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Abstract: Rheological properties of two instant powders for childrens (drum drying 

products Alnatura oat mash and Nestle semolina) compared with two extruded starchy 

products (wheat flour and corn starch) for general use were analysed. The measurements 

were realised using plate-plate geometry and flow curves and viscosity were obtained. The 

procedure for the rheological analysis was established. The curves obtained showed that all 

four analysed products behave as pseudoplastic fluids. The rheograms illustrate that extruded 

products, as well as the drum dried ones show unreal thixotropy. 
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INTRODUCTION 

 

The transformation of a product into an instant powder means an 

instantisation process, involving different methods, like drum drying, spray 

drying, lyophilisation, and extrusion. The reconstituting properties of an 

instant product improve, so that it disperses or dissolves quickly when added 

to a liquid (Schubert, 1990). Examples of such instant products include 

chocolate drink, coffee whitener, infant formula, non-fat dry milk, and 

protein drinks. 

Extrusion cooking technology is being used for the production of several 

instant cereal products, including cereals for feeding small children. The 
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utility of extrusion technology as an instantisation process has been proved 

beyond any doubt. Extrusion technology not only provides an economical 

investment for production of instant cereals, but also enables their production 

to be carried out in a continuous process while ensuring high retention of 

nutritional values and excellent microbiological characteristics of these 

products (Cisneros, 2002).  

Extrusion is a process by which the raw material, formed basically by starch, 

is subjected to structural modifications. Starch is a biopolymer essentially 

composed of two types of macromolecules: amylopectin and amylose. 

Amylopectin is highly branched and has large macromolecules that reach 

molecular weight as large as 10
7
-10

9
 g/mol, depending on its botanic origin. 

Amylose is mainly a linear macromolecule of which the degree of 

polymerization generally lies from 300 to 10
4
 g/mol depending on plant 

species (Brouillet Fourmann, 2003). 

In extruder first the starch granule is disrupted and fragmented, due to the 

shear action, and there a loss of organization starting in the amorphous 

regions occurs. As shearing proceeds, break up between the crystalline 

lamellae occurs. This type of fracture also implies that the amylopectin 

molecules themselves are broken facilitating crystallite breakdown (Van der 

Einde et al., 2005). The disadvantage of this process consists in a higher 

mechanical shear which could damage the molecular structure of starch, 

reduce the cold paste viscosity and the water absorption (Thymi et al., 2005). 

The second process in extruder is gelation. This process for starch has been 

described as occurring by way of two possible mechanisms: 

1. A thermodynamic process of phase separation followed by 

development of cristallinity. 

2. Non-covalent interactions, e.g., hydrogen bonding that initiate gel 

formation followed by aggregation (Eliasson, 2004). 

For producing extruded products with high quality, it is very important to 

control all the parameters in extruder and to know the properties of the raw 

material (Chang et al, 1998). The initial moisture, high shear, mass 

temperature and pressure applied during extrusion make possible thermo-

mechanically modifications in starch for a variety of products. Process 

parameters like different ingredients, screw speed, throughput, screw 

configuration, affect the viscous dissipation of the materials during extrusion, 

which ultimately affect extruder torque, specific energy, product temperature, 

expansion and shape of extrudates (Chang and El-Dash, 2003). 
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Rheology provides an effective method for characterising changes in the 

material during extrusion and may indicate time, temperature, and shear 

history effects. 

The objective of this research project was to study the rheological properties 

of starch based baby food produced by extrusion and drum drying. In order to 

realise this goal, a new rheometrical method for determining the cold paste 

viscosity of new instant products obtained through extrusion was developed 

and optimized.  

 

MATERIALS AND METHODS 
 

Materials 

 

Pre-investigations were made pursuing the determination of an optimal 

consistency for performing the measurements. Initially used concentration 

was 10 %, these being the prescribed concentration for end-consumer. The 

experiments carried out guide to 13 % (w/w).  

The measurements were realised for four types of instant products. Two of 

them are drum drying traditional products (Nestle Baby Grieß and Alnatura 

Hafer Brei), while the others two are extruded products (wheat flour and corn 

starch). Samples were prepared accordingly to the following steps:  

1. extruded products were grinding using a mill; 

2. water was temperate at 30 °C; 

3. slow addition of starch powder to the water during stirring with an 

magnetic agitator. 

It is difficult to mix extruded products with water because starch is insoluble 

in water. For a homogeneous sample it was necessary to use a magnetic 

agitator.  

Rheometer RS 150 from ‘Thermo Electron (Haake)’ was used and the used 

geometry was: Parallel plates P35, gap 1 mm, A = 118800, M = 17.500 

 

Methods 

 

The measurements were performed using a plate-plate system. 

Rotational measurements were performed with parallel plate system for all 

products.  

Samples were analyzed immediately after preparation, after 15 and after 30 

minutes, without mixing. A bidirectional shear rate ramp (up 5 min and 

down 5 min) was performed for obtaining a hysteresis curve. For rheological 
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measurements, it is very important to contain a time-dependent element to 

evaluate the thixotropy and pseudoplasticity of instant products. For 

diminishing the errors, each measurement was made three times. Parameters 

were:  

Distribution  CR linear;  

Frequency  1Hz;  

Shear rate  1-15 (1/s);  

Temperature  30 °C 

 

RESULTS AND DISCUSSIONS  

 

The level of starch degradation in extrusion process can be found using 

rheometry, more exactly finding viscosity. Most rheological tests involve 

applying a force to a material and measuring its flow or change in shape. 

