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SUMMARY

F o rm u la t io n  and e v a lu a t io n  o f  e ig h t  co m m e rcia l te x tu re d  soy p r o t e in s  

in  th re e  i n s t i t u t i o n a l  meat food p ro d u cts  a re  r e p o r t e d . The meat p ro d u cts  

a r e :  F re s h  f r o z e n , deep f a t  f r ie d ,  and c h a r -b r o ile d  p a t t ie s .  The te x tu re d  

soy p r o t e in s  e v a lu a te d  and tra d e  names t h e r e o f  a r e :  G r i f f i t h  L a b o r a t o r ie s  

(G SVP) ,  A rc h e r D a n ie ls  M id la n d  (ADM-120  and 2 4 0 ) , F a r -M a r -C o  ( U lt r a s o y ) ,

S w if t  & Co. ( T e x g r a n ) , R a ls to n  P u r in a  Co. ( E d d i-P r o ) ,  M ile s  L a b o r a t o r ie s  

(M a x te n ), C a r g i l ,  I n c .  ( 1 8 -B F ) ,  and H. B. T a y lo r  ( T e x t r a s o y ) .

The o b je c t iv e s  a r e :  ( 1 )  To e v a lu a t e  th e  p erform ance o f  d if f e r e n t  

soy p r o t e in s  w ith  r e s p e c t  to  t e x t u r a l  p r o p e r t ie s  as measured by In s t r o n  

a n a ly s is .  (2 )  To compare in g r e d ie n t  fo rm u la t io n s  by typ e o f  p ro d u ct and 

r e g io n  o f  the U .S . and (3 )  To p ro v id e  b a s ic  d a ta  fo r  m a rk e tin g  d ir e c t io n  

and developm ent o f G r i f f i t h  L a b o r a t o r ie s  soy p r o t e in  program s.

D if f e r e n c e s  in  t e x t u r a l  m easurem ents a re  more c lo s e ly  r e la t e d  to the 

amount o f s k e le t a l  meat in  the fo rm u la t io n  and the use o f soy p r o t e in  

c o n c e n tra te s  in  co m b in a tio n  w ith  te x tu re d  soy p r o t e in ,  than to te x tu re d  

soy p r o t e in  a lo n e . F re s h  fro z e n  p a t t ie s  ranged 6 6 .0  -  7 2 .0  per ce n t 

s k e le t a l  meat w ith  In s t r o n  re a d in g s  from  5 .8 4  to  7 .8 6  ( lb s . /g r a m  f o r c e ) .

Deep f a t  f r ie d  p a t t ie s  rang ed  from 3 7 .9  per ce n t s k e le t a l  meat to 

6 1 .7  per ce n t w ith  In s t r o n  t e x t u r a l  r e a d in g s  from  2 .6 5  to 1 0 .7 4 .  C h a r - 

b r o i le d  p a t t ie s  had 55 p er ce n t s k e le t a l  meat and ranged in  t e x t u r a l  m easure­

ments from  7 ,6 3  to  1 2 . 1 6 .  T h e re  was no t e x t u r a l  d if f e r e n c e  w it h in  c h a r -b r o i le d  

p a t t ie s  between GSVP and E d d i-P r o  ( i s o l a t e ) .  However, both had more te x t u re
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th a n  the T e x t ra s o y  (com pacted f l o u r ) .  G e n e ra l t e x t u r a l  d if f e r e n c e s  in  

r e la t io n s h ip  to  soy p r o t e in  a re  more d is c e r n a b le  a t  h ig h e r  meat le v e ls  

in  fo r m u la t io n s  (60 -  70 per c e n t)  th a n  in  low er meat le v e ls  (3 7  -  50 

per c e n t ) .  T e x t u r a l  d if f e r e n c e s  a re  c lo s e ly  r e la t e d  to  th e  p ro p o rt io n  

o f s k e le t a l  meat and the  c o m b in a tio n  ( ty p e s )  o f soy p r o t e in s  used in  

f o r m u la t io n s .

