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In 30 years of its activities, NIBULON has 

created a unique grain logistics infrastructure in Ukraine, 
consisting of transshipment terminals and complexes for 
grain and oilseeds receipt, storage and shipment, a high-
capacity fleet, and production branches located across 
Ukraine. At present the company's facilities operate in 
most regions of our country. 

The total grain storage capacity is 2.25 million 
tons (the total elevator capacity is 2.08 million tons). 

In 2009, NIBULON started implementing its 
investment project to revive the Dnipro and the 
Southern Buh Rivers as transport waterways of 
Ukraine. As part of this project, the company has built 
18 elevator complexes and transshipment terminals in 
various regions of Ukraine. At present, the company’s 
network consists of 27 transshipment terminals and 
complexes for grain and oilseeds receipt, storage and 
shipment, namely 445 silos to store grain, which is the 
largest number in Ukraine. 

NIBULON renders services directly to farmers; 
thus, the elevator complexes and transshipment terminals 
are brought closer to them. In the 2020/21 marketing 
year, the company signed 4,500 agricultural commodity 
supply agreements in the domestic market. 

The transshipment terminal for grain and oilseeds 
shipments in Mykolaiv is unique not only in Ukraine but 
also in Europe. The transshipment terminal was 
acknowledged as Ukraine’s best industrial facility con-
structed and put into operation in 2004. In June 2008, the 
team headed by Oleksiy Vadaturskyy received the 
Ukrainian State Prize for Architecture under the Ukraine 
President’s Decree No. 569/2008 entitled “The Award of 
the State Prizes of Ukraine in Architecture of 2008”. 

The terminal has modern complexes to receive, 
ship, dry, and to treat grain, plus a warehouse of floor 
storage with active ventilation and a capacity of up to 8 
thousand tons. NIBULON can also receive different 
quality agricultural commodities and improve them to 
export standards, thereby ensuring that cargoes exported 
are guaranteed to meet world quality standards. 

The checkpoint through the Ukrainian state border 
for international sea cargo that operates round-the-clock 
is located at the transshipment terminal. Border control 
and customs controls, and other types of control over 
persons, vehicles, cargoes and other property transiting 

the state border is organized according to the “single 
office” principle. To this end, NIBULON provided 
official premises with separate entrances (about 400 m2) 
free of charge on the ground floor of its administrative 
and laboratory building to the separate departments of the 
control authorities. 

In May 2018, NIBULON put into operation its 
new elevator complex for grain and oilseeds 
transshipments (43 thousand tons) as part of the 
transshipment terminal. Thus, the total grain storage 
capacity was increased to 173 thousand tons at Mykolaiv 
transshipment terminal. It allows the company to store a 
large number of crops separately and simultaneously and 
to sort grain by quality. As a result, farmers can deliver 
grain to store it, and the company can store and maintain 
product quality as well as form grain batches in 
compliance with export contracts. In addition, the 
terminal can receive all crops throughout the entire 
marketing year and handle agricultural commodity 
cargoes transported along the Southern Buh and the 
Dnipro. 

The company also put the reconstructed cargo 
berth into operation, which was extended from 104 to 
222 m. As a result, the terminal's berth length is almost 
800 m, enabling the company to load five vessels 
simultaneously. This enables the company to load 
seagoing vessels more efficiently and to increase the 
efficiency of the company’s own fleet built at NIBULON 
shipbuilding and repair yard LLC. 

The production and technological laboratory of 
the transshipment terminal is certified by the National 
Accreditation Agency of Ukraine (the certificate 21082 
of 07.12.2017 is valid to 06.12.2020) to carry out physi-
cal-chemical and molecular genetic tests of grain, legu-
minous and oil crops. The production and technological 
laboratory confirms its competence in carrying out meas-
urements during scheduled inspections of the National 
Accreditation Agency of Ukraine. The laboratory is 
acknowledged by the Grain and Feed Trade Association 
(GAFTA); every six months it successfully participates 
in inter-laboratory comparative rounds, which qualify it 
for GAFTA and BIPEA certificates to perform grain 
measurements. The competence in measuring the pres-
ence of GMO and safety indicators is confirmed by the 
international rounds of inter-laboratory comparative 
measurements. 
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The international recognition and cooperation 

with international and state agents when exporting grain 
products encourages NIBULON’s employees to continu-
ously improve their knowledge, to participate in interna-
tional programs, etc. The production and technological 
laboratory is divided into two separate buildings: a labor-
atory that ensures grain quality control during receipts 
from/shipments on road transport located in the three-
story laboratory and administrative building – is one of 
the most up-to-date facilities in Ukraine; a laboratory that 
ensures grain quality control during receipts 
from/shipments on rail transport, water transport (non-
self-propelled vessels and motor vessels) located on the 
transshipment terminal’s berth. Both laboratories are 
equipped (in compliance with the highest world stand-
ards) with laboratory and research equipment. 
NIBULON has been successfully audited for compliance 
with ISCC EU and ISСC PLUS requirements. ISCC cer-
tification indicates that the company’s products are sus-
tainable and that product cultivation is environmentally 
friendly, whilst respecting the principles of social re-
sponsibility; its distribution is carried out with the use of 
effective control systems. This enables NIBULON to 
export wheat, corn, rapeseed, sunflower, soybean as raw 
materials to the EU under the ISCC EU certificates for 
biofuel production. Barley is exported to the EU under 
the ISCC PLUS certificate for feed use. 

 
NIBULON’s process to take and sample from 

road transport is unique in Ukraine. The laboratory has 
the capacity to take and sample from three lines of road 
transport simultaneously; thus, it increases the speed of 
grain quality analysis without stopping cargo flow, 
thereby tripling the terminal’s traffic capacity. 

The safety of grain and oilseeds is measured 
according to the following criteria: content of 

mycotoxins (aflatoxins, ochratoxin A, zearalenone); 
residual amount of pesticides; content of toxic elements 
and radionuclides; presence or absence of GMO in grain 
and oilseeds is determined in accordance with the List of 
Food Products approved in Ukraine; content of protein in 
grain and oilseeds and fatty acid composition; the 
laboratory measures oil content in oilseeds by express 
and chemical methods using standard methods 
recognized throughout the world. In addition to grain, 
leguminous and oilseeds, food products are also 
analysed. Depending on the number of samples and the 
number of safety indicators to be checked, it takes from 5 
hours to 3 days to complete the analysis. The laboratory 
is equipped with devices from world's leading 
manufacturers, such as FOSS Analytical AB 
(Sweden): Infratec 1241 grain analyzer, Infratec NOVA, 
Kjeltec 8400 analyzer; Dickey John (the USA): GAC 
2100 grain moisture tester, Instalab 700 analyzer to 
measure glucosinolate in rapeseeds; Perten Instrument 
(Sweden): FALLING NUMBER 1900, FALLING 
NUMBER 1500, FALLING NUMBER 1000 devices to 
measure falling number, ML 3310 laboratory mill, 
Glutomatyk system; NG alveograph-consistograph from 
Chopin Technologies for comprehensive determination 
of rheological properties of flour. The chemical 
department of the laboratory uses the best high-precision 
equipment, such as Dionex Ultimate 3000 liquid 
chromatography (Germany), Agilent 7890А gas 
chromatographs (the USA), AA240Z and AA240FS 
atomic absorption spectrophotometers produced by 
Varian (Australia). 

 
The production and technological laboratory is 

located in the administrative and laboratory building at 
each elevator complex and is equipped with the most 
modern equipment, devices and high-precision 
measuring equipment, such as Rakoraf mechanical 
samplers, PFEUFFER sample splitters, Binder drying 
cabinets, Infratec 1241 grain analyzers, Instalab 600, 
Instalab 700 analyzers, Perten, PCHP-7 devices to 
measure falling number, Glutomatyk systems for 
mechanical washing of gluten, analytical and laboratory 
scales, PKH-1 and PKH-2 testers, VDK-3M gluten strain 
gauges, and DE water stills. 

The current prices for agricultural commodities at 
each elevator complex and transshipment terminal are 
posted on the Purchase price section on NIBULON’s 
website. 

63 Velyka Morska St., 54001 Mykolaiv, Ukraine 
+38 (0512) 37-23-44,+38 (0512) 58-04-04 

E-mail: kacevich@nibulon.com.ua 
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DETERMINATION OF QUINO SEED SAMPLES 
 
Abstract  
Quinoa is a promising crop due to its use in the food industry for the development of functional products. But there are 

very few recommendations in the world literature and almost no practical experience in the storage and processing of quinoa seeds. 
The study of quinoa and its properties in Western countries, as well as the development of modern methods of organic production in 
South America have led to the fact that quinoa is rapidly gaining popularity as a healthy and healthy product rich in vitamins and 
minerals and gluten-free. This has caused a boom in production and exports in Latin America, which continues to this day. 

In Ukraine, quinoa has gained popularity in recent years, many Ukrainian cereal producers now include quinoa in their 
range. But so far, raw materials have been purchased abroad, primarily in Latin America. 

Grain quality is a set of properties and characteristics (organoleptic, biological, physicochemical, technological, consum-
er) that determine the suitability of grain for its intended use. The main indicators of quinoa grain quality of different types: white, 
red and black are determined in the work. The quality of the studied samples was determined by organoleptic, chemical and microbi-
ological indicators. 

The results of the sensory analysis confirm the high results and the display of the grain of the cinoa by species. 
The acidity of the grain of kinoa is determined, and it is set according to the indicators of acidity, until the acidity of the 

grain of kinoa is brought to good grain. 
The results of microbiological studies show that the highest content of bacteria was found in samples of red quinoa seeds. 

The analysis of the obtained results showed that the predominant component of the bacterial microflora of quinoa grain is the non-
spore-forming bacillus Erwinia herbicola. Molds of the genus Aspergillus and Muccor were found in samples of white quinoa seeds, 
fungi of the genus Penicillium in samples of red quinoa seeds, and no molds were found in samples of red quinoa seeds. Microbio-
logical study showed that all samples were free of both pathogenic and opportunistic pathogens. 

Organoleptic, chemical and microbiological indicators confirm the satisfactory quality of the studied quinoa grain sam-
ples. 

Key words: quinoa, grain quality, organoleptic indicators, microbiological indicators, acidity. 
 
Introduction 
Quinoa is a fashionable product, one of the most 

popular superfoods in the world. Back in the 1990s, 
NASA scientists identified it as the ideal cereal for astro-
nauts because it fully meets the nutrient needs of the hu-
man body. In light of the current trend, as long as you 
can stay young and healthy, interest in quinoa has grown 
again. 

Quinoa (quinoa, quince) - a cereal crop belong-
ing to the pseudograin, an annual plant of the Amaranth 
family. 

At present, quinoa seeds are no longer an exotic 
product for Ukrainians, they can be found on the shelves 
of all major supermarkets, as well as tried in leading res-
taurants. Quinoa is widely represented in the recipes of 
vegetarian, gluten-free diets, weight control diets, as a 
low-calorie protein product, the amino acid composition 
of which is close to milk [1-4]. 

Despite the fact that the yield of quinoa is three 
times higher than the yield of buckwheat (5-6 t/ha against 
1.5-3 t/ha), the cost of quinoa is significantly higher. The 
reason for the high cost is that the plant is much more 
demanding of growing conditions and does not tolerate 
low temperatures. In fact, the high price is due to the 
peculiarity of cultivation and distance of transportation 
[5, 6]. 

Interest in the culture of quinoa as a non-
traditional raw ingredient for the consumer when creating 

multi-component recipes is justified by its high nutrition-
al value and chemical composition. In terms of chemical 
composition, quinoa seeds contain all the necessary mac-
ronutrients: proteins - 14… 20 %, fats - 6.1 % and carbo-
hydrates - 57.2 %. 

A distinctive feature of quinoa culture is the 
content of high quality protein. In terms of protein con-
tent, quinoa seeds have the highest values, which exceed 
the data on corn protein by 4.6 times, rice - 2.1; wheat - 
1.8; millet and oats - 1.6 times. The high protein content 
of quinoa grains allows it to compete with well-known 
high-protein plant products such as barley, buckwheat 
and amaranth. Moreover, some varieties of quinoa seeds 
contain more than 20 % protein [3, 5]. 

An additional positive aspect of the evaluation 
of the protein component of quinoa seeds is the fact that, 
unlike wheat and rice, which contain a small amount of 
lysine, the amino acid composition of quinoa grain pro-
teins is quite balanced and close to milk protein, which 
reaches 20 types of amino acids. 

Calculation of the biological value of the protein 
component of quinoa grains revealed the presence of 2 
limiting essential amino acids. However, this does not 
reduce the value of quinoa culture as a promising source 
of protein in the composition of multicomponent food 
recipes [1, 3-5]. 

In Ukraine, quinoa has gained popularity in re-
cent years, many Ukrainian cereal producers now include 
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quinoa in their range. But so far, raw materials have been 
purchased abroad, primarily in Latin America. However, 
since 2019, work has been underway on sowing quinoa 
seeds in Ukraine [2, 6, 7]. 

There are three main varieties of quinoa seeds - 
red, yellow and black. Each species differs in both color 
and taste. Also a popular variation of "tricolor" - or tri-
color mixture. 

Note that all three types of quinoa seeds have 
identical characteristics - that is, we can not say that one 
of them is better or more useful than the other. However, 
the color of quinoa seeds is due to the presence (or ab-
sence) of a protective shell - and a number of substances 
that are part of it. 

The bitter taste of some quinoa species is due to 
the presence of saponins in the shell of the grain - natural 
pesticides that protect crops from birds and insects. Most 
often, before going on sale, the shell is removed mechan-
ically - that is, the grain is cleaned. That is why the yel-
lowish-white quinoa seeds have a milder taste and are 
traditionally used for cooking and baking. In turn, red 
and black quinoa seeds have a denser structure and are 
better suited for adding to salads. 

Grain quality is a set of properties and character-
istics (organoleptic, biological, physicochemical, techno-
logical, consumer) that determine the suitability of grain 
for its intended use. The quality of grain supplied to en-
terprises affects the conditions and time of storage. Even 
a slight excess of this figure leads to the inevitable dete-
rioration of the grain mass. 

Normally ripe, healthy grain has characteristics 
(shape, size, condition of integumentary tissues, gloss, 
color, which characterize the appearance), as well as 
smell and taste (determined in addition). Various adverse 
factors that occur during the cultivation of grain, active 
biological processes that occur during improper storage, 
can lead to loss of freshness and quality of grain. Grains 
with significant deviations in color (discolored or dark-
ened) are classified as defective in grain or waste impuri-
ties. 

Fresh grain should not have foreign odors, their 
appearance indicates a deviation from the norm as a re-

sult of adverse effects. Foreign odors in grain are divided 
into two groups: sorption origin (absorbed) and decom-
position odors (as a result of undesirable biological pro-
cesses). 

The aim of the work is to determine the quality 
of quinoa seeds of different species. 

Object of research: quinoa seed quality indica-
tors. 

Subject of research: three types of quinoa 
seeds: red, black and white. 

 
Research methodology 
Determination of quinoa grain quality was per-

formed on the following main indicators: organoleptic 
indicators, acidity and microbiological indicators. 

Organoleptic assessment of grain quality is of 
great practical importance, as it gives a preliminary idea 
of the benefits of grain mass, and is of paramount im-
portance to the consumer, as quickly, without any physi-
co-chemical studies gives a general idea of product quali-
ty. It is these indicators that have the psychological effect 
on the consumer, as a result of which he leaves his choice 
on this product [8]. Organoleptic indicators of grain qual-
ity include color, odor, taste. Organoleptic evaluation of 
quinoa seeds was determined in accordance with GOST 
10967-90 and the developed score scale taking into ac-
count the weighting factors (Table 1). 

The scoring system allows for organoleptic 
evaluation of quinoa seed samples with their assignment 
to one of the following categories: "excellent" (with a 
total score of 4.5-5.0 points), "good" (4.0-4.5 points), 
satisfactory "(3.5-4.0 points) and" unsatisfactory "(below 
3.5 points). 

According to DSTU ISO 6658: 2005 - "Sensory 
research. Methodology. General guidelines "sensory 
analysis was performed using methods of analytical 
evaluation by descriptive method (profiling method) and 
the method of using scales and categories (scoring) [8].  

To study such important components of con-
sumer properties of the product as "taste", "smell" and 
"color" used the method of profiling, the essence of 
which is that the complex concept of one of the organo 

 
Table 1 - Scale for assessing the quality of quinoa seed samples 

Quality 
indicators 

Weig
hting 
factor 

Characteristics of the indicator, points 

5 4 3 2 1 

1 2 3 4 5 6 7 

Color 0,2 
Pleasant, match-
ing the color of 

the seeds by type 

Quite nice, match-
ing the color of the 
seeds in appearance 

Not pleasant enough, 
the color of the prod-
ucts slightly does not 
match the color of the 
seeds in appearance 

Unpleas-
ant, differ-
ent shades 

Not typical 
of this type 

of seed 

Taste 0,5 

Pleasant, suitable 
for this type of 

seed, pronounced, 
without extrane-

ous flavors 

Pleasant, suitable 
for this type of 

seed, pronounced, 
without extraneous 

flavors 

Weakly expressed 
Not ex-
pressed 

taste 

Not appro-
priate, out-
sider flavor

Smell 0,3 
Pleasant, appro-

priate, pro-
nounced, odorless 

Pleasant, appropri-
ate, pronounced, 

odorless 
Weak odor 

Unscented 
odor 

Unsuitable 
odor 
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leptic properties is represented as a set of simple compo-
nents evaluated by tasters , intensity and order of mani-
festation [9]. This method is the most informative be-
cause it covers all aspects of sensory quality of food and 
allows you to identify which components of taste, smell, 
color and texture are most relevant to the consumer prop-
erties of the product. 

Acidity was determined according to GOST 
26971-86. The method is based on potentiometric titra-
tion with sodium hydroxide solution of the total amount 
of free fatty acids, organic acids, end groups of proteins 
contained in grain and products of its processing and able 
to pass into the aqueous extract. 

Microbiological studies of samples were per-
formed for three samples of quinoa seeds of different 
species using both modern methods of determination 
(microbiological analyzer BakTrak 4300), whose work is 
based on recording changes in electrical resistance of the 
nutrient medium due to microorganisms, and classical 
methods. Samples were taken in sterile containers under 
aseptic conditions, which exclude contamination of the 
product with microbes from the environment. The com-
position of the microbiota of quinoa grain was deter-
mined by microbiological and sanitary indicators, which 
include the number of mesophilic aerobic and facultative 
anaerobic microorganisms (MAFANM), micromycetes 
(molds and yeasts), bacteria of the Escherichia coli group 
(followed by Escherichia coli). Staphylococcus aureus. 

The total number of bacteria was determined by 
sowing washes of varying degrees of dilution in meat-
peton agar (MPA), molds and yeast - in wort agar (CA) 
followed by cultivation at a temperature of (30 ± 1) ° C 
for 24-48 hours and (28 ± 1) ° C for 5-7 days, respective-
ly. Spore forms of bacteria were determined in pasteur-
ized washes from samples that were sown on a complex 
nutrient medium MPA and CA in a ratio of (1:1). 

The presence of bacteria of the Escherichia coli 
group was established by sowing the grain wash in Kess-
ler medium by the method of fermentation samples and 
evaluated by gas formation and turbidity of the medium. 

The presence of potentially pathogenic staphy-
lococci was established by accumulating them in meat-
peptone broth with NaCl 6% and reseeding on milk salt 
agar. Cultivated in both crops for 24 hours at a tempera-
ture of (37 ± 1) ° C. 

Quinoa grain was also analyzed for the presence 
of mycotoxins (aflatoxins B1, zearalenone, deoxyniva-
lenol) using the Veratox test system. 

 
Research results 
Panels of taste, color and smell descriptors were 

presented for tasting, and the tasters gave their scores on 
a conditional five-point scale. The research results are 
shown in Fig. 1-3. 

The following descriptors were taken into ac-
count during the study of taste by profiling: 

- positive - general impression, harmonious, 
grain; 

- negative - fresh, bitter, unpleasant aftertaste.  
As can be seen from the profilogram, all types 

of quinoa seeds were characterized by harmonious taste, 
pleasant and grainy taste. 

 

 
Fig. 1. Profilogram of taste of quinoa seed 

samples: 1 - general impression; 2 - harmonious;        
3 -grain; 4 - fresh; 5 - rancid; 6 - unpleasant aftertaste 

 
To evaluate the samples of quinoa seeds by col-

or and odor, profilograms were constructed, which are 
shown in Fig. 2-3. 

As can be seen from the profilograms presented 
in Fig. 2-3, quinoa seed samples, regardless of color and 
odor, have an attractive, pleasant color and a pronounced 
grain odor 

 
Fig. 2. Profilogram of color samples of quinoa 

seeds:   1 - attractive; 2 - pleasant; 3 - corresponding 
to the type of seed; 4 - uneven; 5 - does not corre-
spond to the type of seed 

 
Fig. 3. Prophylogram of the smell of quinoa 

seed samples: 1 - pronounced, .2 - grain; 3 - pleasant; 
4 - mild; 5 - third party 

 
The tasting commission also evaluated the qui-

noa seed samples according to the developed score (Ta-
ble 1), the results of which are shown in Table 2. 

