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Abstract 
 
One of each of tuni, molat and ihur sago starch was hydroxypropylated with propylene oxide. The 
resulting hydroxypropyl sago starches (HPSS) with a molar substitution (MS) of 0.03 and 0.08 were 
used for biodegradable film preparation. Biodegradable films were prepared from the solutions 
containing different amounts of starch (3, 4 and 5%, w/v) by heating at 70oC for 30 min and 
glycerol (0.5%, w/v) was used as plasticizer. The films were characterized for film tensile strength, 
elongation, solubility, water vapour transmission rate (WVTR) and oxygen permeability (OP). The 
increase in the starch concentration resulted in an increase in film tensile strength, but the 
elongation, solubility, WVTR and OP decreased. The films made from HPSS showed higher 
elongation, solubility, OP and lower WVTR compared to that from the native starches. The films 
made from HPSS with a MS of 0.08 showed lower thickness, tensile strength, WVTR, but HPSS 
with a MS of 0.03 showed lower solubility and OP. 
Keywords: HPSS, Metroxylon sp., thickness, tensile strength, water vapour transmission rate, 
oxygen permeability, Indonesia. 
 
Introduction 
 
Development of alternative edible and/or biodegradable packaging material to partially or totally 
replace petroleum based synthetic polymers may offer opportunities that would benefit both 
manufacturers and consumers. Various natural biodegradable polymers can potentially serve as 
coating materials for environmental friendly packaging. According to Demšar et al. [1], polymer 
degradation is an irreversible chemical reaction which leads to cleavage of chemical bonds, 
decomposition of polymer matter, reduction of molecular mass, change in functional groups of 
polymer and originating of low molecular decomposition products. Biodegradable films or coatings 
have been proved their functional properties as barrier to solute and gas and prolong food quality 
and shelf life. 
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Biodegradable polymers based on natural polysaccharides, particularly starch, are used to develop 
biodegradable films because they have the capability of forming a continuous matrix and they are a 
renewable and abundant resource [1]. As polysaccharides themselves do not have plasticity, they 
are often used after chemical modification and/or as a blend with a biodegradable synthetic polymer 
[2, 3]. There are some studies in the literature showing native starches like cassava starch [4, 5], 
yam starch [6, 7] and sago starch [8] can be used for obtaining biodegradable films. 
 
Sago palm, the common name of Metroxylon sp., is one of the most important economic plants, 
mainly because it has the highest yielding starch in terms of its calorific yield per hectare. It is 
grown in several humid tropical countries, such as Indonesia, Malaysia and Thailand [9]. Sago 
starch, unlike the other starches, is derived from the pith of numerous kinds of palm trees. Sago 
palms has been classified into three different types, i.e. M. rumphii Mart. (Indonesian name: Tuni), 
M. sylvestre Mart. (Indonesian name: Ihur) and M. sagu Rottb. (Indonesian name: Molat) [10]. 
Tropical Asia is home to most of the 2,500,000 ha of sago palm cultivatedworld-wide and it is an 
important source of dietary fibre and the main carbohydrate source [11]. The rapidly increasing 
awareness of the importance of sago palm has brought about a considerable amount of research on 
sago starch and comprehensive reviews on sago starch have been written [12]. However, sago 
starch is an interesting alternative substrate for biodegradable film production. The sago starch has a 
low cost of production and high yield, when compared to other kinds of starch. 
 
There is a good correlation between amylose content and film forming ability of starch solutions. 
Starches with high amylose content (approximately 30% amylose) have excellent film forming 
properties compared to starches with low amylose content [7, 13]. Based on this, sago starch can be 
used as a raw material in the manufacture of biodegradable films, because the concentration of sago 
starch amylose is high enough. According to Polnaya et al. [14, 15], amylose content of sago starch 
was 27% and 35%, respectively, which is assumed to be used as the basis for good biodegradable 
films. 
 
Starch and starch derivative films have been widely studied due to the film forming properties, high 
oxygen barrier and good mechanical strength [6, 16] but have a low solubility [17] and the resulting 
film is brittle [7, 17]. Modified starch was used to improve the properties of film, for example, a 
blend of gelatin/hydroxypropyl starch/plasticizer [18] and acetylated cassava starch [5]. 
 
