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Abstract. One of the fastest growing areas of veterinary medicine over the past
decade has been and still is the regenerative medicine. It focuses on the reconstruction
of damaged tissues/organs to restore their physiological and functional performance.
The aim of study was the use of cells called mesenchymal stem cells (MSC) as an
alternative treatment method of osteoarthritis. Twelve dogs have been chosen for
experiment aged 5 to 11 years. All animals were diagnosed with the degeneration of
the elbow joint. The dogs were divided into 2 groups: 8 dogs formed the test group
and the remaining 4 dogs formed the control group. The dogs from the first group
were treated with autologous stem cells. The dogs in the control group received non-
steroidal anti-inflammatory drugs (NSAIDs) - mavacoxib for a period of 6 months.
Clinical examination on the first day of the experiment showed signs of lameness of the
3rd and 2nd degree in all 12 dogs. The clinical tests performed on day 180 in the control
group showed signs of gait disturbance at the unchanged level. The dogs undergoing
treatment with the use of autologic stem cells did not show any movement disorders.
The obtained results allow drawing the conclusion that the combination of the lowest
concentrations of metamizol may significantly increase the cytophysiological activity of
the stem cells accompanied by the lack of morphological changes. The obtained data
can be a valuable source of information for practicing veterinary doctors who introduce
stem cells to treat musculoskeletal system diseases in both small and large animals.

Keywords: stem cells, mesenchymal stem cells (MSC), osteoarthritis, non-steroidal
anti-inflammatory drugs (NSAIDs), mavacoxib

Introduction & Analysis of recent  icine. It focuses on the reconstruction of
researches and publications damaged tissues/organs to restore their
performance — not only physiological, but

One of the fastest growing areas of  also functional (Mason & Dunnill, 2008;
veterinary medicine over the past decade  Ratajczak et al., 2013). For this purpose
has been and still is the regenerative med- ~ somatic stem cells isolated from mature
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tissues are used more and more frequently
(Minguell et al., 2001; Mason & Dunnill,
2008; Zhu et al., 2008; Lai et al., 2011;
Dimitrieva et al., 2012). Subsequently,
the somatic cells reprogrammed into stem
cells, referred to as Induced Pluripotent
Stem Cells (iPSCs), are not taken into
account in clinical use at this stage of the
research due to their teratogenic nature.
The population of stem cells which is the
most frequently used in the context of vet-
erinary medicine are Mesenchymal Stem
Cells (referred to as MSC) isolated from
fat (Eng. Adipose Stromal Cells — ASCS)
as well as those isolated from the bone
marrow (Eng. Bone Marrow Mesenchy-
mal stem cells — BMSCs). Both men-
tioned populations of stem cells are mul-
tipotent cells, which means that in in vitro
conditions they may differentiate into
bone tissue, cartilage and adipose tissue
(Barry & Murphy, 2004). Their indispens-
able and unique features are the ability to
self-regenerate and the ability to divide up
to thirty passages (Zuk et al., 2002; Zhu
et al., 2008). This demonstrates their high
cyto-physiological activity and ability
to multiply extra-corporeally. In in vitro
culture conditions, these cells are char-
acterized by high adhesion and prolifera-
tion capacity, which allows their use not
only for purely medical purposes, but also
allows for breeding various kinds of im-
plant material. The capacities of adhesion,
proliferation, and differentiation of stem
cells in in vitro conditions have become
the basis for investigators to consider their
potential application in the treatment of
bone tissue and cartilage defects (Strem et
al., 2005). Moreover, stem cells are of im-
munomodulatory nature and as it has been
discovered recently they act as a nutrient
for e.g. bone marrow stroma. The process
of regenerating the damaged tissues, e.g.
bone or cartilage tissues using stem cells
can be carried out through both autocrine

and paracrine signaling. As has been de-
scribed recently, the stem cells can syn-
thesize and produce Microvesicles (MVs)
into the damaged tissue, which first im-
proves communication between the cells
(called Inter cellular signaling — ICS). The
mesenchymal cells synthesize and pro-
duce stem microvesicles which contain a
number of growth factors including insu-
lin-like growth factor, fibroblast growth
factor, vascular endothelial growth factor,
and bone morphogenetic proteins. It is
well known that these factors play a key
role in the process of regeneration of dam-
aged tissues. The first stem cells which
were widely described in literature are the
cells isolated from bone marrow (Bone
Marrow Stromal Cells — BMSCs) (Zuk et
al., 2002). They are considered to be the
progenitor cells of osteoblasts, chondro-
blasts and adipocytes. They are charac-
terized by the presence of the following
surface antigens CD73, CD90, CD105,
and they do not express hematopoietic an-
tigens (Zuk et al., 2002). Most frequently,
especially in the case of large animals, the
cells are isolated from the iliac crest or the
sternum. They constitute only from 0.01
to 0.0001% of mononuclear cells of bone
marrow and their number is closely cor-
related with the patient’s age (Gonzales et
al., 2009; Lai et al., 2011). In addition, the
procedure of collecting bone marrow car-
ries a high risk of infection every time, and
in the case of collecting it from the ster-
num the further risk of damaging pericar-
dial sac exists. Importantly, a small num-
ber of BMSCs cells collected from bone
marrow requires a comparatively long in
vitro culture, which translates to the need
for delaying the therapeutic injection.
For these reasons it becomes natural to
search for other, more effective from cy-
to-physiological and practical viewpoint,
sources of stem cells. Such a population
constitutes stem cells isolated from the
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adipose tissue (ASCs). These cells display
expression of similar cell surface antigens
to BMSCs and their collection procedure
is undoubtedly safer and does not require
general sedation of the patient. ASCs cells
in contrast to BMSCs do not have anti-
gen CD106 but they express the marker
CD49d (Minguell et al., 2001; Strem et
al., 2005; Zhu et al., 2008). Routinely, the
adipose tissue for therapeutic purposes is
collected under local anesthesia from the
hypodermis in the case of small animals,
and from around the base of the tail in
the case of large animals. ASCs cells in
in vitro conditions, similarly to BMSCs
cells, differentiate into bone and cartilage
cell tissues, which offers the possibili-
ty of their wide application in a clinical
setting, as in the treatment of diseases of
the loco-motor system. These diseases
in the case of dogs and horses are under
intense research aimed at developing
the most effective methods and forms of
treatment. Diseases and dysfunctions of
the musculoskeletal system are disorders
which have genetic origins or result from
incorrect use in sports, injuries, improp-
er nutrition or are related to overweight
of the animal. The result is pain, reduced
mobility, and consequently a significant
reduction of life quality. Orthopedic dis-
eases include congenital, developmental,
traumatic and degenerative disorders. The
most common musculoskeletal disorder
in dogs is osteoarthrosis. It is a chronic,
multi-etiological dysfunction syndrome
wherein as a result of biological and me-
chanical factors there occurs imbalance
between the process of destruction and
regeneration of the joint cartilage and the
subchondral bone layer. Characteristic
of this disease is a secondary inflamma-
tory process of the synovial membrane
of the joint, which is why the disease is
commonly known as Osteoarthritis — OA.
In the course of the disease there occurs

gradual thickening and loss of elasticity of
the ligaments and joint capsule, resulting
in a limitation of joint mobility and pro-
gressive muscular atrophy (Tuglu et al.,
2010; Sandell, 2012). The degeneration
process is accompanied by gradually in-
creasing effort pain and stiffness of walk
after rest, lasting no longer than 20 to
30 minutes and relieving on movement.
The radiographic picture of joints initial-
ly shows a slight narrowing of the joint
space and sclerosis of subchondral bone
layer. Over time osteophytes appear at the
edges of the joint surface and the footprint
of the bone epiphysis is distorted. The sy-
novial fluid cytology shows characteristic
increase in the number of mononuclear
cells (over 3000/ul) with a high propor-
tion of synoviocytes. In advanced cases
large numbers of erythrocytes and eryth-
rophages are observed, which is a sign of
severe damage to the synovial membrane.

In the case of horses one of the best
described orthopedic disorders is bone
spavin (Egenvall et al., 2010). Impaired
movement is observed in the initial
stage of the disease. After a longer rest
the horse’s walk is stiff, which discon-
tinues after a few minutes of movement.
The advanced stage of the movement
disorder is manifested by significant
lameness, with deformations observed
on the anterio-medial side of the tarsal
joint. The disease is most common in
older horses aged 8—10 years, but can
also occur in young animals as so called
“juvenile spavin”. The anatomy of the
joint is considered the contributory fac-
tor to spavin occurrence. Greater force
is applied to the central tarsal bone and
tarsal bones I and II on the medial side.
Other factors leading to the develop-
ment of spavin include wrong posture
(convergent / off line posture and its
combinations), faulty shoeing, moving
on hard surfaces. The spavin disease
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may start to develop already during the
first intensive training runs performed
to achieve high physical performance
in a short time. The greater overloads,
e.g. due to jumps, the greater macro
and micro injuries of the cartilaginous
tissue, which have been considered the
most important etiologic factor contrib-
uting to spavin disorder. Another cause
of spavin is abnormal metabolism and
inadequate nutrition, including distur-
bances in vitamin balance.

In the cases of severe lameness in
both dogs and horses, surgery is the
treatment of choice. In less severe cas-
es, conservative drug therapy is applied
using non-steroidal or steroidal anti-in-
flammatory drugs (Holloway et al.,
2012). Full recovery is difficult due to
the formation of the repairing deficient
scar tissue and insufficient degree of
tissue regeneration. Because the treat-
ment with anti-inflammatory drugs only
reduces the symptoms that accompany
the degeneration process, an attempt
has been made to apply a novel method
using auto-logic stem cells. It has been
proven that these cells release a num-
ber of factors desirable for regeneration
such as: aggrecan, connective tissue
growth factor (CTGF), bone morpho-
genetic proteins (BMPs), transforming
growth factor (TGF) and others.

Purpose. The aim of study was the
use of cells called mesenchymal stem
cells (MSC) as an alternative treatment
method of osteoarthritis. Stem cells are
defined as a self-renewing population ca-
pable of differentiating into many distinct
types. However, the division was adopt-
ed determining both their source and
their capabilities. Embryonic stem cells
(ES) are the most primitive form of cells.
They form the embryo, but also placen-
ta, giving rise to all the tissues of the de-
veloping organism — they are totipotent.

They are characterized by unlimited abil-
ity to divide. The second subgroup are
the mature stem cells found in individ-
uals in the postnatal life period in many
mature tissues. It is believed that they
form a reserve of undifferentiated cells
necessary for maintaining the structure
and the function of a given tissue. The
possibilities of their differentiation are
usually limited to a form of tissue within
a given germ layer (they are pluripotent),
however exceptions to the rule have been
shown experimentally. In vitro studies
have repeatedly demonstrated their high
capacity to proliferate over a relatively
long period of time, in addition to the
ability to transform into a fully organized
tissue fragments (Hackett, 2013). They
are convenient research material because
their isolation does not entail ethical
controversy as in the case of embryonic
stem cells. Publications report new types
of tissue which showed the presence
of mature stem cells (Minguelle et al.,
2001; Zuk et al., 2002; Zhu et al., 2008;
Gonzales et al., 2009; Lai et al., 2011).
Their traditional and earliest known
sources are bone marrow and umbilical
blood. It is currently believed that these
cells are found in every tissue but in dif-
ferent numbers. They were found e.g. in
the skin, epithelia or even the brain (Tu-
glu et al., 2010). There are more of them
identified in tissues undergoing constant
self-regeneration. These cells were first
isolated in 2001 from the adipose tissue
obtained by liposuction. They have been
proven to be multipotent by transforming
them in vitro into several types of tissues.
Despite differences in the expression of
certain surface proteins, their nature is
similar to those received from the bone
marrow. Low invasiveness is the key ad-
vantage of this method of obtaining. The
number of mesenchymal cells isolated
during one process is also higher due
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to larger volume of the source material.
Cells divide well under culture condi-
tions and maintain their multipotent ca-
pacity for many weeks. This approach
allows obtaining a multiple of the origi-
nal explant. Grafts of autologous adipose
tissue derived mesenchymal stem cell
(AD-MSC) proved to be safe and effec-
tive for the patient.

The joint degeneration disease — os-
teoarthrosis — is a chronic incurable dis-
ease of inflammatory and degenerative
etymology. It is caused by damage to the
cartilaginous layer induced by long-last-
ing inflammation as a result of imbal-
anced anabolic and catabolic processes in
the cartilage. Even after the elimination
of inflammation, the tissue does not re-
generate. Exactly these observations led
me to develop a new therapeutic meth-
od using autologous graft AD-MSC not
only to reduce the ongoing inflammatory
process but also to initiate regeneration
processes. One of the factors secreted by
AD-MSC is IL-1ra, which as the recep-
tors antagonist for IL-1 inhibits the cas-
cade of postinflammatory reactions. Fur-
thermore, the growth factors sent to the
environment support the reconstruction
of cartilage hence enabling it to return
to the original physiological condition.
A comparably high significance in fill-
ing in defects in the cartilage holds the
sole differentiation of stem cells towards
chondrocytes. The past encouraging re-
sults of analyzes carried out by scientif-
ic research teams in the world give the
basis to more detailed studies of autolo-
gous stem cell injections in the course of
the loco-motor system related diseases
in dogs and horses (Black et al., 2008;
Guercio et al., 2012; Marycz et al., 2012;
Burk et al., 2013). Experiments with the
use of autologous stem cells were per-
formed in dogs (Experiment No. 1) and
horses (Experiment No. II).

Materials and methods
of research

Twelve dogs have been chosen for
experiment No. I (7 males and 5 fe-
males) aged 5 to 11 years, including:
German Shepherd (4), Labrador (2),
Boxer (2) and a mixed breed (4). All
animals were diagnosed with the degen-
eration of the elbow joint, lasting for at
least 5 months. The body weight of the
patient dogs ranged between 25—50 kg
of body weight. Before the selection all
the patients underwent a blood test to as-
sess their general condition and exclude
comorbid disorders. During the clinical
examination all dogs exhibited abnormal
gait characteristic of osteoarthritis (OA):
lameness — both in gait and trot (2nd and
3rd degree in 6 grade scale) and limited
mobility as well as pain during manipu-
lation. The computed tomography (CT)
which was performed on all the chosen
dogs revealed the 2nd and 3rd degree
of degeneration of joints (in four-grade
scale). Additionally punctures were per-
formed and the collected liquid sam-
ples were transferred to the laboratory
for test. Due to the similarity of clinical
symptoms the dogs were divided into 2
groups: 8 dogs formed the test group and
the remaining 4 dogs formed the con-
trol group. The dogs from the first group
were treated with autologous stem cells.
The dogs in the control group received
non-steroidal anti-inflammatory drugs
(NSAIDs) — mavacoxib in the dose of
2 mg/kg of body weight (Trocoxil) for a
period of 6 months. The dogs from the
test group were subjected to sedation
with medetomidine in a dose of 20ug/
kg of body weight, i.m. and butorphanol
in a dose of 0.2 mg/kg of body weight
i.m. The area of the iliac crest was pre-
pared according to the principles of sur-
gical cleanliness. Subsequently infiltra-
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1. Clinical study of dogs with osteoarthritis on the first day of experiment (n = 12)

Pain during | Scope of | Degree of
Procedure _Lameness | Lameness manipula- | movement | disability
in gait (1-6) | in trot (1-6) tion (1-3) (1-4) (1-5)

Patient 1 SC 3 3 3 3 3
Patient 2 SC 2 3 2 2 2
Patient 3 SC 2 2 3 2 3
Patient 4 SC 3 3 3 3 3
Patient 5 SC 2 3 2 2 2
Patient 6 SC 1 2 2 2 2
Patient 7 SC 3 3 3 4 3
Patient 8 SC 2 1 2 2 2
Patient 9 control 3 3 3 3 3
Patient 10 control 2 3 3 3 3
Patient 11 control 3 3 3 3 3
Patient 12 control 3 2 2 3 3

Note: SC — autologic stem cells administered; control — NSAIDs — mevacoxib 2 mg/kg.

tion anaesthesia was administered with
2 % lidocaine solution and the sample
of about 5 grams of fat was collected in
order to isolate and multiply stem cells
in laboratory conditions. The samples of

the adipose tissue were processed under
sterile conditions using a laminar cham-
ber of the 2nd class of cleanliness. The
sample sections were thoroughly rinsed
with Hanks Salt solution, crushed and

2. Examination of the synovial fluid collected from the elbow joint in dogs
with osteoarthritis on the first day of experiment (n = 12)

Leukocyte Neutro- | Mononu-
Patient Colour Clarity Viscosity | number T o

(x103) phils (%) | clear cells
1 colorless slightly cloudy | reduced 3 9 98
2 light yellow | slightly cloudy | correct 4 10 96
3 colorless slightly cloudy | correct 3 5 94
4 colorless transparent correct 4 12 96
5 colorless slightly cloudy | reduced 3 14 98
6 light yellow transparent correct 5 10 93
7 colorless slightly cloudy | reduced 5 8 95
8 colorless transparent reduced 4 10 94
9 light yellow transparent reduced 5 9 90
10 colorless slightly cloudy | reduced 6 12 92
11 light yellow | slightly cloudy | correct 4 8 94
12 light yellow transparent correct 3 7 92
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devoided of blood and blood vessels.
The samples were then etched with col-
lagenase (Smg/mL) for 40 minutes at
37 °C and then centrifuged for 10 min-
utes at the force of 1200xg (Yasuda et al.,
2011). The unetched tissue was removed
together with the supernatant and the

mononuclear cells located at the bottom
of the tube were suspended in the culture
medium (DMEM: F12 / Ham’s supple-
mented with 10 % bovine fetus serum
and 1 % penicillin / streptomycin / am-
photericin b) and placed in culture flasks
T-25cm?. Such cultures were maintained

3. Examination of synovial fluid sampled from the tarsal joint of the horses
diagnosed with spavin on the first day of the experiment (n = 16)

. . Total . Leuko-
A;I)I%Zr' Clarity thys ccorsr,ll- protein, N£111§:n cytes, Sﬁﬁrg/;
’ g/dL cells/uL ’
1. Test group yellow | opaque 2 2,7 correct 8.000 <15
opaque,
single relative-
2. Test group yellow flocculent | = 2 3,5 ly good 5.500 <12
material
3. Test group yellow clear <2 2,8 correct 5.000 <10
4. Test group yellow clear 4 3.5 correct 4.600 <15
5. Test group light slightly <2 2,6 correct 8.500 <15
yellow | cloudy
opaque,
single relative-
6. Test group yellow flocculent 1 2,7 ly good 7.000 <15
material
7. Test group yellow | opaque <2 2,9 correct 6.000 <13
8. Test group y{clﬁgiv clear 4 3,0 correct 5.000 <15
9. Test group | yellow |Docculent| 5 24 | relative-| g 554 <13
opaque ly good
slightly
10. Test group | yellow cloudy 2,5 32 good 7.500 <14
;(.)ngparlson yellow clear 2 3 correct 5.000 <12
12.Comparison | light slightly < 2.5 correct 7500 <15
group yellow | cloudy
éf(.)(j}c))mparlson y{cllgllcj‘;v clear 1 2,8 correct 4.500 <13
opaque, .
14. Control yellow single <1 2.7 relative- 3.000 <15
group flocculent ly good
material
;f(.)ucpontrol yellow clear <2 2,4 correct 6.000 <10
;f(.)li)ontrol y{clﬁgiv clear <1 2,6 correct 4.000 <15

Note: Results of the research conducted on dogs (Experiment no. 1.).
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at37°C/5 % CO,/95 % humidity for 3—4
days. At full confluency, the cells were
passed into culture vessels T-75 (using
the reagent TrypLE Express) and grown
in the proliferation medium (DMEM —
4500 mg/L glucose, 15 % bovine fetus
serum) for 9 days. Microbiological puri-
ty was controlled during the entire cycle
with the use of an inverted microscope.
Then the cells were collected, suspended
in sterile physiological saline, counted
using a hemocytometer and their viabili-
ty was checked using the trypan blue dye
test. One ml of the suspension (5x106
cells/ml) was collected in a syringe and
immediately transported to the clinic,
where after preparation of the injection
area in accordance with the principles of
surgical cleanliness it was injected into
the elbows of 8 dogs from the test group.
The following tables show the dogs’
qualification criteria for Experiment 1.
Parallel studies were conducted in
horses diagnosed with the spavin dis-
ease confirmed by clinical examination,
X-ray examination and diagnostic anes-
thesia (Experiment II). The experiment
group consisted of 16 animals aged 8 to
14 years, 10 of which constituted the test
group, 3 formed a comparison group, and
subsequent 3 formed a control group. The
adipose tissue samples in the amount of
34 g each were collected from around
the base of the tail of the 10 horses under
local anesthesia (40 mg Lignocaina/mL).
The collected material was placed in ster-
ile saline solution and transferred to the
laboratory for propagation of autologic
stem cells. The resulting suspension in the
amount of 5x10° cells in Iml was depos-
ited into the tarsal joint. The comparison
group was administered 1 mL betameth-
asone intraarticularly, preparation Dipro-
phos (6.43 mg betamethasoni dipropionas
+ 2.63 mg betamethasoni natrii phosphas)
after preparing the injection area in ac-

cordance with the principles of surgical
cleanliness. The remaining three horses in
the control group were only recommend-
ed limited movement.

The control study consisted in ex-
amination of synovial fluid, which was
conducted on the first day and after 90
and 180 days — clinical tests on days 30,
60, 90 and 180, and X-ray, which was
performed on day 180 of the experi-
ment. Additionally 6 horses (2 horses
in the test group, 2 in the comparison
group, and 2 in the control group) un-
derwent scintigraphic examination on
days 1, 90 and 180.

The following tables show the selec-
tion criteria of horses in Experiment II.

Results of the research
and their discussion

Clinical examination on the first
day of the experiment showed signs of
lameness of the 3rd and 2nd degree in
all 12 dogs in some cases manifested
more strongly in gait and in other cases
in trotting (Table 1). On day 60 a slight
improvement was observed in the test
group that underwent stem cell ther-
apy. The dogs demonstrated reduced
lameness in the gait and trot as well as a
lower reaction to pain on manipulation.
In contrast, the control group exhibited
a slightly higher pain reaction. On day
90 the clinical test results in the control
group remained unchanged. However,
the results of tests in the test group con-
tinued to improve. The prior symptoms
such as stiff gait, lameness or pain were
observed in only 3 out of 8 dogs. The
clinical tests performed on day 180 in
the control group showed signs of gait
disturbance at the unchanged level.
However, higher pain reaction was ob-
served especially on manipulation. The
dogs undergoing treatment with the use
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4. Examination of synovial fluid sampled from the elbow joint in the dogs
with osteoarthritis on day 90 of the experiment (n = 12)

. . Viscosity, | Leukocyte | Neutro- | Mononu-
Patient Colour Clarity cm number phils, % | clear cells
1 colourless clear 4 2 4 95
. slightly
2 light yellow cloudy 3 2 3 93
3 colourless clear 5 1 0 94
4 colourless clear 3 3 5 93
5 light yellow f{gggg reduced 4 5 9
6 light yellow clear 5 2 3 92
7 colourless clear 4 2 2 93
8 colourless clear 4 3 3 91
. slightly
9 control light yellow cloudy 3 6 7 93
10 control colourless Sclll (%1111:11}};] reduced 7 6 94
11 control colourless Sclll ggg}}; reduced 6 8 96
12 control | light yellow Sclllgggyy 3 5 10 94

Note: Control — NSAIDs — mevacoxib 2 mg/kg.

of autologic stem cells did not show any
movement disorders. Symptoms such
as lameness in gait and trot and pain on
manipulation have been completely re-
duced. Only the scope of motion of the
joints remained at a stable, limited level.

Synovial fluid analysis results corre-
sponded to the clinical picture of the pa-
tients. On the 1st day of the experiment
all 12 dogs showed traits characteristic
of chronic degeneration (Table 2). The
level of leucocytes was below 6x103/L,
neutrophils between 5—12 % and mono-
nuclear cells ranged between 86—98
cells per field. The color of the collected
synovial fluid ranged from light yellow
to colorless, and in 7 cases it was slight-
ly cloudy. On day 90 the parameters for
the dogs in the control group deterio-
rated. The liquid became slightly turbid
and a quite noticeable increase was ob-
served in the levels of neutrophils, leu-

kocytes and mononuclear cells. The test
results of the treated group improved.
The synovial fluid remained cloudy in
only 2 cases and reduced viscosity was
still observed in only 1 out of 8 dogs.
Other parameters remained within nor-
mal limits, the number of leucocytes
between 1-4x103/L and the neutrophil
value dropped below 5 %. On day 180
the analysis of the synovial fluid in the
control group showed that the results
obtained were similar to those obtained
in the examination on day 90. The leu-
kocytes remained at the same level and
a slight increase was observed in the
number of neutrophils and mononucle-
ar cells. However, the synovial fluid in
patients in the test group did not show
characteristics of chronic inflammation.
The levels of leukocytes, neutrophils
and mononuclear cells were normal.
In one case persistent turbidity of the
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fluid was reported but in the remaining
patients it was clear, ranging from light
yellow to colorless of proper viscosity.
The CT scan performed on the first
day of experiment proved that the image
of elbow in all the dogs was characteris-
tic of a chronic degenerative disease. On
day 180 the inflammation persisted in
dogs in the control group but in those un-
dergoing stem cell therapy only the per-
sistent lack of mobility in the joint was
observed. No features characteristic of
an ongoing inflammation were observed.
Results of the research on horses (Ex-
periment no. II): In the experiment on hors-
es (IT), the clinical test performed on the
first day of the experiment exhibited strong
lameness in all animals under research.
The X-ray images showed slight degen-
erative changes characteristic of the early

manifestations of the spavin disease in the
tarsal joint. The scintigraphy performed on
the first day on all six horses exhibited a
strong concentration of radionuclide in the
tarsal joint area called a hot-spot proving
an ongoing inflammation. In a clinical trial
in 10 horses undergoing stem cell therapy
(horses no. 1-10), there was no change
in the clinical picture observed on day 30
after implantation; however the degree of
lameness decreased significantly after 60
days. In the case of horses of the compari-
son group which received the steroidal an-
ti-inflammatory drugs (horses no. 11—13),
significant improvement and the absence
of clinical symptoms were observed after
30 and 60 days of the experiment. In the
control group (horses no. 14—16) lameness
remained unchanged after 30 and 60 days
of the experiment.

5. Examination of synovial fluid taken from the elbow joint in the dogs
with osteoarthritis on day 180 of the experiment (n = 12)

. . Viscosity, | Leukocyte | Neutro- | Mononu-
Patient . Clarity cm number phils, % | clear cells
1 colourless clear 4 1 3 91
. slightly
2 light yellow cloudy 3 3 4 86
3 colourless clear 5 2 0 92
4 colourless clear 3 3 4 90
5 light yellow clear 3 3 4 92
6 light yellow clear 5 2 3 92
7 colourless clear 4 3 2 91
8 colourless clear 4 2 2 90
. slightly
9 control light yellow cloudy 3 7 7 95
10 colourless slightly reduced 8 7 98
control cloudy
11 control | light yellow slightly reduced 6 10 98
cloudy
12 . slightly
control light yellow cloudy reduced 5 12 97

Note: Control — NSAIDs — mevacoxib 2 mg/kg.
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The scintigraphic examination after
90 days showed no symptoms of arthri-
tis in 4 horses (2 of the test group and
2 of the comparison group), while the
inflammation still persisted in 2 horses
in the control group.

The clinical study after 90 days
showed no signs of lameness in 13
horses (10 of the test group and 3 of
the control group), while in 3 horses in
the control group the signs of lameness
were still strongly manifested.

The clinical examination after 180
days identified:

* test group — no lameness

¢ comparison group — average degree
of lameness

 control group — slight decrease in the
degree of lameness.

The scintigraphic examination after
180 days showed persistent inflammation
in 2 horses of the control group, and a re-
lapse of inflammation in 2 horses of the
comparison group, whereas in the case
of horses from the test group no concen-
tration of a radiopharmaceutical (technet
99) was observed around the tarsal joint,
which proved the lack of inflammation.

14 -
12 -
10 -
8
e
i
> -

0 +==
Day O

B —
~t—
Day 90 r
Day 180

The X-ray images after 180 days
showed no significant changes compared
to the examinations made on the first day of
the experiment. The synovial fluid examina-
tion on the first day showed symptoms of in-
flammation in all horses under experiment.

The results of the examination per-
formed after 90 days improved signifi-
cantly in the test group and the compar-
ison group. The synovial fluid showed
no inflammatory features. The appear-
ance, viscosity, total protein concentra-
tion and the number of cells were with-
in the norm for a healthy joint, which
indicated no significant differences in
the initial treatment of both groups. In
contrast, the reduction in the number
of neutrophils observed in the control
group indicated the transition of the in-
flammation into its chronic form.

Upon receiving similar results of the
therapy in the comparison group and the
test group it was decided to repeat the ex-
amination of the synovial fluid after 180
days. No significant differences compared
to the examinations performed after 90
days were noted in the control group. In
the case of the test group undergoing stem

i g Patient1l
_/ B Patient2
' " patient3
Patient 4
Patient 5
m Patient6
B Patient7

Patient 8

Patient 9

Fig. 1. Changes in the amount of neutrophils in synovial fluid
in the test group of 10 horses treated with stem cell therapy
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Fig. 2. Change in the amount of leukocytes in the synovial fluid
in the three groups under research within 180 days

cell therapy, the results were still within
the normal range of a healthy joint, and
the level of leukocytes continued to drop
(it was impossible to repeat sampling in
2 out of 10 horses). In the case of com-
parison group treated with steroidal an-
ti-inflammatory drugs the examination
performed after 180 days showed a signif-
icant increase in the number of inflamma-
tory cells and total protein concentration,
a slight decrease in viscosity and in 2 cas-
es (out of 3 under examination) a change
of color and the appearance of turbidity in
comparison to the examination performed
on day 90 of the treatment. The obtained
results indicate the reemission of inflam-
mation and short-term effects of treatment
with anti-inflammatory drugs.

To sum up, the treatment with au-
tologic stem cells showed a significant
improvement in both dogs and horses
under research. The symptoms such
as stiff gait, pain and lameness were
significantly reduced while in the con-
trol group, which did not undergo any
treatment, they significantly increased.
The novel method of treatment using
an intraarticular injection of autologic

stem cells meets modern requirements
for therapies. It is a safe method which
provides long-term anti-inflammatory
effect, improves joint mechanics and
does not cause harmful side effects.

In the case of degeneration of the
elbow joint in dogs or spavin disease in
horses, the autologic stem cells therapy
can reduce discomfort and diminish clin-
ical symptoms associated with these dis-
eases, which has a significant impact on
improving the functioning of the animal,
and especially on inhibiting the progres-
sion of the disease and the elimination of
the constant application of analgesics.

In view of the fact that only a slight re-
duction of pain symptoms was observed in
the initial phase after the implantation of
stem cells in both dogs and horses, it was
decided to further investigate the effect of
selected steroid and non-steroidal anti-in-
flammatory drugs in in vitro conditions
on the morphology, ultrastructure and cy-
tophysiological activity of stem cells. The
investigated drugs included steroids (beta-
methasone / methylprednisolone acetate)
routinely used in clinical setting as well as
nonsteroidal (metamizol). The results indi-
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Fig. 3. Change of the total protein concentration in the synovial fluid
in 16 horses under research within 180 days

cate a positive cellular response of ASCs to
both tested drugs depending on the dosage
used. The stem cells isolated from the ad-
ipose tissue of horses (equine adipose de-
rived mesenchymal stem cells — EQASC),
were characterized by a higher rate of pro-
liferation when the applied dose amounted
to 0.01 mg/mL of both examined drugs.
In addition, the discussed dose brought no
morphological and ultrastructural changes
in the cultured cells. The cells preserved
fibroblast-like shape, bipolar morpho-
type, and centrally arranged nuclei. The
same concentration of betametzone in turn
significantly inhibited cell divisions pro-
longing population doubling (Population
Doubling Time — PDT) of the ASCs. The
culture of EQASC (Equine adipose derived
mesenchymal stem cells) and CaASC
(Canine adipose derived mesenchymal
stem cells) using methylprednisolone ac-
etate at a concentration of 0.01 mg/mL
and 0.1 mg/mL resulted in an increase
in the rate of proliferation of both stud-
ied stem cell populations. The 1 mg/mL
concentration of methylprednisolone ace-

tate and betamethasone completely inhib-
ited cell division in CaASC EqASC. Stem
cells isolated from the adipose tissues of
dogs and horses, cultured in the presence
of both drugs at concentrations of 0.01 and
0.1 mg/mL, showed no morphological
changes in the course of seven days of the
experiment. The cells were characterized
by a normal morphotype and created nu-
merous intercellular junctions. The addi-
tion of 1 mg/mL of each of the test drugs to
EqASC and CaASCs cultures led to signif-
icant changes in the cell morphology. Nu-
merous apoptotic and necrotic cells were
observed in the culture. Both drugs tested
at doses of 0.1 mg/mL and 0.01 mg/mL
stimulated EQASC and CaASC cells for
the synthesis and secretion of membrane
microfragments (MVs), which correlates
with the high cytophysiological activity
of the tested cells. The results indicate the
possibility of incubating the stem cells in
the pre-transplantation phase in order to
increase their secretive capability and thus
enhance their regeneration abilities (Rata-
jezak et al., 2013).
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Similar results were obtained in the
culture of EQASC and CaASC stem cells
with nonsteroidal drug — metamizol. The
application of the lowest concentration,
i.e. 0.01 mg/mL, significantly stimulated
the cells’ division, thus shortening the
population doubling time. The cells in
the culture preserved the fibroblast-like
morphotype with centrally located nu-
clei. In addition an increased number of
intercellular junctions was observed to-
gether with increased cytophysiological
activity of cells which was manifested
by the presence of numerous membrane
microfragments (MVs) located on the
surface of the tested cells. The lowest
concentration of the test drug resulted
in an intensive synthesis and secretion
of MVs in the case of CaASC, while in
the case EQASC only single membrane
microfragments were observed. The ap-
plication of higher doses of the test drug,
ie. 0.01 and 0.1 mg/mL, inhibited the
proliferation of the examined cells and
consequently resulted in a complete in-
hibition of growth particularly when the
dose of 1 mg/mL was applied. In the case
of 0.1 mg/mL dose both cell populations
exhibited uniform distribution and pre-
served their proper fibroblast-like shape.
In the case of the highest concentration
of'the test drug, numerous apoptotic bod-
ies were observed in both EqASCs and
CaASCs cultures.

