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Due to high nutritive quality, good techno-functional properties and low cost, legume
protein products are becoming the most appropriate alternative to protein products of
animal origin. In food industries, these products are usually used as techno-functional
additives which provide specific characteristics of final food products. Legume proteins are
commonly used as flour, concentrates, and isolates. The greatest application on industrial
scale has soy proteins, and to a lesser extent, in the past 20 years, pea protein isolates. The
modest use of pea protein is partly a result of insufficient information relating to their
techno-functional properties. This paper is an overview of techno-functional properties of
pea proteins and their isolates. Also, the paper deals with the possible use of limited enzy-
matic hydrolysis as a method for the improvement of their techno-functional properties.
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INTRODUCTION

For a long time, legumes have been recognized as a valuable and low cost source of
high quality protein products such as flour, concentrates and isolates. Nevertheless, the app-
lication on an industrial scale has only soybean proteins, whereas other vegetable proteins
are less used. Over the last 20 years, especially in Canada and European countries, pea pro-
teins are becoming a viable alternative to soy protein products because of techno-functional
and nutritive characteristics (1), which can be as good as those of soybeans. Furthermore,
pea seed have a lower content of anti-nutritive components, such as proteinase inhibitors
and phytic acid (2) and caused less frequent allergic reactions in humans than soybean (3).
In addition, they also contain good quality starch and fibers.

The most promising alternative to soy protein products are pea protein isolates. As in
the case of soy protein isolates, techno-functional properties including solubility, emulsi-
fying, foaming and gelling properties of pea isolates are well documented (4-10). In the cur-
rent literature, opposite results were reported concerning techno-functional properties of pea
and soy protein isolates. Some researches (11, 12) obtained better functionality of soy pro-
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tein isolates, whereas some other (5, 13, 14) pointed out better properties of pea isolates.
Variations in the results among different studies could be due to the differences in the pro-
tein purity of the studied samples, method of protein isolation, the specific conditions used
for the tests, as well as the different processing conditions (7, 15). Furthermore, significant-
ly different functionalities among pea isolates were observed. Maninder et al. (16) and Ba-
rac et al. (6, 17) attributed this to the different ratio of the major proteins, which is in turn
influenced by genotype characteristics, environmental conditions, and processing conditi-
ons (10, 18-20). To avoid the difference caused by different processing conditions, Barac et
al. (15) prepared and compared pea, soybean and adzuki isolates under the same conditions.
The results of this investigation showed that techno-functional properties of the isolates pre-
pared from different species depended on several factors such as: choice of species and va-
rieties, preparation conditions, and the pH value at which specific properties were tested.

STORAGE PEA PROTEINS

Pea seeds contain about 22-23% proteins. The majority of pea proteins are globulins and
albumins, which represent about 80% of total seed protein content. Albumins represent 18-
25% and globulins 55-65% of total proteins (21). All globulins and some of albumins are
storage proteins, which are used as nitrogen sources for the new embryos after seed germi-
nation (22).

Major pea storage proteins, legumin, vicilin and convicilin are globulins and represent
65-85% of total proteins (23). According to sedimentation properties these proteins are
classified into two fractions, 7S (vicilin, convicilin) and 11S fraction (legumin). Molecular
forms of the three major proteins are presented in Figure 1.
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Figure 1. Molecular forms of legumin, vicilin and convicilin (22)



APTEFF, 46, 1-269 (2015) UDC: 633.35:577.112:543.645
DOI: 10.2298/APT1546001B BIBLID: 1450-7188 (2015) 46, 1-18
Review paper

