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This work  was  aimed  to  investigate  the  potential  preparation  of  an edible  film  from  bitter  vetch  seed
proteins.  The  film  was  cast  from  bitter  vetch  protein  concentrate  (BPC)  and glycerol.  CaCl2 at  the  ratio
of 0.1–1%  (w/w)  of the BPC  was  tested  to improve  film  properties,  specially  its  hydrophobicity.  Some
physicochemical  properties  of  the  films  obtained  in the  absence  and  presence  of  CaCl2 were  evaluated.
eywords:
icia ervilia
dible film
ydrophobicity
alcium chloride

The  results  indicated  that  moisture  content,  total  soluble  matter,  water  vapour  permeability  and  contact
angle of  the  films  prepared  in  the  presence  of  CaCl2 were  significantly  modified  in comparison  with the
control  values,  while  their  mechanical  properties  did  not  significantly  change.  The  surface  morphology
of  the  films  was  also  considerably  affected  by the  presence  of CaCl2. Therefore,  CaCl2 could  improve  BPC-
films  barrier  properties  especially  their  hydrophobicity,  even  though  calcium  concentration  seems  to be
a crucial  factor.
. Introduction

Packaging is an useful methodology for protecting food from
nvironmental conditions and mechanical stress. The wide range
f materials usually used for packaging can be divided into syn-
hetic and biodegradable [1–3]. Synthetic materials have certain
ood properties for food packaging, being flexible, light and effec-
ive as water vapour barrier. However, they are quite permeable
o gases, and a number of low molecular weight compounds used
n their preparation can migrate to food stuffs [4]. Since most syn-
hetic materials are non-biodegradable and cause environmental
ollution, in recent years biopolymers including polysaccharides,
roteins and lipids have been intensively considered as potential
ources of edible/biodegradable film [4–8]. Generally, protein-
ased films are good gas barrier and exhibit mechanical properties
omparable with the ones of the films made by polysaccharides and
ipids. Therefore, proteins from different origin have been widely
sed to form several edible/biodegradable films [9–13].

The Vicia genus is a legume with about 160 species distributed
hroughout temperate regions of Europe, western and central Asia,

orth Africa and the America [14–16]. Bitter vetch (Vicia ervilia)

s an important annual Vicia genus cultivated for forage and seed
ield. Vicia seed protein content range from 20.1 to 32% [15]. In
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particular, bitter vetch (V. ervilia)  seeds, with up to 25% of protein,
are a good and inexpensive source of both protein and energy [17].
Thus, proteins from bitter vetch seeds might represent an afford-
able alternative protein source to produce synthetic films for food
application.

The majority of protein-based films, due to inherent hydrophilic
properties, are highly permeable to water vapour. The presence
of some additives, such as the hydrophilic plasticizers, in the film
forming solution may  increase this property [18]. In addition, a
number of physical, chemical and enzymatic treatments have also
been suggested to improve the water vapour permeability and the
mechanical properties of various protein-based films [6,13,18,19].

Glutamic and aspartic acids, lysine, arginine and leucine are
the major amino acids occurring in bitter vetch seeds which, con-
versely, are deficient in the sulfur amino acids methionine and
cysteine [15,17]. Since acidic amino acids are dominant, the mois-
ture barrier properties of bitter vetch protein-based films might be
improved by cross-linking agents such as calcium salts.

Calcium chloride addition was demonstrated to improve
biopolymer cohesion, since Ca2+ can act as a firming agent favor-
ing electrostatic interactions between two  adjacent carboxylic
groups [20]. Thus, we  hypothesized that they may improve molec-
ular cohesion and, at the same time, influence both barrier and

hydrophobic properties of the bitter vetch protein-based films.

Despite many researches carried out on protein-based films,
no information is available about bitter vetch seeds as protein
source to produce films for packaging applications. The objective of
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All determinations were carried out three times except contact
A. Arabestani et al. / International Journal o

his study was to investigate the potential of bitter vetch seeds to
repare edible/biodegradable films, to characterize them, as well as
o try to increase their hydrophobicity by using CaCl2 as a cross-link
gent.

