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Abstract 

To develop functional and sustainable packaging materials from starch and to enhance 

their properties, agar was added to thermoplastic corn starch (TPS) in a wide 

concentration range and the products were prepared either by casting or melt blending 

with a high glycerol content. The role of agar in the mechanical and barrier performance 

of films, as well as the compatibility of TPS and agar was systematically evaluated. In 

addition, the retrogradiation of starch in various blends after long storage periods was 

widely characterized. Results proved that the addition of agar to TPS resulted in films 

with promising barrier and tensile properties. Stiffness and strength increased 

considerably by increasing agar content, while deformability of blends was better than 

those of pure TPS. Agar incorporation decreased water permeability and solubility and 

improved light transmittance. Retrogradation of the dry blends was significantly smaller 

than that of pure TPS owing to the strong starch/agar interaction. 
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1. Introduction 

Recently, there has been a growing interest in the application of biopolymers in order to 

reduce the environmental pollution caused by plastic waste and to achieve sustainable 

development. The most promising renewable polymers, such as cellulose, starch, chitosan, agar 

or alginates, are polysaccharides. Various products like films, nanoparticles, gels and scaffolds 

are usually developed from both the neat polymers, as well as from their blends and composites. 

They are widely used in the packaging, agricultural, healthcare and medical areas [1-13]. In the 

field of packaging, the most commonly used biopolymer is starch. 
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Starch is a semi-crystalline polymer with a repeating unit of -D glucopyranose. It 

consists of two macromolecules: amylose and amylopectin, with a linear and a highly branched 

molecular structure, respectively [14, 15]. The predominant crystalline component in starch is 

amylopectin. The relative amounts of amylose and amylopectin depend on the botanical source 

and strongly determine the properties of starch. Corn starch granules typically contain 

approximately 70 % of amylopectin and 30% of amylose [15].  

Starch has to be plasticized due to its poor processing ability [14]. Plasticization 

transforms the semi-crystalline granules into a homogeneous, rather amorphous material by 

destroying the hydrogen bonding network between the starch molecules and by synchronous 

formation of hydrogen bonds between the plasticizer and the starch molecules. Polyols like 

glycerol and sorbitol are commonly used as efficient plasticizers for starch. Granular disruption 

can be achieved in the presence of a plasticizer by applying film casting or thermomechanical 

energy for example in a continuous and cost effective extrusion process [14, 15].  

 The main disadvantages of plasticized starch (TPS) are the pronounced hydrophilic 

character and the inadequate mechanical properties. During storage, the water/polyol 

plasticized starch can undergo a recrystallization process, called retrogradation [16, 17]. 

Retrogradation modifies several properties (e.g. opacity, hardness, deformability, dimensional 

stability, etc.), thus, the shelf-life and the quality of the final products are strongly affected by 

it.  

The rate of retrogradation depends on the glass-transition temperature of TPS, which is 

determined by the type and amount of plasticizers (glycerol, water) in the polymer [9, 16-18]. 

It is well-known that water is a good plasticizer of starch. Since the glycerol plasticized starch 

is very hydrophilic, the mechanical properties of TPS strongly depend on the water content. 

After thermomechanical processing, TPS completely lacks water, but during storage water 

absorption occurs immediately. As a consequence, the properties of TPS are determined by 
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retrogradation and water absorption. Through restraining the mobility of starch molecules, 

additives like non-starch polysaccharides (e.g. alginate, carboxymethyl cellulose and guar gum) 

were highly efficient in preventing the retrogradation of starch films [9, 11, 17, 19, 20]. 

One of the potential polysaccharides to reduce retrogradation of TPS is agar, which is a 

gelatinous product from the red algae class (Rhodophyceae). Agar is a heterogeneous complex 

mixture of the related polysaccharides having the same backbone chain structure. The main 

components of the chain are D-galactopyranose and 3,6-anhydro-L-galactopyranose with 

alternating (1,4) and (1,3) linkages. Agar is lightly sulfated; the main fraction is agarose, a 

neutral polymer, while the agaropectin is a sulfated polymer. Depending on the source, the 

molecular weight varies from 80 000 to 140 000 g/mol. Agar is insoluble in cold water and 

slightly soluble in ethanolamine, whereas in the dried state it is soluble in hot water [10, 11]. 