Conclusions and future
perspectives of the study

The obtained results allow drawing
the conclusion that the combination of
the lowest concentrations of metamizol
may significantly increase the cytophys-
iological activity of the stem cells ac-
companied by the lack of morphological
changes. The obtained data can be a valu-
able source of information for practicing

veterinary doctors who introduce stem
cells to treat musculoskeletal system dis-
eases in both small and large animals.
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AHomauyia. O0Hieto 3 Halibinobw WeUOKO npozpecytodux 2anyseli semepuHapHoOi meduyuHu
30 ocmaHHe Odecamunimmsa 6yna | 3aauwaemesca pezeHepamueHa meduyuHa. OcCHOBHA
yeaea npudinaemecs PeKOHCMPYKUii MOWKOOMEeHUX MKAHUH / opaaHie 017 8iOHOB/EHHA
ix ¢pizionoziyHUX mMa ¢yHKYioOHANbHUX MOKA3HUKiB. Memoto 0aHo20 00cnioHeHHA 6ys0
BUKOPUCMAHHA Me3eHXiMasnbHux cmosbyposux knimuH (MCK) ak anbmepHamueHo2o mMemody
7niKy8aHHA ocmeoapmpumy. [na ekcnepumeHmy 6yno obpaHo 12 cobak y eiyi 8i0 5 do 11 pokie.
Y ecix meapuH diaeHocmyeanu 0ezeHepamueHi 3mMiHU y nikmbosomy cyznobi. Cobak po3dinunu
Ha 2 epynu: 8 cobak chopmysanu mecmosy 2pyny, a pewma 4 cobaku — KOHMPOsbHY 2pyny.
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Y cobak nepwoiepynu 6yau3acmocosaHi aymosozidHi cmosbyposi KnimuHu. CobaKu KOHMpPOonbHOI
2pynu ompumyeanu HecmepoidHi npomusananeHi npenapamu (HM3MM) - magakokcub npomsazom
6 micayis. KniHitHe o6cmexceHHA 8 nepwuli 0eHb eKcriepuMmeHmy roKa3asn0 03HAKU Kysnb2agocmi
3-20 ma 2-20 cmyneHsa y 8cix 12 cobaK. KniHiyHi mecmu, nposedeHi 180 OHA y KOHMPOsbHili
2pyni, MOKA3aaU 03HAKU MOPYWEHHS X00U HA HE3MIHHOMY pigHi. ¥ cobak, AKi npoliwnu niKy8aHHA
i3 3aCMOCYB8AHHAM aymosao2iYHUX cmosbyposux KAIMUH, He 8UABAeHO HOOHUX MOPyWeEHb
pyxy. OmpumaHi pe3ynbmamu 003804710Mb 3p0bUMU BUCHOBOK, UJO MOEOHAHHA HAUHUMYUX
KOHUeHmpauili memamizony Moxe 3HA4YHO nidsuUWUMU 4UMOGI3ionoziyHy aKmueHicme
€cmMoebyposuX KAIMUH, Wo Cynpo8oOXYyeMbCsA 8i0CYymHicmio MopghonoaidyHux 3miH. OmpumaHi
daHi Moxcyme 6ymu YiHHUM Oxcepesnom iHhopmauii 0218 MpaKMUKyo4UX sikapig-eemepuHapis, AKi
81P0BAOHCYIOMb CMOBOYPO8I KAIMUHU 014 NiKYBAHHA 30X80PHOBAHL OMOPHO-PYX08020 aNApamy
AK Y Masnux, MakK i y 8eauKux meapuH.

Kntovosi cnoea: cmosbyposi KaimuHu, Me3seHximaneHi cmoebyposi KnimuHu (MCK),
ocmeoapmpum, HecmepoidHi npomu3ananeHi 3acobu (HIM3I), masakokcub

ModaHo 0o dpyKy 28 ntomozo 2020 poKy
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MOP®O-METPUYHUIN ONUC TA3OBOI KICTKU
TA NPOKCUMAJIbHOIO ENI®I3A CTEFTHOBOI
Y NENEKONOAIBHUX

H. B. 4PY3b, kaHOUOGM semepuHapHuUx HayK, cmapwuli auknaday Kageopu
aHamowmii, eicmosnoeii i namomopgponoeii meapuH im. akad. B. I KacesaHeHKa,
https:// orcid.org/0000-0001-8365-8526
HauioHanbHuli yHiBepcumem biopecypcis i npupoO0oKopucmye8aHHs YKpaiHu
E-mail: druz_nv3011@ukr.net

AHomayjia. Tazoea KicmKka ma rnpoKcumanbHuli enigiz cmeaHo80i € OCHOBHUMU
OMOPHUMU CKAAO0BUMU MA30CmMezH08020 cy2106a, @ MAKOHC ABAAEMbLCA 8€0YYOI0
/IGHKOIO 8i/lbHOI MA3080i KiHYi8KU, AKa HAOAE ili 3Ha4YHOI pyxausocmi, susHa4ae ir
Mo3uyito 3a cmamuku ma noKomMoujii. B npoueci esontouyii yi cknadosi Habysarome
3HQYeHHsA CBOEPIOHO20 YEHMPAbHO20 amopmu3amopa npomu yoapis, AKi ompumye
KiHyigKa y npouyeci pyxy.

Ha ocHo8i MNopieHAAbHO-GHAMOMIYHO20 QaHAAI3Y BUKAQOeHO ocobausocmi
CKeslemHUX efleMeHmie ma3o80i KiCmKU ma npoKcUMasbHO20 erighiza cmezHo80i OesKux
71e1eKornodibHUX AK OCHOBHUX esieMeHmig ma3080i KiHYieKu 8 yinomy. BcmaHoesneHo, ujo
MopomempuyHi 0cobuBOCMI CKesleMmHUX eflemMeHmie 00CI0HeHUX MMAxie, 3yMosseHi
cneyugiyHum 6inedaniamom, Wyo Noss2ae y po3mauwly8aHHi oci mina 8iOHOCHO Ma308uUx
KiHYisoK ma 3abe3reyye ympumMaHHA mina Mixc 080omMa KiHuiekamu. BusHa4yeHo, w,o
0ocnidxceHi cmpykmypHi enemeHmMu 8i0pi3HAIOMbLCA 30 (hOPMOI0 Ma PO3MIPaMuU.

BcmaHoeneHo, wo ceped 00cnionceHux nenekornodibHuUx Halikopomuwia cmezHosd
KicmKka w000 302a716HOI 008MUHU KiHUigKU y 4anai 6inoi cmaHosume 12,2 + 0,2.
Halidoswy » cmezHo8y KicmKy w000 30207b6HOI 008MUHU KiHUiBKU 8USB/1EeHO Yy
Kocaps (35,3 +0,5). Lle cgiouums rnpo me, uj0 KOPOMKA CMe2HOB8A KiCMKa XapaKkmepHa
nmaxam, AKi MOKCUMasabHO adanmoeaHi 00 8000r11a8HOI MOKOMOUIi i CKopiwe 3a
8ce, ye BUK/AUKAHO HeobXxiOHICMIo WinbHO NpumucKkamu masosy KiHuigky 0o mysayba
8 0inaHyi cmeaHa ni0 4Yac naaeaHHA. binbw 0osza cmezHos8a Kicmka 3abe3neyvye
binbw 8iddaneHi Moyvku ikcayii 2nub0Ko20 CiIOHUYO-CMEe2H08020, KPAHIAAbHO20
Knyb6080-8epmayHHO20 MA X80CMOBO-CMe2H08020 M’A3ig, 36inbWyro4yu 800HOYAC
IXHIO 32UHA/IBHY Ma PO32UHAAbHY GhYHKYito wWo0o cmeaHa. Ceped 0o0cCnioHeHuUx
Ciconiiformes nokasHuUK HalimeHwoi 008X UHU Mma3y 00 [i020 WUPUHU KO/AUBAEMbLCA
8i0 31,2 do 68,0 %. Lle ceidyume npo me, wWo yum wupwuli mas, mum binowi atiya
MOXe 8i0KAA0amu camKka 0aHo20 8udy.

Knruoei cnoea: maszosa Kicmka, cmeaHo8a Kicmka, pAaod senekonodibHi, yanas
cipa, yanaa pyoda, Yanas 6ina, keakea 3suyaliHa, neneka binuli, kopasalika, ibic, Kocap
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Axmyanvnicmo

Hemox11BO 001HTH CTOPOHOKO 3HAY-
Hy po0oTy 3 MOp(oJIOrii Ta CHCTeMaTH-
ku nraxiB Filirbringer (1988), ockinbku
BUKOHAHWH B Hiil omuc Ttomorpadii i
MaKpOCKOIMIYHOT OYTIOBH KiCTOK Ta M’si-
3iB 3aJIMIIAETHCS. OCHOBOKO JUisl hopMy-
BAHHSI 3arajbHUX 1 KOHKPETHHUX YSIBJICHb
npo ix OyAOBY y HPEACTABHUKIB Kiacy
nTaxiB. [IpoTe, 11l BKe KJIaCH4Hi poOOTH
noTpeOyIOTh MEBHOTO MEPEIIISILY, IPOBE-
JIEHOT'O Ha OCHOBI HOBITHIX IOCATHEHD
MOPIBHSJIbHO-aHATOMIUHOT HAYKH.

Ananiz ocmanuix 00cioNnceHv
ma ny6nikauiii

Cepen poOiT i3 (QyHKIIOHATEHUMH
MiJXOAaMH1 0 BUBUCHHS CKEJETYy BiJib-
HOI Ta30BOi KIHILIBKMU CJIiJ BiOAMITUTH
poboru Kurochkin (1971). Jlns Bcra-
HOBJIICHHsI crierudika Mopdoorii Ta
¢GyHKIIT Ta30BOT KiHIIIBKH TJIaBAIOUUX
Ta MIPHAIOYHMX TNTaxiB aBTOP BHKOPH-
CTaB MOPIBHSHHS JaHHWX IOJ0 CTETHa,
TOMIJIKH, MaJIOTOMIJIKOBOI KICTKH Ta 1H-
IIMX CJIEMEHTIB Ta30BO1 KIHIIIBKH Y Pi3-
HHUX €KOJIOT1YHHUX TPYIT NTaxiB.

B psni croix myoOmikarii Bogdano-
vich (1997, 2004, 2011) HaBomUTh AaHH1
IIOJI0 CKEJICTY Ta30BOi KiHI[IBKH TETEPY-
KOBHX, HAHIYMOJIOHMX, MACTYIIKOBUX
Ta TMPEACTABHHUKIB JEKUIBKOX 1HIIHX
psiiB. ABTOp 3a3Hayae, IO OIip KiCTOK
Ha 3THH JOCSITAETHCS 3a PaXyYHOK pO3HE-
CEHHSI KOMITAaKTHOT PEYOBUHH BiJI LICHTPY
TSOKIHHS, 10 OUTBII ONTHMAJTIBHO Y TIO-
PIBHSIHHI 13 30LTBIICHHSIM i1 KITBKOCTI.

[lincymMOBYrOUYM HaBEJICHUN BHIIEC
JTEpaTypHUN OIS, MOXKHA 3pOOUTH
BHCHOBOK, II[O JIMIIE B HEBEJINKIN KiIb-
KOCTI POOIT MPUCYTHIN YiTKUHU, SIKICHHH
aHATOMIYHHM OIIKC Ta aHaJli3 KICTKOBHX

CTPYKTYP JIOKOMOTOPHOT'O arapary B IIi-
nomy (Gadow & Selenka, 1891; Maurer,

1977; Berman, 1982; Bannasch, 1986;
Cracraft & Clarke, 2001). J{ocnimkeH-
Hsl, BUKOHAHI Ha ITHPOKOMY TOPiBHSIIb-
HO-aHAaTOMIYHOMY  MaTepiami, JIyxke
He3HauyHi. ToMy BigdyBaeThCs TrocTpa
HEOOXiTHICTh BUBUCHHS XapaKTePHCTHK
Ta 0COOMMBOCTEH CyrT00iB Ta30BOT KiH-
IIBKM NTaxiB JJIS PO3YMIHHS BHJIOBUX
0COOJIMBOCTEN Ta amanTaunii TOro 4Yu
IHIIIOTO BHIY NTaXiB y ICBHOMY, IPUTa-
MaHHOMY HOMY CEepeIOBHIL iCHYBaHHSI.
TimpKku MUISIXOM TITHOOKOTO Ta BCeE-
0IYHOTO aHAaJI3y MOXKHA PO3KPUTH CyT-
HICTh TPOINECIB ajanTarii, sSKi MoB’s-
3aHi 3 MopdoreHe3oM ckeneTa. AJKe
MorepeTHi TOCTIKEHHS CBIAYaTh, IO
CKeneT (30KpeMa eIIEMEHTIB JIOKOMO-
TOPHOTO arapara) nraxis MopQooriy-
HO OLJIBIII PI3HOMAHITHHH TOPIBHIHO 3
Mm’sizamu (Druz & Melnik, 2012; Druz
& Zaloyilo, 2018; Shatkovska et al.,
2018; Druz & Savchuk, 2019). Tomy
UM 1 MOSICHIOEThCS BHOIp U MOCITi-
JOKEHHS CaMe CKEJICTHHUX eJICMEHTIB.
Memoro nanoi pobotu Oyino mpoBe-
CcTH MOP(O-METPUYHUN OIMUC Ta30BOI
KICTKH Ta TPOKCHMAJbHOTO ermi(iza
CTETHOBOI Y JICSKUX JICTICKOMOA1OHHX.

Mamepianu i memoou
00CiONCeHHS

PoGoTa BukoHaHA Ha Kadeapi aHATO-
Mii, TicTosI0Tii 1 maToMophoJIoTii TBAPHH
im. akan. B. I Kaceauenka Hamionans-
HOTO YHIBepCHTETy OlopecypciB i Mpu-
ponokopuctyBanHs Ykpainu (M. Kuis,
2016-2019 pp.). JocaimkeHHsT TPOBO-
JUUTACH Ha CTaTeBO3PUINX NTaXaX PSIy
nenexononioui (Ordo Ciconiiformes), a
came: varist cipa (Ardea cinerea), 4a-
wis pyna (Ardea purpurea), yaruis 6ina
abo uenypa Benuka (Ardea alba), kBakBa
3BuuaitHa (Nycticorax nycticorax), nemne-
ka Oimnii (Ciconia Ciconia), ienexa aop-
i (Ciconia nigra), Oyrait (Botaurus
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stellaris), KopaBaiika (Plegadis
falcinellus), 16ic (Threskiornis) Ta xocap
(Platalea leucorodia).

CepenHsi Maca Tila JOCIIKCHUX
BH/IIB NITaxiB CTAHOBMJIA: Yarlis cipa —
1400 £ 0,56 ,waruspyna—1200 + 0,291,
yenypa Benuka — 1100 £ 2,6 1, kBakBa —
540 + 3,1 1, meneka Oinmumii — 3200 £ 4.4 1,
neneka gopuuid — 2800 £ 3,1 1, Gyrait —
7500,62 1, kopoBaiika — 630 £ 3,3 1, i0ic
— 1300 £+ 1,29 1, kocap — 1600 £ 1,56 .

OcTteoMeTpito MPOBOAWIN 3a JIOIIO-
MOTOIO IITAaHTECHIMPKYJIS Ta MeTpa, 3a
PO3pOo0ICHOI0 HAMH cXeMolo (puc. 1).
Ha3Bu aHAaTOMIYHHX CTPYKTYp Ta30BOI
KICTKH Ta TIPOOKCUMAIBHOTO emidi-
32 CTETHOBOI, OMHCYBAJH BiJIOBIIHO
JI0 YHIi()IKOBaHOT JaTHHCHKOI HOMEH-
KJIarypu 3 aHatomii nraxiB (Nomina
anatomica avium), siKa OHOBIIOBAJIACH

Ta mepeBHITyckaiack misHime. [lomani
OpUTIHAJBHI JOKIAIHI LTFOCTpAIlil.
Cxema OCTEOMETPUYHHX MPOMIpIB:
A — ckener nraxa; B — xaymanpHa mo-
BEpXHS MPOCKUMAJIBHOTO emiiza cTer-
HOBOi KicTku; C — JopcalibHA MTOBEPX-
HS MIPOKCHMAIIBHOTO ermii3a CTerHOBOI
KicTku; D — cyrmo0oBa 3amaIiuHa Ta30Bol
KicTku; E — mopcaibHa IMOBEPXHS Ta30-
BOI KICTKH; L — JIOB)KMHA Ta30BO1 KIHI[IB-
KH — BIJICTaHb BiJl IPOKCUMAJILHOTO KiH-
51 BEPTIIIOTa CTETHOBOI KiCTKH 10 KIHIIS
KiI'Tsl CEPEIHBOTO Maibls; L, — MOBKH-
Ha CTETHOBOI KICTKH — BIJICTaHb BiJ
MPOKCHUMAIIFHOTO KIiHIIS BEPTIIOra CTer-
HOBOI KiCTKH 10 JIATePaTbHOTO BUPOCTKA
JIMCTAJBHOTO KIHISI CTETHOBOI KICTKU;
L, — Haii6inbIna JTOBKHHA Ta30BOTO MO-
sICy — BIIICTaHb BiJ KpaHIaJbHOI IyTU
KIIyOOBO1 KICTKH /IO KayJaIbHOI ITOBEPX-

Puc. 1. Cxema ocTeoMeTpHYHHMX NPOMipiB
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Hi JOOKOBOT; L3 — HaWMEeHIIa JTOBXXKHHA
Ta30BOTO IMOSCY — BIJCTaHb BiI KpaHi-
aJbHOI JIyTW KJIyOOBOI KICTKH 1O Kay-
JTAJTbHOI TIOBEPXHI CITHUYOI; a — IIUpPH-
Ha Ta3y — BIJICTaHb MIX JIaTepaJbHUMH
KpasiM{ ITPOTHUBEPTIIFOTIB JIIBOI Ta MPaBOi
Ta30BHX KICTOK; b — BUCOTA CyrIOOOBOT
3amaJliHA — BIACTaHb BiJl JOPCaIbHOL
MOBEPXHI MPOTUBEPTIIIOra 10 BEHTPaJIb-
HOI AyTH CyIJI000BOI 3amaiuHu; b ,— K-
pHHA CyIIO0OBOI 3amajvHu — BiJICTaHb
BiJl KpaHIAJIbHOI TMOBEPXHI CyII000BOT
3amaJIiHy 70 KaymalbHOi; ¢ — IIUPUHA
CyIII000BOTO OTBOPY — BiICTaHb BiJI Kpa-
HIQJILHOI MMOBEPXHI CYyrI000BOTO OTBOPY
10 KayJlalnbHOI; ¢, — BUCOTA CyII000BO-
r0 OTBOPY — BIJICTaHb BiJl JOPCATbHOI
MOBEPXHI CyrIOOOBOTO OTBOPY 10 BEH-
TpaJibHOI; d — MIMPHHA KIHIS CTErHOBOT
KICTKH Ha PiBHI ii FOJIIBKY — BiZICTaHb BiJI
JIaTepabHOI TOBEPXHI MPOKCUMAIILHOTO
emidiza CTErHOBOI KICTKH J0O Meliallb-
HOI TIOBEpXHI TONIBKH CTErHOBOI KiCT-
KH; d | — INMPMHA CTETHOBOI TOJIBKY il
BEPTIIIOIOM — IIMPHHA MPOKCUMAIILHOTO
niadiza CTErHOBOT KICTKH; /1 — BUCOTA rO-
JIIBKU CTETHOBOI KiCTKH — BiJACTaHb BiJ i1
JIOPCATIbHOT TIOBEPXHI 70 BEHTPAJILHOT;
h, — MpHHA IOIBKK CTETHOBOT KiCTKH —
BiJICTaHb Bij 11 KaydaJbHOT MOBEPXHI JI0
BEHTPAJIbHOI.

Pesynvmamu 0ocnionceHHs
ma ix 062060peHHsA

SIK BIZIOMO, TOSIC TA30BOI KIHIIIBKH Y
NTaxiB, NPEACTABIEHHH Ta30BOIO0 KiCT-
KOIO, sSIKa YTBOPEHA KITyOOBOIO, JIOOKOBOIO
Ta CiIHUYOK0 KicTkamu. KicTKH Ta30BOro
TIOSICY 3JIHJIMCS B OZIHY O€3IMEHHY KICTKY,
sIKa CITY)KHTh ISl TIPUKPITICHHS 3aHIX
BUIBHMX KIHIIIBOK, M’SI31B 1 3aXMIIAIOTH
BHYTPIIIIHI OPTraHy BiJl YIIIKOIKEHb.

JlocmifpkeHl  TPEACTaBHUKH — PAAY
nenexononionux (Ordo Ciconiiformes)
€ JIOBFOHOTMMH Ta BHKIIIOYHO IaJblie-

XOASTYUMH TTaxaMmH, Kl BIAMIHHO Ta
MIBHAKO XOIATh. [lim 9ac mocimimkeHHs
MakpoOyJ0BH Ta30BO1 KiCTKH (0 coxae)
Ta MPOOKCHMAJIBHOTO emmidiza CTerHOBOT
BUMSIBWIIM CIIJIBHI O3HAKH, ajie 1 3HalII-
JIY TTeBHI BiIMIHHOCTI (puc. 2 —4).

JUI1 TpeACTaBHUKIB PSIy JICIEKO-
noniouux (Ordo Ciconiiformes) 3By-
JKCHHSI Y CEepeIHid YacTHHI IpeaneTa-
OyJsIpHOrO BIITY KIYOOBOi KICTKH
(ala preacetabularis ilii) mono ii kpaHi-
aJbHOTO BIJUIUTY XapaKTEPHO JUIS BCiX
JOCITI/DKEHUX BHIIB, OKpIM dYaruii ci-
poi, Jarut pyaoi Ta KBaKBH 3BHYAHHOI.
VY HEX 3BY)XCHHS IIPOIOBXKYETHCS SIK Y
npea- (ala preacetabularis ilii), Tak 1y
MocTaneTadyIsIpHOMY BiJiijiaXx Kiy0o-
Bo1 KicTku (ala postacetabularis ilii).
3aciyroBye yBarm (opMa IMepexomy
BiJl JopcalibHOTO rpebeHs (crista iliaca
dorsalis) y nopco-narepanbHuil (crista
iliaca dorso-lateralis). Jlns npencras-
HUKIB psagy Jaenexornonionux (Ordo
Ciconiiformes) XapakTepHHU# mepexin 3
no0pe BUPaKEHHM BHCTYIIOM, Y SIKOTO
YBITHYTICTB 3JI€TKa OITyKJIa.

CyrnobOoBa BnaguHa (acetabulum)
SIBIISIE COOOI0 KICTKOBY MiBcepy, IO
MOPIBHSAHO TIHOOKA OO0 PO3MIPY Ki-
CTOK, SIKIi (DOPMYIOTH Ta30CTETHOBHM
cyro6. Y JOCHTIUKEHUX HaMH ITaxiB
BIJIPI3HSFOTBCS  CYIVIOOOBI  BIAJHUHH
(kpyriia, oBajbHA, MOIEPEYHO-OBAIBHA
¢dopma) i dikcarrist B Hilf TONTIBKU CTEr-
HOBOI KicTku. CimHudi oTBOPH (foramen
ishiadicus) BiNOBITHO PI3HOT BEIHYH-
HH, y cepeluHi HUX (IKCyeThCs CiIHU-
940-CTETHOBA 3B’sI3Ka.

3Bepxy Haja cynioOOBOO 3amalu-
HOKO € Cc(OPMOBAaHUH BiIPOCTOK, IO
MICTHTh BHPaXCHY CYITIO00BY IOBEpPX-
Hio. lle, Tak 3BaHUM, NPOTUBEPTIIOT
(antitrohanter), 1Mo BCTymae 3a Bij-
BEJICHHS CTETHA B KOHTAKT 3 IMPOKCH-
MaJbHUM KIHIEM CTErHOBOI KIiCTKH.
JlocmipkeHl NTaxy BiAPi3HIIOTHCS MIXK
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co0OI0 CTYIEHEM PO3BUTKY IIPOTH-
BepTtora (antitrohanter), HacamIiepes,
BEJIMYMHOIO HOTO BUCTYITYy B JIaTepaib-
HOMY 1 JIOpCO-KaynaJTbHOMY HarpsMax,
a TAKOXX BIJJHOCHOIO IUIOLIEIO BiAIIOBII-
HOI cym10o00BOi moBepxHi. Hakoimbi
PO3BHHEHHH BHCTYI IPOTHBEPTIIOTa
BiIMIYa€ThCS Y KBAaKBU 3BHYAIHOI, Jie-
JIEKH OLI0r0, JIEJEKHM YOpHOro, Oyras
BEJIUKOTO, ¥ PEIITH — IOPIBHIHO MEH-
. CTYIiHb PO3BUTKY HPOTHBEPTIIIO-
ra miJ 4ac JIOKOMOIIl TEBHOI MipOro
BU3HAYA€ CTYIIHb BETUYUHH aMILTITYIH
PYXIB Y Ta30CTErHOBOMY CyTIIOOI.
[IpumiTHI dopma i CTyMmiHb PO3BUT-
Ky CIIHWYOI KicTkH (0s ischii) y npen-
CTaBHUKIB psAy Jenexononionux (Ordo
Ciconiiformes). Y BCiX TOCIIIKEHUX
NTaxiB BOHA BUIOBKECHA Ta PO3IIMPEHA
BEHTPO-TIPOKCHUMATIBHO. 3 PO3BHTKOM
CiJTHMYOI KiCTKM MOB’si3aHa (popMma Bik-
Ha MiX CIIHWUYOIO Ta JOOKOBOIO KiCTKAa-
MU Ta HasBHICTh MK HUMH CYXO)KHJIb-
HOl MeMmOpaHu. B ycix mocmimkeHux
BH/IIB CIHHYO-JIOOKOBE BIKHO (fenestra
ishio-pubica) noBre Ta By3bKe, IPOCTIP
Horo 3amillye CyXOXHIbHa MeMOpa-
Ha. Jlumre y xocaps JIoOKkoBa Ta CiTHH-
Yya KICTKH 3pOIICHI MiX CO0O0, TOMY
CITHUYO0-TOOKOBE BIKHO HE BHpPa)KCHE
B3araui. JIoOkoBa kicTka (os pubis) Haii-

Yams cipa Yaruis pyna

Jleneka yopHuit Byrait

Kopogaiika

MEHIII PO3BUHEHA y YarlIi Cipoi, Jarui
pynoi, Oyras BEITHUKOTO Ta Kocaps, Y
pEIITH BOHA OLIBII BUIOBKEHA BiJHOC-
HO JIOBKWHU CiTHHYOI KICTKH Kaylaib-
HO, HalTOBIIIA BOHA Y YOPHOTO i0ica.

[TpokcumanbHui  emii3  CcTerHOBOT
KICTKH Y TIPE/ICTABICHUX BHIIB sy Jie-
nexoroniouux (Ordo Ciconiiformes) mMae
meBHi BigMiHHOCTI. [OmiBKAa CTErHOBOL
KICTKH (caput ossis femoris) Kpyria, 10-
Ope BHpaxkeHa, Ha il JOpPCO-MeianbHIi
TIOBEPXHI ITPUCYTHS SIMKA TOJTIBKH CTETHO-
BOI KICTKH (fovea ossis femoris), Ha sKii
(iKCyeThCsl 3B’SI3Ka TOMIBKU CTETHOBOI
KicTkU (ligamentum caput ossis femoris).
[niika cTerHOBOl KiCTKU (coluum 0ssis
femoris) mmpoka, ane Kopotka. Bepriror
Ta BEPTITY)KHA SIMKa Maike HE BUPAXKCHI.
Jlue y nenieku 4OpHOTO, YOPHOTO i0ica
Ta Kocapsi BOHH JJOOpe BHPaKEeHI Ta CIpsi-
MOBaHI MeJII0-I0PCAIBHO, 3aTyIbHE BTUC-
HeHHsI BicyTHE. Ha natepasibHoi moBepx-
Hi CTErHOBOI KICTKH TPOKCHMAJIbHUH Ti
Kpail Ien1o NpUILUTFOCHYTHIA Ta 3arHyTUI
MEIIAIBHO.

3a po3pobIeHOI0 HAaMU CXEMOIO TIPO-
BEJICHI OCTEOMETPHYHI  JOCITIHKCHHS
KICT Ta30BOi KICTKU Ta POKCHMAIILHOTO
emiiza crernoBoi y Ordo Ciconiiformes,
mo o0poOieHi cratucTuuHo (Tadm. 1).
Buxomstuu 3 mux 1aHAX MOYKHA CKa3aTH,

L el

Yanns 6ina

Jleneka Oinui

KBakBa

Puc. 4. ®opma Ta po3Mipu NPOKCMMAJIBbHOIO enidiza cTerHoBoi KicTKH
(BUIVISIA 3 1OPCAJIbHOY OBepPXHi) y nocainkenux Ordo Ciconiiformes
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[0 JOBKWHU KIHIIBKH 00 JOBXKHUHU
0s femoris HalMeHIIl pO3BUHEHA Y Ardea
alba (12,2 %), a waitdinemr — y Platalea
leucorodia (35,3 %).

o0 CriBBiHOIIEHHS 0S femoris 1o
HAHOLIBIIOT JTOBKHHU Ta30BOTO IOSICY
(BimcTaHb Bifl KpaHiambHOT ayru os illii
JI0 KayJaJdbHOT MOBEPXHi 0s pubis) Ta 110
HaiiMeHIIol (BiJICTaHb BiJl KpaHiaJbHOT
nyra os illii 10 KaymaibHOI MMOBEPXHI 0s
ichii), To HaiimeHmi Bouu y Geronticus
calvus (54,6 Ta 66,4 %), a y Ardea
purpurea os femoris Ieio MeHIIa 3a Hau-
OUTBINY Ta HAMMEHIIY JIOBKHHY Ta30BO-
ro nosicy — 105,4 Ta 117,3 % BiamoBiaHo.
CriBBigHOIIEHHS HAWMEHIIOI JOBXKUHU
TA30BOI0 MOSCY JIO JIOBKHHU KiHIIIBKH,
TO IIeM MOKa3HUK KoJMBacThes Bim 13,4
(Ardea cinerea) no 45,4 % (Platalea
leucorodia). TToka3HUK CITiBBITHOIIICHHS
HAHOLIBIIOT TOBKHHN Ta3y JI0 HaliMeH-
1101, TO Y BIAMOBITHO HAWMEHIITHHA TTOKa3-
Huk y Platalea leucorodia (102,1 %), a
Haioinbawmi —y Ciconia nigra (157,9 %).
Cepen nocnimkenux Ciconiiformes mo-
Ka3HUK HAWMEHIIOI JOBXKUHHU Ta3y J0
HOT0 MIMPUHH Y OUTBIIOCTI KOJIMBAETHCS
Bix 34,1 mo 68,0 %.