Thus, the results of sensory analysis confirm the 
high results of samples of quinoa seeds by species. Sam-
ples of quinoa seeds, regardless of color, are character-
ized by a harmonious taste, a pleasant slightly grainy 
taste and have a pleasant color. According to the results 
of the tasting evaluation, the samples received the highest  
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Table 2 - Evaluation of organoleptic quality indicators of quinoa seed samples, scores 
Р≥0,95, n=3 

Type of quinoa seeds 
Name of indicators without weighting factor /  

with weighting factor 
Overall 
quality  

assessment 

Quality  
category 

Color  Taste  Smell 
Red 5,0/1,0 5,0/2,5 5,0/1,5 5,0 perfectly 

Yellow 5,0/1,0 5,0/2,5 5,0/1,5 5,0 perfectly 
Black 5,0/1,0 4,9/2,45 5,0/1,5 4,95 perfectly 

 
number of points, which corresponds to the quality cate-
gory "excellent". 

Grain acidity is an important indicator of their 
quality. During storage and grain acidity, as a rule, in-
creases. Thus, it can serve as an indicator of quality, 
more precisely, an indicator of the freshness of grain or 
products of its processing. 

Grain acidity depends, first, on proteins that are 
known to contain carboxyl groups that bind alkali. Sec-
ondly, the acidity of the grain also depends on the fatty 
acids that are released as a result of the breakdown of fats 
by lipase. Third, the acidity of grain and flour depends on 
phosphoric acid, which in the form of various com-
pounds contained in the grain in significant quantities. 
Fourth, the acidity of the grain also depends on acetic, 
lactic, malic and other organic acids (including the Krebs 
cycle), which are usually contained in grains and flour in 
small quantities. The content of acetic and lactic acids 
increases significantly if the grain, cereals or flour 
spoiled as a result of self-heating or acidification [10]. As 
a result of the experiments, the following acidity values 
were obtained for different types of quinoa grain: white - 
1.8 deg., Red - 2.4 deg., Black - 2.1 deg. All tested sam-
ples of quinoa grain belong to good quality grain. 

Seeds are a living organism, and therefore it is a 
set of chemical transformations - metabolism, which en-
sures their viability. Metabolic processes in a living or-
ganism have a dual direction - anabolic (synthesis) and 
catabolic (splitting of synthesized substances).             
During anabolism there are processes of energy absorp-
tion by mainly reductive chemical processes, during ca-
tabolism - oxidative chemical reactions and energy is 
released [11-14]. 

The composition and more developed microbio-
ta of grain and products of its processing are significantly 
affected by different storage regimes [11, 12]. Infection 
of products with microorganisms is on average - tens of 
thousands of bacteria per 1 g [12]. The products are dom-
inated by bacteria Erwinia herbicola, the number of 
which reaches 70-90% of the total number of bacteria, 
spore-forming and cocci contains 5-15%. The content of 
fungal spores ranges from one percent to 1-5% of the 
total number of microorganisms. The fungal flora of the 
seeds is represented mainly by species of Penicillium 
[14]. During long-term storage in conditions where the 
humidity of the product and temperature exclude the pos-
sibility of microbiota development, there is a gradual 
decrease in the total number of bacteria as a result of the 
death of non-spore-forming forms [15]. 

Therefore, the study of the qualitative and quan-
titative composition of the microflora is important for the 
development and practical application of various pro-
cessing methods to improve the stability and extend the 

shelf life of quinoa grain for further use in food, feed, 
pharmaceutical, microbiological and feed industries. 

The indicator of the number of mesophilic aero-
bic and facultative anaerobic microorganisms 
(MAFANM) is the most common microbiological indi-
cator. It is used in the food industry as an indicator of the 
sanitary condition of production. 

We determined the qualitative composition of 
the microflora is an indicator of safety, as the presence of 
pathogenic microorganisms or increased content of op-
portunistic pathogens compared to the permissible norm 
can be the cause of poisoning. 

The results of microbiological study of quinoa 
grain are given in table. 3 

 
Table 3 - Results of microbiological examination of 

quinoa seed samples 
Type of quinoa 

seeds 
Bacteria,  
CFU/g 

Molds,  
CFU/g 

White 1,1 ∙102 90 
Red 5,2 ∙102 Not found 
Black 1,0 ∙102 600 

 
The results of microbiological studies show that 

the highest content of bacteria was found in samples of 
red quinoa. The analysis of the obtained results showed 
that the predominant component of the bacterial micro-
flora of millet grain is the non-spore-forming bacillus 
Erwinia herbicola - a representative of the epiphytic mi-
croflora. It is believed that the number of these bacteria is 
an indicator of grain freshness. The percentage of Erwin-
ia herbicola bacteria from the total number of all bacteria 
is 75%, which confirms the good quality of grain. The 
share of coliform bacteria in millet grain was 15.6%. 

Molds of the genus Aspergillus and Muccor 
were found in white quinoa samples, fungi of the genus 
Penicillium in samples of red quinoa, and no molds were 
found in red quinoa samples. 

Microbiological study showed that all samples 
were free of both pathogenic and opportunistic patho-
gens. 

 
Conclusions 
In Ukraine, quinoa has gained popularity in re-

cent years, many Ukrainian cereal producers now include 
quinoa in their range. But so far, raw materials have been 
purchased abroad, primarily in Latin America. 

We have identified the main indicators of qui-
noa grain quality, which determine the suitability of grain 
for its intended use. According to organoleptic parame-
ters, regardless of color, quinoa grain samples are charac-
terized by a harmonious taste, a pleasant slightly grainy 
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 taste and have a pleasant color. 
Red quinoa has the highest acidity - 2.4 degrees, 

but all studied samples of quinoa grain are of good quali-
ty grain. 

As a result of the experiments, the following 
acidity values were obtained for different types of quinoa 
grain: white - 1.8 deg., Red - 2.4 deg., Black - 2.1 deg. 
All tested samples of quinoa grain belong to good quality 
grain, as the acidity value is not 3 degrees. 

The results of microbiological studies show that 
the highest content of bacteria was found in samples of 
red quinoa. The analysis of the obtained results showed 

that the predominant component of the bacterial micro-
flora of millet grain is the non-spore-forming bacillus 
Erwinia herbicola - a representative of the epiphytic mi-
croflora. 

Among the micromycetes previously, mold fun-
gi of the genus Aspergillus and field fungi of the genus 
Mucor were detected in white quinoa samples, and mold 
fungi of the genus Penicillium in red quinoa samples, and 
molds were not detected in red quinoa samples. 

Thus, organoleptic, chemical and microbiologi-
cal indicators confirm the satisfactory quality of the stud-
ied samples of quinoa grain. 
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ВИЗНАЧЕННЯ ПОКАЗНИКІВ ЯКОСТІ ЗРАЗКІВ НАСІННЯ КІНОА  
 

Анотація 
Кіноа є перспективною культурою з огляду використання у харчовій промисловості для розробки про-

дуктів функціонального призначення. Але у світовій літературі досить мало рекомендацій та майже відсутній 
практичний досвід щодо зберігання та обробки кіноа.  Вивчення кіноа і його властивостей в західних країнах, а 
також розвиток сучасних методів органічного виробництва в Південній Америці привели до того, що кіноа 
стрімко завойовує популярність в якості здорового і корисного продукту, багатого вітамінами і мінералами і 
не містить глютен. Це викликало бум виробництва і експорту в латиноамериканських країнах, який триває до 
теперішнього часу. 
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В Україні кіноа придбала популярність в останні роки, багато українських виробників круп зараз вклю-
чають кіноа в свій асортимент. Але до теперішнього часу закуповували сировину за кордоном, в першу чергу в 
країнах Латинської Америки. 

Якість зерна – це сукупність властивостей та ознак (біологічних, фізико-хімічних, технологічних, 
споживних), які визначають придатність зерна до вживання за призначенням. В роботі визначено основні по-
казники якості зерна кіноа різних видів: білі, червоне, чорне. Визначення якості досліджуваних зразків проводи-
лося за органолептичними, хімічними та мікробіологічними показниками.  

Результати сенсорного аналізу підтверджують високі результати зразків насіння зерен кіноа за ви-
дами.  

Визначено  кислотність зерна кіноа, та встановлено що за показниками кислотності усі досліджувані 
зразки зерна кіноа відносяться до доброякісного зерна. 

За результатами мікробіологічних досліджень видно, що найбільший вміст бактерій виявлено у зраз-
ках червоного кіноа. Аналіз отриманих результатів показав, що переважною складовою бактеріальної мікроф-
лори зерна просо є неспороутворююча паличка Erwinia herbicola. У зразках білого кіноа було виявлено плісеневі 
гриби роду Aspergillus та Muccor, у зразках чорго кіноа – гриби роду Penicillium, при цьому у зразках червоного 
кіноа  плісеневі гриби не виявлено. Мікробіологічне дослідження показало, що в усіх зразках відсутні як пато-
генні, так і умовно патогенні мікроорганізми.  

Органолептичні, хімічні та мікробіологічні показники підтверджують задовільну якість досліджених 
зразків зерна кіноа.  

Ключові слова: кіноа, якість зерна, органолептичні показники, мікробіологічні показники, кис-
лотність.  
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REGULATION OF BAKING PROPERTIES OF WHEAT 
FLOUR BY USING OF POTATO PRODUCTS 

 
Abstract 
The most common in Ukraine today is the use of a synthetic group of technological additives used in flour mills, 

bakeries, confectioneries, etc. However, more promising and natural is the group of herbal supplements. The article 
analyzes the influence of different potato products in the amount of 4-10 % and extrudates of different cereals on the 
quality of flour products. The change of properties of trial baking in comparison with the control sample is investigated. 

The materials of the article show the quality indicators of wheat flour TM "Bogumila" in comparison with the 
requirements of GSTU 46.004-99. The composition of model mixtures of wheat flour: potatoes in the ratios 96...90: 
4...10, as well as mashed potatoes and mash 5-10% was developed. Physicochemical parameters of laboratory baking 
of bread were determined for the obtained samples. 

Extrusion of model mixtures of grain with raw potatoes at a temperature of + 100-120 °C and a vapor pressure 
of 0.2 MPa. Extruded mixtures of wheat and potatoes were added to wheat flour TM "Bogumila" in the amount of 5; 7.5 
and 10 % by weight of flour before kneading the dough and performed a test baking of bread. Organoleptic and 
physicochemical parameters were evaluated for the obtained bread samples. Changes in the baking properties of flour 
with the addition of similar crushed extrudates in different proportions have been studied. It was found that the starch 
content in extruded samples increases with increasing humidity and reaches a minimum value with a minimum content 
of potatoes and grains of 1.6 and 0.6 mm. 

It was found that the addition of 7.5 % raw potato pulp and raw 5 % mashed potato in patent baking wheat flour 
is optimal due to the best quality indicators of products without significant deterioration of traditional organoleptic 
properties and somewhat delayed staling. Extruded wheat flour obtained from a mixture of wheat and potato, is rec-
ommended as an additive to baking flour in an amount of not more than 7.5 %. 

Keywords: baking properties, wheat flour, potato, mashed potato, potato juice, potato pulp, extrudate. 
 

Introduction. Formulation of the problem 
To improve the quality of bread, bakery and 

flour confectionery products, regulation of technological 
processes use a variety of food additives, which by origin 
are conventionally divided into 3 groups: plant – fruit, 
herbal, algae and vegetable powders, flour of other cere-
als and legumes, ordinary and modified starch, extruded 
flour, fiber, dry wheat gluten, bran, malt, etc.; animal – 
milk powder and skim milk, whey powder, etc.; synthetic 
– microbiological (enzyme preparations) or chemical 
synthesis (oxidants, synthetic preparations of vitamins, 
amino acids, etc.) [1-8].  

The most common today in Ukraine is the use of 
the latest group of technological additives used in flour 
mills, bakeries, confectioneries, etc. However, more 
promising and natural, from our point of view, is the first 
group of additives. Their use allows not only to change 
the properties of baking flour, improve the taste of bread, 
increase the porosity of bread, slow down staling, but 
also to enrich it with certain biologically active substanc-
es, give it a dietary, therapeutic and prophylactic effect, 
certain functional properties [1, 6, 9-11]. 

Analysis of recent research and publications 
A great contribution to the development of theo-

retical and practical bases for the use of plant additives in 
the production of bakery and flour products, including 
potato products, was made by domestic scientists: L.Ya. 
Auerman, G.О. Magomedov, B.А. Baranov, R.Z. 
Grigorieva, L. I. Kazanska, V.І. Drobot, V.М. Kovbasa 
and others. 

Potato is high-energy nutritious product. Exist-
ing technologies of its cultivation from 1 hectare of land 
allow to receive in 2.5-3 times more exchange energy, 
than at grain crops, productivity reaches 170 tones / hec-
tare [12]. Potato is used as food, fodder crops, raw mate-
rials for starch, alcohol, chemical, textile, confectionery 
and other industries [13]. Potato protein (tuberin) has a 
high biological value, little inferior to egg white and 
meat. In comparison with chicken egg white, the biologi-
cal value of tuberin reaches 85%, ideal protein – 70%. 
Potato also contains vitamins A (β-carotene), B1, B2, B6, 
C, PP, silicic acid, minerals such as potassium, sodium, 
calcium, magnesium, as well as iron, zinc, copper, man-
ganese, cobalt [14]. 
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The greatest contribution to the development of 
theoretical and practical bases of application of potato 
products in the production of bakery and flour products 
was made by L.Ya. Auerman. He substantiated the rec-
ommendations on the organization of the technological 
scheme of potato processing directly at bakeries, the use 
of boiled or raw potato in the production of bread from 
both rye and wheat flour. It was recommended to replace 
one part of flour with 3-4 parts of prepared potato [15]. 

Currently, potato products are added in the 
amount of 3-15% by weight of flour in various forms – 
mashed potato, flakes, starch, flour, etc. to supplement 
the insufficient amount of starch in the flour. This im-
proves the quality of the crumb, especially in the case of 
excessively strong or short-grained gluten [16]. 

It is known from the literature that the introduc-
tion of up to 10% of potato products in the flour does not 
adversely affect the quality of bakery products, while in 
the case of 25% deterioration of their physico-chemical 
and organoleptic characteristics [17]. 

The results of other studies [18] show that the 
addition of 20% mashed potato in bakery products ob-
tained the best quality indicators. This dosage maintains 
a pleasant appearance, improves the taste of the product, 
the structure of porosity, shape stability, increases the 
specific volume. The addition of mashed potato acceler-
ates the ripening of the dough, significantly affects the 
nutritional value, increases the content of dietary fiber, 
vitamin PP, adds β-carotene, absent in flour, reduces the 
energy value of products. 

It has been scientifically proven that fresh potato 
juice has a high nutritional value: it contains at least 12 
free amino acids, in particular, valine, leucine, methio-
nine, lysine, arginine, tyrosine. It is noted that fresh pota-
to juice also contains B vitamins, ascorbic acid, carotene, 
pantothenic acid. The value of the minerals of potato 
juice: a large amount of phosphorus, calcium and magne-
sium compounds [19]. In [20], the authors note that the 
use of potato juice, which contains active lipoxygenase, 
is one of the effective ways to improve the quality of 
bakery products: increases the volume of bread, improves 
the structural and mechanical properties of the crumb. 

Known ready-made flour mixtures for function-
al varieties of bakery products that contain potato flakes 
[21]. Increasingly, these flakes are used as an alternative 
to chemical leavening agents and preserving ways used 
in baking. NUFT conducted studies using potato flakes in 
the amount of 5-15% by weight of flour to extend the 

shelf life of bakery products. It was found that the intro-
duction of more potato flakes significantly delays staling, 
but slightly worsens their physical and chemical quality. 
[22]. Increasing the dosage of potato flakes gives the 
bread a sweet taste, it increases the content of sugar and 
dextrins, freshness lasts longer, but the optimal dose of 
potato flakes is not more than 5% by weight of flour 
[23]. 

Dry potato fiber is a promising source of dietary 
fiber in the production of bread, it is hypoallergenic, fine-
ly dispersed; has advantages over dietary fiber in wheat 
bran, fruits and vegetables because it does not contain 
phytin, which prevents the absorption of calcium. This 
allows it to enrich bakery products [24,25]. Given the 
dispersion of potato fiber, bread with its content can be 
recommended for people with diseases of the gastrointes-
tinal tract. Potato fiber should be added to the recipe of 
bread from wheat flour in an amount not exceeding 5% 
by weight of flour [26]. 

The aim of the work is to study the influence of 
processed and unprocessed potato products on the quality 
of wheat flour bread. Objectives of the study: 

- to determine the quality indicators of 
patent wheat baking flour; 

- to enter into the composition various 
potato products into the flour and to investigate the 
change in the properties of test baking in comparison 
with the control sample; 

- to extrude model mixes with raw pota-
to and to investigate the change of baking properties of 
flour with the addition of similar ground extrudates in 
different proportions. 

 
              Research materials and methods 

The subject of research – patent baking wheat 
flour TM "Bogumyla", raw mashed potato and juice, 
mashed potato, wheat, extrudates. All studies were per-
formed according to standardized methods (Table 1) in 
the laboratory at the Department of Grain Processing 
Technology and at the Department of Feed and Biofuel 
Technology at ONAFT. 

At the first stage of research, the quality indica-
tors of patent wheat baking flour TM "Bogumyla" were 
determined (Table 1) and their full compliance with the 
requirements of GSTU 46.004-99 was established. 

In the studied potato tubers the dry matter con-
tent was determined according to [27] and the initial 
moisture of 75±1% was calculated. 

Table 1 – Methods for determining the quality of grain, flour and laboratory baking of bread 
Quality indicators Method of determination 

Moisture 
DSTU GOST 29144:2009 (ISO 711-85). Grain and grain products. Determina-
tion of moisture 

Quantity and quality of gluten 
GOST 13586.1-68. Grain. Methods for determining the amount and quality of 
gluten in wheat 

Starch Evers method 

Acidity by beaten-up flour and water 
GOST 27493-87. Flour and bran. Method for determination of acidity by beat-
en-up flour and water 

The content of crude ash GOST 10847-74. Grain. Methods for determining the ash content 
Whiteness of flour GOST 26361-84. Flour. Whiteness determination method 
Flour size (particle size distribution) GOST 27560-87. Flour. Size determination method 
Laboratory baking of bread GOST 27669-88. Baking wheat flour. Method of trial laboratory baking 
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Table 2 – Quality indicators of patent wheat flour (n=3, р=0.95) 
№ Quality indicators Flour TM "Bogumyla" Requirements of GSTU 46.004-99 

1 Color White with a yellow tinge White or white with a yellow tinge 

2 Odor 
Inherent in wheat flour, odorless, 

not musty, not moldy 
Inherent in wheat flour, odorless, 

not musty, not moldy 

3 Taste 
Inherent in wheat flour, without 

foreign flavors, not sour, not bitter 
Inherent in wheat flour, without 

foreign flavors, not sour, not bitter 

4 Moisture, % 14.2 Not more 15.0 

5 Whiteness, un. 58 54 and more 

6 
The amount of crude 

gluten, % 
27.0 No less 24.0 

7 Gluten quality group 2 Not lower than the 2nd group 

8 Size 3.9 5 

9 
Overtails on the sieve 

№ 43, % 
2 Not limited 

 
To enter the potato into the dough, its tubers were 
cleaned of soil contaminants, washed, peeled, ground to a 
pulp and included in the dough in the following combina-
tions:  

- potato juice instead of water, which is usually 
used for mixing; 

- mashed potato left after squeezing the juice 
(pulp), in the amount of 5.0; 7.5 and 10.0% by weight of 
flour; 

- raw mashed potato in the amount of 5.0; 7.5 and 
10.0% by weight of flour. 

The quality indicators of wheat that was subjected 
to extrusion are as follows: moisture 11.3-11.5%, bulk 
density 780-790 g/l. To achieve the weighted average 
grain size: 1.6 mm; 0.8 mm and 0.6 mm – it was ground 
on a Nagema roller machine. Tubers of the same potato 
were prepared for extrusion similarly to the previous 
series of experiments. The moisture of the samples varied 
due to the different content of raw potato in the range of 
4-10% of the total weight of the mixture, which provided 
its initial moisture of 14.2-18.3%. The mixture was 
mixed thoroughly, then kept under sealed conditions for 
60-90 min to evenly redistribute moisture throughout the 
volume and extruded at a temperature of +100-120 °C 
and a vapor pressure of 0.2 MPa. 
Table 3 – The composition of the model mixtures, % 

Components 
Sample mixture № 

1 2 3 4 

Wheat 96 94 92 90 

Potato 4 6 8 10 

Total 100 100 100 100 

Extrusion of the samples was carried out on a 
production single-screw press extruder brand EZ-150 
(manufacturer Cherkasyelevatormash). 

 
Results of the research and their discussion  
A control sample of bread was baked without 

the addition of potato products. Trial baking of bread was 
carried out according to GOST 27669-88. Evaluation of 
bread quality was performed the day after baking accord-
ing to the main physical and chemical parameters       
(Table 4). 

It is believed that potato juice is valuable in terms 
of baking, as it contains active lipoxygenase. This en-
zyme has an important role associated with improving 
the baking properties of flour. The oxidation products of 
fatty acids formed under the influence of the enzyme can 
cause oxidation of a number of other components of flour 
(pigments, SH-groups of gluten proteins, enzymes, etc.). 
At the same time there is a clarification of flour, 
strengthening of gluten, decrease in activity of proteolyt-
ic enzymes [19]. 

