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functional ingredients in the composition of food products, 
and, above all, those made from flour: bakery and flour con-
fectionery products (cookies, crackers, gingerbread, etc.). 
The top priority is to increase the nutritional and biological 
value of the daily rations of military personnel and their 
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Flour confectionery products 
have an unstable polyphase structure 
that needs stabilization. The nutrient 
composition of these products is 
characterized by a high content of sugar 
and saturated fatty acids. The content 
of protein, dietary fiber, vitamins, and 
minerals is low. This predetermines 
the feasibility of using the latest raw 
materials. This paper has proven the 
possibility of using flour from extruded 
sunflower seed kernels (FESSK). FESSK 
is a unique protein-mineral raw material 
ingredient that contains essential amino 
and polyunsaturated fatty acids, as well 
as biologically active substances. 

In FESSK, compared to high grade 
wheat flour (HGWF), the content of 
protein increases by 3.1–3.3 times; 
minerals – 13.80–13.82 times; fiber – 
98.91–98.93 times; fat – 2.54–
2.56 times; the total amount of essential 
amino acids – by 3.15–3.19 times. One 
should note the balance of amino acid 
composition and the usefulness of FESSK 
proteins (amino acid number (AAN) 
of essential amino acids approaches 
100 %). Compared to HGWF, FESSK 
has increased biological value index and 
utilization rate of amino acid composition, 
by 48.74 % and 39.29 %, respectively. Of 
the 13 vitamins necessary for the human 
body, 12 vitamins (92.3 % of the total 
amount of vitamins) were identified 
as part of the FESSK composition. In 
FESSK, compared to HGWF, fat-
absorbing capacity increases by 1.50–
1.52 times and water retention capacity 
by 3.62–3.64 times.

It was found that the addition of 10.0 % 
FESSK increases wettability by 6.58–
11.19 %; expansion rate by (1,0±0,1) %; 
ash content – 5.71–13.33 times; fat 
content by 2,19–6,17 %; protein content 
by 8.29–21.37 %. The integrated quality 
indicator increases by 5.1–6.8 %. 
Alkalinity decreases by 1.04–2.06 %. The 
expediency of the production of crackers 
with improved nutritional properties to 
improve the food supply of servicemen in a 
special period has been proven
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1. Introduction 

An important issue of food supply for troops is the 
adjustment of the diets of military personnel through the 
use of protein-vitamin-mineral food components. They are 
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balance in terms of nutrient composition. This is possible by 
creating innovative food products with improved nutritional 
properties containing functional ingredients: proteins, fats, 
carbohydrates in an optimal ratio for the body. The latest 
food products should be rich in vitamins, antioxidants, mac-
ro- and microelements. The food products to be developed 
should have a convenient packaging form and an extended 
period of freshness. This is important because under extreme 
conditions of hostilities there is not always the possibility 
of timely supply of food and, especially, perishable products. 

Hence, the relevant direction of improving the quality of 
food supply for personnel is:

– introduction of innovative technologies in the process 
of food production, in particular flour [1]; 

– study of the experience of the armies of the countries 
belonging to the NATO bloc (their rations include flour 
products: cookies, muffins, biscuits, crackers, etc., which 
have an extended shelf life and high nutritional and biolog-
ical value) [2];

– the use of the latest raw materials of integrated action, 
which are characterized by a wide range of functional and 
technological properties that contribute to the solution of 
this problem in areas of conflict [3];

– extending the range of high-quality and socially signif-
icant food products for the military of Ukraine for consump-
tion under extreme conditions [2, 3]. 

Innovative resource-saving technologies imply using 
the maximum benefit from food components, including 
useful secondary products of the agro-industrial sector. In 
particular, the use of bioactive compounds, mineral-vitamin 
complex, dietary fiber, etc. by-products [4]. It is possible to 
recirculate secondary products of sunflower seed processing 
as raw materials in the process of production of functional 
food products with added value. The result is the introduc-
tion of the concept of “waste-food” into production [5]. 

Secondary resources of the oil and fat industry are wide-
ly used in solving food problems, being an additional source 
of substances of natural origin. A significant amount of 
secondary food raw materials (sunflower cake/meal/flour) 
is formed in the process of processing sunflower seeds – the 
main oilseed in Ukraine. The most valuable properties of 
secondary products of sunflower seed processing are the 
high content of protein and mineral-vitamin complex, the 
presence of polyunsaturated fatty acids, low cost, and the 
absence of toxic and anti-nutrients in them (protease inhibi-
tors – trypsin and chymotrypsin, hemagglutinins, saponins, 
glycosides, allergens, alkaloids). Therefore, it can be con-
cluded that sunflower cake/meal/flour are good sources of 
nutrients and can be used in food technology [6, 7].

A relevant direction in the production of crackers is the 
use of new types of raw materials. In particular, secondary 
products of sunflower seed processing – FESSK. FESSK is 
obtained with the help of innovative integrated technolo-
gy – extrusion of the collapsed kernel of sunflower seeds at 
elevated temperatures, followed by fractional grinding [8, 9]. 
The most valuable properties of FESSK are the high protein 
content (∼39.0 %) as well as essential amino and polyunsat-
urated fatty acids. A significant amount of antioxidants: vi-
tamin E – 15.4 mg % and chlorogenic acid – 0.321 % [7, 10].

At the same time, a low content of phenolic compounds 
in FESSK [7] provides its light color [8], which indicates the 
possibility of introducing FESSK into flour confectionery 
products without deteriorating the coloration of the finished 
product. All this makes FESSK a promising secondary 

product with a integrated effect that can be used in food 
production [7, 8, 11].

In this regard, it is relevant to prove the expediency of 
using FESSK in the technologies of flour confectionery 
products on the example of crackers with improved nutri-
tional properties.

