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 Abstract 
  

Introduction. The study of samples of sunflower kernel 

processing was carried out to substantiate the amino acid 

composition of proteins for dietary and functional products. 

Materials and methods. The subject of the study is the 

samples of press cake, grist, and flour, and their amino acid 

composition and physicochemical parameters. The amino 

acid composition of the samples was determined using 
liquid chromatograph Dionex ICS-3000 with an 

electrochemical detector. The ratio of hydrophobic and 

hydrophilic amino acids was studied in the samples. 

Results and discussion. It was found that the protein 

content in flour from sunflower kernels is 22% higher. The 

content of essential amino acids is 31.1% higher than in the 

press cake from which the flour was isolated. The increase 

in protein content in sunflower flour is due to the increase 

of the fine fraction during fractionation. Along with the 

increase in total protein content, flour is enriched with 

essential hydrophobic amino acids, in particular leucine 
(14.2%), isoleucine (6.7%), methionine (11.2%), as well as 

replaceable hydrophobic proline (10.5%). Limiting amino 

acid in flour is lysine (score 78%), the content of other 

essential amino acids significantly exceeds their content in 

the ideal protein (score of leucine 153%, isoleucine 143%, 

methionine 213%, methionine with cystine 258%, 

phenylalanine and tyrosine 177%). The content of leucine 

and isoleucine in the classic kinds of sunflower is limited. 

In sunflower kernel flour, their content is exceeded one and 

a half times. To balance the obtained sunflower flour by 

lysine content, it is rational to use its compositions with 

other lysine-containing types of flour from oilseeds and / or 
with the use of food microbiological lysine. 

Conclusion. Balanced protein-lipid eco-products and 

drugs on the basis of complex processing of sunflower 

seeds show functional and technological properties and 

contribute to disease prevention. 
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Introduction 
 

Samples of processed sunflower seeds are studied to substantiate the amino acid 

composition of proteins for dietary and functional products. 

Aspects of the protein problem in the world. Protein is crucial in a balanced diet for 

people of all ages [1, 2]. Protein deficiency in food can affect the health of the population. 

According to [3], nine out of ten Indians do not have sufficient protein intake. Most 

people in the United States and Canada find it almost impossible not to meet their protein 

needs. (Hamilton et al., 1991). 

Dr. Geoff's review [4] presents protein concentrations in food. Energy consumption 

from the maximum protein requirement for adults is approximately 8% of the estimated 

average energy requirement. These values represent something similar to the concentration 
of protein in food. A diet with a protein concentration of about 8% should be adequate for 

adults (for children, this figure is close to 5%). We consume only a limited number of food 

products in which at least 8% of calories are attributed to protein. In particular, human milk, 

which is an ideal food for fast-growing children, is one such product. Oil proteins and 

modified or processed oil proteins can be included in food to give it nutritional value and 

functional properties. Vegetable protein processing includes physicochemical and heat 

treatment, which affects the nutritional value of manufactured products, as well as technical 

features. Conversely, functional properties \ affect the behavior of the protein during 

processing and storage. These properties can be changed by chemical and enzymatic 

treatment   [5]. 

The use of balanced protein-lipid eco-products and drugs in the systemic concept of 

health (KTIOL® system) contributes to disease prevention, comprehensive recovery and 
health improvement. It is advisable to use the KTIOL® system for disease prevention and 

rehabilitation for people of all ages [6, 7]. 

It is important not only to find available sources of protein-containing food syrups but 

also to create products that are safe and balanced in the chemical composition of nutrients [8, 

9]. 

An important component of food is a protein with a balanced composition of essential 

amino acids [10].  

Current trends in food technology are the search for new sources of protein and 

improving the technological processes of processing materials. It is important to study the 

methods of obtaining protein from the available sources, oilseeds, in particular, striving for 

the preservation and balance of essential amino acids [11, 12  
The problem of obtaining protein is the presence in the raw material of natural 

substances that adversely affect the quality of the extracted protein, or complicate the 

processing of raw materials [13]. 

