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Soybeans are among the m ost important and most valuable industrial plants from which different soy Pr° ^  
products are produced. The soy bean products can be subdivided essentially into three groups: soy flour, soy F  ^  
concentrate and soy protein isolate. Soy flour should contain at least 50%, soy protein concentrate at least 70 0 
soy protein isolate at least 90% o f  protein as related to dry matter (SCHRÖDER et ai., 1985).

Soy proteins are macromolecular substances with several functional properties comprising the physicocherr îng 
characteristics (sw elling, water absorption, solubility, gel forming and em ulsion capacity) that make influe” v6 
o f food quality possible. Soy proteins should have acceptable features such as taste, texture, colour, good nu . 
value and the functional properties required for the utilisation intended (KINSELLA, 1976; I f f i R M ^ S .ces 
1972). For exam ple in manufacturing Bologna type sausages soy proteins are used to enhance the binding ^  
o f the meat mass, i.e. the water binding capacity and fat stability. This may contribute to reduced fat rendering 
jelly  deposits in Bologna type sausages.

The aim o f  the present study was to investigate som e functional properties (swelling, gelation, em ulsify  
five different soy protein products and to test the microstructure o f  the sw ollen soy protein samples. ge 
emulsions.

Material and Methods

Five different soy protein preparations were used as test materials (Tab. 1) and their functional propertieS 
determined as follows.
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Sw e,,ing  rM A ^ ’The sw elling capacity o f  soy protein products was measured in a BA U M A N N 's glass apparatus ( B A U i^
1967) as described by H ER M A N SSO N  (1972) and KA TSAR AS et al. (1994).

Preparation of Soy Protein Suspensions and Emulsions tejn
W hen preparing gels (dispersions) soy protein must be entirely dissolved in water. Depending on the P ^ t0 
concentration o f  soy protein products dispersing is carried out with different amounts o f  water. It is essen 
select the amounts o f  soy protein and water in such a way so as to obtain a considerably solid gel. In the P  ̂
investigations one part o f  full-fat soy flour, defatted soy flour and soy protein hydrolysate were respective 1 
mixed with three parts o f  water, one part o f  soy protein concentrate with four, and one part o f  soy protein1 
with five parts o f  water to yield an uniform dispersion.

When preparing em ulsions, the ratio o f  soy protein, water and sunflower oil w as 1 :3:3 with full-fa1 s°7 ^  
defatted soy flour and soy protein hydrolysate, 1:4:4 with soy protein concentrate and 1:5:5 with soy protein1

col
Dispersions and emulsions were respectively homogenized in a hom ogenizer (household appliance, KrUps f .  
5 0 0 ) for 2 min. at grade II. In preparing emulsions soy protein w as first hydrated and subsequently. 
addition o f  the oil, the emulsification was continued for another 2  min. Dispersions and em ulsions were then 
in a water bath upto 70°C  core temperature and subsequently cooled in ice water.
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Microscopic Studies
The microstructures o f the swollen soy protein products, gels and emulsions were determined by using the sc ^  ^ 
electron m icroscope. The samples ( 5 x 5 x 5  mm) were cryofractured in liquid nitrogen and then n

1



!989) 2 VSKY sdution- This w as followed by a post-fixation in buffered osmium tetroxide (KATSARAS et al., 
moiinteĤ e SampIes were d^ 15rdrated m 311 increasing ethanol series, critical point dried with C 0 2 replacing ethanol, 
electr ° n alumiruurn stubs, coated with gold in a sputtering device and observed in a JEOL JSM -840 scanning 

°n microscope at an accelerating voltage o f  25 kV.

HesUlts a&d Discussion

^dervt h e y proteins such as soy flours, soy protein concentrates and isolates have to be hydrated prior to using, i.e. 
Phen0mUSt Ŝ e11 311(1 take up water- The association o f  water with soy protein is described as a "site-binding- 

Tl)611011" 1976)- Water uptake and retention affect consistency and viscosity o f  foods in a decisive
pr°tein Lr<f UltS ° f  sw ellm g o f  1116 “ y  Protem products are shown in Fig. 1. At the beginning the swelling o f  soypwuuvio Oiiumi ui a 15. 1 . lug ucgllimilg U1C swelling 01 soy  

^Ple h° 316 showed 3 higher value 411311 compared to the other products; still at the end o f  the test period this 
betw taken UP the maximum amount o f  water. On the other hand only small differences were observed  
caPaci r® rest o f  the samples. Thus, soy protein isolate behave somewhat differently having a greater swelling  
and the v  C WOrSt swellmg properties were found with full-fat soy flour which also had the low est protem content

ÎflCOn * * * • ----- ------  J r  x aviuio ougii aa
'ntefgcti centrati°n> time, ionic strength, etc. affect the forces underlying the protein-protein and protein-water 

°ns and thus also influence the sw elling capacity.