2.    Literature review and problem statement

In the production of flour confectionery products in 
the context of the circular bioeconomy, there is a growing 
interest in the use of inexpensive secondary products of 
processing plant materials for partial replacement of flour, 
fat, or sugar. Works [6, 11] report the results of research into 
the use of such raw materials in the production of environ-
mentally friendly products with high nutritional properties, 
extended periods of freshness and added value. But the is-
sues related to the study of the functional and technological 
properties of these raw materials remained unresolved. And 
above all, such promising by-products of processing sun-
flower seeds as cake/meal/flour because they are valuable 
food ingredients with a rich nutrient composition [12, 13]. 
However, water- and fat-absorbing, water- and fat-binding, 
water- and fat-retaining capacities have not been sufficient-
ly investigated because of objective difficulties associated 
with the cost part in terms of equipment and research tools. 
In [14], the rich chemical composition of sunflower seeds – 
the main raw material for cake/meal/flour – has been es-
tablished. But issues related to functional and technological 
properties remained unresolved. The reason for this may 
be objective difficulties associated with the complexity of 
the technology of production of secondary products of pro-
cessing sunflower seeds with the necessary functional and 
technological characteristics. This will help improve the 
nutritional properties of food products, in particular flour 
confectionery. In works [15, 16] it is noted that secondary 
products of processing sunflower seeds (in addition to en-
richment of food products with protein, vitamin-mineral 
complex, fiber, etc.) are also an alternative to reduce the 
environmental problem caused by the production of sun-
flower oil. However, issues related to hydro- and lipophilic 
properties require additional research. In [8, 9], it has been 
shown that the use of sunflower meal/cake/flour benefits by 
its small particle size and high protein content compared to 
fruit processing by-products. The disadvantage is the lack of 
integrated effect. Works [9, 17] emphasize a higher rate of 
antioxidant activity of sunflower flour compared to wheat 
flour. However, the issues of fat-emulsifying, stabilizing 
and structure-forming capacity have not been resolved. 
In [18], it was found that the addition of 10.0 % sunflower 
meal improves the organoleptic characteristics of shortbread 
cookies; as well as increases digestible protein content, 
water-absorbing and foaming capacity of sunflower-wheat 
mixture. The disadvantage of this raw material ingredient is 
the greenish-brown color of the finished products. Paper [19] 
notes a positive effect of partial replacement (15.0 %; 25.0 %; 
35.0 %) of wheat flour with sunflower flour in the recipe of 
cracker cookies. The nutritional value and organoleptic per-
formance of crackers are improved. The disadvantage of this 
food component is the lack of integrated effect and the dark 
color of the finished products. In works [9, 20], it is shown 
that the addition of 18.0 % and 36.0 % of low-fat sunflower 
flour contributes to the improvement of the technological 
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properties of butter dough and the biological value of the 
product. However, a gray-brown color of finished products 
is formed. Works [8, 21] prove that the addition of 10.0 % 
and 20.0 % sunflower meal to traditional recipes of chapa-
ti, cookies, and pakodi contributes to an increase in the 
nutritional value and quality indicators of finished flour 
products. The disadvantage is the short period of preser-
vation of freshness. In works [22, 23] it was found that the 
addition of 15.0 % and 30.0 % of low-fat sunflower flour 
increases the biological value, technological properties of 
the dough and sensory indicators of muffins made from it. 
The disadvantage of this secondary product of sunflower 
seed processing is green pigmentation during baking the 
flour product. Studies [24, 25] show that the addition of 
sunflower meal/isolate/flour/cake to the recipe of flour 
products helps improve the consistency, plasticity, and 
elasticity of the dough. But the disadvantage is that the 
undesirable gray-green color of the finished products is 
masked by the use of cocoa powder or whole grain flour.

Thus, the experience of scientists and specialists has 
shown the expediency of using useful secondary products 
of processing sunflower seeds of cake/meal/flour in flour 
confectionery products. They correct the functional and 
technological properties of flour systems, contribute to 
the creation of high-quality flour products with dietary 
and therapeutic properties. It should be noted that flour 
confectionery products made from refined wheat flour 
are much poorer in nutritional value and do not properly 
meet the needs of the body in many macro- and microele-
ments [9, 26].

In addition, wheat protein lacks a balance of essential 
amino acids – lysine, threonine, and valine. Nutritionists 
consider it important to include in the daily diet complex 
plant foods, in particular, seeds, nuts, whole grains, second-
ary products of the oil and fat industry [27, 28].

However, this requires additional research, in particular, 
the determination of the functional and technological capa-
bilities of sunflower-wheat mixtures [29] and the consumer 
characteristics of flour products [24, 30]. 

Therefore, work on the creation of new functional and 
technological properties of flour systems with the help of 
secondary products of sunflower seed processing, in partic-
ular FESSK, is relevant. FESSK is a fine homogeneous pow-
der with a particle size of (90–110) microns, grayish-white 
in color, with a soft and delicate taste, and a distinct smell of 
sunflower seeds [11]. 

The study of the influence of FESSK on the quality in-
dicators of flour confectionery products will be appropriate 
to find economic ways to improve the nutritional quality of 
flour products and increase the profitability of sunflower 
meal/cake residues.

Scientific substantiation of the use of FESSK for flour 
products with high quality and nutritional value as well as 
the extended period of freshness has great practical pros-
pects in the food industry.

3.  The aim and objectives of the study

The aim of our study is to develop a technology of crack-
ers of high nutritional value using FESSK. This will make it 
possible to improve the nutritional properties and extend the 
shelf life of flour confectionery products.    

To accomplish the aim, the following tasks have been set: 
– to determine the chemical composition and functional 

and technological characteristics of FESSK; 
– to investigate the influence of FESSK on the physico-

chemical parameters of prototypes of crackers;
– to investigate the effect of FESSK on organoleptic pa-

rameters and nutritional value of prototype crackers.

4.  The study materials and methods 

The object of this study is the technology of cracker 
cookies. 

