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Abstract– This study evaluates the feasibility of using Achira´s

leaves, plant native form Ecuador used by indigenous people for 

food cooking, as a raw material for the manufacture of disposable 

plates. For this purpose, the Achira´s leaf was coated with a 

dispersion made of rice starch and gelatin in a 50:50 ratio with 2% 

(w/w) of solids content adding to this matrix an antimicrobial 

agent. The used films, the uncoated and the coated leaves were 

analyzed for its moisture, thickness and mechanical properties, 

also, for its structure using X-ray diffraction and response for 

microbial attack In-vitro and In-vivo. Results suggested that the 

Achira´s laves are compatible with the active biodegradable coat 

used, due to a slight increment in the thickness of the leaves before 

and after application of the dispersion, additionally, the coating 

improves mechanical properties increasing the leaves elongation 

up to 40% which is desirable in materials subjected to process 

involving pressure and temperature. The X-ray diffraction values 

suggested that the matrix and the leaf may have a similar behavior 

in a thermoconforming process. Finally, the microbiological 

analysis performed suggested that the biodegrable active coating 

gives protection to the Achira´s leaves.     

Keywords-- rice starch, leaves, biodegradable utensils, essential 

oil orange.  

I.  INTRODUCTION 

Plastic usage has been increasing exponentially since its 

beginnings, about 1950; for instance, by 1960 its production 

reached 15 million tons/year, rising to 330 million tons/year in 

2014. Nevertheless, today only about 5% of the total produced 

is recovered by recycling [1]. The uncontrolled usage of 

plastics has provoked accumulation and serious damage in 

ecosystems, due to the long time it requires for degradation 

(i.e. 10 to 100 years).  

In Ecuador, the use of plastics was about 350 thousand 

metric tons, in 2011, from it 0.77% corresponded to 

disposable utensils [2], almost all of them made of oil-based 

plastics. Despite of the increasing consciousness on the 

negative effects of fossil derived utensils, such as, containers, 

bags and other articles to the environment; they are still 

present in our daily lives, mainly due to their cost, durability 

and other properties of appealing interest to the industry. As a 

possible solution, the use of biodegradable materials has been 

proposed [3], lately including plants, tree leaves and fibers, 

targeting the developing of eco-friendly materials and products 

and aiming reducing the pollution produced by the 

accumulation of disposable materials [4]. 

In the late years, several studies have been proposing 

producing and using biodegradable materials from 

polysaccharides, because of their chemical, physical and 

mechanical properties are similar to those of the oil-based 

articles, for its application as films or vessels [5] [6]. Starch is 

a widely known polysaccharide, it is abundant, renewable and 

it can be obtained  from many different sources [7] [8] [9]. For 

illustration, rice starch which are high in amylose (30 - 40%) 

[10] [8], may give good mechanicals (i.e. traction force and 

young modulus) [11] and low barrier properties to high 

polarity compounds [5], in addition, good stability and high 

viscosity [12].  On the other hand, this starch is highly 

hydrophilic and needs certain treatments to overcome it, one of 

the common treatments is the starch modification and the mix 

with other biopolymers.  

Furthermore, films made with this polysaccharide needs the 

addition of a plasticizer to improve its flexibility and 

extensibility properties [13], being glycerol the more popular, 

due to it improves extensibility and water vapor barrier 

properties, as well as, increases flexibility of the film [7] [14] 

rising the mobility among polymeric chains and reducing 

intermolecular forces [15] [16]. Another remarkable 

biopolymer, for its characteristics, is gelatin; films made using 

this material reported good oxygen and light barriers. It has 

been shown, that the mix of gelatin and starch (of any kind) 

improves the extensibility and resistibility of a film [17]. 

Additionally, it has been shown the compatibility between 

glycerol and gelatin because of the improved mechanical 

properties of the film, when the plasticizer was added [18].  

Importantly, biodegradable films may incorporate in its 

formulation active compounds that improves its functional 

properties; being one of these, essential oils which adds 

antimicrobial properties to it [19]. Essential oils usually come 

from plants roots, rhizomes, fruit, bark, seeds [20] [21], and 

are complex mixtures of alcohols, phenols, esters, ethers, 

aldehydes, ketones, terpene compounds [22], widely used as 

coatings or films at postharvest or storage of fruit and 

vegetables [23] [24] [25] [18] [26] [27] [28]. The 
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antimicrobial activity of essential oils is closely related to 

variety of their compounds, which are dependent of the 

biological specie from where they are extracted [29]. 

