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Biodegradability of thermoplastic starch (TPS)
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Summary. Thermoplastic starch (TPS) can play an im-
portant role in the processing of packaging materials. For years
the Department of Food Processing has been carrying out in-
vestigations in this field. Biodegradability test results of TPS
moulding enriched with functional additives are presented in
the paper.
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INTRODUCTION

Packaging wastes are now one of the greatest threats
to civilization. A big hope for a reduction and perhaps
the solution to this problem can be seen in the use of
thermoplastic starch (in short TPS).

TPS can be used as a stand-alone packaging mate-
rial or as an additive which improves the degradation
of plastics [1, 3, 4, 5, 7, 9, 10, 11]. Starch is biodegrad-
able in a short time to CO, and water. It is a polymer of
6-carbon sugar D-glucose, regardless of the botanical
origin. Packaging materials made from thermoplastic
starch can be produced by many different methods.

The single-stage method consists in applying low tem-
perature synthetic polymers and starch mixture directly to
the machine producing packaging material, e.g. to the plastic
extruder. In the second stage the granules, as a half product,
are processed with conventional equipment using film blow-
ing or high pressure injecting moulding techniques [9, 10].

In order to obtain thermoplastic starch, the crystalline
nature of starch granules must be destroyed, which can be
done by thermal and mechanical processing [5, 9, 16]. Be-
cause the melting point of pure starch is much higher
than its decomposition, during processing a plasticizer,
like water, is added. Under the influence of temperature
and shear forces natural crystalline structure of starch
granules is crushed. In this way polysaccharides make
a continuous polymer phase. To increase the flexibility of
the material and improve the processing other plasticisers

are used, for example: glycerol, propylene glycol, glucose
or sorbitol [1, 9, 18, 19, 20]. Glycerol is the best and most
common plasticizer. To improve the mechanical proper-
ties of rigid TPS packaging forms, different functional
additives such as emulsifiers, cellulose, plant fibers, bark,
kaolin and pectin are used [12, 13, 14, 15, 17, 21].

For years researches on TPS application in the pro-
duction of fully biodegradable packaging materials based
on potato starch and cereal starch have been conducted
at the Department of Food Process Engineering (DFPE),
University of Life Sciences in Lublin [3, 5, 12, 13, 14,
15]. The physical properties of the obtained TPS films
are very promising (Fig. 1), as well as the mouldings
produced in cooperation with Dutch colleagues from the

Fig. 1. The blowing of biodegradable TPS film in DFPE la-
boratory [5]



22 MACIEJ COMBRZYNSKI

Royal University of Groningen. The biodegradability of
these products is also analyzed during investigation [11].

BIODEGRADABILITY TESTS
OF TPS MOULDINGS

Samples of mouldings (moisture content 4%) were
placed in special baskets with the soil of following pa-
rameters: moisture content 70%, pH 6.5, and kept for 2,
4, 8 and 12 weeks in an unheated room at the temperature
10 — 15 °C (Fig. 2). Twice in a week water was supple-
mented to provide constant conditions. In order to widen
scope of observation a number of samples were stored
individually in the cooling room at the temperature of
+3 °C and -36 °C [11].

The mouldings were produced from potato TPS gran-
ules containing different amount of glycerol and func-
tional substances (flax and cellulose). After two weeks
of storage the mouldings were taken out, weighed and
dried to 4% m.c. then again weighed to determine weight
loss. The last part of the test was the texture measure-
ment, which was done using Zwick apparatus type BDO-
FBO0.5TH to determine range of changes in mechanical
properties of the samples during the storage [12].
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Fig. 2. Mouldings placed in the baskets with soil [11]

Fig. 3. A sample of moulding after 2 weeks of storage [11]

MEASUREMENT RESULTS

During measurements a substantial but varied weight
loss of mouldings was observed during storage time. Af-
ter the first two weeks of storage all samples lost weight
rapidly (from 13% - samples containing 20% glycerol to

about 23% - samples containing 25% glycerol). The high-
est change in weight was observed after 12 weeks. The
inner moulding’s layers (the core) decomposed slower on
contact with soil than moulding’s topcoat. It was observed
that with increasing content of glycerol in the moulding’s
recipe, changes in weight (loss) were increased.
Increase in flax fiber content of flax limited the rate
of destruction of the samples stored during 2 weeks [11].
In subsequent periods of storage (4 to 12 weeks) the
weight loss was slower (2 - 6% for all samples). In the
initial period of storage many changes on the surface of
moulded parts were created because of the biodegrada-
tion process (cracks & fissures seen in Fig. 3). Samples
produced without the addition of fibers and mouldings
containing cellulose fiber crumbled and cracked easily
during endurance tests (Fig. 4). After 12 weeks only
samples containing added flax fibers had enough consist-
ency to be able to undergo measurements of strength.
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Fig. 4. Influence of storage temperature and the quantity and
type of natural fibers in mouldings on the magnitude of maxi-
mum stress of mouldings during tension test (glycerol 22%,
storage time 24h) [11]

CONCLUSIONS

1. Enrichment of TPS mouldings with functional compo-
nents gives a very positive effect on their mechanical
properties without lowering biodegradability supple-
ness, which has a practical value for the producers.

2. Results obtained by DFPE researchers confirm the
possibility of the production of fully biodegradable
packaging material based on TPS.

3. The present study demonstrates the usefulness of fur-
ther work to improve the application of TPS in the
production of packaging materials.

4. At the present time, we are looking for the best use of
natural materials; starch seems to be a good alternative
in this case. What is important — packaging mate-
rial made from TPS can be produced using conven-
tional machinery and equipment, typical for synthetic
polymers sector.