The hypothesis of the study assumes that adding to the 
recipe of flour confectionery products, in particular crackers, 
a secondary product of sunflower seed processing (FESSK) 
will provide an opportunity to improve the nutritional 
properties and extend the shelf life of flour confectionery 
products.

The chemical composition and functional and techno-
logical characteristics of FESSK were investigated. The 
influence of FESSK on the physicochemical, organoleptic 
parameters, and nutritional value of crackers in order to 
improve their quality and nutritional value.

The following materials were used:
– flour from extruded sunflower seed kernels (FESSK), 

obtained with the help of innovative integrated technology 
for processing sunflower seeds; produced by TOV “NAU-
TECH PLUS”, Ukraine;

– high grade wheat flour (HGWF) GSTU 46.004–99 
with quality indicators: humidity – no more than 15.0 %; 
ash content in terms of dry matter – not more than 0,55 %; 
whiteness, conventional units of the device RP-BPL – 54 
or more; amount of raw gluten – not less than 24.0 %; the 
number of fall – not less than 160 s. Manufactured by TOV 
“Vasilkovsky Bakery Plant”, Ukraine; 

– flour mixes “HGWF:FESSK” (%) – 95:5; 90:10; 85:15; 
80:20; 

– sample 1, control, cracker “Gentle”, DSTU 4052:2017 
with quality indicators: mass fraction of moisture – no more 
than 8.0 %; alkalinity using the indicator of phenolphthalein 
not more than – 2.0°; ash mass fraction, not less than 0,1 %; 
wettability – not less than 150,0 %;

– sample 2 – cracker with partial replacement of HGWF 
with FESSK in the amount of 5.0 % by weight of HGWF;

– sample 3 – cracker with partial replacement of HGWF 
with FESSK in the amount of 10.0 % by weight of HGWF;

– sample 4 – cracker with partial replacement of high 
grade wheat flour HGWF with FESSK in the amount of 
15.0 % by weight of HGWF.

To implement the tasks set, generally accepted [31–35] 
and standard research methods were used in accordance with 
DSTU 5023:2008, DSTU 4052:2017, and DSTU 46.004–99, 
as well as modern instrumental methods of biochemical and 
physico-chemical analysis. The content of raw fat and mois-
ture was determined using the YMR-relaxometer minispec 
mq-20 (Bruker, Germany) according to DSTU 7491:2013. 
The mass fraction of protein (crude protein) was determined 
using the quantitative identification system N2/protein 
DKL8 (VELP SCIENTIFICA, Italy) in accordance with 
DSTU 7491:2013. The biological value of the protein com-
plex was studied by experimental determination of the ami-
no acid composition using the capillary electrophoresis sys-
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tem “KRAPEL-105M”, manufactured by Lumex. The 
relative biological value (RBV) of protein products was de-
termined by an express method using Tetrahymena pyri-
formis ciliates, a strain of WH14 in accordance with the 
recommendations in line with the recommendations 
from [31, 32]. The mass fraction of fiber was determined 
at the fiber analysis plant FIBRETHERM FT12 (Ger-
hardt, Germany) in accordance with DSTU 7491:2013. 
The mass fraction of fat in the protein complex was deter-
mined at the automatic installation for solid-liquid ex-
traction SOXTHERM SOX414a (Gerhardt, Germany) 
according to the user manual and DSTU 7491:2013. The 
fatty acid composition of lipids was determined on a gas 
chromatograph with a flame-ionization detector and the 
integrator “Crystal 5000”. The content of calcium and 
magnesium was established by the complexometric meth-
od. The content of other minerals was determined using 
the Agilent 7500 S (USA) mass spectrometer. Vitamin 
content analysis was performed using a highly efficient 
four-channel liquid chromatograph Agilent 1100 (Agilent 
Technologies, USA) in combination with a diode-matrix 
detector (DAD) and mass spectrometry (MS). Statistical 
processing of the results of the experiment was carried out 
according to the Student’s method. The organoleptic and 
physico-chemical properties of crackers were determined 
by standard procedures [31, 32]. The total phenol con-
tent (TPC) and antioxidant capacity (DPPH and CU-
PRAC) of flour/flour mixtures were determined by the 
spectrophotometric method [8, 33, 34]. The diameter and 
thickness of the crackers were measured with a digital 
caliper; the distribution coefficient was calculated by di-
viding the width by thickness; hardness was measured 
using a texture analyzer TA-XT 2i (Stable Micro Sys-
tems, UK), equipped with a three-point bending de-
vice (HDP/3PB [8]. The water-holding and fat-absorbing 
capacity of flour was determined by the gravimetric meth-
od [8, 35]. The color  of flour and crackers was measured 
using the CR-400 colorimeter (Konica Minolta Sensing, 

Inc.,  Japan), calibrated using a white standard plate. The 
measured values: L* (white 100/black 0), a* (red positive/
green negative) and b* (yellow positive/blue negative). 
The total color difference (ΔE) was calculated using the 

equation ( ) ( ) ( )
1/22 2 2* * *

0 0 0* * *E a a b b L L⎡ ⎤Δ = − + − + −⎢ ⎥⎣ ⎦
from [8].

5. Results of investigating the effect of flour from extruded 
sunflower seed kernels on the quality indicators of crackers 

5. 1. Determination of the chemical composition and 
functional and technological characteristics of flour from 
extruded sunflower seed kernels 

FESSK is a promising raw material for the enrichment 
of flour confectionery products. The traditional production 
technology of wheat flour crackers is shown in Fig. 1.

Some chemical indicators of high grade wheat 
flour (HGWF), FESSK, and flour mixtures “HGW-
F:FESSK” (in %): 95:5; 90:10; 85:15 are given in Table 1. 

From Table 1, it follows that when FESSK is added, the 
content of protein, ash, fat, macronutrients Ca and Mg, as 
well as fiber, increases in proportion to the mass fraction 
of FESSK. This agrees with the literary data [26, 36]. 

