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Abstract 

 

   Physico-chemical properties of cassava starch-PLA films, containing glycerol as 

a plasticiser, coffee husk (CH) fibres as filler and epoxidised soybean oil (ESO) as 

compatibilizing agent were studied. Films were obtained by extrusion and 

compression moulding. Tensile strength and elastic modulus of films were 

improved with the incorporation of PLA and fibres but the percentage of elongation 

decrease drastically. Addition of ESO could act as compatibilizing agent comparing 

tensile properties of composites with same filler amount and different ESO amount. 

On the other hand, oxygen barrier of studied films was within the range of food 

barrier requirements for packaging and water vapour permeability was higher than 

that range. Finally, optical properties revealed composites with low gloss and 
internal transmittance. These materials could be a proper alternative to food packaging 
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because of the overcome of some shortcomings of neat starch films, their suitable 

properties and food compatibility. 

 

Keywords: biocomposites; food packaging; physical properties, thermoplastic 

starch 

 

 

Introduction 
 

Currently, the care of the environment and the conservation of natural resources is 

essential. Each time there is more innovation in different areas of knowledge to 

improve the conditions of life. In this context, the development of biodegradable 

packaging to reduce the consumption of conventional plastics is relevant. Starch is 

a very attractive natural resource for the development of biodegradable materials 

due to its biodegradability, a high barrier against oxygen and its processability 

through conventional techniques [1]. However, this material has some 

disadvantages as its poor mechanical properties and high hygroscopicity that can 

be improved by incorporating more hydrophobic polymers, mixing compatibilizing 

agents and fillers [2,3]. Therefore, the objective of this work was to study the 

physicochemical properties of thermoplastic starch added with polylactic acid, 

compatibilized with epoxidized soybean oil and with the incorporation of coffee 

husk as a reinforcing agent. 

 

 

Materials and Methods 
 

Films preparation  

 

   Native cassava starch, previously dried overnight in an oven 60 °C under vacuum, 

was hand-blended with glycerol and water in a starch: glycerol: water weight ratio 

of 1:0.3:0.5 w/w. After it was extruded and pelletized to obtain thermoplastic starch 

(TPS) pellets. These pellets were used to get the control formulation (S). The 

composites were prepared by extrusion of TPS, PLA, coffee husk (CH) fibres (size 

lesser than 30 μm) and epoxidised soybean oil (ESO), in the proportions shows in 

Table 1. The TPS: PLA proportion was 1:0.2; TPS: ESO and the TPS: CH ratios 

were adjusted in two levels each one (1:0.025 and 1:0.05, respectively) to find the 

best interactions. In this sense, were obtained six formulations. Each formulation 

was pre-mixed manually and then extruded using a co-rotating twin-screw extruder, 

with L/D = 40, screw diameter (D) 18 mm equipped with five heating zones. The 

range of temperature profile was between 90 °C and 175°C. After extrusion, films 

were obtained by compression moulding at 160 °C and 90000 kg/m2 for 5 min. The 

films were conditioned at 25 °C and relative humidity of 53 % for 7 d, before their 

characterisations. 
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Table 1. Mass fraction of studied formulations (s, starch; g, glycerol; PLA, 

polylactic acid; ESO, epoxidised soybean oil; CH, coffee husk) 

 
Formulation Xs Xg XPLA XESO XCH 

S 0.769 0.231 
   

S-PLA 0.667 0.200 0.133 
  

S-PLA-ESO0.025-CH0.025 0.645 0.194 0.129 0.016 0.016 

S-PLA-ESO0.025-CH0.05 0.635 0.190 0.127 0.016 0.032 

S-PLA-ESO0.05-CH0.025 0.635 0.190 0.127 0.032 0.016 

S-PLA-ESO0.05-CH0.05 0.625 0.188 0.125 0.031 0.031 

 

Thickness and tensile properties 

   A Palmer digital micrometre was utilised to estimate material thickness to the 

nearest 0.0025 mm at six random positions around the material. 

 

   Tensile strength (TS), elastic modulus (EM), and elongation (E) of the films was 

determinate by a universal test machine, according to ASTM standard method D882 

(2001). These parameters were calculated from the stress-strain curves for different 

films (0.025 m wide and 0.05 m long). Samples were equilibrated at a relative 

humidity of 53 % and 25 °C. The assays were stretching at 50 mm∙min−1 until 

breaking. At least ten replicates were obtained from each sample. 

 

Barrier properties of films 

   Water vapour permeability (WVP) was measured in films equilibrated for 1 week 

in sealed desiccators at 25 °C and relative humidity of 53 %, using a gradient of 

relative humidity of 53 % - 100 % and 25 °C, by using the ASTM E96-95 [4] 

method, according to the modifications reported by Ortega-Toro et al. [5]. 

