (e.g. soy, peanut, 
pulses) and/or cereals (e.g. maize, rice, millet, 
buckwheat), with or without wheat flour". 

COMPOSITE FLOUR 

FRACTIONATION AND RECOMBINATION  



In 1964 the Food and Agriculture Organization (FAO) of the United 
Nations launched its Composite Flour Program to support the use of 
local raw materials in the production of high quality food products. 
 
The principal aim of the composite flour program was to seek new 
possible uses for raw materials other than wheat in the production of 
breads, pastas, biscuits, and similar flour-based foods. 
As part of the program, flour mixtures consisting mainly of indigenous 
raw material (cassava, tapioca, oilseeds, legumes, millet, sorghum, 
maize, rice, etc.) and having a composition that combines optimal 
nutritive value with good processing characteristics are formulated.  
 

For these flour mixtures, the FAO coined the term "Composite Flour". 

COMPOSITE FLOUR 



FORMULATIONS AND NUTRITIONAL CHARACTERISTICS OF SOME 
COMPOSITE FLOUR CONTAINING WHEAT (WF), CHICKPEA (CF), AND MILK 

POWDER (MP) 



AA CHEMICAL SCORE WITH DIFFERENT PROPORTIONS 
OF CHICKPEA AND SEMOLINA PROTEINS 



The Extrusion Cooking is the process by which ingredients are mixed, 
heat treated, cooked, and formed by a combination of moisture, 
pressure, temperature, and mechanical shear. 
This technology allows in a rapid and continuous process to combine 
several unit operations such as mixing, hydration, kneading, cooking 
and drying. 
As a result of cooking during the extrusion process, starch is 
gelatinized, proteins are denaturated, enzymes are inactivated, and 
antinutritional or toxic factors are destroyed. These phenomena allow 
the structuring of products even when raw materials with poor 
functional properties are used. 
Extrusion technology is highly versatile and permits the use of a wide 
range of raw materials and mixtures of cereal and non cereal 
materials. 

EXTRUSION COOKING  

TRANSFORMATION 



LONGITUDINAL SECTION OF A 
TYPICAL EXTRUDER-COOKER 

VITE CON DIAMETRO 

DELL’ANIMA CRESCENTE 

FEEDING 
HOPPER 

WATER 
COOLING  
JACKET 

THERMOCOUPLES 

THERMOCOUPLE 

STEAM  
COOLING 
 JACKET 

PRESSURE 
TRANSDUCER 

FEEDING  
SECTION 

COMPRESSION 
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PUMPING 
SECTION 

SCREW WITH INCREASING CORE DIAMETER 

EXTRUDER 



MAIN APPLICATIONS OF EXTRUSION COOKING 

PRODUCTS DERIVED FROM CEREALS, LEGUMES AND ROOTS 

• Breakfast cereals  

• Pre-cooking flours 

• Pre-gelatinized starch 

• Biscuits, crackers, wafers,  

• Special breads (flat bread o crispbread) 

• Unconventional pasta 

• Puree istant 

• Semifinished products  
 

VEGETABLE TEXTURIZED PROTEIN  
 

PRODUCT MIX 

• Coextruded products (ravioli, filled snacks, egg rolls, etc.) 

• Dried soups instant 
 

BABY FOOD AND ENRICHED PRODUCTS 



GRANULO DI ALEURONE 

PROTEINE GLOBULARI IDRATAZIONE 

DISPOSIZIONE 
RANDOM 

SROTOLAMENTO 

ORIENTAMENTO E STIRAMENTO STABILIZZAZIONE DELLA 
STRUTTURA 

LEGAMI INTERCATENA 

SFORZO DI TAGLIO 

SFORZO DI 
TAGLIO 

CALORE H2O 

CALORE 

RAFFREDAMEN. 