The objective of this study was to manufacture native sago starch (NSS) and hydroxypropyl sago 
starch (HPSS) based biodegradable films and to investigate the effect of polymer concentration and 
MS rate on the film properties. 
 
Materials and Methods 
 
Materials 
NSS (approximately 35% amylose) and HPSS (MS 0.03 and 0.08) were obtained from previous 
studies [15]. Glycerol was used as plasticizer and HCl were purchased from Merck, O2 and N2 were 
purchased from local distributors, and all chemicals used were analytical grade. 
 
Biodegradable film preparation 
Biodegradable films were prepared from NSS and HPSS using a method described by Parra et al. 
[4]. The film solutions were prepared from sago starch (3, 4 and 5% starch, w/v) with the addition 
of glycerol (0.5%, w/v). The solutions were prepared by addition of starch in a beaker with distilled  
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water (80 ml) at ambient temperature and stirred for 5 minutes. After that, the solutions were kept at 
70oC for 15 min in a controlled temperature water bath. Then glycerol was added and the solutions 
were made up to 100 ml and the heating step repeated. Then the sample was cast onto polyacrylic 
plates (22 × 17 cm). The cast films were dried at 40oC for 24 h in an oven. The dry films obtained 
were peeled off and stored in desiccator at 25oC for futher analysis. 
 
Mechanical test 
The film thickness was measured with a hand-held micrometer (Coolant Proof Micrometer IP-65 
MITUTOYO Corp., JP) having a sensitivity of 0.001 mm. The thickness was measured at various 
locations (at least five) of the film and then an average value was calculated. 
 
Tensile strength and elongation of each film were measured according to ASTM-D D412-98a [19] 
using a Mechanical Universal Testing Machine Swick Z0.5, a velocity of 1.0 mm s-1, with the 
distance between clamps was 50 mm. Test samples were cut in dumb-bell Die I dimensions (Dumb 
Bell Ltd. Saitana, Japan) according to the ASTM standard method. The results are the average of 
five samples. 
 
Water vapour transmition rate  
Three film specimens were tested for each type of film. WVTR (g/m2 h) was determined 
gravimetrically using a modification of ASTM Method E 96-95 [20] described by Gennadios et al. 
[21]. Film specimens were mounted on polymethylmethacrylate cups contaning 20 ml of silica gel. 
The cups were placed in an environmental chamber at 250C and 75% RH (40% NaCl, w/v). The 
weights of the cups were recorded every hour for a total of 8 h. Linear regression was used to 
estimate the slope of this line in g/h. Water vapour transmission rate is determined by the equation:  
 
WVTR = Slope of the mass of the test cup vs. time (g/h) / Film surface area (m2). 
 
Film solubility 
The film solubility was determined according to Gontard et al. [22]. Solubility was tested as 
follows: the sample was cut into strips of 2 × 2 cm. Sample with filter paper is dried at a 
temperature of 105oC for 24 h. The filter paper and samples were weighed to determine the weight 
of the sample as the initial weight (W1). Insert the sample into a 50 ml of 0.02% sodium azide 
solution. Addition of sodium azide is intended to prevent the growth of microorganisms. Soaking 
was conducted over 24 h, slowly stirring periodically. An insoluble film with filter paper of each 
sample was dried in an oven at 105oC to constant weight (W2). 
 
% Solubility = ((W1 - W2) / W1) × 100%  
 
Oxygen permeability 
Oxygen permeability (OP) was determined according to Ayranci and Tunc [23]. The film was 
sealed between two specially designed glass cups, each having a diameter of 4 cm and a depth of 5 
cm. Both cups have two channels. Oxygen enters to the cup on one side of the film from one 
channel and leaves from the other with a controlled flow rate to keep the oxygen pressure constant 
in that compartment. The cup on the other side of the film was purged by a stream of nitrogen 
entering from one channel and leaving from the other. This nitrogen acted as a carrier for oxygen 
permeated from the other side of the film to the wet analysis system. Up to the wet analysis system, 
the design was mainly based on the ASTM standard [19]. A modification was made to the O2 
analysis and a classical wet analysis, based on the well-known method of iodimetry was applied for  
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the determination of the amount of permeated O2. The stoichiometry indicated that 1 mol of 
dissolved oxygen required 4 mol of thiosulphate. The OP of the film was then calculated by 
equation:  
 