 Of particular interest is the production of dietary and functional foods from sunflower 

seed kernels [14-17]. 

Technological aspects of amino acids in proteins. At the same time, the treatment of 

oilseeds for lipid extraction, including heating, compression and removal, changes the 

inherent protein, functional and technological properties, as well as affects its digestibility 

[18-22]. 

Essential amino acids must be present in proteins, and their balance in a protein 

determines the biological value of a food product. For cereals, lysine is a restrictive essential 

amino acid, and for legumes — methionine and cysteine, which contain sulfur. At the same 
time, limited critical amino acids are thermosensitive and reactive, so that any treatment will 

affect their content in the resulting product. The oxidation of sulfur-containing amino acids 
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could also pose a difficulty. Also, hydroperoxides of fatty acids react with amino acids to 

form sulfoxides. After the interaction of hydroperoxides with methionine, methionine 

sulfoxide is detected, which has no biological significance. Lysine and methionine are 

isomerized in alkaline media, and their D-isomers are not biologically valuable. The Maillard 

reaction involving the same free amino acids, reducing the carbohydrate content when heated, 

gives a compound consisting of radical reagents such as fructose-L-tryptophan, which 

reduces the digestibility of free amino acids. The products of the Maillard reaction to toxicity 

have been studied because it has been found that in animals such substances slow down 
growth [23]. 

The difficulty of assessing the native protein is the impossibility of its direct detection. 

There are methods by which you can indirectly determine the degree of influence of 

technological processing on the nature of the protein. All of them are based on a comparison 

of the characteristics of the raw and processed protein. In particular, determining the activity 

of certain enzymes, protein composition for solubility in water, solutions of salts, acids and 

alkalis, digestibility of proteins in certain species of animals or birds, and determining the 

metabolic energy of feed for them [10, 24-26]. 

Proteins consist of 20 amino acids, eight of which are needed. Amino acids differ in 

their physical and chemical properties, in particular thermal stability [27, 28], reactivity [22], 

polarity and hydrophilicity. The hydrophilicity of an amino acid is affected by the presence 

of radicals and their properties that are not bound by a peptide bond [30]. 
Proteins are hydrophilic and can absorb up to 200% of water to dry weight. There may 

be hydrophobic areas, most of which are in the middle of the protein molecule. The 

hydrophilicity or hydrophobicity of certain parts of the protein is determined by the amino 

acid radicals that remain after the formation of peptide bonds [30].  

Of the eight essential amino acids, only two - lysine and threonine - have hydrophilic 

properties, and the other six - hydrophobic. In the presence of polar groups, there are amino 

acids that can carry a positive charge: lysine, arginine and histidine. Tyrosine and cysteine 

have radicals that can take a negative charge. Asparagine, glutamine, serine and threonine 

have nonionic polar radicals [31]. Usually, the constituent components determine the 

properties of the substance. Therefore, it is important to find an experimental correlation 

between the content of hydrophilic and hydrophobic amino acids in the protein and between 
the modes of technological processes of protein production [15, 30]. 

The purpose of our study was to investigate sunflower kernel flour and materials for its 

production, as well as the ratio of hydrophobic and hydrophilic amino acids in these products. 

 

 

Materials and methods 
 

The subject of the study is the products from the sunflower seed kernels, including flour, 

press cake and grist. 

 

Materials 

 

The flour from the sunflower seed kernels was obtained by crushing the kernel, further 

pressing the material at a temperature of 100-105 С, thus obtaining the press cake [15]. The 

press cake was used as a raw material for the flour.  The press cake was milled and 

fractionated through a sieve. The fraction of passage through a sieve with apertures 0.3–0.6 
mm was selected. The grist was obtained by degreasing the press cake with hexane in a 

laboratory extraction plant [15, 32]. At the same time, three swabs of sunflower flour were 
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taken: for preparing the sample for chromatographic analysis, to determine the moisture 

content, and to determine the residual content of the oil. 