Polysaccharide-based film-forming materials, such as starch and starch derivatives, 

cellulose derivatives, alginate, carrageenan, chitosan, pectin and various gums have been 

studied extensively for developing edible packaging systems. Although several papers have 

been published in the field of edible films made from starch and agar [11, 19, 21-24] and some 

of them discussed the properties of blends prepared by melt blending [21-24], but less 

information is available on blends prepared in a wide composition range and on the correlation 

between the agar content and the retrogradation of TPS [19]. Thus, the present paper aims at 

the elucidation of the effect of agar addition on the structure, properties and tendency of TPS 

retrogradation. TPS-agar blend films were prepared in a wide range of concentration either by 

solution or melt blending with extremely high glycerol content. For the comparative 

characterization of films, scanning electron microscopy, X-ray diffraction, UV–vis 

spectroscopy, tensile test and thermogravimetric analysis, water vapour permeability, as well 

as some simple tests were applied. The results proved that certain properties of TPS films can 
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be enhanced, while retrogradation of starch can be suppressed by the addition of agar. Thus, the 

blending of TPS and agar enabled the tailoring of film properties for several applications. 

 

2. Experimental 

2.1. Materials 

Corn starch with a water content of 12 wt%, produced by Hungrana Ltd. (Hungary) was 

used in the experiments. Glycerol with 0.5 wt% water content was obtained from Molar 

Chemicals Ltd. Hungary and was used without further purification or drying. Agar powder 

(with ash content: 2-4.5%) was supplied by Sigma Aldrich, Hungary. 

 

2.2. Preparation of plasticized TPS/agar blends 

In order to investigate retrogradation, TPS blend films were prepared by solution or melt 

blending with an extremely high glycerol content. Solution blending was carried out as follows. 

Briefly, native starch was dispersed in distilled water containing either 50 or 62 wt % of 

glycerol, based on the total amount of dry carbohydrates (starch plus agar). To gelatinize the 

starch granules, the suspension was continuously stirred at 80 °C for 30 min. Agar was added 

to the gelatinized starch and the mixture was stirred for another 30 min at 80 °C, and agar-TPS 

film was obtained by casting the hot suspension into a Petri dish covered by a Teflon sheet and 

subsequently drying it in a humidity chamber at 35 °C and 50 RH% for 24 h. The agar content 

was changed in a wide composition range (from 0 to 100%) on the dry basis of polysaccharide. 

Thickness of the films was 100 ± 20 µm. Prior to the analysis, the films were stored at 23 °C 

and 50 % RH.  

Preparation of TPS/agar films by melt blending was carried out in an internal mixer 

(Brabender W50 EH). The starch was premixed with glycerol and agar in a Petri dish for 30 

min, then the mixture was introduced into the mixer and was homogenized at 135 °C and 50 

rpm for 10 min. The agar content was changed between 0 and 60 % and based on the dry weight 
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of polysaccharide. A plate with an averaged thickness of 400 ± 30 µm was compression 

moulded from the melted mixture at 135 °C for 4 min. One half of the film prepared by melt 

mixing was stored under dry conditions (at 0 RH%), while the other was stored at 23 °C and 50 

% RH until further study. Table 1 contains the list of blends, their compositions and the methods 

applied for their preparation. 

 

Table 1. Preparation method, composition and designation of the TPS blends 

Method 

Glycerol content 

(%)* 

Agar content  

(%)* 

Designation  

of samples 

Solution  50 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 S50 

Solution  62 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 S62 

Melt  50 0, 10, 20, 30, 40, 50, 60 M50 

Melt 62 0, 10, 20, 30, 40, 50, 60 M62 

* Based on the total amount of dry carbohydrates (starch + agar). 

 

2.3. Characterization 

 Crystalline structure of the TPS and blends was studied by X-ray diffraction (XRD) 

using a Philips PW1830/PW1050 equipment with CuKα radiation at 40 kV and 35 mA. Samples 

were scanned in the diffraction angle range of 2–35° in 0.04° steps. Diffractograms were 

recorded on the powders (starch) or films using a multipurpose sample stage. Morphology of 

the samples was examined by scanning electron microscopy (SEM) using a Jeol JSM 6380 

apparatus. The micrographs were taken from the surfaces created by cutting with an 

ultramicrotome. The light transmission of films at 700 nm was determined using an UV-VIS 

spectrometer (Unicam W500).  

 Water content of the conditioned films prepared by different methods was determined 

by thermogravimetric analysis (TGA), using a Perkin Elmer TGA 6 equipment from 35 to 700 
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°C, at a heating rate of 10 °C/min, under nitrogen flow. Tensile properties (Young’s modulus, 

tensile strength and elongation at break) were measured by an Instron 5566 apparatus according 

to ISO 527/4A. Young’s modulus was determined at 0.5 mm/min while ultimate properties at 

a cross-head speed of 5 mm/min. All characteristics derived from five parallel measurements. 