[logo MOKa3HMKA CIIBBIIHOLICHHS
IIHPUHH 0S femoris Ha piBHi 1i TOBKH J10
IIHPHUHM 0S femoris T BEPTIIOIoM, TO Y
Ciconiiformes BiH KonMBaeThes Bin 53,0
(Geronticus calvus) no 111,7 % (Plegadis
falcinellus). ®opma acetabulum y Bcix
nocmmkenux  Ciconiiformes moneped-
Ho-oBaJbHOI popmu (33,9 — 76,2 %).
dopma  foramen acetabulum  cepen
Ciconiiformes 'y OUIBIIOCTI OBaJIbHOL
¢dopmu (107,5 — 137.2 %), anme 3ycrpi-
YalThCs 1 IMONEPEYHO-OBAIBHOT 3 TMO-
KasHukoMmBig 61,2 mo 87,5 %. Illomo
caput 0sSis femoris, TO y JOCITIIKEHUX
Ciconiiformes Mae cBoi ocoonuBocti. Tak
y Ardea cinerea BoHa oBasIbHOI (hopMu —
100,0 %. Y Botaurus stellaris oBanbHOT
— 60,0 %, y pemitd nonepevyHo-oBalb-

Hoi (opmu Bix 102,0 10 249,3 %. Ilomo
CIIBBIJHOIIEHHST BUCOTH acetabulum 1o
BUCOTHU caput 0ssis femoris, TO Maike B
yeix Ciconiiformes caput ossis femoris
BXOIUTh acetabulum Ta BUILHO pO3MIIILY-
€TbCS B HIil, IMOKA3HUK CITiBBIIHOIICHHS
KoimBacThes Bix 36,8 mo 82,0 %, Hama-
FOUH BUTBHI PYXOBI MOXKJIUBOCTI Ta30Bii
KIHILIBLI. AHAJIOIYHO MOXKHA CKa3ary
PO PE3YJIBTAT, IO JA€ CIiBBIIHOIICHHS
WUPUHA acefabulum no mwmpuHu caput
ossis femoris (60,7 — 88,7 %). He3pa-
»karoun Ha 1ie, mvmne B Ciconia ciconia,
Ciconia nigra, Plegadis falcinellus uei
nokasuuk Buie 100,0 %. Ile cBimunth
PO Te, IO caput 0SSis femoris IITHLHO Ta
BY3bKO 3aXOIUTh B acetabulum Ta He Ha-
JIa€ BUTBHUX PYXOBHX MOMKJIUBOCTEH.

Bucnosexu i nepcnekmuéu

Sk BiZOMO, CKeJIeT NTaxa Ma€ BH-
KOHYBaTH OUIBII YKOPCTKY POOOTY, HIK
CKeJleT ccaBiliB. BiH moBuHeH OyTH J10-
CTaTHBO JIETKMM IS TIOJIBOTY, aJIe TAKOXK
JOCTaTHBO MIITHKUM, 1100 MEPEIKUTH Ha-
NPYTy MOJBOTY Ta IEPEMIIIEHHS ITi]] Yac
JokoMortii. JIyis BUpIIIEHHS IHMX TMPO-
0JIeM CKeJIeTH MTaXiB MaroTh JICSKI YHi-
KaJIbHi TPUCTOCYBaHHs. TOMY CKeJleTHi
CHCTEMH TNTaXiB MyCSITh MOTU(IKyBaTH-
Cs1 BIJITIOBITHO JI0 X BUKOPHCTAHHSI.

BigmiHHICTE (OPMH Ta BiJHOCHHX
PO3MIpIB Ta30BOT KICTKH Ta TPOKCHMAJTb-
HOTO ermi¢iza CTErHOBOI Y JOCIIIKSHUX
BHJIB NTaxiB, 0OYMOBJIEHI THUIIOM OIIO-
pH, crrocoboM OirnenaTbHOT IOKOMOIIIT Ta
J€r0 QYyHKIIOHATBHUX HABAaHTAXXECHb HA
Ty 9 iHIY i3 3a3HaUCHUX TUTITHOK. OcH-
¢ikalis MEeBHUX CTPYKTYp, HAasBHICTb
3aTyJIbHOrO BTHCHEHHS YHM BEPTIYKHOI
SIMKHM, BHHHMKa€ Tix 4ac il (yHKIO-
HaJbHUX HABAHTAXKEHL Ta IIiJ 4yac Ma-
HIMyAiHHX pyxiB. ®opma ta po3mip
Ta3zy, IPSIMOIPOIOPIIHHO 3aJIEKUTh Bil
(hopmu Ta PO3MIpY SHILIS.
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Mopgo-mempuyHuli ornuc masoeoi KICmKu ma rpPooKCUMAsIbHO20 erlighi3a CmezHoBOi ...

VY mepcreKTHBI JAOCTIIKEHb 3aKiia-
JICHO [eTalbHUN MOPIBHSUIBHO-aHATO-
MIYHHH ONHC CKEJICTHUX CIIEMCHTIB
JIOKOMOTOPHOT'O arapary MTaxiB, M0
JIACTh MOXJIMBICTh 3PO3YMITH MPOLEC
iX (GopMyBaHHS Ta PO3BHUTKY IIiJ] €O
PI3HUX 30BHIIIHIX YMHHHUKIB. BUsABICH-
HSI OCOOITMBOCTEH CKEIETHUX €JIEMCHTIB
NTaxiB Ha MIMPOKOMY TMOPIBHUIbHO-a-
HATOMIYHOMY Marepialii, BCTAHOBJICHHS
BIIMIHHOCTI ()OPMH Ta PO3MIPIB KICTOK,
0 (GOPMYIOTh CyII00, Pi3HUN CTYIiHb
BHUP@KEHOCTI CIJIHUY0-I0OKOBOTO BiK-
Ha, ocHikallis Cyrio00BOro OTBOPY,
dopma Ta po3Mip CiIHUIHOTO OTBOPY, a
TaKOX YTBOPCHHSI 3aTYJIbHOTO BTUCHEH-
HSI TO3BOJIATH 3pOOUTH BArOMHUIT BHECOK
y BHpILICHHS MPOOIEM B3a€MO3B’ 3Ky
MiX (HOPMOIO, CTPYKTYPOIO 1 (DYHKIIi€O
Ta JAal0Th 3MOTY BHSBHTH 3aKOHOMIp-
HOCTI CTAHOBJCHHS 1 PO3BHTKY Ta30-
CTETHOBOT'O CyIJI00a MTaxiB.

References

Akaevsky, N. I. (1972). Some fragments from
the muscles of the leg of a chicken and a
duck. Report of the All-Union Conference
on Anatomy, Histology, Embryology. Ani-
mals, Moscow, 36.

Bannasch, R. (1986). Morphologico-functional
study of the locomotor system of penguins
as a principle of the general motor model of
underwater flight. Il. Gegenbaurs Morphol.
Jahrb., 132 (6): 757-817.

Baumel, J. J., King, A. S. & Lucas, A. M. (1979).
Nomina Anatomica Avium [Nomina Ana-
tomica Avium]. London: Acad. Press., 637.

Berman, S. L. & Raikow, R. J. (1982). The hind-
limb musculature of the mousebirds (Colii-
formes). Auk., 99(1): 41-57.

Bogdanovich, I. A. (2004). Interspecific allome-
try of locomotor muscles of birds. Journal
of Zoology, 38 (4):83-86.

Bogdanovich, I. A. (2011). Peculiarities of the
shape of cross sections of long bones of the

pelvic limb in birds. Journal of Zoology, 45
(3): 259-264.

Cracraft, J. & Clarke, J. (2001). The basal clades
of modern birds. New perspectives on the
origin and early evolution of birds. Special
Publ. Peabody Mus. Nat. Hist. New Haven,
Conn., USA: Yale Univ, 143-56.

Druz, N. V. & Savchuk, K. O. (2017). Biomorpho-
logical features of bones of hip joit that act
on it in some representatives of the order
gruiformes — Ordo Gruiformes. Bulletin of
NULES of Ukraine, 265:112-116.

Druz, N. V. & Zaloyilo, E. I. (2017). Specific fea-
tures of the illiac muscle of predatory birds.
Bulletin of NULES of Ukraine, 285: 101-108.

Druz, N. V. & Melnyk, O. P. (2012). Biomorphol-
ogy of the hip joint of some storks. Scien-
tific works of PFNUBiIPU KAU, 144: 40-46.

Firbringer, M. (1888). Untersuchungen zur
Morphologie und Systematik der Vogel
[Doslidzhennya z morfolohiyi ta system-
atyky ptakhiv]. Amsterdam, Jena, 1751.

Flrbringer, M. (1902). Zur vergleichenden Anat-
omie des Brustschulterapparates und der
Schultermuskeln. Z. Naturwiss, 36:289-736.

Gadow, H. & Selenka, E. (1891). Bronn‘s Klassen
und Ordnungen des Thier-Reichs. Anato-
mischer Theil [Klasy Bronna i poryadky
tvarynnoho tsarstva. Anatomichna chasty-
na]. Leipzig, 1(6): 10 — 1008.

Kurochkin, E. N. (1971). Adaptive features of
the structure and locomotion of water
birds. The results of science. Vertebrate zo-
ology. Moscow. BLAME, 94-135.

Loparey, S. A. (1996). Possible adaptive value of
the open pelvis of birds and a new hypothe-
sis of the origin of flight. Ukrainian ornitho-
logical journal “Berkut”, 5(2): 216-230.

Maurer, D. R. (1977). The appendicular myology
and relationships of the avian order Coraci-
iformes. Unpubl., Ph. D. diss. Pittsburgh,
Pennsylvania: Univ. Pittsburgh, 347.

Melnyk, O. P. & Druz, N. V. (2012). Analysis of
biomorphological features of the hip joint
of some storks. Scientific Bulletin of PDAA,
4:90-94.

Vol. 11,Ne 2, 2020

Ukrainian Journal of Veterinary Sciences

ISSN 2663-967X | 29



H. B. Apy3b

Shatkovska, V., Ghazali, M., Mytiai, . S. &  Zinoviey, A. B. (2007). Comparative anatomy,

Druz, N. (2018). Size and shape cor- structural transformations and adaptive
relation of birds’ pelvis and egg: Im- evolution of the apparatus of two-legged
pact of developmental mode, habitat, locomotion of birds: author’s ref. dis. ... Dr.
and phylogeny. Journal of Morphology, biol. Sciences: specialty 03.00.08 - “Zoology”.
20 - 28. Moscow: Moscow State University, 53.

Druz N. V. (2020). MORPHO-METRIC DESCRIPTION OF THE PELVIC BONE

AND PROXIMAL FEMUR EPYPHISIS OF STORKFORMES. Ukrainian Journal

of Veterinary Sciences, 11(2): 20-30, https://doi.org/10.31548/ujvs2020.02.002.

Abstract. The pelvic bone and the proximal epyphisis of the femur bone are the main support-
ing components of the hip joint, and this is the leading link of the free pelvic limb ,which gives it
considerable mobility, determines its position in static and locomotion .In the evolution process,
these components acquire the value of a kind of central shock absorber against shocks, which gets
the mowing limb .On the basis of comparative anatomical analysis, the pecularities of skeletal el-
ements of the pelvic bone and the proximal femoral epyphisis of some storks are presented, as the
main elements of the pelvic limb as a whole. It was determined, that ghe morpho-metric features of
the skeletal elements of the studied birds caused by specific bipedalism, which is based of position
of the axis of the body relatively to the pelvic limbs and maintain the body between two limbs.

It was determined that the investigated structural elements are differ in shape and size. Also,
it was determined, that among the investigated storcks the shortest femur in relation to the total
length of the limb of the white heron is 12.1 + 0.2. The longest femur relatively to the total length
of the limb of the mower is 35.3 + 0.5. These indicates that the short femur is characteristic for
birds that are maximally adapted to water locomotion and most likely it is caused by the need go
press the pelvic limb tighthly to the trunk in the thigh area in the process of swimming. The lon-
ger femur provides more distal fixation points for the deep femur, cranial iliac and caudal muscles
while increasing their flexural and extensory function with respect to the thigh. Among the studied
Ciconiiformes, the index of the smallest pelvic length to its width ranges from 31.2 to 68.0 %. This
indacates that more wider is pelvis, more larger eggs can lay a female of this species.

Keywords: pelvic bone, femur, a number of storks, gray heron, ord heron, white heron, common
quack, white stork, loaf, ibis, mower
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PREVENTION OF MINERAL METABOLISM DISORDERS
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Abstract. The main reason for the weakening of the body of rabbits is a deficiency
of nutrients and biologically active substances in their diet. The search for non-toxic
and highly effective preventive drugs of complex action that have a positive effect on
the metabolism of minerals in rabbits is of keen interest. Here we present the results
of the study of morphological and biochemical parameters of the blood as well as the
content of chemical elements in blood plasma in New Zealand White rabbits on the
farm in Kyiv region. The paper presents the materials for determining the biochemical
status of the body in fattening rabbits for the prevention of microelementoses using a
new experimental environmentally friendly tool. The content of total protein, albumin,
glucose, total calcium, inorganic phosphorus, total bilirubin, urea, creatinine, TBA-active
products, Fe, Mn, Cu, Zn, Co and the activity of ALT, AST, LF, and HGT in the blood of New
Zealand White rabbits in the first and 50th days of the experiment (before and after the
use of biologically active additive “Huminorm plus”) are presented here for the first time.
The use of this additive had a positive effect on haematopoiesis, protein and mineral
metabolism, and functional status of the liver, which indicates its high efficiency for
the prevention of micronutrient deficiency. “Huminorm Plus” stimulates potential body
growth in rabbits up to the age of 90 days.

Keywords: biochemical parameters, trace elements, TBA-active products, blood,
biologically active additive, New Zealand White rabbits

Introduction

Rabbit breeding is widespread
throughout the world. Modern industri-
al rabbit breeding involves the slaughter
of rabbits in an average of three months,
by which time rabbits should gain about
2.5 kg of live weight. Although rabbits

are usually considered as fast-grow-
ing animals, such results can only be
achieved under the conditions of a com-
plete and balanced diet including all the
necessary components, in particular min-
eral complexes. The micronutrient defi-
ciency caused by an impact of environ-
mental changes and technogenic factors

*Scientific supervisor — D.Vet.Sci., associated professor N. G. Grushanska
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requires the development of complex
biologically active additives for specific
areas and provinces. The deficiency of
mineral elements has a large economic
loss due to mass diseases and death of
animals arising from metabolic disor-
ders, especially in late winter and early
spring period of keeping. This is mostly
due to the disproportion of basic nutri-
ents and biologically active substances,
in particular macro- and micronutrients,
in the diet of rabbits (Fedak et al., 2012).

Analysis of recent researches
and publications

Up to three months of age, rabbits
need food additives comprising trace
elements such as Calcium, Phosphorus,
Ferrum, Zinc and Cuprum. This need
for micronutrients is constantly increas-
ing from birth with increasing of animal
body size, lung and heart volume (Voro-
biev & Ulihina, 2007).

Kuzmenko et al. (2019) found that
the optimal dose of Cuprum in chelate
form in the diet of juvenile rabbits is
3.91 g/t of feed; it covers the deficiency
in this element by 50 %. Feeding of juve-
nile individuals with the compound feed
containing Cu chelate increases their live
weight by 8.7 % and reduces feed costs
for growth by 2.9 % (Kuzmenko et al.,
2019). Udris (1966), Nikolsky (1968)
and Romanchuk & Annamuhamedo-
va (2002) pointed out that Cu, Mn, Zn,
Fe-comprising enzymes play an import-
ant role in immunogenesis of animal or-
ganism to infectious diseases.

The importance of Zinc for the
growth and development of the animal
body was proven for the first time by
Todd (1934) on rats. The role of this el-
ement is determined by its participation
in the functioning of the genetic appara-
tus and cell division processes through

the synthesis of protein and nucleic
acids. Zinc plays an important role in
skeletal formation. Its deficiency caus-
es an inhibition of alkaline phosphatase
in chondrocytes of epiphyseal carti-
lage, which is a major biochemical de-
fect in bone development according to
Henning (1976). Zinc is also involved
in processes of bone calcification (Le-
mesheva & Jurchenko, 2009).

Cobalt as a component of vitamin B,
impacts on haematopoiesis and digestion.
The addition of 0.5 mg Co to the diet had
a positive effect on the growth and devel-
opment of juveniles and their slaughter
qualities (Fedoruk & Lesyk, 2009).

Mangan actively involved in redox
processes and tissue respiration in an-
imals, bone formation and synthesis
of cartilage, affects the growth of ju-
veniles, regulates endocrine function,
enhances the action of vitamins being
included into enzymes as their activator.
Mangan stimulates protein synthesis in
muscles and glycogen in the liver, pro-
motes the Mg-ATPase activity which
increases live weight (Pedan, 2013).

Insufficient Mn intake causes anaemia
and rickets (Pedan, 2013). Mangan to-
gether with Ferrum, Cuprum and Cobalt
stimulate haematopoiesis (Pedan, 2013).

Ahmadi et al. (2007) studied the
impact of toxic doses of Ferrum (Fe*")
on mineral status of the blood serum of
rabbits. The results showed that the in-
tra-peritoneal introduction of 10 mg/kg
Fe?" leads to increased levels of K, Mg,
Fe and Ca, and also reduces the concen-
tration of Na and Cl in the blood serum
of rabbits with a balanced diet (Ahmadi
et al., 2019). Fe in biotic doses acceler-
ates the animal growth, tissue healing,
and enhances liver regeneration (Bo-
goslovskaja et al., 2007). Fe, Cu, Zn,
Mn and Co belong to essential micronu-
trients, and their absence or insufficient
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dose in the diet caused a slowdown in
animal body growth (Pedan, 2013).

Humic acids are widely used in an-
imal husbandry, poultry and fish farm-
ing. New research on the effectiveness
of their use and dosage in rabbit breed-
ing is recently relevant. Willis (2015)
found the effectiveness of using humic
acids for better absorption of minerals
in the intestines of mice. Salama et al.
(2019) in their studies with the addition
0f'0.2 % humic acid to the diet of rabbits
found an improvement in feed intake
and final body weight, as well as a re-
duction in the mortality rate of animals.
In addition, humic acid in the presence
of ochratoxin-A (OTA) improves the
function of liver and kidneys, reducing
pathological changes in these organs
and restoring the antioxidant status of
the body (Salama et al., 2019).

Minerals with the adsorbent properties
within complex substances and dietary
additives are widely used in animal hus-
bandry and veterinary medicine (Willis,
2015; Filipova et al., 2019). It is showed a
positive sorbent effect of glauconite accu-
mulating in the gastrointestinal tract of an-
imals for 3—4 days. This mineral promotes
better Cu absorption and does not cause
calcium loss (Filipova et al., 2019).

Succinic acid is an important compo-
nent in the products of cellulose fermen-
tation. Its addition to the diet of rabbits
has a positive effect on feed digestibility
(Hall, 1952). Zadnipriany et al. (2019)
found that succinic acid in combina-
tion with inosine acting as high-energy
phosphate supply by maintaining ade-
nosine triphosphate at levels sufficient
for supporting the contractile func-
tion of the myocardium. Raafat (2011)
showed the efficiency of di-mercapto-
succinic acid (DMSA) to reduce the con-
centration of Pb ions in the blood, liver,
kidneys and brain in the case of lead

toxicity of the body of rabbits. The use
of complex drugs for the prevention of
mineral disorders in rabbits is the most
effective. Mista et al. (2012) studied the
effect of humic-fatty acids (HFA) on pro-
duction parameters and quality of rabbit
meat. The HFA consists of 80 % hu-
mic-mineral components (Si, Al, Fe,
Ca, Na, Mg, P, Mn, Zn, Cu, K, Co, Se)
and 20 % vegetable oil (oleic, linoleic,
linolenic, palmitic acids). The results of
studies indicate a tendency to increase
body weight, improve the quality of rab-
bit meat and increase the content of Fe
(Mista et al., 2012).

Fedorchenko (2016) reported posi-
tive changes in the antioxidant system
of rabbits after adding of mineral addi-
tive including K, P, Na, Ca, Cu, Zn, Mn,
Fe, 1, Co, Se, and vitamins A, D,, E, K,
B, B,, B,, B,, B,, B, B, to their diet.

Thus, the use of dietary additives
including glauconite, humic acid salts,
succinic acid and trace elements is a
promising research area.

The aim of the study is to determine
the impact of complex biologically ac-
tive additive on organism of fattering
rabbits for the prevention of microele-
mentoses.

Materials and methods
of research

Research was conducted at the com-
pany “Antonov-agro” (Kyiv region).
The diet of rabbits for fattening is bal-
anced according to the main indicators,
water supply is centralized, watering
from automatic drinking bowls.

New Zealand White rabbits aged 60
days, weighing 1.341 £+ 0.084 kg were
divided into two groups: 10 individuals
in the experimental group and seven
individuals — in the control one. These
groups were kept in two separate cages.
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Animals from the control group re-
ceived pellet feed of 0.155 kg per animal
per day up to 90 days of age and 0.175 kg

per animal per day from the 91th day
until the end of the study, with free ac-
cess to drinking water. The feed mixture
included (g/kg): lucerne hay 265, wheat
140, sunflower meal 110, barley 309,
oats 100, soybean meal 58, Lumantse C
1, chalk 4, premix “FYS” 4.5 (650 g cal-
cium carbonate, 100 g saraponin, 250 g
oligosaccharide in 1 kg of the premix),
Clinofid 2 (neutralizer of mycotoxins
based on clinoptilol and heulandite), tri-
calcium phosphate 4, salt 1.5, lysine 1. In
the experimental group, rabbits were giv-
en in addition to the basic ration biolog-
ically active additive “Huminorm plus”
— 4 g per 1 kg of feed daily, during 50
days. This additive included glauconite,
succinic acid, sodium salts of humic and
fulvic acids, as well as Zn, Mn, Cu, Co
and Fe lactates. The daily dose of trace
elements in this additive per one animal
was the following (up to 90 days of age
and from the 91th day, respectively): Zn—
28.7 and 32.4 mg, Mn — 5.7 and 6.5 mg,
Cu — 5.7 and 6.5 mg, Co— 0.12 and
0.13 mg, Fe — 28.7 and 32.4 mg.

Blood in fattening rabbits was sam-
pled from the marginal ear vein in a dis-
posable test tubes after preliminary
clinical examination of animals, early in
the morning before feed. Heparin-stabi-
lized blood was transported and stored
at 4 °C. Morphological and biochemical
studies, antioxidant status and element
composition of blood samples were car-
ried on the first and fiftieth day. Control
weighing of animals was performed in
the morning before feed on the first,
fourteenth, thirtieth, fortieth and fiftieth
day to determine the weight gain.

All manipulations with animals were
carried out in accordance with the Euro-
pean Convention for the protection and

vertebrate animals used for experimental
and scientific purposes (2006) and Gener-
al ethical principles of animal experiments
adopted by the First National Congress on
Bioethics (Kyiv, Ukraine, 2001).

The clinical analysis of blood in-
cluded the counting of the number
of erythrocytes and leucocytes in the
chamber with Goriaev’s grid under the
MicroMed XS 3320 microscope, deter-
mination of haemoglobin content (hae-
moglobin cyanide method with acetone
cyanohydrin) and the average content
of haemoglobin in erythrocytes; deri-
vation of the leukogram by the calcula-
tion method according to Filipchenko.
Blood smears were stained with a set of
Leykodif 200 (LDF 200).

The concentration of total protein,
albumin, glucose, total calcium and
inorganic phosphorus was determined
by colorimetry, while the activity of
alkaline phosphatase (ALP), aspartate
aminotransferase (AST), alanine ami-
notransferase (ALT) and gamma-glu-
tamiltransferase (g-GT) was estimated
by the kinetic method. The study was
performed on a semi-automatic bio-
chemical analyser “Labline — 010”.

TBA-active products in red blood
cells were determined by the Jagi’s
method modified by Ishihara & Gon-
charenko (1985), catalase activity in
blood serum was estimated using the
SF-26 spectrophotometer according to
Koroliuk (1988).

The content of chemical elements
in blood plasma was determined
by the method of atomic emission spec-
trometry with inductively coupled plasma
on the device Optima 2100 DV Perkin
Elmer. All digital data obtained during
the study were processed statistically us-
ing Microsoft EXCEL. Student’s criterion
was used to determine the probability of
differences between mean values.
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Results of the
research and their discussion

Clinical parameters of rabbits during
the fattening were within the range of
physiological fluctuations. The morpho-
logical composition of the blood of ani-
mals of both groups on the first day of the
experiment did not exceed physiological
limits, however the haemoglobin content,
the number of erythrocytes and the aver-
age hemoglobin content in erythrocytes

approached the lower physiological limit
(Table 1). A reliable increase of haemo-
globin content (in 1.1 times) and a tenden-
cy to increase the number of erythrocytes
and average haemoglobin content was ob-
served after the use of biologically active
additive “Huminorm plus” (50th day) in
the blood of animals from the experimental
group compared with rabbits in the control
group (Table 1). Other morphological pa-
rameters of the blood of rabbits also do not
go beyond the physiological limits.

1. Morphological parameters and haemoglobin content in the blood of New
Zealand White rabbits with prevented microelementosis during fattening,

Mtmn=35
Reference Duration of the study, day
Parameter interval [*] 1 50
Group of animals control | experimental | control | experimental
RBCs, x10%uL (T/L) | 5.30—6.24 | 547+£0.09 | 5.83+0.15 [5.76+0.14| 6.04 40,06
Lim - 534-5.62| 558-6.18 [543-6.18| 5.88-6,20
Hb, g/L 112-134 111+3 115+4 112+4 128 £2%*
Lim - 105115 108123 | 106123 | 124-134
MCH, pg 21.0-21.5| 203+09 | 19.8+1.1 | 194+0.6 | 21.2+0.1
Lim - 18.7-21.1 | 18.0-20.8 |17.5-20.8| 20.9-21.6
zgl/ch)s, <107l 77-9.1 |801£020| 80+0.1 | 72+07 | 83+04
Lim - 7.7-84 7.8-8.2 57-92 6.9-8.9
Basophils, % 0.8-3.1 1.3£04 1.7£0.4 0.8+0.2 1.2+£0.2
Lim - 1-2 1-2 0-1 1-2
Eosinophils, % 09-1.6 1.3+04 1.7£04 14+03 1.2+0.2
Lim - 1-2 1-2 1-2 1-2
?ﬁ;gfg’;ﬁ}fs) v, 25.0-359 | 32710 | 303+25 |328+09 | 284+2.1
Lim - 31-34 26-33 30-35 24 -34
Lymphocytes, % 60.0-67.5| 61.7+1.4 | 63.0+1.7 | 632+1.0| 658+1.7
Lim - 60 — 64 61 —66 62— 67 61 —69
Monocytes, % 14-5.6 3.0+0.6 33+09 38+0.5 34+0.6
Lim - 2-5 2-5 2-5 2-5

Note: * Jain, (1986). Schalm s veterinary haematology. Lea & Febiger, Philadelphia, p. 1221;
Sanderson & Phillips, (1981). An Atlas of Laboratory Animal Haematology. Oxford University
Press, Oxford, p. 473; ** P < 0.01 as compared with animals of the control group.
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Values in the leucogram of rabbits of
both groups during the fattening do not go
beyond the physiological limits (Table 1).
On the 50" day of the experiment, the per-
centage of neutrophils in the leucogram of
rabbits in the experimental group slightly
decreased due to an increase in the percent-
age of lymphocytes compared to the corre-
sponding values on the first day. Hemato-
poietic processes are positively influenced
by such trace elements as Co, Cu, Mn, Fe
(Fedoruk & Lesyk, 2009; Pedan, 2013).
According to Kowalska (1959), anaemia
caused by the deficiency of these elements,
manifested in the decrease of total protein,
reserve alkalinity, the number of erythro-
cytes and haemoglobin (Romanchuk & An-
namuhamedova, 2002). Therefore, the use
of the biologically active additive “Humi-
norm plus” had a positive effect on the hae-
matopoiesis of experimental animals.

Biochemical parameters do not go
beyond the physiological limits in blood
serum of rabbits of both groups on the
first day of experiment, but the content
of total protein and albumin approached
the lower physiological limits (Table 2).
The concentration of the total protein,
albumin, total calcium, urea and creat-
inine is reliably higher in blood serum
of rabbits from the experimental group
after the use of “Huminorm plus” (50
day) 1.1, 1.1, 1.2, 1.7, and 1.3 times, re-
spectively. At the same time, concentra-
tions of inorganic phosphorus and g-GT
were lower (1.2 and 1.8 times, respec-
tively) compared with those in animals
of the control group.

The formation of urea and creatinine
in the body increases with increasing
of protein catabolism, and its decrease —
with insufficient intake with the food. In-
creasing concentrations of urea and cre-
atinine may also indicate kidney disecase
and urinary system pathology, when their
values go beyond physiological limits.

So, such an increase in the blood serum
of rabbits of the experimental group can
be explained by the presence humic sub-
stances in the composition of dietary
additives. These substances are a mix-
ture of natural organic macromolecular
compounds (biochemical transformation
of organic products into humus). An in-
crease of urea and creatinine in the blood
serum of could be due to the high degree
of assimilation of humic acids.

An increase of total calcium content
and the decrease of inorganic phospho-
rus allow us assuming the processes
stimulating calcium metabolism and
more intensive assimilation of phospho-
rus. It is manifested in growth accelera-
tion and weight gain.

Increased total protein and albumin
in the blood of rabbits of the experimen-
tal group indicates stimulation of protein
metabolism in their body. The decrease
of g-GT activity in the blood of these
animals confirms the absence of harmful
effects of biologically active additives
on liver cells, and conversely, the phys-
iological state of the liver has improved
with the use of dietary additives.

Alkaline phosphatase activity did not
change significantly during the experi-
ment. The total activity of alkaline phos-
phatase in the blood of healthy animals
consists of the activity of bone, liver and
intestinal isoenzymes. It is insufficient to
diagnose liver pathology by changes in
alkaline phosphatase activity; itis also
necessary to take into account the activi-
ty of g-GT, AST, and ALT as well as the
concentration of total bilirubin. In grow-
ing animals, alkaline phosphatase activi-
ty may be increased, which will not be a
sign of a pathological condition. There-
fore, the use of the biologically active
additive “Huminorm plus” has a positive
effect on the metabolism of protein, cal-
cium, phosphorus and the liver function.
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2. Biochemical parameters of the blood serum of New Zealand White rabbits,

Mtmn=5
Reference Duration of the study, days
Parameter interval [*] " 0

Group of animals control experimental control experimental
Protein total, g/L 54-175 55.7+0.8 559+22 549+1.1 62.5+ 1.6%*
Lim - 54.3-57.0 494-604 | 53.1-56.7 58.9-66.3
Albumin, g/L 25-50 259+0.6 264+04 25.8+0.9 28.1 +0.5%*
Lim - 25.1-26.9 249-272 | 243-269 26.2-29.1
Glucose, mmol/L 4.16-8.33 520+0.17 532+0.10 4414041 5.62+0.17
Lim - 4.90-5.40 503-572 | 4.00-5.12 5.00-5.95
Calcium, mmol/L 2.00-3.70 2.56+0.15 262+0.16 | 2.58+0.18 | 3.20+0.13%**
Lim - 231-2.80 2.1-29 2.35-2.89 29-35
Phosphorus, mmol/L | 0.74-2.23 2.07£0.12 2.09£0.08 2.08 £0.09 1.76 £0.11**
Lim - 1.86 -2.20 1.90-2.25 1.92-2.20 1.37-2.01
Urea, mmol/L 2.50-8.33 2.67+0.10 2.82+039 | 3334021 5.50 +0.83%*
Lim - 2.50-2.80 2.1-4.0 3.10-3.70 3.0-7.1
Creatinine, pmol/L | 44.20 —229.84 | 149.93 £ 10.76 | 142.96 + 11.82 | 151.97 +7.80 | 199.64 + 19.33**
Lim - 131.4-160.1 | 119.7-181.8 | 13931654 | 160.8-2383
ALP, IU 4-70 358+£32 36.6+3,3 348+£5.5 37.8+4.2
Lim - 303-40.1 | 260-4334 |2922-4430| 27.1-485
AST, IU 14-113 18.1+1.3 20.8+3.5 19.8+43 19.6 £2.7
Lim - 15.9-20.1 14.5-323 124-27.0 13.5-26.1
ALT, IU 14 -80 38.0+£2.9 352+7.1 35.0+54 259+£5.2
Lim - 35.0-43.0 144-523 | 28.6-443 149-38.7
¢-GT, IU 0-7 6.1£0.6 59+0.6 6.7£0.5 3.8+0.6%*
Lim - 51-72 38-72 59-17.1 2.1-57
ﬁ;ﬁ;‘f)ﬁn total, 0-12.83 | 6874099 | 7.124059 | 720+145 | 636065
Lim - 5.17-8.13 58-83 4.70-9.10 5.1-8.0

Note: * Carpenter, (2018). Exotic Animal Formulary; ** P < 0.05 as compared with animals

of the control group.

Similar results were obtained by
Chiericato et al (2000) during the study of
metabolic, enzymatic and mineral profile
of rabbits aged from 36 to 119 days. It was
showed that glucose level did not change
with the age; total proteins, albumins and
globulins, urea and creatinine increased,
AST, ALT, LF enzymes do not change, and

g-GT decreased; Ca level increased, while
P decreased, and the levels of Mn, Na, K
and Cl remained unchanged during the ex-
perimental period (Chiericato et al., 2000).

