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Abstract: This article provides data on correlation between functional technological properties of native and 

modified wheat gluten and its specific molecular weights, with an objective to develop control methods for 

adjustment of physical and chemical specifications of protein products. We used methods for chemical composition 

analysis in protein products, protein electrophoresis (PAGE), and DWG modifications. We used enzymatic 

preparations (EP) for DWG properties modification: endoprotease EP (Protamex®) and Flavourzyme 500 MG, 

which contains both endoprotease and endopeptidase simultaneously. It is shown that native DWG underperforms in 

its functional technological properties in comparison to sodium caseinate, soy flour, soy concentrate, and egg 

albumin, therefore its properties are modified by limited proteolysis with protein hydrolysis degree of 1.10–3.41%.  

Our findings indicate that hydrolysis duration might be used to control DWG properties: to increase solubility, foam 

forming capacity (FFS) up to the respective values demonstrated by egg albumin, and at the same time, to reduce 

water- and fat-binding capacity and fat emulsifying capacity. DWG with improved FFS contains single-chain 

polypeptides, both with low molecular weight (МE) (under 40 kDа), and with medium ME (40–60 kDа). Among 

multi-chain peptides with more pronounced foam-forming capacity, presence of single-chain peptides with low ME 

(12–16 kDа) seems more preferable than polypeptides with medium (27–39 kDа) and high ME (69–108 kDа). 

Revealed regularities in correlation of DWG functional properties and ME / composition specificity are intended to 

be used in DWG modification for further various applications in food industry, mostly for pastries production.   
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INTRODUCTION 

Protein products of plant and animal origin are 

extensively used in food industry due to an ample array 

of functional technological properties (FTP) they 

possess, such as solubility, water and oil binding 

capacity, capacity to create stable emulsions, foams, 

etc. [1]. Proper FTP is a prerequisite for optimal quality 

indicators, as well as for enhancing nutritive and 

biological value of food products. Dried wheat gluten 

(DWG) is a byproduct of wheat starch manufacture, and 

it definitely requires a wider scope of utilisation. 

Nowadays, DWG is mostly used in flour milling and 

bread baking industry [2, 3]. First benefit of DWG is its 

natural origin, as this product is obtained from cereals by 

washing them with water without any chemicals 

involved or any demanding process requirements; the 

second benefit that should be mentioned is its unique 

technological properties, with no equivalent substitution 

in bread baking industry. Gluten proteins improve the 

strength of wheat flour dough and consumer properties 

of baked products. An addition of some 1–2% of DWG 

increases flour protein content and water absorption 

capacity of weak flour dough, enhances bread output, 

improves its texture and softness, provides an extended 

shelf life [4, 5]. In bread baking and flour milling 

industry, DWG might be used without any modification, 

however, its FTP do not meet the specifications of 

various processes in pastry production, such as 

solubility, foaming capacity requirements, etc. [6]. In 

order to achieve a wider scope of application for DWG 

in food industry, new efficient methods of FTP 

modification are being developed that deal with 

physical, chemical, and structural properties of proteins: 

surface hydrophobicity, molecular weights [7], etc.   

Eduble proteins are modified by physico-chemical, 

chemical, and enzymatic methods. The first category
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comprises protein treatment by heat [8], pressure [9], 

ultrasound [10], extrusion [11]; the second, protein 

atecylation [12], succinylation [13], phosphorylation 

[14], dilute acid treatment [15], the third group of 

methods includes hydrolysis [16], and deamination 

[17]. Proteins are also modified when being exposed to 

combinations of various factors: temperature and 

enzymes [18], temperature and pressure [19], 

proteolysis and ultrafiltration [20], among others. 

Protein modification results in changes in solubility, 

fat-emulsifying capacity (FEC) and other properties of 

gluten [6, 7, 16, 18, 21]. Some researchers [6, 7, 21] 

determined molecular weights (MW) of gluten proteins 

and its FTP, however, there have been no studies of a 

correlation between MW of proteolytically modified 

DWG proteins and various rheological properties and 

FTP that would aim to controlling the latter through the 

adjustment of the former. Samples of both DWG and 

raw native gluten might vary in their rheological 

properties that are known to be determined by 

differences in their molecule size [22]. Consequently, 

their functional properties might also be different. 

There are no reports in literature on the dependence of 

functional properties of DWG proteins on MW            

of its components (single-chain and multiple-chain 

polypeptides). Therefore, the objective of this study 

was to evaluate the FTP of DWG in comparison with 

properties demonstrated by other protein products,     

and to investigate the correlation of these properties     

in native and hydrolysed DWG samples that            

reveal different rheological parameters with             

MW specificity in various types of polypeptides 

separated by polyacrylamide gel electrophoresis 

(PAGE). 

 

OBJECTS AND METHODS OF STUDY 

Objects. We used the following samples: two 

DWG samples produced by BM company 

(Kazakhstan), a sample of egg albumin (manufacturer: 

Eurovo S.R.L., Italy), a sample of sodium caseinate 

(PC Milk, Belarus), a sample of soy isolate Supro 760 

(Protein Technology International, US), a sample of 

defatted soy flour 200/80 (Cargill, Belgium), and a 

sample of soy concentrate (Technomol, Russia). 

