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Abstract

Fourier transform infrared spectroscopy has been used to investigate the conformational changes of glycinin, a major storage
protein of soybean seeds, upon film-forming. The results show that the secondary structure of glycinin is mainly composed of a
f-sheet (48%) and unordered (49%) structures. The amide I band of glycinin in film-forming conditions, i.e. in alkaline media and
in the presence of plasticizing agent, reveals the conversion of 18% of the secondary structure of the protein from the f-sheet (6%)
and random coil (12%) to the a-helical conformation due to the helicogenic effect of the ethylene glycol used as the plasticizing
agent. Conformational changes also occur upon the film-forming process leading to the formation of intermolecular hydrogen-
bonded f-sheet structures. Results obtained from other plant families indicate that, whatever the origin and conformation of
protein, formation of films leads to the appearance of intermolecular hydrogen-bonded [ -sheet structures, suggesting that this
type of structure might be essential for the network formation in films. Thus, it is hypothesized that, in the film state,
intermolecular hydrogen bonding between segments of f-sheet may act as junction zones in the film network. This study reveals
for the first time that there is a close relationship between the conformation of proteins and the mechanical properties of films.
© 1998 Elsevier Science B.V. All rights reserved.
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on biopolymers as starting materials. Several sub-
stances derived from biological materials, such as
proteins and starch, have drawn attention for their
film-forming ability making them good candidates
as ingredients in package products and edible films
[1-5].

Glycinin is one of the major globulins of the
soya representative of 11S-type seed proteins that
are largely distributed in plants. It is made of six
o subunits, each consisting of a basic polypeptide

* 3 . . " oqe .
STELA, Pavilon Peut-Comtors, Univesié Laval, Lo vt ik (P-POypeptide) and an acidic polypeptide (-

polypeptide), which are connected by a single

7P4, Canada. Tel.: + 1 418 6562131 ext. 4278; fax: + 1 418 6563353; ( ! _
e-mail: Muriel. Subirade@aln.ulaval.ca disulfide bond forming the «f subunit [6,7]. It has

1. Introduction

During the last decade, the loss of landfile space
and a change in the public perception of accept-
able waste, waste reduction and waste elimination,
have increased interest in biodegradable plastics.
Recent research efforts to develop polymeric alter-
natives to petroleum-based products have centered
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been suggested that in the glycinin molecule, six
subunits are packed in two stacked hexagonal
rings [6] or in two identical trigonal antiprisms
stacked on top of each other and held together by
hydrophilic forces, such as electrostatic and hydro-
gen bonds [8,9], although neither model can ac-
count very well for the observed results [10]. A
great deal of work has been done on functional
properties of glycinin showing that it is a major
functional ingredient commonly used as a gel,
emulsifiant and foaming agent in technological
processes [11,12]. Recently, it has been shown that
glycinin is able to form films, making it a good
candidate as an ingredient in package products
and edible films [13-16]. These studies have shown
that several factors, such as protein concentration,
pH, ionic strength, heating temperature and plasti-
cizers affect the formation of a film from soy
proteins. Therefore, it has been suggested that the
glycinin film network is formed via hydrogen
bonds, hydrophobic and electrostatic interactions
between polypeptides. However, the structural ba-
sis of the film-forming process is, at present, not
understood. No attempts have been made to deter-
mine the relationship between the extent of forma-
tion of the film network and the structure of the
protein in the film and nothing is known about the
molecular basis which leads to the formation of
films. .

The formation of films from soy globulins and
other globular proteins has been described as a
two-step process involving the heat denaturation
of the proteins followed by surface dehydration
[17]. Heating alters the three-dimensional structure
of proteins, exposing functional groups—such as
CO and NH of peptidic bonds, side chain amine
groups and hydrophobic groups—engaged in in-
tramolecular hydrogen bonding and electrostatic
interactions in the native state which become
available for intermolecular interactions [18,19].
Upon drying, the unfolded proteins approach each
other and become linked through intermolecular
interactions (through disulfide and hydrophobic
interaction), leading to the formation of a network
that acts as the matrix for entrapping film compo-
nents such as plasticizing agents [17]. Since the
formation of film occurs in denaturated conditions
(alkaline conditions and heating above the denatu-
ration temperature of the protein), it is assumed
that the protein remains in the fully denaturated
state in the film. However, it is quite possible that
the denatured protein may undergo partial refold-

ing, thus regaining some secondary structure dur-
ing the film process. It is conceivable that the
extent of such refolding affects the pumber of
functional groups available for intermolecular in-
teractions and thus the formation and stability of
the film network.

