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Introduction. The objective of this work was 

comparative analysis of protein properties of main oil 
seeds, cultivated in Ukraine, notably rape, sunflower and 
soy..  

Materials and methods. Tetrachimena piriformis 
(WH–14 strain) cultures were used for the determination 
of relative nutritive value and toxicity of the protein 
products. The emulsifying capacity of seed proteins were 
determined as maximum volumes of emulsified oil 
relatively to 1 g of proteins and foaming capacity as 
volume of foam, obtained at standard conditions relative 
to volume of protein suspension. 

Results and discussion. According to our data 
biological value of soy proteins were limited by sulfur 
containing amino acid methionin and cystin (2,1% from 
common amino acid content). There total content was only 
about 60% of FAO/WHO scale. Biological value of 
sunflower proteins was limited by three amino acids – 
sulfur containing amino acids (1,6% of methionine and 
cysteine) and lysine (3,0% from common amino acid 
content). The contents of majority of indispensable amino 
acids in rape proteins are 8–57% higher than FAO/WHO 
scale. The exception are valin and isoleycin with 80–85% 
content. Score of sulfur containing amino acid was 
157,1% from FAO/WHO scale. Isolated rape proteins had 
highest technological properties, their solubilities were 
16,4 to 38,6% at different pH, water holding capacity − 
211 %, oil binding capacity − 130 %, emulsifying capacity 
− 140 ml/g, and foaming capacity – 122 %.   

Conclusions. Investigated protein isolates of oil 
seeds (soy, sunflower and rape) had no toxicity. Rape 
proteins isolate had the highest relative biological value 
and technological properties.  
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Introduction 
 
Oil seeds are cultivated as raw material for vegetable oils production, but their 

chemical compositions are unique as to content of lipids, proteins and numerous biological 
active substances. Protein content of oilseeds is on the level or even exceeds their content in 
cereals. Special place belongs to soy beans as they contain about twice time higher proteins 
than lipids. Therefore soy beans are cultivated first of all for feed and food proteins 
production.  

Thus the main products of soy bean processing are soy meal and soy oil. Protein 
content of soy meal varies from 40 to 45 %, about 80% of which are storage proteins [1]. 
The main soy storage proteins are glycinin and β-conglycinin, which belong to the legumin 
(11S globulins) and vicilin (7S globulins) families of proteins, respectively. These two 
globulins have different polypeptide composition and technological properties [2-4] and 
they were precipitated at different pH, notably 11 S globulins − at pH 5,8 and 7 S – at рН 
4,5 [5].  

Soy meal is using as a source of different protein products. Removal of seed coats and 
preserving of high PDI (protein dispersion index) are necessary for edible soy meal 
production. The high PDI of soy meal generates suitable technological properties of 
proteins. Soy meal with a high PDI is a raw material for soy protein isolates and with a 
lower PDI – for protein concentrates. When PDI of soy meal is very low such meal can be 
used for soy meat production, biscuits etc. Thus the technological properties of proteins are 
very important for vegetable proteins production particularly of edible range. 

Traditional technology of edible soy meal, protein concentrates, isolates, extruded and 
fermented soy products are described in detail in [6]. But Nazareth et al. [7] have shown 
that soy protein isolates obtained from gas-supported screw-pressed soybean meal had more 
than 90% protein content and had exhibited the high water solubility, water-, oil holding 
and emulsifying capacities and viscosity of suspensions. 

Technological properties of isolated seed proteins first of all depend from degree of 
their denaturation, which in turn is determined by technology of their obtaining and seeds 
processing. Conformational changes of soy proteins were observed as at 105 °C and at 23 
°C [8]. It was shown [9] that denaturation degree of soy proteins depends on 
hydrophobicity of organic solvents and water content, hydrophobic solvents have a low 
denaturing capacity even at high temperatures, the degree of denaturation of proteins 
increased with the addition of water. Lower alcohols have the highest denaturing ability 
among the studied solvents. At the same time Lhocine et al. [10] have shown that 
technological properties of protein isolates, obtained after defatting of soy flour by ethanol 
or water, were comparable with protein isolates from soy meal extracted by hexane. 

