COMMUNICATION TO THE EDITOR

Wheat Gluten: A Glassy Polymer’

To the Editor:

A number of workers (Arntfield and Murray 1981, Eliasson and
Hegg 1980, Schofield et al 1984) have shown that wheat gluten gives
only extremely small or no denaturation peaks (T4) when heated in
a differential scanning calorimeter (DSC) within the temperature
range of 30—130°C. Two of the small endotherms observed were
shown to be from residual starch. Schofield et al (1984) showed no
peak with purified gluten.

Arntfield and Murray (1981) suggested that the thermal
denaturation of gluten involved both endothermic and exothermic
events that cancelled each other. If that is true, then changing the
polarity of the solvent would not be expected to change the
enthalpy of both events to the same extent and should result in a
denaturation peak. We added glycerol to water (30:70,
glycerol:H;0), and added three parts of the mixture to one part
gluten, but still found no denaturation peak for gluten (Fig. 1).
Thus, it appears that the cancelling of endothermic and exothermic
events is an unlikely explanation for the lack of a denaturation
peak.

Perhaps a better explanation is that gluten does not have a
long-range order. If that is true, the only order in gluten would be
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Fig. 1. Differential scanning calorimeter thermograms at 10° C min for: A,
commercial wheat gluten (3.98 mg, 11.3% moisture); B, the same sample as
A cooled and reheated; C, a gluten hand-washed from flour and lyophilized
(3.29 mg, 11.4% moisture); D, hand-washed gluten (2.70 mg, 7.66 mg 30%
glycerol); peak is presumed to be caused by starch as the endotherm for
starch in 30% glycerol occurs at this temperature; E, hand-washed gluten
(2.52 mg, 7.56 mg water); peak is presumed to be caused by starch as the
endotherm for starch occurs at this temperature.
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the orientation caused by the bond angles between adjacent amino
acids. This would mean that gluten is an amorphous random
polymer. Most, if not all, random polymers will show a glass
transition. Therefore, we examined commercial wheat gluten with
a Perkin-Elmer DSC-2. The gluten contained 11.3% moisture and
clearly gave a glass transition (T, change in heat capacity) at 50°C
(Fig. 1). Cooling and reheating the sample gave the same transition
but without the stress relief peak, as would be expected (Hoeve
1977). A laboratory-isolated gluten gave a similar curve (Fig. 1) but
with a lower T, value (11.4% moisture, 38°C). Also, as would be
expected, the glass transition varied with the water content of the
polymer (Ferry 1961). This is shown in Figure 2. The T, of dry,
hand-washed gluten appears to be above 160°C. It cannot be
determined with accuracy, because the polymer decomposes at
higher temperatures. At water contents above 13%, the transition
occurs at room temperature. Thus, at lower moistures, the polymer
is glassy at room temperature. At higher temperatures or water
levels, the polymer is rubbery.

Similar results have been reported for other proteins. Kakivaya
and Hoeve (1975) reported the T, of elastin, which proved to be a
cross-linked amorphous polymer. Yannas (1972) has demonstrated
the glass point of gelatin and how it is depressed by glycerol.

From this work we concluded that wheat gluten has essentially
no long-range order, which explains the absence of a denaturation
peak when examined in a DSC. Wheat gluten appears to be an
amorphous random polymer. This view, of course, is not consistent
with the beta-turn conformation recently suggested for wheat
gluten (Tatham et al 1985). Their model is based on a proposed
structure of elastin which is also not universally accepted.
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Fig. 2. Change in T, as a function of moisture for a hand-washed and
lyophilized gluten. Moisture was adjusted by weighing approximately 3 mg
of gluten (6-7% moisture) into a differential scanning calorimeter sample
pan of known weight. That pan containing the gluten was then placed intoa
chamber to be dried over P,Os or tempered over water. The lid was applied
before removing the pan from the chamber, sealed immediately, and
reweighed. The moisture was then calculated from the known weights. All
samples and pans were weighed using a Cahn 21 electrobalance.
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