The concentration of elements in blood
plasma of rabbits from both groups on the
first day of the experiment was in the range
of physiological indicators (Table 3).
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3. The content of chemical elements in blood plasma of New Zealand White
rabbits, M+t m,n=135

Duration of the study, days
Parameter
1 50

Group of animals control experimental control experimental
Calcium R 95.0+3.89 96.45+£6.18 112.39£6.32 | 268.75 +50.85*
Lim - = 88.30-99.60 | 87.26—107.09 |101.52—-120.14 | 164.08 —408.24
Manganese 0.0054 = 0.0001 | 0.0055 +0.0004 | 0.021 +£0.006 | 0.032 + 0.002*
Lim - = 0.0052 —0.0056 | 0.0048 —0.0062 | 0.01 —0.03 0.025-0.038
Zinc 4.18+0.33 4.18+0.46 424+0.36 6.94 £ 0.56%*
Lim - 3.76 -4.76 3.44-4.92 3.63-4.84 53-8,78
Iron 1.43+£0.25 1.48 +£0.32 1.84+0.12 2.60 +0.23*
Lim - 1.03 -1.86 0.96 —1.99 1.68 -2.04 1.68 -3.05
Cobalt 0.005 + 0.001 0.005 £ 0.001 0.010+0.001 0.020 £ 0.005
Lim - 0.004 —0.007 |0,0024 —0.0072 | 0.008 —0.012 | 0.0073 —0.027
Cuprum 1.12+0.05 1.12+0.05 1.16 +0.19 1.85+0.24*
Lim - 1.03-1.19 1.03-1.20 0.83-1.46 1.18 -2.55

Note: * P < 0.05; ** P <0.01, as compared with animals of the control group.

Ahigher content of Ca (2.4 times), Mn
(1.5 times), Zn (1.6 times), Fe (1.4 times)
and Cu (1.6 times) was recorded on the
50" day of the experiment in the blood of
rabbits of the experimental group com-
pared with those of the control group. A
slight increase in the concentration of all
studied chemical elements was observed
in the blood plasma of rabbits of the con-
trol group on the 50" day of the experi-
ment. Thus, the use of “Huminorm Plus”

had a positive effect on the metabolism
of Calcium, Manganese, Zinc, Ferrum
and Copper in rabbits.

Catalase activity in the erythrocytes
of rabbits of the experimental group at
fattening on the 50" day was 1.6 times
lower (Table 4) compared with that of
the control group. Catalase lowering
the concentration of cytotoxic hydroxyl
radicals by the reduction of H,O,. The
increase of catalase activity in eryth-

4. The indicators of antioxidant defence system of New Zealand White
rabbits, M+t m,n=135

Duration of the study, days
Parameter
50
Group of animals control experimental control experimental
TBA-active products, mmol/L. | 56.55+6.72 | 59.62+3.69 | 49.48+£1.04 | 50.64 +3.69
Lim - = 44.98 — 66.38 | 44.87 - 67.31 | 48.07—51.28 | 38.46 — 60.90
Catalase, mkat/L 7.47+1.08 730086 | 11.33+£0.07 | 7.20 + 1.46*
Lim - 5.60 —9.00 533-9.10 | 11.21-11.43 | 5.38—-10.21
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rocytes of rabbits of the control group
may indicate the peroxide oxidation of
lipids (Brechka et al., 2019).

The content of TBA-active products
allowing to estimate the state of lipid
peroxidation in the body does not
significantly changed in the blood serum
of rabbits from both groups during the
experimental period.

Body weight gain for the first 14 days
of the experiment amounted to 28 % in
rabbits of the control group, and 36 %
— in the individuals of the experimental
group (Table 5). Over the next 16 days, an
increase of body weight in rabbits of the
control and experimental group was equal
to 16 % and 37 %, respectively. Weight
gain in rabbits of both groups during the
next few decades is presented in Table 5.

High weight gain in rabbits of the
experimental group was observed up to
90 days, and after there was a significant
decrease in growth rate. Rabbits are
usually kept up to 90 days, and then
transferred for slaughter; therefore, the
weight gain of these animals from 60 to
90 days is rather important in terms of
industrial husbandry. During this period,
the increase in body weight of rabbits
of the control group was 45%, while
it reached 73 % in individuals of the
experimental group. Over the entire period
of the experiment, the percentage of body
weight gain in rabbits of the control and
experimental groups was 87 % and 98%,

respectively. The use of “Huminorm
Plus” stimulates potential body growth in
rabbits up to the age of 90 days.
Summarizing, the use of “Huminorm
plus” for rabbits had a positive effect
on haematopoiesis, protein and mineral
metabolism, and functional status of the
liver, which indicates its high efficiency for
the prevention of micronutrient deficiency.

Conclusions and future
perspectives of the study

Morphological and biochemical pa-
rameters of the blood of rabbits from the
control and experimental groups before
the use of biologically active additive
“Huminorm plus” (first day) do not go
beyond the physiological limits.

An increase of haemoglobin content
(1.1 times) was recorded in the blood of
rabbits of the experimental group after
the use of “Huminorm plus” (50* day).

After the use of “Huminorm plus”
(50™ day), a higher concentration of the
total protein and albumin (1.1 times), to-
tal calcium (1.2 times), urea (1.7 times),
creatinine (1.3 times) was observed
together with the lower concentration
of inorganic phosphorus (1.2 times) and
g¢-GT (1.8 times) in the blood serum
of rabbits of the experimental group
compared to those in the control group.

The content of Ca, Mn, Zn, Fe and
Cu in the blood plasma of rabbits of the

5. The indicators of productivity in fattening New Zealand White rabbits,

M = m, kg
Age of animals, days Average Weight gain over
fGafl(i)rl:lI;l weight gain | the studied period
0 s 60 74 90 100 110 per day (50 days)

Control, 1.34 | 1.72 | 1.94 | 2.15 | 2.51 0.023 + 117+ 0.04
n=7 +0,06 | 0,09 | £ 0,11 | 0,07 | =0,08 0.001 ) )
Experimental, | 1.34 | 1.82 | 232 | 244 | 2.66 0.026 +
=10 £0,06|+0,08|=0,12|+008|+008| 0.001 131620072
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experimental group has become higher
(2.4,1.5,1.6, 1.4 and 1.6 times, respec-
tively) as compared to those in individ-
uals of the control group.

On the 50™ day of the experiment, cat-
alase activity in the erythrocytes of rabbits
of the experimental group was 1.6 times
lower than that of the control group.

The use of biologically active addi-
tive “Huminorm Plus” for rabbits in the
age of 60 days over 50 days increased
body weight by 12 % compared with
that in the control group. The most
appropriate is the use of this additive
during 30 days.

It is promising to study the effect of
complex biologically active additives
which include glauconite, salts of hu-
mic and fulvic acids, succinic acid and
organic compounds of Mn, Zn, Cu, Co
and Fe used in different ways (internal-
ly and parenterally) and compare them
with each other in the effectiveness of
the application and impact on the body
of New Zealand White rabbits.
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AHomayia. OCHOBHOI MPUYUHOK 0CAAbAEHHA OpP2aHi3My Kponie € Oeqiyum MOHUBHUX
(AKicHo20 npomeiHy) i 6iono2iyHo aKMUBHUX pe4o8UH y PauioHI. Lle 3a80a€ 8enUKUX EKOHOMIYHUX
36umkie 2ocrnodapcmeam Yepe3 Macosi 3aX80PHOBAHHS i AGIM MBAPUH, AKi BUHUKAOMb 8HACMIOO0K
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rnopyweHHa 0bMiHy pevyosuH, 30KpemMa MAaKpo- i MmikpoesemeHmis. AKmyasnbHUM HA CbO200HI €
MOWYK HeMOKCUYHUX | BUCOKOE(EKMUBHUX MPOGinaKmuyHUX npenapamie KomraekcHoi 0il, wjo
103UMUBHO 8M17UBaMb HA Memaboni3m MiHepPasnbHUX PEYOBUH 8 OP2AHI3Mi MBAPUH.

LocnidnceHHs nposodunu y 2ocrnodapcmsi Kuiscokoi 061acmi. MopghosozidHi MOKa3HUKU Kposi
8U3HAYANU CMAHOAPMHUMU Memodamu. BioximiyHi MOKAa3HUKU Kpoei docnioncysanu Habopamu
peakmusgig Ha HanieaBMoOMamu4yHoMy aHanizamopi. Bmicm ximiYyHux enemeHmis y naasmi
Kposi 00cnidncysanu memodoM amomHo-eMiciliHoi cnekmpomempii 3 iHOYKMUBHO-38’A3aHOI0
naaamoro Ha npuaadi Optima 2100 DV. Y pobomi suknadeHi mamepianu w000 8U3HAYEHHS
bioximiyHo20 cmamycy opaaHiamy Kposie Ha 8id200ieni 3a NpoginakmMuKku mikpoenemeHmMo3ie
i3 BUKOPUCMAHHAM HOB020 eKCrepUMEHMAsbHO20 eKO02iYHO YUCMOo20 3acoby.

JocnidneHo emicm 3az2anbHoz20 6inka, anbbymiHie, emoko3u, Kaneyito 3az2aneHo20,
docgopy HeopeaHiyHoz20, 6inipybiHy 3020716HO20, CEYOBUHU, KpeamuHiHy, TBK-akmueHux
npodykmis, ®epymy, MaHzaHy, Kynpymy, LuHky, Kobanemy ma akmusHicme AJIT, ACT, /1o,
[TT i Kamana3u 8 Kpoei Kposis, Ha nepwy ma 50-y doby 3acmocysaHHsA 6ion02iYyHO aKMUBHOI
0obasku «[ymiHopm naroc». Y Kposi Kposie 3a 3acmocysaHHsA 3acoby «ymiHopm nawc» Ha 50
006y docnidy ecmaHosneHo 8ipozioHo suwuli ymicm eemoenobiHy e 1,1 pasa, 3a2a16H020 6inkKy i
anebymiHie — e 1,1 pasa, Kansyito 3a2anbHo20 — 8 1,2 pasa, ce4o8uHu — 6 1,7 pasa, KpeamuHiHy —
8 1,3 pasa, MaHeaHy — 6 1,5 pa3a, LuHky — 6 1,6 pasa, ®epymy — 6 1,4 pasa, Kynpymy —
8 1,6 pasa, Huxy KOHUeHmMpauito gocgopy HeopeaHiyHozo 6 1,2 paza ma [T — 6 1,8 pasa
Mopi6HAHO 3 8IOMOBIOHUMU MOKA3HUKAMU MBAPUH KOHMPOsbHOI epynu. BcmaHosneHo
no3umusHul 8nsaue npoginakmuyHo2o 3acoby HA MOKA3HUKU 2emoroe3y, memaboniam binkis,
MiHepanbHUX PevyosuH i (pyHKUIOHAAbHUU cmaH neviHKu y Kposie Ha gio2odiesi.

Po3pobka i 3acmocy8aHHA HemMoOKCU4HUX 3acobie 074 npoginakmuku nopyuweHo obmiHy
MiHepasnbHUX PeY0BUH Y KPOsi8 € NepcrieKmusHUM HanpPAMOM 00CAi0HeHb.

Kmrovoei cnoea: bioximiuHi MoKasHUKU, mikpoenemeHmu, TBK-akmueHi npodykmu, kpos, bA/,
Kposi HoB03enaHACbKOI binoi nopoou

ModaHo 0o OpyKy 12 mpasHsa 2020 poKy
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AHomayia. [pobnema 3a6e3neueHHs HaceneHHs AKICHUMU, eKos02i4HO 6e3nevyHumMU
MPOOYKMAMu Xapyy8aHHA MAE eenuke medu4yHe i CoyianbHO-eKOHOMIYHE 3HAYEHHS.
[na cmabinizayii opeaHoNenmMuUYHUX MOKA3HUKI8 AKocmi npodykmy (36epexceHHs
ACKPasoCMi Konbopy, apomamy i CMaKy, YHUKHEHHA MOMEMHIHHA | 2Humms ¢gpykmis)
ni0 4Yac cywiHHa ix niddaroms nonepedHili obpobuyi diokcudom cipku (cipyucmuli
aHeiopud, SO,). B Ykpaini SO, exodums 00 crucky 003607eHUX xap4osux 006060k i
88aXaAEMbCA be3reyHoro 015 300p08’a 3a ymosu 00MPUMAHHSA 2PAHUYHO G0ryCmMuUMUX
Hopm 8uKopucmaHHA. OOHAK, pe3ynbmamu 00Cidx#eHb C8iMmosux HayKoayie ceioyameo
rpo me, Wo 8*CUBAHHSA MPOOYKMIe i3 8MiCMOM Cip4yucmozo aHz2iopudy HAHOCUMb WKOOY
0718 M1100CbKo20 300p08’a. Memoto OaHux 00CniOHeHb € BCMAHOBAEHHA 301X HOCMI
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0p2aHONENMUYHUX OKA3HUKI8 AKOoCcMi npob cyweHux pykmie 8i0 MOKA3HUKA
6e3neyHocmi 3a 8Micmom cip4ucmozo aHaidpudy ma ernausy 8UMPUMKU Mpob cyweHux
abpukoc y 800i (8—13 °C) Ha emicm cip4ucmoao aHaiopudy.

JocnioweHHs nposodunuca Ha 6a3i nabopamopii ope2aHoAenmMuUYHUX ma
hi3uKo-XimiyHUX 00CiOHeHb HAYKOBO-00CAIOHO20 XiMIKO-MOKCUKO02iYHUX 8i00iny
JlepyasHo2o HayKos0-00Cni0Ho20 iHcmumymy 3 aabopamopHoi diaeHocmuku ma
semepuHapHo-caHimapHoi exkcnepmusu (AHAI/IABCE). [na KOHMPOA MNOKA3HUKI8
AKOCMI cyweHux caue, iHikie ma abpukoc 6ysn0 NposedeHO O0pP2aHOAenMUYHI
0ocnioxceHHA 32i0Ho sumoe [CTY 8471:2015. [ina OocnioneHHs 6e3neyHocmi OaHUX
Mpodykmis eu3Ha4yanu 3a2aabHUli emicm OioKcudy CipKUu auyuouMempuyHUM ma
Heghennomempu4yHUM Mmemoodamu 32i0Ho [CTY ISO 5522:2004.

Pe3ynbmamu op2aHonenmMuyHuUx O0O0CiOHeHb C8I04aAMb MPo me, WO KOMCHA i3
00CniomysaHuUx npob cyweHuUx hpykmie 8idnosioana op2aHoAenMuUYHUM MOKA3HUKAM
AKocmi[ICTY 8471:2015. Pe3ynbmamu rnposedeHux gi3uKo-XimiyHuUxX 00cnioHeHb ceioyams
npo 6e3neyHicmes OaHUX NMPob cyweHux gpykmie 3a emicmom OioKcudy CipKU, MakK AK
OMPUMGHI 3HQYEeHHSA He repesullysanu 2paHUYHO A0rnycmMuUMUX HOPM O CHOXUBAHHS:
cepedHE 3HaYeHHs 3020716H020 8MICMY Cip4YUCMOo20 aH2iOpudy 8 npobax cyweHuUX caue —
30,8+ 4,8 M2/ Ke, cyuwieHux piHikie —22,4 + 2,8 M 2 /K, cywieHux abpuxkoc—61,8 + 13,1 me/Ke.
lpoaHanizysaswiu pe3yanbmamu 0p2aHOAENMUYHUX ma (i3UKO-XiIMIYHUX OO0CiOMeHs,
HaOMU He 8CMAHOB/EeHO MPAMOI 3071eXHOCMI O0p2aHOAENMUYHUX OKA3HUKI8 AKoCmi
CyweHux ppyKkmie 8i0 noKasHUKa b6e3rneyHocmi 3a 8Micmom cip4ucmoao aH2iopudy.

Takox nposedeHo eKcriepumMeHmarsnbHi 00CniOHeHHS, Memoto AKUX bys10 scmaHosumu
81/1U8 BUMPUMKU 00CMIOHYBAHUX NMPOb cyuweHuUx abpuKoc (cepedHe 3Ha4YeHHS 3a2a1bH020
emicmy diokcudy cipku - 61,8+ 13,1 me/k2) y 800i (8—13 °C) Ha emicm cip4ucmozo aHaiopuody.
Pe3ynbmamu 8U3HAYEHHSA 3020/1bHO020 8MICMY CiPYUCMO20 AH2I0pUdy y O0CAIOHYBAHUX
npobax cyweHux abpuKkoc 8Kasyroms Ha gipoeioHe (P < 0,01) 3HUMEeHHA U4b020 MOKA3HUKA
MOPIBHAHO i3 3HAYEHHAMU MepPB8UHHUX O0CAIO#EHb BMICMY 50,y OdaHux 3paskax: Ne 1—11
+0,2me/Ke, Noe 2 —18 + 0,2 me/K2, Ne 3 —23 + 0,1 me/k2, Ne 4 — 16 + 0,2 me/K2, Ne 5 -5 +
0,1 me/ke (3HuxeHHA Ha 82 %, 80,2, 71, 69,2 ma 81,4 % 8idnosioHo).

Knrouoei cnoea: cyweHi ppykmu, opa2aHonenmuyHi 00CcnioneHHs, emicm cip4u-
Ccmoeo aHaiopudy

Axmyanvnicmeo

IInranns 3abe3nedeHHs] HaceJIeHHS
SIKICHMH, €KOJIOTTYHO OC3TEeYHHMH TIPO-
JYKTaMH XapuyBaHHS Ma€e BEJIUKE ME/IHY-
HE 1 COLUAJbHO-EKOHOMIYHE 3HAYEHHS.
DpyKTH — OIHA 3 HEBIJI'EMHUX CKJIAJI0BUX
parioHy Xap4yBaHHsS JFOMUHH, OCKUIBKH
BOHH MICTSTh BCI HEOOXIJHI MiHEpaJIbHi
PCUYOBHMHH, BITAMIHH, TIEKTHH, KIITKO-
BHHY, OpraHiuHi Kuciotd Tomo. OHak,
HEOOX1THO 3a3HAYUTH, 10 PPYKTH — IIe

CE30HHI TPOIYKTH, SIKMI Yepe3 BUCOKHUM
BMicT Bomnord (75 — 95 %) mBuako mcy-
FOTBCSL. Y 3B’SI3KY 3 UM CYILIHHS — OITH-
MaJIbHAN CIOCIO OfepKaHHS TPOIYKTIB
TPUBAJIOTO 30€piraHHsl, 0 MAIOTh 3HATHO
BHIIy CHEPIEeTUYHY 1 XapuoBY IIHHICTS,
HDK CBIXI pykTH. Tak, cyxohpykTH Mic-
ITh 62 — 72 % ByDIEBOMIB, 30KpeMa 46
— 66 % uyxkpis, 1,8 — 5,2 % Oukis, 1,2
— 5,0 % opraniunux kuciot, 1,5 —4,5 %
MiHepanbHux pedoBuH (Tarasenko et al.,
2015; Lou et al., 2017).
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Jlnst craGumizaiiii TOBapHOTO BHIIISITY,
YHUKHEHHSI TIOTEMHIHHS 1 THHTTS TpO-
JYKI{, M 9ac CyHIHHA 1i MiJIarTh mo-
Tepe/Hiii 00poOIT JTIOKCHIOM CIpKH (Cip-
unctuii anrizpun SO,). 3a MKHApOIHOIO
K1acupikaliero  xapuoBux Jo6asok SO,
BITHOCATH IO TPyNH KOHCEPBAHTIB 3 IO-
psaxoBrM HoMepoM E 220 (Ruiz-Capillas
& Jimenez-Colmenero, 2008; Luis, 2016;
Silva & Lidon, 2016). OmHax pe3ynsraru
HAYKOBHX JIOCJIKEHb CBITUATh PO TE, 1110
BKHBAHHS TMPOIYKTIB 3 BMICTOM J00aBKH
E 220 wanocuth mIkomy st JIEOIACHKOTO
3/I0pOB’SI, OCKUIBKU TIPH3BOIUTH 1O PyH-
HYBAHHs BiTaMiHy B, a B 4y TiBuX mmozei
— MO>KE BHKJTHKATH TSDKKI aJIeprivdHi peaKiii
(Luis, 2016; Zaikov et al., 2017).

Buie 3a3zHadeHi JliTepaTypHi JaHi
BKa3ylOTh Ha AaKTyaJbHICTh ITUTAHHSI
KOHTPOJIFO BMICTY CIpYMCTOTO aHTiApH-
Iy B IPOIAYKTAX, SIKi CIIOKUBAIOTHCS Ha-
CEIICHHAM YKpaiHH.

Ananiz ocmanuix 00cioNnceHv
ma ny6nikauiii

Cipku JiOKCHA, HATpilo CyIbOiT,
HATPIIO TiAPOCYabQIT, HATPIFO MeTali-
Cynb(MIT Ta 1HII KOHCEPBAHTU IIMPOKO
BUKOPUCTOBYIOTBCSL B Xap4ioBii IIpo-
MUCIIOBOCTI ISl TONIIIIICHHS OpPTraHO-
JENTUYHUX BIACTUBOCTEH IMPOIYKTIB:
MaKCHMAIIFHOTO 30CepEeKCHHsI 30BHIIII-
HBOTO BUIJLMY, SICKPABOCTiI KOJIBOPY 1
apoMary, YHHKHEHHS [TOT€MHIiHb, a Ta-
KOX 1HT10yBaHHSI pOCTY MIKpOOpraHi3-
MiB, 30Kpema, JIPKIKIB, IO MPU3BO-
IUTh J0 IIBUAKOTO IICYBAHHS MPOIYKTY
(Freedman, 1980; Bemrah et al., 2008;
Silva & Lidon, 2016; Lou et al., 2017).

B sixocTi XapuoBHX JT00ABOK CYITbMOITH
Brepie Oyiy 3acTocoBaHi B 1664 porii Ta
sarBepmkeni B CIIIA me B 1800-x pokax.
Briponopk TpUBAIOro yacy Iii XiMiuHi pe-
YOBHHYU BBKAIUCS OC3MEUHIMH VTSI 310-
pos’s (Lester, 1995). Onnak B nonasbLiomMy

PEe3YIIBTaTH HAYKOBHX JIOCHIIDKEHB JTOBEIH,
0 CYIb(ITH MPOBOKYIOTh BHHUKHCHHS
aJIePrivHuX PeaKIlii, siki B OUIBIIA Mipi
TIPOSIBIIFOTECSL Y XBOPUX 13 CTepoimo3a-
JIGKHOIO  (hOPMOIO  OPOHXIATBHOI ACTMH
(Freedman, 1980; Lester, 1995; Ruiz-
Capillas & Jimenez-Colmenero, 2008; Lou
et al., 2017). Peaxuis na SO, Moyke nposiB-
JATUCS TIOPYIICHHSM POOOTH JIHXJIBHOL,
CEpIICBO-CYIMHHOI ~ CHCTEM, PO3JIaJaMu
IIITYHKOBO-KHIIIKOBOTO TPAKTy YH BHCH-
MaHHAMHU Ha TIKipl. Bakki Hecnermdivni
O3HAK{ Ta CHMITTOMH TPATULIFOTHCS PiIie
(Lester, 1995; Vally et al., 2009).

B VYxkpaiHi cipkd JIOKCHIT BXOAUTH 0
CITIICKY JTO3BOJICHUX Xap4OBHX NOOABOK 1
BB2KAETBCSL OC3MEYHMM [UTS 3I0POB’S 32
JOTPHMAHHS MAKCUMAJIBHO JIOITYCTHMIUX
PIBHIB BHKOpHUCTaHHS. 3rigHO Permamenty
€sporneiicbkoro [apnamenty ta Pamu (€C)
Ne 1333/2008 Big 16 rpymus 2008 poky
BMICT CIPYMCTOIO aHTiIPUIY B CYIICHHX
0BoYax 1 ()pyKTax HE MOBHHEH MEPEBHIILY-
Baru 2000 mr/kr. BimmoBimHO 10 BUMOT
European Food Safety Authority (European
Food Safety Authority, 2016) B™micT cipku
TUOKCHIY Yy CYIICHHUX aOpHKocax, MepcH-
Kax, BHUHOIPaJi, YOPHOCIHBI Ta IHXHPI
He TOBUHEH repesuiiyBatd 2000 mr/ kT,
BOJTHOYAC Y CYIICHHX SIOMYK 1 TPYII MAKCH-
MaJIbHO JIOIMYCTHUMHUH piBeHb 600 MT / KT,

Mema 0ocnidxcenna — BCTAHOBUTH
3aJICKHICTh OPTraHOJCTITHYHHUX ITOKa3-
HUKIB SIKOCTI1 CYIICHUX CIUB, (iHIKIB i
a0pHKOC BiJl TIOKa3HHUKA OE3IEYHOCTI 3a
BMICTOM CIPYHCTOTO aHTiAPUIY; BCTa-
HOBUTH BIUIUB BHUTPHMKH IIPOO CyIie-
HUX abpukoc y Bomi (8—13 °C) Ha BMiCT
CIPYMCTOTO aHTIAPUIY.

Mamepianu ma memoou
00CTiONceHHS

JlocmipkeHHsT TPOBOAMITUCS Ha Oasi
nabopaTopii OpraHoJIeNTHYHUX Ta Pi3u-
KO-XIMIYHHUX JOCIIJIKEHb HayKOBO-J10-
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CIIIAHOrO XIMIKO-TOKCUKOJIOTTYHUX BiJI-
niny JlepaBHOTO HAYKOBO-TOCIITHOTO
IHCTHTYTY 3 J1a00paTOPHOT JIarHOCTUKH
Ta BETEPUHAPHO-CAHITAPHOI EKCIIePTH-
su (AHAIJIIBCE).

MarepianoM AJsi JOCTIHKEHHS OyIio
BiiOpaHo TO I’ATh TPOO CyHMICHUX
abpuKoc, cMB Ta (DiHIKIB, K HAIXOIHU-
mu Ha BunpoOysanHs B JIH/AUUIJBCE.
JI711 KOHTPOJIFO TOKA3HUKIB SKOCTI CYy-
IIEHUX (PPYKTIB OyJ0 MPOBEICHO Opra-
HOJIENTUYHI JOCHIIKEHHS 3TiIHO BUMOT
JCTY 8471:2015 (DSTU 8471:2015,
2017). 1511 BU3HaUCHHS OS3MEYHOCTI J1a-
HHUX MPOO MPOIYKTIB BU3HAYAIH 3araib-
HUI BMICT CIpYMCTOTO aHTIIPUAY allu-
JUMETPUYHUM Ta He(PEIOMETPUUHUM
metomamu 3rigno JACTY ISO 5522:2004
(DSTU ISO 5522:2004, 2005).

Pesynvmamu docnionenns
ma ix 0620680peHHs

Pesynbsrati opraHoiienTHYHUX J0-
CJIIJKEHb CBITYATh MPO Te, 10 KOXKHA 13
JOCII/DKYBAHUX MPOO CyIIEHUX (GpyK-
TIB  BIANOBiZaa OPraHOJCHTHYHUM
nokasHukam sikocti JICTY 8471:2015.
Crig 3ayBaXWTH, IO OPraHOJCNTHYHI
MOKa3HUKHU BCIX JOCITIIKYBaHUX MPOO
CYIICHHUX CJIIMB, SK 1 MOKa3HUKH BCIX
npo0 CylIeHuX (iHIKIB, HE BiIPi3HSIIU-
¢s1 Mk coboro (Tadm. 1).

[MpoOu cymieHnx abOpuUKOC JEII0
BiJIPI3HSUTHCS 32 OKPEMHMU OPTaHOJIeII-
TUYHUMU TTOKa3HUKaMu (Tabi. 2).

Cruim 3a3HauuTH, [0 pPe3yIbTaTd
OPTaHOJICITUYHOTO JOCIIIKSHHS BCIiX
npo0 CyIleHuX CuB, (iHIKIB Ta abpu-
Koc mpodu Ne 2 i 4 BKa3yrOTh Ha BiIMiH-
HUH CTaH NOKa3HUKIB SKOCTI (ICKpaBUil
HACHYCHUI KOJIip, TOBEPXHsI ONUCKYYa,
KOHCHCTCHIIST M’SCHUCTa), IO MOIJIO
OyTH JOCSTHYTO IiJBUIIEHUM BMICTOM
y JaHMX MpoAyKTax KoHcepBaHty SO..
OnHak pe3ysibTaTd MPOBEICHUX XiMid-
HUX OCTIKEHb CBITYaTh Mpo Oe3med-
HICTh JaHHUX MPOO CYIICHUX (QPYKTIB,
TaK SIK 3araJIbHUH BMICT CIPKH J10KCUTY
HE TEPEBUIIYBaB TPAHUYHO JOIYCTH-
MOTO PIBHSI ISl CIIOXKHMBAHHS (Ta0. 3).

[IpoananizyBaBImIM pe3yIbTaTH Op-
TAaHOJICNITUYHUX Ta (HI3HMKO-XIMIYHUX
NOCTIKEHb, HAMH HE BCTAaHOBIICHO
psIMOi 3aJISKHOCTI OPraHOJCTITHIHIX
MOKA3HUKIB SKOCTI CyIICHUX (PYKTIiB
BiJl yMICTY B HUX CIPUHCTOTO aHTIAPHUTY.
Tak, opraHONENTHYHI MOKA3HUKU BCIX
JOCITIDKYBAaHUX TPOO CYIICHHUX CIHB,
¢biHIKIB 1 aOpUKOC BiNOBIATH KPUTE-
pisAM SIKOCTI 3TiJJHO 3 BUMOT'aMH Hallio-
HanbHOTrO crangapty JACTY 8471:2015.
OcoOnuBy yBary NpHBEpTaIH SCKpa-
BHH HACHYCHHUH Koip, ONMHCK Ta M’s-
CHUCTICTh yCiX MPOO CYIMICHHUX CIHB, (i-
HIKIB, a TakoXK abpukoc mpod Ne 2 i 4.