Structure, chemical composition and properties of other oil seeds were studied too. 
Proteins account for about 20% of sunflower seeds dry weight. The main storage protein of 
sunflower seeds heliantin as well as soy globulin consist of two fraction – hexamer 11S 
globulins and threemer 7S globulins with a denaturation temperature 65 and 90 °С, 
respectively [11]. But heliantin has low water solubility and thermo-induced jellification 
capacity, which complicates using of such proteins in food systems. Nevertheless heliantin 
has higher thermal stability compare with globulins of other seeds [12]. Detailed analysis of 
physicochemical, structural and functional properties of sunflower storage proteins was 
made by Gonzalez-Perez and Vereijken [13]. Thus it was demonstrated increase of 
solubility of nondenaturated heliantin even at isoelectric point under high ionic strength of 
solution (2 М NaCl). At the same time decrease of solubility in a pH range from 2 tо 8,5 
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under increase of ionic strength of solution to 0,25 M NaCl was detected for sunflower 
protein isolates, obtained from industrial sunflower meal [14]. 

The main storage protein of Cruciferous seeds is 11S globulin – cruciferin account for 
about 60% of seed protein content and content of albumin is about 20% [15, 16]. Using of 
rape seeds as source of food and feed proteins is associated with glucosinolates content. 
The different methods were proposed to avoid content of these substances in rapeseed meal. 
To decrease glucosinolates content in rapeseed and canola meal Diosady et al. had used two 
stage extractions of oils from seeds using polar and nonpolar solvent [17–19]. In spite of 
this method did not promote complete oil recovery from seeds, protein isolates and 
concentrates obtained from such meal did not contain glucosinolates [20–24]. In addition 
steam explosion was used for detoxification of rapeseed meals [25] and it was shown that 
enzyme treatment could be used to decrease of glucosinolates content in meal [26] .  

The biological value of oil seed proteins measured as indispensable amino acid content 
depends first of all from plant species, variety and climate conditions of their growing. 
Therefore the data about these values varied in different source. The objective of our work 
was comparative study of biological value and technological properties of proteins of three 
main oil seed crop notably soy, sunflower and rape.   

 
 
Materials and methods 
 
Materials 
 

Soybeans variety NK25D3 and sunflower seeds variety KP11B were received from 
Institute of oil crops of National Academy of Agrarian Science (Zaporizhia, Ukraine). Rape 
(Brassica napus) seeds of winter (Artus, Lembke KG, Germany) variety were collected 
from local oil market. The chemical composition of soy beans: 11.3% moisture, 39.2% (dry 
basis) protein, 29.8% (dry basis) lipids, and 5.9% (dry basis) ash. Sunflower KP11B is a 
linoleic variety (62.5% of total content of fatty acids). The sunflower seeds contained 6.7% 
moisture, 48.2% (dry basis) lipids, 16.7% (dry basis) proteins, and 7.3% (dry basis) ash. 
The rape seeds contained 4.2% moisture, 43.6% (dry basis) lipids, 23.7% (dry basis) 
proteins, 5.6% (dry basis) ash, and 0.8% (dry basis) glucosinolates. 

 
Proximate analyses 
 

Moisture content of seeds was determined using the gravimetric method. Fat content of 
seeds was measured according to Soxhlet’s method. For this purpose 2 g of sample were 
extracted for 24 hrs using hexane as a solvent. Crude protein (Nx6.25) was determined by 
the Kjeldahl method according to AOAC Method [27]. Content of total soluble proteins in 
seeds were determined suspending 5 g of defatted meal in water solution at pH 10, adjusted 
with 1N NaOH. Suspensions were mixed by agitation during 90 min. Suspensions were 
centrifuged for 15 min at 3,500 rpm/min. Concentration of soluble proteins in supernatants 
were determined by Biuret method [28] using bovine serum albumin as standard.  