TEXTURIZED PROTEIN 



CHANGES OCCURRING DURING THE  
EXTRUSION-COOKING PROCESS 

Enzymes inactivation 
Proteins denaturation (antinutritional factors) 
Maillard Reaction 
Starch gelatinization 
Reduction of microorganisms (HTST) 





PASTA FROM NONTRADITIONAL RAW MATERIALS 



REASONS FOR USING NONTRADITIONAL RAW MATERIALS  
IN PASTA MAKING 

A) IMPROVEMENT OF NUTRITIONAL PROPERTIES 

- Protein contents (from 10-12% to 20%) 

- Protein quality (lysine = limiting A.A.) (Chemical Score from 35 

to > 70) 

- Dietary fiber 

- Vitamins and minerals 

B) USE OF LOCAL RAW MATERIALS 

- Limited availability and high cost of semolina 

- Composite flours 

- Environmental sustainability 

C) PRODUCTION OF GLUTEN-FREE PASTA  

- Celiac disease 

- Gluten free diet  

 

D) VALORISATION OF CEREAL AND NON CEREAL BY-PRODUCTS  

- Cereal by products 

      milling (germ, aleurone, bran) 

      pearling (aleurone, germ, bran) 

      malting/brewing spent grain, roots, yeast crop etc.) 

     rice processing (broken rice flour, germ, bran) 

- Other by products (animal origin) 

     cheese making (whey protein) 

     fish processing (fish meal) 

     meat processing (meat meal, bone meal etc) 

F) USE/RECOVERY/VALORISATION OF 

ANCIENT/UNDERUTILIZED/OBSOLETE WHEAT 

SPECIES,  PSEUDOCEREALS AND LEGUMES 

- Hulled wheats (spelt, enkorn, emmer) 

- Kamut 

- Triticale 

- Buckwheat 

- Quinoa 

- Amaranth 

- Legumes 

E) DEVELOPMENT OF TAILOR-MADE AND  

FUNCTIONAL FOODS 

- Functional ingredients 

    dietary fiber 

     glucans 

    tococromanols (tocopherols and tocotrienols)  

    folic acid 

   3 fatty acids (DHA, EPA) 

   phytosterols 

- Prebiotic ingredients 

   inulin 

   fructooligosaccharides (FOS) 



TECHNOLOGIES, FORMULATIONS, AND ADDED INGREDIENTS FOR 
MANUFACTURING PASTA FROM NONTRADITIONAL RAW MATERIALS 



SCHEMATIC DIAGRAMS FOR THE PRODUCTION OF 
PASTA FROM NON TRADITIONAL MATERIALS 
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Pasta integrata con  

QUINOA 

Pasta con 
Quinoa 

Pasta con  
Farro 

Pasta integrata con  

FARRO 

Spaghetti Spaghetti 

Pasta con 
3  

Pasta integrata con  

3 

Spaghetti 

Pasta con 
Legumi 

PASTA AI 5 
LEGUMI 

pisello,fava,  

fagiolo,cece 

cowpea 

Spaghetti 

























STRENGTHS 

TECHNOLOGICAL ASPECTS 
• GREEN AND SUSTAINABLE TECHNOLOGIES 
• FRACTIONATION AND RECOMBINATION 
• EXTRUSION COOKING 
• CONSOLIDATED TECHNOLOGY 

NUTRITIONAL ASPECTS 
• FUNCTIONAL FOODS (BIOACTIVE COMPOUNDS) 
• TAILOR MADE FOODS 
• FOOD MODELS (MEDITERRANEAN DIET, VEGETARIAN AND VEGAN DIET) 
• INTOLERANCE /SENSITIVITY (LACTOSE, GLUTEN, MILK PROTEIN) 
• PSEUDOCEREALS AND OTHER EXOTIC SPECIES  
• GLUTEN-PHOBIA 



WEAKNESSES 

 LACK OF INDUSTRIAL CHAIN (ITALY)  

    (STOCK APPROPRIATE FOR QUANTITY AND QUALITY) 

 NICHE PRODUCTS (PDO, PGI, TRADITIONAL) 

 COMPETITION WITH CEREALS (WHEAT) 

 ANTINUTRITIONAL FACTORS 

 BEANY FLAVOUR 



CONCLUSION/PROPOSAL 

STRATEGIC PROJECTS  

   (MIPAAF, MIUR, MISE) 

INFORMATION AND COMMUNICATION  
(appropriate and correct) 

INDUSTRIAL PULSE CHAIN 
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