In order to elucidate the molecular basis of the
film formation process, we have studied, for the
first time, the conformational changes of glycinin
during film formation. Only a few physical meth-
ods can provide information on the structural
changes of proteins that take place during the
formation of precipitates or gel assemblies. Re-
cently, circular dichroism (CD) has been used to
obtain insight into the conformation of globular
proteins in heat-induced gels [19]. However, the
necessity of using transparent samples for CD
measurements [20] limits the range of application
of this technique. In this work, we have used
infrared spectroscopy to obtain detailed molecular
information on the conformational behavior of
glycinin during the film-formation process. It is
now well established that infrared spectroscopy is
a powerful method for the investigation of the
secondary structures of proteins in solution [21-
24] or in complex systems, such as biological [25—
29] or food [30--32] systems.

2. Materials and methods

2.1. Purification of glycinin

Glycinin was purified from soy seeds as previ-
ously described [15]. Briefly, defatted soybean
flour was stirred in a buffer (Na,S,05, NaOH, pH
8, 20°C) for 1 h and centrifuged at 10000 x g for
20 min. Then the pH of the supernatant was
adjusted to 5.5 with HCl and centrifuged again.
The precipitate, enriched in 11S fraction (approxi-
mately 80%), was freeze dried and ground.

2.2. Preparation of the protein films

Protein films were prepared as described by
Kokelaar et al. [16]. Briefly, the protein solution
(13% w/w) was dispersed with a Polytron homoge-
nizer (20000 rpm) during 1 min in a glycine/
sodium hydroxide solution (pH 10). The
plasticizer was then added (w/w plasticizer/protein
ratio of 1) and the solution was dispersed again
with the homogenizer during 30 s and centrifuged
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at low speed (1500 x g) for 30 min to remove
entrapped air bubbles. Then, the acrated superna-
tant was discarded and the film-forming solution
was spread on a glass plate. After a drying period
of 1 h at 70°C, the protein was cooled down and
carefully peeled off the glass plate and stored in a
box with controlled relative humidity (60% RH)
and temprature (22°C) for 3 days.

2.3. Infrared spectroscopy

Infrared spectra were recorded with a Nicolet
Magna 550 Fourier transform infrared spectrome-
ter with a liquid nitrogen cooled mercury—cad-
mium-—telluride detector. The instrument was
continuously purged with dry air. For transmis-
sion measurements, protein solution (8%, w/v) was
placed in a thermostated home-made closed cell
consisting of two BaF, windows separated by a 6
pum mylar spacer. For each spectrum, a total of
250 scans were collected at 2 cm ~! resolution. The
algorithm of Dousseau et al. [33] was used to
substract the spectrum of the aqueous buffer from
the corresponding spectrum of the protein solu-
tion. Spectra of films were obtained by attenuated
total reflection (ATR) using a single reflection
accessory (Harrick Scientific, USA) fitted with a
zinc selenide prism. All data manipulations were
performed with the Spectra Calc sofware (Galactic
Industries, Salem, NH). Fourier deconvolution
was carried out using the method of Griffiths and
Pariente [34] with a narrowing parameter, y, of 4.5
and an apodization filter of 0.19. These parame-
ters were chosen in order to obtain optimum
resolution without introducing significant side-
lobes in the 16901720 ¢cm ~ ! region where there is
no protein band.

3. Results and discussion

3.1. Conformational behavior of glycinin in
film-forming conditions

Fig. 1 displays the original (Fig. 1A) and decon-
volved (Fig. 1B) infrared spectra of glycinin in the
amide I band region (1590-1720 cm ') as a func-
tion of the film-forming conditions, i.e in alkaline
conditions and in the presence of the ethylene
glycol. This region, which is mainly due to the
C=0 stretching vibration and to a small extent to
C—N stretching vibration of the peptide bonds, is

sensitive to the secondary structure of proteins
[21]. Fig. 1 shows the infrared spectrum of the soy
protein recorded at room temperature and at pH 7
after correction for the spectral contribution of the
water bending vibration according to the method
of Dousseau et al. [33]. In the original spectrum,
the amide I band appears as a broad band with an
absorbance maximum around 1648 cm—'. This
band is composed of several overlapping compo-
nents due to various protein segments with differ-
ent secondary structures [35,36]. Deconvolution of
the amide bands reveals that the amide I band is
composed of at least five components at 1615,
1638, 1655 and 1687 cm ~ !, and a shoulder one at
1670 cm ~'. The assignment of these bands, based
on previous studies of proteins by vibrational
spectroscopy, can be summarized as follows: the
two bands at 1638 and 1687 cm~!' are highly
characteristic of amide groups involved in the
extended f-sheet structure [21-23,37] while the
band at 1655 cm ™! results from either the a-helix
or random coil structures. The 1670 cm ~' compo-
nent can be assigned to the presence of f-turns
[30] and the weak shoulder at 1615 cm ! arises

