\C/:VF FEATURE

Properties and Applications of
Texturized Wheat Gluten

C. C. MANINGAT,

G. K. DEMERITT, JR.,
R. CHINNASWAMY, AND
S. D. BaASSI

Midwest Grain Products, Inc.
Atchison, KS

he International Grains Council esti-

mates that the 1999 world wheat pro-
duction will reach 568.8 million tons,
down from the 583.4 million tons and
610.1 million tons harvested in 1998 and
1997, respectively (1). Wheat has a pre-
dominant role (2} in the grain trade and is
utilized as food (67%), feed (20%), seed
(7%), and industrial products (6%). Judg-
ing from the 1997 estimated worldwide
gluten production of 825 million pounds
(3), only a small portion of harvested
wheat is used for the manufacture of wheat

Publication no. W-1999-0827-02F.
© 1999 American Association of Cereal Chemists, Inc.

starch and wheat gluten. A somewhat
higher annual estimate of 1.1 billion
pounds of world gluten production was
reported by Weegels (4). Approximately
23% of the 1997 estimated amount of glu-
ten is produced in North America. The top
eight gluten producing countries in de-
scending order are France, United States,
Australia, Netherlands, Germany, United
Kingdom, Belgium, and Canada (5).

Wheat gluten and wheat starch are eco-
nomically important coproducts produced
during wet processing of wheat flour (5-7).
Both products and their derivatives have
multiple uses in the food and industrial
sectors (7,8). Wheat gluten is a commodity
food ingredient, and its applications are
predominantly in baked goods, breakfast
cereal, pet foods, and processed meat
products (9,10). In the past few years, there
have been growing signs that gluten is
being transformed into a market-driven,
value-added product (11,12). Evidencing
this transformation is the market prolifera-
tion of specialty protein products derived
from wheat gluten, such as texturized

wheat gluten, wheat protein isolate, wheat
gliadin, wheat glutenin, hydrolyzed wheat
protein, glutamine peptides, and deami-
dated wheat gluten (6, 13-20). These
specialty wheat proteins are finding in-
creasing uses in nontraditional gluten mar-
kets as calf milk replacers, cosmetics, egg
white replacers, pasta, biscuits, dairy prod-
ucts, nutritional drinks, energy bars, proc-
essed meat products, and vegetarian foods.

Texturization of Proteins

The texturized vegetable-protein market
has traditionally been based on soybeans
(21-23). The principal raw materials used
are either soy flour, soy protein concen-
trate, or soy protein isolate. Major uses of
texturized proteins are in meat extension
and vegetarian products. Processes for
texturization involve spinning (24,25), jet
cooking (26), steam texturizing (27), and
extrusion cooking (28-30). Among these
processes, extrusion has been the preferred
technology. While texturized wheat gluten
can be considered a newcomer to the
scene, its functionality and unique fibrous




structure have made & major impact in
many food applications.

The patent literature (31-36) describes
several processes for developing the fi-
brous structure of texturized wheat gluten
to simulate meat fibers (Table I). These
processes involve chemical, mechanical,
thermal, extrusion, or a combination of
treatments. In close resemblance to textur-
ized soy proteins, the texturized wheat
gluten currently on the market is also pro-
duced by extrusien technology (13-17).

During extrusion, wheat gluten is sub-
jected to a continuous thermomechanical
treatment, leading to mixing, hydration,
shear, compression, temperature rise, pres-
sure build-up, pasteurization, stream
alignment, shaping, expansion, and partial
drying (37). Within the extruder barrel, the
materials are heated to form a hot viscous
mass called protein lava {38). As the pro-
tein lava is conveyed to the terminal por-
tion of the extruder, variables such as tem-
perature, pressure, moisture, and die
assembly are carefully controlled to ensure
proper texture and fiber development.
The lava is discharged from the die
without excessive water flash-off in order
to avoid cell disruption. The result is a
product that has a visible, orjented pattern
of fiber arrangement that resembles meat
fibers, especially after it is soaked 30 min
in water (Fig. 1). Alignment of wheat
protein molecules during the extrusion
process results in the formation of thin
filaments or microfibrils, which assemble
further to form a macroscopic fibrous
structure. Hydration of the fibrous strands
gives the laminated, fleshy appearance of
texturized wheat giuten.