The addition of potato juice in the selected amount 
led to a darkening of the color of the crumb. Perhaps this 
is due to the presence among the nitrogenous substances 
of the potato juice of the amino acid tyrosine, which oxi-
dizes to form dark melanins, which give a gray tint to the 
bread crumbs. The crust of bread has numerous tears, the 
porosity is underdeveloped, the crumb is inelastic, poorly 
baked. There is a significant decrease in the quality of 
bread not only in organoleptic but also physicochemical 
parameters when baking using potato juice in the selected 
amount: reduction of specific volume by 50%, porosity – 
by 45%, and moisture increases by 43% compared with a 

Table 4 – Physico-chemical parameters of the laboratory baking of bread 

Indicators Control 
Sample with the addition of potato 

juice 
mashed pulp 

5 7,5 10 5 7,5 10 

Specific volume, cm3/g 2.7 1.34 2.4 2.9 2.3 2.4 2.6 2.4 

Moisture, % 40.7 50.0 41.0 41.8 43 40.8 41.6 42.0 

Porosity, % 79 45 79 78 50 75 70 70 

Acidity, degree 1.2 1.4 1.2 1.3 1.4 1.3 1.5 1.6 
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control sample. 
Thus, for this sample of flour (with sufficiently 

strong gluten), the addition of potato juice led to a de-
crease in its baking quality. 

However, the addition of 5% raw mashed potato on 
the contrary has a positive effect on the quality of labora-
tory baking. In terms of porosity and acidity, the test 
samples are not inferior to the control sample, and the 
specific volume and moisture are even higher than the 
control. However, with an increase in the content of 
mashed potato to 10%, the porosity of the product de-
creases sharply by 37%, the specific volume – by 17%, 
and moisture increases to 43%, which is associated with 
a decrease in the mass content of gluten, lower viscosity 
of the dough. According to organoleptic evaluation, this 
sample differs little from the sample with the addition of 
potato juice. 

The addition of raw potato pulp has a less negative 
effect on the quality of laboratory baking, compared to 
the control and samples for the addition of raw mashed 
potato and potato juice. In terms of porosity and acidity, 
the test samples are slightly inferior to the control sample 
by an average of 11%, the moisture level is close to the 
control. However, as the content of mashed potato in-
creases to 10%, the porosity of the product remains con-
stant and the moisture increases to 42%, the specific vol-
ume of the product corresponds to the sample with 5% 
pulp. The 7.5% pulp sample has similar quality indica-
tors to the control sample: close specific volume and 
slightly higher moisture and acidity. 

The obtained results show that the sample with 
the addition of 7.5% potato pulp and 5% mashed potato 
has the best quality indicators and a slightly delayed stal-
ing period. The only organoleptic disadvantage of the 
prototypes is a slightly darker shade of bread. This is 
consistent with other scientific studies: in [17] it is noted 
that due to the dark color of the pulp of bakery products 
are often used not raw potato, and potato products: 
starch, protein concentrate, puree, grits, flakes, etc. That 
is, the addition of potato products should be carried out 
after their heat treatment, such as extrusion. 

Extrusion is a technological process of forming 
product harnesses everywhere forming a hole of the ma-
trix in order to obtain products of a given shape and im-
proved physical and mechanical properties. Its essence is 
to convert the mechanical energy that occurs when mov-
ing wet material through the press, into heat by overcom-
ing internal friction and plastic deformation, and thus 
increase the pressure in the machine; and in "decompres-
sion shock", which occurs at the outlet of the raw materi-
al from the extruder at a sharp drop in pressure and tem-
perature due to evaporation of moisture [28,29]. A signif-
icant contribution to the development of extrusion tech-
nology is made by prominent scientists: Kovbasa V.M., 
Drobot V.I., Pivovarov P.P., Egorov B.V., Vinnikova 
L.G., etc., who substantiate the technology of production 
and use of extruded product (EP) in food concentrate, 
confectionery, meat processing, confectionery, feed in-
dustries [28-36]. 

In recent years, research has emerged on the use of 
EP, including cereals, in baking. The use of EP (extru-
dates of rice, corn, rye, barley, oats) is considered one of 
the promising areas of functional enrichment of bakery 

products [37] and at the same time - one of the ways to 
change the baking properties of flour [38,39]. 

Thus, according to prof. Kovbasa V.M. extruded 
wheat flour of the highest grade improves the organolep-
tic properties (color, aroma, porosity of the crumb), as 
well as intensification of the fermentation process, main-
ly due to increased gas-forming ability, has high solubili-
ty and water absorption, increased dextrin content com-
pared to conventional. Its introduction in the amount of 
10% in the recipe of wheat bread from second grade flour 
promotes the formation of dough close in consistency to 
the traditional, improves the organoleptic characteristics 
of the finished product), prolongs the shelf life of bread 
[40]. 

According to [41, 42], the use of extruded corn 
flour obtained by hot extrusion in a mixture with patent 
wheat flour for the manufacture of biscuits increases the 
elasticity of gluten in a dosage of up to 15% with its con-
stant quality. 

Adding the extrudate to the formulation of bakery 
products increases the water absorption capacity of the 
dough; the proportion of increase in bound water depends 
on the amount of extruded material added, not on the 
type of source cereals. From a rheological point of view, 
the most suitable improver is extruded corn middlings. 
Rye extrudate, which was added to wheat-rye dough, 
improved the organoleptic properties of the finished 
products, as well as slowed down the staling process. 
Wheat middlings extrudate did not significantly affect 
the quality of the product. Extruded patent wheat flour 
provided improved organoleptic properties (color, odor, 
porosity of the crumb), as well as intensified the fermen-
tation process, mainly by increasing the gas-forming abil-
ity. In the case of using flour with deteriorating baking 
properties, there was an improvement in the shape-
retaining ability of bread [30, 36, 38, 40]. 

The possibility of production of bakery products 
with the addition of extrudates from whole grain barley 
in the amount of up to 25% of flour according to the rec-
ipe was studied [43]. According to other studies, the ra-
tional amount of barley extrudate is 5-15% by weight of 
patent wheat flour, which contributes to the intensifica-
tion of alcohol fermentation and increase the nutritional 
value of bread: it has an attractive appearance, pleasant 
taste and odor. Porosity structure: medium, uniform, de-
veloped; bread crumb is well baked, not moist, not 
sticky, with barely noticeable inclusions of barley extru-
date particles. The color of the crumb of the finished 
bread is light and light with a grayish-yellow tinge [44]. 

The addition of crushed extruded wheat bran to 
wheat flour in the production of bread also leads to an 
increase in the autolytic activity and gas-forming ability 
of the flour mixture, as well as to an increase in the quali-
ty of gluten. The recommended optimal amount of addi-
tive introduced into the formulation of products is 5-15% 
by weight of flour [45, 46]. 

The authors [47, 48] consider dry mashed potato as 
a raw material for extrusion products. However, recent 
scientific studies have shown the possibility of using 
energy-efficient technologies, avoiding the drying pro-
cess, to include in the extruded grain product (EGP) raw 
materials with high moisture (fruits, vegetables), includ-
ing potato [48]. Theoretically, it is possible to use extru- 
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sion of a mixture of cereals with shredded raw potato, 
rather than dry mashed potato, for efficient heat treat-
ment of the latter and at the same time directed change in 
the structure of grain biopolymers to obtain further 
"swellable" flour. It is proposed to extrude shredded po-
tato in combination with other dry components (adsor-
bents) in a ratio that provides its weighted average mois-
ture at the level of optimal for this process [50, 51]. 

At the next stage of research on model samples of 
mixtures (Table 4) studied the effect of the size of the 
grinding of wheat and the initial moisture of the raw ma-
terial on the efficiency of the extrusion process. In the 
obtained samples of extrudates quality indicators were 
determined (table 6): moisture, expansion index, bulk 
density, starch content and content of destroyed starch 
[52]. The expansion index was defined as the ratio of the 
diameter of the cross section of the extrudate to the hole 
diameter of the die of the extruder. 

Starch as the main component of potato and mix-
tures, in the process of extrusion plays the role of struc-
turant, which is manifested in its swelling and the for-
mation of macroporous structure. With increasing mois-
ture level, which corresponds to fluctuations from 4 to 
10% of the potato content, changes in chemical composi-
tion are observed. This is confirmed by experimental 

studies. As can be seen from Table 5, 
the starch content in the extruded 
samples increases with increasing 
moisture level in it and reaches a 
minimum value with a minimum con-
tent of potato and grain particle size 
of 1,6 and 0,6 mm. 

As can be seen from Table 5, 
the expansion index acquires the 
greatest value at a mass fraction of 
potato of 4-6%, regardless of the size 
of the grinding of grain raw materials. 
It reaches the maximum value of 2.2-
2.4 at a content of 4% of potato and 
the size of grinding of grain raw ma-
terials 1,6 and 0,6 mm, i.e. the domi-
nant influence on the expansion index 
has moisture (i.e. potato content). As 
the mass fraction of moisture in the 
raw material increases, the mass be-
comes less porous, because the opti-
mal conditions for efficient evapora-
tion of moisture at the outlet of the 
extruder are not created: the pressure 
and temperature drop. 

Another indicator of the quality 
of the extrudate that correlates with 
the index of expansion is the bulk 
density. It varied in direct proportion 
to the mass fraction of raw material 
moisture (Table 5). This dependence 
is explained by the influence of mois-
ture on the rheological properties of 
the mass and the nature of stress re-
laxation, which lead to the formation 
of extrudates with a small number of 
air pores [47]. As the moisture in the 
raw material decreases, the bulk den-

sity decreases as the porosity of the extrudate increases. 
The minimum value of the bulk density is reached by a 
sample with a content of 4% of potato and a grinding size 
of 1.6 mm of grain, which corresponds to the maximum 
value of the expansion index. 

The degree of destruction of starch also correlates 
with previous indicators and has a linear relationship: 
decreases with increasing moisture of raw materials (Ta-
ble 5); the maximum value has a sample № 1 with a 
grinding particle size of 1.6 mm. Its total amount in-
creases due to the cleavage of amylose and amylopectin 
molecules as a result of pressure, temperature and mois-
ture. 

The extruded mixture of wheat with potato (EP) 
sample № 1 (with a minimum content of potato with sat-
isfactory quality of the extrudate) was ground on a labor-
atory process mill to a powder state (full pass of the sieve 
№ 43) and added to the patent wheat flour TM 
"Bogumyla" (Table 1) in the amount of 5; 7.5 and 10% 
by weight of flour before kneading the dough. A control 
sample of bread was baked without the addition of pow-
der. Trial baking of bread was carried out according to 
GOST 27669-88, the next day after baking – assessment 
by organoleptic and physicochemical parameters            
(Table 6). 

Table 5 – Properties of samples of model mixtures
№
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1 

1,0 

9.5 39.0 57 0.14 2.4 

2 9.6 39.6 51 0.20 2.3 

3 11.3 40.0 40 0.20 2.2 

4 12.6 41.1 34 0.25 2.0 

1 

0.8 

10.3 60.3 29 0.18 1.6 

2 11.2 61.5 26 0.17 1.4 

3 11.6 64.3 23 0.26 1.25 

4 12.9 68.5 20 0.24 1.15 

1 

0.6 

10.3 39.0 55 0.18 2.2 

2 10.8 47.6 36 0.17 1.9 

3 11.0 65.4 21 0.21 1.3 

4 11.2 70.7 10 0.20 1 

 
Table 6 – Physico-chemical parameters of the laboratory baking of bread 

Indicators Control 
Sample with EP content in amount, % 

5 7,5 10 

Specific volume, cm3/g 2.7 2.8 2.9 2.2 

Moisture, % 40.7 40.4 40.4 40 

Porosity, % 79 76 76 50 

Acidity, deg 1.2 1.6 1.6 1.7 
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When adding 5% of crushed extruded flour to the 
weight of high-grade wheat flour, the specific volume 
and porosity of bread is slightly greater than the control 
(4%), moisture – within the limits set by DSTU 
7517:2014 [53], the acidity increased by 0.4 degrees. The 
use of this amount of crushed extrudate does not signifi-
cantly change the structure of porosity and nutritional 
value of bread. 

When adding 7.5% of crushed extruded flour to the 
mass of patent wheat flour, the specific volume of bread 
increases by 7%, porosity decreases by 3.7%, acidity is 
0.4 degrees above the control level, moisture – within the 
limits set by the standard [53]. The bread has a satisfacto-
ry appearance, pleasant taste and odor. 

When using 10% crushed extruded flour to patent 
wheat flour, the specific volume of bread decreases 
sharply by 19% and porosity – by 37%, acidity 0.5 de-
grees above the control level, but within the limits set by 
the standard [53], moisture – within the limits established 

by the standard. Bread has an unattractive appearance, 
the color of the crumb – grayish, the crust has numerous 
bursts. 

 
Conclusion 
As a result of this work, the influence of pro-

cessed and unprocessed potato products on the quality of 
wheat flour bread was studied. 

It has been found that the addition of 7.5% raw 
potato pulp and raw 5% mashed potato to patent baking 
wheat flour is optimal due to the best product quality 
indicators without significant deterioration of traditional 
organoleptic properties and somewhat delayed staling 
time. Extruded wheat flour obtained from a mixture of 
wheat and potato is recommended to be used as an addi-
tive to baking wheat flour in the amount of up to 7.5%, 
as exceeding its amount leads to a deterioration in the 
quality of bakery products. 

REFERENCES 
1. Veršinina OL, Kornen NN, Ilʹinova SA. Primenenie piŝevyh dobavok v tehnologii hlebopečeniâ. Izvestiâ vysših 

učebnyh zavedenij. Piŝevaâ tehnologiâ. 2000;5-6:27-30. 
2. Bystrova AI, Tokareva GA, Bystrova KL. Novye ulučšiteli, tehnologii i hlebobuločnye izdeliâ. Hleboprodukty. 

1998;8:24-26. 
3. Kiyah VA, Lavitskiy VP, Shalevskaya VN. Povyšenie kačestva hlebobuločnyh izdelij putem ispolʹzovaniâ dopolnitelʹnyh 

syrʹevyh komponentov. Nauč.tr. DonNUÈT imeni Mihaila Tugan-Baranovskogo, 2017. S. 78. 
4. Levašov RR, Mihajlova ES, Danilova AV, Mingaleeva ZŠ. Tehnologiâ buločnogo i mučnogo konditersʹkogo izdelij s 

ulučšennіmi potrebitelʹskimi svojstvami. Nauka molodyh - buduŝee Rossii. 2016. S. 368-370. 
5. Єvčuk ÂV. Zastosuvannâ netradicіjnoї sirovini v tehnologії hlіba. Vіsnik ŽNAEU. 2017;1(58):211–221. 
6. Nilova LP, Dubrovskaâ NO. Optimizaciâ kačestva hlebobuločnyh izdelij, polučennyh s ispolʹzovaniem 

netradicionnogo syrʹâ. Vestnik Ûžno-Uralʹskogo gosudarstvennogo universiteta. Seriâ: Èkonomika i menedžment. 
2007;27(99):70–75. 

7. Matveeva I, Nesterenko V. Modificirovannye krahmaly dlâ formirovaniâ kačestva hlebobuločnyh i makaronnyh izdelij. 
Hleboprodukty. 2011;4:65-67. 

8. Kasabova ER, Samohvalova OV. Vliâniâ dobavok, soderžaŝih piŝevye volokna, na hlebopekarnye svojstva pšeničnoj 
muki. Naučnye vedomosti Belgorodskogo gosudarstvennogo universiteta. Seriâ: Estestvennye nauki. 2013;(167):111–
116. 

9. Pajmulina AV, Androsova NV, Naumenko NV. Perspektivy ispolʹzovaniâ obogaŝaûŝih dobavok v tehnologii 
hlebobuločnyh izdelij. Vestnik Ûžno-Uralʹskogo gosudarstvennogo universiteta. Seriâ: Piŝevye i biotehnologii. 
2016;4(4):95–104. 

10. Šmatkova NN. Primenenie èkstrudata smesi zerna pšenicy i semân rastoropši v tehnologii ržano-pšeničnogo 
zavarnogo hleba. Innovacionnaâ tehnika i tehnologiâ. 2016;2:53–60. 

11. Lihačeva EI, Azin DL. Ob ispolʹzovanii ovoŝnyh poroškov v kačestve piŝevyh dobavok. Meždunar. simp. «Èkol. 
čeloveka: piŝ tehnol i produkty na poroge 21 v.», Pâtigorsk, 1997. Pâtigorsk;1997:150–151. 

12. Gončarov MD, Kožuško NS. Selekcìâ kartoplì na produktivnìstʹ ì âkìstʹ. Vìsnik Sumsʹkogo deržavnogo agrarnogo 
unìversitetu: agronomìâ ì bìologìâ. 2001;5:36-37. 

13. Ulânič OÌ, Vorobjova NV. Urožajnìstʹ sortìv kartoplì rannʹostigloï v pravoberežnomu Lìsostepu Ukraïni. Naukovij 
vìsnik Nacìonalʹnogo unìversitetu bìoresursìv ì prirodokoristuvannâ Ukraïni. Ser.: Agronomìâ. 2013;183(1):214-219. 

14. Musina ON, Ŝetinin MT, Sahrynin MN. Sovremennye tendencii ispolʹzovaniâ dobavok v proizvodstve piŝevyh 
produktov. Barnaul: Izd-vo AltGTU, 2010. 

15. Auèrman LÂ. Tehnologiâ hlebopekarnogo proizvodstva. Moska: Piŝevaâ promyšlennostʹ, 1984. 
16. Bìlik OA, Halìkova EF, Faìn AV. Kartoplânì produkti u hlìbopečennì. Hlìbopekarsʹka ì konditersʹka promislovìstʹ 

Ukraïni. 2014;6:7–9. 
17. Serdûk LV. Vliânie vvoda dobavok produktov pererabotki kartofelâ na kačestvo muki i hleba. «Izv. vuzov. Piŝ. tehnol.» 

Krasnodar, 1985. 
18. Tipsina NN, Seleznëva GK. Kartofelʹnoe pûre kak ulučšitelʹ kačestva buločnyh izdelij. Vestnik Krasnoârskogo 

gosudarstvennogo agrarnogo universiteta. 2015;12:81–86. 
19. Koneva SI. Kletočnyj sok kartofelâ kak ulučšitelʹ kačestva hleba. Materialy dokladov Meždunarodnoj konferencii 

«Hlebopekarnoe proizvodstvo–2014» Meždunarodnaâ promyšlennaâ akademiâ 1-3 dekabrâ 2014 g. Moskva, 
2014;1:28-31. 

20. Stuter. Potato granules as ingredients in the bakery and snacks food industry. Food ingredients Eur. Conf. Proc., 
Paris, 8-10 Oct., 1991. Maarssen, 1991:261-265. 

21. Lihačeva EI, Azin DL. Ob ispolʹzovanii ovoŝnyh poroškov v kačestve piŝevyh dobavok. 5 Meždunar. simp. «Èkol. 
čeloveka: piŝ tehnol i produkty na poroge 21 v.», Pâtigorsk, 1997. Pâtigorsk, 1997:150-151. 

C
L

E
A

N
 P

R
O

D
U

C
T

S
: 

 Т
E

C
H

N
O

L
O

G
Y

 A
N

D
 Q

U
A

L
IT

Y
 



 

18 

Зернові продукти і комбікорми, Vol.21 I. 3 (83) / 2021 

22. Drobot V, Bіlik O, Savčuk N, Bahtirʹov S. Kartoplânі plastіvcі u hlіbobuločnih virobah. Hlіbopekarsʹka і konditersʹka 
promislovіstʹ Ukraїni. 2009;07-08(56-57):43-44. 

23. Fedorova RA, Ponomarenko VM. Primenenie funkcionalʹnyh dobavok i netradicionnyh vidov syrʹâ v hlebopekarnoj 
promyšlennosti. Naučnyj žurnal NIU ITMO. Seriâ «Processy i apparaty piŝevyh proizvodstv». 2011;1:209-217. 

24. Potato-based dietary fibre. Functional foods & nutraceuticals. 2005 Nov:55. 
25. Pastuszewska B, Antushevich H, Tusnio A, Taciak M. Potato dietary fibre: preliminary characterization of the 

properties and nutritional effects: a review. Polish journal of food and nutrition sciences. 2009;59(3):205-210. 
26. Drobot VI, Griŝenko AN. Ispolʹzovanie kartofelʹnoj kletčatki v tehnologii hlebobuločnyh izdelij. Hranitelna nauka, 

tehnika i tehnologii 2013:Naučni trudove. Plovdiv. 2013;LX:105-108. 
27. Metodika provedennâ kvalìfìkacìjnoï ekspertizi sortìv roslin na pridatnìstʹ do poširennâ v Ukraïnì: Metodi viznačennâ 

pokaznikìv âkostì produkcìï roslinnictva. Mìnìsterstvo agrarnoï polìtiki ta prodovolʹstva Ukraïni. Kiïv, 2016. 
28. Bogatyrev AH, Ûrʹev VP, redakt. Termoplastičeskaâ èkstruziâ: naučnye osnovy tehnologii, oborudovanie. 

