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Abstract
Introduction. Partial enzyme hydrolysis of proteins is common method of modification of their functional properties. The characteristics of partially hydrolyzed proteins obtained from sunflower meal are presented in this work. 

Materials and methods. Proteins of sunflower meal were extracted in the presence of two proteases viz. neutral protease and Alkalase during 40 min. Partially hydrolyzed protein samples were prepared by isoelectric precipitation and next drying. The polypeptide composition of protein isolates were studied by polyacrylamide gel electrophoresis, degree of protein hydrolysis, amino acid composition, surface activity and functional properties were estimated. 

Results and discussion. The polypeptides of higher molecular weight (45–54 and about 32–35 kDa) were absent in polypeptide profile of partially hydrolyzed proteins either of proteases. At the same time they were abounded with 14–16 kDa polypeptides and polypeptides with molecular weight lower 14 kDa. 

Partially hydrolyzed protein samples had higher protein content, lower content of ash and carbohydrates as compared with the control sample. The biological value of sunflower protein isolates were limited by three amino acids – sulfur containing amino acids (methionine and cysteine) and lysine. The content of methionine, cysteine and lysine has been increased in protein samples obtained with neutral protease, relative to protein isolate. Differential scanning calorimetric analyze of protein samples have demonstrated that partially hydrolyzed samples contained undenaturated proteins, but their denaturation degree was higher compared with control samples. Partial hydrolysis of sunflower seed proteins have improved their solubility in pH range from 2 to 8, water holding, oil binding, foaming, emulsifying capacities and surface activity. 

Conclusions. Partially hydrolyzed protein samples had higher protein content, lighter color, lower degree of denaturation and better functional properties compared to the traditional protein isolates. 
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Abstract in Ukrainian
(The staff of editorial office will translate abstracts for authors who does not speak Ukrainian)
Склад та властивості частково гідролізованих соняшникових білкових ізолятів
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Вступ. Частковий ферментативний гідроліз білків є загальноприйнятим методом модифікації їх функціональних властивостей. В даній роботі представлено характеристику властивостей частково гідролізованих білків, одержаних із соняшникового шроту.

Матеріали і методи. Білки соняшникового шроту екстрагували протягом 40 хв. в присутності двох протеаз, а саме: нейтральної протеази і Алкалази. Зразки частково гідролізованих білків були одержані шляхом ізоелектричного осадження та наступного висушування. Поліпептидний склад білкових ізолятів вивчали за допомогою електрофорезу в поліакриламідному гелі, визначено також їх ступінь гідролізу, амінокислотний склад, поверхневу активність та функціональні властивості.

Результати  і обговорення. В поліпептидному профілі білків, частково гідролізованих обома протеазами, були відсутні високомолекулярні поліпептиди із молекулярними масами 45–54 і 32–35 кДа. В той же час вони були збагачені поліпептидами з молекулярними масами 14–16 кДа та нижчими. 
Зразки частково гідролізованих білків мали вищий вміст білків, нижчий вміст золи та вуглеводів порівняно із контрольним зразком. Біологічна цінність соняшникових білкових ізолятів була обмежена трьома амінокислотами − сірковмісними метионіном і цистином та лізином. Вміст метионіну, цистину та лізину збільшувався у зразках білків, одержаних із нейтральною протеазою, порівняно із контрольним зразком.

Диференціально скануючий калометричний аналіз білкових зразків показав, що частково гідролізовані зразки містили неденатуровані білки, проте їх ступінь денатурації був вищим порівняно із контрольним зразком. Частковий гідроліз білків насіння соняшнику збільшував їх розчинність в діапазоні рН від 2 до 8, волого- та жироутримувальну здатність, піноутворювальну, емульгувальну здатність та поверхневу активність. 

Висновки. Зразки частково гідролізованих білків мали вищий вміст білка, більш світле забарвлення, нижчий ступінь денатурації та кращі функціональні властивості порівняно із традиційними білковими ізолятами.

Ключові слова: соняшник, білок, ізолят, гідроліз, протеаза
Introduction

Partial enzyme hydrolysis of protein is common method of modification of their functional properties. The protein hydrolysates are usually prepared from milk or soy proteins under influence of different proteases. Another source of proteins can be used as substrate for enzyme hydrolysis too. Parrado et al. [1] and Villanueva et al. [2] have obtained sunflower  protein hydrolysates from sunflower seed protein isolates, Vioque et al. [3] have produced rape seed protein hydrolysates.