Absorbonce
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Fig. 1. Original (A) and deconvolved (B) infrared spectra of
soy glycinin in ) aqueous solution (pH 7), (- - -) alkaline
conditions (pH 10) and (— - —- - — — ) film-forming condi-
tions (pH 10 and presence of ethylene glycol).
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from intermolecular f-sheets due to protein aggre-
gation [38]. This qualitative analysis 1s in good
agreement with previous data [39].

The various methods for the quantitative deter-
mination of the secondary structure of proteins in
solution and their respective merits and drawbacks
have recently been reviewed [22,23]. In this work,
we have used the method of Dousseau and Pézolet
[40] to quantify the secondary structure content of
glycinin in aqueous solution since this method
provides low prediction errors. The results ob-
tained reveal that the native protein is composed
of 48% pB-sheets, 49% unordered structure or f-
turns, and of only 3% «-helices. These results are
in good agreement with those obtained previously
by CD [19,41] revealing that glycinin belongs to
the class of f-sheet proteins. This is a common
feature of 11S globulins isolated from other
legume seeds [42,24]. Our results therefore confirm
that the conformation of glycinin is mainly com-
posed of f-sheet structure. Moreover, they also
clearly demonstrate that glycinin contains other
secondary structures, such as turns, and provide
the first direct identification of the different
components.

Since film formation occured in alkaline condi-
tions, we have recorded the infrared spectrum of
glycinin at pH 10. It has been known for some
time that glycinin undergoes several conforma-
tional and/or structural changes as a function of
pH due to aggregation and disaggregation pro-
cesses [12]. In order to detect and characterize
these conformational changes, the infrared spec-
trum of glycinin solution at pH 10 has been
recorded and is shown in Fig. 1. As seen in this
figure, alkalination of glycinin solution has a
marked effect on the infrared spectrum of the
protein. The absobance maximum of the original
amide I band is shifted from 1648 cm~' in the
spectrum recorded at pH 7 to 1641 cm ™' in the
spectrum obtained at pH 10. These changes are
more clearly observed in the deconvolved spectra.
The spectrum shows a shift in the band observed
at 1638 cm~' at pH 7 to 1641 cm ! at pH 10.
This band cannot be assigned unambiguously to
B -sheet structures [43] since it has previously been
assigned to ‘open loops’ [44] and random coil
structure [25]. However, since the increase in in-
tensity of the band at 1641 cm ! is accompanied
by a concomittant decrease of the bands at 1637
and 1687 cm~! due to the B-sheet and that at
1655 cm ™! characteristic of the «-helical confor-

mation, this suggests that the band located at 1641
cm ~ ! is probably due to unordered structure. This
is confirmed by quantitative analysis using the
method of Dousseau and Pézolet [40] which re-
veals an increase of the unordered structure con-
tent of about 5%. These results are in agreement
with those obtained by nuclear magnetic reso-
nance (NMR) spectroscopy [45] showing that al-
kaline conditions lead to the partial denaturation
of glycinin. This can explain the fact that even at
pH 12 some of the polypeptide chains of the
protein may still maintain a hydrophobic core [46],
preventing some of the disulfide bonds from being
cleaved [47]. Furthermore, it has been shown pre-
viously that alkaline conditions break step by step
the oligomeric structure (af)s of glycinin into the
(xf); intermediate and its («f) subunits, which
sediment around 7S and 38, respectively [11].
From the infrared spectroscopy results, it is clear
that the disruption of the quaternary structure of
glycinin is accompanied by partial denaturation of
the protein.

