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A B S T R A C T  

During the last 25 years, the development of processes to provide 
textural properties in soy proteins has greatly increased the market 
potential for soy protein products. Many different processes based 
on soy flour, concentrates and isolates have been developed. They 
have ranged from products to be used in extension of meats to meat 
analogs themselves. The real success of new processes is measured by 
their success in the commercial marketplace. The most successful 
products have been based on thermoplastic extrusion of soy flour. 
More recently, second generation products made by the thermo- 
plastic extrusion of soy protein concentrates have been introduced• 
These products have less flavor, wider variety of functional charac- 
teristics and greatly reduced flatulence characteristics compared to 
textured soy flour products. This paper describes processes used to 
texturize soy proteins and characteristics of the various products. 
Product characteristics, functionally and economics are key factors 
in deciding which product to use in end-product formulations. The 
wide variety of textured soy proteins available provides a product 
for each individual need. 

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

In recent years, processes have been commercialized for the 
transformation of powdered soy protein into a form that 
had meat-like textures• These processes contributed signifi- 
cantly to the development of new markets for soy proteins. 
Using these processes, soy protein could be processed to 
simulate the eating characteristics of various meat foods. 

Since the original developments, there have been many 
new innovations and attempts to market the new concepts. 
Some have been successful and others have failed for a 
variety of reasons. Initially, various groups were optimistic 
that meat analogs would replace a portion of the meat 
consumed. Other companies devoted significant time and 
money to development of the extension concept. After a 
decade or so, we are seeing a stabilization on the approach 
to the production and use of textured proteins. 

The objective of this review is to update previously 
published reviews on textured soy products, discuss com- 
mercial successes, review processes currently used and 
characterize current products• 

PROCESSES TO PRODUCE 
T E X T U R E D  SOY PRODUCTS 

Initial attempts to produce textured protein products were 
based on the spinning of protein fibers. In 1954, Boyer (1) 
was issued an early patent on spun protein fibers. This 
process involved solubilizing protein in alkali and forcing 
the solution through a spinneret similar to the type used 
in the production of synthetic fibers. The emerging protein 
streams were coagulated in an acid bath. The fibers were 
stretched to develop the desired size and strength. Many 
individual fibers were combined to form a tow. The tow 

was used as a matrix for the formulation of meat analogs. 
Various additives such as binders, fats, flavorings and 
colors, were mixed into the matrix. Then the binders were 
heat-set to form the finished meat analog. 

Many variations and approaches to the development of 
fibers have been published. Recent reviews on this subject 
discuss the processes in detail (2,3). 

Currently, there are very few producers of this type of 
fiber. Soy isolates are generally used as starting material. 
The cost of a highly processed starting material plus an 
expensive process has made this approach economically 
unattractive. Other early attempts to develop meat analogs 
from vegetable proteins are reviewed by Horan (2) and 
Horan and Wolff (3). 

In the late 1960s and early 1970s, numerous textured 
protein products were commercialized by various manu- 
facturers. Several references (1,4-6) discuss some of these 
processes. 

Previous references (7-9) have detailed variations of the 
basic thermoplastic extrusion process. The first generation 
products utilized d eJatted__sog,_.,,flour~gzits o r ~ s a s  a 
starting m a t e ~ ' - ~ - ~ t e r i ~ e a - w i t h  
water a n ~ _ s ~ - t o ~ h ~ r a t e  t h e j L g 0 . ~ d ,  four m a dough. 
The- d o _ u ~ f e d  into_sh-g-e-x-6"uderT~hich com~bi~e.s high 
sheat-:mixing, da ig~empera tures  and pressures t o  plasticize 
the 4a~otejn matrix. T ~  F ~ - g g g - e ~ T t s  through a die and 
the superheatgcI-~xture is allowed to expand and flash off. 
The sudden expansion leaves a porous structure which is 
the textured soy product. 

