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New grain concentrates with increased biological value
in the structure of modern nutrition

L. Bal-Prylypko™, H. Tolok!, M. Nikolaienko', A. Antonenko?, T. Brovenko?>

'National University of Life and Environmental Science of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

?Kyiv National University of Culture and Arts
01601, 36 Yevhena Konovaltsia Str., Kyiv, Ukraine

Abstract. Nutrition of modern people is the main controllable factor that determines their state
of health, quality of life, efficiency and active longevity. It has been established that excessive
consumption of animal fats, simple carbohydrates, table salt and a significant reduction in the diet
of vegetables and fruits, which are sources of vitamins, minerals, dietary fibre and minor biologically
active substances, results in the development of cardiovascular diseases, metabolic disorders, cancer,
etc. Thus, the priority task of scientists and practitioners is to develop products of high biological
value as an important factor in preserving human health and disease prevention. The development,
introduction into production, and popularisation of such products will optimise the nutritional
structure of Ukrainians, overcome the adverse trends in the health of the nation caused by nutritional
status disorders, improve the quality of life of the population, and improve the demographic
situation in Ukraine. The research substantiates the expediency and necessity of establishing new
products with improved properties and provides a list of used additives of natural origin, which are
a source of essential nutrients. The results of the conducted tests confirm the optimisation of the
chemical composition of new grain concentrates, improvement of their organoleptic properties, and
prolongation of shelf life, which indicates the correct choice of prescription components, and their
rational ratio. The characteristics of the nutritional and biological value of new grain concentrate
Extrapolivitamix enriched with vegetable powders, wheat germ, iodine and raisins are presented. The
properties of grain concentrates were explored, and it was proved that they can be included in the
group of functional foods due to the correlation of chemical composition. The optimal concentrations
of functional ingredients that can be used in new products were determined. New concentrates
“Extrapolivitamix” are recommended for industrial production and use in the daily diet

Suggested Citation:
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Introduction

Currently, a significant number of results
of comparative analysis of the incidence of
chronic non-communicable diseases and diets
in many regions of the world have been accu-
mulated. Many nutritional risk factors for car-
diovascular diseases, cancer, diabetes mellitus,
obesity, and bone and joint damage have been
explored, and it has been concluded that the
development and progression of most diseases
depend on nutrition. Studies conducted by
the O.M. Marzeev Institute of Public Health of
the National Academy of Medical Sciences of
Ukraine state that the diet of the majority of
the population of Ukraine is high in calories.
The energy value of the diet is satisfied by car-
bohydrates and fats that come from low-qual-
ity foods. Therewith, the countries that have
managed to achieve a significant reduction in
mortality from cardiovascular diseases over
the past 30 years (USA, Australia, Finland),
during the development and implementation
of prevention programs, placed significant
emphasis on changing the nature of nutri-
tion (Bal-Prylypko, Dubina, Baranivskyi, 2012;
Danilova, Tkachenko & Vitryak, 2017).

The issue of rational nutrition is complex
and large-scale. It — a kind of reflection of the
social welfare of the country and the popula-
tion and is currently not solved in Ukraine, as
there is no unified national policy in the field
of nutrition. (Antiushko & Bozhko, 2021). The
analysis of the nutritional dynamics of dif-
ferent population groups in Ukraine demon-
strates significant deviations from the formula
of balanced nutrition, primarily in terms of
the level of consumption of vitamins, chemical

Animal Science and Food Technology. 2021. Vol. 12, No. 2

macro- and microelements, biologically valu-
able nutrients of plant origin and other bio-
logically active substances that are important
in maintaining regular metabolism, structure
and functions of various organs (Bal-Prylypko,
Tolok, Nikolaenko, 2021; Mamenko, 2020).
Thus, an unbalanced diet can cause severe
disorders in the human body, and the clinical
signs of such disorders are individual excess
or deficiency of a particular element or com-
pound in the body. Therefore, the prevention
and treatment of diseases caused by insuffi-
cient intake of necessary biologically active
substances — compounds that have a high
pharmacological effect in micro quantities are
becoming increasingly significant.

The issue of improving the structure of
nutrition, quality and safety of food products
as the foundation of human life is one of the
most crucial nowadays, both within one coun-
try and at the international level. The search
for alternative ways to solve this extremely
important task has brought scientists and
practitioners to the idea of the necessity of de-
veloping and implementing new, much more
advanced technologies of food production,
appropriate to the requirements of modern
people. The establishment of a new genera-
tion of food products and their introduction
into the diet of consumers can be performed
only based on scientifically sound and proven
medical and biological principles, new tech-
nologies for processing agricultural and me-
dicinal raw materials into health products and
guaranteeing the absolute safety of such prod-
ucts for consumers (Dzyundzya & Burak, 2018).
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The issues of healthy nutrition are now
dealt with by specialists in numerous scientific
fields — technologists, nutritionists, biochem-
ists, microbiologists, etc. A significant con-
tribution to the development of the scientific
foundations of the design of food products was
provided by domestic and foreign scientists:
S.N. Astranov, L.V. Kapreliants, P. Karpenko,
V.Korzun, M. Peresichny, O. Cherevko etc.

The problem of developing new functional
products is being explored by scientists from the
National University of Life and Environmental
Sciences of Ukraine, the National University of
Food Technologies, the Kyiv National University
of Trade and Economics, the Chebotarev Insti-
tute of Gerontology of the National Academy of
Medical Sciences of Ukraine, the Scientific Center
for Preventive Toxicology, Food and Chemical
Safety named after Academician L.I. Medved
(Nikolaienko & Bal-Prylypko, 2020).

The general conclusion of scientists is
that almost all food products consumed by the
population can be given functional properties
and, thus, make their food into medicine. For
this purpose, it is necessary to find natural
sources of the most effective functional ingre-
dients, explore the properties of various bio-
logically active components of food (vitamins,
mineral elements, polysaccharides, amino
acids, fats, etc.) and to develop new technolo-
gies for the production of health food products.

The results of observations demonstrate
that more than 50% of the population of
Ukraine eats poor-quality food. Incomplete
quantitative and qualitative composition and
unbalanced energy value nutrition contrib-
ute to the development of alimentary and
alimentary-dependent diseases. The imbal-
ance of modern nutrition and the inability to
provide the human body with the necessary
amount of essential vitamins and minerals

(micronutrients) is a problem that requires
the development of new and modernisation of
conventional food products with well-defined
targeted functional properties. Food technolo-
gies of the future — are new raw materials and
new properties of conventional raw materials,
new ways of converting agricultural raw mate-
rials, plant and animal origin into food prod-
ucts, and new food recipes. The development
of recipes for new functional products is an ur-
gent and timely issue, as such products provide
maximum mobilisation of the adaptive forces
of the human body designed to protect against
pathological changes under the influence of ad-
verse factors of various origins.

Materials and Methods

Food concentrates are a group of products that
have a long shelf life, convenient for transpor-
tation, easy to prepare. These are quite con-
ventional products that are popular among a
large part of the population, their assortment
is a quite limited, and nutritional and biolog-
ical value often leaves much to be desired. For
using them in functional food, it is advisable to
improve the recipes by optimising their chemical
composition, improving taste characteristics,
and extending shelf life. The basic samples were
grains — oatmeal, buckwheat, rice and semolina,
as conventional for Ukrainian consumers. New
grain concentrates for functional food are en-
riched with several components that have a wide
range of useful characteristics.

Thus, it is known that vitamins and minerals
are essential components of food, to other com-
ponents contained in microdoses, but are crucial
for human health and longevity. Their deficiency
or absence provokes several diseases and pathol-
ogies. Thus, it is advisable to additionally enrich
new functional products with naturally con-
centrated compounds that are sources of these

Animal Science and Food Technology. 2021. Vol. 12, No. 2
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nutrients. In the course of research, discussions
and approvals, were identified as enriching rec-
ipe components vegetable powders (carrot and
pumpkin), wheat germ and raisins.

Vegetable powders are used in therapeutic
and prophylactic nutrition due to their active an-
tioxidant and immunomodulatory properties. In
addition, wheat germs are becoming popular due
to their rich vitamin and mineral composition,
they are a source of valuable fats and proteins.

For human health, particularly essential
mineral components are a sufficient amount
in the diet and optimal absorption of calcium
and iodine by the body.

Calcium - is vital for the development
of the body, healthy bones and teeth. In the
body of an adult, the calcium content is from
1 to 2.2 kg. Approximately 99% of calcium is
the base of the human skeleton, while 1% of
this mineral circulates in the blood. In addition,
calcium is necessary for the contraction of the
heart muscles, regulation of the heartbeat and
is necessary for the development of blood cells.

The staff of the Nutrition Hygiene Labora-
tory of the Institute of Gerontology of the Na-
tional Academy of Medical Sciences of Ukraine
established that in different regions of Ukraine,
the level of calcium in the diet does not exceed
30-40% of the standard. Lack of calcium results
in stimulation of bone resorption. The conse-
quence of long-term calcium deficiency is al-
most always a decrease in bone mineral density
(BMD), which can contribute to an increased
risk of osteoporosis in older age.

As a natural calcium enricher of new grain
concentrates, in addition to skimmed milk pow-
der, eggshells (pre-processed and ground) are
used as a source of calcium carbonate, which is
fully absorbed by the body. The chemical com-
position of the shell is almost identical to that
of our bones and teeth. In addition, eggshells

Animal Science and Food Technology. 2021. Vol. 12, No. 2

stimulate the hematopoietic function of the
bone marrow. It contains about 30 other micro-
elements necessary for a person: copper, fluo-
rine, iron, manganese, molybdenum, phospho-
rus, sulfur, zinc, silicon, etc. Particularly crucial
is the significant content of silicon and molyb-
denum in the shell — without them, the proper
course of biochemical reactions in the body is
impossible (Watanabe et al., 2019).

One of these biologically active substances
is iodine, the lack of which in diets is one of
the pathogenic factors of unbalanced nutri-
tion, and endemic goitre and thyroid cancer in
adults and children, as its main manifestation,
ranks first among non-communicable diseases
by regional characteristics and the number of
patients living in contaminated areas. Most
residents of Ukraine consume only 40...80 ug
of iodine per day, while the physiological re-
quirement is 90...300 pg (depending on age,
gender, and living conditions) (Motuzka &
Koshelnyk, 2019).

In Ukraine and abroad, the problem as-
sociated with iodine deficiency in diets was
partially solved by iodised salt with potassium
iodide. This method appeared to be easy and
effective since everyone uses salt in general.
However, over time it was understood that us-
ing iodised salt does not solve the problem.

Recent studies demonstrate that daily
long-term use of iodised salt slightly reduces
the incidence of endemic goitre but does not
eliminate it. In addition, there are known data
on the adverse effects of long-term prophylax-
is with iodised salt. For salt iodisation, cheap
but volatile iodine compounds are used, which
are destroyed during storage and heat treat-
ment (Zheplinska & Mushtruk, 2021).

Attempts to eliminate iodine deficiency
by using iodised salt, iodised yeast, starch-io-
dine complex and other compounds using
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chemical iodine have not yielded significant
results. In addition, products enriched with in-
organic iodine compounds have a pronounced
unpleasant taste and smell
Merzlikina & Gladneva, 2008).
Organic iodine sources are required to elim-

(Ponomarov,

inate iodine deficiency. Organic iodine — a com-
plex compound of iodine with organic matter
(sugar, polysaccharides, amino acids). Organic
iodine, unlike mineral iodine, is contained in a
bound state and does not enter into most chem-
ical reactions with organic substances in the body.

Iodcasein - iodised milk protein is a yel-
low powder that is well soluble in water the
mass fraction of iodine is 7...9%.

Main properties of iodcasein:

e is based on natural milk protein, which
is easily digested;

e provides individual regulation of iodine
metabolism in the body;

e iodine is tightly bound to protein and
does not degrade during prolonged storage and
heat treatment, withstands high temperatures;

* jodine overdose is excluded,;

e using as a food additive “Iodcasein” in
milk, dairy products, bakery products, etc.
does not require material costs for the re-
construction of production due to the scanty
amounts of the recommended drug and ease of
use (2.5.....5 g/t,);

e using iodcasein does not affect the
organoleptic properties of the finished product
(Naumenko, Danylenko & Bal-Prylypko, 2020).

The uniqueness of “lodcasein” is that in
case of iodine deficiency, the liver produces en-
zymes that decompose the milk protein mole-
cule, and iodine enters the human body. When
there is enough iodine in the body, the enzymes
stop working, and all the remaining iodine is

excreted from the body along with protein nat-
urally (Grek, Onopriichuk & Tymchuk, 2019).

Research results

New concentrates of increased biological value
“Extrapolivitamix”, enriched with wheat
germ and dried fruits or vegetables (depend-
ing on the recipe) and “Extrapolivitamix-2”,
additionally enriched with eggshells, are
characterised by a high content of vitamins
and some minerals.

Grain  concentrate  “Extrapolivitamix”
based on oat or pearl barley flakes “Extra” is
characterised by the presence of biologically
active ingredients:

- Wheat germ - 15-30%;

- Raisins — 20-30%;

- Vegetable powders — 5-10%.

However, these compositions contain a small
amount of iodine (up to 8% of the daily require-
ment). Therefore, it was decided that some rec-
ipes of the developed products of increased bio-
logical value should be enriched with iodcasein.

After conducting working tastings of var-
ious compositions with using the scoring, the
recipes of the concentrate “Extrapolivita-
mix-2” were obtained (Fig. 1). Therewith, “Ex-
tra” oat flakes, wheat germ flakes and raisins
were used as the main raw materials.

During the development of new recipes,
it was considered that one portion of the fin-
ished product enriched with iodine should not
exceed 50% of the daily requirement for this
trace element, i.e. no more than 60 micro-
grams for an adult, as a variety of vegetables
and fruits, milk, eggs, meat, sea fish, which are
based on the diets of the population (including
military personnel) contain a specific part of
iodine in their composition.

Animal Science and Food Technology. 2021. Vol. 12, No. 2
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Figure 1. Recipes of “Extrapolivitamix-2” concentrates

Together with the specialists of the Sci-
entific Center for Preventive Toxicology, Food
and Chemical Safety named after Academi-
cian L.I. Medved, the chemical composition
of the new concentrate was explored (Ta-
ble 1). According to the data in Table 1, the
new composition significantly increased the
content of such important macronutrients as
calcium and potassium in terms of protection
of the human body in adverse environmental
conditions. The main suppliers of calcium
are skimmed milk powder, wheat germ flakes
and in some compositions — egg shells. Thus,

the calcium content increased almost 7 times
(345.2 mg/100g vs 53.25 mg/100g) Potassi-
um content doubled due to the introduction
of raisins, dried apricots and partially wheat
germ flakes.

Using a new component — iodcasein al-
lowed increasing the iodine content in the
new composition by almost 30 times, which is
50% of the daily requirement for this nutrient.
Thus, the expediency of using iodcasein in the
development of new types of concentrates of
dinner dishes of increased biological value for
functional purposes has been proved.

Table 1. Chemical composition of the new concentrate of high biological value

Indicator name

Oat flakes “Extra”

“Extrapolivitamix-2”

Proteins, % 12.15%0.61 15.52+0.78

Lipids, % 6.24%0.61 5.57%0.28
Carbohydrates 66.15+3.31 51.46%2.57

Including dietary fibre, % 3.56%0.19 3.84%0.20
Min. substance, mg/100g 18.13£0.91 45.802.29
Potassium 331.50+16.58 675.2+33.76
Calcium 53.25%2.66 345.2*17.26
Magnesium 128.26%6.41 132.28%6.61
Phosphorus 325.0%16.25 238.8+11.94

Iron 3.65%0.18 4.16%0.20

Iodine 0.04+0.002 1.2£0.06

In addition to micronutrient deficiency,
which affects all segments of the population, the
results of studies indicating chronic protein defi-
ciency in the diet, in particular, in childhood and

the elderly, are alarming (Brovenko & Dzyundzya,
2019). In the new concentrates, skimmed milk
powder was introduced into the recipe as the
main protein-containing component. However,
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considering the rapidly growing interest in the
world and Ukraine, in particular, in dairy-free
products, the next step of research is planned to
use alternative substitutes for cow’s milk powder.
Among the most important reasons that encour-
age people to stick to a plant-based diet are the
following: caring for animals, improving health,
the adverse impact of meat and dairy production
on the environment, the safety of such food prod-
ucts, cost, doubts about the reliability of label-
ling of animal products, etc (Vitorino et al., 2020;
Kour, Singh & Saxena, 2019).

All varieties of plant milk are low-calorie
products that are aqueous emulsions of extracts
from nuts, grains, seeds and seedlings of some
crops and are positioned as substitutes for natural
milk of animal origin for vegans, people with lac-
tose intolerance and simply followers of healthy
eating (Bal-Prylypko & Nikolayenko, 2018).

These drinks contain biologically active
protein complexes, peptides, free amino acids,
lecithin, soluble sugars, dietary fibre, biogenic
macro- and microelements, vitamins, phyto-
hormones and other valuable components.

In a study by Pro-Consulting (Gémez-Cortés
et al. 2019), it is noted that oat and soy milk are
the most popular in the Ukrainian vegetable
milk market, and local raw materials are used for
their production. They are planned to be used
as the base for establishing new recipes of grain
concentrates for functional purposes.

Conclusions

A healthy diet prevents diseases, increases
efficiency and prolongs people’s life, while
an unbalanced diet, on the contrary, causes
many health problems. Therefore, it is timely
and expedient to establish new products with
improved properties, which both have excel-
lent nutritional properties and have a targeted
effect on the functional activity of individual
organs, systems and the body in general, stim-
ulating their work with a specific preventive
and therapeutic purpose.

New grain concentrates can be included in
the group of functional foods due to the cor-
relation of their chemical composition, which
allowed compensation for the deficiency of es-
sential macro- and micronutrients necessary
for the development, optimal functioning, re-
covery of the body after diseases and their pre-
vention. The concentrations of functional in-
gredients used in the new products are close to
optimal, physiological ones, thus, such prod-
ucts can be consumed for a long time (ensur-
ing the daily requirement for basic nutrients
does not exceed 50%, which allows using the
new products in daily nutrition).

Using plant-based milk substitutes will al-
low the development of new products that, on
the one hand, correspond to modern market de-
mands, and on the other hand, will satisfy the
body’s demand for essential components.
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Hogi KpyII’ssHi KOHIIEHTPATH HiABHIIEHOT OiosIoriuyHoT HiHHOCTI

B CTPYKTYPi Cy4aCHOro Xxap4yBaHH:A

JI. Bane-IIpununko!, I. Tonok!, M. Hikonaenko!, A. AHTOHeHKO?, T. BpoBeHKo0?
'HauioHanbHUit yHiBepcuTeT GiopecypciB i MpUpogoKOPUCTYBaHHS YKpaiHu

03041, Byn. Tepoi O6oponnu, 15, m. Kuis, Ykpaina

2KuiBcbkuit HallilOHaAbHMIA YHIBEpCUTET KyIbTYypPH i MUCTELTB

01601, Byn. €Brena Konosasnbiig, 36, M. Kuis, Ykpaina

AHoTanis. XapuyBaHHSI CyyaCHOI JIIOAVHY € TOJIOBHMM KEPOBAaHMM UMHHMKOM, 110 BM3HAYAE ii cTaH
3JI0POB’SI, SIKiCTb JKUTTSI, MTPAIe3JaTHICTh TA aKTVBHE AOBIOJMITTS. BCTaHOBIEHO, IO HATHOPMOBE
CMIOKMBAHHSI TBAPMHHMX >KUPiB, MPOCTUX BYIVIEBOMiB, KYXOHHOI COJi i CyTT€Be 3MEHIIEeHHS B
partioHi oBouiB i HpyKTiB, 110 € mKepenamy BiTaMiHiB, MiHEpaIbHUX PEYOBMH, XaPUOBUX BOTOKOH
i MiHOpHMX 6iONOTIYHO AKTUBHUX PEYOBMH, MPU3BOAUTH A0 PO3BUTKY XBOPOO CEpIeBO-CYAMHHOL
CHUICTEMMU, TOPYIIIeHb 06MiHY PEYOBMH, OHKOJIOTiYHMX 3aXBOPIOBaHb TOII0. CaMe TOMY IPiOpUTETHUM
3aBIAHHSIM HAyKOBI[iB i MPaKTUKIB € CTBOPEHHSI MPOAYKTiB MiABUILEHOi 6iomoriyHoi MiHHOCTI
SIK Baromoro (aktopy 36epekeHHs 3A0POB’S JTIOAVHY i mpodilakTUKK 3aXBOpioBaHb. Po3pobKa,
BIIPOBAKEHHST Yy BUPOGHMUIITBO, TOMY/ASPU3allis TaKUX TPOAYKTIB IO3BOISITH OIMTUMi3yBaTU
CTPYKTYPY XapuyBaHHSI YKpaiHI[iB, MOLOATH HETaTUBHI TeHIEeHIii y craHi 300pOB’Sl Hallii,
3YMOBJIEHI TIOpYIIEHHSIM XapyOBOTO CTaTyCy JIIOAMHU, IMiJBUILIUATU SIKICTb XUTTS HaceIeHHS,
nominumMTy femMorpadiuHy cuTyarliio B Ykpaiti. Y cTaTTi 06IpyHTOBAHO JOIIIbHICTD i HEOOXiTHICTh
CTBOPEHHSI HOBMX TPOAYKTIB i3 MOJIIMIIIeHUMM BJIACTUBOCTSIMU, HaBeJIEHO Tepesik BUKOPUCTaHUX
I06aBOK MPUPOIHBOTO TTOXO/IKEHHS, 110 € IKePesIOM BasKIMBUM HYTpieHTiB. HaBeneHi pe3ynbraTu
MpoBefeHNX anpoballiii MiATBEePMKYIOTh ONTHMIi3allilo XiMiYHOTO CKIagy HOBMX KPYITSTHUX
KOHIIEHTPATiB, TMOKpaIleHHS iXHiX OpraHOJeNTUYHMUX BIACTUBOCTEN, IIOJOBKEHHS TepMiHYy
MIPUIATHOCTI, 1[0 CBiTYNTb ITPO MPABUIIbHICTh BUOOPY PELIENITYPHUX KOMITOHEHTIB, iX paI[ioHaIbHOTO
criBBimHOIIEeHHs. HaBemeHa XapakTepucThKa Xap4yoBoi i 6ioforiyHOi iHHOCTI HOBMX KPYIT'STHUX
KoHIIeHTpaTiB EkcTpanoniBiTamike, 36araueHnx 0BOYEBMMM ITOPOIIKAMM, ITIIIEHUYHUMU 3apOIKaMU,
Jioka3eiHoM i poa3uHKaMu. JOCTiIsKeHO BIACTUBOCTI KPYIT STHUX KOHIIEHTPATiB, Ta JOBEEHO, 10 1X
MOYKHA BKJTIOUMTU JI0 TPYTH QYHKI[IOHAIBHMX ITPOAYKTIB XapuyBaHHS 3aBASKM KOPEJSIii XiMiuHOTO
ckiany. Bu3HaueHO ONTMMasbHi KOHLIEHTpalii QyHKI[iOHATbHKUX {HTPeIieHTiB, M0 MOXYTb OyTU
BMKOPUCTaHi B HOBUX MpoayKrax. HoBi KoHIleHTpaTu «EKCTpamnosiBiTaMike» peKOMEHIYIOThCS IJIst
MIPOMMCJIOBOTO BUPOGHMIITBA i BUKOPUCTAHHS B IIOJIEHHOMY PallioHi

KiaiouoBi ciioBa: xapuyBaHHS JIIOAMHM, palliOHaJbHE XapuyyBaHHS, (YHKI[IOHAJbHI XapuyoBi
TIPOIYKTH, TPOdiNIaKTHKA 3aXBOPIOBaHb, KPYIT STHI KOHI[EHTPATH, eKCTParoIiBiTamMike, ioKkaseiH,
OBOYEBi MOPOLIKY, MIIIEHNYH] 3apOAKH, POCTIMHHE MOIOKO
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Improvement of technology of fish semi-finished products
with addition of non-conventional raw materials
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Abstract. Considering the results of studies of the scientific literature on the nutritional value and
biological effectiveness of cranberries and goji berries, it was established that the development
of technology of semi-finished products with their use is relevant and has practical significance
in the technology of fish product production. The technology for the production of moulded fish
semi-finished products opens up new opportunities in the field of rational use of secondary fish
raw materials, making it possible to expand the range of functional fish products based on natural
components, which will to some extent expand the current problem of processing raw materials of
inland waters of Ukraine. The purpose of the research is to determine the biological value of new
fish semi-finished products based on a combination of freshwater fish and non-conventional raw
materials. The research presents the results of studies of the chemical composition, organoleptic
evaluation and physicochemical changes of semi-finished products with the addition of non-
conventional raw materials and the establishment of their shelf life. It was established that the
control sample after 90 days of storage undergoes hydrolytic deterioration, which indicates
intensive hydrolysis of lipids and accumulation of free fatty acids in this sample. In experimental
samples, hydrolytic deterioration gradually increases and reaches a critical point only by the end
of the shelf life. Oxidation processes in lipids of semi-finished products were explored by changes
in the accumulation of primary oxidation products — peroxides and secondary products — carbonyl
compounds. According to the dynamics of changes in the peroxide number of lipids of semi-
finished products, it was established that the control sample during 60-135 days is not subject
to storage, and in the experimental samples after 135 days the quality of fat deteriorates and is
described as not subject to storage. The authors have established that the developed technology
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of fish semi-finished products will significantly expand the range of functional products based on

natural components, which will allow expanding the current problem of processing raw materials

in inland waters of Ukraine to some extent

Keywords: fish sticks, non-conventional raw materials, cranberries, goji berries, semi-finished

products, organoleptic evaluation

Introduction

In the fishing industry, the rational use of raw
materials plays an important role, as the fish
comes to production with mechanical damage,
different sizes, with defects. The technology for
the production of moulded fish semi-finished
products offers new opportunities in the field
of rational use of secondary fish raw materials
and allows expanding the range of fish products
(Ivaniuta et al., 2021).

Biologically active food substances belong
to the natural components of food and have a
pronounced physiological and pharmacolog-
ical effect on the main regulatory and meta-
bolic processes of the body. Therewith, they are
an effective way to combat vitamin deficiency
(Holembovska et al., 2021; Kondratiuk et al.,
2021). Biologically active food substances are
contained in modern technology of food produc-
tion of plant raw materials: wild and cultivated
berries, which are widespread in the country. In
general, wild raw materials should be considered
as a source of dietary fibre in the human body.

Nowadays, the enrichment of the daily diet
with biologically active substances is a relevant
subject. They effectively eliminate the defi-
ciency of vitamins, organic acids and minerals.
Eating foods that have adverse effects on our
bodies requires reconsideration of the rules of
modern nutrition (Manoli et al., 2021).

Using non-conventional plant raw ma-
terials, such as cranberries, and goji berries

and their introduction into the recipe allows
for enriching the diet with biologically ac-
tive substances, obtaining high-quality prod-
ucts with good organoleptic characteristics,
and expanding the range of existing dishes
(Golembovskaya, 2019).

Quick-frozen convenience foods such as fish
cutlets, cakes, meatballs, and others, most often
made from minced fish, and a variety of ready
meals, hot and cold snacks, are becoming increas-
ingly popular with consumers.

The preparation of conventional minced
fish products (cutlets, meatballs, cakes) is al-
most identical, the main differences are in the
recipes of minced mixtures, shape and weight
of the products.

Natural cut products include steaks, fil-
lets, schnitzels, kupati, kebabs and others. The
range of cutlet mass products includes var-
ious types of cutlets and cakes (homemade,
moskovskie, beef, etc.), meatballs, zrazy, rolls
and others. In the last twenty years, many sci-
entists have proposed a large number of bread
substitutes in the cutlet mass, such as grains,
vegetables, fruits and their processed products
(da Silva et al., 2019; Lansing et al., 2018).

The problem of finding supplements for
chopped masses with specific technological
properties and, therewith, high biological
value is still relevant. Scientists continue re-
search on improving minced meat production
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technologies, finding ways to increase the
duration of their storage, improving quality
through the
and expanding the range (Fernandez et al.,
2019; Cherednichenko & Bal-Prylypko, 2019).

The problem of antioxidant deficiency in

introduction of supplements

nutrition can be solved, through the establish-
ment, of new combined products containing
natural mineral and vitamin supplements in
the form of vegetables and fruits, and non-con-
ventional plant raw materials (Nikolaienko, M.,
Bal-Prylypko, L., 2020; Menchynska et al., 2019).

In recent years, after the discovery of the
antioxidant properties of some substances (vi-
tamins, bioflavonoids, etc.), some researchers
have proved the feasibility of using plant raw
materials as the main source of antioxidants in
minced products, which allows for extending
their shelf life and enriching them with bio-
logically active substances.

The introduction of blanched Menchynska
carrots and onions into quick-frozen chopped
semi-finished products packed in polymeric
materials allows them to be stored at a tem-
perature of -18°C for three months. Scientists
explain this fact by the content of antioxi-
dants (carotenoids) in carrots and phytoncides
(quercetin, myricetin, kaempferol) in onions
(Eveleva & Cherpalova, 2019).

Thus, the introduction of herbal sup-
plements, as a rule, reduces the shelf life of
semi-finished products (frozen — up to 1 month),
except for those with antioxidant properties.

The purpose of the research is to determine
the biological value of new fish semi-finished
products (fish sticks) based on a combination
of freshwater fish (carp) and non-conventional
raw materials (cranberries and goji berries).

By the set purpose, were defined the
following tasks: development of the recipe
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composition and technology of semi-finished
products from freshwater fish using non-con-
ventional raw materials; investigation of
changes in the quality of semi-finished prod-
ucts during storage by organoleptic indicators;
conducting a comprehensive assessment of the
quality of finished products during storage.

Materials and Methods

The research was conducted in the laboratory of
the Department of Meat, Fish and Seafood Tech-
nology of the National University of Life and En-
vironmental Sciences of Ukraine.

As the main raw materials in the experi-
mental research were used carp of spring and
autumn catch according to DSTU 2284 (2010),
which were grown in the reservoirs of PJSC
“Cherkasy fish farm”, cranberries according to
DSTU 5035:2008 and goji berries according to
TU U 15.8-00481181-018:2016.

The preparation of samples for organolep-
tic, physicochemical and microbiological stud-
ies was performed according to GOST 7636-85
(1985), and sampling was performed by GOST
7631-85 (1985).

The characterization of the chemical com-
position of fish semi-finished products was
performed by the following methods: the mass
fraction of moisture by drying the product
sample to a constant mass at a temperature of
100-105°C; the mass fraction of ash — by weight
method, after mineralisation of the product
sample in a muffle furnace at a temperature of
500-600°C; the mass fraction of lipids by the
Soxhlet method; the mass fraction of protein by
determining the total nitrogen by the Kjeldahl
method. Samples were ashing on Velp Scien-
tifica DK6 series (Italy) and distilled on a Velp
Scientifica UDK 129 steam distillation appara-
tus (Italy).
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Results

In the first stages of work, studies of plant raw

materials were performed. The results of stud-
ies of organoleptic characteristics of cranberries

and goji berries are presented in Table 1. The
physicochemical parameters of cranberries are
presented in Table 2.

Table 1. Organoleptic characteristics of cranberries and goji berries

Biologically active supplements

Indicators

Cranberry

Goji

Appearance and
consistency

the berry is dark red, spherical or ellipsoidal up to 12 mm in diameter,
without visible inclusions and impurities.

Flavour and odour

Juicy, sour

Pleasant juicy, sour flavour with a
slightly bitter aftertaste

Colour

From light to dark red colour,
homogeneous throughout the mass

Dark red, homogeneous
throughout the mass.

Table 2. Physicochemical parameters of cranberries

Na;:::i :rfi ;?W Dry substances, % Vl:ltg/lil(;g g, Pectini, g Titrated acidity, %
Cranberry 24.2 7.04 0.84 2.75

The main component of dry substances —
sugar. Monosaccharides presented in fruit
and berry raw materials are always contained
with mineral salts. The content of glucose and

fructose in berries is approximately the same,
sucrose is practically absent. The chemical
composition of cranberries and goji berries is
presented in Table 3.

Table 3. Chemical composition of cranberries and goji

Indicators name Cranberry Goji
Mass fraction of moisture, % 80.9 12
Sugar, % 6.2 -
Pectin substances, % 0.6-3.3 2.4
Fibre, % 1.4-1.6 3.1

Analysing the data presented, it can be con-
cluded that the chemical composition of berries
is diverse, depending on the species, variety,
germination conditions and harvesting time. In
developing the recipes, requirements standards

recommended by the WHO FAO have been
considered. A sample of semi-finished prod-
ucts made without vegetable supplements was
used as a control. The recipe of the control and
experimental samples is presented in Table 4.