Ash content was determined by igniting the samples at 550 °C in a muffle furnace until 
light grey ash resulted. Glucosinolate content was measured as glucose released from 
glucosinolates in stoichiometric amounts under hydrolysis by the endogenous enzyme 
myrosinase using GLUCOTEST paper according to Interstate Standard [29]. For 
glucosinolate hydrolysis 0.5 g of crushed seeds were mixed with 5 mL of distilled water 
and incubated in the presence of activated carbon during 2 min. 
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Determination of toxicity and relative nutritive value of protein products 
 
Tetrachimena piriformis (WH–14 strain) cultures were used for the determination of 

relative nutritive value and toxicity of the protein products. The dead cells, changed shapes, 
characteristic of movement and growth depression of infusoria were measure of toxicity. 50 
mg of protein samples, 2 mL of sea salt solution (5.6 mg/mL, pH 7.0) and 0.04 mL of 3-
days Tetrachimena piriformis cultures were placed in vials, mixed and incubated in 
thermostat at 25 °C during 24 and 72 h. For better aeration the vials were periodically shake 
during incubation. After incubation infusoria cells were fixed in iodine solution in ethanol 
(50 g/kg) and analyzed under light microscope. Cell quantity was determined using 
counting chamber. The control samples contained casein instead of seed protein products. 
Relative nutritive values of investigated samples were represented as a number of cells 
grown per sample, compared with the control. 

 
Protein isolation  
 
Proteins were extracted from defatted seeds by sodium chloride solution (70 g/L, pH 

7.0) under constant stirring and temperature 50-55 °C during 40-50 min, meal: solution 
ratio was 1:10 (w:v). After this insoluble residues were precipitated by centrifugation 
(1 000g, 15 min). The supernatant (protein extract) was used for isoelectric protein 
precipitation at pH 4.5. After protein coagulation pellet was separated from whey by 
centrifugation (3 000g, 15 min), washed with distilled water at pH 4.5, collected and dried 
at 55–60 °C to 6–8% moisture. 

 
Determination of amino acid composition of protein isolates 
 
The direct acid hydrolysis of protein isolates was used to obtain hydrolysates suitable 

for determination of all amino acid except cysteine and tryptophan. Hydrolysis was carried 
out in test tubes by adding of 1 mL HCl to dry sample, corresponding to 2 mg of protein. 
The mixture was frozen in a bath at - 80°C, evacuated, sealed and then samples were 
exposed at 106 °C for 24 h in a thermostat. After hydrolysis samples were cooled and HCl 
was removed from them by evacuating in dessicator containing NaOH pellet. After drying 
of samples 4 mL of deionized water was added and drying procedure was repeated. Dry 
samples were dissolved in citrate buffers (0.3 M/L, pH 2.2) and used for amino acid 
analyses.  

Amino acid analyzer T 339 (Czech Republic) was used for amino acid content 
analysis. Standard amino acid mixture containing 0.5 μM of the 17 commonly occurring 
amino acid was used to calculate the amount of amino acids in the samples. 

 
Determination of proteins functional properties  
 
Determination of protein products solubility were performed according to [30] using 

solutions with pH values from 2 to 10, adjusted with 1 N HCl or 1 N NaOH, and protein 
concentration 1 mg/1 ml. Prepared protein suspensions were mixed by shaker during 1 h. 
Suspensions were centrifuged for 30 min at 3,500g. Concentration of soluble proteins were 
determined in the supernatant by Biuret method [28] using bovine serum albumin as 
standard.  

The water holding capacities (WHC) of the extracted seed proteins were measured as 
described by Ashraf et al. [31] taking 1 g of protein extract and resuspended in 10 mL of 
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distilled water and mixed vigorously for 2 minutes, the supernatants obtained after 
centrifugation at 3 000 x g for 20 min, were decanted and the weights of the sediments were 
determined, the WHC values expressed as gram of water absorbed per 100 g of protein 
extracted. 

