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ABSTRACT 

New separation methods for wheat gluten have 
increased production and made possible the use of 
mass wheat as a raw material. This widens the use of 
gluten in the fields where functional as well as baking 
properties are important. Solubility, swelling, vis- 
cosity and nutri t ional aspects of gluten are reviewed. 
The current applications of wheat gluten are mainly 
in baked products, breakfast foods, and meat analogs. 
Many chemical modifications of gluten have been 
developed. Modifications are not in use, but the 
increased gluten production will bring them into use. 

I N T R O D U C T I O N  

Fractionation of wheat into starch and gluten has been 
known since ancient times, when wheat starch was used in 
the production of papyrus, and fermented gluten as glue. 
In the separation processes developed in the seventies, 
pollution problems of the old production processes have 
been avoided. This should lead to increased use of gluten 
for food stuff as well as in technical use. 

The Production and Uses of Gluten 

Total production of wheat gluten is relatively small, ca. 
120,000 tons a year. Only 0.2% of the wheat on earth is 
processed to starch and gluten. The biggest consumer of 
gluten is the U.S.A., utilizing 40% of the total production. 
Growth of convenience foods will provide an increased 
market for vital wheat gluten. Estimated annual market 
growth of vital gluten is 8%. Vital and undenaturated gluten 
is the most desirable and most suitable form of gluten in 
most uses and because of this, production of chemical 
gluten modifications has remained small. 

Table I shows the main uses of gluten in the three largest 
producer countries. The main use in the United States and 
Australia is in the bakery industry, whereas in Japan 
processed meat, sausages, and fish foods traditionally are 
gluten utilization areas (1,2). 

The Structure and Nutritive Value of Gluten 

Wheat contains 10 to 14% protein, and the insoluble 

protein part of grain is called gluten, which represents 
about 80% of the grain protein. Gluten is composed from 
different components  with regard to molecular weight and 
solubility, glutenin and gliadin. Both provide gluten with 
special characteristics; gliadin extensibility and glutenin 
elasticity (3) (Figure 1). When water is added to wheat 
flour, gliadin and glutenin form a tenacious colloidal 
complex. 

The protein content  of separated gluten is high, 75 to 
80%, but as a typical grain product, gluten is low in lysine. 
In Table II a comparison is made between the amino acid 
composition of gluten and the FAO recommendation with 
regard to essential amino acids (4). 

The nutritive value of gluten may also be evaluated (5,6) 
by the NPU-, BV-, and PER-figures which for gluten are 
N.P.U. - 38; B.V. - 58; and PER - 1.1. However, gluten 
is a typical additive in highly processed food, thus other 
food ingredients balance the necessary amino acids, or 
when necessary, the lack of these is compensated by 
supplementing with soy proteins on powdered milk. 

F u n c t i o n a l  P r o p e r t i e s  o f  G l u t e n  

Vital wheat gluten retains its characteristics in proces- 
sing, because the most generally used methods of separation 
change neither chemically nor physically its characteristics. 
Only the drying conditions cause slight changes in the 
protein. 

Solubility 

The nitrogen solubility of native vital gluten is low 
throughout the pH range of 4-7. This is important  for food 
systems (Figure 2). In a water solution, gluten forms a 
strong rubber-like gel. The low solubility of gluten has been 
attributed to its high molecular weight and the presence of 
interpolypeptide S-S bonds to the formation at highly 
stable aggregates by cooperative noncovalent interactions. 
An increase of ionic strength doesn't  seriously affect 
solubility (Figure 3) (7). 

Swelling 

Vital gluten binds 1.5 to 2 times its own weight in water. 
Slight differences may be observed between different kinds 

TABLE I 

Production and Uti l ization Distribution o f  Vital 
Wheat Gluten in the United States, Japan, and Australia 

United States Japan Australia 

Total Production,  Million kgs 20 20 35 
Util ization: 

Bakery industry 69 75 
Breakfast foods 12 10 
Pet foods  8 5 
Meat analogs 4 30 
Processed meat  1 50 10 
Hydrolyzed gluten 20 
All other foods  3 
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TABLE 11 

The Contents of Essential Amino Acids of Wheat 
Gluten (g/16 g Nitrogen) 