OP = (m × d) / (A × t × ∆P) 
 
where m is the mass of O2 permeated through the film with a thickness of d and an area of A over 
the measured time interval t. ∆P is the difference in O2 pressure between the two sides of the film. 
The OP of the films was determined according to the method described above at 25 ± 1oC. Both O2 
and N2 gases were dried by passing through a gas drying column containing anhydrous calcium 
chloride before entering the system. 
 
Statistical analyses 
The data obtained from the study were analyzed using analysis of variance at a 95% confidence 
level and comparisons significant for all treatments used Tukey test. SAS 9.0 software (SAS Inc.) 
was used to analyze the data. 
 
Results and Discussion  
 
Mechanical properties 
The tensile strength (0.09-21.34 MPa) and elongation (0.07-1.32%) of sago starch films are given in 
Figures 1 and 2, respectively. 
 
At concentration starch 5%, NSS-ihur film showed the highest tensile strength but lowest 
elongation. The increased starch concentration in the film forming solution caused an increase of 
tensile strength but a decrease of elongation. This may be because the increase of the amylose 
concentration in the solutions causes an increase in the number of hydrogen bonds so that it forms 
rigid film. The number of hydroxyl groups increased with increasing starch ratio in the film-
forming solution [24] and eventually can produce a rigid film. 
 
The tensile strength and elongation of HPSS film were significantly lower and higher, respectively, 
than that of NSS film due to substitution of the hydroxypropyl group. The same results are also 
shown by Polnaya et al. [8] for hydroxypropyl-acetyl sago starches. NSS with strong gel strength 
will form a rigid biodegradable film than that film produced by modified sago starch which is more 
flexible. Wattanachant et al. [25] suggest that sago starch exhibits long cohesive gels with very high 
gel strengths; however this undesirable property could be counteracted by hydroxypropylation. 
HPSS film with MS 0.03 is significantly lower than that of HPPS film with MS 0.08. 
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Figure 1. Tensile strength of sago starch biodegradable films by weight of starch (3, 4 and 5%, 

w/v) and types of sago starch. 
native ( ), hydroxyproyl MS = 0.03 ( ) and hydroxyproyl MS = 0.08 ( ).  

Error bars indicate standard deviation (r = 3). 
 

 
Figure 2. Elongation of sago starch biodegradable films by weight of starch (3, 4 and 5%, w/v) 

and types of sago starch. 
native ( ), hydroxyproyl MS = 0.03 ( ) and hydroxyproyl MS = 0.08 ( ).  

Error bars indicate standard deviation (r = 3). 

Water vapour transmission rate  
The WVTR of sago starch films (0.07-1.32 g H2O/m2 h) are given in Figure 3. At concentration 
starch level 5%, HPSS-tuni film showed the lowest WVTR. At the same starch concentration (3%), 
the WVTR of HPSS-tuni film (MS 0.08) was significantly lower than that of NSS film while the 
other treatments were not significantly different. The substitution of hydroxypropyl groups 
produces tissue structure that can withstand moisture diffusion through the film. As a consequence, 
it decreases the WVTR. Xu et al. [24] reported that an increase in the chitosan-starch ratio caused a 
significant decrease in WVTR. 
 
 
 
 
 
 
 
 



 

 

As. J. Food Ag-Ind. 2012, 5(03), 183-192                   188 
 

 
Figure 3. WVTR of sago starch biodegradable film by weight of starch (3, 4 and 5%, w/v) and 

type of sago starch. 
native ( ), hydroxyproyl sago starch MS = 0.03 ( ) and hydroxyproyl sago starch MS = 0.08 ( ).  

Error bars indicate standard deviation (r = 3). 
 

