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Mechanical properties of pea starch films associated
with xanthan gum and glycerol
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The aim of this study was to evaluate the effect of the addition of xanthan gum and glycerol to

the starch of green pea with high content of AM (cv. Utrillo) in the preparation of films and their

physical characteristics. Filmogenic solution (FS) with different levels of pea starch (3, 4, and

5%), xanthan gum (0, 0.05, and 0.1%), and glycerol (glycerol–starch ratio of 1:5 w/w) were

studied. The FSwas obtained by boiling (5 min), followed by autoclaving for 1 h at 1208C. The
films were prepared by casting. Films prepared only with pea starch were mechanically

resistant when compared to other films, prepared with corn, cassava, rice, and even other pea

cultivars (yellow, commercial). The tensile strength of these films is comparable to synthetic

films prepared with high-density polyethylene and linear low-density polyethylene. However,

they are films of low elasticity when compared to other films, such as rice starch films, and

especially when compared to polyethylene films. The increased concentration of starch in the

solution increased the puncture force. The increased concentration of glycerol slightly

decreased the film crystallinity and interfered in the mechanical properties of the films,

causing reduction of the maximum values of tensile strength, strain at break, and puncture

force. The plasticizer also caused an increase of elongation at break. Xanthan gum was

important to formation of films; however, it did not affect their mechanical properties.
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1 Introduction

The packaging industry has shown increasing interest in

replacing synthetic polymers with materials of faster

degradation in the environment. In this context, starches

from several sources have been studied for the production

of films. These films have good mechanical properties and

oxygen barrier; however, a number of limitations are

observed with respect to their hydrophilic characteristics

and permeability to water vapor.

The mechanism of starch film formation depends

on the concentration of solids and AM contents. The

preparation occurs through aggregation and packing of

the swollen starch granules of a dispersion with relatively

high concentration of solids. The transition from coil

to helix and the aggregation of double helices also

play a role in the formation of films from dilute starch

solutions [1]. Furthermore, the AM content shows signifi-

cant effects in time and extent to which the double

helices are formed and aggregate. The AM solution

results in greater formation of helicoids and aggregation.

In short, the formation of films from dilute starch solutions

follows the formation order of helicoids, aggregation or

gelification and reorganization of aggregates, and

the beginning is primarily driven by cooling, followed by

dehydration [1].
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By showing higher AM contents, pea starch may be a

good source for obtaining films. In literature, however,

studies about films from pea starch [2–5] assess only

commercial starches of yellow varieties, as cv. Miranda,

with AM contents between 30 and 40%. According to these

authors, these starches produce films with better charac-

teristics of physical integrity, gas barriers, mechanical

properties, but with high permeability to water vapor.

The AM content can reach 76% in the starch of some

pea varieties [6]. These varieties, however, were not eval-

uated for film production. According to Matta Júnior [7], the

pea starch cultivar Utrillo presents high AM amounts.

In the search of new formulations and associations

of components in order to obtain better characteristics

for edible films, starch/hydrocolloid associations have

also been studied. These latter may interfere with the

gelatinization and retrogradation of starches [8–10], which

may affect the characteristics of films. Two explanations

can be proposed for the understanding of these inter-

actions: association with swollen starch or with AM chains

leached in the paste, and the competition with starch for

water. These associations are highly dependent on the

gum structure [11].

The literature shows examples of hydrocolloids associ-

ated with starches, changing the thermal or mechanical

characteristics or barrier properties of films. The combi-

nation of gum xanthan (0 to 0.1% w/w)/cassava starch (3–

5%) was studied by Santos et al. [12] to obtain films. The

addition of gum xanthan to the filmogenic solution (FS) had

no significant impact on the mechanical properties or on

the water absorption kinetics of films when compared to

control (5% of cassava starch).

Associations of pea starch hydroxypropilated with

k-carrageenan were also studied [13], with increased

viscosity of the hot paste, improvement in the gelling prop-

erties and in the film drying and formation, without changes

in its properties. In a study by Chen et al. [14], the associ-

ation of yellow pea starch/Konjac increased the strain at

break and the elongation of the films obtained.

The interactions between AM and AP molecules con-

tribute to the film formation, but when theyare very intense,

the starch films become Bt and stiff. The presence of

plasticizers in starch films helps to stop the formation of

double helix of AM with AP fragments, thus reducing the

interaction between AM and AP molecules, forming a

flexible film [3].