1. XapakTepucTHKa NOKAa3HUKIB OPTaHOJIENTHYHOTO JOCTi/IXKeHHSsI P00
CyLIeHHUX cJUB i (pinikiB

Bun Hasga nokasauka
CYIICHHX . : :
PpyKTiB 3oBHilIHIN BUDIL 1 popma Komnip CMak Ta 3amnax
111 TUTOMTK 3 BUAJICHOIO . . .
i A A OnHopigHui, Bractusi ¢ppykram
. KiCTOYKOFO, TIOJIOBUHKH o
Cyrreni ; . .. SICKpaBUH, poro Buy. bes
TUIO/IIB TIPABHIIBLHOT OBAILHOT . T
CJIMBU BIIIOBITHHI 10 CTOPOHHBOTO CMaKy Ta
dbopmu, 0HOTO BULY, 3 .
. MIOMOJIOTIYHOTO COPTY 3anaxy
HETOIIKO/DKEHOI HIKIPOYKOIO
eni Llini ruToau 3 KiCTOYKOIO, OnHOpigHui, BunactuBi ¢pykram 1p0ro
(t))iHiKI/I OJTHOTO BH]TY, 3 BIIOBITHHI 10 BuTy. be3 CTOpPOHHBOTO
HETIOIIKO/PKCHOIO MIKIPOYKOIO | TOMOJIOTTYHOTO COPTY CMaKy Ta 3araxy
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2. XapaKkTepHCTHKA NOKA3HUKIB OPraHo/IeNTUYHHX J0C/Ii/ZKeHb P00
cylIeHuX abpukoc

Homep Ha3spa nokazumnka
npodu 3oBHimIHIA BUDIAA 1 popma Komip CMak Ta 3amax
1lini npurIroCcHyTI 0K 3 BUAa- | TemHo-niomapanue- | Biactusi Gppykram 1po-
1 JICHOIO KICTOYKOI, OJTHOTO BHUIY, 3| BHM, OJHOTOHHHMH, ro Buny. bes cropon-
HETOIIKODKEHOIO MIKIPOYKOK0 | 0€3 MM 1 MOTEMHIHb | HbOTO CMaKy Ta 3araxy
. . CBiTy0-TIOMapaH- .
Llini npUILTIOCHYTI TUIOH 3 BUJIA- . . |Bnacrusi ppykram mpo-
. YeBUid, ICKPaBUiA,
2 JIEHOIO KICTOYKOIO, OTHOTO BHTY, 3 o ro Buxy. be3 cropon-
. OJIHOTOHHMIA, O€3
HETIOIIKO/PKEHOTO MIKIPOYKOIO p . HBOTO CMaKy Ta 3amaxy
TUTSIM 1 TOTEMHIHb
Iini npurutocHyTi 1oau 3 Buaa- | TemHo-nomapanue- | Bnactusi ppykram 1po-
3 JICHOIO KiCTOYKOIO, OJTHOTO BUIY, 3| BHIA, OAHOTOHHHIHA, ro Buay. bes cropon-
HETOIIKO/DKCHOI MIKIPOYKOK | 0€3 IISIM 1 MOTEMHIHB | HhOTO CMAaKy Ta 3araxy
- . CBiTiIo-ioMapaHue- .
Limi mpuTuIIOCHY TI TUTOAM 3 BUAA- o < . | Biactusi ¢ppykram 11p0-
. BHIA, SICKPABHIiA KO,
4 JICHOIO KiCTOYKOIO, OJTHOTO BUJLY, 3 . ro Buay. bes cropon-
. OJIHOTOHHUI, Oe3
HETIOIIKODKEHOIO IIKIPOYKOIO - . HBOTO CMaKy Ta 3aIaxy
IUISIM 1 TOTEMHIHb
1lini npurrocHyTI TUoaM 3 Buaa- | TemHo-nomapanue- | Biactusi Gppykram 1po-
5 JICHOIO KiCTOYKOI, OJTHOTO BHY, 3| BHM, OJJHOTOHHHH, ro Buny. bes cropon-
HETIOMIKO/DKEHOIO MKIPOYKOK | 0€3 IUISM 1 MOTEMHIHb | HbOTO CMaKy Ta 3araxy
3. 3arajbHUIl BMICT Cip4HCTOr0 aHTIAPUAY B JOCHIIKYBAHUX IPO0ax
cymeHux GppykriB, Mr / kr (n =5, M + m)
Bu cytieHux Gpykris
Howmep npobu -
CnuBu DiHIKK Abpurocu
1 36,0+£0,3 26,0£0,1 61,0£0,1
2 41,0+0,1 19,0+0,2 91,0+£0,3
3 24,0+ 0,3 28,0+ 0,2 78,0+0,2
4 32,0+0,1 16,0+ 0,2 52,0£0,2
5 21,0+0,1 23,0+0,1 27,0+0,1
CepenHe 3HaYCHHS 30,8 £4,8 224+2,8 61,8 +13,1

VY X A0CIKYBaHUX MTPpodax He OyIo
BUSIBJICHO CYIICHUX TUIOMIB 13 MJIIMaMH
1 moreMHiHHAMU. Taki O3HAKU CBiqUu-
JIY TIPO MOYKJIMBE MEPEBUIICHHS BMICTY
KOHCEPBAHTYy B JaHUX CyXO(pyKTax.
OpHaK cepelHE 3HAYCHHS BMICTY SO2
y npobax CyIICHHUX CIIMB CTaHOBHIIO
30,8 + 4,8 mMr/kr, a y mpobax (iHiKiB —
22,4 + 2,8 Mr/kr (3a MaKCUMaJbHO J0-
myctumoro piBas 2000 mr/kr).
BigMiHHIA OLIHII 32 OpraHojer-
TUYHMMH TIOKa3HUKAMH SIKOCTi CyIIle-

HHUX aOpUKOC BiamoBizamu mpoou Ne 2 i
4, OoJlHAK HaWBWIIMH PIBEHb CIPUYHUCTOTO
aHTiApHAy Oy/I0 BCTAHOBIECHO y IPobax
Ne2,3i1-91,0£0,3,78,0+0,2161,0
+ 0,1 Mr/Kr, BiAmoBiHO. MOKIMBO, BUCO-
Ka OIIIHKA OPraHOJENTHYHNX TOKa3HHUKIB
SKOCTI CyIneHux abpukoc mpod Ne 2 i 4,
30KpeMa, CBITIO-IIOMapaH4YeBHi SICKpa-
BHI KOJIp Ta BIICYTHICTh IUISIM 1 TO-
TEMHIHb, CBIYMThL MPO CBIKICTH JaHHX
MPOAYKTIB. AJKE 3TiHO JITEPaTypHUX
nmanux (Bemrah et al., 2008; Ruiz-Capillas
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& Jimenez-Colmenero, 2008; Ozturk et
al., 2011; Shoaei et al., 2019) noka3Huk
BMICTY y cyXO(hpyKTax CipduCTOro aHriji-
PHIY 3aJICKHUTh Bifl 0ararbox (hakTopis:
KOHIIEHTpallii y cymenux ¢ppykrax SO,
Ticast iX 0OpOOKH, CrToco0y CyILIHHS IUI0-
JiB, TEpPMiHY 1 YMOB 30epiranHs 06pooiie-
HUX CyXO(PYKTIB, 2 TAKOXK METOITY BI3HA-
YEHHsI BMICTY CIPYMCTOrO aHTiIPUTY.
3araioM cepemHe 3HAYCHHS BMic-
Ty SO,y nocHipKyBaHMX Hpodax cy-
[ICHHX a0pHKOC OYJIO 3HAYHO HIDKYHM
(61,8 MI/KTr) MOPIBHAHO 3 pe3yibTara-
mu gociipkens Shoaei, Khorshidi &
Heshmati nposenenux B Ipani, B sKHX
el mokasHuk craHoBuB 1204,0 mr/kr
(Shoaei et al., 2019). Konrpons moxas-
HHUKa OE3MEYHOCTI CYIICHUX (DPYKTIB 3a
BMICTOM CIPYHCTOTO aHTIPUTY 3AIHCHIO-
€ThCsI B 0araTbox KpaiHax CBiTy (Ta0. 4).
BinbIiicTh XapyoBux 100aBOK HE Ma-
OTb, SIK TIPABIJIO, XapYOBOTO MIPU3HAYCH-
H#1 1 € 010JIOTTYHO IHEPTHUMH TSI OPraHi3-
My. IIpote pesysibratn HaykoBmiB Lillian
Chen, Brian De Borba Ta Jeffrey Rohrer
CBIYarTh, 10 Oy/b-sKa XiMiYHA CIOTyKa
a00 pedyoBHMHA B TMEBHHX YMOBAaX MOXKE
Oytu TokcraHoto (Chen et al., 2016). 3o-
KpeMa, € JlaHi, [0 peaKilis Ha CyabdiTu
(cipku JTIOKCHJI, HATPitO CYNTbQIT, HATPIO
riapocyibQiT, HaTpito MeTabiCyIbOIT, Ka-
Tito Metadicynbdir) gacrimre (B 5 — 13 %
BUIIAJIKIB) TIPOSIBISIETHCS Y XBOPHX 13 CTe-
Ppoino3anexHOr (HopMO OPOHXIATHEHOT
ACTMH, a TaKOX y TUX 0CI0, sIKi CTpaK/ia-

IOTb Ha HEMEPCHOCUMICTh HECTEPOITHIX
MPOTH3ANAJIbHUX 3aCO0IB 1 aTOMIYHUMA
nepmarut. OImcaHi TTOOJUHOK] BUITAJIKU
PO3BUTKY aHA(IIAKTHYHUX PEaKIii Ha
CyAb(DITH, a TAKOXK MIKIPHI (KPOIHB’ SIHKA,
HaOpsik KBiHKe, KOHTAKTHUN J€PMATHT) 1
pecriparopHi (OpoHxocnasM, npodeciii-
Ha OpoHXiaJlbHa acTMa, HaOpSK TOPTaHi)
MpOsIBY aJiepriunux peakiii (Lester et al.,
1995; Vally et al., 2009; Chen et al., 2016;
Zaikov et al., 2017).

Sk BiIOMO, KpiM CyIIEHUX (DPYKTIB,
CyNb(DITH MICTITBCS Y BUHI, TTHBI, CHJIPI,
CBIXKMX (pyKTax Ta OBOYaX, ropixax,
M’SICHUX MPOAYKTaX, KOHAUTEPCHKHUX
BHpoOax, PPYKTOBUX Ta OBOUEBHX CO-
Kax, coycax (Ruiz-Capillas & Jimenez-
Colmenero, 2008; Altunay & Giirkan,
2016). 3 ypaxyBaHHSIM pe3yJIbTaTiB
HAIIUX TOCTIKEHb Ta MOMEePENHbO 3a-
3HAUCHUMU JTAHUMU HAyKOBIIiB, MOKHA
JNOMYCTHTH, IO JIOJMHA, KA CIIOXKH-
Ba€ CyXO(pYyKTH, HaBITh 3 JOMYyCTH-
MHM BMICTOM CIpKH JIOKCHIY, MOXE
3aBIaBaTU LIKOIH BIACHOMY 3I0pPOB’IO.
VY 3B’SI3Ky 3 UM, HACTYITHHM €TaroM
HAIIUX JOCIIIKECHb OYII0 eKCIIePUMEH-
TaJbHO BU3HAYHUTH CIOCIO 3HWKCHHS
BMICTY CIpUHCTOTO aHTIAPUAY B CyIle-
HUX (QpYyKTax IS AOCSTHCHHS MAaKCH-
MaJIbHOI OE3IIEYHOCTI JAHUX MTPOIYKTIB.

Mischek & Krapfenbauer-Cermak
CTBEPUKYIOTD, 1110 CIPKH JIIOKCH/T — JIET-
Ka pedoBHMHa, a ToMy BmicT SO,y cy-
XO(pyKTax MOXKE 3aJIeXKATH BiJl TEPMiHY

4. Cepenni 3Ha4eHHsI BMiCTY CipUHCTOro aHTiIpuaAy B cynmeHux Gppykrax
3riIHO pe3yJbTATIB A0CTi/IKeHb HAYKOBLIB Pi3HUX KpaiH cBiTY

Kpaina Ceple{ﬂ:;i;zqeﬂ- Pi;orgil (i);;f[eeHliHﬂ Iocunanus
Ipan 700,63 2019 Shoaei et al., 2019
ABcTpaitis 339,5 2012 Mischek & Krapfenbauer-Cermak, 2012
Benbris 179,0 2010 Vandevijvere et al., 2010
Opanuis 1005,9 2008 Bemrah et al., 2008
Kopest 1070,0 2007 Suh et al., 2007
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Puc. 1. lunamika 3MiHM 3araJibHOT0 BMiCTY CipUMCTOr0 aHTiIPUAY B CyHIEHHX
a0pukocax BHACTIIOK BUTPUMYBAHHS JOC/iIKyBaHUX P00 y BOi, MI / KT

1 yMOB 30epirantsi 00poOIeHUX TPOIYK-
tiB (Mischek & Krapfenbauer-Cermak,
2012). Ozturk, Konak, Ozturk et al.,
BCTAQHOBWIIM 3HIDKEHHSI BMICTY Cip4u-
CTOTO aHTIIPHUIY B CYIICHHX a0pHKOCax
3 1586 Mr/kr (Ha modatky JOCIIAY) JI0
1091 mr/kr micnsg 12 MicsiiB 30epiraH-
HS1 IOCJIDKYBAHUX 3pa3KiB CyXO(MPYKTiB
3a Temneparypu mositps 4 — 13 °C. Ilig
94ac IPOBEJCHHS CKCIICPUMCHTAIbHHUX
JOCTIKEHb HAYKOBIIl BHSIBHJIM 3MIHH
OPraHOJICITUYHUX TIOKA3HUKIB SIKOCTI
CYIICHHX IUIO/IB 3aJI€XKHO BiJ[ 3HMKEH-
HSl BMICTY CIpUHCTOTrO aHTIAPHIY: BIIPO-
JIOBXK POKY JIOCIHI/KEHb KOJIP CYIICHUX
aOpUKOC CcTaBaB OULTBII THMSHUM 1 TeM-
HHM, @ KOHCHCTEHIIisI — MEHIIT M’ ICHCTA 1
miteHa (Ozturk et al., 2011).

KpiM TOro, cipku MIOKCHJ 30aTHUI
JI0 PO3YMHHOCTI y BOJI HU3bKHX TEMIIe-
paryp (po3unHHICcTh Y Bomi: 22,97 1/100
i 3a 0 °C; 11,58 /100 m 3a 20 °C ta
9,4 1/100 mi 3a 25 °C) (European Food
Safety Authority, 2016; Luis, 2016; Lydyn
et al., 2000). Buie 3a3HaucHi J1aHi BKa-
3yIOTh Ha MOXKIJIUBICTh 3HMXKEHHSI BMICTY
CIPKH JIIOKHY B CYIIIEHHUX (DPYKTax Micis

BUTPUMKH X BIPOTOBXK MEBHOTO Yacy y
BOJIi. 3 METOIO TIPOBEICHHS EKCIIEPUMEH-
TaBHUX JIOCIIDKCHb, TPOOU CYIICHUX
abpuxoc Ne 1-5 (OCKLUTBKH caMe B IIbOMY
BUJII CyIlIeHUX (DPYKTiB HAMH OyJI0 BU3HA-
YEHO HAWUBHIIMA BMICT CIpYHUCTOTO aHTi]I-
pUILy) BOPOAOBK | TOAMHU BUTPUMYBAIH
y Bomi 8-13 °C, mpu mpomy 4 pasu mpo-
MUBAJIH JOCIIDKYBaHHH MaTepialt 1 3Mi-
HIOBAJTH BOLY.

PesyneraT BU3HAUCHHS 3arallbHOTO
BMICTY CIpYHMCTOrO aHTIAPUAY Y HOCHi-
JUKYBaHUX Tpo0ax CyIIEHHX aOpUKOC
BKa3ytoTh Ha Biporigne (P < 0,01) 3Hu-
JKCHHS I[bOTO TTOKa3HHUKA MOPIBHIHO 13
3HAQUCHHSAMH [EPBUHHHUX IOCIIIKCHB
BmicTy SO, y manmx mpobax: Ne 1 —
11 £ 0,2 mr/kr, Ne 2 — 18 + 0,2 mr/kr,
No3-23+0,1 mr/kr, Ne4—16+0,2 Mr/xr,
Ne 5 -5=+0,1 mr/kr (puc. 1).

OTpuMaHi pe3yabTaTd eKCIePHMEH-
TaJbHUX JOCIIDKCHb CBIAYAThH IIPO TE,
10 BUTPUMYBAHHS CYIICHHX a0PHKOC Y
Bofli 8 — 13 °C BNPOAOBK OJHIET TOUHH
MPU3BOJHTE 10 3HIKEHHS BMICTY CipKH
niokcuay B mpobax Ne 1 — 5 Ha 82 %,
80,2, 71, 69,2 ta 81,4 %, BiAMOBIIHO.
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Bucnosexu i nepcnekmuéu

Pesynbrate  opraHONENTHYHUX  JO-
CITIJDKEHB YCIX TPO0 CYIIEHUX CIUB, (i-
HIKIB Ta abpukoc mpod Ne 2 i 4 BKa3yrOTh
Ha BIAMIHHUNM CTaH MOKA3HUKIB SKOCTI
(sIckpaBuii HAaCHUEHHMH KOJIp, TMOBEPX-
Hs ONTMCKy4Ya, KOHCHCTCHIIIS M SICHCTA).
[Hmi mpoOu  AOCHIDKEHUX  CYHICHUX
(GpYKTIB TakoX 3a OPraHOJICHTUIHHMHU
HOKa3HUKAMU  BIANOBIAJIM BUMOIaM
YMHHUX HAI[IOHALHUX CTAHIAPTIB.

XiMiYHI JTOCTIJKCHHST CYIICHHX
(bpyKTIB CcBiTYaTh MpO X OE3MEUHICTD,
OCKIJIBKM 3arajlbHUil BMICT CIPKH -
OKCHJTy HE MICPEBUIYBaB MAKCUMAIHLHO
JOMYCTHMOTO PiBHS [UISI CTIOXKHBAHHS.

3a pe3ynbraraMu IPOBEACHUX HAMU
OpPTraHOJIENTHYHUX Ta XIMIYHUX HOCIHi-
JDKCHD HE BUSIBIICHO MIPSIMOT 3aJISKHOCTI
OPTaHOJICNTUYHUX ITOKA3HUKIB SKOCTI
CylieHHuX (PPYKTIB BT BMICTY B HHX Cip-
YHCTOTO aHTIAPHIY.

BurprmyBaHHS cymieHUX aOpHKoc y
Bomi 3a Temmeparypu 8—13 © C BIpomoBx
OIHI€T TOIMHY TIPU3BOIUTE 1O 3HIDKCHHS
BMICTY CIpKH JTIOKcHTy B ipodax Ne 1-5 Ha
82 %, 80,2, 71, 69,2 ta 81,4 %, BIAIOBIAHO.

MaiiOyTHI  JOCHI/DKEHHS  OyAyTh
CIIPSIMOBaHI Ha BUBYCHHS 3aJICKHOCTI
BMICTY CIPKH JIIOKCHIY B CYXO(pYKTax,
3aJIe)KHO B1JI TEPMiHY 1 YMOB 30epiraH-
HS TaHHUX MIPOIYKTIB.

References

Bemrah, N., Leblanc, J.C. & Volatier, J.L.
(2008). Assessment of dietary exposure in
the French population to 13 selected food
colors, preservatives, antioxidants, stabiliz-
ers, emulsifiers and sweeteners. Food Ad-
ditives and Contaminants: Part B. 1: 2 — 14.
doi: 10.1080/19393210802236943.

Chen, L., Borba, B. & Rohrer, J. (2016). Determi-
nation of total and free sulfite in foods and
beverages. Thermo fisher scientific, 54: 1 —8.

European Food Safety Authority (EFSA). (2016).
Panel on food additives and nutrient sourc-
es added to food (ANS). Scientific opinion
on the re-evaluation of sulfur dioxide (E
220), sodium sulfite (E 221), sodium bisul-
fite (E 222), sodium metabisulfite (E 223),
potassium metabisulfite (E 224), calcium
sulfite (E 226), calcium bisulfite (E 227),
and potassium bisulfite (E 228) as food
additives. EFSA Journal. 14: 4438. doi:
10.2903/j.efsa.2016.4438.

Freedman, B.J. (1980). Sulphur dioxide in
foods and beverages: its use as a preser-
vative and its effect on asthma. Br. J. Dis.
Chest., 74(2):128-134. doi:10.1016/0007-
0971(80)90023-6.

Frukty kistochkovi susheni. Tekhnichni umovy
[Dried stone fruits. Specification]. (2017).
DSTU 8471:2015 from 2017. Kyiv. (in
Ukrainian)

Frukty, ovochi ta produkty pereroblennia.
Vyznachannia zahalnoho vmistu sirchys-
toho anhidrydu. [Fruits vegetables and
derived products. Determination of total
sulphur dioxide content]. (2005). DSTU ISO
5522:2004 from 2005. Kyiv. (in Ukrainian)

Lester, M. R. (1995). Sulfite sensitivity: signifi-
cance in human health. J. Am. Coll. Nutr.,
14(3): 229 — 232. doi:10.1080/07315724.1
995.10718500.

Lou, T., Huang, W., Wu, X., Wang, M., Zhou, L.,
Lu, B., Zheng, L. & Hu, Y. (2017). Monitor-
ing, exposure and risk assessment of sulfur
dioxide residues in fresh or dried fruits and
vegetables in China. Food Additives and
Contaminants: Part A, 34: 918 — 927. doi:
10.1080/19440049.2017.1313458.

Luis, F.(2016). Guido Sulfites in beer: re-
viewing regulation, analysis and role.
Scientia Agricola, 73 (2): 189 — 197. doi.
org/10.1590/0103-9016-2015-0290.

Lydyn, R. A., Molochko, V. A. & Andreeva, L. L.
(2000). Khymycheskye svoistva neorh-
anycheskykh veshchestv [Chemical prop-
erties of inorganic substances]. Moskva.:
Khimiia, 455. (in Russian)

50 | ISSN 2663-967X

YKpaiHCbKMI 4aconmnc BeTepMHapPHNX HayK

Vol. 11, N2 2, 2020



JlocnioxceHHs 3anexHocmi op2aHoenmuYHUX MoKA3HUKIB AKOCMI CyuleHUX (ppyKmis...

Mischek,
(2012). Exposure assessment of food pre-

D. & Krapfenbauer-Cermak, C.

servatives (sulphites, benzoic and sor-
bic acid) in Austria. Food Additives and
Contaminants: Part A, 29: 371 — 382. doi:
10.1080/19440049.2011.643415.

Ozturk, K., Konak, R., Ozturk, B., Atay, S., Celik, B.,
Yanar, M., Demirtas, M. N. & Ercisli, S. (2011).
Effects of sulphurization duration of doses
and cold storage on SO2 content of dried
apricot fruits of cv. ‘Hacihaliloglu’. Notulae
Botanicae Horti Agrobotanici Cluj-Napoca.
39:237 —241. doi: 10.15835/ nbha3926235.

Ruiz-Capillas, C. & Jimenez-Colmenero, F.
(2008). Review Determination of pre-
servatives in meat products by flow in-
jection analysis (FIA). Food Additives
and Contaminants, 25(10): 1167 — 1178.
doi:10.1080/02652030802036214.

Shoaei, F,, Khorshidi, M. & Heshmati, A. (2019). The
Risk Assessment of Sulphite Intake through
Dried Fruit Consumption in Hamadan, Iran.
Journal of Food Quality and Hazards Control.
6:121—127. doi: 10.18502/jfghc.6.3.1386.

Silva, M. M., Lidon & F. (2016). Food preserva-
tives-An overview on applications and side ef-
fects. Emirates Journal of Food and Agriculture.
28: 366 —373. doi: 10.9755/ejfa.2016-04-351.

Suh, H.J, Cho, Y. H., Chung, M. S. & Kim, B. H.
(2007). Preliminary data on sulphite intake
from the Korean diet. Journal of Food Com-
position and Analysis. 20: 212 — 219. doi:
10.1016/j.jfca. 2006.04.012.

Tarasenko, T. A., Yevlash, V. V. & Niemirich, O. V.
(2015). Teoretychne doslidzhennia sposobiv
sushinnia ovochiv ta fruktiv [Theoretical study
of methods of drying vegetables and fruits].
Naukovyi visnyk LNUVMBT im. S.Z. Hzhytsko-
ho. — Scientific Bulletin of LNUVMBT them. S.
Gzitsky, 4(64): 148 — 158. (in Ukrainian)

Vally, H., Misso, N.L.A. & Madan, V. (2009).
Clinical effects of sulphite additives. Clinical
and Experimental Allergy. 39: 1643 — 1651.
doi: 10.1111/j.1365-2222.2009.03362.x.

Vandevijvere, S., Temme, E., Andjelkovic, M.,
De Wil M., Vinkx, C., Goeyens, L. & Van
Loco, J. (2010). Estimate of intake of sulfites
in the Belgian adult population. Food Addi-
tives and Contaminants: Part A. 27: 1072 —
1083. doi: 10.1080/ 19440041003754506.

Zaikov, S. V., Varytska, H. O. & Kyrylenko, T. V.
(2017). Alerhiia na alkoholni napoi: klinika,
diahnostyka, likuvannia [Allergy to alcohol-
ic beverages: clinic, diagnosis, treatment].
Zdorovia Ukrainy. Health of Ukraine, 4: 2 —
4. (in Ukrainian)

Klyap N.I., Maslyuk A.V., Biryuchenko L.R., Krachkovska O.0., Yakubchak O.M. (2020).

RESEARCH OF THE DEPENDENCE OF ORGANOLEPTIC QUALITY INDICATORS OF DRIED

FRUITS ON THE SAFETY INDICATOR OF SULFUR DIOXIDE CONTENT. Ukrainian Journal

of Veterinary Sciences, 11(2): 43-52, https.//doi.org/10.31548/ujvs2020.02.004.

Abstract. The problem of providing the population with quality, environmentally friendly food
is of great medical and socio-economic importance. To stabilize the organoleptic characteristics
of the product quality: preserving the brightness of color, aroma and taste, avoiding darkening
and rotting of the fruit, during drying, they are pre-treated with sulfur dioxide (SO,). In Ukraine,
S0, is included in the list of permitted dietary supplements and is considered to be safe for health,
while adhering to maximum permissible standards of use. However, the results of research by
world scientists indicate that the consumption of products containing sulfur dioxide is harmful
to human health.

The purpose of these studies is to determine the dependence of organoleptic quality indicators
of dried fruit samples on the safety index of sulfur dioxide content; to determine the effect of expo-
sure of dried apricot samples in water (8—13 °C) on the content of sulfur dioxide.
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The studies were conducted on the basis of the laboratory of organoleptic and physicochemical
studies of the chemical and toxicological research department of the State Research Institute for
Laboratory Diagnostics and Veterinary and Sanitary Expertice (DNILDVSE). To control the quality
of dried plums, dates and apricots, organoleptic studies were performed according to the require-
ments of DSTU 8471: 2015. To study the safety of these products, the total sulfur dioxide content
was determined by acidimetric and nephelometric methods according to DSTU ISO 5522: 2004.

The results of organoleptic studies indicate that each of the dried fruit samples tested met the
organoleptic quality standards of DSTU 8471: 2015. The results of the physical and chemical stud-
ies indicate the safety of the data of the samples of dried fruits by the content of sulfur dioxide, as
the obtained values did not exceed the maximum permissible norms for consumption: the aver-
age value of the total content of sulfur dioxide in the samples of dried plums — 30.8 + 4.8 mg/kg,
dried dates — 22.4 + 2.8 mg/kg, dried apricots — 61.8 + 13.1 mg/kg. Analyzing the results
of organoleptic and p h ysicochemical studies, we have not established a direct dependence
of organoleptic quality indicators of dried fruits on the safety index of sulfur dioxide content.

Experimental studies were also conducted to determine the effect of the exposure of the dried
apricot samples (average total sulfur dioxide content — 61.8 + 13.1 mg/kg) in water (8-13 °C)
on the sulfur dioxide content. The results of determining the total content of sulfur dioxide in the
tested samples of dried apricots indicate a significant (P < 0.01) decrease in this indicator com-
pared with the values of primary studies of SO, content in these samples: No. 1—11 + 0.2 mg/kg,
No. 2-18 + 0.2 mg/kg, No. 3 —23 + 0.1 mg/kg, No. 4 — 16 + 0.2 mg/kg, No. 5 -5 + 0.1 mg/kg
(decrease by 82 %, 80, 2, 71, 69.2 and 81.4 % respectively).

Keywords: dried fruits, organoleptic studies, sulfur dioxide content

ModaHo Ao ApyKy 26 bepesHsa 2020 poky
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Abstract. Due to the growing need for healthy food, the demand for high-oleic sunflower
oil is increasing every year, both in the world and in Ukraine. Oil has valuable properties
for both manufacturers and consumers. Therefore, setting standards for the fatty acid
composition of sunflower seeds and sunflower oil is quite relevant and important.
The purpose of this work is to carry out a comparative analysis of the Ukrainian and
the international regulations on the content of fatty acids in sunflower oil; to study
the sunflower oil and sunflower seeds available on the Ukrainian market by separate
quality indicators and to determine the proportion of high-oleic oil.

The article provides a comparative analysis of national and international regulations.
The current DSTU 4492: 2017 does not have a distribution of sunflower oil according
to the oleic acid content. This acid is normalized in the range of 14.0-39.4 %, which
corresponds to ordinary oil. According to international requirements, sunflower oil is
divided into ordinary, with an average content of oleic acid and high-oleic acid, and
some more fatty acids regulated. We used gas chromatography to determine the fatty
acid composition of sunflower seeds and sunflower oil samples received for research at
ULQSAP during 2017-2019. It was found that the market of Ukraine had a significant
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share of high-oleic oil, particularly in 2019 (57.14 %), compared to 2018 (18.8 %) and
2017 (40 %). This confirms the worldwide trend of growing varieties of high oleic acid

sunflower breeds in Ukraine.

A comparative analysis of sunflower seeds by mass fraction of oil for 2017-2019 was
carried out. We established that by mass fraction of oil, sunflower seeds used for the
production of sunflower oil in Ukraine mainly belong to the second class.

Keywords: fatty acids, high-oleic oil, sunflower seeds, oleic acid, the mass fraction of oil

Introduction

The composition of sunflower oil is
quite variable and depends on the type
of sunflower and its place of cultivation,
the method of obtaining the product and
methods of its purification. The follow-
ing vitamins are present in the crude
oil: A, D, E, group B (B ,B,,B,, B,,B)).
It is known that systematic use of oil im-
proves the cardiovascular system (low-
ers cholesterol, strengthens the vascular
walls, protects against atherosclerosis,
severe p a thologies of blood vessels
and heart); oil has a positive effect on
brain function (improvement of cogni-
tive fun ction), endocrine and urinary
system; it promotes the normalization of
the gastrointestinal tract function; it pre-
vents premature aging (due to its high
tocopherol content, which is three times
higher than in olive oil). Sunflower oil
contains a significant amount of lipids
(that are not synthesized in the body and
need to be obtained from food), phytos-
terols, vitamins. In addition, it contains
linoleic, oleic, palmitic, stearic, linole-
nic and arachidonic fatty acids, which
take part in the nervous system oper-
ation, namely in the creation of nerve
tissues membranes and cell membranes.

However, the results of studies on the
benefits and harms of human polyunsat-
urated fatty acids are controversial. In
particular, the differences concern the al-
lowable levels of -3, ®-6, ®-9 in the diet.

There is some evidence of the preventive
effect of these acids on cardiovascular dis-
ease (Ushkalov et al., 2017; Uriho et al.,
2019). At the same time, it is suggested
that large amounts of ®-3 can cause pros-
tate cancer (Sanders et al., 2014), and -6
increases the ratio of collagen I/III in the
myocardium, which leads to stagnation in
the heart and disrupts transmitral blood
flow (Beam et al., 2015).

Discussions also address the issue of
heat resistance of different types of edible
oils. Studies on their compatibility and
the possibility of combined use are be-
ing conducted. Thus, the combination of
sunflower and sesame oil provides suffi-
cient heat resistance and makes the indus-
trial use of oils safe (Grosh et al., 2019).
A mixture of rapeseed, corn, olive, peanut
and high-oleic sunflower oils can prevent
and control cardiovascular disease (Uriho
etal., 2019).

Oleic acid ®-9 is a monounsaturat-
ed fatty acid substantially contained in
olive oil. It is oleic acid that is a part
of lipids — important components of
cell membranes that ensure the normal
course of many vital processes in the
body. In the absence of oleic acid in the
body, it is replaced by other fatty acids
that results in dramatic change of cell
membranes permeability, which in turn
leads to metabolic disorders. In part,
®-9 is produced by the body itself, but
a significant proportion comes from ®-9
containing products (Euralis, 2020).
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Due to the growing popularity of
healthy foods, the demand for high-ole-
ic sunflower oil is increasing every year
—both in Ukraine and in the world. Now
the demand is being formed mainly by
EU countries and is expected to increase
in the nearest future due to the introduc-
tion of mandatory labeling of products
with specification of oil source (Euralis,
2020). Due to the fact that the share of
high-oleic sunflower is increasing every
year — both in Ukraine and worldwide
— the issue of establishing standards for
fatty acid composition becomes quite
relevant and important.

Analysis of recent researches
and publications

The volume of of sunflower seeds pro-
duction in Ukraine is 13.3 million tons,
which is about 32 % of the world volume.
The production of sunflower oil is over
4.66 million tons. This is the market with
prev ailing export operations. The level
of domestic consumption is only is only
450-500 million tonnes (Landlord, 2020),
though some upward trend has been ob-
served recently. Currently, there are hybrid
sunflower seeds with high oleic fat content
in the Ukrainian market: ES Schedule SL
(89 %), ES Romantic (86 %), ES Aromat-
ic SU (89 %). According to the 2018 data,
ES seeds Schedule SL with recommended
areas of forest steppe and northern steppe
are grown in seven regions of Ukraine.
ES Romantic seeds are recommended for
steppe, forest-steppe and woodland areas
in fifteen regions of Ukraine. ES Aromat-
ic SU is cultivated in steppe, forest-steppe
and woodland areas in sixteen regions of
Ukraine (2018) (Euralis, 2020).

Sunflower is considered high oleic
if the content of monounsaturated ole-
ic fatty acid (Omega 9) in the oil ob-
tained from it is more than 82 % and if

the content of polyunsaturated linoleic
fatty acid (Omega 6) is low. This type
of sunflower was derived by breeding
methods and the genetic potential of its
oleic acid content is up to 95 %, which
is the highest rate among all oil crops.
High-oleic sunflower oil has the highest
content of natural antioxidant — vitamin
E —45 mg/100 g, which reduces the risk
of cardiovascular system diseases (the
main cause of premature human death
nowadays), prevents the emergence of
tumors and strengthens human immuni-
ty (Syngenta, 2020; Landl, 2020; Ukro-
lia, 2020).

Processing of traditional sunflower
oil (high in linoleic fatty acid) for the
production of margarine and during
frying results in formation of active
trans-isomers. These substances raise
the blood cholesterol level, cause cardio-
vascular and tumor diseases («harmful»
cholesterol). Trans fats raise low-den-
sity lipoprotein («bad cholesterol» or
LDL-C) levels and lower high-density
lipoprotein (HDL-C) levels, and thus
double the risk of cardiovascular dis-
ease. During the heat treatment and
hydrolysis of oils with high oleic acid
content, carcinogens and cholesterol
reducing cis-isomers are formed.There-
fore, for more than 10 years high-oleic
sunflower oil has been widely used in
healthy foods production. This oil has a
long cycle of use during frying at high
temperatures (24-hours) and contains
not more than 10 % of saturated fats.
The shelf life of high-oleic oil and its
derivatives (margarine) is four times
longer than the shelf life of traditional
oil (Manzo et al., 2019; Syngenta, 2020;
Ukroliya, 2020).

Requirements for the quality of oils,
and for sunflower oil in particular are
presented in DSTU 4492: 2017 Sunflow-
er oil. Specifications; GOST 30418-96
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Vegetable oils. Method of determination
of fatty acid composition (Vegetable oils.
Methods of determination of fatty acid
composition); Codex Stan 210-1999 Co-
dex standard for named vegetable oils.

The purpose of this work was to
carry out a comparative analysis of in-
ternational regulations and regulations
of Ukraine on the content of fatty acids
in sunflower oil; to study the sunflower
oil and sunflower seeds available on the
Ukrainian market according to separate
quality indicators and to determine the
proportion of high-oleic oil.

Materials and methods
of research

The research was conducted in
20172019 at the Ukrainian Laborato-
ry for Quality and Safety of Products of
AIC NULES of Ukraine in the context
of the scientific theme: “Monitoring of
quality of bioresources and production
of agro-industrial complex for ensur-
ing food and environmental safety of
Ukraine”. The research material was
sunflower seeds and sunflower oil from
various manufacturers. Oil sampling was
performed in accordance with DSTU
4349: 2004 Oils. Methods of sampling
(ISO 5555: 1991, NEQ), sampling of
seeds — in accordance with DSTU 4601:
2001 Oilseeds. Sampling methods.