 

   The oxygen transmission rate of the films was measured at relative humidity of 

53 % and 25 °C using an OX-TRAN (Model 2/22 Series, Minneapolis, USA). The 

samples were conditioned at relative humidity of 53 % using Mg(NO3)2 saturated 

solutions. Measurements were done in triplicate, and the transmission values were 

collected every 30 min until equilibrium was reached. The studied area of films was 

0.005 m2 for each sample. The film thickness was considered to obtain oxygen 

permeability values. 

 

Optical properties of films 

   The transmittance of the films was determined over the whole UV-VIS range in 

film samples (0.01 m x 0.03 m) equilibrated at 25 °C and relative humidity of 53 

%, using a UV-VIS spectrophotometer (Perkin Elmer Instruments, Waltham, 

USA), within a wavelength range of between 200 and 1000 nm.  

 

   The gloss was determined on film surface, at a 60° incidence angle using a flat 

surface gloss meter, in accordance with the ASTM D523 [6]. The measurements  
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were done in triplicate. The results were reported as gloss units (GU), relative to a 

black glass standard with a value close to 100 GU. 

 

Statistical analysis 

   The statistical analysis of data was carried out using Statgraphics Plus for 

Windows (Manugistics Corp., Rockville, MD). An analysis of variance (ANOVA) 

and Fisher’s Least Significant Difference (LSD) was used at the confidence level 

of 95 %. 

 

Results and Discussion 

 
Tensile properties of films 

   Table 2 shows thickness and tensile properties of the studied materials 

conditioned at relative humidity of 53 % and 298.15 K for 7 d. All studied films 

had about 200 µm of thickness; small differences could be provoked by a superior 

molecular mobility of PLA respect to TPS and the plasticiser effect of ESO.  

 

Table 2. Mean values and standard deviation of thickness and tensile properties 

(TS: tensile strength, EM: elastic modulus and E: elongation until break point) of 

the studied films.  

 

Formulation Thickness (µm) TS (MPA) EM (MPA) E (%) 

S 230 ± 10a 10 ± 2a 280 ± 12a 28 ± 3c 

PLA 190 ± 15a 52 ± 9c 1810 ± 45d 2.3 ± 0.8a 

S-PLA 210 ± 12a 48 ± 6bc 1500 ± 74c 6 ± 2b 

S-PLA-ESO0.025-CH0.025 215 ± 12a 42 ± 4bc 1230 ± 110c 10 ± 3bc 

S-PLA-ESO0.025-CH0.05 223 ± 15a 28 ± 2b 730 ± 95b 2.1 ± 0.5a 

S-PLA-ESO0.05-CH0.025 211 ± 15a 57 ± 3c 2100 ±120d 15 ± 4c 

S-PLA-ESO0.05-CH0.05 208 ± 16a 32 ± 3b 830 ± 81b 7 ± 2b 

Different superscripts indicate significant differences (p < 0.05). 

 

Furthermore, understanding of tensile properties is relevant because these 

parameters give direct information about potential applications of materials. The 

tensile strength of neat starch films is improved as PLA content increases. 

Epoxidised oil and coffee husk did not promote noticeable changes respect S-PLA 

films but films with a high amount of epoxidised oil and lesser husk exhibited the 

highest TS values. This fact is in line with the interfacial adhesion improvement, 

by the epoxy groups, among hydrophobic and hydrophilic components as was 

reported previously in starch-polycaprolactone blends [7]. 

 

Conversely, the rigidity of studied films, indicated by elastic modulus, exhibited 

similar behaviour to tensile strength. The rigidity of S formulation is higher with 

PLA addition, and the best formulation was those with a high amount of ESO 

respect to CH. Regarding elongation percentage, the presence of PLA and fibres  
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cause a significant decrease of this parameter according reported in the literature. 

This fact is provoked by the physical properties of bulk PLA, this material shows 

high strength and rigidity, and low deformation capacity compare to TPS [2]. 

Elsewhere, fibre content promotes the discontinuity of the polymer matrix, 

especially at higher concentration [8]. This effect is more marked as the amount of 

fibre increases; this promotes a decrease in all parameters of tensile properties. The 

detrimental effect of high content of fibre could be diminished by the addition of 

compatibilizing agents as epoxidised oil, which promotes the chemical interactions 

among dispersed phase (fibres) and polymer matrix (blend TPS and PLA). In the 

same way, ESO improves compatibility between TPS and PLA and could plasticise 

PLA molecules as have been reported by Xiong et al. [3]. In this context, the 

addition of epoxidised soybean oil into biocomposites appears a suitable option to 

improve their physical properties. 

 

Barrier properties of films 

   In the field of food packaging, barrier properties are essential to determine what 

foods are suitable to be packed and to predict their shelf life at set storage 

conditions. Table 3 shows oxygen permeability (OP) and water vapour permeability 

(WVP) of studied films conditioned at relative humidity of 53 % and 298.15 K for 

7 d. OP values of neat starch exhibits lower permeability as has been reported by 

Muller et al. (2017), these values increased with the presence of PLA in line with 

their polar affinity. The addition of ESO and fibres did not promote marked 

changes. Formulation S-PLA-ESO0.025-CH0.05 could not be measured maybe 

because polymer matrix had micro-cracks, in agreement with those observed in 

water content. 

