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Background. The presence of a noise component on 3D images of single-photon emission computed tomo-
graphy (SPECT) of a brain significantly distorts the probability distribution function (PD) of the radioactive
count rate in the images. The presence of noise and further filtering of the data, based on a subjective assess-
ment of image quality, have a significant impact on the calculation of volumetric cerebral blood flow and the
values of the uptake asymmetry of the radiopharmaceutical in a brain.

Objective. We are aimed to develop a method for optimal SPECT filtering of brain images with lipophilic
radiopharmaceuticals, based on a Gaussian filter (GF), for subsequent image segmentation by the threshold
method.

Methods. SPECT images of the water phantom and the brain of patients with *™"Tc-HMPAO were used. We
have developed a technique for artificial addition of speckle noise to conditionally flawless data in order to
determine the optimal parameters for smoothing SPECT, based on a GF. The quantitative criterion for optimal
smoothing was the standard deviation between the PD of radioactive count rate of the smoothed image and
conditionally ideal one.

Results. It was shown that the maximum radioactive count rate of the SPECT image has an extremum by
changing the standard deviation of the GF in the range of 0.3—0.4 pixels. The greater the noise component in
the SPECT image, the more quasi-linearly the corresponding rate changes. This dependence allows determin-
ing the optimal smoothing parameters. The application of the developed smoothing technique allows restoring
the probability distribution function of the radioactive count rate (distribution histogram) with an accuracy up
to 5—10%. This provides the possibility to standardize SPECT images of brain.

Conclusions. The research results of work solve a specific applied problem: restoration of the histogram of a
radiopharmaceuticals distribution in a brain for correct quantitative assessment of regional cerebral blood flow.
In contrast to the well-known publications on the filtration of SPECT data, the work takes into account that
the initial tomographic data are 3D, rather than 2D slices, and contain not only uniform random Gaussian
noise, but also a pronounced speckle component.

Keywords: emission computed tomography; SPECT; cerebral blood flow; radioactive count; Gaussian filter;

optimal filtering; speckle-noise; radiopharmaceutical; **"Tc-HMPAO.

Introduction

The main objective of scintigraphic studies of
brain with lipophilic radiopharmaceuticals is the
studying brain efficient perfusion. In this regard,
a method for quantitative assessment of absolute
volume of cerebral blood flow (CBF) was develo-
ped [1, 2]. The term "absolute" implies the calcula-
tion of CBF without reference to any segment of
the brain with known parameters of effective per-
fusion, for example, using the well-known Lassen's
method [3, 4]. Methodology and software for the
calculation of the CBF, developed by our working
group, make it possible to measure absolute values
of volumetric blood flow directly. The accumulated
clinical experience of calculation usage of the abso-

lute CBF method [1, 2] and the development of ap-
propriate software were resulted in a set of data ana-
lysis features [5].

The method is based on the fact that a brain is
represented as a flow system. In accordance with the
proposed model, a fluid with a volume velocity v
and a material with a concentration of z dissolve
flow to the container of volume V with ideal instant
mixing. A part of the material is specifically captured
by perceiving surface elements, another part is re-
moved from the tank. However, the effective volume
of radiopharmaceutical dilution in blood ¥V is not
equal to the volume of the brain (}}), but represents
a certain effective value (V < 15). The corresponding
empirical dependence was obtained for determining
the effective volume of radiopharmaceuticals dilu-
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tion in brain based on regression and statistical ana-
lysis. Based on this dependence, the threshold for
segmentation of single-photon emission computed
tomography (SPECT) data was determined. The
amount of voxels exceeds this threshold and is the
desired volume. Based on this method, clinical data
were obtained and their adequacy was indicated.
However, sometimes quantitative values of blood
flow inadequate to physiologically accepted values
were observed. The detailed analysis of such cases
showed that the main error of the calculations was
associated with the degree of smoothing SPECT im-
ages of the brain. The brain segmentation threshold
for determining the volume V is calculated from the
maximum accumulation of the radiopharmaceutical
in a brain. A similar approach was used, in particu-
lar, in analysis of brain by SPECT in the diagnosis
of Alzheimer's disease [6]. It should also be noted
that the quality of radionuclide images is limited not
only by hardware capabilities, but also by the num-
ber of radiopharmaceuticals administered to the pa-
tient and the functional state of other organs and
systems [7—9]. There are a significant shift of the
histogram of velocity distribution of radioactive
count rate (CR) and a change in the maximum
CR in smoothing SPECT. Due to the high level of
noise in SPECT images and low brain perfusion, ex-
tremely low values of CBF were observed; at a suf-
ficiently high accumulation of the radiopharmaceu-
tical in a brain, even minor smoothing led to inap-
propriately large values of CBF. In this regard, the
task was to determine the optimal degree of smooth-
ing of SPECT data. By optimal smoothing, we mean
the minimal 3D smoothing (filtering) of an image,
which makes it possible to bring the histogram
(probability distribution function) of the radiophar-
maceutical distribution in a brain to the condition-
ally necessary one in order to obtain adequate values
of V. At the same time, this filtering should not im-
pair perception of images at a qualitative visual level.

In this case, the criteria for assessing the quality
of filtering are the subjective visual assessment of the
image quality and the smallest Root Mean Square
Error (RMSE) of CR of the results for some condi-
tionally ideal image [10]. In the last case, the con-
ditionally ideal SPECT image is obtained when
conducting a study with a long exposure time of
one projection frame.

Based on the analysis of scientific literature and
our own experience in researching methods for de-
termining the optimal filtering of SPECT images,
we can point out the following methodological errors
and incorrect experimental design:

— images are often represented by regions with
a uniform distribution of brightness, while scinti-
graphic images, especially of patients, are always
gradient in computer modeling;

— incorrect artificial data noise;

— one SPECT image requires approximately
20—40 min, when carrying out phantom scintigra-
phic studies, which does not allow obtaining a suf-
ficient amount of data of different quality under
equivalent conditions, since radioactive decay occurs,
CR changes, the signal-to-noise ratio changes;

— in most cases, a small number of patient
images are analyzed;

— it is not taken into account that the textural
properties of SPECT can differ significantly from
the norm in case of pathologies [11].

As a result, the issue related to the optimal fil-
tering of medical images in a specofic SPECT brain
has not been completely resolved [12]. In addition,
the optimal filtering parameters depend on the pur-
pose and objectives of image analysis. For example,
visualization of images, their segmentation, quan-
titative and texture analysis may require different
approaches.

The aim of this work is to develop a method
for optimal SPECT filtering of brain images with
lipophilic radiopharmaceuticals based on a Gaussian
filter for subsequent image segmentation by the
threshold method.

Methods

The study has used SPECT images of the water
phantom and 20 patients with different levels of brain
perfusion, the change in the texture properties of
SPECT images depended on the filtering parameters.

The water phantom was a cylinder 20 cm in
diameter and 40 cm high. The exposure time of one
frame during studies with *"Tc-pertechnetate was
20s, 155, 10s, 5s; data collection matrix — 64x64
and 128x128, the activity — 50 MBq. To ensure
uniform distribution of **"Tc-pertechnetate in the
phantom, the initial amount of water in it was about
2/3 of the total volume. This allows shaking and
ensures good mixing. After that, the phantom was
completely filled with water and settled for about
20 min. The uniformity of radioactivity distribution
in the water phantom was monitored on planar (2D)
scintigraphic images. The correction for gamma ra-
diation absorption has not been taken into account
during the reconstruction of SPECT for obtaining
an uneven texture of the phantom SPECT image,
which is more similar to the distribution of the
radiopharmaceutical in a brain.
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Patients were examined using 99mTc-hexame-
thylpropyleneamine oxime (®™Tc-HMPAO). SPECT
was carried out 15—20 min after intravenous admi-
nistration of the radiopharmaceutical. The tomo-
graphic study included the collection of 64 projec-
tions for the matrix of 64x64 or 128 projections for
the matrix of 128x128, the activity of the radiophar-
maceutical when administered intravenously was
740 M Bq.

Scintigraphic data were obtained on a gamma
camera "E. Cam" (Siemens) equipped with a LEHR
collimator.

Image processing and analysis were carried out
in the Matlab 2018 environment in the application
"ScintyBrain" with the user interface developed by
the authors [5].

The obtained SPECT images were smoothed
by a Gaussian filter with the filter order [nx 1y n,] and
standard deviation [ox oy ©.]; nx = n, = n; = ny
oy = 6y = 6; = oy. nytook the values 3, 5, 7 and 9;
oy — from 0.1 to 7 in increments of 0.1. The optimal
smoothing parameters ny and cp were chosen by
minimum RMSE between the probability distribu-
tion functions (PD) of CR (p = f(Q)) of smoothed
SPECT images and conditionally ideal one. As the-
oretically ideal distribution functions, we considered
the distribution of the SPECT image matrix of
128x128 with an exposure time of one frame of 20 s.

SPECT images, selected by expert-qualitative visual
level, belonged to conditionally ideal PD of CR in
patients. All patients had the CBF of the brain hem-
isphere either within normal limits or increased,
which corresponded to a percentage of radiophar-
maceutical penetration into the brain of more than
3% of the administered activity. Also, to minimize
the influence of digital noise, the ideal SPECT im-
ages were smoothed by a Gaussian filter with ny = 3,
oy = 0.3. These are the minimum values at which
the minimal visual effect of smoothing is observed.
Based on the results of SPECT smoothing, we have
compared images obtained at different resolutions
and exposure times of one frame during the prelimi-
nary study. However, due to the duration of SPECT,
it is impossible to record a sufficiently large amount
of data under equivalent conditions for statistical and
regression analysis. So, an algorithm for noise reduc-
tion of conditional ideal images was developed. The
use of this algorithm made it possible to vary the
SPECT image quality over a wide range and to esti-
mate the optimal filter parameters. The noise distri-
bution was estimated by the difference between the
conditionally ideal images and SPECT obtained with
shorter frame exposure time for phantom images.
Graphical results of this analysis are presented in
Fig. 1, where O, — CR normalized by the maximum
velocity in the whole 3D SPECT image (QOmay).
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Figure 1: Evaluation of the spatial distribution of SPECT noise: (a), (b) transverse slices normalized to the maximum radioactivity of
the phantom image obtained at the exposure times of the projection frame: (a) 20 s, (b) 10 s; (c¢) differential SPECT image obtained
under conditions (a) and (b); (d), (¢) probability distribution function of 3D SPECT images for an exposure time of 20 s — 1, 10 s — 2;
(f) is a noise probability distribution function of the 3D difference image (c)
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The analysis of the data in Fig. 1 shows the fol-
lowing. With the decrease in the exposure time of
projection images, Oma can differ significantly (by
more than 5—10%) from the conditionally true value
in the reconstructed 3D image (Fig. 1d). This causes
the histogram or p = f{Q) to shift to the right.
As a result, the presence of the noise component
shifts p =f(Q,) towards lower values of the radioac-
tive CR after SPECT normalization to Qmay, i.€. to
the left (Fig. 1e). p = f(Q,) for the SPECT differen-
tial image; one of the sections shown in Fig. 1c
shows the normal Gaussian noise distribution (Fig. 1f).
This is one of the main features that led to the study
of the possibilities of using Gaussian smoothing in
this work.

However, Fig. 1c¢ indicates that the noise com-
ponent in SPECT images is represented by speckle
noise in the useful region (phantom region); thus,
the farther the phantom is from the center (the axis
of the gamma-camera detector rotation), the more
the speckle patterns are extended radially. In addi-
tion, it is noteworthy that the spatial distribution of
artifacts is qualitatively different in the useful region
and in the background one. Speckles associated with
the effects of a "star" (or "streak") artifact dominate
in the background region [13]. In this regard, the
optimal filtering (smoothing) parameters should be
different for the useful SPECT region and the back-
ground one. In this work, we study the optimal fil-
tering for a useful region, i.e. phantom or brain re-
gions. The threshold method was used to separate
the useful region from the background: the one
where Q(x, y, 2) > 0.15 Omax Was considered a useful
region. This also allows minimizing the influence of
the background on p = f(Q) and the subsequent
estimation of the standard deviation of the smoothed
images from conditionally ideal ones, since the
volume of the background region is quite large and
can exceed the useful region.

The latter feature has not been emphasized in
the literature. It should also be noted that the thre-
shold of 0.15Onax adequately separates the phantom
image from the background, since the boundary is
clear, while for brain images this value is ambiguous
due to the uneven distribution of the radiopharmaceu-
ticals. This complicates an unambiguous assessment of
the smoothing effect of brain SPECT. Howeyver, this
feature did not affect the general results of this work.

Thus, the SPECT image noise reduction algo-
rithm mentioned above is a speckle noise generation
technique whose probability distribution function
obeys the Gaussian distribution:

G(x, y,2)
_ 2 _ 2 _ 2
20x nois 20 ynois 2Gz nois

where G(x, y, z) is the Gaussian distribution of an
individual speckle-noise pattern, xo, yo, Zo are coor-
dinates of the pattern, oxnois, Gy nois, Gznois are standard
deviations, M is an intensity of the pattern.

The speckle-noise generation algorithm for
SPECT image is reduced to the following steps:

1. Downloading the original SPECT image (/)
and the formation of the 3D zero matrix ([;), size k.

2. Setting the noise parameters: maximum
intensity (My); Gxnois, Oynois, Oznois; the minimum geo-
metric size of the Gaussian speckle-noise pattern
dx, d,, d; number of iterations, i.e. the number of
patterns (»); the angle a in the xy plane with respect
to the centre of detector rotation, at which the
pattern will be blurred.

3. Specifying the region of noise (Q2). In this
paper, the useful volume was separated from the
background region based on the threshold segmen-
tation /. Q is the region where /, assumed values of
more than a given level (74) from the maximum
radioactive CR Quax.

4. Generation according to the uniform distri-
bution law of random coordinates (xo, o, 20) € Q and
noise intensity (M) according to the normal distribu-
tion law that limits the values of My (Me[-M,, +M,)).

5. The formation of the Gaussian speckle noise
pattern in the I, image according to the equation (1),
where x € [ xo — dv/2, x0+ d/2], y € [ yo — d,/2,
Wt dy/2l,zel2-d/2, 2+ d/2].

6. Transfering/stretching the pattern formed
in the previous step by the angle o parallel to the
xy plane.

7. Repeating n times for steps 4—6.

8. SPECT image formation of /g, with Gauss-
ian speckle noise by summing /, and I, and zeroing
the obtained negative values.

The following assumptions were made for
SPECT with the matrix of 128x128 by implementing
the above algorithm: oy=oc,=c=1.5; o,=0c/2;
d=d.=d, =d, (for the data acquisition matrix of
64x64: d = 3, 128x128: d = 5, 256x256: d = 7);
o = 26°, T, =0,15. The number of iterations is
n = 12000. Thus, the noise level of the Iz, image
and the distortion of the histogram of the CR dis-
tribution were determined by the parameter M, for
the indicated parameter values.
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Figure 2: Cross-section of a water phantom. An example of the SPECT distortion by speckle noise: (a), (b) initial phantom cross-
sections obtained at exposure times of one frame of 20 s (a) and 10 s (b); (c) the result of adding speckle noise to image (a); (d) the
probability distribution function of the normalized radioactive count rate: / — SPECT with a projection frame exposure time of 20 s,

2 — 10 s, 3 — after adding speckle noise

Results

Fig. 2 shows the results of artificial noise in
SPECT images of a water phantom based on the
developed algorithm. Histogram analysis of the cor-
responding 3D images indicates a fairly adequate
coincidence p = f(Q,) of the artificially noisy image
and SPECT (curves 3 and 2 respectively in Fig. 2g),
which was obtained with a reduced exposure time of
the projection frame during data collection.

Fig. 3 shows the result of changing the function
p =f(0,) depending on the maximum speckle-noise
intensity (M) (see (1) and Section 4 in the noise
generation algorithm in the previous subsection). As
M, increases, the maximum probability of the nor-
malized radioactive CR @, increases its value and
shifts toward lower Q, values; with increasing Mo,
the general form p = f((Q,) qualitatively retains its
shape, however, some smoothing of the characteris-
tic irregularities of the conditionally ideal curve is
observed (curve My in Fig.3). The heterogeneity
data has been restored after the optimal filtering
procedure.

0.061

0.05}

0.04 ¢

My =0
0.03+

0.02}

0.01f

On

Figure 3: Change in the function p = f(Q,) depending on the
maximum intensity of speckle noise (M,): My = 0 — absence of
artificial noise; My < My, < Moy

The change in RMSE between the p = f(Q,) of
the conditionally ideal SPECT of the water phan-
tom and the artificially noisy image, as well as the
change in the maximum ( Q. ma.x) and average bright-
ness (QOnmean) after subsequent smoothing by a 3D
Gaussian filter with different values of o and »y are
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presented in Fig. 4. Graphical dependencies show a
monotonic decrease in Qpmax and QOpmean With in-
creasing oy and ny (Fig. 4a,b). Moreover the average
value changed by no more than 11% (the range of
change Qumen=0.42—0.47) after sufficiently strong
SPECT smoothing, while the maximum value of
O max (Fig. 4b) shows a rather high sensitivity to the
parameters of the smoothing function (the range of
change Qumax~0.7—1, Qumax=1 matches the image
without smoothing).

