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ABSTRACT 
The application of biopolymer films and coating to food products represents a new approach to reduce r migration of moisture, 

oxygen, carbon dioxide, aromas, and oil in or out of food. Also, biopolymer films, as packaging materials, need to enhance 
appearance of food and to improve mechanical integrity. In order to facilitate handling and application films must be strong, but 
flexible enough. Addition of plasticizer could modify the flexibility of biopolymer films. It is known that guar-xanthan can improve the 
flexibility of polysaccharides films. 

Therefore, the objective of this study was to examine the influence of guar-xanthan on characteristics of pumpkin oil cake (PuOC) 
films, with emphasis on the flexibility of the film. Two approaches of guar-xanthan addition in the pumpkin oil cake were applied – 
stirring with laboratory stirrer and using of ultra turrax homogenizer. The results showed that guar-xanthan improved physical and 
mechanical properties of PuOC films, but only if film-forming solution was homogenized by ultra turrax. The films with guar-xanthan 
slightly improved mechanical properties – tensile strength and elongation at break, water content, solubility and swelling properties, 
but were much easier for handling. 
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REZIME 

Primеnа biоpоlimеrnih filmоvа i omotača za pakovanje prеhrаmbеnih prоizvоdа prеdstаvlја nоvi pristup zaštite proizvoda od 
migrаciјe vlаgе, kisеоnikа, uglјеn-diоksid, аrоmа, i ulја iz ili u hrаnu. Таkоđе, uloga biоpоlimеrnih filmоvа, kао mаtеriјаlа zа 
pаkоvаnjе, je da pоbоlјšа izglеd hrаnе i sačuva mеhаnički intеgritеt. Dа bi sе оlаkšаlо rukоvаnjе i аplikаciја, film mоrа dа budе 
dоvоlјnо јаk, аli i flеksibilan. Dоdаvаnjеm plаstifikatora može da se izmеni flеksibilnоst biоpоlimеrnih filmоvа. Pоznаtо је dа guаr-
ksаntаn pozitivno utiče na flеksibilnоst pоlisаhаridi filmоvа. 

Cilj ovog rada je izučavanje uticaja guar-ksantana na karakteristike filmova na bazi pogače uljane tikve (PuOC), sa akcentom na 
uticaj na fleksibilnost filma. U radu su ispitana dva pristupa dodatka guar-ksantana pogači uljane tikve – mešanjem na 
laboratorijskoj mešalici i homogenizacija ultratureksom. Rezultati pokazuju da guar-ksantan ima pozitivan uticaj na fizičke i 
mehaničke osobine PuCO filmova, ali samo ako je guar-ksantan uz homogenizaciju ultratureksom. U poređenju sa filmom bez 
dodatka guar-ksantana, novi film ima poboljšane mehaničke osobine – zateznu jačinu i izduženje pri kidanju, sadržaj valfe, 
rastvorljivost i bubrenje, ali je najveći uticaj dodatka guar-ksantana na poboljanu mogućnost rukovanja filmom. 

Ključlne reči: biopolimeri, pogača uljane tikve, guarksxanthan, homogenizacija, karakteristike. 
 

INTRODUCTION 
Biopolymer films have been in the scope of many researches, 

as well as food industry, because of their potential for providing 
a barrier against water vapour, gases, microorganisms carrying 
active ingredients and improving the mechanical integrity of 
packed food (Hromiš et al., 2014; Lazić et al., 2008; Šuput et 
al., 2014). Biopolymer films and coatings afford numerous 
advantages over synthetics polymeric packaging because of their 
biodegradability (Jia et al., 2009). Various proteins and 
polysaccharides, such as soy protein, whey protein, wheat 
gluten, corn zein protein, gelatine, but also cellulose, starch, and 
their derivate, chitosan, carrageenan, and alginates, were 
employed as packaging materials and coatings (Denavi et al., 
2009; Gounga et al., 2007; Jia et al., 2009; Su et al., 2010). 

Recently, new biopolymer material has been synthetized 
from pumpkin oil cake (PuOC) (Popović et al., 2010, 2011). 
Pumpkin oil cake is by-product, obtained after cold-pressing oil 
extraction from pumpkin seed. Unfortunately, the majority of 
this product has been exposed or used only as animal feed. It 
was shown that composite film, produced at Petri dishes, with 90 
mm in diameter, possessed good mechanical and barrier 
properties, as well as antioxidant activity without addition of 

active components (Popović et al., 2011). However, in an 
attempt to form pouches for food packaging, using PuOC films, 
authors had problems because of small filling area. In order to 
produce functional pouches it was necessary to scale-up film 
production in bigger Petri dishes, with 180 mm in diameter. The 
film produced in these Petri dishes were brittle, indicated that 
further investigation should be focus to improve flexibility. 

Plenty of data indicate that gums can affect mass viscosity, 
which is an essential feature for the quality of a coating 
(Fiszman and Salvador, 2003). Xanthan gum has high viscosity 
and it is mainly responsible for forming stable solutions that 
contribute as stabilizer, thickener and emulsifier in food products 
(Mohamed et al., 2013). 