. Materials and methods

.1. Materials

Bitter vetch was obtained from a local market in Isfahan, Iran.
ll chemicals and solvents used in this study were analytical grade
ommercial products. Sodium hydroxide, hydrochloric acid (37%),
lycerol (about 87%) and calcium chloride were purchased from the
erck Chemical Company (Darmstadt, Germany).

.2. Preparation of bitter vetch seed proteins

Proteins were extracted from the bitter vetch seeds according to
onsoor and Yusuf [21] by their solubilization (fine powder (mesh

0):alkaline water 1:10, w/v) at pH 11 and by stirring with a mag-
etic stirrer (IKA® RH basic 2, Germany) at medium speed for 1 h
t room temperature. After centrifugation at 3200 × g for 10 min
Sigma 2-16, Germany), the supernatant was collected and the pH
as adjusted to 5.4 by 0.1 N HCl to form a precipitate separated

y centrifugation at 3200 × g for 10 min. Finally, the pellet was dis-
olved at pH 7, the solution dried at 50 ◦C in a vacuum oven, and the
ry protein concentrate ground in a coffee grinder (Kenwood, CG
00, China). The protein content of both bitter vetch seeds and bitter
etch protein concentrate (BPC) was determined by the Kjeldahl’s
ethod [22].

.3. Film preparation

BPC powder was dispersed under constant stirring in distilled
ater (5 g/100 mL). Glycerol was added 50% (w/w)  of BPC. The pH

alue was adjusted to pH 11 and the solution was  heated in a
ater bath, for 30 min  at 90 ◦C under constant stirring, then cooled

t room temperature, degassed, and finally cast on Teflon–coated
lass plate (30 × 30 cm)  for 24 h at room temperature. Calcium chlo-
ide at different concentrations (0.1, 0.4, 0.7 and 1%, w/w  of BPC)
as directly added to the control film forming solution. At the

nd all the films were manually peeled off and characterized. Prior
o be tested, all film specimens were conditioned at 50% RH and
5 ◦C by placing them in a dessicator over a saturated solution of
g(NO3)2·6H2O for 48 h.

.4. Thickness

Film thickness was measured with a micrometer (Electronic
igital micrometer, DC-516, sensitivity 0.001 mm)  at different pos-

tions for each film specimen. At least five thickness measurements
ere taken on each film specimen and the mean values were con-

idered in the different tests.

.5. Moisture content

Film samples (2 × 2 cm)  were weighed (±0.0001 g) into alu-
inum dishes and dried in an oven at 105 ◦C for 24 h. The moisture

ontent values were determined as the percentage of initial film
eight lost during drying.

.6. Total soluble matter
Three samples (2 × 2 cm)  were cut from each film, weighed
±0.0001 g) and then directly immersed in distilled water for 24 h
t 25 ◦C. The insoluble film specimens were removed from water,
gical Macromolecules 57 (2013) 118– 123 119

rinsed with distilled water and dried in an oven (105 ◦C for 24 h).
Initial dry matter values of each film were obtained from moisture
content measurements for the same film. The TSM percentage of
the films was calculated using the following equation [23]:

TSM% =
[

Initial dry weight − Final dry weight
Initial dry weight

]
× 100

2.7. Water vapour permeability

The WVP  of the films was determined gravimetrically according
to the method used by Ou et al. [24]. Circular steel cups with a diam-
eter of 5.1 cm and a depth of 5.4 cm were filled with 3 g of anhydrous
calcium chloride and then covered with the protein films. The cups
were weighed with their contents and placed in dessicators con-
taining 1 L of pure water at 22 ◦C. Cups were weighed every 24 h for
a week. The WVP  was  calculated by the method of Kaya and Kaya
[25]:

WVP  =
[

�m

�t

]
× X

A �P

where �m/�t  is the weight of moisture gain per unit of time (g/s).
X is the average film thickness (mm), A is the cup test mouth area
(m2) and �P  is the water vapour pressure difference between the
two sides of the film (kPa).

