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Development and Characterization of Biodegradable Films
Made from Wheat Gluten Protein Fractions'
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Gliadins and glutenins were extracted from commercial wheat gluten on the basis of their extractability
in ethanol and used to produce film-forming solutions. Films cast using these gliadin- and glutenin-
rich solutions were characterized. Glycerol was used as a plasticizer, and its effect on the films was
also studied. Films obtained from the glutenin fraction presented higher tensile strength values and
lower elongation at break and water vapor permeability values than gliadin films. Gliadin films
disintegrated when immersed in water. The GAB isotherm model was used to describe the equilibrium
moisture sorption of the films. The glycerol concentration largely modified mechanical and water vapor
barrier properties of both film types.
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INTRODUCTION with M, around 44000 by SDS-PAGE (6). Hydrogen bonding
between the repeat regions of high molecular weight proteins

Wheat gluten is composed of a mixture of complex protein has been found to be responsible for the elasticity of gluten

molecules that can be separated into glutenins and gliadins on . “ P
the basis of their extractability in aqueous ethardgl Neither according to the *loop and train” theory of Beltom)(

. ; . Low molecular weight glutenins are partially soluble in 70%
of these groups consists of pure proteins, and a considerable . . .
. . “ethanol and are analogous with some high molecular weight
amount of overlap may occur depending on the extraction

conditions (2) gliadins (8). Gliadins and glutenins are present in almost equal
Gliadin pro.vides the viscous component of gluten and guantities in wheat gluten and have similar amino acid composi-

- . . tions, being high in both glutamine and proline. They also have
constitutes a heterogeneous group of proteins characterized by, .j.ciderable number of nonpolar amino acids containing

single pon_pgptide chains asgoci_ated by hydroggn bpnding andaliphatic or aromatic groups. These groups, together with a few
hydrophobic interactions, having intramolecular disulfide bonds, o iy ionizable amino acids, are responsible for the insolubility
and being soluble in a 70% ethanol/water solution. These of gluten in water (9). The amount, size distribution, and

proteins have been classified into four groups:, /-, and molecular architecture of glutenins and gliadins greatly influence

y-gliadins of relative molecular weight masséd,X between the rheologi ; - . -
; . gical, processing, mechanical, and physicochemical
30000 and 50000 by sodium dodecy! sulfapolyacrylamide properties of gluten (10).

gel electrophoresis (SDS-PAGE) andgliadins with M: of An alternative classification for wheat gluten proteins has

about 44,000_74000 by SDS',PAGE (3). . been proposed by Shewry et al. (11) on the basis of the
_Glutenins form an extensive network of intermolecular pisiogical, chemical, and genetic relationships among them.
disulfide bonds. As with synthetic polymerg)(the larger the — Thege authors divide wheat gluten proteins into three groups:
subunits involved in the cross-linking the greater the contribution high molecular weight prolamins (HMW subunits of glutenin)
to the elastic properties of the gluten matrix. Glutenins comprise ¢, S-poor prolaminsaf-gliadins), and the S-rich prolamins.,
a diverse number of protein molecules grouped into high The |atter group includes gliadingx( 8, and y) and low
molecular weight subunits with; in the range of 95000 molecular weight glutenins.
145000 by SDS-PAGEY) and low molecular weight subunits  \wpeat gluten is a renewable material widely used in bakery

products as part of flourlQ). However, one of the major
T This work is dedicated to the memory of Prof. Rubén Hernandez.  problems of gluten for the food industry is its poor solubility
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WHEAT GLUTEN
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70% (vi/v) Ethanol
Stirred overnight
Centrifugate 10,000 x g for 30 min.
I
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Figure 1. Flow diagram of the preparation of gliadin- and glutenin-rich fractions and production of their respective films.

gluten films are good oxygen barriers at low relative humidity. insoluble portion containing starch and protein aggregates was elimi-
However, wheat gluten films have poor water barrier properties. nated by centrifugation at 10000fgr 10 min at 23°C, yielding