Sample preparation for determining the amino acid content. The amino acid 

composition and physicochemical of processed sunflower seed kernels were studied for flour, 

press cake and grist. 

The sample preparation for determining the amino acid composition was carried out by 

acid hydrolysis of the sample [7]. The flour was placed in an ampoule tube and added 1:1 by 

weight 6 n. HCl. The ampoule was sealed and kept at 110 °C for 24 hours. After hydrolysis, 
the contents of the ampule were filtered, the filtrate was evaporated in a water bath. The dry 

residue was dissolved in a citrate buffer, filtered again and used for analysis. 

 

Methods  

 

The amino acid composition of the protein in sunflower flour, the press cake and grist 

was determined chromatographically. The amino acid composition of the prepared samples 

was determined using a liquid chromatograph Dionex ICS-3000 with an electrochemical 

detector [7]. The presence of amino acid was determined by the time it was released from the 

column, having previously calibrated it with pure amino acids. The number of amino acids 

was determined by the area of the release peak of certain amino acids. The signal from the 

detector is processed by a computer program that automatically determines the contents of 
each amino acid in the sample. 

In the sunflower flour, the press cake and the grist, the moisture content was determined 

by an arbitration method [30] by drying to a constant mass at a temperature of 105 °С; 

residual oil content was measured using the Soxhlet method, and the total protein content 

measured by the Kjeldahl method. 

 

Study results analysis 

 

The change in amino acid content in sunflower flour was calculated for the content of 

the respective amino acid in the press cake, that was the source for the flour. The ratio 

between hydrophobic and hydrophilic amino acids in the studied samples was also calculated. 

 

 

Results and discussion 
 

Study of amino acid content of the sunflower flour, the press cake and the grist 

(shrot) 

 

Sunflower flour is a thin homogeneous powder of gray color in appearance with a 

distinct taste and smell of sunflower kernel [15]. In the sunflower grist from the purified seed, 

the residual oil content was 14.3 ± 0.4 wt.%, the moisture content of 6.22 ± 0.24 wt.%. The 

standard deviation of the amino acid content of the flour, the press cake, and the grist was 

4.8%. 

Tables 1 and 2 show the amino acid composition of sunflower products from the 

sunflower kernel compared with the literature on the content of amino acids of the press cake 

and grist sunflower.  
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Table 1 

Amino acid (AA) content of the sunflower flour, the press cake and the grist (shrot), % wt 

 

N Amino acids 

(АА) 

Flour from the sunflower seed kernels 

Flour Score 

(account by 

AA) flour, % 

Increase in AA 
content in flour,% 

wt. from the 
contents of the 

press cake 

Press 

cake 

Grist 

 Essential 

amino acids: 

18,30   13,96 13,87 

 hydrophobic 14,63   10,96 10,65 

1 Valine (V) 2,61 132  2,15 1,80 

2 Isoleucine (I) 2,27 143 6,7 1,78 1,50 

3 Leucine (L) 4,26 153 14,1 3,25 3,57 

4 Methionine (M) 2,11 213 11,2 1,31 1,59 

5 Tryptophan (W) -   - - 

6 Phenylalanine 

(F) 

3,38 284 12,7 2,47 2,19 

 hydrophilic 3,67   3,00 3,22 

7 Lysine (K) 1,71 78  1,52 1,52 

8 Threonine (T) 1,96 124  1,48 1,70 

 Non-essential 

amino acids: 

21,40   18,57 18,49 

 hydrophobic 8,56   6,80 6,89 

9 Alanine (A) 2,54   2,04 2,08 

10 Glycine (G) 2,90   2,42 1,93 

11 Proline (P) 2,96  10,5 2,21 2,77 

12 Cystine (C) 0,16   0,13 0,11 

 hydrophilic 12,84   11,77 11,60 

13 Arginine (R) 5,50   5,93 5,41 

14 Aspartic acid 

(D) 