When speckle noise is added to the condition-
ally ideal SPECT phantom image, the subsequent
smoothing of the 3D image of the RMSE of the
functions p=f(Q,) of the initial and smoothed
images with increasing oy is characterized by the
presence of a minimum point (Fig. 4c, curves ny =7
and 9). The dependencies presented in Fig. 4 corre-
spond to sufficiently strong SPECT noise, where
p=/(Q,) is shown in Fig. 3 for My;. In this case,
smoothing SPECT by a Gaussian filter with the
order n; = 3 and 5 does not lead to the formation of
extreme curves.

The rate of change Q.max Was estimated based
on the approximation depending on oy

Qnmax(cf + A('Sf) _Qnmax(cf)
AGf '

AQnmax /Acf =

The examples of graphical dependencies of chan-
ges in AQ,max/Acy for various values oy and n, are
presented in Fig. 5. The maximum of |AQymax/Acy]|
for phantom was observed for oy = 0.3—0.4, regard-
less of the noise level and n (Fig. 5a). The presence
of the noise component on SPECT affects the ab-
solute value of AQ,ma/Acy (Fig. 5b): an increase in
the noise parameter M; leads to sharper drops
AQumax/Acy in the vicinity of ;= 0.3—0.4.

The regression analysis of the optimal values of
oy and ny at various levels of SPECT speckle-noise
intensity showed that the section of the curve
AQumax/Acyat or=0.05—0.4 is quasi-linear, the slope
of which characterizes the optimal value of oz with
sufficient accuracy (Fig. 6a). In Fig. 6, the Dy is
value of AQ,ma/Acy at or=0.3. The optimal para-
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Figure 4: Change of the textural properties of the water phantom SPECT at various Gaussian smoothing parameters: (a) average count
rate; (b) maximum count rate; (c) Root Mean Square Error between p =f((Q,) for the conditionally ideal image and smoothing image

with noise
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meters oy and ny can generally show some inde-
pendence from each other. However, it is possible
to require and impose the condition of the direct
dependence of the increase in n, on op (Fig. 6b).

Water phantom studies have also been pre-
sented on SPECT patients. In these cases, all the
patterns presented in this work were equivalent to
phantom studies, which is confirmed by the regres-
sion data in Fig. 6. The resulting regression equa-
tions were as follows:

for SPECT patients

op=—(6.57+1.3)Do+ (0.20£0.11)
(R=0.75+0.31),

np= (1.46+0.7)op + (2.57+0.27)
(R=0.62+0.11);

for phantom SPECT

6= —(6.5+0.3)Doos + (0.16+0.10)
(R*=0.81+0.05),

np= (1.92+ 0.05)cp + (2.42+ 0.14)
(R =0.79£0.04),

where R is the correlation coefficient between the
experimental and model data.

A Qn max/AGf

8(5/
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We recommend to apply smoothing with min-
imally significant parameters for 3D images o;= 0.3
and ny= 3, because real SPECT images always have
a noise component, including digital noise, even
with good image quality (see Fig. 5b at Mqy). The
recommended values for optimal SPECT filtering
can be expressed as:

o= —6,5TDgw4++ 0.2 and np=1.1op+ 3, (3)

where ny is rounded up to the nearest of 3, 5, 7, or 9.

A cumulative use of (2) to calculate the most
effective smoothing parameters of the 3D SPECT
Gaussian filter both for phantom images and pa-
tients gives a fairly good agreement of the functions
p= f(0,), where the average deviation of the CR is
less than 5—7%, the maximum deviation is observed
in the low-intensity region (Q, < 0.5), where the er-
ror in the restorating the function p = f(Q,) reaches
10—12%. The used examples (2) are presented in
Figs. 7 and 8. Note that when segmenting the brain
and determining the effective volume of dilution of
the radiopharmaceutical in accordance with the meth-
odology for calculating CBF [1, 2, 5], the segmen-
tation threshold 7% is in the range 0.55—0.90. This
means that the results of finding the optimal param-
eters oy and np for a Gaussian filter are quite ac-
ceptable.
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Figure 5: The rate of change count range with respect to oy (a) for SPECT of the water phantom at Mos; (b) for various
of My. The effect of My; on p=f(0,) (see Fig. 3). The order of the Gaussian filter ns does not affect the extremum in the vicinity

of o, = 0.3-0.4
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Figure 6: Regression dependencies of the optimal parameters oy and ny obtained at different speckle noise intensities on SPECT:

(a) the dependence of or on Dy; (b) the dependence of ny on oy; x — for SPECT water phantom;

- — for SPECT of the patient;

the dashed line is a linear approximation of the SPECT data of the water phantom, the solid line is for the SPECT of the patient
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Figure 7: The results of smoothing SPECT of the water phantom in accordance with (2): (a), (b) cross-sections of the phantom after
adding speckle noise and smoothing, respectively; (c) the probability distribution function of the count rate, where the solid line is
the initial, conditionally ideal probability distribution; dotted line — after adding speckle noise; + — after the smoothing procedure
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Figure 8: An example of the results of smoothing SPECT of a patient's brain in accordance with (2): (a), (b), (c) cross-sections
before, after adding speckle noise, and smoothing, respectively; (d) the probability distribution functions of the count rate, where the
solid line is the initial, conditionally ideal probability distribution; dotted line — after adding speckle noise; + — after the smoothing

procedure
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Discussion

A lot of articles have been published on the
optimal filtering of SPECT images [12, 14—24]. The
vast majority of publications focus on the use of the
Butterworth filter [12, 14—18]. At the same time, it
should be noted that it is difficult to single out rec-
ommendations for choosing a cutoff frequency. So,
in [14] the optimal cutoff frequency is in the range
0.08—0.13, in [16, 25] — 0.2—0.22, in [18] — more
than 0.5 depending on the RC speed. The parame-
ters of optimal image filtering based on the Gaussian
filter [22, 23, 26] are also contradictory and do not
allow our working group to make a decision.

A specific direction in the development of
technology for improving the quality of radionuclide
brain images is the analysis and processing of mul-
timodal data [27—29]. However, it should be noted
that it is not always possible to obtain multimodal
images; an increase in image resolution does not
mean a more correct restoration of the spatial dis-
tribution of the radiopharmaceuticals in absolute
units; the corresponding software has not been in-
troduced into wide clinical practice, into work-
stations of gamma cameras.

The research results presented in this work are
solving a specific applied problem: restoration of the
histogram of the distribution of radiopharmaceuticals
in a brain for a correct quantitative assessment of
regional CBF. It is taken into account that the initial
3D tomographic data contain not only uniform ran-
dom Gaussian noise, but also a pronounced speckle
component. The technique has been tested in sol-
ving clinical problems, in particular in patients with
moderate brain injury due to combat contusion [30].

The presented research results retained their
regularities for SPECT of the water phantom with
the data acquisition matrix of 256x256. The follow-
ing limitations can be distinguished for images with
a matrix of 64x64 in the analysis of patients' SPECT:
0.2 <op<1.5and nr=3.

It should also be noted that the technique pre-
sented in this work does not give significant positive
results with pronounced sparseness of scintigraphic
projection images, which are formed with a sharply
reduced total CR or with a short exposure time
of the frame during the SPECT study. The solution
of the applied problem is not trivial and requires
further research. This problem is considered, for
example, in [31].

A novel technique for smoothing 3D SPECT
images based on a Gaussian filter was developed. It
was shown that the change in the maximum rate of
the SPECT image RC has an extremum by changing

Innov Biosyst Bioeng, 2022, vol. 6, no. 1

the standard deviation of the Gaussian filter in vi-
cinity of 0.3—0.4 pixels. The greater the noise com-
ponent in the SPECT image, the more quasi-line-
arly the corresponding speed changes. This depend-
ence allows us to determine the optimal smoothing
parameters.

The application of the developed smoothing
technique allows restoring the probability distribu-
tion function of the radioactive CR (distribution his-
togram) with an accuracy of 5—10%. This allows
standardizing SPECT images, in particular, of a
brain, and carrying out image segmentation more
correctly.

Conclusions

The research results of the work solve a specific
applied problem: restoration of the histogram of
the radiopharmaceuticals distribution in a brain for
correct quantitative assessment of regional cerebral
blood flow. In contrast to the well-known publica-
tions on the filtration of SPECT data, the work takes
into account that the initial tomographic data are 3D,
rather than 2D slices, and contain not only uniform
random Gaussian noise, but also a pronounced
speckle component. This allows standardization of
brain SPECT images in terms of the spatial distri-
bution of the radiopharmaceuticals in a brain.
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40Y “IHeTuTyT MeamumHy npaui imeni FO.1. KyHaiesa HAMH Ykpainun”, Kuis, YkpaiHa

®UIbTP FAYCA ANA O®EKT-306PAXEHb NOJIOBHOINO MO3KY

Mpo6nematuka. HasBHicTb WyMOBOI cknagoBoi Ha 3D-306paxeHHsX 0gHOOTOHHOI eMiciiHoi koMmm’toTepHoi Tomorpadii (OPEKT) ro-
MOBHOTO MO3Ky CyTTEBO CMOTBOPIOE (DYHKLIIO po3noginy imosipHocTeln (PPW) wenakocTi paaioakTMBHOMO paxyHKy. HassHICTb WyMmiB i
nopanbLa dinbTpauis AaHux, Wwo 6a3yeTbest Ha CyO’eKTUBHIM OLiHLI SIKOCTI 306paXeHb, 3HAYHO BMNUBaKTbL HA PO3paxyHOK 06’€MHOro
MO3KOBOrO KPOBOTOKY Ta 3Ha4eHHS acuMeTPpii HaKoMMYeHHs pagiodapmMnpenapaTy B MO3KY.

MeTa. Po3pobka metogy ontumansHoi OPEKT-dinbTpauii 306paxeHb ronoBHOro Mo3ky 3 ninoginbHuMuK pagiogapmnpenaparamu Ha
ocHoBi inbTpa Mayca (FP) ons noganbLoi cermeHTadii 306paxeHb NOPOroBUM METOAOM.

MeTtoauka peanisauii. B po6oTi aHanizysanucs OPEKT-306pakeHHs BOAHOMO (haHTOMY Ta rofloBHOro Mo3Ky nauieHTis 3 *™Tc-TMMAO.
Po3pobneHo meToauKy LUTYYHOro foAaBaHHSA CNeKr-LuyMy 40 YMOBHO ideanbHUX AaHWX Ans BU3HAYEHHS ONTUMarbHUX napameTpiB 3rna-
nkyBaHHA OOEKT Ha ocHoBi ®I. KinbkicHMM KpuTepiem onTumansHOro 3rnafxxyBaHHs CryryBarno cepeqHboKBaApaTUYHE BiAXMINEHHS MiX
®PW wBnakocTi pagioakTUBHOTO paxyHKy MK 3rNamKeHMM 306paxeHHSMU Ta YMOBHO ifeansHuM.

Pe3ynbTratn. NokasaHo, WO MakcumarnbHa LWBUAKICTb pafdioakTMBHOro paxyHky O®PEKT-306paxeHHs Mae eKCTpeMyMm npu 3MiHi
cTaHgapTHOro BiaxuneHHst M 3a npocTopoBoro nopsiaky dinbTpa B AianasoHi 0,3-0,4 nikcensi. Yum Binblua wWymoBa cknagoBa Ha 30-
BpaxeHHsix OPEKT, TMm BinbLu KBa3iniHIMHO 3MIHIOETLCS BiANOBIAHA WBMAKICTb. Lis 3anexHicTe Aae 3Mory BU3HaYUTV ONTUMarnbHi napa-
MeTpW 3rnagXyBaHHs. 3acTOCyBaHHS po3pobreHoi MeToaNKY 3rmaKyBaHHSA Aa€ MOXIUBICTb BiAHOBUTU OYHKLiH0O pO3MOAiNy MMOBIpHO-
CTel LWBMAKOCTI pafdioakTMBHOrO paxyHKy (rictorpama po3noginy) 3 TouHicTio go 5-10 %. Lle pgae 3mory craHpaptusyBatn OPEKT-
300pakeHHs1 FONIOBHOMO MO3KY 3 TOYKM 30py NPOCTOPOBOrO PO3MOAiNy npenapaTy B MO3KY.

BucHoBku. MNpeacraeneHi B poboTi pe3ynbTatv AOCHiMKEHb BUPILLYOTb KOHKPETHE NpUKNagHe 3aBOaHHsl — BiAHOBIEHHS ricTorpamu
po3noginy pagiodapmnpenapaToB B MO3Ky A5l KOPEKTHOI KirbKiCHOI OLiHKM 06’€MHOr0 MO3KOBOIo KpOBOTOKY. Ha BigMiHy Bi BizoMux
ny6nikauin npo ginbTpadito AaHnx OPEKT, y poboTi BpaxoByeTbCs, LU0 BUXiAHI ToMorpadiyHi aaHi € 3D, a He npeacTaBneHi 2D-3pizamu,
i MiCTATb He TiNbK1 PiIBHOMIPHWUIA BUNaAKOBUI rayCiBCbKUIA LLYM, ane 1 BUpaxeHy Crekmn-CKrnagoBsy.

KnroyoBi cnoBa: ewmiciiHa komm’toTepHa Tomorpadis; OPEKT; Mo3koBMi KPOBOTOK; pafdioakTUBHUIM paxyHOK; pinbTp Mayca; ontumanbHa
dinbTpauis; pagudapmnpenapatu; *°"Tc-FMMAO.
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®UNBbTP FAYCCA A5l O®3KT-U30EPAXEHUA rONOBHOIO MO3rA

Mpo6nematuka. Hanuune wymoBon coctasnsioLen Ha 3D-n3obpaxeHnsx 0gHOPOTOHHOM 3MUCCUOHHOW KOMMBIOTEPHON TOMOrpadmu
(O®3IKT) ronoeHOro Mo3sra CyLeCTBEHHO UCKaxKaeT pyHKUMIO pacnpegeneHus sepostHocTen (PPB) ckopocTn pagnoakTMBHOro cyeta.
Hanuuve wymoB 1 nocneayowas punbTpaums AaHHbIX, OCHOBaHHAsA Ha CyObEeKTMBHOWM OLieHKe KayecTBa U3obpaxeHuid, okasbiBaloT
3HaYMTENbHOE BNUSIHUE Ha pacyeT 06beMHOro MO3roBOro KpOBOTOKA U 3HA4YEHUSA aCUMMETPUM HakonneHns pagmodapmnpenapara
B MO3re.

Llenb. Paspa6oTtka metoga ontumansHon OPIKT-dunbTpaumnm n3obpaxkeHuii ronoBHOro Mosra ¢ nunodunbHbIMK pagudapmnpenapa-
Tamu Ha ocHoBe unbTpa Maycca (FP) ans nocnegylowen cerMeHTaunm n3obpaxeHns NMOPOroBbIM METOLO0M.

MeToaunka peanusaumuun. B pabote aHanunsuposanmce OPIKT-n3obpaxeHns BoOAHOro haHToMa 1 rofloBHOro Mo3ra naumneHToB ¢
9MTc-FMMAO. PaspaGoTaHa MeToauKa UCKYCCTBEHHOTO [40GABNEHUS CMEKT-LyMa K YCNIOBHO uaearbHbIM aHHbIM Al onpeaeneHums
onTuManbHbIX napameTpos crnaxmBaHna OPIKT Ha ocHose PI. KonnyecTBEHHbIM KpUTEPMEM OMTUMANbHOMO CrIaXUBAHWSA CIYXWNO
cpeAHekBagpaTUYHoe OTKIMOHeHne mexay ®PPB ckopocTn pagnoakTMBHOIO cHeTa MeXAy CriaKeHHbIMU N306paxeHNsaIMn 1 yCrnoBHO
naeanbHbIM.

PesynbTathl. [lokasaHo, 4TO MakcMmanbHast CKOpoCTb paanoakTueHoro cdeta OPIKT-n306pakeHnst UMeeT IKCTPEMYM MPU U3MEHEHUN
CTaHOAapTHOrO OTKIoHeHus P Ana NpocTpaHCTBEHHOrO nopsiaka dunbtpa B AnanasoHe 0,3-0,4 nukcens. Yem 6onblue wymosas co-
cTaBnsoWwasn Ha nsobpaxeHnsax OPIKT, Tem bonee KBa3UNMHENHO M3MEHSETCA COOTBETCTBYIOLLAA CKOPOCTb. OTa 3aBMCMMOCTb MO3BO-
nseT onpefennTb ONTUManbHble NapameTpbl crnaxusanus. MNpuMeHeHve paspaboTaHHON METOAVKN CrMaXuBaHWSA NO3BOMAET BOCCTa-
HOBWTb PYHKLMIO pacnpeaeneHns BepOSTHOCTEN CKOPOCTM PaAMoaKTUBHOMO cyeTa (rmctorpaMmmy pacnpeerneHusi) ¢ TOYHOCTbIO Ao 5—
10 %. 3t10 nossonseT ctaHAapTuavpoate OPIKT-n306paxeHns rofioBHOrO MO3ra C TOYKV 3peHUst NPOCTPaHCTBEHHOIO pacnpeaeneHus
npenaparta B MO3re.