Addition of a plasticizer, such as glycerol, is required to impart Supernantant II. Glutenins were separated from residual gliadins
flexibility and extensibility to the films. Methods to produce remaining in supernatant Il by_ precipitation Wlth ethanol. Ethanol was
edible and biodegradable films from wheat gluten have been added to supernatant Il to a final concentration of 70% (v/v). The pH

a - . was adjusted to 6.75 with sodium hydroxide and the mixture left for
reported by several author${—-23). However, little is found 12 h at 2°C. The precipitated glutenins were obtained by centrifugation

in the literature .reglardlng the separation of gluten into its main 4t 10000gfor 30 min and dispersed in 50% (v/v) ethanol/water.
components, gl!adlns and glutenins, as purer sources for films. 10 yrotein contents of the gliadin- and glutenin-rich fractions were
The aim of this study was to develop a procedure to produce 34 and 18.5% (grams/100 g of gluten), respectively, and were
films from the gliadin-rich and glutenin-rich fractions of wheat determined using micro-Kjeldahl method 46-124Y after previous
gluten and evaluate the suitability of these films for food evaporation of the solvent.
packaging with respect to their mechanical, optical, and water  Film Formation and Conditioning. The protein contents of the
vapor barrier properties. gliadin- and glutenin-rich fractions were adjusted to 7.5% (grams of
protein to 100 g of solution). The pH of each fraction was brought to
5 with acetic acid. Glycerol was then added as a plasticizer at
concentrations ranging from 11 to 66% (grams per gram of dry protein)
Reagents.Crude wheat gluten, glycerol, ethanol, acetic acid, Tris, and stirred for 20 min. Measured volumes of the film-forming solution
Coomassie Brilliant Blue G-250, and primary standard reference Were poured onto a horizontal flat poly(tetrafluoroethylene) tray to allow
proteins were obtained from Sigma Chemical Co. (St. Louis, MO). water and ethanol to evaporate. The films were dried at 23°C and
Electrophoretic grade acrylamide, bisacrylamide, and sodium dodecyl 50 & 5% relative humidity (RH) for 10 h. Dried films were peeled off
sulfate (SDS) were obtained from Bi-Rad (Richmond, CA). All the casting surface and preconditioned in a chamber &t 23C and

MATERIALS AND METHODS

chemicals used were analytical grade reagents. 50+ 5% RH for at least 72 h prior to testing their optical, mechanical,
Extraction of Gliadin- and Glutenin-Rich Fractions. A schematic and water barrier properties.
diagram of the extraction method is presentedrigure 1. Initially, Film Thickness. Film thickness was measured using a micrometer

100 g of crude wheat gluten was dispersed in 400 mL of 70% (v/v) (Fisher Scientific, Pittsburgh, PA) with a sensitivity-a2.54um. Mean
ethanol/water, stirred overnight at room temperature, and centrifuged thickness was calculated from measurements taken at five different
at 1000@ for 30 min at 23°C. The resulting supernantant (supernatant locations on each film sample.

1), containing the gliadin-rich fraction, was collected and used as the  Sodium Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis.
gliadin film-forming solution. The precipitate, consisting mostly of The gliadin- and glutenin-rich fractions were analyzed by SDS-PAGE
glutenins, was resuspended in a solution of 50% (v/v) ethanol/water electrophoresis performed in a vertical electrophoresis unit (Hoefer
and 0.05 N acetic acid and the mixture stirred at’@0for 1 h. The Scientific Instruments, San Francisco, CA). The procedure used was
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that of Laemmli (25) with some minor modifications based on the calculated on a dry basis and reported as the average of three replicates
procedure of Ng and BushuR®). Ten milligrams of ground gliadin from different batches at each RH condition. The experimental values
or glutenin films without glycerol, 10 mg of commercial wheat gluten, were fitted by the Guggenheim—Anderson—deBé&er (GAB) model

or 100uL of film-forming solution (gliadin- or glutenin-rich fraction

without glycerol) was mixed with 200L of SDS sample-buffer [0.063 EMC = W,_Ckg,/[(1 — ka,)(1 — ka, + Cka,)] (2)

M Tris-HCI, pH 6.8, 2% (w/v) SDS with or without 5% (v/v) disulfide

bond-cleaving 2-mercaptoethanol (2-ME), 0.01% (w/v) Pyronin]. Each where EMC= equilibrium moisture content on a dry basi;, =
sample—buffer mixture was allowed to stand at room temperature for Brunauer—Emmett—Teller (BET) monolayer moisture content and
2 h with occasional shaking and centrifuged at 13g€fr 10 min. represents the water content corresponding to saturation of all primary
Ten microliters of the clear top layer of each sample was loaded into adsorption sites by one water molecule= Guggenheim constark,

each slot in the gel. After electrophoresis, the gel was stained with = factor correcting properties of the multilayer molecules corresponding
Coomassie Brilliant Blue G-250. The molecular weights of the standard to the bulk liquid, anda, = water activity. The constant/,, k, and
protein mixture ranged from 205 kDa (myosin) to 36 kDa (glyceral- C were calculated according to the method of BiZ)( To evaluate
dehyde-3-phosphate dehydrogenase) and were obtained from Sigmahe goodness of the fit, the mean relative percentage deviation modulus