 

Respect to WVP, S formulation values were significantly higher than other 

formulations according to its chemical affinity. Regarding composites, oil addition 

appears to reduce the water vapour permeability values. 

 
Table 3. Mean values and standard deviation of barrier properties of the studied 

films.  

Formulation 
OP x 10 -15 

(m3/ (m d Pa)) 

WVP x 10 -7 

(Kg / (m d Pa)) 

S 0.20 ± 0.02a 5.1 ± 0.4b 

S-PLA 1.06 ± 0.04b 3.0 ± 0.12a 

S-PLA-ESO0.025-CH0.025 1.14 ± 0.13b 2.6 ± 0.5a 

S-PLA-ESO0.025-CH0.05 --- 2.7 ± 0.3a 

S-PLA-ESO0.05-CH0.025 1.11 ± 0.10b 2.6 ± 0.3a 

S-PLA-ESO0.05-CH0.05 0.96 ± 0.08b 2.5 ± 0.2a 

Different superscripts indicate significant differences (p < 0.05) 

 
Figure 1 shows a map of oxygen and water vapour transmission rates in which are 

represented the barrier properties of the studied films and barrier requirement for 

food packaging. The small blue square represents meat and modified atmosphere  
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products and the big one denotes other products like sauces, nuts, snacks, coffee, 

beer, infusions and oil [1]. Other polymers as PLA, Ethylene Vinyl Alcohol 

(EVOH) and Polyethylene Terephthalate (PET) are included.  As can be noted, 

water vapour permeability of studied materials is higher than the food requirements; 

meanwhile oxygen barrier of all formulations, mainly control film, are appropriate 

for food packaging. A remarkable fact is that neat starch films had oxygen barrier 

properties similar to EVOH, which is a common and expensive polymer used in 

food packaging. 

 

 
Figure 1. Map of water vapour transmission rate Vs. oxygen transmission rate of 

the studied formulations and barrier requirement for food packaging 

 

Optical properties of films 

Optical properties of food packaging are relevant because different strategies of 

marketing are focused on the appearance of products and their packaging materials 

and, radiation could catalyse deteriorative reactions as oxidative rancidity of oils 

and fats. In this sense, a package could reduce interactions of radiation-foods and 

increase the shelf life of products. Table 4 shows internal transmittance and gloss 

(internal transmittance at 450 nm and gloss at an incidence angle of 60°) of studied 

films stored at relative humidity of 53 % and 25 °C for 7 d. Gloss values found were 

lower than 41 units and, thus films could be classified as materials of low gloss. In 

this case, low values of this parameter denote high surface roughness, especially in 

composite materials (polymer matrix with fibres). The lesser value was obtained 

for S-PLA-ESO0.025-CH0.05 film, in agreement with their micro-cracks and possible 

separation of the interface between polymer and fillers. Regarding internal 

transmittance, films S and S-PLA shows high transparency. The addition of fibres 

promotes significant decrease as fibres amount increase into the composites. This 

property means internal homogeneity into materials.  
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As expected, the addition of PLA into TPS promotes their reduction; this trend was 

intensified with the addition of fibres. 

 
Table 4. Mean values and standard deviation of optical properties of studied films.  

 

Formulation 
Internal transmittance  

(450 nm) 

Gloss  

(85°) 

S 86.5 ± 0.8e 41 ± 2d 

S-PLA 79.2 ± 0.4d 30 ± 3c 

S-PLA-ESO0.025-CH0.025 61.0 ± 0.5c 22 ± 2ab 

S-PLA-ESO0.025-CH0.05 50.0 ±0.7b 18 ± 2a 

S-PLA-ESO0.05-CH0.025 62.0 ± 0.7c 25 ± 2b 

S-PLA-ESO0.05-CH0.05 45.0 ± 0.3a 21 ± 2ab 

Different superscripts indicate significant differences (p < 0.05) 

 

Conclusion 
 

   Cassava starch and PLA blend films with coffee husk fibres and epoxidised 

soybean oil could be obtained by extrusion and compression moulding. According 

to obtained results, PLA could improve elastic modulus and tensile strength of films 

but reducing deformation. As was expected, its oxygen permeability increase and 

water vapour permeability decrease. Among compatibilized biocomposites, the 

better formulation was those with 5 % of epoxidised oil and 2.5 % of fibres. This 

material had higher tensile strength, elastic modulus and elongation percentage, its 

water affinity and wettability were lesser than S-PLA blends. Finally, its barrier 

properties were not affected, although gloss and internal transmittance decrease 

noticeably. In agreement with these results, epoxidised soybean oil could acts an 

effective compatibilizig agent among thermoplastic starch, PLA and fibres 

improving interface interactions for obtaining materials suitable for food 

packaging. 
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