In previous work [7] films produced with wrinkled pea

starch, cv Utrillo, with or without xanthan gum, and glycerol

showed better barrier to oxygen and water vapor and low

solubility in water if compared with films of yellow pea starch

and other starch sources founded in the literature. So, this

study had the objective of evaluate mechanical properties of

edible films made from wrinkled pea starch of high AM

content associated with gum xanthan and glycerol.

2 Material and methods

2.1 Material

The starch was extracted from green pea (Pisum sativum

L.), wrinkled-type cultivar Utrillo. The fresh peas were

purchased directly from the producer. The gum xanthan

used was a courtesy from CPKelco (Keltrol1RD), food

grade.

2.2 Methods

2.2.1 Starch macromolecular composition

The AM content was determined according to ISO 6647

[15].

2.2.2 Film preparation

The films were prepared according to the casting tech-

nique. FSwere obtained by heating the suspension (5 min)

at boiling temperature and autoclaving (1 h at 1218C and

1 atm). The FS (30 g) were placed in Plexiglas plates

(15 cm diameter) and dried in oven (378C for 3 h), followed

by drying at room temperature (2 h).

2.2.3 Film characterization

2.2.3.1 Mechanical properties

The tests were performed at 238C � 28C and 50 � 3%

RH, after conditioning the samples for a period of 48 h at

258C and 75% RH.

The average thickness of the films was determined with

a flat-end digital micrometer Mitutoyo MDC 25 SB and

calculated as the arithmetic mean of 12 random measure-

ments of the film.

The tensile properties were determined according to

ASTM D882-02: Standard test method for tensile proper-

ties of thin plastic sheeting [16]. The samples (15 mm

wide) were tensioned in an universal testing machine,

INSTRON, model 5500R, operating with a load cell of

100 N at a speed of 500 mm/min. The initial distance

between grips was 50 mm. The test was conducted with

five replications. The thickness of each sample was given

in three points, using flat-end digital micrometer label

Starret with resolution of 1 mm. The average thickness

of each sample was used to calculate the stress and

the tensile strength of each repetition.

The puncture force was determined according to ASTM

F 1306-90, Standard test method for slow rate puncture

force of flexible barrier films and laminate [17], on universal

testing machine, Instron model 5500R, using a load cell of

100 N. Samples with 35 mm diameter were drilled with a
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ballpoint metal tip with 3.2 mm diameter at a speed of

25 mm/min.

2.2.3.2 XRD

The XRD was evaluated in samples that presented the

extremes values of mechanical properties and also in the

media point of surface response.

XRD analysis of films stored a week at 208C and 70%

relative humidity were carried out using an X-ray diffrac-

tometer (Rigaku Miniflex II, Tokyo, Japan) equipped with

Cu Ka radiation. It was used 30 kV and 15 mA, with coun-

ter monochromator. Divergent slit 1.25 and receiving slit

0.3. Step scan: 0.05 (2u) degrees, 1 (2u) degrees per

minute. Scan from 3 to 40 (2 u) degrees. The samples

were analyzed in duplicate.

From the scattering spectrum, the relative crystallinity

of filmswas determined according to Nara and Komiya [18]

using the software Origin 7.5 (Microcal Inc., Northampton,

MA, USA) as the ratio of the integrated crystalline intensity

to the total intensity.

2.2.4 Experimental design

The complete 23 factorial design was adopted to study the

influence of the three explanatory variables: starch con-

centration (x1), gum concentration (x2), and glycerol con-

centration (x3) on properties (response variables y) of

films. The complete design, as shown in Table 1, consists

of 13 experimental points, including five replicates of

the central point (x1 ¼ 0, x2 ¼ 0 and x3 ¼ 0) that were

included in order to estimate the pure error and to evaluate

the lack of adjustment of the proposed models.

The model adjustment and simplification were carried

out using the stepwise procedure and the REG procedure

of the SAS software, version 9.1 [19]. The resulting plots

of significant mathematical models were obtained by

Maplesoft, Maple version 9.5 [20].

3 Results and discussion

3.1 Starch composition

This pea starch cultivar presented an AM content of 61%

and it can be considered high. According to Themeier et al.

[21], this plant species can present from 20.7 to 70.6% of

AM.

3.2 Film formation

Only treatment 5 (FS with 5% starch) did not allow the

formation of film, probably due to the absence of plasticizer

and to the strong interactions between starch polymers,

making the film Bt and stiff. The presence of xanthan gum

in the FS, however, was important allowing to get films in

the treatment 7 (with 5% starch and 0.1% gum).