Legumin

Legumin is a protein with compact quaternary structure stabilized via disulphide, elec-
trostatic and hydrophobic interactions. It is a hexamer with a molecular weight (Mw) ~320
to 380 kDa and with beta-sheet-rich structure (24). The mature proteins consist of six sub-
unit pairs that interact non-covalently. Each of these subunit pairs consists of an acidic sub-
unit of ~40 kDa and a basic subunit of ~20 kDa, linked by a single disulphide bond (25). As
there are a number of legumin precursors originating from several gene families, different
legumin polypeptides have been identified, e.g., 4-5 acidic (o)) and 5-6 basic () polypep-
tides. The sizes of these polypeptides range from 38 to 40 kDa for the acidic polypeptides
with the isoelectric point (pI) 4.5-5.8, and from 19 to 22 kDa for the basic polypeptides with
the plIs of up to 8.8 (26). According to Gueguen et al. (25), more hydrophobic basic poly-
peptides are placed in the interior of the legumin molecule, whereas acidic polypeptides are
oriented towards the outside of the molecule.

Due to its compact quaternary structure, legumin is a heat-stable protein. Thermal tran-
sition point of legumin is above 90°C. On the other hand, the quaternary structure of the le-
gumin is more sensitive to pH and salt concentration. Pea legumin is present as a hexamer
at the pH 7.0 and high ionic strength (0.1 M), but dissociates at, e.g., the pH 3.35 and 10.0,
and, depending on the ionic strength, into a mixture of trimers, dimers, and monomers. Aci-
dic conditions seem to be more drastic than alkaline ones, thus the native legumin is com-
pletely dissociated to monomers at the pH 2.4 (25).

As a food protein, legumin is recognized for its sulphur containing amino acid resi-
dues. It has been reported to contain approximately two cysteine and three methionine re-
sidues per 60-kDa subunit (27).

Vicilin

Vicilin is a trimeric protein of 150-170 kDa that lacks cysteine residues and hence
cannot form disulphide bonds (27). The composition of vacilin subunits varies mostly beca-
use of post-translation processing. Mainly, vicilin consists of ~47 kDa, ~50 kDa, ~34 kDa
and ~30 kDa subunits (28). Pea vicilin heterogeneity is more complex than the heteroge-
neity of legumin. Its heterogeneity derives from a combination of factors, including produc-
tion of vicilin polypeptides from several small gene families encoding different primary
sequences, differential proteolytic processing, and differential glycosylation (29). Thermal
denaturation temperature of vicilin depends on ionic strength conditions. At low ionic
strength conditions (¢ =0.08) the thermal denaturation temperature is 71.7, whereas at
higher (1 =0.5), it is 82.7°C (30).

Convicilin

A third major storage protein, distinct from legumin and vicilin, is convicilin. This pro-
tein has a distinctively different amino acid profile and unlike the 7S vicilin, contains very
little carbohydrate and has a subunit molecular weight of 71,000 Da. The molecular weight
of its native form is 290,000 Da including an N-terminal extension (8). Convicilin is not
known to undergo any post-/co-translational modifications other than removal of the signal
peptide, and it is not glycosylated. In opposite to vicilin, the residues of sulphur-amino
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acids are presented in primary structure of convicilin. However, O’Kane et al. (31) denoted
this protein as a-subunits of vicilin. According to these authors, convicilin has an extensive
homology with vicilin along the core of its protein, yet is distinguished by the presence of a
highly charged, hydrophilic N-terminal extension region consisting of 122 or 166 residues.
The homologies of convicilin and vicilin are shown schematically in Figure 2.

Convicilin 7 123-613]

60% charged 29% charged
8% hydrophobic 29% hydrophobic
Vicilin 1-450|

22% charged

32% hydrophobic

Figure 2. Schematic diagram of the highly charged N-terminal extension region
(residues 1-122) present in convicilin molecules. The core of convicilin
(residues 123-542) is highly homologous to vicilin, as shown by
the percentages of charged and hydrophobic residues (40).

Pea protein content and composition vary among genotypes (32, 33). Also, these para-
meters are influenced by environmental factors (32-34). As a result of genotype and envi-
ronment-induced variations, the ratio of vicilin to legumin varies and may range from 0.5 to
1.7, with a mean of 1.1 (35). Barac et al (6) investigated protein composition of six different
genotypes and showed that the ratio of the sum of vicilin and convicilin to legumin content
ranged from 1.30 to 1.78.