The aim of this work was investigating the feasibility of 

using Ecuador native’s leaves, which possess a great variety of 

plants with leaves that can be utilized for manufacture of 

utensils using techniques such as thermoconforming [30] [31]; 

i.e. achira´s leaves (Canna edulis), as a raw material for the 

manufacture of plates. Achira´s leaves were selected due to are 

resistant to high temperature and possess good mechanical 

properties, long shelf life before losing its turgency and 

elasticity [32], characteristics that were enhanced with the use 

of a thermoconforming biopolymer and an essential oil. Also, 

this research tries to give rural economically depressed zones 

new ways of development, achira´s leaves are available in two 

Ecuadorian provinces, Azuay and Loja [33].  Last but not 

least, this particular study is in agreement to the new trend in 

the market of making 100% biodegradable utensils to be used 

in countries with poor regulations toward the use of plastics 

[34] [35]. 

 

II. MATERIALS AND METHODS  

A. Materials  

Rice starch (A), gelatinization temperature 78°C from 

Emsland Group; bovine gelatin (G) 240° Bloom, gelatinization 

temperature 50 °C from Merck; glycerol (GL) from Merck; 

potato dextrose agar (PDA) from Merck; 99% saturated 

solution of magnesium nitrate hexahydrate from Acros 

Organics – USA; essential oil from orange (AEN) code 

40.003/x from Aromcolor, achira´s leaf (Canna edulis) from 

Loja province – Ecuador. 

 

B. Dispersion elaboration 

 

A 2% (w/w) aqueous solution of rice starch (A) was made 

dissolving it at 100 °C in a thermal bath (Thermo Scientific, 

18902A, Germany) by 45 minutes. Additionally, a 2% (w/w) 

aqueous solution of gelatin (G) was made dissolving it at 80 

°C in a hot plate (Ema, 215179, Germany) by 30 minutes. 

Then, the dispersion was elaborated by mixing the 2% (w/w) 

aqueous solution “A” with the 2% (w/w) of “G” in a ratio 

50:50 (A:G), glycerol (GL) was added as plasticizer at 30% of 

total solids (TS). Then, essential oil of orange was 

incorporated to A:G at 50% of TS. The mix were 

homogenized by 4 minutes (IKA Dispersers T25 digital 

ULTRA TURRAX@, 25N-25G, Germany) at 8000 rpm. 

 

C. Moisture                            

 

The matrices and achira’s leaves were taking out from the 

desiccator and cut in small pieces of about 50 mm x 50 mm, 

using an electronic balance it was weight about 2 g of each 

sample (Sartorius, Md120, Germany, ±0,0001g); then the 

samples were placed in a stove (Thermo Scientific, Model 

3511, USA) at 60 °C until constant weight. Equation 1 was 

used to determine moisture; however, the procedure of 

matrices was different from that of leaves. The matrices were 

let it stay in the desiccator 7 days and in the case of the leaves 

sample it was practiced 24 and 72 hours after reception which 

was the maximum time the leaves can stand without present 

degradation; the assay was performed by triplicate. 

 

 

 

 

                                                                                        

(1) 

W1 = Weight of the boat 

W2 = Weight of the boat + sample 

W3 = Weight of the boat + dry sample 

 

E. Thickness 

 

To measure thickness a digital electronic micrometer 

(Starret A-IM-221, ST1327137, USA) was used, six 

repetitions were made, and the average was reported. 

 

F.  X-ray diffraction 

 

Standards of diffraction were obtained utilizing an X-ray 

diffractometer (PANalytical, Model XˈPert Pro, Netherlands). 

The software used in the equipment was XˈPert Data 

Collector, Version 2.2e. The samples were cut in disks of 

40mm of diameter, then mounted in a char base and analyzed 

between 2θ: 5° y 2θ: 30°, using radiation Cu K α (λ: 1,542 Å), 

40 kV y 40 mA with a step size of 0,05°, 19 seconds as step 

time, scanning speed of 0,32344 º/s and ½ grating. 

 

G. Mechanical properties 

 

A 10 kN universal test frame (Shimadzu, AG-IS 10kN, 

Japan) with a software “TRAPEZIUM X” Version 2.2 was 

used. Samples of 100 x 25 mm were cut and placed in the load 

cell, the maximum force used was 35 N, with a maximum 

elongation of 50 mm with a speed of 50mm/min. The samples 

were evaluated for the Force (N), Young modulus (ME), 

ultimate tensile stress (MPa) and deformation until fracture E 

(%); four repetitions were made, and the average was reported. 

 

H. Microbiological analysis 

 

In-vivo. The dispersion AG-AEN was applied by aspersion 

(treatment) over the two sides of the achira’s leaves; then, the 

aspersed leaves were placed over containers as shown in 

Fig.1.1 and let it dry with a flow of air at 22 °C for 72 hours. 