BbiBoabl. [peactaBneHHbIe B AaHHOM paboTe pe3ynbTaTbl MCCeA0BaHUI PeLLatoT KOHKPETHYHO NPUKNaaHYio 3a4ady — BOCCTaHOBMNEHUe
rMcTorpaMmel pacrnpeaeneHns pagmodapmnpenaparoB B MO3re Ans KOPPEKTHON KONU4eCTBEHHOW OLEHKN 06 bEeMHOr0 MO3roBOro KPOBO-
ToKa. B oTnnymm ot n3BecTHbIx nybnunkaumin npo dunbTpaumio AaHHbIx OPIKT, B paboTe yuntbiBaeTCs, YTO UCXOAHBIE TOMOrpaduye-
ckne aaHHble aensATca 3D, a He npeAcTaBneHbl 2D-cpe3amu, U cogepxaT He TONbKO PaBHOMEPHBIN CryYalHbIN rayCCOBCKUA LIYM,
HO ¥ BbIPaXXEHHYIO CMEKM-COCTaBSAOLLYIO.

KniouyeBble cnoBa: 3MUCUOHHas KoMMbloTepHasi Tomorpadusi; OPIKT; Mo3roBoi KpOBOTOK; paanoakTUBHEIN c4eT; punbTp Maycca; on-
TUMarnbHas punbTpauus; pagudapmnpenapatbl; " Tc-FTMMAO.
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Background. The probiotics immobilization technology is one of the most effective ways for controlled and
continuous delivery of viable cells into the intestine. It is well known that multifaceted physiological roles of
bifidobacteria are to normalize and stabilize the microbiocenosis, to form intestine colonization resistance, to
synthesis amino acids, proteins and vitamins, to maintain non-specific resistance of the organism and so all.
Such a wide range of positive effects on the macroorganism allows us to consider bifidobacteria as a basis for
functional immobilized healthcare products development.

Objective. Taxonomic position determination of the Bifidobacterium longum strain selected for immobiliza-
tion, study of the viability of this bifidobacteria strain in a complex probionic product based on highly
dispersed silica in simulated gastrointestinal tract's conditions and after freeze-drying.

Methods. The production strain Bifidobacterium longum IMV B-7165 from the Institute of Food Resources
of the National Academy of Agrarian Sciences of Ukraine collection of industrial strains has been used in
the study. It was isolated from the healthy human infant's gastrointestinal tract.

Commonly used bioinformatics, microbiological, biotechnological and statistical methods have been applied.

Results. The best alignments for the sequence of bifidobacteria isolate "4202" 16S rRNA (it was previously
deposited as Bifidobacterium longum IMV B-7165) and classic dendrograms based on these results were
performed. According to the results of microscopic studies of samples of microorganisms with highly
dispersed silica products ("Enterosgel”, "Sillard P" and "Toxin.Net") it was found that the immobilization
of the Streptococcus thermophilus and bifidobacteria cultures did not differ fundamentally. To study the immo-
bilization effect on the bifidobacteria preservation and properties the following carriers were used: "Enter-
osgel”, "Toxin.NET" and "Sillard P". The survival of immobilized bifidobacteria was further studied in simulat-
ed gastrointestinal conditions: immobilized cells are better protected from acid and bile, although with in-
creasing acidity, survival decreases in both control and immobilized cells.

Conclusions. The taxonomic position of a bifidobacterial isolate from the healthy human infants used in im-
mobilization studies was clarificated (Bifidobacterium animalis subsp lactis). Under the simulated conditions
of the upper gastrointestinal tract in the case of acid and bile impact, the best survival was demonstrated by
immobilized cultures of bifidobacteria together with the Enterosgel sorbent (a content of 10% by weight of
the culture). The survival of immobilized preparations after freeze-drying was slightly reduced in the case of
immobilization on the "Enterosgel” and "Toxin.NET" samples of enterosorbents (a content from 15% to 25%
by weight of the culture). The best results were observed in the case of immobilization of bifidobacteria with
5% content of the "Toxin.NET" enterosorbent (enterosgel + inulin).

Keywords: bifidobacteria; highly dispersed silica; taxonomic position; immobilization; healthcare products.

Introduction

The intestinal microbiota has a number of
important functions in the life of the human body:
protective, digestive, metabolic and immunomo-
dulatory. The use of probiotic for the normal
microbiota of the gastrointestinal tract (GIT)
maintenance is a useful method of correction. But
unfortunately, as it is well known only tenth of all
probiotic microorganisms attach to the intestinal
wall [1, 2]. The levels of bifidobacteria and lacto-
bacilli in the intestine are the indicators of the or-
ganism's microecological status. Therefore, control-

led delivery of living cells (as well as their duodenal
transplantation) and their release into the gastro-
intestinal tract is a promising area for studies [3].
One type of such delivery is the use of carrier ma-
trices that bind to the target component and pre-
vent its premature release or destruction. Such ma-
terials can be activated carbon, lignin, chitin, cel-
lulose, sodium alginate gel, silicon dioxide, alu-
minium oxide with carbon film, and others. It is
known that complex preparations of probiotic cul-
tures, immobilized on carriers, better tolerate both
conditions during drying (lyophilized or spray
dryer) and realised in the gastrointestinal tract [4].

© The Publisher 2022. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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It has been shown that some methods of probiotic
bacteria microencapsulation, in particular in algi-
nate gel, are able to prevent their damage in fer-
mented milk products, improve their viability and
maintain a high level of therapeutic activity during
the usage period [5]. Other variants of encapsulat-
ed materials such as anhydrous milk fat are also
investigated [6].

Sorbex (activated charcoal) immobilized and
frozen probiotics promoted a faster colon microbi-
ota normalization of rats with chemotherapeutic
dysbiosis and elimination of pathogenic microbiota
in comparison with the action of native probiotics,
enterosorbents and probiotic-sorbent mixtures.

The efficacy of Lactobacillus rhamnosus en-
capsulation into mesoporous alginate-silica with
modeling the existence of cells in the gastrointes-
tinal tract was also demonstrated. The viability of
microorganisms increased with the addition of
buffer. Mesoporosity (50 nm) of silica promoted
the nutrient metabolites higher permeability and,
consequently, higher cell growth without their re-
lease [8]. Some attempts have been made to culti-
vate probiotic strains with the addition of silica. In
particular, it was shown that the addition of 2%
"Aerosil A300" to the culture medium promoted
biomass increase up to 40—75%, with simultaneous
acidity increasing, while antagonistic activity of
L. plantarum and B. adolescentis, L. lactis probiotic
strains did not change significantly [9].

Highly dispersed silica ("Enterosgel”, "Atoxyl",
"Sylix", "Aquasil", etc.) is approved for use as entero-
sorbent, in poisoning treatment to reduce intoxica-
tion, as a component of some ointments [10]. Dis-
persed silica is of interest due to its biocompatibil-
ity, safety and high adsorption properties (mainly
due to silanol groups). Recently, interest in meso-
porous silicas is growing again due to their possible
use for the development of drugs targeted delivery
means, implants' antibiotic film coatings, tumors
diagnostics methods using fluorescent properties of
Cornelldots (C-dots) [11].

Scientific publications data allows linking the
biological consequences of cell-silica interactions
with such parameters as particle shape and size,
surface area, number of silanol groups, degree of
hydrophilicity, crystallinity index, presence of atoms
of other elements, surface ability to generate oxy-
gen radicals and selective adsorption of biologically
significant molecules.

The long-term study of highly dispersed silica
in different doses did not reveal any significant
toxicity. But it was noted that crystalline silica
physicochemical modification, changing particle
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size and surface, could significantly increase bio-
compatibility [12]. The interaction between highly
dispersed silica and cells has been studied in view
of possible nanoparticles toxicity at different ways
of administration: inhalation, intradermal penetra-
tion, conjunctival instillation and parenteral pene-
tration. Experiments have shown a highly safety of
this compound (class IV of toxicity) [13].

Therefore, there are reasonable assumptions
to suppose that highly dispersed silica can be a car-
rier for a complex probiotic healthcare products
with prolonged action throughout the entire gastro-
intestinal tract.

There are a number of technological problems
in the complex probiotic products development:
silica optimal forms selection (nano-, highly dis-
persed, mesoporous, etc.) and their ratios with pro-
biotic cultures, possible need to modify the silica
surface, choice of product procedures, buffers, dry-
ing and storage regimens, etc.

Previously, the properties of complex products
of probiotic monocultures Streptococcus thermophi-
lus IMV-7249, Bifidobacterium longum 1MV 7033,
immobilized on xerogel "Sillard P" and modified
hydrogel "Enterosgel" were studied. The best sur-
vival results were shown for S. thermophilus. Bifido-
bacteria of the selected strain were more sensitive to
the hemolytic action of highly dispersed silica [14].
Bifidobacteria inhabit newborns' intestines during
breastfeeding (from mother's milk) and, entering
into a stable symbiosis with these tissues, accom-
pany the person throughout life, causing a bene-
ficial effect on health [15]. It is bifidobacteria that
play a significant role in the normal development
of microbiota in the human infants, preventing
dysbiosis, restoring normal microflora after can-
didiasis, reducing the ability of the intestine to
absorb amines, which increase blood pressure in
the elderly. These and other useful properties of
bifidobacteria determine the desire to include it in-
to complex healthcare product immobilized on sili-
ca enterosorbents.

Among antimicrobial, immunomodulatory,
anti-inflammatory and antiviral drugs with native
bifidobacteria cells at present such metabolic drugs
design involves the development of medicines
containing biologically active metabolic products
and separate structural components of probiotic
cells [16], as even cells fragments are considered
useful in terms of their positive effect on the body.

Therefore, the development of effective drugs
based on probiotic strains of bifidobacteria for the
formation of beneficial intestinal microbiota and
microbiome therapy is an urgent task.
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The aim of the study: taxonomic position de-
termination of the Bifidobacterium longum strain se-
lected for immobilization, study of the viability of
a bifidobacteria and highly dispersed silica complex
healthcare products in simulated gastrointestinal
tract's conditions and after freeze-drying.

Materials and methods

The production strain Bifidobacterium longum
IMV B-7165 from the collection of industrial
strains of Institute of Food Resources of the Na-
tional Academy of Agrarian Sciences of Ukraine
has been used in the study. It was isolated from the
healthy human infant's gastrointestinal tract. To
obtain biomass, cultivation was performed on
Blaurock medium for 20—24 hours at a tempera-
ture of 37 £ 1°C.

Clarification of the taxonomic position of the se-
lected strain. Phylogenetic analysis of the selected
strain 16S rRNA sequence was performed using
BLAST software [17] and included detecting hom-
ologues and constructing a classical dendrogram of
evolutionary relationships.

Sorbents. Commercial products "Enterosgel”
(PJSC "ENVIRONMENTAL PROTECTION
FIRM "CREOMA-PHARM", Ukraine), "Toxin.NET"
(with inulin) (IlanPharm, Ukraine) and test item
"Sillard P" produced by the OO Chuika Institute of
Surface Chemistry of the National Academy of
Sciences of Ukraine (trade name "Silix" OJSC
"Biopharma") were used as highly dispersed silica
sorbents.

Microscopy. To visualize Bifidobacterium mi-
croorganisms' sorption on "Toxin.NET", "Enteros-
gel", "Sillard P" sorbents microscopically bacterial
culture and sorbents were mixed at room tempera-
ture until homogeneity. Samples were prepared for
immersion microscopy with gentian violet staining,
x400. To obtain x1000 microphotographs, the drop
was dried on slide and examined in reflected light
by microscope AXIO Observer AIM (Carl Zeiss
company) with TopView 1000 camcorder.

Bifidobacteria immobilization on sorbents. The
required amount of sorbent 1, 2, 3 and 5g was
added into flasks with 20 ml of bacterial suspension
after cultivation (without centrifugation or after
centrifugation) and stirred for 3 h at 37 °C for the
most complete sorption on cells.

Freeze-drying of the complex probiotic product.
To study the bifidobacteria stability after immobili-
zation and freeze-drying, 2 ml samples were added
to vials for freeze-drying. To protect the samples
during freeze-drying special protective medium
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(sucrose 10%, sodium citrate 5%, skimmed milk
powder 5%) was also added in ratio 1:2.

Drying was carried out on a freeze dryer
TG15 in the following modes:

— temperature at the beginning of the process
—(-60 £ 2) °C for 17 h;

— temperature at the end of the process
+(30%2) °C for 11 h;

— residual pressure <13.3.103 Pa;

— time of the process: 28 h.

After drying, samples dilution was performed
into tubes with Blaurock medium.

Viability control. Viability control was carried
out by Koch dish method in 3 days — via colonies
counting after applying the appropriate dilutions
on Petri dishes with hydrolyzed agar and cultivat-
ing at a temperature of 37 °C.

Modeling the upper gastrointestinal tract condi-
tions [18]. The bifidobacterial preparations with 5%
and 10% sorbent concentrations were exposed to
hydrochloric acid at pH 2 and pH 3, which corre-
sponds to the human gastric juice acidity. For a
clear confirmation of the pH value, it was adjusted
to 2.0 and 3.0 by adding different volumes of
1 moles/1 HCI and 5 mols/l HCI solutions. After 3
hours at 37 °C application on Blaurock solid medi-
um was carried out. The colonies were counted on
the third day.

To reproduce the conditions of the duodenum
bifidobacterial complex products with 5% and 10%
sorbent concentrations and control samples of
bifidobacteria culture were applied on Blaurock
medium with 20%, 40% and 60% of medical bile
and kept at 37°C for 3h. The colonies were
counted on the third day.

Statistical methods. All analyzes were repeated
3times and performed in duplicate. The obtained
data were expressed as the mean * standard devia-
tion and analyzed by Microsoft Excel 2010 soft-
ware (Microsoft, Redmond, USA). Differences
were considered to be statistically significant at
p<0.05.

The authors followed bioethical guidelines and
recommendations of the International Committee
of Medical Journals Editors (www.icmje.org).

Results

Taxonomic position determination of the Bifido-
bacterium longum strain selected for immobilization.
Bifidobacterial isolate "4202", deposited as Bifido-
bacterium longum IMV B-7165, 16S rRNA sequen-
cing and decoding were carried out.
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Using BLAST, with a universal primer
5-AGAGTTTGATCCTGGCTCAG-3 (8-27) for
16S rRNA, phylogenetic analysis of this isolate
section was performed. Results of sequence align-
ment of bifidobacterial isolate 16S rRNA allowed
to suppose that the tested isolate was phylogenet-
ically closer to Bifidobacterium animalis subsp lactis
than to Bifidobacterium longum, to which it was
previously attributed due to its physiological, bio-
chemical and cultural characteristics, which might
be due to the methodological possibilities available
at the moment.

Indeed, the highest sequence "4202" align-
ment score, used for the studies, calculated for
4 strains of Bifidobacterium animalis subsp lactis was
968 (Fig. 1a), while for Bifidobacterium longum —
893 (Fig. 1b).

The evolutionary distance calculation con-
firms this conclusion, because for Bifidobacterium
longum it is an order of magnitude greater than for
Bifidobacterium animalis subsp lactis (Fig. 2).

Microscopic studies of silica samples with probi-
otic strains. Samples of Bifidobacterium with "En-
terosgel”, "Sillard P" and "Toxin.NET" were ex-
amined microscopically by different methods
(with immersion and in reflected light) (Figs. 3, 4).
The resulting images showed that the bacterial cells
were immobilized on different silica samples. It
should be noted that the character of previously

studied Streptococcus thermophilus culture immobi-
lization on "Enterosgel” and "Sillard P" (Fig. 6*
[14]), did not fundamentally differ from immobili-
zation of Bifidobacterium. Cells mainly were clus-
tered around sorbents particles, which could be the
evidence of their possible direct interactions.

Determination of sorbed bifidobacteria viability.
A key step in the development of complex products
based on immobilized cells is a choice of an effec-
tive carrier, which defines the effectiveness of mi-
croorganisms' protection from the negative effects
of aggressive liquids. In order to study the effect of
immobilization on the preservation and properties
of bifidobacteria, were used the following carriers:
"Enterosgel”, "Toxin.NET" and "Sillard P".

For this aim, a suspension of the culture fluid
with hydrogels was kept for 3 hours at a tempera-
ture of 37 °C (Fig. 5) with periodic stirring, which
partially mimicked the research of other authors on
the introduction of sorbents in the culture medium
during cultivation.

