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Soybeans are among the most important and most valuable industrial plants from which different 0¥ proiiﬂ
products are produced. The soy bean products can be subdivided essentially into three groups: soy flour, S0¥ pofu and
concentrate and soy protein isolate. Soy flour should contain at least 50%, soy protein concentrate at least
soy protein isolate at least 90% of protein as related to dry matter (SCHRODER et al., 1985).
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Soy proteins are macromolecular substances with several functional properties comprising the pll}’Si?OChe;r:ing
characteristics (swelling, water absorption, solubility, gel forming and emulsion capacity) that make 1 uem'liw:
of food quality possible. Soy proteins should have acceptable features such as taste, texture, colour, g n;SON’
value and the functional properties required for the utilisation intended (KINSELLA, 1976; IIFRMA foroes
1972). For example in manufacturing Bologna type sausages soy proteins are used to enhance the binding and
of the meat mass, i.e. the water binding capacity and fat stability. This may contribute to reduced fat ren ent
Jelly deposits in Bologna type sausages.
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The aim of the present study was to investigate some functional properties (swelling, gelation, cmulSiﬁcanOﬂan
five different soy protein products and to test the microstructure of the swollen soy protein samples; g
emulsions.

Material and Methods

it : . . g : jes We
Five different soy protein preparations were used as test materials (Tab. 1) and their functional pr Opem
determined as follows.

Swelling M/\NN'
The swelling capacity of soy protein products was measured in a BAUMANN's glass apparatus (BAU
1967) as described by HERMANSSON (1972) and KATSARAS et al. (1994).

Preparation of Soy Protein Suspensions and Emulsions roteiﬂ
When preparing gels (dispersions) soy protein must be entirely dissolved in water. Depending on the P10
concentration of soy protein products dispersing is carried out with different amounts of water. It i$ csseﬂr gent
select the amounts of soy protein and water in such a way so as to obtain a considerably solid gel. In lhe P cach
investigations one part of full-fat soy flour, defatted soy flour and soy protein hydrolysate were rcSPCC“Ye ‘solald
mixed with three parts of water, one part of soy protein concentrate with four, and one part of soy protet? s
with five parts of water to yield an uniform dispersion.

flod
When preparing emulsions, the ratio of soy protein, water and sunflower oil was 1:3:3 with full-fat 'SO)i, Jate
defatted soy flour and soy protein hydrolysate, 1:4:4 with soy protein concentrate and 1:5:5 with soy prote®®

Dispersions and emulsions were respectively homogenized in a homogenizer (household appliance, KI
500) for 2 min. at grade II. In preparing emulsions soy protein was first hydrated and subsequently; hented
addition of the oil, the emulsification was continued for another 2 min. Dispersions and emulsions were the
in a water bath upto 70°C core temperature and subsequently cooled in ice water.
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Microscopic Studies
od ¥
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The microstructures of the swollen soy protein products, gels and emulsions were determined by using th
electron microscope. The samples (5 x 5 x 5 mm) were cryofractured in liquid nitrogen and the




KARNOVSKY solution. This was followed by a post-fixation in buffered osmiurp tetrqxide (KATSARAS et a‘ll,,
8 ' 111€ samples were dehydrated in an increasing ethanol series, critical point dncq with CO, replacing eLhanp i
"l on aluminium stubs, coated with gold in a sputtering device and observed in a JEOL JSM-840 scanning
*etron Microscope at an accelerating voltage of 25 kV.

Ry
ults and Discussion

ilowde,y Proteins such as soy flours, soy protein concentrates and isolates havg to be h_\'cl_rated pno: to uts)mi 1.€.

MUst swell and take ui) water. The association of water with soy protein is -descrl1b'ed as a ‘glte-dln in‘gz;
e Menop” (HANSEN, 1976). Water uptake and retention affect consistency and viscosity of foods in a ec;ﬁm -
" STesults of swelling of the soy protein products are shown in F ig. 1. At the beginning the swellmg 0 SQ}j
Hleip isolate showed a higher value than compared to the other products; still at the end of the test period this
pmple had taken up the maximum amount of water. On the other hand only small dlﬁer.ences were obser\l'ed
o e rest of the samples. Thus, soy protein isolate behave somewhat differently having a greater swelling
P ' +01€ worst swelling properties were found with full-fat soy flour which also hgd the lowest protein content
i ighest carbohydrate and fat content compared to the rest of thc soy protein prodgcts, Factorsv suc’htas.
Oncentration, tiine, ionic strength, etc. affect the forces underlying the protein-protein and protein-water

Wep, .- ; :
efacn(ms and thus also influence the swelling capacity.

Prote'

0SS of hydration of soy proteins changes the protein structure. Fig. 2 shows the presence mainly of swollen

Thep
Elnllt al§0 of some small unswollen protein particles. The swelling capacity ot?diﬁ’crcm soy protein particles 1sﬁtnot
Bett <rent but also limited, i.e. they may take up water to form swollen particles, hoyvever, the lgtter do not qurt
S X .SSOIVed. If, on the other hand, soy proteins have been enzymatically treatcd prior to swelling as, e.g, W 1Lh‘
thj}l;Drotein hydr()l))'satc, swelling leads to the formation of a gel structure \A\'ith an 1‘Ire.gu~lar nctwor}.( ,COHSISI,mi ol
repeﬁbres interwoven with and connected to each other (Fig. 3). ‘The continuity of this fine threadlike network is
Aledly intenuptcd by the presence of numerous cotyledone tissue remnants.

