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The effects of lipids and residual starch components of wheat flouB-sheet secondary structures on hydration. These results suggest that lipid
gluten on gluten hydration properties were investigated using nuclear malinding in gluten, if it occurs, has little effect on wheat gluten properties.
netic resonance (NMR) and Fourier transform infrared (FTIR) techniqueidding starch to the gluten matrix results in an increase in water sorption
Whole or native, lipid-free, starch-free, and lipid- and starch-free gluten heating that may be attributed to the effects of starch gelation. However,
samples were prepared from whéktticum aestivum) cv. Mercia.?H NMR the whole water uptake of the gluten cannoateounted for by the contri-
relaxation on gluten samples hydrated with deuterium oxige)(@as meas-  bution of the residual starch, as estimated by the effects of added starch.
ured over a 278-363 K temperature range. FTIR spectra were recordedartraction of residual starch required solubilization of the protein, including
dry and fully hydrated material. Transverse relaxatigh i@sults indicated  breaking of the disulfide bonds. This process altered the gluten structure
that all four gluten samples were hydrijghin nature. There was little  and properties. Light microscope investigation showed that glutens with
difference in relaxation behavior of whole and lipid-free gluten samplesiesidual starch extracted were unable to form fibrillar strandsydra-
T, values and populations of the relaxation components were very similéion. NMR and FTIR results showed greater water sorption in both samples

in each. The FTIR spectra of both samples showed an increase in extenaéth extracted starch than in the unextracted samples.

Much about the chemical nature of wheat gluten is aready known.
Extracted, dry gluten contains =80% protein, the vast majority of
which are prolamins (Tatham et a 1990). The remaining 20% of
gluten is composed of roughly equal amounts of starch and lipid.
The prolamins can be divided into either monomeric or aggregative
proteins and have similar amino acid compositions, each contain-
ing relatively high amounts of both glutamine and proline. Mixing
gluten with water causes an initial breakdown of the larger protein
aggregates, followed by the build-up of a continuous and complex
polymer structure (the gluten matrix) (Weegels et a 1996). It is
generally accepted that the properties of the matrix largely deter-
mine wheat dough elasticity and extensibility, both essentia rheo-
logicd properties in the breadmaking process, and that variation in
such properties may be governed by two compositiona parameters,
ratio of polymeric-monomeric proteins and molecular size distribu-
tion of the polymeric protein (MacRitchie 1992). However, the exact
nature of the gluten matrix is unknown, and the part played by non-
protein constituents of gluten in determining structure and prop-
ertiesis unclear.

The nonstarch lipid content of wheat flour, which constitutes 80%
of the total lipid content, influences baking qualities and is tech-
nologically very important (Morrison 1988). Up to 20% of flour
lipids are found aongside the amylose within the wheat starch
granule (starch lipid), but it is unlikely they influence other com-
ponents. Nonstarch lipids are either nonpolar or polar, and are
commonly divided into free lipid (extractable by nonpolar solvents)
and bound lipid (not extractable under these conditions). The
nonstarch, free lipid of wheat flour represents =90% of the non-
polar lipid and 20% of the polar lipid, while the bound lipid of the
flour represents the remainder. Increased levels of polar lipid, espec-
ialy glycolipid, may be responsible for the improved baking per-
formance of wheat flours, while nonpolar lipid may have a detri-
mental effect (De Stefanis and Ponte 1976).
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A large proportion (=45%) of wheat flour lipid islost during the
washing stage in gluten preparation, but the remainder is difficult to
extract (Zawistowska et @ 1985a). Gluten washing also removes
considerably more nonpolar than polar lipid. However, the remain-
ing lipids may be approximately equally divided between the gliadin
and glutenin fractions. There is much evidence for the involve-
ment of the gluten proteins in lipid binding during dough devel-
opment (Carr et a 1992). Specific proteins with high affinity to flour
lipids have been identified (Zawistowska et a 1985a). Results from
spectroscopic measurements have indicated strong lipid-protein inter-
actions (Wehrli and Pomeranz 1970, Nishiyama et a 1981, Genot
et al 1984) and an amphilic character of the polar lipids has been
proposed (Chung 1986). It is suggested that such characteristics enable
these molecules to strengthen the gluten by effectively bridging
protein and starch components. However, recent work suggests that
observed lipid binding may involve lipid mesophase transforma-
tion and the nonspecific occlusion of lipid phases within the gluten
network (Carr et a 1992).