Moskva:«Stupenʹ», 1994. 
29. Kasʹânov GI, Burcev AV, Grickih VA. Tehnologiâ proizvodstva suhih zavtrakov. Učebno-praktičeskoe posobie. Seriâ 

“Tehnologiâ piŝevyh proizvodstv”. Rostov n/D: “Izdatelʹskij centr MarT”, 2002. 
30. Kovbasa VM, Hìvrič BÌ, Dorohovič AM. Zastosuvannâ ekstruzìï u virobnictvì novih harčovih produktìv. 1995. 
31. Annênkova NB, Rudavsʹka GB. Klasifìkacìâ produktìv ekstruzìjnoï tehnologìï ta možlivostì rozširennâ ïh asortimentu. 

Nauk. pracì «Progresivna tehnìka ta tehnologìï harčovih virobnictv, restorannogo gospodarstva ì torgìvlì» Harkìv: 
HDUHT, 2006:264-271. 

32. Šaburova GV. Èkstrudirovannyj âčmenʹ kak komponent funkcionalʹnyh piŝevyh produktov. Piŝevaâ promyšlennostʹ, 
2012;10:44–45. 

33. Šaburova GV, Voronina PK, Šmatkova NN. Èkstrudirovannyj oves kak syrʹe dlâ obogaŝeniâ hleba. V sb-ke: Piŝevaâ 
promyšlennostʹ i agropromyšlennyj kompleks: dostiženiâ, problemy, perspektivy: sbornik statej 8 Meždunarodnoj 
naučno-praktičeskoj konferencii. Pod red. V.A. Avrorova. Penza, 2014:97–101. 

34. Kuročkin AA. i dr. Regulirovanie struktury èkstrudatov krahmalsoderžaŝego zernovogo syrʹâ. Izvestiâ Samarskoj 
gosudarstvennoj selʹskohozâjstvennoj akademii. 2013;4:94-99. 

35. Šaburova GV, Kuročkin AA, Voronina PK. Povyšenie tehnologičeskogo potenciala nesoloženyh zernoproduktov. 
Tehnika i tehnologiâ piŝevyh proizvodstv. 2014;1(32):90-96. 

36. Kovbasa VN. i dr. Èkstrudirovannyj pšeničnyj krahmal kak ulučšitelʹ dlâ hlebopekarnyh izdelij. Izvestiâ vysših učebnyh 
zavedenij. Piŝevaâ tehnologiâ. 1998;2-3:21- 23. 

37. Derkanosova N. i dr. Issledovanie adsorbcionnyh svojstv zernovyh èkstrudatov. Hleboprodukty. 2008;3:41–43. 
38. Kovbasa VM, ta ìn. Zernovì ekstrudovanì materìali - polìpšuvačì hlìbopekarsʹkogo virobnictva. Vikoristannâ produktìv 

ekstruzìï ì metodìv ekstruzìjnoï obrobki u hlìbopekarsʹkomu virobnictvì. 1996:5-8. 
39. Šmalʹko NA, Belikova AV, Roslâkov ÛF. Ispolʹzovanie èkstrudirovannyh produktov v hlebopečenii. Fundamentalʹnye 

issledovaniâ. 2007;7:90-92. 
40. Kovbasa VM, ta ìn. Zastosuvannâ ekstruzìjnoï tehnologìï dlâ virobnictva hrumkogo hlìba. Vikoristannâ produktìv 

ekstruzìï ì metodìv ekstruzìjnoï obrobki u hlìbopekarsʹkomu virobnictvì. 1996;3:10-11. 
41. Lìsovsʹka TO, Pokotilo OS, Čorna NV. Vivčennâ možlivostì vikoristannâ borošna kukurudzânogo ekstrudovanogo v 

tehnologìï bìskvìtnogo napìvfabrikatu. Naukovij vìsnik Lʹvìvsʹkogo nacìonalʹnogo unìversitetu veterinarnoï medicini ta 
bìotehnologìj ìm. G̀žicʹkogo. 2014;2(3):133-139. 

42. Lìsovsʹka TO, Čorna NV, Dʹâkov OG. Doslìdžennâ reologìčnih vlastivostej bìskvìtnogo tìsta z vikoristannâm 
ekstrudovanogo kukurudzânogo borošna. Vostočno-Evropejskij žurnal peredovыh tehnologij. 2016;2(11): 19-23. 

43. Demčenko VI, i dr. Èkstrudaty âčmenâ v proizvodstve hlebobuločnyh izdelij. IV Meždunar. nauč. – prakt. konf. 
«Introdukciâ netradic. i red. s. – h. rastenij»: Materialy.  Ulʹânovsk, 2002;1:238–241. 

44. Šaburova GV, Voronina PK. Ispolʹzovanie produktov pererabotki âčmenâ v hlebopečenii. Innovacionnaâ tehnika i 
tehnologiâ. 2015;3:23-27. 

45. Malkina VD. Povyšenie èffektivnosti hlebopekarnogo proizvodstva na osnove modifikacii svojstv syrʹâ: avtoreferat dis. 
… d-ra tehn. nauk: 05.18.01  M., 1996.  

46. Voronina PK. Praktičeskie perspektivy termoplastičeskoj èkstruzii krahmalsoderžaŝego zernovogo syrʹâ v formirovanii 
kačestva prodovolʹstvennyh tovarov. Innovacionnaâ tehnika i tehnologiâ. 2015;3:5-12. 

47. Šulʹga OS, Kovbasa VM. Doslìdžennâ možlivostì oderžannâ produktìv ekstruzìï na osnovì suhogo kartoplânogo pûre. 
Nauk. pr. Nacìonalʹnij unìversitet harčovih tehnologìj. Kiïv, 2007;22:14-17. 

48. Šulʹga OS. Rozroblennâ tehnologìï ekstruzìjnih kartopleproduktìv pìdviŝenoï harčovoï cìnnostì: avtoref. dis. na 
zdobuttâ nauk. stupenâ kand. tehn. nauk: spec. 05.18.01 «Zberìgannâ ì tehnologìâ pererobki zerna, vigotovlennâ 
zernovih ì hlìbopekarsʹkih virobìv ta kombìkormìv». K., 2009.  

49. Êgorov BV. Formuvannâ spoživnih vlastivostej harčovih produktìv novogo pokolìnnâ šlâhom ekstruzìï. Hranenie i pererabotka zer-
na. 2014;182(5):64-67. 

50. Ostrikov AN, Abramov OV, Rudometkin AS. Èkstruziâ v piŝevoj tehnologii. SPb.: GIORD, 2004.  
51.  Burcev AV, Grickih VA, Kasʹânov GI. Sovremennaâ tehnika i tehnologiâ termoplastičeskoj èkstruzii v proizvodstve «suhih zavtra-

kov». Krasnodar: «Èkoinvest», 2004.  
52. Êgorov BV, ta ìn. Metodičnì vkazìvki do vikonannâ laboratornoï roboti po kursu „Učbovo-doslìdna robota studentìv” dlâ studentìv, 

âkì navčaûtʹsâ za navčalʹnim planom specìalìstìv specìalʹnostì 7.091701 dennoï formi navčannâ (rosìjsʹkoû movoû). Odesa: ONAHT, 
2004.  42s. 

53. DSTU 7517:2014 Hlìb z pšeničnogo borošna. Zagalʹnì tehnìčnì umovi. Kiïv, 2014. 14 s 

 
 
 



 

19  http://grain-feed.onaft.edu.ua 

Grain Products and Mixed Fodder’s, Vol.21, I.3 (83) / 2021 

Н. В. Хоренжий1, канд.  техн. наук, доцент, E-mail: natalka.onaft@gmail.com 
Д.О. Жигунов1, д-р техн. наук, доцент, E-mail: dmytro.zhygunov@gmail.com 

О. С. Волошенко1, канд. техн. наук, доцент, E-mail: voloshenko.kroshko@gmail.com 
Ю. Барковська, магістр1, лаборант2, E-mail: barkovska.yulya@gmail.com 

1Кафедра технології переробки зерна 
Одеська національна академія харчових технологій, вул. Канатна, 112, Одеса, Україна, 65039 

2ДП Агмінтест Контрол Юніон, вул. Овідіопольска дорога, 3, Одеса, Україна, 65036 

РЕГУЛЮВАННЯ ХЛІБОПЕКАРСЬКИХ ВЛАСТИВОСТЕЙ ПШЕНИЧНОГО 
БОРОШНА ЗА ДОПОМОГОЮ КАРТОПЛЯНИХ ПРОДУКТІВ 

Анотація 
Найпоширенішим на сьогоднішній день в Україні є використання синтетичної групи технологічних добавок, що 

застосовують як на борошномельних заводах, так і у хлібопеченні, кондитерських комбінатах, тощо. Проте більш перспек-
тивною та природною, є група рослинних добавок. В статті проаналізовано вплив різних картопляних продуктів у кількості 
4-10% та екструдатів різних злакових культур на якість борошняних виробів. Досліджена зміна властивостей пробної випіч-
ки порівняно з контрольним зразком. 

В матеріалах статті наведено показники якості борошна пшеничного ТМ «Богумила» у порівнянні до вимог ДСТУ 
46.004-99. Розроблено склад модельних сумішей пшеничне борошно : картопля у співвідношеннях 96...90 : 4...10, а також 
картопляного пюре і мезги 5-10 %. Для отриманих зразків визначені фізико-хімічні показники лабораторного випікання 
хліба. Проведено екструдування модельних сумішей зерна з сирою картоплею при температурі +100-120 °С і тиску пари 0,2 
МПа. Екструдовані суміші пшениці з картоплею додавали до борошна пшеничного ТМ «Богумила» у кількості 5; 7,5 і 10% 
від маси борошна перед замісом тіста та здійснили пробне випікання хліба. Для отриманих зразків хліба провели оцінку за 
органолептичними та фізико-хімічними показниками. Досліджено зміни хлібопекарських властивостей борошна з додаван-
ням аналогічних подрібнених екструдатів у різних пропорціях. Встановлео, що вміст крохмалю в екструдованих зразках 
збільшується з підвищенням в них рівня вологості і досягає мінімального значення при мінімальному вмісті картоплі та 
зерна розміром 1,6 і 0,6 мм. 

Встановлено, що додавання 7,5 % сирої картопляної мезги та сирого 5 % картопляного пюре у хлібопекарське 
пшеничне борошно вищого сорту є оптимальним через найкращі показники якості виробів без значного погіршення тради-
ційних органолептичних властивостей та дещо відстрочений термін черствіння. Екструдоване пшеничне борошно, отримане 
із суміші пшениці та картоплі, рекомендовано застосовувати у якості добавки до хлібопекарського пшеничного борошна у 
кількості не більше 7,5 %. 

Ключові слова: хлібопекарські властивості, борошно пшеничне, картопля, картопляне пюре, картопляний 
сік, картопляна мезга, екструдат. 
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PASTRY BASED ON FLOUR WITH  
SPECIFIC CHARACTERISTICS 

 
Abstract 
Preservation of initially high quality of the pastry based on the natural ingredients throughout their shelf-life is a 

major factor to ensure their competitiveness. One of the effective ways of solving this task is using the types of wheat 
flour with specific characteristics. Differential approach to the technological characteristics of flour, depending on 
baked goods types, makes it possible to ensure the stability of the technological process and the quality of the produced 
products without usage of inorganic improvers. Among the types of wheat flour with specific characteristics the flour of 
waxy wheat, the starch of which does not contain amylose, which plays an important role in the stealing of flour prod-
ucts, is to particular interest. The studies found that waxy wheat flour characterised with higher gassing power and 
water absorption compare with control. According to their technological characteristics it is suggested to use wheat 
flours with specific characteristics in the technology of yeast-containg cakes, hardtacks with lower sugar capacity. 
Flour of extra-soft wheat Oksana is characterized by low water absorption and weak gluten, which are desirable tech-
nological properties for the production of most types of confectionery dough. It was found that waffles and wafers based 
on extra-soft wheat Oksana flour are characterized with lower density and better porosity and texture compared with 
the control. It is shown that the use of waxy wheat flour and biscuit wheat flour in the technology of mentioned pastry 
types leads to the technological process intensification, stabilization of their rheological characteristics, product quality 
and their freshness without adding of improvers. 

Keywords: waxy wheat, extra-soft wheat, wheat flour, pastry, quality, staling. 
 

Introduction 
In the total volume of confectionery products, pas-

try occupy a large share [1]. Food manufacturers pay 
considerable attention to the production of these products 
in order to increase the profitability of their enterprises. 
Therefore, in addition to expanding the pastry assort-
ment, it is actual task to ensure its stable quality during 
the whole period of storage, which will enhance the 
competitiveness of products in the current conditions of 
market [2]. 

The task of improving, stabilizing the quality of 
pastry is closely related with the problem of providing 
necessary quality characteristics of raw materials, their 
effective and purposed usage. Thus, the technological 
properties of wheat flour, a main ingredient of the flour 
product, is a significant factor that determines the techno-
logical process, the quality of semi-finished products and 
the texture of final products [3]. The requirements for 
flour quality characteristics, due to the considerable vari-
ety of flour products, should vary in a sufficiently wide 
range and depend on the used method of leavening, the 
structural and mechanical properties of the dough mass-

es, the peculiarities of their technological process, which 
ensure the required texture of products, etc. 

In Ukraine the whole assortment of flour prod-
ucts are produced from bakery wheat flour, which is not 
always technologically suitable for the production of 
high-quality pastry products. After all, the technological 
properties of flour for production of bread and pastry 
dough should be different [4-6].  

Considering the foregoing, it is necessary to in-
vestigate the possibility of using wheat flours with spe-
cific characteristics, breeded in the south of Ukraine, in 
the technology of pastry for the stabilization of their 
quality and enhancement of their shelf-life without using 
the improvers with chemical origin. 

 
Analysis of literature data and problem statement 

The current dynamic development of the food in-
dustry and market relations require to respond quickly for 
consumer demands by the manufacturer of pastry prod-
ucts [7]. This tendency provide the production of high-
quality products and to ensure its organic origin and en-
vironmental friendliness [8]. 
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Dough`s pastry is one of the most multicompo-
nent structure, which structure-mechanical properties 
depend on recipe ingredients and their correlation, and 
technological parameters also. The dough for wide as-
sortment of pastry differs according to their rheological 
characteristics, which obtain a finished product quality 
with a desired texture [5, 9]. For this reason, usage of 
flour with specific characteristics is important for at the 
production of pastry with various structure. In this case 
the most expedient for most pastry production is the us-
age of wheat flour with weak elastic gluten, which is 
unsuitable for obtaining high-quality bread. 

In Ukraine in spite of other countries [10], bakery 
wheat flour is the only one type of wheat flour, which is 
used in the production of bread and pasta products. This 
significantly complicates the work of technologists, leads 
to cost increase, negative effects on the quality of prod-
ucts. For effective and fast solving these problems the 
manufacturers often add food supplements, which have 
inorganic origin in greater extent, which is a risk factor 
for the consumer`s health. 

Differential approach to flour quality, depending 
on its use, is widespread [5,6,11]. For example, in the 
Europe and the USA, purposed flour is produced by the 
selection of wheat mixtures [12, 13]. Sometimes the 
blends are prepared from whole grain meals with either 
hard or soft wheat flour and processed into bread, cake, 
cookie or snack products. All bakery and pastry technol-
ogies demand special properties of flour. Treated heat 
flour is recommended for fancy cakes and some types of 
cookies production. Such type of flour can be “inactivat-
ed” or enzymatically inactive. Its treatment can be strong 
(with the denaturation of the whole protein) or soft, 
which weakly changes the properties of the flour. 

The use of flour from various varieties of wheat 
and their mixtures for the production of certain types of 
products is actual. Breeders are constantly elaborate new 
varieties of wheat, which characterized with specific 
technological properties of the flour produced from it. 
These characteristics practically do not effect on the taste 
of the product, but significantly effect on the structure 
and quality of products. This influence is different for 
various types of pastry products depending on the pres-
ence and ratio of sugar and fat, as well as the method of 
dough leavening. 

It has been established that pastry products 
made from soft wheat flour characterized with higher 
quality compared with the products based on ordinary 
bakery wheat flour. The positive influence on the product 
quality is determined by several basic physical and chem-
ical properties, a fine dispersion, a characteristic natural 
soft looseness with a low percentage of damaged starch 
granules [14]. 

Waxy wheat flour represents a special interest 
among the new varieties of Ukrainian breeding crops 
with specific characteristics. A numbers of studies have 
been conducted to confirm its potential as a main com-
ponent of the flour products recipe due to its modified 
starch (non-amylose) content (Fig.1).  

It was found that the introduction of waxy wheat 
flour into the recipe of bakery goods causes to the in-
creasing of their consumer characteristics throughout the 
storage period [14, 15]. It should be taken into account 

that the recommendations of foreign scientists and tech-
nologists regarding to the use of flour with specific char-
acteristics for the manufacture of certain types of prod-
ucts can not be uniquely projected for the production of 

 

Fig. 1 - Waxy wheat starch 

pastry in our country, taking into account the specifics of 
their classification and technology. Consequently, the 
pastry quality improvement is closely connected with the 
question of efficient and rational use of grain resources 
according their characteristics and the requirements of 
the technological process. 

The main aim is to investigate the effectivness 
of the wheat flours with specific characteristics usage for 
the quality improvement and its stabilization during pas-
try (yeast-containing cakes, hardtacks, wafers and waf-
fles) shelf-life without using of inorganic origin improv-
ers.  

Based on it the study stages were: 
- determining the technological properties of 

wheat flours with specific charaсteristics and substantiat-
ing the choice of pastry for their rational use; 

- investigating the influence of the waxy wheat 
flour mass fraction on the intensity of the fermentation 
process of yeast-containing cakes and hardtacks semi-
finished products; 

- investigating the influence of the biscuit Oksa-
na wheat flour on the viscosity of wafer`s and waffle`s 
dough; 

- evaluating the quality of pastry and its change 
in the process of storage. 

 
Materials and methods of research. 
In this study wheat flour produced from waxy 

wheat Ukrainian specie Sofiika was used for the yeast-
based cake`s and hardtacks with reduced sugar content 
production. Jerusalem artichoke powder and maltose 
syrup were used as a sugar substitute agent in the hard-
tacks recipe. Extra-soft wheat flour (Oksana specie), 
which breeded in Ukraine, was used in the wafers and 
waffles technologies.  

The intensity of gas formation in the dough was 
measured by AG-1M. This method is based on determin-
ing the amount of carbon dioxide formed during the 
dough fermentation by the volumetric method [16]. 
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Comparative analysis of the wheat flour quality 
included the determination of the raw gluten content was 
realized by the methods presented in [14], the level of 
gluten plasticity measured by IDK (special device de-
signed for determining the gluten quality group), its elas-
ticity, estimated by the value of its deformation under the 
load effect. The results of measuring the gluten elasticity 
are expressed in conventional units of the device scale. 
Depending on the value of measuring results, gluten is 
related to the correspondent quality group.  

The moisture content of flour was determinated 
by heating a small sample of flour for 1 hr at 130℃ and 
taking the loss in weight as the moisture content accord-
ing to ISO 27971:2015. Water absorption is the amount 
of water required to center the farinograph curve, which 
was determined using Farinograph (Brabender).  

The effective viscosity (η, Paꞏs) of the dough 
was determined with a rotational viscometer “Reotest-2” 
immediately after the preparation of wafer`s dough at a 
temperature of 18-20°С [17]. 

The determination of the hardness of the products 
was carried out on a device, which measured the force P 
of sample break down. The hardness in kg/m2 was calcu-
lated  

,    (1) 

where Н0 – the hardness, kg/m2; 
P – force acting on area, kg; 
S – contact area, m2. 

 
For the determination of the product`s density 

(ρ,  g/сm3), the volume of wafers/hardtacks is measured 
by the calculated method based on the results of two-time 
weighing of the product (in the air and in water). To pre-
vent wetting, the object of the study is pre-coated with a 
layer of paraffin, which provides protection of its surface 
while immersion in water. 

To determinate the density the product has been 
weighting on a technical scale to the nearest 0,01g. Then 
it is dipped into molten paraffin, whose temperature is 
close to its hardpoint, and quickly removed. When the 
paraffin on the surface of the sample has hard, it is again 
weighed and placed in suspension. The paraffinized sam-
ple was weighed twice with the suspension: in air and 
fully immersed in water at a temperature of about 20°C. 
The density measured in g/сm3 calculated by the formula 

)( 213





VVV

m ,   (2) 

where ρ – density, g/cm3 
m - mass of product, g; 
V1 - volume of suspension, cm3; 
V2 - volume of paraffin, cm3; 
V3 - volume of paraffined product with suspen-

sion, cm3. 
 

The acid accumulation was evaluated on the ba-
sis of change of its total titratable acidity. It was defined 
as the amount of 0,1N NaOH solution (mL) used to neu-
tralize 5 g sample weight homogenized with 50 ml of 

distilled water. These analyses were carried out every 30 
min during all term of fermentation (90 min) [17]. 

The water absorption capacity of products was 
determined by measuring the water absorption when it 
submerged in water at a temperature of 20°С for a set 
amount of time [17]. Determination of moisture content 
was made according to ISO 712:2009. 

The specific volume was calculated by dividing 
the volume by the weight of the baked product [17]. 

Structural-mechanical properties of soft waffle 
and cake`s crumb was determined on the automatic pene-
trometer AP-4/1 [17]. 

 
Results and discussions 
Technological properties of wheat flours with 

specific characteristics (waxy wheat flour – WWF and 
biscuit Oksana wheat flour - BOWF) were studied. 

