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Energy consumption during corn starch extrusion-cooking
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Summary. This paper presents the results of energy consump-
tion measurements during extrusion-cooking of corn starch. The
extrusion-cooking process was performed using a single screw
extruder with L/D = 16 at variable screw speed ranging from 60
to 120 rpm. Native corn starch of varying humidity was used as
the raw material. Changes in energy consumption depending on
the moisture content, processing temperature, screw speed were
measured during testing. Higher screw rpm increased specific
mechanical energy. Corn starch with higher moisture content
caused a decrease in energy consumption during the extru-
sion-cooking process. Processing temperature had no important
effect on SME changes.
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INTRODUCTION

Extrusion-cooking technology is now one of the mod-
ernest grain processing technologies [1, 2, 9]. Currently,
extrusion-cooking as a method is used for the manufacture
of many food, feed and agrochemical products, ranging from
the thermoplastic starch to pasta and aqua feed [10, 12, 13].
Wheat, corn and rice belong to one of the most often applied
raw materials in the extrusion-cooking [3, 6].

Native starch has different industrial applications, how-
ever, due to many disadvantages (e.g. insolubility in cold
water), its use is limited. Disadvantages of native starch can
be reduced or even eliminated through its modification by
various methods. The simplest method of physical modi-
fication of starch is thermal or pressure-thermal treatment.
Humidity, temperature, pressure and mechanical shear
— under the influence of these factors starch and protein
components are plasticized and cooked during the extru-
sion-cooking, followed by rapid evaporation of the water
when extrudates are leaving machine. This leads to further
changes in the physical properties of the obtained products.
Extrudates can be finished or semi-finished products and

are characterized by new, chemical and dietary physical
properties [8, 13].

The properties of the extrudates may be affected by many
factors related to selecting various parameters of the extru-
sion-cooking process [5, 7, 14]. These include raw material
processing time in the extruder, the intensity of shear stress
during extrusion-cooking and the amount of energy supplied
to the device [15, 16].

During extrusion-cooking, the primary source of thermal
energy is the energy caused by friction forces and therefore
derived from the conversion of mechanical energy into heat
energy in the processed material. The process, despite popu-
lar opinions, is associated with a relatively low expenditure
of energy [11]. The single screw extruder-cooker requires
energy input in the range of 0.1 to 0.2 kWh (excluding en-
ergy required to prepare the raw material).

MATERIALS AND METHODS

Corn starch Meritena 100 type produced by T&L (Slova-
kia) was used. During our investigations the 4 levels of mois-
ture content of raw material (17, 20, 25 and 30%) were used by
mixing with sufficient amount of water. The obtained samples
were stored for 24h in air tight polyethylene bags at room
temperature to make the 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 of 3 mm
diameter was used. Processing was carried at different tem-
peratures (100, 120 and 140 °C) and a variable speed of the
screw (60, 80, 100, 120 rpm).

The extruder output was measured as a mass of the ex-
trudate produced during 10 minutes; measurements were
performed in 6 replications.

Power consumption measurement was performed with
a standard method using wattmeter connected to the extruder
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electric panel [4, 5, 7, 10]. The obtained results were convert-
ed to an index of specific mechanical energy consumption

(SME) after the following formula:
P-O

n-

SME =

[kWhkg'],

m
where:
n — screw rotations [min™'],
n_— maximal screw rotations [min™'],
P — power [kW],
O — engine loading [%],
Q — extruder output [kgh].

RESULTS

Extrusion-cooking of the corn starch was characterised by
good efficiency, ranging between 10.8 kgh! and 26.6 kgh'!,
depending on the applied process parameters. Changes in
the extruder output depended mainly on the screw speed and
starch moisture content, less on the process temperature.

Measurements have shown that the increase of the screw
speed increased the efficiency of the extrusion-cooking
(Fig. 1). This effect was observed in the whole range of
applied temperatures.
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Fig. 1. Changes in the process output during corn starch extru-
sion-cooking at 100 °C

The extrusion-cooking of the corn starch with 17% of
moisture content was hampered, especially at temperature
of 140 °C. It was manifested by uneven flow of the material
through the extrusion-cooker. During processing at all used
temperatures, an increase of the process efficiency with
increase of starch moisture content was observed.

Generally, extrusion-cooking of the corn starch was
characterised by low energy consumption (SME) within
a range 0,08-0,29 kWhkg' (288-1044 kJkg™'). Changes in
SME depended mainly on the extruder screw speed and
starch moisture content, less on process temperature.
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A significant impact of the screw speed on the SME
changes during corn starch processing was observed. The
screw rotational speed increase caused a rise in mechanical

energy consumption, independently of the process temper-
ature (Fig. 2 and 3).
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Fig. 2. SME changes during corn starch extrusion-cooking at
120°C

At a higher temperature, the influence of moisture con-
tent in the raw material on the process energy consumption
was inconclusive. During the extrusion-cooking at 120
and 140 °C conducted with low screw speed range (60 and
80 rpm), the influence of moisture content on SME was neu-
tral. The increase of energy consumption with raw material
moisture content growth was only observed for a high screw
speed range (100-120rpm).
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Fig. 3. SME changes during corn starch extrusion-cooking at
140°C
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Generally, it can be stated that the temperature of extru-
sion-cooking had no significant effect on the energy con-
sumption changes.