2.8. Mechanical properties

Following the ASTM Standard Test Method D 882-91 [26] each
film strip (2.5 × 10 cm) was mounted between the grips of the tex-
ture analyzer (Zwick 1446-60, Germany) and tested with initial grip
separation and cross-head speed 5 cm and 1 mm/s, respectively.
Tensile strength was calculated by dividing the maximum load by
the initial cross-sectional area of the specimens. Percentage elon-
gation at break was calculated as the percentage of change in the
length of the specimen compared to the original length between
the grips.

2.9. Contact angle measurements

Contact angle measurements were carried out with a goniome-
ter (Kruss G10, Germany). At first a syringe was filled with 5 mL
of distilled water and a drop of water was  deposited over the film
surface. An image analyzer was  used to measure the angle formed
between the drop of water and the surface of the film specimens.
Measurements were done at different positions on film surfaces (at
least five measurements) and an average was calculated [2].

2.10. Atomic force microscopy

The surface morphology films were studied by an atomic force
microscope (Bruker, model Nanos). A sharpened Si3N4 cantilever
with a spring constant of 0.2 N/m and a V-shaped tip 450 �m long
was positioned over the sample and 20 × 15 �m images under
ambient conditions were obtained. Three images were captured
per formulation but one three-dimensional image of a film surface
area (15 × 20 �m)  in each test was  provided in the paper.

2.11. Statistical analysis
angle measurements that were carried out five times. Mean values
and standard deviations calculated and the results were analyzed
using the SAS package (version 8). The least significant difference
(LSD) test was  used to describe means at the 5% significance level.
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Table 1
Moisture content, total soluble matter, water vapor permeability and roughness of films prepared in the absence or presence of different concentrations of CaCl2.

CaCl2 concentration
(%, w/w)

Moisture
content (%)

Total soluble
matter (%)

Water vapor permeability
(g mm/m2 h kpa)

rms roughness
(nm)

0 27.69 ± 1.18a 36.57 ± 2.08a 0.72 ± 0.00a 10.37 ± 0.70e

0.1 27.13 ± 0.76a 34.03 ± 0.54ab 0.67 ± 0.00b 18.73 ± 1.42d

0.4 26.44 ± 0.16a 32.53 ± 1.55b 0.65 ± 0.02c 22.47 ± 0.47c

0.7 25.94 ± 1.25ab 31.73 ± 0.95bc 0.59 ± 0.02e 37.77 ± 0.81b

 1.88c

V p < 0.0
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1 24.07 ± 0.96b 28.72 ±
alues superscripted with dissimilar letters (a, b, c, d, e) are significantly different (

. Results and discussion

The protein content of flour and bitter vetch seed concentrates
ere 27.62% (db) and 86.45% (db), respectively. The calculated
rotein content of bitter vetch seeds resulted quite similar to the
mount found by Haddad [27], Pastor-Cavada et al. [15] and Sadeghi
t al. [17] and comparable to the one detected in other plant protein
ources, such as pea (27% db), and higher than lentil (23.32% db)
5,28]. However, bitter vetch contains some anti-nutritional fac-
ors – including l-canavanine, hemaglutinine, protease inhibitors
nd tannins – that limit its use for feeding even animals [16,17].
herefore, bitter vetch seed could be an inexpensive and abundant
rotein source to be used for protein-based packaging. The obtained
lms were dish-brown (data not shown), flexible and sufficiently
trong to be handled, and their thickness (0.10 ± 0.02 mm)  was  con-
rolled by casting the same volume of the mentioned solutions on
ach plate.