Many of the textural properties that human beings perceive when they 

consume foods are largely rheological in nature, e.g., creaminess, juiciness, 

smoothness, brittleness, tenderness, hardness, etc. (Steffe, 1996). Some 

studies indicate that viscosity evaluation in the mouth is based on the foods 

flow characteristics in the narrow channel formed by the tongues surface and 

the hard palate (Sherman, 1977).  

Rheological characterization of an instant product requires the investigation 

of the flow curve, time dependence of flow properties and visco-elastic 

behaviour. Fluids are described as Newtonian or non-Newtonian depending 

on their response to shearing. Shear stress of a Newtonian fluid is 

proportional to the shear rate (Steffe, 1996). 

For these measurements the sample was kept still, at room temperature, for a 

period of time, named ‘holding time’.  

The effects of holding time and decrease of temperature on the products 

structure were determined. Flow and viscosity curves were analysed. 

 

Rheological analysis of drum drying products Alnatura oat mash and 

Nestle semolina  

 

As Figure 1 shows, at a small shear rate the shear stress increases with 

holding time; for upper values shear stress decreases. The flow curve of the 

immediately measurement has a different behaviour from the flow curves 

after a holding time. An explanation for this behaviour could not be found. 

This measurement could be seen as an outlier. However, the internal 
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structure is influenced by the shear rate. At high shear rates internal structure 

of the product becomes labile.  
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Figure 1. Flow curve for Alnatura oat mash 

 

So it can be determined that Alnatura oat mash has a pseudoplastic behaviour 

with a flow limit. 
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Figure 2. Flow curve for Nestle semolina 
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As shown in Figure 2 holding time and smaller changes of temperature do 

not really affect the structure of Nestle semolina. Only after 30 minutes and 

4°C a difference from the initial temperature a slight increase in shear stress 

is observed.  

Conclusions about structural changes owned to holding time could not be 

drawn, due to the normal deviation of rheological measurements which have 

the same magnitude as the slight increase of shear stress after different 

holding time. 

 

Figure 3 illustrates the viscosity measurements of the Alnatura oat mash and 

it can be observed, that no significant alteration depending on the holding 

time takes place, comparable to the corresponding flow curves. Also there is 

no outlier in the viscosity. 
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Figure 3. Viscosity curve for Alnatura oat mash 

 

As shown in Figure 4, no significant changes occur in time in the viscosity of 

drum drying products. The difference between Figure 3 and Figure 4 is due 

to the fact that Alnatura flakes absorb water faster than Nestle semolina. At 

the same concentration Alnatura has a much higher viscosity than Nestle. A 

lower viscosity is undesirable for instant baby-food.  
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Figure 4. Viscosity curve for Nestle semolina 

 

Rheological analysis of extruded products (starch and wheat flour) 

 

As seen in Figure 5, the shear stress of extruded starch paste increases with 

holding time and with decreasing of temperature, owing to the fact that starch 

granules are swelling and forming a paste. 

 

0

5

10

15

20

25

30

35

1 3 5 7 9 11 13 15

Shear rate, 1/s

S
h
e
a
r-

s
tr

e
s
s
, 

P
a

immediately, 30°C
after 15 min, 28°C
after 30 min, 26°C

 
Figure 5. Flow curves for extruded maize starch 
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Figure 6. Flow curves for extruded wheat flour 

 

As observed in figure 6, the shear stress of wheat flour decreases along the 

decrease of temperature. This behaviour can be due to the protein and lipids 

existing in wheat flour (gluten). Lipids have an emulsifying roll in this 

system (Eliasson, 2004). 
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Figure 7. Viscosity curve for extruded maize starch 
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The viscosity of the extruded maize starch increases in time, as seen in 

Figure 7. The "up" and "down" curves do not coincide. This "hysteresis loop" 

is caused by the decrease in the viscosity of the fluid, with increasing time of 

shearing, so maize starch exhibits thyxotropic behaviour. 
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Figure 8. Viscosity curve for extruded wheat flour 

 

Figure 8 illustrates a reduction in viscosity of wheat flour due to a temporary 

breaking down of internal structure under shear; wheat flour exhibits 

thixotropic behaviour. The thixotropic behaviour of starch could be 

explained by the progressive orientation of molecules in the direction of flow 

and the rupture of amylose - amylopectin - water formed structure (Eliasson, 

2004). 

Figure 7 and 8 show a great difference between the viscosity curves of the 

two products. With holding time extruded starch viscosity increases while 

the viscosity of wheat flour decreases. 

 

CONCLUSIONS 

 

During the extrusion starch is primarily degraded by the mechanical energy 

(shear forces) but also because of the high temperature and pressure. The 

characteristics of raw materials and the parameters applied in the process of 

extrusion have a significant influence on the quality of the final product. 
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A direct correlation exists between molecular degradation and the viscosity 

of the plasticized starch so rhelogical measurements are appropriate for 

determining the needed specific mechanical energy in extruder.  

The flow curves prove that all four instant products behave as pseudoplastic 

fluids. The rheograms illustrate that extruded products, as well as the drum 

dried ones show unreal thixotropy. 

For characterizing instant products, rheological measurements must be 

correlated with others experiments (for example, HPLC and NMR). 
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