To determine the fatty acid com-
position of the oil according to GOST
30418-96, the samples were thoroughly
mixed. 3—5 drops of oil were taken and
dissolved in 1.9 cm?® of hexane. 0.1 cm?
sodium methylate solution in methanol
(2 mol/dm?®) was added to the result-
ing solution and stirred thoroughly for
2 min. After settling (5 min), the sample
was filtered through a paper filter (blue
ribbon), leaving a precipitate at the bot-
tom of the tube (GOST, 1998).

Fatty acid methyl esters (FAs ) were
analyzed on a Trace GC Ultra (USA) gas
chromatograph with a flame ionization
detector. Chromatographic conditions:
column temperature 140-240 °C, detec-
tor temperature — 260 °C. The sample
was introduced into the chromatograph
with a 1 pl TriPlus autosampler. Dura-
tion of analysis — 65 min.

The identification of fatty acids was
performed using a standard Supelco 37
Component FAME Mix sample con-
taining 37 fatty acids. Quantitative as-
sessment of the spectrum of fatty acids
was carried out by the method of in-
ternal normalization, the content was
determined in percentage. All samples
were examined in 2 parallels.

Mass fraction of oil was determined
according to DSTU 7577:2014. The
method involves complete extraction of
free lipids from the crushed seeds with
solvents on a Soxhlet apparatus. The de-
termination of the oil content was carried
out on an extraction apparatus for the
quantitative separation of substances from
mixtures using organic solvents Solvent
Extractor SER 148 (DSTU, 2014).

To calculate the oil content of the
dry substance, the moisture was deter-
mined paralelly in in accordance with
DSTU4811:2007. The studies were per-
formed in 2 parallels.

Statistical processing of experimen-
tal data was carried out by conventional
methods of variational statistics. Statis-
tical significance of difference in indi-
cators was evaluated by the Student’s
t-criteria.

Results of the research
and their discussion

According to DSTU 4492: 2017
Sunflower oil. Specifications (Appen-
dix E) for sunflower oil present stan-
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dards for 11 fatty acids. Moreover, there
is no division into groups, depending on
the amount of oleic acid. In this docu-
ment, the requirements are presented in
numerical terms and are consistent with
the Codex Alimentarius requirements
for 10 oleic acids of conventional oil.
However, in contrast to the Code, mar-
garic, heptadecenic, erucic, docosadien-
ic and lignoceric acids are not standard-
ized by the national standard. Also, the
digital values are different from those
presented in GOST 30623-98 for six
fatty acids (Table 1). According to this
regulation, only 20 fatty acids are isolat-
ed in vegetable oils. Different amounts
of these fatty acids are normalized for
different oils. Sunflower oil is divided
into two groups according to its fat con-
tent: high oleic oil and regular. 7 fatty

acids are normalized in high-oleic oil,
13 — in normal oil.

In contrast to this, the Codex Stan
210-1999 divides sunflower seed oil
into three groups, depending on the
oleic acid content: high (75.0-90.7 %),
medium (43-71.8 %) and low (14.0-
39.4 %). This document provides stan-
dardization of 15 fatty acids for low
oleic acid sunflower oil, 14 for medium
oleic fatty acid sunflower oil and 15 for
high oleic sunflower oil (Table 1).

In all three regulatory documents
11 fatty acids are normalized regard-
less the division into groups of: myris-
tic, palmitic, palmitoleic, stearic, oleic,
linoleic, a-linolenic, arachic, gondoic,
begenic, lignocerinic. As for oils with
a high content of oleic fatty acids, the
Codex Alimentarius normalized myris-

1. Requirements for the fatty acid composition of sunflower oil in accordance
with applicable regulatory documents

DSTU 4492 GOST 30623-98 CODEX FLAT 210-1999
T%?ﬁ?%gig&de 2017 sunflower | high-oleic | sunflower- | higholeic | mid-oleic

sunflower oil oil sunflower oil | seed oil acid acid
Myristic C14:0 t00.2 t00.2 no norms t0 0.2 t0 0.1 to 1.0
Palmitic C16:0 50-7.6 56-176 42-4.6 50-7.6 26-5.0 40-55
Palmitoleic C16:1 t0 0.3 t00.3 1no norms t0 0.3 t0 0.1 to 0.05
Margarine C17:0 1no norms 1no norms 1no norms t00.2 t0 0.1 to 0.05
Heptadecene C17:1 | no norms nonorms | notnorms t0 0.1 t0 0.1 to 0.06
Stearic C18:0 27-65 2.7-65 41-48 2.7-65 29-62 2.1-5.0
Oleic C18:109 140-394 | 140-394 | 61.0-69.8 | 140-394 | 75-90.7 | 43.1-71.8
Linoleic C18:2w6 | 483-74.0 | 183-74.0 | 21.9-284 | 483-740 | 2.1-17 18.7-45.3
a-linolenic C18:3m3 t0 0.3 t0 0.2 1no norms t0 0.3 t0 0.3 up to 0.5
Arachic C20:0 0.1-0.5 02-04 t0 0.7 0.1-0.5 02-0.5 02-04
Gondoic C20:109 t0 0.3 t0 0.2 up to 0.5 t0 0.3 0.1-0.5 02-0.3
Begenic C22:0 03-15 05-13 0.7-1.2 03-15 0.5-1.6 0.6-1.1
Erucic C22:1 1no norms t00.2 not about rm. t0 0.3 t0 0.3 no norms
Docosadiene C22:2 | no norms t00.3 1no norms t0 0.3 not norms to 0.09
Lignocerin C24:0 upto 0.5 0,2-0,3 no norms upto 0.5 not norms 03-04

Note: data are presented as mass fraction of fatty acid in % of total fatty acids.
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tic, palmitoleic, margaric, heptadecenic,
a-linolenic, erucic fatty acids, while in
GOST they are not normalized. The
numerical values also differ from those
given in GOST for almost all fatty acids
except gondoic acid.

Thus, all described normative doc-
uments differ both in quantitative and
qualitative standards.

We also analyzed the data on the
fatty acid composition of sunflower oil
samples received for research at the UL-
QSAP during 2017-2019. By high-sen-

sitivity gas chromatography, 13 fatty
acids were identified and quantified in
sunflower oil: myristic (C14: 0), palmit-
ic (C16: 0), palmitoleic (C16: 1), stearic
(C18: 0), oleic (C18: 1), linoleic (C18:
2), arachin (C20: 0), a-linolenic (C18:
3w3), gondoin (C20: 1®9), begenic
(C22: 0), erucic (C22: 1), docosadiene
(C22: 2), lignocerin (C24: 0) (Table 2).

In the current DSTU 4492: 2017 no
distribution of sunflower oil by oleic
acid content is presented: this acid is
normalized in the range of 14.0-39.4 %,

2. Results of studies of the fatty acid composition of sunflower
0il (2017 -2019), M £+ m

Sunflower oil, 2017 Sunflower oil, 2018 Sunflower oil, 2019
The name and - - - - - -
code of the fatty |sunflower- | high oleic | sunflower- | high oleic | sunflower- | high oleic
acid seed oil acid seed oil acid seed oil acid
n==o6 n=4 n=18 n=4 n=15 n=20
Myristic C14:0 0.070+ | 0.080+ | 0.0600+ | 0.0400+ | 0.080+ | 0.130+
¥ ) 0.002 0.012 0.0016 0.0014 0.002 0.004
.. ) 6.94 + 2.80+ 555+ 442 + 6.58 + 4330+
Palmitic C16:0 0.42 031 0.72 0.99 062 | 0023
Palmitoleic C16:1 0.120+ | 0.090+ | 0.0800+ | 0.070+ | 0.100+ | 0.080+
) 0.051 0.005 0.0021 0.002 0.002 0.005
Stearic C18:0 3.440 + 3.19 357+ 3.070 £ 3.79+ 2,610+
) 0.073 + 0.02 0.98 0.065 0.03 0.021
. ) 20.40 £ 8739+ | 26.11+ 83.20 + 26.39 82.19 +
Oleic C18:109 1.61 186 1.32 211 | 171 | 199
o ) 67.65+ 413+ 6330+ 7.24 + 61.58 9.10 +
Linoleic C18:206 | 7§ g 0.34 235 089 | +153 | 095
Arachic C20:0 0250+ | 0290+ | 02200+ | 0230+ | 0.230+ | 0.1400+
) 0.011 0.031 0.0013 0.016 0.021 0.0054
a-linolenic 0.080 + 0.25+ 0.050+ | 0.1100+ | 0.080+ | 0.2000 +
Cl18:3w3 0.003 0.05 0.007 0.0003 0.004 0.0015
Gondoin C20:109 0.120+ | 0260+ | 0.1300+ | 0.170+ | 0.140% |0.12000 +
) 0.002 0.007 0.0003 0.001 0.002 0.00023
. . 0.64 + 1.10 + 0.66 + 0.92 + 0.72+ 095+
Begenic €22:0 0.05 0.02 0.03 0.03 0.04 0.08
Erucic C22:1 0.020+ | 0.050+ | 0.030+ | 0.060+ | 0.0200+ | 0.080+
) 0.005 0.001 0.003 0.002 0.0001 0.004
Docosadiene 0.020+ | 0.030+ | 0.050+ | 0460+ | 0.040+ | 0.050+
C22:2 0.001 0.001 0.003 0.007 0.009 0.006
Lienocerin C24:0 025+ 0.34 + 0.190+ | 0.040+ | 0250+ | 0.200=+
en ) 0.07 0.03 0.002 0.001 0.004 0.001

Note: the data is presented as a mass fraction of fatty acid in % of the sum of fatty acids.
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M 1st class sunflower
M 2nd class sunflower

B 3rd class sunflower

Fig. 1. Class of sunflower seeds, depending on the mass fraction of oil

which corresponds to ordinary oil.
Therefore, a significant proportion of
sunflower oil produced in Ukraine does
not meet the requirements of the current
DSTU, since the oleic acid content is
higher than 39.4 %. Therefore, the test-
ed oil refers to high oleic.

After analyzing the results of the study
of the fatty acid composition of oil sold in
Ukraine and received at the ULQSAP in
2017-2019, it can be noted that the high-
est share of high-oleic sunflower oil was
in 2019 (57.14 %), slightly lower - in 2017
(40 %) and the lowest in 2018 (18.8 %)).

The trend of high-oleic oil share
growth in the Ukrainian market can be
explained by the promotion of healthy
food, the increased need of the oil in-
dustry for new types of oil having the
necessary qualities.

Qualitative indicators of sunflower
oil are directly dependent on raw mate-
rials (sunflower seeds). One of the im-
portant indicators of the quality of sun-
flower seeds is the mass fraction of oil
(DSTU 7011: 2009).

According to DSTU 7011: 2009 the
mass fraction of oil in terms of dry matter

49

48,15

48

46,65

47

46

44

43

Norm according 2017 year
to ND

2018 year 2019 year

B Norm according to ND M 2017 year M 2018 year ™ 2019 year

Fig. 2. Mass fraction of oil in seeds and sunflowers in terms of dry matter, %
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for the first class of sunflower should be
not less than 50,0 %, for the second - not
less than 45, for the third class - not less
than 40.

During 2019, 33 sunflower seed
samples were analyzed for this indica-
tor by the ULQSP AIC. Of these, 58 %
were in class 2, 27 % were in class 3 and
15 % were in class 1. The average oil
content is 46.65 (Fig. 1, 2). Studies of
78 samples of sunflower seeds in 2018
showed that a larger proportion of the
seeds used for oil production are also
2nd class (65.52 %) with an average oil
content of 48.13 % (Fig. 2). According
to the research of 42 samples of sun-
flower seeds in 2017, it was found that
the majority — 77.14 % of the samples
— were classified as 2nd class, with an
average oil content of 47.1 % (Fig. 2).

Therefore, in the Ukrainian market, raw
materials for the production of oil, mainly
belong to the 2nd clas. As to the sunflower
oil itself, according to its oleic acid content
and with average oil yield, the most part of
the oil belongs to high oleic. The highest
oil content of the second class was in 2018.
This is 1 % higher than in 2017 and 1.48 %
higher than in 2019. The decrease in sun-
flower seed oil output in 2019 can be ex-
plained by the influence of the soil and cli-
matic conditions of cultivation, since this
year there was not enough rainfall through-
out the growing season.

Conclusions and further research
prospects

An analysis of regulations such as
DSTU 4492:2017, GOST 30623-98,
CODEX STAN 210-1999 regarding the
fatty acid composition of sunflower oil
indicates that the current DSTU needs to
be amended with respect to the require-
ments for high oleic oil as for the prevail-
ing product in the Ukrainian market.

The proportion of high-oleic sunflow-
er oil samples received for research at UL-
QSAP in 2019 has increased compared
to 2018. This confirms the global trend
towards increasing the cultivation of sun-
flower seeds with high oleic acid content.

In Ukraine, sunflower seeds of 2nd
class are mainly used for the production
of sunflower oil. This shows the need
for improving the requirements for the
first stage of oil production - growing
and obtaining sunflower seeds.
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icine»,103:88-92. (in Ukrainian)

Ywkanoe B.0., Iky6uak O.M., TapaH T.B., Miduk C.B., lyd4eHko H.A. (2020).

L1010 OKPEMMUX NMNOKA3HUKIB AKOCTI HACIHHA COHALUHUKY TA COHALLI-

HUKOBOI O/11I; LLO PEAJII3YETLCA B YKPAIHI. Ukrainian Journal of Veterinary

Sciences, 11(2): 53-62, https://doi.org/10.31548/ujvs2020.02.005

AHomayjia. lonum Ha 8UCOKOOseiHO8Y COHAWHUKOBY O1it0 y 38°A3KYy 3i 3pocmaro4oro
nompeboto 11OCMBa y KOPUCHUX 0718 300p08’s Xap4o8ux NPodyKmax AK 8 YKpaiHi, mak i 8 ceimi
WOpPOKy 3pocmae. BoHa mae yiHHI enacmusocmi sk 0414 8UpobHUKi8, mak i crioxcusayis. Omiie,
8CMAHOB/EHHA HOPM U000 HUPHOKUCAOMHO20 CKAAOY HACIHHA COHAWHUKA i COHAWHUKOBOI
on1il cmae documb akmyaneHUM i saxcausum. Mema pobomu — nposecmu MopieHAALHUL aHANI3
HOPMAMUBHO-NPABOBUX AKMI8 YKpaiHu ma MixHAPOOHUX Wo00 e8micmy HUPHUX Kucaom y
COHAWHUKOBIU onil; docnidumu 0t COHAWHUKOBY MQA HACIHHA COHAWHUKQ, WO € HA PUHKY
YKpaiHu, 30 0OKpeMuMu NMoKa3HUKamMu AKOCMIi ma 8CMaHo8UMuU YaCMKy 8UCOKO0s1eiHo80I oii.
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Y cmammi nposedeHo nopieHaAnbHUl aHAsI3 8iIMYU3HAHUX MA MiHHAPOOHUX HOPMAMUBHUX
O0okymeHmie. B yuHHomy [CTY 4492:2017 siocymHili po3nodin cOHAWHUKOBOT ol 3anexHo eid
emicmy oneiHogoi Kucanomu. Lia Kucioma Hopmyemocs 8 mexcax 14,0-39,4 %, wo sionosioae
38uYaliHili onii. 3a MI¥HAPOOHUMU 8UMO2aMU Os1ifi COHAWHUKOBA MO0INAEMbCA HA 38UYaliHy,
i3 cepedHim emicmom o0n1eiHo8oi Kuciomu i 8UCOKooneiHosy ma peanameHmyemeca binbwa
KiflbKicmb HUPHUX Kuciom. Hamu nposedeHo 8U3HAYEHHA HUPHOKUCIOMHO20 CKAA0Y HACIHHA
COHAWHUKA ma COHAWHUKO080I 011il, ujo Haoxodusa 014 0ocnioxceHo 8 Y/IAbIM AlK enpodoex 2017—
2019 pp., memodom 2a3080i xpomamoepadii. BcmaHoeneHo, Wo Ha PUHKY YKpaiHu 8 peanizayio
HAOX00UMb 3HAYHA YACMKA BUCOKOO0seiHoBOI onii, 30kpema, Halibinbwe y 2019 p. (57,14 %),
ropisHaHo 3 2018 pokom (18,8 %) ma 2017 (40 %). Lle nidmeepdxcye ceimosy meHOeHUito w000
36inbWeHHA 8UPOULYBAHHS COPMI8 COHAWHUKY 3 BUCOKUM 8MICMOM 0/1€iH080I Kuc1omu 8 YKpaiHi.

30ilicHeHo nopieHANbHUU AHAAMI3 HACIHHA COHAWHUKA WO000 Macoeoi 4acmku onii 3a
2017-2019 pp. BcmaHosneHo, wjo 3a emicmom mMaco8oi YacmKu os1il HACIHHA COHAWHUKY, W0
8UKOpPUCMOBYOMb 0715 8U20MOB/IEHHA 071l COHAWHUKOB0I 8 YKpaiHi, 8BiOHOCUMbCA nepesarHo 00
Opy2020 Knacy.

Kntovoei cniosa: #UpHi KUcsio0mu, 8UCOKOO/EIHOB8A 01if, HACIHHA COHAWHUKY, 0/1eiHo8a Kucsioma,
Macosa Yacmka osii

ModaHo 0o OpyKy 5 keimHsa 2020 poky
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AHOomayia. Y cmammi onucaHo aHaniz pesynbmamie 00CniOHeHb Xap4yosux
npodyKkmis, Kopmie 0715 MEAPUH, Namoso2iyHo20 mamepiasy 8i0 meapuH, nposedeHux
OepxasHUMU 1abopamopiamu 8emepuHapHOi MeOUUyUHU HA HassHicmb 36YyOHUKA
b6omynizmy ma 6omysniHiyHo20 mokcuHy 8 2014 — 2018 pokax 8 YKpaiHi.

Mema OocnidreHHa — sus4eHHsA enioemionoziyHoi cumyauii wooo 6omynizmy
ceped nrodeli i meapuH, sussneHHa 36yOHUKa bomyniamy ma 6omysniHiYHO20 MOKCUHY
8 MPoOyKMax Xxap4yyeaHHs mMa Kopmax 8 YKpaiHi 3a nepiod 3 2014 no 2018 pik,
MoCMAaHoBKa 6iosn02i4Ho20 AHANMI3Y 3 HACMYMHUM 8U3HAYEHHAM MUy MOKCUHY, O MAKOX
8CMaHoB/1eHHA 0xcepena 36YyOHUKA ma MpUYUH 3apaxceHHs 6omy10MOoKCUHOM.
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Mamepianamu  00cnidOneHHs cmanu  pesyabmamu  UWOopiYHOI  OepHasHoi
CMamucmu4Hoi 38imHocmi 3 MiKkpobionoaiyHux A0CniOHeHs, NPoeedeHUX 0epHasHUMU
nabopamopiamu  [epxripoocrioxcuscaynbu YkpaiHu, ma pe3yanbsmamu  81ACHUX
0ocnioreHb, ompumaHux bakmepionoziyHUM 8i00inom LeprasHo2o HayKoBo-00CMiOHO20
iHcmumymy 3 nabopamopHoi diazHOCMUKU Ma 8emepuHapPHO-CaHiMapHoi ekcriepmusu
3a nepiod 3 2014 no 2018 pik.

3a 5 pokie 645 aodeli nocmpaxcoanu 8id bomynizmy. Momepno — 46, wjo cmaHosUMb
7,1 % 8i0 3020/16HOI KiflbKOCMI X80PUX.

3a 5 pokie depxcasHUMU nabopamopismu Leprpoocrioruscayxbu YkpaiHu 6yao
ob6cmeiceHo 9954 npobu, wo cmaHosume 23,2 % 8i0 3a2a,16HOT KinnbKocmi 00CioHye8aHo20
mamepiany, a namosoeiiHo2o0 mamepiany — 635 npob, wo 8idnosidHo cknaano 6,4 %. byno

OMPUMAHO 7 No3UmusHuUX pesyssmamie.

Yepes Kinbkicmo nemasnbHUX 8uUnadkie ceped HaceneHHs YKpaiHu, [Ki 3pocmarome,
MUMaHHA npo 6omyniam cmae ece binbl aKMyanbHUM. [xepesnom 3apareHHs Moxe
b6ymu ixa AK OOMAWHLO20 8UPOBHUYMEA, MAaK i MPOMUCI08020 8U20MOB/EHHS.

Knwuoei cnoea: Cl. botulinum, 6omyniHiyHuUli MOKCUH, MOKCUKO3, MpodyKmu xap-

Yy8aHHA, NamMoso2ivyHul mamepian

Axmyanvnicmeo

Boryiizm — 11e Bakke XapuoBe OTpY-
€HHSI, 3yMOBJICHE CITOKUBAHHSM ITPOIYK-
TiB, III0 MICTATH OOTYJIOTOKCHHH. 30yTHHK
XBOPOOH PO3MHOKYETHCS B aHACPOOHOMY
crani (0e3 IOCTymy KHCHIO) 3a Herpa-
BUIILHUX YMOB 30€piraHHs Yd TPAHCIIOP-
TYBaHHS IIPOIYKTIiB XapayBaHHt. ¥ MO3
PEKOMEHIYIOTh YTPHUMYBATHCS Bill BKH-
BaHHS DKI, PO SIKICTh SKOT CIIOKHBAYY
JIOCTEMEHHO HEBIZIOMO. 3pijKa Tparuis-
€ThCSI paHEBHH OOTYITI3M, OOTYJII3M JiTCH
PaHHBOTO BIKY Ta aepo30JbHUI (BHACITI-
JIOK BIrxaHHs 30ynHuKa) (BcecBiTHs op-
raHizalist 0XOpoHu 3710poB’st, 2018).

30yaHUK 3aXBOPIOBAHHS —
Clostridium botulinum — anaepo0, npu-
pOJHE Miciie JIOKai3amii sIKOro IIIyH-
KOBO-KHIIIKOBHH TPAKT JIOAWHU, TBAPUH
1 pu0; y 30BHIIIHE CEPETOBUIIE MOTpa-
IUISIE 3 BUITOPOXKHEHHAMHE. € NBI (popMuU
icHyBaHHSI 30yIHHKA: BEreTaTHBHA Ta
CIIOpOBA.

BereraruHi (opMu HeCTIHKI: KU 5I-
TiHHs 3HUIYE ix 3a 10—15 xB. Konnen-

Tpauis comi Oimbie 15% Ta wykpy
Bumie 50% mnpurHiuye pO3MHOKEHHS
30ymHUKA. 3aBISKH  CIIOPOYTBOPCHHIO
30yHHUK OOTYITI3MY B MPOIIECI €BOJHOLIT
MPUCTOCYBABCsL IO BWJKUBAHHI y He-
CIIPUATIMBUAX YMOBaX HAaBKOIHUIIHHEOTO
cepenoBHIIa Ta 30epir crnajkoBy iH(pOp-
Martiro. Crnopu Clostridium botulinum
CTIMKI O 0arathOX OaKTePHIIUIHUX
pedoBuH: 20 %-wid po3yuH (QopMaTiHy
3HEIIKOKYE iX 3a 24 rOAWHU; ETHIIO-
BUH crupT — 3a 2 micsi; 10 %-auit HC1
3HUILYE IX auuie yepes 1-y ronuny. Cro-
DU 3aJIHIIAIOTHCS KUTTE3NATHUMH TTiCIIs
4-5-TOMHHOTO KHUII'SATIHHS, TPUBAJIHHA
gac 30epirarotecst 3a 18 % KOHIIEHTpa-
il KyXOHHOI COJIi, MPOSIBISAIOTH CTild-
KIiCTh JI0 3aMOpPOXKYBAaHHS, BHCYIIyBaH-
HS Ta YJIBTPadioeTOBOr0 ONPOMiHECHHS
(Kolesnikov, 2015), 1 y TakoMy cTaHi MO-
JKYTh 3HAXOIHUTHCS] COTHSIMU POKIB, IO 1
€ X TOJIOBHOIO 3arpo30I0.

3a CHpUSTINBUX YMOB (BiICYTHICTb
KHCHIO, ayTOJi3 KJIITHHU) CIIOPH TIepe-
XOIIAITh y BereTatuBHy (Gopmy 1 30y1-
HUK HaOyBa€e CBOIX JICTAIILHUX IPOSIBIB:
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Bus4eHHs enidemiyHoi ma enizoomu4Hoi cumyauii 8 YKpaiHi ujo0o 6omynizmy

BHJIUISE TOKCHH, IO ICHYE y BHIVISI
MPOTOKCUHY Ta TOKCUHY. [IpoTokcumH
MOTPAIUISE 3 KEFO A0 MUTYHKY, i Ti€10
TPHIICHHY Ta MAaHKPEATUHY IIEPETBOPIO-
€ThCsl B OOTYJIIHIYHUI TOKCHH 1 BXKE B
AKTHBHOMY CTaHi BCMOKTYETHCS B KHIII-
kiBauKy (Tryxlib, 2016).

Crijl 3ayBakUTH, 10 OOTYIIHIUHUI
TOKCHH € OJIHUM 13 HAHCHIBHINIUX Yy
MPUPOMI CKITATHAM OLTKOM, CHHTE30Ba-
HUM XuBUM opraizmom. Ha 3040 %
MOJIOHUH JI0 TETAaHOTOKCHHY, BiH Mae
JIEII0 CXOKUM 3 HUM MexXaHi3Mm il Ha
JKUBUH opraHisMm. JlerampHa 103a JIst
JIFOMUHU cTaHOBHUTH 0,3 MKT.

Toxcun Clostridium botulinum tep-
MOJaOUTbHUIA: PYHHYETHCS 3a  KHIT -
TiHHs Brpogosxk 10—15 xB, a 3a 80°C —
30 xB; CTIMKHU# J10 /il IETICHHY Ta TPUIICH-
Hy. TOKCHH BCMOKTYETBCSI B IILTYHKO-
BO-KHIIIKOBOMY TpaKTi, 4Yepe3 CHTepo-
IUTH TIOTPAIULIE B KPOB, BpaXKae spa
JIOBTacTOro MO3KYy Ta BHKIHKAE CYIHHHI
posnamy. Lle € mpr4uHOI0 KPOBOBIIIUBIB,
3aCTOr0 1 TpomOO3y Kamiispis. borymi-
HIYHUHA TOKCHH OJIOKYE MOTOHCHPOHH
CIIMHHOTO ¥ JIOBracToro Mo3Ky, mepude-
PpiliHi MOTOHEHPOHHU, IPUITHHSE TTepeady
IMITYJIBCY BiZl HEPBOBOTO 3aKiHUCHHS JI0
M’S3iB, 110 1 TPU3BOIUTH JIO PO3BHUTKY
MAPATITHIHOTO CHHAPOMY, CHPHINHSE
PO3CTabIeHHST MYCKYIIaTypH, 3HIKCHHS
M’SI30BOTO TOHYCY, BHACIIJOK YOO Ha-
crae acikcis Ta cmepTb (Sobel, 2017).

3anexxHO Big BHIAY OOTYIIHIYHOTO
TOKCHHY INTaMH 30yIHHUKA IAPEpEHIIIFo-
roth Ha 7 tumiB: A, B, C1, D, E, F ta G.
3a ocranHi 20 pOKIB cHajgaxu XapuyoBOTO
OoTymisaMy B JroAed 31e0uTbIioro ooy-
MOBJICHI TOKCHHOM THITY A, a Takox B ta
E (Osnat Rosen, 2015). Tokcuau THITiB
C, D ta E BUKINKAIOTh 3aXBOPIOBAHHSA
y TBapHH Ta NTaxXiB, 30KpeMa, BOAOILIAB-
Hux. boryniHiuamit TokcuH Ty F BU3HA-
YaeThesl BKpail piako. B 15% Bumnajikis
BCTAQHOBHUTH THIT TOKCHHY HE BIAJIOCSL.

Jlronu 3apaxxaroThesi OOTYIII3MOM ITiJT
Yac BKHWBAHHS MPONYKTIB XapuyBaHHI,
0 KOHTaMIHOBaHI JKUTTE€3TATHUMHU
KIoCTpuaisMu abo 1x cropamu. lle
MOXKJIBO 32 YMOB BUTOTOBJICHHS IIPO-
IOYKTiB 3 TOPYIICHHSAM TEXHOJIOTIYHO-
TO MpOIeCy BUPOOHUITBA. 33 JaHUMU
BOO3, came xoncepBoBaHi abo ¢ep-
MEHTOBaHI B JIOMAIIIHIX yMOBax xap-
YOBI IIPOAYKTH € OCHOBHHM JDKEPEIIOM
XapyoBOro OOTyNmi3My.  boTymiHiuHUI
TOKCHUH JIarHOCTYETHCS Y TAKHX Xapuo-
BUX MPOAYKTaX: KOHCEPBOBAHHX OBO-
yax (3eJieHa KBAcOJIs, IIMTUHAT, OypsK);
Yy KOHCEpBOBAHOMY TYHIIi, y B’SUICHIH,
COJIOHIH, KOmM4YeHid pubi; y M’ SICHUX
MpoAyKTax (IIMHKA, COCUCKH, KoBOaca).
€ BHITAJIKH, KOJIU OOTYIIHIYHUI TOKCHH
BUSIBILIIOTH Y TIPOAYKTaX IPOMHCIOBO-
TO BUPOOHHUIITBA, a caMe, y BaKyyMHHUX
ynakoBkax (Tryxlib, 2016).

3apakeHHS TBapUH BiAOYyBa€ThCA
i Yac BXUBAaHHS HESKICHOTO POCIIHH-
HOTO KOpMY Ta M’sICHOTO (hapimry, a Ta-
KOXK 4epe3 XBOPUX TPH3YHIB.

daxTopu niepenadi 30yaHUKA — 1H}I-
KOBaHI KOPMH; M’5ICO 3a0HUTHX TBapHH,
Tyl SIKUX TPOJIEKATH HepO310paHIMU
KUTbKa TOAWH; TPYIH IPU3YHIB, Y KHIII-
KIBHUKY SIKHX YHACIiJOK aHaepOOHHX
YMOB Bi0yJIOCh HAKOIIMYCHHS TOKCHHY,
M’SICHI KOHCEPBH ISl TOMIBII COOaK Ta
xotiB (Peck, 2011).

Bapro 3a3HaunTH, 010 YpaskeHi Mmpo-
OYKTH Ta KOPMH OPraHOJENTHYHO HE
BIJIPI3HSIOTBCSA BiJl SKICHUX. 30yIHUK
i TOKCHH MOXJIMBO BHAUTATH JIHIIE 32
MIPOBEICHHS JIAOOPATOPHHX TOCITIPKCHB
(Botulism — Medical News Today, 2018).

Memoto pobomu 0Oyno BUBUCHHS
eMiIeMIONIOTIYHOT CHUTYaIlil MO0 IOo-
MApeHHs 0OTYydi3My cepex Jomeil Ta
TBAapWH, BUSBIICHHS 30yTHUKA OOTYIIi3-
My Ta OOTYJIHIYHOTO TOKCHHY B Xap-
YOBUX MPOAYKTAX i KOpMax JJisi TBAPUH
Ha Teputopii Ykpainu 3a nepiox 3 2014
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mo 2018 pokwu, Ta mocTtaHoBKa Giompo-
OU 3 HACTYIIHUM BCTAHOBJICHHSIM THITY
TOKCHHY; @ TaKOJK BCTAHOBIICHHSI JIXKe-
pena 30yIHUKa Ta TPUYHHA BUHHKHCH-
Hs1 OOTYJOTOKCHKOIH(DEKIIii.

Mamepianu i memoou
oocrnioieHv

Marepianamu CIyryBajJd BHCHOBKH
mOPIYHOT  JIep)KABHOI ~ CTATUCTHYHOL
3BITHOCTI IIOJI0 MiKPOOiOJIOTIYHHX 0~
CIIIIKCHb, MPOBEICHUX JCp:KaBHUMHU
nmabopaTopisiMiu BETEPHHAPHOI MEIUIIH-
HU YKpaiHU Ta pe3ynbTaTH BIACHHUX J10-
CJIIJIKEHB, OJIepKaHi 0aKTepioNOTIYHIM
BimiioM Jlep)kaBHOro  HayKOBO-70-
CJIJTHOTO 1HCTHTYTY 3 JIabopaTopHOi
IIarHOCTHKH Ta BETCPUHAPHO-CAHITap-
Ho1 excnieptusn 3 2014 mo 2018 pokw, a
Takok cratucTudHi nani MO3 Ykpainu
CTOCOBHO 3aXBOPIOBAHOCTI Ha OOTYIi3M
cepen HaceJeHHs YKpalHH Ta KUTbKOCTI
JeTaJbHUX BUIA]IKIB.