Table 4. Recipes of fish sticks with supplements

Recipe composition, kg per 100 kg of products

Components name

Control

Sample 1 Sample 2

Minced fish 78.92

76.92 76.92
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Table 4. Continued
Recipe composition, kg per 100 kg of products

Components name

Control Sample 1 Sample 2
Salt 1 1 1
Eggs in minced meat 5 5 5
Bread 8 8 8
Water 5 5 5
Starch 2 2 2
Black pepper 0.06 0.06 0.06
Allspice pepper 0.02 0.02 0.02
Cranberry - 2 -
Goji - - 2

In the production of moulded semi-fin- taste properties of the finished product, biolog-
ished products, the liquid dough was used, the ical value and extending the shelf life. To assess
recipe of which is presented in Table 5. Com- the quality of finished products, their chemical
bining freshwater fish raw materials with veg-  composition was explored. The results are pre-
etable raw materials allows for optimising the  sented in Table 6.

Table 5. Recipe of liquid dough

Components name Recipe composition of liquid dough, kg per 100 kg
Flour wheat 32
Starch 5
Salt 1.5
Chicken eggs 3
Water 60

Table 6. General chemical composition of semi-finished products, % (n=>5, p<0.05)

Name of Samples of semi-finished products
indicators Control Sample 1 Sample 2
Humidity content 83.81+2.4 75.04%2.3 69.64+2.7
Protein content 11.9+0.7 18.1+0.9 21.6%0.8
Fat content 3.21%0.22 3.27%0.21 3.24#0,23
Content of mineral substances 1.08+0.14 3.58%0.16 5.51#0.16

According to the analysis of the chemical ranges from 11.9 to 21.6%, the lowest content in
composition, the humidity content in the samples  the control sample. It can be explained by the ra-
ranges from 75.04 to 83.81%. The protein content  tio of raw materials and herbal supplements.

Animal Science and Food Technology. 2021. Vol. 12, No. 2




Holembovska et al.

19

The fat content in the finished preserves
ranged from3.21t03.27%,whichindicatesapos-
itive effect on the taste properties of the product.

The mineral content of the control contains
1.08%. In the experimental samples, their con-
tent varies from 3.58 to 5.51%. The test sam-
ples differ from the control in mineral content
as herbal supplements contain a large number
of minerals that enrich the finished product.

To determine the taste properties of semi-fin-
ished products, an organoleptic evaluation of the
quality of the prototypes was performed during all
stagesof productionbefore storage. Theevaluation
was performed on their developed 5-point scale.

The investigation of organoleptic quality
parameters of the experimental samples of
semi-finished products during the shelf life is
presented in Table 7.

Table 7. Organoleptic evaluation of fish semi-finished products based on vegetable raw materials,
points (n=5, p<0.05)

Name of the

Evaluation of indicators, points

sample Shelf life, days Overall

recipes appearance odour consistency flavour  SCOre
30 4.8+0.4 3.6x0.3 4.6%0.3 4.4+04 17.4

60 4.8+0.4 3.6x0.3 4.6%0.4 3.8%0.3 16.8

control 90 4.8+0.4 3.4%0.3 4.4+0.4 3.2%0.3 15.8
135 4.6%0.4 3.0+0.3 4.0%0.3 2.6+0.3 14.2

180 4.4%0.3 2.6x0.2 3.8+0.3 1.6+0.3 12.4

30 4.2+0.3 4.8+0.4 3.8%0.3 5.0+0.4 17.8

60 4.4+0.4 4.8+0.4 3.8+0.3 4.8%0.3 17.8

Sample 1 90 4.6%0.4 4.8%0.3 3.8+0.3 4.6%0.4 17.8
135 4.4%0.3 4.6+0.3 3.8%0.3 4.4+0.4 17.2

180 4.2+0.3 4.6%0.4 3.6%0.3 3.8%0.3 16.2

30 4.8+0.4 4.8+0.3 4.4+04 4.6%0.3 18.6

60 4.6%0.4 4.8+0.4 4.2%0.3 4.6%0.4 18.2

Sample 2 90 4.2+0.3 4.8+0.4 4.2+0.3 4.6%0.3 17.8
135 4.4%0.3 4.4%0.3 4.0%0.3 4.4+04 17.2

180 4.2%0.3 4.0%0.3 4.0%0.3 3.8%0.3 16.0

The data of Table 7 demonstrate that ac-
cording to organoleptic indicators during 180
days of storage, all products had a uniform
ruddy crust on the surface, and retained their
shape. The odour of samples 1 and 2 were rated
significantly higher than the prototype, in par-
ticular, sample 2 due to the presence of spices

in its recipe. The odour of the prototype after
storage for 90 days is characterised as specific,
and fishy. The degree of accumulation of fatty
acids as a result of hydrolytic decomposition of
lipids of semi-finished products was explored
by changing the acid number of lipids. The re-
sults of the research are presented in Fig. 1.
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Figure 1. Dynamics of the acid number of lipids of semi-finished products

The data of Fig. 1 demonstrate that changes
in the acid number of lipids of semi-finished prod-
ucts during storage for 180 days at a temperature
of minus 18°C have a linear upward trend.

Acid numbers of lipids in the control sample
after 90 days of storage reach 4.0 mg KOH/1 g of
fat and continue to increase, indicating inten-
sive lipid hydrolysis and accumulation of free
fatty acids in these samples. The acid num-
ber of the lipids of samples 1, and 2 gradually
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—&— Control

increases during the 180 days of storage and
only reaches 4 mg KOH/1 g fat at the end of the
storage period (180 days).

Oxidative processes in lipids of semi-fin-
ished products were explored by changes in the
accumulation of primary oxidation products —
peroxides and secondary products — carbonyl
compounds. The results of studies of changes
in the lipid peroxide number of semi-finished
products during storage are presented in Fig. 2.

90 135 180
Shelf life, days

Sample 1 —®— Sample 2

Figure 2. Dynamics of lipid peroxide number of semi-finished products
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In the experimental samples, the accumu-
lation of primary oxidation products was the
slowest compared to the control. It is explained
by the fact that the control samples of fish sticks
contain more fat than the experimental ones,
due to the high content of fish raw materials in
the recipe.

Conclusions

The developed technology of fish semi-finished
products will significantly expand the range of func-
tional products based on natural components, which
will, to some extent, expand the current problem of
freshwater fish processing. The positive results ob-
tained indicate the continuation of the study of this
technology and require further development.
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YaockoHaIeHHs TeXHOJIOTil puoHuX HaniBgadpuKariB
i3 JomaBaHHAM HeTpaaUIiHHOT CHDOBHUHH

Haranis Bonrogumupisua l'omem6oBcbKa, Hatanis MuxaivtiBHa Cl1000ISTHIOK,
BanenTuna MuxosaiBHa Icpaensin

HarionanpHmit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainm
03041, Byn. [TonkoBHMKa [ToTexiHa, 16, m. Kuis, Ykpaina

AHoTaujis. 3 oIy Ha pe3y/ibTaTu JOCTiIKeHb HAayKOBOI JIiTepaTypy 1010 XapuoBOi iHHOCTI
Ta GiomoriyHoi edeKTUBHOCTI STif SKypaBAMHM Ta TOIKi, BCTAHOBJEHO, IO DPO3POOIEHHS
TexXHOJI0Tii HamiBabpuKaTiB i3 IXHIM BUKOPUCTAHHSIM € aKTyaJIbHOIO i1 Ma€ MpaKTUUHEe 3HAUEHHS
B TEXHOJIOTi1 BUPOOHUIITBA PUOHMX MPOAYKTiB. TEXHOIOTisI 3 BUTOTOBJIEHHST pUOGHUX (OPMOBaHUX
HamiBdabpMKaTiB BiIKpMBAaE HOBi MOSKIMBOCTI B Taly3i pallioHaIbHOTO BUKOPUCTAHHS BTOPUHHOL
PUOHOI CMPOBUHMU, TA€ MOKINBICTh PO3MIMUPUTM ACOPTUMEHT PUOHUX MPOAYKTIB (PYHKITIOHATLHOTO
MpU3HAYEeHHS HA OCHOBI IPUPOJHMUX KOMITOHEHTIB, 1[0 AACTh 3MOTY MTeBHOI MipOI0 PO3IIUPUTH
aKkTyaJbHy TIpo0JieMy Iepepo6JeHHS CUPOBMHM BHYTPIlIHIX Bomoiim Vkpainu. Meroro
MPOBEEeHNX AOCTiIKEHb € BM3HAUEHHS OiooriyHoi IiHHOCTI HOBMX pUOHMX HamiBpabpuKaTiB
Ha OCHOBI MOeQHaHHS MPiCHOBOAHOI pubu Ta HeTpPaAuUiiiftHOI cupoBUHNK. Y CTATTi IpeacTaBieHi
pe3yapTaTu AOCTiIKeHb XiMiUHOTO CKJIaay, OpPraHOJeNTMYHOI OLiHKM Ta (i3uko-xiMiuHMx
3MiH HamiBda6puKaTiB i3 [OHaBaHHSIM HETPAAUIIiiHOI CUPOBMHM Ta BCTAHOBJIEHHSI iXHBOTO
TepMiHy MPUAATHOCTi. ByJI0 BCTaHOBJIEHO, 110 B KOHTPOJIbHOMY 3pasky micis 90 mi6 36epiraHHs
MPOXOASATH MPOIeCH TiAPOTITUUHOTO TICYBAHHS, 1[0 CBiAUUTH MPO iHTEHCUBHMI TiIpOi3 JiMiiB
i HaKOMMYEHHS BUIbHUX JXMPHUX KUCIOT Yy I[bOMY 3pa3Ky. Y JOUIHMX 3paskax IMOCTYIOBO
36iTbINYETHCS TiAPONTITUYUHE ICYBAHHS i JIMIIIE IO KiHIISI TEPMiHY MPUIATHOCTI JOCATaE KPUTUIHOT
TOUKM. OKMCHIOBaJIbHI MIpOLIecH B JiMigax HamiBhabpuKaTiB BUBUAIM 32 3MiHAMM Y HAKOMMYEHHI]
MePBMHHNX TTPOAYKTIB OKMCHEHHS — MEePEKNCIB i BTOPMHHUX MPOAYKTIB — KAPOOHITBHUX CITOMYK.
3a AMHaMiKOI0 3MiH ITepeKMCHOTO YKcIa JimiaiB HaniBabpuKaTiB BCTAaHOBJIEHO, 1[0 KOHTPOIbHMIL
3pa3oK ympomoBxk 60-135 mi6 He mimarae 36epiraHHio, a B JOUIIHUX 3paskax micisg 135 mi6
SIKICTh SKMPY MOTiPITYETHCS T XapaKTePU3YETHCS K TOJ, IO He MMisirae 36epiraHHio. ABTopamu
6y/7I0 BCTAHOBJIEHO, II0 PO3POO6JeHa TEXHOJOTisl pMOHMUX HariBhabpuKaTiB, 3HAUHO PO3IIMUPUTH
ACOPTMMEHT IPOMAYKTIiB (PYHKI[IOHAJbHOTO MPMU3HAUEHHSI HA OCHOBiI MPUPOAHUX KOMIIOHEHTIB,
0 AAaCTb 3MOTY IMEBHOKI MipOI0 PO3IIMPUTU aAKTyaJIbHY MpO6IeMy TepepobieHHS CMPOBUHU
BHYTPIIIHIX BOgO¥iM YKpaiHu

KirouoBi cmoBa: puOHiI manmMuku, HETPAOMIIiiiHA CUPOBUHA, SITOOM JKYPABAMHU, SITOAM TOJMIKI,
HamiB(pabpuKaTu, OpraHoJIenTUUHEe OL[iHIOBAHHSI
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Abstract. One of the main ways to overcome the existing problem of providing the country’s
population with proteins of animal origin is, among other things, to increase the production and
consumption of milk and dairy products. Based on this, consideration of the existing problems
of the functioning of the dairy subcomplex of the agro-industrial complex of the country is
extremely relevant. The purpose of the study is to assess the current state of the subcomplex and
to develop practical recommendations for improving the efficiency of its functioning. The research
was based on the application of methods: analysis and synthesis, induction and deduction, factor
and economic and statistical comparative analysis, analytical and logical generalisations, etc. In
contrast to the existing positive trend of growth in milk production in the world, in dairy farming
in Ukraine, there is a constant reduction in the number of cows and milk production. Over the
past 10 years alone, the number of cattle in the country has decreased by 1.952 million heads,
including cows by 0.958 million heads, and milk production in 2020 amounted to 9.263 million
tons of milk (17.64% less than in 2010). There was a reduction in the number of milk processing
enterprises. Thus, in 2020, there were only 192 of them left (of which 178 worked) or only 29.86%
of their number in 1990. All this resulted in the fact that the actual consumption of milk per capita
in 2020 was only 53.13% of the scientifically based standards of consumption of milk and dairy
products. According to the results of the research, it was established that the decrease in the
number of cows, without considering the growth of their productivity in farms of all categories,
reduced the production of dairy raw materials. The results of the research allow identifying the
main factors that affect the reduction in the production of milk and its derivatives. After analysing
the state and trends in the development of dairy farming, it can be argued that the increase in the
production of quality and safe milk and its supply for processing requires the cooperation of farms
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and households. Together, they can ensure the stability of production of the necessary volumes of

milk, appropriate quality and safety and ensure the supply of significant volumes of raw materials

to large processors. Possible areas and innovative technologies of animal husbandry and milk

production and processing require further research

Keywords: dairy farming, dairy industry, raw milk, milk processing, dairy market

Introduction

Milk and dairy products are valuable food prod-
ucts, the world consumption of which is con-
stantly growing, both in connection with the
general growth of the world population and in
connection with the increase in their consump-
tion in certain countries (China, Vietnam, etc.),
which is associated with the growth of living
standards of the population of these countries.
According to research by IFCN experts, the
growth of world milk production in 2019 was
mainly due to India, Oceania, Africa and the Mid-
dle East (Vasylieva, Vinichenko & Katan, 2019).
However, this growth was 1.4% and was signifi-
cantly lower than the long-term average (2.3%).
In 1990, Ukraine ranked 6th in the world
ranking of milk-producing countries, with
milk production of 24.5 million tons. In 2020,
the country ranked 22nd in the world ranking
(among 123 countries — major milk producers
(producing 98% of world production) (Cherevko,
2012; Cortés et al., 2019). The reasons for such a
current state of affairs in the dairy subcomplex
of the agro-industrial complex of Ukraine and
trends in its functioning require more research.
The comprehensive study, evaluation
and analysis of the state of enterprises of
the dairy subcomplex of the agro-indus-
trial complex of Ukraine and the prospects
for their development are considered in the
works of many scientists. Among the studies
are the works of N. Belinska, P. Berezivskyi,
V. Boyko, I. Yevseyeva, M. Ilchuk, T. Mostenska,

N. Oliadnychuk, M. Parkhomets, V. Radko,
P. Sabluk, N. Shiyan, I. Fedulova and many others
(Bhogal et al., 2018; Atamurodov et al., 2022).
These scientists researched important issues on
the development of the feed base, breeding work,
conditions of keeping the dairy herd, optimisa-
tion of the organisational and economic mecha-
nism of the subcomplex enterprises functioning
and ensuring the growth of their competitive-
ness. However, dynamic changes in the global
and domestic markets and the introduction of
modern innovative products require constant
identification and clarification of trends in the
development of enterprises of the subcomplex to
develop effective tools for managing their func-
tioning and competitiveness.

The purpose of the study is to assess the
current state of the dairy subcomplex of the
agro-industrial complex of Ukraine, trends
and factors of its transformation, and to devel-
op practical recommendations for stabilising
and improving the efficiency of its functioning
and competitiveness.

Materials and Methods
The performed research was based on the ap-
plication of methods: analysis and synthesis,
induction and deduction, analytical and logical
generalisations, etc.

Results

The results of the conducted research demon-
strate that the root cause of the current state
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of affairs in the dairy subcomplex of the
agro-industrial complex of Ukraine is the ex-
isting trends in dairy cattle breeding, namely
the reduction in the number of cows and milk
production. Thus, at the beginning of 2021, the
total number of cattle in Ukraine amounted to
2.874 million heads, which is 7.1% less than
at the beginning of 2020 (Table 1). Therewith,
the number of cattle in agricultural enterprises

decreased to 1.008 million heads, and the num-
ber of dairy cows decreased, respectively, to
423.9 thousand heads, which is 2.6% less than at
the beginning of 2020. All this has ensured that
the adverse trend of a decline in the number of
dairy farms (DFs), averaging 4.3% per year, and a
decline in milk production, averaging 2.3%/year,
continues, in contrast to the current positive
trend in global milk production growth.

Table 1. Dynamics of cattle population and cow productivity in Ukraine (end of the year)
(Feniak, 2020; Vasilchenko, 2021)

(=]
o - F o
g g L L & & & 5§ 8%
M S =) =) = = o =) S B
(o} (a\} (o)} (o)} o ()} g
o
Cattle’;};‘;‘éﬁand“’f 24623 4826 3884 3750 3683 3531 3092 2874  59.55
Including cows 8378 2631 2167 2109 2018 1919 1788 1673  63.6
thousand heads
Milkyield per cow, kg of o000 400 4eas 4735 4820 4922 4976 5129  125.6
farms of all categories
Average annual milk
vieldofkgof milk from o\, 5070 535 sea3 6025 6190 6101 6634  166.9
one cow in agricultural
enterprises

Source: excluding the temporarily occupied territory of Crimea, Sevastopol and part of the temporarily

occupied territories in Donetsk and Luhansk regions

Therewith, households at the beginning of
2021 reduced the number of cattle to 1.865 mil-
lion heads, including the number of dairy cows to
1.249 million heads or by 6.4% compared to 2020
(Lysenko, 2014). Thus, the reduction of cattle and
cows in households is faster than in cattle farms.
Thus, it should be noted that the quantitative in-
dicators of cattle and cows in private households
raise some doubts since, for various reasons,
the identification of livestock in them has not
yet been completed, although the state should
have ensured its implementation before 2015.

Analysis of the data in Table 1 allows con-
cluding that only in the last 10 years the num-
ber of cattle in the country has decreased by
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1.952 million heads, including cows by 0.958
million heads, which indicates the stability of
the adverse trend in the development of meat
and dairy cattle and in the volume of milk sup-
ply to processing enterprises (Table 2).

The reduction in the number of cows, de-
spite their growing productivity in farms of
all categories (on average by 2% per year), de-
creased the production of quality raw milk
(Tables 1 and 2). Thus, according to the results
of the research, in 2020 Ukraine produced 9.263
million tons of milk (7.1% less than in 2019).
Among them, 2.761 million tonnes (1.2% more)
were produced by agricultural enterprises and
6.502 million tonnes (6.3% less) by households
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(Chernyakov, Usacheva & Chernyakova, 2021;
Zadorozhna, 2014). All this reduced the actual
per capita milk consumption by 2.2%, which is

2020 amounted to only 53.13% of the scientif-
ically based standards of milk and dairy prod-

ucts consumption.

Table 2. Dynamics of milk production and processing in Ukraine, (Feniak, 2020; Vasilchenko, 2021)

=]
(=] n O D~ -] [=)} (=] 3 (=] c\“
Indicators = = = = = S S g3k
o [a\] o o [9\] [a\] o o N o
S-S
Milk production, thousand 41,46 10615 10382 10281 10064 9963 9263  82.34
tonnes
The total amount of milk supplied
to processing enterprises, 4793 4251 4183 4348 4179 3868 3299 68.8
including thousand tonnes:
from enterprises, ths. tonnes 2193 2744 2512 2689 2720 2750 2566  117.12
from the population, 2544 1346 1198 1239 1089 870 733  28.8
ths. tonnes
The level of marketability, % 42.6  40.0 40.2 423 412 388 35.61 83.6
Milk consumption per capita,  on¢ 4 9099 2095 2000 1977 2005 2019 978

kg/year

The largest amount of milk in 2020 was
produced in the Poltava region — 734.2 thou-
sand tons (3.2% less than in 2019), Vinnytsia
region (728.4 thousand tonnes, 4.6% less) and
Khmelnytskyi region (651.5 thousand tonnes,
2.5% more). The lowest volumes of milk pro-
duction in 2020 were demonstrated in Luhansk,
Donetsk and Zaporizhzhia regions. The results
of the analysis of the dynamics of milk pro-
duction volumes allow concluding that there

Table 3. Dynamics of the quality structure of milk received for processing from agricultural enterprises

was a transformation of the raw material base
of the dairy industry both in terms of volumes
and quality of milk supplied to processing en-
terprises (Tables 2 and 3). If 10 years ago the
ratio of milk volumes supplied by different
categories of producers for processing to dairy
processing enterprises was about 50:50, in 2020
the share of households in the total volume of
milk transferred to processing enterprises was

only 22.8%.

in 2020, %% of the total volume (Feniak, 2020; Vasilchenko, 2021)

Second

Year Extra Top quality First quality quality Non-quality
2010 4.4 31.3 59.3 4.1 0.9
2015 10.3 35.2 49.6 4.7 0.2
2017 16.4 36.7 37.9 8.7 0.3
2018 21.6 38.1 32.9 7.1 0.3
2019 27.2 35.9 32.3 3.7 0.2
2020 34.6 34.2 30.4 0.6 0.2
2020 to 2010, % 7.46 times 109.26 51.26 14.6 22.2

Source: (Feniak, 2020; Vasilchenko, 2021)
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Thus, there was a rapid reduction in the
volume of supplies for processing low-quality,
but cheap milk from farms that are unable to
compensate agricultural enterprises by increas-
ing the supply of quality raw materials.

Therewith, the quality and safety of milk
supplied for processing by agricultural enter-
prises are steadily increasing. According to the
results of the analysis, there was an increase in
the share of “extra” and “first quality” milk (Ta-
ble 3). Thus, the share of raw milk of “extra”
quality in the total volume of milk received
for processing increased from 27.2% in 2019 to
34.6% in 2020. However, the share of “top” qual-
ity milk decreased, respectively, from 35.9% to
34.2% and “first” quality — from 32.3% to 30.4%.
The share of “second” quality decreased sharply
from 3.7% to 0.6%.

Therewith, notably, there was a leap in
milk quality in households, but only “on pa-
per”. The share of second-quality milk supplied
for processing by households decreased from

83.2% to 18.4%, while the share of first-quality
milk, on the contrary, increased from 12% to
79.9% without any significant changes in the
technology of milk production, storage and
delivery (Petrichenko, 2018a; Petrichenko,
2018b). Thus, dairy processing enterprises, in
conditions of shortage of raw materials, could
not refuse to accept milk from households for
processing and, thus, are trying to “perform”
the requirements of the new legislation on the
quality and safety of milk, through a “mix” of
milk received from households and agricultural
enterprises.

It is confirmed by the fact that in Ukraine
sanitary control of milk quality is conducted
only in 14.8% of households engaged in milk
production (Kovalchuk, 2021). Therewith, milk
quality control is performed only in 8.4% of
households that cultivate 0.5 hectares of land
or less, 17.1% of households — with an area of
0.51-1 hectares and 28.3% of households — with
an area of land of more than 1 hectare.

Table 4. Dynamics of the number and capacity of milk processing enterprises in Ukraine

2025 2019 to
1990 2000 2007 2010 2014 2019 U= o2
Number of enterprises, units 643 447 354 287 252 192 157 29.86
Total production capacity, ¢ ¢ 139 1346 127 120 98 8.1 52.69
million tonnes
Average capacity, thousand o0 6 2y 1 3900 442 476 5104 516 176.6

tonnes

The results of the research demonstrate
that if the current adverse trends in the dy-
namics of milk production and supply for
processing continue, 1-2 large milk process-
ing enterprises will disappear in Ukraine ev-
ery year. And it is confirmed by the results of
the analysis of changes in the number of milk
processing enterprises and their total process-
ing capacity (Table 4). Thus, if at the end of
1990, there were 643 processing enterprises in
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the country, in 2020 there were only 192 (of
which 178 were operating) or only 29.86% of
their number in 1990 (Udomkun et al., 2020;
Breus & Yevtushenko, 2022). However, nota-
bly, mainly old low-capacity enterprises were
closed. The result of this feature was an almost
twofold increase in the average production ca-
pacity of milk processing enterprises. However,
these capacities, due to the lack of raw materials,
are used on average by 30-40%.
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The results of the analysis of the func-
tioning enterprises demonstrate that the 80
most powerful milk processing enterprises,
currently, produce 75-85% of domestic dairy
products from whole milk. The owners of these
enterprises invest heavily in the modernisation
of production, improving the quality of dairy
products, monitoring and promptly responding
to changes in market conditions, and constantly
improving and expanding the range of products
to optimise the production process and increase
production volumes and profits. The problem of
adapting milk and dairy products production in
Ukraine to European requirements, which be-
came particularly urgent after the annexation
of Crimea and the loss of the russian market,
pushes them to do it. The desire to enter the
markets of the EU, CIS, Asia and Africa stimu-
lates the enterprises of the dairy subcomplex
of the agro-industrial complex to increase the
volume of production that is competitive in
these markets.

Although, if considering the development
of competitiveness of domestic dairy process-
ing enterprises and their products in the world
and domestic markets, then, admittedly, for
a processor who wishes to export its products
profitably, it would be economically feasible to
have one modern enterprise with a capacity of
at least 500 thousand tonnes of milk processing
per year. However, the establishment of such an
enterprise in Ukraine requires the availability
of an appropriate raw material zone for it based
on the establishment of 5-6 modern dairy farms
with a population of 10 thousand cows each and
their productivity at the level of 10 tonnes of
milk per cow per year.

The results of the research allow identi-
fying abnormal heat and the loss of a specific
amount of fodder among the factors that influ-
enced directly or indirectly the reduction in milk

production during 2020. As a consequence,
there was a significant increase in fodder prices
(December 2020 to December 2019) for feed
wheat by 57%, feed maize by 82%, sunflower
meal by 126% and soybean meal by 74%. A sig-
nificant problem in dairy farming is the insuffi-
cient amount of fodder to ensure balanced diets
for cows. In the author’s opinion, the growth of
fodder prices will continue in the coming years
as the global trend of rising prices for energy,
fertilisers and agricultural products continues.
From this, it can be concluded that further rise
in grain prices will increase the price of mixed
fodder, and therefore the production of meat
and milk will remain low-profit or may even be-
come unprofitable.

Therewith, the rise in fodder prices re-
flects on the cost of production of livestock
products and increases prices. Thus, milk
prices in 2020 were: extra — 12.15 UAH/kg,
top — 11.7 UAH/kg, first — 11.08 UAH/kg. The
weighted average price — 11.64 UAH/kg. The
range of fluctuations in prices for medium and
large batches of extra milk by region was: north
and centre - 11.7-12.45 UAH/kg; south — 11.7-
12.45 UAH/kg; east — 11.6-12.4 UAH/kg; west —
11.6-12.35 UAH/kg. The results of the analysis
demonstrate that in Ukraine the prices for extra
and premium milk are higher than in some EU
countries. It results in the fact that domestic
dairy products have a low level of competitive-
ness in foreign markets.

Ukraine has a huge potential in dairy pro-
duction, and sustainable development of this in-
dustry is possible, but subject to the availability
of cheap and long-term loans, appropriate pro-
fessional education, and stable national policy
on the conditions of functioning of the dairy
subcomplex of the agro-industrial complex. No-
tably, in 2018, the state programme for fatten-
ing young cattle in private farms was launched
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by the Resolution of the Cabinet of Ministers of
Ukraine of February 7, 2018, No. 107 “On approval
of the Procedure for using funds provided in the
state budget to support the livestock industry”.
This resolution provided budgetary assistance
to households on a non-refundable base for
raising young animals to 13 months of age for
2500 UAH/head. However, in 2019, the popula-
tion began to be massively denied subsidies, and
in 2020 they were completely cancelled.

The development and stable functioning of
the dairy farming and dairy processing industry
require significant investments. Thus, to in-
crease the number of cows to 2.1 million heads
by 2030, and milk production — up to 11 mil-
lion tonnes and, therewith, to process 9 million
tonnes, it is necessary to invest UAH 9-11 bil-
lion annually in the industry. The state should
actively participate in this, using the EU model
as an example, where up to 50% of producers’
costs are compensated by the state. For this
purpose, with the restoration of the Ministry of
Agrarian Policy, it is necessary to design a strat-
egy for the development of dairy farming and
dairy processing industry, which would include
state support for breeding and genetic renewal
of the herd, state participation in investing in
the construction of new and reconstruction
and modernisation of existing dairy complexes,
development of cooperation of various forms,
farming, development of infrastructure for cold
logistics, etc. In reality, by abolishing the spe-
cial VAT regime for agricultural producers in
2017, the government undertook to allocate at
least 1% of the “agrarian” GDP for state sup-
port programs for the agro-industrial complex
by 2021 - i.e. about UAH 7 billion. However,
not a single year since this decision was made,
the total amount of state support has not cor-
responded to the declared amounts, and only
UAH 4.5 billion is planned for 2021.
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As for theissues of increasing the production
of quality and safe milk and its supply for pro-
cessing, the future belongs to the cooperation of
farms and households. By uniting, they can en-
sure the stability of production volumes, quality
and safety of milk, and work with large proces-
sors. It is confirmed by the analysis of the experi-
ence of Poland, where there are about 200 thou-
sand family farms with an average number of 10
cows. Thus, with a total number of cows of about
2 million and an average productivity of 6.5 tons
per year, the country produces 13.5-14.6 million
tons of milk per year and ranks 6th in Europe and
13th in the world. The price of Polish raw milk is
9-11% lower than the European average and 5%
lower than the world average. The price of Polish
raw milk is 9-11% lower than the European av-
erage and 5% lower than the world average.

Conclusions

The main factors of transformation of the
dairy subcomplex of Ukraine include: a re-
duction in the number of cows, insufficient
amount of quality raw milk and its non-com-
pliance with EU regulations and standards,
low technological level of milk production,
insufficient control over the quality of raw
materials, lack of modern equipment, high
capital and labour intensity of production
processes, rising prices for energy and other
resources, reduced consumption of dairy
products due to low purchasing power, in-
creased competition in the world market.

Adverse factors that hinder the development
and stable functioning of the subcomplex are:

- low level of investment attractiveness of
the subcomplex due to the long payback peri-
od of investments and insufficient level of state
support for its functioning and development;

- the necessity to allocate significant
areas of agricultural land for fodder crops,
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hayfields and pastures, which is quite prob-
lematic for livestock enterprises in the condi-
tions of land market opening.