Immobilized bifidobacteria vitality rate at gastro-
intestinal tract conditions modeling. The main aim
of probiotics immobilization is their cells protec-
tion during the upper gastrointestinal tract passage.
The hydrochloric acid action is extremely destruc-
tive for probiotics, which is confirmed by the con-
trol samples (without immobilization) vitality rates
(Fig. 6). Our results show that immobilized cells
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Figure 1: The results of the best alignments for the sequence of isolate "4202" 16S rRNA: (a) with the entire base of nucleotide

sequences; (b) with Bifidobacterium longum
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Figure 2: Classic dendrograms of evolutionary relationships based on the results of alignment for the sequences of bifidobacteria
isolate "4202" 16S rRNA: (a) with the entire base of nucleotide sequences; (b) with Bifidobacterium longum

Enterosgel* Sillard P* Toxin.NET Sillard P

Figure 3: Microscopic image of streptococci (*Streptococcus thermophilus — previous studies [14]) and bifidobacteria cultures with
sorbents (x400)

Figure 4: Microscopic image of Bifidobacterium cells sorbed on "Enterosgel” (reflected light, x1000)
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are better protected from acid. But it could be seen
that with increasing acidity, both in control and
immobilized cells vitality rates decrease. Thus, at
pH 2 the number of bifidobacteria (immobilized
with 5% and 10% sorbent) is 11 times lower than
at pH 3. It is also noticeable that the difference in
vitality rates for 5% and 10% sorbent — does not
exceed the method error.

After passing the stomach with an extreme
acidic environment, probiotic cultures together
with food or in the form of a freeze-dried product
enter into the duodenum, where are the bile ducts
from the liver. Bile can also significantly destroy
the microorganisms' cells, so the investigation of
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Figure 5: Diagram of the "Enterosgel"-immobilized bifidobacteria
vitality rate: 8 — control samples without sorbent, B — samples
with a 5% sorbent content, = — samples with a 10% sorbent
content
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Figure 7: Vitality rates of "Enterosgel"-immobilized (5% and
10%) bifidobacteria probiotic strain during incubation at bile
concentrations of 20%, 40% and 60%, 3 h, 37 °C: & — control
samples without sorbent, # — samples with a 5% sorbent
content, = — samples with a 10% sorbent content

immobilized and intact bifidobacteria vitality
rates in the presence of bile is of special interest.
As can be seen from the obtained results test sam-
ples incubation for 3h in medium with different
concentrations of bile, their vitality rates are signif-
icantly reducing in control samples (Fig. 7). In the
case of sorbent-immobilized samples of bifido-
bacteria, viability was higher. It must be noted that
at all studied concentrations (20%, 40%, 60%)
vitality rates of bifidobacteria, which contained
10% of the "Enterosgel”, was significantly higher
than in the control.

The vitality rate of immobilized culture with
freeze-drying (Fig. 8) tended to decrease with
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Figure 6: Vitality rates of "Enterosgel"-immobilized (5% and
10%) bifidobacteria probiotic strain during incubation at pH 6.0,
pH 2.0 and pH 3.0, 3h, 37°C: @ — control samples without
sorbent, ¥ — samples with a 5% sorbent content, £ — samples
with a 10% sorbent content
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Figure 8: Vitality rates of bifidobacteria after freeze-drying in
the case of adding from 5% to 25% of drugs "Enterosgel” and
Toxin.NET: 2 — samples with a 5% sorbent content; |
samples with a 10% sorbent content; & — samples with a 15%
sorbent content; & — samples with a 20% sorbent content
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sorbent content increasing up to 25%. Such results
confirm our previous data on the better survival
of other lactic acid bacteria in combination with
hydro gel ("Enterosgel”) and not with xerogel
("Sillard P") [14]. On the whole the best results
among the tested sorbents for bifidobacteria were
observed in the case of culture immobilization with
5% of "Toxin.NET" — 3.4 + 0.7x10® CFU in com-
parison with control — 2.3 £ 0.7x10® CFU. This ef-
fect could be realized due to protective action of
inulin, which is a part of this preparation.

Discussion

In order to protect probiotic microbiota from
bactericidal effects in the upper gastrointestinal
tract we consistently used the following approach-
es: resistant strains of bifidobacteria selection (to
provide ability to survive in acidic stomach juice
and in aggressive mediums of the small intestine)
and further their immobilization on different carri-
ers' samples study.

In the development of biological products
immobilized forms, the most important point is the
choice of sorbent-carrier. Modern enterosorbents
should be non-toxic, non-traumatic to the gastro-
intestinal mucosa, with high sorption capacity.
Such properties have preparations of highly dis-
persed silica "Sillard P" ("Silix"), "Enterosgel" and
"Toxin.NET", which are approved for enteral use.

Bifidobacteria introduction into the intestine
contributes to its contents quantitative and qualita-
tive normalization and stimulates the reparative
process of the mucous membrane. Frequent dysbi-
oses in children with dietary disorders caused by
infections or antibiotics administration determined
the choice of bifidobacteria (isolated from the gas-
trointestinal tract of the healthy human infants) as
an object of study. It was confirmed that the pro-
vided 16S rRNA sequence of such an isolate be-
longs taxonomically to the genus Bifidobacterium,
which was characterized by a high content of GC-
nucleotides and gram-positive cell wall structure.
Our bioinformatics analysis of this nucleotide se-
quence showed the greatest phylogenetic affinity of
tested isolate to Bifidobacterium animalis subsp lac-
tis, and not to the species Bifidobacterium longum,
under which name this strain was deposited at
the DK Zabolotny Institute of Microbiology and
Virology of NASU.

As can be seen from the results of the immo-
bilization conditions determination (see Fig.5), the
chosen method of immobilization of the culture
suspension (3 h at 37 °C with stirring) for 5% and
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10% sorbent content do not significantly reduce vi-
tality rates: the number of colony-forming units
remains at the same level as at the control before
immobilization (10%). This may be due to the ab-
sence of post-cultivation stress: cells remain in the
culture medium at the cultivation temperature and
are not washed after ultracentrifugation. The vitali-
ty rates reduction by 10% of the sorbent content is
not significant given the order of numbers.

Numerous studies have focused on the resi-
stance of immobilized probiotic microorganisms to
the action of artificial environments modeling the
human gastrointestinal tract conditions, as well as
bacterial viability duration in food [19—21]. It was
shown that immobilization of probiotic microor-
ganisms allows to increase significantly the re-
sistance of tested cultures to the action of these
media. Immobilized preparations are superior in
survival to traditional probiotics (liquid or dry cul-
tures). It is also assumed that therapeutic and pro-
phylactic effects of immobilized healthcare prod-
ucts are realized due to the combined actions of
living bacteria, as well as protective and detoxifying
properties of the enterosorbent itself. Immobilized
bacteria are more resistant to environmental inacti-
vating factors, including the gastrointestinal tract
mediums [22].

According to many developers [23—26], sorbed
products actively colonize the intestinal mucosa by
creating a high local concentration of bifidobacte-
ria, which allows them to better survive during the
passage of the gastrointestinal tract and colonize its
mucosa.

Our series of experiments to study the immo-
bilized bifidobacteria acid resistance showed that the
immobilization of cells on sorbents had a protec-
tive effect in conditions of low pH, and our results
coincide with the results of other scientists [27].

To achieve the best result on the survival of
immobilized bifidobacteria with gastrointestinal
conditions modeling (pH 2, pH 3 and bile action),
it seems appropriate to rationalize cell immobiliza-
tion conditions and to modify the enterosorbent
surface with a view to creating conditions both for
sorption and protection of cells.

Regarding the decrease in the freeze-dried
complex probiotic products vitality with increasing
sorbent concentration, this effect is characteristic
for the nanomaterial influences on living cells. It is
possible that increase of surface tension contributes
the destruction of the cell wall during drying. How-
ever, in our opinion, there may also be a purely
methodological explanation for this fact. Cells
seeded on the nutrient medium are surrounded
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by sorbent particles and therefore have no physical
possibility to contact to solid nutrient medium.
This assumption is partly confirmed by studies of
milk fermentation by a complex probiotic product
which quite well "copes with the task", despite cer-
tain smaller number of living cells [14]. In a liquid
medium, cells have greater access to the nutrient
medium, so the functionality of the culture immo-
bilized on the hydro gel may be better than encap-
sulated.

Inulin (which is a part of "Toxin.NET") helps
to maintain just the bifidoflora, so this complex
probiotic product was the best for preserve cells vi-
ability after freeze-drying of the immobilized test
strain. For an optimal choice it is necessary to
choose both concentration, and temperature, to
apply other technological approaches which can in-
fluence on the choice of sorbent. Giving recom-
mendation, the cost and availability of this sorbent
must be also taken into account. So, inulin can be
added into medium during immobilization simulta-
neously with "Enterosgel” to avoid the use of expen-
sive pharmacopoeial healthcare product ("Toxin.NET"
or similar). Furthermore, in case of cultures com-
position must be chosen parameters and sorbents
providing the best vitality rates for each of them.

The obtained results will be used in the pro-
duction of new fermenting healthcare products of
the Institute of Food Resources of NAAS of
Ukraine for sour milk product.
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Conclusions

The taxonomic position of a bifidobacteria
isolate (from the healthy human infants) used in
immobilization studies was determined. Using taxo-
nomic affiliation of microorganisms' identification
procedure with the BLAST software and the 16S
rRNA sequence it was shown that test item has the
greatest phylogenetic affinity for Bifidobacterium
animalis subsp lactis rather than Bifidobacterium
longum.

With the upper gastrointestinal tract condi-
tions modeling (in the case of acidity and bile) the
best vitality rate was demonstrated by bifidobacteria
cultures immobilized on the sorbent "Enterosgel”
with a content of 10% (by weight of the culture).

Vitality rates of bifidobacteria immobilized
on highly dispersed silica after freeze-drying was
slightly reduced in the case of "Enterosgel” and
"Toxin.NET" with their content from 15% to 25%.
The best results were observed in the case of im-
mobilization with 5% of "Toxin.NET" (combina-
tion of "Enterosgel” with inulin).
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C.I". OanuneHko?, J1.B. MapuHuerko™?, B.B. BoptHuk?, O.1. MoTtemcbkal, O.l. Hixenbcbka®

HHcTnTYT NpodoBonbymx pecypcie HAAH Ykpainu, Kuis, YkpaiHa
2KM1 im. Iropst CikopcbKoro, Kuie, YkpaiHa
SIHcTuTyT npuknagHoi gisukm HAH Ykpainum, Cymu, Ykpaina

BUKOPUCTAHHA BUCOKOOAMUCMEPCHOIO KPEMHE3EMY 5
B BIOTEXHONOIT KOMMIEKCHOIO NPOBIOTUYHOIO NPOAYKTY HA OCHOBI BI®I0OBAKTEPIN

Mpobnematuka. TexHomoris iMmobinisauii NpobioTukiB € Hanbinbl edeKTMBHUM CMOCOOOM Ans KOHTPONbOBaHOi Ta Ge3nepepBHOI
[OCTaBKUN XUTTE3AATHUX KMITUH Y KULLKIBHUK. SK Bigomo, disionoriyHa ponb GichinobakTepiii 6GaratonnaHosa i nonsirae B Hopmanisadii
Ta cTabinisauii MikpobioueHo3y, opMyBaHHI KOMOHI3aUiAHOI PE3UCTEHTHOCTI KWLLKIBHWMKA, CUHTE3i aMiHOKUcroT, BinkiB i BiTamiHiB,
niagTpuMLi HecrneumdivyHOi Pe3NCTEHTHOCTI opraHiamy Towo. Came Takvin LUMPOKUIA CNEKTP MO3UTMBHOIO BNMBY HA MakKpOOpPraHiam Aae
3Mory posrnsigaTu GicdinobakTepii sk 0CHOBY Ansi CTBOPEHHS PyHKLiOHaNbHMX iIMMOGIiNi3oBaHNX 300POBUX NPOAYKTIB Ha iX OCHOBI.

MeTa po60oTu. Bu3aHaueHHsi TaKCOHOMIYHOrO NONOXeEHHs1 BUbpaHoro Anst immobinisauii Wwramy Gicinobakrepin Bifidobacterium longum,
OOCTiMKEHHs BUWXMBaHOCTI BidigobakTepiit Lboro LtaMmy B KOMMMEKCHOMY NpoBiOTMYHOMY MPOAYKTI Ha OCHOBI BMCOKOAMCIEPCHOrO
KpemMHe3eMy 3a MOAEeNbOBaHMX YMOB LUMYHKOBO-kuLkoBoro TpakTty (LLUKT) Ta nicns niodinbHoro BucyLLyBaHHs.

MeTtoauka peanisauii. BukopuctoByBanu BupobHuunii wtam Bifidobacterium longum IMB B-7165 i3 konekuii npoM1crnoBux LWTaMmis
IHCTUTYTY NnpopoBonbYMX pecypciB HauioHanbHOT akafgemii arpapHux Hayk Ykpainu. Ltam Buginero i3 WKT 3gopoBrx HeMOBRAT.
BukopucToByBanu 3aranbHoBXuMBaHi 6ioiHopMaTUYHI, MikpobionoridHi, 6ioTEXHONOrIYHI Ta CTAaTUCTUYHI METOAM.

Pe3ynbTatn. BukoHaHo 11 noka3aHo Havikpalli BupiBHIOBaHHS Ansi nocnigoHocTi 16S pPHK isonaty 6GidigobakTtepin “42027,
(3apenoHoBaHoro sk Bifidobacterium longum IMB B-7165) Ta knacuyHi AeHAporpaMu Ha OCHOBI LX pe3ynbTaTiB. 3a pesynbtatamu
MiKPOCKOMIYHMX [OCHiIXeHb 3pa3KiB MIKpOOPraHiamiB i3 BMCOKOOMCMEPCHUMU KpeMHe3emMoBuMMK npogdyktamu (“EHTepocrens”,
“Cunnapg M” i “TokcuH.NET”) BcTaHOBMEHO, Lo iMMOGini3auis kynbTypu Streptococcus thermophilus npuHUMnoBo He BiApi3HAETLCS Big
immoGinisauii GidigobakTepin. 3 mMeTol BMBYEHHS BNNuMBY iMMobGinisauii Ha 36epexeHHA Ta BnacTuBoCTi OidigobakTepin Hyno
BUKOPUCTAHO Taki eHTepocopbeHTn, sk “EHTepocrens”, “TokcuH.NET” i “Cunnapg N”. BwkuaHicTb immobinisoBaHux Gidigobakrepin
[ofaTkoBO BMBYanu 3a mopenboBaHux ymoB LUKT: iMmoGinizoBaHi kniTMHWM Kkpalye 3axuileHi Big Ail KMCNOTW Ta KOBYi, xo4va 3
NiABWLLEHHAM KUCMOTHOCTI BUXKMBAHICTb NaAa€ sk y KOHTPOSbHKX, TakK i B iMMOGINi3oBaHUX KNiTWH.

BuCHOBKW. YTOYHEHO TakCOHOMiYHe NONoXeHHs i3onATy OGicdinobakTepii, BUAINEHOro 3 opraHiaMy 340POBWX HEMOBIAT, SKWN
BMKOPUCTOBYBarnu B AOCHiMKeHHsX 3 iMMobinisauii (Bifidobacterium animalis subsp lactis). 3a MogensoBaHux yMOB BepXHiX Biaainis
LUKT y pasi gii kucnotu Ta XoB4i HaviKpally BWXXMBaHICTb NMPOAEMOHCTpyBany iMMmobinizoBaHi kynbTypu bicdigobakTepin Ha copOeHTi
“EHTepocrens” i3 BMictom 10 % Big Macu KynbTypu. BuxuBaHicTb iMMOGIinisoBaHux npenapartiB nicns niodinbHOr0O BUCYLLYBaHHS
He3Ha4HO 3HWXyBanacb y pasi iMmobinisauii Ha 3paskax eHTepocopbeHTiB “EHTepocrenb” i “TokcuH.NET” 3a ix BmicTy Big 15 go 25 %
Bi4 Macu KynbTypu. Havikpawyi pesynbraTtv crnoctepiranu y pasi immobinisauii 6icdigobakrepin 3 5 %-BuM BMICTOM eHTepocopbeHTy
“TokcuH.NET” (eHTepocrenb 3 iHyniHOM).

KnrouoBi cnoea: 6idhinobakrepii; BUCOKOAMNCNEPCHUIA KPEMHE3EM; TAKCOHOMIYHE NMONOXKEHHS; iIMMOGini3auis NpoGioTuKIB; 340POBI NPOAYKTY.
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Background. The ever-increasing demand for plastic polymer products with simultaneous depleting fossil
fuels such as oil and natural gas, as well as the growing problem of waste disposal, creates a need to find al-
ternative technologies that meet current trends in both environmental and economic development. Bioplastic
materials that are synthesized from renewable sources and have the ability to biodegrade are considered as
such an alternative. The main obstacle of modern bioplastics which makes it impossible to completely replace
traditional plastics is the high cost of production. In order to reduce the cost of existing biopolymers, pro-
duction waste is added to the polymer matrix. One such waste is lignin — the second most common biopolymer.
An additional way to reduce the cost of production is to find more cost-effective producers. Thus, although
the classical microbial synthesis has fairly high productivity, the source of carbon for the cultivation of mi-
croorganisms are sugars obtained from agricultural raw materials which could cause a threat for food indus-
try. The new producer for production of polyhydroxyalkanoates (PHA) is cyanobacteria, the carbon source
of which is carbon (IV) oxide or gas emissions from enterprises, which reduces the cost of the target product.
Objective. Development of a method for obtaining bioplastics using products of microbial synthesis and lignin.
Methods. Cyanobacteria Nostoc commune was grown using a nutrient medium BG-11 with subsequent limi-
tation of Nitrogen for the synthesis of PHA. Hydrolyzed lignin from hardwoods was combined with polylac-
tic acid (PLA) or cyanobacteria-synthesized PHA in different ratios with further casting of the solution to
determine the ability of lignin and polymer matrix to form polymer films.