Quality and safety of the protein products were 

confirmed by certificates of conformity issued by 

Rospotrebnadzor (the Russian Federal Service for 

Surveillance on Consumer Rights Protection and 

Human Wellbeing). All the protein products except soy 

flour were classified as concentrates and isolates 

(Table 1) according to their protein content, and 

different in their carbohydrates, ash, and fat content.  

We used enzymatic preparations (EP) for protein 

modification: endoproteases (Protamex
®
) and          

endo- and exopeptidases (Flavourzyme 500 MG) 

manufactured by Novozymes (Denmark), with 

proteolytic activity of 125 and 85 Е/g, respectively. EP 

activity was determined by Rukhlyaeva's modification 

of the classic Anson assay as per GOST 20264.2-88; 

this method is based on hydrolysis of the sodium 

caseinate protein by the EP and further sedimentation 

of the non hydrolyzed protein by trichloroacetic acid. 

Chemical composition. Mass fraction of protein in 

protein products was determined by the Kjeldahl 

method, in Kjeltek analyzer manufactured by Теcаtоr 

(Sweden) as per GOST 10846-91; humidity, as per 

GOST 9404-88; ash, as per GOST 27494-87. Mass 

fraction of fat was analyzed as per GOST 29033-9, 

while fiber was determined by Kürschner-Hanak 

method as exposed in the guidelines [23]. Mass 

fraction of carbohydrates was calculated by subtracting 

respective mass fractions of protein, fat, ash, and 

humidity from a total of 100 g. 

Preparation of regenerated DWG and 

determination of its rheological properties. 4 g 

(±0.01 g) of DWG were placed in a porcelain cup and 

added by 8 cm
3
 of tap water at 18–20

о
С. Then a dough 

ball was formed, covered by glass and left for 20 

minutes to rest. Then gluten was washed out onto a 

seave, with a jet of tap water, for 15–20 minuted at the 

same temperature. Regenerated 4 g gluten was 

manually pressed out to drain water, then a required 

amount of 4 g (±0.01 g) was separated and molded into 

a smooth-surfaced ball, without discontinuities. The 

gluten ball was placed to rest into a cup of water at     

18–20ºС for 15 minutes. Then the compressive 

deformation (elasticity) (Ndef.) was measured in the 

IDK-1 apparatus, as per the test technique provided in 

GOST 27839-2013. 

 

Table 1. Chemical composition of protein products 

 

Protein products Humidity, % 

Mass fraction  

(% of dry weight) 

Protein Fat Carbohydrates Fibre Ash 

Egg albumin 8.0 ± 0.4 87.0 ± 0.3    2.0 ± 0.2   2.0 ± 0.2 3.0 ± 0.5 6.0 ± 0.5 

Sodium caseinate   6.0 ± 0.2 88.0 ± 0.6    2.0 ± 0.2   1.0 ± 0.5 4.0 ± 0.4 5.0 ± 0.3 

Soy flour  9.0 ± 0.2 43.0 ± 0.4  14.0 ± 0.1 34.0 ± 0.8 5.0 ± 0.6 4.0 ± 0.2 

Soy concentrate  4.0 ± 0.5 61.0 ± 0.2    5.0 ± 0.1 26.0 ± 0.7 4.0 ± 0.2 4.0 ± 0.4 

Soy isolate  4.0 ± 0.7 92.0 ± 0.5    0.5 ± 0.2   1.5 ± 0.3 3.0 ± 0.3 3.0 ± 0.1 

DWG  4.0 ± 0.1 75.0 ± 0.5    1.0 ± 0.4 22.0 ± 0.6 1.0 ± 0.1 1.0 ± 0.2 
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Hydrolysis degree. Hydrolysis degree of DWG 

proteins (Dh) was calculated according to the equation 
 

Dh = Cs/Cc*100%, 
  

where Cs was total nitrogen of the amino acids within 

the sample (%) [29], and Cc is the amino nitrogen 

content in the hydrolyzed sample.  

Total amino acid nitrogen was obtained after 

complete hydrolysis of the sample quantity (approx. 

100 mg) with 10 cm
3
 6 mol/dm

3
 НCl solution. The 

sample was maintained in a thermostat at 110ºС for 

24 hours, then amino nitrogen was determined by 

formol titration [23]. To determine amino nitrogen, the 

required sample quantity was mixed with certain 

amount of distilled water (assuming the moisture 

content of 63%) with a diluted proteolytic EP. Dough 

was made and kept in a thermostat for certain time, at a 

suitable temperature. Then the hydrolysate (4.5 g) was 

added with 65 cm
3
 of distilled water, the mixture was 

dispersed in a homogenizer for 4–5 minutes, then 

centrifuged at 6000 rpm for 20 minutes. The 

supernatant liquid was drained, with 5 cm
3
 transferred 

to a cuvette with distilled water (20 cm
3
) for titration. 

