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Abstract 

 

   Interactions with water 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. The hydrophilic character of starch-based films was 

reduced by the addition of PLA and ESO. Wettability of films was diminished 

with PLA; however, the other components did not affect it. These materials could 

be a proper alternative to food packaging because of the overcome of some 

shortcomings of neat starch films, their suitable properties and food compatibility. 
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Introduction 
 

The global concern about contamination is growing in last decades. In this way, 

conventional plastic accumulation in water sources and soil is a crucial factor, and 

their control is relevant for society in general. An alternative to replacing 

conventional plastic could be biodegradable polymers. These materials have 

similar physicochemical properties to petrochemical plastics but are degradable 

under composting in less than 180 d [1]. Among different categories of 

biodegradable materials, composites are noteworthy because of their tensile 

properties and low density. These are the result of the combination of a polymer 

matrix (continuous phase) and fillers (dispersed phase). The polymer provides 

continuity and support, and the fillers improve functional properties [2]. 

Composites are developed to improve tensile properties of bulk polymers, and 

they are used as rigid and semi-rigid materials in different industries like food 

packaging, construction, automotive and biomedical. 

 

In literature are reported several works about blends of polylactic acid (PLA) and 

thermoplastic starch (TPS) [3]. However, this blend exhibit weak interfacial 

adhesion and needs compatibilizing agents to obtain homogeneous blends [4,5]. 

Epoxy and anhydrous compounds are widely used to improve the compatibility 

between polyesters and hydrophilic molecules by the process of grafting polar 

groups into the PLA molecule [6-8]. Other researchers have incorporated fibres 

into PLA [9-10], TPS [11] and blends PLA-TPS [12]. Nevertheless, in all cases, 

the biocomposites need to improve their interfacial adhesion through the 

incorporation of additives. The aim of this work is the study of water interactions 

of starch- and PLA-biocomposites with the addition of fillers and a 

compatibilizing agent.  

 

Materials and Methods 
 

Materials 

   Cassava starch was purchased from Almidones de Sucre (Almidones de Sucre 

S.A.S. Corozal, Colombia). Glycerol was purchased in Alfaquímicos 

(Alfaquímicos S.A.S, Medellín, Colombia). LL700 Polylactic Acid was provided 

by Chemicals Plastics (Chemicals Plastics, Envigado, Colombia). Epoxidised 

soybean oil, grade B-22, was supplied by Bretano Corp (Bretano Corp, Marvar, 

Bogotá-Colombia). The coffee husk was supplied by a production farm located in 

Pereira (Colombia). 

 

Films preparation  

   Native corn starch, previously dried overnight in an oven at 333.15 K under 

vacuum, was hand-blended with glycerol and water in a starch: glycerol: water 

weight ratio of 1:0.3:0.5 w/w. This blend was extruded to obtain thermoplastic 

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

Table 1 (these ratios were adjusted by preliminary tests). The starch: PLA 

proportion was 1:0.2. Starch: ESO and the starch: CH ratios were adjusted in two 

levels each one (1:0.025 and 1:0.05, respectively) in order to find the best 

interactions. In this sense, were obtained six formulations. Coffee husk and PLA 

were previously dried to avoid cracks in films. 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 temperature 

profile (from feeder to die) and screw speed were: 

363.15/383.15/403.15/408.15/383.15 K and 40 rpm for TPS and, 

363.15/423.15/443.15/448.15/403.15 K and 40 rpm for composites. After 

extrusion, films were obtained by compression moulding at 433.15 K and 90000 

kg/m2 for 5 min. The films were conditioned at 298.15 K and relative humidity of 

53 % for 7 d, before their characterisations. 

 

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 

 

Films interaction with water 

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

nearest 0.0025 mm at six random positions around the material. 

 

   Contact angles of distilled water on the surface of studied formulations were 

measured. The form of a drop (0.01 ml) was analysed after 10 s using a 

photographic camera and a withe background. The distance between camera and 

drop was 0.5 m. Image analyses were carried out using Adobe Photoshop 

software.  

   The water content of films conditioned at relative humidity of 53 % and 298.15 

K was determined from the mass loss after drying them in a natural convection 

oven at 333.15 K for 24 h and, subsequent conditioning in a P2O5 desiccator for 8 

d. 

   Film solubility was determined by embedding the specimen in bidistilled water 

in a film: water proportion of 1:10, for 48 h. This assay was performed in 

triplicate for each formulation. Subsequently, the samples were transferred to a 

convection oven for 24 h at 333.15 K to remove the free water and afterwards 

transferred to a desiccator with P2O5 at 298.15 K for 2 weeks to complete film 

drying. Film water solubility was estimated from its initial and final weights. 
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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 
 

Films interaction with water 

 

   The study of films interactions with water is essential to define the possible 

interactions among food package, environment and food contained in the package. 