Results. The content of PHA in the cells of cyanobacteria Nostoc commune, when grown in a nutrient medi-
um limited to Nitrogen, reached 7.8%. The synthesized polymer films based on PLA and lignin were not
homogeneous, and films based on PHA and lignin were fragile.

Conclusions. The possibility of obtaining PHA by using cyanobacteria of the Nostoc commune species under
environmental conditions that differ from the optimal ones for both cultivation and PHA production is
shown. The possibility of obtaining a biopolymer based on lignin and PLA is shown. To form homogeneous
films, it is necessary to change the standard conditions for obtaining a mixture of components. The interac-
tion of lignin with PHA forms a homogeneous polymer mixture, which is fragile and requires the addition of
plasticizers to obtain the necessary properties.

Keywords: lignin; cyanobacteria; polylactic acid; polyhydroxyalkanoates; bioplastic; industrial waste; renewable
materials.

Introduction

The world's demand for plastic products is
growing every year. Natural gas and oil are used
for their production, which leads to the depletion
of their reserves and pollution of the environment
during production. The main disadvantage of plas-
tics is the long duration of their decomposition
processes in the natural environment. Therefore,
there is a need to create alternative products — bio-
plastics, the production of which would be associ-
ated with renewable raw materials and the possibil-
ity of their disposal in the wild [1]. Today, bioplas-
tics make up only a small part of the global plastic
products market, due to their high cost of $ 2 to $ 6

per kilogram, compared to the average price of tra-
ditional plastics, which cost $ 1-2 per kilogram [2].
In addition, it should be noted that not all bioplas-
tics are biodegradable or decompose rapidly under
certain conditions, which in turn does not solve
environmental problems.

The most common representative of bioplas-
tics today is polylactic acid (PLA). It is similar in
properties to polyethylene, terephthalate, and poly-
styrene [2, 3]. The monomer for the formation of
polylactate is lactic acid, which is obtained by het-
erotrophic bacteria of the genus Lactobacillus and
Sporolactobacillus [4].

Another group of bioplastics that is of com-
mercial interest — polyhydroxyalkanoates (PHA) —

© The Publisher 2022. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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biopolymers that have the ability to biodegrade
and, moreover, the mechanical properties are not
inferior to polypropylene. The most studied among
PHA is polyhydroxybutyrate (PHB), which today
is mainly synthesized on an industrial scale by he-
terotrophic bacteria such as Cupriavidus necator,
Escherichia coli [5]. Unlike PLA, PHA polymers
are synthesized in the middle of the cell and do
not require an additional polymerization step [5].

Classical microbial synthesis has a fairly high
productivity, but the source of carbon for the culti-
vation of microorganisms are sugars obtained from
agricultural raw materials. The new producer for
PHA production is cyanobacteria, the carbon
source of which is carbon (IV) oxide or gas emis-
sions from enterprises, which reduces the cost of
the target product.

In order to increase the efficiency of PHA
synthesis by cyanobacteria, various methods are
used: limiting the nutrient medium by nitrogen,
changing the temperature, pH. The influence of
factors that affect metabolism depends on the type
and strain of cyanobacteria. Thus, the most intense
effect of nitrogen limitation was found in Calothrix
scytonemicola TISTR 8095 [6], Chlorogloea fritschii
TISTR 8527 [7], Synechocystis sp. PCC 6714 [§],
in which the content of PHB on dry cell mass
increased almost 17, 13 and 9 times relative to
cultivation under standard conditions. That is, to
increase the yield of PHB, it is necessary to create
conditions for the lack of nitrogen compounds in
the environment.

It is known that the most cyanobacteria grow
at the pH values from 7 to 9. This phenomenon
is due to the fact that such conditions increase
the efficiency of carbon uptake [9]. For Nostoc
muscorum NCCU-442 [10] the highest PHB con-
tent was observed at pH 7.5 and was 7.6%, for
Scytonema geitleri Bharadwaja [11] and Synecho-
cystis sp. PCC 6803 [12] at pH 8.5 and was 3.98
and 4.55%, respectively, and for Spirulina platensis
UMACC 159, 161, 162 [13] at pH 9.0, the PHB
content was 7.1, 10.1, and 7.8%, respectively. Thus,
for each species of microorganisms it is necessary
to maintain the pH of the environment in which
there is increased biosynthesis of PHB.

The temperature optimum for the cultivation
of cyanobacteria is in the range from 20 to 35 °C.
For PHB-producing microorganisms, the tempera-
ture optimum is 29 + 1 °C, which coincides with the
temperature optimum for PHB synthesis. Thus, for
Scytonema geitleri Bharadwaja [11] and Nostoc mus-
corum NCCU-442 [10] the highest PHB content was
observed at 30 °C and amounted to 3.18 and 7.6%,
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respectively, for Synechocystis sp. PCC 6803 [12]
temperature optimum for PHB synthesis is slightly
lower and is 28 °C with a PHB content of 4.55%.

The high cost of bioplastics production from
the products of microorganism synthesis is a sig-
nificant obstacle to their widespread distribution.
Therefore, in order to reduce costs, it is proposed
to use them in a mixture of natural biopolymers.
One of such components may be lignin a by-
product of hydrolysis of cellulose-containing raw
materials, the cost of which is 0.27 USD per kilo-
gram [14, 15]. The lignin market in 2019 was
$954.5 million. However, the processing of lignin
into useful products is only 5% of the total amount
of lignin [16, 17].

Therefore, the use of lignin as a component
of bioplastics, will simultaneously reduce the cost
of bioplastics and dispose of lignin as a waste
product.

The aim of the work is development of a
method for obtaining bioplastics using products of
microbial synthesis and lignin.

Materials and methods

Luminy brand PLA, a hydrolyzed lignin from
hardwoods. The cyanobacterium Nostoc commune
was used as a producer of PHA. To increase the
biomass of cyanobacteria, BG-11 medium was
used, followed by replacement of the medium with
BG-0 (medium limited by nitrogen) in purpose to
intensify the PHA synthesis process [18].

Cyanobacteria were grown in a 1 L photobio-
reater with the use of 2:1 red and blue LEDs as a
light source at 16:8 light cycle (light:dark).

The growth rate of cyanobacteria was observed
by varying the density of the medium with the use
of the bio ULAB 102 spectrophotometer and the
number of cells on the Countess II cell counter.

To separate the PHA, cyanobacterial cells
were filtered off and dried in an Labexpert 3050
oven (drying temperature 30 °C). Extraction was
performed using chloroform at a temperature of
60 °C in the ratio of cell mass to mass of chloro-
form 1:1 for 36 h. The hot extract was filtered off
on a vacuum filter followed by precipitation of the
polymer in two volumes of diethyl ether. The re-
sulting polymer was filtered off using filter paper
(red ribbon) and washed with acetone and diethyl
ether [19].

Before obtaining of bioplastics lignin, PHA,
and PLA was dried to constant weight in an oven.
Lignin was ground with a coffee grinder to a state
of dust.
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The selected polymer was dissolved in chloro-
form in a ratio of 1:10 for two hours, then created
mixture was homogenized using stirring with a mag-
netic mixture for 15 min, then heated to 135°C
and add lignin in the amount of 1, 10, 20, 30, and
40% in a mixture with PLA (for PHA only 10%)
of the amount of polymer. The resulting mixture
was stirred for 10 minutes. After homogenization,
the mixture was formed in Petri dishes and dried at
room temperature for 24 hours.

To conduct statistical processing and data
visualization Python's language modules Pandas,
Seaborn, Matplotlib, and NumPy were used.

Results

Growing cyanobacteria

Typically the standard growth curve corresponds
to the sigmoid shape curve that consists of four
phases: lag, log, stationary and death phases (20).
As can be seen from Fig. 1, which shows the
change in density and number of cells in the
process of growing cyanobacteria Nostoc commune,
the growth of cyanobacteria corresponds to the
standard growth curve of bacteria. The lag phase
was quite long and amounted to 13 days, the period
of exponential growth was 17 days, and steady state
was observed during the last 8 days of the expe-
riment. This long lag phase can be explained by a
change in temperature (15 +2°C), which differs
from the optimal growing temperature (252 °C)
and lighting (did not use sunlight). This choice of
LEDs is due to the absorption spectrum of chloro-
phyll and cyanobacteria. Due to the lack of yellow-
green LEDs, the use of carotenoids for photosyn-
thetic processes of cyanobacterial cells was absent.
It is the rearrangement of the photosynthetic appa-
ratus of cells that can explain the duration of the
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lag phase. Nitrogen-depleted medium was used
during the stationary growth phase. In this culti-
vation, the final PHA content was 7.8%.

The biopolymer synthesis

The biopolymer was prepared using a crushed
mixture of natural polymers (lignin and PHA or
PLA) according to the method [20]. The synthe-
sized mixture of PLA and lignin is not homogene-
ous. Lignin particles are contained in the PLA in
the form of inclusions ranging in size from 0.5 mm
to 4mm (Fig. 2). This can be explained by their
large particle size to obtain a biopolymer or the
adhesion of smaller particles during the synthesis
process. This is typical for a mixture with a lignin
content of 10 to 40%. The formed polymer films
are quite elastic and do not break during assembly,
however dents remain at the assembly site, but
when the formed film is heated with warm air, the
dents are smoothed.

During storage of the formed film for 30 days,
the appearance of brittleness of the material was
observed, which may indicate the beginning of the
process of destruction of the polymer due to the
low level of homogeneity of the polymer mixture.

In contrast to the bioplastic of lignin from
PLA in the synthesis of bioplastic from 10% lignin
and PHA, the resulting mixture had a homogeneous
composition. However, after drying, a uniform film
was not formed, there were bulges on the surface.
The polymer was brittle and under the action of
applied force disintegrated into pieces (Fig. 3).

Thus, to obtain biopolymers based on lignin
and PLA, it is necessary to change the conditions
of polymer synthesis to achieve its homogeneity. In
the case of using lignin and PHA to achieve plas-
ticity, it is necessary to use plasticizers that will
achieve plasticity in the formed polymer.
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Figure 1: Change in optical density (a) and number of cyanobacteria Nostoc commune cells (b) (cell concentration — 10° cells per ml)

with time of the cyanobacteria Nostoc commune growth
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Figure 2: PLA-lignin bioplastic with lignin content of 1, 10, 20, 30, 40% (x15) Figure 3: Bioplastic based on PHA and 10% lignin

Discussion

The results obtained in this paper are slightly
different from those shown by other studies. For
example (21), bioplastics based on PHB and lignin
(with a lignin content of 40%) had a fairly high
homogeneity, while improving the mechanical pro-
perties. This can be explained by the low lignin
content, which led to delamination between the
components of the composite, as well as the inad-
equate quality of the obtained PHA. In order to
solve the existing problem, it is necessary to study
the synthesized PHA, in order to establish qualita-
tive characteristics, as well as to change the com-
position of the composite, either by increasing the
amount of lignin or by adding compatibilizers that
will increase system homogeneity.

Bioplastics based on lignin and PLA, obtai-
ned by solution casting, confirmed the data of
works in which other methods of obtaining a
polymer mixture were used [22, 23]. This may
indicate that the method of creating a polymer
mixture has little effect on the final product, and
in order to increase the homogeneity of the mix-
ture, the addition of compatibilizers is a neces-
sary step.
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anobacteria of the Nostoc commune species under en-
vironmental conditions that differ from the optimal
ones for both culture and PHA production is shown.
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neous films, it is necessary to change the standard
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the necessary properties.

In order to improve the combination of lignin
and selected polymer matrices, the addition of com-
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A.B. IOpyenko?, H.B. Mony6?, J1. LisiHbnin?

KMl im. Irops Cikopcbkoro, Kuis, YkpaiHa
2TexHonoriyHuin yHiBepeuTeT Lliny (WaHbayHcbka akagemisi Hayk), LaHbayH, Kutai

PO3POBKA HOBOI'O CMOCOBY OTPUMAHHA BIOMNTACTUKIB HA OCHOBI MIKPOBHUX BIOMOJIIMEPIB | NIFHIHY

Mpo6nematuka. [locTiliHe 3poCTaHHsi MOMWTY Ha NNacTWYHI NomMiMepHi BMPOGU 3 OAQHOYACHUM BUCHaXKEHHSIM 3anaciB BUKOMHUX
[Kepen, Takux K HadTa i NpUPOOHUMA ras, a TakoX MOCUNeHHs npobrnemu yTunisauii BigXOA4iB CTBOPKOOTb NOTPedy B MOLLYKY
anbTepHaTVBHUX TEXHOMOrIW, WO Bignosiganu 6 cy4acHNM TeHAEHLiSIM SK eKOJOrYHOro, Tak i EKOHOMIYHOrO KypCy CBITOBOrO PO3BUTY.
Ak Taka anbTepHaTMBa po3rnsAaloTbCs GionnacTuyHi MaTepiany, WO CUHTE3YITbCA 3 MOHOBIIOBAHWX MKepen i MaloTb 34aTHICTb A0
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Gioposknagy. OcHoBHa nepenoHa cydacHux GionnacTukiB, siki YHEMOXIMBIIOKOTE MOBHY 3aMiHy TpaauuiiHUX nnacTMac, — BUCOKa
BapTiCTb BUpPOGHULTBA. 3 METOI 3HWKEeHHs1 cobiBapToCTi icHytoumx Giononimepie Ao cknagy noniMepHOi MaTpuvui AoAaloTb Bigxoaw
BMPOGHMUTBA. OAHMM i3 TakvX BiAXOAIB € MirHiH — Apyrvin HannowmpeHiwui Giononimep. [JloaaTKoBUM LUMSIXOM 3HUXKEHHS COBIBapTOCTi
BMPOOHMLUTBA € NowyK Binbly €eKOHOMIYHO BMWFiAHWX NPOAYUEHTIB. Tak, KNnacu4HWM MIKPOOHUIA CUHTE3 XO4 i Mae [OCWUTb BUCOKY
NPOAYKTUBHICTb, ane xepenoM kapboHy Ons BMPOLLYBaHHS MIKPOOPraHi3amMiB € LyKpu, siKi OTPUMYIOTb i3 CinbCbKOrocnoaapChKoi
cvpoBYHW. HoBMM npogyueHTOM Ans odepaHHsa nonirigpokcuankanoaty (MIFA) e uiaHobakTepii, mxepenom kapboHy Ons sKkux €
kap6oH (IV) okcma abo rasosi BUKMAM NiANPUEMCTB, LLO 3HIKYE COBIBapTICTb LiNIbOBOr0O NPOAYKTY.

MeTta. Po3pobka meToay oTpumaHHsi 6ionnacTuky 3a BUKOPUCTaHHS NPOAYKTIB MIKPOBHOIO CUHTE3Y Ta MirHiHy.

MeToauka peanisauii. LliaHob6akTepii Nostoc commune BupoLllyBanu Npu BUKOPWUCTaHHI XUBUIMbHOrO cepefosuwa BG-11 i3
noganbluMM MiMITYBaHHAM 3a HiTporeHom 3 meTtoto cuHtedy [MIA. TigponisHui nirHiH i3 TBepanx nopia AepesB NoegHysBanu 3
noninaktugom (MJ1A) abo cuHTesoBaHuUM uiaHobakTepismu A B pi3HWX CNIBBIAHOLWEHHSX METOAOM NUTTSI PO34YMHY 3 MEeTo
BUSIBNEHHS 30aTHOCTI NirHiHY Ta nomniMepHoi MaTpuui yTBOPOBaTH NMoniMepHi MNiBKu.

Pesynbtatu. Bmict MIFA y knitnHax uiaHobakTepii Nostoc commune npu BUPOLLYBaHHi Y XMBUIMbHOMY CepefoBuLLI, NiMITOBaHOMY 3a
HiTporeHom, pocsar 7,8 %. CuHTe3oBaHi nonimepHi mniBkn Ha ocHoBi MNJIA Ta nirHiHy He Oynu romoreHHMmK, a Ha ocHosi IMTA €
KPUXKUMMU.