The oil binding capacities (OBCs) of the extracted seed proteins were measured using 
the method of Ashraf et al. [31] taking 1g of protein, deposited and reweighed in 50 mL 
centrifuge tubes and thoroughly mixed for 3 min with 10 mL of vegetable oil. Samples 
were allowed to stand for 30 min and the mixtures were centrifuged at 3 000xg for 20 min, 
the supernatants were carefully poured immediately after the centrifugation and tubes with 
the sediments were weighted. The OBC values expressed as gram of oil absorbed per 100 g 
of protein isolates. 

The emulsifying capacity (EC) of the extracted seed proteins were determined 
according to Karki et al. [32] taking 8.5 g of each sample and mixed with 50 mL of distilled 
water for 2 min using a blender and vegetable oil was adding slowly with continuous 
blending. The process was stopped after every 2 min to check for emulsion breakage. The 
maximum volumes of oil that was emulsified were measured and emulsifying capacity was 
determined as volume of oil relatively to 1 g of protein isolates. 

The foaming capacity (FC, %) of the extracted seed proteins was determined according 
to Makri et al. [33] taking 1% of the protein extracted and resuspended in deionized water, 
pH was adjusted to 7.4 with 0.1N NaOH and 0.1N HCl. 100 mL of solution were blended 
for 3 minutes and poured into a 500 mL graduated cylinder. The volume of foam (Vf) and 
liquid (Vl) were immediately recorded and FC was calculated using the following equation: 

FC = 100
l

f

V
V

 
Foam stabilities of proteins suspensions (%) were determined as ratio of undestroyed 

foam volume after 5 min to initial volume of foam.  
 

Statistical analysis  
 
Samples were analyzed by triplicate. Statistical analysis was performed using 

Microsoft Excel 2007 (Microsoft, City of Redmond, USA). The results were reported as 
mean ± SD. Differences were considered to be significant at validity α=0.95.  

 
 
Results and discussion 
 
Biological value and safety of oil seed protein products 
 
Measuring of oil seed protein products toxicity was carried out using Tetrachimena 

piriformis (WH–14 strain) cultures and neither dead cells, nor changed shapes of cells or 
their movement, nor growth depression of infusoria were detected. Infusoria cells had usual 
shape, were active, fissionable in the presence of every studied meal – soy, sunflower and 
low glucosinolate rape.  

Relative nutritive values of defatted oil seeds and isolated proteins were calculated on 
the basis of nutritive value of casein (control). Defatted oil seeds meal had high nutritive 
value, varying from 92% (for rape meal) to 98% (for soybean meal) comparing with casein 
(Figure 1). Slight decrease of rape meal value probably was caused slight glucosinolates 
content. In spite of this isolated rape proteins had even higher nutritive value than rape seed 
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meal that evidently caused by reduction of glucosinolates content. Indeed, isolated proteins 
contained about half of glucosinolates meal content. At the same time insoluble residue of 
rape meal had the highest glucosinolates content (Figure 2).  
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Figure 1. Relative nutritive values of protein products. 
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Figure 2. Glucosinolates content in rape seeds and their derivatives (glucosinolates content 
is given on the dry basis) 
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The relative biological value of isolated soy proteins had decreased to 72.3% that was 
about 74% of soy meal value. The value of sunflower isolated proteins had decreased most 
drastically and was only 28.5% comparing with casein. Such decline of nutritive values 
probably was resulted by loosing of high biological value proteins which retaining in whey 
water. As it is known, this fraction of proteins is albumins, which are not precipitated at pH 
3.8–4.5, corresponding isoelectric point of globulins [34]. Content of albumin fractions 
were 5.7, 6.8 and 36.2% in soybeans, sunflower and rape seeds respectively. Rape seeds 
albumin fraction is most abundant, but it was shown in early works the biological value of 
rape albumin napin had been limited by content of tyrosine, which is only 23% of 
FAO/WHO scale protein [35].  