Therefore, the aim of this study was to investigate the 
influence of guar-xanthan, and the usage of ultra turrax, on the 
PuOC film properties with emphasis on the flexibility of the 
film. 

MATERIAL AND METHOD 
Materials 
The hull-less pumpkin (Cucurbita pepo L. c.v. Olinka) oil 

cake was collected from „Agrojapra“, Donji Agič, Bosnia and 
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Herzegovina. It was stored at the temperature of 4 ˚C and ground 
before use. All other reagents were analytical grade. 

Preparation of film solutions and film 
formation 
PuOC film-forming solution (10 %, w/w) was prepared as 

follows. PuOC was suspended in deionized water and pH=12.0 
was adjusted using 0.2 M NaOH. Addition of glycerol to 
solution was set at 0.3 g glycerol/g PuOC and guar-xanthan at 
0.1 and 0.2 %. Guar-xanthan was added on two ways: stirring at 
laboratory stirrer (0.1 and 0.2 % of guar xanthan) and by using 
ultra turrax (UT) homogenizer (0.2 % guar xanthan). The 
solution was incubated at 90 ˚C, for 20 min. Solution was 
filtrated through nylon filtrate and was poured onto Teflon-
coated Petri dishes, 180 mm in diameter to cast films. Films 
were dried for 2 days at ≈25 ˚C and 75-80 % relative humidity. 

Film thickness 
Film thickness was measured with a micrometer with a 

sensitivity of 0.001 mm. The results were expressed as the mean 
of five to ten measurements on each film. 

Mechanical properties 
Tensile strength and elongation to break of films were 

measured on an Instron Universal Testing Instrument Model No 
4301 (Instron Engineering Corp., Canton, MA) according to the 
ASTM standard method D882-01. The rectangular film strips of 
90 mm in length and 15 mm in width were used. The initial grip 
separation was set at 50 mm, and crosshead speed was set at 500 
mm/min. 

Tensile strength (MPa) was calculated by dividing the peak 
load given by the cross-sectional area of the film. Elongation to 
break was calculated as the present of change by dividing film 
elongation at the moment of rupture by initial gage length of the 
specimen (50 mm) and multiplying by 100. Tensile strength and 
elongation to break measurements for each type of film were 
repeated at least five times, from which an average was obtained. 

Total soluble matter 
Total soluble matter was determined according to modified 

Gennadios et al. method (1994). Small pieces of film (1x2 cm) 
were weighed and placed into test tubes containing 5 ml of 
distilled water. Test tubes were covered and gently shaken, at 
room temperature, for 24 h. After that, the tubes were 
centrifuged at 3000 rpm (Sorvall RC 5B Superspeed Centrifuge, 
Dupont, Newton, USA) for 20 min. The remaining pieces of film 
after centrifugation were dried in the oven at 90 ˚C for 24 h to 
obtain the final dry weight of the film (total solid matter). The 
percentage of total soluble matter (% SM) of the films was 
calculated using the following equation: 

 
% 𝑆𝑀 = (𝐹𝑖𝑙𝑚 𝑚𝑎𝑠𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑒𝑠𝑡)−(𝐹𝑖𝑙𝑚 𝑚𝑎𝑠𝑠 𝑎𝑓𝑡𝑒𝑟 𝑡𝑒𝑠𝑡)𝑥100

𝐹𝑖𝑙𝑚 𝑚𝑎𝑠𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑒𝑠𝑡
   (3) 

Swelling property 
The films were cut into a piece of 1 x 2 cm in size and 

weighted in air-dried conditions (w1). They were then immersed 
in deionized water (25 °C) for 2 min. Wet samples were wiped 
with filter paper to remove excess liquid and weighted (w2). The 
amount of adsorbed water was calculated as 

Swelling (%) = 100 (w2 – w1) / w1,  (1) 
where w2 and w1 were the weights of the wet and the air-

dried samples (Bigi et al., 2004). The measurement was repeated 

three times for each type of film, and an average was taken as 
the result. 

Statistical analysis 
Statistical analysis was carried out using Statistica 10.0 

(StatSoft Inc., Tulsa, OK, USA); means and standard deviation 
were calculated. Student’s t-test was applied to compare the 
averages of properties with level of 95 % confidence interval. 

RESULTS AND DISCUSSION  
The effect of guar-xanthan addition, and the usage of ultra 

turrax for film-forming solution homogenization, on thickness 
and mechanical properties of PuOC films are showed in Figures 
1-3. 
 