The results of the evaluation of the technologi-
cal properties of waxy wheat flour indicate that an in-
crease of the mass fraction of non-amylose flour pro-
motes the growth of the gassing power of mixtures with 
BWF (table 1).  

Table 1 - Technological properties of flour 
mixtures 

Mass fraction 
of WWF,  

% 

Amount of CO2, 
ml CO2/100 g flour 

(after 5h of fer-
mentation) 

Water  
absorption,  

% 

0 1314 59,0 
20 1380 61,0 
40 1580 63,0 
60 1760 65,0 
80 1815 66,0 

100 1900 67,0 
 

The normal gas-forming ability of wheat all-
purpose flour for 5 hours of its fermentation is 1300-
1600 ml of carbon dioxide. It is known that for the for-
mation of such an amount of carbon dioxide, yeast must 
ferment at least 6 g of glucose. In this period yeast has 
obtain about 1 g of glucose getting from own flour sug-
ars, and the remaining 5 g are formed as a result of amy-
lolytic starch degradation. The increase of the carbon 
dioxide amount for samples with waxy wheat flour can 
be explained by the increased content of its own sugars in 
the content, which are the main energy material for yeast 
cells, and also by the more intense amylolysis of its 
starch. The increase in the water absorption capacity of 
flour from waxy wheat by 8 % compared to bakery wheat 
flour (BWF) is caused by greater sensitivity of non-
amylose starch grains to mechanical damage during 
grinding, which contributes to the increase of their hy-
drophilic properties. 

A comparative analysis of the wheat flour quali-
ty of bakery wheat flour (BWF) and biscuit Oksana 
wheat flour (BOWF) showed (table 2) that the extra-soft 
wheat flour is characterized by weaker gluten and it`s 
lower content. Qualitative characteristics of gluten-
forming fractions of protein BOWF correspond to the 
weak III quality group. Also, this type of flour had a 
lower by 7 % water absorption capacity. 
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Considering the technological properties of bis-
cuit Oksana wheat flour, a study of the feasibility of us-
ing in the technology of wafer products, for the produc-
tion of which it is recommended to use flour with weak 
gluten. 

Table 2 - Comparative analysis of the wheat 
flour quality 

Quality indicators Bakery 
wheat flour 

(BWF) 

Biscuit 
Oksana wheat 
flour (BOWF) 

Moisture content, % 14,2 14,3 
Content of wet 
gluten, % 

24,5 21,6 

Plasticity for IDK, 
device units 

70 85 

Water absorption, % 59,0 52,0 

 
The influence of replacing 50 % and 100 % 

bakery wheat flour on BOWF on the properties of batter 
and products from it - wafers (wafer sheets) and waffles 
with chemical method of leavening has been investigat-
ed.  

It is obtained that substitution of BWF with 
BOWF leads to the lower viscosity of wafer`s and waf-
fle`s batter and the destruction of its structure occurred at 
lower viscosity gradients than for control sample to a 
greater extent, these changes are observed with a com-
plete replacement bakery of BOWF (fig. 2). An increase 
in shear rate is accompanied by a decrease in batter vis-
cosity. At a shear rate of more than 9 sˉ¹ – there approx-
imates the viscosity of the dough to a steady value. After 
all, under the influence of the growing shear rate, the 
interaction between the particles decreases, and their 
orientation increases in the direction of the flow. 

Thus, the viscosity of the dough based on 
BOWF was more reduced for waffle by 2,8 times and 
wafer by 1,6 times, in compare with control (at the shear 
rate γ = 3 sˉ¹). The viscosity decrease may due to the 
weaker gluten and the low water absorption capacity of 
the flour of BOWF, which increases the content of the 
liquid phase in the dough, which contributes to better 
coverage of flour particles with a hydration shells and 
simplifies their dispensing under mechanical action, 
without sticking.  

The obtained results of the quality of the fin-
ished products research show that the replacement of 
BWF with BOWF in the recipe of waffles leads to the 
improvement of the finished products quality (fig. 3a). 
Thus, in comparison with control, waffles were charac-
terized by a 4,6 % increase in specific volume and in-
creased by 8,3 % as a measure of the total compression 
of the crumb, this is typical for high porosity. This is 
probably due to the weaker gluten of BOWF, the for-
mation of dough protein structure, which is more easily 
stretched under the influence of gas substances, that ex-
tend during baking.  

It is obtained that waffle products based on 
BOWF are characterized by an increased volume, an 
intense color of the surface and a well-developed porous 
structure of the crumb. Replacement of baking flour with 
biscuit flour leads to the higher quality formation of wa-
fers.  

For wafer sheets density and the hardness index 
(fig. 3b), which correlates with the texture of products 
and characterizes their fragility, was determined. Thus, 
the hardness of wafer sheet at full replacement of BOWF 
is lower by 8,4 %, and about twice lower density compar-
ing with the control sample. Reducing the hardness and 
density of samples based on BOWF can be explained by 
the formation of a less dense gluten structure due to the 
lower content of glutelin and prolamine protein fractions, 
which is characteristic for this type of flour, and leads to 
the increase of product porosity.  

The wafers, based on BOWF, were character-
ized with desired crisp properties, without cracks and 
leaks, equal color and more homogeneous density com-
pared to control, due to a decrease in the viscosity of the 
batter, which contributed to its better distribution on the 
baking surface.  

According to the results of the investigation of 
technological properties of waxy wheat flour and its 
blends with bakery wheat flour the choice of pastry, in 
the production of which it is advisable to use new type of 
flour, has been justified. Waxy wheat flour has a higher 
gassing power, which can contribute to the intensification 
of technological process in the production of pastry 
products, the formation of a porous structure which is 
caused by the process of fermentation, and will help to 
stabilize their quality in the case of partial or complete 

 

 

a) b) 

Fig. 2 - Viscosity of waffle`s (a) and wafer`s (b) dough 
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a) b) 

Fig. 3 - Quality index of the waffle (a) and wafer (b) products  

exclusion of sugar from the recipe, which not only de-
termines the taste of the product but also causes required 
intensity of biotechnological processes in the production 
of these products. Also, effective results can be achieved 
by solving the problems of rapid staling of yeast-
containing cakes using in their production the waxy 
wheat flour, which has lower peak temperature (BWF - 
88°C, WWF - 74°C) and its starch consists of amylopec-
tin. This polysaccharide has higher resistance to retrogra-
dation compared with amylose, which is the essential 
component of the starch of the bakery wheat flour [6].  

Its usage in the production of hardtacks with Je-
rusalem artichoke powder and maltose syrup instead of 
the sugar in the recipe content was accompanied, by the 
increase of the carbon dioxide amount and final titratable 
acidity of the semi-finished products (fig. 4), which indi-
cates intensification of alcoholic and lactic acid fermen-
tation in the process of their production compared with 
the control sample. Based on the obtained results, it is 
suggested to reduce the fermentation process duration of 
the dough for the samples based on the WWF up to 
30…60 min depending on the used type of sweetener. 

It was determined that the combined use of 
waxy wheat flour with natural sweeteners, despite the 
exclusion of sugar from the recipe, was accompanied by 
the higher water absorption and lower density of the 
hardtacks compared with control samples based on the 
bakery wheat flour [18]. Such results indicates the better 
porous structure formation for the investigated samples. 

The study of the quality change of hardtacks 
during storage showed that the introduction of non-
amylose flour into their recipes provides the quality sta-
bilization of samples. The hardtacks based on waxy 
wheat flour with Jerusalem artichoke powder and malt-
ose syrup, as sugar substitutes, were characterized with 
better quality indicators compared to the control and sim-
ilar samples based on bakery wheat flour with natural 
sweeteners after 90 days of storage (table 3).  

Also the effect of BWF to WWF ratio on the 
yeast-based cakes quality was studied (fig.5). It found 
that samples with 60 % WWF were characterized with 
the highest porosity compared with the control. Such 
results can be obtained due to the higher gassing power 
of non-amylose type of wheat flour. 

  
Fig. 4 - The carbon dioxide amount (a) and final titratable acidity of semi-finished products:  
BWF – bakery wheat flour; WWF – waxy wheat flour; s – sugar; JAP – Jerusalem artichoke powder; 

МS – maltose syrup. 
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Fig. 5 – Cake`s porosity 

 

For many flour-based products, the crispy and 
crunchy characteristics are important for sensory ac-
ceptance on which consumer base their appreciation, as it 
was shown in study [19]. Usually, when storing flour 
products, a rapid increase in their hardness is observed, 
which is due to the processes of drying, staleness and 
crystallization. Staling is a consequence of the loss of 
moisture as a result of starch retrogradation. During stor-
age, crystallization of sucrose and solid fats occurs, 
which increases the hardness of the products. It is im-
portant to note that the degree of crystallinization for 
cakes crumb, which contain non-amylose wheat flour is 
lower compared to the control, which indicates less in-

tensive retrogradation of waxy wheat starch granules. 
Yeast-containing cakes with waxy wheat flour were 
stored for 15 days per piece packed in polyethylene 
packaging at temperature of 18 ± 2 °С at a relative hu-
midity of 60-65 % (fig. 6). The changes in the structural 
and mechanical properties of the cake crumb were re-
duced, but the use of waxy wheat flour in the recipe of 
the yeast-containing cakes was accompanied by smaller 
changes in the structure of their crumb as we can see  

It has been established that with an increase in 
the dosage of waxy wheat flour, the structural and me-
chanical properties of the crumb of pastry products im-
prove.  

 
Conclusions 
Thus, based on the 

results of the research, it can 
be concluded that the replace-
ment of bread wheat flour for 
the various types of flour with 
specific characteristics leads to 
the stabilization of the quality 
during the shelf-life of wide 
pastry assortment groups 
(cakes, sugar-free hardtacks, 
wafers and waffles). The ex-
perimental results have shown 
that waxy wheat flour charac-
terised with higher gassing 
power and water absorption 
compare with control. Flour of 
extra-soft wheat Oksana is 
characterized by low water 
absorption and weak gluten. 
Using Biscuit Oksana wheat 
flour instead of bakery flour 
was accompanied by obtaining 
batter with lower viscosity, 
which leads to batter`s better 
distribution over the surface of 
wafer plates and ensured ob-
taining homogeneous density 
and thicknesses of wafer 
sheets. Wafers and waffles 
were characterized by a more 
porous loosened texture, 
which is due to the better loos-
ening of products during bak-
ing. The use of waxy wheat 
flour in the production of 

hardtacks with Jerusalem artichoke powder and maltose 
syrup instead of sugar in the recipe leads to an increase 
of alcohol and lactic acid fermentation and an product`s  
porosity improvement.It was found that yeast-based 
cake`s with 60 % waxy wheat flour was characterized 
with the highest porosity compared to the control. Ob-
tained results can be the basic of a novel technological 
solution to provide the technological process intensifica-
tion, the quality stabilization of cakes and hardtacks with 
reduced sugar content based on WWF and to prolong 
their shelf-life without synthetic improving agents usage. 

Table 3 - Quality of hardtacks (90 days of storage) 

Index 

Samples 

BWF+s 
(control) 

BWF+JAP BWF+МS WWF+JAP WWF+МS

Moisture content, % 8,9 8,4 8,8 9,3 9,6 

Titratable acidity, ml 
NaOH 

2,5 2,2 2,0 2,8 2,6 

Water absorbtion, % 200 170 163 215 205 

Density, g/cm3 0,46 0,51 0,54 0,39 0,45 

Firmness, kg/m2×108 5,5 6,5 7,0 4,5 5,0 

Fig 6 - Changes in the structural-mechanical properties of yeast-based  
cake crumb during storage 
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ТІСТО НА ОСНОВІ БОРОШНА  
ЗІ СПЕЦИФІЧНИМИ ХАРАКТЕРИСТИКАМИ 

Анотація 
Основним фактором конкурентоспроможності борошняних кондитерських виробів є забезпечення ви-

сокої якості та збереження її протягом усього терміну зберігання продукції при використанні для виробницт-
ва лише натуральних інгредієнтів. Одним із ефективних способів вирішення цього завдання є використання 
пшеничного борошна із специфічними характеристиками. Диференціальний підхід до технологічних характе-
ристик борошна залежно від виду виробів дає змогу забезпечити стабільність технологічного процесу та 
якість виробленої продукції без використання неорганічних поліпшувачів. Особливий інтерес серед видів пше-
ничного борошна цільового призначення викликає борошно з пшениці ваксі, крохмаль якого не містить амілози, 
яка відіграє важливу роль в черствінні борошняних продуктів. Дослідженнями було встановлено, що борошно з 
ваксі-пшениці характеризується більш високою газоутворювальною та водопоглинальною здатністю порівня-
но з хлібопекарським борошном. Відповідно до його технологічних характеристик пропонується використову-
вати дане борошно в технології кексів на дріжджах, галет зі зниженою цукроємністю. Борошно з екстра-
м’якозерної пшениці сорту Оксана характеризується низькою водопоглинальною здатністю та слабкою за 
якістю клейковиною, що є бажаними технологічними властивостями для виробництва більшості видів виробів 
з кондитерського тіста. Встановлено, що листові та м’які вафлі на основі борошна з пшениці Оксана відріз-
нялися від виробів на хлібопекарському борошні меншою густиною та кращою пористістю і текстурою. По-
казано, що використання борошна з пшениці ваксі та м’якозерної пшениці в технології зазначених видів боро-
шняних кондитерських виробів призводить до інтенсифікації технологічного процесу, стабілізації реологічних 
характеристик напівфабрикатів, якості та свіжості продукції без додавання поліпшувачів. 
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Ключові слова: борошно пшеничне, пшениця ваксі, екстра-м’якозерної пшениці, борошняні конди-
терські вироби, якість, зберігання. 
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INNOVATIVE APPROACHES IN THE FORMATION OF 
COMPOUND FEED RECIPES FOR DECORATIVE BIRDS 

AND SINGING BIRDS AND TECHNOLOGY OF 
COMPOUND FEED PRODUCTION FOR THEM 

 
Abstract 
The share of compound feeds for unproductive pets in the compound feed markets of the world is growing 

every year. In Europe, decorative and songbird birds are the third largest pet population (cats and dogs being numbers 
one and two, pectively), according to FEDIAF data, with 51.87 million decorative birds in all of Europe (37.23 million 
of those in the European Union) in 2019.  

Decorative and songbirds need complete feeding to maintain life and health. Today, owners of decorative and 
songbirds have a wide range of ready-made food, which allows them to make the right choice of appropriate feeding 
regime for their pets. Analyzing the market of feed for decorative and songbirds, we saw that a significant part of it is 
imported feed, while the range of domestic feed in the Ukrainian market is very small and does not always meet market 
requirements and can not compete. However, the presented compound feeds can hardly be called complete, as they are 
mainly different types of feed mixtures, which include, depending on the price category, different types of components: 
from cereals and ending with different nuts and dried fruits. 

Compound feed should contain all the components necessary for energy production, growth, tissue 
regeneration, as well as to regulate metabolism. Complete feed for decorative and songbirds must contain a certain 
amount of all nutrients and biologically active substances. Factors such as age, general health, breeding season, 
growth, molting, housing conditions and even the season should also be considered. 

To date, there are a number of issues that need to improve our knowledge of the nutrient and biologically 
active needs of each species of decorative and songbird, including the characteristics of feed materials, the amount of 
energy, digestibility of feed and the content of nutrients and biologically active substances. 

In this regard, it is necessary to study each class of nutrients and biologically active substances and features of 
the formation of compound feed recipes, taking into account the need for decorative and songbirds. To study in detail 
the functional purpose of nutrients and biologically active substances, symptoms that occur in the body of decorative 
and songbirds in their absence or excess in the feed, as well as their sources and minimum needs of birds during 
reproduction, growth and maintenance of healthy birds. 

To meet the forage needs of decorative and songbirds when kept in captivity, one of the most effective methods 
is to create complete feed by using innovative technologies (for example, in the form of crumbs or a blend of crumbs 
obtained by extrusion). This will provide an opportunity to meet both the behavioral and feeding needs of birds. 

Keywords: decorative and songbirds, nutrients and biologically active substances, recipe, innovative 
technologies, extruded complete feed for decorative and songbirds. 

 
Introduction 
The share of compound feeds for unproductive 

pets in the compound feed markets of the world is grow-
ing every year. Finished industrial feeds become the only 
balanced source of nutrients and biologically active sub-
stances in their diet [1]. 

Petfood Industry 2019 estimated the global pet 
feed market at $ 91 billion (annual growth of 6.5 %). The 
world leader is the United States. Last year, American 
pets ate almost $ 37 billion worth of food and treats, 
which is 7.3 % more than in 2018. The appetites of Eu-
ropean furriers are a bit more modest. According to ana-
lysts at European Pet Food Industry (the federation co-
vers 18 countries in Western and Eastern Europe), feed 

sales in the region over the past three years increased by 
an average of 2.6 %, which in 2019 reached a level of € 
21 billion. The Ukrainian market does not exceed UAH 
6.0 – 6.5 billion, but grows by 20 – 30 % annually [2]. 

In Europe, decorative birds are the third largest 
pet population (cats and dogs being numbers one and 
two, pectively), according to FEDIAF data, with 51.87 
million decorative and songbirds birds in all of Europe 
(37.23 million of those in the European Union) in 2019. 
28.57 million small mammals (10.63 million in the EU), 
15.54 million aquaria (10.63 million in the EU; overall 
equating to roughly 300 million ornamental fish) and 
9.43 million reptiles (7.91 million in the EU) round out 
the top pet types in Europe [3, 4]. 
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Like all living things, decorative and songbirds 
need complete food to maintain life and health. Com-
pound feed should contain all the components necessary 
for energy production, growth, tissue regeneration, as 
well as to regulate metabolism. Components of feed that 
perform these functions are called nutrients, the main of 
which are proteins, fats, carbohydrates and biologically 
active substances (vitamins and minerals). Properly bal-
anced feed for decorative and songbirds should contain a 
certain amount of all nutrients and biologically active 
substances. Factors such as age, general health, breeding 
season, growth, molting, housing conditions and even the 
season should also be considered [5, 6]. 

Today, owners of decorative and songbirds have 
a wide range of ready-made feed, which allows them to 
make the right choice of appropriate feeding regime for 
their pets [7]. Analyzing the market of feed for decora-
tive and songbirds, we saw that a significant part of it is 
imported feed, while the range of domestic feed in the 
Ukrainian market is very small and does not always meet 
market requirements and can not compete [8]. However, 
the presented feed is difficult to call complete, as it is 
mainly different types of feed mixtures, which include, 
depending on the price category, different types of com-
ponents: from cereals and ending with different nuts and 
dried fruits. 

To date, there are a number of issues that need 
to improve our knowledge of the nutrient and biological-
ly active needs of each species of decorative and song-
bird, including feed characteristics, energy content, feed 
digestibility and nutrient and bioactive content. To meet 
the feeding needs of birds when kept in captivity, one of 
the most effective methods is to create a complete feed. 

 
Purpose and objectives of the analysis 
The aim was to study each class of nutrients and 

biologically active substances and features of the for-
mation of compound feed recipes, based on needs of 
decorative birds and songbirds. 

 
Results and its discussion 
Consider the requirements for the amount of 

energy for decorative birds and songbirds when kept at 
home, during reproduction, during the growing season; 
needs of adult birds, during growth and molting in 
proteins and amino acids; needs for fats and essential 
fatty acids; carbohydrates; vitamins and minerals. 

 
Energy needs when kept at home. The main 

source of energy in the diet of grain birds is carbohy-
drates, mainly in the form of starch. In addition, fats are a 
highly concentrated source of energy. For example, 
young squash pigeons meet their energy needs by con-
suming the fats contained in goiter's milk. If there are not 
enough carbohydrates or fats in the diet, proteins can be 
used as an energy source. The body of the bird regulates 
the consumption of food by providing the necessary 
amount of energy. Poultry studies have shown that if the 
energy content of the diet increases, for example, by in-
creasing the fat content of the feed, the bird reduces feed 
intake to compensate for this. If no changes have been 
made to the other components, a nutrient deficiency de-
velops. Conversely, when the energy value of the feed is 

reduced, its consumption increases, so that the bird meets 
its energy needs as needed. However, if the diet contains 
very little energy, the ability to regulate consumption can 
be neglected, as the limiting factor is the capacity of the 
gastrointestinal tract. In the table 1 shows the metabolic 
energy needs for some species of decorative and song-
birds. 

 
Table 1 – Metabolic energy needs for some 

species of decorative and songbirds 

Birds 
Weight 
range, g 

Age requirement, 
kJ/day 

Cockatoo Nymphi-
cus hollandieus 

80-100 110-130 

Wavy parrot 50-70 78-100 
Canary 20-30 40-55 
Zebra amadin 15-20 32-40 

 
Since the energy content of most cereal mixtures 

for budgies is about 1.75 MJ per 100 g, theoretically, the 
bird should eat about 4-6 g/day to meet their energy 
needs. It should also be borne in mind that the energy 
absorption of seeds is normally about 90 %. Studies have 
shown that the average budgerigar consumes 8 to 12 g of 
seeds per day, which is equivalent to 500-1000 individual 
seeds [5, 9, 10].  