The main characteristic of proteins biological value is content of indispensable amino 
acids and their score to FAO/WHO scale protein. The protein isolate from rape seeds had 
highest biological value (Table 1), valine and isoleucine were limited amino acids with 
their score to scale protein 80 and 85 %, respectively. Scores of other essential amino acids 
were higher than 100 %.  

Content of sulfur containing amino acids methionine and cystine had limited value of 
soy seeds protein isolates, their score was only 60 %, the threonine score was about 100% 
and content of other essential amino acids was higher their content in scale protein.  

The sunflower seeds protein isolates were of lowest quality. Their value was limited by 
the content of sulfur containing amino acids, which was less than 50% of scale protein. The 
lysine was the second limiting amino acid, its score was only a negligible higher of 
methionine and cystine score. Content of other amino acids exceeded that of scale protein. 

It is known that biological value of protein isolates depend from number of factors 
such as genetic properties of plants, climate conditions of seeds growing, and most of all 
from the parameters of seeds processing. The chemical composition and quality of proteins 
can be changed significantly as result of seeds processing (drying, heating, pressing, 
extraction and desolvation of meal) and protein recovery from meal, their precipitation 
from solution and drying. Therefore the published data about indispensable amino acids 
content of seed proteins and protein isolates are not identical. Usually content of all 
essential amino acids in soy protein isolates are higher [37]. 

 
Table 1 

Content of main indispensable amino acids in soy and rape protein isolates relative to 
FAO/WHO scale protein. 

 
Soybean protein  

isolate 
Sunflower seeds  
protein isolate 

Rape protein  
isolate 

Amino acid FAO/WHO 
protein, 

mg/100mg  
of protein 

[36] 

mg/100 
mg of 

protein 

% to 
FAO/WHO 

protein 

mg/100 
mg of 

protein 

% to 
FAO/WHO 

protein 

mg/100 
mg of 

protein 

% to       
FAO/WHO 

protein 
Lysine 5.5 6.1±0.18 110.9 3.0±0.17 54.2 6.5±0.20 118.2 

Methionine+ 
Cystine 

3.5 2.1±0.06 60.0 1.6±0.16 45.7 5.5±0.17 157.1 

Valine 5.0 5.4±0.16 108.0 6.2±0.11 123.8 4.0±0.12 80.0 
Threonine 4.0 3.9±0.12 97.5 4.4±0.14 109.3 4.3±0.13 107.5 
Leucine 7.0 7.9±0.24 112.9 7.8±0.22 110.9 7.0±0.21 100.0 

Isoleucine 4.0 4.1±0.12 102.5 5.5±0.10 138.5 3.4±0.10 85.0 
Pheyilalanine 

+ Tyrosine 
6.0 8.0±0.23 133.3 8.6±0.23 143.5 7.5±0.23 125.0 
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Technological properties of oil seeds proteins 
 

Technological properties of proteins determine their using in food processing, 
influencing the rheological properties, emulsion or foam stability, plasticity, appearance 
and taste of food. The main technological properties are water solubility, capacities to 
stabilize emulsion and foam, water and oil binding capacities etc.  

The water soluble protein fraction content in soy, sunflower and rape seeds were 
mention above. Content of total soluble proteins were 85.2, 84.3 and 70.8% of protein 
content in rape, soy and sunflower seeds respectively. Mass of total soluble proteins, which 
were determined in alkaline medium, was lowest in sunflower seeds. Apart from genetic 
peculiarities of protein fraction composition, using of alkaline medium under protein 
extraction from defatted sunflower seeds had resulted changing of isolated proteins color 
and water solubility due to creation of complexes between proteins and products of 
chlorogenic acid oxidation [38]. Colors of these isolated proteins were from bright green to 
dark green. On the contrary, it was shown that protein recovery in salt solution maintained 
their native state [39]. 