Stmheating of soy protein concentrate dispersions, a denaturation occurs, bringing about changes u} the glob.ullzlxrv

unfC < Of the proteins. Heating in this case includes dissociation of the quaternary slmcn(lre and causes a Ipamzil y

”“f(?l g of Polypeptides of protein subunits (WOLF, 1974; HUANG and RHA, 1 ,374). Up(;n Icgf; _mgéu 1§

86] Sded pOIYPcptides reassociate to form gels (CA'I‘SIIVH’QOLAS and MEYER .1 970; SAIO .eit?‘ i S). Suc
clures have binding properties and possess water binding and fat stabilizing characteristics.

With'fa’ %% flour forms a gel structure of heat coagulated protein conglomerates‘with a size distribution varying

hUskln : ]arge Tange containing many cavities. In these cavities not only immobllvl.zcd \\'a't‘er but} also a num‘t?cr ?t

i“uSt 0 cel) Wall debris as well as particles of cotyledone tissue is embedded (Fig. 4). The micrograph (Fig. 5)
wes fat globules of soy flour dispergated in the protein matrix .

Th

e E : : :
ey h}’dra[ed Proteins of defatted soy flour often aggregate and form protein conglomerates. Upon hﬂu‘at
6.1t llon they are clustered to a protein matrix in which lots of cell wall remnants are I(\f)sely embedded (Fig.

* Obvioyg that this "fissured" network is not essentially different from the structure of fullfat soy flour.
Ty

§ Ao
dﬁfats ¥ "olein hydrolysate gel has a more irregular but denser network than the gels obtamzd ﬁom fullfat gnd
Whe o Soy ﬂOUri This more solid feature might be attributed to better protein aggrcgatlpn ob\'xgusly occuring
o c: Y Protein molecules are enzymatically degraded. However, even this protein matrix contains many parts

One tissue (Fig. 7) and thus polysaccharides.
Iy

so . . . . =

g i-conce”’rate dispersions aggregated protein particles form bigger agglomerates (Fig. 8) than in soy flours
5 fetwork Structure contains definitely less nonprotein components.

e . . . .
appe?;ucmre Of the gels obtained from soy protein isolate shows a coherent protein matrix }\'101 a dense and s:)hd
is()late- oeand Many cavities. The individual cavities have diameters smaller than | xm (F 1g. ?). The SOy \pra(;; ein
U ligy: , atesa network typical for protein gels which seems to lend itself to water bmdmg. 50_\.protems taking

Yidon Preparation of dispersions change their structure to form fat stabilising protein matrices.
Iy
. Prey,

i f IX i /ledone
nsgﬂe Ang S9) protein emulsions neither the microstructure of the protein matrix nor the Iragn]epts of ic;t}\\ e s .
At globules appear to be uniform. The fluid fat mass and the structure forming soy protein get linked an

8o




cy form

penetrate each other (Fig. 10). In this state, fat mass and protein matrix are "interlaced" in such a way that th
in common a "penetration structure".

[

The soy protein concentrate emulsion, though showing a continuous structure, is irregular due to the gr eal nulﬂrllb:n
of cavities; such a structure is not able to disperse fat uniformly and completely and cannot hold it togethe?
emulsionlike way.

Jes
On the other hand, and in most cases the soy protein isolate emulsion shows uniformly distributed fat glo:‘lme
surrounded by a very thin protein film (Fig. 11). Such protein coatings do not only prevent the coalescen®®
fat globules but are also in contact with adjacent fat particles, thus representing
a "true emulsion”.

| , | <00 x); Fig ¥
Fig. 6: Defatted soy flour suspension (SEM, 2 000 x); Fig. 7: Soy hydrolysate suspension (SEM, 500 "3’\( . ig
Soy protein concentrate suspension (SEM, 2 000 x); Fig. 9: Soy protein isolate suspension (SEM, 10 0095
10: Soy flour emulsion (SEM, 500 x); Fig. 11: Soy isolate emulsion (SEM 12 000 X)

LITERATURE

el
BAUMANN, H. (1967): Apparatur nach Baumann zur Bestimmung der Flussigkeitsaufnahme von pumlg
Substanzen. GIT 6, 540 : ro[eiﬂ‘
CATSIMPOOLAS and MEYER (1970): Gelation phenomena of soybeans globulins. 1. ProteinP
interactions. Cerael. Chem. 47, 559
HANSEN, JR. (1976): Hydration of Soybean Protein. J. Agric. Food Chem. 24, 6, 1136 . Techf’ol'
HERMANSSON, A M. (1972): Functional properties of proteins for foods swelling. Lebensm. Wiss. U-
S,24 . A
HUANG, F.F. and RHA, C. (1974): Protein structures and protein fibres A review. Polymer Eng. Set. lti] und
KATSARAS, K., LIU, JM. und ZHAO, S.L. (1989): Priparationsmethoden zur Darstellung von FletS
Mikroorganismen mit dem Rasterelektronemikroskop. Fleischwirtsch. 69, 922 _ 74, 8
KATSARAS, K. und PEETZ, P. (1994): Funktionelle Eigenschaften von Sojaprodukten. Flcischwmsch- 219
KINSELLA, J.E. (1976): Functional properties of proteins in foods: A survey. Crit. Rev. Food Sci. ‘Nul‘ ’angf?S
SAIO, K., TERASHIMA, M. and WATANARBE, T. (1975): Food use of soybean 7S and 118 proteins:
in basic groups of soybean by high temperature heating. J. Food Sci. 40, 541 1
SCHRODER, A. and SUDEKUM, K H. (1985): SojaVademekum. American Soybean Association, Hambur®
- 1985 Ab
WOLF, W.J. (1978): Purification and properties of the proteins. In: Soybeans: Chemistry and Technolog)
Smith and S.J. Circle, eds., AVI publishing Co., Westport CT., P. 93

960