Fundamental elements of extrusion cooking (7) are: 
(a) uninterrupted feeding of ra~--~a-g~Fi-fiFf6--gii-extruder 
cooker at. a controlled rate; (b) r e p s £ ~ ~ "  p r c r e c o n d i t i o n i n  of rocess 
fee d__w_i£h s t e a m _ _ a L ~ ~ d  f temp eratures 
(180-210 F) and at atmospheric pressuFe~_(c) uniform 
apglic-a-eion~af-moist-~e ; (d) equipm-enx~ti- transform flour 
material to a dough at 180-230 F and conver 5 the dough to 
a-- . . . . . . . . .  t ~ ~ n [ r o ! l i n g  the 
temperatur  e of the dou hg_h_during_.t.he last_lO-30 se~ in the 
extruder to ~th~--de~lT~-d extrusion tempera t~; - ( f ) foaxning 
the extrudaxe--iarm-zl'm-desiLed size and shape in a final die 
and c ~ f f t t l n g  th¢___extrndaze~-i~._--th-e-desi~cd ~i~eS-aSd (g) 
d r y i ~ l i n g  the extrudate. 

In recent years, man- -~y  n w processes have been devel- 
oped to yield textured protein products. However, very few 
have been commercialized. Reportedly, the direct steam 
texturization process (10) has been used. Soy fl~U.-~, the 
rg~-naateriaj~.bs-ma4xcd with water to form a do6~h v~hich 
~s textunzed by passing it mrough a gaseous tl~m pressur- 
ized rotary chamber. The concept is similar to t~-er~puffing 
of cereal grains for ready-to-eat breakfast cereals. Reported- 
ly, the steam texturization process (10), yields a soft- 
textured, bland, fast-hydrating product. It is used in appli- 
cations similar to those for extruded soy flour products. 

In the start-up of the textured soy flour industry, several 
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processors developed extruded-compacted products. These 
products were not  plasticized as in thermoplastic extrusions 
and were closely related to soy grits in textural  contri- 
bution. Except for a few specialized applications, most of 
these products are no longer on the market.  

In the early 1970s, another process was developed to 
structure soy isolates (11,12). The product  is produced 
by heating a slurry of isolate and other ingredients in a heat  
exchanger under high pressure. The slurry is formed into 
textured filaments or fibers when heated under pressure. 
The fibers are collected and excess water is removed by 
centrifuging. The final moisture content  is 55-60% and the 
product  is sold in the frozen state. 

One disadvantage of this process is that  a high puri ty  
protein is required. A protein puri ty of above 70% is 
necessary, but  most examples in the patent  (11) use soy 
isolate. 

A variation on the thermoplastic extrusion process w a s  

patented by Sair and Quass (13). This patent  describes a 
process for preparation of a hydratable protein food by 
subjecting moist protein to mechanical pressure under 
suitable, nonpuffing conditions. Reportedly,  the protein 
is converted to a glassy, coherent, bonded protein product  
that  is extremely retort  stable. 

Another  variation of the thermoplastic extrusion process 
w a s  reported in the mid-1970s (14). This process uses two 
extrusion cookers in series. The first extruder is a cooking 
extruder that  heats and denatures the protein. The second 
extruder completes the texturizat ion process. The dried 
material is dense and is rehydrated by heating in water. The 
hydrated product  is reported to be meat-like and is used 
as a meat analog, rather than as an extender. 

COMMERCIAL SUCCESS TO DATE 

The analog or total  meat replacer concept has been a 
failure for several reasons. The major reasons were eco- 
nomics, consumer acceptance and flavor. 1 believe that, in 
general, the technology of producing the products w a s  

satisfactory, but  the cost of  the meat analogs was as much 
as the meat products they were replacing. Consumer 
acceptance can be encouraged by economic factors, but  the 
high cost of  meat analogs slowed customer acceptance. The 
flavoring systems required for meat analogs were expensive 
and did not satisfactorily simulate the flavor of  meats. In 
the final analysis, the consumer was not  willing to pay the 
price of meat for a simulated meat that  did not taste as 
good as meat. 