Properties of Texturized Wheat
Gluten

Texturized wheat gluten is available
commercially in several forms differing in
size, shape, bulk density, color, texture,
hydration rate, and hydration capacity.
Sizes can vary from ground form to
chunks, and it can appear in the form of
coarse powder, bits, flakes, granules, flat
chips, or cubical/cylindrical chunks. In its
natural, hydrated form, texturized wheat
gluten exhibits a fibrous texture resembling
chicken meat while the caramel or mali-
colored product mimics beef meat. Bulk
density is dependent on size and shape of
the product and varies from 10 to 18 I/,
The hydration rate ranges from 15 to 45
min and is dependent on product dimen-
sion and water temperature. Texturized
wheat gluten absorbs water to about 2.5-4
times its weight. Examination of the hy-
drated product reveals strong and elastic
fiber components that assemble into bun-
dles. Table II depicts the typical properties
of different types of texturized wheat glu-
ten. Hydrated texturized wheat gluten is
reported to contain 18.8% protein, 2.35%
carbohydrate, 1.05% fat, and 0.47% dietary
fiber (16). The reported benefits of textur-
ized wheat gluten are its low fat content;
fibrous texture; chewability; neutral flavor;
cost-effectiveness; adaptable size, shape,
and color; good nutritional balance; and the
ease with which it can be stored (15,16).

Use in Meat Extension

In meat products, the numerous benefits
that can be achieved from using plain, vital
wheat gluten as a binder, filler, or extender
(Table 11I) are well documented (39-52).

Table I Processes for Developing Meatlike Fibrous Structure of Wheat Gluten

At a level of 1-5%, wheat gluten acting as
a binder in restructured meats imparts sev-
eral benefits, such as increased viscoelas-
ticity, color stability, firmness, juiciness,
and moisture retention (39-42). Fat bind-
ing and cooking loss are also reduced (42).
In other meat pieces and processed meat
products, the binding ability of wheat glu-
ten at 1-13% level contributes to high
yield, low cooking loss, better adhesion,
increased structural strength, good rehy-
dration properties, better sliceability, and
retention of sensory attributes (43-47). As
a filler or extender in processed meat prod-
ucts, wheat gluten incorporated at a level
of 3-80% increases yield, improves cook
stability, enhances firmness, improves
product stability, and retains product tex-
ture (48-52).

After texturization, its applications in
the food industry range from extenders of
processed meat products to nutritional bars
to vegetarian products. Extension of meat
products has been practiced for many
years, and ingredients used for extension
include hydrocolloids/gums, starches, and
texturized vegetable proteins. Texturized
wheat gluten, which when chopped into
flakes absorbs three times its weight in
water, has been successfully incorporated
into burgers, curry, chili con carne, chicken
kievs, and nuggets (17). For example,
chicken nuggets can be extended with 30%
hydrated texturized wheat gluten (Table
1V). Using texturized gluten in meat exten-
sion can provide cost savings of 12-26%,
increased product yields of 8-9%, and
improved texture of the finished product.
The neutral flavor profile of texturized
wheat gluten also helps reduce the produc-
tion cost of extended meat products as
additional flavoring or spices are not
needed to mask any nonmeat flavors. Tex-
turized wheat gluten resembles the appear-
ance of meat fibers, thus enhancing prod-