Chemical Co. (E) was calculated as
Film Color. Film color was measured with a CR-300 Chroma meter
(Minolta Camera Co., Ltd., Osaka, Japan). Film specimens were placed 100 [MP! — pjeacq
. i h E (%) = —Z— 3)
on a white standard plate, and the results were given inlG&#b* N M et

using a D65 illuminant/10observerL* (lightness),a* (red component),
andb* (yellow component) were measured. Samples were measuredwhereN is the number of experimental poinide* is the experimental
in triplicate. Five measurements at different locations were obtained equilibrium moisture content value, anilc@<d is the calculated

from each film sample. equilibrium moisture content value. The lower tBevalue, the better
Opacity. Film apparent opacity was evaluated according to a the fit.
modified standard procedure as described by Gontard eRH). A The clustering function developed by Zimm and Lundb&t) has

Perkin-Elmer Lambda 25 U¥vis spectrophotometer (Perkin-Elmer  been used to calculate the self-association of water molecules in the
Instruments, Shelton, CT) was used to evaluate the absorbance spectrurpolypeptide matrix. Their clustering functio;/Vy, is
of each film at a range of 400—800 nm. Apparent opacity was defined

as the integrated area under the curve, calculated using UV-WIN-Lab G aa,/V,)
11 1
software and expressed as an absorbance valuergvelength (nm) v, - - Vl)—aaw -1 (4)
product (A-nm). Samples were measured in triplicate. !
Loss of Weight of Films after Immersion in Water at 23 °C. WhenGy/Vy is > —1, water is expected to clustev; is the volume

Films were driec_i in a desiccator containing dry calci_um sulfate. ¢action of the solute (water).
Preweighed dry film samples o500 mg were immersed in beakers
containing 50 mL of distilled water at 23C for 24 h with periodic
gentle ma?nual agitation. Films were removed from the Wate?r and placed RESULTS AND DISCUSSION

back in the desiccator until they reached a constant weight, which was  General Properties.Unplasticized gliadin- and glutenin-rich
used as the final dry weight of the film. The weight loss percentage fiims were not studied because they were too brittle to be
(% WL) of each film sample was calculated using the following hangled for testing. Films plasticized with glycerol were flexible
equation: and homogeneous, with a yellowish color that can be attributed
to the presence of chromophores in wheat gluten. Film thickness
was~40 + 8 um for all prepared samples. Gliadin-rich films
made with glycerol concentratiorrs33% (grams per 100 g of

Water Vapor Permeability (WVP). The water vapor ransmission dry protein) were sticky, difficult to handle, and not evaluated

rate [g/(n%-s)] through films was measured using a Permatran W3/30 further. At glycerol concentrations of11%, the resulting

(MoCon Inc., Minneapolis, MN) at 10, 23, 30, and 3Z with a RH gliadin- and glutenin-rich films were very brittle.
gradient of 50 to 0% (in dry nitrogen) across the film. At least three ~ SDS-PAGE.SDS-PAGE patterns of nonreduced and reduced

samples of each type of film produced were measured. Permeability Samples of wheat gluten, films, and film-forming solutions of
values are reported as water permeability coefficient imnfijg(n?-s- gliadin- and glutenin-rich fractions are shownHRigure 2. No
Pa)]. differences were observed between the electrophoretic patterns
Mechanical Properties.An Instron Universal Machine model 4201 of the nonreduced gliadin-rich fraction and the nonreduced
(Canton, OH) equipped viita 1 kNstatic load cell was used to evaluate  gjiadin-rich film, nor between those of the glutenin-rich fraction
t_he tensile s_trength (TS) and percentage eIongation. at break (PE) Ofand the glutenin-rich films. Likewise, no SDS-PAGE pattern
films according to ASTM standard D-882%). Sample films were cut  yitorances were noted between these fractions and film samples
into 2.54 cm wide strips of at least 10 cm length. The Instron grip o T
separation was set at 50.8 mm and the cross-head speed at 508 mn{}m under reduced CO”d't'F’”S-_ These findings SL_’ggeSt that
min. TS and PE values were reported in Pascals and in percent of lengticovalent bonds other than disulfide bonds were not involved in
increase divided by the original grip separation, respectively. At least film formation. Only the nonreduced samples of wheat gluten,
10 samples from each type of film were evaluated. the gliadin-rich film-forming solution, and the gliadin-rich film
Moisture Sorption Isotherms. Films were cut into small pieces  (lanes 2, 3, and 5, respectively) showed clear bands, which
weighing 4—5 g, placed in aluminum dishes, and allowed to reach the corresponded to molecular mobilities in the region of the
corresponding moisture equilibrium when exposed to various relative gliadins. Nonreduced samples (lanes&) showed the tendency
humidities created by eight different salt solutions kept in 10 L sealed g form aggregates on the top of the gel. These aggregates were
containers placed in an environmental chamber conditioned 8C25 ||y the result of the formation of disulfide bonds between
The relative humidity values in the containers were 1%.8.3, 22.5 subunits through sulfhydryldisulfide interchange reactions.