Buninenns CL botulinum, 00Ty-
JMIHIYHOTO TOKCUHY Ta IIPOTOKCHUHY 3
Xap4YOBHX TMPOAYKTIB 1 KOPMIB TIpO-
pogunmu 3rigo  JICTY 6042:2008
«IIpomyktn xapuoBi. MeTonu BH-
SIBJICHHS ~ OOTYJIIHIYHMX  TOKCHHIB
1 Clostridium  botulinumy; TOCT
30425-97 «Koucepu. Meron BH3HA-
YeHHS MPOMHUCIOBOI CTEPHIBHOCTI;
«MeToUYHUX PEKOMEHAAIIH 1010
0aKTEpIONIOTIYHOTO  aHaji3y KOpMiB
qutst TBapuH 2014 poky»; «MB 3 cani-
TapHO-MIKPOOi1OJOTIYHOTO KOHTPOITIO
BHPOOHHMIITBA MPOAYKIIIT 3 pubH Ta iH-
[IMX BOAHUX XKUBUX pecypciy; JCTY
7469:2013 «bopomHO KOpMOBE TBa-
PUHHOTO TOXOKeHHsI. MeTonu 6akTe-
PIOJIOTIYHOTO aHAIIZY».

[TaTonoriyauii MaTepian JOCHTiKY-
BaJIX 3T1IHO METOINYHUX BKa3iBOK «Jla-
OoparopHa iarHOCTHKa OOTYIIi3MYy»,
2002 pik.

[lin yac BUKOHaHHS poOOTH 3aCTO-
COBYBaJId  MIKpOOIOJIOTIYHI ~ METOJIH:
BUJIICHHS 30y/IHUKA, BU3HAYEHHS HOTO
KYJBTypaibHO-MOP(OIOTiYHNX, 0i0Xi-
MIYHHMX BJIaCTUBOCTEH. BusiieHus 6o-
TYJIHICTHYHOTO TOKCHHY 1 IPOTOKCHHY
MPOBOMIIA METOIOM TOCTAHOBKH Oi-
orpo6u Ha 1abOPaTOPHUX TBAPUHAX.

Pesynvmamu docnioxenv
ma ix 0620680peHHs

Botynism cepen moneit 3a ocTtaHHI
5 pokiB 3apeectpoBaHo y 19 obmactsax
VYkpainu: 3akaprnarcbkiid, JIbBIBCBKIi,
BonmHCBKIH, IBanO-DpaHKiBCHKIH,
UYepnisenpkiii, TepHominbchkind, XKu-
TOMHUPCHKiH, BinHuIbKIHA, KUIBCBHKIH,
UYepHiriBebkiit, Yepkachbkii, OnechbKii,
KipoBorpaacekiii, [lontaBcekiit, Cym-
CBKiif, XepCcoHChKil, 3amopi3bKiii, Xap-
KIBCBKiii, JIOHELbKII.

3a manmmu MO3, y 2014 pomi Ha
0oTymi3M 3axBopinu 178 mroneit, 3 IKux
9 momeprno. Bupomomxk 2015 poky 3a-
xBopito 139 0ci0, 3 SIKHUX MIECTEpo
monei momepio. Y 2016 pomi Hamigy-
Bajocs 119 Bumajkis, cepen Akux 12 —
netanbHuX. Haromicts, y 2017 porri
3aikcoBaHo 112 BHUMAAKIB Xap4OBUX
OTPY€EHb, BUKIMKAHUX O0Tymi3mMoMm, 11 3
sSkux cMepTenbHi. 3a 2018 pik B Ykpa-
{Hi 3apeecTpoBaHO 97 TOCTpaKIATUX
BiJ OOTYIi3MYy, TTOMepIIo — 8.

KinpkicTe BUNAIKIB  3aXBOPLIHX,
MOMEPJTUX BiJ OOTYNi3MYy 3a JIOCIITHHUH
Hepiof] MpeACTaBICHO Ha puc. 1.

3 IpencTaBICHUX PE3yIbTaTiB BHI-
HO, 10 O(MIMIHHO BUCOKHUH TOKa3HUK
3axXBOpIOBaHHS npunaaae Ha 2014 pik —
178 Bumajkis. Bucoka cMepTHICTh pee-
ctpyBanacs y 2016 pori — 12 BUIaKiB.

3a oimiHHAMHU JaHUMHU 3a 5 POKIB
OyJ10 3apeecTpoBaHo 645 Ironei, XBo-
pux Ha OotymizMm. [lomeprno — 46, 1o
cranoBuTh 7,1 % Bij 3arajbHOI KIJIBKO-
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Puc. 1. KinbkicTh 3axBopiiux Jroaeii Ta JeTaJbHUX BUNAAKIB
B Ykpainiy 2014-2018 pp.

CTi 3aXBOPUIMX. 3a3HAYMMO, 110 B Jia-
HOMY BUIIaJIKy HaBEJCHI came oQiliiHi
JaHi. Y HiJIoMy % KiJIbKICTh 3aXBOPLIHX
Ta TIOMEPJIMX MOXKE JICIIO BiJPi3HATHUCH,
00 3adikcoBaHi JUINE Ti BUIIAJIKH, 32
SIKUMH OyJTH 3BEPHEHHS 10 MEIUYHUX
3aKJIajiB ab0 BHACHIJIOK BHKJIUKY He-
BIAKJIAIHOT JOIOMOTM M MIOAAJBIIOTO
MIJATBEPIKCHHS J1arHo3y.

Haii0inpa KiabKiCTh JIIOAEH 3aXBO-
piia yepe3 BKUBaHHS PUOHUX MPOIYK-
TiB. TakoX NPUUHHOIO 3apPAXKCHHS OYJIH
M’SICHI, OBOYEBI W TpHOHI KOHCEPBH.
3apakeHi Xap4oBl MPOXYKTH 31e0iib-
III0T0 BUTOTOBJICHI B IOMAIIIHIX YMOBaX,
B MICIISIX HECAHKIIIOHOBAHOI TOPTiBIIi Ta
HEBIJOMOTIO ITOXOKEHHS.

daxiBIsAMU JepKaBHUX J1abopaTo-
piit JdepKrponcnoxuBciyk0u Ykpainu
IIOPOKY MPOBOATHLCS TOCIIKESHHS T1a-
TOJIOTIYHOTO Marepiaiay BiJ XBOPHUX Ta
3aru0OIMx TBapUH. XapyoBi MPOAYKTH H
KOPMH TaKOX aHaJli3yFOTh Ha HAsSBHICTh
30ymHUKa OOTYII3MYy Ta OOTYJIIHIYHOTO
TOKCHHY.

YV 2014 poui npoeeaeHo 1313 mociti-
JUKEHb Xap4OBHX MPOAYKTIB, KOPMIB Ta
MaTOJIOTIYHOTO MaTepiany Ha HasSBHICTb
30ymHUKa OOTYNI3MYy Ta OOTYJIIHIYHOTO
TOKCHUHY. 3 HUX — 428 KOHCepBHU pUOHIi Ta
M’SICO-POCIIMHHI, 110 CTAaHOBUTH 32,6 %
BIiJl 3arajibHOI KiJIBKOCTI JOCIIIKEHOTO
Mmarepiany, 799 (60,9 %) — xopmu mis
TBapuH (60,9 %) Ta 86 (6,6 %) — 3pazku
maroJorivHoro marepiainy. [lo3utuBHEX
pe3yIbTaTiB HE BUSBIICHO.

Y 2015 poui nposeneHo 2232 no-
cimimkenns. 3 Hux 123 (5,5% Bin 3a-
raJbHOT KUTBKOCTI) — 3pa3Ki KOHCEPBIB
puOHUX Ta M’sico-pociuHHuX; 2001
(89,7 %) 3pa30oK KOpMIB LTSI TBAPHH Ta
108 (4,8 %) 3pa3kiB MaTOIOTIYHOTO Ma-
Tepiany. [lo3UTUBHUX pe3yabTaTiB He
OyI10 BUSIBIICHO.

Brpogorx 2016 poky JOCTIKEHO
2754 3pa3ku Xap4oBHX MPOIYKTIB, KOp-
MIB Ta MaToJOTIYHONO Marepiaiy, OTpH-
MAaHOTO BiJl TBAPHH, Ha HASIBHICTH 30YIHH-
Ka 0OTyITi3My Ta OOTYJTIHIYHOTO TOKCHHY.
3 mux: 851 mocmimxenns (30,9 % Bin
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yciel KITBKOCTI) — KOHCEpPBH PHOHI Ta
M’sico-pocimaHi; 1629 (59,2 %) — xop-
MiB [t TBapuH Ta 274 (4,8 %) — 3paskiB
MaroJIOriyHOro  Marepiany. Ilo3uTuBHi
PE3yIBTaTH BUSIBICHO B 2 BUMAAKaxX (Ima-
TOJIOTIYHMI Marepiall BiJ| KOHEH); 1ie cTa-
posmwito 0,07 % Bij 3araybHOI KUIBKOCTI
MIPOBEICHUX JIOCIIIKCHb.

3a 2017 pix Oyno mposeneHo 1945
JocipkeHb. 3 HuX: 246 KOHCEpBiB
puOHUX Ta M’sicO-pOCIMHHUX — 12,6 %0;
pubu cymenoi ta B’suteHoi 138 3pas-
kiB— 7,1 %; M’saca B BakyyMHiH yna-
koBLi — 2 3pa3ku — 0,1 %; 1452 3pa3ku
KopMiB Ui TBapuH — 74,7% Ta 106
3pa3KiB MaToJOTIYHOrO MaTepiaiy, o
cranoBwio 5,45%. [lo3utuBHI pe3yib-
TaTu Oy/IH BHSBIICHI B 5 BUMaaKax (puda
cymieHa/’suieHa), mo ckmaito 0,26 %
BIJI 3arajibHOI KiJbKOCTI JOCHIIKEHUX
3paskiB. byiu BUiEHI TOKCHMHH THITY
A, B, E ta nporokcuH tumy A.

BionpoOy 11010 BUSBICHHS OOTYITi-
HIYHOTO TOKCHHY (pHC. 2) i MPOTOKCHHY
TIPOBOMIIM HA JAOOPAaTOPHUX TBapHUHAX
Ha Oa3i BiBapito Jlep)KaBHOIO HayKo-

Puc. 2. Bionpo6a Ha 6inux Mumax
1100 BUSIBJIEHHA 00Ty 1i3MYy

BO-IIOCITITHOTO IHCTHUTYTY 3 1a00paTopHOL
JIIarHOCTHUKHY Ta BETEPHHAPHO-CAHITAPHOL
excieptrzu  (AHAUIABCE). V o6umx
MHUIICH OYyJT0 YiTKO BH3HAYEHO KIIHIUHI
MPOSIBA  3aXBOPIOBAHHS 3 XapaKTEPHOIO
03HAKOIO, sIKa BKa3yBaJia Ha OOTYIII3M.

XapakTepHa KJiHIYHA O3HaKa B Jia-
0opaTopHOI TBApUHH, IO 3aTWHYIA BiJ
00TyI1i3MYy, €, TaK 3BaHa, ““OCHHA Tais .

Buponosx 2018 poxy aep>kaBHUMH
mabopaTopisiMi  BETEPUHAPHOI  MEIH-
nuHA YKpainu Oynmo jpociimkeHo 1710
3pas3KiB JUIs BUSIBICHHs 30yqHHKa 00-
TYJTi3My Ta HOTO TOKCHHY, a came: 661
(38,6 %) — koHCepBiB pHOHHX Ta M’s-
CO-pociMHHUX: 38 3paskiB — puOU Cy-
mreHoi Ta B’suieHoi (2,2 %); pubu cBixO1
— 1 3pazok (0,06 %); ikpu 3aMOpOKEHOT
— 2 3pasku (0,1 %); m’sica y BakyyMHIl
ymakoBi — 1 3pa3ok (0,1%), 947 3paskiB
KopMiB 1yt TBapuH (55,4 %) Ta 61 3pa-
30K TMATOJIOTIYHOTO Marepiaiy, IO CTa-
HoBMIO 3,6 % Bij 3araabHOl KUILKOCTI
3pa3KiB XapyoBHX MPOAYKTIB, KOPMIB Ta
MaToJIOTiYHOro Marepiany. [1o3uTHBHIX
pe3ynbsTaTiB BUsABIEHO He Oyno (Tabm.l,
puc.3).

3riJIHO MPOBEACHUX JTOCIIHKEHb Ta
pO3CIilyBaHb 3a MHHYJI pPOKH, Haid-
yacrtime CI. botulinum BUIUIAIN 3 KOP-
My JJst TBapuH (puc. 3) Ta HemaTpaHoi
B’SUICHOI MTPiCHOBOJHOT PUOH, BUTOTOB-
JICHOT NPUBATHHMH Oco0aMH 13 Hemo-
TPUMAHHSM TEXHOJOTIYHOTO MPOLECY
Ta CaHITAPHO-TIME€HIYHUX BUMOT.

SIK BHITHO 3 BUILC HABEACHUX JAHUX
(tabin. 1),3a2014-2016 pp. mocmimKeH-
HIO MUIATaIN: KOHCEPBH PHOHI Ta M-
COPOCIIMHHI, KOPMH Ta MATOJOTIYHUHN
Mmarepian. ¥ 2017 p. BHacmigok 30i1b-
IICHHS KUTBKOCTI BUMNAIKIB OOTYIi3My
cepen JIroneit 1o BUILe BKa3aHUX J0CITi-
JDKEHb TOIalil puly CyIIeHY, B’sUICHY,
HamiBpaOpUKaTH y BaKYyMHIH yIaKOB-
mi. 3 2018 poky, OKpiM 3a3HAYCHUX I10-
CIITHUX 00’ €KTIB JOCIIKYBAIU CBIXKY
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1. Pe3yabTaTn 10Caif:KeHb Xap4OBUX NPOAYKTIB, KOPMiB Ta NaTOJIOri4YHOTO
Marepiajy BiJi TBapMH Ha HasiBHiCThb 30yAHHKa (0TYyai3My Ta 00TYJIiHIYHOTrO
TOKCHHY 32 II’ITh POKiB

KinpkicTs JOCITiIKEHb
K M’sico H03I/I:
. OHCepBH Kopmu s . Y. | Puda CyIeHa THBHH
Pik | Bepo- | PHOHI, M sICO- TBApHH [larmarepian BAKYYMHIl TapaieHa | pe3ylsTar
o POCIMHHI YHaKOBIIi
K-Th % K-Th % K-Tb % K-Th % K-Tb % | k-6 | %
2014 | 1313 | 428 | 32,6 | 799 | 609 86 6,6 - - - - - -
2015 | 2232 | 123 5,5 12001 | 89,7 | 108 | 48 - - - - - -
2016 | 2754 | 851 | 30,9 | 1629 | 59,2 | 274 | 48 - - - - 2 10,07
2017 | 1945 | 246 | 12,6 | 1452 | 74,7 | 106 | 54 2 0,1 138 7,1 5 1026
2018 | 1710 | 661 | 38,6 | 947 | 554 | ol 3,6 1 01 38 22 - -
100,0 7
90,0 A8 —4&— KoHCepBH pUOHi,
M'SICO-POCITHHHI
< 80,0 | 7
£ 70,0 /\ ~—d— KOPMH JUIsi TBAPHH
2 «
-g 000 60,9 o2 A ss4
g 50,0 1 ~8-— naTMarepian
E 40,0
% «32.6 2309 / 38,6
3 30,0
20,0 \/
10,0 > _ 126
00 66 48 A P E—

2014 2015 2016

pokH

2017 2018

Puc. 3. YacTora Buginenns 30yqnuKa 60Ty 1i3Mmy Ta 00Ty 1iHIYHOIO TOKCHHY
Bi 1ociigHoro Mmarepiaay 3a nepiox 2014-2018 pp.

Ta 3aMopokeHy puoOy. HaitOinpimuit Bif-
COTOK JIOCJIII)KYBAHOTO Marepiainy Bif-
BEJICHO KOpMaM JIJIsl TBApUH, KOHCEPBaM
PUOHUM 1 M’SICO-POCTHHHUM.

3a 5 pokiB Jep:kaBHIMU Jlaboparopi-
SIMM BETEpUHAPHOI MEAUIMHN YKpaiHA
Oys10 jocmikeHo 9954 3pa3kiB pi3HUX
BH/IIB Marepiaiy: KOHCEpBiB pUOHUX Ta
M’sico-pocimHEAX — 2309, mo craHo-
BUTL 23,2 % Bij 3araibHOl KiJIBKOCTI
JOCITIJDKEHOTO  Marepiainy, pubu cCy-
mreHoi/B’sutenoi 76 (1,8 %), M’saca y

BakyyMHi# ymakosui 3 (0,03 %); pubu
ceibkoi 1(0,01 %), ikpu 3aMOpOKEHOT
2 3pasku (0,02 %); KopMiB IJIsl TBAPUH
6828 (68,6 %) Ta MaTONOTIYHOTO Mare-
piamy 635 (6,4 %) 3pa3kiB. Busineno 7
MO3UTUBHHX BHIIAJIKIB i3 HUX: 2 3 MATO-
JIOTIYHOTO MaTepiaiy Bij KOHEW Ta 5 3
pHUOU CYIICHOI/B’SIICHOT IO CTAHOBHIIO
0,07 % Bix 3arajJbHOI KITBLKOCTI JTOCHI-
JOKEHOTO Marepiaiy.

BianoBigHO 70 YHHHUX HOPMATHB-
HUX JIOKYMEHTIB JOCII/PKCHHS Ha 0OTy-
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J3M Ta TOKCHH HE PETIAMEHTYIOTBCS, a
3IIACHIOIOTHCS JIUIIE 32 TIEPEBIPKU KOH-
CEPBOBAHUX IPOAYKTIB HA MPOMICIOBY
CTepHIbHICTh. JlOCHiKeHHST PUOHUX
MPOIYKTIB TPOBOIUTHCSA HA CylbdiTpe-
IOyKyrodi KnocTpuii. OCKUTbKH PyTHHHI
METOAW MOCHIIKCHHS Ha BHIIE 3rajga-
Huil mokasHuk 3rigao 'OCT 30425-97
3HAYHO BiJIPI3HSIOTHCS Bl METO/Y BUSB-
nennst CL botulinum, nani 6aktepii BU-
otk pinko. Tak, 3a 2014-2016 pp.
30yHUK OOTYIi3My He OyJI0 BHSBICHO
TiJT 9ac JOCHTIIKEHHS M’ SICO-POCITUHHIX
MPOIYKTIB Ta KOPMIB Juisl TBapHH. [Ipo-
Te Koy y 2017 pori 301IbIIuIacs Kijib-
KICTh IIECHPAMOBAHMX JOCITI/DKECHDb Ha
BusiiieHHst CI. botulinum Ta ioro Tokcu-
HY BHACJIJJOK IIPOBEICHHS PO3CIiyBaHb
TICJIA JIETATbHUX BUIAIKIB Y JIFOICH Bij
OTpPY€HD, KUTbKICTh TIO3UTUBHUX BUIIA]I-
KiB 301JIBIINIACE.

OTxe, TPOBEICHI HAMHU Yy3araib-
HEHHS Ta IOCHIPKCHHS CTOCOBHO BH-
SIBIICHHSI 30yHUKA OyTyni3My Ta OyTy-
JIHIYHAX TOKCHHIB, SIKI IPU3BOIATH JIO
OTPY€EHB JIOAEH 1 HaBiTh IO JICTABHUX
BUMAJIKIB, CBiTYaTh PO Te, IO ITUTAH-
Hs 00Tyni3My moTpeOye BupinieHHs. Ha
TepuTopii YKpaiHu HEOOXiJHO BIIPOBa-
JOKeHHsI 1H(QOPMaIiitHO-PO3’ ICHIOBAIb-
HOi poOOTH cepel HACENIEHHS, a B pasi
BUHUKHEHHS 3aXBOPIOBaHHS — 3aCTO-
CYBaHHS CBOEYACHUX C(PEKTUBHUX Ii-
ArHOCTUYHUX Ta JIIKyBaJbHUX 3aXOiB.

Bucnosexu i nepcnexkmueu

3a ocranHi 5 pokiB B YKpaiHi 3apee-
CTpOBaHO 645 Imoziel 3 1IarHO30M OTPY-
€HHSI, TPUYINHOIO SKUX OyB OOTYIIHIYHAN
TOKCHMH; 46 BHIAAKIB 13 HHX 3aKiHYH-
JIOCS JIETaJbHO, IO CTaHOBUTH 7,1 %
BiJl 3arajibHOI KUTBKOCTI 3aXBOPLINX.

Ibxepenom  30ymHMKa  iH(EKIT
MOXYTb OYyTH NPOAYKTH IOMAIIHBO-
ro BHPOOHHUITBA 1 XapyoBi MPOIYKTH

MIPOMHUCIIOBOTO BUTOTOBJICHHS. AHai3
JIOCITIIHOTO MaTepiaiy 3a nepioj 2014 —
2018 pp. BUABUB 7 IO3UTUBHUX BUTIA/I-
KiB 111010 OOTY/i3My Ta OOTYJIIHIYHOTO
TOKCHHY, 13 HHX: 2 — 3 IaTOJIOTIYHOTO
Martepiaiy BiJ KOHEH Ta 5 — 3 pubwu cy-
meHoi/B’suteHoi, mo crarnoBmio 0,07 %
BIJI 3araJIbHOI KiJIBKOCTI.
[lepcneKTHBOIO HAIIHMX JOCITiKEHb
€ po3poOKa METOIWYHUX pPEKOMEHa-
mii 00 BUSIBICHHS OOTYIIHIYHOTO
TOKCHHY Ta BIPOBAKCHHS iX B po0O-
Ty MIKpOOIOJIOTIYHUX Jaboparopii s
CIIPOIICHHS TPOBEICHHS MOHITOPHH-
TOBHX JOCITIDKEHb 3 METOI0 3abe3me-
YeHHS OJaronoyqds IIOA0 TOKCHKO3Y
Bukiukanoro CL botulinum.
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Abstract. The media are worried, cases of poisoning people with botulism have become more
frequent. The article describes the analysis of the results research food products, feed for animals,
pathological material from animals, carried out by the state laboratories of veterinary medicine for
the presence of a pathogen of botulism and botulinum toxin in the 2014 - 2018 years in Ukraine.

Goal: to study the epidemic and epizootic situations of the spread of botulism among people
and animals, to identify the causative agent of botulism and botulinum toxin in food and animal
feed in Ukraine for the period from 2014 to 2018, staging a bioassay with the subsequent deter-
mination of the type of toxin; as well as establishing the source of the pathogen and the causes of
botulinum toxin infection.

Materials and methods. Results of the annual state statistical reporting on microbiological re-
search carried out by the state laboratories of veterinary medicine of Ukraine and the results of
their own research obtained by the bacteriological department of the State Research Institute for
Laboratory Diagnosis and Veterinary and Sanitary Expertise in the period from 2014 to 2018.

Results. For 5 years 645 people have suffered from botulism. Died 46, which is 7.1 % of the total
number of patients.

For 5 years, the state laboratories of veterinary medicine examined 9954 samples which is
23.2 % of the total amount of investigated material, and pathological material 635 samples that
made 6,4 %, respectively. 7 positive results were obtained.

According to conducted research Cl.botulinum most often isolated from stockfish.

Conclusions. Due to the increasing number of fatalities among the population of Ukraine, the
issue of botulism is becoming more urgent. Over the past 5 years, 645 people have been diagnosed
with botulism, 46 of which have been fatal, accounting for 7.1 % of the total number of patients.

The source of infection can be home-produced and industrial-grade food. The analysis of the
study material for the period 2014 - 2018 revealed 7 positive cases of botulism and butulinic toxin.

There is a need to introduce systematic controls on food and feed produced by small businesses.

Keywords: Cl. botulinum, botulinum toxin, toxic infection, food, pathological material
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AHomayia. [Mepwoto Mopghos102iYHO PO3Mi3HABAHO KAIMUHOK epumpoyumonoesy
€ epumpobnacm. Y npoueci 003pisaHHA epumpouyumis 8i0 epumpobaacma 0o
3pinoi KnimuHU npoxo0ambe Maki O0CHOBHI 3MiHU: 6a30ahinia YUMONAa3mMu KaimuHu
(3ymoeneHa HasgHicmio 3Ha4Ho20 emicmy PHK y pubocomax) 3miHIOEMbCA cCroYamky
nonixpomamodpinietro, a nomim (yHacniook 36inbuwieHHA emicmy 2emoznobiHy
i 3meHweHHA Kinbkocmi PHK ma empamotro ycix  opeaHes) oKcuginieto; A0po
YWINbHIOEMbCA, MIKHOMU3YEMbCA | BUWMOBXYEMbLCA 3 KAIMUHU, PO3MIPU KAIMUHU Y
npoueci dugpepeHuiauii smeHwyromscs 8i0 15-25 0o 7-8 MKM.

3a aHanizy nocmHamasbHo20 epumpoyumornoesy 8 HOpMi ma 3a namosoaii 3 Memoro
OMPUMAHHA 00CMOBIpHOI iHghopmauii HeobxidHo 00 oghiyiliHux HA38 KAIMUH Ub0o2o
npoyecy 6o0asamu HA38U ix CUHOHIMIB, AKI BUKOPUCMOBYOMb 8IMYU3HAHI ma 3apybirHi
2emamosoau. Y3020/16HI04U MePMIHOMO02It0 KAIMUHHUX enemMeHmig MocmHamanbHo20
epumpoyumornoesy meapuHHa 0OCHOBI X MOpPgho1o2ivyHoI crneyugiku MoxHa npedcmasumu
il HacmynHum yuHom: 1. Epumpobnacm (cuHoHiMmu — npoepumpobaacm, pybpibnacm)
- 2. llpoHopmobaacm (cuHoHimMu — npoHopmoyum, npopybpiuum) = 3. Hopmobaacm
b6azoinbHuli (cuHoHIMU — Hopmoyum b6a3zoginbHul, pybpiuum 6a3zoginbHull) > 4.
Hopmobnacm nosnixpomamodpinsHuli (CUHOHIMU — HOpMOUUM NoAiXPoMamoginbHul,
pybpiyum nonixpomamodineHuli) - 5. Hopmobsaacm okcuineHul (ompoxpomamuyHuli)
(cuHoHIMU — Hopmoyum oKcuginsbHuli (opmoxpomamuyHuli), memapybpiuum) -> 6.
Pemukynoyum -> 7. 3pinuli epumpoyum.

3a oizionoeiuHux ymoe nompeba 8 epumpouumax 3abe3rneyyemocs 30 POXYHOK
10CUIEHO20 PO3MHOM(EHHS MOMIXPOMAMOoginbHUX HopMmobacmis. AKWo nompeba op2aHizmy
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8 epumpoyumax 3pocmae (HanpuKaao, y pasi KPoeosmpam), HOPMObAACMU MOYUHAOMb
po3susamucs i3 nornepeodHUKi8, d OCMAHHI — 3i CMosbypPOBUX KPOBOMEBOPHUX K/IMUH.

Lo nodiny 30amHi knimuHu IV knacy (epumpobaacm, npoHopmobaacm, Hopmobaacm
6a3zoginbHul i KpynHi Mon00di KAimuHU HopMmobaacma nonixpoMmamogineHo2o). KnimuHu
V knacy (Hopmoyum okxcugbineHull i pemukynoyumu KicmxKoeoz2o MO3KYy ma Kposi) He
marome 30amHocmi 0o nodiny, 8oHU auwe 0o3pisaroms. [lpouec eemoenobiHizayil
8 K/AIMUHax epumpoidHo20 pAdy PO3NMo4YUHAEMbLCA 8 b6a30ginbHUX Hopmobaacmax i
3a8epwyemsca 8 pemukysaoyumax. B 3pinux epumpoyumax (VI knac kaimuH) npouyec
ymeopeHHs 2emozn0biHy He 8i06ysaemMbCA.

Knrouoei cnosa: epumpoyumonoes, epumpobsaacm, npoepumpobaacm, nPoHOPMO-
6aacm, npopybpiyum, Hopmobaacm, Hopmoyum, pybpiyum, memapybpiuum, pemuky-

s04um, epumpouum, 2emozs106iHi3auyis 8 KaimuHi

Axmyanvnicmo

HayxoBo-TeXHIYHI OCSTHEHHS OC-
TaHHIX 20 pOKiB B 00JIACTI MOJICKYJISIP-
HOT 010JI0TiT 1 TeHETHKH 30araThIIN Halll
3HAHHA TPO MOJICKYISIPHI MEXaHi3MHU
PO3BHUTKY KPOBOTBOPEHHS, HaTOreHE3
OHKOT'€MATOJIOTTYHHX 1 CIIAIKOBUX XBO-
po0, a TakoK XBOPOO IMOB’SI3aHUX 3 TIO-
pYLICHHSIM TeMmocTa3y. ToMy, cydacHa
TeMaToJoTis — IIe MEIUIMHA BHCOKHX
TEXHOJIOTIH, MO J03BOJSE SPEKTUBHO
BHSIBJISITH 1 JTIKYBaTH XBOPOOH KPOBI.

[TpoTsiroMm JEKITbKOX JECATHIITD SIK
MOIETb UL BHBYCHHS KPOBOTBOPCHHS
B JIIOIVHH IHTEHCHUBHO BHBYAJIOCS €MO-
pioHasbHE, (peTalbHe 1 IMOCTHATATIbHE
KPOBOTBOPEHHS Y JTADOPATOPHHUX TBAPHH
(0COONMMBO MHUILICH), TOMY TeMaTOJIOTYHI
JIOCITI/PKEHHSI B TYMAHHIH 1 BeTepUHApHIi
MEIUIIMHI Jy’Ke TICHO MEePeIUTiTaloThCs.
Jlikapi BeTeprHAPHOI MEAUIINHU CHOTOI-
Hi MaroTh IOCTYII 0 3HAYHUX 00’ €MIB Ha-
YKOBUX IIPAIlb, SIKi IPUCBSTYCHI BUBICHHIO
MOPYIICHHS] KPOBOTBOPEHHS, BUHUKHEH-
HIO aHEMIYHOIO CTaHy YM TMOsIBI 3JI0sIKiC-
HHX 3aXBOPIOBAaHb OpraHiB KPOBOTBOPEH-
Hs. st iHdopMaltiss BUKIIaJIeHa Y PI3HUX
JDKepenax (Te3ax JOIOBIACH, CTaTTsIX, MO-
Horpadisx) MOBaMH pi3HHX KpaiH. [lyxe

Oarato iHpoOpMaIil MPO TeMaToJOTiYHi
JIOCIIIDKEHHS HAIUCAH]1 aHITIACHKOI0 MO-
Boto. OJIHAK, ITiJT Yac aHaIi3y IHX Mpalb
BHUHHKAIOTh TPY/IHOIL B PO3yMIHHI TepMi-
HOJIOTI1 32 ONHUCY KITITHH KpoBi. 30Kpema,
IIE CTOCYETHCS Ha3B KITITHH-TIOTICPETHULID
EPUTPOLIHTIB Y MPOIEC] MOCTHATATEHOTO
CPUTPOLIUTOIIOC3Y.

Mema oOocniosycenns — npoaHali-
3yBaTH JIITEPATYpHI JpKepesa 1 MaKCH-
MaJbHO YTOYHHUTH TEPMIHOJIOTIIO KJIi-
TUHHUX EJIEMCHTIB IIOCTHATAJIBHOTO
EPUTPOLUTONOE3Y Y CCABI[IB HA OCHOBI
X MOpdooriuyHOi crenudiku.

Mamepianu i memoou
00CiONceHHS

MarepianoM st JOCITIKEHb OYIH
MiJPYYHUKH, TOCIOHUKH 1 TeMaTOoIOT14-
Hi aTJ1acy TYMaHHOI i BEeTepHHAPHOT Me-
JMLUHU, Y SKUX OIMUCaHi 0COOIMBOCTI
EPUTPOLMTOIIOE3Y.