Energy needs during reproduction. The aver-
age weight of a budgerigar egg is 2.5 g, each gram con-
tains about 5.5 kJ of energy. Therefore, one budgerigar 
egg contains approximately 16.5 kJ. If there are an aver-
age of five eggs in the clutch, the hatched male may need 
an additional 80 kJ of energy during the laying of eggs. 
In addition, because males need energy to form eggs, the 
amount of energy increases. Obviously, more food needs 
to be consumed to compensate for the increased needs. 
During the period of egg laying and hatching, energy 
consumption remains relatively constant: 231 – 252 
kJ/day. However, when the chicks begin to hatch, there is 
a tremendous increase in energy needs of the parent pair. 
At peak joint feed intake, birds absorbed from 483 to 505 
kJ per day (2 adult birds and 3 chicks) [5, 9, 10].  

Energy needs for growth. At hatching from an 
egg the chick of a wavy parrot weighs approximately 1,5 
g, and by the tenth day of life its weight makes already 
approximately 20 g. In order to gain this phenomenal 
growth rate, as well as for the full development of plum-
age, a young bird needs a lot of energy. The chicks spend 
most of the energy they consume to grow. This ranged 
from 62 to 73 % in chicks at the age of 1-3 days. This 
proportion gradually decreases as the chicks develop, but 
for the entire period from hatching until they become 
independent, an average of 11 % of the daily energy sup-
ply is spent on growth. Therefore, adult birds should re-
ceive additional food so that they can provide their 
chicks with the necessary nutrients. On average, the need 
for food during the rearing of chicks doubles, and will 
return to baseline only after the last chick leaves the nest 
[5, 9, 10]. 

 
Influence of temperature. Birds maintain a 

body temperature of 41-42 °C, which is usually much 
higher than the ambient temperature, which requires 
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energy. The energy needed to maintain a constant body 
temperature depends on the difference between normal 
body temperature and ambient temperature. This means 
that in a cold environment, birds must use an effective 
mechanism to conserve heat, and feed consumption will 
be maximum. Also, when the ambient temperature is 
high, more heat should be expended. Birds lower their 
body temperature by evaporating from the surface of the 
airways and skin. However, it is not very effective and in 
hot conditions the reduction of heat release is often 
achieved by reducing feed consumption. With increasing 
temperature, feed consumption decreases by about 1.5 % 
for each °C compared to normal temperature [5, 9]. 

 
Fats and essential fatty acids. Fats play two 

main roles in feeding birds: they are a concentrated 
source of energy and perform various metabolic 
functions, as well as promote the absorption of fat-
soluble vitamins. Birds are sensitive to the level of fat in 
the feed and regulate their metabolism, preventing excess 
energy. This is achieved by maintaining a constant level 
of feed intake in order to meet the needs of other 
nutrients by metabolizing fats with less efficiency. Thus, 
the overall effect is expressed in maintaining a constant 
mass, not in building it. However, birds that receive diets 
high in fat are obese. In addition, the consumption of 
large amounts of fat can cause diarrhea, as well as the 
formation of insoluble soaps. This makes minerals such 
as calcium and iron inaccessible to birds. Some 
cockatoos, which consume only sunflower seeds, are 
obese and often have lipomas. This is observed in the 
pink-breasted cockatoo and emphasizes the importance 
of the diet based on mixtures of seeds. 

It is generally believed that linolenic acid is the 
most essential fatty acid for decorative and songbirds, so 
it helps to eliminate all the symptoms of deficiency of 
essential fatty acids. The first sign of a deficiency of 
essential fatty acids in chicks is a slowdown in growth, 
which may occur during the first week of feeding a diet 
with this deficiency. This is accompanied by damage to 
membrane structures, leading to skin diseases [5, 11]. 
The skin becomes rough, scaly, its permeability 
increases, which leads to rapid water loss. If birds do not 
receive essential fatty acids, they are affected by 
plumage, reduced utilization of nutrients, reduced 
resistance to disease, and sometimes the bird dies. In 
adult birds, this is rare, so the bird's body has a high 
ability to maintain reserves of essential fatty acids. 
Studies in poultry suggest that approximately 2 % of 
metabolic energy should come in the form of linolenic 
acid. This corresponds to approximately 0.9 % of the diet 
containing 12.5 MJ/kg. It is possible that during molting 
periods in adult birds the need for feed fats increases 
significantly. The membranes of epithelial cells involved 
in the formation of feathers contain a large amount of fat 
component, which must come with food. One source of 
linolenic acid is flaxseed [5, 12, 13]. 

 
The needs of adult birds in protein. Birds 

need proteins to form and develop body tissues and to 
maintain its structure. In addition, birds utilize proteins to 
form and maintain a healthy plumage, claws and beak. 
Studies on budgies have shown that the minimum need 

for feed protein is 10 %. Work with birds of the rowan 
family (adult field sparrows) confirmed that the 
concentration of feed protein, equal to 8 – 9 %, is 
sufficient to maintain weight, nitrogen and energy 
balance. However, this figure is probably less than the 
need for optimal growth, development and tissue repair 
(eg, reproduction, development of chicks, molting 
process). The results of a study of pigeons showed that 
birds during the breeding season need a protein content 
in the diet, at the level of 18 %. 

In addition, protein needs depend on feed intake. 
Thus, everything that affects feed intake, ie energy 
content in the diet or ambient temperature, has a side 
effect on the optimal level of protein in the diet. There is 
no advantage in the bird's consumption of high-protein 
feed, as the energy costs of deamination, uric acid 
formation and excretion are very high. Further, overload 
of the excretory capacity of the kidneys can lead to 
hyperuricemia. Further deposition of urate crystals in the 
kidneys can cause clinical symptoms and cause death. In 
addition, there may be an association between excessive 
protein content in the feed and hypertrophied growth of 
the beak and claws in birds with cellular retention [5, 11]. 

Protein needs have both quantitative and 
qualitative aspects. As for the first, the feed should 
contain a sufficient amount of protein to obtain 
replacement amino acids or nitrogen for their synthesis. 
From a qualitative point of view, feed proteins should be 
a source of amino acids that the bird's body can not 
synthesize at all or can not synthesize quickly enough – 
essential amino acids. In addition to the essential amino 
acids that mammals and chicks need, they probably need 
a feed source of glycine and proline needed to ensure 
maximum growth and development. 

To effectively utilize dietary proteins, it is 
important to maintain an optimal balance between amino 
acids. Ideally, the diet should meet the need for all amino 
acids, not including excess protein or individual amino 
acids. When using a diet low in protein, which causes a 
moderate deficiency of all amino acids, there is an 
increase in feed intake. This is an attempt by the bird to 
compensate for the lack of diet, which leads to obesity. 
An even more noticeable reaction is observed if only one 
or two amino acids are present in the diet at abnormally 
low or high concentrations. Under natural conditions, 
deficiency of certain amino acids is rare. However, cage 
keeping of birds and feeding a narrow set of seeds or 
grains can cause a deficiency of some amino acids, in 
particular lysine and methionine, the content of which is 
low in some seeds, such as safflower seeds and peanuts 
[5, 12, 13]. 

The need for protein for growth. 
Requirements for rapid growth and development mean 
that young birds have increased protein needs. If we take 
into account the growth rate, we see that the protein 
needs of chicks are much higher than those of adult birds. 
Newly hatched budgerigar chicks double in weight in 
two days and then continue to grow rapidly until they are 
thirty days old. In addition to the huge weight gain, birds 
develop full plumage. However, the optimal level of 
protein in the diet has yet to be established. When the 
protein content is at least 25 %, the chick develops much 
better. The fluid formed in the goiter of budgerigars, 
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which is intended for feeding chicks, contains from 24 to 
26 % protein relative to dry matter, which leads to the 
conclusion that this level is optimal for budgies that have 
just hatched. After a few days, protein requirements are 
reduced, and studies in squash pigeons have shown that 
at this stage the conditions for optimal growth and 
development are achieved when the protein content in the 
diet is 18 %. Studies of chicks of small Australian crested 
cockatoos (Nymphicus hollandicus) have shown that to 
maintain maximum growth, the diet should contain 20 % 
protein. Subsequent studies have suggested that the 
minimum lysine requirements are 0.8 %. Modern 
research on canary chicks leads to the conclusion that the 
protein content in the feed should be 16.5 – 21.9 %. 
Excess protein in the diet (23 %) inhibited the growth of 
older chicks mentioned by the Australian cockatoo, so it 
would be unwise to overload the diet.  

The amino acid needs of developing chicks are 
different from the needs of adult birds. In addition to 10 
essential amino acids, decorative birds and songbirds 
need glycine and proline for optimal development. 
Glycine is an integral precursor of uric acid this is one of 
the reasons why the bird has high requirements for the 
content of this amino acid in the diet. In addition, glycine 
is the main component of collagen and feathers (table 2). 
Thus, a deficiency of this amino acid immediately affects 
the development of chicks. If to get the right amount of 
glycine you have to give the chicks an increased amount 
of food, the serine in the liver can be converted into 
glycine. However, since the rate at which the chick 
synthesizes glycine is less than the rate at which it is 
used, it is useful to introduce appropriate supplements 
into the diet. A similar situation occurs in the case of 
proline. This is the main component of collagen and 
feathers, which explains the importance it has for the 
development of chicks. Glutamate is a common precursor 
of proline, and therefore it is often called a "semi-
essential" component of the diet of chicks [5, 12, 13]. 

 
Table 2 – The main amino acid protein of 

budgerigar feathers 

Amino acid Content in protein, % 

Glutamic acid 7,72 
Cystine 7,45 
Proline 7,26 
Valine 5,41 
Leucine 5,30 
Glycine 4,60 
Aspartic acid 4,54 
Arginine 4,27 
Serine 4,12 
Alanine 4,07 

 
The need for protein and amino acids during 

molting. The plumage creates a heat-insulated layer in 
birds, and also acts as a water-repellent coating and 
promotes flight. The formation of follicles is observed 
during the development of the embryo, but later the 
feathers of birds more than once during life fall out and 
recover. At the age of four months, the budgie 

experiences its first moult. In Western Europe, the main 
annual moult occurs in autumn. It begins when the 
temperature drops and usually lasts six to eight weeks. 
The pattern of molting is the same as that of canaries and 
finches. 

Feathers 85 – 97 % consists of protein, and 
almost all protein is represented by keratin. Thus, the 
amino acids of the diet play an important role in the 
development of plumage. The main amino acids involved 
in the synthesis of keratin are methionine and cystine. 

Cystine is a component of keratin, methionine is 
important as a precursor to cystine. Studies have shown 
that during the period of rapid development of plumage, 
the maximum feeding efficiency is achieved if cystine is 
at least half of the sulfur-containing amino acids in the 
diet. As the feathers grow, the nutritional value of cystine 
decreases. Thus, during the molting period it is 
reasonable to include in the diet of both rapeseed and 
white millet, which contain many of these amino acids. 
There are other amino acids that are important for 
healthy plumage, including lysine and arginine. Lysine is 
also required for pigmentation, which is probably due to 
its role in the formation of melanin. In addition, there is 
evidence of a link between the lack of feed arginine and 
the plucking of feathers by birds. 

Birds that lose their feathers either due to 
disease or plucking have higher feed needs, which allows 
them to compensate for this effect. In addition to the 
need for amino acids for the growth of new feathers in 
birds with incomplete plumage, there is increased heat 
loss. This leads to an increase in metabolic rate by more 
than 60 % with an even increase in energy needs for heat 
generation and plumage recovery. Energy consumption 
by birds that have lost their plumage is more than 85 % 
higher than that of birds with normal plumage (at 22 °C). 
It should be noted that at this time the birds should be fed 
mainly grain with high energy value, such as oats or 
oilseeds [5, 12, 13]. 

 
Interaction of amino acids. The interaction of 

glycine – serine and glutamate – proline reveal the 
importance of analyzing the role of amino acid needs in 
the diet. For adult birds, the interaction between sulfur-
containing amino acids, which are integral components 
of feathers, is important. Thus, given the interactions 
between methionine and cystine, the minimum feed 
requirement for methionine is expressed as the need for 
both of these amino acids. Also for chicks feed need for 
glycine is determined by the total content of glycine and 
serine in the diet. The situation is complicated by the fact 
that the need for feed glycine increases under the 
influence of low concentrations of methionine, arginine 
or B vitamins [5, 12, 13]. 

 
Carbohydrates. The main function of all 

carbohydrates consumed by decorative birds and 
songbirds is a direct source of energy. The enzymes of 
the digestive tract of birds are as effective in breaking 
down starch as the enzymes of other animals. However, 
birds have a more limited ability to digest 
polysaccharides of non-starchy nature, in particular, in 
birds that have a rudimentary cecum or do not have it at 
all [5, 12, 13]. 
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Water. Physiologically, birds are less dependent 
on drinking water than mammals because they excrete 
nitrogenous excrement in the form of insoluble uric acid 
rather than urea. As a result, their excrement contains 
very little water, an average of 32.8 – 6.5 %. However, 
water remains the most important component of feeding. 
It plays the role of a transport medium, an environment 
in which metabolic reactions take place and which is 
vital for the regulation of the body temperature of birds. 
Species of birds for which water is of paramount 
importance are those species whose main part of the diet 
is dry seeds. Decorative birds and songbirds birds such as 
budgies, canaries and finches are in constant need of 
fresh water. Wavy parrots, receiving a diet based on 
seeds with supplements, consume 3 to 5 ml of water 
daily. Of all the birds kept in cages, canaries are the most 
sensitive to the presence of water and in its absence can 
die in 48 hours. On the other hand, budgies in the process 
of evolution have the ability to survive in minimal water 
content, but they also need to give fresh water daily. If 
the bird does not consume enough water, its manure is 
meager. In addition, the proportion of fecal masses in the 
manure increases so much that the manure becomes dark 
green [5, 13]. 

 
Vitamins.  
Vitamin A deficiency is commonly found in 

captive parrots, and most commonly in African grays and 
Amazons. Clinical symptoms include increased 
susceptibility to respiratory infections, kidney disease, 
oral abscesses, reduced hatching and high mortality of 
chicks at hatching. Birds are able to convert β-carotene 
feed to vitamin A, but most seeds contain very little. 
Most of the diseases associated with vitamin A 
deficiency are caused by the use of unbalanced diets and, 
especially in parrots, overeating sunflower seeds. Fish oil 
is a good source of vitamin A as well as iodine, and is 
often used by poultry farmers as a dietary supplement. 
However, the use of excessive amounts of additives can 
lead to a toxic dose of vitamin A, so it is necessary to 
exercise caution and caution in assessing the proposed 
amount of vitamin A bird.  

The effectiveness of vitamin D for birds is only 
one-thirtieth of the effectiveness of vitamin D3 
(cholicalciferol). Vitamin D is essential for the 
absorption of calcium in the digestive tract and for 
calcium metabolism in the bones. Insufficient intake of 
vitamin D with food or UV light for the synthesis of 
vitamin D from steroids in the skin leads to metabolic 
bone disease. Symptoms of calcium deficiency the 
inability of bones and beak to calcify during growth and 
demineralization of bones in adult birds. In addition, the 
plumage may be damaged, and with a certain color of the 
feathers may develop abnormal blackening. During the 
breeding season, vitamin D deficiency leads to thinning 
of the egg shell. Hatching of chicks from eggs decreases, 
embryos have deformed or only partially formed beaks.  

Vitamin E deficiency in poultry leads to 
encephalopathy, exudative diathesis or muscular 
dystrophy. Symptoms of encephalopathy include loss of 
coordination, throwing the head, stretching the legs and 
squeezing the toes. Exudative diathesis is caused by 
increased permeability of capillaries due to the 

accumulation under the skin in the chest exudate, which 
is a derivative of hemoglobin. This exudate has a 
characteristic green color. Feeding-related muscular 
dystrophy, especially of pectoral muscles, is observed in 
combination with vitamin E and selenium deficiency. 
With vitamin E deficiency, selenium can prevent both 
exudative diathesis and muscular dystrophy. Small 
Australian cockatoos with varying degrees of paralysis 
responded to the addition of vitamin E and selenium. 
Whole grains contain a sufficient amount of vitamin E, 
so when keeping birds on a normal diet based on seeds, 
vitamin E deficiency is rare. Alfalfa and seed germ oils 
contain a particularly high level of vitamin E, so if 
necessary can be used as additional sources of this 
vitamin. 

Vitamin K is found in most green leaves and 
herbs. In addition, intestinal bacteria synthesize vitamin 
K, which can then be absorbed. Only when antibiotics 
are used does this non-feed source of vitamin K become 
unavailable. As a result, vitamin K deficiency is rare. 

We do not have published data on the needs of 
decorative birds and songbirds species in B vitamins. 
Thus, our knowledge of these needs is based on the 
results of work performed on poultry and on the 
symptoms observed in keeping birds on B-deficient diets. 

Thiamine (B1) is found in grains, although 
pathogens caused by some fungal infections can reduce 
its amount. Deficiency can occur when infected with 
specific intestinal bacteria that produce thiaminase, 
which destroys thiamine before it is absorbed by the bird. 
Manifestations of deficiency include loss of appetite, 
general weakness and polyneuritis. The latter symptom 
develops in chicks at a rapid pace, accompanied by 
drowsiness, tremor of the head, and in more advanced 
cases throwing his head back. 

The use of deficient rations in the feeding of 
chicks riboflavin (B2) leads to growth retardation and 
paralysis (with wrapping of the fingers). In cases of 
minor deficiency, spontaneous recovery may occur. 
Curable and early stages of the disease. Moderate 
deficiency can lead to the death of embryos in the middle 
of hatching and to a reduction in hatching. 

Pyridoxine (B6) and related compounds 
(pyridoxal and pyridoxamine) are common in cereals, so 
cases of deficiency are rare. 

Biotin is also abundant in cereals, so the 
likelihood of deficiency of this vitamin in birds eating 
normal diets is low. In birds kept on an experimental 
diet, specific symptoms of biotin deficiency include foot 
dermatitis and lesions in the submandibular and eye area. 
It is unclear whether birds are able to utilize biotin, 
which is synthesized by the intestinal microflora. 

Vitamin B12 is not found in plants, but is present 
in meat, milk and yeast. Birds receive some amount of 
vitamin B12 by absorbing vitamin synthesized by 
bacterial microflora in the intestine or by ingesting feces 
(coprophagy). Vitamin B12 deficiency leads to anemia 
and erosion of the muscular stomach, as well as has a 
devastating effect on the skin and plumage. The process 
of hatching chicks in conditions of insufficient reserves 
of vitamin B12 may be accompanied by a high mortality 
rate. 
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Niacin (nicotinic acid) deficiency results in 
stunted growth, poor plumage, and stomatitis. In 
chickens, this disease is known as "black tongue", and 
progressive inflammation of the tongue and esophagus 
leads to reduced feed intake. Most seeds contain enough 
niacin, except corn. Because corn also has a low 
tryptophan concentration, diets high in corn should be 
supplemented with sources of potential niacin precursors. 

Pantothenic acid is important for the growth 
and integrity of plumage in chickens. In chickens, signs 
of its deficiency include slow growth, the appearance of 
"snacks" in the corners of the beak and nostrils, as well 
as dermatitis of the fingers (biotin deficiency affects 
primarily the pads on the soles and toes). Wheat and oat 
grains give a sufficient amount of pantothenic acid. 

Choline is found in many feeds and is present in 
the seeds in an amount sufficient to prevent symptoms of 
deficiency. Symptoms of deficiency in poultry include 
growth retardation and limb structure abnormalities. 
Adult birds are likely to be able to synthesize enough 
choline to meet their needs, but growing birds and birds 
need breeding choline sources during the breeding 
season. As a complicating factor, the need for choline 
may depend on the level of vitamin B12 in the diet. 

In birds with folic acid deficiency there is a 
growth retardation, poor plumage, loss of feather 
pigmentation and the appearance of characteristic 
anemia. The specificity of anemia caused by folic acid 
deficiency is expressed in a decrease in the number of 
erythrocytes, which increase in size, their deformation, 
the content of increased amounts of hemoglobin. 

In general, birds do not need feed vitamin C, 
although there are exceptions to this rule: the Asian bulb 
Pycnonotus cafer and one species of nectar Aethopyga 
siparaja. Vitamin C supplements can have a positive 
effect during physiological stress, for example, during 
reproduction, molting or growth [5, 11, 14]. 

 
Minerals.  
Calcium and phosphorus are important for the 

development and maintenance of the skeletal structures 
of birds. In the body of a growing bird, most of the 
calcium contained in the diet is used to form bones, while 
in the reproduction of birds, most of the calcium will be 
used by the female to form the eggshell, which is 98 % 
calcium carbonate. Partly due to the high growth rate of 
captive birds, calcium and phosphorus requirements are 
high. The ideal ratio of calcium and phosphorus (Ca:P) 
compared to most mammals is also very large 
(approximately 2:1). 

Imbalance in the absorption of calcium and 
phosphorus (or lack of vitamin D in the diet) in domestic 
parrots is common and leads to a variety of diseases. 
Rickets is most often observed. Rickets usually occurs as 
a result of feeding birds only seeds with a high fat 
content and low mineral content, and at a low ratio of 
Ca:P. When feeding seeds with a high oil content, 
insoluble calcium soaps can interfere with the absorption 
of calcium in the intestine and further exacerbate the 
absolute and relative calcium deficiency. To maintain a 
normal level of calcium in the blood, the calcium 
contained in the bones of the skeleton goes into a soluble 
state, which leads to osteomalacia. he result of chronic 

calcium deficiency is usually secondary forage hyper-
parathyroidism, a fairly common disease of parrots. In 
birds that received a diet with moderate calcium 
deficiency, clinical symptoms of the disease can develop 
over years. They usually manifest themselves in the form 
of loss of appetite, plucking of feathers, weakness and 
drowsiness. In more severe cases, bone fractures may 
occur, and some individuals may develop hypocalcemic 
tetany and convulsions. There is evidence that some 
species of parrots are more sensitive to calcium 
deficiency than others. For example, in African gray 
parrots, hypocalcemia is common.  