+ 0.3, 32.84 0.2, 43.24+ 0.4, 52.9+ 0.2, 0.66=+ 0.05, 75.3+ 0.1, S X i
and 93.64 0.2, obtained using saturated salt solutions of LGD, Disulfide bonds were cleaved by reduction with 2-ME, and the

KCzH30z, MgClyr6H,0, K:COs2H,0, Mg (NOs).-6H,0, NaNQ, disaggregated proteins were able to enter the gel. Reduced
NaCl, and KNQ, respectively 28). Once constant weight was obtained Samples of glutenin-rich film-forming solution and glutenin-
(after ~2 weeks), the samples were removed and dried in a vacuum rich film (lanes 9 and 11), as well as the control gluten sample
oven at 60°C for 24 h @9). The equilibrium moisture content was  (lane 7), presented well-defined bands corresponding to typical

% WL = [(initial dry wt — final dry wt)/initial dry wt] x 100 (1)

Tests for each type of film were repeated three times.
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Table 1. Color Coordinate Values (L* a*, b*), Opacity, and Weight Loss in Water (WL) of Gliadin- and Glutenin-Rich Films

L* a* b* opacity (A, nm) % WL (/100 g of dry film)
gliadin-rich films 97.3+0.7 -0.19 £ 0.07 45+03 34+3 disintegrated
glutenin-rich films 955+0.2 -0.21+0.04 6.8+05 101+ 10 305+0.1

NONREDUCED REDUCED 25
‘BLLLE
205K = 20 ®  Gliadin-rich fims
pa— £ B Glutenin-rich films
116K - o
£
97K = 15 4
84K €
66K o
> 104
55K . g
5 4
45K .
S
! 0 10 20 30 40 50 80 70

% Glycerol (g /100 g dry protein)

Figure 3. Effect of glycerol on water vapor permeability (WVP) of gliadin-
and glutenin-rich films.

I Py oAl TR Ll increased with increasing glycerol concentration from 254
W m 10 to 7 x 10711 [(g-m)/(nm?-s-Pa)] for gliadin-rich films and
Gliadin-rich in-rich Gliadin-rich ol rich

from 1.7 x 10711 to 19 x 10711 for glutenin-rich films across
the range of glycerol concentrations studied;-66%. Although
addition of glycerol enhances the flexibility of protein films, it
reduces their water barrier properties (32).FAgure 3 shows,
the WVP of glutenin-rich films increases dramatically at
plasticizer concentrations-40%, following an exponential
relationship with increasing glycerol content. The incorporation
glutenins. There was some contamination of the glutenin fraction of low molecular weight molecules such as glycerol into films
with gliadins (within the 36 and 55 kDa regions) that remained increases the free volume of the polymer matrix and, conse-
in the glutenin fraction even after the extraction and purification quently, the network becomes less dense, facilitating the
steps with 70% (v/v) ethanol. diffusion of water molecules through the film. Besides the
Optical Properties. The optical properties of gliadin-rich and  plasticizing effect of glycerol, this molecule possesses a high
glutenin-rich films are shown iffable 1. The opacity values  capacity to bond water molecule33), and its presence in films
of films prepared from gliadins and glutenins were-B48 and increases their moisture sorption capacity.
101+ 10A-nm, respectively. Gliadin-rich films showed greater Comparing the WVP values between gliadin- and glutenin-

fraction and film  fraction and film  fraction and film  fraction and film

Figure 2. SDS-PAGE patterns of nonreduced (lanes 2—6) and 2-ME-
reduced (lanes 7-11) samples: molecular markers (lanes 1 and 12), native
wheat gluten (lanes 2 and 7), gliadin-rich fractions (lanes 3 and 8), glutenin-
rich fractions (lanes 4 and 9), gliadin-rich films (lanes 5 and 10), and
glutenin-rich films (lanes 6 and 11).

transparency than glutenin films. Glutenin-rich films were
slightly more yellow and darker than gliadin-rich films, as shown
by the lowerL* and greateb* values inTable 1.

rich films, gliadin-rich films had slightly higher WVP values
than glutenin-rich films at the plasticizer concentrations studied.
These differences were greater at higher amounts of glycerol.