INTRODUCTION

The grow th and developm ent o f  i n s t i t u t i o n a l  meat food p ro d u cts  (a s  

m easured by d o l la r  s a le s )  i s  a c c e le r a t in g  a t  a f a s t e r  r a t e  ( 1 6  to  23 per 

ce n t per y e a r )  th a n  t r a d i t i o n a l  sau sag e  typ e p ro d u cts  (6 to 10 per cent 

per y e a r ) .  S tro n g  demand fo r  th e se  i n s t i t u t i o n a l  meat food p ro d u cts  i s  

c re a te d  by a h ig h ly  m o b ile  s o c ie t y  where an e st im a te d  one out o f  th re e  

m eals i s  eaten  away from home ( s c h o o l,  i n d u s t r ia l  c a f e t e r ia s ,  a i r l i n e s ,  

h o t e ls ,  e t c . ) .  A t the same t im e , w o rld  econom ic c o n d it io n s  have fo rc e d  

the  m a n u fa c tu re r o f  meat food p ro d u cts  to lo o k  fo r  a l t e r n a t iv e  in g r e d ie n t s  

th a t  w i l l  com plim ent h is  p ro d u c ts . The a l t e r n a t iv e  in g r e d ie n t  must ( 1 )  

re d u ce  m a n u fa c tu rin g  raw m a t e r ia l  c o s t ,  ( 2 )  m a in t a in  n u t r i t i o n a l  p ro d u ct 

q u a l i t ie s  and (3 )  p ro v id e  f u n c t io n a l it y  in  the  meat food p ro d u c t. V a r io u s  

ty p e s  o f  soy p r o t e in  p ro d u cts  f u l f i l l  t h is  a l t e r n a t iv e .

Soy p ro d u c ts  a re  made in  many shapes and s iz e s  ( b i t s ,  c h u n k s, d ic e d , 

c r u m b le s ) . They have d if f e r e n t  c o lo r s  and many d if f e r e n t  tra d e  names.

They a re  c l a s s i f i e d  a c c o rd in g  to  U .S . Departm ent o f  A g r ic u lt u r e  r e g u la t io n s  

and d e fin e d  on the b a s is  o f minimum p r o t e in  co n te n t as f o l lo w s :

1 .  Soy F lo u r  - -  507» p r o t e in ,  minimum, d ry  b a s is .  The
d e fa tte d  soy bean f la k e  w h ich  has not 
been f u r t h e r  p ro ce sse d  ( i e .  - -  g r i t s ,  f lo u r )  2

2 .  Soy P r o t e in  C o n c e n tra te  - -  70% p r o t e in ,  minimum, d ry
b a s is .  ( G r a n u la r  or pow der.)

/ /
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3 . Soy I s o la t e s  - -  907= p r o t e in ,  minimum, d ry  b a s is .
(Powder o r f ib e r . )

4 . T e x tu re d  V e g e ta b le  P r o t e in s  - -  507, p r o t e in ,  minimum, d ry
b a s is .  These p ro d u cts  a re  
f a b r ic a t e d  by h eat e x t r u s io n  
o r f ib e r  s p in n in g .

The G r i f f i t h  L a b o r a t o r ie s  In c .  i s  in v o lv e d  in  the  m an u factu re  and 

s a le  o f the soy p r o t e in  c o n c e n tra te s  and te x tu re d  v e g e ta b le  p r o t e in s .  The 

o b je c t iv e s  o f  the r e s e a r c h  re p o rte d  h e r e in  a r e :  ( 1 )  To e v a lu a t e  the p e r ­

form ance o f d if f e r e n t  te x tu re d  v e g e ta b le  p r o t e in s  in  i n s t i t u t i o n a l  meat 

food p ro d u c ts , ( 2 )  To e v a lu a te  o th e r in g r e d ie n t s  in  p ro d u ct f o r m u la t io n s , 

and (3 )  To p ro v id e  b a s ic  d a ta  fo r  the  m a rk e tin g  d ir e c t io n  and developm ent 

o f G r i f f i t h  L a b o r a t o r ie s 1' p r o t e in s .

EXPERIMENTAL

The b a s ic  d e s ig n  c o n s is t e d  o f  e ig h t  co m m ercia l soy p r o t e in s  and th re e  

ty p e s  o f meat food fo r m u la t io n s  ( f r e s h  f ro z e n , deep f a t  f r ie d  and c h a r -  

b r o ile d  p a t t ie s ) .  E x p e rim e n ts were conducted in  s ix  co m m e rcia l meat 

p r o c e s s in g  p la n t s ,  u nd er U .S . Departm ent o f  A g r ic u lt u r e  In s p e c t io n , lo c a te d  

in  fo u r d if f e r e n t  r e g io n s  o f  the U .S . From an ave rag e  in - p la n t  b a tc h  s iz e  

o f 340 l b s . ,  a 15  lb .  co m p o site  sam ple a t th e  b e g in n in g , m id d le  and end 

o f the b a tch  was fro z e n  and d e liv e r e d  to the la b o r a t o r y  fo r  a n a ly s is .

