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Rheological properties of extrusion-cooked starch suspensions
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Summary. The influence of extrusion-cooking process
parameters on the apparent viscosity of the extrusion-cooked
starch suspensions was investigated. Baro-thermal treatment
parameters showed changes in apparent viscosity of the ob-
tained suspensions. The moisture content of the raw material
and process temperature had the most strongly influence, much
lesser impact was exerted by the extruder’s screw speed. Ap-
parent viscosity of extrusion-cooked starch suspensions varied
within the range: (338-2504) mPaxs for potato starch, (481-
3347) mPaxs for corn starch and (1419-3441) mPaxs for wheat
starch.
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INTRODUCTION

Native starch has different industrial applications,
however, due to many disadvantages (e.g. insolubility in
cold water), it’s limited. Disadvantages of native starch can
be reduced or even eliminated, through its modification by
various methods. The simplest method of physical modifi-
cation of starch is thermal or pressure-thermal treatment.
As aresult of heating the grain structure is destroyed and
there is a partial starch gelatinization. During this process
hydrogen bonds, that stabilize the tertiary and quaternary
conformational structure of macromolecules, are dis-
rupted [20]. Various forms of drying, extrusion or high
pressure treatment are used for this purpose [2, 6, 21, 22].

Extrusion-cooking technique, widely used in food
processing, comes from a well-known in the plastics ex-
trusion techniques for thermoplastic materials. In general
terms, extrusion-cooking of the raw material of plant
origin is the extrusion of bulk material under high pres-
sure and high temperature. This causes the significant
changes in physical and chemical quality of the processed
material. During pressure-thermal treatment, material is
mixed, compacted, compressed, liquefied and plasticity
in the end zone of the extruder. Extrusion pressure can

reach up to 20 MPa and temperature of the slurry to
200°C. The scope of physical and chemical changes in
processed raw materials depends mainly on the assumed
parameters of the extrusion-cooking process and the
construction of the extruder. Currently, various types of
food fancy goods such as crisps, snacks, meat analogs,
as well as pet food and aquafeed or thermoplastic starch
are produced using that technique [12, 14, 15, 17].

Extrusion-cooking technique allows for the obtain-
ment of pressure-thermally modified starches with dif-
ferent physical and chemical properties. Properties of the
obtained modified starches can be created (within certain
limits) depending on the process parameters used. The
extrusion-cooker can be treated as a bioreactor. Such
pressure-thermal process allows for the obtainment of
modified starches with a wide range of degree of gelati-
nization, with different water absorption and solubility
and the different rheological properties of starch pastes.
These products may find wide application in food industry
as food additives, very often by replacing chemically
modified starchy products. Extrusion-cooked starch may
find its use as a component of food products in the manu-
facture of instant products, different kinds of fillings in
the confectionery industry, as a gelling agent, structure
stabilizer and water- or fat-absorbent fillers. That may be
very attractive from the consumer point of view. Applica-
tion extrusion-cooking is a relatively cheap alternative
in the production of modified starches.

Physical and chemical modifications of starch have
an influence on the changes of rheological properties of
starch suspensions. There are many methods of testing
the food rheological properties [3, 7]. Apparent viscosity
of the starch suspensions and pastes can be studied dur-
ing the process of gelatinization [1, 5, 8, 18]. Most often
viscosity of suspensions of native and modified starch
is tested after heating process in order to gelatinization
of starch [4, 13, 16, 19].
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The objective of this research was to determine the
effect of extrusion-cooking process parameters on the ap-
parent viscosity of extruded starch suspensions prepared
in room temperature.

MATERIALS AND METHODS

The basic raw material for investigations was: the
commercial corn starch Meritena 100 type produced by
T&L (Slovakia), wheat starch Meritena 200 type produced
by SYRAL BELGIUM N.V. (Belgium) and potato starch
Superior type produced by “PEPEES” S.A. in Lomza
(Poland). During the extrusion-cooking process the 4
levels of moisture content of raw material (17, 20, 25
and 30%) were used. In order to obtain expected mois-
ture content, starch was mixed with sufficient amount of
water and stored for 24h in air tight polyethylene bags
at room temperature to make whole sample material
homogeneous.

Extrusion-cooking of potato starch was carried out
using a modified single screw extrusion-cooker TS-45
(Polish design) with L/D = 16. The die with one opening
with a diameter of 3 mm was used. During the study
three temperature of extrusion process (100, 120 and
140°C) and a variable speed screw (60, 80, 100, 120
rpm) were used.

The suspensions (10% w/w dry mass basis) of ground-
ed extrudates with distilled water were prepared by con-
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tinuous stirring for 10 minutes, than apparent viscosity
was measured using a Zwick testing machine BDO-FB
0,5 TH type, equipped with a back extrusion chamber
60 mm height and internal diameter of 50mm. A piston
of 46 mm diameter and 20 mm height was used during
measurements. The measurement cycle was 60 mm, test
speed 100 mm/min, a slit width - 2 mm. The data was
subjected to analysis of variance (ANOVA) by Duncan’s
test (o = 0.05) using SAS 9.1 software

RESULTS

All native starches formed a unstable suspensions.
Viscosity measurements of these suspensions were diffi-
cult because of starch sedimentation. Apparent viscosity of
aqueous suspensions of native starches was about 3 mPas.