The mixture was neutralized by 0.2 N of NaOH 

solution under pH meter control. When pH level of the 

solution reached 7, it was added with 0.5 cm
3
 of 

formaldehyde with phenolphtalein, and the mixture 

was titrated with 0.2 N NaOH solution up to        

pH 9.1–9.5, which corresponded to bright red coloring 

of the sample. Hydrolysed DWG samples were dried in 

a lyophilic drying plant Continuous Freeze Dryer (US). 

Electophoresis and molecular weights. In order to 

determine MW and polypeptide composition of the 

proteins, a required quantity (0.2–0.5 g) of DWG and 

its hydrolysates was mixed with 20 cm
3
 of buffer 

containing 62.5 mM of Tris-HCl, 8 M of urea, 2% 

SDS, and 0.01% of bromphenol blue (pH 6.8). The 

dispersion was agitated for 1 hour at room temperature. 

On the next day, (in 15–17 hours) the samples were 

agitated once again, for 1 hour at room temperature, 

then centrifuged at 12 000g for 20 minutes. Protein 

content in solutions was determined by the Kjeldahl 

method in ВUCHI K-424 analyzer (Switzerland). 

In a reductive cleavage reaction with native and 

hydrolyzed proteins, sample buffer was used, with 5% 

content of 2-mercaptoethanol. The buffer was added to 

the precipitate obtained during the previous 

centrifugation, in the amount of 10 cm
3
. The sample 

was incubated at 37 C for 2 hours, then centrifuged at 

12 000g for 20 minutes. The centrifugate was used for 

the analysis of polypeptide protein composition by a 

one-dimensional electrophoresis; separating gel 

contained 10–20% of acrylamide (pH 8.8), while 

stacking gel, 6% (pH 6.8). Electrode buffer contained 

Tris-glycine (pH 8.3) and 0.1% SDS. Electrophoresis 

was performed at 4–6°C in 6–8 hours, with permanent 

electric current of 25–30 mA. Protein content in the 

samples was analyzed by the Bramhall [24] method 

with certain modifications. Standard MW markers 

(manufactured by Sygma, Germany) were used to 

calculate protein molecular weights: phosphorylase b 

(MW 92 kDа), bovine serum albumin (MW 69 kDа), 

catalase (MW 60 kDа), egg albumin (MW 46 kDа), 

aldolase (MW 36 kDа), carbonic anhydrase (MW 

29 kDа), trypsin inhibitor (MW 20 kDа), cytochrome C 

(MW 12 kDа). 

Functional technological properties. In order to 

determine solubility of the protein products, a required 

quantity of 2–4 g was suspended in 30 cm
3
 of distilled 

water for 1 hour in an agitator, then the resulting 

dispersion was left overnight at 4ºС. Then it was 

agitated again, for 1 hour, then centrifuged at 16000g 

for 15 minutes, and the resulting centrifugate was 

drained into a volumetric flask for 100 cm
3
. The 

solution was made up to the mark, protein content was 

determined by the Kjeldahl method and expressed in 

percentage of the total protein within the required 

sample amount.  

In order to determine water-binding capacity 

(WBC), 1 g of the protein product was added into 

25 cm
3
 of distilled water, the mixture was mixed in a 

homogenizer at 1000 g for 1 minute and centrifuged at 

8000g for 15 minutes. As the supernatant was drained, 

the centrifuge tube was turned upside down and placed 

onto filtering paper. In 10 minutes, the tube was 

weighed, and the WBC was calculated, expressed in 

grams of bound water per 1 g of the product. Fat-

binding capacity (FBС) was determined by weight. 

1 g of the product was added into 25 cm
3
 of sunflower 

oil, mixed for 1 minute at 1000 g and centrifuged at 

8000 g for 15 minutes. The supernatant was drained, 

the tube was turned upside down and placed onto 

filtering paper. In 10 minutes, the tube was weighed, 

and the FBS was calculated as a ratio of oil weight 

bound with the product and the original oil weight. The 

parameter was expressed in grams of bound fat per 1 g 

of the product. In order to determine fat emulsifying 

capacity (FAC), a required amount of 3.5 g of a protein 

product was placed into a mixer, then 50 cm
3
 of 

distilled water were added. The mixture was suspended 

for 1 minute at 4000 g, then combined with 50 cm
3
 of 

cornflower oil and emulsified for 5 minutes at 8000 g. 

The emulsion was poured into 4 tubes and centrifuged 

for 5 minutes at 2000 g. FAC was calculated as a ratio 

of emulsion volume and overall system volume 

expressed as a percentage. Emulsion prepared 

according to the above procedure was tested for 

stability (ES) after 30 minutes heating at 80 С. Then 

the emulsion was cooled for 15 minutes, distributed 

into 4 tubes, and centrifuged for 5 minutes at 2000 g. 