Starch is by far the most abundant component of wheat flour, but
its part in determining the breadmaking performance of flour is
unclear. Starch-protein interactions are known to occur (Zawis-
towska et a 1985b) and are especialy important in determining
wheat endosperm hardness (Morrison et d 1992). Evidence suggests
that interactions of starch granules with the high molecular weight
(HMW) proteins of wheat occur to a greater extent than with the
low molecular weight (LMW) proteins (Eliasson and Tjerneld
1990). However, the main role of starch may be in determining the
water absorption capacity of a dough and crumb firming of the
baked product (MacRitchie 1984). Gluten washing during the
preparation stage successfully removes the mgjority of the starch
but a small proportion of residual starch remains.

One way to test the influence of the various matrix components
is to examine their effects on the water sorption capacity of the
matrix. Lipids and starch may have opposite effects because the
former are hydrophobic while the latter are hydrophilic and can
adsorb large amounts of water on gelation. In this study, we have
examined the effect of the lipid and starch content on the hydra-
tion properties of wheat flour gluten (whole gluten, lipid-free gluten,
starch-free gluten, lipid- and starch-free gluten) using nuclear
magnetic resonance (NMR) relaxation and Fourier transform infrared
(FTIR) measurements. The approach used in the NMR work was
to examine the effects of temperature on water absorption using
D,0 and observe the ingress of water into the protein matrix as
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temperature was increased. FTIR measurements allowed an assess-
ment of the changes in secondary structure resulting from hydration
and sample treatment. The effects of hydration and mixing on the
microscopic structure of the samples were also examined using light
microscopy.

MATERIALSAND METHODS

Materials

Four samples of gluten (Table 1) were prepared from commercial
white flour of wheat (Triticum aestivum) cv. Mercia. Whole gluten
(sample 1) was prepared by mixing the flour with water to a thick
dough and handwashing under a stream of distilled water which
removed the water-soluble components and most of the starch.
The resulting gluten was rapidly frozen in liquid nitrogen and freeze-
dried. Protein content of sample 1 measured using a Kjeldhal method
was =80%. Lipid content was cal culated as the difference between
the protein content of lipid-free gluten and that of sample 1. Resid-
ual starch was estimated as 100% minus the protein content of
lipid-free gluten.

Lipid-free gluten (sample 2) was prepared from defatted flour.
Flour was mechanically stirred at room temperature in dry butan-
1-ol using a solvent-to-flour ratio of 10:1.The mixture was filtered
and the procedure was repeated with chloroform. The resulting flour
was air-dried and washed as above to produce gluten. Protein content
was =85%.

Starch-free gluten (sample 3) was prepared from sample 1 whereas
lipid- and starch-free gluten (sample 4) was prepared from sample
2. Powdered freeze-dried gluten was mechanically stirred for 1 hr
at room temperature in an aqueous solution of 50% (v/v) propan-
1-al, 2% (v/v) 2-mercaptoethanol and 1% (v/v) acetic acid. This pro-
cedure was repeated twice and the supernatants, after centrifugation,
were pooled and dialyzed against distilled water for 60 hr at 4°C.
The resulting material was then freeze-dried. All gluten samples
(Table 1) were stored in a desiccator at +1°C until required.