Extruded cereals starches formed opaque suspen-
sions, while potato starch extrudates formed a transparent
and translucent suspension. The suspensions obtained
from starch contained 30% of moisture characterized
ability to stratification. This was probably due to insuf-
ficient degree of fragmentation of the extrudates (Fig. 1).

Extruded wheat starch formed aqueous suspensions
with a high apparent viscosity in the range from 1419 to
3441 mPas after 10 minutes of mixing. Extruded corn
starch formed aqueous suspensions with a moderately
high apparent viscosity in the range from 481 to 3347
mPas after 10 minutes of mixing. Extruded potato starch
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Fig. 1. Example of test results for corn starch extruded at 100°C with screw speed of 60 rpm; moisture content 17 and 30%,

respectively
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formed aqueous suspensions with a relatively low apparent
viscosity in the range (338-2504) mPas after 10 minutes
of mixing. Statistical analysis revealed significant effects
of the raw material moisture content and screw speed on

the apparent viscosity of extruded starch suspensions
(tab.1).

Table 1. The results of measurements of the apparent
viscosity of aqueous suspensions of wheat starch extruded
at 140°C (the same letter in the row means no significant
differences, the level of significance a = 0,05)

Moisture Apparent viscosity [mPaxs]

content before

extrusion [%] |60 [rpm] |80 [rpm] | 100 [rpm] | 120 [rpm]
17 33842 33432 34417 3068°
20 2799° 3563¢ 3410° 3657
25 2026¢ 3029* 2417° 2734*®
30 2484° 3079° 2537° 2100¢
[S:;::]V speed | 470, 20% 25% 30%
60 3384¢ 2799° 2026° 2484°
80 33432 3563® 3029¢ 3079
100 34412 3410° 2417° 2537°
120 3068° 3657 2734¢ 21004
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The suspensions obtained from wheat starch ex-
truded at higher screw speeds had a higher viscosity.
The extrudates of wheat starch with higher moisture
content formed suspensions with lower viscosity. The
viscosity of the suspensions obtained from extruded
wheat starch increased with increase of the extrusion
temperature.

In a case of suspensions obtained from extruded
corn starch it was found that an increase in moisture
content of the processed material causes an increase in
suspensions viscosity (fig. 2). The statistical analysis re-
vealed insignificant effect of the extrusion-cooker screw
speed on the apparent viscosity of extruded corn starch
suspensions.

Potato starch extrudates produced at the higher screw
speed formed the suspensions with lower viscosity. In-
crease in moisture content of the processed potato starch
had a positive effect on the viscosity of the formed sus-
pensions.

The extrusion-cooking process has great impact
on physical and chemical properties of the processed
starch, especially on its water absorption (WAI) and the
solubility in cold water (WSI) [9, 10, 11]. Researches
revealed that changes in WAI and WSI influenced on
the apparent viscosity of the extruded starch suspensions
(fig. 3).
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Fig. 2. Influence of the process parameters on the apparent viscosity of the corn starch-water suspensions for starch extruded at

120°C
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Fig. 3. Influence of WAI and WSI on the apparent viscosity of the extruded wheat starch suspensions

During the measurements was found that increase in
starch water absorption involves an increase of viscosity
of starch suspensions. This effect was observed for all
types of the extruded samples. Increase of starch solubil-
ity in a cold water decreased viscosity of starch suspen-
sions. Only for wheat starch increase of the suspensions
viscosity with WSI increase was observed.

CONCLUSIONS

Extrusion-cooking process parameters determined
the apparent viscosity of the extruded starch suspensions.
The strongest effect was observed with the moisture
content of starch before extrusion-cooking; the process
temperature and the extruder screw speed were less af-
fected. Probably this is due to the course of the starch ge-
latinization and degradation process and, in consequence,
with the WAI changes and the solubility in cold water.

Extruded wheat starch formed aqueous suspensions
with a high apparent viscosity in the range (1419-3441)
mPas after 10 minutes of mixing. Extruded corn starch
formed aqueous suspensions with a moderately high
apparent viscosity in the range (481-3347) mPas after 10
minutes of mixing. Extruded potato starch formed aque-
ous suspensions with a relatively low apparent viscosity in
the range of (338-2504) mPas, after 10 minutes of mixing.
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WEASCIWOSCI REOLOGICZNE ZAWIESIN
SKROBI EKSTRUDOWANYCH

Streszczenie. W trakcie badan okreslano wplyw para-
metrow procesu ekstruzji na zmiany lepkosci pozornej zawiesin
skrobi ekstrudowanych. Parametry obrébki ci$nieniowo-ter-
micznej mialy duzy wptyw na zmiany lepkos$ci pozornej zawie-
sin ekstrudowanych skrobi. Najmocniej na lepkos¢ oddziatywa-
ta wilgotnos¢ surowca i temperatura procesu, predkosé slimaka
ekstrudera miata mniejszy wplyw. Lepkos¢ pozorna zawiesin
ekstrudowanej skrobi zmieniata si¢ w granicach: (338-2504)
mPaxs dla skrobi ziemniaczanej, (481-3347) mPaxs dla skrobi
kukurydzianej i (1419-3441) mPaxs dla skrobi pszenne;j.

Stowa kluczowe: skrobia, ekstruzja, lepko$¢ pozorna,
reologia.



