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Fragrant fi lms on the basis of potato starch

Ewa Drewnowska1, Adrian Krzysztof Antosik1*, Agnieszka Wróblewska1*, Zbigniew Czech1, 
Katarzyna Wilpiszewska2

1West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology and Engineering, Institute of 
Organic Chemical Technology, Pułaskiego 10, 70-322 Szczecin, Poland
2West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology and Engineering, Polymer Institute, 
Pułaskiego 10, 70-322 Szczecin, Poland
*corresponding authors: e-mail: agnieszka.wroblewska@zut.edu.pl, adriankrzysztofantosik@gmail.com 

New fragrant and biodegradable starch-based fi lms have been obtained. These fi lms were prepared by the method 
of the outpour into the Tefl on mould of the starch composition containing such fragrant compounds as: eugenol 
or α-pinene. For characterizing the fi nal products the following properties were taken into account: the solubility 
in water, the absorbance of moisture from air and the length of release of the fragrant compound. The obtained 
starch-based fi lms were characterized by the relatively long time of release the fragrant compound and also by 
the good absorbance of moisture from air. Taking into account the properties of the obtained fi lms, they can fi nd 
applications in production of appliances used in the bioactive cleaning of air. The prototype of such a product was 
presented in this work. The presented studies show the potential of applying these materials in the future, and 
thus these examinations should be developed.
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INTRODUCTION

   Starch was the fi rst natural polymer used on the 
industrial scale. In 1939 it was applied for the control 
of the fi ltration of drilling fl uids with considerable salt 
content. Starch is a natural polymer, which is a secondary 
material for plants. It is produced during the process of 
assimilation of carbon dioxide from air (photosynthesis) 
with the participation of chlorophyll. It is a white and 
an amorphous substance, without a taste and a smell. 
Starch is built of glucose constitutional units connected 
by α-1,4-glycoside bonds1–3. Taking into account its chemi-
cal structure it is ranked in the family of carbohydrates 
(sugars). Starch is the basic carbohydrate for human 
diet. It is obtained from fruits, bulbs and seeds such 
as: potatoes, grains, amaranth, mango, bananas, tapioca 
and leguminous plants. It is built from two polymers: in 
20–25% from amylose (a linear biopolymer, which forms 
in water a colloidal solution) and in 75–80% amylopectin 
(a polymer which is insoluble in water). The ratio of 
these two polymers is changeable and it depends on the 
origin of starch4–6. Starch is an environmentally friendly 
substance. The native starch is insoluble in cold water 
and unstable at high temperatures. Starch on account of 
its non-toxicity, biological neutrality, biodegradability and 
biocompatibility, fi nds applications in the pharmaceutical 
industry as an auxiliary substance in production of pills, 
and also as a matrix, a binder or a fi ller2, 7. Owing to the 
fact that it has ability to gelation and modifi cation of 
the texture of products, it fi nds also applications in food 
production (blancmanges, yoghurts, creams, mayonnaises 
and sauces)4, 8. Moreover, it is used in production of 
containers which are allowed to contact food7–8.

In the last decade the studies on the application of 
polysaccharides as potential substitutes for synthetic poly-
mers in the plastics industry were intensifi ed. Advantages 
connected with the application of biopolymer fi lms are 
as follows: an environmental preservation, a low cost of 
the production and a relatively fast renewability of raw 
materials. These advantages cause that biopolymer fi lms 

can be a good alternative to the conventional polymers 
based on compounds obtained from mineral oil. Films 
obtained on the basis of biopolymers are very often used 
in the production of containers. The presence of such 
modifi ers as organic acids, enzymes or silver causes that 
these fi lms have antibacterial properties9–11.

This work presents a method of obtaining new fragrant 
fi lms with the utilization of two cheap and renewable 
fragrant compounds which are the components of bio-
mass: α-pinene and eugenol. These compounds can be 
obtained in a simple way from such renewable sources 
as: turpentine and buds of clove trees or from a waste 
– sulfi te waste liquor, which is formed during the pro-
duction of cellulose from wood (α-pinene). α-pinene is 
the organic compound which belongs to the group of 
terpenes. It is separated from turpentine obtained from 
the pine resin. α-Pinene is characterized by the antiseptic 
and the antibacterial activities (it damages membrane 
cells and hinders the synthesis of bacteria and fungi)12. 
Moreover, it shows anticancer activity (it showed con-
siderable activity in the hindering of the development 
of cancer cells of hepatoma BEL-7402)13. α-pinene fi nds 
also many applications in: perfume-cosmetic industry (as 
the component and as the raw material for the obtaining 
of other fragrant compounds, α-terpineol, limonene)14, 
food industry14, pharmaceutical industry14, in aroma-
therapy14, in dyeing industry15 and as the anticancer 
agent in traditional Chinese medicine16. Moreover, it is 
used in therapy of heart, bronchus and lungs diseases 
– it infl uences heart activity and blood circulation17 and 
it is used in the curing of sharp and chronic bronchitis 
and in infl ammations of the nose mucous membrane18. 