After the treatment, the leaves were observed for any 

development of mold. 

% Moisture = W3 -  W1 x 100% 

W2 -  W1 
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In vitro. After the treatment was applied over the achira´s 

leaves, they were dried. Then, they were cut in pieces of 10 x 

10 mm and placed in petri dishes with PDA at 25 °C. The 

leaves were left in the stove for 72 hours, and observed, for 

any microbial growth on or surrounding the leaves; a blank 

(achira´s leaves without treatment) was performed. 

 

 
Fig. 1.1 Achira´s leaves coated with AG-AEN dispersion 

 

 

I. Statistical analysis 

 

It was compared the media and standard deviation of the 

response variables by analysis of variance (ANOVA); it was 

used the software Minitab ® 17.1.0 using a confidence interval 

of 95%, and p > 0.05 for significant difference. Results are 

expressed as super index a,b,c for significant difference among 

matrices.   

  

III. RESULTS  

A. Moisture 

 

The results are shown in Table 1.1, as it can be seen there 

is a loss of moisture, up to 80%, in the achira´s leaves. The 

loss of water during storage is in agreement with the 

observation of the decreasing turgency of the leaves. These 

results are comparable to similar studies for plantain and stevia 

leaves where the moisture was 14 and 16% respectively. [36] 

[37] 

 

Table 1.1 Achira´s leaves moisture 

 

 

 

 

 
*Dry basis 

 

The results shown in Table 1.2 are related to the 

biodegradable matrices, the superscript (a) indicates that there 

is not significate difference among their moistures. The 

moisture content of the matrices rises when “G” is added, this 

may be due to the affinity of these material with water. 

Additionally, it was observed that the addition of AEN to the 

matrices reduced the moisture in about 14%, may be due to 

AE forms small lipid globules that comes together, segregating 

and expelling water.   Studies made by [38] [39] recommended 

a moisture about 5 to 10% to avoid an increment in water 

vapor permeability (WVP) diminishing the film barrier. Other 

researchers when studying films based on pectin’s extracts and 

essential oil of lemon reported 11% of moisture, much higher 

than the obtained in this study. 

Table 1.2 Moisture of Matrices A; G; A:G; AG-AEN  

Moisture (%) 

Matrices Time (7 days) 

A 7,05(1,02)(a) 

G 8,51(0,31)(a) 

A:G 8,33(0,94)(a) 

AG-AEN 7,13(0,12)(a) 

 

B. Thickness              

          

There were not significant differences (p > 0.05) among 

the thickness of the achira´s leaves without coating and the 

leaves coated with AG-AEN, as it may be seen in table 1.3. 

However, an increment of thickness of about 2.9% was 

registered in the coated leaves which indicates a good 

incorporation of the matrix to the leaf. 

Table 1.3 Achira´s leaves thicknes with and whitout coating 

Thickness (µm) 

 

Achira´s leaves 

 

375,59(10,86)(a) 

Achira´s leaves + 

AG-AEN 
387,06(9,34)(a) 

 

Table 1.4 shown the values of matrices thickness, it can be 

seen significant differences (p < 0.05) among the matrices. It 

was observed that the thickness of the film reduces about 12% 

when adding AEN, compared to the matrix A:G, suggesting 

that the AEN ease the elimination of cellular water resulting in 

a thickness decrement.    

Table 1.4 Thickness of the matrices A; G; A:G; AG-AEN 

Thickness (µm) 

Matrices Time (7 days) 

A 100,35(1,00)(b) 

G 114,78(2,14)(a) 

A:G 103,73(2,65)(b) 

 

A:G-AEN 
90,88(1,54)(c ) 

Other researchers found that the thickness may vary upon 

the film composition, reporting a variety of results, for 

instance, films based on mango puree 150 – 200 µm, rice bran 

190 µm, mango starch 127 µm, plantain starch 113 µm [38] 

[40] [41] [42]. 

Moisture (%)* 

Achira´s 

leaves  

Time (days) 

Ti (0 days) Tf (3 days) 

16,31 27,67 
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C.  X-ray diffraction 

 

Starch possess a semi crystalline system [43] that could 

be detected by X-ray diffraction [44]. Starch granules are 

composed by amorphous zones, mainly amylose, and by 

crystalline zones composed of double bound chains of 

amylopectin [45], which can be detected by peaks during 

the analysis of the material, by X-ray diffraction. The A:G 

matrix were subjected to X-ray diffraction and the results 

are shown in fig. 1.3, there it can be seen two peaks, one 

for low diffraction at 8.2° and one for high diffraction at 

21°. When AEN is incorporated (Fig.1.4) there it can be 

seen two peaks, one for low diffraction at 8.5° and one for 

high diffraction at 20.5°.In their studies [46] [47] reported 

peaks for starch at 15°, 18° and 23°. These peaks vary 

depending on the amylose of the analyzed sample. 