Gluten FAOPattern 

Lysine 1.8 4.2 
Threonine 2.6 2.8 
Methionine 1.9 2.2 
Cystine 2.2 2.0 
Valine 4.7 4.2 
Isoleucine 4.6 4.2 
Leucine 7.6 4.8 
Phen ylalanine 5.4 2.8 
Tryptophan 1.1 1.4 
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FIG. 1. Properties and composition o f  wheat flour proteins. 
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FIG. 2. Nitrogen solubility as a function of pH at ionic strength 
of 0.2 M NaCI, --  z~ --Vital Gluten. 

o f  grain and  d i f f e ren t  s e p a r a t i o n  processes .  F igure  4 shows  
the  m a x i m u m  a m o u n t  of  wa te r  t a k e n  u p  as a f u n c t i o n  of  
dry  sample  weight .  Devi ta l  g lu ten  has  a s o m e w h a t  in- 

c reased  wa te r  up take .  This  is due  to  t he  d e s t r u c t i o n  o f  t he  
p r o t e i n  ne t  work  an d  t h e  increase  o f  t h e  a m o u n t  o f  act ive 
w a t e r - b i n d i n g  g roups  du r ing  drying.  As can  be seen in 

F igure  5 and  Figure  6, ion ic  s t r e n g t h  and  pH have  very  l i t t le  
e f fec t  o n  t he  wa te r  u p t a k e  o f  v i ta l  and  devi ta l  g lu ten  (7) .  
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I.'IG. 3. Nitrogen solubility as a function of NaCI concentration 
of vital gluten. 
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FIG. 4. Swelling as a function of sample weight measured by 
Baumann apparatus, - -~  -- Vital Gluten,-- o -- l)evital Gluten. 

Viscosi ty  Measurements  

Swell ing o f  p r o t e i n  molecu les  in  a d ispers ion  resul ts  in a 
v iscos i ty  increase .  Figure 7 shows  viscos i ty  as a f u n c t i o n  of  
p r o t e i n  c o n c e n t r a t i o n  in pure  wa te r  for  v i ta l  gluten.  In 
over  10% c o n c e n t r a t i o n ,  the  v iscos i ty  increases  very  rap id ly  
due  to  the  s t rong  ge l - forming  p r o p e r t y  of  g lu ten .  G l u t e n  
d o e s n ' t  disperse in  wate r  very  easily,  b u t  fo rms  large, 
inso luble  g lu ten  agglomera tes  (7).  

Gluten  Processing 

The  new process ing  m e t h o d s  for  g lu ten  are based on  a 
cen t r i fuga l  s epa ra t i on  of  s t a rch  and  p r o t e i n  and  on  the  
agg lomera t ion  o f  g lu ten  in a h igh  p r o t e i n  c o m p o u n d ,  
whereas  in  the  o lder  m e t h o d s ,  s t a rch  is washed  f rom a 
whea t  f lour  d o u g h  wi th  lo ts  of  water ,  and  wha t  is le f t  is 
rubber - l ike  g lu t inous  g lu ten .  

As an  e x a m p l e  of  the  new  processes ,  t he  Raisio-Alfa 
Laval process  can  be m e n t i o n e d .  The  basic pr inc ip le  of  t he  
process  is s imple  and  s h o w n  in Figure  8. Benef i t s  of  t he  
process  are: n o  waste  water ,  p rocess ing  in  big un i t s  is 
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FIG. 5. Swelling as a function of ionic strength. ~ z ~ V i t a l  
Gluten, ~ o --Devital Gluten. 
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FIG. 7. Viscosity as a function of concentration.--z~--Vital 
Gluten. 
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FIG. 9. Baking properties of "Massenweizen" by adding gluten. 

possible ,  good  v i ta l i ty  of  g lu ten ,  n o  chemica l s ,  and  also t he  
chance of  p rocess ing  species o f  n o n b a k i n g  w h e a t  var iet ies ,  
as Tr i t ica le  and  mass  w h e a t  species (8) .  

U s e  o f  G l u t e n  i n  F o o d  

As a p r o t e i n  p r o d u c t  p rocessed  f r o m  w h e a t ,  g lu ten  is a 
na tu ra l  r aw ma te r i a l  in  bak ing ,  where  an  a d d i t i o n  of  v i ta l  
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FIG. 6. Swelling as a function of pH Ionic Strength 0.05 M 
Buffert Sample 0.06G - & --Vital Gluten, - -  o--Devital  Gluten. 
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FIG. 8. Process flow diagram of the Alfa-Lava wheat process. 