The problems of the functioning of the
dairy processing subcomplex of the agro-in-
dustrial complex can be solved through the

implementation of the “Concept of state sup-
port for livestock breeding for 2021-2023”
and the “National Strategy for the develop-
ment of the dairy industry 2021-2030”, devel-
oped by the Ministry of Economy in dialogue
with industry associations.
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dakTopu TpaHcpopMaIlii MOJTOKONIPOIYKTOBOTO
nigromiiexcy AITK Ykpainu

BikTop IBanoBuu EmiieB, Hatansa MuxaiiiBHa C/1000IIHIOK

HauioHanbHMi1 yHiBEpCUTET GiopecypciB Ta MPUPOIOKOPUCTYBAHHS YKpaiHu
03041, Byn. l'epoiB O6opoun, 15, M. Kuis, Ykpaina

AuHortanig. OgHUM i3 OCHOBHMX HANpPSIMiB IMOMOJNAHHS iCHyIOUOi TMpoGaeMu 3abesreueHHs
HaceJeHHsI KpaiHy 6iIKaMy TBApMHHOTO MOXOKEHHS €, B TOMY YMCJIi, 301/IbIIIEHHS] BUPOOHUIITBA
i CrTO’KMBaHHS MOJIOKA Ta MOJIOYHMX MPOAYKTiB. BUxomstum 3 11b0OT0, O3S, iCHYI0OUMX MpobiemM
dbyHKIIiOHYBaHHSI MOIOKOTIPOAYKTOBOTO TigkoMIuiekcy ATIK KpaiHu € myske akTyanbHMM. MeTta
IOCJTiIKEHHST € OliHKA CyYyaCHOTO CTaHy MiIKOMILUIEKCY Ta PO3po6OKa MPaKTUIHMUX PeKOMeHIallii
MO0 MiABUIIEHHST eheKTUBHOCTI iioro (QyHKI[iOHYBaHHS. BMKOHAHI JOCTiIKeHHST 6a3yBaICh
Ha 3aCTOCYBaHHI MeTO[iB: aHaJIi3y i CMHTe3y, iHAYKIii Ta gemyKilii, GakKTOPHOrO Ta eKOHOMIKO-
CTaTUCTUYHOTO MOPiBHSJIbHOTO aHaJIi3y, aHATITUUHUX Ta JIOTIYHUX y3arajabHeHb Tol0. Ha BigMiHy
BiJl HAIBHOI O3UTMUBHOI TEHIEHIIi1 3pOCTaHHS 0OCSTiB BUPOOHUIITBA MOJIOKA Y CBiTi, B MOJIOUHOMY
CKOTapCTBi YKpaiHy BiiOyBa€ThCs MOCTiliHE CKOPOUEHHS ITOTOJTiB’SI KOPiB Ta 06CATiB BUPOGHUIITBA
mosoka. Tinbku 3a ocranHi 10 pokiB moronis’st BPX B kpaiHi ckopotuiioch Ha 1,952 MuH. TONiB, Y
TOMY YMCJIi, KOpiB Ha 0,958 MJIH. roJiB, a BUPOGHUIITBO MoJioKa Ha i y 2020 p ckiano 9,263 MJIH T
Mosioka (Ha 17,64 % meHine, Hixk y 2010 p). Big6ynacst ckopoueHHsI KiJIbKOCTi MOJIOKOIIepepoOHUX
nignpuemcts. Tak y 2020 p ix samummaocst auite 192 (3 sikux mpaioBano 178) a6o muire 29,86 %
Bif ix KinbkocTi y 1990 p. Bce 11e mpu3BeIo 10 TOTO, [0 GaKTUYHE CIIOKMBAHHSI MOJIOKA Ha YLy
HacenmeHHs y 2020 p ckimano Bcboro 53,13 % Bim HayKOBO-OGIPYHTOBAHMX HOPM CITOSKMBAHHS
MOJIOKA Ta MOJIOUHMX TPOMAYKTiB. 3a pe3yabTaTaMM NOCTiIKeHHSI BCTAHOBJIEHO, IO 3HVDKEHHS
TIOTOJTiB ST KOPiB, HE BPaXOBYIOUM 3POCTAHHS iX MPOMYKTUBHOCTI Y FOCTIOAAPCTBAX YCiX KaTeropiit,
TIPU3BEJIO 10 3MEHIIeHHs 06CSTiB BUPOOHUIITBA MOJIOYHOI CMPOBMHM. Pe3yabTaTul HOCTiAKeHb
IO3BOJITIOTh BU3HAYMUTM OCHOBHI YMHHMKM, SIKi BIUIMBAIOTh HA CKOPOUEHHST 06CSITiB BUPOOHUIITBA
MOJIOKO Ta Jtoro nmoxiguux. [[poaHasnizyBaBIIM CTaH Ta TEHAEHIIii pO3BUTKY MOJIOUHOTO CKOTapCTBa
MOXKHA CTBEPIKYBATH, 110 36ibIIeHHS 06CSATiB BUPOOGHMIITBA SIKICHOTO Ta 6€3TeUHOr0 MOJIoKa
ITOCTaBKY #0ro Ha mepepobKy MoTpibHa Kooreparlisi hepMepCchbKMX IOCIOAAPCTB Ta rOCIIOAAPCTB
HaceyeHHs. O6’€JHABIINCH, BOHM MOXYTh 3a6€3TMeunTH CTabibHICTh BUPOOHUIITBA HEOOXiTHMX
06CsTiB MOJIOKA, BiITIOBiMHOT SIKOCTi Ta 6€3MeYHOCTi Ta 3a6€3MeUnTy MOCTABKy 3HAUHUX 06CSTiB
CUPOBMHM BEJIMKUM TlepepobHMKam. [TofaibIIoro JoC/TiIKeHHS MTOTPe6yI0Th MOXKIMBI HAITPSIMKI
Ta iHHOBAIIilfHi TEXHOJIOTii yTpMMaHHS TBapWH Ta BUPOOHMIITBA i Tepepo6Ku MOJIOKa

Ki1i040Bi cJioBa: MOJIOYHE CKOTapCTBO, MOJIOYHA Tay3b, MOJIOYHA CMPOBMHA, TepepobKa MOJIOKa,
PMHOK MOJIOYHOI TTPOAYKIii
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Abstract. According to the state of development of the fishery industry of Ukraine and increasing
requirements for the quality of food products, it is relevant to address issues of preventing losses
of fish products from spoilage of microbial origin, protecting them from oxidation, ensuring proper
quality, safety and competitiveness of finished products sold on the Ukrainian market. The purpose
of the work is to study the influence of the biochemical properties of raw materials on the change in
the quality of salted fish products. The research explores the influence of the biochemical properties
of raw materials on the change of quality of salted fish products packed in a modified environment.
The main reasons for the deterioration of the quality of salted fish products are described. Possible
areas for increasing the stability of salted fish products during storage are presented. The level of
activity of tissue proteolytic enzymes is one of the main factors that characterise the maturation
rate of salted fish, and the mass fraction of fat can determine the degree of influence of carbon
dioxide on muscle tissue during storage. Accordingly, the results of the study of the initial fish raw
materials, namely the mass fraction of fat and enzymatic activity of muscle tissue are presented.
It was established that fish raw materials had significant differences in both the mass fraction of
fat and enzyme activity. The results of studies of the physical and chemical parameters of salted fish

Suggested Citation:

Ivaniuta, A.A., Menchynska, A.A., Ochkolyas, O.M., Tsui, Ch., Nesterenko, N., & Manoli, T.A.
(2021). Influence of biochemical properties of raw materials on the change of quality of salted fish
products. Animal Science and Food Technology, 12(2), 33-38.

“Corresponding author



34

Influence of biochemical properties of raw materials on the change of quality...

products packed in a modified environment are presented. Initial composition of the gas mixture: 40%
CO4 and 60% N». High-barrier bags were used for packaging. The results of the experimental studies
demonstrated that in terms of changes in quality indicators, the packaging of salted fish in a modified
environment is most effective for products from non-fat raw materials with low total acidity and
proteolytic enzyme activity. The practical value of the scientific work is to develop promising areas
for improving the sustainability of salted fish products by using modified environments. Despite a
significant amount of scientific research in the field of packaging, systematic studies of such products
have not been conducted, thus, the practical application of modified environments raises the greatest
number of questions for manufacturers regarding the reliable sustainability of products

Keywords: fish raw materials, salted fish products, biochemical parameters, modified environment

Introduction

The deterioration of the quality of salted fish
products can be considered based on several com-
positional and environmental factors (Ivaniuta
et al., 2021; Mazur et al., 2013).

Environmental factors include tempera-
ture, presence of packaging and modified envi-
ronment, including modified gas environment
(O2,C02,N>) and vacuum. Compositional factors
(Kolyanovskaetal.,2019; Zheplinskaetal.,2021)
include salt concentration, preservative, num-
ber of microorganisms, pH, and water activity.

One of the promising areas for increasing
the sustainability of salted fish products is us-
ing modified environments during packaging
and storage. Despite a significant amount of
scientific research in the field of packaging,
systematic studies of such products have not
been performed, thus the practical application
of modified environments and the influence of
biochemical properties of raw materials on the
change in the quality of salted fish products is
an urgent subject of scientific research.

Analysis of recent studies and publications.
The following scientists made a significant con-
tribution to the study of technological factors
affecting the change in the quality of salted
fish products during storage: V.I. Shenderiuk,
V.P. Lisova et al. (Golembovskaya, 2019).
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The packaging process is of great signifi-
cance in the production of salted fish products,
which significantly affects the preservation of
quality and economic indicators of production.
Research in the field of packaging in modified en-
vironments of fish products was performed by the
following foreign scientists: S. Knoechel, N. Huss,
L. Gram, P. Masniyom and others (Holembovska
etal.,2021; Sukhenko et al., 2019).

In the works of Devlighere, it was demon-
strated that the degree of inhibition of micro-
organisms growth in the atmosphere of MGE
is determined by the concentration of solubil-
ity in the product of CO,. The concentration
of CO, in food depends on the fat and water
content and the partial pressure of CO, in the
atmosphere. However, at high concentrations
of oxygen dioxide in the package, and higher
water content in the product, the appearance
of a sour taste in the surface layer of meat is
possible (Eveleva & Cherpalova, 2019).

Numerous studies have demonstrated the ef-
ficiency of packaging fish products in a vacuum
and modified atmosphere (Palamarchuk et al.,
2020; da Silva et al. 2019; Lansing et al. 2018).

Studies by V.P. Lisova demonstrated that
using synthetic films for packaging salted
herring under a vacuum significantly delayed
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the process of fat oxidation (Fernandez et al.,
2019; Zheplinska et al., 2020).

Thus, the results of the review of scientific
literature demonstrate the prospects of using
a modified environment in the technology of
production of salted fish products.

The purpose — explore the influence of bio-
chemical properties of raw materials on the
change in the quality of salted fish products
packed in modified environments during storage.

Material and Methods

The following fish species were used for the
study: Baltic cod (Gadus morhua callarias), At-
lantic herring (Clupea harengus), Baltic herring
(herring) (Clupea harengus membras), Baltic
sprat (Sprattus sprattus balticus), pink salmon
(Oncorhynchus gorbuscha), Atlantic mackerel
(Scomber scombrus), Atlantic salmon (Salmo
salar). To obtain a given mass fraction of salt
(4.2-4.5%), mixed salting of fish divided into
fillets (except sprat and herring) and carcasses
(sprat, herring) was performed. The mass frac-
tion of preservative in the products was 0.02%.
A mixture of sodium benzoate and potassium
sorbate in a ratio of 1:1 was used. After salting,
the skin was removed from the fish (except for
sprat and herring) and packed in the form of fil-
lets in high-barrier bags. After packing, the bags
were filled with a modified gas environment on
a vacuum machine. Initial composition of the

gas mixture: 40% CO2 and 60% N». High-barrier

bags were used for packaging.

The mass fraction of lipids by the Soxhlet
method, which consists in weighing the fat af-
ter its solvent extraction from a dry sample in
a Soxhlet apparatus, is based on the determi-
nation of the change in the mass of the sample

after the extraction of fat with a solvent.

Water activity (aw) was determined on the
LabMaster-aw device by the hygrometric electro-
lytic method. Active acidity (pH) was determined
according to GOST 28972-91 (1991). Canned and

processed fish and non-fish products.

The mass fraction of sodium chloride was de-
termined by the argentometric method accord-
ing to GOST 7636-85 (1985). Fish, marine mam-

mals, marine invertebrates and their products.

The activity of proteolytic enzymes of
muscle tissue was determined by the intensity
of amine nitrogen accumulation (mg/100 g of

tissue per min).

Results

The method of establishing an oxygen-free
environment in the package with salted fish
(vacuum or modified gas environment con-
sisting of carbon dioxide and nitrogen) affects
the biochemical processes that occur in the
experimental salted fish during storage. Table
1 presents data on fat content and activity of

tissue proteolytic enzymes in the feedstock.

Table 1. Characteristics of raw materials

Fish species

Mass fraction of fat, %

Enzymatic activity, ng of nitrogen
per 1 g of muscle tissue, min

Mackerel 25.3+0.12 0.23+0.01
Salmon 14.2£0.14 0.11£0.02
Herring 12.3£0.05 0.22+0.03

Salaca 6.3+0.04 0.08 £0.01
Sprat 4.9+0.02 0.37 £0.02
Pink salmon 4.1+0.06 0.07 £0.01
Cod 0.6 +0.04 0.06 £0.01
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As Table 1 demonstrates, the fish raw ma-
terials used for the studies had significant dif-
ferences in both the mass fraction of fat (0.6-
25.23%) and enzyme activity (0.07-0.37 ug
nitrogen/g/min). The highest activity was
observed in muscle tissue enzymes of sprat,
mackerel and herring, and the lowest — was in
cod and pink salmon.

The physicochemical characteristics of
fish after posting are presented in Table 2.

Despite the close values of the mass fraction
of salt, the differences in water activity for the in-
vestigated fish species are quite significant, due
to their different fat content and, consequently,
different moisture content. It is essential to con-
sider a wide range of active acidity (pH).

Table 2. Physicochemical parameters of salted fish products

Mass fraction . £ pH, unit
. . of sodium Co'n centratl?n ° .
Fish species chloride. % in sodium chloride, % 0-d 40th day aw, unit
y /0 . -aay
muscle tissue | ™ the water phase v/p ‘ MGE
Salmon 4.3%0.1 6.2%0.1 6.20+0.01 6.1 6.07  0.946 £ 0.003
Mackerel 4.2+0.3 7.2%0.3 6.18+0.03 6.16  6.15  0.946 =£0.002
Pink salmon 4.3+0.2 5.4%0.2 6.16 +0.02 6.1 6.15  0.959 £0.003
Herring 4.4+0.3 6.1£0.3 6.21+0.01 6.2 6.26  0.953+0.001
Salaca 4.2+0.1 54%0.1 6.60+0.03 6.39 642 0.961%0.002
Sprat 4.1+0.2 5.3%0.2 6.60+0.01 6.34  6.36  0.963+0.001
Cod 4.2+0.2 5.5%0.2 7.10 £0.02 7.02 7.01  0.969 £0.001
Conclusions

On the 40th day of storage, the pH values
of muscle tissue of most types of products (ex-
cept pink salmon and salmon) packed in modi-
fied media were lower, and the total acidity was
higher than in samples in vacuum packaging.
Such data along with the dynamics of oxygen
changes in the package can explain the specific
biochemical and microbiological processes of
pink salmon and salmon. Perhaps the increased
pH value of raw materials was one of the rea-
sons for the earlier onset of organoleptic spoil-
age of salted fish in vacuum packaging.

Thus, considering the results of the con-
ducted research, packaging of salted fish in MGE
(CO, - 40%, N, — 60%) is the most effective in
terms of changing the quality indicators for prod-
ucts from non-fat raw materials with low total
acidity and low activity of proteolytic enzymes,
which in this research includes herring and cod.

Animal Science and Food Technology. 2021. Vol. 12, No. 2

As a result of the research, the highest activ-
ity of muscle tissue enzymes was established
in sprat (0.37), mackerel (0.23) and herring
(0.22), the lowest - in cod (0.06) and pink
salmon (0.06).

It was established that the lowest fat con-
tent was detected in cod (0.6), and the lowest —
in mackerel (25.3).

It has been proved that packaging in mod-
ified media is most suitable for herring and
cod, as they are the least fatty and have low in-
dicators of total acidity of proteolytic enzyme
activity.

Based on the results obtained, the ways of
further research were determined: to explore
the influence of the mass fraction of salt on the
change in the quality of salted herring packed
in modified environments during storage.
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Brnius 6ioxiMivHHMX BJIaCTUBOCTEH CHPOBHHM Ha 3MiHY AKOCTi
MaJIOCOJIEHOT pHOHOT MPOXY KLl
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Onena MuxonaiBaa Oukossic!, YWrkeHkyH 1lyit?,
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'HarrionanpHuit yHiBepcUTeT 6iopecypciB i mpupomoKopucTyBaHHs YKpainu
03041, Byn. TepoiB O6oponu, 15, M. Kuis, Ykpaina

2XeHaHbCbKII1 HAYKOBO-TEXHOJIOTTUHMIA iIHCTUTYT,
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4Opecpka HarionanbHa AKajieMist XapuoBUX TEXHOJIOTii

65039, Byn1. KanatHa, 112, M. Oneca, YKpaiHa

AHoTalig. BiamnoBigHo 10 cTaHy po3BUTKY pUOHOTO TOCIONapcTBa YKpaiHy Ta MigBUIIEHHS BUMOT
IO SIKOCTi XapuoOBOi MPOAYKIIii aKTyaJIbHUM € BUPIiLlIeHHS MIUTaHb CIIPSIMOBAHMX HA MTOTI€Pe/IsKeHHST
BTpaT pMOHOI MPOAYKIIii Bif NCyBaHHS MiKpOOGHOTO IMOXOMKEHHS, 3aXUCTy iX Bifj OKMCIEHHS,
3a6e3MeyeHHsT HAJIESKHOT SIKOCTi, 6e3MeYHOCTi Ta KOHKYPEHTOCITPOMOXKHOCTI TOTOBO1 ITPOAYKIIii, 110
peasti3yeThCst Ha pUHKY YKpaiHu. MeTo10 po60TH € AOCTiIKeHHS BIUTMBY 610XiMiUHMX BJIAaCTUBOCTEH
CUPOBYHY Ha 3MiHY SIKOCTi Ma/JI0COIeHOi pUOHOI MPOAYKILii. Y CTATTi OCTiIKeHO BILIUB 6i0XiMiuHMX
BJIACTUBOCTE CMPOBMHU HA 3MiHY SIKOCTi MaJ0CO/IeHOi pUOHOI MPOAYKIIii, yIIaKOBaHOi B yMOBax
MozaudikoBaHoro cepernoBuiia. OxapakTepu30BaHO OCHOBHI TNPUUYMHM TOTipIIEHHST SIKOCTi
MaJIocoeHoi pubHOi poayKuii. HaBegeHo MOK/IMBI HATIPSIMY ITiABUIIEHHS CTilIKOCTi MaI0CO/IeHOT
pubHOI mpoxykiii mig uvac 36epiraHHs. PiBeHb aKTMBHOCTI TKAaHMHHUX IPOTEOTITUUYHUX
(bepMeHTiB — 11e OIVH 3 OCHOBHMX UMHHMKIB, 1[0 XapaKTepu3ye MIBUAKICTb JO3PiBaHHS COMEHOL
pubu, a MacoBa yacTKa KMPY MOXKe BM3HAYATY CTYITiHb BIUIMBY BYIVIEKVMCIOTO ra3y Ha M SI30BY
TKaHMHY B TpoIieci 36epiraHHs. BimmoBigHo, TpeCcTaBIeHO Pe3yabTaTh JOCTIIKeHHS BUXigHOT
pMOHOI CMPOBUHM, a caMe MaCcOBOI UaCTKM KMPY Ta pepMeHTaTUBHOI aKTUBHOCTI M’I130BOi TKAHVHIN.
BcTaHoBIIEHO, 1110 prGHA CMPOBMHA Masia 3HAUYHI BiIMiHHOCTI, SIK 32 MAaCOBOIO YaCTKOIO KMUPY, TaK
i akTuBHicTIO (pepmeHTiB. [IpencTaBieHO pe3ylnbTaTU NOCTIIKeHb (Gi3MKO-XIMIUHMX TTOKA3HUKIB
cosieHoi pMOHOI MPOMyKIIii, yrmakoBaHOi B ymMoBax Moau(diKoBaHOTO cepemoBuIa. Buximumit
ckag ra3oBoi cyminri: 40 % CO2 1 60 % No. [I1sI makyBaHHSI BUKOPUCTOBYBAINUCSI BUCOKOGAP € pHi
nakeTu. Pe3ynbraTy NMpoBeAeHUX eKCIepUMEHTAIbHUX MOCTiIKeHb MOKa3aldu, L0 3 MOMISIAY
3MiHM SIKiCHUX TTOKa3HMKIB, MaKyBaHHS COMOHOI pubU B YMOBax MOAMGbIiKOBAaHOTO cepemoBMIia
€ HaltepeKTUBHIIIMM [IJIT TIPOAYKILii 3 HEKMPHOI CUPOBUHM 3 HM3bKOIO 3arajbHOI0 KMCJIOTHICTIO
Ta aKTMBHICTIO MPOTEONiTUYHUX PepMeHTiB. IIpakTMUHA LiHHICTh HAyKOBOi POOGOTH MOJSATAE B
PO3pOoOIIi MepCreKTUBHMUX HAIMPSIMKIB MMiIBUIIEHHS CTiiiKOCTi MaysoconeHoi pubHOi mMpoayKiii 3a
DPYXYHOK BMKOPUCTaHHSI MoaybikoBaHMxX cepemoBui. He3Bakaouy Ha 3HAUHUI 06CIT HAYKOBUX
JIOC/TiIKeHb B 00/1aCTi MaKyBaHHS CHCTEMAaTUUHI JOCTiIKeHHS TaKol MPOAYKIIii He MPOBOAMIINACS,
TOMY MTPAKTUYHE 3aCTOCYBAHHSI MOAM(IKOBAHUX CePeIOBUIIN BUK/INKAE Y BUPOOHVKIB HAOiIbIITY
KiJIbKiCTb MMUTaHb, IO CTOCYIOThCSI HAAITHOTO 3a6e3TeueHH s CTiiiKOCTi MPOmyKITii

KniouoBi cimoBa: pubHa CHUpOBMHA, MasiocolieHa puOHA MPOAYKILisl, O6ioXiMiuHi ITOKasHUKM,
MoaudikoBaHe cepemoBUIle
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Study of the efficiency of using beet syrup in products
based on the principles of nutrition
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Abstract. The relevance of this research is to provide the population with food products that, when
consumed regularly or excessively for a long time, have not caused any health problems. Thus, the
purpose of the work was to use beet syrup and beets in the technology of kinds of ketchup and
sauces based on the principles of nutrition. Standard research methods were used to achieve the
results. The practical value of the scientific work is the development of food products for healthy
nutrition, environmentally and medico-biologically safe, high nutritional value with reduced sugar,
salt, high fibre and protein content, and low energy value. The research substantiates the usage of
beet syrup and beet in ketchup technology, and the advantages of the developed recipes for human
health. In addition, the physicochemical composition of beet syrup, which contains 93.5% of dry
matter, the composition and content of beet syrup sugars (glucose, fructose, sucrose, maltose), the
total sugar content is 48.8 g/100 g, which is 50.2 g/100 g less than that of regular sugar. The ratio
of prescription ingredients established by experimental experiments on organoleptic indicators
is substantiated. The water activity index was explored, which is 0.92 for sample No. 2, 0.93 for
sample No. 1, and 0.935 for the control sample, which will positively affect their shelf life. Studies
of the chemical composition demonstrated that the protein content in sample No. 1 increased by
33%, in sample No. 2 — by 56% compared to the control sample; sugar content decreased by 42.7%
in sample No. 1 and by 50.6% in sample No. 2; vitamin C content increased, fibre content increased
3 times, the developed products are enriched with iron, phosphorus, potassium. The Nutri-score
calculation demonstrated that the developed samples according to recipes No. 1 and No. 2 belong
to categories A and B and are more balanced and useful for human health, which indicates the high
nutritional value of the products. The energy value of the developed samples exceeds the control
one. The energy value (kcal/100 g) of sample No. 1 is 100, sample No. 2 - 89.5, control sample — 104
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Introduction

The subject of a healthy lifestyle and healthy
eating is developing rapidly. The diet of a mod-
ern person is designed to ensure that foods
have low-fat content, reduced sugar content,
and minimal salt content, are enriched with fi-
bre, vitamins, and macro- and microelements,
and have a reduced energy value.

Tomato ketchups and sauces are particu-
larly popular among consumers, namely for
cooking fast “street” food, and at home, cater-
ing establishments, and restaurants they are
widely used.

Nowadays, before buying products, con-
sumers first pay attention to the composition
of the product, which provides information
about its quality and safety.

The population of Ukraine began to ac-
tively explore food ingredients, their benefits
and properties, more closely monitor the cor-
rect diet and care about their health. There-
fore, the presence in food products of flavours,
preservatives, artificial colours, substances
with high-fat content, and carbohydrates does
not attract a significant part of consumers.
Despite the shortage of time of modern man,
the search for products that belong to healthy
food is a priority.

Nowadays, ketchup is one of the most pop-
ular sauces in the world. Ketchup, produced in-
dustrially, is a homogeneous sauce obtained ei-
ther from pure, fresh, ripe tomatoes, from which
the skin and pips have been removed or from
tomato derivatives, including concentrates, with
the addition of vinegar, sugar, salt, aromatic
ingredients and their extracts, such as onions,
spices and permitted additives (Villas-Boas &
Zhao, 2020; Zheplinska et al., 2020).

It is ingredients such as distilled vinegar,
high fructose corn syrup, salt, onion powder,
and artificial flavours, can cause some health

Animal Science and Food Technology. 2021. Vol. 12, No. 2

problems if consumed in excess over a long
period.

Classic ketchup contains almost 4 g (ap-
proximately 1 teaspoon) of free sugar, which is
considered a significant amount that should be
reduced. According to the current recommen-
dations for daily sugar intake, adults should
get less than 5 per cent of their daily calories
from sugar, which is almost 25 g but the sugar
in ketchup is often even worse than table sugar
(sucrose) as it is in the form of fructose and
this can cause weight gain and insulin resis-
tance and result in obesity, diabetes, heart dis-
ease and weakened immune system, etc (WHO,
2015; Zolfaghari et al., 2020).

1 tablespoon of ketchup contains 160 mg
of sodium, which is 7% of the recommended
daily value. This salt can cause conditions
such as high blood pressure, mineral imbal-
ances in the body and toxicity to body systems.
Tomato ketchup does not contain protein, fi-
bre, vitamins and minerals. Therefore, apart
from its taste characteristics, this sauce has
no health benefits (Nasir, Hussain and Jabbar,
2015; Swiader et al., 2018).

Tomatoes are rich in citric and malic acid.
When too much of these acids accumulate in
the stomach, the body will be flooded with
compounds that cause heartburn or acid re-
flux. People suffering from gastroesophageal
reflux disease are not recommended to eat
more tomatoes than the recommended dose
per week (Villas-Boas & Zhao, 2020; Saric
et al., 2016).

The classic recipe of ketchup has several
drawbacks, which have an adverse effect on
human health. Thus, the improvement of
this recipe in social and technological terms
should be based on the maximum satisfaction
of consumers’ demands and the production of
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high-quality healthy sauce of a new genera-
tion, environmentally and biologically safe.

Beet syrup, as organic beet sugar, was de-
veloped in France and implemented in agro-in-
dustrial companies. Dark syrup with a good veg-
etable taste having a small caramel note is ideal
for making sauces and marinades. It is charac-
terised by significant nutritional value and the
number of mineral elements. In addition, the
syrup is used to sweeten dairy products, des-
serts, organic gingerbread, and organic beer.
The technology proposed in this work is being
tested for the first time in Ukraine (Kryzhova &
Deyak, 2021; Topchiy et al., 2020).

The purpose of the research — to improve
the technology of ketchups and sauces by us-
ing beet syrup and beets based on the princi-
ples of nutrition.

Materials and Methods

The determination of organoleptic, physico-
chemical, functional-technological, and struc-
tural-mechanical parameters of ketchup and
sauce was performed using standard research
methods. The humidity content was deter-
mined by the arbitration method, the active
acidity (pH) was determined using the Combo
pH meter, the sugar content in beet syrup and
ketchup was determined by the high-perfor-
mance liquid chromatography (HPLC) method,
the dry matter content was determined using
the RHW25Brix/ATC refractometer, protein
content was determined on the VELP Scienti-
fica (Italy) by the Kjeldahl method, fat content
was determined on the SOX 406 fat analyser
(China) by the Soxhlet method, water activity
was determined on the Rotronic HygroPalm
(Switzerland), vitamin C was determined
on the spectrophotometer by the method of
high-performance liquid chromatography at
a wavelength of 265 nm, fibre content - on

the FIWE Raw Fiber Extractor (Italy) by the
Weende method, based on the dissolution of
components other than cellulose in sulfuric
acid and potassium hydroxide, colour deter-
mination — on the Cm-5 spectrophotometer
Konica Minolta Sensing Europe, determina-
tion of consistency - by rheometer MR301,
energy value — by calculation, Nutri-score — by
calculation method on the analysis of 100 g of
product, considering the content of nutrients
and ingredients to be preferred or restricted.

Results

The development of beetroot ketchup and
sauce will eliminate the deficiency of vitamins,
micro- and macroelements and other essential
substances, and establish new healthy food
products with reduced sugar and salt content.

Ketchup according to the classical technol-
ogy belongs to the category “Extra” and is made
from fresh tomatoes/tomato products, salt, sugar
(or sweeteners/sugar substitutes), and aromatic
components without the addition of fruit/vege-
table ingredients, oil and preservatives.

The process of making beet ketchup does
not differ from tomato ketchup in terms of
manufacturing technology. However, its devel-
opment considers the principles of nutrition: it
contains a minimum amount of sugar, reduced
salt content, and is enriched with nutrients.

Modern trends in the nutrition of a per-
son seeking to have a healthy lifestyle and eat
healthy food require the consumption of foods
with reduced energy value, with a minimum
amount of fat, sugar, salt, increased amount
of protein, vitamins and minerals, fibre, which
improve digestion, absorption and metabolism.

In the current economic and social situa-
tion, food companies are increasingly paying
attention to using non-conventional sources of
sugar, which is more beneficial for the health

Animal Science and Food Technology. 2021. Vol. 12, No. 2
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of consumers. One such source is beet syrup —a
by-product of beet processing into sugar.

It is a viscous, dark-coloured syrup con-
sisting of fermented sugars (sucrose, glucose,
fructose) and non-sugar substances originat-
ing from compounds that do not precipitate
during the purification stage, and substances
obtained as a result of chemical or enzymatic re-
actions during processing (Hobbs et al., 2012;
FilipCev et al., 2010).

Beet syrup is characterised by a high dry
matter content. The sugar-free part of beet
syrup covers macronutrients and micronutri-
ents such as potassium, sodium, calcium, mag-
nesium, iron and copper and several important
bioactive compounds (Gujral, Sharma & Singh,
2002; Liliana & Oana-Viorela, 2020).

Beet syrup contains a significant amount
of potassium (about 3.6%). Minerals in the
syrup are dissolved and, thus, can be easily
absorbed in the body. It is a source of antiox-
idants and an ingredient in functional foods
(Dyakonova & Stepanova, 2015).

One of the most valuable compounds in
beet syrup is betaine. It promotes proper homo-
cysteine metabolism and thus reduces the risk

of several non-communicable diseases (Ljubisa
et al., 2016; Ponder and Hallmann, 2018).

Beet syrup has a caramel taste, caramel
smell and bitterness compared to other sug-
ars/sweeteners, less sweet than honey, sucrose,
and inverted sugar. Only beetroot syrup con-
tains vitamins and small amounts of minerals.

Beet syrup is an alternative to artificial co-
lours, corn syrup, and sugar.

To achieve the purpose of the scientific
work, the main ingredients of ketchup and syr-
up are tomatoes and beets, as a sweetener — beet
syrup, to extend the shelf life — white vinegar, to
enhance the aroma and taste of the product —
salt, ginger and garlic.

Beetroot is an excellent source of vitamins
A, K, C and E, and minerals, B vitamins, contain
a group of highly bioactive pigments known as
betalains, a source of phytochemicals, vitamin
C and fibre, important minerals such as man-
ganese and potassium.

Functional and technological properties
of the product depend on the physical and
chemical parameters of the syrup, for which
the moisture content, dry matter and pH were
determined (Table 1).

Table 1. Physico-chemical parameters of beet syrup

The test sample Humidity content, %

Dry substances content, % pH

Beet syrup 6.5

93.5 8-8.2

The obtained results of the dry matter
content and the value of active acidity (pH) in
beet syrup correspond to the provisions of the

standard for it. The composition and sugar con-
tent in beet syrup was determined by high-perfor-
mance liquid chromatography (HPLC) (Table 2).

Table 2. Composition and sugar content of beet syrup, g/100 g

Fructose

Glucose Sucrose Maltose

Content

13.99

14.18 20.39 0.20

According to the research results, it was
established that the main part of the sugar
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content is sucrose — 20.39 g/100 g. Glucose
and fructose contain almost the same amount.
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Studies have demonstrated that the total sugar
content is 48.8 g/100 g, which is 50.2 g/100 g
less than regular sugar.

Establishing new recipes for healthy food,
the ketchup in the “Extra” category was taken
as a control sample, the recipe of which in-
cluded tomatoes, vinegar, water, salt, sugar,
ginger, and garlic. The recipe of the developed
sample No. 1 included the same ingredients,
but sugar was replaced with beet syrup, sample
No. 2 was made with a complete replacement
of tomato with beet, and sugar with beet syrup.

The ratio of recipe components for the ex-
plored samples 1 and 2 was chosen according to
organoleptic parameters. Particular attention
was devoted to the texture of ketchup. Accord-
ing to the consistency of the control sample,
the added amount of tomatoes/beets, water and
beet syrup in the test samples was adjusted. The
developed samples differed significantly from
the control sample in colour by using beets and
beet syrup, which significantly changed it.

As a result, the established ratio of ingredi-
ents for the developed recipes was derived by ex-
perimental experiments and demonstrated the
best combination with all other components of

. Sample No. 2
<
z
=
s Sample No. 1
[+
9]
g
Control
0.91 0.915 0.92

the recipe and the high consumer properties of
the finished ketchup and sauce.

Sample No. 1 according to the results of
organoleptic indicators had a higher score than
sample No. 2. Both samples acquired a darker
colour due to the addition of beet syrup, and
when using beet as the main raw material in
sample number 2, it had a dark red colour and
differed in its taste characteristics, but the
sweet-sour taste inherent in the control sample
was preserved in both samples. All three sam-
ples had the same consistency - a thick, homo-
geneous mass.