The differences in content, composition and structure between vicilin and legumin are
exhibited in both nutritional and techno-functional properties. Legumin contains more sul-
phur containing amino acids than vicilin per unit of protein (27), and its more available
fraction from a nutritional point. Furthermore, different techno-functional properties of pure
legumin, vicilin and convicilin are well documented (1, 30,36-38).

PEA PROTEIN PRODUCTS

As a techno-functional ingredient, pea proteins are usually used as flour, concentrates,
and isolates. Pea flour is prepared from dehulled and milled seeds. The average composi-
tion of pea seeds/flour, concentrate and isolate are given in Table 1.

Table 1. The average composition of pea seeds/flour, concentrate and isolate (39)

Composition (%) | Whole seed/Flour Concentrate Isolate
Protein 25 50 85
Starch 50 17 0

Fat 5-6 4 <3
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Commonly, protein concentrates are produced by air-classification of the pea flour
(obtained from the milled seeds), which is a dry processing method that blows away the
lighter starch granules, thus removing them from the protein. Concentrates have ~50%
content of protein. Protein isolates instead undergo a wet processing in which low mole-
cular weight water-soluble components and the salt soluble proteins are extracted from
the flour and then the globular proteins are subsequently isolated by a selective precipita-
tion step at the isoelectric point, neutralized and dried (Figure 3). Final protein content of
isolates prepared by isoelectric precipitation is approximately about 85%. Protein extrac-
tion can be done under alkaline or acidic conditions. The schematic diagram of the most
frequently used method based on aqueous alkaline extraction followed by isoelectric pre-
cipitation is presented in Figure 3.

Pea seeds
[

| Grinding/Milling

Flour suspension
Flour:water:1:5- 1:20

Alkaline extraction
pH 8-11, 30-180 min, 25-60 °C

Centrifugation
4-25°C

ALKALINE EXTRACT

Isoelectric precipitation
pH 4.5

Centrifugation
4-25°C

Spray drying

|
PROTEIN ISOLATES

Figure 3. Schematic diagram of alkaline extraction and isoelectric precipitation process
for production of pea protein isolates (8)
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Alternatively, the isoelectric precipitation step can be substituted by ultrafiltration.
The use of ultrafiltration increases the yield of isolates and change their composition. Iso-
lates prepared by ultrafiltration contain 90-94% of protein (40). Besides globulins, these
products contain other protein fractions and polysaccharides.

TECHNO-FUNCTIONAL PROPERTIES OF PEA PROTEINS
AND THEIR PROTEIN PRODUCTS

In general, techno-functional properties of a protein are affected by numerous factors
which can be classified into two groups, intrinsic and extrinsic factors. The intrinsic fac-
tors are: amino acid composition and sequence, shape, size, the ratio between hydropho-
bicity/hydrophilicity, conformation and reactivity. The extrinsic factors which can affect
techno-functional properties of pure protein include pH, ionic strength, temperature, con-
formation, the ratio between hydrophobicity/hydrophilicity, method of extraction. Besi-
des these factors, in the case of protein products, such as flour, concentrate and isolate,
several additional factors, including the ratio of major proteins and processing conditions
may have crucial effect on their techno-functional properties and consequently on their
applicability in food systems.

Table 2. Techno-functional properties performed by functional proteins

in food systems (41)
Techno-functional property Mode of action Food system
Solubility Protein solvation Beverages
. L Hydrogen bonding of water; Meat, sausages
Water absorption and binding Entrapment of water (no drip) Breads, cakes
Viscosity Thickening; water binding Soups, gravies
Gelation Protein matrix formation and setting Meats, curds, cheese
Cohesion-adhesion Protein act as adhesive material Meats, sausaﬁ;;af)aked goods,

Hydrophobic binding in gluten;

Elasticity Disulfide links in gels Meats, bakery
Emulsification Formation and sta‘b1llzat10n of fat Sausages, bologna, soups, cakes
emulsions
Fat absorption Binding of free fat Meats, sausages, doughnuts
Flavor-binding Adsorption, entrapment, release Simulated meats, bakery etc.
Foaming Form stable film to entrap gas Whipped toppings, chiffon

desserts, angel cakes

Techno-functional properties required for a protein product vary due to its specific
application in food and food systems (Table 2). In general, a good protein product has to
possess multiple functionalities in order to perform well in food systems. The most im-
portant techno-functional properties of protein products are solubility, emulsification,
foaming, and gelation.

