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ABSTRACT 
Present study investigated effects of plasticizer contribution on structural, barrier and mechanical properties of corn starch-

based edible films. Films were obtained from solutions (containing gelatinized starch, polyol, guar-xantan gum modified mixture and 
water) by casting it on a Petri dish. Sorbitol acted as a plasticizer and guar-xantan modified mixture had role to enable better film 
folding and handling. Sorbitol was used in concentrations: 100, 130 and 160% (dry starch basis). The film proved to be strong, mod-
erately flexible with good barrier properties to oxygen and water vapor. It was estimated that oxygen and water vapor permeability 
increases as plasticizer content in the film increases. Mechanical strength of films decreases due to plasticizer addition. 
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REZIME 
Ova studija istražuje efekte doprinosa plastifikatora na strukturna, barijerna i mehanička svojstva jestivih filmova na bazi kuku-

ruznog skroba. Filmovi su dobijeni iz rastvora koji sadrži želirani skrob, poliol, modifikovanu smešu guar-ksantana i vodu razlivan-
jem u Petri posudi. Sorbitol je delovao kao plastifikator, a modifikovana smeša je imala ulogu da omogući bolje savijanje i 
manipulaciju dobijenim filmovima. Koncentracija sorbitola je bila: 100, 130 i 160% (računato na suvu materiju skroba). 
Ustanovljeno je da su filmovi čvrsti, umereno fleksibilni sa dobrim barijernim karakteristikama za kiseonik i vodenu paru. 
Ustanovljeno je da su ispitivani filmovi odlična barijera za kiseonik, a propustljivost vodene pare se povećava kako se povećava i sa-
držaj plastifikatora u filmu. Mehanička čvrstoća filmova opada sa porastom dodatka plastifikatora što dovodi do smanjenja vrednosti 
sile kidanja i povećanih vrednosti za izduženje pri kidanju.  

Ključne reči: ambalažni materijali, jestivi filmovi, skrob, karakteristike.  
 
INTRODUCTION 
Edible films are thin layers of biopolymers that are used for 

the food packing. Edible films may be used to separate layers 
having different water activities retarding water transfer from 
one layer to the other (Guillard et al., 2003), may be a barrier for 
O2 decreasing oil or fat oxidation, could be used as a barrier for 
oil uptake in deep fat frying (Holownia et al., 2000), used as a 
carrying agent for antimicrobial or functional substances (Han, 
2002). Edible film coating with encapsulated antimicrobial sub-
stances can retard growth of microorganisms (Ko et al., 2001).  

Predominant type of molecules in the mesh structure of bio-
polymers determines the basic physico-mechanical and barrier 
properties. Therefore, there are edible films based on polysac-
charides, lipids or proteins (Krkić et al., 2012). Polysaccharides 
and their derivatives commonly used in the production of edible 
films are alginate, pectin, carrageenan, starch and cellulose de-
rivatives. Starch is one of the most frequently used biopolymer 
for edible films production due to the fact that could be obtained 
from large number of raw materials, its production costs are 
cheap, it is renewable and biodegradable biopolymer that has the 
ability to form films.  

The main components of starch are linear amylose and 
highly branched amylopectin composed of glucose units via α-
1,4 bonds (Blanshard, 1987). The ratio of amylose and amy-
lopectin in the starch may affect starch behavior in processing 
and properties of the end product. Edible films made from starch 
are tasteless, odorless and transparent, thus prevent a change of 
taste, flavor and appearance of food products (Chiumareli and 
Hubinger, 2012). Main advantages of starch films are excellent 

barrier properties to O2 and CO2, on the other hand it has weaker 
barrier properties to the water. Starch films have poor resistance 
to water migration due to the high hydrophilicity and because of 
the presence of polar plasticizers molecules, which are added in 
order to improve the flexibility of the film. Also, films prepared 
from biopolymers are often too fragile to stand handling, e.g., 
bending or stretching. Thus, they have to be plasticized using 
low molecular weight substances, such as polyols, which de-
crease interactions between the biopolymer chains. Due to plas-
ticization better handling properties may be obtained. Plasticizer 
decreases interactions between biopolymer chains, such as amy-
lose and amylopectin, thus preventing their close packing which 
results in lower degree of crystallinity in the film (García et al., 
2000). Plasticizer is added to the film forming solution at a con-
venient stage of the process to obtain flexible and elastic films. 
The most common process to produce films on a laboratory scale 
is casting. Solvent is evaporated from the solution in order to 
form the film (Anker et al., 2001; Lazaridou and Biliaderis, 
2002; Rindlav-Westling et al., 2002). Environmental properties, 
such as temperature and air relative humidity, during the evapo-
ration stage could be used to control some of the film properties 
(Rindlav et al., 1997; Rindlav-Westling et al., 1998; Kawahara 
et al., 2003). 