Fig. 2 shows the mineral composition of FESSK.
Fig. 2 demonstrates that FESSK is a source of macro- 

and microelements. Similar results were obtained in the 
works of other authors [7, 36, 37].

Table 2 gives the fatty acid composition of FESSK.
As part of FESSK, a whole fatty acid complex (Table 2) 

of 16 fatty acids was determined. And the presence of fat-sol-
uble antioxidants: vitamin E and chlorogenic acid. Which is 
consistent with literary sources [38, 39].

Table 3 gives the amino acid composition of FESSK.
The total content of amino acids in FESSK (Table 3) 

is 257.09 mg/g, essential – 112.26 mg/g (43.67 %); non-es-
sential– 144.83 mg/g (56.33 %). This is consistent with the 
data of other authors [7, 40, 41]. 

Fig. 1. Schematic diagram of the production of crackers from wheat flour

Table 1

Comparative chemical composition of FESSK, HGWF, and flour mixtures “HGWF: FESSK”

Product Protein, g Fats, g Starch, g Cellulose, g Ash, g Са, mg Мg, mg
Moisture 

content, %

FESSK 38.73 4.87 12.53 11.87 8.01 367.0 317.0 4.72

HGWF 12.02 1.91 70.7 0.12 0.58 21.0 19.0 13. 85

«HGWF:FESSK», %: 95:5 30. 61 3.18 59. 12 7.62 5. 21 256.0 284.0 11. 40

«HGWF:FESSK», %: 90:10 32. 82 3.58 61. 24 7.84 5.52 258.2 286.2 11. 20

«HGWF:FESSK», %: 85:15 34. 94 3. 98 63. 36 8.12 5. 84 260.1 288.4 11. 00
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c 

Fig. 2. Mineral composition of flour from extruded sunflower seed kernels: 

a – macronutrients; b – trace elements; 

c – ultramicroelements

a b

Table 2

Fatty acid composition of flour from extruded sunflower seed kernels and the content of fat-soluble antioxidants

Name of the indicator
Amount of fatty acid in terms of fat FESSK

mg/ml % by weight

Lauric acid – C12:0 0.006±0.0 0.01±0.0

Myristic acid – C14:0 0.045±0.002 0.08±0.003

Palmitic acid – C16:0 0.443±0.022 7.82±0.389

Palmitoleic acid – C16:1 0.113±0.005 0.20±0.010

Stearic acid – C18:0 0.344±0.017 6.06±0.289

Oleic acid – С18:1(ω‒9) 10.954±0.545 19.32±0.913

Linoleic acid – С18:2 (ω‒6) 36.883±1.844 65.05±3.002

Linolenic acid – С18:3 (ω‒3) 0.096±0.004 0.17±0.006

Arachidic acid – C20:0 0.136±0.006 0.24±0.011

Eicosenoic acid – С20:1 (ω‒9) 0.022±0.001 0.04±0.002

Arachidonic acid – С20:4 (ω‒6) 0.011±0.0 0.02±0.0

Eicosapentaenoic acid – C20:5 0.153±0.007 0.27±0.012

Geneicosanoic acid – C21:0 0.022±0.001 0.04±0.002

Behenic acid – C22:0 0.414±0.020 0.73±0.036

Trisanoic acid – C23:0 0.028±0.001 0.05±0.002

Lignoceric acid – C24:0 0.108±0.003 0.19±0.007

Vitamin E (α–tocopherol), mg/kg 15.40±0.5 0.322±0.02

Chlorogenic acid, mg/kg 15.38±0.5 0.321±0.02
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Table 3

Amino acid composition of flour from extruded 

sunflower seed kernels and the total content of amino 

acids in high grade wheat flour 

Name of the indicator
Amino acid index 

*Amount of 
AA, mg/g

ACC, %

Essential amino acids (EAA)

Hydrophilic:

Threonine 36.61±0.86 94.08±0.97

Arginine 94.59±1.12 105.82±1.08

Histidine 24.88±0.52 92.01±0.78

Lysine 36.92±0.59 83.25±0.71

Total content of hydrophilic 
essential amino acids, mg/g 

193. 10±0.58 19.31±0.94

Hydrophobic:

Valin 51.82 ±0.65 96.72±0.97

Leucine 65.68±0.81 94.14±0.89

Isoleucine 44.82±0.43 92.65±0.78

Methionine 20.88±0.22 86.73±0.72

Phenylalanine 46.51±0.48 93.68±0.84

Tryptophan 13.89±0.18 95.72±0.99

Total vist of hydrophobic 
essential amino acids, mg/g 

243.60±0.97 24.36±1.19

Non-essential amino acids (NEAA)

Hydrophilic:

Serin 42.32±0.51 –

Asparagine 30.38±0.39 –

Aspartic acid 96.33±1.18 –

Glutamic acid 219.77±1.72 –

Tyrosine 26.30±0.28 –

Total content of 
hydrophilic non-essential 

amino acids, mg/g 
415.10±1.37 –

Alanine 44.03±0.45 –

Glycine 44.57±0.46 –

Proline 33.52±0.56 –

Cystine 26.08±0.27 –

Total vist of hydrophobic 
non-essential amino 

acids, mg/g 
148.20±1.27 –

Total content of amino 
acids, mg/g dry protein

1000.00±4.12 –

Total amino acid content in 
FESSK, mg/100 g flour

7416±12.14 –

Total amino acid content in 
HGWF, mg/100 g flour

3471±6.12 –

Note: Amount of amino acid (mg) in terms of dry protein (g)

Fig. 3 shows the analysis of the vitamin composition 
of FESSK.

The presence of a complex of biologically active substanc-
es (Fig. 3): 8 water-soluble and 4 fat-soluble vitamins was 
determined in the composition of FESSK. This is consistent 
with literary sources on sunflower meal/meal [42, 43].