It is known that there is a correlation
between the moisture content of food and
its storage: more bound water is less able to
support the processes that spoil food, namely
the growth of microorganisms and hydrolytic
chemical reactions. Other factors can have
a stronger impact on product spoilage. It is
such an indicator of water activity that can be
measured and used to assess the condition of
water in food and its influence on chemical
changes.

The explored water activity parameters of
the samples are presented in Figure 1.

0.925 0.93 0.935 0.94

Figure 1. Water activity index of the tested samples

Studies have demonstrated that the water
activity index in sample No. 2 is lower than in
other samples, which gives grounds to assert

that the sauce is more resistant to the devel-
opment of adverse chemical reactions in the
product and will positively affect its shelf life.
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Chemical composition and functional and
technological indicators are significant for
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determining the value and quality of the prod-
uct (Fig. 2, 3).

054 114 1.23
|

Minerals

Fat

Sample No. 1 ™ Sample No. 2

Figure 2. Chemical composition of the tested samples, g/100 g

Studies of the chemical composition demon-
strated that the content of protein and minerals
in samples No. 1 and No. 2 is higher compared
to the control sample, which confirms the cor-
rectness of the selected recipe ingredients and
their ratio: the protein content in sample No. 1
increased by 33% and in sample No. 2 by 56%

compared to the control. And most significantly,
the purpose of the work to reduce the sugar con-
tent in the developed samples by 42.7% in sample
No. 1 and 50.6% in sample No. 2 was achieved.

To confirm other positive characteristics of
the developed products, the content of vitamin
C and fibre was explored (Table 3).

Table 3. Vitamins and minerals, 100 g of product

Recommended daily

Content Control Sample No.1  Sample No. 2 amount
Chrome 0.02 0.02 0.08 0.12
Mangan 0.00003 0.00003 0.00018 0.0003
Vitamin C, mg 0.006 0.007 0.008 0.012
Fibre, g 0.48 0.55 1.5 3.0

According to the recommended daily
amounts of vitamins and minerals, their amount
is significant in the chemical composition of
ketchup and sauce. For quick recognition, at
a glance, of the quality of food products, in
European countries (France, Belgium, Spain,

Animal Science and Food Technology. 2021. Vol. 12, No. 2

Germany), the front side of the package is
marked with a colour scale and a letter.
Using such labelling on food packaging
helps consumers easily switch to a healthier diet.
The formula for calculating the Nutri-score,
based on the analysis of 100 g of product,
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considers the nutrients for limited consump-
tion (the number of sugars, saturated fats, salt,
low energy value) and useful substances (the
amount of protein, fibre, vegetables, fruits, nuts,
rapeseed, nut, olive oil). This additional labelling
identifies the nutritional value of the product on
a scale from A to E. In this case, the healthiest
products are rated in categories A and B (dark

green), and the least healthy products belong
to categories D and E (dark red). Products in-
cluded in category C (light orange) have average
nutritional value.

To classify the tested samples into five cate-
gories of food quality, indicated on a colour scale
fromdarkgreentodarkred,togetherwith theletter
from A to E, Nutri-score was calculated (Table 4).

Table 4. Nutri-score for the tested samples

Sample N;gf:ize Positive points  Evaluation Colour Letter
Control 6 1 5 Light orange C
Sample No. 1 3 1 2 Green B
Sample No. 2 3 4 -1 Dark green A
Conclusions

According to the results obtained, it can be
concluded that the Nutri-score of the tested
samples, in which beet syrup and beet were
added, is higher than the Nutri-score of ketch-
up, where the main raw materials are tomatoes
and sugar.

According to the calculated Nutri-score,
the formulations for samples No. 1 and No. 2
are more balanced and beneficial for human
health, as they belong to categories A and B.
These two categories indicate a high nutritional
value of the product and a significant amount
of nutrients such as fibre and protein.

As for the control sample, it belongs to cat-
egory C, such a product should be consumed in
moderation due to a significant amount of salt,
sugar and insufficient protein and fibre.

In addition, the energy value of the de-
veloped samples was calculated, which is,
kcal/100 g of product: for sample No. 1 — 100,
for sample No. 2 - 89.5, for the control sample —
104, which confirms the advantage of the devel-
oped samples over the control sample.

According to the literature review, such in-
gredients as beet syrup and beetroot were
chosen in the technology of ketchups for
healthy eating.

1. Optimisation of the recipe allowed the
development of experimental samples of beet
ketchup and sauce with the addition of beet
syrup in different amounts and the complete
replacement of tomatoes with beets.

2. Studies have established that the devel-
oped samples are enriched with protein, fibre,
phosphorus, potassium, iron and vitamin C,
and have a lower sugar and salt content, which
indicates a higher nutritional value compared
to the control sample of classic ketchup. In ad-
dition, using beet syrup and beetroot provided a
higher Nutri-score of the product, the formu-
lations for samples No. 1 and No. 2 belong to
the category Nutri-score A and B. These two
categories indicate a high nutritional value of
the product and a significant amount of nu-
trients such as fibre and proteins.

Animal Science and Food Technology. 2021. Vol. 12, No. 2
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JocaigkeHH:A e)eKTHBHOCTi BHKOPUCTAHHS OyPAKOBOTO CHPOITY
Y IPOAYKTaX HAa OCHOBi IPUHIIMIIIB HyTPUIIIOJIOTil

I0nis IlerpiBaa Kpmkosa, Onekcanapa CepriiBHa /lessk

HauioHanpHMIT yHiBEpcUTeT 6iopecypciB Ta MPUPOLOKOPUCTYBAHHS YKpaiHU
03041, Byn. TepoiB O6oponnu, 15, M. Kuis, Ykpaina

AHoTanig. AKTyaJbHICTh AAHOTO JOCTIMKEHHS TOJISITa€ B TOMY, 1100 3a6e3MeunTy HaceaeHHs
XapuoBMMM TPOAYKTaMM, SIKi TIpM 3BUYATHOMY ab0 HAAMipHOMY CITIOXMBAHHI ITPOTATOM
TPUBAJIOTO Yacy He BUKIMKAIM KOAHUX Tpob6ieM 3i 3mopoB’sM. Came TOMY METOI POOOTHU
6y/7I0 BUKOPUCTAHHSI B TEXHOJIOTii KETUYITiB Ta COYCiB GYPSKOBOTO CMPOIY Ta OYPsIKiB Ha OCHOBIi
NIPMHIMITB HyTpuUuionorii. [y 4OCITHEHHSI pe3y/lbTaTiB BUKOPUCTOBYBAIM CTaHAAPTHI MeTOAU
IOCTiIKeHb. [IpakTUYHA I[iHHICTh HAYKOBOi pPOOOTH MOJIATAE B PO3POOIEHH] XapyOBUX MTPOAYKTIB
3[I0POBOTO Xap4yyBaHHsI, 6€3MeUHNX eKOJOTIUHO i B MeIMuKOo-6i0oriuHOMY BiHOLIEHHi, BUCOKOT
XapuoBOi I[iHHOCTI 3i 3HMKEHMM BMiCTOM IIYKPY, COJi, ITiIBUIIIEHMM BMiCTOM KJIiTKOBMHM Ta 6ijKa,
HEBVCOKOI eHepreTMyHoi IiHHOCTi. Y po6OoTi OGIPYHTOBAHO BUKOPUCTAHHST OYPSKOBOTO CUPOITY
Ta GYpsIKY B TEXHOJIOTii KeTUyITiB, lepeBary po3pobiaeHnx pelenTyp A 3A0poB’s oaeit. Takox
HaBeJeHO ¢i3nKo-xiMiuHMI1 cKIaz 6YpPSIKOBOTO CUPOITY, SIKMIT MICTUTD 93,5 % CyXMX pEUOBMH, CKIaT,
Ta BMIiCT IIyKpPiB OYPSIKOBOTO CUPOITY (TJTII0KO3M, PPYKTO31, cCaxapo3u, MaJbTO3M1), 3aTATbHIUI BMICT
IIYKpiB cTaHOBUTD 48,8 1/100 T, mo menie Ha 50,2 /100 r Bix 3BuuaiiHoro mykpy. O6IrpyHTOBaHO
CIiBBiJHOIIIEHHSI PeLeNTYPHUX iHIPeJli€HTiB, BCTAHOBJIEHE eKCIIepYMEeHTaIbHUMM A0CIiIaMuU 3a
OPraHOJNIENTUYHMMU TTOKa3HUKaMMU. JTOIiKeHO MOKa3HMK aKTUMBHOCTI BOIM, SIKMII CTAHOBUTH
o1 3paska N22 — 0,92, myist 3paska N21 — 0,93, m1st KOHTposbHOro 3paska — 0,935, 1110 Mo3UTUBHO
BIUTMBaTMMe Ha TePMiHM IXHbOI TPMUAATHOCTI. [JOoCTiIkKeHHS XiMiYHOTO CKJIay TTOKa3aJu, 1110 BMiCT
6inka B 3pasky N°1 migBumuBcs Ha 33 %, y 3pa3ky N22 — Ha 56 % TOPiBHIOWUM 3 KOHTPOJbHUM
3pa3KoM; BMICT IIyKpy 3HM3MBCS Ha 42,7 % y 3pa3ky N21 ta Ha 50,6 % y 3pas3ky N22; miaBuuimBcs
BMicT BiTaminy C, y 3 pa3u IigBUIIMBCS BMICT KIiTKOBMHM, pO3POOJIEHI MPOAYKTM 36arayeHo
3amizom, dochopom, kamiem. PoszpaxyHok Nutri-score mmokasaB, 0 PO3pob6ieHi 3pa3ku 3a
peneritypamu N21 ta N22 HasmexxaThb 0 Kateropii A ta B i € 6isb1r 36a1aHCOBaHMMM Ta KOPUCHUMU
IIJIST 3M0POB’Sl JIIOJIMHMU, 1[0 CBITYUTD PO BUCOKY XapuoBY I[iHHICTb MPOAYKTIB. 38 €EHEPTeTUUHOIO
LiHHICTIO po3po6iieHi 3pa3Ky IMepeBakaloTh KOHTPOIbHMIA. EHepreTuuHa 1iHHicTh (Kkaa/100 r)
3paska N21 cranoButb 100, 3pa3ka N22 — 89,5, KOHTpPOJILHOTO 3pa3Kka — 104

KnrouoBi cyroBa: KeTuyIm, COyCH, 3I0pOBe XapuyBaHHSI, TEXHOJIOTS, ITYKPY, XapuoBa I[iHHiCTb
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Abstract. Evaluation of the influence of amplitude-frequency and power parameters of external
technological action on bulk products in the process of separation of the impact, the way of low-
frequency oscillations of the working bodies of the separator and the angle of inclination of the
container during processing determines the main indicators of technical and economic efficiency
of the explored process, which is the relevance of the research. The purpose of the study is to
substantiate the operating parameters of the explored separator of volume vibrations by determining
the patterns of change in the kinematic and power characteristics of the vibration drive. To determine
the rational parameters of the vibration screening process, the equations of motion of the working
bodies in the form of a conical sieve surface were obtained using the method of Lagrange equations
of the 2nd kind. Using the solution of the Cauchy problem for linear inhomogeneous differential
equations, the solution of the latter was obtained. Using the Math CAD mathematical environment,
the dependences of the amplitude of oscillations, vibration velocity and vibration acceleration, and the
intensity of oscillatory motion were obtained, which allowed performing a mathematical analysis of
the power and energy characteristics of the vibration drive of the explored separator. The main effects
of the developed design of the vibrating separator are an increase in the driving force of the process of
separation of bulk solids in this work, which was achieved by providing the working cylindrically-conical
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container with vibratory motion; improvement of the conditions for the passage of product particles
through the perforations, which was achieved by providing the sieve surface with volumetric vibrations;
reduction of energy consumption and improvement of the operating conditions of the supporting units
during the operation of the designed vibrating screen, which was achieved by installing additional elastic
elements between the separator body The inclined arrangement of the conical sieve surface allows for
spatial gyratory or circular translational motion, which allows implementing of the advantages of bulk
separation of bulk solids. The results of the analytical study allowed substantiation of the optimal angle
of inclination of the working sieve surface. Based on the analysis, the design parameters of the vibration
exciter were substantiated and specified and the design of this technical system was presented. The
practical value of the conducted research can be attributed to using the designed kinematic combined
vibration exciter of volumetric oscillations in the separator, which allows reducing the weight of the
oscillating parts of the drive and, accordingly, the energy consumption for the separation process

Keywords: vibration separation, conical sieve surface, vibrating screen, volumetric oscillations,
amplitude-frequency characteristics, energy consumption for the drive, vibration velocity, vibration

acceleration, mechanical combined vibration drive, feed mixture, low-frequency oscillations

Introduction

Using low-frequency oscillations to intensify
the separation processes in the processing ag-
ricultural and food industries becomes effec-
tive during the processing of solid bulk hetero-
geneous systems at minimum humidity, which
eliminates the influence of adhesive and sorp-
tion factors. Such conditions determine the
effective implementation of the processes of
vibration separation of grain mixtures and
seed material.

The main distinguishing feature of me-
chanical vibrations as one of the types of
mechanical impacts is the ability to transfer
the energy of high specific power to the pro-
cessed products. Therewith, the possibility of
adjusting the parameters of vibration in a wide
range allows extending its effect to both signif-
icant volumes of products and its local layers
(Palamarchuk et al., 2020a; Wei et al., 2020); the
possibility of combining the process of material
transportation with its technological process-
ing, and for products that vary significantly

in their physical and mechanical properties;
simplicity of machine design; no restrictions
on the granulometric composition of the ma-
terial; possibilities of complex mechanisation
and automation of several production processes;
intensification of technological processes by
establishing a vibrating fluidised layer during
technological processing (Palamarchuk et al.,
2020a). These processes are accompanied by a
rapid increase in the surface of the interaction
of components or phases, an increase in the
rate of convective diffusion, and a decrease in
viscosity, which determines the effects of their
intensification and ensuring the completeness
of the flow. Thus, vibration can be considered
as a universal form of mechanical impact on
processed materials and is widely used in the
implementation of separation of bulk tech-
nological masses, which is one of the most
common processes of food production, in par-
ticular, primary processing of agricultural raw
materials and products.
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The course of change of these processes, in
turn, is determined by both the features of the
physical and mechanical structure of the ma-
terial, and the laws of low-frequency techno-
logical action, namely the amplitude-frequency
and force impact, the way of oscillations of the
working body, the angle of its inclination to
the horizon. The influence of these factors on
oscillatory systems is understudied, and the
design of the corresponding experiments does
not reach sufficient accuracy, which substan-
tiates the relevance of this scientific work and
has broad prospects for development.

A large galaxy of scientists and engineers
provided the development of areas of applica-
tion of vibration impact in the processes of sep-
aration of solid bulk heterogeneous systems.

In particular, I.I. Blekhman solved the
problem of the motion of a material point
and particles with a flat and rounded shape
on a rough surface that performs periodic
oscillations, and determined the optimal law
of oscillations, substantiating the effective
coefficient of friction during vibration trans-
portation. Goncharevich I.F. (Palamarchuk,
Tsurkan, & Kostenko, 2016) developed the
classification, theory, methods of calculation
and basics of design of vibrating transport and
technological machines, established the ba-
sics of theory and methods for determining
the optimal modes of vibration transportation
of bulk solids, considering the dynamic loads
of the machine. V.S Bykov. (Palamarchuk,
Tsurkan, & Kostenko, 2016) established the
dependences between the structural and ki-
nematic parameters of the separation pro-
cess on flat oscillating sieves, substantiating
the effective modes of implementation of the
working processes of modern grain cleaning
machines. Based on studies of the vibration
movement of finely dispersed bulk products by

Animal Science and Food Technology. 2021. Vol. 12, No. 2

V.V. Gortynsky (Bal-Prylypko, Palamarchuk, &
Nikolaenko, 2019), the theoretical foundations
of the layer-by-layer movement of masses on
a vibrating surface were developed, the move-
ment of bulk bodies in a vessel with circular
and translational oscillations was explored,
and recommendations for the process of vi-
bratory separation of bulk mixtures were sub-
stantiated. The research on the mechanics of
bulk material movement on the working body
of vibrating machines allowed B.I. Kryukov to
determine the resistance caused by aerody-
namic forces, the nature of the movement of
individual particles, and the forces of their mu-
tual friction and collisions; to approximate the
influence of these factors by linear functions
of the absolute and relative velocities of the
product layer. P.M. Vasylenko (Palamarchuk
et al., 2020b) determined the value of the
critical speed of sieving particles through the
holes of the sieve, at an angle of inclination
of the latter not exceeding 10° in particle de-
cent area, considering air resistance. The most
complete theoretical studies of the operation
of a flat sieve that performs longitudinal os-
cillatory movements were performed in the
fundamental works of I.E. Kozhukhovskyi
and P.M. Zaika (Palamarchuk et al., 2020a), in
which the dependences of the quality of sepa-
ration of a flat sieve on such parameters as the
angle of inclination of the sieve to the horizon,
the oscillation angle, the shape and location
of the holes, the sieve dimensions, their specific
loading, moisture content and contamination
of the grain material were obtained. P.M. Zaika
(Palamarchuk et al., 2020a; Palamarchuk et al.,
2022) for the first time recorded a system of
differential equations of spatial motion of the
working body of a vibrating machine with sev-
eral mechanical vibrators, the axes of which
are arbitrarily oriented in space; which allowed
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solving the problem of moving agricultural ma-
terials as discrete solids on the working sur-
faces of separators; to cover the mechanism of
self-sorting processes, rumbling, to solve the
problems of clogging and cleaning the holes of
sieves. M.V. Bakum explored the possibility of
sifting and post-cleaning grain material on se-
rial grain cleaning machines and grain clean-
ing machines with high-frequency modes of
movement of working bodies. A.V. Zilbernagel
developed a method for calculating the limit-
ing velocity of the relative movement of grain
depending on the angle of the elongated sieve
opening under the condition of particle pas-
sage through the opening. O.V. Chernyakov
based on modelling the movement of grain
material on the sieve established that bihar-
monic vibrations of the sieve are one of the
effective ways to improve the technological
process of grain separation. B.I. Kotov and
S.P. Stepanenko confirmed that a promising
area for further productivity increase, with a
standardised quality of grain cleaning on vi-
brating sieve separators, is the intensification
of loosening of the grain layer by braking ele-
ments-rippers, in particular when using grav-
itational-inertial, centrifugal, vibration-cen-
trifugal executive bodies. L.M. Tishchenko
(Rogovskii et al., 2020; Cherntongchai et al.,
2019) has developed methods for calculating
the intensification of vibrating centrifugal
separation processes in terms of technical in-
dicators of productivity and quality. The study
of the process of vibro-pneumatic centrifugal
separation of seed mixtures by V.V. Bredikhin
allowed obtaining analytical dependences of
the separation time and the speed of move-
ment of the mixture layer on the main oper-
ating and design parameters of the process.
O.M. Vasylkovsky received a model of the
process of separation of the grain mixture on

the inertial straight-through separator, which
allowed establishing that the completeness of
the separation of the grain mixture and the
specific productivity of the separator simulta-
neously increase with the increase in the speed
of movement of the material on the sieve, the
maximum value of which is limited by the con-
ditions of possible degradation of the grain in
interaction with the rotor blades. O.B. Kozya es-
tablished that the quality of the process of sepa-
ration of seed materials on non-perforated fric-
tion oscillating surface significantly depends on
the structural and kinematic parameters of the
vibrating grain cleaning machine: amplitude,
frequency and angle of oscillation, and angles of
inclination of the working body to the horizon
in the longitudinal and transverse ways (Bazaluk
et al., 2022; Barrero, Taiebat & Dafalias, 2020).

According to the results of the analysis, it
can be concluded that the problem of exploring
the influence of mechanical drive bodies of sepa-
rators on the dynamics of their work and energy
consumption has not been practically performed.

The purpose of the study is to determine
the mode parameters of the drive of volumetric
oscillations of the conical working body of the
separator of coarse grain products through the
theoretical analysis of the amplitude-frequency
and energy characteristics of this process. To
achieve this purpose, the following main ob-
jectives of the scientific work were defined: to
analyse the current state of analytical studies
of the processes of vibration separation of bulk
solids, to determine the patterns of change in
the main parameters of vibration and to sub-
stantiate the design scheme of the separator
being explored.

Materials and Methods

To perform the above objectives, a prototype
model of the vibrating screen was developed,
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and a set of special devices was manufactured
that provide a measurement of amplitude-fre-
quency and energy characteristics and auto-
matic control of the drive shaft rotation speed
of the vibrating exciter. During the analytical
studies, the Lagrange method was used to com-
pile the equations of motion of the actuators,
and the Delambert method to determine the
main power and energy characteristics of the
oscillating system. Processing of the obtained
dependencies was performed in the mathemat-
ical environment of MathCAD.

Results and Discussion

The explored process of separation of a bulk
heterogeneous system as a driving force con-
tains centrifugal alternating force and moment
load on the technological environment, for the
establishment of which the development of a
vibration exciter of spatial oscillations was
provided to set the sieve surface in motion.
The developed mechanism rationally fits into
the design of a vibrating screen with a conical

sieve and can be used to generate both plane
and spatial vibrations (Palamarchuk et al.,
2020c, Deng et al., 2019). This drive is char-
acterised by kinematic vibration excitation
and the presence of spring-bearing units.
The vertical arrangement of the drive shaft of
this vibrating exciter with the horizontal ar-
rangement of the bearing surface of the con-
ical screen (Fig. 1, a) allows for establishing a
gyratory, i.e. gradual movement of the work-
ing bodies of the machine in the horizontal
plane. To increase the speed of movement of
the loading mass, it is advisable to perform the
sieve surface inclined (Fig.1, a,b), for which a
sleeve with an inclined outer surface was used.
Fixing the support sleeve on the drive shaft
of the vibrating exciter and the presence of a
spring-loaded sieve platform results in the gy-
ratory spatial movement of the working bodies
of the vibrating screen (Fig. 1, a). The elastic
elements of the support nodes partially elimi-
nate parasitic vibrations that can be transmit-

ted to the structure.

Figure 1. Schematic diagram of the developed vibrating screen with the drive of volumetric
vibrations at the straight and inclined arrangement of the working sieve surface: M, - torque
on the drive shaft; w - angular speed of rotation of the drive shaft; C, and C, - stiffnesses of
elastic elements, respectively, of the conical working body and the drive shaft; 6 - the angle of
inclination of the sleeve for adjusting the inclination of the sieve surface
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Using the Lagrangian method, the basic
equations of motion of the working container
were obtained (Palamarchuk et al., 2019, Zhu

et al., 2019, Ashtiani, Salarikia and Golzarian,
2017) and their solution using Cauchy solu-
tions:

_05a.t | Fm(w}-k32) Oxg  0.5Fpaeprt(kZ+wd)) . F(axw, sin w,t+(k2—w3) cos w,t)
x=e T7F 2__2\2 ZzCOprt‘l' - 2_, 2\2. 2,2 Sl‘l’lpxt-l' 2_ 2\2. 2,2 1)
(ki-w3)?+azw; Px (ki-w3)?+azw; (ki-wH+aiw;

_ Fin @y w, oS pyt ) Fnw,p;(0.5a2—k2+w? . Fon((k3-w}) sin w,t—ayw, cos w,t
y=€0'5ayt(—";y222 2y2+(ﬂ+—m22y(22y = ) sinpy t)+ ( T ) (2)

(k3-w3) +adw} Py (k3-w}) +ayw} (k3-w}) +a3w}

where w, is the angular velocity of the drive shaft
of the vibration exciter;;z - = and K== the
natural frequencies of the system; o, = 2,/kiZ - w?
and «,=2,1485-«Z - the dissipation coeffi-
cients of the system in the corresponding areas;
Fr = mew} — the specific modulus of the forcing
force; p, = /iZ—025.Z and , _ Jm - the re-
duced frequencies of the system.

The following indicators were used as criteria
for evaluating the developed vibration drive: the
amplitude of oscillations of the working contain-
er for the nominal mode A; angular velocity of the
drive shaft w; power consumption for the drive

of the oscillating system for the nominal mode

N and its minimum value N __ ; vibration velocity

min?
v=A-w and vibration acceleration, a=A-w? of oscil-
latory motion; vibration intensity I=a-v=A%w?.

Using the composite equations of motion
of the executive bodies of the vibrating screen
and their mathematical analysis, graphical de-
pendences for the kinematic and energy param-
eters of the investigated vibrating drive of the
separator for 50 positions of the support sleeve
were obtained in the mathematical environ-
ment MathCAD, the average values of which are
presented in Figures 2, 3, 4.
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Figure 2. Dependences of the average values of the kinematic characteristics of the screen
vibrating exciter on the angular velocity of the drive shaft: v — vibration velocity; a — vibration
acceleration; I = a-v - vibration intensity
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Figure 3. Dependence of the average values of the components of the vibration amplitude
on the angular speed of the drive shaft
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Figure 4. Dependence of average values of power consumption for the vibration separation
process on the angular speed of the drive shaft: N — power on the drive shaft; N, — minimum
power value on the drive shaft; ® — the angle between the drive shaft axis and the OZ axis
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Exploring the changes in power on the
drive shaft depending on the angle of rota-
tion of the support sleeve, a sinusoidal nature
of the change in this value was noted (Fig. 3).
It allowed determining the peaks of minimum
energy consumption for specific angles of ro-
tation of the sleeve. The double peaks of the
kinematic characteristics indicate the presence
of two elastic couplings in the system.

As can be seen from Fig. 4, the envelope
of minimum power values on the drive shaft
changes according to a sinusoidal law with a
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period of change in the angle between the axes
of the working container and the drive shaft
equal to ©, . = 22°. Such a sufficiently large val-
ue of this design parameter is not appropri-
ate for technological and structural reasons.
Therefore, when choosing the optimal angle 0,
the dependence can be used

®,,=360-7_ 0 3)

where z - the maximum integer to obtain a
positive value in equation (3): it is obvious that
forz =16;0 =14°

NG//4 1 - elastic element
2 - vibrating plate
3 - shaft
4 - axis

5 — bearing support

6 — adjustable spring

7 — upper group of adjusting stops
8 - bushing

9 — bearing

10 - body

11 - lower group of adjusting stops

Figure 5. Structural diagram of the vibration exciter with the guide sleeve
of the explored sieve separator
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Based on the theoretical studies, the design
of the gyratory vibration drive of spatial oscilla-
tions was developed (Fig. 5), which presents the
main structural components of the developed
vibration exciter, in particular, the mechanism
for adjusting the inclination of the working sur-
face of the support sleeve.

Conclusions

1. Using the Lagrange equation of the second kind,
the dependences for the main independent move-
ments of the executive bodies of the explored vi-
brating screen were compiled, and their solution
was obtained using the Cauchy method, which
allowed determining the patterns of change.

2. Based on the obtained equations of mo-
tion of the executive bodies of the vibrating
screen, the dependences of the main kinematic
and energy parameters of the explored vibra-
tion excitation scheme of the separator were
obtained.

3. The modes of minimum power consump-
tion on the drive shaft alternate approximately
every 22° of rotation of the working surface of
the support sleeve to the vertical; the optimal
angle between the axes of the working contain-
er and the drive shaft for the technological and
structural features for the explored machine is
14°, which allowed clarifying the design scheme
of the vibrating exciter of the developed screen.
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OOrpyHTYBaHHA aMILIITYAHO-4aCTOTHHUX XapaKTEPUCTHK
Ta KOHCTPYKTHBHHX IIapaMeTpiB BiOpo30ymKyBaua
cernaparopa 00’eMHHX KOJIMBaHb

Irop ITaBnoBuu IManamapuyk?, Oner MuxkonaiioBuy OMeJbSHOB!,
Muxaiino Muxaittosunuy MymTpyk?, Bomogumup IaBinoBuu Bacmis?,
BikTop Bonogumuposuu Capauna?, Mapis MuxaiiiBHa JXemtincbka?,
3inaiza AuppiiBaa byposa?, Makcum MukosnaiioBuu I'ynzeHko?,
Cepriit OnekcanapoBuy Pimin’

'BiHHMIIbKMIT HAlLliOHAIbHUI arpapHuii YHiBepCUTeT

21008, Byn. CoHstuHa, 3, M. BiHHu1ig, Ykpaina

’HarrioHaJbHMIT YHiBepcUTET 6GiopecypciB i MpUpPOmOKOpUCTYBaHHS YRpaiHu
03041, Byn. T'epoiB O6oponu, 15, M. Kuis, Ykpaina

33axiHOITIOMOPCHKMI TEXHOJNOTiYHUI YVHIBEPCUTET

70-310, Byin. ITsictyB, 17, m. llenyH, [Tonbima

AHoranig. OniHKa BIUIMBY aMIUITYIHO-UYaCTOTHMX Ta CUJIOBUX IlapaMeTpPiB 30BHIilIHbOI
TEXHOJIOTiYHOI i1 Ha CUTIKY TPOLyKIIiF0 yIIpolieciiicenapallii BIUIMBY, HAPSIMKY HU3bKOYACTOTHUX
KO/MMBaHb poGOUMX OpraHiB cermapaTtopa Ta KyTa Haxwiy KOHTejiHepa y TMpoiieci 06po6Ku
BU3HAUa€ OCHOBHI IMOKAa3HUKYU TEXHIKO-eKOHOMiYHOi e(heKTMBHOCTI AOCTiIKyBaHOTO IPOIIECY,
IO CTAHOBUTDb AKTYAIbHICTh MPOBEJEHNX MOCTiIKeHb. MeTOW JOCTiIKeHHSI € OOTPYHTYBaHHS
PEXMMHUX TapaMeTpiB [OOCTiIKYyBAaHOTO cemapaTopa O06’€MHMX KOJMBAHb 3a PaxyHOK
BU3HAUEeHHS 3aKOHOMiPHOCTE 3MiHM KiHEMAaTUUHUX Ta CUIIOBUX XapaKTePUCTUK BiOpOIIPUBOLIY.
Ilyis BU3HAUEHHS pallioHaTbHMX ITapaMeTpiB Ipoliecy BibpalliifHOro rpoXouiHHS 6y OTpUMaHi
PiBHSIHHS PyXy po60UYMX OPraHiB y BUIVISIII KOHIYHOT CUTOBOI MOBEPXHi BUKOPUCTOBYIOUM METOT,
piBHsHB JlarpaHxa 2 pofny. 3acTOCOBYlouM pillleHHs 3anadi Ko fjis niHiiHMX HEOZHOPIAHMX
nudepeHIiaTbHUX PiBHSHB OYJI0 OTPUMAaHO PO3B’SI30K OCTAaHHIX. BUKOPUCTOBYIOUM MaTeMaTUIHe
cepemoBuie Math CAD, 6yau oTpuMaHi 3aJ€XHOCTi aMIUTITYIX KOJIWBaHb, BiOPOIMIBUAKOCTI Ta
BiOpOIPUCKOPEHHS, iIHTEHCMBHOCTI KOJMBAJIBHOTO PYXY Jaay 3MOTY 3Ii/AICHUTU MaTeMaTUIHUIL
aHaJIi3 CUIOBUX T €HEPTeTUYHMX XapaKTePUCTUK BiGPONPUBOAY JOCTiIKYBAHOTO cermapaTopa.
OcHOBHUMM edeKTaMy po3pob6iaeHoi KOHCTPYKIii Bi6palliifHOro cemapaTtopy € 30i/lblIeHHSs
pyIiitHOI cwiM mpoluecy cemapailii cumkoi mMacu B 1iit pob6oOTi, 0 JOCSIIIN yepe3 HaZaHHS
po6ouOMy UMJIIHIAPUYHO-KOHIUHOMY KOHTeliHepy BiGpalliiiHOro pyxy; TOMIMNIIeHHs YMOB
MIPOXO/I)KeHHST YaCTOK IPOAYKIii duepe3 mepdopaliii, Mo HoCSmu 3aBASKM HAZAHHIO CUTOBI
ITOBEPXHi 06’€MHUX KOJMBAaHb; 3MEHIIEHHSI EHEPTOBUTPAT Ta MOTITIIIEHHS YMOB POOOTHU OTIOPHUX
BY3JIiB ITiJT 4acC eKCIuTyaTarlii MpoeKTOBaHOTO BiGPOTrPOXOTY, IO JOCIT/IV BHACTIJOK BCTAHOBIEHHSI
IOAATKOBUX TIPYKHUX eJIeMEHTIB MiXX KOPITyCOM ceraparopa Ta MiJIIMITHUKOBUMMU BY3IaMU
BEPTUKAJIbHOTO IIPMBOJHOTO Basly Bibpo36ymkyBaua. IToxmuiie posTairyBaHHsS KOHIiYHOI CMTOBOL
ITOBEPXHi Jjae 3MOTIY 3Ii/iICHIOBATH IMPOCTOPOBMIA ripalifinuit a0 KOJIOBMUIi MOCTyHaAbHUI PyX,
IO A€ MOKJIMBICTH peasizyBaTu mepeBaru 00’€MHOTO PO3MiIJIEHHSI CUIIKUX Mac. PesymbraTu

Animal Science and Food Technology. 2021. Vol. 12, No. 2




Palamarchuk et al.