In practice, a sufficient concentration of calcium 
in the diet can be ensured by giving the birds shellfish, 
limestone gravel, cuttlefish shells, as well as direct 
addition of calcium to the diet. High concentrations of 
calcium carbonate or calcium phosphate in the diet can 
give the feed an unpleasant taste, so you need to be 
careful in dosages. Studies of diets containing 1 % 
calcium have shown that this amount is sufficient for 
reproduction in some large species of parrots, the same 
level is recommended for turnips, to prevent calcium 
deficiency. On the contrary, it is shown that the content 
of 0.35 % of calcium is sufficient to ensure the thickness 
of the eggshell and its conductivity in Australian 
cockatoos during the breeding season. Some studies have 
shown that 0.8 % of calcium is a sufficient concentration 
for budgies during breeding and growth, the real needs 
may be lower. Usually phosphorus is abundant in the 
seeds, but only 30 – 40 % is contained in non-phytate 
form and can be considered as available to the body of 
birds. If there is a deficiency of phosphorus in the diet, 
the needs for phosphorus in nervous tissue, cellular 
structures and enzyme synthesis take precedence over the 
needs for bone formation. Thus, deficiency always 
affects the skeleton [5, 11]. 

Interactions occur between different trace 
elements, which can lead to bioavailability problems (for 
example, between copper and molybdenum, calcium and 
zinc, manganese and iodine, mercury and selenium). 
Therefore, any feed additive must be made taking into 
account these interactions, otherwise excessive 
concentrations of one mineral may lead to a deficiency of 
another. 

Minerals can also be used in the body of birds to 
form colored pigments of plumage and skin. Copper, for 
example, is found in turacin, a pigment that gives 
feathers a blue color. Hypopigmentation of the plumage 
can occur with iron deficiency. 

Iodine deficiency was often observed in budgies 
when kept on cereals without additives. The result was a 
decrease in the production of thyroid hormones with an 
increase in its volume (goiter, current), which, in turn, 
could lead to difficulty breathing, belching food and loss 
of activity. Symptoms of deficiency are more common in 
areas far from the sea, even drinking water contains little 
natural iodine. Scientists recommend to add 2 μg of 
iodine to the diet twice a week to prevent thyroid 
dysplasia in budgies or add 1 % fish oil to the standard 
diet. Some feeds may contain goitrogenic substances. For 
example, peanuts contained in peanuts affect the 
utilization of iodine. High levels of calcium can also 
exacerbate iodine deficiency by reducing absorption. 
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Table 3 – The needs of budgies in basic 
nutrients and biologically active substances 

Indicator Mass fraction 

Protein, % 10 – 17 

Fat, % 6 – 9 

Saccharose, % 3 – 4,6 

Cellulose, % 3,5 – 7 

Essential amino acids, mg/100 g: 

lysine 1,02 

threonine 1,20 

methionine 0,80 

cystine 0,40 

phenylalanine 1,20 

tyrosine 1,00 

valine 1,50 

leucine 0,80 

arginine 1,90 

histidine 0,70 

tryptophan 0,30 

Vitamins: 

А, IU/kg 200 – 500 

D3, IU/kg 500 – 800 

Е 0,20 – 0,60 

К 0,20 – 0,40 

В1 0,20 – 0,40 

В2 0,12 – 0,50 

РР 0,15 – 0,60 

В6 0,40 – 0,60 

В8 0,10 – 0,24 

В12, μg/kg 0,24 – 0,50 

Minerals: 

Са, % 0,90 – 1,30 

Р, % 0,68 – 0,75 

Мg, % 0,015 – 0,02 

К, % 0,20 – 0,30 

Мn, mg/kg 0,80 – 0,90 

Sе, mg/kg 0,75 – 1,00 

І, mg/kg 0,30 – 0,40 

Zn, mg/kg 0,40 – 0,65 

Fe, mg/kg 0,78 – 0,85 

Cu, mg/kg 0,80 – 1,00 

 
 
 

Manganese deficiency causes perose in poultry. 
Hock joints swell and become denser, the Achilles 
tendon is displaced relative to the normal state. Peroz 
was observed in keelless birds and cranes, but there is no 
data on its presence in rowans and parrots. This is 
probably due to the fact that they have shorter limbs and 
less body weight compared to birds that move mainly on 
land. However, although rowans and parrots do not show 
clinical signs of manganese deficiency, this does not 
necessarily mean that their needs are different from those 
of  other  birds.  Since  the  seeds  have been shown to be 
low in manganese, it probably makes sense to use 
appropriate dietary supplements. 

Zinc is usually found in excess in most feeds, 
particularly in seed germs. However, zinc of plant origin 
is less available to the body of poultry than zinc of 
animal origin, due to the formation of insoluble zinc-
phytate complexes. In addition, the availability of zinc is 
reduced by calcium, by forming the most insoluble 
mixed zinc calcium-phytate complex. Signs of marginal 
or chronic zinc deficiency include anorexia, poor wound 
healing, skin diseases, scaly paws, and decreased 
reproductive capacity. Excess zinc can also be 
dangerous, inhibiting growth and causing anemia. Very 
high concentrations of zinc are toxic [5, 11]. 

In the table 3 the needs of budgies in the main 
nutrients and biologically active substances are given [5, 
10-13]. 

Based on the above, taking into account the 
needs of decorative and songbirds in nutrients and 
biologically active substances, recipes for complete feed 
were calculated. A method of production of compound 
feeds for decorative birds and songbirds in the form in 
the form of crumbs or a blend of crumbs obtained by 
extrusion [15]. This will allow them to meet both 
behavioral and feed needs. 

 
Conclusions  
On the basis of the conducted scientific 

researches the requirements concerning quantity of 
energy for an decorative and songbirds at the 
maintenance in house conditions, at reproduction, in the 
period of growth are studied; needs of adult birds, during 
growth and molting in proteins and amino acids; needs 
for fats and essential fatty acids; carbohydrates; vitamins 
and minerals. 

The functional purpose of nutrients and 
biologically active substances, symptoms that occur in 
the body of decorative and songbirds in their absence or 
excess in the feed, as well as their sources and minimum 
needs of birds during breeding, growth and maintenance 
of healthy birds. 

To meet the forage needs of decorative and 
songbirds when kept in captivity, one of the most 
effective methods is to create complete feed by using 
innovative technologies (for example, in the form of 
crumbs or a blend of crumbs obtained by extrusion). This 
will provide an opportunity to meet both the behavioral 
and feeding needs of birds. 
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Кафедра технології комбікормів і біопалива 
Одеська національна академія харових технологій, 112, Канатна, Одеса, Україна, 65039 

 

ІННОВАЦІЙНІ ПІДХОДИ ПРИ ФОРМУВАННІ РЕЦЕПТІВ  
КОМБІКОРМІВ ДЛЯ ДЕКОРАТИВНОЇ ТА СПІВУЧОЇ ПТИЦІ І  

ТЕХНОЛОГІЇ ЇХ ВИРОБНИЦТВА 
 

Анотація  
З кожним роком зростає частка комбікормів для непродуктивних домашніх тварин на комбікормових 

ринках світу. Згідно з даними FEDIAF, декоративна та співуча птиця є третьою за величиною популяцією до-
машніх улюбленців (коти і собаки, відповідно, номери 1 і 2), 51,87 млн декоративних птахів у всій Європі (37,23 
млн з них в Європейському Союзі) у 2019 році. 

Декоративна та співуча птиця потребує повноцінної годівлі для підтримки життя та здоров'я. На 
сьогоднішній день власники декоративної та співучої птиці в своєму розпорядженні мають широкий асорти-
мент готових кормів, що дозволяє їм зробити правильний вибір відповідного режиму годівлі їх улюбленців. Ана-
лізуючи ринок комбікормів для декоративної та співучої птиці, побачили, що суттєву його частину займають 
комбікорми імпортного виробництва, в той час як асортимент вітчизняних комбікормів на ринку України ду-
же малий і не завжди відповідає вимогам ринку та не витримує конкуренції. Проте, представлені комбікорми 
важко назвати повнораціонними, так як це в основному різні види кормових сумішей, до складу яких входять, у 
залежності від цінової категорії, різні види компонентів: починаючи із зернових – і закінчуючи різними горіха-
ми та сухофруктами. Комбікорм повинен містити всі компоненти, необхідні для вироблення енергії, росту, 
регенерації тканин, а також для регулювання обміну речовин. Повнораціонний комбікорм для декоративної та 
співучої птиці повинен містити у визначеній кількості всі поживні та біологічно активні речовини. Слід та-
кож враховувати такі фактори, як вік, загальний стан здоров'я, період розмноження, росту, линьки, умови 
утримання і навіть пору року.На сьогоднішній день є ряд питань, які потребують удосконалення наших знань 
про потреби у поживних та біологічно активних речовинах для кожного виду декоративних та співучих пта-
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хів, включаючи особливості кормової сировини, кількості енергії, перетравності корму і вмісту в ньому пожи-
вних та біологічно активних речовин.  

У зв’язку з цим необхідно вивчити кожен клас поживних та біологічно активних речовин і особливості 
формування рецептів комбікормів з урахуванням потреби в них декоративної та співучої птиці. Детально ви-
вчити функціональне призначення поживних та біологічно активних речовин, симптоми, які виникають в орга-
нізмі декоративної та співучої птиці при їх недостачі або надлишку в кормі, а також їх джерела і мінімальні 
потреби птиці у період розмноження, росту та підтримання організму здорової птиці. 

Щоб задовольнити кормові потреби декоративної та співучої птиці при їх утриманні в неволі, одним з 
найефективніших методів є створення повнораціонних комбікормів шляхом застосування інноваційних техно-
логій (наприклад, у вигляді крупки або суміші крупок, одержаної шляхом екструдування). Це дасть можливість 
забезпечити задоволення як поведінкових так і кормових потреб птахів. 

Ключові слова: декоративна та співуча птиця, поживні та біологічно активні речовини, рецепт, 
інноваційні технології, екструдований повнораціонний комбікорм для декоративної та співучої птиці. 
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THE ANTIDISBIOTIC EFFECT OF OIL CAKE FROM 
HIGH OLEIC SUNFLOWER SEEDS IN RATS WITH  

EXPERIMENTAL DYSBIOSIS 
 

Abstract 
The work shows the relevance of the use in feeds production of means for correcting the microbiome. It is shown that the use 

of probiotic and prebiotic preparations increases the zootechnical efficiency of feed products, contributes to an increase in the 
amount of livestock and poultry products and forms its quality and safety. The expediency of using oil cake from high oleic sunflower 
seeds in the production of feed products has been substantiated from the point of view of ensuring the nutritional value of products 
and a positive effect on the norm of the flora of farm animals and poultry. 

Experimental dysbiosis in rats was reproduced with lincomycin. Oilcakes from linoleic and high oleic sunflower seeds were 
added to the diet in an amount of 10%. The experiment lasted 18 days. The activity of urease, lysozyme, elastase was determined in 
the mucous membranes of the digestive tract (oral, small and large intestine), and the degree of dysbiosis was calculated. 

The therapeutic and prophylactic effect of oil cake from high oleic sunflower seeds on the development of inflammatory and 
dystrophic processes in the digestive system of rats under experimental dysbiosis was established. Studies have established an in-
crease in the activity of elastase, urease, a decrease in the activity of lysozyme in rats with experimental dysbiosis. It was found that 
the consumption of high-oleic sunflower oil cake has a significantly greater therapeutic and prophylactic effect in comparison with 
the linole-type sunflower oil cake, since it reduces the level of elastase by 23-45%, urease by 13.5-58% in the mucous membranes of 
the digestive tract. An increase of 25-94% in the activity of lysozyme in animals with experimental dysbiosis was established when 
using oil cake from high oleic sunflower. It was found that the consumption of oil cake from high oleic sunflower seeds reduces the 
degree of dysbiosis in all tissues, especially in the small intestine (5 times). 

It was found that with dysbiosis in the digestive system, inflammatory-dystrophic processes develop as a result of a decrease 
in the level of nonspecific immunity. It was found that the consumption of oil cake from the seeds of high oleic sunflower has an anti-
disbiotic effect and, as a consequence, mucosoprotective effect. 

Key words: feeds, cake, high-oleic sunflower, digestive system, dysbiosis, inflammatory processes. 

 “Зернові продукти і комбікорми”, 2021 



 

39  http://grain-feed.onaft.edu.ua 

Grain Products and Mixed Fodder’s, Vol.21, I.3 (83) / 2021 

 
Introduction 
Numerous studies have established that probi-

otic and prebiotic preparations improve intestinal func-
tion and normalize the digestion of feed in farm animals 
and poultry, increasing the zootechnical efficiency of 
diets. Colonization of the gastrointestinal tract with bene-
ficial microflora helps to reduce the negative impact of 
pathogenic or opportunistic microorganisms, maintain 
optimal acidity of the environment, prevent dysbiosis, 
stimulate local and general immunity factors, reduce the 
amount of antibiotics and drugs used in animal husband-
ry and [1]. 

Topical issues in feed production are the sub-
stantiation of the composition and formulation of prod-
ucts, taking into account its effect on the normal flora of 
farm animals and poultry. 

With the press method of processing sunflower 
seeds, almost 60% of cake is formed with a content of 9 
to 15 % fat and more than 30% protein. The use of cake 
in the composition of mixed fodders significantly in-
creases the content of protein and fat. 

Recently, they began to grow high oleic varie-
ties and hybrids of sunflower [2, 3], containing in the fat 
composition a large amount (80 ... 90 %) of valuable 
oleic acid (C18: 1, ω -9), a low amount (less than 10 %) 
of linoleic acid (C18: 2, ω -6) and a small amount (up to 
5%) of palmitic acid (C16: 0), harmful to the body [4]. It 
was found that high-oleic sunflower hybrids contain 
more protein than high-salt varieties [5]. 

The aim of this work was to determine the ef-
fect of oil cake from high oleic sunflower seeds on the 
development of dysbiosis in the digestive system of rats. 
For comparison, a cake from the seeds of a common sun-
flower of the linoleic type was used. 

 
Materials and methods of research. 
In the work, 20 Wistar rats (males, 2-2.5 

months, live weight 193 ± 13 g) were used, which were 
divided into 4 levels of the group: 1st control, which re-
ceived a standard diet [6]; Groups 2, 3, 4 received the 
antibiotic lincomycin at a dose of 70 mg / kg with drink-
ing water for the first 5 days to reproduce the experi-
mental dysbiosis [7]. Rats of the 3rd group received 10 % 
of linoleic-type sunflower oil cake with food (replace-
ment of 10 % wheat grain), and rats of the 4th group re-
ceived 10 % high-oleic sunflower oil cake with food (re-
placement of 10 % wheat grain). 

The fat content in macus from sunflower seeds 
of the linoleic type was 9.1 %, the content of linoleic acid 
was 54.5% of the total fatty acids. The fat content of the 
macaus of the high oleic sunflower was 8.9 %, the oleic 
acid content was 84.6%. The analysis of the fatty acid 
composition of the oil cake was carried out in accordance 
with [8]. 

 
The duration of feeding was 18 days. 
The animals were euthanized on the 19th day of 

the experiment under thiopental anesthesia (20 mg / kg) 
by total bleeding from the heart. The liver and mucous 
membranes of the cheeks (oral cavity (OOM)), small and 
large intestines were isolated, after washing them with 
cold 0.9 % NaCl solution. 

In tissue homogenates, the activity of the proteo-
lytic enzyme elastase [9], the activity of the bacterial 
enzyme urease [9], the activity of the antimicrobial en-
zyme lysozyme [9] were determined, and the degree of 
dysbiosis was calculated according to A.P. Levitsky [9]. 

The experimental results were subjected to 
standard statistical processing [10]. 

 
Results and discussion. 
Table 1 presents the results of determining the 

activity of elastase in the mucous membranes of the di-
gestive system of rats, which is a marker of inflammato-
ry-dystrophic processes [9] and the activity of the bacte-
rial enzyme urease. 

As can be seen from the data, in all studied tis-
sues of rats with dysbiosis, the level of elastase increases: 
in the oral mucosa by 20 %, in the small intestine by 57 
%, in the large intestine by 70 %. 

In rats that consumed linoleic sunflower cake, 
elastase activity decreased slightly in the mucous mem-
branes of the mouth and small intestine (only by 3-5 %) 
and significantly (by 31 %) in the mucous membrane of 
the large intestine. 

In rats that consumed oil cakes from high oleic 
sunflower seeds, the activity of elastase in the OAS de-
creases by 23 %, and in the mucous membrane of the 
small intestine by 45 %, in the mucous membrane of the 
large intestine, a decrease of 5%. 

From the data obtained on the activity of urease 
in the studied tissues, it can be seen that the level of this 
enzyme in rats with dysbiosis increases in the OAS by 
168 %, in the mucous membrane of the small intestine by 
280 % and in the mucous membrane of the large intestine 
by 197 %. 

Consumption of oil cake from linoleic sunflower 
seeds somewhat reduces the level of urease, however, P 
> 0.05. Only the addition of oil cake from high oleic sun-
flower to the diet significantly reduced the activity of 
urease: in the OAS by 41 %, in the small intestine by 58 
%, in the large intestine the level of this enzyme de-
creased by 13.5 %. 

Table 2 shows the results of determining the ac-
tivity of the antimicrobial enzyme lysozyme in the tis-
sues of rats with experimental dysbiosis. It can be seen 
that in all tissues the level of lysozyme decreases, espe-
cially in the colon - by 51%. 

Consumption of oil cake from ordinary sun-
flower (linoleic type) had little effect on the level of ly-
sozyme, while the addition of oil cake from high oleic 
sunflower to the diet significantly increases the activity 
of lysozyme: in the small intestine by 94 %, in the large 
intestine. 

From the results of determining the degree of 
dysbiosis in the digestive system of rats, it can be seen 
that the degree of dysbiosis in the OAS increases by al-
most 3 times, and in the intestine by 5-6 times, provided 
that the antibiotic lincomycin is used. 

As can be seen from the data obtained (Table 
2.), the consumption of oil cake from sunflower seeds of 
the linoleic type reduces the degree of dysbiosis, but it is 
reliable only in the OSS. Consumption of oil cake from 
high oleic sunflower seeds reduces the degree of dysbio-
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sis in all tissues, especially in the small intestine (5 
times). 

Thus, the data obtained have shown that in ani-
mals with dysbiosis, damage to the digestive system is 
observed (inflammatory-dystrophic processes). This is 

evidenced by an increase in the activity of the biochemi-
cal marker of inflammation, the enzyme elastase. An 
increase in bacterial seeding of the mucous membrane of 
the digestive tract is evidenced by an increase in the ac-
tivity of urease. 

 

Table 1- The effect of sunflower seed cake on the activity of elastase and urease in the digestive system of 
rats with experimental dysbiosis 

Table 2 - Influence of oil cake from sunflower seeds on the activity of lysozyme and the degree of dysbio-
sis in the digestive system of rats 

№  Group 

Lysozyme, units / kg Degree of dysbiosis, units 

Oral 
mucosa , 
µkat /kg 

mucous 
membrane of 

the small 
intestine , 
µkat /kg 

mucous 
membrane of 

the colon , 
µkat /kg 

Oral 
mucosa , 
µkat /kg 

mucous 
membrane 
of the small 
intestine , 
µkat /kg 

mucous 
membrane 

of the 
colon, 

µkat /kg 
1 Control 189±16 275±35 522±28 1.00±0.12 1.00±0.27 1.00±0.15 
2 Experimental 

dysbiosis (ЕD) 
178±8 
Р>0.1 

191±32 
Р>0.05 

297±5 
Р<0.01 

2.87±0.39 
Р<0.01 

5.39±0.88 
Р<0.001 

5.57±0.84 
Р<0.01 

3 ЕD +  sunflower 
seed cake linoleic 
type 

166±19 
Р>0.3 
Р1>0.3 

213±17 
Р>0.05 
Р1>0.3 

290±20 
Р<0.01 
Р1>0.05 

1.75±0.23 
Р<0.05 

Р1<0.05 

4.69±0.91 
Р<0.001 
Р1>0.3 

4.96±0.77 
Р<0.01 
Р1>0.3 

4 ЕD+  high oleic 
sunflower seed 
cake 

194±10 
Р>0.3 
Р1>0.05 
Р2>0.05 

414±14 
Р<0.01 
Р1<0.01 
Р2<0.01 

364±20 
Р<0.01 
Р1<0.01 
Р2<0.05 

1.9±0.27 
Р>0.05 

Р1<0.05 
Р2>0.3 

0.93±0.28 
Р<0.05 

Р1<0.01 
Р2<0.01 

3.66±0.59 
Р<0.05 

Р1>0.05 
Р2>0.05 

Note: P - compared with group 1 
         P1 - compared with group 2 
         P2 - compared with group 3 

 
The reason for the development of pathological 

phenomena in the digestive system may be a significant 
decrease in the level of nonspecific immunity, an indica-
tor of which is the enzyme lysozyme. As our research has 
shown, the consumption of high oleic sunflower meal 
can significantly affect the state of the digestive system 
in conditions of dysbiosis. Normalization is due to an 
increase in the activity of lysozyme and a decrease in the 
level of inflammatory-dystrophic processes. 