The preliminary determination of the rational ratio of 
FESSK and HGWF was carried out using aminograms (Fig. 4).

More accurately, the rational ratio of FESSK and HGWF 
is determined using the indicator of biological value (BV) 
and amino acid SCOR (SCOR – author’s abbreviation of 
Mitchell and Block) (Tables 4, 5, and Fig. 5).

Table 4

SCOR of essential amino acids of flour from extruded kernel 

of sunflower seeds and high grade wheat flour 

Limiting essential amino acids
SCOR, %

HGWF FESSK

Tryptophan 91.13±0.91 95.72±0.95

Lysine 45.50±0.81 83.25±0.83

Methionine 44.20±0.79 86.73±0.86

Valin 92.4±0.95 96.72±0.86

Phenylalanine+tyrosine 66.2±0.62 93.68±0.93

a

b

c 

Fig. 3. Vitamin composition of flour from extruded sunflower seed 

kernels: a – water-soluble vitamins: B3, B4, B6, C; b – water-soluble 

vitamins: B5, B1, B2, B9; c – fat-soluble vitamins: A, E, D, K
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As can be seen from Table 4, the SCOR of essential amino 
acids of FESSK protein is 1.05–1.96 times higher compared 
to the HGWF protein. In addition, the established SCOR 
values of limiting amino acids for FESSK correspond to the 
SCOR values of these amino acids for sunflower meal/meal in 
the works of other researchers [41, 44].

Table 5 gives the biological value of proteins in FESSK, 
HGWF, and flour mixtures “FESSK+HGWF”.

The higher the value of U, the more balanced the essen-
tial amino acids in the protein and the more rationally they 
can be used by the body.

Table 6 gives a comparative analysis of the functional 
and technological properties of FESSK and HGWF.

The improvement of functional and technological prop-
erties (Table 6) of FESSK compared to HGWF is consistent 
with the works of other authors [11, 45, 46].

b 

Fig. 4. Aminograms for flour from extruded sunflower seed kernels and high grade wheat flour by limiting amino acids: 

a – Tryptophan and Valine; b – Phenylalanine+Tyrosine and Lysine

a 

Table 5

Indicators of biological value of proteins in FESSK, HGWF, and flour mixtures “FESSK+HGWF”

Indicator HGWF FESSK
Flour mixture «FESSK+HGWF», %

5+95 10+90 15+85 20+80

The biological value of proteins (BV), % 53.01±0.53 78.85±0.81 68.25±0.67 71.35±0.72 73.35±0.73 75.25±0.75

Amino acid scor difference coefficient (ASDC), % 46.99±0.45 + 31.75±0.32 28.65±0.29 26.65±0.27 24.75±0.25

Utilization rate of amino acid composition (U) 0.56±0.03 0.78±0.03 0.61±0.03 0.63±0.03 0.65±0.03 0.67±0.03
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Table 6

Comparative analysis of the functional and technological 

properties of flour from the extruded core of sunflower 

seeds and high grade wheat flour 

Indicator HGWF FESSK

Fat-absorbing capacity (FAC), g of dry 
matter/g

0.96±0.04 1.45±0.08

Water holding capacity (WHC), g of 
water/g dry matter

0.79±0.14 2.87±0.38

Color L* 94.85±0.36 78.84±0.26

a* ‒0.87±0.02 1.42±0.02

b* 10.95±0.15 14.25±0.15

Total phenols (TPC), mg GAE/g 5.59±0.84 12.54±0.95

Ability to absorb radicals 2,2-diphe-
nyl-1-pycrylhydrazil (DPPH), mg TE/g

0.42±0.25 4.16±0.75

Antioxidant capacity to reduce copper 
(CUPRAC), mg TE/g

2.22±0.65 16.75±1.05

5. 2. Investigation of the effect of flour from extruded 
sunflower seed kernels on the physicochemical parame�
ters of cracker samples 

The physical properties of prototypes of crackers are 
given in Table 7.

Changes in the physical parameters of prototypes of 
crackers (Table 7) correspond to the results of research by 
other authors [13, 47, 48].

Table 8 gives the physicochemical properties of proto-
types of crackers.

Table 8

Physico-chemical properties of prototypes of crackers 

Indicator

Prototypes of crackers

Control – 
HGWF

Flour mixture «HGWF:FESSK», %

95:5 90:10 85:15

Mass fraction of 
moisture, %

5.48±0.08 5.55±0.08 5.67±0.08 5.78±0.08

Alkalinity, ° 1.89±0.01 1.87±0.01 1.85±0.01 1.84±0.01
Mass fraction 
of total ash, in 
terms of dry 

matter, %

0.52±0.01 2.97±0.03 4.68±0.07 6.93±0.09

Wettability, % 152.0±2.2 162.0±2.3 166.0±2.2 169.0±2.2
Mass fraction of 

crude fat in terms 
of dry matter, %

11.34±0.16 11.66±0.16 11.87±0.17 12.04±0.17

Mass fraction 
of crude protein 
in terms of dry 

matter, %

14.46±0.18 15.66±0.19 16.54±0.19 17.55±0.19

As can be seen from Table 8, the introduction of 
FESSK in the amount of 5.0 %; 10,0 %; 15.0 % of the 
mass of HGWF reduces alkalinity and contributes 
to an increase in humidity, ash content, fat content, 
wettability, and protein content in the sample crack-
ers in proportion to the amount of FESSK. This is 
consistent with the works of other authors [9, 11].

In the work, we experimentally established 
the optimal mass fraction of FESSK – 10.0 % of 
the amount of HGWF. The mass fraction was set 
taking into account the nutritional properties of 
crackers and based on the calculation of the cost 
of finished products.