Process Materials Product Characteristics References
Chemical/mixing/heating ~ Wheat gluten + Fibrous structure 31
NaHCOQ, + NaHSO; +
citric acid + NaCl
Chemical/mixing Wheat gluten + Na,50, Netlike, fibrous struc- 32
ture with strong
binding property
Chemical/mixing Wheat gluten + organic Netlike, fibrous struc- 33
acid + ascorbic acid ture with strong
binding property
Mixing/shredding/meating ~ Wheat gluten + wheat Loose layered, 34
flour + yeast textured fiber-strand
structure
Extrusion/stretching/ Wheat gluten + meat + Continuous fiber struc- 35
heating starch ture
Extrusion Wheat gluten + wheat Fibrous structure 36
flour + flavoring
Table I1. Typical Properties of Different Types of Texturized Wheat Gluten
Type Moisture Protein {d.b.) Water Absorption (g/g)
Coarse powder 4.3% 65.5% 2.7
Flakes 4.6% 68.4% 3.0
Chips 8.3% 60.1% 2.6
Expanded chips 8.4% 66.7% 3.2 Fig. 1. Hydrated texturized wheat gluten
Cylindrical chunks 53% 66.1% 34 showing meatlike fibrous texture.
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uct integrity, texture, and mouthfeel.
Another practical application is as a ham-
burger extender; up to 40% of hydrated
texturized wheat gluten can be used in
precooked and uncooked patties.

Use in Vegetarian Foods

Meatless meals have been listed as one
of the top food trends for the 21st century
(53), and the increasing number of vege-
tarians is helping to propel this trend. The
term “vegetarian,” however, is ambiguous
because it designates so many diets, such
as vegan, ovo-vegelarian, lacto-vegetarian,
ovo-lacto  vegetarian, pollo-vegetarian,
pesco-vegetarian,  semivegetarian, and
fruitarian (54,55). Determining the size of
the vegetarian population in the United
States is difficult because of this variety of

practices and attitudes. For instance, about
1-2% of the U.S. population are consid-
ered strict vegetarians, yet when asked
whether or not they are vegetarians, ap-
proximately 7% of the population claim to
have a vegetarian diet. As much as 26% of
the population is vegetarian-aware, mean-
ing that, while they are not necessarily
vegetarians, they are cutting back on meat
consumption and looking for vegetarian
foods at restaurants or supermarkets. Forty
percent of the population is cutting back on
consumption of red meat by substituting it
with poultry and fish and may occasionally
seek vegetarian meals as an alternative.

In a published survey quoted by Otto
(56), consumers report that they became
vegetarians out of concern for health
(46%), animal welfare (15%), or the envi-

Table III. Benefits of Wheat Gluten as a Binder, Filler, or Extender in Meat Products

Use Level Meat Product Benefits References
Extender/binder 3.6% Restructured beef  Viscoclastic texture 39
steak
Binder 2% Restructured beef  Better color stability 40
steak
Binder 12% Restructured Increased firmness, 41
chicken steak enhanced juiciness
Binder 2-5% Restructured Increased moisture 42
chicken steak retention, tess fat
binding, decreased
cooking loss
Binder 0.8 g/25.8 cm? Restructured pork  Enhanced viscoclas- 43
block ticity
Binder 1.5% Chicken pieces High adhesion prop- 44
erties, low cooking
loss, high yield
Binder O.lgiem?  Meat pieces High binding ability 45
Binder 0.10-0.15% Pork sausage and Structural strength, 46
meatballs good rehydration
properties
Binder/water 3-13% Meat loaf Comparable sensory 47
absorption properties, better
sliceability
Extender 3.5% Frankfurter Comparable texture 48
Extender 5-20% Wiener Comparable cooking 49
profile and yield,
comparable texture
Filler 6.8% Wiener Improved product sta- 50
bility, increased
yield, increased
firmness
Extender 20-80% Meat emulsion Increased yield, impro- 51
ved cook stability
Extender 3.5% Meat batter Comparable stability 52
and texture
Table IV. Products Incorporating Hydrated Texturized Wheat Gluten
Product Form of Texturized Wheat Gluten Typical Levels
Chicken nugget Hydrated chips 30%
Hamburger patties
precooked Hydrated flakes 20-40%
uncooked Hydrated coarse powder 20-40%
Vegetarian chicken nuggets Chips 29%
Vegetarian Italian sausage Flakes 29%
Vegetarian chicken salad Chunks 12%
Vegetarian crab cake Hydrated chips 76%
Vegetarian pork barbecue Hydrated chips 46%
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Table V. Incorporating Texturized Wheat
Gluten in a Granola Bar Recipe