3.3 Statistical analysis

The analysis of variance (ANOVA) of the film properties in

function of the FS composition is presented in Table 2. The

mathematical models for the parameters thickness, tensile

strength, and puncture force were significant at 1%

(p <0.01) and for the elongation at rupture it was signifi-

cant at 5% (p <0.05).

The starch content in the FS influenced thickness,

rupture factor and puncture force, and the coefficients of

these regression models were significant at 1% level.

The glycerol concentration affected the maximum ten-

sile strength, stress at break, rupture factor and puncture

force, being the regression coefficients models significant

at 1% level. For elongation at rupture, the coefficient was

significant at 5% level.

3.4 Thickness

The film thickness was influenced by the starch and glyc-

erol contents in the FS, according to the response surface

plot (Fig. 1). The higher the starch and glycerol content, the

higher the thickness of the films.

The parameter that most influenced thickness was the

starch content, probably by increasing the amount of solids

in the FS. The effect of the starch content in the film

thickness was also observed by other authors such as

Wang et al. [22], who obtained films with thickness of

0.044 mm for FS with 2% of potato starch and

0.069 mm for FS with 3% of this starch, both being added

of glycerol (1:2 w/w starch/glycerol).

Table 1. Independent variables (coded and real values)

Treatment x1 x2 x3

1 �1 (3) �1 (0) �1 (0)
2 �1 (3) �1 (0) 1 (20)
3 �1 (3) 1 (0.10) �1 (0)
4 �1 (3) 1 (0.10) 1 (20)
5 1 (5) �1 (0) �1 (0)
6 1 (5) �1 (0) 1 (20)
7 1 (5) 1 (0.10) �1 (0)
8 1 (5) 1 (0.10) 1 (20)
9 0 (4) 0 (0.05) 0 (10)
10 0 (4) 0 (0.05) 0 (10)
11 0 (4) 0 (0.05) 0 (10)
12 0 (4) 0 (0.05) 0 (10)
13 0 (4) 0 (0.05) 0 (10)

x1 ¼ starch, x2 ¼ xanthan gum e, x3 ¼ glycerol.
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Another factor contributing to the film thickness is the

shrinkage degree of the FS during the drying process, i.e.,

the evaporation of the solvent and/or aging of the gel.

According to Phan The et al. [23], shrinkage is an import-

ant factor in establishing the thickness of films obtained by

casting technique and it is mainly caused by the retrogra-

dation and syneresis of the polymer. So, the shrinkage

percentage is related to the reorganization of polymer

chains during drying. These authors observed that

shrinkage seemed to be insignificant in the presence of

branched chains, since their structures prevent molecular

associations.

The pea starch used in this study should provide a

considerable shrinkage, since this starch has AM content

(linear fraction) of 61%, and therefore a high tendency to

retrogradation. The addition of plasticizer, however, dis-

rupts the formation of double helices of AM with AP frag-

ments, thus reducing the interaction between these

molecules [3].

Laohakunjit and Noomhorm [24] studied the effect of

glycerol on the rice starch film thickness. Those not added

of glycerol showed thickness of 0.100 mm and those

added of the plasticizer in proportions of 20, 25, 30, and

35%, generated thicknesses of 0.108, 0.105, 0.106, and

0.109 mm, respectively. Leyva et al. [25] also observed a

significant increase in the thickness of wheat starch films

with the addition of glycerol from 25 to 40%.

3.5 Tensile properties

The maximum tensile strength and strain at break of films

were similar and varied in inverse proportion to the glycerol

contents as shown in Fig. 2. The maximum strength

ranged from 11.4 MPa for treatment 2, containing 3% of

starch and 20% of glycerol to 47.3 MPa for treatment 7,

with 5% of starch, 0.1% of gum. In the central point (treat-

ment 9), the value was 32.7 MPa. The strain at break of

pea starch films ranged from 11.1 for treatment 2 to

46.2 MPa for treatment 7. The central point value (treat-

ment 9) was 17.3 MPa.

Comparing this pea starch film obtained by casting with

those films from other peas obtained by extrusion as in the

study by Liu [26], the maximum tensile strength (con-

ditioned at 238C and 50% RH) of the latter were very

low, because they ranged from 2.65 to 4.32 MPa.

