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ABSTRACT: Extrusion cooking technology is a rapid processing method involving high temperature and 
pressure that is used to prepare a variety of processed foods. HTST processes are preferred because of 
the retention of nutrients in the product. In addition to the usual benefits of these processes,extrusion 
offers the possibility of modifying the functional properties of food ingredients and/or of texturizing them. 
Like other processes for heat treatment of food, extrusion cooking may have both beneficial and 
undesirable effects on nutritional value. Beneficial effects include gelatinisation of starch, destruction of 
antinutritional factors, increased soluble dietary fibres, reduction of lipid oxidation and contaminating 
microorganisms and retains natural colours and flavours of foods. Despite these advantages, occurrence 
of Mailard reaction that leads to reduce the nutritional value of the protein and loss of heat-labile vitamins 
are the disadvantages of this process. Careful control of process parameters is essential to obtain a 
nutritionally balanced extruded product. The present paper reviews the beneficial effects of extrusion 
cooking technology as a process with high performance in the food industry. 
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INTRODUCTION 
 

 Extrusion is a thermal processing that involves the application of high heat, high pressure, and shear forces to 
an uncooked mass, such as cereal foods to obtain a wide range of products including snacks, ready to eat (RTE) 
cereals, confectioneries and crisp breads (Kim , 2006). The shear forces created by the rotating action of the screws, 
together with frictional, compressive and pressure forces provide the necessary environment for rapidly cooking and 
transforming the food into visco-elastic melt (Firibu , 2011). Extrusion cooking may be defined as a thermomechanical 
process in which heat transfer, mass transfer, pressure changes and shear are combined to produce effects such as 
cooking, sterilization, drying, melting, cooling, texturizing, conveying, puffing, mixing, kneading, conching (chocolate), 
freezing, forming etc. HTST processes are preferred because of the retention of nutrients in the product. In addition 
to the usual benefits of these processes, extrusion offers the possibility of modifying the functional properties of food 
ingredients and/or of texturizing them. Like other processes for heat treatment of food, extrusion cooking may have 
both beneficial and undesirable effects on nutritional value. Beneficial effects include gelatinisation of starch, 
destruction of antinutritional factors, increased soluble dietary fibres, reduction of lipid oxidation and contaminating 
microorganisms and retains natural colours and flavours of foods. In addition, the extrusion process denatures 
undesirable enzymes and sterilises the finished product (Bjiirck, 1983 ; Singh , 2007). Despite these advantages, 
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occurrence of Mailard reaction that leads to reduce the nutritional value of the protein andloss of heat-labile vitamins 
are the disadvantages of this process. As a complex multivariate process, extrusion requires careful control if product 
quality is to bemaintained.Maintaining and increasing the nutritional quality of food during food processing is always 
a potentially important area for research (Singh , 2007). Therefore, the research on the effects of extrusion cooking 
on nutritional value of food, is an important and expanding aspect in extrusion technology. This review will focus on 
the beneficial effects of extrusion cooking technology as a process with high performance in the food industry.  
 
Destruction of antinutritional factors 
 The oilseeds such as sesame, are fairly rich in protein but presence of anti-nutritional factors limits their use. 
Tannin, a phenolic derivative of flavone, which occurs as glycosides in the natural states and forms complexes with 
the available protein thereby affecting the digestibility is the main antinutritional factor present in sesame 
(Sesamumindicum) meal. A single screw cooking extruder was used to reduce tannin in sesame oilseed meal. The 
process variables selected for the study were: extruder screw speed  63.18–96.80 rev min-1; barrel temperature 
63.18–96.80 °C and moisture content of raw oilseed meal 31.59–48.41% . Results showed that extrusion cooking 
technology is very effective in reducing the anti-nutritional factor, tannin from sesame meal (Mukhopadhyay and 
Bandyopadhyay., 2003).  
 Soybeans are used as a protein and energy resource for animals and humans. However, a number of 
antinutritional factors (ANFs) are present in soybeans. The trypsin inhibitors (TIs) are generally considered to be the 
main ANFs in soybeans. In order to improve the nutritional valueof soybeans, a heat treatment such as steaming or 
extrusioncooking is generally used (Vandenhout , 1998). The compression ratio of the screw was 1.15 and different 
die diameters were used to impose different shear rates on the soy. The heating elements on the extruder barrel 
were turned off to avoid excessive heating of the soy. This experiment was performed without a die head to avoid 
excessively high temperatures. Shear forces also cause physical deformation of proteins and therefore possibly have 
an additional denaturation effect on TIs. In order to investigate the influence of shear forces on TIA experimentally, 
extrusion cooking experiments were performed. Results from extrusion experiments showed that the residual TIA 
levels predicted by a heat inactivation model was approximately equal to the measured residual TIA in the extrudates. 
The inactivation of TIs during extrusion cooking is caused by heat inactivation and the deformation of the TI molecules 
is not a relevant factor in the inactivation of TI during extrusion cooking. 
 In another study that was conducted in 2000 by Singh et al, extrusion (300-r.p.m. screw speed, 27-kg h-1)feed 
rate, 5/32 inches die size and 93–97 °C outlet temperature) causes complete destruction of trypsin inhibitor activity 
in extruded blends of broken rice and wheat bran containing up to 20% wheat bran (Singh , 2000). 
 In another study, without preconditioning prior to extrusion cooking (Lorenz and Jansen., 1980), atemperature 
of 143 °C, at 15–30% moisture andresidence time of 0.5–2 min, produced a product ofmaximum protein efficiency 
ratio, despite the findingthat only 57% of trypsin inhibitors are destroyed. Anincrease in feed rate, with similar process 
conditions, has been reported to result in less destruction of trypsininhibitors (Asp and Bjorck., 1989), presumably 
because of reduced residence time. In conclusion, high extrusiontemperature, longer residence time and lower 
feedmoisture content are the key variables for the destructionof trypsin inhibitors. 
 