M o is t u re , f a t  and s a l t  were a n a ly z e d  on f iv e  p a t t ie s  from each e x p e r i­

ment a c c o rd in g  to A .O .A .C . m ethods. O b je c t iv e  t e x t u r a l  e v a lu a t io n s ,  u s in g  

the In s t r o n  were a ls o  ru n  on f iv e  p a t t ie s  from each e x p e rim e n t. The p a t t ie s  

were h e ated  in  a c o n v e c t io n  oven a t  3 2 5 °F  to  an in t e r n a l  tem p e ra tu re  o f 

1 5 5 ° F .  Sam ples 1  x l V  were ta k e n  from  each p a t t y  and p la ce d  on the In s t r o n  

(Model 1 1 3 2 ,  In s t r o n  C o rp o r a t io n , C a n to n , M ain e, U .S .A .)  b e fo re  tem p e ratu re  

dropped below 1 0 0 °F .  M achine s e t t in g s  f o r  th e  In s t r o n  w ere: (a )  D - C e l l ,  

(b ) Range = 100 l b s . / s q . i n . ,  and (c )  Ram Speed = 5 " /m in .

RESULTS AND CONCLUSIONS

I n s t i t u t i o n a l  p o r t io n  c o n t r o lle d  meat food p ro d u cts  a re  n o n -s p e c if ie d
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p ro d u c ts . They c u r r e n t ly  have no s ta n d a rd  o f  id e n t it y  as o th e r U .S . meat 

p ro d u c ts  ( f r a n k f u r t e r s ,  e t c . ) .  As a r e s u l t ,  the  i n s t i t u t i o n a l  p ro d u cts  

v a r y  w id e ly  in  in g r e d ie n t  f o r m u la t io n  and len d  th e m se lv e s  to  com plete 

e x p e r im e n ta t io n  as meat food system s r a t h e r  th an  as m eat, p er s e .

R e s u lt s  o f  th e se  e x p e rim e n ts  a re  p re se n te d  a c c o rd in g  to typ e  o f meat 

p ro d u ct and U .S . R e g io n  ( p la n t  and lo c a t io n ) .  Accom panying t a b le s  on 

fo r m u la t io n  c o n t a in  c h e m ic a l and t e x t u r a l  m easurem ents. The f i n a l  t a b le s  

(7 & 8) sum m arize a l l  e x p e rim e n ts : m eat, soy p r o t e in s  and r e s id u a l  i n ­

g r e d ie n t s ,  and p re se n t s t a t i s t i c a l  e v id e n c e  f o r  d if f e r e n c e s  r e la t e d  to  typ e 

o f soy p r o t e in  u se d .

TABLE I

-FR ES H  FROZEN BEEF P A T T IE S -
FORMULATION BY U .S . REGION, AND TYPE SOY PROTEIN

NORTHEAST SOUTHWEST
GSVP ADM-120 GSVP ULTRASOY

7 2 .0 % B e e f (6 0 /4 0 ) F ro z e n 3 3 .0 % B e e f (5 0 /5 0 )  F ro z e n

9 . 1 % T e x tu re d  Soy P r o t e in 3, 2 6 .4 % B e e f C h e e k s, F ro z e n

1 8 .4 % Ic e  W ater 6 .6 % Cow B e e f 8 5 /2 5 , F ro z e n

0 .5 % S a l t ,  S e a s o n in g , e t c . 3 .3 % T e x tu re d  Soy P r o t e in 3

10 0 .0 % 6 .6 % Soy F lo u r

2 3 . 1 % I c e  W ater

1 .0 %
10 0 .0 %

S a l t ,  S e a s o n in g , e t c .

a Each r e g io n  r e p r e s e n t s  a s e p a ra te  p la n t  in  w h ich  the te x tu re d  soy 
p r o t e in s  were te s te d  a t  l e v e l  shown.

T a b le s  1 and 2 p re se n t d a ta  on f r e s h  fro z e n  p a t t ie s  from the N o rth ­

e a s t  and Southw est r e g io n s .  M a in t a in in g  a good f r e s h  re d  c o lo r  in  t h is  

typ e  o f p ro d u ct has a lw a y s  been a pro b lem . T h e r e f o r e , th e  Southw est 

fo rm u la  used b e e f cheeks to g iv e  a d d it io n a l  c o lo r .  The soy p r o t e in s  compared 

were G r i f f i t h  S t r u c t u r e d  V e g e ta b le  P r o t e in  (G S V P ), A rc h e r D a n ie ls  M id la n d

/ / . j
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(ADM-120) and Far-Mar-Co (Ultrasoy).