.1. Moisture content

The moisture content of the films prepared in the absence or
resence of CaCl2 differed significantly, only with the highest CaCl2
oncentration (1%, w/w) and decreasing from 27.69 to 24.07% as the
aCl2 concentration increased (Table 1). The cross-linkage forma-
ion between carboxylic groups and calcium ions could lead to limit
rotein–water interactions by hydrogen binding and to decrease
he moisture content of the films prepared in the presence of CaCl2.

.2. Total soluble matter

Table 1 also reports the total soluble matter (TSM) values
f the prepared films. The control films had the highest TSM
36.55%) which significantly decreased as the concentration of
aCl2 increased. Reduced TSM values imply the occurrence of cross-

inking in the BPC films prepared in the presence of CaCl2. It is
orthy to note that Yang et al. [29] previously showed that the

welling index (SI) of gellan films obtained with various CaCl2 con-
entrations (5–20%, w/w) was lower than that determined with the
ontrol film because of the calcium ions produced cross-linking.

.3. Water vapour permeability

According to the data shown in Table 1, WVP  of films signifi-
antly decreased as the concentration of CaCl2 increased from 0.1
o 0.7% (w/w). At the concentration of 1% (w/w) WVP  increased
gain. The addition of plasticizers is known to reduce inter-chain
orces in the film forming solutions and increases chain mobility
nd film extensibility determining, at the same time, enhancement
f the permeability to water vapour and other gases [30]. It is also
ell known that calcium and negatively charged carboxylic groups

f proteins may  interact promoting bridging and neutralization of

he inter-chain spacing produced by the plasticizer and determin-
ng more tightly protein networks with stronger structures [31].
ark et al. [31] reported that WVP  of soy protein isolate films pre-
ared in the presence of CaCl2 (0.3%, w/w of SPI) decreased although
0.62 ± 0.02d 41.00 ± 2.26a

5).

not significantly. In addition, Gennadios et al. [32] showed that the
treatment of gluten films with 1 M CaCl2 reduced WVP  significantly
by about 15% in comparison with the control films. In contrast, Yang
et al. [29] observed a reduction of the film water vapour barrier
effect by increasing CaCl2 concentrations.

The effect of calcium ions cross-linking on the film properties
could depend on calcium concentration inside the film. Cross-
linkings are desirable for improving film properties up to a critical
point. In fact, an excess of calcium ions in the film forming solution
could compete for anionic sites in the polymer chains and, due to
the repulsive forces, could increase inter-chain spacing and, con-
sequently, increase film WVP  [33] as observed in our experiments
with the BPC-film containing 1% CaCl2.

3.4. Mechanical properties

Furthermore, tensile strength (TS) and elongation at break (EB)
values of BPC films prepared with different concentrations of CaCl2
were measured to determine the film integrity under stress condi-
tions including processing, handling and storage states. Our results
(Fig. 1a and b) clearly indicate that CaCl2 was  unable to signifi-
cantly influence film mechanical properties (both TS and EB) at the
used concentrations (0.1–1%, w/w).  According to Galietta et al. [34]
the increase in cohesion of whey protein films was  expected by
CaCl2 cross-linking but the addition of CaCl2 (0.05 g/100 g of dry
matter) in the film forming solution had no effect on the mechan-
ical properties of the films. Yang et al. [29] recently showed that
gellan films prepared with a range of CaCl2 between 5 and 20%
(w/w) caused lower TS in comparison with control films. In addi-
tion, Park et al. [31] previously reported that soy protein isolate
films containing 0.1 and 0.3% CaCl2 (w/w) exhibited lower TS,
although not significantly, and higher EB with respect to the control
films, while Gennadios et al. [32] showed that tensile elongation of
wheat gluten film soaked in 1 M CaCl2 solution decreased but TS
significantly increased. All these results suggest that the effect of
calcium-determined cross-linking on the film mechanical proper-
ties is strictly dependent on the concentration of the ion.