Currently, there is a small market  for meat analogs in 
the U.S. Persons desiring a vegetable-protein-based diet for 
health or religious reasons are the primary markets. In these 
cases, the economic factor is not  as important  as for the 
general public. 

One analog-type product  that  is widely accepted today 
and, in fact, more so than the all meat products is the 
imitat ion bacon bit. The use of bacon bits for salads and 
garnishes is a significant segment in the textured protein 
business. The product  originated with technology devel- 
oped for meat  analogs (spun fibers) and has switched to the 
t ~ h  n _ ~  h ~ s e d ~ ~ s  ( t he r~o p~s~c  
extcmte~ ). fia~r.oxt~t io n.:__o~f t ~ e 
meat e x t ~ o n  market  has been very successful and h a s  

d~x;eloped into a p e r m a n e n t ~ h - d - ~ r ~ _ ~ e t W .  The 
primary reasons for success o t  me  meat  extension concept  
with textured protein products include (a) low cost extru- 
sion processes, (b) flavoring not required, (c) t rend of  
increased consumption of ground beef in U.S., (d) the 
USDA school lunch program, and (e) textural  contr ibut ion 
to meat products.  

Rapid growth in the use of ground meat in the U.S. h a s  

provided an ever increasing market  for the extension 
concept. The populari ty of fast food restaurants serving 
hamburgers, pizzas, tacos and similar ground meat products 
~ J ' t h e  consumption of ground beef to 50-60%~of 
~ m e d .  This resulted in a larger mV----ar'-k'et 
potential  for soy protein each year. 

The first generation textured soy flour products pos- 
sessed adequate texture but  had the disadvantages of soy 
flavor and soluble sugars. Recently, the development of 
textured soy protein concentrates made via thermop.las~c 
extrusion has overcome these disadvantages. 

G ~ e r a t l y v ~ t e x t ' ~ X r e . ~ - - - s o v ~ f l o u ~ u c t s  are used at 
15-18% ~ a t e d d )  e x t e n ~ n ~ . a 0 ~ d . a z ~ e a t s  for optimal 
flaaroT'-perfo~ance.'?'-Te~tured soy concentrate products 
can be used at 30-50% or higher (hydrated) levels because 
of low flavor levels and greatly reduced level of soluble 
sugars. 

There is no reliable source of  information on production 
and sales of various textured soy proteins in the U.S., but, 
I am sure most  people in the business will agree, the biggest 
percentage of products sold are those made by thermo- 
plastic extrusion. 

The regulatory climate, in terms of labeling and other 
restrictive factors, has slowed somewhat the growth of 
textured soy proteins. However, the great economic advan- 
tage and g o o d  quality of textured soy products has led to 
widespread acceptance us as extenders. 

Analog products generally are used only by motivated 
markets that  purchase the products for health or religious 
reasons. Cost is not  a primary objective. 

PROCESSES C U R R E N T L Y  USED 

Processes used commercially in the U.S. include thermo- 
plastic extrusion, steam texturization, fiber spinning, 
and structured protein isolates. Each process yields differ- 
ent characteristics in the final product  and the raw material 
used can have a significant effect on the final product  
characteristics. Product characteristics resulting from the 
various processing techniques are summarized in the next 
two sections. 

T h ~ . l a s ~ t r u s i o n  and 
Steam Texturizatibn -P~ocesses 

In these processes, (a) raw materials can be soy flour or 
concentrate;  (b) lower capital investment is required than 
for fiber spinning and structured isolates; (c) final products 
are sold in dry form, and (d) primary applications are in 
ground meats, restructured meats and meat analogs. 

Fiber Spinning and Structured Isolate Processes 

Using these techniques, (a) generally, raw material is 
purified protein such as soy isolate; (b) high capital invest- 
ment requirements are characteristic ; (c) final products are 
sold in a frozen state; and (d) generally used in meat 
analogs, but sometimes are used in restructured meats. 