Ingredients Amount
Corn syrup 18.5%
Texturized wheat gluten

(flakes) 15.0%
Wheat protein isolate 3.0%
Chocolate coating 15.0%
Date paste 5.0%
Granola 8.7%
Crisp rice 7.0%
Honey 10.0%
Chocolate chips 10.0%
Coconut 1.5%
Almonds 1.5%
Brown sugar 4.7%
Nutmeg 0.1%
Total 100.0%

ronimnent (4%) or owing to the influence of
family and friends (12%) or ethical reasons
(5%) or they report that they are not
surefother (18%). The development of
vegetarian food has also been fueled by
product innovation (57). On the other hand,
the decline in popularity of red meat can be
attributed to anxiety about mad cow dis-
ease, the growing concern for animal wel-
fare, the move towards healthier diets, the
need for dietary change, and boredom (15).
The market for vegetarian alternatives to
meat and dairy products in 1999 has been
estimated to be $662 million (53).

The use of wheat gluten in vegetarian
foods is not new. Seitan, the wheat gluten-
based meat substitute, has been around for
years and was popular in the early Mormon
community (58). It has been a staple food
among the vegetarian monks from China,
the wheat farmers from Russia, and the
peasants of Southeast Asia. The cohesive
and elastic character of wheat gluten is the
basis for many simulated meat products
where it holds ingredients and provides
chewy texture.

A variety of vegetarian food products can
be formulated with texturized wheat gluten,
such as vegetarian chicken nuggets, sausage,
chicken salad, crab cake, and pork barbecue
(Table 1V). In addition to contributing to
structure, it mimics meat’s texture, chew-
ability, and appearance and also helps in
providing the needed protein for a healthy
diet. It can be mixed, chopped, or ground to
achieve a fibrous texture, yielding a meatlike
appearance. It is also used as a low-cost
ingredient that can replace more expensive
ingredients, thus lowering the overall
finished-product cost.

Use in Nutritional Products

Today, people are looking for healthy
snacks or foods that can provide a boost of
energy or help build muscle. The energy or
protein bar industry has been gaining mo-
mentum over the last few years for this
very reason. Texturized wheat gluten can
be used in these formulations, such as in
those for granola-type nutritional bars, as
illustrated in Table V. This bar provides
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essential vitamins, minerals, and protein.
Along with adding protein fortification,
texturized wheat gluten imparts a crunchy
texture to the bar. The neutral flavor of
texturized wheat gluten also provides eco-
nomic benefits for energy bar producers
because little flavoring is needed to pro-
duce these snacks.

Opportunities and Challenges

There are a multitude of applications for
texturized vegetable proteins in the food
industry. Texturized wheat gluten is finding
uses in existing traditional markets and,
being a relatively new product, has experi-
enced steady growth. New markets being
tested for uses of texturized wheat gluten
include breakfast cereals, bakery products,
snack foods, and microwaveable products.

In addition to providing a concentrated
source of protein, texturized wheat gluten
offers unique textural benefits. Retort sta-
bility is important in canned foods and pet
foods. In order to further enhance its utili-
zation, texturized wheat gluten needs to
possess the physical, chemical, and textural
properties necessary for withstanding the
rigors of modern-day food processing. To
achieve these properties, the formulation
and processing variables could be altered,
or the wheat gluten could be coextruded
with proteins from oilseeds, legumes, milk,
and other cereal proteins. This would im-
prove nutritional properties and could en-
hance functionality. It remains to be seen
how texturized wheat gluten will be used
in food applications in the future.
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