Furthermore, for films based on rice starch [48] reported 

peaks at 17.08° and 19.58°; values close to the reported in 

the present study for the “A” matrix. In the case of bovine 

gelatin, it was reported by [47] values of 2Ɵ between 20 

and 22.5° which are in agreement with the reported by [49] 

[50]. Blending the matrices will provoke superposed peaks 

as seen in matrix A:G. 

 
Fig. 1.3 X-ray Diffraction of A:G matrices 

 

 

 

  
Fig. 1.4 X-ray diffraction of AG:AEN matrices 

 

The X-ray diffraction performed in achira´s leaves 

shown two peaks, one at 8° similar to the found in the AG-

AEN matrix and another with higher amplitude and height 

between 28° and 30°, presenting amorphous zones 

beginning from 35°. These close values suggested that the 

matrix and the leaf might have a similar behavior in a 

thermoconforming process. 

 

                      
        Fig.1.5 X-ray diffraction of achira´s leaf  

 

 

D. Mechanical properties  

 

The mechanical properties of the achira´s leaves with and 

without the active biodegradable coating are displayed in 

Table 1.5  

 

Table 1.5 Mechanical properties F(N), Young modulus (ME), ultimate tensile 

strength (TS) and deformation until fracture (%E) in achira´s leaf coated and 

uncoated  

Leaf 

Force 

 (N) 

Young 

modulus 

(Mpa) 

% 

E 

TS  

(Mpa) 

Achira´s 

leaves 

 7,39(1,27)(a) 

 

0,71(0,175)(a) 

 

10,32(1,52)(a) 

 

0,90(0,05)(a) 

Achira´s 

leaves + AG-

AEN  5,12(0,70)(b) 

 

0,315(0,13)(b) 

 

14,60(1,60)(b) 

 

1,04(0,52)(a) 

 

As it can be seen, there is an increment in %E of about 

29.31% in the coated achira´s leaf; suggesting, that the coating 

contributes elasticity to the leaf. However, the parameter force 

(N) is where it can be seen a difference between the coated and 

uncoated leaf (fig. 1.6).   
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Fig. 1.6 Force vs distance of achira´s leaf coated and uncoated 

 

The mechanical properties, i.e. Force (F), Young 

modulus (ME) and ultimate tensile strength (TS), between 

matrices are significantly different (p < 0.05) as shown in 

Table 1.6. Matrix “A” values are small compared to those 

of matrix “G”; however, certain studies report higher 

values, than the reported in this study, for “A”. For 

instance, 1.6 MPa for TS and 21.3 MPa for ME reported 

by [51] [52] that can be explained due to the different 

content in total solids. When analyzing the matrix “A:G” it 

was found that the values lean toward those of matrix “G” 

a possible reason is because gelatin possess stronger 

bonds in its structure. Nevertheless, when AEN is added 

to the matrix it was observed a reduction in values of F 

(about 29%), TS (about 19%) and ME (about 23%), 

suggesting that when an essential oil is added to the 

matrix, these loss strengths but gain elasticity. This result 

is in agreement with the observed by [53] who reported an 

increment in the deformation capacity of the films made of 

zein when incorporating essential oils of oregano, 

carvacrol, clove and eugenol due to an increasing mobility 

of these essential oils, in the zein polymeric chains. On the 

other hand, studies made by [39] using essential oil of 

bergamot, lemon and tea reported a decreasing value of 

the cited mechanical properties. Other studies, has 

reported no changes in the mechanical properties of the 

film when adding concentrations of 100 µl/g of garlic 

essential oil in chitosan films [47] [54] possibly due to the 

used matrix. In addition, experiments using chitosan 

matrix has reported different behaviors with respect to 

values of TS and % E when adding essential oils of 

rosemary and thymus; a low concentrations of thymus 

essential oil makes the value of TS decrease and the value 

of % E increase. Meanwhile, when adding rosemary 

essential oil the value of TS rise and the value % E 

decrease Interestingly, when increasing the concentrations 

of both essential oils and its blends rosemary : thymus the 

values of TS are higher and the values of % E are lower 

[55].   

