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PROSPECTS FOR NO FOOD USES OF GLUTEN
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Agricultural Research Service, U.S. Department of Agriculture
Peoria, Illinois

Wheat gluten today has few nonfood applications.
Such
proteins as silk fibroin, casein, and to a lesser extent zein,
now utilized, possess unique physical properties or economic
advantages over competing materials in many nonfood uses.
Wneat gluten finds difficulty competing on an economic basis;
furthermore, its chemical and physical properties are not so
suitable as some of the other proteins for existing markets.
Let us examine some of the reasons why gluten is unsuitable.
I shall outline some of the current research areas potentially
promising.
Wheat gluten, the water-insoluble proteins of wheat
flour, can readily be isolated by kneading flour dough and
washing away the starch with a dilute salt solution (1). Although gluten is insoluble in water at neutral pH, it is readily
soluble in acidic or basic aqueous solutions of low ionic
strength.
Physical Properties
Gluten, .making up 80 to 85 percent of the proteins of.
wheat, can be fractionated into two classes of proteins of
about equal quantities by differential solubility in 70 percent ethanol (fig. 1).
Gliadin is the fraction that is soluble
in 70-percent ethanol and glutenin, the insoluble fraction.
The hydrated gliadin is a syrupy material, whereas the hydrated
glutenin is a rubbery mass.
Together in the gluten, these proteins give the characteristic cohesive and elastic properties
that make gluten unique.
All proteins are polymers composed of amino acids.
These amino acids give characteristic chemical and physical
properties to the various protein polymers. Thus, the properties of any protein must be related to its amino acid composition. This relationship is illustrated in figure 2.
Wheat gluten has a unique amino acid composition, which does
influence its properties (2).
For example, the scarcity of
readily ionizable amino acids, such as lysine or glutamic ac~d,
reduces the solubility of the protein at neutral pH.
Also
contributing to gluten's insolubility is the high concentration
of nonpolar amino~acid residues like proline and leucine.
Extensive intermolecular interactions are believed to arise
from the 37-percent glutamine in gluten. Native gluten proteins con~ain both intermolecular and intramolecular disulfide