BucHoBku. NMokasaHo MoxnueicTb oTpumaTu NMIFA 3a BukopucTaHHA uiaHobakTepi Bugy NOStoc commune 3a yMOB HaBKOMULLHBOTO
cepefoBuLLa, WO BiAPI3HATECA Bid ONTUMArbHUX SK ANS BUPOLLYBAHHS KynbTypw, Tak i Ana otpumanHs MIA. MNMokaszaHo MOXNIuMBICTb
oTpumatu Biononimep Ha ocHoBi NirHiHy Ta MNA. [Ina yTBOPEHHS rOMOreHHNX NNiBoK HEOOXiAHO 3MIHUTW CTaHA4aPTHI YMOBW OTPUMAaHHS
CyMmili KOMMNoHeHTiB. INpwu B3aemogii nirHiHy 3 MNMIA yTBOPIOETLCA rOMOreHHa nofniMepHa CyMill, sika € KpUXKOto i noTpebye ansa HabyTTs
HeobXiQHMX BNacTMBOCTEN AOAaBaHHS nractTudikaTopis.

Knro4oBi cnoBa: nirHi; LiaHobakTepii; noninaktug; nonirigpokcunankaHoart; 6ionnacTvk; NpoMUCIOBI Bigxoau; BigHOBMOBaHI MaTepianu.
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IIpodnemaTuka. BuszHaueHHsT BMicTy xJiopodily Ta KapOTUHOINIB € iHGOPMaTUBHUM CIIOCOOOM OTpPUMAaHHS
ySIBJIEHDb TIPO (POTOCMHTETUYHUI PEXUM POCIIMH i € HEMPSIMUM METOIOM OILIiHKY TPOAYKTUBHOCTI POCIMHHUX
KYJbTYp, Y T.4. 3epHOBMX. OCKiIBKM Ha ChOTOIHI 3pOCTA€ CBITOBMIl IONMMUT HA TPaAuLiiiHI Ta HATypajbHi
MPONYKTU XapuyyBaHHS, Y TIpEJCTaBJIeHiii poOOTI MW BMKOPMCTOBYBaJIW ONHY 3 HaWHaBHILIMX 3JJaKOBUX
KyJbTYyp — HiueHulto 1nondy (7Triticum dicoccum (Schrank) Schuebl), BUpolyBaHHS SKOI 3[iliCHIOBAIN 3a
TPagUIifHOIO 1 OPTraHIiYHOIO TEXHOJIOTiSIMU.

Mera. BusHauyeHHs BIUIMBY XJIOpOo(dily Ta KapOTHMHOINIB Ha MPOAYKTUBHICTH IILEHMIII M0J0M 3a Tpaauiliii-
HOI Ta OpPraHiYHOI TeXHOJIOTII 3eMJIepoOCTBa Ta Pi3HUX CUCTEM TepPEAIOCiBHOI 0OpOOKM HACiHHS.

Metoauka peamnisanii. [ToaboBi mocmimkeHHsT poBoanan BriponoBxk 2019—2021 pp. Ha YopHO3eMax MaJio-
TYMYCHUX BaXXKOCYTJIMHUCTHX, CTaH SKUX BiNMOBimae Kputepito “uinnHHa 3emuist”. BupolyBaHHS 1107101
3BMYAMHOI 3a OpraHiyHOI TEXHOJOTil MPOBOAMJIM y CiBO3MiHi: XXUTO o3uMe (CuaepalibHa KyJbTypa) —
ripunnst (I moMiniueHHs (IiTOCaHITAPHOrO CTaHY ITOJISI Ta MOKA3HUKIB OPraHiuHOI PEYOBUHU IPYHTY) —
rnosiba 3BuyaitHa. BuBueHO 1Ba BapiaHTH MepearnociBHOI 0OpOOKM HACiHHS: OMPOMiHEHHS YIbTpadioaeToBUM
cBitiiom gianazony C (Y®-C) (100—280 HM) Ta 06pobOKa HaciHHSI IperapaToM rymiHoBoi nmpupoau 1r Seed
Treatment. Y TpamuuiiiHiii TeXHOJOril BUPOIIYBaHHS MIIEHUII ITOJIOU IEepedroCiBHY MiArOTOBKY HAaCiHHS
snilicHoBanu Y®-C-onpomiHeHHsIM. B opraHiuHiii TexHosorii BUKopuctoByBaiu Ik Y®-C-onpoMiHeHHS,
TakK i oKpeMo 00poOKy HaciHHsI po3unHOM Ir Seed Treatment. CTaTMCTUYHY OOPOOKY HAaHMX IPOBOMVIIN
METOJaMU OITMCOBOI CTaTUCTMKM, PETPECiiHOrO Ta AMCIEPCIfHOrO aHali3y 3 BUKOPUCTAHHSM IIpOTrpaMu
Statistica 10.0. 3HAYNMICTh €KCIIEPUMEHTAIIBHUX JAHUX OLIHIOBAJIM 3a JIOIIOMOTOI0 IUCIIEPCIHHOTO aHari3y
(ANOVA) nns po3paxyHKy HaliMeHI1oi icToTHoi pisHuLi HIPys.

Pesyabratu. BecraHoBieHo, 1110 BuKopuctaHHs Y@®-C-onpoMiHeHHsI HACiHHSI B OpraHiuHiil Ta TpamuiliiiHii
TEXHOJIOTiSAX KYJbTUBYBAHHS CIPHUE 30iIbIIeHHIO BMicTy xsmopodiny a (Chla) Ha 9,2 % i xmopodiny b
(Chl b) na 14,5 % y pocanHax, BUPOILICHUX 3a OpraHiYHOI TEXHOJIOTil, OMHAK 3MEHIIYE BMIiCT KapOTUHOINIB
(CfH) na 14,9 %. 30inblueHHST BMICTY (DOTOCHMHTETUYHUX IirMeHTiB 3a Y®-C-OonpoMiHeHHS HacCiHHS
TIPUBEJIO IO 3POCTaHHS BpOXaitHOCTI Bim 4,26 T/ra 3a TpaAMIiiHOI TeXHOJOTil 10 5,17 T/ra 3a opraHiuHOI,
T06TO Ha 21,4 %. 3a OpraHiuHOI TEXHOJIOTII BUPOIIYBaHHS HA OCHOBI MOPIBHSIHHS OCHOBHHUX ITOKA3HMKIB
po60oTH (POTOCMHTETUYHOTO arnapaTy pOCIWH MIIEeHUIi TOJIOU i 00CATY BpOXKAMHOCTI BU3HAYEHO HANOIIbII
e(eKTUBHUI CIOCiO IMiAroTOBKM HACiHHS 10 CiBOM. BusaBIeHO, 1110 3a BUKOPUCTAHHSI TYMiHOBOTIO IIpena-
paty Ir Seed Treatment y mepearnociBHiii o0poO1i HaciHHA KoHUeHTpauis Chla 3meHiuunach Ha 2,4 %,
KoHUeHTpanist Chlb ta Ct 36impimnaack Ha 5 Ta 25,5 % BIiOMOBIAHO MOPIBHSIHO 3 MOKAa3HUKAMU DPOCIIHH,
pupouieHux 3 Y®O-C onpoMiHEHOro HaciHHS. YpOXaiHiCTh 3a BUKOpUCTaHHs Tpenapary Ir Seed Treatment
craHoBua 5,58 1/ra, Tomi K 3a Y®-C-06pobku HaciHHg — 5,17 T/ra, TOGTO TIPUPICT YPOXKAMHOCTI CTaHO-
BUB 8 %. BcTaHOBIIEHO OOEPHEHY KOPEIALII0 MiX CITiBBIIHOIICHHSIM BMICTY (DOTOCMHTETMUYHHUX IIrMEHTIB
Chla/Chl b Ta 00csiTOM ypOXXaiHOCTI TILIEHULIi MTOJION.

BucHoBku. 3aBISIKM BITPOBAIKEHHIO OPraHiYHOI TEXHOJIOTii BHPOIILYBaHHS 3 MEPEAIoCiBHOIO 0OpOOKOI0
HaciHHS TyMiHOBUM mperaparoM 1r Seed Treatment MoxXXHa OTpMMATH 30UIbIIEHHST BPOXAWHOCTI MIIEHUIT
moyion Ha piBHI 31 % TOpIiBHSHO 3 TPamWIIifHOI TexHoJorier. [HauKaTopamMu eDEKTHMBHOCTI 3aITpOITIOHO-
BaHMX €JIEMEHTIB arpOTeXHOJIOTiA MOXe OYyTH BMIiCT (POTOCMHTETUYHMX ITIrMEHTIB Ta iX CITiBBiIHOIIEHHSI.

KimouoBi ciioBa: GOTOCUHTETUYHI TIIrMEHTH; OpraHiuHe 3eMJIEPOOCTBO; MEPEeANOCiBHUI 00pOOITOK; CiBO3MIHA;
Y®-C-onpomineHHs; miueHnns Triticum dicoccum.

Bceryn arpoOHOMIYHOI TOYKM 30py. 3JaKM IIUPOKO BUKO-
PUMCTOBYIOTbCSI TSI BUPOOHMIITBA XJ1i0a — OCHOB-

B arpapHoMy BMpOOHMLTBI YKpaiHM Ta Giib- ~ HOIO IMPOAYKTY XapyyBaHHS JIIOAMHU — i € LiHHUM
LIOCTi KpaiH CBIiTYy 3€pHOBI € HaMBaXJIWBIllIOIO  JIXXepeJoM 0i0JoriyHO aKTUBHUX peuyoBUH. CXWUJb-
TPYIOI0 POCIMHHUX KYJbTYP 3 €KOHOMIYHOi W  HICThb CIIOXMBauyiB 10 OiJblll HATypaJbHOI iXi B

© The Publisher 2022. Published by Igor Sikorsky Kyiv Polytechnic Institute.
This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
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OCTaHHi POKM 3MycCUJia arpapiiB 3BEpHYTHUCS 10
CTaJoro CiJbChbKOTO TOCIOAAapCTBA Ta BiIpOAUTHU
HakjaBHillll 371aKOBi KYJIbTypU, OO SIKWUX Haje-
KaTh ILUIBKOBI IMIeHUNI (0OMHO3epHSIHKA, 10J0a,
CIIeJIbTa TOIIO).

ITonba € omHie 3 mMepuIMX OAOMAlIHEHUX
36pPHOBUX KYJIbTYpP, KYJbTHUBOBAHOI MPOTSTOM
5000 pokiB icHyBaHHSI CiIBCHKOI'O TOCIIOJApCTBa
cBiTy. OIHaK ympoIOBX CTOJITh IMOJ0a MOCTYIIOBO
Bigxomuyia Ha APYruil IUIAaH 4Yepe3 KOHKYPEHIIiIo
OiJbII MPOAYKTUBHUX TiIOPUIHMX COPTIB TBEPAOI
meHui; Jume Ha nmoyatky 2000-x y BCbOMyY CBiTi
MoyaBcs MpOoLIeC BiTHOBJIEHHs KyJIbTHUBallil 10JI0H,
Ky 4acTo Ha3uBaioTh “emMep”. Ciim 3a3HaYuTH,
10 B HAyKOBUX IyOJliKallisX 111040 IO3HAYEeHHS
i€l KyJIbTypHu € pPO30iKHOCTI Ta IyXKe 4acTO BUKO-
PUCTOBYIOTb TepMiH “crnenbra” sk masi Triticum
Spelta L., tak i nna Triticum Dicoccum Schrank.
OnHak, 9K IOBOAUTbCS B poboti [1], nuiie mo
Triticum dicoccum (Schrank.) Schuebl cnmig 3acToco-
ByBaTU TepMiH “monba”, TooTo “emep”. Ha Teme-
pimrHi vac mmeHuns emep (Triticum dicoccum
(Schrank) Schibler) KynbTUBYETbCS OpTaHIYHUMU
depmepamMu B OaraTbox KpaiHax IleHTpajbHOIL
€Bpomu [2], ocKinbK1 € (PYHKIIOHAIBHUM Xapyo-
BUM iHrpenieHToM. Hapasi B YkpaiHi 3apeecTpo-
BaHi Ta KYJIbTUBYIOTbCS TPU COPTU IIILIEHMLI MOJI0U
3BuyaiiHoi — ['onikoBcbka, PoMmaniBchka, FOHika.

3allikaBeHICTh y MIIEHUIIi 001 3yMOBJIeHa
MOIIMPEHHSIM MOMUTY Ha TPAAUIIiiHI Ta HATypabHi
MPOJAYKTU XapyyBaHHsI. Xoua ILIeHUls 3BUYaiiHa
(Triticum aestivum) € OCHOBHMM BHWJIOM, IO BU-
POILLYETHCS y CBIiTi, OCTAHHIMUA pPOKaMM 3alliKaB-
JIEHICTh Yy MILIEHUII TOoJIOM 3pocTa€e 3aBASIKMU Ti
BUCOKIM TTOXMBHIN IIIHHOCTi, HUXXYill 3aCBOIOBa-
HOCTI KPOXMAJTIO TIOPiBHSHO 3 IHIIMMUW CY4aCHUMHU
BUAAMHW TIIEHMIi, MiABUIIEHOMY BMICTYy aHTH-
OKCHUJIAHTHUX CHOJIYK i HU3bKOMY BMICTy IJIIOTEHY.
Pi3Hi mocnimxeHHS XiMIi4YHOIrO CKJjIamy IoKasaiu,
1O TIIEHUIS eMep Ma€E BUCOKUI piBeHb Oinka
(13,5—19,05 %), xpoxmanio (55,4—73,3 %), xap-
yoBMX BOJOKOH (10—12 %), mimimiB (2,4—3,0 %) i
3aralbHUX ToKodepomis (19,7—69,85 mr/r) [2]. Ho-
CTaTHbO BUMCOKUM BUSIBUBCSI BMICT Ce€JIEHY B 3epHax
eMepa (58,9—68,4 MKT/KT), 3arabHUX TOJi(EeHOIB
(584—692 mr/KT) [3], OCHOBHUX MaKpOeJIeMEHTIB
P (5,12r/kr) Ta K (4,39 1/KIr) Ta MiKpoeJaeMeHTiB
Zn (54 mr/xr), Fe (49 mr/kr) i Mn (24 mr/kr) [4].

VY 3B’s3Ky 3 MM ocTaHHi 20 poKiB MOMUT Ha
3€pHO M€l KyJbTYpM IIBUAKO 30LIBIIYETHCS i, 3a
MporHo3amu, Oyae MPOAOBXYBaTH 3pOCTaTHU MpPU-
o6mm3Ho Ha 5 % mopivHo. Ha kamb, Ha ChOromHi
YacTKa IMOJI0M y CBITOBOMY BHUPOOHMIITBI ITIIIEHUIL
CTAHOBUTL Juine 0au3bko 1 % [5]. OmHak 36imb-
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LLIEHHSI TOMMUTY Ha Liel BUJ MIIEHUII BUMAarae
YIOCKOHAJIEHHs TEXHOJIOTil ii BUpOLILyBaHHS IS
OTPUMAaHHS SIKICHOTO 3€pHa, BUXOJSIUYM 3 TEXHOJIO-
TiYHUX BJIACTUBOCTEN KYJIbTYpHM, T'PYHTOBO-KJiMa-
TUYHUX YMOB Ta €JIeMEeHTIiB arpoTtexHosoriii. Came
TOMY TIpY BUPOIIYBaHHi MIIEHULIi TOJ0U BCe yac-
Tillle 3BepPTAIOThCS A0 OPraHiuHOIro 3eMIepoOCTBa,
sKe 3laTHe 3a0e3MeYrTH €KOJIOTiYHO Oe3MevyHy Ta
0ioJIOriYHO MOBHOLIIHHY MpoAyKlito. ['apaHTi€to
OJIep>KaHHSI TaKoi MPOAYKIIii € MOBHA BiAMOBa Bij
3aCTOCYBaHHS MiHEpaJIbHUX HOOPUB, MECTUILIMIIB
Ta iHIIMX IITYYHUX XIMIYHUX CITOJYK.

