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Summary. The aim of this paper is to present the results
of the efficiency process and SME measurements during the
extrusion-cooking of thermoplastic potato starch enriched with
flax fibers, cellulose and ground bark.A modified single screw
extrusion-cooker TS-45 with L/D = 18 and with an additional
barrel cooling section was used in the experiments. The effect
of the screw speed and the quantity and type of natural fillers
added to the blends containing 20% of glycerol as plasticizer
on the efficiency of the baro-thermal processing as well as en-
ergy consumption was the main concept of the investigation.
It was proved that the increase of screw speed influences on
higher process efficiency and SME values irrespective the type
and amount of fillers, whereas additive level in the recipes had
a slight effect on the tested characteristics.
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INTRODUCTION

Thermoplastic starch (TPS) based products are fully
degradable and are successfully used in agricultural,
horticultural and food sector for packaging of dry foods
[3, 22, 23]. The production of TPS-based products is pos-
sible with commonly known machinery and equipment
used by plastic manufacturers and these products may be
complementary to alternative plastics, however they do
not have a wide application because of the utility of certain
defects [12, 23]. In recent years large-scale studies aimed
the increased share of starch in high quality starch-plastic
composites. The main reasons for such modifications are
environmental regulations of EU requirements for the
improvement of recyclable or biodegradable packaging
materials. Most of plastic wastes are resistant to degrada-
tion, due to the content of polymers which remain in the
environment for a long time. TPS may be an effective
additive which accelerates the degradation process by
shortening polymer chains and reducing decomposition
time [4, 13]. The issue of using starch of different origins

(mostly maize, wheat, potato, tapioca) for the production
of TPS biodegradable packaging materials is discussed
in numerous scientific papers. Unfortunately, mechani-
cal properties of TPS-based materials are weaker than
conventional plastics. In order to improve their physical
properties or material strength as well as the elastic-
ity of the obtained products, various fillers should be
added to raw material blends in the amount ranging
from 1 to even 50%, according to the type of additives
used. Flax, hemp, jute, coir, cotton fibers and wastes
from wood industry seem to be most commonly applied
materials.

Due to the new trends in biopolymers, the investiga-
tions of TPS processing for packaging materials using
different types of starches and additives [1, 2, 5, 15] were
carried out at the Department of Food Process Engineer-
ing, University of Life Sciences in Lublin.

The aim of this work was to investigate the influence
of process conditions and different fillers (i.e. flax fibers,
cellulose and ground bark addition) on extrusion-cooking
efficiency and SME of thermoplastic potato starch.

MATERIALS AND METHODS

Potato starch produced by AVEBE b.v. (NL), mixed
with 20% of glycerol of 99% purity produced by Odczyn-
niki Chemiczne — Lublin (PL) was used as the basic raw
material. The additives: cellulose fibers vivapur type 102
of JRS GmbH (D), flax fibers and ground bark (Polish
rural producers) were applied in the amount ranging from
10% to 30%. Potato starch (16% of the moisture content)
and the additives were mixed in laboratory ribbon mixer
for 20 minutes. Next, the blends of different compositions
were stored for 24 hours in plastic bags before tests [9].
The share of fibers for the prepared blends was 10%, 20%
and 30% of the sample mass. The prepared samples were
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again mixed for 10 minutes, prior to extrusion, which
guaranteed getting loose structure of the compounds.

The study was performed using a modified single
screw extrusion-cooker type TS 45 (Polish design) with
L/D=18/1, equipped with an additional cooling section of
the barrel and a forming die with a 3mm hole diameter.
Granulates were produced using the extruder screw speed
of 60 rpm, 80 rpm and 100 rpm. Extrusion-cooking proc-
ess temperature was set in the range of 60°C - 110°C and
maintained appropriately, adjusting the intensity of the
flow of cooling liquid. The processing temperature was
measured by thermocouples installed along the barrel;
the results were recorded. Rotational speed of the screw
was monitored using an electronic tachometer DM-223AR
Wireless [9, 19, 20, 21].