In addition to the film-forming protein, a major
component of films is the plasticizer. The addition
of a plasticizing agent to the film is required to
overcome film brittleness caused by extensive in-
termolecular interactions [48]. Plasticizers reduce
these forces and increase the mobility of protein
chains, thereby improving flexibility and extensi-
bility of the film [2]. Polyols, such as glycerol,
ethylene glycol and sorbitol, are good plasticizers
due to their ability to reduce internal hydrogen
bonding while increasing intermolecular spacing.
Because of their ability to affect the conformation
of glycinin, the effect of plasticizer on the sec-
ondary structure of glycinin has been examined.
Fig. 1 shows the infrared spectrum of an alkaline
solution of glycinin in the presence of ethylene
glycol used as the plasticizing agent. This spectrum
displays a shift in the band observed at 1641 cm !
in the absence of the plasticizing agent to 1638
cm~! in the presence of ethylene glycol. More-
over, this spectrum shows a marked increase in the
1655 cm~! band relative to that located at 1638
cm~!. This result suggest that the plasticizing
agent leads to an increase of the w-helical content
of the protein. This is due to the conversion of
18% of the secondary structure contents of the
protein from the f-sheet (6%) and random coil
(12%) to the «-helical conformation. This helico-
genic effect is a comon feature of most alcohols
used as solvents for proteins [49]. It has been
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shown for some time that hydroalcoholic mix-
tures, generally used to study proteins at low
temperatures [50] or to mimic the membrane envi-
ronment [51], induce helical secondary structures
within polypeptide chains. This effect has been
attributed to a combination of two factors: the
high dipole moment of alcohols induces the dis-
ruption of the internal hydrogen bonds of the
peptide groups by competition of the alcohol OH
group and the peptide N-H group to hydrogen
bond to the amide C=O and the low dielectric
constant of alcohols that is able to perturb the
structure of protein by reducing the hydrophobic
effect. This last effect promotes unfolding of the
protein and refolding into an «-helical conforma-
tion which is the most energetically stable confor-
mation even in the case of proteins known to have
a non-helical native structure, such as f-lactoglob-
ulin, concanavalin A or f-casein [51]. Compared
to most alcohols, ethylene glycol has a high
enough dipole moment (2.2 Debye) to disrupt
intramolecular hydrogen bonds and a low enough
dielectric constant (38.6, which is about half that
of water) to reduce the hydrophobic effect and to
induce the formation of «-helices in glycinin.

In conclusion, our infrared results show that
film-forming conditions, i.e. alkaline conditions
and the presence of plasticizers, induce glycinin
structural changes consistent with a reorganization
of the secondary structure of the protein in which
the «-helical content is more important. More-
over, they clearly demonstrate the potential of
Fourier transform infrared (FTIR) spectroscopy
to determine conformational changes of a globular
protein as a function of environmental conditions.

3.2. Conformational behavior of glycinin during
the film-forming process

Having characterized the structural change in-
duced by alkaline conditions and the presence of
plasticizer, we have also addressed the question of
film process-induced conformational changes of
glycinin, Since the first step of the film process
corresponds to the gelation of protein, we exam-
ined conformational changes of glycinin upon
heating the protein solution above the denatura-
tion temperature of the protein, then upon cooling
the solution to 20°C.

Fig. 2 shows the deconvolved infrared spectrum
of the amide I region for a filmogen solution of
glycinin obtained after a heating time of 1 h at a

Absorbance
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Fig. 2. Deconvolved infrared spectra of glycinin in (——) the
film-forming conditions (pH 10 and ethylene glycol), (---)
after heating for 1 h at 70°C, (- - — - — — — ) after cooling to
200Cand (- -~ —--— - - ) in the film state.

temperature of 70°C. A comparison of this spec-
trum with that recorded at 20°C before thermal
treatment (Fig. 2) indicates that the temperature
has an important effect on the secondary structure
of glycinin. On heat treatment, the band observed
at 1638 cm ™! shifts to 1642 cm ~! and appears to
become broader at 70°C, suggesting that thermal
treatment results in extensive denaturation of the
secondary structure of soy 11S. This unfolding is
accompanied by a decrease in the intensity of the
band located at 1655 cm~', indicating a decrease
in «-helices content. Moreover, a striking feature
of this spectrum is that it is practically identical
with the spectrum recorded at pH 10 (in the
absence of plasticizer) and at room temperature
(see Fig. 1B). Since pH 10 represents the first stage
of the alkaline denaturation and 70°C the first
stage of the thermal denaturation [11], our results
suggest that the thermal denaturation proceeds via
the same intermediate state as the alkaline
denaturation.