To investigate retrogradiation, selected samples were characterized immediately after sample 

preparation and also after storage under controlled condition for 2, 3 and 6 months. 

  Water vapour permeability (WVP) of films prepared by casting was investigated at a 

relative humidity difference of 100-50 %. The film was placed between two metal rings on the 

top of a glass cell containing distilled water, then the glass cell was introduced into a climate-

controlled chamber regulated at 50 % RH and 23 °C. The test cell was periodically weighted to 

a constant variation rate of weight. WVP (g m-1s-1Pa-1) was calculated using the Equation 1, 

where m is the weight loss (g) of the test cell, x is the film thickness (m) and A is the exposed 

area (m2) during t duration (s) under p partial water vapour pressure (Pa) 

 

                                WVP = m x / A t p                                                       (1)  

The solubility of TPS/agar blends in water was determined by measuring periodically the mass 

of the samples stored in distilled water at 40 °C. 

 

3. Results and discussion 

3.1. Mechanical properties 

The TPS/agar blends prepared either by solution or melt mixing had homogeneous 

appearance without breaks, fractures and perceptible particles or bubbles. Owing to the high 

plasticizer content, the films were flexible and easy to handle. To characterize the mechanical 

behaviour of composites, stiffness (Young’s modulus), strength (tensile strength) and 

deformability (elongation at break) of the conditioned films prepared by casting or melt 
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blending were determined. Composition dependence of the Young’s modulus, tensile strength 

and elongation-at-break values are plotted in Fig. 1. All properties are shown separately for 

films prepared either by casting (Fig. 1a, Fig. 1c, Fig. 1e) or melt blending (Fig. 1b, Fig. 1d, 

Fig. 1f). The films were successfully prepared by casting in the entire composition range. 

However, melt blended films could be developed only in a narrower concentration range (0 – 

60 % agar content, Table 1), since the addition of agar significantly increased the stiffness of 

TPS.  

Addition of agar significantly increases not only the stiffness but also the strength of 

TPS (Figs. 1a-d). By comparing the data of films prepared with the same composition but 

different methods (casting or melt blending), it is obvious that the dry blends prepared by melt 

mixing have a higher modulus than the cast films. Nevertheless, the tensile strengths of the 

differently prepared samples are almost the same.  

Furthermore, the results in Figs. 1a-d prove that the stiffness and strength strongly 

depend on the plasticizer content. Besides glycerol, the cast films contain also water derived 

from preparation and conditioning and water has a strong plasticizing effect. That can be the 

reason why the conditioned cast films with the same polysaccharide and glycerol content have 

a lower Young’s modulus than the dry blends prepared in the internal mixer. Despite the 

comparable glycerol and water content of S50 and S62 blends, the stiffness and strength of the 

conditioned M50 and M62 films are very poor; in fact they are the worst among all samples. 

The reason behind this might be that water is differently bonded during solution mixing and 

conditioning and it shows a different effect on the mechanical properties. Similar results were 

obtained earlier for TPS/montmorillonite composites [13].  

Surprisingly, the composition dependence of deformability of cast films and dry melt 

blended films was quite different (Figs. 1e,f). While the changes in elongation at break as a 

function of agar content can be understood and explained for the samples M50 and M62 (Fig. 
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1f), interpretation of the results for S50 and S62 blends (Fig. 1e) is more difficult. Larger 

plasticizer content results in higher elongation at break in M50 and M62 samples and the 

deformability decreases with increasing agar amount until 30-40% agar content, which is 

consistent with the tensile strength results. The varying composition dependence of the 

deformability of cast films could be due to the high water and glycerol content. For a more 

detailed explanation, further studies would be necessary. 

    

 

       a 

 

       b 
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Fig. 1. Effect of agar content on Young's modulus (a, b), tensile strength (c, d) and elongation 

at break (e, f) of films prepared by casting (a, c, e) or melt mixing (b, d, f). (Lines are drawn 

only to guide the eye and they are not fitted correlations.) 