To further determine the effects of starch on gluten relaxation
properties, two gluten samples with increased levels of starch were
prepared (Table I1) using methods similar to Eliasson (1983) Sample
la was prepared by mixing 25 mg of sample 1 with 2.5 mg of
wheat starch (Fisons Laboratory Reagents, Loughborough, Leicester-
shire, UK) previously dried in a vacuum oven at 313 K for 24 hr.
Sample 1b was prepared as sample 1a, except 5 mg of starch was
added. Samples were placed in NMR tubes and mixed by hand.

Light Microscopy

Flour particles are known to spread on an air-water interface
(Amend and Belitz 1991). To assess the spreading behavior of the
four gluten samples, particles of each sample were sprinkled onto

TABLE |
Gluten Samples
Main Constituents (%, w/w)

Sample Description Protein RS? Lipid
1 Whole or native 80 15 5
2 Lipid-free 85 15 0
3 Starch-free 95 0 5
4 Lipid and starch-free 100 0 0
a Residual starch.

TABLE I

Whole Gluten Sampleswith Increased Starch Levels?
Weight (mg) Main Constituents (%, w/w)

Sample Gluten AS Protein RS AS TS Lipid
la 25.0 25 727 137 91 22.8 45
1b 25.0 5.0 66.7 125 167 292 4.1

2 RS =residua starch; AS = added starch; TS = total starch.
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adrop of distilled water on aslide and allowed to spread for 1 min
before a glass coverdip was applied. The samples were examined
and photographed unstained.

NMR Experiments

Samples 1-4 (25 mg), 1a (27.5 mg), and 1b (30 mg), were hydrated
in 150 mg of DO in 5-mm NMR tubes. After stirring the samples
by hand, tubes were sealed and left at ambient room temperature for
24 hr.?H transverse relaxation measurements (Fourier transform
NMR) were then made using the Carr-Purcell-Meiboom-Gill
(CPMG) sequence over a maximum temperature range of 278—
363 K at 46.05 MHz on a Bruker MSL 300 spectrometer using a
probe fitted with a 10-mm bore saddle coil. Pulse lengths of 90
and 189were 15 and 3(sec, respectively. Pulse spacing was 4 msec.
The relaxation data (component time constantand % popula-
tion) were analyzed using version 3.10 of Tablecurve curve fitting
software (Jandel Scientific, San Rafael, CA).

NMR relaxation and its measurement are described by Colquhoun
and Goodfellow (1994). The spin of charged nuclei generate a mag-
netic moment which, in an external magnetic field, will experience a
torque, tending to align it with the field in a state of equilibrium
(i.e., in the direction of the axis). A burst of radio frequency
radiation is then applied to excite all the frequencies of interest, in
this case that of deuterium, and magnetization shifted in the direc-
tion of thex axis. Decrease of this magnetization, which is due to
the relaxation of the spins from the excited to the equilibrium state,
gives data from which time constants (fhe inverse of relaxation
rates) and component populations can be monitored with time and
calculated. In the CPMG sequences usedgelBxation curves are
exponential and may comprise many components (multiexponential).
However, often the relaxation can be adequately described by two

b

Fig. 1. Light microscopy of: a, hydrated whole gluten (sample 1); b, starch-
and lipid-free gluten (sample 4).



or three components. In analyzing the relaxation data, the number coiled together. Similar fibrillar strands were formed by samples 1
of components that are to be fitted and the estimated T, valuesare  and 2 on hydration and stretching but not by samples 3 and 4,
supplied before the best fit is found using nonlinear regression which remained intact (Fig. 1). Addition of starch to both sets of

methods (Tableware curve fitting software). samples before hydration made no difference to the end result.
Figure 2 shows the FTIR spectra of samples 1-4 in the dry state.
FTIR Experiments There was no difference between the FTIR spectra of samples 1

