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ABSTRACT 

Soy protein is the vegetable protein that is most 
frequently used in meat products. Accordingly, detec- 
tion and determination procedures have mainly been 
focused on soy proteins. Cereal proteins received 
far less at tention analytically, let alone the less con- 
ventional vegetable proteins. Every method published 
has only a limited applicability, determined by both 
the type of soY preparation concerned and the heat 
processing of the sample. The methods may be 
divided into five categories. 1. Chemical methods are 
based on analysis of tracer substances accompanying 
the soy proteins by nature. Their specificity is rather 
low; other vegetable proteins may contain the same 
substances. Soy flour, concentrates and texturates 
respond quantitatively, and sometimes even qualita- 
tively, different. The methods are almost useless for 
isolated soy proteins. 2. Microscopic methods may 
allow rapid detection of soy products except isolates. 
They may be used for quanti tat ion purposes. How- 
ever, representative results will only be secured at the 
expense of time and labor. 3. Electrophoresis meth- 
ods rely on the recognizability of soy protein bands 
in the pherogram pattern. Field of application and 
specificity are satisfactory. Efficient media enable 
complete solubilization of soy protein from meat 
products, if not severely heat-processed. 4. Immuno-  
chemical methods, although very sensitive and 
specific, are only suitable for detection purposes, 
provided the sample temperature did not  exceed 100 
C during processing. This holds, of course, only true 
if the soy produced used is not  excessively heated 
during preparation. 5. Methods based on amino acid 
composition or sequence are based on computer 
matching of the amino acid pattern of the meat 
product sample with those of varying mixtures of all 
proteins that could be contained in the sample. 

Increasing amounts of soy protein are being up-graded to 
a wide diversity of protein products for human nutrit ion. 
However, soy protein probably will not  supersede any of 
the common protein-rich staple foods in the Western world, 
such as meat, milk and dairy products, cereals and beans. 
The soy proteins, therefore, had to acquire a share of the 
market as protein substitutes or extenders. This evoked the 
need to regulate their use, and regulations demand tools to 
ensure their enforcement. Repressive control in the labora- 
tory can only be performed if adequate analytical methods 
are available. 

A substantial part of the soy protein products for human 
consumption is used in the manufacture of meat products. 
At present soy protein is the most frequently applied 
vegetable protein in these products. Accordingly, many 
methods have been proposed for detection and determina- 
t ion of soy protein in meat products. Cereal and other oil 
seed proteins, which are also added sometimes, received far 
less at tention from analysts. 

The published methods of analysis for soy proteins 

comprise a diversity of principles. An elaborate survey is 
given by Olsman and Krol (1). Each has only limited 
applicability, dependent on both the type of soy prepara- 
t ion concerned and the heat t reatment  of the meat product. 
A division into two main groups can be made: 

A. Methods based on the pres- 
ence of substances accom- 
panying the proteins 

B. Methods based on proteins 
themselves 

1. chemical methods 
2. microscopic methods 

1. electrophoretical methods 
2. immunochemical methods 
3. methods based on amino 

acid composition or se- 
quence 

Substances that have been used as tracers revealing the 
presence of soy proteins or to estimate their concentrat ion 
by means of chemical methods are: oligosaccharides such as 
raffinose, stachyose and verbascose, pentosans, hemicellu- 
lose and crude fibre, saponins, the amino acid canavanine, 
phytine or phytic acid, manganese and magnesium. The 
specificity of these methods is generally rather poor. 
Cereals and legumes may also contain some of these com- 
pounds. Furthermore, the concentrat ion of tracer com- 
pounds in soy products of different origin may vary con- 
siderably, whereas some of the substances may also occur in 
the raw meat materials or in other ingredients. 

Microscopic methods are very suitable for screening 
purposes. They are more specific than the chemical 
methods because of their showing morphological charac- 
teristics. A very rapid method used in The Netherlands 
takes advantage of the presence of calcium oxalate crystals 
in the cotyledon ceils of the soybean (2,3,4). They can be 
seen in polarized light as polygonal green colored bodies, as 
shown in Figure I, Most microscopic techniques rely on 
histological staining of the polysaccharide cell wall con- 
stitutents of the soy bean. Such a procedure has recently 
even been advocated for quant i ta t ion purposes (5) using 

FIG. 1. Ca-oxalate crystals in dried defatted material of a 
luncheon meat sample containing textured soya protein; magnifi- 
cation 450 x. 