bUt a lso^ f ° fhydratlon o f  ̂  Proteins changes the protein structure. Fig. 2 shows the presence mainly o f  swollen  
'tydiff- 80016 small unswollen protein particles. The swelling capacity o f  different soy protein particles is not 
®etUng di 601 but 3180 limited, i.e. they may take up water to form swollen particles, however, the latter do not start 
^ P r o t e ' ^ - on ^  otber hanc1, * *  Protems have been enzymatically treated prior to sw elling as, e.g., with 
V  fibre*" hydrolysate> sweIEng leads t0 the formation o f  a gel structure with an irregular network consisting o f  
rePeatedlS lnterw°ven  with and connected to each other (Fig. 3). The continuity o f  this fine threadlike network is 

y mterrupted by the presence o f  numerous cotyledone tissue remnants.

^ tPre'of ufS° y protein concentrate dispersions, a denaturation occurs, bringing about changes in the globular 
Utlfoldin proteins- Heating in this case includes dissociation o f  the quaternary structure and causes a partially 
^  L f P ^ y P e ^ 3 o f  protein subunits (WOLF, 1974; H U A N G  and RHA, 1974). Upon cooling, the 
8el sh u c w ypeptides reassociate to form 8eIs (CATSIM POOLAS and M EYER, 1970; SAIO et al., 1975). Such

%
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es bave binding properties and possess water binding and fat stabilizing characteristics.

'V|fhin a forms a gel structure o f  heat coagulated protein conglomerates with a size distribution varying
N c  and r n6 Fange contamin8 many cavities. In these cavities not only immobilized water but also a number o f  
' lustratesCf  Wal1 debns as wel1 as particles o f  cotyledone tissue is embedded (Fig. 4). The micrograph (Fig. 5) 

at globules o f  soy flour dispergated in the protein matrix .
\ hyd:
6r‘aiPration!k proteins o f  deflM ed soy  flo u r  often aggregate and form protein conglomerates. Upon heat 
° ' !t >s obV' Cy 316 clustered t0 3 Protein matrix in which lots o f  cell wall remnants are loosely embedded (Fig. 
^  >°us that this "fissured" network is  not essentially different from the structure o f  fullfat soy flour.

êfatted hydrolysate  gel has a more irregular but denser network than the gels obtained from fullfat and 
w d ll0Ut' Tbis m° re peature might be attributed to better protein aggregation obviously occuring 

CotYledo r° tCln m olecules are  enzymatically degraded. However, even this protein matrix contains many parts 
e tissue (Fig. 7 ) and thus polysaccharides.

In*0j» Co^
^  this netw”  u” * disPersions aggregated protein particles form bigger agglomerates (Fig. 8 ) than in soy flours 

°rk structure contains definitely less nonprotein components.
4he strUctur
i& ^ance gels obtained from soy  protein  isolate  shows a coherent protein matrix with a dense and solid  

ate inAc rnany cavities. The individual cavities have diameters smaller than 1 p m  (Fig. 9). The soy protein
'Jp I'quid o? ! 3 3 networh typical for protein gels which seem s to lend itself to water binding. Soy proteins taking 

cParatlOn o f  H w n p rc io n «  r h i in o p  c tm o tu rp  to  f o rm  f a t  c tah ilic ir» «  rr,otnV.oe
on

In
j'preParin
SS|ie and f a / T  Protein emulsions neither the microstructure o f  the protein matrix nor the fragments o f  cotyledone 

gtobules appear to be uniform. The fluid fat mass and the structure forming soy protein get linked and

JVJ YMUV11 ovviiio IV/ iviivx icovax uj vraiU JU) pi Ull

Preparation o f  dispersions change their structure to form fat stabilising protein matrices.
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penetrate each other (Fig. 10). In this state, fat mass and protein matrix are "interlaced" in such a way that they 
in comm on a "penetration structure".

u  f
The soy  protein concentrate emulsion, though showing a continuous structure, is irregular due to the great nu^ ^ 
o f  cavities; such a structure is not able to disperse fat uniformly and completely and cannot hold it together 
em ulsionlike way.

On the other hand, and in most cases the so y  protein  isolate emulsion  show s uniformly distributee v- ^  
surrounded by a very thin protein film (Fig. 11). Such protein coatings do not only prevent the coalescence 0 
fat globules but are also in contact with adjacent fat particles, thus representing 
a "true emulsion".

Fig. 6 : Defatted soy flour suspension (SEM , 2 0 00  x); Fig. 7: Soy hydrolysate suspension (SEM , 500 x); 
Soy protein concentrate suspension (SEM, 2 000  x); Fig. 9: Soy protein isolate suspension (SEM , 10 000 N- 
10: Soy flour em ulsion (SEM , 500  x); Fig. 11: Soy isolate emulsion (SEM  12 000  x)
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