11.

12.

BIODEGRADABILITY OF THERMOPLASTIC STARCH (TPS) 23

REFERENCES

Averous L., Fringant C., Moro L. 2001. Starch — based
biodegradable materials suitable for thermoforming
packaging. “Starch”, vol. 53, p. 368.

Borowy T., Kubiak M. S. 2008. Opakowania biodegra-
dowalne alternatywaq dla opakowan z tworzyw sztucz-
nych(in Polish). ,,Gospodarka Migsna”, vol. 5, p. 18-20.
Combrzynski M. 2011. Kierunki rozwoju produkcji
opakowan biodegradowalnych (in Polish). Msc Thesis,
University of Life Science in Lublin, Poland.

Fritz J., Link U., Braun R. 2001. Environmental im-
pacts of biobased/biodegradable packaging, “Starch”,
vol. 53, p. 105.

Janssen L.P.B.M., Moscicki L. 2006. Thermoplastic
starch as packaging material. “Acta Sci. Pol., Technica
Agraria”, vol. 5(1).

Kikolski P., Dluska-Smolik E., Bolinska A. 2005. Me-
todyka oceny biodegradowalnosci polimerow opako-
waniowych w badaniu ich przydatnosci do odzysku
organicznego w wyniku kompostowania (in Polish).
,,Polimey”, vol. 3.

Leszczynski W. 1999. Biodegradowalne materialy opa-
kowaniowe (in Polish). ,,Biotechnologia”, vol. 2, p. 50.
Labuzek S., Pajak J., Nowak B. 2005. Biodegradacja
modyfikowanego polietylenu w warunkach laboratoryj-
nych (in Polish). ,,Polimery”, vol. 9, p. 675.

Moscicki L., Mitrus M., Wéjtowicz A. 2008. Biode-
gradable Polymers and Their Practical Utility. Janssen
L.P.B.M., Moscicki L. (Eds.) ,,Thermoplastic Starch”,
Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.
Moscicki L. 2008. Opakowania biodegradowalne (in
Polish). ,,Przeglad Zbozowo-Mtynarski”, vol. 1.
Moscicki L., Oniszczuk T. 2008. Storage and Bio-
degradabality of TPS Moldings. Janssen L.P.B.M.,
Moscicki L. (Eds.) ,,Thermoplastic Starch”, Wiley-VCH
Verlag GmbH & Co. KGaA, Weinheim.

Oniszczuk T. 2006. Effect of parameters of injection
moulding process on the structural properties of thermo-
plastic starch packaging materials. PhD Thesis, Lublin
Agricultural University, Poland.

Oniszczuk T., Mitrus M., MoScicki L. 2008. /nfluence
of Natural Fibres Addiction on Mechanical Properties
of Biodegradable Packaging Materials. “Polish Journal
of Environmental Studies”, vol. 17, 1B, p.257-262.

14. Oniszczuk T., Janssen L.P.B.M., Moscicki L. 2006.
Wplyw dodatku widkien naturalnych na wybrane wia-
Sciwosci mechanicznych wyprasek biopolimerowych (in
Polish). “Inzynieria Rolnicza”, vol. 6(81), p. 101-107.

15.  Oniszezuk T. 2008. Zastosowanie widkien naturalnych
w produkcji biodegradowalnych materialow opakowa-
niowych (in Polish). B. Dobrzanski Jr., S. Grundas, R.
Rybcezyniski (Eds.): “Metody Fizyczne Diagnostyki Su-
rowcodw Roslinnych i Produktow Spozywczych”. Wyd.
Nauk. FRNA, Lublin.

16.  Shogren R.L. 1993. Effects of moisture and various
plasticizers on the mechanical properties of extruded
starch. Ching Ch., Kaplan D.L., Thomas E.L.: “Biode-
gradable polymers and packaging”, Technomic Publish-
ing Company Inc., Lancaster-Basel, USA-Switzeland.

17.  Sinha Ray S., Bousmina M. 2005. Biodegradable poly-
mers and their layered silicate nanocomposites. “In
Greening the 21st Century Materials World, Progress
in Materials Science”, vol. 50, p. 962.

18.  Van Soest J.J.G., Borger D.B. 1997. Structure and
properties of compression-molded thermoplastic starch
materials from normal and high-amylose maize starches.
“Journal of applied polimer science”, vol. 64, p. 631.

19. Van Soest J.J.G., Hulleman S.H.D., de Wit D.,
Vliegenthart J.F.G. 1996. Changes in the mechanical
properties of thermoplastic potato starch in relation
with changes in B-type crystallinity. “Carbohydrate
Polymers”, vol. 29, p. 225.

20.  Van Soest J.J.G., Vliegenthart J.F.G. 1997. Crys-
tallinity in starch plastics: consequences for material
properties. “Trends in Biotechnology”, vol. 15, p. 208.

21.  Wollerdorfer M., Bader H. 1998. Influence of natural
fibres on the mechanical properties of biodegradable
polymers. “Industrial Crops and Products”, vol. 8, p. 105.

Streszczenie. Skrobia termoplastyczna (TPS)
moze odgrywaé istotng rol¢ w produkcji opakowan. Kat-
edra Technologii Zywnosci od lat prowadzi badania na ten
temat. W niniejszym artykule przedstawiono wyniki testow
biodegradowalnosci form z TPS wzbogaconych dodatkami
funkcjonalnymi.

Stowa kluczowe: biodegradowalnosé, skrobia termo-
plastyczna, TPS, ekstruzja, formy.