After protein recovery in neutral solution (sodium chloride), isoelectric precipitation 
and protein drying, water solubility of isolated proteins was not as high at every pH, the 
maximal solubility was determined to be only about 38% for rape proteins (Figure 3).  
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Figure 3. Solubility of protein isolates from oil seeds at different pH values 
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Evedently, that this is the result of solubility changes of primary soluble seed proteins 
under isolation procedure. Lowest protein solubility was at pH 4–5 and highest – in alkaline 
medium. Additional water washing of isoelectric precipitated protein pellets had increased 
protein solubility by 10–15% at pH 7–8 (data not shown). Rape proteins isolate had higher 
solubility relatively soy and sunflower isolates at all pH range. High rape proteins isolate 
solubility in water solutions probably caused by high albumin content in rape seeds. It is 
known, that rape proteins solubility is determined by their isolation procedure. Protein 
isolates, prepared by isoelectric precipitation, consist of 7S globulins and have a poor 
solubility [40], but a good solubility of isolates, precipitated with acid were reported too 
[41]. 

Solubility of isolated sunflower proteins had dropped drastically at pH range 4–5 
and was highest (about 35 %) at pH 10. At the same time it was shown that protein isolates, 
prepared from sunflower oil cake, had very high solubility (above 80% at pH 8) [30]. For 
this purpose authors had suspended isoelectric protein pellet in water at pH 9 and 
suspension was dried lyophilization.   

Isolated soy proteins had very low solubility in studied pH range. It could be 
resulted by presence of polypeptides with higher molecular weight in soy protein isolates, 
which abounded by polypeptides with molecular weight from 30 to 76 kDa [42], whereas 
sunflower protein isolates − by polypeptides with molecular weight from 20 to 45 kDa [34, 
43,44] and rape protein isolates − by polypeptides with molecular weight 12–50 kDa [45]. 
Similar values of soy proteins isolate solubility were obtained by Molina Ortiz and Cristina 
An [46].  

As the result of high molecular weight of soy protein isolates their water holding 
capacity was very high (385%), that was the highest value compare with sunflower and 
rape protein isolates (Figure 4, a). The sunflower protein isolate had lowest degree of 
hydrophility, it was about 160%. The highest oil binding capacity was detected for rape 
proteins isolate (Figure 4, a). Probably this is due to high content of hydrophobic sulfur 
containing amino acids in rape proteins. The sunflower and soy protein isolates still had 
high capacity to oil absorption.  

The rape protein isolate had also highest foam and emulsifying capacities comparing 
with sunflower and soy protein isolates (Figure 4, b), though most rape protein isolates 
were reported to have poor foaming capacity [47, 48]. At the same time foam of rape 
protein suspension was unstable. It is known, that foam and emulsifying capacities are 
depended from hydrophobicity of proteins. Thus isolated rape proteins having relative high 
water solubility had demonstrated higher hydrophobic properties too. In spite of this the 
opposite data about relationship between rape protein isolates solubility and their 
emulsifying capacity were reported [40]. 

Salgado et al. [30] had proposed that protein aggregation had resulted in decrease of 
surface hydrophobicity. On the contrary, it is possible, that high solubility and surface 
hydrophobicity of isolated rape proteins were associated with their disaggregation.  
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Figure 4. Technological properties of protein isolates from oil seeds 
 
 

Conclusion 
 
Investigated protein isolates of oil seeds (soy, sunflower and rape) had no toxicity 

according to test with Tetrachimena piriformis. Rape proteins isolate had the highest 
relative biological values comparing with soy and sunflower isolated proteins. Relative 
biological value of sunflower isolated proteins was poor. Rape protein isolate had also the 
highest value on the basis of indispensable amino acids content. This value was districted 
only by valine score (80% of scale FAO/WHO protein) and isoleucine (85% of scale 
protein). Soy and sunflower isolated proteins were diminished by sulfur containing amino 
acids. The water solubility, oil binding, foam and emulsifying capacities of rape proteins 
isolate were also higher comparing with soy and sunflower isolated proteins.  

Thus isolated proteins of low glucosinolate rape seeds are promising source of edible 
proteins, which have enhanced technological properties. The technological properties of 
soy and sunflower isolated proteins can be modified by limited enzymatic hydrolyses or 
other treatment. 
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