The efficiency of TPS extrusion-cooking process
according tothe screw speed and the addition of differ-
ent types of fibers applied wasevaluated by setting the
weight of TPS pellets obtained at a given time for all the
mixtures according to following formula [17, 18]:

Q= %[kgh*], (1)

where:

Q - process efficiency,

m — sample mass obtained during the measurement
[kel,

t - measurement time [h].

Power measurement was performed using a standard
wattmeter connected to the motor unit of the extruder.
After consideration the motor load, screw speed and
process efficiency the specific mechanical energy index
(SME) according to the formula given in literature [2,
6,7, 8,9, 11, 14, 16] was evaluated:

N-O-P

SME =—"""__
N, -100-Q

[kWh kg '], ¢))
where:

N - screw speed [min],

N, - the maximum screw speed [min],

P - power [kW],

O - motor load [%],

Q —process efficiency [kgh].

The measurements were made in six repetitions for
each series of tests. Correlation coefficients were deter-
mined according to the influence of screw speed and the
amount of fillers on efficiency process and SME values.
Trend lines and regression equations were designated.

RESULTS

The efficiency of TPS extrusion-cooking process was
directly correlatedwith the screw speed; the higher the
screw speed applied, the higher the efficiency process was
obtained, with correlation coefficients ranging from 0.99
for samples without the additive to 0.93 with addition of
30% cellulose fibers. The increasing content of cellulose
fibers in the formulations for the sample processed at 60
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rpm caused a slight increase of efficiency process (cor.
coefficientof 0.82).The opposite tendencies to lower the
efficiency with the increased level of cellulose fibers were
observed for the screw speed of 80 and 100 rpm (-0.86
and -0.82, respectively). The highest process efficiency of
37.4 kgh'was determined during the extrusion of potato
TPS pellets contained 10% of cellulose fibers processed at
the highest screw speed of 100 rpm (Fig. 1). The lowest
efficiency (23.3 kgh') was observed for blends without
and with the content of 10% of cellulose fibers, processed
at 60 rpm screw speed.
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Fig. 1. Effect of screw speed and cellulose fibers content on the
efficiency process of potato TPS pellets
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Fig. 2. The influence of the screw speed and flax fibers content
on the efficiency of the extrusion-cooking of potato thermo-
plastic pellets

The results of process efficiency for blends with flax
fibers are presented in Fig. 2. A bit similar effect was
observed for samples with addition of flax fibers. The
efficiency of process increased when increasing screw
speed was applied (cor. coefficients ranging from 0.86
at 30% of flax fibers to 0.99 without the additive).The
lowest efficiency of extruded blends was registered for
the samples with the content of 10% of flax fibers.

The application of ground bark to all kinds of mix-
tures resulted in the decrease of efficiency of the extru-
sion-cooking (correlation coefficients -0.77, -0.96 and
-0.83 for 60 rpm, 80 rpm and 100 rpm, respectively).
Differences between trials were small and calculated to
the value of 1,0 kgh'!. The results are presented on the
Fig. 3. A strong impact of screw speed applied during
processing onthe process efficiencywas observed, with
correlation coefficients varying from 0.99 for samples
without additives to 0.95 for samples with 30% of bark.
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Fig. 3. The influence of the screw speed and ground barkcon-
tent on the efficiency of the extrusion-cooking of TPS pellets
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Fig. 4. The influence of cellulose fibers addition and the screw
speedon the energy consumption

The application of the extrusion-cooking technology
to produce TPS pellets takes into account another im-
portant factor - the specific mechanical energy SME re-
quired to obtain the unit of final product [18]. During the
measurements it was found out that the consumption of
energy strongly depended on the screw speed used during
processing. SME values were higher with increasing screw
rotations (0.98-0.99), irrespective of the type of additive
applied.

Fig. 4 presents the results of SME for samples with
the addition of cellulose fibers. For samples processed
at 60 rpm there was no impact of additive level on SME
values. For higher rpm applied, the addition of cellu-
lose fiber in amount of 10% lowered SME, but a higher
level of the additive slightly increased SME during
processing.