-FR ESH  FROZEN BEEF P A T T IE S - 
CHEMICALa AND TEXTURAL MEASUREMENTS 
BY U .S . REGION AND TYPE SOY PROTEIN

TABLE 2

NORTHEAST SOUTHWEST
I n s t r o n 0 M F S In s t r o n

GSVP 7 .8 6 GSVP 5 9 .3  1 7 .2 1 .2 7 .6 1

ADM-120 5 .8 4 ULTRASOY 5 6 .2  2 5 . 1 0 .6 6 .2 7

^  = M o is tu re , F = F a t , S -  S a l t . F iv e  p a t t ie s each were
a n a ly z e d  by A . O . A . C .  m ethods.

bF iv e  p a t t ie s  each were g r i l l e d  and s u b je c te d  to the In s t r o n  
f o r  o b je c t iv e  t e x t u r a l  e v a lu a t io n  (pou nds/gram  f o r c e ) .  The 
la r g e r  th e  number, the  f ir m e r  the t e x t u r e .

Mean t e x t u r a l  m easurem ents a re  p re se n te d  in  T a b le  2 .  P a t t ie s  con­

t a in in g  GSVP a re  f ir m e r  th a n  th o se  p a t t ie s  c o n t a in in g  the  a lt e r n a t iv e  

p r o t e in s  in  both r e g io n s .  A lth o u g h  th e se  d if f e r e n c e s  in  means a re  sup­

p o rte d  by a n a ly s is  o f v a r ia n c e  ( T a b le  7 ) ,  i t  i s  p o s s ib le  th a t  most o f the 

o b served  d if f e r e n c e s  in  t h is  s p e c if ic  ca se  a re  a s s o c ia t e d  more w it h  d if f e r e n c e s  

in  f a t  co n te n t and amount o f  s k e le t a l  meat than typ e o f soy p r o t e in .
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TABLE 3
-BATTER AND BREADED DEEP FAT FRIED BEEF PATTIES -
FORMULATION BY U.S. REGION AND TYPE SOY PROTEIN

_______SOUTHWEST_______
GSVP, ULTRASOY. ADM-240

38.8% Beef Trim (50/50) 
Frozen

16.2% Beef Hearts,Decap 
Frozen

9.7% Partially Defatted 
Beef Fatty Tissue

6.4% Textured Soy 
Proteina

1.8% Soy Protein 
Concentrate 
Emulsify er (GL-301)

3.2% Soy Flour

22.6% Ice/Water
1.3% Salt,Seasoning,etc.

100 . 0%

_________WEST_________
GSVP, ULTRASOY. BONTRE

7.6% Cow Meat *80/20) 
Fresh

30.3% Beef, 50/50 
Frozen

12.6% Textured Soy 
Protein

1.5% Soy Protein 
Concentrate 
Emulsifyer

3.5% Cereal Binder

________NORTHWEST______
______GSVP. TEXGRAN

24.7% Beef (60/40)
Frozen

37.0% Beef (70/30)
Frozen

6.2%, Textured Soy 
Protein

3.1%, Soy Protein 
Concentrate 
Granular (GL-219)

3.1% Soy Protein 
Concentrate 
Emulsifyer(GL-301)

.24.7%, Ice/Water
1.2% Salt,Seasoning,etc.

100 . 0%

43.0% Ice/Water 
1.5% Salt,Seasoning,etc 

1 0 0.0%

aEach region represents a separate plant in which the textured soy proteins 
were tested at level shown.

Table 3 shows the formulations for battered and breaded, deep fat 

fried product. These products are more highly extended than the fresh 

frozen product because fresh meat color is no problem. In the Southwest 

formulation, beef hearts and partially defatted beef fatty tissue are used 

for economical reasons. There is little binding property in these meats 

because the major protein source is collagen. In the West formula, there is 

only 37.9 per cent skeletal meat. Here advantage is taken of the soy protein 

concentrate emulsifyer (GL-301) in combination with the textured soy protein. 

The textured soy provides bite and mouth feel, whereas the soy concentrate 

emulsifyer provides bind. In the Northwest formulation, more skeletal meat 

was used in combination with textured soy protein and soy protein concentrate.

i
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TABLE 5
-CHAR-BROILED BEEF PATTIES-

FORMULATION BY U.S. REGION AND TYPE SOY PROTEINa
NORTHEAST WEST

GSVP. CARGIL - 18BF, MAXTEN

55.07» Beef Trim (80/20) Frozen

24.47» Partially Defatted Beef 
Fatty Tissue

5.97» Textured Soy Protein*3 * 

13.6c Ice/Water 

1.17» Salt, Seasoning, etc. 