144

Vheat Flour

Knead

0.2% Salt
~~~Starch

Gluten

o

70% Ethanol

Soluble

Insoluble
Glutenin

Gliadin

Figure l.--Separation diagram of gliadin and glutenin from
wheat flour.
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Figure 2.--Partial structure of gluten.

bonding, which also contribute to its unique physical properties.
Gliadin contains exclusively intramolecular disulfide bonds, wheoreas glutenin contains intermolecular disulfides, which link protein chains into high mvlecular weight
polymers:
0

The cohesive nature of gluten proteins is not restricted oto the hydrated solid state (1)' In soluf-ion they ass,?ciate

145

into larger molecular entities as indicated by viscosity and
molecular weight determinations.
Figure 3 illustrates the hy-

Figure 3.--A proposed structure for crystalline polyg1utamine
showing hydrogen bonding.

drogen bond interactions between segments of protein containing
essentially a polyglutamine structure (~).
Hydrogen bonding exerts a strong influence in the functional behavior of the protein. How proteins from whole wheat
flour behave when spread on water is revealed under the electron microscope. Justin (HRS) wheat flour particles were
spread on a water surface (fig. 4) and stained with uranyl
nitrate, a protein stain (2).
The proteins form aggregates
and filaments, which appear on this electron micrograph as
thin strands forming a network.
All this background must be considered in seeking non. food uses of gluten. The major industrial markets for proteins
are as fiber, film, or adhesive compositions.
Gluten does not
lend itself readily to fiber formation, but films can be prepared from whole gluten (fig. 5). This film was cast from 20·
percent solution of gluten and 60 percent ethanol, 20· percent
lactic acid and 20 percent water. After the film was cast and
dried, the retained lactic acid served as a plasticizer to prevent the film from becoming brittle. Brittleness is believed
to result from extensive intermolecular associations.
Tensile strength, percent elongation, and some characteristics of films of several gluten preparations are giyen
in table 1.
Films from the laboratory-prepared gluten proteins
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Figure 4.--Electron micrograph of wheat flour particles spread
on water surface.

Figure 5.--A film prepared from whole gluten.

were transparent, whereas those from commercial glutens were
translucent and slightly granular.
Glutenin formed a stronger
film than' whole gluten or gliadin presumably because of the
extended molecules of glutenin.
The films from commercial glut,en were not so strong as those from the laboratory-prepared
gluten.
All the films, those from laboratory-prepared' gluten
and the commercial "material, were extremely brittle, not water
resistant, nor did they compare favorably in" tensile strepgth,
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Tnb1e

l.--T~nsile

strength and percent elongation of
gluten protein films
Tensile
Film
strength
characteristics
Elongation
2
3
X 10Lb./in.
Percent

Film

Whole gluten
_ (lab. prep.)
Glutenin
Gliadin
Whole gluten
(comm.)

Clear

1.75

75

63

Granular

3.38
1.42
0.88

72
400

to some synthetic films.
An understanding of what causes these
properties may lead to modifications of gluten proteins so they
would give better film, fiber, or adhesive compositions.
Gluten's properties can be-modified by various chemical
treatments.
Some of the types of chemical modifications of
protein are listed as follows:

1.
2.
3.
4.
5.

Cleavage of polypeptide chains
Transformation of functional groups
Masking of functional groups
Crosslinking of polypeptide chains
Graft polymerization

I shall now discuss some modifications that have beencarried out chemically on gluten and properties of the various
products.
Chemical Properties
When gluten proteins are completely hydrolyzed by acid,
20 or more amino acids result. However, if the protein is only
partially hydrolyzed by mild acid hydrolysis, polypeptides are
obtained.
The polypeptides are fragments of the protein.
They
are smaller and contain more ionizable functional groups than
the protein; therefore, they are much more water soluble and
can be modified more readily.
Polypeptides derived from gluten proteins to yield products of potential nonfood use were prepared and studied at lIT
Research Institute under a contract from the orthern Regional
Research Laboratory.ll Preparation and examination of these
products for such uses as detergents, chelating agents, adhesives,

II

lIT Research Institute, Chicago, Illinois, Gra~t No. 12-14100-7769(71), u.S. Department of Agriculture, administered
by the Northern Regional Research Laboratory, Peoria, Illinois.
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sizings, coatings, and related materials were the objectives of
the contract.
Wheat gluten was converted to polypeptides by mild hydrochloric acid hydrolysis (fig. 6). The hydrolysate was fraction-

Gluten

O.lN Hel

60°

Gluten Hydrolysate

. ~ Gel Filtration
Polypeptides

Salts and
Small Pep tides

CH2-CH2

"'HI
H
Ethylene Oxide
Treated Polypeptides

Ethylenimine
Treated Polypeptides

Figure 6.--Polypeptide preparation and treatment with
ethylene oxide or ethylenimine.

ated by gel-filtration chromatography, which separated ammonia
and small peptides from the major quantity of larger polypeptides.
The polypeptides were soluble in dilute acetic acid or in water
after neutralization.
The molecular weight and size distribution
of these products were determined by ultracentrifugation and
visccsity measurements (~).
The polypeptides were chemically modified by high-pressure
reaction of the polypeptides with ethylene oxide and ethylenimine
to give derivatives having promising properties.
Table 2 gives
T~bl~

2.--Composition of gluten polypeptides and derivatives
Compound
N
Polypeptide
Percent
Percent

Gluten polypeptides
Ethylene oxiie polypeptides
Ethylenimine polypeptides
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10.9
1.7

100

21.2

53

16

the composition of the modified polypeptides.
The product from
the reaction with ethylene oxide contains about six parts of
ethylene oxide to each part of gluten polypeptide.
The ethylenimine, seemingly less than normally reactive under these conditions, is present in the product in about equal quantities to the
polypeptides.
The epoxidized polypeptides imparted plastic and pressure
sensitive adhesive properties to acrylic resins.
The pressure
sensitivity of acrylic-based adhesives containing epoxidized gluten
polypeptides could be varied by changing the concentration of the
modified polypeptides.
The adhesive bond strength for these formulations was relatively good by comparison to known materials.
However, the peel strength of the bond decreased as the quantity
of the epoxidized polypeptides increased (2).
To obtain optimum