Thus, FESSK is a valuable raw material 
ingredient for the flour confectionery industry, 

Fig. 5. The biological value of protein depending on the mass fraction of flour from extruded sunflower seed kernels mixed 

with high grade wheat flour

Table 7

Physical properties of prototypes of crackers

Parameter

Prototypes of crackers

Control – 
HGWF

Flour mixture «HGWF:FESSK», %

95:5 90:10 85:15

Diameter, mm 40.25±1.06 39.85±1.03 39.55±0.99 39.25±0.97

Thickness, mm 1.99±0.01 1.97±0.01 1.95±0.01 1.93±0.01

Spreading coefficient 20.23±0.12 20.23±0.12 20.28±0.13 20.33±0.14

Color L* 58.31±0.58 57.40±0.58 57.20±0.56 57.05±0.55

a* 8.8±0.28 7.96±0.26 7.82±0.24 7.70±0.23

b* 7.76±0.60 6.79±0.39 6.67±0.37 6.56±0.35

Overall color difference (ΔE) – 3.3 3.6 3.9

Hardness (N) 39.98±4.26 40.18±4.28 40.26±4.30 40.36±4.32
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the decisive task of which is to create flour products with in-
creased biological and nutritional value; as well as improved 
nutritional properties.

5. 3. Investigating the effect of flour from extruded 
sunflower seed kernels on the organoleptic parameters of 
cracker samples

Table 9 gives the organoleptic indicators of prototypes 
of crackers.

Sensory analysis of prototype crackers revealed an 
increase in the overall quality indicator by (0.07±0.01); 

(0,18±0,01); (0.10±0.01) points, respectively. With a par-
tial replacement of HGWF with FESSK in the amount 
of 5.0 %; 10.0 %; 15.0 % of the amount of HGWF (Ta-
ble 9).  The optimal amount of FESSK was determined, 
which is 10.0 % of the amount of HGWF. The technology 
of production of crackers “Guards” with the introduction 
of FESSK has been developed. A distinctive feature is the 
partial replacement of HGWF with 10.0 % FESSK and the 
addition of FESSK at the stage of kneading the dough. The 
technological scheme of production of crackers “Guards” 
with high nutritional value is shown in Fig. 6.

Table 9

Evaluation of organoleptic indicators of prototypes of crackers

Prototypes of crackers
Organoleptic indicators of crackers

Taste and smell Color Shape
Appearance and 

surface 
Fractured view General indicator

Sample 1 – control 5.00±0.02 5.00±0.02 4.90±0.01 4.92±0.01 5.00±0.02 24.82±0.01

Sample 2 – with 5.0 % FESSK 5.00±0.02 5.00±0.02 4.92±0.01 4.97±0.02 5.00±0.02 24.89±0.01

Sample 3 – with 10.0 % FESSK 5.00±0.02 5.00±0.02 5.00±0.01 5.00±0.01 5.00±0.02 25.00±0.01

Sample 4 – with 15,0 % FESSK 5.00±0.02 5.00±0.02 4.97±0.01 4.98±0.01 4.97±0.02 24.92±0.01

Fig. 6. Technological scheme of production of crackers “Gvardiisky” with high nutritional value: A, B, C – subsystems for the 

production of crackers
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However, to determine the functional and technological 
capabilities of flour mixtures “HGWF+FESSK” in the produc-
tion of a wide range of flour confectionery products, additional 
research is needed. It is known that the production of crackers 
requires soft wheat flour with high gluten strength but low 
water binding capacity. Or the moisture-absorbing capacity of 
flour and flour mixtures affects the parameters of kneading bis-
cuit dough and baking biscuits. And, accordingly, such sensory 
parameters as color, consistency, and texture of the finished 
flour product [28].

6. Discussion of results of investigating the effect of 
extruded sunflower kernel flour on the quality of crackers

When assessing the possibility of introducing FESSK 
into the technology of crackers (Fig. 1), we studied the 
chemical composition of FESSK and compared it with the 
chemical composition of the main raw material of crack-
ers – wheat flour. As can be seen from the data in Table 1, in 
FESSK and in flour mixtures “HGWF:FESSK” compared 
to HGWF there is a much higher biological potential com-
pared to HGWF. The protein content compared to HGWF 
is higher: 3.2 times in FESSK and 1.12–1.27 times in the mix-
ture of “HGWF:FESSK”. The content of mineral substances 
in comparison with HGWF increases: 13.81 times in FESSK 
and 1.37–1.54 times in the mixture of “HGWF:FESSK”. 
Including calcium – by 17.48 times in FESSK and 1.41–
1.43 times in the mixture of “HGWF:FESSK”. Magne-
sium – by 16.68 times in FESSK and 1.10–1.12 times in the 
mixture of “HGWF:FESSK”. Analysis of the mineral com-
position (Fig. 2) shows that FESSK is a rich source of min-
erals (7 macro-, 10 micro- and 5 ultramicronutrients were 
found). The carbohydrate component is represented by fiber 
and starch. The fiber content increases compared to HGWF 
in FESSK by 98.92 times and 1.46–1.55 times in the mix-
ture of “HGWF:FESSK” (Table 1). The data obtained are 
consistent with the works of other authors [37, 44].

Regarding the fat content of FESSK and flour mixtures 
“HGWF:FESSK”, an increase of 2.55 times compared to 
HGWF was found in FESSK and an average increase of 
22.4 % for every 5.0 % with FESSK added to the mixture 
with HGWF (Table 1). 