59

MPOBENEHOTO AHATITUYHOTO MOCTIIKEHHS Jaau MOXKIMBICTb OOIPYHTYBATU ONTUMAaIbHMIL
KyT Haxwiy po6o4oi cuToBOi moBepxHi. Ha OCHOBi mpoBemeHOTo aHali3y Oyiu OGIPYHTOBaHi
Ta YTOYHEHi KOHCTPYKTMBHiI mapameTpu Bi6po30OymKyBaua Ta MpeAcTaBieHa KOHCTPYKIIis
i€l TexHiyHOiI cucTteMu. [I0 MpaKTUUHOI LIHHOCTI MPOBeIEHMX MOCTiAKeHb MOXHa BiJHECTU
3aCTOCYBAHHS Yy CermapaTopi MpoeKTOBaHOIO KiHeMaTUYHOTO KOMOiHOBaHOroO Bi6po36ymkyBava
06’€MHMX KOJMBAHb, IO TO3BOJISIE 3MEHIIMUTY MACy KOJIMBHUX YACTUH MIPUBOMLY Ta BiAOBiZHO
€HeproBUTPATH Ha MpoIiec cemaparii

KniouoBi cmoBa: BibpaliiiHa cerapailisi, KOHiuHa CMUTOBa TMOBEpXHS, BiOpOrpoxoT, 06’eMHi
KOJIMBaHHSI, aMILTi TYIHO-YaCTOTHI XapaKTe pUCTUKY, eHePTOBUTPATI HA IIPUBOJ, BiGPOIIBUIKICTB,
BiGponpucKkopeHHsI, MeXaHiuHuit KOMOGiHOBaHMIt BiGPOMPUBO/, KOPMOBA CYMilll, HU3bKOUACTOTHI
KOJIMBAHHS
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Dynamics of interfacial interaction between components during mixing
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Abstract. The effect of mechanical action on the mixing and whipping of a mixture of components
contributes to the establishment of a three-dimensional sponge-mesh continuous structure of the
gluten framework, as it determines the elastic and elastic properties of the medium and is relevant
in the dispersion of gas in a liquid. The purpose of the work was to establish the relationship
between the gas retention capacity of the medium and the energy consumed for the hydration of
the components. The experiments performed the task of determining the gas retention capacity of
the medium with variable parameters of the height of the liquid phase from the intensity of mixing,
the time of the transient processes of the formation of the full volume of the gas-liquid medium,
the time of the transient process of the dispersed gas phase. The difference in levels before the gas
phase generation and the stirring mode determines the value of gas retention capacity. Therefore,
it was concluded that it is expedient to completely destabilise the steady-state regimes by changing
the modes of action of the working body in the flow system. An additional impact on the system
is the change of hydrodynamic regimes due to the unstable dynamics of the dispersed gas phase
generation. The generation of this phase means the presence of energy costs for the interfacial
surface establishment, which must be considered in the overall energy balance. In addition, a part
of the gas phase, which existed and continues to exist in the new regime after mixing, enters the
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transient regime. Therefore, the most effective mixing occurs in case of compliance with the shifted
mode of dosing components in a suspended state and the mechanical impact of the working body.
Considering the tasks and conditions for mixing the dough, the requirements for the design of the mixer
are determined, and it is established that the supply of components should last at least 45 seconds.
During this period, there is hydration and a reduction in energy consumption. Such an approach
intensifies mass transfer and biochemical processes under conditions of thermodynamic equilibrium
with appropriate desorption bonds of the dissolved part of the gas phase and liquid, which covers a new
method of mixing and allows further use in the design calculations of working chambers

Keywords: mixing, solid, liquid and gaseous phase, change of concentrations, thermodynamics,

hydration, stripping

Introduction

The initial conditions of the mixing process are
compliance with the recipe of the components.
Mixing and whipping of semi-finished products
for bakery and confectionery products have
their defined stages (Chernenkova et al., 2019;
Stadnyk et al., 2021a). The processes of mixing,
whipping and foaming are essentially the same
and consist in dispersing gas in a liquid. Such
a system mainly contains gas bubbles in the
whipped mass. They are separated by a thin film
of liquid. Schematically, the foam structure can
be represented as a packing of gas bubbles with
thin films of the main highly dispersed filler
(Stadnyk et al., 2021b).

The biopolymers involved in the estab-
lishment of such systems include proteins,
starches, pentosans, and shell parts. In the
process of mixing the components of the
emulsion (brew), complex colloidal, physico-
chemical and biochemical transformations
occur under the influence of water and en-
zyme systems. Colloidal processes are the
most active. As a result of water absorption,
proteins, starches and pentosans increase in
volume, and sugars, minerals, water-soluble
substances and vitamins are transferred to the
solution. In the wheat dough establishment,

the primary role belongs to proteins, which
absorb double the amount of water compared
to their weight. Osmotically bound moisture
in them is 75%, and absorption bound - 25%.
It is due to osmotically bound moisture that
the protein molecule loosens and increases in
volume (Danyliuk et al., 2017).

During the mixing and beating of the mix-
ture of components, swollen, water-insoluble
protein substances (gluten proteins) increase
in volume due to mechanical action and form
a three-dimensional sponge-mesh continuous
structure (Lisovska et al., 2017). It is called the
gluten framework. It is this that determines the
elastic and resilient properties of the material.
The framework consists of starch grains, insolu-
ble pentosans, and particles of grain shells. The
hydration processes of the environment compo-
nents occur at different speeds and depend on
the water temperature. The maximum swelling
of proteins occurs at a temperature of 30°C with
water absorption of 2.0...2.5 g/g. At higher tem-
peratures, the swelling of proteins is limited.
Water absorption of starch is 0.3...0.4 g/g of
water per dry matter. Pentosans absorb water
osmotically and form viscous solutions, resulting
in a significant increase in moisture absorption
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capacity and consistency (Stadnyk et al., 2019;
Nakov & Ivanova, 2020).

It is considered that the absorbed and bound
water between the components is distributed as
follows, in %: whole starch grains — 26.4; dam-
aged starch grains — 19.1; gluten proteins — 31.2;
pentosans - 23.4 (Kolyanovska et al., 2019).

There are three phases produced by mix-
ing flour with water: solid, liquid and gaseous.
The solid phase is established by insoluble
proteins that establish the gluten framework
and ensure its stretchability and elasticity. The
liquid phase is a viscous solution consisting
of adsorbed flour and water components. The
gaseous phase is established as a result of the
saturation of the dough with air balls during
mixing and partially by adding air with flour,
water, eggs, milk protein, sodium casein-
ate, etc. It is considered that the gas phase is
close to 10% in the total volume of the medium
(Mushtruk et al., 2020).

Research analysis

A significant amount of substances in the
environment, changes in concentrations, in-
teractions between them and microorgan-
isms, the presence of stimulants, etc. result
in relative instability of the system. Under
such conditions, there are areas in which the
impact of individual factors is assessed. How-
ever, adverse effects should be programmed,
for example, by osmotic pressures, impacts of
factors, deterioration of product quality, etc.
While the effect of temperature can be traced,
there is no definitive opinion on physical
pressure (Palamarchuk et al., 2020; Sukhenko
et al., 2019). However, the provisions of ther-
modynamics closely relate the parameters
of pressure and temperature, for example, in
the gas laws, the Mendeleev-Clyperon equa-
tion, Henry’s law, etc. From the standpoint
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of technical availability, adiabatic or poly-
tropic processes are of interest in influencing
fermentable masses (Osipenko et al., 2019;
Savenkova et al., 2019). Due to the compression
of the establishing mixture on the surface of the
chamber, the temperature of the gas phase par-
tially increases. Evidently, before the system is
compressed, the temperatures of the gas phase
and the vapour coincide. However, after com-
pression, the ratio of temperatures is obtained:

k-1

I,=T (%)T (1)

in the adiabatic process and polytropic process,

m-1

L=n(2)" )

where T, and T, are the initial and final tem-
peratures of the gas phase, respectively; P, and
P, - respectively, the initial and final pressure;
k and m - adiabatic and polytropic indices.

The energy input into the system under
such conditions [6] is equal to:

_ MR
T k-1

E (T, = Ty)s 3

where M — mass of the compressed gas; R — the
universal gas constant.

The energy introduced in this way must be
redistributed between the dispersed gas phase
and the vapour, where the overall temperature
of the system increases.

According to Henry’s law, an increase in
partial (and in this case total) pressure increas-
es the solubility of the gas in the liquid phase
of the medium, and an increase in temperature
decreases the solubility:

¢, = kp, €))
where k — Henry’s constant.

This indicator considers how the propor-
tionality factor affects the temperature and
physical and chemical properties of the system
components. Increasing temperature decreases
solubility ¢, (Fig. 1).
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Figure 1. Diagram of the dependence between the parameters C_ and R according to Henry’s law

On the graph, isotherms T, and T, indicate
that there are theoretically possible variants in
which solubility increases, decreases or remains
constant with changes in pressure. Therewith,
the temperature of the medium according to
the Van Hoff law affects the osmotic pressure
of the solution:

7 = CRT, 5)
where m — osmotic pressure of the solution,
kPa; C - its molar volume concentration (mo-
larity), kmol/l; R=8.314 J/(mol-K) — universal
gas constant.

The molarity of a solution C is the ratio of
the amount of dissolved substance n to the vol-
ume of the solution V (1):

c=2 (6)

and the amount of substance is equal to its
mass m divided by the molar mass M. Therefore
it follows:

7

m
C=—
Mv

and the Van Hoff equation:

®)
_ mRT
=

From the last condition it follows that in
addition to the influence of the temperature T
of the medium, which can be selected in a suf-
ficiently noticeable range, a significant impact
on the osmotic pressure is achieved due to the
destruction of sugars and other organic poly-
mers in the process of fermentation, whip-
ping, since the final results of the transforma-
tions are alcohol and carbon dioxide and air.

Thus, the secondary consequence of pres-
sure changes in the system is the change in
the temperature of the dispersed gas phase,
the introduction of additional energy into the
system, and the change in osmotic pressure.
The primary consequence of the pressure
change in the medium is the active mixing of
the mixture of components. Its course occurs
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under conditions of volumetric stress due to
compression or expansion of the gas phase.
Therewith, it is significant that under such
conditions there is an interaction between
local zones, the centres of which are gas cav-
erns. The emergence of the latter in the phys-
ical essence corresponds to the phenomenon
of breaking the continuity of the medium
based on the transformation of the chemical
energy of the compounds of the medium into
the mechanical potential and, therewith, the
kinetic energy of change of shape and size.

The transient process of active gas gener-
ation affects the growth of the overall dimen-
sions of the massive medium and its volume.
However, the speed of such changes is quite lim-
ited. Changes in the volume of the medium occur
in a potential field of gravitational forces, which
are overcome by the driving factor of the po-
tential energy of the generated gas phase un-
der the intensive establishment of alternating
pulses of the acting forces (Shishkin et al.,
2020; Pyvovarov et al., 2021).

The course of such processes can be quite
fleeting. Therewith, the two processes are
combined, since the fermentation of sugars in
the medium is added to the pulse mixing. The
consequence of this combination is the inten-
sification of mass exchange and biochemical
processes. Others will be manifestations of
energy impulses in conditions of sharp pres-
sure drops. The difference in pressures means
the transition of the system to new param-
eters of thermodynamic equilibrium with a
rapid increase in the gas retention capacity
of the system through the expansion of the
gas phase with a corresponding increase in
its amount. This fact is caused by the desorp-
tion of the dissolved part of the gas phase.
Evidently, such a transition process concerns
both the gas phase and the liquid phase, since
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the increase in the volume of the gas phase
determines the increase in the volume of the
gas-liquid mixture and the movement of the
liquid phase. The dynamics of the latter is ac-
companied by the emergence of inertia forces
and, accordingly, an increase in pressure in
terms of its general and programmed reduction.

The movement of the liquid phase as a re-
sult of the establishment of the dispersed gas
phase is performed by the vertical working
chamber. The established gas-liquid system in
dynamics with elastic solid systems with dis-
tributed masses results in a conclusion about
their equivalence and the possibility of apply-
ing Rayleigh’s principle for determining the re-
duced mass of the liquid phase. The availability
of data on the masses of the system being stud-
ied and force actions on it means the possibility
of using the Lagrange-Delambert principle in
its modelling. The definition of the driving fac-
tor is associated with the dynamics of changes
in speed and pressure. Their reactions to the
pulsed energy disturbance will coincide since
the generators of mechanical impact for pres-
sure reduction are the gas phase itself.

The purpose of the research is to establish
the correlation between the gas retention ca-
pacity of the medium and the energy spent on
the hydration of the components.

Materials and Methods

The research was performed to determine the
gas retention capacity of the medium with
variable parameters of the height of the liquid
phase h ,. from the intensity of mixing, the
time of the transient processes of the develop-
ment of the total volume of the gas-liquid me-
dium, the time of the transient process of the
dispersed gas phase.

The difference in levels before the gas phase
is established and in the mixing (aeration) mode
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determines the value of gas retention capacity.
The beginning and end of the transition pro-
cesses (obtaining a homogeneous mass) were re-
corded visually. The change in the height of the
liquid phase was accompanied by a similar cycle
of changes in the exposure parameters.

Results

The change Ah in the height of the swollen
gas-liquid layer compared to the height of the

liquid layer meant that it allowed determining
the value of gas retention capacity:

uz.p.c. = Ahf, (9)
where f — cross-sectional area of the working
chamber. For the inner diameter of the chamber
d=0.15 m have f=0.0177 m2.

The results of measurements of primary
data are presented in Table 1.

Table 1. Results of determination of hydrodynamic parameters of the system with air

Height of liquid phaseh , =0.2m

Rotameter reading

0.0 10.0 15.0 18.0 20.0 27.0
countdown
Mix height, m 0.14 0.15 0.17 0.18 0.19 0.195
Retention capacity, (009708 0.000885  0.001239  0.001416  0.001593  0.001682

m3

The analysis of the obtained data leads to
the expected conclusion about the growth of
gas retention capacity in the system with in-
tensive mixing of components, which affects
the increase of gas flow on aeration and height
of the liquid phase. Therewith, the effect of

the transient process is recorded, according to
which the stabilisation of the gas phase veloc-
ity occurs at a height of 0.15...0.2 m above the
plane of its injection into the liquid. A graphical
interpretation of the results of tabular data is
presented in Fig. 2.

0.20 | 0.17-10°
//
0.19 | 0.1610° ..
/ :
g . B
S 018 ] / 0.1410° 5
= a.
[J} [
= o
5 017 N 0.12:10% o
= / S
o
0.16 - 0.8810° o
/ S
0.15 - / 2 0.7-10°
0.14 L—1
0 5 10 15 20 25

Rotameter readings by divisions

Figure 2. Dependence of the height of the liquid-air mixture (1) and its gas retention capacity (2)
on the rotameter readings at a liquid layer height of 0.2 m
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Transient processes in mixing systems can
occur in modes of a sharp increase in gas reten-
tion capacity or a decrease in planned conditions.

Transient processes in the conditions of
introduction of liquid flows include those that
correspond to the appearance of a dispersed gas
phase in the full volume of the medium. There-
with, at the moment of establishment and exit
of the gas phase from the medium, the level of
gas retention capacity is the highest with sub-
sequent active decrease and transition to the
steady state. To explain such a course of pro-
cesses can be explained by the establishment of
circulation circuits in the working chamber at
this moment and the increase due to this abso-
lute velocity of the gas phase.

In addition, the transition process corre-
sponds to the termination of the intensive ac-
tion of the working body on the gas phase gen-
eration. If it is performed by a sharp decrease
in the flow, it results in the mass floating of the
dispersed gas phase.

The observed difference in the velocity of
air masses is explained by the physical prop-
erties of the gas and the interaction of its dis-
persed masses with the liquid. Evidently, at the
stages of the surfacing of the arrays, there is a
restructuring of circulation flows in the rem-
nants of the gas-liquid phase and, therewith,
the entire system, which is represented by a

combination of liquid and gas-liquid phases
(Fig. 3).

PWB

Figure 3. Scheme of movement of mixed components in the working chamber: A — circulation
circuit of movement of components; B — the action of forces on components;
PWB - plate working body

In such an interaction, the liquid phase
moves and the energy potential decreases.
Due to the transience of this stage, note its
relatively small impact on the technological
process and the lack of external energy flow,
since the course of events occurs due to the

Animal Science and Food Technology. 2021. Vol. 12, No. 2

potential and kinetic energy of the system at
the beginning of the stage.

In connection with the latter and the part
of the experiments that concerned the de-
termination of gas retention capacity, it was
concluded that it is advisable to completely
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destabilise the steady-state regimes by chang-
ing the modes of action of the working body in
the flow system.

Notably, this component of A, , hydration
has not been previously explored. Its value
was accepted in the appropriate parameters.
Therefore, in this case, the energy spent on
hydration of the components will be considered
by the system of equations:

(10)

_ BCrat.,

AU =A,, +q
{Qa‘o =~u

where AU - change in internal energy; Q, , -
the amount of heat provided by hydration J;
At , — temperature increase due to hydration;
q — the amount of heat provided to the system,
J; A, — work performed by the system, J; M -
amount of flour in dough, kg; B — the amount of
processing dough, kg; C_ - specific heat capaci-
ty of dough, kJ/kg.

During the whipping of the mixture, where
there is no work for plasticisation, it was assumed:

Agen= Q hyd® (11)
Considering that the author of the mixing
process [9] believes that:

_ CuMtw
B

Cr (12)

where C is the specific heat capacity of

flour, kJ/kg; W — amount of water (substitutes)

according to the dough recipe, kg; M — amount of

flour, kg; B - the amount of processing dough, kg.
Then:

4 = Beraty
{ 20 = T (13)
Ayig =4U — g

Change of internal energy :

AU = (C\,M-i:‘j/)-zlt,,, (14)
Solution (10) :
Ay ="2(cM +B) (15)

From the analysis of the above about the en-
ergy, which can be transferred in various forms
through the working body to the medium, the
general modes of the cycle of energy changes
in the growth of the gas dispersed mass, i.e.,
the component of the mixing stage, are taken.
Maximum crushing of gas bubbles in the gen-
erating mixture at a uniform level of activity of
the surface of the plate working body contrib-
utes to the emergence of thin-walled fine uni-
form porosity of products. The crushing of gas
bubbles is one of the main factors affecting the
shape stability of the semi-finished product. It
is further transformed into other qualitative
indicators. Therewith, it is necessary to en-
sure minimal energy consumption to establish
a homogeneous mixture with a fairly uniform
distribution of the concentration of solid com-
ponents (flour) in the liquid phase throughout
the mixed volume.

The achieved uniform state of the mixture
is unstable. Aeration of the mixture increases
the speed of metabolic processes, which gener-
ally affects its oxygen saturation. The satura-
tion of the mixture with oxygen results in an
intensive oxidation catalysis process. Some of
the bubbles are in the form of an emulsion of
gas in the liquid phase of the mixture, and the
other is in the swollen proteins of the mixture
in the form of gas bubbles. Increasing the ab-
sorption of water volume activates the action of
enzymes, which generally determines the pro-
cesses of swelling and peptisation of proteins
and dilution of the mixture.

Considering this, the change in the volume
of the establishing system during mixing in the
form of porosity (volume of the gas phase) was
predicted. From the energy balance equation,
the work spent on heating the structural com-
ponents and the interacting working body with
them was determined [1]:
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Lty
= m,C,
3 n (mycy

A

(16)

- m.uc.u)

Considering the Mendeleev-Clyperon law for

nt

Assuming that T,=t,-t,, the system of equa-
tions was transformed, and the volume of the
gas phase V, was determined.

An additional impact on the system is the
change of hydrodynamic regimes due to the
unstable dynamics of the dispersed gas phase
generation. The surface of the gas-liquid flow
is determined through a combination of physi-
cal and chemical properties of the medium and
the speed of flow of the surface of the working
body. The established gas-liquid circuits are fre-
quently chaotic, which results in disturbances
of thermal circulation. Therewith, the levels of
such violations can be quite deep with changes
in areas in the contours of the working chamber.

Thus, hydrodynamic modes in the work-
ing chamber are determined by three reasons.
The first of them concerns the generated flows
of surface contours during the interaction in
suspension of the dosing yeast suspension and
dosing flour. The second - is the establishment
of flows of surface contours under the rotation-
al action of the plate working body. The third
reason concerns the establishment of flows

P1V1 PZVZ
T,
t,—-t t
Az = Az + Ay = 2 (my,C, — My 0) + 5, (CM + B)

an ideal gas [8] and the equations of the theory
[1] and the defined hydrothermal reaction, the
following is obtained:

17

4

with the participation of the gas phase and
gravitational action on the flows that rapidly
drain down the walls of the cylindrical working
chamber.

Evidently, each of these reasons is char-
acterised by its driving factors. For the first
and second factors, there is a difference in the
movement of the medium and temperatures. In
the third case, the driving factor is the presence
of the dispersed gas phase, and the rate of es-
tablishment of the latter is significant, which
in turn depends on the speed of whipping and
the establishment of the foam frame. A spe-
cific level of generalisation in the latter case
can be represented by the retention capacity
of the medium in the gas phase. The gas reten-
tion capacity of the medium depends on the
change in the height of the liquid phase in the
working chamber of the machine, the intensity
of aeration, the time of the transient processes
of the establishment of the full volume of the
gas-liquid medium, the time of the transient
process of the dispersed gas phase. Gas char-
acteristics are presented in Table 2.

Table 2. Physical parameters of air

Gas Molecular weight Specific mass, kg/m3 Gas steel, J/(kg'K)
Air 28.96 1.293 287
The change Ah in the height of the swollen Uspe. = Ahf. (18)

gas-liquid layer compared to the height of the
liquid layer meant that it allowed determining
the value of gas retention capacity:
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where f — cross-sectional area of the working
chamber.
Accordingly, the volume of the expanded
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gas-liquid layer for each zone of the working

chamber will be:

ha

V=m] y?dx 19

where y - radius of the cylindrical cham-
ber, mm; x — chamber height, mm.

h 2
anz = n'fhi[yl + (x - hl)tga] dx =

The rate of generation of the gas phase
is determined by the process technology and
each cross-section of the cylindrical working
chamber of the machine can detect signs of
a dispersed gas phase. The control system of
thermodynamic parameters provides for the

achievement of maximum pressure P =P, and

from the moment it is reached, it is supposed
to decrease to a specific value of P,. Therewith:
AP=P-P,.

It is essential that the change in pressure
AP does not vary with the coordinate of the se-
lected point in the working chamber. The vol-
ume of the generated medium depends on the
size of the retention capacity and the location
of the corresponding layers. Evidently, the gen-
erated phase is in the form of arrays of dispersed
bubbles, the total volume of which is calculated
using the Mendeleev-Clyperon equation:

V., =-—0zpT,

num. P(,\)

@n

The specific mass of O, is known (Table 2)
and the final pressure P corresponding to the
chosen coordinate h is known, then:

P(K) =P0 +mgh. (22)

Therefore, the specific volume of the gen-
erated whipping mass according to the recipe
with the corresponding air saturation will be:

mo,

%4

num.

(23)

~ Py+mgh ’

Considering that the level of the central
part of the dough is on average 20...30 mm
higher than that of the walls of the working
chamber and considering the conical part of it,
the volume of the generated mixture before un-
loading will be determined:

T

{ly1 + (h = hy)tgal®}. 20)

3tga
where R and T are respectively the universal
gas phase and the absolute temperature of the
medium.

This generation of the dispersed gas phase
means the presence of energy costs for the es-
tablishment of the interfacial surface, which
should be considered in the overall energy bal-
ance. Therewith, it is necessary to name one
more feature. A part of the gas phase, which
existed and continues to exist in the new re-
gime after mixing, enters the transient regime.
Existence is inevitable as the new bubble nu-
cleated in the medium is instantly acted upon
by the Archimedean force regardless of the
state of the liquid phase. In this regard, the
relative movement of the gas phase begins
with increasing speed to the value at which
the resistance force of the medium becomes
equal to the Archimedean force. Therefore, it
is necessary to perform a technological op-
eration with the generated environment for a
specific period (10...20 seconds) — unloading of
the semi-finished product.

Conclusions

The volume of the mixture changes the most
at the end of the mixing stage at the maximum
mass (according to the recipe), i.e. in the gen-
erated mixture and the percentage of the gas
phase is 13.6%. Therefore, powdered solids
and liquids are most effectively mixed on the
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surface of the phase contact, while it is neces-  requirements for the design of the mixer are de-

sary to observe the shifted mode of dosing the  termined, therewith, it is established that the

components in suspension and the mechanical  supply of components should last at least 45

impact of the working body. Considering the seconds. During this period, there is hydration

tasks and conditions for mixing the dough, the  and a reduction in energy consumption.
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JuHamika Mixkd¢a30B0oi B3aeMoAil Mi’k KOMIIOHEeHTaMH IIpH epeMilryBaHHi

Irop SIpociaBoBuu CragHuk!, BikTrop Bomogumuposuu Capana?,
Muxaitno Muxaitnosnu Mymtpyk?, Bonogumup IlaBinosuu Bacuiis?,
Mapis MuxainiBHa XXertincbka?, Irop ITaBnosuu I[Tanamapuyk?,
3inaiga AugpiiBaa Byposa?, Makcum MukonaitoBud I'yazeHKo?

'TepHomiNbCcbKMit HAaLliOHATbHUI TeXHIUHMIT YHiBepcuTeT iMm. 1. [Tymtost
46001, Byn. Pycbka, 56, M. TepHominb, Ykpaina

’HarrioHaabHMIT YHiBepcUTET 6GiopecypciB i mMpUpPOAOKOPUCTYBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, M. Kuis, Yrpaina

AHoTanig. BruiMB MexaHiuHOi il Ha 3MilllyBaHHS Ta 30MBaHHS CyMillli KOMIIOHEHTIB CIIpUSIE
YTBOPEHHIO TPMBUMIipHOI ry64acTo-CciTuacToi HerepepBHOi CTPYKTYPU KJI€HIKOBMHHOTO KapKacy, 60
came BiH BM3HAvae eJlaCTUYUHI Ta IPY)KHi BIACTUBOCTI CepefOBMUILA i € aKTyaJIbHUM Y IUCIIepryBaHHi
rasy B piguHi. MeTOI0 po60TH 6y/7I0 BCTAHOBJIEHHSI B3a€MO3B 513Ky ra30yTPUMYBaIbHOI 34aTHOCTI
cepeloBMIlla Ta eHeprii, 3aTpayyBaHOi Ha rifparallilo KOMIIOHEHTIB. JlociiaMmu BUKOHYBAIOCS
3aBJIaHHS BM3HAUEHHS ra30yTPUMYBAJIbHOI 34aTHOCTI cepemoBuiia 3i 3MiHHMMM MapaMeTpaMu
BUCOTM piguHHOI (asm Bi iHTEHCMBHOCTI 3MillyBaHHS, yacy Iepebiry nepexiZHMUX IMPOIIECiB
dbopmyBaHHS TIOBHOTO OG€MY Ta30piIMHHOIO CEpeloBMUINA, YacCy IIepexXigHOro TIpoIecy
BUXO[Iy OMCIIeproBaHoi ra3opoi ¢dasu. PisHuilsl piBHIB 1O yTBOpeHHS ra3oBoi dasm i1 y peskumi
rnepeMillyBaHHS BM3HAUa€ 3HaUeHHS ra30yTPMMYBaIbHOI 30aTHOCTi. ToOMy MpUIALIUIM O BUCHOBKY
PO IOIiIbHICTD MOBHOI TecTabinizamii ycraseHnx peskuMiB 3aBASKY 3MiHi peXXuMiB Iii po6odoro
opraHa B CMCTeMi OTOKiB. [J0aTKOBMM BILIMBOM Ha CUCTeMY € 3MiHa riApoagMHaMiYHUX PEXUMIB
Y 3B’SI3KY 3 HECTAJIOIO IMHAMiKOI0 YTBOPEHHS A CIIeproBaHoi ra3oBoi ¢asu. leHepyBaHHS 11i€i pa3u
03HAUa€ MPUCYTHICTh €HEPTeTUYHUX BUTPAT HA YTBOPEHHSI Miskda3HOi MOBEpPXHi, 0 MOBMHHO
BpPaxoBYBAaTHMCS B 3ara/ibHOMY eHepreTuuyHoMy 6asaHci. Takok yacTuHa ra3oBoi dasu, 1o icHysaza
i IPOJIOBKY€E iCHYBaTU B HOBOMY PEXMMIi Mic/Is 3MilllyBaHHSI, IOTPAIUIIE B PEXXUM I1€PEXiHOTO
nporiecy. Tomy HaitedeKkTUBHille 3aMillyBaHHS BimOyBaeTbCsl B pa3i AOTPUMAHHS 3MilllEHOTO
PEKMMY O3yBaHHSI KOMIIOHEHTIB Y 3Ba)KEHOMY CTaHi Ta MeXaHiuHOTO BIUIMBY POOOYOTO OpraHy.
3 orsimy Ha MoCTaB/IeHi 3aBAaHHS i yMOBY MIPOBeNeHHs 3MilllyBaHHS OMapy, BM3HAUeHi BUMOIU
[0 KOHCTPYKIii 3MillyBaya, a TaKOXX BCTAaHOBJIEHO, 11O IOJlaua KOMIIOHEHTIB Ma€ TpPMUBATU He
MeHIIe 45 c. 3a 11eii mepion BinGyBaeThCs rimpaTallis Ta 3MeHIIIeHHS CTIOKMBAHHS eHepropecypcis.
Takuit migxin inteHcudikye macoobMiHHi i 6ioXiMiuHi mpolecu B ymMOBaX TepPMOAMHAMIUHOI
piBHOBarM Mpu BiATIOBIZHMX 3B’SI3KaX AecopObiiii po3umMHeHOi YacTuHM ra3oBoi ¢asyu Ta piauHu,
110 PO3KPYUBAE HOBMIA CIIOCi6 IMepeMilllyBaHHSI Ta JO3BOJSIE B TTOJATbIIOMY BUKOPUCTOBYBATHU TTPU
KOHCTPYKTMBHMX PO3PaxXyHKaxX po6oUuMx Kamep

KimiouoBi c/ioBa: mepemilryBaHHSI, TBepfa, pigka i rasomofmioHa ¢dasa, 3MiHa KOHIIEHTpAIIiii,
TepMOAMHaMiKa, TiipaTallis, onapa
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Honey as a component of marinade for semi-finished meat products

L. Tyshchenko’, O. Pylypchuk, V. Israelian, L. Adamchuk, O. Akulonok
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Abstract. The specific features of the biochemical composition and properties of raw meat determine
the necessity of finding new technologies for its processing to obtain new products with high consumer
properties. The actual area of technology development is the enrichment of raw meat with useful
components with functional and technological properties that have high biological value: api products and
products of plant origin.The purpose of the work was to develop a marinade with the addition of honey and
to explore its effect on the semi-finished meat product, depending on the duration of marinating. Selection
of samples for investigations and their preparation for analysis was performed according to GOST 4288-76
“Culinary and semi-finished products of minced meat. Acceptance rules and test methods”, organoleptic
examinations were performed according to DSTU 4426:2005, moisture content determination — GOST
9793-74 “Meat products. Methods for determination of moisture”, the amount of fat — for GOST 23042-86
“Meat and meat products, “Methods for determination of fat”, the amount of protein - GOST 25011-81
“Meat and meat products. Methods for determination of protein”, determination of ash content - GOST
31727-2012 “Meat and meat products. Determination of mass fraction of total ash”, determination of pH -
GOST 26188-84 “Products of fruits and vegetables processing, canned meat and meat. Determination of
pH”, and determination of fibre-forming and fibre-retaining properties were performed through sample
preparation and determination of fibre content. According to the scheme of the experiment, the research
technology was determined. The research results of the initial raw meat, honey and marinated semi-
finished product are presented in the study. It was established that the decrease in the pH of the marinated
semi-finished product during the 24-hour exposure period ensures the stability of the meat to storage,
as most bacteria develop at high pH values, while on acidic nutrient media below 6.2, their development
is slowed down. Long marinating allows obtaining meat with increased moisture binding and moisture
retention capacity and improved consistency and juiciness. The task of establishing new products requires
new approaches and techniques of technology. Using apiproducts that have antioxidant properties will
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allow refraining from using preservatives and stabilisers of chemical origin. Thus, honey can be used in the

composition of marinated meat products. The introduction of active components of honey into the marinade

will extend the shelf life and adjust the organoleptic properties. In addition, during heat treatment, the meat

marinated with honey marinade acquires new taste qualities, and the appearance becomes brighter due to the

caramelisation of honey

Keywords: safety, components, method and duration of pickling, organoleptic and physicochemical

parameters, natural antioxidants

Introduction

Providing the country’s population with quality
and safe products is of particular relevance in mod-
ern environmental realities and for strengthening
immunity. In performing this task, an important
role is played by the successful development of
agriculture and high-quality production of meat
raw materials and its further industrial processing.
The actual area of technology development is the
enrichment of raw meat with useful components
with functional and technological properties that
have high biological value: api products and prod-
ucts of plant origin (Zharinov et al., 2016).