For TPS samples contained flax fibers, the in-
crease of SME with a higher level of additive in the
recipe with correlation coefficients 0.91, 0.72 and 0.69
for 60, 80 and 100 rpm, respectively was observed
(Fig. 5). A higher SME in these samples may be af-
fected by the filamentous nature of flax fibers and due
to its greater length; samples with this additive display
greater resistance during processing. The highest SME
values of 0.23 kWhkg' were noticed for the sample
containing 30% of flax fibers processed at 100 rpm of
the screw.
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Fig. 5. The influence of the addition of flax fibers and the screw
speedused on SME values
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Fig. 6. The influence of the addition of ground bark and screw
speed on the SME values

It was noticed that SME values were similar during
processing of biopolymers containing cellulose fibers and
ground bark. The addition of ground bark as a filler had
no significant impact on the energy consumption (Fig. 6).
Higher values of SME were recorded during processing
of potato TPS pellets containing ground bark at higher
screw rpm, with 0.99 correlation coefficient evaluated
for each level of additive in the recipe.

CONCLUSIONS

The efficiency of the extrusion-cooking of potato
thermoplastic starchwas directly correlated to the screw
speed applied; the higher the screw rotation, the higher
the efficiency was obtained. The addition of natural fillers
decreased the process efficiency.

The values of SME were strongly affected by the
screw speed during extrusion-cooking, where a higher
rpm resulted in higher SME.

The obtained SME results were similar during
processing of biopolymers containing cellulose fibers
and ground bark.

The increased level of additive resulted in higher SME
during processingonly for samples with flax fibers. The
highest energy consumption of 0.23 kWh'kg! was noticed
during the production of potato TPS pellets containing
30% of flax fibers, processed at 100 rpm of the screw.



184

ACKNOWLEDGEMENTS

This scientific work was supported by Polish Ministry
of Science and Higher Education founds on science in
the year 2010-2012 as research project NN 313 275738

REFERENCES

1. Czerniawski B., Michniewicz J. 1998. Opakowania
zywnosci. Agro Food Technology, Czeladz.

2. Dyadychev V., Pugacheva H., Kildeychik A. 2010.
Co-injection molding as one of the most popular injec-
tion molding Technologies for manufacture of polymeric
details from secondary raw materials, TEK A Commision
of motorization and Power Industry in Agriculture, PAN,
Volume Xc, p. 57-62.

3. Funke U., Bergthaller W., Lindhauer M.G. 1998.
Processing and characterization of biodegradable prod-
ucts based on starch. Polymer Degradation and Stability,
59, p. 293.

4. Janssen L.P.B.M., MoScicki L. 2006. Thermoplastic
starch as packaging material. Acta Sci. Pol., Technica
Agraria, 5(1).

5. Leszczynski W. 1999. Biodegradowalne tworzywa
opakowaniowe. Biotechnologia, 2, p. 50.

6. Mitrus M. 2005. Changes of specific mechanical en-
ergy during extrusion cooking of thermoplastic starch.
TEKA Commission of Motorization and Power Industry
in Agriculture, 5, p. 152-157.

7. Mitrus M. 2006. Investigations of thermoplastic starch
extrusion cooking process stability. TEKA Commission
of Motorization and Power Industry in Agriculture,
6A, p. 138-144.

8. Mitrus M. 2012. Starch protective loose-fill foams. in:
Thermoplastic elastomers, ed. El-Sonbati A., InTech,
Croatia, p. 79-94.

9. Moscicki L., Mitrus M. 2001. Energochtonno$¢ procesu
ekstruzji. TEKA Commission of Motorization and Power
Industry in Agriculture, 1, p. 186-194.

10.  Oniszeczuk T. 2006. Effect of parameters of injection
moulding process on the structural properties of thermo-
plastic starch packaging materials. PhD Thesis, Depart-
ment of Food Process Engineering, Lublin Agricultural
University, Lublin.

11.  Ryu G.H., Ng P.K.W. 2001. Effects of selected process
parameters on expansion and mechanical properties of
wheat flour and cornmeal extrudates. Starch, 53, 147-154.