The second fragrant compound used in this work for 
the preparation of the fragrant fi lms was eugenol. It is 
an organic compound which belongs to the cyclic terpene 
alcohols. Eugenol is the main component of clove oil (its 
content in clove oil reaches 92%)19, 20. Clove oil has been 
used for the fl avoring of foodstuffs, in the production of 
fragrant arrangements used in the perfume industry and 
also in the production of cosmetics and pharmaceutical 
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preparations showing antiseptic activity (preparations for 
the oral cavity care or toothpastes)20. Clove oil as, phar-
maceutical preparation show, has a relaxing, refreshing 
and defl avoring effect. It is also used as the disinfection 
agent for the digestive, gall, breathing and urinary sys-
tems, and moreover, eugenol can hinder a cough thus 
it can be used in cough syrups20.

Clove oil used directly on the skin and the mucous 
membrane warms up and relieves pain, reduces stress 
and helps in therapy of anxiety and depression states21. 
Moreover, this oil enhances our immune system and helps 
in the elimination of various infections because eugenol, 
which is included in the clove oil, shows an antibacterial, 
antiviral and antifungal effect22, 23. Furthermore, eugenol 
eliminates saprophytes and protozoa, and fends parasites 
off21. It has the ability to capture and thus eliminate of 
free radicals which slows down the human organism aging 
process and decreases the risk of developing cancer19.

This work presents a method for the preparation of 
new fragrant fi lms obtained with the participation of 
raw materials of natural origin: starch, α-pinene and 
eugenol (Fig. 1).

at the temperature of 90oC until a homogeneous solu-
tion was obtained. Next, 2 g of the fragrant compound 
(α-pinene or eugenol) was introduced. The mixture was 
stirred for 30 minutes until the homogeneous mixture was 
obtained, and next this mixture was outpoured into the 
Tefl on mould. The mould was put into a dryer for 48 h 
at the temperature of 70oC. The prepared fi lm (thickness 
200–300 mm) was then taken from the mould (Figs. 2–3).

Figure 1. Scheme of the preparation of the biodegradable 
fragrant fi lm obtained on the basis of starch and 
described in this work

Figure 2. Reactor with mechanical stirrer

Figure 3. Homogeneous mixture which was outpoured  into 
the Tefl on mould and from which fragrant fi lm was 
obtained

Our studies showed that the obtained fi lms were 
characterized by their biodegradability, the relatively 
long time of release of the fragrant compound and 
the good absorbance of moisture. Taking into account 
possible future applications of such kinds of fi lms, for 
example in air-fresheners which will show antibacterial 
and antifungal effect, and also can protect against sap-
rophytes expansion in living quarters, these studies are 
worth continuing in other to develop better such fi lms.

EXPERIMENTAL

Material
In the preparation of the starch fi lms the following raw 

materials were used: starch (technical grade, Nowamyl 
S.A. Nowogard), glycerol (analytical grade, Chempur), 
α-pinene (98%, Aldrich) and eugenol ( ≥98%, Sigma-
-Aldich).

The preparation of the biodegradable fragrant fi lms
The biodegradable fragrant fi lms were prepared by the 

method of the outpour of a solution which was followed 
by a solvent evaporation. The following raw materials 
were introduced into the glass reactor with the capacity 
of 250 mL: 200 g of deionized water, 2 g of glycerol and 
3 g of starch. The mixture was stirred in a water bath 

For studies on the solubility of the obtained fi lms in 
water 3 squares, each with the size of 1.5 cm, were cut 
from the fi lm. These squares were put into the desiccator 
for two weeks to remove moisture. Next, samples were 
weighted, put into the vials and fl ooded with 50 mL of 
deionized water. After 24 h samples were taken from 
water, dried preliminary and put into the dryer at 60oC 
for 24 h. Dry samples were again weighed. The results 
were put into the following formula11–12.
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In order to check whether fragrant compounds 
(α-pinene, eugenol) are washed out by water after 
a certain period of time the chromatographic analyses 
were performed. The cut samples of fi lms with size of 
1.5 cm x 1.5 cm were introduced into a container and 
covered with 50 mL of water. The container was then 
sealed. Subsequently, after 24 hours, 7 days and 14 
days representative samples from the whole volume 
with the mass of 2 g were taken. These samples were 
analyzed by the gas chromatography method. The gas 
chromatography analyses were performed on the FOCUS 
apparatus equipped with a FID detector and a capil-
lary Quadrex column 30 m x 250 μm x 0.25 μm fi lled 
with methylsiloxane modifi ed with phenyl groups. The 
parameters of the separation were as follows: pressure 
of helium – 45 kPa, sample chamber temperature 150, 
detector temperature 250, oven temperature program: 
isothermally at 60 for 1 min, increase temperature with 
the rate of 15/min, isothermally at 200 for 8 min, cooling 
to 60, sensitivity – 100 and volume of the sample 4 μL. 
The similar procedure was used in the case of ethanol. 
The results have been calculated quantitatively to the 
mass of the sample. 