Loss of Weight of Films in Water. Loss of weight was Gliadins consist of low molecular weight monomeric units
evaluated for glutenin films with a glycerol content of 33%. interconnected by hydrogen bonds and ionic and hydrophobic
Gliadin-rich films could not be tested because they disintegrated forces. In contrast to glutenins, there is a lack of intermolecular
after immersion in water. The low molecular weights of gliadins disulfide bonds in the gliadin structure. The longer molecular
and their lack of intermolecular disulfide bonds could be chains and the intermolecular disulfide bonds present in
responsible for the loss of film integrity upon contact with water. glutenins may restrict polypeptide chain mobility, and conse-

In contrast, glutenin-rich films kept their integrity after 24 h of
immersion. Glutenins consist of high molecular weight polymers
cross-linked by disulfide bonds, making the film more resistant
to water. The loss of weight after immersion of glutenin-rich
films was 30.5 g/100 g of dry filmTable 1). This quantity

closely corresponds to the glycerol added to the film (25 g/100
g of dry film) plus some starch or short-chain polypeptides that

are soluble in water. After testing, films were observed to be
extremely brittle, consistent with the loss of glycerol during
immersion.

Water Vapor Permeability (WVP). Effect of Glycerol
Concentration.The effect of glycerol content on the WVP of
gliadin- and glutenin-rich films is shown iRigure 3. WVP

quently, permeant mobility, diffusion rate, and permeability.

Temperature EffeciThe WVP of gliadin- and glutenin-rich
films plasticized with 33% glycerol (grams per 100 g of dry
protein) was evaluated at 10, 23, 30, and®@7WVP increased
with temperature following the Arrhenius model equation

P = P, exp(—E/RT) (5)

where Pg is a pre-exponential factor [g/(m-s-Pa}, is the
activation energy of permeability (kcal/moR,is the universal
gas constant (1.987 kcal/mol-K), afids the absolute temper-

ature (K). Plots of the natural logarithm of permeability versus
reciprocal temperature were obtained for gliadin- and glutenin-
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Figure 4. Arrhenius plots for water vapor permeability (WVP) of films
made from gliadin- and glutenin-rich fractions (T = temperature).

Table 2. Activation Energies of Water Vapor Permeation (E) through

— v Gliadin-rich films with 33% glycerol
£ 704 GAB model
= ®  Gliadin-rich films without glycerol
2 60 || ——— GABmodel
=)
=
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e
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Water activity (a,,)

Figure 5. Experimental moisture sorption isotherms and curves predicted
by the GAB model for gliadin-rich films plasticized with 0 and 33% glycerol
at 23 °C.

Various Types of Films

80

reference film % RH2 Ep (kJ/mol) — A Glutenin-rich films + 33% glycerol
— E 701 GAB model
present work gliadin-rich 0-50 138+1.3 = m  Glutenin-rich films without glycerol
present work glutenin-rich 0-50 176+13 £ 60]| ——— GABmodel
Shogren, 1997 (36) PHBV-6° 0-100 30 >
Shogren, 1997 (36) PHBV-120 0-100 30 S %
Shogren, 1997 (36) PHBV-18° 0-100 31 3
Shogren, 1997 (36) PLAC 0-100 5 =~ 404
Shogren, 1997 (36) pCL 0-100 15 3
Shogren, 1997 (36) aliphatic polyester 0-100 21 5 30 4
Shogren, 1997 (36) poly(ester-amide) 0-100 11 ; .
7 20 7
apercent relative humidity. ® PHBV, poly(3-hydroxybutyrate-co-hydroxyvalerate); S a7
6, 12, and 18% valerate. ¢ PLA, poly(.-lactic acid); 9 PCL, poly(e-caprolactone). L 10 . - —a——""
T
rich films and are shown ifrigure 4. The fit of the model was 0 ‘ ' ; i ' ' ' ; i
00 01 02 03 04 05 06 07 08 08 10