12.  Sikora T., Gimeza M. 2008. Elementy towaroznawstwa.
WSiP, Warszawa, p. 102.

13. Suprakas S. R., Mosoto B. 2005. , Biodegradable
polymers and their layered silicate nanocomposites:
In greening the 21 century materials world”. Canada
Research Chair on Polymer Physics and Nanomaterials,
Chemical Engineering Department, Université Laval,
Sainte-Foy, Que., Canada G1K 7P4.

TOMASZ ONISZCZUK, AGNIESZKA WOITOWICZ, MARCIN MITRUS, LESZEK MOSCICKI ...

14.  Sobczak P.2006. Sorbitol addition on extrusion process,
TEKA Commission of Motorization and Power Industry
in Agriculture PAN, Volume Vla, p. 163-169.

15.  Stasiek J. 2007. Wytlaczanie tworzyw polimerowych.
Zagadnienia wybrane. Wyd. Uczelniane Uniwersytetu
Technologiczno-Przyrodniczego w Bydgoszczy, Byd-
gOSZCZ.

16.  Wéjtowicz A., Mitrus M. 2010. Effect of whole wheat
flour moistening and extrusion-cooking screw speed
on the SME process and expansion ratio of precooked
pasta products. TEKA Commission of Motorization and
Power Industry in Agriculture,10, p. 517-526.

17. Waojtowicz A. 2008. Influence of legumes addition on
proceeding of extrusion-cooking process of precooked
pasta. TEKA Commission Motorization and Power In-
dustry in Agriculture,, 8a, p. 209-216.

18.  Wajtowicz A., Moscicki L. 2008. Energy consumption
during extrusion-cooking of precooked pasta. TEKA
Commission of Motorization and Power Industry in
Agriculture, 8, p. 311-318 (80:20).

19.  Zakowska H. 1997. Materiaty degradowane — alternaty-
wa dla tradycyjnych opakowan z tworzyw sztucznych?
(2). Przemyst Fermentacyjny i Owocowo-Warzywny,
12, p. 36-38.

20. Zakowska H. 2005. Recykling odpadéw opakowanio-
wych. Wyd. COBRO, Warszawa.

21.  Zakowska H. 2006. Swiatowy postep w produkcji opa-
kowan przydatny do kompostowania. Opakowanie, 2,
p. 15-17.

22.  Zakowska H. 2004. Ocena ekologiczna opakowan pro-
wadzona w COBRO. Wazenie-Dozowanie-Pakowanie
4, p. 28-30.

23.  Zakowska H. 2003. Opakowania biodegradowalne.
Wyd. COBRO, Warszawa.

WPLYW PARAMETROW PROCESU I DODATKU
WYPELNIACZY NA WYDAJNOSC I ENERGOCHLONNOSC
EKSTRUZJI TERMOPLASTYCZNEJ SKROBI ZIEMNIACZANEJ

Streszczenie. W pracy przedstawiono rezultaty badan
wydajnosci i energochtonnosci procesu ekstruzji termoplastycz-
nej skrobi ziemniaczanej z dodatkiem wypelniaczy w postaci
wildkien celulozowych,lnianych oraz mielonej kory. W bada-
niach zastosowano zmodyfikowany ekstruder jednos§limakowy
TS-45 o L/D=18 z dodatkowym chtodzeniem koncowej czgsci
cylindra urzadzenia. Badano wptyw predkosci obrotowej §li-
maka ekstrudera oraz ilosci 1 rodzaju stosowanego wypehiacza
w mieszance zawierajacej 20% gliceryny jako plastyfikatora na
wydajnos¢ oraz energochtonnos¢ procesu ekstruzji mieszanek
skrobi termoplastycznej. Wraz ze wzrostem predkosci obroto-
wej Slimaka ekstrudera rosta energochtonno$é¢ oraz wydajnosé
procesu ekstruzji w przypadku wszystkich rodzajow zastoso-
wanych mieszanek surowcowych.

Stowa kluczowe: skrobia termoplastyczna, wypetnia-
cze, ekstruder, energochtonnos¢.