Starch films are good barriers to O2, CO2 and oil but poor to 
water (Biliaderis et al., 1999). Moreover, starch films are better 
barriers to O2 than CO2 and they may act as selective barriers 
(García et al., 2000). Thickness of the film has been reported to 
be inversely proportional to the WVP (McHugh et al., 1993; 
Longares et al., 2004; Bravin et al., 2006). This phenomenon is 
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explained to be originated from increased resistance of the film 
to mass transfer because of increased water vapor pressure on 
the film surface (McHugh et al., 1993). WVP decreases with in-
creasing crystalline zones because permeation occurs through 
amorphous zones in the film. Plasticizer addition has been 
shown to retard starch crystallization which was the reason why 
WVP of the films with plasticizer did not change during storage 
(Mali et al., 2006). Usually, in the mechanical testing of the film 
a stress-strain experiment is carried out where a film sample is 
stretched at a constant rate until it breaks. Thus, the films have to 
be plasticized to obtain more flexible and elastic films when bar-
rier properties are weakened. 

MATERIAL AND METHOD  
Film preparation 
Starch films were prepared by casting aqueous starch solu-

tion with different sorbitol concentrations. Aqueous solution of 
5% (w/w) maize starch was prepared and heated at 90 0 C for 60 
minutes in a water bath. A weight of sorbitol equal to 100, 130 
and 160% of the original starch was added and the solution was 
kept hot with mechanical stirring for 10 more minutes. Finally, 
guar-xantan modified mixture was added in a portion of 0.5% to 
initial starch weight. The film-forming solution was degassed 
under vacuum to remove dissolved air and then cast into Petri 
dishes. The Petri dish was coated with 50 g of film forming solu-
tion on a leveled surface and left to dry at room temperature for 
3 days. Starch and guar-xantan modified mixture were kindly 
provided by Palco (Šabac, Serbia) and sorbitol (70%) was pur-
chased from doo Laboratorija (Novi Sad, Serbia).  

Mechanical properties 
Film thickness was measured using a micrometer with sensi-

tivity of 0.001 mm. Ten thickness measurements were carried 
out on each film, from which an average was obtained. Tensile 
strength (TS) and elongation at break (EB) of films were meas-
ured on an Instron Universal Testing Instrument (Model No 
4301, Instron Engineering Corp., Canton, MA), according to 
ASTM standard method D882-01. A rectangular film strip of 90 
mm in length and 15 mm in width was used. The initial grip 
separation was set at 50 mm, and crosshead speed was set at 100 
mm/min. The TS and EB of the strips were measured in a static 
mode. TS (MPa) was calculated by dividing the given peak load 
by the cross-sectional area of the film. EB was calculated as the 
percent of change by dividing film elongation at the moment of 
rupture by initial gage length of the specimen (50 mm) and mul-
tiplying by 100. TS and EB measurements for each type of film 
were repeated 10 times, from which an average was obtained. 

Water vapor barrier properties  
Water vapor barrier properties of films were determined gra-

vimetrically according to the ASTM E 96-95 desiccant method. 
The method involves sealing a known open area of an imperme-
able container with the film being tested. Anhydrous silica gel 
was used to maintain a 0 % atmosphere inside the cells. Distilled 
water was used to maintain 100 % RH outside the cells. Test 
cells were stored under controlled temperature (23±2 °C) and 
weighed periodically until a constant rate of weight gain was 
reached. Obtained weighting values were used for calculation of 
the amount of water vapor transferred through the film. 

Oxygen permeability   
Oxygen permeability was measured using the Lyssy method, 

according to DIN 53 380 on a oxygen permeability tester (Lyssy 
GPM-200, Systech Instruments, Wenman Road Thame, Oxford-
shire, United Kingdom) with an appropriate gas chromatograph 
(GC-320, Gasukuro Kogyo, Tokyo, Japan) and an integrator (HP 
3396, Hewlett-Packard, Palo Alto, California, USA). 