OpraHiuHe CiTbCbKE TOCITOIAPCTBO IIepeadavyac
BUKOPUCTAHHS 0ioJIOriUyHUX (paKTOPiB MiABUILEHHS
MIPUPOIHOI POIIOYOCTI IPYHTIB, arpOSKOJIOTIYHUX
METOMIB 1 OiojoriyHMX 3aco0iB OOPOTHLOM 3i IIKiI-
HUKaMHd Ta XBOpoOaMu, CTBOPIOE YMOBU ISl
30epekeHHsT OiopizHOMaHITTA [6]. B opraniuHOMy
CUILCBKOMY TOCIOAAPCTBI MO3UTUBHUI OajlaHC Ty-
Mycy (OpMYEThCsS HacaMIlepell 3a PaxyHOK IOB-
HOTO TOBEPHEHHSI B IPYHT MOOIYHUX MPOAYKTIB i
MaKCUMaJIbHOTO HACUYEeHHSI CiBO3MiH MPOMiXXHUMM
cuaepaTamMu. BaxJimBUM e€JeMEHTOM €KOJIOTiYHOL
CKJIaJIOBOi BUPOOHUIITBA € BUKOPUCTAHHSI MiKpOO-
HUX MOpenapariB, 30KpeMa 3 100puBaMM, sIKi, aKTHU-
BYIOUM ¥ ONTUMi3yIOUM IMOXMBHI PEYOBMHU BUPOO-
HUYOTrOo mpoliecy, 30i1blyloTh 6iomacy. CyKyIHICTb
yKazaHuX (haKTOpiB AA€ 3MOTY AOCSITTU TMO3UTHUB-
HUX OajlaHCiB TyMycy Ta TMPUUHSITHUX OajlaHCiB
OCHOBHUMX €JIEMEHTIB XXMBJICHHSI 3 KOMIIEHCALIi€l0
He3HayHux aediuuTiB, Hacammepen ¢ocdopy, 3a
paxyHOK TMOHOBJIIOBaHMX 3amaciB IPyHTY 0e3 mMo-
PYILIEHHSI €KOJIOTIYHOIro OajlaHCy arpoeKOCHUCTEM.
¥V ciBo3MiHax OpraHiYHoOro CiJibCbKOro rocrogap-
CTBa, MOOYIOBaHMX 3a TAKUMU YyMOBaMU, 3 4acoOM
JIOCSITAETBCSI CTaH CTiMKOI €KOJIOTiYHOI piBHOBAru
arpoueHo3siB [7].

OnmHak, He3BaXKamuyu Ha JOCTAaTHIO KiUJIBKICThb
nepeBar OpraHiyYHoOro CiJIbChbKOIO TOCITOJApCTBa HAaJ,
TpaguLiiHUM [8], cyyacHi BUPOOHUKHU CLIbCHKO-
rocroAapchbkoi MPOAYKIIil He MOCIillIalTh A0 HOro
BIPOBaXKEHHSI B MPaKTUKY 4Yepe3 HU3KY YMHHU-
KiB, y T.4. (piHAaHCOBUX (BiACYTHICTb HPUOYTKY
nepiri 2-3 pokKu, BUTpaTU Ha cepTuUdikalio Ta
IHCIIEKIIil0 TOILIO), XO4Ya BXE € IEeBHUN OOCBIL
BIPOBaIXKEHHSI TaKOi CMCTEMM MpY BUPOIIyBaHHi
3epHOBUX [6].

Ha croromni B YKpaiHi IUIONII ITiI BeACHHS
OpraHiuHOro BUpOOHULTBA CTaHOB/ATH 0,7 % 3eMelib
CUIBCHKOTrOCIomapchkoro mnpusHadeHHs. Crin 3a-
3HAUYMTH, 110 ToHan 90 % BUPOOGIJICHOI BITUMU3HS-
HOI OpraHiyHOI MpOAYKIIil eKcropTyeThes. [Ipomax
OpONYKIIil BCepearHi KpaiHu 3abe3rnedye BUpPOO-
HUKaM peHTabenbHicTh O6nu3bko 70 %, Tomi sk
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peamizauist 1o kpaiH-wieHiB €C — 6mu3bko 200 %.
I3 BBegeHHSIM 1IiH Ha “OpraHidyHy” TMpOAYKIIiiO,
SIKi KOXEH BUPOOHUK (hOpMy€e, BUXOISIYM 3 Bjac-
HUX BUTpAT, OUIBIIICTb KYJIbTYP HOCSIalOTh MPUi-
HSITHOTO PiBHSI PEHTAa0EIbHOCTI, 32 BUHSITKOM SIpO1
MIIEHUII, XUTa, SSYMEHIO Ta TOpoXy, i TOMYy s
NIOCATHEHHS CTiAKOro piBHS KOHKYPEHTOCHPO-
MOXHOCTI OpraHiYHOro BUPOOHUIITBA HEOOXiTHO
3a0€3MeYMTHU BiAMOBIAHUI IIHOBUM MeXaHi3M sl
oro (GYHKIIIOHYBaHHS, SIK 1I¢ TIPAKTUKYETHCS B
iHmuMx KpaiHax [10].

MeTo10 HalIOro AOCTIAXEHHS € BU3HAUYCHHS
poJii xjopodiny Ta KapoTUHOIAIB y (opMyBaHHI
MPOMYKTUBHOCTI MilleHuli noiaou ( Triticum dicoccum
(Schrank) Schuebl) 3a TpamgMLiliHOI Ta OpraHiYHOL
TEXHOJIOTii 3eMJIEpOOCTBa 3a Pi3HUX CUCTEM IEpe-
MOCIBHOI 0OpOOKM HACIHHS: OIPOMIHEHHS yIbTpa-
dioneroBuM cBiTIoM aianazoHy C (100—280 Hm)
Ta 00poOKa HacCiHHs TpernapaToM T'yMiHOBOI Mpu-
pomu 1r Seed Treatment.

Marepianu i MmeToan

ITonboBi moOCHiAXEHHSI IPOBOAMIIM BIIPO-
noBx 2019—2021 pp. Ha YopHO3eMax MaJoTyMycC-
HUX BaXKOCYTJIMHUCTUX, CTaH SKMX BillOBiAa€e
KpuTepilo “LiMHHA 3emiss”. BMICT rymycy cTaHoO-
BuB 4,9—5,2%, pH 6,3, P,Os — 100—150 mr/xr,
K,O — 160—200 mr/kr, azory — 54,4—81,0 mr/Kr
IPYHTY. 3arajibHa IUIOLIA AOCHIAHOI HiIISHKW CTa-
HoBuWJa 25ra, obnikoBa — 1ra, MOBTOPHICTH H0-
CIIiTy TpWpa3oBa, PO3MIlllEHHS BapiaHTIB PEHOO-
Mi30BaHe.

Hns pociimxeHHs1 O0yJ10 BUOpaHO MoyiOy 3BU-
yaiiHy copty l'ojlikoBCbKa, OpUTiHATOPOM SIKOTO €
Incturyr pociunHuursa iM. B.SA. FOp’eBa Haitio-
HaJIbHOI aKajeMil arpapHUX HayK YKpaiHu.

IlepennociBHy oOpoOKY HAcCiHHS IJisl BUPO-
LIyBaHHS 3a TPaAWILilfHOI TEXHOJIOTIi 3AiliCHIOBAIN
yinerpadioneToBuMm (Y®P) OmpoMiHIOBaHHSIM JIaM-
noto tuny ZW20D15W notyxHictio 20 Bt no3010
150 JIxx/M? 3rigHO 3 METOAMKOIO, OIKCAaHOI B
poborti [11]. ¥YkazaHa mo3a Oyia BCTaHOBJIEHA €KC-
MMepUMEHTATILHO Yepe3 OMPOMIHEHHST 6 COPTIB IIlie-
Huli o3mmoi (Triticum aestivum L.) Y®-C-mpo-
MeHaMM aianazo”y 50—1000 JIx/m2. PesyabraTom
ONpPOMiHEHHSI OYyJIO MiABUILIEHHSI €Hepril Mpopoc-
TaHHS HaciHHg Ha 30—37 %, cxoxocti — Ha 21—
38 %, noBxuHU KopeHiB — y 2,0—3,6 pa3y, BUCOTH
napoctkiB — y 2,0—3,4 pa3y MopiBHSIHO 3 KOH-
TPOJbHUMU 3pa3KamMu. B opraHiyHiii TexHOJOTii
BUKOPMCTOBYBAJIM JBa BapiaHTW MEPEANOCiBHOI 00-
pobku HaciHHS: 1 — Y®-C-onpoMiHEHHS 03010
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150 [Ixx/M? (aHaJIOTIYHO TpamuLiiiHii); 2 — 06pOOKY
HaciHHS TIIEeHULi MoJOU NPUPOAHUM TYMiHOBUM
npenapatoM Ir Seed Treatment y Hopwmi 2,0 1/T
HaciHHs. Ileit mpernapar BUpPOOJISIETbCS KOMIMAHIEO
SoilBiotics (CIIIA) Ha OCHOBi TyMiHOBUX, (PYJIbBO-
BUX Ta YJIBMIiHOBMX KHCJIOT, OTPUMaHUX i3 Jieo-
HapAuTy, i MpU3HAYEHMIA ISl TIepearnociBHOI 00-
poOku HaciHHs. 1R Seed treatment mMicTUTh y CBO-
eMmy ckiuami 20 % ngirouoi peuoBunu: 10 % — rymi-
HOBi kucimotd, 3% — dynbBoBi Kucinotu, 1% —
YJIBMiHOBI KHCJIOTH Ta TIPUOIN3HO 6 % KOMITIEKCY
Makpo- Ta MikpoeiaeMeHTiB, %: N — 0,21, P —
0,01, P,Os — 0,02, K — 2,290, K,O — 2,759, S —
0,170, Mg — 0,040, Ca — 0,340, Na — 0,070.

V Hauiii poGOTi MM BHUBYAIM IBa arpoximiu-
Hux oHm: 1 — kapbaminHo-amiauny cymim (KAC)
(TpamMuiiiHa TeXHOJOris); 2 — 6e3 BUKOPUCTaHHS
n0o6puB (opraHiuHa TexHouorist). BHecenHs KAC
3MiliCHIOBAJIM Ha TOYaTKy BereTtaiii B m03i 40 Kr
Ji0o4oi peyoBMHM Ha rektap [12].

BupoiiryBaHHs1 110101 3BUMYaliHOI 32 OpraHiv-
HOI TeXHOJIOIii MPOBOAMIM Yy CiBO3MiHi: XUTO
03UMe€ — Tipumlsl — I10j10a 3BMYaiiHa. YpOXKaiHICTb
ripuMi Ta Moj0du 3BMYANHOI SIK OpraHiYHUX MpO-
JIYKTiB BU3HavyaJIM Yy (asi MOBHOI CTUIJIOCTi 3 mepe-
paxyHKOM Ha CTaHIapTHY BoJoOTicTh 3epHa 14,0 %.

Marepian s BU3HaA4YeHHS (POTOCUHTETUIHUX
MHirMeHTiB Bimbupanau y dazy “movyaTok LBITiHHS”
Ta 00pOOJSIM B CBiXXKOMY CTaHi Biapady micis
300py. ExcrparyBasm mirmentn 96 %-BuM era-
HOJIOM IIpoTsrom 2-x ai6. Bmict xiaopodiny a,
xjopodiny b i 3arajbHMI BMICT KapOTHUHOIAIB Y
MparopLeBOMY JUCTKY MIIEHUII MoJOM BHU3HAYAIU
Ha ToyYyaTKy UBITiHHSI POCIMHU 3a MeToaukoro [13].
CnextpodoToMeTpuuHe BUMIpIOBaHHSI ONTUYHOI
TYCTUHM €KCTPaKTiB TPOBOIWINA 3a MaKCUMyMaMM
MOIJTMHAHHS XJI0podiay a — 665 uM, xopodiny b —
649 HM, kaporuHoiniB — 470 HM Ha doTomeTpi
K®K-3-01 (315—990 am). Po3paxyHOK BMICTy TTir-
MEHTIB y €TaHOJIbHUX €KCTpaKTaX BUKOHYBAJIM 3a
dopmynamu [13]:

Cua = [(13,95Dsss — 6,88 Dsao)- V1/m,
Cus = [(24,96 Desg — 7,32 Dess)- V]/m,

Ciap = [1000Ds70' V/m — 2,05C, o —
— 114,8 Cx,1)] /245,

ae Cy g, Co by Crap — KUIBKICTh XJOpO®INiB a, b i
KapOTUHOIAIB, MI/T cUpoi pedyoBUHU; Dges, Do i
D470 — ONTUYHA IIUJIBHICTh COMPTOBOTO €KCTPAKTy
MrMEHTIB 3a JOBXWH XBUJIb (HM): 665, 649 Tta 470
BIAITOBIIHO; m — Maca HaBaXKH, MT;, V — o0’eMm
eTaHoJy, CM°.
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CraTucTuuHy 00poOKY JaHUX MPOBOAWIU Me-
TOJlaMU OIMCOBOI CTAaTUCTUKU, PErpeciiiHOTO Ta
JNUCIIePCIHHOTO aHalli3y 3 BUKOPUCTaHHSIM Iporpa-
mu Statistica 10.0. 3HaUMMICTb €KCIIEpUMEHTATbHUX
JIaHUX OILIIHIOBAJIM 3a JOMOMOIOI0 JMCIEePCiiHOTO
aHanizy (ANOVA) nis po3paxyHKy HalMeHILO1
icrotHoi pizHuLi HIPys.

Pe3yabraTu

Y npencrasieHiii poboTi HaMu OyJa0 OOCIHI-
JKEHO BIUJIMB Pi3HUX BapiaHTiIB MepeamnociBHOL
MiArOTOBKM HACIHHS MILIEHUII MOJ0U Ha BMICT ro-
JIOBHUX €JIEMEHTIB (POTOCMHTETUYHOIO amapary —
xjopoiiB @ i b Ta KapOTUHOIMIB — 3a pi3HUX
TEXHOJIOTiii BUPOIIYBaHHS KYJbTypU Ta BCTaHOB-
JIEHO IXHill 3B’S130K 3 ypoxaiiHicTio. PesynbTaTu
MPOBEACHUX IOCTIIXKEeHb MPeaCcTaBleHi B TaOJULIi.

A BUAHO 3 TabJAMIi, Ha BMICTi 3e€JIEHUX
MIrMEeHTIB y JIUCTi MIIEHUIi CYTTEBO MO3HAYMJIACh
OpraHiyHa TEXHOJIOTisSI BUPOIIYBAaHHS KYJbTYpH,
BHACJIIOK YOro crocrepirayy 30iibenHsa Ha 11 %
3arajJbHOro BMicTy xjopodiniB Chl(a+b) mopiBHSIHO
3 TPAAULIAHOIO TEXHOJOTIEIO.

OpHak piBeHb (POTOCUHTETUYHUX IIrMEHTIB y
JIMCTI MILEHUILI TOCTOBIpHO Pi3HUBCS HE JIMIIE 3a
TEXHOJIOTiISIMM BHUPOILIYBaHHS, a M 3a CIlocoO0aMu
nepearnociBHOI 00poOKK HaciHHS. Tak, MOpiBHSHHS
KoHLeHTpauii xaopodiniB Chla i Chlb Ta xapotu-
HOIMiB 3a TpaAMLiiiHOI Ta OpraHiyYHOi TEeXHOJOTii
BUPOIIYBaHHS, aJle OJHAKOBOI'O CHoco0y oOpoOKu
HaciHHs1 (Y®-C-onpoMiHeHHsI) MOKa3ajo 30iJib-
weHHs KoHueHtpauii Chla wa 9,2 %, Chlb na
14,5 % 3a opraHiYHOi TEXHOJIOTii, BOMHOYAC PiBEHB
Ct 3meHmmBes Ha 14,9 %. YpoxaitHicTh 3a Tpa-
IWIIIHOT TexHoioTii ctaHoBwiaa 4,26 T/ra, a 3a
opraHiuHoi — 5,17 t/ra, TOO6TO 3i 30iJILIICHHSIM
koHueHTpauii Chla ta Chlb i 3MeHILIEHHSIM KOH-
uentpanii Ct ypoxaiiHicTh 3pocia Ha 21,4 %.

CTaTUCTUYHUI aHAaJIi3 pe3yJibTaTiB JOCiIKEeHb
MiATBEpAUB 3B’SI30K MiX PiBHEM YpOXalHOCTI Ta
BMictoM Chla i Chlb 3 BignmoBiZHUMHU Koedilli-
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eHTaMu Kopensdiii. Hamu BcTaHOBIEHO TMpsiMy
KOPEJISIIAHY 3aJeXHICTh i3 cepemHiM 3B’SI3KOM
MiX KoHuUeHTpalieto Chla Ta BpoXaifHiCTIO 3a
tpaguuiiHoi ( =0,603) i opraHiuHOi TeXHOJOTIi
(r =0,533). Ognak Mix kKoHueHTpauiew Chlb ta
BPOXKaMHICTIO CIIOCTEpiraau NpsMy KOpesiliiHy
3aJIEXHICTh i3 CUJIBHUM 3B’SI3KOM 3a OpraHiuHoi
texHojorii (r =0,9996) Ta crabkmM — 3a Tpagu-
uiriHoi (r = 0,317). Mix KOHLEHTpalli€el0 Kapo-
TUHOIJIB Ta PiBHEM BPOXAWHOCTI CIOCTepiraiu
cepelHiil i CUIbHUI 3BOPOTHIlA 3B’SI30K 3a oOpra-
HIYHOI Ta TpamuIiliHOI TEXHOJIOTiil i3 Koedi-
mientamu kopensdii » =-0,577 i r =-0,9989
BimnosigHo (puc. 1, 2).