Besides the source of the starch, the lower relative humid-

ity in the conditioning (50 versus 75%) may have con-

tributed to the decreased resistance of these films in

relation to those under study. The water in the conditioning

environment is absorbed by the starch film and acts as a

plasticizer, reducing the interaction between polymer

chains.

Table 2. Regression coefficients for dependent variables and analysis of variance of the polynomial models

Dependent variables (y)
Coefficients of the regression models

R2
Model
(p)

CV
(%)

Lack of fit
significance (p)

B0 b1 b2 b3 b1 2 b1 3 b2 3

Thickness 0.077 0.011��� 0.007� 0.66 0.0074 11.1 0.3765
Maximum values of
tensile strength

31.374 �15.446��� 0.95 0.0001 10.0 0.1947

Elongation at break 8.163 4.943�� 0.40 0.0261 58.1 0.0547
Strain at break 30.487 �15.242��� 0.96 0.0001 9.0 0.4702
Puncture force 9.961 1.911��� �2.158��� 0.79 0.0009 12.5 0.5366
Deformation at break 2.252 0.716��� 0.78 0.0001 13.7 0.0033

y ¼ b0 þ b1x1 þ b2x2 þ b3x3 þ b12x1x2 þ b13x1x3 þ b23x2x3 þ e
y ¼ dependent variable, x1 ¼ starch concentration, x2 ¼ gum concentration and x3 ¼ glycerol concentration. �, ��, and
��� ¼ significant at p � 0.10, p � 0.05 and p � 0.01, respectively. CV ¼ Coefficient of variation; R2 ¼ Coefficient of
determination.

Figure 1. Effect of starch and glycerol concentration on
the thickness of pea starch film.
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The results concerning the influence of the glycerol

content on the maximum tensile strength are in

agreement with those found in literature. Lohakunjit and

Noormhorm [24] reported that even a small increase in the

glycerol content results in a large reduction in the tensile

properties. Other studies have reported that the addition of

plasticizer reduces the direct interactions of the film-form-

ing polymer [27, 28, 4], thus reducing the compression of

the network that forms the film and hence, its mechanical

strength. Li et al. [29] also suggest that the increased

aggregation of film-forming molecules (more compact

molecular structure) provided by reducing the plasticizer

concentration increases the maximum tensile strength.

Yellow pea starch films (3%) added of glycerol in the

ratio of 20/50 (w/w glycerol/starch) and conditioned for

72 h at 258C and 50% RH were studied by Zhang and

Han [4]. The maximum tensile strength of these films was

5.8 MPa, at 50%RH and 258C. However, yellow pea starch

films (3%) added of glycerol in the ratio of 40/60 (w/w

glycerol/starch) studied by Han et al. [5] showed maximum

tensile strength of 2.3 MPa when conditioned for 48 h at

50% RH and 258C.
Mehyar and Han [2] studied rice (RS) and yellow pea

(YPS) starch films made with 3% of starch and glycerol

(1:2 (w/w) glycerol:starch) and stored for 3 days under two

different RH (51 and 90%). The RS films added of glycerol

and stored at 51% RH showed maximum tensile strength

of 3.2 MPa and YPS films of 4.2 MPa.When stored at 90%

RH, the values were 1.9 (RS) and 2.8 MPa (YPS) in films

with glycerol. Films without glycerol (only starch) at 90%

RH showed 12.1 (RS) and 3.0 MPa (YPS). The value

showed by RS film (12.1MPa) is similar to some values

found in this study, such as in treatments 8 (12.2 MPa) and

2 (11.4 MPa), although in this work, conditioning has been

done at 75% RH.

The xanthan gum concentrations (0 to 0.1% starch)

used in this study did not influence the tensile properties

of pea starch films with high AM content. However, studies

in literature have reported that the addition of this hydro-

colloid may limit the mobility of starch chains due to its rigid

structure. The elasticity and deformability of gels com-

posed of mixed systems of potato soluble starch and

gum xanthan were studied and were lower than the system

made of pure starch. The elasticity of pure starch gels was

twice that of gels prepared with 0.1% xanthan and three

times higher than those containing 0.3% of xanthan [30].

The lowest strain at break values at rupture in this study

can be compared to synthetic films made of low-density

polyethylene (LDPE) with up to 100 mm in thickness,

whose pattern of strain at break ranges from 8.3 to

11.7 MPa (ASTM D 4635). In turn, films of high-density

polyethylene (HDPE) and those of linear low-density poly-

ethylene (LLDPE) have strain at break of about 30 to

40 MPa [31], compatible with some of the formulations

studied. Polyethylene films, especially LLDPE, are used

to give mechanical strength to monolayer or multilayer

sacks.