The polypeptide composition of protein isolates have changed as result of protein hydrolysis under different proteases notably polypeptides of smaller size appeared [2, 4]. It was shown that soy and sunflower protein hydrolysates had higher solubility in wide pH range, in despite of native proteins which have destricted solubility at pH of isoelectric point [2, 4]. The pumpkin oil cake globulin hydrolysates obtained with different enzymes (hydrolysis degree 5.6-29.8 %) had also increased solubility within the studied pH range [5]. In addition, hydrolysates of cucurbitin obtained with Alkalase and pepsin showed antioxidant activity.

In most cases limited protein hydrolysis can improve their emulsifying, foaming properties [3-7] and change sensory characteristics [8]. 

In our previous works we have shown that extraction of protein from industrial sunflower meal in the presence of trypsin [9] or microbial proteases [10, 11] resulted in increase of protein concentration in extracts and protein isolate yield. The protein concentration in extracts obtained in the presence of proteases was approximately twice higher than in control samples. The protein hydrolysis degree was sufficiently low and varied from 3.5 % to 5.2 % at moderate enzyme/substrate ratio and neutral protease [10]. When enzyme:substrate ratio increased the degree of hydrolysis was also rising and reached 9.0-9.5 % during 40-60 min that is desirable for improvement of protein functional properties, higher hydrolysis level results in loss of protein functionality. The degree of protein hydrolysis varied from 8.5 to 14.5 % when alkaline protease was used at every investigated enzyme:substrate ratio during 40-60 min. It was shown also that correlation (r=0.69) exists between concentration of proteins in extracts and degree of protein hydrolysis under influence of microbial proteases. The model was obtained for estimation of the affectivity of protein extraction as function of enzyme:substrate ratio and extraction time.

Changes in polypeptide composition of protein isolates under influence of proteases resulted in differences of amino acid composition between unhydrolyzed proteins and proteins partially hydrolyzed by various proteases. Amino acid composition of sunflower meal, protein isolates (PI) and partially hydrolyzed protein isolates (PHPI, hydrolysis degree 12.4 %) were studied in our previous work [12]. Three amino acids were limiting in sunflower meal proteins almost in equal extent, notably, valine had amino acid score 71.2 % to FAO/WHO reference protein, isoleucine – 72.5 and lysine – 73.5 %, respectively. Amount of amino acids in PI and PHPI had changed comparing with sunflower meal that is content of sulfur containing amino acids and lysine in protein isolates decreased drastically. On the other hand, sunflower protein isolates, obtained by Villanueva et al. [2] and Ivanova et al. [13], were not limited by the content of methionine and cisteine. 

In this work we present the next characteristics of partially hydrolyzed proteins (PHPI, hydrolysis degree 8-12 %), obtained from sunflower meal with assistance of microbial proteases, notably their composition, solubility in the range of pH 2-8, their surface activity, emulsifying, foaming capacities, water and oil binding properties, denaturation temperature and enthalpy of denaturation.

Materials and methods

Materials
Sunflower meal was collected from local oil extraction plant, Melitopol, Ukraine. The protein content of meal varied from 33 to 39%. Neutral protease from Bacillus subtilis (Protolad, 70 FIP-U/g, optimum pH 6.5-7.0, ENZYME, Ukraine) and alkaline protease from Bacillus licheniformis (Alkalase, 2.4 AU/g, optimum pH 8.5-9.0, ENZYME, Ukraine) were used for hydrolysis. All chemicals used for experiments were at least analytical grade.

Preparation of protein isolate and partially hydrolyzed protein isolates
Proteins were extracted from sunflower meal by sodium chloride solution (70 g/L, pH 7.0) under constant stirring, at 45°C for 40-50 min, meal:solution ratio was 1:10 (w:v). 

In order to obtain partly hydrolyzed samples, extraction of proteins from sunflower meal was carried out in the presence of Protolad or Alkalase, with meal:enzyme ratio 100:1. The protease activity was stopped by heating of reaction mixture at 80°C for 15 min.   

