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The structure modification of the main proteins from oilseeds and legumes by
means of alkali- or acid-denaturation and succinylation, respectively, and its influence
on the protein functionality is discussed. This kind of modification enables to improve
the functional properties with minimal energy input.

Oilseeds and legume seeds contain two types of storage proteins as a main
protein fractions. This are the so-called 11 S and 7 S globulins — or legumin- and
vicilin-like proteins — with molecular weights of 300000-400000 and 150 000-
190 000 g/mol, respectively [1]. Both types represent oligomeric proteins with a
very similar arrangements of their subunits. Thus, the 6 subunits of the 11 S
globulins are arranged in a trigonal antiprism with the point group symmetry 32
(Fig. 1) [3, 14]. This is valid for a great number of proteins from different
botanical families [4]. There is not only a high structural similarity in the
quarternary structure but in the secondary structure, too [11, 19]. Both types of
proteins belong to the group of protgins rich in B-sheet structure and poor in
a-helix conformation.

Owing to these structural similarity we can expect certain similarities in those
functional properties which are related to the spatial structure. On the other side,
there must be specific functional differences in the properties which are
determined by the distribution of surface change and hydrophobic surface
regions.

Let us discuss the influence of structural changes of the proteins on functional
properties and look for three main possibilities to change the spatial structure:

— the heat-induced denaturation,

— the denaturation by changes of the pH,
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Fig. 2. Water absorption capacity of protein isolates from faba beans, sunflower sceds and soybeans
before and after denaturation by acid treatment, according to [8, 9]
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Fig. 3. Apparent viscosity of a meat model
system containing 20% of a plant protein; com-
parison of the influnce of a commercial soybean
protein (Promine R), a standard faba bean
protein isolate, and alkali- and heat-denatured
faba bean protein isolates, according to [10]
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Fig. 4. Cooking loss of a meat model system

containing 20% of a plant protein; comparison

of the influence of a commercial soybean protein

(Promine R), a standard faba protein isolate, and

alkali- and heat-denatured faba bean protein
isolates, according to [10]
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Fig. 7. Dependence of the instrinsic viscosity (n) and the 2
mean residue ellipticity at 280 um (®) taken from the
CD spectra of the 11 S globulin from rapeseed on the R T R o o
degree of succinylation, according to [12] % Succinylation
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Fig. 8. Emulsifying activity (EA — [J) and emul-

sion stability (ES —@) of faba bean protein

0 27 & 85 93 isolates at various degrees of succinylation, ac-
Succinylation (%) cording to [16]

2. The water absorption of sunflower protein isolate increases drastically at a
succinylation degree above the critical one (Fig. 9) [9].

3. The foam capacity of faba bean isolates reaches their highest value at a
moderate degree of succinylation only after heating. At a high level of
modification, i.e. above the critical one, the maximum foam capacity develops
without heating (Fig. 10) [12]. That means, that the unfolding of the protein
structure by strong succinylation allows to avoid additional heat input for an
optimum foaming,

4. The rheological properties of concentrated solutions or dispersions of
succinylated faba bean protein isolates depend highly on the degree of
modification [5]. The flow curves show a transition at the critical level of
succinylation (Fig. 11).

The dispersions of highly succinylated proteins reveal structural viscosity and
high yield values at room temperature and tend to jellify without heating. We can
see a transition of the flow curves of moderately modified proteins at a
temperature of about 65°C. This transition lacks in the exhaustively modified
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Fig. 9. Water (0J) and oil absorption (@) capa-
S0 0 2% 22 85 city of sunﬂowef pro?ein isolate_s at various
% Succinylation degrees of succinylation, according to [17]
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Fig. 10. Foam capacity of 10% dispersion of faba

bean protein isolates at various degrees of suc-

cinylation, before (I) and after (I) heating, accor-
ding to 18]

Fig 11. Flow curves of 10% dispersions of fabs
bean protein isolates at various degrees of suc-
cinylation at 20°C, according to [19]
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Fig. 12. Flow curves of 29% (a) and 96% (b) succinylated faba bean protein isolates at various
temperatures (¢ = 10%), according to [19]
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Fig. 13. Viscosity dependence of unmodified and differently (50%, 84%, 96%) succinylated faba bean
protein isolates in 8% (— — —), 10% ( ), 125% (.., 15% (—-—) dispersions, accor-
ding to [19]
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protein (Fig. 12). At the transition temperature the unfolding of the protein
structure takes place. This can be seen in a viscosity increase in the cyclic flow
curves which describe the viscosity changes during heating and cooling (Fig. 13).
The latter one lacks totally in the exhaustively succinylated and therefore
unfolded protein. The protein-protein interaction in this unfolded protein are
effective enough to overcome the electrostative repulsion. Therefore this modified
protein can form gels at room temperature without any heat input.

CONCLUSIONS

The results presented here show the possibilities to influence the functional
properties by a directed change of the native structure without a high energy
input. Both the pH-induced denaturation and the chemical modification by
succinylation are suitable basis for chemical procedures.

Though the succinylation enables the structure and functionality modification
in a more defined and versatile manner, its application for the production of
protein foods could be limited from a physiological point of view, if the modified
protein is chosen as replacer for a main part of the protein in a food.
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POPRAWA WLASCIWOSCI FUNKCJONALNYCH BIALEK NASION ROSLIN OLEI-
STYCH I STRACZKOWYCH PRZEZ ZMIANY STRUKTURALNE
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Streszczenie

Glowne biatka z nasion roslin oleistych i straczkowych reprezentowane sa przez frakcje
globulinowe 11S i 7S o bardzo podobne;j strukturze oligomerycznej w kazdej z tych frakcji. Przez
zmiang struktury przestrzennej mozna osiagna¢ poprawe wilasciwosci funkcjonalnych tych biatek.
Przedyskutowane sa podstawowe kierunki modyfikacji struktury: tagodna denaturacja w srodo-
wisku kwasnym lub alkalicznym i sukcylynowanie. Ostatnia z wymienionych metod pozwala na
stopniowa zmiang struktury biatka i jego wlasciwosci funkcjonalnych. Obydwie metody umozliwiaja
poprawe wlasciwosci funkcjonalnych bez wysokiego naktadu energii.