0,95   0,78 0,89 

15 Histidine (H) 1,13   0,87 0,75 

16 Glutamic acid 

(E) 

1,86   1,52 1,81 

17 Serine (E) 2,56  9,0 1,92 1,92 

18 Tyrosine (Y) 0,84   0,75 0,82 

 Total  

number of 

39,70  22,0 32,53 32,36 

 

 
During the processing of sunflower seeds, the prepared material is subjected to wet heat 

treatment, so it is possible to break covalent bonds and proteins [15]. Chemical interactions 

with other substances are possible between amino acids and proteins [13]. As a result, they 

lose their properties and undergo chemical transformations. Therefore, the content of amino 

acids in the grist decreases compared to the cake, and this trend is maintained for all amino 

acids. 
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The preparation of flour from the press cake requires grinding at the micro-level, and 

probably the peptide and covalent bonds in the protein molecules are preserved. This is 

confirmed by the fact [15] that the amount of protein in flour increases and the bonds between 

other components (cellulose, minerals, lignin) are destroyed faster than in protein molecules, 

which allows us to obtain a fraction enriched in protein. Logically, the enrichment of the 

product with protein is due to an increase in the content of amino acids in sunflower flour 

obtained from the cake.  

 
 

Comparative analysis of amino acid content of sunflower flour, the press cake and 

the grist  

 

Experimental studies (Table 2) confirm the increase in the content of amino acids in 

sunflower flour compared to the press cake, which was the raw material for the production 

of flour. 

It was found that sunflower kernel flour has a higher total protein content and a higher 

content of essential amino acids than in the cake from which it was obtained. In the flour 

from the purified kernel found a limited content of the amino acid lysine (78%), the content 

of other essential amino acids significantly exceeds their content in the ideal protein (leucine 

153%, isoleucine 143%, methionine 213%, methionine in the amount of cystine 158%, 
phenylalanine 284% phenylalanine in the amount of tyrosine 177%). The content of leucine 

and isoleucine in the sunflower of classical processing is limited [25], in sunflower flour from 

the purified kernel their content exceeds one and a half times. Improving the composition of 

sunflower flour is provided by the introduction of food additives that have a higher content 

of amino acids, which is limited to flour [26]. 

The protein content of cake and meal is lower than the protein content of the flour, 

which is due to the enrichment of the protein fraction of fine particles during fractionation. 

Along with the increase in total protein content, the fine fraction is enriched with essential 

hydrophobic amino acids, in particular, leucine, isoleucine, and methionine. Also, the content 

of the substituted amino acids alanine, glycine, proline, which are hydrophobic, and the 

hydrophilic amino acids serine and histidine increases. 
 

 

Content of hydrophobic and hydrophilic amino acids and their ratio in sunflower 

products 

 

The calculated ratio of hydrophobic and hydrophilic amino acids in sunflower products 

from the purified kernel is given in Table 3. 

Sunflower cake and meal are obtained by heat treatment in the presence of hydrophobic 

reagents. Fractionation of crushed cake particles promotes the concentration of protein in 

sunflower flour and increases the content of hydrophobic amino acids. 

As a result of fractionation, the content of hydrophobic amino acids and the content of 
total protein in sunflower flour increased in comparison with cake and meal. 