Afterwards, the insoluble residue was precipitated by centrifugation. The supernatant (protein extract) was used for isoelectric protein precipitation at pH 4.0. After protein coagulation, pellet was separated by centrifugation (3,000 x g), washed with water solution (pH adjusted with HCl to 4.0), protein pellet was collected and dried to 6-8% humidity. 

Determination of the Protein Hydrolysis Degree
The degree of protein hydrolysis (DH) was determined according to Popovic et al. [5] in some modification. To a 0.5-mL aliquot of the supernatant obtained after hydrolysis, an equal volume of 0.5 mol/dm3 3-chloro-acetic acid (TCA) was added. The mixture was incubated for 30 min at 4 °C. Thereafter, the mixture was centrifuged at 7 000 rpm for 10 min. The TCA-soluble fractions were analyzed to determine the protein content by the method of Lowry et al. [15]. The DH value was calculated as the increase of TCA-soluble protein concentration in the presence of protease (Cprotease) to protein content in control samples (C control), expressed as a percentage: 
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Analysis of protein sample composition
Moisture and ash content of protein samples was determined using the gravimetric method. Oil content was measured according to Soxhlet’s method. For this purpose 5 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 [16]. Crude protein content was calculated with a conversion factor of 6.25. Carbohydrate content was calculated as difference between dry substances mass and mass of protein, ash and oil.

Determination of amino acid composition of protein samples
The direct acid hydrolysis of protein isolates was used to obtain hydrolysates suitable for determination of all amino acids except cysteine and tryptophan. Hydrolysis was carried out in test tubes by adding of 1 mL of 6 M 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.

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
The polypeptide composition of the protein samples were analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis by the method of Laemmli [17]. The gel system, containing 0.2 % (wt/vol) SDS consisted of a 12% polyacrylamide-resolving gel (pH 8.8) and a 4% stacking gel (pH 6.8 ) in a minislabs system (Bio-Rad Mini-Protean II Model). The length of the resolving and stacking gel were 10 and 2 cm, respectively, with a gel thickness of 0.75 mm. Electrophoresis was perfomed at a constant current of 25 mA. Protein bands were stained by immersion of the gel in 0.05 % Coomassie brilliant blue G-250 solution, in 45 % methanol and 9 % acetic solution.

Protein molecular weights were estimated using low MW markers (Pharmacia, Amersham, England) that included phosphorylase b (94,000), albumin (67,000), ovalbumin (43,000), carbonic anhydrase (30,000), trypsin inhibitor (20,100), and a-lactalbumin (14,400). 
Differential scanning calorymetry (DSC)
Thermal denaturation of the protein suspensions was studied by DSC with a DSC Q 2000 calorimeter (V24.4 Build 116, TA Instruments, Germany). 8 mg of sample was placed in an aluminium pan and heated from 20 to 110°C at a rate of 2°C/min.

Determination of protein solubility
Determination of solubility was made in a pH region of 2.0 to 8.0 adjusted by 0.1 M HCl or NaOH. Protein samples were dissolved for 1 h at room temperature at concentration 1 % wt/vol under constant stirring. Suspensions were centrifuged at 3,000 x g for 20 min. Protein concentration in supernatants were measured by method of Lowry et al. [15]. Solubility was expressed as grams of soluble protein/100 grams of sample.

Determination of protein sample functional properties
The water holding capacities (WHC) of proteins were measured as described by Ashraf et al. [18] taking 1 g of protein extract and resuspended in 10 mL of distilled water and mixed vigorously for 2 min, 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.

The oil binding capacities (OBCs) of seed proteins were measured using the method of Ashraf et al. [18] 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 3,000 x g for 20 min, the supernatants were carefully poured immediately after 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 protein samples were determined according to Karki et al. [19] 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 protein samples were determined according to Makri et al. [20] taking 1 % of the samples and resuspended in deionized water, pH was adjusted to 7.4 with 0.1 M NaOH and 0.1 M 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 = 
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Surface tension measurements
Series of protein suspensions with concentrations from 0.03 to 0.5 % (w/v) were prepared in water solution at pH 8.0 adjusted with 0.1 M NaOH. The surface tension measurements were made with a stalagmometer. Three readings were made on each sample to obtain an average value. All measurements were made at temperature (20±1) °C. Distilled water was used as surface-tension standard. The surface tension of protein suspensions was calculated using the following equation:
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where, 
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[image: image5.wmf]and N0 are the surface tension, density and drop number of distilled water; 
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 and N are the surface tension, density and drop number of protein suspension respectively.