The benefits of oil cake from high oleic sun-
flower seeds are most likely due to the presence of a 

large amount of oleic acid, which is an antioxidant [11] 
and stimulates endogenous biosynthesis of ω3 PUFA 
(polyunsaturated fatty acids) [12], as a result of which 
inflammatory processes are inhibited in the body. regen-
eration [13, 14]. The established ability of high oleic sun-
flower cake to neutralize the negative manifestations of 
the antibiotic and restore homeostasis in the "microbe - 
human" system allows us to recommend its use as a 
component of feed products not only as a source of pro-
tein, but as a component with functional properties, in 
particular antidisbiotic. 

№ Group 

Elastase Urease 

Oral 
mucosa , 
µkat /kg 

mucous 
membrane 
of the small 

intestine,  
µkat /kg 

mucous 
membrane of 

the colon,  
µkat /kg 

Oral 
mucosa, 
µkat /kg 

mucous 
membrane 
of the small 
intestine , 
µkat /kg 

mucous 
membrane 

of the colon, 
µkat /kg 

1 Control 54.6±6.1 1.04±0.06 44.3±3.3 0.13±0.03 1.28±0.31 1.28±0.16 
2 Experimental 

dysbiosis (ЕD) 
65.7±5.3 
Р>0.05 

1.63±0.05 
Р<0.01 

76.3±2.2 
Р<0.01 

0.34±0.004 
Р<0.05 

5.14±1.85 
Р<0.05 

3,8±0.57 
Р<0.05 

3 ЕD +  sunflower 
seed cake lino-
leic type 

63.3±10.84 
Р>0.3 
Р1>0.5 

1.55±0.08 
Р<0.01 
Р1>0.3 

52.8±9,1 
Р>0.05 
Р1<0.05 

0.25±0.04 
Р>0.05 
Р1>0.05 

4.99±0.59 
Р<0.05 
Р1>0.3 

3.3±0.57 
Р>0.05 
Р1>0.3 

4 ЕD+  high oleic 
sunflower seed 
cake 

48.7±6.9 
Р>0.3 
Р1>0.05 
Р2>0.05 

0.85±0.03 
Р<0.05 
Р1<0.001 
Р2>0.001 

48.0±3.3 
Р>0.3 
Р1<0.01 
Р2>0.35 

0.20±0.04 
Р>0.05 
Р1<0.05 
Р2>0.3 

1.92±0.75 
Р<0.05 
Р1<0.05 
Р2>0.05 

3.28±0.31 
Р<0.05 
Р1>0.3 
Р2>0.5 

Note: P - in comparison with group 1 
         P1 - in comparison with group 2 
         P2 - in comparison with group 3 
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Further research is advisable to establish the 
biological value, functional properties of oil cake from 
high oleic sunflower and substantiate the methods of 
effective use in the production of feed products. 

 
Conclusions. 
1. In conditions of dysbiosis, inflammatory and 

dystrophic processes develop in the digestive system. 

2. The use of drugs that normalize the intestinal 
microbe of farm animals and poultry in the production of 
feed products can significantly increase its zootechnical 
efficiency, contributing to an increase in the amount of 
products obtained and the quality and safety of the latter. 

3. Consumption of oil cake from high oleic sun-
flower seeds has an antidisbiotic effect and, as a result, 
mucosoprotective effect. 
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АНТИДИСБІОТИЧНА ДІЯ МАКУХИ З НАСІННЯ  
ВИСОКООЛЕЇНОВОГО СОНЯШНИКА  У ЩУРІВ З  

ЕКСПЕРИМЕНТАЛЬНИМ ДИСБІОЗОМ 
 

Анотація 
В роботі показано, актуальність застосування в кормовирбництві засобів для корекції мікробіому. 

Показано, що застосування пробіотичних та пребіотичних препаратів підвищує зоотехнічну ефективність 
комбікормової продукції, сприяє збільшенню кількості продукції тваринництва та птахівництва та формує її 
якість та безпеку. Обґрунтовано доцільність застосування макухи з насіння високоолеїнового соняшника при  
виробництві комбікормової продукції, з точки зору забезпечення поживної цінності продукції та позитивного 
впливу на нормофлору сільськогосподарських тварин та птиці.  

Експериментальний дисбіоз у щурів відтворювали за допомогою лінкоміцину. Макуху з насіння соняш-
ника лінолевого типу та високоолеїнового додавали до раціону в кількості 10%. Тривалість експерименту ста-
новила 18 днів. В слизових оболонках травного тракту (СОПР, тонка та товста кишка) визначали активність 
уреази, лізоциму, еластази, розраховували ступінь дисбіозу. 
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Встановлено лікувально-профілактичну дію макухи з насіння високоолеїнового соняшника на розвиток 
запально-дистрофічних процесів в травній системі щурів за умов експериментального дисбіозу. Дослідження-
ми встановлено зростання активності еластази, уреази, зниження активності лізоциму у щурів із експериме-
нтальним дисбіозом. Встановлено, що споживання макухи високоолеїнового соняшника має значно більшу ліку-
вально-профілактичну дію у порівнянні з макухою соняшника лінолевого типу, оскільки дозволяє знизити рівень 
еластази на 23-45%, уреази на 13,5-58% в слизових оболонках травного тракту. Встановлено збільшення на 
25-94% активності лізоциму у тварин з експериментальним дисбіозом за умови споживання макухи з високоо-
леїнового соняшника. Встановлено що споживання макухи з насіння високоолеїнового соняшника знижує сту-
пінь дисбіозу в усіх тканинах, особливо у тонкій кишці (в 5 разів). 

Встановлено, що за умов дисбіозу в травній системі розвиваються запально-дистрофічні процеси, як 
результат зниження рівня неспецифічного імунітету. Встановлено, що споживання макухи з насіння високоо-
леїнового соняшника здійснює антидисбіотичну дію і, як наслідок,  мукозопротекторну дію.  

Ключові слова: корми, макуха, високоолеїновий соняшник, травна система, дисбіоз, запальні 
процеси. 
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MODERNIZATION OF THE MACHINE FOR  
HYDROTHERMAL TREATMENT OF GRAIN 

 
Abstract 
The purpose of hydrothermal processing of grain is to change its initial technological properties in the direction of 

stabilization and maintaining them at the optimal level for the further process of processing it into the final product - flour or cereals. 
The use of devices of continuous action allows the steaming process to become more efficient, while hydrothermal treatment 
occupies a special place in the technology of processing cereals, obtaining them high consumer properties. The analysis of designs of 
devices of continuous action, shows that the most widespread have devices of horizontal type where the main working body of the 
steamer has functions of transportation and hashing. This design allows to achieve uniformity of steaming during processing of the 
product. To achieve a flexible change in the exposure of steaming, it is proposed to introduce a two-stage variator in the drive of the 
working body, which will significantly change the steaming time and use the apparatus for steaming more different crops, and to 
ensure a constant set steam pressure the design of which allows to carry out these operations without pressure losses. In the two-stage 
version of the variator, the rotation from its drive shaft by means of a V-belt is transmitted to the intermediate shaft, and from it by 
means of an additional V-belt to the main working shaft. The gear ratio is adjusted by turning the glasses and their synchronous shift 
in the axial direction.At the same time there is a simultaneous movement of movable conical disks, transfer of a V-belt and an 
additional V-belt to other diameters. We use sluice gates with a flat sealing surface and a fluoroplastic gasket to supply grain to the 
working chamber under pressure and unload it. This design allows the most effective sealing of the working chamber under pressure 
and to maintain the working pressure within the specified limits, with continuous loading and unloading of the device. The 
calculations show the feasibility and efficiency of modernization of the steamer by ensuring the tightness of the unloader and the 
uniformity of the speed of the product processed in the working chamber by using a two-stage gearbox or drive motor with a 
frequency converter. 

Key words: hydrothermal treatment, grain, groats, steaming, calculation, unloader, reducer. 
 

Problem statement 
Hydrothermal treatment occupies a special place 

in the technology of processing cereals and obtaining 
cereals and their derivatives (flakes, muesli, flour, dietary 
products, etc.) with high consumer properties. 

The analysis of designs of devices of continuous 
action, shows that devices of horizontal type with the 
transporting - mixing body have the greatest distribution. 
This design allows to achieve uniformity of steaming by 
mixing the product. 

The use of continuous devices allows the 
steaming process to become more efficient. 

To achieve a flexible change in the exposure of 
steaming, it is proposed to introduce a variator in the 
drive of the transporting body, which will significantly 
change the steaming time and use the apparatus for 
steaming more different crops, and to ensure a constant 
set pressure which allows you to perform these 
operations without pressure loss. 

In the two-stage version of the variator, the 
rotation from the drive shaft by means of a V-belt is 
transmitted to the intermediate shaft, and from it by 
means of an additional V-belt to the ice shaft. The gear 
ratio is adjusted by turning the glasses and their 
synchronous shift in the axial direction. At the same time 
there is a simultaneous movement of movable conical 
disks and transfer of a V-belt and an additional V-belt to 
other diameters. 

We use sluice gates with a flat sealing surface 
and a fluoroplastic gasket to supply grain to the working 
chamber under pressure and unload it. This design allows 

the most effective sealing of the working chamber under 
pressure and to maintain the working pressure within the 
specified limits, with continuous loading and unloading 
of the device. 

1. Description of the functional diagram of 
the machine. 

Before the start of the steamer (Fig. 1) is the 
connection of the machine to the mains and steam line, 
then the drive is turned on and the manual valve 7 
supplies steam to the vessel 1 to heat it for 5-10 minutes. 
After warming up the apparatus, the control valve 8 is 
adjusted depending on the required pressure in the 
apparatus by moving the loads 9 on the valve lever. The 
required pressure is monitored by a manometer 6 
mounted on the housing 1 of the working chamber. A 
safety valve 5 is also installed on the housing. Next, 
steam enters the apparatus through the distribution steam 
collector 11 and through the nozzles 12. The required 
drive speed is set depending on the required exposure. 

After the steam pressure in the vessel has been 
adjusted and the required steaming exposure has been 
established, the feeder 3 and the unloader 4 are switched 
on and the grain is loaded into the apparatus. The grain 
enters from the hopper into the loading pipe of the feeder 
3, successively filling the cell of the rotating rotor. The 
cells transfer the grain from the loading pipe to the 
unloading pipe of the feeder and when the cell coincides 
with the unloading pipe, the grain is pushed out of the 
cell into the working chamber by a jet of steam supplied 
through the cell channel, coinciding with the supply 
channel on the feeder housing. 
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Fig. 1. Functional diagram of the steamer 

 
After emptying the cell from the grain and 

disconnecting it from the working chamber, the cell 
through the hole in the sluice body connects to the 
atmosphere, as a result of which the pressure in it 
becomes equal to atmospheric and the cell is prepared for 
the next grain loading. 

The grain entering the vessel moves from the 
loading hole in the vessel to the unloading blade auger 2, 
along the way subjected to heat treatment with steam, 
with vigorous stirring of the auger blades and a jet of 
steam that penetrate the product layer. 

At the end of the vessel, the steamed product 
enters through the discharge pipe into the unloader 4. The 
operation of the unloader is similar to the operation of the 
feeder 3. 

Condensate through the nozzles 12 and the 
collector 13 is removed from the apparatus by the 
condensate drain 14. 

 
2. Technological calculation. 
The task of calculation: to determine the 

geometric dimensions of the steamer housing (Fig. 2), 
sluice gates (Fig. 3) and the speed of rotation of the blade 
auger. 

 
Fig. 2.   Steamer's auger body and blade 

Data for calculation: 
productivity Q= 5 t/h =5000 kg/h; 
body diameter d=1000mm ; 
maximum and minimum steamer exposure: 

 tmax=6 min; tmin=1 min; 
the unloading sluice gate should have productivity 

on 20% more than loading. 
Calculation conditions: volumetric mass of oats 

γ=500 kg / m3. 
It is necessary to calculate the geometric dimensions of 
the body of the steamer and the speed of the blade auger: 

The calculation of the volume of the device is on 
the lightest grain (oats) with a bulk density:  
γ = 500 kg/m3 and by calculating the steaming exposure    
t = 5 min.                                       

 m3,                        (1) 

Taking the filling factor of the vane auger ψ = 
0.4 we find the total volume of the housing                                      

 m3,                         (2) 

When the diameter of the body d = 1000mm 
determine the cross-sectional area of the body                              

 m2,     (3) 
The length of the steamer housing from the 

loading to the unloading pipe 

        (4) 

The size of the case taking into account elliptical 
bottoms (250 mm) and distance from the center of branch 
pipes to edge of a shell (150 mm), will make: 

  (5) 
Determining the parameters of the blade auger 
The maximum allowable number of revolutions 

of the auger 

                    (6) 

where А=65 – coefficient for grain; D=1m – screw 
diameter. 

The maximum number of revolutions should be 
at the minimum exposure. 

Based on the minimum exposure tmin=1 min    
(60 s), with the length of the steaming section from the 
loading to the unloading pipe L = 2680 mm, the speed of 
movement of the material should be  

                (7) 

The auger must have the maximum speed. 
We accept nmax=60 r/min або 1 r/s. 
From here we determine the pitch of the auger. 

In one turn, the auger must move the material by 1 step, 
ie S′=0,045 m. 

 
Fig. 3.   Sluice gate 
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For advancement and hashing of the steaming 
product we accept the blade screw recommended for 
movement and hashing of sticky products. 

Preliminarily, we take the ratio of the area of the 
vane auger and the area of the solid auger φ = 0.25.   
Then to maintain the productivity of the auger increase in 
accordance with the reduction of the area of his step 

                           (8) 

Increase the step to S = 280 mm and get 
φ=0,045/0,28=0,161. 

The minimum number of turns of the auger is 
determined from the ratio of exposures 

              (9) 

Calculation of the geometric dimensions of the 
rotors of the sluice gates and their speed: 

To supply grain to the working chamber under 
pressure and unload it, we use sluice gates (Fig. 3) with a 
flat sealing surface and a fluoroplastic gasket. This 
design allows the most effective sealing of the working 
chamber under pressure and to maintain the working 
pressure within the specified limits, with continuous 
loading and unloading of the device. 

Concerned in advance with the diameter of the 
rotor of the sluice gate 500 mm, the angle of the cone 
450, the number of cells n = 6 and the minimum width of 
the sealing surfaces of 30 mm determine the capacity of 
the rotor. 

The rotor capacity is calculated as the volume of 
the truncated cone minus the volume of the hub and 
partitions h 

          (10) 

 
   (11) 

 (12) 

Total cell capacity: 
 (13) 

Based on the productivity of the gateway              
Q = 5000 kg / h for grain with a bulk density                   
γ = 500 kg / m3 = 0.5 kg / liter, determine the speed of 
the loading sluice gate taking into account the cell fill 
factor φ=0,8 

        (14) 

 
Since the unloading sluice gate must have a 

capacity of 20% more than the loading then its speed will 
be            

 
Conclusion from the calculation: 
The length of the body of the steamer from the 

loading to the unloading pipe L = 2680 mm; the size of 
the case taking into account elliptical bottoms and 
distance from the center of branch pipes to edge of a 
shell Lsum. = 3480 mm; case diameter d = 1000 mm; 
screw pitch S = 280 mm; the maximum speed of rotation 
of the blade auger nmax=60 r/min; the minimum speed of 
rotation of the blade auger nmin=10 r/min; 

the rotor speed of the loading sluice gate 
nloa.=30,7 r/min; 

rotor speed of the unloading sluice gate 
nuol.=36,84 r/min. 

 
3. Description of the kinematic scheme of the 

machine. 
The task of calculation: to determine the 

kinematic parameters of the drive of the machine. 
Data for calculation: 

- the maximum speed of rotation of the blade 
auger nmax=60 r/min;  

- the minimum speed of rotation of the blade 
auger nmin=10 r/min; 

- the rotor speed of the loading sluice gate  
nloa.=30,7 r/min; 

- rotor speed of the unloading sluice gate   
nuol.=36,84 r/min. 

Terms of calculation: 
the rotational speed of the rotor of the electric 

motor of the blade auger drive пдв.ш=1460 r/min; the 
rotational speed of the rotor of the motor of the feeder 
drive пдв.п=960 r/min; speed of rotor of the electric motor 
of the drive of the unloader пдв.р=960 r/min;  

 In the drive of the vane screw we use a variator of 
the VC type with an initial speed nв. min= 300 r/min; nв. 

max =1800 r/min. 
 

4. Kinematic calculation. 
To obtain the required speed on the auger shaft, 

we use a reducer of the RCD type with a gear ratio of  
ip = 31.5. 

Determine the gear ratio of the chain drive 
                 (15) 

 
                   .    (16) 

We accept a chain with a step t = 38,1 mm and the 
number of teeth of the leading star Z1 = 25, then the 
number of teeth of the driven star will be 

 
                  (17) 

 
Specify the speed of the auger shaft 

        (18) 

                      
r/min.         (19) 

 
The feeder is driven by an electric motor with a 

rotational speed пen.п=960 r/min. To obtain the required 
speed on the feeder shaft, we use a reducer of the RCD  
type with a gear ratio of ip = 31.5. 

Specify the speed of the feeder 

 
The feeder is driven by an electric motor with a 

rotational speed  
пдв.р=960 r/min. Since the unloader must have a 

capacity of 20% more than the feeder, we use a reducer 
type RCD with a gear ratio of ip = 25. 

Specify the speed of the unloader 
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Conclusion from the calculation: 
The blade auger is driven by an electric motor 

with a rotational speed 
 пen.n =1460 r/min, through a variator of the VC 

type with an initial speed nv. min= 300 r/min; nv. max =1800 
r/min with the control range 6, through a reducer of the 
RCD type with a gear ratio ip = 31.5 and a chain drive 
with a gear ratio ic = 0.952 (the number of teeth of the 
chain drive Z1 = 25; Z2 = 23). 

The feeder is driven by an electric motor with a 
rotational speed пen n=960 r/min, through a reducer of the 
RCD type with a gear ratio iр=31,5. 

The unloader is driven by an electric motor with a 
rotational speed пen n=960 r/min, through a reducer of 
RCD type with a gear ratio of ip = 25. 

Maximum blade speed nmax=60 r/min;  
Minimum blade speed nmin=10 r/min; 
Frequency of rotation of a rotor of a loading sluice 

gate       nloa .=30,4 r/min; 
Frequency of rotation of the rotor of the unloading 

sluice gate nunl =38,4 r/min. 
Thus, the calculations show the feasibility and 

efficiency of modernization of the steamer by ensuring 
the tightness of the unloader and the uniformity of the 
speed of the product processed in the working chamber 
by using a two-stage gearbox or drive motor with 
frequency converter. 
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МОДЕРНІЗАЦІЯ МАШИНИ ДЛЯ ГІДРОТЕРМІЧНОЇ ОБРОБКИ ЗЕРНА 
 

Анотація 
Мета гідротермічної обробки зерна - зміна його вихідних технологічних властивостей у напрямку стабілізації та 

підтримці їх на оптимальному рівні для подальшого процесу переробки його в кінцеву продукцію - борошно чи крупу. Засто-
сування апаратів безперервної дії дозволяє процес пропарювання стати більш ефективним, при цьому, гідротермічна об-
робка займає особливе місце в технології переробки круп'яних культур, отримання йми високих споживчих властивостей. 
Аналіз конструкцій апаратів безперервної дії, показує, що найбільшого поширення мають апарати горизонтального типу 
де основний робочий орган пропарювача має функції транспортування і перемішування. Така конструкція дозволяє досягти 
рівномірності пропарювання за час обробки продукту. Для досягнення гнучкої зміни експозиції пропарювання пропонується 
в складі приводу робочого органу ввести двоступінчастий варіатор, який дозволить суттєво змінювати час пропарювання 
і застосовувати апарат для пропарювання більш різних культур, а  для забезпечення постійного заданого тиску пари в 
апараті пропонується для завантаження і вивантаження апарату застосовувати шлюзові затвори, конструкція яких 
дозволяє виробляти ці операції без втрат тиску. При двоступінчастому виконанні варіатора обертання від його ведучого 
валу за допомогою клинового ременя передається проміжному валу, а від нього за допомогою додаткового клинового реме-
ня – основному робочому валу. Регулювання передавального відношення здійснюється при повороті склянок і їх синхронному 
зсуві в осьовому напрямку. При цьому відбувається одночасне переміщення рухомих конічних дисків, переклад клинового 
ременя і додаткового клинового ременя на інші діаметри.Для подачі зерна у робочу камеру під тиском і розвантаження 
його застосовуємо шлюзові затвори з плоскою ущільнюючою поверхнею і прокладкою із фторопласта. Така конструкція 
дозволяє найбільш ефективно герметизувати робочу камеру під тиском і забезпечити підтримку робочого тиску в заданих 
межах, при безперервному завантаженні та розвантаженні апарату. Проведені розрахунки показують доцільність і ефе-
ктивність модернізації пропарювача за рахунок забезпечення герметичності роботи розвантажувача і рівномірності 
швидкості руху продукту, що обробляється в робочій камері, шляхом застосування двоступінчастого редуктора або при-
водного електродвигуна з частотним перетворювачем. 

Ключови слова: гідротермічна обробка, зерно, крупа, пропарювання, розрахунок, розвантажувач  
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