CHARACTERISTICS OF CURRENT PRODUCTS 

Many types of finished textured proteins are from different 
processes and starting protein materials. Characteristics of  
textured products based on three different basic proteins 
are summarized in Table I. 

Using commercial success as a measure of meeting the 
goal of  developing a meat-like product  to provide a source 
for a low-cost meat alternate or extender, the less expensive 
processes such as the thermoplastic extrusion of soy flour 
have done bet ter  than the more expensive processes using 
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TABLE I 

Characteristics of Textured Protein Products 

Product based on 

Characteristic Soy flour Soy concentrate Soy isolate 

Flavor Moderate to high Low Low 
Retort stable Yes Yes Yes 
Flavor development on retorting High Low Low 
Flatulence Yes No No 
Form/shape Granules or chunks Granules or chunks Fibers 
Cost (dry basis) Low Low High 
Recommended hydration level 2:1 3 : 1 4:1 
Cost of hydrated protein Low Low High 
Fat retention Moderate High Moderate 
Optimum usage level in meat 
" extension (% hydrated level) 15-20 30-50 35-50 

isolate. Even so, the success has no t  been as great  as pre- 
dicted 10 years ago. However,  with the  exper ience gained in 
processing and market ing the various t ex tured  soy prote in  
products,  we have been able to bet ter  define the marke t  
needs. Based on my exper ience in the industry during the 
last 10 years, it is my  judgmen t  that  t ex tu red  soy protein 
concentra tes  are the best products  for the nex t  decade.  The 
improved flavor and funct ional i ty ,  plus reasonable cost, 
allows them to be used both  as meat  extenders  and as 
analogs in many applications. They can fit  the  needs of  
various people  th roughou t  the world. We have had false 
starts in the past, but  I believe we are steadily making 
progress in the deve lopment  of  tex tured  soy products  that  
can be used to make delicious food  products  in all parts of  
the world. The tex tured  soy protein concent ra te  products  
can easily be incorpora ted  into t radi t ional  food  products  
that  are now consumed and formula ted  into new foods that  
will broaden the variety of  food available as a high quali ty 
protein source. 
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Economics of Soya Protein Products and Outlook 

A.J. LANGSDORF, Archer-Daniels-Midland Co., PO Box 1470, Decatur, IL 62525. 

Paper presented by R.T. Sleeter. 

Economic  factors involved in the commercia l iza t ion  of soya 
flours, concentrates ,  and isolates and tex tured  products  
made f rom them are discussed. Some soc ioeconomic  factors 
will be po in ted  out  to emphasize likenesses and differences 
in market ing soya protein products  in the U.S. and in o ther  
countries.  

Figure 1 suggests our future dependence  on soybeans for 
protein.  

A detailed account  of  the processing requi rements  for 
the various soy prote in  products  being produced  today  is 
given in a paper  by Mustakas and Sohns (1). 

Inf la t ion must  be fac tored into the cost  est imates of  
feeding the world. In fact, I r ecommend  a careful check of  
the cost figures in general given in this article (1). Some of  
the processes are no t  fully described, but  it would  be a 

good reference article for those who want  to know more 
details on processing than I will describe here. 

I t  must  be unders tood  that  the PD1 of soy f lour is criti- 
cal in the p roduc t ion  and the cost of  mos t  fur ther  pro- 
cessed protein products .  

Al though soya f lour  and grits are defini te  edible soya 
protein ingredients and have many  uses in food systems, 
they tend to be over looked as we strive for more  sophisti- 
cated products ,  such as t ex tu red  soy protein,  soya protein 
concent ra te  and soya prote in  isolate. Soya f lour  and soya 
grits have been receiving more  a t ten t ion  f rom the food  
industry lately. The U.S. baking trade is using soy f lour at 
1 " p -o " a d d i t i o n a ~ o  products  
and to replace part  of  the ml ~ "r dough 
f o r t f i ~ .  
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