The elongation of the films at rupture increased with

glycerol content (Fig. 3) ranging from 4.91% in treatment 1

(3% starch) to 28.6% in treatment 8 (5% starch, 0.1%

xanthan and 20% glycerol), and the central point value

was 6.66%. These values are much lower than those of

Han et al. [5] for yellow pea starch films added of glycerol in

the ratio of 60/40 w/w and conditioned for 48 h at 50% RH,

which was 51.4%. This value is probably due to the higher

Figure 2. Effect of glycerol concentration on the strain at
break (A) and on the maximum value of tensile strength
(B) of the pea starch films.
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glycerol proportion (60% versus a maximum of 20% in this

study).

Similar valueswere obtained for the average elongation

of the films at the point of maximum tensile strength value

(Table 3), which ranged from 4.75% in treatment 1 (3%

starch) to 25.8% in treatment 8 (5% starch, 0.1% gum and

20% glycerol). The central point value was 4.99%. The

same treatments showed maximum and minimum

elongation values at the point of maximum resistance

and break; however, there was a mathematical model to

explain the behavior of the films in relation to the elongation

at maximum tensile strength.

The results of this experiment were expected and are

consistent with those obtained for parameters resistance

and stress, since increasing the glycerol concentration,

which acts as a plasticizer, reduces the proximity and

direct interactions between starch chains and facilitates

their mobility [28] i.e., the resistance decreases and

the elongation increases. In other words, the material

becomes more ductile, i.e., with greater capacity for

deformation and lower tensile strength [25].

Liu [26] worked with extrusion in obtaining pea starch

films added of 50% of glycerol and conditioned at 238C and

50%RH and reported elongation values at rupture ranging

from 16.1 to 26.3%. This maximum value was close to the

25.8% found for the film of treatment 8 (5% starch, 0.1%

gum, and 20% glycerol) conditioned at 238C and 75% RH.

The results were similar probably because the glycerol

content used by those authors was higher than 20%

and the conditioning in the present study was at lower RH.

Leyva et al. [25] reported elongation values at maxi-

mum tensile strength in wheat starch films ranging from

1.42 to 1.73% when added of 25% of glycerol. When the

glycerol concentration increased to 40%, however, the

values of this parameter increased to 24.6–38.9%. The

authors of this paper classified films made with wheat

starch as resistant, however, with little ductility. In the

present study (pea cultivar Utrillo with 20% glycerol), the

elongation at maximum tensile strength was greater than

that of Levya et al. [25] for films with 25% glycerol.

The effect of plasticizer in rice starch films was studied

by Laohakunjit and Noomhorm [24], who found that the

increase from 20 to 30% of glycerol caused a significant

increase of elongation. According to them, a small

increase in glycerol content in FS results in a significant

decrease in the stress and an increase in elongation of

films.

The literature and the data from this study indicate a

relationship between the elasticity and the stress in films,

and the increase of one of these parameters is always

followed by a decrease of the other. This behavior was also

evidenced in literature [24, 28, 4, 32, 33, 34] in films of rice,

yam, yellow peas, chemically modified corn, cassava, and

potato starches, respectively.

Generally, when the structure of the film becomes less

rigid, the properties related to resistance/tensile charac-

teristics are reduced and the elongation increases. A

greater elongation indicates that the film is capable of

withstanding a deformation before rupture. When this

increased elongation is associated with strength, the

material shows a greater ability to withstand tensile forces

and compression. In the case of films, this may be associ-

ated with improved performance in packaging machines

and during handling and transport.

Xantham gum did not change these properties in the

present study. In tapioca starch film [35] produced by

extrusion, however, this gum produced a reinforcing effect

raising the ultimate tensile strength and elastic modulus

and lowering the strain at break values.

The films of this experiment showed elongation values

lower than those of synthetic films. According to ASTM D

4635 [36], the standard elongation of LDPE films ranges

from 225 to 350% depending on the direction of the

material. In practice, values above these can also be

found.

Figure 3. Effect of glycerol concentration on the elonga-
tion at break of the pea starch films.