Solubility of pea protein products

Good solubility of proteins is desired for optimal functionality in food processing ap-
plications (6). It is well known that other functional properties such as emulsification,
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foaming, and gelation are dependent on the solubility of proteins. Solubility of proteins is
variable and is influenced by the number of polar and apolar groups and their arran-
gement along the molecule (42). Solubility of protein depends on the pH and ionic
strengths, whereas processing history of protein products has a great influence on this
property (8, 15). Furthermore, the ratio of the major proteins in flour as starting material
could affect the solubility of legumes protein product (6, 15, 44)

Major pea proteins are globulins with minimum solubility near the isoelectric point
(pl 4.5), high solubility above and moderate below the isoelectric point (6, 11, 15, 46).
The maximum value is observed in the pH range of 8-9 (11), whereas less than 20% of
proteins are soluble at the pl value. Consequently, native pea proteins and their native
products show U-shape of pH-solubility dependence, which is also typical for the other
legume proteins (46, 15). However, the variations of solubility of pea protein isolates
were observed. It is well known that native as well as thermally-treated proteins from le-
gumes tend to form pH-induced aggregates (47, 48). So, Barac et al. (6, 44) attributed
these variations to protein composition of pea isolate and different nature of complexes
formed during the processing of the isolate (during isoelectric precipitation) and/or du-
ring the solubilization of the isolates at a specific pH.

Thermal treatments reduce the solubility of pea isolates (49). However, thermally trea-
ted pea protein products showed similar U-shape dependence (15). The effect of thermal
treatment (90°C, 3 min) on pea protein isolate solubility is presented in Figure 4.

100
%
90

80

70

60

S0

BNT.

40 BTT.

30

20

10

0

pH3,0 pH5,0 pH7,0 pH8,0

Figure 4. The influence of thermal treatment (90°C, 3 min) of neutralised suspensions of
pea protein isolates on solubility at different pH values (15).
TT - thermally-treated, N.T. - non-treated
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Emulsifying properties

Emulsions are disperse systems of immiscible liquids which are stabilized by emulsi-
fiers — compounds which form interface films and thus prevent the disperse phases from
flowing together. Proteins as surface-active and amphiphilic compounds can be used as
emulsifying agents on a large scale during the production of food systems. Emulsifying
properties of proteins are usually characterized as emulsifying ability or activity and emul-
sion stability. The emulsion stability is a measure of the stability of the emulsion over a
certain time span and emulsion activity is a measurement of how much oil a protein can
emulsify per unit protein (7).

Suitability of a pure protein and protein isolate as an emulsifier depends on the rate at
which proteins diffuse into the interface and on the deformability of its conformation
under the influence of interfacial tension (surface denaturation). A protein with ideal qua-
lities as an emulsifier for an oil-in-water emulsion would have a relatively low molecular
weight, a balanced amino acid composition in terms of charged, polar and non-polar
residues, good water solubility, well-developed surface hydrophobicity, and a relatively
stable conformation (42).

Different emulsifying properties of pure solutions of vicilin and legumin are docu-
mented. Results of several researchers (30, 36, 37, 50) showed that, in the native form,
vicilin had better emulsifying properties than legumin. This could be attributed to the less
compact and less rigid native structure of vicilin. Furthermore, due to conformational
changes, emulsifying properties of vicilin and legumin are pH-dependent. Namely, the
minimum emulsifying activity and stability the major pea proteins showed in the range of
pl (4-5). Also, at the pl values their emulsions are extremely unstable. Above and below
pl value, emulsifying properties increase due to intensive dissociation, which is more pro-
nounced in the case of legumin (21). Due to this, besides the processing history of the
isolate, the vicilin to legumin ratio has significant influence on the emulsifying pro-
perties.