285 



FIG. 2. SDS-Polyacrylamide gel electrophoresis; pherograms of 
luncheon meat type products: 1-4 pasteurized products (60 rain at 
85 C) with 2, 1, 0.5 and 0% soy protein isolate; 5 sodium caseinate; 
6 soy protein isolate; 7-10 shelf stable products (Fo= 0.57) with 2, 1, 
0.5 and 0% soy protein isolate; products 2 and 8 also contain 1% 
sodium caseinate. 

stereo techniques which are necessarily rather time-consum- 
ing. Group A methods only apply to soy flour, grits and 
textured products and to a slightly lesser e x t e n t -  to 
concentrates and textured preparations made from them. 
Purified proteins, lik'e isolates, solely depend on the B 
methods for their detection and quantitation, although 
some substances may partly survive the purification pro- 
cedure and remain partially associated with the proteins 
(e.g., phytin). 

Electrophoretic methods require the complete solution 
of proteins for their subsequent separation. When a meat 
product is heated, the proteins will denature and generally 
lose their solubility in water or dilute buffer solutions. The 
protein coagulum of a heat-processed meat product may be 
considered as a random three dimensional network of 
intertwining polypeptide chains, which interact by hydro- 
gen, hydrophobic and disulphide bonds. Proteins can 
adequately be extracted from this mass by using reagents 
such as detergents, concentrated solutions of urea and 
SH-reagents. The dissolution is the more successful, as the 
heat treatment of the product has been milder. Remarkably 
enough, solubilization of soy proteins from heated meat 
systems has never been studied systematically as far as we 
know from the literature. However, elaborate studies have 
been performed on thoroughly heat-denatured soy bean 
meal (6), showing that 16% of protein can be extracted 
with a pH 8.6 buffer solution. The same solution contain- 
ing 8 M urea and 0.1 M 2-mercaptoethanol dissolves 76% of 
the proteins. Extraction of the dried, defatted meat 
product sample with a buffer solution containing sodium 
dodecyl sulphate (SDS) and 2-mercaptoethanol (ME), 
followed by electrophoresis in an SDS-containing poly- 
acrylamide gel at slightly alkaline pH, seems to be the best 
method available today. Figure 2 shows the electrophoretic 
patterns of pasteurized and shelf-stable luncheon meat 

containing different levels of soy protein isolate. Soy 
proteins are detectable down to levels of 1% on whole 
product, the characteristic soy band marked by the arrow 
being somewhat less pronounced for the shelf stable 
samples. Quanti tat ion by densitometry is possible in 
principle, but  the reliability of quantitative data can only 
be evaluated from collaborative studies which, to our 
knowledge, have not  yet been undertaken. At any rate, 
electrophoretic quanti tat ion of soy proteins in meat 
products cooked at temperatures above 100 C seems to be 
difficult because of reduced extractability. 

lmmunochemical  methods are characterized by high 
specificity and sensitivity. Nevertheless, their field of 
application is limited for various reasons. 

In order to maintain their antigenic properties, soy 
proteins should be extracted from meat products only 
under relatively mild conditions, which may not allow their 
complete dissolution. It is true that in current antiserum 
production procedures, part of the immunogenic soy 
protein is subjected to heat prior to administering it to 
rabbits, in order to elicit antibodies against the heat de- 
natured proteins present in heat-processed meat products. 
However, sample extraction with urea or SDS would bring 
on additional irreversible changes in the protein conforma- 
tion of the soy antigens so that they would lose the ability 
to form complexes with their antibodies. These circum- 
stances hamper the achievement of favorable conditions for 
quantitative work. 

Differences in processing soy proteins at various fac- 
tories, and perhaps genetic varieties of the soy bean as well, 
affect the determination of soy proteins by any immuno- 
chemical method. According to Hammond et al. (7) many 
textured soy products do not respond to antisoy isolate 
serum. Hauser et al. (8) found the antiserum to promine D 
to react with its homologous protein antigen only, and not  
with four other commercially available soy protein isolates. 
The observation is supported by experiences with soy 
isolates, gained at the former Animal and Plant Health 
Service of the U.S.D.A. It was found that antisera, pro- 
duced with any batch or lot of isolated soy immunogen; 
would not necessarily react against other batches or lots. 