3.5. Contact angle

As far as the surface hydrophobicity is concerned, this parameter
is usually evaluated by measuring the contact angle, defined as the
angle between the baseline of the water drop and the tangent line
at the point of contact of the water drop with the surface [2]. Fig. 2
shows the values obtained with the control films, as well as with
the ones prepared in the presence of different calcium concentra-
tions. Control films showed the lowest contact angle values (49.83◦)
whereas the treatment of the BPC films with CaCl2 (0.1–1%, w/w)
significantly increased the mean contact angle values (∼23◦–90◦).
Surfaces exhibiting a water contact angle � > 65◦ and � < 65◦ are con-
sidered as hydrophobe and hydrophil, respectively [35]. Therefore,

control and treated films at concentration of 0.1–0.4% (w/w)  consid-
ered as hydrophil films and films contain 0.7–1% (w/w) CaCl2 with
contact angle >65◦ are hydrophobe. Since the increase in contact
angle value indicates a surface with more hydrophobicity, we must
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ig. 1. Tensile strength (a) and elongation at break (b) of films prepared in the
bsence or presence of different concentrations of calcium chloride.

onclude that the presence of CaCl2 clearly increased film surface
ydrophobicity and that the film containing 0.7% CaCl2, exhibiting
he highest contact angle, has the highest surface hydrophobicity.
t is worthy to note that this kind of film is that showing also the
owest WVP.

Considering that amino acid analysis of bitter vetch proteins
ndicates an acidic amino acids dominance, and that in our experi-

ents the pH of the film forming solutions was above the isoelectric
H of the bitter vetch proteins, we assume that the protein side-
hains have a predominance of negative charges and that the
alcium ions could bind with them and form compact networks.
hese interactions could prevent charged sides from the interaction

ith water and, subsequently, increase protein hydrophobicity.

herefore, the higher hydrophobicity of the films prepared in the
resence of calcium might be conceivably due to the loss of the free
unctional groups determining a decrease in their affinity toward
Fig. 2. Contact angle of films prepared in the absence or presence of different
concentrations of calcium chloride. Values with dissimilar letters (a, b, c) are sig-
nificantly different (p < 0.05).

water. According to the obtained results, the observed decrease in
both TSM and WVP  of the films prepared with calcium could be due
to their increase in surface hydrophobicity.

3.6. Atomic force microscopy

Since recent investigations of Bosquez-Molina et al. [20]
reported that film surface roughness is affected by the addition of
calcium chloride, we  studied also the surface morphology of the
prepared BPC films. As it is possible to observe in the AFM images,
control film obtained in the absence of CaCl2 (Fig. 3a) shows the
smoothest surface with a rms  roughness of 10.37 nm (Table 1),
whereas the surface of the films prepared in the presence of cal-
cium was  more rough and, as the CaCl2 concentration increased, the
roughness of film surfaces parallely increased (Fig. 3b–e). In fact, the
film containing 1% CaCl2 exhibited the maximal roughness (41 nm,
Fig. 3e). As previously discussed, the cross-linking between calcium
ions and the negative charges occurring in the soluble protein frac-
tion could be responsible for the significant differences observed
between the surface roughness values of the control films and the
ones prepared in the presence of CaCl2. Our findings suggest that
the lower concentrations of calcium ions caused minor linkages
and, consequently, lower roughness, whereas at higher calcium
concentrations more and stronger linkages were formed determin-
ing higher roughness values. These data seem in agreement with
the results obtained by Fang et al. [36] with films prepared from
whey protein isolate and 20% glycerol, showing that the films pre-
pared without or with 5 mM Ca+2 revealed a uniform surface while
the ones containing 10 mM  Ca+2 presented an irregular and con-
tinuous surface probably due to a major aggregation of proteins
(Fig. 3).