Gharlsallaoui et al (51) investigated the emulsifying characteristics of acid-treated pea
protein isolates. They showed that acid treated pea proteins adsorb faster on the water-oil
interface at the pH 7.0 than at an acidic pH (pH 2.4). But, fast adsorption leads to the
formation of more inhomogeneous film structures. In opposite to this, a slower adsorption
is regular and slow but it leads to a higher surface viscoelasticity. Due to this, pea-pro-
tein-stabilized emulsions are more stable to creaming at acidic pHs, and their particle-size
distributions are more homogeneous in these conditions.

Kimura et al. (30) investigated the emulsifying properties of pure 7S and 11S frac-
tions of different legumes at the different pH and ionic strength. These authors showed
that 7S fraction of pea had a slightly lower emulsifying ability and stability than 7S frac-
tion of other legumes, whereas no significant differences were observed in the case of
118 globulins.

Several researchers compared the emulsifying properties of pea and soy protein isola-
tes and opposite results were obtained. Earlier work of McWatters and Cherry (52) show-
ed that the emulsifying properties of pea protein are minor compared to soy protein, but it
is still able to produce both semi-thick and thick mayonnaise-like emulsions at different
pH values. Vose (53) reported that pea isolate had similar or better emulsifying properties

8



APTEFF, 46, 1-269 (2015) UDC: 633.35:577.112:543.645
DOI: 10.2298/APT1546001B BIBLID: 1450-7188 (2015) 46, 1-18
Review paper

than soy protein isolates. Also, Tomdsskozi et al. (46) found that pea isolates had quite
good emulsifying capacity but low emulsion stability in comparison to soy protein iso-
late. Aluko et al. (45) and Adebiyi and Aluko (54) showed that pea protein isolate had
better emulsifying capacity than soy protein isolate when emulsions were prepared at dif-
ferent concentrations of isolate and at the pH 5.0 and 7.0. The better emulsifying capacity
these authors attributed to the higher level of sugar in pea protein isolates than in soy pro-
tein isolates. Namely, a higher content of sugar may contribute to the increased protein
solubility and emulsifying capacity. To avoid processing induced differences between
soy and pea protein isolate, Barac et al. (15) compared these isolates prepared under the
same conditions and showed that pea isolates in general had slightly lower emulsifying
properties than those of soybean. However, they were quite usable in the food industry.
Furthermore, this investigation clearly showed that the comparison of protein isolates
from different species, even if they are prepared and used under the same conditions is
difficult, as it is related to the selection of genotypes within species.

Foaming properties

In food systems (such as in baked goods, sweets and desserts), proteins function as
foam-forming and foam-stabilizing components. Different proteins have different abili-
ties to form and stabilize foams, and just as in the case of proteins and their different
emulsifying properties, this is related to the different physico-chemical properties of the
proteins. (6, 15, 55). The ideal foam-forming and foam-stabilizing protein is characteri-
zed by a low molecular weight, high surface hydrophobicity, good solubility, a small net
charge in terms of the pH of the food, and easy denaturability (42). Foaming properties of
proteins are usually characterized as foaming capacity (FC) and foaming stability (FS).
FC is measured in volume (%) when whipped, while the volume of the foam over time
(normally 0-30 min) gives the protein’s FS (8).

Several authors investigated foam properties of pea protein isolates (6, 11, 55-57).
According to these investigations, foaming properties of pea isolates are pH- and concen-
tration-dependents. Furthermore, protein level and protein composition of starting seed,
processing method used for their production affect foaming properties of pea protein
products (7, 8, 20, 57, 47, 55).