FTIR spectra of samples at 298 K were recorded on a Bio-Rad and 2. In sample 3, a shift of the amide | band maximum from
FTS 60 spectrometer equipped with a HgCdTe detector. A Specac 1,652 to 1,656 crhwas observed. In sample 4, the amide | band
horizontal ATR accessory (Graseby Specac Ltd., Orpington, Kent, exhibited a maximum at 1,652 ¢irbut also a prominent shoulder
UK) with a ZnSe crystal was used to measure the insoluble gluten  at 1,625 crit, which was not seen in the other samples. No bands
samples. For all spectra, 256 scans at 2 cm™ resolution were  arise from starch in these regions. Therefore the changed shape of
averaged. The empty ATR crystal was used as reference throughout. the amide | bands in 3 and 4 indicate a change in the secondary
Where necessary, traces of water vapor were removed by sub- structure of the protein. The nature of this is difficult to analyze.
traction of awater vapor spectrum. The protein samples were strewn Bands at=1,650 to 1655 crh may be assigned to-helix and
onto the crystal to cover the whole surface and mixed with anexcess ~ unordered structures, but in gluten proteins there is also a strong
of distilled water. This procedure yielded maximally hydrated proteins. contribution at 1,658 crhfrom glutamine side chains (Krull et al
The spectra of the hydrated proteins were obtained by subtracting 1965). The shoulder at 1,625 érhas been assigned Besheet
a water spectrum recorded under identical conditions. The criterion structures (Pézolet et al 1992).
for successful water subtraction was aflat baseline at 2,500-2,000 The distinction between starch-containing and starch-free samples
cni?. Distortions from the OH deformation water band are unlikelyjpecame more pronounced when the proteins were hydrated. Figure 3
because no band shift has been reported for water bound to tieows the FTIR spectra of the hydrated samples. Addition of
protein backbone (Careri et al 1979). Afterward, the samples wekgater to samples 1 and 2 resulted in a limited increase of a shoulder
dried on the crystal in a desiccator oveDPto <3% (w/w) water at 1,620 cri, while in sample 3, the shoulder at 1,619%cwas
content as determined by Karl-Fischer titration, and the spectmaarkedly stronger. In sample 4, this increased band overlapped
were measured again. with the strong3-sheet peak at 1,630 épmaking the shoulder very

prominent. The 1,620 ciband has been assigned to hydrated
RESULTS extended chains in prolamin (Belton et al 1995), experiencing a
solution-like local environment although the samples were insoluble

After freeze-drying, the visual appearance of the gluten samples a whole. Consequently, an increase in this band indicated a
1-4 differed according to whether or not starch had been extractediore hydrated structure. Comparison of these four samples showed
On the addition of water, samples 1 and 2 formed, as expecteditet the starch extraction not only caused changes in the secondary
coherent and viscoelastic mass, but samples 3 and 4 retained lost®cture of the protein, but the resulting samples were much more
individual fibers. In light microscope investigations, Amend andaccessible to hydration than native or lipid-free samples.

Belitz (1991) observed the production of fibrillar strands as hydrated 2H NMR transverse relaxation in samples 1-4 was multi-
flour or gluten particles were stretched apart either by water surfaexponential and could be represented by a three-component decay:
tension or movement of a coverslip. This they interpreted as strandscomponent with a short, Walue (short component); an inter-

of the gluten protein polymers, which with further mechanical workmediate } value (intermediate component); and a longvalue
formed thin platelets of protein. The surface of the strands undélong component). In all samples at 278 K (Figs. 4-11), the
transmission electron microscope appeared as irregular globulesjority of the relaxation=80%) could be described by the long
thought to be formed from protein threads strongly twisted andomponent with a Jvalue of=200 msec. The difference in, T

Whole Whole
Lipid-free Lipid-free
@© )
2 5
g 8
2 2
2 Starch-free < Starch-free
Lipid and Starch-free Lipid and Starch-free
1700 1600 1500 1400 1300 1200 1800 1700 1600 1500 1400 1300 1200
Wavenumber (cm™1) Wavenumber (cm1)
Fig. 2. Fourier transform infrared spectra of dry gluten samples. Fig. 3. Fourier transform infrared spectra of hydrated gluten samples.
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values of the short and intermediate components was small. The
effect of increasing temperature to a maximum of 363 K resulted in
increases in the T, values of all components, increases in the pop-
ulations of the short and intermediate components, and a corres-
ponding decrease in the long component.