ES was determined as a ratio of emulsion volume and 

overall system volume expressed as a percentage. In 

order to determine foam forming capacity (FFC), a 

required amount of a protein product (0.6 g) was 

placed in a glass, diluted with 25 cm
3
 of distilled water, 

and the mixture was thoroughly triturated with a glass 

stick. Then the resulting mass was transferred into a 

100 cm
3
 cylinder, the rest of the required amount was 

flushed with water, and total liquid volume was made 

up to 30 cm
3
. The sample was held horizontally and 

agitated for 1 min, while the foam height was 

measured. FFC was calculated as a ratio of foam level 

and original liquid level, expressed as a percentage. 

Foam stability (FS) of protein products was 
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determined as a ratio of remaining foam level after 

15 minutes of static immobility, and original foam 

level, expressed as a percentage.  

Statistical data analysis. All results are presented 

as average values of 3–5 experiments with dispersion 

and correlation analysis and the Q-test. A multiple 

comparison analysis was carried out to assess 

significant differences among the samples. Fisher’s 

least significant difference (LSD) test was used to 

describe means with 95% confidence. 

 

RESULTS AND DISCUSSION 

Functional technological properties in different 

types of protein products 

FTP analysis in protein products of plant and 

animal origin, as summarized in Table 2, showed that 

soy products demonstrated maximum water-binding 

capacity, while in DWG samples, this property was 

most limited. The highest FBC was demonstrated by 

soy isolate and soy concentrate, the lowest, in both 

samples of wheat gluten. Maximum FAC and FFC 

were found in egg albumin. In DWG, these properties 

are more pronounced then in sodium caseinate and in 

soy products, except FS. At the same time, DWG FTP 

did not reach the values found in egg albumin, which is 

most widely used in pastries production as a 

conventional foam forming, fat emulsifying, and water-

binding angent. Therefore, we further carried out a 

study on modification of DWG FTP intended for 

application of this protein product not only in bread-

baking industry, but also for pastries and other foods 

production. 
 

DWG modification and determination of its 

functional technological properties 

Functional properties of DWG were modified by 

limited proteolysis, with proteolytic enzymes applied 

as per the technique presented in [25] work. 

Differences in rheological properties of the regenerated 

DWG samples were taken into account. These 

properties were determined by organoleptic methods 

and by IDK-1 apparatus. It was found that DWG 

sample No. 1 had a low compressive deformation index 

(40 instr. units), while DWG sample No. 2, on the 

contrary, had a high index, 80 instr. units. The DWG 

sample No.1 was characterized as "short-tearing", with 

stretching above the ruler less than 10 cm, while the 

DWG sample No. 2 was "weak", stretching for 22 cm. 

Based on the above, hydrolysis of the DWG sample 

No.1 was run with endoprotease EP Protamex
®
, while 

hydrolysis of the DWG sample No. 2, with Flavozyme 

500 MG, which contained both endoproteinase and 

exopeptidase. At the same time, we assumed the 

previously stated regularities: a stronger DWG sample 

positively relates to a more efficient application of 

endoproteinase, and vice versa, a weaker DWG sample 

is more likely to be efficiently treated with 

exopeptidase [25]. In both cases, EP concentration 

amounted to 0.3 E/g of protein, with рН 6.5 ± 0.2, and 

temperature 50ºС. DWG hydrolysis time with 

Protamex
® 

was adjusted from 10 to 80 min., with 

Flavozyme 500 MG, from 40 to 160 min.  

Other researchers [26, 27] have studied properties 

of modified proteins by using their soluble 

components, while we investigated the FTP of 

hydlolyzed DWG proteins jointly, with both soluble 

and insoluble parts present, assuming that protein 

behavior in a food system would depend on 

simultaneous presence of both fractions. FTP of the 

DWG obtained by different hydrolysis duration was 

evaluated in accordance with the following parameters:  

WBC, FBC, FAC, FFC, ES, FS, and solubility. Our 

findings in functional properties of hydrolysates in 

comparison with native DWG samples properties are 

summarized in Table 3. It is seen that native DWG is 

diluted in water by 3.2–3.6%, while hydrolyzed DWG, 

by 31.3–35.5%. By the end of hydrolysis, solubility of 

short-tearing DWG was increased by 3.6–7.2 times, of 

weak DWG, by 4.8–10.8  times. Maximum solubility 

was observed in weak gluten proteins after 2–2.5 hours 

of hydrolysis. Foam-forming properties of hydrolysates 

were also better than the ones found in native samples. 

As hydrolysis time was increased up to 85 minutes in 

DWG No.1 and up to 160 minutes in DWG No. 2, 

protein FFC was increased by 55 and 82%, 

respectively, thus exceeding absolute FFC values of eff 

protein (283%) (Table 2). By the end of hydrolysis 

process, foam stability of the samples increased by      

41–51%. At the same time, hydrolysis degree of 

proteins in the DWG sample No. 1 amounted to     

2.21–2.89%, in the DWG sample No. 2, to              

3.22–3.41%.  