Table 3. Maximum elongation values for tensile strength of the pea starch films

T1 T2 T3 T4 T5 T6 T7 T8 T9

Maximum elongation values of tensile strength (%) 4.75 11.1 5.68 10.7 – 12.8 7.18 25.8 4.99
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3.6 Puncture force

The puncture force ranged from 6.26 N for treatment 2

(3% starch and 20% glycerol) to 14.9 N for treatment 7

(5% starch and 0.1% gum xanthan), with central point

treatment showing value of 11.58 N. Thus, high starch

content in the absence of glycerol resulted in higher punc-

ture force and higher glycerol contents associated with

lower starch contents resulted in the opposite. This can

be evidenced by the response surface plots (Fig. 4).

The increase of starch concentration associated with

reduced glycerol content tends to result in an increased

puncture force, as occurred with the maximum tensile

strength and the strain at break. As already mentioned,

this behavior should be correlated with the ease compac-

tion of the film-forming network in the presence of low

plasticizer levels.

Similar behavior was observed by Mali et al. [28] in yam

starch films added of glycerol, where high starch concen-

trations combined with low glycerol concentrations or high

thickness promoted the formation of films with high punc-

ture force.

Puncture forces like those obtained in this study are

consistent with LDPE and HDPE synthetic films with thick-

ness ranging from 35 to 60 mm.

The average deformation of the films at the puncture

time according to the treatments used is shown in Table 4.

The average deformation in the puncture ranged from

1.66 mm for treatment 1 (3% starch) to 3.45 mm for treat-

ment 6 (5% starch and 20% glycerol). There was no adjust-

ment of models to explain the behavior of this parameter in

function of the composition of FS. A greater deformation of

films with higher glycerol content was expected due to

its plasticizing action, as that observed in the tensile

properties.

Both strength and deformation in the puncture were not

affected by the gum concentration in the range employed.

Yam starch films added of glycerol and reported that

only the glycerol concentration influenced in the film defor-

mation during puncture. The authors also justified this fact

by the plasticizer action of glycerol, which changes the

starch network structure, making the films less dense and

facilitating the mobility of polymer chains [28].

Both strength and deformation in the puncture were not

affected by the gum concentration in the range employed.

3.7 Cristallinity

The XRD patterns of the films in the treatments T2 (3%

starch and 20% glycerol), T7 (5% starch and 0.1% xan-

than), and T9 (4% starch, 0.05% xanthan and 10% glyc-

erol) are showed in Fig. 5.

Figure 4. Effect of starch and glycerol concentration on
the puncture force of the pea starch films.

Table 4. Puncture deformation of the pea starch films

T1 T2 T3 T4 T5 T6 T7 T8 T9

Puncture deformation (mm) 1.66 3.37 1.74 2.80 – 3.45 1.89 2.92 1.58

Figure 5. XRD patterns of the pea starch films.
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X-ray pattern of the filmwithmore starch (5%) and 0.1%

xanthan (T7) could be assigned to a B-type starch. The

same pattern was found by Polesi [37] in pea native starch

of the same cv. (Utrillo). The composition of the other two

films (T2 and T9) did not change the presence of charac-

teristics peaks showed by T7 film.

The relative crystallinity of the films was T7 ¼ 25.7 and

T9 ¼ 25.4, very close, and both were slightly higher than

T2 film ¼ 23.0, that had less starch and more plasticizer.

Plasticizer addition also decreased crystallinity of corn and

amylomaize starch films as compared to films without

plasticizer [38].

4 Conclusions

The formation of films with only 5% of starch in the FS was

not possible, however, the addition of xanthan gummade it

possible. In spite of this, the increased gum xanthan con-

centration in the solution did not interfere with physical and

mechanical properties of the films.

The increased glycerol concentration decreased film

crystallinity and affected the mechanical properties of

films, reducing the maximum tensile strength, strain at

break and puncture force and increasing the elongation

and deformation. The glycerol acts as a plasticizer, reducing

the direct interactions between polymer chains. Films pre-

pared only with pea starch, cultivar Utrillo, at the concen-

trations studied (3 and 5%) were mechanically resistant

when compared to other films, prepared with corn, cassava,

rice, and even other pea cultivars (yellow, commercial). The

tensile strength of these films is comparable to synthetic

films prepared with high-density polyethylene and linear low

density polyethylene. However, they are films of low

elasticity when compared to other films, such as rice starch

films, and especially when compared to polyethylene films.

The properties of films prepared with green pea cultivar

Utrillo distinguished from those of other starch sources or

pea starch from other varieties. The most prominent prop-

erty was the high tensile strength. However, this feature is

associated with low elasticity.
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