Aluko et al. (45) compared foaming properties of soy and pea protein isolates. They
showed that pea protein isolates were foaming agent with a more flexible polypeptide
conformation at the pH 3.0 and 7.0 when compared to soy protein isolate. Similar obser-
vation was reported by Sosulski et al (14), whereas Tomoskozi et al. (46) showed poorer
foaming ability of pea protein isolate when compared to soy protein isolate. The opposite
results of these authors could be attributed to numerous factors including processing con-
ditions and different protein composition of the investigated isolates. To avoid the influ-
ence of processing conditions, Barac et al. (15) compared foaming properties of native
and thermally treated soy and pea protein isolates prepared under the same conditions.
They reported that pea protein isolates had slightly lower foam activity than soy protein
isolates in a wide range of pH (3.0-8.0), but foams formed with pea protein isolates at the
investigated pHs were more stable.
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Gelling properties

Gel is a dispersed system of at least two components in which dispersant forms a co-
hesive network. It is characterized by the lack of fluidity and elastic deformability. Glo-
bular proteins, such as legume proteins, under specific conditions (after heating and de-
naturation), can form gel. Usually, this type of gel is characterized as aggregated disper-
sion (42). Namely, after the denaturation and further heating, the proteins will aggregate
and interact with other proteins and form either a gel or a coagulum. Which type will be
formed it depends on the conditions such as molecular weight, heating time and protein
concentration (58). Gel formation is complicated and affected by the concentration of
protein, amount of water, ionic strength, time and temperature, as well as by the pH and
interaction with other components in the food system (58). These process conditions can
be manipulated for gel formation.

Only a few authors investigated gelling properties of pure pea proteins and pea iso-
lates. Shand et al (59) showed that both globulins and albumins of pea protein isolates
contribute to gel formation. Studies on the gelation properties of mixed pea globulins,
vicilin and legumin have been reported by Bora et al. (38) and O’Kane et al. (31, 1). It
was found by Bora et al. (38) that pea globulin underwent heat-induced gelation, whereas
pure legumin did not gel under the same conditions. According to these authors, the rela-
tionship between protein (globulin) concentration and log gel hardness was linear. Fur-
thermore, at all protein concentrations studied, as proportion of legumin decreased, the
gel hardness increased. In contrast to their findings, O’Kane et al. (1) and O’Kane (39)
indicated that both pea vicilin and legumin could form gels. This was probably caused by
a difference in pea cultivars since O’Kane et al. (1) indicated that the contribution of
legumin to the pea protein gels was cultivar specific and related to its disulphide bonding
ability rather than the absolute amount of legumin protein present. Furthermore, these
authors showed that the third pea globulin can hinder the gel formation of pea protein
isolates when present in sufficient quantity. In large amounts, this protein increases the
minimum gelling concentration of purified pea proteins at a near-neutral pH, and causes
formation of transparent heat-induced gels. This behaviour was attributed to the repulsive
forces on the N-terminal extension region at a near-neutral pH, and was supported by the
fact that no difference in the gelation behaviour of vicilin and convicilin fractions was
observed at low pH values, where the repulsive charges would have been neutralised.

Most of the previously cited investigations were based on isolates prepared by iso-
electric precipitation. Sun and Arntfield (12) showed that processing conditions signi-
ficantly changed gelling properties of pea protein isolates. These authors investigated the
heat-induced gelation properties of salt-extracted pea protein. They showed that the salt-
extracted and freeze dried isolates formed gel at much lower concentrations than those
prepared by isoelectric precipitation and spray drying. The minimum gelation concen-
tration of salt-extracted pea protein isolate was 5.5%, while that of commercial pea pro-
tein isolate was 14.5%. Furthermore, Taherian et al. (10) showed that gelling tempera-
tures of pea isolates prepared by water and KCI extraction and subsequent diafiltration at
the pH 6.0 trimmed down to 75.7 £0.63°C and 81.6 +0.55°C, in contrast to that of com-
mercial isolate at above 90°C. Similarly, the formation of firm gels, after 1 h of heating at
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90°C, was associated with membrane processed isolates, whereas commercial isolates did
not develop any gel.