 
Fig. 1. The effects of guar-xanthan, and the way of film-forming 

solution homogenization, on thickness of PuOC films; 0 – 
without guar-xanthan, 0.1- with 0.1 % guar-xanthan, 0.2 – with 

0.2 % guar-xanthan, 0.2 ut - with 0.2 % guar-xanthan, 
homogenized by ultra turrax 

 

The results presented at Figure 1. showed that PuOC film 
thickness was 122.5 µm, films stirred at laboratory stirrer, with 
0.1% guar-xanthan had thickness of 273.7 µm, and with 0.2% 
guar-xanthan thickness of film was 277.3 µm. while the film 
prepared with 0.2 % of guar-xanthan, homogenized by ultra 
turrax had thickness of 202.4 µm. The application of ultra turrax 
improved the homogeneity of the film so the thickness was 
similar to the thickness of pure PuOC film. 

 

 
Fig. 2. The effects of guar-xanthan, and the way of film-forming 
solution homogenization, on tensile strength of PuOC films; 0 – 
without guar-xanthan, 0.1- with 0.1 % guar-xanthan, 0.2 – with 

0.2 % guar-xanthan, 0.2 ut - with 0.2 % guar-xanthan, 
homogenized by ultra turrax 
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Fig. 3. The effects of guar-xanthan, and the way of film-forming 
solution homogenization, on elongation at break of PuOC films; 
0 – without guar-xanthan, 0.1- with 0.1 % guar-xanthan, 0.2 – 

with 0.2 % guar-xanthan, 0.2 ut - with 0.2 % guar-xanthan, 
homogenized by ultra turrax 

 

The results of mechanical properties - tensile strength and 
elongation at break are presented in Figures 2 and 3. Tensile 
strength of films produced by pure PuOC is 4.54 MPa, films 
with 0.1 % guar-xanthan had tensile strength 0.95 MPa, films 
with 0.2 % guar-xanthan had TS 1.27 MPa, while films with   
0.2 % guar-xanthan, obtained using ultra turrax had TS 3.83 
MPa. Elongation at break of films produced by pure PuOC and 
with 0.2 % guar-xanthan, obtained using ultra turrax were 32.62 
and 30.17 %, respectively, while films with 0.1 and 0.2 stirred at 
laboratory stirrer have elongation at break 22.55 and 19.3 %. 
The application of ultra turrax improved the homogenization of 
film-forming solution and guar xanthan distribution, so the film 
obtained by ultra turrax demonstrated better elongation than 
those stirred at laboratory stirrer. 
 

 
Fig. 4. The effects of guar-xanthan, and the way of film-forming 
solution homogenization, on water content of PuOC films; 0 – 

without guar-xanthan, 0.1- with 0.1 % guar-xanthan, 0.2 – with 
0.2 % guar-xanthan, 0.2 ut - with 0.2 % guar-xanthan, 

homogenized by ultra turrax 
 

Water content is an important characteristic of biopolymer 
films, and it is better for functional properties of biopolymer 
films to have lower water content (Van de Velde and Kiekens, 
2002). The results presented in Figure 4. showed that film 
without guar-xanthan had water content of 11.11 %, film with 
0.2 % guar-xanthan, homogenized by ultra turrax had water 

content of 14.64 %, while the films produced with 0.1 and 0.2% 
guar-xanthan, by using laboratory stirrer had the highest water 
content of 20.26 and 19.25 %, respectively.  
 

 
Fig. 5. The effects of guar-xanthan, and the way of film-forming 

solution homogenization, on solubility of PuOC films; 0 – 
without guar-xanthan, 0.1- with 0.1 % guar-xanthan, 0.2 – with 

0.2 % guar-xanthan, 0.2 ut - with 0.2 % guar-xanthan, 
homogenized by ultra turrax 

 

 
Fig. 6. The effects of guar-xanthan, and the way of film-forming 
solution homogenization, on swelling properties of PuOC films; 
0 – without guar-xanthan, 0.1- with 0.1 % guar-xanthan, 0.2 – 

with 0.2 % guar-xanthan, 0.2 ut - with 0.2 % guar-xanthan, 
homogenized by ultra turrax 

 

In the figures 5 and 6 the solubility and swelling properties 
of PuOC films, without and with additional of different 
percentage of guar xanthan is presented. The solubility of PuOC 
film, films with 0.1 % andand 0.2 % guar-xanthan produced by 
laboratory stirrer and film with 0.2 % guar-xanthan, 
homogenized by ultra turrax were 47.04 %, 48.56 %, 60.16 %, 
and 53.19 %, respectively (Figure 5), while theswelling ability 
was 256.74 %, 301.3 %, 417.3 %, and 336.87 %, respectively 
(Figue 6). It was obtained that the solubility and swelling 
properties were not significantly influenced by the different 
conditions of film production as well as by the addition of guar-
xanthan; film with 0.2 % guar-xanthan produce using the 
laboratory stirrershowed the highest solubility (60.16 %) and 
swelling properties (417.3 %). 

CONCLUSION 
The obtained results showed that pumpkin oil cake (PuOC) 

as new biopolymer films produced in bigger Petri dishes with 
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180 mm in diameter, with 0.2 % guar-xanthan and homogenized 
by ultra turrax were easier to be handled and formation of 
pouches was more efficient, although there was no significant 
improvement of PuOC film charachteristics by addition of guar-
xanthan. 
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