bonding, the amount of ,the polypeptide derivative in the adhesive
formulation must be limited to 60 percent, and 33 percent is preferable.
The pressure-sensitive properties of these preparations
remain essentially unchanged when exposed to air for 8 weeks.
Another area in which gluten polypeptides and the modified
polypeptides have been tested is in films.
But films from the
polypeptides were so brittle that they could not be removed from
the casting plate without shattering. The addition of one part'
of the epoxidized derivative to one part of unmodified polypeptides gave a 'film with good flexibility.
A 1 to 6 or 1 to
10 level gave little or no plasticizing effect (fig. 7).
This
result is illustrated by the small elongation in the range of
5 to 7 percent.
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in films.
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Films from whole wheat gluten, without plasticizer, are
very brittle. A 1 to 1 mixture with epoxidized polypeptides
gave good films, although they were not transparent. The epoxidized derivative is an effective plasticizer for polyvinyl
alcohol films at a 1 to 1 level. This derivative has also been
shown to be effective as a plasticizer in normally brittle
epoxy res ins.
The ethylenimine derivative is also an effective plasticizing agent.
Films from wheat polypeptides when plasticized
with the ethylenimine-treated polypeptides were quite strong.
The tensile strength of the films decreased as the content of
the ethylenimine-treated derivative increased (fig. 8). But

1800 """T7.-------------,
i 8:1
Composition

.i

GP:EIP

1400- ,.\

., '-,,•.-,
1
..
~

"in

~ 1000- /'_"
~

'.6:1

....

4U

•

.....

U;

.• '-"·4:1

600- .,.'-.-.

I

---·--·--·3:1
2:1

200

~.-.--.--.--.-.

1/..__.-. ---.-----.---- .1:1_•
,

•

I

I

I

I

I

20

40

60

80

100

Elongation, %

Figure 8.--Plasticizing property of ethylen imine
in films.

polypeptides

the increased content of the ethylenimine derivative was accompanied by better flexibility.
A film containing six parts
of polypeptides to each part of ethylenimine derivative had
a yield strength of 1,500 p.s.i. and an elongation yield of
15 percent. Although these films have a tensile strength about
1/10 that of cellophane, they are in the range of some of ' the
synthetic films, such as polyvinyl chloride.
Comparable filmswere' prepared with the ethylenimine derivative as a plasticizer
for polyvinyl butyrol and for polyvinyl alcohol .
. Films from the polypeptides and the etrylenimine derivative {6 to 1) were very resistant to oil penetration. No·
penetration of the polypeptide films by oil w~~ observed, where-
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as oil did penetrate comparable films from polyethylene.
Some
of these films have been evaluated for special purpose pack~
aging. Films of gluten polypeptides plasticized with ethylenimine-treated polypeptides made satisfactory packaging materials for measured amounts of laundry detergent. The bags
dissolved in water and released the detergent in 30 seconds.
Similar packages were made with the epoxidized polypeptides as
plasticizer; however, the marked tackiness of the films made
them unsuitable.
The future potential 0f gluten in nonfood uses must be
based on finding suitable modifications of the protein. Beside
its acid modification, direct chemical.reactions can be performed on the gluten. A most logical site for a specific reaction would be at the p~imary amide group of glutamine (fig. 9).

oII

C-OR
I

CH2
I,
Glutamyl Ester
}

o

II

C-NH- 'H2
I
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I

Glutamine Residue

Glutamyl Hydrazide

Figure 9.--Types of chemical reactions that can be
performed on gluten.

This amino acid represents more than one-third of the protein.
Therefore, modification of this amino acid should greatly alter
the properties of the protein.
The amide groups can be conv jted to esters by treatment
with hydrochloric acid and alcohol.Products can be produced
with a variety of properties by changing the alcohol from methanol to benzyl. The product from benzyl alcohol forms waterinsoluble films comparable to those from polybenzyl glutamate.
However, the str~ngth of gluten films with some amide groups
cOtlverted to methyl esters was not appreciably increased.
Ester-

1

2/

Aranyi, C. and Hawrylewicz, E. J., u.S. Patent (in preparation).
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ified gluten proteins are more soluble in organic solvents and
less soluble in acidic and urea-containing solvents.
Modification of the amide groups with hydrazine in dimethylsulfoxide. has also been carried out (~). Up to 40 percent of the amide groups of gl~ten can be converted to hydrazides.
These hydrazide-modified glutens are more soluble in
acidic solvents owing to the increased basicity of the hydrazide
groups as compared with the amide.
Another approach to the modification of gluten has been
grafting synthetic chains to the protein (~). This grafting
was done in an attempt to overcome the hydrophilic character of
the protein and to impart stability (fig. 10). The functional
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I.

groups--hydroxyl, amino, sulfhydryl, amide, and imidazole-react with sodium hydride in dimethylsulfoxide to produce a
p~otein polyanion.
Addition of a vinyl compound, such as methyl
acrylate, initiates polymerization. The rate of polYmerization
and the ultimate chain length of the grafts depend on the concentration of vinyl compound and reaction time.
This process of anionic-initiated polymerization led to
many short grafts of 4 to 12 monomer units throughout protein
chain.
Figure 11 gives the various vinyl monomers used in these

CH2=CH-CN

1
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\
CH3
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0.28
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0.22
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CH3
CH=CH
CN
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0.15

/
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Figure

ll~--Vinyl

monomers used to give gluten graft polymers.

modifications.
Also shown is the effect of structure and functional groups of the vinyl compounds on reactivity.
Varying
the functional group of the monomer from ester to nitrile had
little effect. However, a methyl group substituted onto the
d~uble bond does exert an influence as shown by the relative
rate of methyl methacrylate.
Many more modifications of gluten are possible, but adequate testing and evaluation of existing products have not
been completed.
Greater emphasis must be given to testing and
evaluating gluten products if suitable nonfood markets are to
be developed.
Properties must be obtained that would make the
protein more suitable for fiber, film, adhesive, or unique
specialty markets.
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