1. Premixer; 2. homogenizer; 3. decfuge; 4. decanter centrifuge; 
5. pheumatic dryer; tank; 7. disintegrator; 8. vibrating screen; 9. 
pneu 10. decanter centrifuge; 11. vibrating screen; 12. 13. nozzle 
centrifuge; 14. pneumatic dryer. 

g lu ten  i m p r o v e s  the  visco-elast ic  cha rac te r i s t i c s  o f  dough .  
The  d u r a b i l i t y  and  gas r e t e n t i v e  p o w e r  of  d o u g h  m i x t u r e s  
improve ,  and  t he  t o l e r ance  o f  i n e r t  i ng red i en t s  of  d o u g h  
increases ,  bu t  the  bak ing  qua l i f i ca t ions  d o n ' t  su f fe r  f r o m  
this .  Even  f r o m  mass  w h e a t  u n s u i t a b l e  fo r  bak ing ,  t h e  
Rais io  Al fa  Laval  m e t h o d  has  p r o d u c e d  g l u t e n  w i t h  b a k i n g  
p roper t i e s .  

In  F igure  9 visco-elast ic  p r o p e r t i e s  of  mass  w h e a t  g l u t e n  
are s h o w n  in  t he  f o r m  of  an  e x t e n s o g r a m  (8).  

The  p r e sen t  d e m a n d s  for  m o r e  w h o l e s o m e  n o u r i s h m e n t  
have  inc reased  t he  use o f  g lu t en  especial ly  in  h igh  f ibe r  
b reads  and  in  special  breads .  G l u t e n  is e m i n e n t l y  su i t ab l e  
for  use in  p r o d u c t i o n  o f  m e a t  ana logs  t h r o u g h  e x t r u s i o n ,  
giving t he  p r o d u c t s  a m e a t y  t e x t u r e  w h e n  c h e w e d  and  a 
f ib rous  s t r u c t u r e  (9) .  In the  e x t r u s i o n  p r o d u c t s ,  t he  syner -  
get ic  cha rac te r i s t i c s  o f  g lu ten  and  soya  have  b e e n  t e c h n o -  
logical ly  as well  as n u t r i t i o n a l l y  o p t i m a l l y  u t i l i zed .  T h e  
same syne rgy  m a y  be  appl ied  to  o t h e r  p r o d u c t s  as wel l ,  as 
for  i n s t a n c e  in g r o u n d  m e a t  p r o d u c t s  (10) .  Sp ray -d r i ed  
m i x t u r e  o f  m o n o g i y s e r i d e s  a n d  g lu t en  i m p r o v e s  d i spe r s ion  
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of  g lu ten  in  baking.  G l u t e n  is used as a good  emuls i f i e r  and  
s t r e n g t h e n e r  in  cheese  p roduc t s .  

Charac te r i s t i c s  o f  g lu ten  m a y  be  changed  b y  chemica l  
m o d i f i c a t i o n ;  t he  wa te r -b ind ing  abi l i ty  a n d  so lubi l i ty  m a y  
be i m p r o v e d  and  thus  the  use of  g lu ten  m a y  be  e x p a n d e d  
also in food  appl ica t ions .  Example s  of  mod i f i ca t e s  are 
p h o s p h o r u l a t e d  g lu ten ,  wh ich  b inds  as m u c h  as 100 t imes  
its o w n  weigh t  in  water ,  and  s ucc i nu l a t ed  g lu ten ,  the  
so lub i l i ty  of  wh ich  is ve ry  m u c h  h igher  t h a n  t h a t  o f  na t ive  
g lu ten  (1 1,7). 

Nonfood Applications of Gluten 
A n u m b e r  of  n o n f o o d  uses for  g lu t en  have  been  pro-  

posed ,  as an  adhesive  g lu ten  a l ready has  t r ad i t i ons  in  glue as 
well as in p a p e r  indus t r ies .  These  app l i ca t ions  have economi -  
cal in te res t  at t he  m o m e n t  as c o m p a r e d  w i th  the  o t h e r  p ro t e in  
glues. G l u t e n  is also su i tab le  for  digest ive base of  chewing  
gum (1 2). The  foam i ng  p rope r t i e s  of  gl iadin m ay  be ut i -  
l ized,  for  i n s t ance  in foam dry ing  (13) .  The  g lu ten  film- 
f o r m i n g  p rope r t i e s  m a k e  it possible  to  p r o d u c e  edible  
food  films f rom it (14) .  Techn ica l  app l i ca t ions  have no t  
been  used in i ndus t ry  ye t  bu t  they  will be b r o u g h t  in to  use 
w i th  the  g r o w t h  of  g lu ten  p r o d u c t i o n .  
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