The current consumption of meat products
requires a variety of new assortment of semi-fin-
ished products, which is explained by the fact that
the priority is determined by the speed of cook-
ing, availability and shelf life of food, and the use-
fulness and availability of antioxidant properties
of food products (Gotsik & Bandurenko, 2012;
Wie'k A. et al., 2020).

The deterioration of the environmental situ-
ation, deformation of the diet and excessive con-
sumption of products with carcinogenic substances
pose a significant threat to the health of the popu-
lation of Ukraine. Therefore, improving the range
of food products, in particular, portioned semi-fin-
ished products with high nutritional and biolog-
ical value is quite relevant.

To diversify the range of meat products, and to
provide them with new nutritional and taste qual-

ities, various processing processes are used, which

Animal Science and Food Technology. 2021. Vol. 12, No. 2

result in new types of meat products (Kim et al.,
2010; Semenchenko, Nefedova & Savinova, 2013).

Currently, scientists have established a large
number of technologies for the preparation of
semi-finished meat products, using different types
of marinades, since marinated semi-finished prod-
ucts have a longer shelf life and high yield after heat
treatment (Balyabina et al, 2016; Merenkova &
Lukin, 2016). In addition, marinated meat becomes
more tender and juicy, which facilitates the diges-
tion and absorption of the maximum amount of nu-
trients contained in it by the body (Jinap et al., 2015;
Shamsudin et al., 2020). Thus, in studies (Tanavots
et al., 2018) it was established that after the stage
of marinating pork in the honey-mustard marinade
with its subsequent cooking, the product became
softer and more tender compared to the product
cooked in vinegar-containing (white wine) mari-
nade. In addition, the semi-finished product mari-
nated in the honey-mustard marinade was charac-
terised by a high yield of the finished product.

The main types of additives in marinades are:
vinegar, wine materials, citrus juices, soy sauce,
mayonnaise. Each of these components has its
drawbacks. For example, vinegar helps to soften
the structure of muscle fibres of the meat, but
there is a decrease in the brightness of the taste
of the finished product, with the appearance of a
slightly sour taste (Seong et al., 2012; Serdaroglu
et al., 2007; Zochowska-Kujawska et al., 2012). Mar-
inade based on soy sauce has a spicy but quite salty

and very spicy taste; allergic reactions are possible.
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Mayonnaise significantly increases the nutrition-
al and energy value of the semi-finished product
(Toleubekova et al., 2020). Marinades made with
non-conventional products can be spicy, savoury,
sour, sour-sweet, sweet, exotic, fruity and flavoured
with spices. Marinades with the addition of honey
are particularly bright.

In previous studies (Alzahrani et al., 2012; Yiicel
et al., 2005) of the physicochemical and organoleptic
properties of meat products and semi-finished prod-
ucts, it was proved that the combination of meat and
honey has an interesting and promising nature of re-
search. After all, using bee products in the marinade
provides the meat with new technological and taste
properties.

Honey is most widely used in the production of
lactic acid products: yoghurts, and curd desserts. In
addition, using of beekeeping products found itself
in the production of salted fish and caviar products,
as an alternative to synthetic preservatives, the
foundation for the production of environmentally
friendly, organic products.

According to the literature on physicochemical
and quality indicators, honey has therapeutic value
due to the nature of carbohydrates and the content
of pollen grains. It promotes the normalisation of
metabolism and the strengthening of immunity.
Useful substances contained in it contribute to nor-
malising the acidity of gastric juice and improving
digestion. Honey has a positive effect on the nervous
system and improves the quality of sleep. For dia-
betics and those with high blood cholesterol, honey
successfully replaces sugar. Regular consumption of
honey significantly improves performance, thus, it
should be consumed by patients, athletes and any-
one who works physically (Iliaab et al., 2021).

Literature data suggest that honey, used
alone or as an auxiliary ingredient, may be a po-
tential natural antioxidant (Ahmed et al., 2019).
Thus, the development of new recipes for mari-
nades with the addition of honey and their use in

the production technology of semi-finished meat

products will allow both to diversify the taste of
conventional products and to increase their nutri-
tional value.

It is proven that numerous natural products,
in particular honey, reduce the oxidation process of
meat. Such antioxidant activity can reduce potential
carcinogenic substances. Antimicrobial activity can
inhibit the establishment of biogenic amines pro-
duced during microbial growth (Lee et al., 2020).

The development of heterocyclic amines, in
particular, in chicken meat, was explored by Jinap
et al. During their research, it was determined that
using tamarind in marinades with honey reduces
the content of heterocyclic amines.

Regarding the requirements of national and
international standards for honey quality and
safety, in addition to compliance with organolep-
tic and physicochemical parameters, the content
of antibiotic residues should be monitored (Kumar
et al., 2020; Khamid, Pushkar & Hurko, 2020).

The study (Benzik et al., 2020) was designed
to explore the impact of the pickling process on
the quality of the newly designed food product.
The influence of marinating and the duration of
heat treatment on the quality of product samples
was explored. According to the results of the ex-
periments, the optimal composition of the mari-
nade is proposed.

Quality meat products with high biological
value will be quite competitive, which is an integral
part of the development and prosperity of any en-
terprise in the food industry and catering.

The purpose of the study was to develop a
marinade with the addition of honey and to explore
its effect on the semi-finished meat product depend-

ing on the duration of marinating (2 and 24 hours).
Material and Methods

The research was conducted in the laboratory of

the Department of Meat, Fish and Seafood Tech-

nology of the National University of Life and Envi-

ronmental Sciences of Ukraine.
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Beef hips and marinades based on different
types of honey were chosen for the study: gold-
enrod — crystallised and dense, and citrus - trans-
parent with a liquid consistency. According to
organoleptic indicators, the varieties of honey cor-
responded to the requirements of DSTU 4497:2005
“Natural honey. Specifications”, according to the
type of plants from which they were collected, had
the aroma and taste inherent in this variety and did

not contain mechanical impurities and signs of fer-
mentation. According to the scheme of the experi-
ment, the following technology was performed: the
meat semi-finished product was pre-incubated in a
marinade of oil, honey, salt, pepper and a mixture
of herbs for 2 and 24 hours, followed by baking at a
temperature of 180°C. There were 5 experimental
samples and 1 control in which honey was used in

the following proportions (Table 1):

Table 1. The ratio of honey in the marinade

Sample number Honey type %
c - -
1s Citrus 10
2s Citrus 20
3s From goldenrod 10
4s From goldenrod 20
5s Citrus + from goldenrod 20 (10 each)
MBC = LBX88 5 100

Sampling for organoleptic and physicochem-
ical studies and their preparation for analysis was
performed according to GOST 4288-76 “Culinary
products and semi-finished products from minced
meat. Acceptance rules and test methods”.

- organoleptic studies were performed ac-
cording to DSTU 4426:2005;

- determination of moisture content - GOST
9793-74 “Meat products. Methods of moisture de-
termination”;

-fat content —according to GOST 23042-86 “Meat
and meat products Methods of determination of fat”;

- protein content — GOST 25011-81 “Meat and
meat products. Methods of protein determination”;

- determination of ash content - GOST 31727-
2012 “Meat and meat products. Method the mass
fraction of total ash”;

- pH — GOST 26188-84 “Fruit and vegetable
products, tinned meat and canned meat. Determi-
nation of pH”;

- determination of moisture-binding and
moisture-holding capacity was performed by press-
ing the samples and the release of free moisture,

further calculated using the appropriate formulas.

Animal Science and Food Technology. 2021. Vol. 12, No. 2

A
where, MBC- moisture binding capacity, %; A —
total moisture content in bulk, %; 8.4 — constant,
which means the amount of moisture retained by
1 cm?® filter paper; B — wet spot area, cm?.

Moisture-holding capacity (%):

MHC =

_ (ABx8d) 00
M

where, MHC - moisture holding capacity of meat,
%; A — total moisture in the meat sample, mg; 8.4 —
constant, which means the amount of moisture re-

tained by 1 cm’ filter paper; B — wet spot area, cm?;

Results

In the course of the research, it was established
that the physical and chemical parameters of
the initial meat raw materials corresponded to
the requirements of the state standard (Table 2).
The results of the physicochemical parameters
of honey research are presented in Table 3. An-
alysing the data obtained, it was established that
the physicochemical parameters of honey corre-
sponded to the requirements of the highest grade
of DSTU.
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Table 2. Physicochemical parameters of beef meat

Indicator Experimental sample According to DSTU 4426:2005
Active acidity, pH 6.00+0.03 5.6-6.5
Mass fraction of moisture, % 69.8+0.2 67.7-70.5
Mass fraction of ash, % 0.91+0.10 1.0
Mass fraction of protein,% 17.5%0.1 18.9
Mass fraction of fat,% 11.2+0.3 12.4
Moisture-holding capacity, % 65.31+0.05 65-67

Table 3. Main physical and chemical parameters of honey quality

Indicator DSTU (Top Goldenrod Citrus honey
quality) honey
. presence of pollen
Pollen analysis result grains Present Present
Species composition of pollen grains, % not less 10.0 35.6 41.2
Mass fraction of water, %, no more than 18.5 16.3 17.1
Mass fraction of reducing sugars, %, not less than 80.0 88.4 81.7
Mass fraction of sucrose, %, not more than 3.5 3.5 3.0
Diastasis number, Gote units (Schade units for EU 15.0 163 41
countries), not less than : . .
Hydroxymethylfurfural content, mg/kg, not more than 10.0 7.2 7.4
Acidity, milliequivalents of sodium hydroxide per 1 kg, 40.0 391 245
not more than : : .
Electrical conductivity, mS/cm 0.2-0.1 0.1 0.09
Proline content, mg/kg 300 299 298

In addition, the diastase number of citrus
honey, according to the state standard, this figure
should not be less than 15 units of Gothe, while
according to Directive 2001/110/EC (Council Di-
rective 2001/110/EC, 2001) for citrus honey should
be at least 3.0 units Gothe. Whereas the sample of
citrus honey in terms of diastase number was 4.1
units of Gothe.

Thus, having examined the organoleptic and
physicochemical characteristics of beef and honey

varieties used for marinating, it can be concluded

6.02

6.055'95 5.965.37 =154

The pH value
O = N W R 1NN

Control 1 2

5.99

that all the requirements of the raw materials cor-
responded to the quality indicators.

Analysing the methods of marinating meat,
for 2 and 24 hours, the observed decrease in the pH
of the marinated semi-finished product during the
ageing period up to 24 hours indicates the stability
of the meat to storage, as most bacteria develop
at high pH values, while on acidic nutrient media
below 6.2, their development slows down (Fig. 1).
The obtained results are confirmed by scientific
research of foreign scientists (Yusop et al., 2010)

592566 39572

5.01
2 hours
24 hours

3 4 5

Experimental samples of beef meat

Figure 1. Effect of ageing time on pH change in samples of beef meat
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According to the results of determining the
physicochemical parameters (Tables 4, 5), it was
established that the addition of honey to the
marinade increases the protein content in the
samples being studied, best of all in samples
No. 2 by 0.16 and No. 5 by 0.23 for storage for
2 hours and, respectively, by 0.66% and 0.69%

Table 4. Physicochemical parameters of portioned s

after storage for 24 hours, compared to the con-
trol sample. Indicators such as the mass fraction
of ash did not vary significantly in all the ex-
perimental samples, but the fat content, on the
contrary, did not significantly, but increased in
all samples, due to sunflower oil, which was part
of the marinade.

emi-finished products in the marinade for 2 hours, %

A Characteristic
Indicator
Control | No.l | No2 | No3 | No4 | Nos
Mass fraction of moisture 69.14 70.58 69.84 68.95 68.49 68.05
Mass fraction of fat 12.65 11.31 11.83 12.72 13.25 13.74
Mass fraction of protein 17.30 17.43 17.46 17.45 17.39 17.53
Mass fraction of ash 0.91 0, 88 0.87 0.88 0.87 0.88
Mass fraction of table salt 1.63 1,61 1.66 1.65 1.62 1.64
Table 5. Physicochemical parameters of portioned semi-finished products
in the marinade for 24 hours, %
Indicator Characteristic
Control ‘ No.1 ‘ No.2 ‘ No.3 ‘ No.4 ‘ No.5
Mass fraction of moisture 69.02 69.61 69.04 67.70 67.32 67.81
Mass fraction of fat 12.72 11.95 12.08 13.49 13.94 14.27
Mass fraction of protein 17.35 17.56 18.01 17.93 17.86 18.04
Mass fraction of ash 0.91 0.88 0.87 0.88 0.88 0.88
Mass fraction of table salt 1.69 1.73 1.81 1.80 1.88 1.78

Thus, the process of marinating increases the
hydration and solubility of muscle tissue proteins,
due to the accumulation of free myosin (the most
moisture-binding protein of meat).

According to the research results of the mois-
ture retention capacity of the marinated semi-fin-
ished product during 24 hours of exposure, it was
established that this indicator is 1.09 times higher
than the samples marinated for 2 hours. There-
with, the moisture binding capacity was 1.6 times
higher. As a result, meat with increased moisture
binding and moisture holding capacity acquired
improved consistency and juiciness. In addition,
these results are confirmed by the research of oth-
er scientists (Aktas et al., 2003).

In addition, as a result of the research, it was
established that the moisture-binding capacity of
beef meat without the addition of honey (control

Animal Science and Food Technology. 2021. Vol. 12, No. 2

sample) was 49.86%, which is 1.15 times less than
the average value of other samples after 24 hours
of exposure to the marinade. When marinated for
2 hours, the control sample (without the addition
of honey) was 1.64 times less in terms of the value
of the MBC compared to the samples marinated
with the addition of honey. Thus, with the addi-
tion of honey, the moisture binding and moisture
holding capacity increases compared to the con-
trol, which provides the finished product with
taste, smell and colour.

Several physical and chemical changes occur
in marinated semi-finished meat products during
refrigeration storage: hydrolytic and oxidative
changes of oil. The products of these reactions
become integral components of meat. Due to the
heating of semi-finished products, secondary lipid

oxidation products can be generated, which poses
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a serious health hazard (Wiek et al., 2020). It is
essential to compose the marinade ingredients in
such a way as to minimise these processes.

During the manufacture of semi-finished
pork products, the effect of the mustard-honey
marinade was determined in comparison with
marinades containing apple cider vinegar, white
wine vinegar and kefir. The mustard-honey mar-
inade retained the original pH during the ageing
period compared to raw meat samples. A signif-
icant decrease in pH value in samples treated
with apple and white wine marinade (P<0.05).
The lowest losses during heat treatment were in
the samples of mustard-honey marinade. In addi-
tion, semi-finished pork products where mustard-
honey marinade was used were softer after cook-
ing (Tanavots et al., 2018).

The study (Meretukova and Abregova, 2021)
determined the effect of marinating and cooking
with sous-vide technology, compared to conven-
tional methods, on the quality characteristics of the
finished product and shelf life. Pickling, in particu-
lar, in vacuum packaging and the proposed method
of heat treatment can significantly increase the
shelf life of the semi-finished product and improve
its taste while maintaining microbiological purity.

To accelerate and improve the absorption of
the marinade in semi-finished meat products, in
particular pork chops, high-pressure treatment is
used. In addition, from a microbiological stand-
point, high-pressure treatment, namely at 300,
400 or 500 MPa, extended the shelf life by 16, 22

and 29 days, respectively. The results demonstrated
that high-pressure treatment >400MPa increased
(P<0.05) marinade absorption, which enhanced the
organoleptic performance of marinated semi-fin-
ished products (O’Neill et al., 2019).

Conclusions

The expediency and efficiency of using natural
honey in the technology of marinating semi-fin-
ished meat products have been theoretically sub-
stantiated and experimentally confirmed. It was
confirmed that the samples of honey and meat raw
materials chosen for the research comply with the
requirements of the current regulatory documents.

It was established that when the meat is mari-
nated for 2 hours, the pH value does not change, and
after 24 hours it decreases by only 0.13-0.63 units,
depending on the type of honey used.

It was established that for marinating for 24
hours, the value of the MHC was 1.09 times higher
than the samples marinating for 2 hours on av-
erage, while the MBC was 1.6 times higher. As a
result, meat with increased moisture binding and
moisture holding capacity acquired improved con-
sistency and juiciness.

Based on the results obtained, the area of fur-
ther research was established, namely, to establish
the basic indicators of organoleptic characteristics
of the finished product, to determine the complex
indicator of the quality of the finished product after
baking, and to determine the nutritional and bio-

logical value of the products.
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Mep, Ik CKJIaJOBa MapUHAXY JJis M’SICHUX HaniB(paOpukaris

JIrogpmuina MukonaiBHa Tumenko, Okcana CraniciaBiBHa IInanmayk,
BanenTuHa MukonaiBHa IcpaesnsH, JleoHopa OnekcaHapiBHA AJaMUYK,
OnekcaHzapa IropiBHa AKy/IbOHOK

HarionanpHmit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainm
03041, Byn. 'epoiB O6oponnu, 15, M. Kuis, Yrpaina

Awnoraris. Oco6amBocTi 6i0XiMiYHOrO CK/Iamy Ta BJIACTMBOCTE M’SICHOI CUPOBUHM 3yMOBJIIOIOTH
HEOOXiMHICTh TIOUIYKYy HOBMX TEXHOJOril ii mepepo6ieHHs AJiT OTPMMAaHHS HOBMX ITPOAYKTIB i3
BUCOKVIMU CITOKVBUMMMY BIACTUBOCTSIMU. AKTYaJIbHMM HaIIpSIMOM PO3BUTKY TEXHOJIOTIi € 36araueHHs
M’SICHOI CMPOBMHU KOPUCHMMY KOMIIOHEHTaMM 3 (QYHKIiOHAJIbHO-TEXHOJOTIYHVMY BIACTUBOCTSIMMA,
IO BOJIOZIIOTH BMCOKOIO 6Gi0JIOTiUHOIO IIIHHICTIO: aIliMMPOAYKTY Ta MPOAYKTM POCIMHHOTO IMOXOMKEHHSI.
Metoio po6oTu 6ys0 po3poOGUTY MapuHaJ 3 TOJABaHHSIM MeIy Ta AOCTIANTU JI0TO BIUIMB HA M SICHMIA
HamiBhabpuKat, B 3aJ€KHOCTI Bii TPMBAIOCTI MapuHyBaHHS. Bigbip nmpo6 ajas JociimskeHb Ta IXHbOTO
MiITOTOBJIEHHST 10 aHaii3y 3milicHioBasu 3a TOCT 4288-76 «V3menust KylnuHapHbIe U TOTyhadpUKaThI
u3 pybneHoro msca. [IpaBuiaa TPUEMKM U METOABI VCIIBITAHWI», OPraHONENTUYHI DOCTiIKeHHS
npoBommau 3a [OCTY 4426:2005, BusHaueHHs BMicTy Bojor — 'OCT 9793-74 «IIpomyKThl MSICHBIE.
MeTo[bl OIpeneneHust Biarn», BMicT xkupy — 3a TOCT 23042-86 «Msico u MsICHbIe TTPOAYKTbI MeTobl
ompeneneHus Xupa», BMicT 6i1kiB — TOCT 25011-81 «Msico 1 MsSICHbIE ITPOAYKThI. MeTOMbI OITpeie/IeHsI
6eyika», BU3HauUeHHs BMicTy 30y — TOCT 31727-2012 « Msico 1 MSICHbIE TPOAYKThL. MeTo[ onpeneneHust
MaccoBoOJi fonu obuieit 30mbl», Bu3HaueHHsT pH — TOCT 26188-84 «IIpoxyKTel epepaboTKy IJIONOB U
OBOIIIe}, KOHCepPBbI MSICHBbIE ¥ MsicopacTuTenbHble. Onpenenenue pH», BU3HAUeHHS! BOJIOTO3B I3YI0UO1
Ta BOJIOTOYTPUMYIOUOI 3JaTHOCTI MPOBOAM/IM Uepe3 IIpeCyBaHHS 3pa3KiB Ta BUIiIEHHS BiIbHOI BOJIOTH.
BigmoBigHO mO cxemu eKCIepuMMeHTY BU3HAUMIM TEXHOJIOTII0 3a SIKOI0 BifmOyBamocs OCTiIKeHHS. Y
CTATTi MPeJCTaBIeHO Pe3yIbTaT! JOCTiIKEeHHS BUXiIHOI M’SICHOI CMPOBMHMU, MeLy Ta MapMHOBAHOTO
HamniBdabpukaTty. BcraHoBieHo, mo 3HWKeHHsT pH MapuHOBaHOro HamiBdabpukaTy B 1epiof
24-TOAVHHOI BUTPUMKM 3abe3Iedye CTiiiKicThb M’sica A0 36epiraHHs, TOMy IO GilbLIicTh GaKkTepiit
PO3BMBAIOTHCSl 3@ BMCOKMX 3HaueHb DPH, Tofi, SIK Ha KUCIMX IMOXMBHUX CepefoBMINAX HIDKYE 6,2
iXHilI pO3BUTOK YIMOBIIBHIOETHCSI. TpUBame MapuMHYBaHHS JA€ 3MOTY OTPUMATHU M’SICO 3 ITiIBUIIEHOIO
BOJIOTO3B’SI3YIOUOI0 Ta BOJIOTOYTPUMYIOUOIO 3[IaTHICTIO ¥ TIOMIIIIIEHOI KOHCUCTEHIII€I0 Ta COKOBUTICTIO.
3aBIaHHS CTBOPEHHS HOBMX ITPOIYKTiB MOTpeOye HOBUX ITiAXOIiB i TPUITOMiB TEXHOJIOTii. BUKOpMCcTaHHS
aIlinpoAyKTiB, IKi MalOTh aHTUOKMC/IIOBAIbHY BIaCTUBICTh, JACTb 3MOTY YTPUMATHUCS Bil BUKOPUCTAHHS
KOHCEPBAHTIB i cTabinizaTopiB xiMiuHOro MmoxomkeHHs. Yepes lie, Mel MOXe OYTM BUKOPUCTAHUIT Y
CKIaJi M'SICHUX MapMHOBAHMX MTPOAYKTiB. BHECEHHS aKTMBHYIX KOMIIOHEHTIB Mely 10 CKIasy MapUHAILy
JacTb 3MOTy IOJOBXUTU TE€PMiH NPMUIATHOCTI Ta BiIKOPUTYBATM OPraHONENTUYHI BIaCTUBOCTI. TaKoX
Tif] Yac TepMivYHOTO 06PO6IeHHS M’SICO, 3aMapUHOBaHe MeIOBMM MapMHAaI0M, HaOyBa€ HOBMX CMaKOBUX
SIKOCT€J4, 30BHIIIHIli BUIJISIT, CTA€ GiJIbII ICKPAaBMM Uepe3 KapaMestisallito Meay

KirouoBi ciroBa: 6e3neyHicTb, KOMIIOHEHTH, CIIOCIO Ta TPUBANICTh MapMHYBaHHSI, OPraHOMEIITUYHI Ta
bisnKko-ximMiuHi TOKa3HUKY, IPUPOIHI AaHTUOKCUIAHTH
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Fatty acids content in milk of cows under the influence of 3-carotene
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National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. For the enrichment of milk with vitamin A and B-carotene, vitaton is used, which
contains up to 10% of trans-B-carotene, which can be converted into vitamin A, and demonstrate
antioxidant, immunostimulating and anticarcinogenic effects in the body. Previous studies have
demonstrated that in sanitary terms, the biomass of the fungus BI. trispora is safe for animals and
can be used in animal husbandry to prevent diseases of the mammary gland, and digestive organs,
increase reproductive function and obtain healthy viable offspring. The research was conducted on
cows of the Ukrainian black-and-white dairy breed in the conditions of LLC “Kuibysheve”, Poltava
region. The purpose of the research was to determine the content of fatty acids in milk fat of lactating
cows, as with the introduction of vitatons, lipids, higher saturated and unsaturated fatty acids,
vitamins E and B, which to some extent can affect the processes of synthesis of milk components in
the mammary gland. Determination of lipid content and their fractions in milk fat was performed on
a gas chromatograph-mass spectrometer Agilent Technologies. Established that the introduction of
vitaton in the diet for cows increases the fat content in milk by an average of 0.26% and enhances the
synthesis of phospholipids in the mammary gland by 1.8 times. The ratio of unsaturated to saturated
free fatty acids in the milk fat of cows of the experimental group did not vary from the control, which
indicates a positive effect of B-carotene on the intensity of milk fat biosynthesis in the secretory
epithelium of the mammary gland of cows. Vitaton stimulated the establishment and inclusion of
two unsaturated fatty acids, namely nonadecanoic and a-linolenic acids in the composition of milk
fat against the background of the disappearance of the arachidonic acid peak on the chromatogram.
It is established that the samples of milk fat from cows of the control group contained arachidonic
acid, which was absent in the milk of cows of the experimental group, which is probably due to the
inclusion of these higher fatty acids and their isomers, which are part of vitaton, in the composition
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of milk fat, and the effect of B-carotene on the synthesis of milk lipids. The results of the research

are essential for the production of biologically complete milk and its products, which will have

antioxidant properties and will be enriched with vitamin A and B-carotene

Keywords: lactating cows, milk, butter, milk lipids, vitaton, fatty acids

Introduction

The production of high-quality and biologically
complete livestock products is impossible with-
out using several biologically active substances
in animals, namely: macro- and microelements,
immunostimulants, hepatoprotectors, antioxi-
dants, dyes, flavouring, aromatic additives, vi-
tamins and vitamin-like substances, including
carotenoids. Their widespread use in the prac-
tice of livestock production is primarily associ-
ated with the prevention of diseases, stimula-
tion of growth, development and productivity
of animals, and improvement of the quality and
biological value of livestock products (Ul Haq
et al.,2014; Lopes et al., 2016; Wang & Bu, 2015;
Hassan Rafiee et al., 2016; Sukhikh et al., 2019).
The transition of livestock production to
industrial technologies requires a complete re-
vision of the concept of providing animals with
biologically active substances, including B-car-
otene, which is associated with the dry type of
feeding of many species of farm animals, and
hence the emergence of some problems in the
preparation, storage and introduction of juicy
fodders as a source of carotenoids into complete
fodder (Shevchenko et al., 2018; Abd El-Salam &
El-Shibiny, 2020; Pordevi¢, Nenad et al.)
Currently, more than 600 carotenoids are
known, and their structure, chemical prop-
erties and physical characteristics have been
explored, which allows them to be used as an-
tioxidants, stimulants of animal growth and de-
velopment, photo- and radioprotectors, immu-
nostimulants, precursors of vitamin A, dyes for

livestock products, etc. Scientists have explored
the species composition of carotenoids in many
plants, fungi, bacteria and algae, and explored
their effect on the clinical condition, produc-
tivity, metabolism, reproductive capacity and
quality of animal products (Shevchenko et al.,
2018; Lutfiye Yilmaz-Ersan et al., 2018).

At present, the problem of providing the
demand of animals with carotenoids remains
unresolved, since there is no single concept for
determining the efficiency of using both a mix-
ture of carotenoids and their representatives,
which have different effects on the body of ani-
mals, including provitamin.

The transition of livestock to industrial
technologies requires a complete revision of
the concept of providing animals with biolog-
ically active substances, including B-carotene,
which is associated with the dry type of feeding
of many types of farm animals, and hence the
emergence of some problems in the prepara-
tion, storage and introduction of juicy fodder as
a source of carotenoids into the composition of
complete fodder.

According to the latest data, it is known that
the content of B-carotene in blood plasma and
colostrum of cows does not always indicate a suf-
ficient supply of their body vitamin A, while the
concentration of vitamin A in colostrum is one of
the most objective indicators in the diagnosis of
A-hypovitaminosis of cows (Sakhniuk, 1997).

The content of carotenoids and vitamin A
in cows’ milk depends on the season of the year.
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Thus, in the winter-stall period of keeping cows
in milk, the lowest concentration of B-carotene
and vitamin A is observed. During the transfer
of animals to pastures, the level of B-carotene
first increases, and later — the content of vita-
min A in milk. In addition, the breed of cows
has a significant impact on the accumulation
of carotenoids in milk. Thus, the milk of cows
of Shvitz, Simmental, Chervonogorbatov and
Red Steppe breeds contains an average of 180 —
190 pg/kg of carotene, in the milk of cows of the
Brown Latvian breed — up to 240 ng/kg of car-
otene, while the milk of cows of other breeds
is much poorer in this biologically active com-
pound (Carrara et al., 2021).

The level of vitamin A and -carotene in co-
lostrum and milk of cows is largely determined
by the composition of the diet and lactation pe-
riod. Thus, the colostrum of the first milk yield
contains 134.0 pg/1 of vitamin A and 396.0 pg/1
of B-carotene, the milk of the sixth milk yield —
80.0 and 60.0 pg/1, and the tenth milk yield - 27.0
and 25 pg/l, respectively. The transition of carot-
enoids into milk provides the intensity of its co-
lour and largely depends on the breed character-
istics of cows. A study of the colour of cow milk
and its B-carotene content demonstrated that
milk obtained from purebred Friesian cows con-
tained less B-carotene than that from non-pure-
bred cows (Strickland et al., 2021).

The accumulation of carotenoids in cattle
fat is influenced by age and feeding level. Thus,
the accumulation of carotenoids in fat is less
intense in free-feeding bulls at the age of one
and two years than in restricted feeding (Boom
& Sheath, 1997; Retrini et al., 2022).

One of the ways to increase the level of
carotenoids and retinol in milk is the develop-
ment and implementation of biologically active
fodder supplements for cows. Several studies by
leading scientists of the CIS countries, the USA

Animal Science and Food Technology. 2021. Vol. 12, No. 2

and Japan are devoted to this issue. Thus, feed-
ing dry cows with B-carotene of microbial ori-
gin at a dose of 15 g per head per day increased
the level of vitamin A in the milk of the first
milk yield by 33.8%, and carotene — by 26.8%
compared to animals that did not receive this
supplement. The same dependence persisted
on the fifth to the seventh day of lactation
(Vargas-Bello-Pérez et al., 2020).

Partial replacement of silage B-carotene
with B-carotene of microbial origin improves
the saturation of colostrum and milk of Hol-
stein cows both with carotene and vitamin A
and with protein (Ulytko et al., 1997). In ad-
dition, several studies have confirmed the su-
periority of carotene of microbial origin over
the carotene of corn silage, alfalfa and conif-
erous flour. Therewith, it was established that
the level of vitamin A in the colostrum of cows
fed with microbial B-carotene was the highest,
which exceeded the value in animals fed with
silage by 1.71 and 1.57 times, respectively. In
the milk of cows of this group, a similar pat-
tern of B-carotene accumulation was observed
(Ulytko & Dushkyn, 2002).

Replacement of 32-43% of silage carotene
in cow diets with carotene of microbial origin
allowed for increasing milk productivity of cows
by 9.7-14.0% and contributed to an increase in
milk fat content, particularly during the win-
ter-stall period (Alekseeva et al., 2001; Yemets
& Mamenko, 2020). Using lipocarotene (an oil
extract of the biomass of the fungus BI. trispora)
in the feeding of cows at a dose of 20 ml per
head per day contributed to an increase in pro-
ductivity by 0.5 kg of milk per day, fat content
in milk - by 0.2% (Kartamysheva & Khmelkov,
2006; Yakubchak et al., 2018).

The transformation product of B-caro-
tene — vitamin A significantly affects the quality
of cows’ milk. Thus, the inclusion of vitamin A
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in the composition of fodder for cows in a dose
increased by 10 and 25% compared to the de-
mand, contributing to an increase in average
daily milk yield by 6.3-10.3%. The milk of cows
that consumed fodder with a high content of
vitamin A contained more fat (by 0.29-0.50%)
and protein (by 0.12-0.18%). Therewith, it was
more thermostable and withstood exposure to
80% alcohol concentration against 72% in the
control (Belykova et al., 2005).