Pea protein form weak, heat-induced gels. The gelation of pea protein is temperature-
dependent, and primarily influenced by the degree of protein denaturation. If the degree
of denaturation is lower, a stronger gel is formed. Protein concentration also plays an im-
portant role in gelation properties. Higher concentrations generally produce stronger gels.

However, the gelling point was concentration independent. Heating and cooling rates
are minor factors influencing the gelation properties of pea protein. The heating rate
influenced the gelling point in the way that higher heating rates resulted in delayed
gelling (higher gelling temperatures). Higher heating and cooling rates caused a weake-
ning effect on gel elasticity.

O’Kane et al., (1) and Shand et al. (59) compared gelling properties of pea and soy
protein isolates. Both groups of authors concluded that pea protein isolates formed more
unstructured gel than soy protein isolates and thus their gelling properties are not that as
good as those of soy. For example, Shand et al (59) showed that the optimal conditions
for formation of strong heat-induced gels from the pea isolate were 19.6% (w/w) protein
content, pH 7.1, 2.0% (w/w) NaCl, and heating at 93°C. The gels prepared with soy pro-
tein isolates under the same conditions were stronger and more elastic than those prepa-
red with pea protein isolates. However, Nunes et al. (60), by studying pea protein as a re-
placer of dairy and egg proteins in a gelled vegetable dessert showed that pea proteins
produced good gels that were highly applicable as a food product.

LIMITED PROTEOLYSIS AS A METHOD FOR IMPROVEMENT OF
TECHNO-FUNCTIONAL PROPERTIES OF PEA PROTEIN ISOLATES

Techno-functional properties of pea protein isolates can be improved by chemical,
physical and enzymatic treatments. From the standpoint of safety, the most appropriate
method for modification of legume protein properties is limited proteolysis (61). Peptides
produced by partial proteolysis have smaller molecular size and less compact structure
than the original proteins. Such peptides contribute to the improvement of techno-functio-
nal properties compared to those of the native proteins (60). To obtain desirable techno-
functional properties of pea protein hydrolysates, hydrolysis must be done under strictly
controlled conditions to a specified degree of hydrolysis (DH). A limited DH usually
improves solubility, as well as emulsifying and foaming capacities, whereas excessive
hydrolysis often causes decline in some of these functionalities (62, 63, 44).

Partial enzymatic hydrolysis of plant proteins has been the subject of extensive re-
search by various authors. Most of these studies have been conducted on soy protein pro-
ducts, including soy flour, concentrates and isolates (63-67). Less attention has been paid
to pea proteins (44, 69-72). These studies have been conducted on pure proteins and pea
isolates and showed that, as well as in the case of soybean proteins, 7S and 11S protein
expressed different susceptibility to the enzyme-induced hydrolysis (70,73-75). Proteases
preferentially hydrolyze vicilin over legumin (75). This is due to their different structu-
res; the compact structure of legumin makes it difficult protease to act. Braudo et al. (77)
compared susceptibility of pea legumin and soy glycinin and concluded that pea 11S
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protein was more resistant to proteolysis than soy 11S protein. The differences between
these two proteins were attributed to the differences in their primary structures.