Statistical analysis
Data were expressed as means ± standard deviations for triplicate determination. Statistical analysis was performed using Microsoft Excel 2007. Differences were considered to be significant at validity of α=0.95. 

Results and discussion

Chemical and polypeptide composition of sunflower seed isolated proteins
The sunflower seed protein isolate used as a control sample had a protein content about 78 % and high carbohydrate content (Table 1). Partially hydrolyzed protein sample obtained with neutral protease (hydrolysis degree 8.5 %) contained about 90 % proteins, lower amount of ash and more than two times less of carbohydrates than protein isolates. The protein sample obtained with Alkalase (hydrolysis degree 11.5 %) also had higher protein content, lower content of ash and carbohydrates as compared with the control sample. Such influence of partial protein hydrolysis on the chemical composition of protein samples is obviously due to decrease of intermolecular aggregation of smaller polypeptides with other components of sunflower seed including carbohydrates. Low amount of concomitant substances are coprecipitated from the protein suspension together with small polypeptides at their isoelectric precipitation. And finally partial hydrolysis could result in readsorption of some contaminations from the protein surface. 

Using of Protolad and Alkalase at extraction of proteins from sunflower meal resulted in changes of polypeptides composition of obtained partially hydrolyzed proteins (Figure 1). 

Table 1 
Chemical composition of sunflower seed proteins calculated on a dry weight basis

	Component
	Protein isolate
	Partially hydrolyzed proteins (Protolad)
	Partially hydrolyzed proteins (Alkalase)

	Protein
	78.4±0.5
	89.5±0.4
	87.2±0.6

	Ash
	4.9±0.2 
	2.8±0.1
	3.0±0.2

	Carbohydrates 
	16.0±0.4
	7.2±0.3
	9.2±0.4

	Lipid
	0.7±0.1
	0.5±0.1
	0.6±0.1
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Figure 1. Sodium dodecyl sulfate-polyacrilamide gel electrophores polypeptides profile of sunflower seed proteins isolate (lane 4), partially hydrolyzed by Protolad (lane 2) and Alkalase (lane 3), lane 1 and 5 – molecular weight markers (94, 67, 43, 30, 20 та 14 kDa).
The polypeptides of higher molecular weight (45-54 and about 32-35 kDa) were absent in polypeptide profile of proteins partially hydrolyzed by either of proteases. They abounded with 14-16 kDa polypeptides and polypeptides with molecular weight lower 14 kDa. Some new polypeptides with molecular weight in rage of 10-20 kDa had appeared in their profiles, whereas control protein sample had relatively high content of 32-35 kDa polypeptides and low content of 16 kDa polypeptides.

The essential amino acid compositions of protein samples were sufficient different, indicating that limited hydrolysis of sunflower meal proteins under their extraction have changed the biological value of proteins (Figure 2). The biological value of sunflower protein isolate was limited by three amino acids – sulfur containing amino acids (methionine and cysteine), their content was only about 46 % of FAO protein, and lysine which was 54 % of references protein. Since content methionine and cysteine in sunflower meal proteins was 80 % of FAO proteins [12] evidently, that proteins abounded by these hydrophobic amino acids are less soluble and are not extractable from the meal.  Content of other essential amino acids exceeds their content in references protein. Limited hydrolysis of sunflower meal proteins by Protolad have increased amino acid score of every essential amino acid compared to the protein isolate, most significantly leucine, sum of aromatic amino acids and valine. This protein samples have increased content of methionine and cysteine by 26 % and lysine – by 17 % relative to protein isolate. On the contrary, essential amino acids content of protein samples limited hydrolyzed by Alkalase were lower compared to the protein isolate, these proteins were especially poor in sulfur containing amino acids (their content was only 23 % relative to FAO pattern). This phenomenon could be due to loss of such amino acids with hydrolysis products which are not precipitated during isoelectric precipitation. Decrease of methionine and cysteine content were observed also in sunflower hydrolysate obtained with Alkalase [2].
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Figure 2. Essential amino acid composition of sunflower seed protein samples
Protein denaturation degree of sunflower protein isolates
Obtained protein samples had similar denaturation temperatures and enthalpies (Table 2, Figure 3). Dependences of thermal flow of protein suspensions from temperature were similar for partially hydrolyzed and unhydrolyzed protein samples (Figure 3). The denaturation temperatures of protein isolate was about 85 °C. Proteins of partially hydrolyzed samples had a little lower temperature stability, the denaturation temperature were 80.2 and 79.1°C for partially hydrolyzed proteins by Protolad and Alkalasa respectively.  Denaturation degree of partially hydrolyzed proteins were higher compared to the protein isolate, enthalpies of denaturation were 151.5 and 146.8 J/g proteins for Protolad and Alkalasa sample respectively. Thus, in spite of limited hydrolysis, protein samples obtained with proteases, contains macromolecules with preserved second and tertiary structure. 