In contrast to FCC and solubility, such protein 

properties as FAC, ES, WBC, and FBC were gradually 

reduced as hydrolysis time was increased. Thus, for 

example, within the hydrolysis time range of                

85–160 minutes, protein FAC was decreased by           

6–7 times, WBC, by 4.5–9.0 times. In hydrolyzed 

short-tearing DWG, FFC, FBC and solubility proved to 

be somewhat higher than in weak DWG, while both 

FAC and WBC were lower instead. Thus, we can 

adjust FTP of DWG by controlling hydrolysis time, as 

we increase its solubility and foam forming capacity, 

while reducing all other parameters. 
 

Sodium dodecyl sulfate - polyacrylamide gel 

electrophoresis  

Considering that protein hydrolysis degree reflects 

changes in molecular weight distribution of 

polypeptides [16], we further performed electropho-

resis of hydrolyzed DWG proteins in comparison to 

native proteins. For that purpose, we used DWG No. 1 

and DWG No. 2 hydrolysates obtained during 

80 minutes of hydrolysis, with FFC values of 310% 

and 243%, respectively. Hydrolysis degree was almost 

the same in both samples (2.86–2.89%), however, their 

properties were different. Table 4 and Fig. 1 provide 

results of polypeptides MW determination by PAGE 

electrophoresis with no use of mercaptoethanol 

(columns 1, 2, 5, 6) and with mercaptoethanol 

(columns 3, 4, 7, 8). Mercaptoethanol is known to 

reduce disulfide bonds in multi-chain proteins, which 

produces single-chain polypeptides with free sulfhydryl 

groups that migrate into gel. 



ISSN 2308-4057. Foods and Raw Materials, 2016, vol. 4, no. 2 

52 

   

 

  Table 2. Functional technological properties of protein products 

 

 

 

   Table 3. Functional technological properties of native and hydrolyzed DWG samples with different rheological properties 

 

Indicators 

Ndef. 40 instr. units. Ndef. 80 instr. units. 

Control 
Hydrolysis time, minutes 

Control 
Hydrolysis time, minutes 

10 40 60 80 40 80 120 160 

WBC, g/g 1.20 ± 0.07 0.71 ± 0.07 0.58 ± 0.08 0.42 ± 0.05 0.13 ±0.07 0.90 ± 0.04 0.75 ± 0.70 0.61 ± 0.70 0.32 ± 0.70 0.20 ± 0.70 

FBC, g/g 0.66 ± 0.07 0.64 ± 0.06 0.39 ± 0.12 0.44 ± 0.03 0.60 ± 0.11 0.60 ± 0.09 0.45 ± 0.08 0.45 ± 0.13 0.72 ± 0.02 0.43 ± 0.13 

FAC, % 62.0 ± 2.0 54.0 ± 1.0 38.0 ± 2.0 14.0 ± 0.0 11.0 ± 1.0 59.0 ± 1.0 54.0 ± 0.5 30.0 ± 0.5 14.0 ± 2.0 8.0 ± 1.5 

ES, % 60.0 ± 1.0 50.0 ± 2.0 39.0 ± 1.0 15.0 ± 2.0 10.0 ± 1.0 59.0 ± 0.5 52.0 ± 1.0 31.0 ± 2.0 14.0 ± 2.0 9.0 ± 0.5 

FFC, % 200 ± 2 216 ± 1 250 ± 3  300 ± 3 310 ± 2 174 ± 2 216 ± 1 243 ± 3 276 ± 4 316 ± 3 

FS, % 46.0 ± 1 50.0 ± 0.5 56.0 ± 0.5 60.0 ± 1.0 65.0 ± 1.0 45.0 ± 0.5 48.0 ± 1.0 57.0 ± 2.0 63.0 ± 2.0 68.0 ± 1.0 

Solubility, % 3.6 ± 0.2 13.1 ± 0.4 16.2 ± 0.5 26.2 ± 0.4 31.3 ± 0.5 3.2 ± 0.5 15.3 ± 0.4 27.2 ± 0.4 35.1 ± 0.1 35.5 ± 0.2 

Proteolysis degree, % 0 1.10 ± 0.05 1.72 ± 0.07 2.21 ± 0.11 2.89 ± 0.06 0 1.76 ± 0.06 2.86 ± 0.03 3.22 ± 0.08 3.41 ± 0.05 

Protein products WBC, g/g FBC, g/g FAC, % ES, % FFC, % FS, % 

Egg albumin soluble in water 1.15 ± 0.10 70 ± 2 75 ± 3 283 ± 3 90 ± 2 

Sodium caseinate   forms gel 1.64 ± 0.00 57 ± 1 47 ± 1 177 ± 2 60 ± 3 

DWG, sample No. 1 1.2 ± 0.3 0.66 ± 0.30 62 ± 3 68 ± 2 200 ± 6 46 ± 0 

DWG, sample No. 2 0.9 ± 0.1 0.60 ± 0.40 59 ± 1 65 ± 3 174 ± 2 45 ± 0 

Soy flour  1.6 ± 0.2 1.20 ± 0.30 49 ± 1 47 ± 1   80 ± 1 60 ± 1 

Soy concentrate  7.4 ± 0.5 2.20 ± 0.20 61 ± 2 48 ± 3   50 ± 3 68 ± 2 

Soy isolate  7.9 ± 0.5 1.80 ± 0.60 55 ± 1 55 ± 1   55 ± 4 68 ± 1 
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Fig. 1. Polypeptide composition of dry wheat gluten of different quality: Strips 1, 2, 3, 4 – short-tearing gluten; Samples 