The total content of higher fatty acids (HFAs) in 
FESSK was 49.778 mg/ml (84.78±4.18) % (Table 2). At 
the same time, FESSK is rich in polyunsaturated fatty ac-
ids (PUSFAs) – (65.22±3.12 %) and monounsaturated fatty 
acids (MUSFAs) – (19.56±0.96 %). Saturated fatty acid 
content (SFAs) is also quite sufficient – (15.22±0.75 %). 
The predominant fatty acids in FESSK are oleic, C18:1 
(ω–9) (19.32 %) and linoleic, C18:2 (ω–6) (65.05 %). They 
make up (84.37±4.22) % of the total fatty acid profile 
of FESSK. The content of linolenic acid is 0.17 %. These 
polyunsaturated fatty acids are the main components of 
flour fat and play an important role in maintaining health, 
triglyceride and cholesterol levels, normalizing blood pres-
sure. This makes FESSK an important dietary source of es-
sential fatty acids. The presence of fat-soluble antioxidants: 
vitamin E (α-tocopherol) in the amount of 15.40 mg/kg 
and chlorogenic acid 0.321 % helps reduce various diseases 
caused by oxidative stress (cancer, cardiovascular and cor-
onary heart disease). Analysis of the amino acid profile of 
FESSK (Table 3) shows that the total amount of essential 
amino acids in FESSK is 3.15–3.19 times greater than in 

wheat flour. In FESSK, the first limiting amino acid is 
lysine (AAN=83.25 %). The amino acid number (AAN) of 
the two second most deficient essential amino acids is great-
er: tryptophan (AAN=95.72 %) – 1.15 times; methionine 
(ANN=86.73 %) – 1.04 times. Compared to lysine, the 
AAN of other essential amino acids also increases by (1.08–
1.27) times. One should note the balance of amino acid 
composition and the usefulness of proteins FESSK (AAN 
of essential amino acids approaches 100 %). The obtained 
data are consistent with literary sources [7, 40, 41] and 
emphasize the higher biological value of FESSK compared 
with HGWF.

Of the 13 vitamins necessary for the human body, 12 vi-
tamins (92.3 % of the total amount of vitamins) are present 
in the composition of FESSK, the daily needs of which 
range from 0.01 to 100 mg (Fig. 3). Water-soluble vitamins: 
vitamin C and vitamins of group B. Fat-soluble vitamins: 
A, D, E, K. Of which, the following vitamins predomi-
nate: С<D<B6<E<B4<A<B3. Similar results were reported 
in [42, 43]. 

With the help of aminograms (Fig. 4), a preliminary de-
termination of the rational ratio of FESSK and HGWF was 
carried out. The maximum increase in the biological value 
of the protein of the flour mixture “HGWF+FESSK” can 
be achieved in the ratio range of HGWF and FESSK (%): 
41:59...64:36. The balance of the amino acid composition of 
the FESSK protein is confirmed by the approximation of the 
SCOR of limiting essential amino acids to 100 % (Table 4). 
Also, the SCOR of essential amino acids of the FESSK 
protein increases compared to the HGWF protein: for tryp-
tophan, by 1.04–1.06 times; for lysine, 1.82–1.84 times; for 
methionine, 1.95–1.97 times; for valine, 1.04–1.06 times; for 
phenylalanine+tyrosine, 1.41–1.43 times. Data analysis of 
Table 5 and Fig. 5 shows that compared to HGWF protein, 
the BV indicator and the utilization rate of the amino acid 
composition (U) increase. Namely, in FESSK, by 48.74 % 
and 39.29 %, respectively; in “FESSK+HGWF” flour mix-
tures – by 28.75–41.95 % and 8.93–19.60 %, respectively. 
Which emphasizes the balance of the amino acid composi-
tion of FESSK protein and the improvement of the biological 
and nutritional values of FESSK and flour mixtures “FESS-
K+HGWF” compared to HGWF. The rational amount of 
FESSK was determined – 10.0 % of the amount of HGWF. 

Analysis of Table 6 indicates an improvement in the 
hydration and lipophilic properties of FESSK compared to 
HGWF: fat-absorbing capacity increases by 1.50–1.52 times 
and water retention capacity by 3.62–3.64 times. This is due 
to the higher dispersion, chemical composition, and high 
soluble dietary fiber content in FESSK. As for color, FESSK 
compared to HGWF has a slightly darker color with higher 
values of redness and blueness. A sufficiently high content 
of compounds with an antioxidant effect in FESSK helps 
improve the antioxidant properties of sunflower flour com-
pared to HGWF. Namely, the total content of phenols (TPC) 
increases by 2.22–2.26 times; DPPH 9.8–10.0 times; CU-
PRAC 7.51–7.56 times. Previous studies have shown that 
FESSK is a good source of phenolic compounds, including 
chlorogenic, coffee, n-hydroxybenzoic, n-coumar, cinamic, 
μ-hydroxybenzoic, vanillic, siridic, transcortic, isoferulic, 
and synapic acids. These compounds have high antioxidant 
properties [8, 11, 45]. On the other hand, it is reported that 
wheat flour has a very low content of polyphenols [8, 46], 
which explains its lower antioxidant  ability compared to 
FESSK [11, 46]. The obtained results (Table 6) contribute 
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to the improvement of consumer properties and extend the 
period of preservation of freshness of crackers.

As can be seen from Table 7, the diameter and thickness 
of crackers with the addition of FESSK in the amount of 
5.0 %; 10,0 %; 15.0 % of the mass of HGWF decreased by 
an average of 0.8–1.0 % compared to the control. Due to the 
dilution of gluten and an increase in fiber content [46, 47]. 
At the same time they grew: the coefficient of distribution 
by (1.0±0.1) % (due to an increase in the fat content in 
FESSK compared to HGWF [48–50]). The hardness of 
crackers is 5.1–9.5 % (due to the higher protein content 
in FESSK compared to HGWF [51, 52]). A decrease in 
the lightness of coloring of finished cracker products with 
an increase in the mass fraction of FESSK compared to 
the control was established. This can be explained by the 
more saturated color of FESSK compared to HGWF (Ta-
ble 6) [53, 54].