In the case of starch-based materials is relevant promote a reduction on their 

hydrophilic character for avoiding migration from material to food. In this way, 

the addition of PLA and ESO could improve this characteristic. Table 2 shows 

thickness, water content, films solubility and the contact angle with water of 

studied formulations conditioned at relative humidity of 53 % and 298.15 K for 7 

d. Water content values of control formulation were higher compared to other 

formulations. Presence of hydrophobic molecules as PLA and oil provoke 

decrease in this parameter. On the other hand, results suggest that an increment in 

fibres did not promote a remarkable increase in water content. In case of S-PLA-

ESO0.025-CH0.05 film, 5 % of fibre respect to starch could be excess and could 

promote micro cracks in the polymer matrix. The high coffee husk content 

contributes to more water penetrating into the interface through the micro-cracks. 

As the composite cracks and gets matrix damaged, capillarity and transport via 

micro-cracks become active. The capillarity mechanism involves the flow of 

water molecules along filler–polymer matrix interface and a process of diffusion 

through the bulk matrix, as was observed by Dhakal et al. [13]. These phenomena 

have been avoided when the ESO was added at 5 % respect to starch, as the result 

of S-PLA-ESO0.05-CH0.05 showed. 

 

Table 2. Mean values and standard deviation of thickness (µm), water content 

(Xw: Kg water/ Kg initial dry film), film solubility in water (Kg solubilized film / 

Kg initial dry film) and contact angle of the studied films.  

 

Formulation Thickness Water Content Film Solubility 
Contact 

Angle 

S 230 ± 10a 0.067 ± 0.005c 0.18 ± 0.06a 67 ± 2a 

S-PLA 190 ± 15a 0.048 ± 0.003b 0.125 ± 0.004b 71.0 ± 1.5b 

S-PLA-ESO0.025-CH0.025 210 ± 12a 0.042 ± 0.002a 0.117 ± 0.002b 65.3 ± 0.8a 

S-PLA-ESO0.025-CH0.05 215 ± 12a 0.0531 ± 0.0012b 0.109 ± 0.003b 64 ± 2a 

S-PLA-ESO0.05-CH0.025 223 ± 15a 0.039 ± 0.005a 0.115 ± 0.004b 67.2 ± 1.2a 

S-PLA-ESO0.05-CH0.05 211 ± 15a  0.041 ± 0.004a 0.110 ± 0.002b 66.3 ± 0.5a 

Different superscripts indicate significant differences (p < 0.05) 
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   Film solubility in water shows remarkable changes in film solubility with PLA 

addition, but oil and fibres appear not cause significant effects. Previous 

investigations showed similar results when biodegradable polyesters are added to 

starch matrix [14]. 

   Conversely, the contact angle with water indicates the capacity of wettability of 

film surface. A wettable film is characterised by contact angles lower than 90° and 

high extensibility of the water on the film. When a drop of water is placed on a 

surface material, it may remain as a drop of limited area, or it may spread 

indefinitely over the surface. The condition for spreading is that the energy gained 

in forming a unit area of the solid-liquid interface should exceed that required to 

form a unit area of the liquid-air surface. In this respect, the addition of 

hydrophobic compounds should result in high contact angle. As was expected 

contact angle values increase with PLA, which have many esters groups that 

provide hydrophobic character. For their part, the addition of epoxidised soybean 

oil and coffee husk seemingly did not impart significant changes compared to 

control films, but the values are slightly lesser than S-PLA blends. This matter is 

in line with the increase in roughness surface when fillers are present in the 

polymer matrix. According to theory reported by Cassie [15], a contact angle 

higher than 90° is increased by roughness the surface, and one lesser than 90° is 

lessened, as results show because, as was expected, the addition of fibres should 

increase the surface roughness of the composites. 

 

Conclusion 
 

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

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

were obtained by extrusion with temperature profile (from feeder to die) of 

363.15/383.15/403.15/408.15/383.15 K for thermoplastic starch and 

363.15/423.15/443.15/448.15/403.15 K for composites. After that, films were 

obtained by compression moulding at 433.15 K and 90000 kg/m2 for 5 min. 

According to obtained results, TPS-PLA blend was lesser hydrophilic and 

wettable than control film. Thermoplastic starch and PLA blends were added with 

fibres and epoxidised soybean oil for obtaining biocomposites. Epoxidised oil and 

fibres were added at 2.5 and 5 % respect to starch, resulting 4 biocomposite 

formulations. The water content of biocomposites was lesser of neat starch films 

and S-PLA blend. While films solubility decreases with the presence of PLA and 

ESO and the wettability of S-PLA blends was lesser than other formulations. 
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