assessed by the linearity of the curvBd £ 0.984 for gliadin-
rich films andR2 = 0.988 for glutenin-rich films). The transition
step of a polymer from a glassy to a rubbery state affects the Figure 6. Experimental moisture sorption isotherms and curves predicted
physical properties of the material, especially those governed by the GAB model for glutenin-rich films plasticized with 0 and 33% glycerol
by internal molecular mobility34) such as permeability. No  at 23 °C.
breaks were observed in the linear curves of the plots in the
present study, indicating that there is no transition within the rich films measured at 23C are shown irFigures 5and6,
range of temperatures studied (10—%3). respectively. The sorption isotherms are sigmoidal. The equi-
Activation energy is “a measure of the energy expended librium moisture content of films increased slowly with
against the cohesive forces of the polymer in forming the gaps increased water activities until water activities of about 0.55 or
through which diffusion occurs”35). The activation energies  0.65 depending on whether the films contain glycerol. Greater
of permeation Ep) for gliadin- and glutenin-rich films were  water activities implied a substantial water gain in the films
obtained from the slopes of plots of Lversus 1/Tand are due to the development of solvent—solvent interactions. Addi-
shown inTable 2. As can be observed, the values obtained for tion of glycerol to films increased their equilibrium moisture
these films were in the same range as those found for othercontent as expected. The rise was more pronounced for
biodegradable polymer86) (seeTable 2). Glutenin-rich films plasticized films and occurred at lower water activity values
showed higheE, values than gliadin-rich films. Because the than for films without glycerol. The moisture sorption capacities
activation energy for permeation comprised the enthalpy of of gliadin- and glutenin-rich films were similar; this behavior
sorption of the permeanAHs) plus the activation energy of  was also observed for gliadin- and glutenin-rich films plasticized
diffusion (Ey) with glycerol and is attributable to the similar amino acid
composition of these fractions.
(6) The GAB model (see eq 2 under Materials and Methods) is
one of the most widely accepted models used in the field of
assumingdgy is the dominant term in the above equation, a higher food science (3738) and in product development such as the
activation energy of permeation in glutenin-rich films could preparation of protein- and polysaccharide-based filB&—
imply a higher activation energy of diffusion compared to 42). This model was thus chosen for the mathematical descrip-
gliadin-rich films as a consequence of a tighter and more tion of the sorption isotherms over the rangeagf= 0.11—
reticulated polymer matrix. 0.94. It is generally assumed that a good fit to the isotherm is
Moisture Sorption Isotherms. The water sorption isotherms  obtained where (see eq 3) is<10% (42-45). The GAB model
of unplasticized and glycerol-plasticized gliadin- and glutenin- achieved a good fit to the experimental data; the repoied

Water activity (a,,)

E, = AH, + Eg4
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Table 3. Water Isotherm Parameters Obtained from the GAB Model 0
" ®  Gliadin-rich fil
fim type Wi - o B s 4 o Shsandntine
glutenin 58+02 429+197  0.80+0.01 244 \ Peleg’s model for gliadin-rich films
glutenin-glycerol 90404  245+132  093+001 313 § 20 N ~— Peleg’s modslfor glutenin-rich fiims
gliadin 63+04  1104+101  0.80%0.02 2.06 =
gliadin-glycerol 92+04 388+113 0.93+£0.01 2.33 £ 154
2 See text for definitions. @ 0
o
values are shown ifiable 3and varied between 2.06 and 3.13. %
The GAB constant¥Vi,, C, andk for plasticized and unplasti- = 51
cized gliadin- and glutenin-rich films are also givenTiable
3. 01
Lewicki (38) studied the applicability of the GAB model to

biomaterial water sorption isotherms and concluded that the 0 10 2% 0 A 5 0 70
GAB equation was a good description of the sigmoidal shape

of isotherms fork and C values falling within the following ] o )
intervals: 0.24< k < 1, 5.67< C < . Having the constants Figure 7. Effect of glycerol on tensile strength of gliadin- and glutenin-
in these ranges ensures that the calculated monolayer value&ch films.

% Glycerol (g / 100 g dry protein)

differ by not more thant15.5% from the true monolayer 500
capacity.