100.07»

GSVP, EDDI-PRO, MAXTEN. TEXTRASOY 

55.07» Beef, 70/30', Fresh 

6.07» Textured Soy Protein*5

5.07» Soy Protein Concentrate 
Emulsifyer (GL-301)

1.07» Soy Protein Concentrate 
Granular (GL-219)

30.07» Ice/Water

1.07» Fresh Frozen Onions

2.07» Salt, Seasoning, etc. 
100.07»

aGSVP, Cargil, Maxten = 507» textured soy protein; Eddi-Pro = 907» soy isolate 
fibers; Textrasoy = 507» soy flour -- compressed.

^Each region represents a separate plant in which the textured soy proteins 
were tested at level shown.

Char-broiled data is presented in Tables 5 and 6. These products are 

pre-cooked on a chain belt that moves through an open gas flame. Therefore, 

fresh meat color is not as important as bind and flavor. The West formula­

tion used less meat than the Northeast, and employed a combination of soy 

concentrates and textured proteins. Instron data for the West formulations 

suggest significant textural differences (Table 7). Maxten appears to give 

the most bite or texture in the West char-broiled formulations, followed by 

GSVP, Eddi-Pro and Textrasoy.

/7. /
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TABLE 6
-CHAR-BROILED BEEF PATTIES-

CHEMICALaAND TEXTURAL MEASUREMENTS
BY U.S. REGION AND TYPE SOY PROTEINb

NORTHEAST_________ WEST
M F S M F S Instron

GSVP 55. A 20.9 .64 EDDI-PRO 55.1 17.9 1.7 10.02
CARGIL 55.3 20.9 .40 GSVP 57.5 17.4 1.7 10.28
MAXTEN 55.7 21.9 .30 MAXTEN 58.4 17.3 1.6 12.16

TEXTRASOY 54.3 19.4 1.5 7.63

aM = Moisture, 
methods.

F = Fat, S = Salt. Five patties each were analyzed by A.

bGSVP, Cargil, Maxten = 50% textured soy protein; Eddi-Pro = 90% soy isolate 
fiber; Textrasoy = 50%, soy flour, compressed.

A summary of means and variance estimators ( /b SL- ) for the Instron 

textural data among regions, products and soy proteins is presented in 

Table 7 (Terrell, W.T., 1973). The null hypothesis that means are equal 

is rejected in the fresh frozen experiments. In formulations compared,

GSVP had more texture than ADM-120 or Ultrasoy. No significant differences 

are observed in the case of deep fat fried products within the West and North­

west formulations (GSVP, Ultrasoy, Bontre); (GSVP, Texgran). However, 

differences within the Southwest formulation are noted (ADM-240 had more 

texture than GSVP and Ultrasoy). Regarding char-broiled products from the 

West, the null hypothesis of equal firmness is rejected.

NOTE: Student's "T" distribution was used in testing the hypothesis 

of equal means where the columns in Table 7 have only two entries. 

Otherwise, one-way analysis of variance and Fisher's "F" distribution 

was used. Among the four cases of rejection, only the last column 

suggested unequal variances. For a complete statistical explanation, 

see Freund, J.E., Mathematical Statistics. Prentice Hall, 1971.
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-SUMMARY OF MEANS AND VARIANCE ESTIMATORS- 
INSTRON TEXTURAL EVALUATION OF DIFFERENT TYPES OF BEEF PATTIES 

BY U.S. REGION AND TYPE OF SOY PROTEIN
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The variance estimators are a measure of dispersion (non-homogeneity). 

Factors affecting the value are: (1) Uniformity of mesh size in the 

textured soy protein and (2) Uniformity of mix into the meat food for­

mulation. Where variance estimators are large, the soy protein may be 

non-homogeneous in mesh size, which would contribute to quality control 

problems in the finished product. On the other hand, if soy proteins are 

not hydrated sufficiently and mixed uniformly into the formulation, a 

non-homogenous texture would result.

Bulk density is a physical property that affects the rate of re­

hydration and amount of rehydration in textured soy protein. The com­

position (per cent moisture) of the soy mass as it passes through the 

extrusion cooker relates to the rate of expansion (puffing) and, therefore, 

the bulk density of the product. If the bulk density is high (50 - 60 lbs/ 

cu.ft.) the textured product is more dense and will rehydrate slower than 

if the bulk density is low (20 - 30 lbs./cu.ft.).

In general, when Instron measurements were between 2.6 and 4.6, 

product formulations had less skeletal meats than when the Instron values 

were 7.8 to 12.1, regardless of type and combination of soy proteins used.
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