RESULTS AND DISCUSSION

Biodegradable fragrant fi lms on the basis of starch 
and contain α-pinene or eugenol have been obtained. 
It was observed that with the increase of the residence 
time of the fi lm in water, the degree of solubility of 
the studied fi lms increased (Fig. 5). Films showed high 
degree of solubility (about 50% after 24 h). It is con-
nected with high plasticizer content (glycerol) in the 
studied material, which is eluted fi rst. Water, in which 
fi lms were dissolved, showed the smell of used fragrant 
compounds (organoleptic studies) and it was further 
analyzed (chromatographic analyses) (Table 1).

where: TSM (Total Soluble Mater) – content of soluble 
part (solubility in water) [%]; M1 – mass of preliminary 
dried sample [g]; M2 – mass of sample after drying [g]. 

Similar studies were performed for fi lms kept in water 
for 7 and 14 days.

Moisture absorption tests were performed for each 
fi lm as follows. Three samples (1.5 cm x 1.5 cm) were 
prepared and placed for two weeks in the desiccator 
to dry. Dry samples were weighed and subsequently 
transferred to a climatic chamber (55 ±2% humidity, 
25 ±2°C). The weight of tested samples was controlled 
at 3, 5, 7, 24, 48 and 72 hours after placing them in the 
climate chamber. Moisture absorption was calculated 
using the following equation11–12.

where: At – moisture absorption after time t [%]; M0 – 
mass of dry sample [g]; Mt – mass of sample after time 
t: 3, 5, 7, 24, 48 and 72 h [g].

The organoleptic tests have been performed for 3 
months. Biodegradable fi lms with the mass of 10 g 
were introduced into the specially designed container 
with openings, and the scheme is presented in Figu-
re 4 – dimensions are given in millimeters (equipment 
for bioactive refresh of air) and put in the closed room 
with the capacity of 100 m3. This container was built 
from a biodegradable polymer (polylactide), and with 
these materials all this equipment after application can 
be re-utilized and thus this container is safe for the 
environment. The intensity of the smell of the fi lms 
was tested after 1 h, 24 h, 7 days, 14 days, 1 month, 2 
months and 3 months. For comparison smell intensity 
was related to the samples of the same weight sealed 
in vials with the capacity of 30 mL.

Table 1. Solubility of the biodegradable fragrant fi lms in de-
pendence on the time

Figure 4. Scheme of the equipment for the bioactive cleaning 
of air which was used in organoleptic tests 

Figure 6 presents moisture absorption tests for fragrant 
fi lms with α-pinene and eugenol. For both fragrant 
compounds very similar increases of moisture in time 
was observed. For both systems after 72 h moisture 
absorption was on the level of about 15%.

Organoleptic tests made it possible to state clearly that 
the obtained biodegradable fi lms show a long release of 
aroma which allows the slow and prolonged propagation 
of this aroma in a room (Table 2). This may be due to 
the fact that the eugenol and α-pinene are trapped in-
side the studied fi lms, which slowly transmits them out.

The performed GC analyses revealed that aromatic 
compounds (α-pinene and eugenol) present in the fi lms 
were washed in a small amount after 24 h, for example 
the content of eugenol in sample (5S 3,33G 3,33E) was 
0.0068 wt%, while the content of α-pinene in sample 
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(3S 3,33G 2P) was 0.0003 wt%. After 7 days the content 
of eugenol and α-pinene in samples slightly increased, 
for sample for (5S 3,33G 3,33E) the content of eugenol 
was 0.007 wt%, while the content of α-pinene in sample 
(3S 3,33G 2P) was 0.00009% Subsequently after 14 days 
the contents of the compounds in the samples increased 
(Table 3). Thus, the aromatic compounds are retained 

in the structure of the fi lm structure and this results in 
long-term persistence of aroma. 

CONCLUSIONS

Fragrant compounds (terpenes) can be very valuable 
additives for polymers, also such polymers which are 
obtained on the basis of compounds of natural origin. 
The addition of these substances not only gives poly-
mers a pleasant smell, but also changes their properties, 
because terpenes in addition to a pleasant aroma are 
also characterized by the following action: fungicidal, 
bactericidal, anti-cancer and inhibit the growth of dust 
mites. These properties make that the new materials 
obtained on the basis of α-pinene or eugenol may be 
used to treat various infections, including infections in 
the bronchi and lungs. Moreover, these materials may 
be useful in the treatment of asthma and cancer, and 
also heart diseases. The new product obtained with the 
utilization of terpenes in polymeric materials may also 
fi nd applications in the production of packaging for food 
(protection against decay), in the cosmetics industry (face 
masks), for disinfect both homes and public institutions, 
including schools and hospitals, etc. 

The studies presented in this work are preliminary 
with great development potential and broad possible 
applications. The possible applications of these new 
materials prove the necessity of further research in the 
direction of their improvement. 
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