The heat-induced structural changes of glycinin
observed in this study are consistent with previous
NMR results [52] which show that heat treatment
induces an increase of glycinin molecular motion
and protein unfolding, and with CD data [19]
which show a decrease of the «-helical and f-sheet
structures at the expense of the random coil struc-
ture. Although similar results have been reported
in the case of f-conglycinin, another globular
protein from soy [19], most studies reported so far
on the thermal denaturation of globular proteins
such as f-lactoglobulin [53], bovine serum albu-
min [54], ovalbumin [55] or «-lactalbumin, reveal



246 M. Subirade et al. / International Journal of Biological Macromolecules 23 (1998) 241-249

the appearence of new f-sheets during heat denat-
uration. In the case of glycinin, new f-sheets
appear only upon cooling the solution to 20°C as
shown from Fig. 2. The main spectral effect is a
marked increase in intensity of the f-sheet band at
1630 cm !. The frequency of this band (1630
cm ') is much lower than that we assigned to the
f-sheet conformation (16371639 cm ™), suggest-
ing an increase in hydrogen-bond strength upon
cooling the solution. This treatment also induces a
decrease of the intensity of the 1655 cm~' band
due to the «-helix structure and to the appearance
of a new band at 1617 cm ™', The latter is assigned
to the formation of an intermolecular hydrogen-
bonded f-sheet structure since it occurs readily
upon aggregation of proteins [56] or polypeptides
[38]. These infrared results show that soy 11S
globulin undergoes partial refolding during the
cooling regime of the gelation process. Previous
CD results [57] have also shown that glycinin
regains secondary structures during the cooling
phase of the thermal gelation. These authors
showed that the extent of such refolding plays a
critical role in the formation and stability of the
gel network by modifying the number of func-
tional groups available for intermolecular interac-
tions. They suggested that, by controlling the
extent of refolding of the protein during the cool-
ing regime, it is possible to improve the gelation of
glycinin [57]. Our results show that the mechanism
of thermal gelation of glycinin in the film-forming
conditions is comparable to that proposed for
other globular proteins [58] and can be summer-
ized in a two-stage sequential process: the first
phase involves heat-induced conformational
changes in the protein with unfolding of some
polypeptide segments followed, upon cooling, by a
subsequent phase of protein—protein interactions
resulting in a buildup of a network structure.
The last step of the film process consists of
surface dehydration. The spectral changes which
follow this phenomenom are shown in Fig. 2. As
can be seen, all the amide I bands lose intensity
upon dehydratation of the film excepted for the
band located at 1617 cm ~! which becomes strong
and sharp. These results suggest a marked reduc-
tion of «-helical, f-sheet and unordered structures
at the expense of intermolecular hydrogen-bonded
f-sheet structure. Although it has not been possi-
ble to obtain quantitative results with low predic-
tion errors on the conformation of the 118 protein
in the film state since the currently available meth-

ods have been developed for proteins in solution
[40] or for ATR measurements using deuterated
protein films [25], it is clear that the protein in the
film state displays a much higher content of inter-
molecular f-sheets and a lower content of «-he-
lices, p-sheets and wunordered conformation
compared to the protein in solution.

The formation of intermolecular f-sheets dur-
ing the film formation is not unique to glycinin
and seems to be a common behavior of vegetable
proteins whatever their origin [59]. In Fig. 3, the
infrared spectrum of glycinin in the film state is
compared to those obtained from legumin, a ma-
jor globulin from pea, and wheat gluten proteins.
A striking characteristic of this figure is that all
spectra show the band characteristic of intermolec-
ular f-structures located at 1618 cm~'. These
similarities could be due to similar secondary
structures of these protein molecules. However, if
legumin belongs to the same family of glycinin and
contains mainly f-sheet and aperiodic structures
in the native state [24], whole gluten proteins
exhibit a different secondary structure [30] and
contain approximately equal amounts of «-helices
(31%), fB-sheets (28%) and p-turns (27%). These
results suggest that f-sheet structures might be
essential for protein—protein interactions and net-
work formation in films formed from vegetable
proteins, whatever their origin and conformation.
These results support the idea that intermolecular
hydrogen-bonding interactions between f-sheets
may act as junction zones and thus stabilize the
film network. However, it should be pointed out
that the spectrum of wheat proteins presents more
regular secondary structure than those of the other

1618
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Fig. 3. Deconvolved infrared spectra of (——) soy glycinin,
(- --) pea legumin and (— - - - — — — ) wheat gluten proteins,
in the film state.
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Fig. 4. Infrared spectra of glycinin in ( ) aqueous solution
and in the films prepared from (- - -) glycerol, (- — — - — — — )
diethylene glycol and (- - —-- - — — ) ethylene glycol.

proteins. It therefore seems that the a-helices are
partially conserved in films prepared from wheat
gluten proteins.