3.7. Comparison of BPC with other plant protein edible films

Finally, the comparison of BPC films with other plant protein

edible films is reported in Table 2. As far as the film thickness is
concerned, both MC  and TSM values of BPC films are similar to the
ones detected for other plant protein films, even though PuOC PI
films show the lowest MC  and the highest TSM values. Also BPC film
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Fig. 3. AFM images of control film (a) and films with 0.1% (b), 0.4% (c), 0.7% (d) and 1% (w/w) CaCl2 (e).

Table 2
Comparison of BPC film with other plant protein edible films.

Properties Lentila Peab Faba beanc Red beand Pumpkin oil cakee Sunflowerf Bitter vetchg

Thickness (mm) 0.15 ± 0.04 4.65 ± 0.98 0.076 ± 0.002 0.084 ± 0.004 0.115 ± 0.025 0.071 ± 0.011 0.10 ± 0.02
MC  (%) 23.15 ± 1.6 – – 24.5 ± 1.2 11.11 25.88 ± 2.38 27.69 ± 1.18
TSM  (%) 38.75 ± 3.2 38.7 ± 4.0 46.9 25.9 ± 2.2 47.07 – 36.57 ± 2.08
WVP  1.12 ± 0.00 4.1 ± 0.58 0.63 0.63 ± 0.05 – 0.52 ± 0.01 0.72 ± 0.00
TS  (MPa) 4.24 ± 1.26 7.32 ± 0.44 4.1 ± 0.31 1.27 ± 0.10 68.08 ≈4 5.04 ± 0.81
EB  (%) 58.22 ± 12.88 46.8 ± 5.8 70–75 84.40 ± 7.50 32.62 ≈24 118.49 ± 18.71

Note: unit of WVP  is g mm/m2 h kpa.
a pH 11, 5% lentil protein concentrate, 2/1 (LPC/glycerol) [5].
b pH 9, 10% pea protein concentrate, 70/30 (PPC/glycerol), (90 ◦C, 25 min) [28].
c pH 12, 5% faba bean protein isolate, 60/40 (FBI/glycerol); (WVP with thickness 0.066 ± 0.002) [37].
d pH 9, 5% red bean protein isolate, 2/1 (RPI/glycerol), (90 ◦C, 30 min) [13].

7].

W
fi
f
P
b
p
w
a
t
f
p
m
t

e pH 12, 10% pumpkin oil cake protein isolate, 1/0.25 (PuOC PI/glycerol), (90 ◦C) [
f pH 11, 5% sunflower protein isolate, 1/0.015 (SunPI/glycerol) [12].
g pH 11, 5% bitter vetch protein concentrate, 2/1 (BPC/glycerol), (90 ◦C, 30 min).

VP  and TS are in the same range of those of other plant protein
lms, PPC exhibiting the highest WVP  and PuOC PI the highest TS

eature. Moreover, BPC film shows the best EB and PPC, SunPI and
uOC PI the lowest. Generally, BPC films properties are compara-
le with the ones observed with films obtained from other plant
roteins although some of them, especially the elongation at break
hich is an important feature for some applications of food pack-

ging, such as individual wrappers in a large box, was higher than
hat of other protein films. It should be noted that WVP  value was

ound comparable to that observed with films prepared from other
lant proteins, although it was higher than that of synthetic poly-
ers. However, this shortcoming can be improved by cross-linking

reatment of BPC film with CaCl2. Finally, one of the most important
factors for using a material for packaging application is its price. In
Iran, at the present time, bitter vetch seeds have a lower price in
comparison to lentil, pea, beans and pumpkin oil cake, although it
is comparable to sunflower meal one.

4. Conclusion

Whereas bitter vetch seeds have a low nutritional value because
of its content in some anti-nutritional factors, bitter vetch proteins

have a good potential for edible film production. The characteristics
of BPC films such as MC,  TSM, WVP, TS, EB and CA, were compara-
ble with those observed by testing other plant protein films. The
addition of CaCl2 (0.1–1%, w/w) to BPC film forming solutions
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