CONCLUSIONS

Extrusion-cooking of corn starch is characterized by rela-
tively low specific mechanical energy consumption, ranging
from 288 to 1044 kJkg™' (0,08-0,29 kWhkg™). A significant
impact on the SME was exerted by the screw speed and
moisture content of the raw material. The process tempera-
ture had a neutral impact on energy consumption changes.

REFERENCES

1. Borowy T., Kubiak M. S. 2008. Opakowania biodegra-
dowalne alternatywa dla opakowan z tworzyw sztucz-
nych. Gospodarka Migsna, 5, 18-20.

2. Ekielski A., Majewski Z., Zelazifiski T. 2008. Wptyw
sktadu mieszanki na ggstosé i rozpuszczalno$¢ ekstruda-
tu kukurydziano-gryczanego. Inzynieria Rolnicza, Nr 1
(99), 93-97

3. Frame N.D. (edit.). 1994. Technology of extrusion
cooking. Chapman & Hall, New York. 73-79.

4. Janssen L.P.B.M, Moscicki L. (ed.). 2009. Thermo-
plastic Starch. WILEY-VCH Verlag & Co.KGaA, Wein-
heim, Germany.

5. Janssen L.P.B.M, MoScicki L., Mitrus M. 2002. Ener-
gy aspects in food extrusion. International Agrophysics,
16, 191-195.

6. Jurga R. 1985. Przetworstwo zbdz. Czesé 3. Wydaw-
nictwa Szkolne i Pedagogiczne. Warszawa.

7. Levin L. 1997. More on extruder balance. Cereals Foods
Worlds, 42, 22.

8. Mercier C., Linko P, Harper J.M. 1998. Extrusion
Cooking. AACC, Minnesota, USA, ISBN 913250678.

9. Mitrus M., Woéjtowicz A., Oniszczuk T., Moscicki
L. 2012. Rheological properties of extrusion-cooked
starch suspension. Teka Commision of Motorization
and Energetics in Agriculture, Vol. 12, No. 1, 143-147.

10. Moscicki L. (ed.). 2011. Extrusion-Cooking Techniques.
WILEY-VCH Verlag & Co.KGaA, Weinheim, Germany.

11. Moscicki L. 2002. Engineering and energy aspects of
baro-thermal processing in feed industry. Teka Com-
mision of Motorization and Energetics in Agriculture,
Vol. 11, 129-135.

12. MoScicki L., Mitrus M., Wéjtowicz A. 2007. Technika
ekstruzji w przemysle rolno-spozywczym. Warszawa,
PWRIL, ISBN 9788309010272.

13. Oniszczuk T., MoScicki L. 2009. Physical properties
and energy consumption of the manufacture of extru-
sion-cooked carp feed enriched with Echinacea. Teka
Commision of Motorization and Energetics in Agricul-
ture, Vol. IX, 181-191.

14. Wajtowicz A. 2012. Influence of process conditions
on selected texture properties of precooked buckwheat
pasta. Teka Commision of Motorization and Energetics
in Agriculture, Vol. 12, No. 1, 315-322.

15. Wéjtowicz A., Kolasa A., MoScicki L. 2013. The in-
fluence of buckwheat addition on physical properties,
texture and sensory of extruded corn snacks. Pol. J. Food
Nutr. Sci., Vol. 63, No. 1.

16. Wojtowicz A., MoScicki L., Mitrus M., Oniszczuk T.
2010. Wplyw konfiguracji uktadu plastyfikujacego na
wybrane cechy ekstrudowanych makaronow petnoziar-
nistych. Inzynieria Rolnicza, Nr 4 (122), 291-297

ENERGOCHEONNOSC PROCESU EKSTRUZII
SKROBII KUKURYDZIANE]J

Streszczenie. W pracy przedstawiono wyniki pomiaréw ener-
gochtonnosci procesu ekstruzji skrobi kukurydzianej. Proces
ekstruzji przeprowadzono na ekstruderze jednoslimakowym
o L/D=16 przy zmiennych obrotach $limaka w zakresie 60
— 120 obrxmin-1. W badaniach zastosowano skrobi¢ kukury-
dziana o zréznicowanej wilgotnosci. W trakcie prowadzonych
badan odnotowano zmiany energochlonnosci procesu ekstruzji
w zaleznos$ci od wilgotnosci surowca, obrotow $limaka ek-
strudera i temperatury obrobki. Wzrost predkosci obrotowej
$limaka ekstrudera przyczyniat si¢ do wzrostu energochton-
nos¢ procesu ekstruzji. Zastosowanie skrobi kukurydzianej
o wyzszej wilgotno$ci skutkowato obnizeniem energochton-
nosci procesu ekstruzji. Temperatura procesu nie miata istot-
nego wptywu na zmiany SME podczas przetwarzania skrobi
kukurydziane;j.

Slowa kluczowe: ekstruzja, skrobia kukurydziana, energo-
chtonnosé¢.