5, 6, 7, 8 – weak gluten; 1, 3, 5, 7 – native gluten; 2, 4, 6, 8 – hydrolyzed gluten; 1, 2, 5, 6 – without mercaptoethanol;    

3, 4, 7, 8 – with mercaptoethanol. 

 

Comparison of single-chain proteins MW 

distribution in native DWG samples (columns 1 and 5) 

shows that short-tearing gluten, which has a 26% 

higher FFC than weak gluten, lacks two low molecular 

polypeptides, with MW from 14 to 24 kDа. 

Comparison of hydrolysates composition (columns 2, 

6) reveals that HDWG No. 1, with a 67% higher FFC 

than HDWG No. 2 (Table 2) lacks polypeptides with 

ME of 20, 22, 36, 39 kDа, but has proteins with ME 

MМ 14, 54 and 60 kDа. What both HDWG samples 

(columns 2, 6) have in common is a reduced baseline 

amount of proteins with MW 120 kDа, dissociation of 

high molecular peptides (MW 108–110 kDа), medium 

molecular (MW 69, 86 kDа), and one low molecular 

peptide (MW 24 kDа). At the same time, HDWG 

sample demonstrated FFC 69–110% higher than native 

samples (columns 1, 5). HDWG sample No. 1 (short-

tearing gluten) which had the highest FFC (column 2), 

even in comparison to HDWG No. 2 (weak gluten) 

contained no polypeptides with MW 36 and 39 kDа. 

Therefore, a common characteristic found in gluten 

protein composition in various quality samples is 

presence of a single-chain peptides group with MW 

from 40 to 60 kDа, and a peptides group with MW 

from 12 to 16 kDа, as well as absence of peptides with 

MW from 69 to 110 kDа. This characteristic ensures 

high FFC. Peptides with ME of 20–24 and 36–39 kDа 

also did not facilitate FFC increase up to 310 % of egg 

albumin value. 

Considering that during the electrophoresis 

experiment a significant part of proteins remained at 

the baseline, we further analyzed samples of native 

DWG and its hydrolysates with mercaptoethanol that 

breaks disulfide bonds and ensures polypeptide 

penetration into a gel. We discovered that across the 

spectrum of native and hydrolyzed DWG samples of 

different quality with mercaptoethanol, at the baseline 

there were no proteins with MW > 120 kDа (columns 

3, 4, 7, 8), which indicated total dissociation of all 

disulfide bonds. On the other hand, after disulfide 

bonds dissociation, a native sample of short-tearing 

DWG demonstrated new polypeptides with MW of    

22–30 kDа and with MW of 84–110 kDа (column 3), 

while a weak DWG sample revealed proteins with MW 

from 18 to 33 and from 54 to 108 kDа (column 7). 

A particularity of composition found in the DWG 

sample No.1 (column 4), as compared to the native 

DWG sample, was trace quantities of polypeptides 

with MW 92, 108, 110 present in multi-chain proteins, 

and complete absence of two polypeptides with MW 

28–36, and four, with MW from 69 to 100 kDа. In 

weak DWG hydrolysate (column 8), multi-chain 

proteins contained the same high molecular peptides 

(MW 86–110 kDа), as the native sample did (column 

7), however, peptides with medium and low MW were 

also present. An exception was made for peptides with 

MW 24 and 60 kDа. Therefore, native DWG and its 

hydrolysates contained both single-chain and multi-

chain polypeptides, which corresponds to the data on 

content and structure of native raw gluten proteins [22]. 

Composition analysis of multi-chain proteins in 

HDWG No. 1 hydrolysate (column 4) with the highest 

FFC observed (310%), revealed that its distinctive 

feature, as in comparison to HDWG No. 2 hydrolysate 

(column 8), was presence of trace quantities of high 

molecular peptides (MW 92–110 kDа), and complete 

absence of six peptides with MW from18 through 39, 

of four peptides with MW from 69 through 102, and 

proteins with MW over 120 kDа. Judging by the strips 

intensity, this sample contained less polypeptides with 

medium MW (40–60 kDа) and more polypeptides with 

the lowest MW (12–16 kDа). 

As we discuss our findings, we should note that in 

food industry, egg products (eggs, melange, egg 

powder) are conventionally used as a source of 

surfactants to create protein foam and emulsion 

systems; however, these egg product also contain fat 

and cholesterol. Therefore, there is an ongoing search 

mm 

kDa 
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for alternative sources in order to reduce calories of 

final products and at the same time, to exclude egg 

albumin that some people are allergic to [28]. Along 

with this purpose, plant-based and animal proteins 

obtained from both conventional and unconventional 

feedstock are gradually getting more applications [14]. 