In most of the studies reported in the literature, commercial proteases, such as trypsin,
alcalase, papain and chymosin have been used for pea protein hydrolysis. In general,
these investigations showed that the hydrolysis up to 10% significantly improved solubi-
lity, foaming, emulsifying and other properties. For example, the hydrolyzates (characte-
rized with DH of 8%) prepared with trypsin had improved solubility, especially in the
range of pH of 4-7 which was 90-98.6% (78). Furthermore, a linear dependence between
the degree of hydrolysis and solubility of pea protein hydrolysates were registered. The
later work of Huminski and Aluko (71) showed that trypsin isolates with higher DH
values (18.28%) had better emulsifying properties than pea protein hydrolyzates obtained
with papain, a-chymotrypsin, Alcalase and Flavourzyme. However, most of these studies
were focused on the relationship between the action of one or several proteases and
techno-functional properties of commercial or laboratory-prepared isolates of one variety.
The influence of protein composition in the initial isolate on these properties was less
investigated. Barac et al. (44) compared techno-functional properties of pea isolates from
two different genotypes and those of modified with two different proteases (Streptomyces
griseus protease and papain). They suggested that proper selection of pea variety (besides
other factors) could result in the production of enzymatically—modified pea protein iso-
lates with excellent functional properties.

CONCLUSION

This paper clearly showed that pea protein isolates can be a very useful substituent for
soy protein products as techno-functional additives. Pea protein isolates could find appli-
cation in a wide range of food products, but their proper selection and preparation condi-
tions could be of great importance. Furthermore, the studies reported in the current lite-
rature suggest that physico-chemical properties of pea proteins could be extensively im-
proved, and enzymatic hydrolysis is a good tool to achieve this.
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TEXHO-®YHKIIMOHAJIHE OCOBHUHE U30JIATA ITPOTENHA I'PAIIIKA

Mupony6 B. Bapah', Mupjana B. ITewwuh’, Crahana IT. Cmanojesuh’, Anexcandap K.
Kocmuh', Cnasuya B. Yabpuno®

' Vuugepsurer y Beorpany, ITossonpuspenun pakynrer, Hemamuna 6, 11080 Beorpan-3emysn, CpGuja
2 BuIlia TeXHHYKA IIKOJIa CTPYKOBHHUX cTyauja, Hemamuua 2, 12000 Ioxapesan, CpGuja

3axBasbyjyhul BHCOKO] HYTPHUTHBHO] BPEJHOCTH, JOOPHM TEXHO-(DYHKIMOHATHUM Ka-
paKkTepHCTHKaMa U HACKO] IICHH, IPOTEHHH JISTYMHUHO3 [I0CTa]y HajIPUXBATIFHBH]a aITep-
HaTHBa 32 IPOTEHHCKE IPOM3BOJE AHUMAITHOT IOpeKiIa. Y MHIYCTPHjU XpaHE OBH IPOH3-
BOJM Hajuelhie ce KOPUCTE Kao TEXHO-PYHKIMOHAIHH aJUTHBU KOjuMa ce 00e30ehyje Heka
07l KapaKTepUCTHKa (UHAIHOTr mpou3Bona. [IporenHn nerymuHo3a Hajuemhe ce KopucTe
Kao MpOTEeHHCKa OpalliHa, KOHIEHTPATH U U30JaTH. Y MHAYCTPUjCKUM pa3Mepama Hajsehy
NpHMEHY MMajy NMPOTEHHH COje M y 3HATHO Marmboj MepH, y nocieawmux 20 roguHa, mpo-
TEMHCKH M30J1aTy rpaiika. Pehja ynmorpeba nmpoTenHa rpaiika JeinoM je MoCIeauIia join yBeK
HEJIOBOJFHO MH(pOpMalHja 0 BHXOBUM TEXHO-(QYHKLIHOHAIHUM Kapakrepucthukama. OBaj
pal mpeAcTaBiba Nperiiesl TeXHO-PYHKIMOHATHUX KapaKTePUCTHKA MPOTEMHA Tparika |
ETOBHX H30Jata. Takohe, y 0BOM paay paMarpa ce U AeIMMHYHA [TPOTE0IN3a Ka0 METO/
3a 0OOJBIIAE TEXHO-(PYHKIMOHATHNX KapaKTePHCTUKA IPOTEHHA IpallKa.

Kiby4He pedn: mpOTEMHCKN M30JIaTH TPAIIKA, TEXHO-(YHKIIMOHAIHE KAPAKTEPUCTHUKE,
OrpaHHYEHa IPOTEOIN3a
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