 

Table 1.6 Mechanical properties of matrices A, G, A:G and AG-

AEN 

Matrix Force (N) ME 

(MPa) 

TS 

(MPa) 

% E 

A 2.34 

(0.48)b 

0.93 

(0.19)b 

0.58 

(0.21)b 

64.58 

(5.42)a 

G 15.33 

(1.26)a 

5.35 

(0.37)a 

4.43 

(0.79)a 

24.91 

(1.40)c 

A:G 14.70 

(3.39)a 

5.65 

(0.73)a 

5.63 

(0.79)a 

23.95 

(3.33)c 

AG - AEN 10.34 

(2.39)a 

4.57 

(0.93)a 

4.32 

(1.33)a 

43.63 

(3.08)b 

 

 

 [56] [14] reported as well, a decreasing values in 

mechanical properties when adding cinnamon, orange, 

clove, and pepper essential oils to a cassava matrix.  

Being the value of force (F) parameter lower for 

matrix “A”, similar for “G” and “A:G” and when the AEN 

is added the value lies between “AG” and “G” (Fig. 1.7).   

                

 
Fig. 1.7 Force vs distance, matrices A, G, A:G and AG – AEN  

 
  

 

   E. Microbiological analysis  
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a) 

 
 

                b) 

 

Fig. 1.8 In-vivo assay a) Achira + AG – AEN b) uncoated achira´s leaf 

 

In-vivo. After 3 days, the achira’s leaf coated with AG-

AEN biodegradable active coating was not attacked by 

microorganisms (Fig. 1.8.a), meanwhile, the uncoated leaf 

presented turgency loss (Fig. 1.8.b)  

In-vitro. After 3 days, the uncoated achira’s leaf presented 

mold growth over and surrounding the leaf (Fig. 1.9.a), when 

taken the leaf for observation under microscope it was 

identified as the fungus Penicillium sp. On the other hand, the 

coated achira’s leaf did not developed any kind of 

microorganisms; suggesting that the coating possess a positive 

inhibitor behavior (Fig. 1.9.b). The observed results are in 

agreement with the results of [57] who reported a inhibition in 

the growth of Rhizopus stolonifer in papaya when using 

concentration of 0.1% of thymus essential oil. Also, [27] when 

working with strawberries coated with chitosan and using oleic 

acid as fungistatic agent, reported that the presence of fungi 

during storage decreased at high concentration of oleic acid. 

Additionally, [58] shown the inhibitory effect of oregano 

essential oil in Aspergillus nigger and Penicillum sp. when 

working with chitosan, corn and amaranth based films; another 

study reported antifungal effects of the oregano essential oil, in 

a concentration of 1000 ppm, to fully inhibit the growth of the 

fungus Colletotrichum gloeosporioides in cucumbers [59]. 

Furthermore, [29] studied the antifungal activity, using in-vivo 

assays, of eucalyptus essential oil over the development of the 

fungus Botrytis cinerea in raspberries; his results suggested 

that concentrations over 2000 ppm inhibited 42% of the 

mycelial growth, therefore, suggesting the use of this essential 

oil to reduce the degradation on the fruit. Studies reported by 

[39] suggested that certain compounds of bergamot essential 

oil were loss or evaporated during the chitosan matrix 

preparation and drying, reducing its antimicrobial effect. Also, 

reported that at high concentrations the essential oil had longer 

effects, in storage, against the growth of Penicillium sp.  

 

a) 

 
 

                b) 

 

Fig. 1.9  In-vitro assay a) Achira  b) Achira + AG – AEN 

 

CONCLUSIONS 

We can conclude that there are differences in the 

mechanical properties among the different formulated 

matrices. Also, it was observed that the active 

biodegradable coating over achira´s leaves increase the 

%E in about 29.31%, therefore, increasing its flexibility. 

Regarding to thickness and moisture, there are no 

statistically significant difference between the coated and 

uncoated leaves, however, a small increment in thickness 

was registered, of about 2.9%, after the application of the 

dispersion indicates a good incorporation of the matrix 

AG – AEN to the leaf. Furthermore, the X-ray diffraction 

analysis shown similar peaks, one at 8° similar to the 

found in the AG-AEN matrix and another with higher 

amplitude and height between 28° and 30°, presenting 

amorphous zones beginning from 35°. These close values 

suggested that the matrix and the leaf may have a similar 

behavior in a thermoconforming process. Last but not 

least, the microbiological assays suggested that the applied 

active biodegradable coating helped in protecting the leaf 

against microorganisms, i.e. the fungus Penicillium sp and 

therefore increasing the leaf shelf life. From the obtained 

results we can deduce that is feasible the production of 

utensils, i.e. disposable plates, using as a matrix achira´s 

leaves and the dispersion AG – AEN as coating to 

preserve it and improving its thermoconforming 

properties.   
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