From the analysis of physicochemical properties of pro-
totypes of crackers (Table 8), it follows that the introduc-
tion of FESSK in the amount of 5.0–15.0 % by weight of 
HGWF contributes to an increase in comparison with the 
control: humidity, by 1.28–5.47 %; wet capacity, by 6.58–
11.19 % (due to the stabilizing and water-holding capacity 
of FESSK). Ash content increases by 5.71–13.33 times; fat 
content by 2.19–6.17 %; protein content by 8.29–21.37 %, 
and alkalinity of finished products decreases by 1.04–
2.06 % (due to the chemical composition of FESSK). Which 
contributes to the improvement of biological and nutritional 
value; consumer properties of cracker products. 

Sensory analysis (Table 9) found that organoleptic indi-
cators of the quality of crackers with a partial replacement 
of HGWF by 5.0 % of FESSK compared to the control 
almost did not change. When replacing HGWF with 15.0 % 
FESSK, the texture of the products becomes granular, dry, 
and fragile; the structure is rough. At the same time, the 
finished product becomes harder, less aerated, and more 
compact (Table 9). With the introduction of FESSK in the 
amount of 10.0 %, the texture is preserved; products acquire 
a pleasant nutty flavor. Improved: appearance – correct, 
with a convex surface shape. Surface – with the presence 
of bubbles; consistency – finely supported. The view in 
the fault is thin-walled layering with uneven pores. The 
best organoleptic indicators have products when replac-
ing HGWF with 10.0 % FESSK, that is, with a ratio (%) 
of HGWF:FESSK=90:10. Similar results were obtained 
in [8, 48, 54]. 

So, experimental studies have shown the feasibility of 
using FESSK for the partial replacement of wheat flour in 
the production of “Guards” crackers with high nutritional 
value. A rational amount of FESSK, which is 10.0 % of the 
amount of HGWF, has been determined. The technology of 
production of “Guards” crackers with a partial replacement 
of HGWF by 10.0 % FESSK from the mass of HGWF has 
been developed (Fig. 6). A distinctive feature is the addition 
of FESSK when kneading the dough.

It should be noted that the rational amount of FESSK 
is 10.0 % of the volume of HGWF. Reducing and increas-
ing the mass fraction of FESSK does not contribute to the 
achievement of the necessary functional and technological 
characteristics of flour products.

Thus, the results of our studies make it possible to sub-
stantiate the expediency of using FESSK in the technologies 
of flour confectionery products – crackers, cookies, ginger-

bread, muffins, etc. with improved quality indicators. But 
to determine the functional and technological capabilities 
of flour mixtures “HGWF+FESSK”, additional research is 
needed – mathematical, methodological, experimental. In 
addition, it is necessary to assess the impact of the innova-
tive raw material ingredient (FESSK) on the functional and 
technological properties and nutritional characteristics of 
certain types of flour products.

7. Conclusions

1. We have studied the chemical composition and 
functional-technological properties of FESSK, which has 
a higher biological potential compared to wheat flour. In 
the nutrient composition of FESSK there is a rich min-
eral-vitamin complex (22 elements, 8 water-soluble, and 
4 fat-soluble vitamins were found). Compared to HGWF, 
the following increases: protein content – by 3.2 times; 
mineral content – 13.81 times (including calcium – 
17.48 times, magnesium – 16.68 times); fiber content – 
98.92 times. The presence of fat-soluble antioxidants: 
vitamin E (-tocopherol) in the amount of 15.40 mg/kg 
and chlorogenic acid 0.321 % helps reduce various diseas-
es caused by oxidative stress (cancer, cardiovascular and 
coronary heart disease).

The content of essential amino acids in the protein 
complex of FESSK is more than ~38.73 %. In FESSK, the 
predominant amino acid is lysine, in addition, a higher con-
tent of the amino acids leucine and threonine, deficient for 
all varieties of wheat flour, was noted. The total amount of 
essential amino acids in FESSK is 3.15–3.19 times greater 
than in HGWF. The SCOR of essential amino acids of the 
FESSK protein increases compared to the HGWF protein. 
Namely, for tryptophan, by 1.04–1.06 times; for lysine, 
1.82–1.84 times. For methionine, by 1.95–1.97 times; for 
valine, 1.04–1.06 times; for phenylalanine+tyrosine – 1.41–
1.43 times. Compared to HGWF protein, BV and utilization 
rate of amino acid composition (U) increase: in FESSK, by 
48.74 % and 39.29 %, respectively. That is, the biological 
value of FESSK is higher than that of HGWF.

In FESSK, fat-soluble physiologically valuable nutrients 
in native form, as well as replaceable and essential fatty 
acids, are preserved as much as possible. The predominant 
fatty acids in FESSK are oleic, C18:1 (ω–9) (19.32 %) and 
linoleic, C18:2 (ω–6) (65.05 %).

FESSK has better hydration, lipophilic, and antioxidant 
properties than HGWF. In FESSK, there is an increase 
in fat absorption capacity – by 1.51 times; water holding 
capacity – 3.63 times; total content of phenols (TPC) – 
2.22–2.26 times; DPPH, 9.8–10.0 times; CUPRAC, 7.51–
7.56 times.

2. The influence of FESSK on the physicochemical pa-
rameters of prototypes of crackers has been studied. The 
use of FESSK contributes to an increase in the coefficient 
of distribution of crackers by (1.0±0.1) %; hardness of crack-
ers by 5.1–9.5 %; humidity by 1.28–5.47 %; wettability by 
6.58–11.19 %; ash content 5.71–13.33 times; fat content by 
2,19–6,17 %; protein content by 8.29–21.37 %. Alkalinity 
decreases by 1.04–2.06 % as well as the ease of coloring of 
finished cracker products. 

3. The data of organoleptic analysis confirm the improve-
ment in the quality of crackers using FESSK by an average of 
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5.1–6.8 % compared to control. A rational volume of FESSK 
has been established – 10.0 % of the volume of HGWF. The 
technology of production of crackers “Gvardiisky” with 
partial replacement of HGWF by 10.0 % of FESSK has been 
developed. Its distinctive feature is the addition of FESSK 
when kneading the dough.
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