There is an opposite standpoint on the ac-
cumulation of carotenoids in animal products.
Thus, using pasture cattle in Zealand causes
the problem of increased carotenoid content in
carcass fat and milk fat, which, from the stand-
point of experts, worsens the marketability of
meat and dairy products. To solve this problem,
the Zealand scientists developed a lifetime test
for determining the degree of yellowness of fat
in cattle carcasses, which is based on the deter-
mination of the ratio of cholesteryl and plasma
carotenoids (Knight et al., 2001). In addition, the
yellowness of fat correlates with the content of
saturated and monounsaturated fatty acids.
The authors conclude that the advantages of
yellow fat meat over white fat meat are insignif-
icant (Knight & Death, 1997).

On the other hand, the increase in the con-
tent of carotenoids and vitamin A in milk and
its processed products is of interest to spe-
cialists in terms of creating mass and specific
food products enriched with vitamins, particu-
larly antioxidants. According to the All-russian
Health Organisation, milk and dairy products
in the human diet constitute at least 50%, and
they occupy the same place in the diets of the
population of Ukraine and other countries of
the world. XXV and XXVI International Dairy
Congresses (1998, 2002) were dedicated to the
establishment and development of functional
dairy products (Vasheka & Rashevska, 2005;

Galstian & Avetysian, 2005; Zielinska et al.,
2019).

Thus, notably, the problem of their es-
tablishment is solved mainly by using the in-
troduction of oil extracts and cryopowders of
biologically active substances into finished
products (Hryhoreva, 2003).

As for B-carotene, it is added to milk in the
form of 1% concentrate based on 30% paste
based on CPMC. Thus, its concentration in the
finished product is 50 mg/kg, which does not
affect the viability of lactic acid bacteria such
as bifidobacteria, bacillus and Str. termophylus
provides further processing of milk (Narushyn,
2004; Katserykova et al., 2000), improves or-
ganoleptic properties and prolongs the shelf
life of this product (Polianskyi et al., 2001).

Thus, B-carotene is introduced into the com-
position of dairy products such as butter, which
contains 0.03% of this biologically active sub-
stance in the finished product. However, there is
another standpoint on the direct introduction of
B-carotene preparations of microbial origin into
food products. There is evidence of the intake
of foreign metabolic products of fungi produc-
ing carotenoids into the human body, which can
cause various disorders in body tissues and cause
side effects (Mahintha, 2022; Ulfman, 2022).

Thus, using B-carotene in cows feeding
solves both the issues of prevention of diseases
of the mammary gland and digestive organs,
reproduction and obtaining healthy viable off-
spring and production of biologically complete
milk and its products. However, the problem of
obtaining milk with a high content of B-carotene
and vitamin A remains unresolved due to the
lack of scientifically sound recommendations
on using new sources of natural B-carotene (es-
pecially microbial synthesis) in cow feeding, in-
depth studies on quality, and biological integrity
and sanitary safety of the products.
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The purpose of the research. The purpose of
the research was to determine the content of fatty
acids in milk fat of cows with the addition of vita-
ton with B-carotene content of 5% to their diet.

Materials and Methods

In the experiment, the efficiency of using
B-carotene of the fungus BI. trispora in cows
was determined to improve the quality of milk
at different types of feeding. For this purpose,
two groups of cows of the Ukrainian black-and-
white dairy breed were established: control and
experimental in LLC “Kuibysheve”, Poltava re-
gion. The cows of the experimental group (189
cows) were fed vitaton with B-carotene content
of 5% in addition to the fodder of the main diet.
The dose of vitaton for lactating cows was 2 kg/t
of fodder. The experiment lasted 120 days. An-
imals of the control group (216 cows) were fed
fodder of the main diet. Average daily milk
samples were collected monthly to determine
the quality and production of butter in which
the content of carotenoids, vitamin A and fatty
acids was determined.

Determination of lipid content and their
fractions in milk fat was performed by chro-
matographic separation in thin layers of silica
gel (Silufol, Czech Republic) using a system of
solvents hexane:diethyl ether:acetic acid in a
ratio of 76:23:1. The content of individual lipid
fractions was determined using a densitome-
ter after staining chromatograms with 5-10%
phosphoric-molybdenum acid solution in eth-
anol. Chromatograms were developed for 4-5
min at 90-110°C (Veselskyi et al., 2001).

The fatty acid content of butter was deter-
mined after saponification and extraction with
hexane. The obtained methyl esters were ana-
lysed on a gas chromatograph-mass spectrom-
eter Agilent Technologies 6890N/5973 N, chro-
matographic column DB-5MS; L=30 m; Id=0.25
mm, catalogue No. 122-5532 Agilent Technolo-
gies, F: Im=0.25 mm, carrier gas — helium (DSTU
ISO 5508:1990, 2003). The research results were
processed statistically (Kokunyn, 1975).

Results and Discussion

Dairy productivity and milk quality of cows are
determined primarily by the clinical condition
of animals, the intensity of metabolic process-
es in the tissues of the body and the mammary
gland, which are closely related to the level of
supply of nutrients and biologically active sub-
stances, including vitamin A and its precursor
B-carotene. The introduction of vitaton as a
source of B-carotene into the composition of
lactating cows’ fodder provides for the intake of
lipids, higher saturated and unsaturated fatty
acids, and vitamins of groups E and B, which to
some extent can affect the processes of synthe-
sis of milk components in the mammary gland
of cows.

Assimilation and transport of B-carotene
and retinol in the digestive apparatus of ani-
mals are closely related to lipid metabolism,
namely with the absorption of higher fatty ac-
ids into the blood and lymph and their partici-
pation in the synthesis of milk fat, as evidenced
by an increase in milk fat content by an average
of 0.26% compared to the control (Table 1).

Table 1. Physicochemical properties of cow milk, %, M*m, n=6

Indicator Group
Control ‘ Experimental
Fat 4.2120.04 4.47+0.06*
SMMG 8.52%0.07 8.58%0.10

Density, g/cm3

1.027%0.0002

1.027+0.0005
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Table 1. Continued

Group

Indicator

Control Experimental

Protein

3.07+0.03 3.10+0.03

The increase in fat content in the milk of
cows of the experimental group with vitaton
supplementation is consistent with an increase
in the synthesis of phospholipids in the mam-
mary gland by 1.8 times compared to the con-
trol (Table 2). The data obtained are consistent
with the results of previous studies, namely,
the increased content of phospholipids in the

colostrum of the first milk of cows when feeding

them vitaton during the dry period.

The content of free and esterified cho-
lesteryl in the milk of cows fed with vitaton
was at the level of animals of the control group,
which indicates the absence of adverse effects
of B-carotene on the processes of transport and
absorption of cholesteryl in the tissues of cows.

Table 2. Composition and lipid content of cow milk, mg/100 ml, M*m, n=4-5

Indicator Group
Control Experimental

Phospholipids 28.07+1.50 50.15+6.57*

Free cholesteryl 24.78+3.33 31.76*4.55
Esterified cholesteryl 22.68+1.77 23.48+1.64
Higher fatty acids (short-chain) 18.68+2.24 25.52+4.44
Higher fatty acids (long-chain) 25.36*1.74 30.52+3.95
Diglycerides, g/l 11.05+0.66 12.86+0.58
Triglycerides, g/1 24.13%0.67 27.2242.23

The content of di- and triglycerides in the
milk of cows using vitaton in the first 30 days
of lactation did not differ significantly from the
same indicators of milk obtained from cows of
the control group.

Feeding vitaton to lactating cows did not
affect the total content of higher fatty acids,
both short- and long-chain, in milk compared
to the control, which is consistent with the data
of free fatty acids analysis by gas chromatogra-
phy-mass spectrometry (Table 3).

Therewith, the total content of saturated
acids: caprylic, lauric,

caproic, myristic,

pentadecanoic, palmitic, margarine, stearic,
and unsaturated acids: oleic, palmito-oleic and
linoleic in milk fat obtained from the milk of
cows of the experimental group with vitaton
feeding was at the level of animals of the con-
trol group.

Notably, the ratio of the total content of
saturated to unsaturated fatty acids in the milk
of cows under the action of vitaton was at the
level of animals of the control group, which in-
dicates the absence of influence of the compo-
nents of the biologically active additive on the
processes of milk fat synthesis.

Table 3. Total fatty acid content in butter (fat content 78%), mg/kg, M=*m, n=3

Fatty acid

Group

Control ‘ Experimental

Caprylic

1845.28+224.75

1504.97+149.55
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Table 3. Continued

Group

Fatty acid

Control

Experimental

Capric

12451.41%713.90

7112.15+758.82

Lauric

8213.44+384.68

11602.94%871.35

Tridecylic

205.51%+39.13

782.62%39.62

Myristic

78457.44+5593.35

70969.54+9592.81

Pentadecylic

5830.38+611.55

4032.86+322.87

Palmitic

311282.37+32074.00

270485.75+5959.82

Margaric

4329.72+747.52

3180.64+349.63

Stearic

104944.42+17887.20

81676.94+2940.12

Nonadecylic

565.57+76.21

Arachidic

960.80+135.54

784.35%43.82

Oleic

238021.59+36561.72

207070.65+5801.40

Palmitoleic

7527.23+586.73

6345.99+218.76

Linoleic

21429.86+2321.98

14166.37+754.52

a-Linolenic

803.61+112.53

Arachidonic

1032.35+125.73

Total acid content

795775.06+10280.48

680172.18+16993.12

including the content of saturated acids

528452.26+50105.91

452321.31£10233.01

unsaturated acids

267322.80+5300.48

227850.87%6760.26

Ratio of unsaturated to saturated acids

1:2

1:2

Share of saturated acids in their total
content, %

66.4

66.5

The level of free fatty acids in the milk
of cows fed with vitaton was at the level
of similar indicators of the control group,

which is consistent with the total level and
content of conjugated fatty acids in milk fat

(Tables 4, 5).

Table 4. Content of free fatty acids in butter (fat content 78%), mg/kg, M¥m, n=3

Fatty acid

Group

Control

Experimental

Caprylic

416.76*24.80

402.40+27.41

Capric

1110.66+58.84

1281.93+42.37

Lauric

1704.59+83.29

1682.09%117.56

Myristic

7813.09+380.00

8932.66+547.31

Pentadecylic

941.89+143.86

586.14%36.15

Palmitic

29593.35+2628.12

22020.50+1589.69

Margaric

603.75+127.76

473.37+17.47

Stearic

8682.99+462.70

8663.43+513.82

Oleic

22518.57+2253.62

16358.52+1185.70
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Table 4. Continued

Group
Fatty acid .
Control Experimental
Palmitoleic 1446.82+282.09 1001.71+145.82
Linoleic 3764.94+352.26 2032.11+244.65

Total acid content

76209.21+6158.21

56228.79+3999.42

including the content of saturated acids

50216.12+4713,99

37847.70+2689.85

unsaturated acids

25993.06+3452.37

18381.09+1311.09

Ratio of unsaturated to saturated acids

1:1.9

1:2

Share of saturated acic(l)s in their total 65.9 67.3
content, %

As it can be seen from the data obtained, The ratio of unsaturated to saturated free
the main proportion of free fatty acids in milk  fatty acids in the milk fat of cows of the experi-
fat of cows with vitaton feeding is oleic and  mental group did not vary from the control, which
palmitic, which respectively 29 and 39% of the  indicates a positive effect of B-carotene on the in-
total free fatty acids, which were at the level of  tensity of milk fat biosynthesis in the secretory

similar indicators in the control. epithelium of the mammary gland of cows.

Table 5. Content of conjugated fatty acids in butter (fat content 78%), mg/kg, M*m, n=3

Fatty acid Group
Control Experimental
Caprylic 1567.45+428.06 1236.70+167.61
Capric 11340.88+765.72 5830.21+105.42
Lauric 6508.86+322.18 9920.85%168.11
Tridecylic 205.51%£39.13 782.62%39.62
Myristic 70644.35%9443.61 65014.43+8204.58
Pentadecylic 5202.45+128.93 3642.09+409.50
Palmitic 281685.69+28216.69 248465.26+5680.12
Margaric 3927.22+102.88 2707.30+166.71
Stearic 96261.44+1853.98 75901.31+2853.90
Nonadecylic - 565.57+56.73
Arachidic 960.80+35.54 784.35%43.82
Oleic 215503,04+3538,89 190712.09+5509.38
Palmitoleic 6562.69+251.15 5678.18+208.70
Linoleic 18919,90+1193.85 12811.62%724.11

a-Linolenic

803.61%76.53

Arachidonic

1032.35+109.99

Total acid content

719565.91+10325.12

623943.40+16264.88

including the content of saturated acids

478236.13£55346.21

414473.63%9823.51

unsaturated acids

241329.74+4988.02

209469.80+6449.43
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Therewith, notably, during the feeding of
vitaton in the milk of cows of the experimental
group, two unsaturated acids appeared, namely
nonadecanoic and a-linolenic acids, which were
identified as conjugated compounds, probably
di- or triglycerides, while in the samples of milk
fat from cows of the control group contained ar-
achidonic acid, which was absent in the milk of
cows of the experimental group. It is probably
connected with the inclusion of these higher fatty
acids and their isomers, which are part of vitaton,
in the composition of milk fat, and the influence
of B-carotene on the synthesis of milk lipids.

Conclusions

Thus, it can be concluded that the biomass of
the fungus Bl.trispora strain TKST (vitaton) is
an effective source of B-carotene for animals, as
it contains a high concentration of active sub-
stances (10-12% in terms of dry matter) and a
complex of biologically active substances that
promote the absorption and transformation of
carotenoids in the body of animals.

It was established that feeding lactat-
ing cows with vitaton as a source of natural
B-carotene does not significantly affect the
content and ratio of free fatty acids in milk
fat, but promotes the inclusion of nonadeca-
noic and a-linolenic fatty acids instead of ar-
achidonic fatty acids in the conjugated form
in milk lipids.

Further research in this area will allow ob-
taining of dairy products with antioxidant prop-
erties, which will be enriched with vitamin A
and B-carotene. And considering the properties
of vitaton and the introduction of trans-f-car-
otene of BI. trispora fungus into animal fodder
can significantly affect the processes of gene
transcription and regulation of reproductive
capacity, homeostasis of the antioxidant de-
fence system, tissue regeneration and immune
protection, and improve the biological integrity
of products, which will preserve the health of
animals, extend their productive life, obtain
healthy viable offspring and increase the effi-
ciency of livestock production.
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BMicT JKMPpHHMX KHCJIOT B MOJIOLLi KOPIB 3a Jil 3-KapoTHHY
Jlapuca BacuiiBua IlleBueHko, Bita MuxaitiBHa MuxajibCcbKa

HarionanbHuit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainu
03041, Byn. l'epoiB O6oponn, 15, m. Kuis, Ykpaina

AHoranisa. [Iy11 36araueHHsT MOJIOKa BiTaMiHOM A Ta 3-KapOTMHOM, BUKOPUCTOBYIOTh BiTATOH, SIKMIi
mictutb 1o 10 % TpaHC-B-KapoTHHY, 34ATHOTO IIePeTBOPIOBATUCH Y BiTaMiH A, a TaKOX MPOSIBIISITU
QHTUOKCUIAHTHY, iMYHOCTMMYJ/IIOIOUY i aHTMKaHLIEpPOTeHHYy [il0 B OpraHismi. ocTigkeHHSIMHU,
sIKi Oy/IM TIpOBEJIeHI HaMM paHillle, BCTAHOBJIEHO, II[0 B CaHiTapHOMY BigHOIIeHHi 6iomaca rpuba
Bl. trispora € 6e3meYHOI0 [IJIs1 TBAPUH i MOYKe BUKOPUCTOBYBATMCS Y TBAPMHHUIITBI I7Is1 TPOQiaKTUKM
3aXBOPIOBAaHb MOJIOUHOI 3aj71031, OpraHiB TpaBjeHHs, MiABUILIEHHS BigTBOpHOI QYyHKIi Ta
OflepsKaHHSI 3[TOPOBOTO JKUTTE3TATHOTO TOTOMCTBA. JOCTiIsKeHHS 6y/I0 MPOBEIEHO Ha KOPOBax
YKpaiHChKOi YOpHO-Psi60i MomouHoi mopoayu B ymoBax CTOB «Kyii6uiieBe» ITonTaBCchbkoi 06/1acCTi.
MeTo10 1OoCTiIKeHb 6y/10 BCTAHOBUTM BMIiCT KMPHUX KUCIOT Y MOJIOUHOMY SKMPi JIaKTYIOUMX KODiB,
TOMY 1110, TIPY BBeJIeHHi BiTaTOHY, 0 OPTaHi3My TBapUH HaJXOISTh TAKOXK JIiMTiM, BULIi HACUYeHi Ta
HeHacuJeHi KMPHi KUCI0TH, BiTaMinu rpymnu E Ta B, 1110 meBHOI0 Mip0io MOsKe BIUIMBATU Ha ITPOLeC
CUHTe3y KOMIIOHEHTiB MOJIOKa B MOJIOUHIii 3a03i. Bu3HaueHHs BMiCTy mimigiB Ta ix dpakiiit y
MOJIOYHOMY SKMpPi TIPOBOIMIIM HAa Ta30BOMY XpoMaTo-Mac-criekpometpi Agilent Technologies.
BcTaHOBIIEHO, 1110 BBEIEHHS BiTaTOHY IO CKJIAAy PallioHy IJis KOPiB CIIpusie 36ibIIeHHIO BMiCTY
SKMPY B MOJIOL B cepegHboMy Ha 0,26 % Ta mocuiaeHHI0 cuHTe3y $hocdotimmiiiB y MoMouHiii 3a103i
B 1,8 pa3a. CriiBBiiHOIIIEHHSI HEHACMYEHUX 10 HACMUEHMX BIIbHUX XUPHUX KUCIOT Y MOJIOUHOMY
SKMPi KOPiB JOCIIZHOI TPpyny He BiApPi3HSIIOCS KOHTPOJIO, O CBiAUMUTH MPO MO3UTUBHUI BIUIUB
B-KapoOTMHY Ha iHT@HCUBHICTb GiOCMHTE3y MOJIOYHOTO YKMUPY Y CEKPETOPHOMY eriTenii MOJIOYHO1
3aJ1031 KOPiB. BiTaTOH CTMMYy/I0BaB YTBOPEHHSI Ta BKIIOYEHHS J0 CKIaAY MOJOYHOTO YKUPY IBOX
HEHACUUYEHUX KUPHUX KUCIOT, @ caMe HOHA[eKaHOBOI Ta a-JIIHOJMIEHOBOI1 Ha (DOHI 3HMKHEHHS Ha
XpomaTorpami MKy apaxijoHOBOi KUCIOTK. BcTaHOB/IEHO, 110 Y 3pa3kax MOJIOYHOTO XUPY B KOpPiB
KOHTPOJIBHOI I'PYIIM MiCTMIACsI apaxiJJOHOBA KMUCIOTA, sTKa 6yJia BifICYTHS B MOJIOIi KOPiB MOCTigHOT
IpyIn, 1110, IMOBIpHO, TIOB’SI3aHO 3 BKJIIOUEHHSIM LIMX BUIIVX XXUPHUX KUCIOT Ta iX i30MepiB, 110
BXOJSTh 0 CKJIAIy BiTaTOHY, IO CK/IaZy MOIOUHOTO KUPY, & TAKOX BIUIMBOM [3-KapOTMHY Ha CUHTE3
niminiB Monoka. Pe3ynbTaTv AOCTIIKEHHS BasK/IMBI JUIsT BUPOOHMIITBA 6GiONOTiYHO TTOBHOI[IHHOTO
MOJIOKa i TPOMYKTIB /10ro repepooKu, 1110 MaTUMYTh aHTMOKCUIAHTHI BJIaCTUBOCTI i 6yyTh 36araueHi
BiTamiHOM A Ta -KapOTMHOM

KniouoBi cmoBa: J1IakTy04i KOpOBM, MOJIOKO, MacJIo BEpIIKOBe, JIIigM MOJIOKa, BiTaTOH, KUPHI
KUCTIOTU
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Biological efficiency of rainbow trout meat lipids depending
on the levels of amino acids in fodder
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Abstract. In trout farms of Ukraine, when using compound fodder for their production, the
question arises of clarifying the requirement of rainbow trout in energy, protein and amino acids to
achieve the maximum realisation of its biological productivity potential. Accordingly, the research
explored the effect of using complete fodder with various levels of lysine and methionine on the
biological efficiency of rainbow trout meat lipids. The purpose of the experiment was to determine
the effect of different levels of amino acid nutrition of commercial rainbow trout on the fatty acid
composition of meat lipids and their biological efficiency. For this purpose, five experimental
groups were established by the method of analogues. The experiment lasted 210 days and was
divided into two periods: equalising (10 days) and main (200 days). During the equalisation period,
the feeding diet was the same for the fish of the control and experimental groups. During the main
period, the level of lysine and methionine in the experimental fodders for different experimental
groups of trout ranged from 2.5 to 2.9% and from 0.8 to 1.0%, respectively. Feeding of rainbow trout
during the study period was performed 4-6 times a day, during the daytime at regular intervals.
The required amount of fodder was calculated according to the individual weight of the fish and
the temperature of the environment during feeding. Cultivation of marketable two-year-olds was
performed in ponds with an area of 100 m? at a planting density of 50 specimens/m? and a water
level of 1 m. The total number of trout in the experimental studies was 25 thousand specimens. It
is established that the main share of fatty acids of lipids of rainbow trout meat is saturated fatty
acids and monounsaturated fatty acids. As a result of the research, it was determined that using
feed with increased levels of lysine and methionine for fish of the 4th experimental group was
accompanied by an increase in the content of the sum of saturated fatty acids in meat by 5.84%
compared to the control. With the growth of amino acid nutrition of the fodder, there is an increase
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in the content of linoleic acid in trout m’eat by 0.19-0.24% compared to the control. The practical

value of the scientific work is to substantiate approaches to the technological bases of increasing

the efficiency of using fodder nutrients in trout farming to ensure high fish productivity, which is

of great economic importance

Keywords: rainbow trout, fish feeding, mixed fodder, lysine, methionine, meat, lipids, fatty acid

composition

Introduction

Fish flesh is one of the most vital foodstuffs
for humans and a source of complete proteins,
fat, minerals, and vitamins. Its quality and nu-
tritional value depend on both genotypic and
phenotypic factors with the latter presupposing
rational and balanced fish feeding [1;2;3].
Using complete compound feeds with dif-
ferent lysine and methionine levels directly
affects the bioefficacy of rainbow trout flesh
lipids [4;5]. Consequently, it is essential to
explore the influence of different amino acid
nutrition types of commercial rainbow trout
on the flesh bioefficacy indicators in modern

industrial conditions of cold-water fish farms
in Ukraine.

Materials and Methods

Experimental studies were conducted on two-
year-old rainbow trout Oncorhynchus mykiss
in the Shypot fish farm of Perechyn district in
Zakarpattia region. The scientific and economic
experiment was designed to determine the effect
of different types of amino acid nutrition of com-
mercial rainbow trout on the biological efficiency
of meat lipids and its fatty acid composition.
For this purpose, were formed five experimental
groups by the method of analogues (Table 1).

Table 1. The design of scientific and economic experiment

Stocking Experimental periods
density at the M.eailn bOd}Z T N
) beginning weight at the | Equalising (10 days) ‘ Main (200 days)
Fish group f th beginning
exp(:erim‘:rn ¢ of the Content per 1 kg of compound fodder, %
specimen/m’2 experiment, g Lysine | Methionine | Lysine ‘ Methionine
1- control 50 53.9+3.17 2.7 0.90
2 — experimental 50 53.4%2.86 2.5 0.80
3 — experimental 50 54.2%3.74 2.7 0.9 2.6 0.85
4 — experimental 50 52.7£3.29 2.8 0.95
5 — experimental 50 54.0£3.06 2.9 1.00

During the equalising period of equalisation,
the experimental fish consumed fodders equal to
the control group with the same content of lysine
and methionine. During the main period, fish of
all experimental groups received a similar ration

except for lysine and methionine levels. The
abovementioned amino acids were added in vary-
ing proportions as provided by the experimental
design. The nutritional value of the experimental
grower compound feeds is presented in Table 2.
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Table 2. Chemical composition of compound fodder

. Group

Indicator I ‘ ond ‘ 71 ‘ 4 s
Metabolic energy, MJ/kg 17.00 17.00 17.00 17.00 17.00
Crude protein, % 48.00 48.00 48.00 48.00 48.00
Crude fat, % 18.00 18.00 18.00 18.00 18.00
Crude fibre, % 2.40 2.40 2.40 2.40 2.40
Calcium, % 1.80 1.80 1.80 1.80 1.80

Total phosphorus, % 1.20 1.20 1.20 1.20 1.20
Lysine, % 2.70 2.50 2.60 2.80 2.90
Methionine, % 0.90 0.80 0.85 0.95 1.00

Vitamin A, thousand IU 10 10 10 10 10

Vitamin D,, thousand IU 3 3 3 3

Vitamin E, mg/kg 200 200 200 200 200

During the study, rainbow trout were fed
4-6 times a day, in the daytime and at regular
intervals. The required amount of compound
feeds was calculated based on the indices of in-
dividual fish weight and ambient temperature
at the time of feeding.

Commercial two-year-olds were reared in
ponds with an area of 100 m? at a stocking den-
sity of 50 specimens/m?, and a water level of 1 m.
The total number of trout in experimental stud-
ies was 25 thousand specimens. Conditions for
keeping experimental fish correspond the regu-
latory requirements in salmon farming [6;7].

The mass fraction of lipids was determined
by the Soxhlet extraction method in accordance
with DSTU 8717 [8]. The fat was weighed after
its solvent extraction from a dry sample using a
Soxhlet apparatus based on the determination
of the sample mass change after the solvent ex-
traction rendering.

The fatty acid content was determined using
the chromatographic technique on a Kupol 55
chromatograph. The peaks in the chromatogram
were identified by calculating the “carbon num-
bers” and by using chemically pure standard solu-
tions and fatty acid methyl esters. The content of
individual fatty acids based on the results of gas
chromatographic analysis, i.e. chromatograms,

Animal Science and Food Technology. 2021. Vol. 12, No. 2

was calculated according to the formula includ-
ing correction factors for each of such acids. The
above correction factors were defined as the ratio
of the peak areas (namely peak heights) of hepta-
decanoic acid (internal standard) and tested acids
at a concentration of 1:1 and isothermal opera-
tion of the gas-liquid chromatograph.

The mass fraction of polyunsaturated fatty
acids (PUFA) was determined by the chromato-
graphic technique on an HRGC 5300 chromato-
graph; lipids were extracted by the Folch and
Bligh-Dyer extraction method; lipid efficiency
ratio was determined by the calculation method;
lipid biological significance coefficient (BSC)
was calculated as the ratio of the sum of eicos-
apentaenoic and docosahexaenoic PUFAs to the
mass fraction of fat in the product [9;10;11].

The research results were processed by the
variation statistics [12;13;14] technique using
the STATISTICA 7.0 software, and MS Excel
with the built-in statistical functions.

Research and Discussion

The research results have identified that differ-
ent levels of limiting amino acids in compound
fodders for commercial rainbow trout entail
some changes in the fatty acid composition of
the flesh (Table 3).
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As can be seen from the above data, the
bulk of fatty acids in rainbow trout flesh lipids
are saturated fatty acids, mainly palmitic and
nonadecanoic acids and monounsaturated
acids where oleic acid predominates.

Linolenic and linoleic acids occupy a
unique position among PUFA since they are
essential for human nutrition and the treat-
ment and prevention of many diseases.

Experimental studies indicate that different
types of rainbow trout amino acid nutrition do
not significantly affect the fatty acid composi-

tion of flesh lipids [15;16]. Thus, using compound
fodders with an increased level of lysine and
methionine for fish of the fourth experimental
group throughout rearing entailed an increase in
saturated fatty acids in the flesh by 5.84% versus
control. It is explained by an increased content of
palmitic (by 5.42%), stearic (by 0.59%), and ara-
chidic (by 0.21%) acids in the flesh versus control.

The value of nonadecanoic acid concur-
rently decreased. Thus, the content of the in-
dicated acid in the fourth group trout flesh was
0.45% lower versus control.

Table 3. Fatty acid composition of commercial rainbow trout flesh lipids (n=5)

Fatty Groups
Fatty acids acid
Code 1st znd 3rd 4th Sth
Saturated fatty acids

(SAFA;(Y 4473 46.80 49.55 50.57 48.60
myristic 14:0 2.31+0.78 2.18+0.68 2.42%0.95 2.38+0.87 2.36+0.36
palmitic 16:0 19.08+1.24 21.6£2.84  23.1£2.04 24.5+1.02° 23.4*1.27"
stearic 18:0 3.15%0.63 3.12+0.41 3.55%0.74 3.74*+0.68 3.66%0.47
arachidic 20:0 0.88+0.08 0.81+0.06 0.93+0.09 1.09+0.08 1.06+0.06
nonadecanoic 19:0 19.31+2.13 19.09£2.31 19.55%2.14 18.86+2.58 18.12+2.69

Monounsaturated fatt

acids (MUFA) Y 35.52 37.70 36.98 36.82 36.66
palmitoleic 16:1 6.12+0.96 7.08+0.87 7.83+0.94 6.31+0.81 6.10x0.79
w, oleic 18:1 14.08+1.44 14.93+1.24 14.62+2.12 15.10+2.39 15.31+2.69
w, elaidic 18:1 1.21+0.09 1.38+0.06  1.44+0.02° 1.28+0.04 1.32*0.06
gadoleic 20:1 14.11+1.69 14.31+3.01 13.09+1.97 14.13+2.14 13.93+2.33

Polyunsaturated fatt
V‘;d ds (PUFA) ¥ 3.33 3.45 3.62 3.75 3.65

linoleic w 18:2 1.74%0.09 1.78%0.12 1.78%0.11 1.93+0.09 1.98+0.05
linolenic w, 18:3 0.83+0.04 0.88+0.09 0.93*0.06  0.94+0.07  0.84*0.05
eicosadienoic 20:2 0.76=0.02 0.79+0.06  0.91%0.06° 0.88+0.04" 0.83+0.07

Not identified 16.42 12.05 9.85 8.86 11.09

Note: *p < 0.05 compared to the 1% group

A similar pattern was inherent with MUFA.
In particular, an increase in the content of lim-
iting amino acids in diets for commercial rain-
bow trout resulted in an increase in the content
of MUFA in meat by 1.14-2.18% relative to con-
trol analogues. It was explained by an increase
in the content of oleic and elaidic acids.

In addition, it was discovered that using
compound fodders with high levels of amino

acid nutrition when feeding rainbow trout of
the 4% and 5% experimental groups entailed
a decrease in the MUFA content in the flesh,
namely palmitoleic and elaidic acids, compared
to the indicators of the 2" group specimens.
Additionally, there were significant differ-
ences between two-year-old trout of different
groups in terms of PUFA content in the flesh
such as linoleic and linolenic amino acids. Thus,
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an increase in the amino acid nutritional value
of the compound fodders evoked an increase in
the content of linoleic acid in the trout flesh by
0.19-0.24% versus control.

Overall, the highest content of fatty acids
in the flesh inhered in commercial trout of the
4t experimental group fed with compound fod-
ders with a lysine and methionine content of
2.8% and 0.95%, respectively.

Fish lipids are basic labile components af-
fecting the nutritional and biological value of
fish products. Fish oil is mainly distinguished
by the predominance of unsaturated fatty
acids (up to 84%), including fatty acids. Based
on this, it was important to explore the biolog-
ical efficiency of lipids of meat of two-year-old
rainbow trout depending on the growing con-
ditions (Table 4).

Table 4. Bioefficacy indicators of flesh lipids in two-year-old rainbow trout (n=>5)

G Ratio of fatty acid types
roup SAFA:MUFA:PUFA | PUFAISAFA | C18:2:C:18:1 | oo,
Ideal lipid 1:1:1 0.2:0.4 >0.25 10:1
15t 1:0.79:0.07 0.07:1 1:8.09 1:2.10
2nd 1:0.81:0.07 0.07:1 1:8.39 1:2.03
3 1:0.75:0.07 0.07:1 1:8.21 1:1.91
4t 1:0.73:0.07 0.07:1 1:7.82 1:2.05
5th 1:0.75:0.08 0.08:1 1:7.73 1:2.36
Conclusions

The experimental data obtained indicate
that the growth of rainbow trout on fodder
with different amino acid compositions con-
tributed to the increase of biological efficiency
of meat.

The C18:2:C18:3 ratio of fatty acids has
proved to be consistent with the literature re-
ports and is indicative of a high bioefficacy
of rainbow trout flesh lipids. The ratio of the
these fatty acids in flesh with predominantly
w, valuable fatty acids is of considerable in-
terest.