 

In order to check whether water is bonded differently during solvent mixing and 

conditioning, thermogravimetric analysis was carried out for films prepared by casting or melt 
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mixing. Samples prepared by melt mixing were investigated in dry and conditioned forms as 

well. TGA and DTGA curves in Fig. 2a and b, respectively, demonstrate the weight loss and 

derivate of weight loss of selected films up to 250 °C. For the dry M50 film, only minimal 

weight loss was observed that can be explained by the slight evaporation of glycerol. For the 

conditioned M50 and S50 films, however, the weight loss is larger and one or two steps, 

respectively, can be observed on the TGA curves. We suppose that the reason of the two steps 

on the TGA curve of S50 sample (two peaks on DTGA) is that the conditioned cast film contains 

not only water absorbed on the surface but also water bound in the bulk (i.e. structurally bound 

water). Obviously, the two kinds of water can be evaporated at different temperature. These 

results support our assumption on the differently bonded water in films, which presumption 

could also be confirmed by previous publication [25]. However, the conditioned sample which 

was prepared by melt mixing (M50 conditioned) restrains only water bound on the surface. 

 

 

            a 

 

        b 

Fig. 2. TGA (a) and DTGA (b) traces of TPS samples (S50 cast film and M50 dry and 

conditioned samples)  
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3.2. Compatibility of TPS and agar 

3.2.1. Composition dependence of the strength 

The use of a simple, previously developed semi-empirical model [26, 27] allows us to 

predict the miscibility of polymers from the tensile strength of the blends. The model takes the 

following (2) form for tensile strength: 

 

T = T0 n ((1 - ) / (1 + 2.5)) exp (B)                                   (2) 

 

where T and T0 are the true tensile strength (T =  and  = L/L0) of the composite and the 

matrix, respectively, n is a parameter taking into account strain hardening,  is the volume 

fraction of the filler and B is related to its relative load carried by the dispersed component. 

Parameter B is determined by the component interaction as well as the inherent properties of 

them (Equation 3): 

      B = ln (C Td /T0)        (3) 

 

where Td is the strength of the dispersed phase, while C is related to the stress transfer between 

the phases, i.e. interactions. Furthermore, according to previous results, parameter C shows an 

inverse correlation to the Flory–Huggins interaction parameter () [28-32], as proved for a 

number of polymers in Fig. 3a. [28-30] Appropriate rearrangement of the model equation, 

calculation and logarithm of reduced strength (Tred = exp (B)) yields straight lines as a function 

of the volume fraction of dispersed component. The tensile strength of the S62 blends was 

plotted in this form in Fig. 3b.  
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          a 

 

         b 

Fig. 3. General correlation between C parameter and Flory-Huggins interaction parameter for 

various polymer-pairs (a); Determination of parameters B and C of S62 blends (b). 

 

Straight lines with a good fit were obtained for the selected samples, the slopes of which 

express the parameter B. Two different B parameters could be calculated for each type of blends 

depending on the matrix polymer. In case of e.g. the S62 blends, B is 5.63 for the TPS matrix 

and 1.61 for the agar matrix. Table 2 shows the B and C parameters determined for all blends. 

As the agar strength in blends prepared in internal mixer is unknown, the C parameters for M50 

and M62 blends could not be calculated. According to the former results introduced in Fig. 3a, 

C parameters higher than 30 indicate negative Flory-Huggins parameters, which predict good 

compatibility, probably miscibility of starch and agar. 
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Table 2. Calculated B and C parameters for selected blends and the Flory-Huggins interaction 

parameters () estimated by Fig. 3a.  

Sample Matrix B parameter C parameter 

Estimated  

 parameter 

S50 

TPS 5.00 33.40 -0,3 

Agar 2.28 43.44 -0.9 

S62 

TPS 5.63 39.68 -0.7 

Agar 1.61 34.92 -0.4 

Dry M50  TPS 8.47 - - 

Dry M62  TPS 8.57 - - 

 

3.2.2. Discoloration and light transmission 

  The TPS/agar blends prepared by solution or melt mixing were about transparent, but 

they differed in colour significantly. While the cast films are white, the films prepared by 

compression moulding have a brownish colour (Fig. 4a). Discolouration of the latter films can 

be attributed to the formation of various chromophoric systems, like conjugated double bonds 

and carbonyl groups. The brownish colour of samples might be related to the heat induced 

degradation of starch and agar during melt mixing performed at an elevated temperature.  