Just like proteins found in other cereals (rye, oats, rice, 

corn), gluten is poor in essential amino acids (lysine, 

threonine, tryptophan), however, due to its unique 

rheological properties it is widely used in bread 

baking [29]. Interacting with each other through ionic, 

hydrogen, disulfide, and other bonds, polypeptide 

chains of gliadin and glutenin form a tridimensional 

structure with hydrophobic and hydrophilic groups 

located onto its surface. Properties of this structure 

determine elasticity, stretching, cohesion, softness, and 

eventually, volume of bread, elasticity and porosity of 

its crumb [22]. Our findings suggest that the structure 

of unmodified gluten proteins does not ensure 

prominent functional properties for them to be used in 

complex pastries systems, as a foam forming or 

emulsifying agent (structure former) (Table 2). DWG 

FTPs might be achieved by controlling its proteins with 

proper physico-chemical, chemical, and enzymatic 

methods. However, due to their intrinsic safety, 

biotechnological methods based on use of various 

proteases [16], including endoproteases and 

exopeptidases, seem to have considerable advantages 

over other methods. Endoproteases hydrolyze peptide 

bonds from inside, as they dissociate protein molecules 

into smaller fragments, while exopeptidases proceed to 

sequential dissociation of the ends of amino acids, one 

by one (Fig. 2).  

We used endoproteinsase EP Рrоtamex
®
 for 

proteolysis of an elastic DWG sample, as we had 

previously [25] established that with this EP, 

hydrolysis degree in time under 100 minutes is higher 

that with Neutrase
®
, which conforms with findings 

reported by other authors who speak of its higher 

efficiency [16]. However, other researchers have not 

considered a correlation of functional properties with 

proteins MW in DWG demonstrating different 

rheological properties. According to our data, 

hydrolysis of short-tearing DWG with Protamex
®
 and 

of weak DWG with Flavourzym 500 MG, leads to a 

formation of peptide mixture with higher solubility, 

FFC and FS, in comparison with native gluten. This 

regularity is reverse to the one established for 

hydrolysis of rice middlings proteins with papain and 

alcalase [30], but it conforms with findings of the 

research [7] which demonstrated that improved 

solubility and FFC at the same protein hydrolysis 

degree (2.8–2.89%) might be achieved through 

fractioning of DWG hydrolysates by ultrafiltration. The 

regularity we established for WBC and FAC reduction 

in DWG proteins during hydrolysis do not conform 

with the data obtained by those authors. Therefore, 

properties of DWG hydrolysates are unique for each 

case, they depend on the rheological properties of 

gluten and on the enzyme type, and thus require 

specific case studies, which is confirmed by the 

findings of the present work. During protein 

proteolysis, new absorbed active peptides appear, 

consequently, additional suface activity arises, which 

indicates a possibility to improve protein quality and to 

obtain valuable nutrition ingredients. Each protein 

requires specific modification studies with relation to 

various functional properties.    

According to our findings, protein hydrolysis and 

FTP improvement (hydrolysate FFC achieved FFC of 

egg albumin, about 300%) were accompanied by 

formation of single-chain peptides, not only with very 

low (below 15 kDа) [7] and low MW (below 40 kDа), 

as it had previously been shown [16], but also with 

medium MW (40–60) kDа (Table 4) – values that 

correspond to ω-gliadin MW, partially to γ-gliadin and 

low molecular glutenin subunits [31]. This is equally 

confirmed by comparison of our findings with data 

obtained in [32], where the authors showed that at 

180% FFC of DWG hydrolysates with papain (which is 

lower than the value we obtained, 300%) polypeptides 

with low MW (5–15 kDа) are typical, therefore,         

we might conclude that polypeptides with MW of     

40–60 kDа participate in ensuring enhanced foam 

forming capacity and solubility, along with low 

molecular peptides. 

 

 

 
 

Fig. 2. Endoproteases and exoproteases action on proteins. 

 

Protein Peptides 

Peptides Peptides and free amino acids 
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Table 4. Molecular weights of polypeptides present in DWG of different quality, kDа  

 

 Short-tearing gluten (DWG No. 1) Weak gluten (DWG No. 2) 