Increased soluble dietary fibres 
 Traditionally, the non-digestible constituents of plant cell walls, which consist of polysaccharides (cellulose, hemi-
cellulose, mucilage, oligosaccharides, pectins), lignin and associated substances, such as waxes, cutin and suberin, 
have been described as dietary fiber. Extrusion cooking increased the total dietary fibre of barley flours. The total 
dietary fibre increase in waxy barley was the result of an increase in soluble dietary fibre. For regular barley flour, the 
increase in both insoluble dietary fibre and soluble dietary fibre contributed to the increased total dietary fibre content 
(Vasanthan , 2002). In another study, extrusion was applied to oat bran and soluble dietary fiber (SDF) was extracted. 
Compared with the SDF from untreated oat bran, SDF from extruded oat bran was found to have more aggregates, 
higher gelatinization temperature, higher solubility, swelling capacity and solvent retention capacity, an increase in 
the apparent viscosity and consistency coefficient, a decrease in the flow behavior index, and an improvement in 
foam ability. The extrusion process improves the functional properties of SDF from oat bran (Zhang , 2011). 
 
Reduction of lipid oxidation 
 Metal chelating activity, reducing power, DPPH assay and total antioxidant activity are most commonly used for 
the evaluation of antioxidant activities (Sharma , 2011). In a study conducted by P. Sharma et al in 2012, the metal 
chelating activity was increased significantly upon extrusion cooking in all the cultivars tested as compared to their 
corresponding control samples. The increase in the metal chelating activity may be as a consequence of the 
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formation of novel compounds such as melanoidins during thermal processing. Mailard reaction products are found 
to have strong antioxidant properties comparable to those of commonly used food antioxidants (Liu , 2013). The 
overall antioxidant properties of the food products may remain the same or even be enhanced by the development 
of Mailard reaction products, even though the concentration of natural antioxidants like phenolic compounds were 
significantly reduced as a consequence of the thermal treatments (Nicoli , 1977). The extrusion cooking showed a 
significant decrease in reducing power (Sharma , 2012).  A similar decrease in reducing power has been reported 
by other authors upon thermal processing in different cereals (Xu and  Chang., 2010). In summary, Extrusion cooking 
exhibited a significant effect on the antioxidant properties of barley extrudates. Reducing power decreased upon 
extrusion while metal chelating activity and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity 
increased significantly (Sharma , 2012).  
 
Reduction of contaminating microorganisms 
 Destruction of microorganisms during extrusion cooking is advantageous in foods. There has been little research 
on the destruction of bacterial spores during extrusion cooking. In 1990, a study by T.A. Likimani and J.N. Sofos 
were performed. The results of their study indicated that extrusion processing at low barrel temperatures (i.e., 80/100 
° C) resulted in injury to spores of B. globigii. Extrusion at the higher barrel temperatures in zone 2 i.e. 120 and 140 
°C resulted in extensive spore destruction (Likimani and  Sofos., 1990). Two related studies examined destructionof 
liquid or freeze-dried spore suspensions of Bacillus stearothermophilus during extrusion processing of a starch-
protein-sucrose biscuit mix with a twin screw extruder (Bouveresse., 1982). Their results indicated major reduction 
(105-108 ) in spore numbers during extrusion at high temperatures (150-180 ° C). 
 
Conclusions 
 Extrusion cooking is one of the most important food processing technologies which has been used for the 
production of breakfast cereals, ready to eat snack foods, and other textured foods. Effects of extrusion cooking on 
nutritional quality are ambiguous.In conclusion, this technology because of its beneficial effects such as destruction 
of antinutritional factors, increased soluble dietary fibres, reduction of lipid oxidation and contaminating 
microorganisms (as described above) plays an important role in the production of a wide variety of foods and 
ingredients. 
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