Table 2 

Denaturation temperature and enthalpies of sunflower protein products

	Sunflower protein products
	Denaturation temperature, °С
	Enthalpy, 
(∆Н, J/g protein)

	Protein isolate
	84.9±1.7
	184.7±2.1

	Partially hydrolyzed proteins (Protolad)
	80.2±1.5
	151.5±1.6

	Partially hydrolyzed proteins (Alkalase)
	79.1±1.2
	146.8±1.4
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Figure 3. Dependence of protein suspensions thermal flow from temperature

Solubility of protein samples and their functional properties
High solubility of isolated proteins is required in many foods because of soluble proteins provide a homogeneous dispersability of molecules in colloidal systems and many other functional properties of proteins are realized when they are in soluble state. The solubility of proteins usually increased over a wide range of pH as result of their hydrolysis [14]. Indeed, protein samples, containing limited hydrolyzed polypeptides, had higher solubility in pH range from 2 to 8 (Figure 4).
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Figure 4. Solubility of sunflower protein samples at different pH values
The greatest increase of solubility was observed at acid medium (pH 2-5) for protein sample, partially hydrolyzed by Protolad, solubility differences between samples decreased at pH 6-8.  Increase of solubility for protein sample, partially hydrolyzed by Alkalase, was insignificant at pH range 2-5 and very poor at higher pH, that could be determined not only specific effect of this protease and properties of hydrolysis products, but also composition of proteins which were extracted in alkaline solution.  

Accordingly, the water holding capacity of partially hydrolyzed protein samples increased too (Figure5, a), for protein sample, partially hydrolyzed by Protolad, this increase was almost five times, for protein sample, partially hydrolyzed by Alkalase, this characteristic improved four times. The increase of oil binding capacities was statistically insignificant for both partially hydrolyzed protein samples.  
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Figure 5. Functional properties of sunflower protein samples: 
1 – protein isolate, 2 – partially hydrolyzed proteins (Protolad), 
3 – partially hydrolyzed proteins (Alkalase).

Isolated proteins have surface activities and hence are active in creation of such disperse systems as foams and emulsions. Dependences of surface tension of protein suspensions from their concentration have demonstrated that interfacial properties partially hydrolyzed proteins have been improved under influence of limited hydrolysis (Figure 6). The surface activity of protein sample, partially hydrolyzed by Protolad, has increased most drastically, even at very low protein concentrations (˂0.1 %) surface tension coefficient decreased about 10 % compared to the protein isolate. 

Foaming and emulsifying capacities partially hydrolyzed proteins increased substantially (Figure 5, b). Foaming and emulsifying capacities were higher in sample, partially hydrolyzed by Alkalase, but foam stability of this sample was very poor. At the same time foam stability was highest in the sample, partially hydrolyzed by Protolad. Loss of foaming stabilizing capacity with increase of hydrolysis degree had been demonstrated for soy proteins too [4]. 
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Figure 6. Dependence of surface tension coefficient of protein suspensions from their concentration.
Conclusion

We have used two proteases during extraction of proteins from sunflower seed meal. We have obtained the partially hydrolyzed protein samples with different composition, color, denaturation degree and functional properties. These samples had higher protein content compared to the traditional protein isolates, protein sample partially hydrolyzed by neutral protease had higher biological value too. Protein solubility at pH 2-8, water holding, oil binding, foaming and emulsifying capacities of partially hydrolyzed protein samples were improved compared to the control.
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