In the current studyk values ranged between 0.80 and 0.93
andC values from 24.5 to 110.4. As is shownTmble 3, the 400 A

BET monolayer M) had similar values for unplasticized
gliadin- and glutenin-rich films. For films plasticized with
glycerol, theW, value was higher, indicating that the number
of active sites that can interact with water molecules increased
as a consequence of the presence of the hydroxyl groups of®
glycerol. TheC parameter decreased for films with glycerol, &

°

which was previously reported by Cho and Rhéé)(for soy =

n at break
W
8

200

protein films and by Kim and Ustuno#Q) for whey-protein- 100 - ¥ o Gednienfims
based films without any physical explanation. 4 Peleg’s mode! for gliadin-rich fims
The clustering function values were also calculated using eq 7 ~— Peleg’s modl for glutenin-rich films
thi 4] 7 T T 7 T T
4. Clusters of water molecules are expected to form within the o o 2 % o 5 o I

gliadin matrix whena,, is >0.64. For glutenin-rich films,
clustering was predicted a}, > 0.57. The higher cohesiveness
among g|utenin chains Compared to g"adins could make the Figure 8. Effect of glycerol on elongation at break of gliadin- and glutenin-
currently active sorption sites less accessible for water binding fich films.
molecules, thus favoring the self-association of water molecules ]
at lower water activities. Water clustering in glycerol-plasticized ~ Effect of Glycerol.Glycerol decreased the tensile strength
films occurred at water activities of 0.51 and 0.48 for gliadin- and increased the elongation of films. This has been reported
and glutenin-rich films, respectively, both of which are lower Previously for films made from other proteins such/afac-
than the predicted values for unplasticized films. Glycerol toglobulin (49) and sodium caseinate (50) and from polysac-
occupies active sites in the polypeptide network, reducing the charides (5152). It is well-known that plasticizers decrease
availability of such sites for water molecules; thus, it could be the cohesiveness of polymer chains, increasing their segmental
expected that the plasticizer promotes water clustering at lower Mobility and the free volume of the network. As a consequence,
water activities. Similar findings have been reported for collagen films become weaker and more extensible. Tensile strength and
films plasticized with polyols (47). elon_gatlon of glutenln-r!ch films were not modified by glycerol
Mechanical Properties. The TS and PE of gliadin- and ~ @ddition at concentrations 33% (grams per 100 g of dry
glutenin-rich films as a function of glycerol content are shown Protein), which could be attributable to an excess of glycerol
in Figures 7 and 8, respectively. TS of gliadin-rich films molecules that did not interact with the protein matrix. This
decreased from 8.2 to 0.56 MPa, and PE increased from 6 toPehavior could not be observed for gliadin-rich films because
396% for films at glycerol concentrations between 11 and 33% films lost their integrity at glycerol concentrations33%.
(grams per 100 g of dry protein). Glutenin-rich films presented ~ AS can be seen ifigures 7and8, changes in TS and PE as
TS values from 26 to 1.4 MPa and elongation values from 5 to @ function of glycerol were sigmoidal in shape, and Peleg’s
297% at glycerol concentrations between 11 and 66%. The Model (53) was used to fit the experimental data. This model
glutenin-rich fraction yielded films of greater tensile strength describes the mechanical behavior of biomaterials with tem-
and lower elongation values than the gliadin-rich fraction at Perature, water activity, or moisture content at and around the
the glycerol concentrations studied because the presence oflass transition, and, as in this work, it can also be employed
intermolecular covalent bonds in glutenins results in a denser {0 quantify the effect of plasticizers at a constant temperature
and more cohesive polymer network than those formed from (53):
gliadins. These findings are in agreement with those of Cornec
et al. 47), who described gliadins as being responsible for the Y= YJ{1+ exp[—(X—X)/al} (1)
extensibility of gluten and glutenins as the contributors of the
elastic properties of gluten. In eq 7,Y is the calculated value of the mechanical parameter

% Glycerol {g/ 100 g dry protein)
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Table 4. Peleg's Parameters for Tensile Strength (TS) and Elongation
at Break (PE) Curves of Gliadin- and Glutenin-Rich Films

parameter Ys? X2 a? R22
Gliadin-Rich Films

TS (MPa) 144+ 3.8 15.8+3.8 -54+14 0.999

PE (%) 374+13.8 159+19 26+1.0 0.997
Glutenin-Rich Films

TS (MPa) 343+26 201+21 -8.8+16 0.994

PE (%) 307 +£8.0 21.3+£0.6 31+£10 0.944

2 See text for definitions.

(tensile strength or elongation) at plasticizer concentra¥pn

Ys is the value of the mechanical parameter for nonplasticized

film, X; indicates the value for plasticizer concentration that
decreasesY to Y42, and a is an empirical constant and

characterizes the broadness of the variation. The curve-fit

parameters are given ifable 4, and fitted curves for TS and
PE have been represented Rigures 7 and 8, respectively.
Peleg’s model fitted well with the experimental data obtained
for the variation in the tensile strength and elongation with

glycerol content. TS values at zero glycerol content were 14.4

and 34.3 MPa for gliadin- and glutenin-rich films, respectively,
in accordance with the more rigid structure of glutenins. It can
be observed from th¥. values given inTable 4 that the loss
of mechanical properties of films occurs at greater glycerol
content for glutenin films. It can also be observedliable 4
that glutenin films presented TS and PE curves with lagyer
values that those for gliadin films corresponding with a rather
flat shape for the depicted curves.