However, despite these similarities, differences between samples
containing residual starch and starch-free samples did exist, the
largest being the decrease in the population of the long component
which occurred with increasing temperature. This was much more
evident in samples 3 and 4 (Figs. 9 and 11) than in samples 1 and
2 (Figs. 5 and 7). Decreases were also more linear than in samples
1 and 2 (Figs. 5 and 7), where more rapid change occurred with
increases in temperatures >313 K. As has been discussed previously
(Belton et a 1995), the long component can be identified with the
bulk D,O and a decrease in the percentage of this component
represents an increase in the amount of water interacting with the

parameters for ;Tand population. Relaxation was therefore described
by a shorter 7 component (short component) and a longecam-
ponent (bng component) (Figs. 12-14).

The effects of starch gelation on the relaxation properties of
water are clearly demonstrated in the heating of the starch-only
sample. Initially, heating produced linear increases in theallies
of the short component (Fig. 12) and of the long component (Fig. 13).
However, increases in temperature >328 K, which is similar to the
reported temperature at which gelation begins (Eliasson 1980, van
den Berg 1981), produced accelerated increases in, thedues of
the short component and sharp decreases in those of the long com-
ponent. The percentages of component 2 also decreased (Fig. 14)
with corresponding increases in component 1, and at 353 K, relaxa-
tion became uni-exponential. This is consistent with the process of
gelation where starch granules absorb water, and starch fractions
dissolve out of the swelled starch granule into the bulk water.

protein. Over the temperature range 278-363 K, samples 3 and 4  Similar but less dramatic changes are seen in samples 1, 1a, and
absorbed twice as much water as samples 1 and 2 (Table Db with T, values and populations of the short component tending
Some smaller differences also occurred. Thealues of the long to increase more rapidly with increases in temperature >328 K
component in samples 1 and 2, over the temperature range usffegs. 12-14). At temperatures <328 K; Values of the short
were similar to those of pure,O (Figs. 4 and 6), while those of component are larger, and the long component are lower than that
sample 3 and 4 were slightly lower (Figs. 8 and 10). Populationsf the starch-only sample, indicating greater diffusive exchange
of the short and intermediate components also differed betwedBelton 1990) between the different regions of these samples due
samples. These results would indicate that hydration in the starcte the greater dispersion of the solid in th@dDUsing the long
containing and starch-free samples differed, due possibly to ttmponent population decrease over the range of 298-363 K,
methods used to prepare the starch-free samples. To establish whettigich is greatest in samples containing the highest concentration of
this was indeed the case, gluten samples that contained both protsiarch, it is possible to estimate the amount of water that becomes
and starch and had been subjected to the starch extraction procedumesie closely associated with gluten protein on heating (Table 1V),
were prepared. However, these preparations were unsatisfactoryassuming there is no difference between the properties of the resid-
that they produced, on freeze-drying, a separated system of stardl and added starch. The results suggest that sample 1b absorbs
with an outer coating of protein. =47 x 10% g of D,O/g of sample’)K more than sample 1.
Because of these problems, it was not possible to obtain infoAssuming that this increased value is due totally to the added
mation on the effect of starch on the gluten matrix by the analysigarch, then the starch content of sample 1 (15% or 3.75 mg), would
of the starch-free samples. However, determination of the hydrophilaecount for an intake of =3.5 x 10°%g of D,O/g of sample/K. The
nature of the gluten protein was important because the observachount absorbed by the protein and lipid fraction of the gluten is
decrease in the population of the long component, which occurrgdus 12.1 x 16 g of D,0/g of protein and lipid/K at 298 K. The
on heating samples 1 and 2, may be due in part to sorption of water
by the residual starch. Therefore, efforts were made to obtain the
water absorption capability of gluten protein by the measurement 1200 -

of the relaxation properties of whole gluten samples containing

added starch. To allow straight-forward comparison of the data, the

short and intermediate components were co-added to give singl
1000 -

TABLE I
Effect of Temperature on Population of Long Transver se Relaxation
(T,) Component of Gluten Samples 800
Population (%)

Sample 278K 363K Ratio? Sor ption Rate?