Pesynvmamu 0ocnionceHHs
ma ix 0620680peHHs

Bigomo, 1m0 mocTHaTaj bHUE epu-
TPOLUTOINOE3 (PO3BUTOK EPUTPOLHTIB
MiCIIs HApOJDKCHHS) CCaBIIB BinOyBa-
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€TBCSI B YEPBOHOMY KiCTKOBOMY MO3KY.
JlxepenoM pO3BUTKY PUTPOIHUTIB (SK 1
JICHKOLIUTIB Ta TPOMOOIIUTIB) € CTOBOY-
poBa kpoBotBopHa KiitiHa (CKK), siky
BIZTHOCSTB 10 KITITHH | Kitacy remortoesy.
s kmiTrHA 30aTHA 10 Tioxiy. [1i Brum-
BOM CTPOMAJBEHOTO KiCTKOBOMO3KOBOTO
crenu(iuHOro MiKpOOTOYCHHS BOHA [ii-
JIUTBCS 1 TU(PEPEHINIOETBCS Y KITITHHY
Il kmacy — KITITHHY TONIEpEeTHUKA MI€JIO-
nmoe3y (PO3BHTOK KIITHH KpOBI y uep-
BOHOMY KICTKOBOMY MO3Ky). KiitnHa
remonoe3y 1l kmacy gacTkoBo nmerepmi-
HOBaHa, 3 HEI MOXKYTh YTBOPUTHCS JIUILIE
KITHHU MienoigHoro psay. Kimituna 11
knacy mae Hazpy KTO-TEMM (xono-
HIEyTBOPIOIOYA OAWHHUIL TPAHYJIOIHUTIB,
EpUTPOLIUTIB, MOHOIIUTIB 1 Merakapio-
muTiB). KiiThHa 1pOTO KJIacy IE Mae
a3y HCK (HamiBcTBOypOBa KIITHHA).
I3 xrituan KTO-'EMM yTBOpIOIOTBCS
JIBA BUJU OLJbII JETEPMIHOBAHUX KIIi-
tuH-TIoriepenHukiB — KTO-T'HE (komo-
HIEyTBOPIOIOYA OIWHHMIII TPAHYIOIHTIB
ta eputporutiB) i KTO-MI'LIE (komo-
HIEyTBOPIOIOYA OIMHUIIL METaKapiolu-
TIB Ta €PUTPOLMTIB). TaKUM YHHOM, YHi-
MOTCHTHUH TTONICPETHAK EPUTPOIHTIB
(KTO-E) (xnituna 11l kmacy, mo po3Bu-
BA€ETHCS JIHIIIE B HAIIPSIMKY SPUTPOIIUTIB)
MOYKE YTBOPUTHUCS TBOMA IUIIXAMH — 3
KTO-T'HE a6o KTO-MI'LIE. VHinoreHT-
HY €pPUTPONOCTUYHY KIITHHY II¢ HA3H-
BatoTh epurpornoeTnHIyTmBoK (EUK),
OCKITbKM 11 HAcTymHa Ju(epeHIiaris
IHIYKY€TBCS EPUTPOIIOCTHHOM — TOp-
MOHOM, III0 BHUPOOJISETBCSA y HHUPKax i
nocwiroe nporidepanito EUK Ta ix me-
peTBOpeHHsT y eputpobmactu. Epurpo-
MOCTHH CTUMYJIIOE TAKOK PO3MHOKCHHS
1 TO3pIBaHHS KJIITHH EPUTPOITHOTO PSTY
HACTYITHUX CTaIiMH.

Kuituau I, 11 1 111 kmacy 3a cBoimMu
MOPGOIOTTYHUMH O3HAKAMHU JIyXe TIO-
n10Hi 1 MaliyKe HE MArOTh BIIMIHHOCTEH SIK
MiXk cO0O0¥0, TaK 1 3 JIIM(POITHUMH KIIITH-

HaMU (HETIOOUTPHUMH PE3ePBHUMH KJIi-
THHAMH) Ta OUTBIIICTIO OJACTHHUX KJIITHH
(mpomiepyrounx KITITHH). Po3pisHUTH
X MK COOOFO Ta BU3HAYUTH 1X KUTBKICTh
MOXKJIMBO JIWIIIE 33 JOIOMOTOIO CIIeIli-
QIPHAX METOMIB JOCIIDKEHHS: YyTBO-
PEHHSI KOJIOHIM Yy KyJBTYpi, BHSBJICHHI
mudepenniroroanx (CD) aHTUTeHIB, Xpo-
MOCOMHHX MapkepiB (Bazarnova, 1982;
Tretiak, 2005; Kamyshnikov et al., 2011;
Mazurkevych et al., 2014). Po3xomkeHb
IIO/I0 TEPMIHOJOTIT IUX KJIITHH Y JIiTe-
paTypHHX JDKepeliax BETCPHHAPHOTL 1 Ty-
MaHHOI MEIUIVHH MH HE BHSBHUIIH, SIK
HE BISIBIIM 1 y TIPAILIX BIIOMHX aMepH-
KaHCHKUX i €BPOINEHCHKUX T'eMaTOJIOTIB
(Heilmeger et al., 2005; Anderson, 2007;
Weiss & Wardrop, 2010; Harvey, 2012;
Kaushansky et al., 2010; Mary Anna
Thrall et al., 2012).

Epumpobnacmu
(BigHOCATBCS 10 IV
KJIacy KJITHH) — Tep-
mi  MopdoJIoriuHO
pO3Mi3HaBaHi KJITH-
HHU €pUTPOIUTOIIOEC3Y,
IO MAalOTh BEIUKUHA
po3mip (miamerp KIITHHH 15-25 MKM)
Ta Kpyriy ¢opmy. Sapo y mmx Kii-
THH — BEJHKEe, KPyIlle, pO3TalIOBaHE
LEHTPAJIbHO, MAa€ HIXKHY JApiOHOCITYA-
CTO-3€PHUCTY CTPYKTYpY (Iim dac ¢ap-
OyBaHHS Ma3KiB B pe3yabraTi (ikcarii
(bapOu B MiCIISIX MEPEIUICTEHHS TOHKHX
XPOMATHHOBUX HHTOK yTBOPIOETHCS
JpiOHO3epHUCTUI PUCYHOK). Bceepenu-
Hi siipa MicTuThes 1-3 (10 5) ronyOysa-
TO-CHHBOTO KOJBbOPY simepens. Llutom-
Ja3Ma y epuTpoOIacTiB MPECTaBICHA Y
BHIVISIII BY3€HBKOTO 00i1Ka, GapOyeTh-
sl IHTEHCHBHO 0a30(1IbHO, MOXKE OyTH
3JIeTKa MMOPUCTOI0 Ta MAaTH BiIPOCTKH.
VY 1muToruiasMi KIITHHHM BIJICYTHS 3ep-
HUCTICTh. [100nm3y siapa € cBiTia 30Ha
(nepunykieapHa), ©Oarato pubOCOM,
HEBEJMKa IEHTPOCOMA 3 ABOMa IICHTPi-

Ly
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OJISIMH, XapaKTEPHOIO € HAsIBHICTh 3¢pPeH
(beputuHy (KoMIUIeKC OijKa 13 3a1130M).
Eputpobnactu MaroTh 31aTHICTH 10 T0-
Ity 1 audepeniianii y mpoHopMooiac-
TH (IPOHOPMOIINTH).

Y aHINIOMOBHUX BHIAHHSIX BeETe-
PUHAPHUX TEMAaTOIIOTIB EpHUTPOOIACTH
Ha3MBaIOTh pyOpidmactamu (rubriblast)
(Weiss & Wardrop, 2010; Harvey, 2012;
Mary Anna Thrall et al., 2012).

Xoya, 3HaYHA YACTUHA  aBTO-
pie  (Nikitin, 1956; Kudryavtsev and
Kudryavtseva, 1974; Abramov, 1985;
Dudok et al., 2001; Lutsyk et al., 2003;
Heilmeger et al., 2005; Kaushansky et
al., 2010; Khomych et al., 2019) Ha3usa-
M | HA3UBAIOTH EPUTPOOIIACTH MIPOCPUT-
poOactamu.

[lomo  TepMiHOMOTIT  HACTYIMHHX
KIITHH EPUTPOLHUTONOE3y €JHHOI JTyM-
ki Hemae (tabOm. 1). B maGoparopHiit
MEIWYHIN 1 BETEPHHAPHIA TPAKTHIN iX
NPUAHATO Ha3WBaTH HOPMOOIACTAMH,
OCKIJIBKH 11 KJIITHHHU-TIONEPEIHUII Ma-
IOTh SIIPO, a 3PiJi epUTPOLIUTH — Ha3U-
BatoTh Hopmonutamu (Nikitin, 1956;
Kudryavtsev and Kudryavtseva, 1974;
Bazarnova, 1982). Bopo6iioB A.l. y
cBOT#t cxeMi kpoBoTBOpeHHs (1991 p.)
HOPMOIIMTAMHM Ha3WBa€ HE 3puTl epu-
TpouutH, a HopmoOmactu (Tretiak,
2005). 3apa3 y MmenuuHiit mabopatopHii
MIPaKTHIII YaCTO B)KUBAIOTh HE OJHAKOBI
(JacTo Mo/BiKHI) HA3BH IIUX KJIITHH, IO
3aTPYIHIOE PO3YMIHHS €PHTPOIMTOIO-
e3y (Abramov, 1985; Levchenko et al.,
2004; Anderson, 2007; Kamyshnikov et
al., 2011).

IIponopmobnacm
(mponopmout).  3a
CBOIMH  MOp(OJIOTiY-
HUMH XapaKTepUCTH-
KaMH 115 KITITHHA JTyKe
nojioHa 10 epuTpoO-
JIACTIB, OJTHAK Ma€ MEHILIHHA po3Mip (JTia-
MeTp KIiTHHH 12—18 MxM). Dopma KITiTH-

HH TaKOK KPYyIJIa, HOMI 3J1erka OBaJIbHA.
Snpo B KIITHHI pO3MillieHe HEHTPATLHO
(iHOMI HE3HAYHO EKCIEHTPHYHO), ajie
Ma€ Jem0 KPYIHOCITYACTY CTPYKTYpY
XpOMaTHHY. Sepens B spi i€l KITTHHA
He Bi3yanm3yroTh. LluToruiasma mpoHop-
MoOmacTa (mpoHopMmorHTa) (hapOyeThest
IHTEHCUBHO 0a30(iibHO. MiK sApoM i
LUTOIUIa3MOI0 € TEpUHyKIeapHa 30Ha
npocBiTieHHs. [Ipu migpaxyHKy MyHKTa-
TIB KICTKOBOI'O MO3KY I[f0 KJIITHHY 94acToO
BIIHOCSITH B OJJHY TPYITy 3 EpHTpOOIacTa-
MU (BHACTIJIOK Ba)KKOTO JTU(EpEHIIio-
BaHHs). [IpoHOpMOOIACT (IPOHOPMOITHT)
TaKOX MAa€ 3/IaTHICTh JIO MOALTY 1 mude-
PCHIIFOBaHHA B HOPMOOJACT (HOPMO-
LUT), IeXTO Ha3WBa€ L0 KIITHHY CPUT-
pobmactoM. Y aHIMIOMOBHUX BHIAHHSIX
BETEPHHAPHUX TE€MATOJIOTiB IPOHOPMOO-
7acté (IIPOHOPMOIIUTH) HA3UBAIOTh TIPO-
pyOpitmramu (prorubricytes) (Weiss &
Wardrop, 2010; Harvey, 2012; Mary Anna
Thrall et al., 2012).

Onnak, ©Oararo asropiB (Nikitin,
1956; Kudryavtsev & Kudryavtseva,
1974; Dudok et al., 2001; Lutsyk et
al., 2003; Kaushansky et al., 2010;
Khomych et al., 2019), ski onucyoTh
[IOCTHATANBHUA ~ EPUTPOLUTONOE3 Y
CCaBIIiB TaKy KIITHHY B OKpEMY T'pYILy
HE BHOKPEMITIOIOTb.

Hopmobnacmu (nopmoyumu) nude-
PCHLIIOIOTHCS 32 CTYIIEHEM HACHYCHHS
X reMonIo0iHOM Ha 0a30(ijbHi, MOJi-
XpoMaToiabHI 1 OKCH]TBHI (OPTOXPO-
matuyHi) (Rigan, 2000; Kamyshnikov
etal., 2011).

Hopmoobnacm
(nopmoyum)  6azo-
GUTbHUNA — HaKO1Ib-
ma cepex HOpPMOO-
JIACTIB 332 PO3MIpPOM
KIITHHA (B JiaMeTpi
10-14 wmxwm). Snppo
y OUX KIITHH BENWKE, KPyIle, 3aiimMae
OCHOBHY 4acTuHy KiituHH. CTpyKTypa
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XpOMAaTHHY siapa OuTbIl KpyrHa (Tpy-
0a), HiX y MOMepeHiX KIITHH epUTpPO-
imHOTO psAxy. XPOMaTHH TITUOYACTHIA,
PO3MIMIYETHCSI Y BUIVISI BUIOBKCHUX
TPYIOYOK, BIAMIYa€ThCS UYCPIyBaHHS
TEMHHUX 1 CBITIIMX IUISIHOK, IO TPH-
BOJUTH JO KOJECOMOAIOHOTO BUIIILY
simpa (sik crmni B koseci). Lluromasma
y BHUIJISAI BY3CHBKOTO 00igKa i1HTEH-
cUBHO 0a3o(dibHa (BHACHIIOK BEIUKOI
kinekocti PHK), iHOM MOXe maru Bu-
poctH. Y IUX KITHHAX PO3MOYUHAETH-
¢ CHHTe3 remMoniodOiny. [emornobin
MepII 32 BCE HAKOMUYYETHCS y TEPH-
HyKJIeapHiii 30Hi. [luToruiazma nounnae
CHpuiAMaTh KUCIIMK OapBHHUK €O3WH 1 B
TAaKOMy BUIAIKy IEepPHHYKIcapHa 30HA
MPOCBITJICHHS MO)XKE MaTh POKEBYBa-
THH BIATIHOK, [0 CBIAYUTH PO TPOIIEC
reMonto0iHizamii y kiiTiHi. OnHOdYac-
HO 3 reMOmo0iHI3ali€0 [UTOILIA3MU
BiOYBAE€ThCS YUIUTBHEHHS XPOMATH-
HOBOI CITKH s1pa, IO MPH3BOIUTH IO
YTBOPEHHSI KPYMHHUX TIHO (TPyHOvOK)
1 YepryBaHHs TEMHINIMX 1 CBITJIIIUX
nistHoK. HopmoOnactv  (HOPMOIIMTH)
3[aTHi J0 MOLTy, TOMY, HATPOMaIUBIIN
MEBHY KUIbKICTh TEMOMIOOIHY, TiIAThCS
1 JU(EpPEHIIOITECS Y HOPMOOIACTH
(HopMoOIUTH) TONIXpOMaTOimpHi. Y
AQHIJIOMOBHHX BHJAHHSIX BETEpPHHAp-
HUX TEMarojoriB HOpMoOmacTH (HOp-
MOIMTH) 0a30(iNbHI Ha3WBaKOTh Oa-
30¢iapHUMH pyOpinuTamu (basophilic
rubricytes) (Weiss & Wardrop, 2010;
Harvey, 2012;Mary Anna Thrall et al.,
2012).

Hopmoonacm
(nHopmoyum) nosni-
xpomamoginonuil
— MEHIIMHI 3a po3-
MipaMH Bl CBOIiX
TOTIEPETHUKIB (B JIi-
amerpi 9-12 MkwMm).
Horo SIpO PO3MILICHE B IEHTPiI abo
3JIeTKa CKCIEHTPHYHO, IIUTBHE, 3 TpPy-

(W

OMM  KOJIECOMOMIOHUM  PO3MIIIICHHIM
XpOMaTHHy. SImeprisi He BU3HAYAIOTHCAL.
SnepHo-1MTOIUIa3MaTHYHE  CIIBBITHO-
IICHHST CTAaHOBUTH 1:1, a00 3MilyeThCs
B Oik mwmroruiasmu. L{utomnasma dap-
Oyerbest mosmixpomMaroineHo!”  (CrpHii-
Ma€ SK KUCI TaK 1 OCHOBHI OapBHHKH).
[Ipu ¢apOyBanHi (ikcOBaHMX Ma3KiB
asyp-ll-eo3uHoM TeMOIVIO0iH B IUTOI-
na3mi 3a(apOoBY€EThCS B POXKEBHI KOIp
(oxcudinist), a opranenu (PHK, pubo-
comu) B TonyOyBatuii (6asodimis). [Ipu
3MINIYBaHHI IIUX KOJILOPIB YTBOPIOETHCS
PI3HUIA BITIHOK IMTOILIA3MH, SKHH 3a-
JISKUTP BiJl BMICTY 1 JIOKaJIi3aIlii reMor-
J001Hy. SIKI0 TeMOTO0IH y WX KIIITH-
HaxX PO3TAIIOBYETHCS TH(PY3HO — TO BCS
nuToriasmMa (apOyeThess y CipyBaTHi
KoJip, a0 y BHIISI 00iKa HABKOJIO
sapa. SKIo y IMTOIUIA3Mi MiCTHTHCS
BEJIUKA KUIBKICTh OpraHei — IUTOIUIa3-
Ma HabyBaTHMe CipO-Toiyooro, 9u cipy-
BaTo-(hi0JETOBOTO KONBOpY. KibKicTh
pHOOCOM Y IMX KITITHHAX 3MEHIIYETHCS,
(GepUTHH PO3MIIIY€ETHCS  arperatamu.
HopmoOmacTi  (HOPMOIIMTH)  TOJIXPO-
Maro(ijbHI - OCTaHHI KJIITHHH €PUTPO-
imHoro psimy (IV Kimacy KITHH TeMoro-
e3y), II0 MaroTh 3[aTHICTh JIO MiTO3Y.
BBaxkaeThest, IO 10 MOILUTY 3[aTHI JINIIE
panHi, KpynHi ¢popMu X KiaituH. [Tpu-
YHHOIO BTPATH 3HAaTHOCTI IO JUICHHS €
HAKOITMYCHHS B UTOILIA3MI TeMOrIo0i-
HY J10 IEBHOI KOHIIEHTpallii Moozl Hop-
MoOIacTi (HOPMOIIUTH) TOJIIXPOMATO-
(bUTBHI IUSATBCS 1 TUQEPEHIIIOITHCS B
HOPMOOTACTH (HOPMOITUTH) OKCHU(LITBHI.
VY aHIIIOMOBHHX BHAAHHSX BETEpUHAp-
HHUX T€MaTOJIOTiB HOpMOOIacTu (HOPMO-
LUTH) TONIXpOMaTO(hUIbHI HAa3UBAIOThH
MOTIXPOMATO(UTEHHAN pyoOpinmTamMu
(polychromatophilic rubricytes) (Weiss
& Wardrop, 2010; Harvey, 2012; Mary
Anna Thrall et al., 2012).

* TTomixpomasisi - 3mimnase 3adapOyBaHHsI
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Hopmoonac-
mu  (Hopmouumu)
okcucpinoni. Tako-
JU B JTEPaTypHHUX
IDKepenax ix Hasu-
BalOTh  OPTOXPOM-
HUMHU (32 MiJTHO-KO-
puuHeBe 3adapOyBaHHS MHUTOILIA3MH)
(Nikitin, 1956) uu OpTOXpOMATHYHUMH
a0o anuaodineHuMu (Khomych et al.,
2019). Lli kMTHHYU BTpaYaroTh 37aTHICTh
no moxiny (V Kiac KIITHH FeMOIIoe3y).
HopmobGnactu okcu@iibHI MarOTh po3-
Mip OJHAKOBUHM YM TPOIIKH OiTbINUH,
SK y 3plioro epurporuTa (B aiamerpi
Oomu3pko 10 MKM). SlmepHO-IUMTOIIIa3-
MaTWUYHE CIIBBIIHOLIEHHS 301JIbIIECHE B
OIK IUTOILIA3MH. SIApO — IMITbHE, 4acTo
MIKHOTHYHE (TOOTO BTpadae PHCYHOK
XpOMaTHHy) Maibke Oe3CTPYKTypHE,
BTpadya€e KOJIECOMOAiOHe pO3TalryBaHHs
xpoMaTuHy (iHOA1 He BTpadae). Sapo B
i KIITHHI PO3MIIIEHE CKCIICHTPHY-
HO, HIOW TOTYIOUHUCH JO EKCTpy3ii (BU-
IITOBXYBAaHHS 3 KIITHHU). Y Iromei i
TBapHH-CCABIB (Ha BIIMiHY BiJI NTaxiB,
puO, 3eMHOBOJHMX) II€ OCTaHHS KJIi-
THHA CPUTPOITHOTO PNy, K4 MICTHTH
SIPO. [uToruiasma HOpPMOOIACTIB
(HOPMOIIMTIB) OKCU(IIBHUX Ma€ KOJip
SK Y JOPOCINX CPUTPOLUTIB Y Ma3Ky
— pokeBuid. 80% KJIITHH Ha I cTamii
BTPAYarOTh SIPO 1 IIEPETBOPIOIOTHCS
Ha KICTKOBOMO3KOBI PETHUKYJIOIHUTH. Y
AQHIJIOMOBHUX BHIAHHSAX BETCpPHHAP-
HUX TEMAaroJIoTiB HOopMoOmacTu (HOp-
MOIIMTH) OKCHU(LIbHI HAa3UBaIOTh METa-
pyopinuTamu (metarubricytes) (Weiss
& Wardrop, 2010; Harvey, 2012; Mary
Anna Thrall et al., 2012).

Pemukynoyum
— Il HACTyIHa KIIi-
THHA EPUTPOITHOTO
pAmy B KICTKOBOMY
Mo3Ky. KimituHa He
Mae sapa. Bona He

Mae€ 31aTHOCTI 10 MiTo3y (V KJac KJIITHH
reMoroesy). /lo3piBaHHS PETHKYIIOUTIB
y KICTKOBOMY MO3KY Y JIFOfeH BinOyBa-
€TBCS MPOTATOM 36—44 T0/1, MOTIM BOHH
HAJIXOJSTh Yy KPOB y BHUDIAAI 3pLIHX
epurpormtiB (VI K1ac KITHH TeMoro-
e3y). BBakaerbes, MO pPETHUKYIOIMTH
HE 37aTHI 10 HAKOIMYCHHS TeMOrio0i-
Hy (Kamyshnikov et al., 2011). Onnak,
€ TIOBIIOMJICHHS, 1[0 y TBAPHUH HA IIHO-
My eTari PO3BUTKY PETHUKYIOIUTH IIIe
noBuHHI BupoOmsatn 20-30 % 3aranb-
HOI KimbKocTi remoriobiny (Weiss &
Wardrop, 2010; Mary Anna Thrall et al.,
2012). Taki akTHBHI BUPOOHU Y1 MPOIECH
MOTPeOyIOTh AKTUBHOTO CHHTE3Y Pa3oM
3 [UTOIUTa3MAaTHYHUMU PHOOCOMAMH,
noJIipudoCcoMamMH, PUOOHYKJICTHOBUMH
kucnoramu (PHK) ta miToxoHmpismu,
X04a BCi 11l opraHesid OyayTh BUIAJICHI 3
PETHUKYJIOIHUTIB B CEPEIHEOMY IPOTATOM
HACTYMHUX 3—4 1110, a y KOTa — IPOTATOM
10-13 ni6 (puc. 1).

Ha BigmiHy BijJ 3piIMX €pUTPOLIUTIB
y OLIBIIOCTI BUIIB TBAPHH PETUKYIIOLH-
TH OUTBII, MalOTh Kpyraimy (GopMmy, 31
3HAQYHO OUIBIIOK IUIOMICI0 MEeMOpaHH
Ta MEHILOK KIUIbKICTIO LUTOIUIA3MU. B
3ahikcoBaHOMy, 3adapOOBaHOMY KJia-
CHYHAMH MeToiaMu (32 PoMaHOBCEKUM
g PaiiT-I'iM3u) Masky, KOJIp pPETHKY-
JIOIUTIB OMHOPITHUK CBITIIO-CHHIHN, 1
Taki KJIITHHH Ha3WBalOTh IOJIIXpOMa-
todimamu (tabn. 1-F). B HedikcoBaHo-
My, 3adapOoBaHOMY CyNpaBiTATbHUMH
(dapbaMu (HOBHH METHUIICHOBUH CHHIil)
Ma3Ky, OapBHUKH CHPHUYHHSIOTH OCal-
skeHHs1 pubocomHoi PHK ta opranen y
ciTYacThil yTBIp (PETUKYITYM), IKUH PO3-
MM3HAETHCI 3aJIEKHO BiJ KUIBKOCTI Ha-
sBaol PHK: sxmio 3rpymnoBaHi arperati
TEMHO-CHHBOTO Marepiajy — arperoBasi
PETUKYJIOIUTH, SIKINO TPUCYTHI JpiOHI
MYHKTaTHI CTPYKTYpU — IYHKTaTHI pe-
tukynoruta (Weiss & Wardrop, 2010;
Harvey, 2012; Mary Anna Thrall et al.,
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Puc. 1. Cxema q03piBaHHS PETHKYJIOIUTIB y KOTA 3a (i3ioorivynux ymon
3a Mary Anna Thrall, 2012

2012). B aHITIOMOBHHX BHJIaHHSX BETe-
PHHApHHUX T'e€MATOJIOTIB PETHKYIOLUTH
HA3WBAIOTh SIK 1 Y BITYM3HSIHUX BUJIAH-
HAX — peTHKyjiommramu (reticulocytes)
(Weiss & Wardrop, 2010; Harvey, 2012;
Mary Anna Thrall et al., 2012). B menuu-
HIl JTaOOpaTOPHIi MPAKTHIIl 32 CTYITHEM
3pUTOCTI PETHKYJIOLUTH TOMIISIFOTE Ha
I’SITh TPpyI: 1 rpyna — sapOBMICHI KJIi-
THHH HOPMOOJAcTH (HOPMOIMTH) (sIKi
MU BIJHOCHJIA IO HOPMOOJACTIB OKCH-
¢unpHUX); 2 Tpyna — 0e3’saepHi, mIHo-
KO- YM KITyOKOTOMIOHI PETHKYJIOIMTH.
Petukymym Mae BUDIISUT TPYIOK YU LIUTH-
HO3MOTaHOT'O KITyOKa, II0 JIOKATi3y€eThCs
B LIEHTPI (YM EKCIIEHTPUYHO) KITITUHH; 3
rpyla — MOBHOCITYACTI PETUKYIOIHTH.
B HEX peTHKyJsipHA CiTKa HIOW PO3MO-
TYETBCA 13 KJIyOKa 1 MOBHICTIO BKPUBA€E
MOBEPXHIO KIITHHH; 4 Tpyma — HEIoB-
HOCITYACTI PETHKYJIOIMUTH. B KimiTHHI
BI3yasTi3yI0ThCsl OKpeMi 0a3zo(digpHO 3a-
(hapOOBaHI HUTKU PETHKYIyMY; 5 Tpy-
na — MWIONOAIOHI  peTukymonuTH. Ha
nieprdepii KITITHHA (B TEpeBaXkHii OiIb-
IIOCTI) BIZMIYatOThCS JPIOHI 3€PHHUCTI
ctpyktypu (Kamyshnikov et al., 2011).

TakuM YHHOM, y MpOIEC] 103piBaH-

HS EPHUTPOILMTIB Bix epurpobiacra a0

3piJI01 KJIITHHH MTPOXOASITH TaKi OCHOBHI

3MiHH (Tabm. 1):

- 0a30¢iist IUTOIUTA3MHU KITITHHU (3Y-
MOBJICHA HAsSBHICTIO 3HAYHOTO BMiC-
1y PHK y pubocomax) 3MmiHIOETBH-
cs CIoyarky Tmosixpomarodisiero,
a moTiM  (YHacJiJ oK 301IbIICHHS
KUTBKOCTI TeMOIIO0IHY 1 3MEHIIICH-
Hs kinbkocTi PHK Ta BTpaToro ycix
oprasen) okcuiiero;

- SOPO YIIUTBHIOETHCS, MIKHOTH3YETh-
Csl 1 BUILTOBXY€ETHCS 3 KITITHHH;

- po3MipH KJIITHHH Yy Tporeci aude-
peHIianii 3MeHImyThes Bix 15-25
10 7—8 MKM.
3a (izionorivaux ymoB moTpeda B

SpPHUTPOIMTAX 3a0€3MEUYETHCS 32 PAXYHOK

MOCHJICHOTO PO3MHOKECHHSI ITOTiXpOMa-

TOMUILHUX HOPMOOJNIACTIB (HOPMOIIUTIB,

pyOpiruTiB). SKimo norpeda opraHizmy B

SPHUTPOIHTAX 3POCTAE (HATPHUKIA, Y pasi

KPOBOBTPAT), HOPMOOIACTH (HOPMOLIITH,

PYOpIIIUTH) MOYHMHAIOTH PO3BUBATHCS 13

TMOTICPETHUKIB, & OCTaHHI — 31 CTOBOYpO-

BUX KPOBOTBOPHHUX KJIITHH.
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1. Tepminosoriss Mop(osI0riuHo Po3MiZHABAHMX KJIITHH MOCTHATAJILHOTO

E€PUTPOLUTONOE3Y
Knitian V knacy — nospiea- | Kumituan VI
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Jlo moxiny 3paTHi kiniTHHYA 1V Kia-
cy (epuTpoOiact, MPOHOPMOIUT, HOP-
MOITUT 0a30(pIIBHUI 1 KPYIHI MOJIOI
KJIITUHH HOPMOIIMTA MOJIIXpOMATO-
(biTBHOTO).

Knituau V xi1acy (HOPMOIMT OKCH-
GUIBHANA 1 PETHKYJIOIMTH KICTKOBOTO
MO3Ky Ta KpOBi) HE MAlOTh 3JaTHOCTI
JUTATHCS, BOHH JIHIIE I03PIBAIOTh.

[Iporec remonnoOiHi3amii B KJIIiTH-
HaX EPHUTPOIMHOTO psmy pPO3MOYMHA-
€Thcsl B 0a30(piIbHUX HOpMOOIacTax
(CHHOHIMH  HOPMOIIUTH, PYOPILIUTH)
1 3aBEpIIYEThCS B PETHUKYIONHTaX. B
3pinux eputporurax (VI kimac KIiTHH)
MPOIIEC YTBOPEHHS TeMOTIIO0IHY TaKOXK
BiJICYTHiH.

Bucnosxu i nepcnexmuéu

[Ipu aHai3i MOCTHATAIBLHOTO EPH-
TPOLMTONIOE3Y B HOPMI Ta 3a Marojo-
rii, 3 METOK OTPUMAaHHS JAOCTOBIPHOL
iHpopMaIii, HeoOXiAHO 10 O(IMIHHIX

Ha3B KJIITHH IBOTO MPOIECY J0IaBaTH
Ha3BU 1X CHHOHIMIB, SIKi BHKOPHCTO-
BYIOTh BITYM3HSHI Ta 3apyOikHI rema-
TOJIOTH.

VY3aranpHeHa TEPMIiHOJIOTIS KIITHH
MOCTHATAIBHOTO  EPUTPOIHUTOINOE3Y
TBapuH Ha OCHOBI 1X MopdoJorigyHol
crenudiku Moke OyTH IpeacTaBiIcHa
HacTymHuM 9uHOM: 1. Epmrpobmact
(CHHOHIMH — IPOEPUTPOOIIACT, pyOpi-
osact) — 2. [Ipornopmobiact (cuHo-
HIMH — TIPOHOPMOIIUT, TPOPYOPILIHT)

— 3. HopwmoOmact 6a3odiabHui
(CHHOHIMM — HOPMOIIUT 0a30(iJb-
HUW, pyOpinuT OazodiabHuil) — 4.
HopmoOnact  momixpomaTodiabHUM
(CHHOHIMM — HOPMOIIMT MOJIXPO-
MaToQiIbHUE, pyOpIIIUT TOJIXPO-
marodinpuuit) — 5. HopmoOaact
OKCH(DIIbHUA  (OTPOXPOMATHUHHMIA)

(CHHOHIMH — HOPMOITUT OKCU(ITBHUM
(opTOXpOMaTHYHUIT), MeTapyOpIilHT)
— 6. Petukynonutr — 7. 3pinuii epu-
TPOIIUT.
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Abstract. The first morphologically recognized cell of erythrocytopoiesis is erythroblast.
During the maturation of erythrocytes from the erythroblast to the mature cell undergo the fol-
lowing major changes: the basophilia of the cytoplasm of the cell (due to the presence of signifi-
cant RNA content in the ribosomes) is changed first by polychromatophilia, and then (due to the
increased hemoglobin and decreased RNA content and loss of all the organelles; oxyphilia; the
nucleus is compacted, pycnotized and pushed out of the cell; cell sizes in the process of differen-
tiation decrease from 15-25 to 7-8 microns.

In the analysis of postnatal erythrocytopoiesis in the normal and pathology, in order to ob-
tain reliable information, it is necessary adding to the official names there synonyms which are
used by our and foreign hematologists. Summarizing the terminology of the cellular elements of
postnatal erythrocytopoiesis of animals on the basis of their morphological specificity can be rep-
resented as follows:1. Erythroblast (synonyms — proerythroblast, rubriblast) = 2. Pronormoblast
(synonyms — pronormocyte, prorubricytis) - 3. Normoblast basophilic (synonyms — normocyte
basophilic, rubricyte basophilic) - 4. Normoblast polychromatophilophil. Normoblast oxyphilic
(otrochromatic) (synonyms — normocyte oxyphilic (orthochromatic), metarubricyte) - 6. Reticu-
locyte = 7. Mature erythrocyte.

Under physiological conditions, the need in the red blood cells is ensured by enhanced repro-
duction of polychromatophilic normoblasts. If the body’s need for red blood cells increases (for
example, in the case of blood loss), normoblasts begin to develop from precursors, and the latter
— from stem hematopoietic cells.

Class IV cells (erythroblast, pronormoblast, basophilic normoblast and large young normoblast
polychromatophilic cells) are capable of division. Class V cells (normocyte oxyphilic and bone mar-
row and blood reticulocytes) are not capable of division, they only mature. The process of hemo-
globinization in cells of the erythroid row begins in the basophilic normoblasts and ends in the
reticulocytes. In mature red blood cells (class VI cells) the formation of hemoglobin does not occur.

Keywords: Erythrocytopoiesis, erythroblast, proerythroblast, pronormoblast, prorubricyte, normo-
blast, normocyte, rubricyte, metarubricyte, reticulocyte, erythrocyte, hemoglobinization in the cell
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