Fourier transform spectroscopy 
FTIR analysis of the film samples was carried out in the 

wave number range 4000 to 400 cm-1, at a resolution of 4 cm-1, 
using the IR spectrophotometer, Nicolet IS10, Thermo Scienticif 
(Massachusetts, USA) and attenuation total reflection (ATR) ex-
tension. Each sample was scanned 32 times, while the blank shot 
was taken before the analysis of each sample. IR spectropho-
tometer is controlled via computer equipped with software Om-
nic. 

Statistical analysis 
Descriptive statistical analyses for calculating the means and 

the standard error were performed using MicroSoft Excel soft-
ware (MicroSoft Office 2007). All obtained results were ex-
pressed as the mean ± standard deviation (SD). 

RESULTS AND DISCUSSION 
Thickness influences mechanical and barrier characteristics 

of every packaging material. Results indicate film thickness uni-
formity no matter the amount of sorbitol added which could be 
attributed to successful repeatability of film making. Thickness 
for films with lowest amount of sorbitol was 0.213mm, for films 
with 130% sorbitol 0.208mm and 0.210 for films with highest 
amount of sorbitol (film 1, 2 and 3 respectively). 

Tensile strength value of tested films decreased due to plasti-
cizer addition. Results are in agreement of other author findings 
(Chang et al., 2006; Mali et al., 2006). Plasticizer addition also 
increased elongation at break of tested films resulting in more 
elastic and flexible films which is in agreement of findings Rod-
riguez et al., 2006. Results related to mechanical properties are 
shown in Fig. 1a and Fig. 1b. 
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Fig. 1a. Tensile strength of films with different composition: film 
1 (100% sorbitol added), film 2 (130% sorbitol added) and film 
3 (160% sorbitol added) (MPa) (Mean ± SD from 10 measure-

ments) 
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Fig. 1b. Elongation at break of films with different composition: 
film 1 (100% sorbitol added), film 2 (130% sorbitol added) and 
film 3 (160% sorbitol added) (%)(Mean ± SD from 10 measure-

ments) 
 

Regarding to barrier characteristics, obtained data are similar 
for all three films with slight differences. Results are presented 
in Table 1. Generally, all films are better barriers to O2 than CO2 
which is in agreement with findings of García et al. (2000). 

 
 

Table 1. Gas permeability of films with different amount of 
sorbitol (ml/m224h) (Mean ± SD from 3 measurements)   

 
 

Sorbitol content CO2 O2 N2 air 
Sorbitol equal to 100% 98.05 40.87 32.65 36.97 
Sorbitol equal to 130% 93.97 39.03 30.82 32.57 
Sorbitol equal to 160% 91.29 35.08 21.74 24.58 

 
 

Water vapor permeability of starch films has moderate val-
ues compared to gas permeability. Water vapor permeability is 
(59.3840±4.8907) ml/m224h for film 1 (sorbitol equal to 100%), 
(69.1013±5.5418) ml/m224h for film 2 (sorbitol equal to 130%), 
and for film 3 (sorbitol equal to 160%), is (81.6525±8.9901) 
ml/m224h. All results are presented as mean ± SD from 5 meas-
urements. It can be concluded that value of water vapor perme-
ability increases as sorbitol has been added which is in accor-
dance with findings of other authors (Rodriguez et al., 2006; 
Bertuzzi et al., 2007). Infrared spectra of the films are shown in 
Fig. 2. All three spectra are similar (have the same shape) with 
slight differences of absorbance at about 3300 cm-1 which peaks 
correspond to monosubstituted alkynes. 

 

CONCLUSION 
Starch is good matrix-forming material so one of its applica-

tions is edible films formation. Sorbitol is a plasticizer compati-
ble with starch, which improves film flexibility and meliorates 
mechanical and barrier properties. This investigation shows that 
sorbitol is needed to obtain cohesive films and that plasticizer 
content defines film properties. Successful film making tech-
nique resulted in films with different composition (different plas-
ticizer share) but very similar thickness values (in the range 
0.208mm-0.213mm). Regarding mechanical characteristics, ten-
sile strength value decreased due to plasticizer addition and 
elongation at break increased which resulted with more elastic 
and flexible films. Generally, all starch films are better barriers 
to O2 than CO2. Values for O2 permeability were in the range 
35.08ml/m224h to 40.87 ml/m224h and for CO2 in the range 
91.29 ml/m224h to 98.05 ml/m224h noting that sorbitol addition 
reduced gas permeability. Due to high starch hydrophilicity wa-
ter vapor permeability of films has moderate values compared to 
gas permeability. Water vapor permeability value was in the 
range 59.38ml/m224h to 81.65ml/m224h taking into account that 
water vapor permeability value increases as sorbitol has been 
added. 
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