The third factor limiting the widespread use of immuno- 
chemical methods is the fact that antisera of consistent 
quality, with specified high titres, are difficult to obtain. 
Antisoy serum is commercially available; however, its titre is 
relatively low, variable and not specified. There is an urgent 
need for a better and more defined antiserum. Some 
investigators, for that reason, prefer to prepare their own 
antisera. Close cooperation and exchange of ideas between 
food analysts and (potential) suppliers of antisera - pro- 
vided they are sincerely interested in the relatively small 
market - would be necessary to achieve a substantial 
improvement in the present situation. For the time being, 
immunochemical methods are only of limited use for the 
raw and mildly heated meat products for the presence of 
soy proteins. Quanti tat ion by these methods is impossible. 

The group of methods based on amino acid composition 
or sequence comprises two novel approaches. Digestion of 
the protein mixture from meat product samples with the 
proteolytic enzyme trypsine (9,10,11,12) gives a peptide 
mixture which can be subjected to ion exchange chroma- 
tography. The complex elution pattern shows a small but 
distinct peak, mainly originating from the 11 S-fraction of 
the soy protein complex. It appeared that about 60% of the 
peptides constituting the peak could be attributed to one 
single pentapeptide. It may be questioned if this elegant 
method is not too sophisticated for use as a routine method 
for the determination of soy protein content in meat 

products. Furthermore, no information is given as to 
whether the result could be affected by the presence of 
other nonmeat  proteins in a meat product sample. From 
tentative experiments in our institute, we concluded that 
erroneous results may be obtained for meat products 
containing casein. 

The fact that every protein has its own characteristic 
amino acid pattern offers a key to developing the identity 
of protein components  in mixtures and the latter's quanti- 
tative composition. For long this was merely an interesting 
idea. In 1975, however, the computer was used to match 
the amino acid pattern of a food product sample with those of 
proteins that come into consideration as possible constitu- 
ents of that particular food product (13). Whereas Lindqvist 
(13) fixed his at tent ion to dairy products, we in our institute 
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FIG. 3. Actual protein composition and the most probable compositions as calculated by computer evaluation of the amino acid 
pattern for two extended meat products; s = standard deviation from regression of amino acid data. 

are evaluat ing the  feasibil i ty o f  a similar mul t ip le  regress ion 
p rocedu re  to  iden t i fy  - qual i tat ively as well as quant i ta -  
t ively - the  d i f fe ren t  p ro t e in  ingred ien ts  in mea t  p roduc t s .  
Figure 3 shows results  o f  two  pas teur ized  c o m m i n u t e d  m e a t  
p roduc t s ,  each  con ta in ing  four  p r o t e i n  ingredients .  Fo i  
commerc ia l  mea t  p roduc t s ,  which  may  con ta in  p ro te in  
hydro lyza te s ,  a p re l iminary  removal  o f  low molecu la r  
N-conta in ing  c o m p o u n d s  by ex t r ac t ion  wi th  a t r ich loro-  

acet ic  acid so lu t ion  is necessary.  A l t h o u g h  this  a p p r o a c h  
exceeds  the  scope  o f  a specif ic  soy p ro t e in  m e t h o d ,  it  
should  n o t  be o m i t t e d  f rom this survey because of  the  
advantage o f  being capable,  in pr inciple ,  to  p r o d u c e  a 
comp le t e  p ic ture  o f  the  p ro t e in  c o m p o s i t i o n  in one  pro-  
cedure .  None  o f  the  great  var iety o f  m e t h o d s  o f  analysis for  

soy p ro te ins  in mea t  p roduc t s  has ye t  been  general ly 
accep ted  as the  bes t  or  the  m o s t  promis ing .  Such j u d g m e n t s  
can only  be made  on the  basis o f  resul ts  o f  compara t ive  

tests  in several laborator ies .  To our  knowledge  such  
s tudies  have hard ly  been  u n d e r t a k e n  up  to  now.  However ,  
t h e y  are prerequis i tes  for  t h e  d e v e l o p m e n t  of  s t andard  
m e t h o d s  of  analysis.  
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