 The transparency of films depended on some factors such as composition (i.e. starch/agar 

content, concentration of plasticiser) and method of preparation (i.e. solution or melt mixing) 

[13, 30, 33]. As the data in Fig. 4b reveal, the transmittance of the cast films (S62 and S50) 

shows a linear dependence to the composition of the blends, suggesting a good compatibility of 

the starch-agar polymers. It is well-known that light transmission data can provide information 

on compatibility of components. Miscible polymers forms blends with homogeneous structure, 

while incompatible polymers create heterogeneous blends. The blends containing dispersed 
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particles that are smaller than the wavelength of incident light are transparent, while larger ones 

scatter light making the material opaque [34]. Composition dependence of the blend properties 

helps also to assess the compatibility, since in case of bad compatibility, a given property of the 

blend is below the additive values of that property. The adequate light transmittance of the 

blends and the linear correlation between transmittance and composition of the cast films 

demonstrate good compatibility of the starch-agar polymers. Similar conclusion can also be 

drawn for miscibility and compatibility of the blend components based on the SEM micrographs 

(not presented), since all the blends investigated have a homogeneous structure.  

 

 

 

a 

 

b 

Fig. 4.  Effect of composition and preparation method on the colour (a) and transparency (b) of 

the TPS/agar blends.  

 

3.3. Solubility and the water vapour permeability of TPS/agar blends 

  Besides appearance and mechanical properties, the solubility and water permeability are 

also of importance for a packaging material. It is well known that the strong hydrophilic 
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character of TPS results in large water permeability and solubility. It is clear from the above 

presented results that agar improves the mechanical properties as well as the light transmittance 

of TPS. Based on the C parameters and Flory-Huggins interaction parameters estimated (Table 

2), there is a strong interaction between starch and agar that can decrease the free volume of 

polymers and can cause a lower water permeability and solubility. Water permeability of cast 

blends is presented in Fig. 5. Based on these results, it can be concluded that the permeability 

of TPS/agar blends is smaller than that of the pure polymer component. Although, the measured 

WVP values show considerable scatter, there is a clear tendency for the composition 

dependence of permeability and as expected, water vapour permeability decreases with 

increasing the glycerol content. The strong interaction between the blend components 

diminishes the free volume for water diffusion, resulting in a lower permeability. 

 

 

Fig. 5. Water vapour permeability of the TPS agar blends at a relative humidity difference of 

100-50 % as a function of agar content. (Lines are drawn only to guide the eye and they are not 

fitted correlations.) 
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  For the characterization of solubility, the TPS/agar samples containing 0, 10 and 50 m/m 

% agar were kept in water at 40°C and the mass of samples was measured periodically for 3 

months. Unfortunately, accurate determination of the mass change of the neat TPS samples was 

not possible, as after some hours the films became so mushy that they could not be taken out of 

the water. After some weeks the samples disaggregated. In contrast, the mass of the samples 

with an agar content increased in the first days and then remained unchanged. Taken all 

together, the addition of agar to TPS results in better stiffness and strength with good 

deformability, as well as smaller water permeability and solubility. 

 

3.4. Retrogradation of the TPS/agar blends 

  Retrogradation of TPS and its blends can be monitored e.g. on the basis of the changes 

in crystalline structure and mechanical properties. Fig. 6 shows the XRD patterns determined 

immediately after the sample preparation (new samples) and after 3 month storage (old samples) 

for starch powder and dry M50 samples containing 0 and 50 % agar (M50-50). It is clearly 

visible that the crystallinity of starch significantly decreases during the preparation of TPS, 

especially in TPS blends. Comparison of patterns of old and new samples (for TPS films with 

the same composition) suggests that in the case of samples prepared by melt mixing, the 

addition of agar to TPS decreases retrogradation; furthermore, a higher difference in the patterns 

of old and new TPS (M50) films can be observed than that of the TPS/agar blends (M50-50). 
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Fig. 6. XRD traces of starch and M50 blends containing 0 and 50 % (M50-50) agar before 

(new) and after 3 month storage (old) 

 

  For further proof, the tensile strength () of the new (new) and old (old) TPS blends 

were measured (Table 3). Using these results, relative change of these properties were 

determined. The relative change of tensile strength (rel) gives the  difference of new and old 

films based on  of new samples (Equation 4).  

 

       rel = (new - old) / old                             (4) 

 

These quantities are presented as function of agar content in Fig. 7. Based on Fig. 7a, which 

shows the results determined for dry blends prepared in internal mixer, it is clear that agar 

decreases the retrogradation of TPS. While the relative change of tensile strength of pure TPS 

is about 60-70 % depending on glycerol content, this value is only 10-20 % when the blend 

contains 60 % agar. Different results were observed in the case of cast films. While the tensile 

strength of dry samples prepared by melt mixing increased,  of cast conditioned samples 
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decreased during the storage. After two month, the agar content did not influence the results, 

but after half a year the absolute value of relative  change increased with increasing agar 

content. In order to interpret these results, the two parallel processes taking place during the 

storage of cast conditioned films need to be taken into account: retrogradation and water uptake. 