The WVTR of biodegradable film gets lower along with the increase of the film concentration, 
either on NSS or HPSS. The decrease WVTR of biodegradable film is caused by the increase of 
dissolved solids in the film solution and the increase of amylose molecule concentration which form 
stonger hydrogen bonds, so that it produces compact structure. This can be seen from the NSS with 
a concentration of 5%, which has approximately lower WVTR values, compared to all the other 
treatments. HPPS film with MS 0.08 had lower WVTR than that of HPPS film with MS 0.03. HPPS 
film from molat sago starch had lower WVTR than that prepared from tuni and ihur sago starches. 

Solubility 
The solubility of sago starch films are shown in Figure 4. The solubility of HPSS biodegradable 
films (32.39-92.55%) was higher than that of NSS (20.18-68.97%). This is related to the 
characteristics of HPSS (MS 0.058) which has higher solubility compared to those of the other 
treatments [15], so that the use of modified sago starch as the basic material of biodegradable film 
will produce films with higher solubility than the NSS film. According to Kester and Fennema [26], 
etherification of starch with propylene oxide increases solubility in water, since the films that result 
from hydroxypropyl starches are not water vapour resistant. 
 
NSS-ihur shows higher solubility than that of NSS-molat to tuni for three levels of starch 
concentration. Increase in the sago starch concentration decreases the film solubility. The similar 
result was also suggested by Polnaya et al. [8]. This was because of the consequence of the increase 
of hydrogen bond along with the decrease of amylose concentration in the solution. HPSS film (MS 
0.08) had higher solubility than those resulting from any other starches used in this experiment. 
HPSS film from ihur sago starch had higher solubility than that of tuni and molat sago starches. 
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Figure 4. Solubility of sago starch biodegradable film by weight of starch (3, 4 and 5%, w/v) 

and types of sago starch. 
native ( ), hydroxypropyl MS = 0.03 ( ) and hydroxypropyl MS = 0.08 ( ). 

Error bars indicate standard deviation (r = 3). 
 

Oxygen permeability  
Oxygen is one of the factors causing oxidation. It is indicated by the changes seen in most food 
products, such as odor, colour, flavour and lowering of nutritional value. Film with good barrier 
characteristics can defend the food product quality and extend shelf life. Generally, film from 
hydrophilic biopolymers shows good barrier properties toward oxygen [27]. 
 
The OP of sago starch films are given in Figure 5. The OP of HPSS film (0.44-1.67 × 109 g/d Pa m) 
was significantly lower than NSS film (0.52-1.82 × 109 g / d Pa m). Figure 5 shows that increasing 
starch concentration treatment significantly decreases OP by increasing the solid content and 
producing a smaller pore size. Sothornvit and Pitak [27] showed that an increase in banana flour 
content should tranlate in an increase in polysaccharide content (starch) which should theoretically 
translate in a reduction in OP. 
 

 
Figure 5. Oxygen permeability of sago starch biodegradable film by weight of starch (3, 4 and 

5%, w/v) and types of sago starch. 
native ( ), hydroxypropyl MS = 0.03 ( ) and hydroxypropyl MS = 0.08 ( ). 

Error bars indicate standard deviation (r = 2). 
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HPSS film has lower OP than NSS film. The film made from HPPS with MS 0.03 had lower OP 
than that from HPPS film with MS 0.08. HPPS film from molat sago starch had lower OP than that 
from sago tuni or ihur starches.  

Conclusion 

Biodegradable film manufactured from HPSS had different mechanical properties compared to that 
from NSS, in terms of the film tensile strength, elongation, solubility, WVTR and OP. Increase in 
the sago starch concentration increased the tensile strength, but decreased elongation, solubility, 
WVTR and OP. HPSS with different MS gave the different characteristics of biodegradable film. 
The films made from HPSS with MS 0.08 showed the lower tensile strength and WVTR but HPSS 
with MS 0.03 showed the lower solubility and OP. The change of the mechanical properties was 
particularly caused by the substitution of the hydroxyl groups with hydroxypropyl groups which 
affected the biodegradable film characteristics. 
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