The ratio of hydrophobic amino acids to hydrophilic amino acids showed that the 

content of hydrophobic amino acids increases, and the number of hydrophilic amino acids 

decreases. This indicates that free radicals, which are not involved in the formation of the 

peptide bond in the protein, are better able to resist the processing during oil production and 

the production of sunflower flour than the hydrophilic amino acids (Table 3).  
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Table 2 

Сomparative analysis of amino acid (AA) content of sunflower flour, the press cake and the 

grist (shrot), % wt 

 

N Amino acids 

(АА) 

Sunflower 

press cake 

[22] 

Sunflower 

press cake 

[20] 

Sunflower 

grist  [14] 

Sunflower 

grist [21] 

Sunflower 

grist [21] 

 Essential 

amino acids: 

 
8,60 

 
7,03 

   

 hydrophobic      

1 Valine (V) 1,32 1,23 3,83 1,96 2,00 

2 Isoleucine (I) 
2,73 2,44 

3,26 1,26 1,64 

3 Leucine (L) 7,40 2,28 2,54 

4 Methionine 

(M) 

0,71 0,51 2,38  0,93 0,91 

5 Tryptophan 

(W) 

- - 1,22 - - 

6 Phenylalanine 

(F) 

1,41 0,92 8,17  1,75 1,84 

 hydrophilic      

7 Lysine (K) 1,09 0,86 3,75 1,34 1,43 

8 Threonine (T) 1,34 1,07 4,85 - - 

 Non-essential 

amino acids: 

13,43 12,63    

 hydrophobic      

9 Alanine (A) 1,35 1,25  - - 

10 Glycine (G) 1,81 1,48  - - 

11 Proline (P) 1,45 1,54  - - 

12 Cystine (C) - -  - - 

 hydrophilic      

13 Arginine (R) 1,91 1,83  3,23 3,14 

14 Aspartic acid 

(D) 

- -  - - 

15 Histidine (H) 0,89 0,59  0,85 1,01 

16 Glutamic acid 

(E) 

3,93 4,22  - - 

17 Serine (E) 1,31 1,11  - - 

18 Tyrosine (Y) 0,78 0,61  - - 

 The total  

number of 

22,03 19,66 34,86 13,60 14,51 

 - Methionine + Cystine,  - Phenylalanine + Tyrosine            
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Table 3 

Content of hydrophobic and hydrophilic amino acids and their ratio in sunflower products 

 

Indicator 

 
Products from sunflower 

kernel 

Sunflower 

press cake 

[15] 

Sunflower 

press cake 

[13] Flour Press 

cake 

Grist 

(shrot) 

Content of essential 

amino acids (EA) 

18.30 13.96 13.87 8.60 7.03 

hydrophobic 14.63 10.96 10.65 6.17 5.10 

hydrophilic 3.67 3.00 3.22 2.43 1.93 

The ratio of 

hydrophobic to 

hydrophilic EA 

3.99 3.65 3.31 2.54 2.64 

The content of 

substitutable amino 

acids (SA) 

21.40 18.57 18.49 13.43 12.63 

hydrophobic 8.40 6.67 6.78 4.61 4.27 

hydrophilic 13.00 11.90 11.71 8.82 8.36 

Ratio of hydrophobic 

to hydrophilic 
0.65 0.56 0.58 0.52 0.51 

Total content of 

hydrophobic amino 
acids 

23,03 17,63 17,42 10,78 9,37 

Total content of 

hydrophilic amino 

acids 

16,67 14,90 14,93 11,25 10,29 

The ratio of 

hydrophobic to 

hydrophilic 

1,38 1,18 1,17 0,96 0,91 

 

This property of proteins to retain functional hydrophobic properties during the 

technological processing of press cake, flour, and grist allows us to use these products as raw 

bio materials for the production of dietary and functional protein-containing and protein-lipid 

products and to improve their quality. 

 

 

Conclusion 
 

1. The balanced amino acid composition of sunflower flour is substantiated. 

2. An increase in the content of hydrophobic amino acids improves the technological 

properties of flour. It is advisable to use sunflower kernel as a formulation component 
for the development and introduction of dietary and functional products with improved 

consumer properties, as well as for expanding the range of food products and improving 

their quality. 

3. Balanced protein-lipid eco-products and drugs on the basis of complex processing of 

sunflower seeds show functional and technological properties and contribute to disease 

prevention. 
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