1 80 60 133 0.0141 z

2 81 58 1.40 0.0162 =, 600F

3 82 31 2.65 0.0359 ()

4 90 44 2.05 0.0325

a Population % at 278 K/population % at 363 K.

b Reduction in amount of water not associated with protein, calculated as. g of 400 -

D,0O/g of sample/K.
TABLE IV
Effect of Temperature on Population of Long Transver se Relaxation (T5) 200 |
Component of Gluten Samples With and Without Added Starch
Population (%)

Sample 298K 363K Ratio? Sorption Rate? 0 1 ]

1 72 57 1.26 0.0138 273 293 313 333 353 373

la 69 52 1.33 0.0159

1b 66 42 157 0.0185 Temperature (K)

a Population % at 298 K/population % at 363 K.
b Reduction in amount of water not associated with protein, calculated as. g of
D,0/g of sample/K.
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Fig. 4. Effect of temperature on the 2H transverse relaxation (T,) of D,O
hydrated whole gluten (sample 1). Short (W), intermediate (A), and long
(®) T, components.



total water content of the gluten protein therefore increases from clear supernatant was observed. However, the relaxation times of
=1.7 g of D,O/g of protein and lipid at 298 K to =2.6 g of D,O/g  the slowest decaying components were also close to that of bulk
of protein and lipid at 363 K. This corresponds to arate of 0.011 g water and may therefore be identified with water that is not in
of D,O/g of protein/K. Data from the hydrophobic protein elastin ~ close proximity to the protein matrix.
shows a decrease of =0.8 g of D,0/g of protein to =0.2 g of D,O/g In general, it is expected that a hydrophilic matrix will expand
of protein over atemperature range of 280-335 K (Ellis and Packer and absorb water on heating, whereas a hydrophobic one will contract
1976). The difference between the hydrophilic gluten and the hydrand expel water (Ellis and Packer 1976, Belton et al 1994). On
phobic elastin is thus sharply contrasted (Belton et al 1994). heating the whole gluten with excess water, the bulk water
It may be stated that the method of preparation of the starcliraction shows a smooth increase in relaxation time and a smooth
added samples was not a wholly intimate mixture, and few concl@ecrease in relative proportion. This shows that the gluten mass has
sions could be drawn as to the effect of the starch on the glutenpositive coefficient of expansion, consistent with a hydrophilic
matrix. However, it is likely that absorption of water by the addedtharacter. As the mass is heated, it expands and absorbs more water.
starch during gelation is no less than that of residual starch (Eliassdhe remaining two components show relatively little change in rate
1983), which is more closely associated with the protein and lipicand an increase in proportion consistent with the loss in the bulk
The calculated value of water absorbed by the protein-lipid of th&action.

gluten, therefore, may be a conservative estimate. Extraction of lipid makes very little difference to the hydration
behavior of the gluten on heating, indicating that the lipid neither
DISCUSSION has much interaction with the water nor does it inhibit the interaction