3.3. Effect of plasticizers on the network structure

of films

Previous studies on films of wheat gluten [48],
soybean globulins [14] and whey proteins [60] have
shown that the nature of plasticizers used in film
formation has a great effect on their mechanical
properties. Since proteins may undergo structural
changes in the presence of plasticizers, the extent
of denaturation and the exposure of functional
groups may affect the mechanical properties of
films. However, the relationship between mechani-
cal properties of protein films and conformational
changes of proteins have not yet been studied. To
understand the relationship between the confor-
mation of glycinin and the mechanical properties
of films of this protein, the infrared spectra of
films of glycinin obtained from different plasticiz-
ers such as glycerol, diethylene glycol and ethylene
glycol, were recorded. As seen in Fig. 4, the spec-
tra obtained show strong differences compared to
the spectrum of the native protein. The main
spectral difference is a sharp increase in intensity
of the band due to the intermolecular f-sheet at
the expense of the lower frequency bonds assigned
to other strutures. In addition, there is a shift of
the position of the S-sheet band with the plasti-
cizer used. The f-sheet band observed at 1638
cm~! in the spectrum of the protein in solution
shifts to 1630, 1622 and 1618 cm ! in the film

state in the presence of glycerol, diethylene glycol
and ethylene glycol, respectively. A shift of this
band to lower wavenumbers can be attributed to a
strengthening of the hydrogen bonds between the
peptide groups [61]. A previous study on the phys-
ical properties of glycinin films [16] reveals a plas-
ticizer dependence of mechanical properties of
films and shows that the young modulus of
glycinin films decreases in the order ethylene gly-
col > diethylene glycol > glycerol. Close compari-
son of this behavior with corresponding changes in
position of the infrared amide I band suggests for
the first time that a close relationship exists be-
tween conformation of the protein in the film and
the mechanical properties of these films.

On the other hand, the mechanical properties
of macromolecules are not strongly influenced
only by the structure of the material but also by
molecular orientation induced by the forming
process. In order to check for any preferred
alignment of the f-sheet structure with respect
to the film, polarized ATR-FTIR spectra of

Absorbance
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Fig. 5. ATR infrared spectra recorded with the incident
radiation polarized parallel ( ) and perpendicular (- - -) to
the films prepared from (A) ethylene glycol, (B) diethylene
glycol and (C) glycerol. The difference between the parallel
and perpendicular spectra is also shown (- — — - — — — ).
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glycinin films have been recorded. Fig. 5 shows
the difference spectra between the spectra
recorded using the infrared radiation polarized
parallel and perpendicular as a function of the
plasticizer used for the film preparation. These
spectra show clearly that the amide I band is
strongly polarized in the case of the film ob-
tained from ethylene glycol as opposed to those
obtained from glycerol and diethylene glycol,
suggesting that the f-sheets are highly oriented
in the plane of the film obtained from ethylene
glycol. One can suppose that this orientation is
favored by ethylene glycol which can act as a
bridge between the polypeptide chain increasing
the strength of bonds and shifting the f-sheet
band position to lower wavenumbers. Ethylene
glycol is a relatively small hydrophilic molecule
that could be easily inserted between protein
chains and established hydrogen bonds with
functional groups of glycinin. On the other hand,
this behavior may be due to a more complete
unfolding of the protein upon the film process in
the presence of ethylene glycol which allows a
closer alignment of polypeptide chains with the
formation of much stronger hydrogen bonds. In
the case of other plasticizers, the presence of
residual secondary structures (indicated by the
bands at around 1650 cm ~!) prevents such close
alignment.

4. Conclusion

FTIR spectroscopy has been used in the
present study to investigate the change in the
conformation of glycinin during the film-forming
process. As expected, this technique provides de-
tailed information about the molecular structure
of glycinin and can offer new insight into the
protein—protein network. The results suggest that
the hydrogen-bonded intermolecular f-sheet
structure is essential for protein—protein interac-
tions and network formation in the film obtained
from vegetable proteins. Close comparison be-
tween the frequency of f-bands and mechanical
properties of films reveals a relationship between
conformation of the protein in the films and me-
chanical properties of the films. The mechanical
properties are shown to not only be influenced
by the structure of the protein but also by their
molecular orientation.
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