DWG HDWG DWG HDWG  DWG HDWG DWG HDWG 

without  

mercaptoethanol 

with  

mercaptoethanol  

without 

mercaptoethanol 

with  

mercaptoethanol 

1 2 3 4 5 6 7 8 

> 120 > 120  – – > 120 > 120  – – 

– – 110 110 tr 110 – 110 110↓ 

108 – 108 108 tr – – 108 108 

– – - – – – 102 102 tr 

– – 100 – – – 100 100 tr 

92 – 92 92 tr 92 – 92 92 tr 

86 – 86 – 86 – 86 86 tr 

– – 84 – – – – – 

69 – 69 – 69 – 69 69 

60 60 60 60  60 – 60 – 

54 54 54 54  – – 54 54 

46 46 46 46  46 46 46 46 

44 44 44 44  44 44 44 44 tr 

40 40 40 40  40 40 40 40 

39 – – – 39 39 39 39 

36 – 36 – 36 36 36 36 

– – – – – – 33 33 

– – 30 30 – – 30 30 

– – 28 – – – 28 28 tr 

– – – – – – 27 27 

– – – – 24 – 24 – 

– – 22 22 22 22 22 22 

– – – – 20 20 20 20 

– – – – – – 18 18 

16 16 16 16↑ 16 16 – – 

14 14 14 14↑ – – – – 

12 12  12 12↑ 12 12  – – 

Note. *DWG – control sample;  HDWG – hydrolyzed sample; “tr” – trace quantities of strips,  – increased intensity of strips;  – decreased 
intensity of strips. 

 

We have discovered a relationship between FTPs 

and composition not only in single-chain polypeptides 

present in DWG of different quality, but in multi-chain 

polypeptides as well. If the electrophoretic spectrum of 

proteins had remained the same during our experiments 

with mercaptoethanol, just as it had been without it, 

that would have meant that the proteins were composed 

of a single polypetide chain. However, as the proteins 

were composed of polypeptide chains connected with 

disulfide bonds, incubation with mercaptoethanol 

would lead to their dissociation, and separate 

polypertides migrated into a gel, thus changing the 

spectrum outlook. Multi-chain proteins of both DWG 

hydrolysates with higher FFC and solubility than in 

native samples demonstrated total absence or trace 

quantities of peptides with MW from 69 to over 
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120 kDа (Table 4, columns 4, 8). However, they 

contained larger amounts of polypeptides with MW 

from 12 to 20 kDа, that is, low molecular components 

in multi-chain proteins are equally important for 

ensuring the properties under consideration. This 

conclusion is confirmed by the fact that multi-chain 

proteins of the HDWG sample No. 2 (column 8), with 

lower FFC (243%) and solubility (27.2%) values in 

comparison to HDWG No. 1 (FFC 310%, solubility 

31.3%) (column 4), contained polypeptides with high 

MW (69–108 kDа) and medium MW (27–39 kDа), 

while low molecular peptides (MW 12–16 kDа) were 

not present. The same regularity might be observed 

while comparing the composition of multi-chain 

proteins in native DWG of different quality (column 3, 

7). Short-tearing DWG with solubility of 3.6%, and 

FFC, 200% as compared to weak DWG with solubility 

of 3.2% and FFC, 174%, lacked two polypeptides with 

MW 84–102 kDа and four peptides with MW from 24 

to 39 kDа, however, it contained low molecular 

peptides with MW 12–16 kDа. The above described 

specificity of MW in polypeptides with higher FFC, 

FS, and solubility, were also correlated with lower 

WBC and FAC values. Relationship between FBC and 

ME of polypeptides was not observed in this work. 

Thus, a comparative study of native DWG FTPs in 

contrast to other protein products revealed the utility of 

improving these for future application in foam systems 

for pastries production, considering its specific 

rheological properties. Depth of proteolysis for weak 

DWG that would improve solubility, FFC, and FS, 

should be achieved with hydrolysis degree of                  

1.76 through 3.41%, under exposure to endoproteinase 

and exopeptidases. As for short tearing DWG, 

hydrolysis degree should amount to 1.1 through 2.89%, 

run with endoproteinase. DWG with higher FFC, FS, 

and solubility contained single-chain polypeptides not 

only with low MW (below 40 kDа), but with medium 

MW as well (40–60 kDа). The highest values of FFC, 

FS, and solubility were found in short-tearing gluten, 

with 80 minutes proteolysis time leading to formation 

of single-chain polypeptides with MW 54 and 60 kDа, 

and elimination of peptides with MW from 20 through 

39 kDа. We revealed a dependence of FTP on MW 

characteristics for both single-chain and multi-chain 

polypeptides determined by PAGE electrophoresis run 

with and without mercaptoethanol. A distinctive 

feature of multi-chain polypeptides united by covalent 

disulfide bonds within DWG is presence of proteins 

with low MW (12–16 kDа), which are more favorable 

for enhancement of foam forming capacity and 

solubility than polypeptides with medium (27–39 kDа) 

and high MW (69–108 kDа). Multi-chain peptides 

found in short-tearing gluten with the highest FFC 

level (310%) lacked 4 polypeptides with MW from 69 

to 102 kDа, and a group of peptides with MW from 27 

to 33 kDa, however, they contained low molecular  

peptides (МW 12–16 kDа). Use of modified DWG 

with well researched MW characteristics of single-

chain and multi-chain protein components, with 

hydrolysis degree of 1.10–3.41% and higher solubility 

that native DWG, seems promising as a foam forming 

agent for pastries products containing foams and foam-

emulsions. 
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