of the protein with the water. There is no evidence, therefore, that

Multiexponential transverse relaxation has been previouslyhe lipid might form a protective hydrophobic coating to the protein.
observed in similar experiments on hilgh subunits (Belton et al The results may support the view that much of the lipid is organ-
1994). In a hydrated system, we expect there to be a diffusivieed into phase structures such as liposomes or vesicles that are
exchange between bulk water and water more intimately associateglained within the gluten in a fairly nonspecific way (Carr et al 1992,
with the biopolymer phase (Belton 1990). There will also be chemicalarcea and Schofield 1996). Lipid binding may then occur either
exchange between exchangeable protons or deuterons on the Hig-physical entrapment within the protein matrix or by bonding
polymers and water. Such a system is expected to exhibit multipetween protein and phase surfaces (Carr 1991). If the latter is the
relaxation processes and, in general, the time constants anodse, then it must be concluded that the interfacial area affected by
populations will be pulse-spacing dependent (Belton 1990). Ththe interaction with the lipid phase surface must be small, other-
slowest decaying fraction of the transverse relaxation process hadse a significant effect of lipid removal would be observed. How-
relaxation times close to those for purgOD and may be iden- ever, the dramatic effects of dissolution and freeze-drying of the gluten
tified with the bulk water phase. Typically, for a water diffusion matrix in the starch removal process shows that, once seriously
coefficient of 2.5 x 18 m¥sec, the root mean square displacementlisrupted, the original equilibrium is not restored.
on a timescale of 1 sec would be 8@, which is small compared Unlike lipid, dry wheat starch granules are highly hydrophilic,
to the dimensions of the aqueous phase in a system where therafgl when suspended in excess water at ambient temperatures, the
an observable supernatant phase (as was the case for the stagrhnules will take up water. Swelling, as measured by increases in
containing samples). In the case of the more dispersed samples,granule diameter, may be of the order of 30% (van den Berg 1981).
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Swelling is much greater during gelation, where the first stages  starch to intact gluten, but even if the effect of the residual starch
occur over the temperature range of 323-334 K, and granules may is taken into account, the proteins still absorb water on heating.
absorb as much as 40x their weight of water (van den Berg 198Mloreover, the samples with residual starch extracted were actually
The contribution of the residual starch was estimated by addingore hydrophilic than the native gluten.
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ponent population) of D,O hydrated lipid-free gluten (sample 2). Short ponent population) of D,O hydrated starch-free gluten (sample 3). Short
(m), intermediate (A), and long (@) T, components. (m), intermediate (A), and long (@) T, components.
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with 2.8% (w/w) added starch (A). Control and samples 1, 1a, and 1b,
respectively.
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This surprising result is almost certainly due to the starch
removal process that requires major disruption of disulfide
linkages and the dissolution of the polymers. It seems unlikely
that the intermolecular interactions will be restored in their
entirety by freeze-drying and subsequent rehydration. The results
of the light microscopy suggest that the close-knit structure of the
protein threads may have been destroyed, resulting in the inability
of the starch-free samples to form fibrillar strands of gluten on
hydration and stretching. The evidence from both NMR and FTIR
is that the altered structure of the starch-free samples is more
accessible to water. Evidently the disruption of the structure results
in fewer protein-protein interactions and thus a greater tendency to
swell and absorb water than in the native materid.

It is suggested, therefore, that the overall balance of the prop-
erties of the mixture of proteins that constitute gluten is hydro-
philic rather than hydrophobic. The insolubility of the gluten mass,
therefore, does not reside in intrinsic hydrophobicity but must
reside in interchain entanglement mechanisms. These findings are
contrary to those of van Dijk et a (1998), who reported that the
solubility of Dx5, a high molecular subunit of wheat glutenin, was
determined by the hydrophobic N-terminal A-domain. However,
the domain construct investigated contained a hydrophobic signa
sequence that may have affected resullts.

Gluten proteins contain many inter- and intramolecular disulfide
bonds, and there are many noncovaent interchain interactions by
hydrogen bonding of glutamine residues. A mechanism has been
proposed that explains the observed hydration characteristics (Belton
1994, Bdlton et d 1995). On hydration, glutamine-glutamine hydrogen
bonds are broken and glutamine-water hydrogen bonds are formed.
However, even in parts where there are no disulfide bonds, statis-
tics dictate that sufficient interchain bonds remain to ensure that
there is not complete dissociation. This is the “loop and train”
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