The calculations demonstrate that the
increase in the number of limiting amino
acids (lysine and methionine) in grower com-
pound fodders for commercial trout (3™ and
4% groups) has been accompanied by the ac-
cumulation of w,, w, valuable fatty acids in
the flesh.

1. The conducted research demonstrates the in-
fluence of different levels of amino acid nutrition
of commercial rainbow trout on the fatty acid
composition of flesh lipids and their bioefficacy.

2. It has been established that an increase
in the content of limiting amino acids in the di-
ets for commercial rainbow trout results in an
increase in monounsaturated fatty acids in the
flesh by 1.14-2.18% compared to the control.

3. The obtained results suggest that the
highest content of fatty acids can be found in the
flesh of commercial trout of the 4™ experimen-
tal group fed with compound fodders containing
2.8% lysine and 0.95% methionine.

4. It has been proved that an increase in the
aminoacid nutritional value of compound feeds re-
sultsinanincrease in the content of linoleic acid in
trout flesh by 0.19-0.24% compared to the control.
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Biosioriyna epekTHBHICTS JIiTiAiB M’sica paiay:kHO1 popeJti
3aJIesKHO BiJ piBHIB aMiHOKHCJIOT y KOMOiKOpMax

Bagum MuxkosnarioBra KoHapaTiok, AHacracis OnmekcaHapiBHa IBaHioTa

HarionanbHuit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHs YKpainu
03041, Byn. l'epoiB O6oponn, 15, m. Kuis, Ykpaina

AHoTtamnisg. YV ¢openeBux rocromapctBax YKpaiHM 3a BMKOPUCTAHHSI KOMOGIKOpMIiB BJIaCHOTO
BUPOGHUIITBA TMTOCTAE MATAHHS OO0 3’ICYBaHHS MOTpe6u paiimyskHoi dboperni B eHeprii, mporeini
Ta aMiHOKMCJIOTaX 3 METOW JOCSITHEHHS MaKCMMaJIbHOI peasizalii ii 6iosoriuHoro moreHiiiamy
MPOAYKTMBHOCTI. BimmoBigHO, y CTaTTi MOCTIKEHO BIUIMB BUKOPUCTAHHSI ITOBHOPAIL[iOHHMUX
KOMOIKOpMIiB i3 pisHMMM PiBHSAMM Ji3UHY /i MeTiOHiHY Ha MOKa3HUKY 6ioMOTiYHOT eheKTUBHOCTI
ninigiB m’sca paimyskHoi dopeni. MeToro goctiny nepen6ayuanocst BCTAHOBUTY BIUIMB Pi3HUX PiBHIB
aMiHOKMCIOTHOTO KMBJIEHHSI TOBapHOI paiaykHoi (openi Ha KMPHOKMUCIOTHUIA CKIaJ JIiITiIiB
M’sica Ta iXHI0 6i0/oriuHy e(eKTUBHICTb. /I 1[bOT0 32 METOZ0M aHaJIoTiB 6y/10 chOPMOBAHO IT’SITh
miggocaigHux rpy. Joctig tpyBas 210 1i6 Ta mofminsgscs Ha ABa nepiogy: 3piBHsuIbHMI (10 1i6) Ta
ocHoBHMIT (200 1i6). YV 3piBHS/IbHMIL TIepiof pallioH rofiiBii 6B OTHAKOBMM [IJIsI pUO KOHTPOJIbHOI Ta
eKCIiepUMeHTa/IbHUX I'PYIl. B oCHOBHMI ITepiof piBeHb JIi3MHY /i METiOHIHY B eKCIIePUMEeHTATbHUX
KoMO6iKopMax JIJIst pi3HUX MiAJ0CTiqHUX Ipyn Gopesi KoamMBaBcs BiamosimHo Bin 2,5 mo 2,9 % i Big,
0,8 m0 1,0 %.Toxisio paitmy>kHoi opesti B mepiop qociaKeHb TPOBOANMIIN 4-6 pa3 Ha 100y, Y IeHHMIT
yac yepes piBHi MpoMiskky. Heo6ximHy KiIbKicTh KOPMY PO3Pax0OBYBaIM BifITIOBIIHO IO TOKA3HUKIB
iHgMBimyanpHOI Macu pub Ta TeMIepaTypy CepemoBuIla HA MOMEHT TOAiBji. BupolyBaHHS
TOBapHMUX JBOJIITOK ITPOBOAMIIM B CTaBKax rutoineto 100 M? 3a IIiibHOCTI ITocaiku 50 eK3eMIUIsIpiB/M?,
Ta piBHS BOAM B HUX 1 M. 3arajbHa KilIbKicTh 0CO6MH (hopesii B eKCIepuMeHTaIbHIUX JOCTiIKEeHHIX
CTaHOBWJIA 25 THUC. €K3eMIUISIPiB. BCTaHOB/IEHO, II0 OCHOBHY YacTKy JXMPHUX KUCIOT JIMiAiB
Mpsica paiayskHOI ¢openti CKIamarTb HaCHMYeHi SKUPHI KMCIOTY Ta MOHOHEeHacuueHi. YV pesyabTaTi
TOCITiIKeHb BUSIBJIEHO, 1[0 BUKOPUCTAHHSI KOMGIKOPMIB i3 ITiABUIIIEHMM PiBHEM JIi3MHY Ta METiOHIHY
IJIsT pyb 4 MOCTiIHOI TPymyM CYIPOBOIKYBAIOCS 36iTbIIEHHIM BMICTy CyMM HAaCUMUEHMX JKUPHUX
KUCIOT y M’sici Ha 5,84 % TOpiBHIOIOUM 3 KOHTPO/IEM. 3a 3pOCTaHHSI aMiHOKMCIOTHOI MOKMBHOCTI
KOMOIKOpMY cIiocTepiraeTbcsi 36iblileHHsT y M'sici dopeni BMicTy JiHomeBoi kuciotu Ha 0,19-
0,24 % mopiBHIOIOUM 3 KOHTpoeM. [IpakT1yHa I[iHHICTh HAYKOBOI POOOTH MOMSITAE B OO PYHTOBAHHI
ITIXO/IiB IO TEXHOJIOTIUYHMX OCHOB ITiABUIIEHHS e(eKTUBHOCTI BUKOPUCTAHHS MIOXKUBHUX PEYOBUH
KOMOIKOpMiB y (OpeTiBHUIITBI 3 METOI0 3a0e3IeueHHsT BUCOKOI pMOOITPOIYKTUBHOCTI, 10 MAIOTh
BaK/IMBE HAPOAHOTOCIIOapChKe 3HaUeHHS

KirouoBi citoBa: paiimykHa dhopesb, TomiBas pub, KOMOIKOpMH, JTi3H, METIOHiH, M’Sco, JTimiau,
SKMPHOKUCIOTHUI CKIa],

Animal Science and Food Technology. 2021. Vol. 12, No. 2




ANIMAL

iﬁIDE'I\:lgI(E)D Journal homepage: https:/animalscience.com.ua/en

TECHNOLOGY Animal Science and Food Technology, 12(2), 101-110
%@ﬂf E? Received: xxx20xx Revised: x.xx.20xx Accepted: x.xx.20xx

‘H.ﬁﬁfﬁ oy

UDC: [639.3.043.13:636.087.73]:[639.371.52:597-11]
DOI: 10.31548/animal2021.02.011

Characteristics of biochemical parameters of sperm production of carp sire
when using hulled oats in feeding during the pre-spawning period
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Abstract. The restoration of freshwater aquatic life and the cultivation of highly productive sires is
a key stage in the process of restoring a new generation of fish, thus, the task of increasing fertility
is always relevant for the fishing industry of Ukraine. The purpose of the study is to conduct an
in-depth analysis of the physiological characteristics of ejaculates of respiratory and reproductive
capacity, to explore the activity of enzymes of the respiratory chain of mitochondria, to determine
the percentage of sperm survival when using pre-cleaned oats, as the main component in the
diet of carp during the pre-spawning period In the study, males of the Nyvka interbreed type of
Ukrainian scaly carp breed were used, which were kept during the pre-spawning period in pond
conditions of the State Enterprise “State Farm “Nyvka” IRG NAAS. Individuals were divided into 3
groups. The first group (Experiment I) was fed 100% hulled oats, the second (Experiment II) — 30%
and the control group of fish (Control) was fed a grain mixture. The quality of male carp sexual
products was assessed by determining the effect of adding hulled oats to their diet during the
pre-spawning period. Indicators of sperm motility and fertilizing ability, the content of y-, 8- and
a-globulins, albumin, prealbumin and physiological characteristics of ejaculates of respiratory and
reducing capacity, the activity of enzymes of the respiratory chain of mitochondria (COX and SDH)
were explored. Considering the increase in the productivity of fish sperm, in particular, the increase
in the number of sperm with rectilinear motion, the decrease in the number of lifeless sperm and
changes in the protein formula of germ cells, it was established that it is advisable to add hulled
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oats to the main diet in the amount of 30%. According to the results of the conducted research, it

was established that the addition of hulled oats to the fodder during the pre-spawning period has a

positive effect on the quantitative and qualitative indicators of male carp sexual products, the results

of the research can be useful for both students and workers of the fish processing industry of Ukraine

Keywords: male carp, sperm, rectilinear translational motion, succinate dehydrogenase,

cytochrome oxidase, y-, B- and a-globulins, prealbumin

Introduction

Selection of sires with high-quality sperm pro-
duction, and fertilising ability of sperm is im-
portant in the breeding and breeding business
(Ostapiv, 2008), as the main function of the
reproductive system in fish is the production
of sexual products while preserving the genetic
material for the next generation. Thus, one of
the main factors that in the future affect the
viability and plasticity of fish planting mate-
rial is the quality of germ cells. Therefore, the
best quality sperm is one of the conditions un-
der which the fertilisation process occurs with
the subsequent development of the embryo
(Yaremchuk et al., 2015) . The duration of the
period of preservation of sperm motility and
fertilising ability is variable in different fish
species and depends on the environmental con-
ditions, feeding, keeping technology and indi-
vidual characteristics of the sires. All this should
be considered since some external factors have a
significant impact on the body, i.e. they can ac-
celerate, inhibit or completely stop the develop-
ment (spermatogenesis) of germ cells.

It should be noted that sperm membranes
are susceptible to peroxide damage by excess
reactive oxygen species (ROS). The efficiency
of the enzymatic antioxidant defence system,
the key enzymes of which are superoxide dis-
mutase, catalase and glutathione peroxidase,
is important for maintaining the structural
integrity, sperm survival and preventing the

Animal Science and Food Technology. 2021. Vol. 12, No. 2

processes of lipid peroxidation (LPO). There-
fore, it is important to explore the activity of
succinate dehydrogenase and cytochrome oxi-
dase as the primary link in the oxygen process.

Development and maintenance of carp
breeding stock are one of the main and most
crucial processes in breeding and breeding work,
as the efficiency of the farm in the pre-spawn-
ing period is determined by the quality of the
breeders and is crucial for obtaining results at
the end of the growing season. Feeding carp
fry in the pre-spawning period with artificial
fodder, which fully provides the physiological
requirements of fish at this stage of ontogeny,
immediately affects the quality of sexual prod-
ucts and the success of the spawning campaign
in general. Since, in the current conditions,
the technological aspects of carp reproduction
are fully developed, during the work in hatch-
eries, attention is devoted to the selection of
elite sires and determination of the quality of
their sexual products (Martinez Paramo et al.,
2014), (Yurchak et al., 2018). Approximately,
the quality of sperm is determined by a five-
point scale of G.M. Persov. When assessing the
quality of sperm, in addition to visual features
(volume, colour, odour, consistency), the motil-
ity, concentration, survival, protein component
and oxidative functions of sperm are explored
(Makarenko et al., 2022). Notably, motility is one
of the most important characteristics associated
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with the fertilising ability of sperm, indicating
their viability and structural integrity. Thus,
motility studies are an integral part of semen
analysis (Iaremchuk et al., 2012).

Succinate dehydrogenase (SDH) is one of
the important oxidative enzymes of CTA and
the first link in the chain of electron transfer
through ubiquinone and cytochrome system to
oxygen. The features of SDH are its location on
the inner surface of mitochondria and the inde-
pendence of the enzyme activity from the ratio
of oxidised and reduced forms of NAD/NADH
(Fauvel et al., 2010). Cytochrome oxidase (COX)
is an enzyme of the final link of electron and
proton transport in the respiratory chain to ox-
ygen (Makarenko et al., 2021). COX, together
with SDH, characterises the mitochondrial
component of oxygen consumption, providing
ROS resynthesis, thus, their activity affects me-
tabolism in sperm (Kalachniuk, 2013). By ex-
ploring the biochemical parameters of sperm
production, some scientists have established a
link between the activity of oxidative enzymes
and the fertilising ability of sperm, more pro-
nounced with the activity of succinate dehydro-
genase (SDH). A close connection between the
activity of many enzymes of dehydrogenases
and cytochrome oxidase (COX) of sperm with
indicators of its quality and fertilising ability
has been identified, which served as the basis
for using the activity of these enzymes as an in-
dicator of sperm quality (Kosenko et al., 2007),
(Ruiz-Pesini et al., 1998) Studies have proved
the connection between the activity of SDH of
bulls’ sperm and fertility, namely, there was a
decrease in the fertility of bulls’ sperm with a
decrease in the activity of the enzyme in the
ejaculate (Barbagallo et al., 2020), (Linkevich
etal.,2014).

Thus, the results of a comprehensive as-
sessment of male carp sperm production will

provide a complete description of the reproduc-
tive system of male carp and will allow recom-
mend using hulled oats in feeding during the
pre-spawning period.

The purpose of the study — to explore the
physiological characteristics of ejaculates re-
spiratory and recovery capacity, the activity
of enzymes of the mitochondrial respiratory
chain (COX and SDH), sperm survival, motil-
ity and fertilization capacity, the content of y-,
B- and a-globulins, albumin, pre-albumin for
using hulled oats in carp feeding during the
pre-spawning period.

Materials and methods

The object of the research was different-aged
individuals of Nyvkivsky scaly and small-scaled
carp. For the research, sperm was collected
during the spawning campaign of 2012 from
males of Nyvkivsky scaly and small-scaled carp,
which were grown in pond conditions under
semi-intensive technology.

The semen was diluted with phosphate-salt
buffer (NaCl - 0.8 g,KCI-0.02 g,Na,HPO,-0.11g,
KH,PO, - 0.02 g, MgCl, - 0.01 g, H,0 up to 100 ml).

Using the SpermVision program, which is
installed based on the microscope, the analysis
of sperm parameters was performed - their
total activity, the percentage of sperm with
rectilinear and translational movement and
the percentage of lifeless sperm. The kinetic
parameters of sperm were determined by using
the computer system CASA (Computer Assisted
Sperm Analysis) — Sperm Vision with the es-
tablishment of sperm movement parameters:
velocity of curvilinear motion (VCL); velocity
of sperm head advancement along the aver-
age trajectory (VAP); velocity of straight-line
motion of the sperm head along the straight
segment between the starting and ending points
of the trajectory (VSL), degree of linearity

Animal Science and Food Technology. 2021. Vol. 12, No. 2




104

Characteristics of biochemical parameters of sperm production of carp sire when using hulled oats...

(LIN=VSL/VCL), degree of straightness of sperm
motion (STR=VSL/VAP) and degree of deviation
(WOB=VAP/VCL). Determined: sperm survival
(h) at 22-24°C until the progressive movement
stopped, the activity of succinate dehydro-
genase (SDH; units/h x 0.1 ml of sperm) and
cytochrome oxidase (COX, units/h x 0.1 ml of
sperm), oxygen consumption — polarograph-
ically (ng-atom O/min x 0.1 ml of sperm) at
38.5°C in phosphate-salt buffer (PSB; NaCl -
0.8 g, KCI - 0.02 g, Na,HPO, - 0.11 g, KH,PO, -
0.02 g, MgCl, - 0.01 g, H,0 to 100 ml) (Dudchak
& Sharan, 2010).

The fractional composition of soluble pro-
teins was explored by vertical electrophore-
sis in 7.5% polyacrylamide gel (PAAG) plates
(Fang et al, 2020). Samples for electrophoresis
were prepared: in 7.5% PAGE: 0.1 ml of sperm
was diluted 1:12 with electrode buffer (pH 8.5),
0.1 ml of the sample was mixed with the same
amount of 40% sucrose, 0.02 ml (~150-200 pg
of protein) was added to the wells of the con-
centrating gel. Marker dye — 0.01% bromphenol
blue solution was added to the electrode buffer
before sample dilution. After electrophoresis,
the gels were fixed and simultaneously stained

in 12.5% trichloroacetic acid with 0.25% aque-
ous Coomassie R 250 solution.

Digital statistical analysis of the material
was performed using the computer program
Microsoft EXCEL. The arithmetic mean (M),
mean square error (/m) and probability of dif-
ferences (P) between the explored arithmetic
means were determined.

Results

According to the methodology, in spring the
main herd of breeders was boned and trans-
planted to the pre-spawning ponds. In the
process of boniting the following types of mea-
surements were used: fish weight, body length
(industrialand total), body height, body girth,
and head length.

Based on the data obtained, the statistical
indicators and the main indices of body compo-
sition were calculated - body fatness index (B,),
relative weight index (W/I), index of high-spine
(/H), and girth index (I/O). All experimen-
tal groups of males were clinically healthy, in
growth and development corresponded to the
“elite” class and were used for spawning. The
main characteristics are presented in Table 1.

Table 1. Indicators of exterior of males of Nyvkivsky scaly and small-scaled carp used in the research

Indicators Experimental group
Experiment I Experiment II Control Control
n=4) n=4) n=4) n=4)
M#+m 5.35+0.28 5.42+0.35 5.74%0.20
Average weight (W), kg o 601.12 515.22 288.10
C,% 9.88 10.02 5.02
M+m 56.32%4.31 54.45+2.80 59.22%0.98
Total length (L), cm o 6.61 7.01 1.99
C,% 10.25 9.89 2.98
MEm 51.78+3.80 54.06+3.99 54.80+1.12
Industrial length (I), cm o 5.87 4.99 1.64
C,% 11.40 13.52 3.00

Animal Science and Food Technology. 2021. Vol. 12, No. 2




Syrovatka et al.

105

Table 1. Continued

Indicators Experimental group
Experiment I Experiment II Control Control
n=4) (n=4) (n=4) (n=4)
MEm 21+04%+0.70 21.04%0.56 21.20+0.64

Body height (H), cm o 1.21 1.18 0.84
C,% 5.30 4.98 3.95

M*m 49.03%1.86 48.48+2.65 50.0%1.20
Body girth (0), cm o 2.11 2.23 1.58
C,% 4.56 4.88 3.16

M=m 3.72+0.26 3.90+0.44 3.49%0.16
Body fatness index (B,) o 0.39 0.77 0.20
C,% 21.80 22.15 5.74

MEm 105+2.05 102+1.87 104.72%2.72

Relative weight index (W/I), g/cm o 2.26 3.01 3.26
C,% 2.13 2.08 3.12

M*m 2.45+0.25 2.51+0.15 2.59%0.07
High'sg/ilr}f index o 0.18 0.22 0.08
C,% 9.01 8.56 3.23

M*m 1.16%0.10 1.18%0.08 1.10+0.02
Girth index (I/O) o 0.10 0.12 0.03
C,% 6.98 7.21 2.83

M=m 3.87%0.23 4.01+0.15 3.98%0.13
Head index (I/C) o 0.18 0.16 0.20
C,% 5.33 5.39 0.20

It was established that all experimental
groups of males had high rates of total sperm
activity, the average value of which exceeded
92%. Therewith, the highest rate was recorded in
the experimental animals of the second group —
94.2%, which is 1.32% higher than that of the
control group. Individuals from this experi-
mental group had the highest value of sperm
content with rectilinear motion - 74.73% and
the lowest value of sperm content with arena
motion — 19.41%, but the indicators of this ex-
perimental group in terms of arena motion had

the highest amplitude of fluctuations - 23.61%
against 11.43% in experiment I and 11.2% - in
control. Therewith, in individuals from experi-
mental group I, the lowest value of dead sperm
was observed - 5.77%, with the maximum
variation - 37.21%. Somewhat higher values -
5.87% had individuals from the second ex-
perimental group, but the variability index de-
creased by 9.65%. The highest number of lifeless
sperm — 7.0% was recorded among the indicators
of sperm production in individuals from the con-
trol group, with a variability of 10.79% (Table 2).
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Table 2. Physiological parameters of carp sperm (n =4, M= m)

The content of sperm with

Percentage of sperm

Experimental Total rectilinear progressive with arena movement Percentage of
. RSN . o
options activity (%) movement (%) %) lifeless sperm (%)
Experiment I 93.75%0.43 73.37+2.61 20.87£1.38 5.77+1.24
P 0.83 6.16 11.43 37.21
Experiment 94.2+0.99 74.73+2.31 19.41+2.64 5.87+0.93
I 1.81 5.37 23.61 27.56
Control 92.97£0.38 72.63*1.28 20.37£1.32 7.0£0.44
0.72 3.06 11.20 10.79

After dilution of sperm, the survival of
sperm at a temperature of 22-24°C on average
exceeded 63.0 hours. The highest rate (66.37 h)
was recorded in experiment II, and the lowest
value and the highest rate of variability for this
indicator were sperm samples obtained from
individuals from the control group - 63.1 h and
7.87%, respectively. In this experimental group,

the highest was the index of motility of non-di-
luted sperm, at a temperature of 22-24°C, it was
100.4 h and exceeded the index of experimental
group I and control group by 2.63 and 3.31%,
but the indicators in this group were the most
variable, in particular, the variability index was
almost 5% against 3.64 and 3.12 in experimen-
tal group I and control, respectively (Table 3).

Table 3. Sperm survival and oxidative enzyme activity of carp sperm, (n =4; M+ m)

Experimental Survival of diluted

Preservation of motility

Enzyme activity,

: of non-diluted sperm at units/h x 0.1 ml of sperm
option sperm at 22-24°C, h .

P P 22-24°C,h soH | cox
Experiment I 63.6+0.53 97.83+2.06 16.8%0.71 27.47+2.68
p 1.45 3.64 7.31 16.88
Experiment II 66.37+1.20 100.4+2.72 19.95+2.98 32.7+2.34
P 3.14 4.70 25.87 12.39
Control 63.10+2.86 97.07+1.75 17.9+1.02 26.83+1.30

7.84 3.12 9.88 8.39

It is known that the intensity of substrate
used by individual links of the respiratory
chain is a marker of physiological parameters
and characterises the fertilising ability of germ
cells [17]. From the analysis of the activity of
oxidative enzymes of male carp sex products,
it was established that the samples of the ex-
perimental groups, compared to the control,
had higher values, which indicates the ability
of germ cells to use substrates of the environ-
ment to provide energy requirements through
the resynthesis of ROS in the respiratory chain

Animal Science and Food Technology. 2021. Vol. 12, No. 2

of mitochondria by adding hulled oats to the
main diet.

This analysis demonstrated a significant
variability of redox processes in male carp
ejaculates. The highest activity of sperm en-
zymes was noted in the samples of the II ex-
perimental group. Thus, the average value of
the SDH was 16.0 units/h x 0.1 ml of sperm,
with a minimum value of 16.8 recorded in
the I experimental group, and the maximum
value — 19.85 units/h x 0.1 ml of sperm - in the
IT experimental group. Despite the highest rate,
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the maximum value of variation was recorded
in this group - 25.87%, compared to 7.31 and
9.88% in the experimental groups. The activity
of the COX during the research demonstrated
similar dynamics. With lower variability, com-
pared to SDH, the maximum values were char-
acterised by the samples of the II experimental
group. The index of this group exceeded the
index of the control group by 17.9%, and by
15.9% - of the I experimental group (Table 3).
Therewith, the quality of sperm depends
both on the activity of enzymes and on the
content of proteins and their fractions involved
in protein metabolism. The analysis identified
that the addition of hulled oats to the diet in-
creases the content of protein fractions in se-
men. In particular, depending on the share of
hulled oats in the main diet, the albumin con-
tent varied from 7.07 in the control to 9.80%
(experiment with 30% content). A similar

upward trend was recorded among the values
of y-globulins (46.7-50.97%). Among the group
of a-globulins, there is a tendency to decrease
this indicator, depending on the content of
the fodder supplement. Among the results of
this group, there were significant differences
among the values of the coefficient of varia-
tion. Thus, in the control group, it ranged from
1.39 to 4.96%, in experimental I — from 7.14 to
19.89, and in experimental II — from 4.56 to
21.88%. Instead, the trend in the distribution of
soluble sperm protein fractions, depending on
the feeding of hulled oats, could not be traced
among the values of B-globulins and prealbu-
min. Thus, the maximum value of these indi-
cators was respectively 7.47 and 24.64% in the
control, the minimum value for the content of
B-globulins (5.33%) — in experiment I, for the
content of prealbumin (22.01%) - in experi-
ment II (Table 4).

Table 4. Content of soluble protein fractions of carp sperm, % (n =4, M+ m)

E a 2 g E E c E
o S — = —_ — = = E
s =4 E; 2 2 s =)
£3 2 c 3 g c 2 2
X ® v ® % ® Z
[33 > <N =] o] =] [aW
Experiment I 49.27+1.76 5.33+0.50 4.60+0.42 3.57¥0.41 4.20+0.17 8.83+0.65 24.2+1.22
P 6.19 16.38 15.68 19.89 7.14 12.72 8.77
Experiment 50.97+1.11 7.35*0.69 3.57+0.27 3.10+0.08 3.20£0.40 9.80+0.57 22.01%1.59
1I 3.77 16.35 13.25 4.56 21.88 10.10 12.44
Control 46.70%+1.14 7.47+0.43 5.70%+0.16 4.17+0.03 4.25+0.04 7.07+0.75 24.64+0.97
4.24 9.87 4.96 1.39 1.66 18.47 6.81
Conclusions

The obtained data confirm that proteins in
the fish body are in a dynamic state, which is
provided by the processes of constant synthe-
sis and decay. The latter are genetically deter-
mined and depend on the conditions of deten-
tion. In contrast to mammals, in fish, the share
of amino acids only in the substrate of energy
metabolism can be 50-90%.

It was established that additional feeding of
hulled oats in the amount of 30% is effective.
In particular, the addition of this proportion
to the basic diet increases the total sperm ac-
tivity by 1.32% and the rectilinear motion by
2.9% compared to the control. Thus, consider-
ing the increase in sperm productivity, which is
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manifested in their higher activity, their ability
to fertilise increases accordingly. In addition,
there is an increase in the activity of enzymes
of the respiratory chain - succinate dehydroge-
nase and cytochrome oxidase, which indicates
an increase in the ability of germ cells to use
substrates of the environment to meet energy
needs through the resynthesis of ROS in the

respiratory chain of mitochondria. In addition,
the lack of a distinct trend in the distribution
of the total protein content and their fractional
composition in the testes of carp, depending on
the proportion of hulled oats in the main diet,
can be explained by the action of many envi-
ronmental factors, and depend on the season,
age and physiological state of the body.
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Characteristics of biochemical parameters of sperm production of carp sire when using hulled oats...

XapakTepucTHKa 0i0XiMiYHUX TOKAa3HUKIB ClIEPMONIPOAYKI{I IV THUKIB
KOpoNa 3a BUKOPHCTAHHS B FOJiBJIi FOJI03€PHOrO0 BiBca
BIIPO/IOB:K IlepeHEPeCTOBOrO epioxy

Harans I0piiBHa CupoBarkal, Irop IBanHoBuu I'punuHak!,
Hennc AnaroniitoBimu CupoBarkal, Ipuaa MuroaiiBaa SIpeMuyk?

TctuTyT prbHOTO rocrogapcrsa HAAH Vkpainu
03164, Byn. O6yxiBchbKa, 135, M. Kuis-164, Ykpaina

ucTuTyT Gionmorii TBapuH HAAH Ykpainu
79034, Byn. Bacuis Cryca, 38, m. JIbBiB, YkpaiHa

AHoTanisg. BigHOB/ieHHST TOMy/siLii  TIPiICHOBOOHMX TiAPOGIOHTIB Ta  BUPOIILYBaHHS
BMCOKOIIPOIYKTUBHUX TUTITHUKIB € KJIIOYOBMM €TaroM IPOLeCy BiTHOBJIEHHSI HOBOT'O TMTOKOJiHHS
pub, TOMY 3ajaua MiABUIIEHHS PiBHS 3aIUIiAHIOBAHOCTI 3aBXIM aKTyalbHa IJIsI pUOOIOBEIIbKOT
ranysi Vkpainu. MeTa [OCTIIKEHHS — TIPOBECTM TOMMOMIeHuit aHami3 ¢isionorivumux
XapaKTePUCTUK eSIKYISITIB OMXaJbHOI Ta PENpOAyKTMBHOI 3MATHOCTi, MOCTIAUTM aKTUBHOCTI
€H3MMIB IMXa/JIbHOTO JIQHI[IOTa MiTOXOHJPilt, BCTAHOBUTH BifCOTOK BVM>KMBAHHS CIIepMaTO30iiB
MpY 3aCTOCYBaHHi IMOIMepesHbO OUMILEHOTO BiBCa, SIK OCHOBHOTO KOMIIOHEHTY B pallioHi Kopora
BIIPOZOBX IepeHepecToBOro nepiony vV OOCTiIKeHHSIX BUKOPUCTOBYBAIM CaMIliB HUBKiBCbKOTO
BHYTPIIIHbOTIOPOIHOTO TUITY YKPAaiHChKOI JTYCKATOi IMMOPOAM KOPOTIA, SIKUX YTPUMYBAIU BITPOIOBK
repeIHepecTOBOro epiomy B cTaBoBuX yMoBax «II1 «II' Huka» IPT HAAH. Oco6uH 6yi1o nofisieHo
Ha 3 rpymu. [Tepuiit rpyni (Jocriz I) sromoByBanu 100 % ronosepHoro BiBca, apyriii (Jocmin IT) —
30 %, KOHTpOMNbHIIi TpyTi pu6 (KOHTPOJIb) 3TOJOBYBAIY 3€PHOBY CyMilll. [IpoBeIeHO OI[iHKY SIKOCTi
CTaTeBUX ITPOAYKTIB caMIIiB KOpOIa Cltoco60M BM3HAUYeHHS BIUTMBY A0JaBaHHS 1O IXHbOTO pallioHy
rOJI03€pPHOTO BiBCa BIIPOJIOB3K IepeHEPECTOBOrO Mepiony. JocmiikeHO MOKa3HMKY PYXJIMBOCTI Ta
3aIUTiTHIOBAJIbHOI 3IaTHOCTI CIIEPMU, BMICT Y-, B- i a- mI06GymiHiB, anb6yMiHy, MpeanboyMiny Ta
(isionoriuHi xapakTepUCTUKA eSIKYISITIB IUXAIbHOI i BiIHOBHOI 34aTHOCTI, aKTMBHOCTI €H3MMiB
IMXaNbHOTO jaHUpora mitoxoHapiit (IXO ta CAT). 3 omisny Ha MiABUIEHHST TTPOAYKTUBHOCTI
criepmiiB  pub, 30KpeMa 36i/MbIIeHHST KiJIbKOCTI CIIepMiiB 3 MPSIMOJiHiIHO-ITOCTYaJbHUM
pPyXOM, 3HMKEHHSI KiIbKOCTi HEXXMBMX CTepMiiB Ta 3MiHM 6inKoBOi GOpMyaM CTaTeBUX KIITUH
YCTaHOBJIEHO, 1110 IOLJIBHUM € 0faBaHHs roJI03ePHOr0 BiBca 10 OCHOBHOTO PallioHy B KiJIbKOCTI
30 %. 3rigHO 3 pe3yJabTaTamMu MPOBEAEHUX NOCTiIKeHb BCTAHOBJIEHO, 10 AOJaBaHHS O CKJIaLy
KOPMiB rojio3epHOro BiBca BITPOIOBK [TepeIHepeCTOBOTO MepioAy IMO3UTUBHO BIUIMBAE Ha KiIbKiCHi
Ta SIKiCHi MIOKa3HMKY CTaTeBUX MPOAYKTIB CAMIIiB KOPOIIa, Pe3yabTaTH JOCTiIKeHb MOXKYTh OYTHU
KOPUCHUMM, SIK IJIST CTYIEHTIB TaK i IS MpalliBHUKIB pubomnepepobHoi ramysi Ykpainm

KnrouoBi ©roBa: camili Kopolla, CIIepMaTo30iay, IMPSIMOiHIHO-TIOCTYIIAJIbHUIL  pYX,
CYKUMHATIETiAporeHasa, MTOXPOMOKCHIA3a, Y-, B- i a- TNIOGYIiHM, TpeanboyMiH
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