Conclusions.Gliadin- and glutenin-enriched fractions were
obtained from crude wheat gluten, and films were formed by

the casting technique. The physical properties of films made

from gliadin and glutenin fractions were significantly differ-
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(3) Shewry, P. R.; Tatham, A. S.; Forde, J.; Miflin, B. J.; Kasarda,
D. D. The primary structures, conformations and aggregation
properties of wheat gluten proteins. Gluten protein®?ioceed-
ings of the 2nd International Workshop on Gluten ProteMay
1-3, 1984; Wageningen, The Netherlands, 1984; pp 51—58.

(4) Tsiami, A. A.; Bot, A.; Agterof, W. G. M.; Groot, R. D.
Rheological properties of glutenin subfractions in relation to their
molecular weightJ. Cereal Scil1997,26, 15-27.

(5) Payne, P. I.; Law, C. N.; Mudd, E. E. Control by homologous
group 1 chromosomes of the high-molecular-weight subunits of
glutenin, a major protein of wheat endosperiieor. Appl.
Genet.1980,58, 113—120.

(6) Bietz, J. A.; Wall, J. S. Wheat gluten subunits: molecular weights
determined by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresisCereal Chem1972,49, 416—430.

(7) Belton, P. S. On the elasticity of wheat gluten.Cereal Sci.
1999,29, 103—107.

(8) Payne, P. |.; Corfield, K. G. Subunit composition of wheat
glutenin proteins isolated by gel filtration in a dissociated
medium.Planta1979,145, 83-88.

(9) Krull, L. H.; Inglet, G. E. Industrial uses of glute@ereal Sci.
Today1971,16, 232—236, 261.

(10) Shewry, P. R.; Miles, M. J.; Tatham, A. S. The prolamin storage
proteins of wheat and related ceredsog. Biophys. Mol. Biol.
1994,61, 37-59.

(11) Shewry, P. R.; Tatham, A. S.; Forde, J.; Kreis, M.; Miflin, B. J.
The classification and nomenclature of wheat gluten proteins:
a reassessment. Cereal Scil986,4, 97—106.

(12) Kalin, F. Wheat gluten applications in food produdtsAm. Oil
Chem. Soc1979,56, 477—479.

(13) Maningat, C. C.; Bassi, S.; Hesser, J. M. Wheat gluten in food
and non-food system3.ech. Bull., Am. Inst. Baking Res. Dept.
1994,16 (6), 1-8.

(14) Magnuson, K. M. Uses and functionality of vital wheat gluten.
Cereal Foods Worldl987,30 (2), 179—180.

(15) Bietz, J. A.; Lookhart, G. L. Properties and non-food potential
of gluten.Cereal Foods Worldl996,41 (5), 376—382.

ent.The differences appeared to be related to the high molecular (16) Herandez, R. J. Effect of water vapor on the transport properties

weight of glutenins and the presence of intermolecular covalent
bonds among the polypeptide chains. Films made from glutenins

of oxygen through polyamide packaging materidl§-ood Eng
1994,22, 495-507.

were stronger and less extensible, with lower water vapor (17) Wall, J. S.; Beckwith, A. C. Relationship between structure and

permeability compared to gliadin-rich films. Gliadin-rich films

had a better optical appearance and disintegrated after immersion

in water. Moisture-holding capacities of gliadin- and glutenin-
rich films were similar, although water clustering occurred at
lower water activities for glutenin-rich films. Regarding the

rheological properties of gluten protei@ereal Sci. Todag969,
14 (1), 16—18, 20—21.

(18) Anker, C. A.; Foster, G. A., Jr.; Loader, M. A. Methods of
preparing gluten containing films and coatings. U.S. Patent 3,-
653,925, 1972.

lower mechanical resistance and higher transparency of gliadin (19) Okamoto, S. Factors affecting protein film formati@ereal

films, these films could be of interest as edible coatings applied
to foods, whereas the stronger, water-resistant glutenin films

could be candidates for nonedible free-standing films for
packaging of low and intermediate water activity foods.
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