While retrogradation increases it, water uptake decreases the tensile strength. Additionally, 

water content also influences retrogradation beside the glycerol content. Since water uptake of 

agar is larger than that of starch and agar diminishes retrogradation (see Fig 7a), the storage of 

cast films at 50% RH for 6 months leads to the decrease of tensile strength of the blends. 

According to Fig. 7b, the effect of water absorption and retrogradation was similar after 2 

months. Thus, the agar content did not influence the change in the relative tensile strength.  

 

 

      a 

 

         b 

Fig. 7. Influence of agar content on the relative change of tensile strength of TPS/agar blends 

as an effect of storage. (a) Dry blends prepared in internal mixer; (b) Casted conditioned blends. 

(Lines are drawn only to guide the eye and they are not fitted correlations.) 
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Table 3. Tensile strength of TPS/agar blends measured immediately after the sample 

preparation (new) and after several month storage (old) 

Agar 

content 

(m/m 

%) 

Tensile strength (MPa) 

Films by internal mixing Films by casting 

New 

M50  

Old 

M501  

New 

M62  

Old 

M621  

New S50 Old S502  Old S503 

0 1.8 ± 0.2 4.9 ± 1.1 0.8 ± 0.1 2.8 ± 0.3 2.9 ± 0.2 2.4 ± 0.8 1.9 ± 0.1 

10 2.9 ± 0.3 7.9 ± 1.4 1.2 ± 0.8 2.9 ± 0.3 3.5 ± 0.1 2.9 ± 0.9 2.2 ± 0.2 

20 3.9 ± 0.3  8.0 ± 0.6 1.9 ± 0.1 4.7 ± 0.3 4.6 ± 0.5 3.6 ± 1.5 2.3 ± 0.2 

30 5.7 ± 0.4 8.8 ± 0.4 2.6 ± 0.1 5.3 ± 0.4 6.8 ± 0.3 5.7 ± 0.6 2.6 ± 0.2 

40 10.1 ±2.1 12.7 ±1.3 3.2 ± 0.9 5.6 ± 0.9 6.1 ± 0.3 5.8 ± 0.9 2.9 ± 0.1 

50 8.9 ± 1.7 9.4 ± 0.5 3.8 ± 0.8 6.4 ± 0.5 8.0 ± 0.3 6.6 ± 0.4 3.2 ± 0.3 

60 10.7 ± 2.1 11.9 ± 2.0 6.9 ± 0.8 8.8 ± 1.6 8.2 ± 1.1 6.8 ± 1.2 3.8 ± 0.2 

70 - - - - 11.2± 0.7 9.5 ± 0.9 4.1 ± 0.4 

80 - - - - 11.7± 1.4 10.0 ±0.9 4.4 ± 0.5 

90 - - - - 13.7± 0.7 11.2 ±1.9 4.6 ± 0.3 

100 - - - - 17.3± 1.3 14.3 ±1.9 5.3 ± 0.2 

1 After 3 months, keeping in a dessicator 

2 After 2 months, conditioning in 50 RH% 

3 After 6 months, conditioning in 50 RH% 

 

4. Conclusions 

The present study on TPS/agar blends shows that agar considerably improves the mechanical 

properties of TPS. It was observed that Young’s modulus and tensile strength increased as an 

effect of increasing agar content independently of the processing method. Although, the 

composition dependence of elongation of break was different for cast films and samples 
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prepared by melt mixing, the deformability of blends was better than that of pure TPS samples 

having the same strength. Light transparency, SEM images, as well as the composition 

dependence of water permeability and tensile strength indicate good compatibility, maybe even 

miscibility of starch and agar. Beside the significant improvement of mechanical properties, 

agar decreases water permeability and solubility of TPS. As an effect of strong interaction 

between starch and agar, retrogradation of dry TPS/agar blends prepared by melt mixing was 

significantly smaller than that of pure TPS. While the strength of these samples increased, cast 

films during storage at 50 % RH became softer after six month due to the notable water uptake 

of agar. Since the TPS/agar blends have better mechanical and barrier properties as well as more 

appropriate structural stability than the TPS alone that makes them suitable for edible packaging 

materials. 
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