3acTocyBaHHS Pi3HUX CIIOCOOIB MepeAITociBHOT
00pOOKM HACiHHSI 3a OpraHiuyHOiI TEXHOJOTil BU-
pOILYBaHHSI TaKOX IMO3HAYMJIOCh Ha BMICTi 000X
¢dopM xmopodiniB i KapoTuHOIAiB. BukopucranHsa
ryMiHoBoro mpemnapary Ir Seed Treatment y mmin-
TOTOBLII HAaCiHHS A0 CiBOM 3yMOBWJIO II€BHI 3MiHM
Yy OirMEHTHOMY CKJIaJi POCJIMH IIIEHULI — KOH-
neHrtpaniss Chla HeictoTHO 3MeHmmnack (2,4 %),
KoHneHTpauig Chlb 36inpumrace Ha 5 %. OmHak
iICTOTHillle 30iLIbLIMBCS BMICT KapOTHMHOIOIB — Ha
25,5 % TOpiBHSAHO 3 MOKA3HMKAMHU POCJIMH IIIle-
HulIi, BUpoleHol 3 Y®-C-0ompoMiHEHOr0 HaCiHHSL.
YpoxaitHicTe 32 Y®-C-06poOKM HACiHHS CcTa-
HoBwJia 5,17 T/ra, a 3a BUKOPUCTaAHHS Tpenapary
Ir Seed Treatment — 5,58 T/ra, TOOTO mpuUpicT
ypOXaWHOCTI CTaHOBMB mNpubIn3HO 8 % (muB.
tabauio). KoedilieHTH Kopessiii MiXX KOHLEH-
Tpaui€w xaopodiniB Chla i Chlb Ta ypoxaitHicTIO
3a OpraHiYHOI TEXHOJIOTii Ta MepeAIoCciBHOI 00-
poOku HaciHHg mpemnapatoM lIr Seed Treatment
popiBHIOBaM ¥ =0,994 Ta r =0,998 BigmosimHO,
IO CBITYWTh NPO HAsIBHICTh CUJIBHOI MpPSIMOI 3a-
JIEXKHOCTI MixX LIMMM TTOKa3HUKaMmu (puc. 3). OmHak
3a Ii€i TeXHOJIOTii BUPOIIYBaHHS MiX BMiCTOM
KapOTUHOIIIB Ta YPOXKaAMHICTIO BCTAHOBJIEHO 00ep-
HEHY CepelHIO 3aJeXKHICTh i3 KoedillieHTOM Kope-
mauii r = -0,593.

Taomuug: BMmicT (D OTOCUHTETUYHUX TIITMEHTIB Y POCIMHAX IMIIIEHUI MOJ0M 3a Pi3HMX TEXHOJIOTi BUPOILYBAHHS KYJIbTypu*

BMmicT (b OTOCUHTETUYHUX MIrMEHTIB, MT/T

T . YpoxaiiHicThb,
€XHOJIOTist

Chla Chlb Ct Chl(atb) Chla/Chlb  (Chla+Chib):.Ct T/ra
Tpamumiitna (Y®-C) 2,73 1,45 0,54 4,18 1,88 7,74 4,26
Opraniuna (Y®-C) 298 1,66 0,47 4,64 1,79 9,87 5,17
OpraHiyHa
(Ir Seed Treatment) 291 1,74 0,59 4,65 1,67 7,88 5,58
HIPos 0,05 0,04 0,02 0,12 0,11 0,08 0,28

*3a opraHiuyHoi TeXHOJIOTiT BUPOILLYBaHHS TIePearoCciBHY 0OpOOKY HACiHHSI TIPOBOAMIM onpoMiHioBaHHSIM Y®-C-nipoMeHsiMr,/06pOOKOI0

nipenapatom 1r Seed Treatment.
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Pucynok 1: I'padiku niniitHOi perpecii BpoxallHOCTi MuUIeHULi Moa0M 3a TPaAMLIiHOI TEXHOJIOTIT BUPOLIYBaHHS BiA: (a) BMicTy
Chla i Chlb; (6) cniBinHowenHst Chla/Chl b i BmicTy KapotuHoiniB Ct

arampenodgy
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Pucynok 2: I'padiku JiHiiiHO perpecii BpoXXallHOCTI MIIEHUII MOJI0M 3a opraHiyHOi TexHoJjorii BupolnyBaHHs (Y®-C-06pobdka
HaciHHs) Bia: (a) Bmicty Chla i Chlb; (6) cniBBinHoweHHs1 Chl a/Chl b i BMicTy KapotuHoiniB Ct
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Pucynok 3: I'paciku JiHiitHOI perpecii BpoXKaifHOCTI TIIEHUII TTOJIOM 3a OpraHiYHOI TEXHOJIOTii BUPOIIyBaHHsST (0OpoOKa HACiHHSI

1r Seed Treatment) Bix: (a) Bmicty Chla i Chlb; (6) cniBBimHomeHHst Chl a/Chl b i BmicTy KapotuHoiniB Ct



36

ITo3uTUBHUI BIUIMB CTUMYJSITOPIiB POCTY
MPUPOJHOTO TOXOMXEHHs (Oimodity, rymMiHOBUX
npernapariB TOl0) Ha (POTOCEHTUTUYHUI MOTEH-
1iajga 3€epHOBMX KYJAbTYp paHillle OyB OINUCAHUIA
Hamu B pobOotax [14, 15]. Iloka3zaHo, mo mepen-
rnociBHa 00po6Ka HaciHHsS | %-HUM pPO3YMHOM
Oimroity crmpusie MOCWIEHHIO (DOTOCMHTETUYHOI
aKTUBHOCTI TOCiBiB SUMEHIO, 110 BiToOpaXkaeTbCs
y 30LIBIIEHHI TUIONII aCUMUISILIMHOI JIMCTOBOI 110~
BepxHi pociauH Ha 11,1 %, BenmuuHU (HOTOCUH-
TeTUYHOTO TIOTeHIliasly Ha 5,7 % Ta TPOXyKTUB-
HOCTi (poTocuHTE3y mociBiB Ha 10 % mopiBHSIHO 3
KOHTpOJIeM. ABTOpPY poboTH [16] BCTaHOBUIIM, IIIO
BUKOpPUCTAaHHSI rymiHoBoro mpemapatry 1R Seed
treatment y IepeANOCiBHIM MiArOTOBII HaCiHHS
MIIEHUIII Ja€ 3MOTY MiABUIIMTH BPOXaWHICTh 3ep-
Ha Ha 0,43 T/Ta, 110 CTaHOBUTH Maiike 12 %.

OO0rosopeHHs

V Hamomy monepeagHbOMY MOCHIIXKEHHI Ha
npukiani nimeHuui nondou (Triticum dicoccum
(Schrank) Schuebl) [10] Oysio moBemeHO MepeBaru
OpraHiyHOI TeXHOJIOTil BUPOLLYBaHHS KYJIbTYpU Hal
TPaauLiiHOI Ta BUKOHAHO €KOHOMiuHE OOIpYH-
TyBaHHS. BcTaHOBJ€HO, 1110 OTpMMaHUM MPUPICT
BPOXAWHOCTI 32 OPTaHIYHOIO TEXHOJOTIEID 3YMOB-
JIEHUN HAKOMUUYEHHSIM OCHOBHHUX €JIEMEHTIB XKUB-
JICHHSI POCJIMH Y TPYHTI, SIKi 3QJIMIIAIOTBCS TICIIS
BUPOIYBaHHS XXHUTa O3MMOTO SIK CUIepaTry Ta Tip-
YUl W 3a7ydaroTbCsl OO0 TPYHTOBOIOTJIMHAIOYOTO
KOMILIEKCY.

OfHak 1e He €AMHUI MOKA3HUK arpoTeXHO-
JIOTi1, 3MaTHUI BIJIMBAaTU Ha (DOPMYBaHHSI MPOIYK-
TUBHOCTI B YMOBaX OPraHigyHOTO CIIOCOOY BUPOIILY-
BaHHs KyabTypu. HasiBHiCTb BeIMKOi KiJbKOCTI
KOMIIOHEHTIB arpoTeXHOJIOTii, CKIagHa CUCTeMa iX
peryJsiii, BIULIMB (aKTOpiB 30BHILLIHLOTO Cepeo-
BUIA CYTTEBO YCKJIAAHIOIOTh BUSBJICHHS O3HAK,
MOB’sI3aHUX i3 ()OPMYBaHHSIM BUCOKOiI MPOIYKTUB-
HOCTi pPOCJMH TILEHULI MOJ0U K y TpaaulliiiHil,
TaK i B OpPraHiyHiA TEXHOJIOril BUPOIILYBaHHS.
Hes3Baxxaroun Ha Te IO 3pOCTaHHS POCIWH KOH-
TPOJIOEThCSI OararbMma (i3ioJoTiyHMMU, Oioximiu-
HUMHW Ta MOJICKYJSIPHUMHU TMpPolieCaMU, KIIIOYOBUM
€ Bce X (dorocuHTe3. Came MOXMBHI PEYOBUHU,
10 YTBOPIOIOTHCS 1 HAKOIMWYYIOThCS Yy TPYHTI,
BigirpaloTh (yHAAMEHTaJbHY POJib Y CTPYKTYPHUX
Ta (PYHKLIOHAJTbHUX KOMIIOHEHTax (POTOCUHTETHUY -
HOro amapaTy, a ONTUMajibHe 3a0e3MeUeHHsT TOo-
KMBHUMHU PEUYOBUHAMU € BaXKJIMBUM IJisl GiOCHH-
Te3y (POTOCMHTETUYHUX MirMeHTIiB pociauH [17].

Ha cbhorogHi enuHOI TIyMKU IIOJ0 ONTHUMAasb-
HO1 KiIbKOCTi XxJIopo(iny B JUCTI Ta MOro BILUIMBY
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Ha MPOAYKTUBHICTb KYJbTYpPW MILUEHUII HE iCHYE.
OnmHi JOCHIZHMKM BBaXalOTh, 1[0 PiBEHb XJIOPO-
(iny mMae Oytu HeBucokrM. BoHU MOB’S3YyIOTH lie
3 THUM, IO 3MEHILIEeHHSI KiJIbKOCTi MOTJMHEHOTO
CBiTJIa 3amobirae pyiiHyBaHHIO (DOTOCMHTETUYHOIO
amapary HaIJIMIIKOM IIOIIMHEHOI €Heprii, TOMY
HEBUCOKHWI BMICT XJIOpO(iTy B JIMCTI MOXe 3a0e3-
mnevyyBaTu Horo Oiunbil eeKTUBHY poodoty [18, 19].
OpnnHak aBTOpM AociimkeHHS [20] BCTaHOBUIIU, IO
3a yMOB naediuuty xjaopodiny (OTOCHMHTETUYHA
aKTUBHICTb TaJbMYETbCS. IHIII, HaBMaku, BBaXa-
10Tb, 110 POCAWHU 3 MiABMIIEHUM PiBHEM XJIOPO-
(biny nornuHaroTh Oible eHeprii, BHACTIIOK LIbOTO
(otocuHTEe3 Y HUX edexTuBHiuit [21], 1o ooy-
MOBJIIOE BUCOKY MPOAYKTUBHICTb KyaAbTYpu [22].

Bimomo, 1m0 ¢OTOCMHTETMYHMIA amapar poc-
JIUH pearye Ha [ito OyJdb-sSIKMX arpoTeXHiYHUX 3a-
XOJIiB MEBHUMU TepedynoBaMu: 3MiHOK 3arajibHoi
KiJIbKOCTi XJ10poisly, CIiBBiZHOIIEHHS MiX HOro
(pakuisiMu a Ta b, BMIiCTy KapOTHUHOIAIB, i TOMY
BOHU € OJHUMM 3 HaliH(OPMATUBHILLIKUX JIJIsI TTPO-
THO3YBaHHSI MaiiOyTHBOI BPOXaWHOCTI.

ITpouec (oTocuHTE3y B OCHOBHOMY CKJajaa-
€TbCSl 3 TPbOX €TamiB: MepBUHHA peakuis, ¢HoTo-
CUHTETUYHUI TPaHCHOPT €JEKTPOHIB i ¢orodoc-
(opuoBaHHS Ta aCUMIJISLIS Byrjeiio. Xiopodin a
(Chla) i xnopodin b (Chlb) HeoOximHi mist mep-
BUHHOI peakiii. Mojekyna xjiopodily a y XJIOpo-
TlacTax JUCTKa POCAMHM BMKOHYE TPU HaliBax-
JUBil (yHKUil: BMOIpKOBO TMOIJIMHAE €HEPTilo
CBiTJIa, 3amacae ii y BUIISIAI €Heprii eIeKTPOHHOIO
30yIKeHHSI Ta (OTOXiMiUHO MepeTBOPIOE ii Ha
XiMiYHy €Hepril0 MepBMHHUX (DOTOBITHOBJIEHUX i
(oTooKMCHEeHNX crnoayK. XJyopodin b Ta KapoTu-
HOIIU BUKOHYIOTh (DYHKIIii JOJATKOBUX i 3aXUCHUX
MirMeHTiB, $SIKi 3aXUILAalOTh (POTOCMHTETUYHUI amna-
paT Bil (pOTOOKUCHEHHS, 3yMOBJIEHOTO 30BHIllIHIMU
YMHHUKAMU, Ta BilirparoTh KJIIOYOBY POJib B €HEP-
TETUIHOMY METa0O0Ji3Mi POCIVH MIIECHMIII.

OCKiJIbKY KapOTUHOIIM, KPiM 0e3mocepeHbOro
BHECKy B Tipoliec (hOTOCUHTE3y, OepyThb ydyacTb y
3aXMCHOMY MEXaHi3Mi MPOTU OKUCHOTO cTpecy [23],
MOXHa BBaXaTW, 110 POCAUHU IIIEHULI IOJ0H,
sIKi BUPOILLIEHi 3 HACiHHSI, 0OpOOJIEHOr0 PO3YMHOM
Ir Seed Treatment, OyayTh MaTu ITOCWICHUI 3aXUCT
OpraHiYHMX MOJIEKYJ Bil pPYMHYBaHHS BiTbHUMH
paavKaiaMu B Tpoliecax OKMCHEHHS.

Oco011MBO BaxXJMBUM € aHaji3 CHiBBigHO-
mweHHs1 BMmicty xnopodiniB Chla/Chlb, mo €
OJHUM i3 HaWBaXJIMBIILIMX MOKA3HUKIB TOTO, SIK
BiIOYBA€ThCS aCUMIiNSLISI OiOKCUAY BYTJIELIO B
yucti. fAx Bigomo, Chla i Chlb mnorimHalOTh
COHSIYHE CBITJIO Ha PI3HUX JOBXWHAX XBUJIi
(MakcumyMm mornuHaHHS Chla Amax = 665 HM, a
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Chlb Amax = 649 HM), TOOTO 3arajibHa KiUJIBKIiCTh
xsopodiny B mucti (Chl(a+b)) i CIiBBiTHOLIEHHS
(Chl a/ Chl b) 6e3nocepenHbO BIUIMBAIOTh Ha (HOTO-
CUHTETUYHY 37aTHicTb pociuH [24]. Lle npwu-
OyIeHHsI Oya0 IATBEPIXEHO 3 BUKOPUCTAHHSIM
KiJIbKOX BMIiB POCIWH Yy poboTi [25]. OtTxke, cmiB-
BinHoweHHsa Chla/Chlb mMoxe OyTM OIHUM i3 BU-
3HaYaJIbHUX (PAKTOPiB iHTEHCUBHOCTI (hOTOCUHTE3Y
Ta BPOXANHOCTI KyJBTypH.

AHauni3 cniBBigHoweHHs1 Chla/Chlb y mir-
MEHTHOMY CKJIali JIMCTS MILUEHUi TOJ0U JeMOH-
CTpYy€E 3MEHIIEHHS LIbOro MOKa3HMKa 3a OpraHiuHol
TEXHOJIOTii BMPOILLIYBaHHS KYyJbTYpHU IOPiBHSIHO 3
TpaguiiiiHolo Ha 4,8 % 3a mepeanociBHOI 06pPOOKM
HacinHst Y®-C-tipomensimu i Ha 11,2 % 3a BuKO-
pucTtaHHs1 TyMmiHOBoro mpenapary Ir Seed Treatment.
3MeHIIeHHSI LbOTO CITiBBiZHOLIEHHS 3yMOBJICHE
MOCJTiTOBHAM 30itbleHHIM (pakuii Chlb Ha 14,5 %
(YO®-C-onpominenHs HacinHs) i Ha 20 % (06pobka
HaciHHg po3unmHOM Ir Seed Treatment), TOOTO
KoHUeHTpauiss Chl b y nucCTi NMIEeHUIi 3MiHUJIACh
mig giero ¢gakTopa IEepeAriociBHOI 0OpOOKM Oilb-
11010 Mipoi0, HixXK KoHHeHTpawia Chla. 3HMXEeHHS
cniBBinHowmeHHs1 Chla/Chl b xopemoBano 3 iCTOT-
HUM 3POCTaHHSIM YpPOXKAMHOCTI MIIEHUI MOJIOMU:
3a TpamgUIiAHOI TEXHOJIOTii 1Ie CITiBBiIHOIIEHHS
cranoBuio 1,88 (ypoxaitHicts 4,26 T/Ta), 3a opra-
HiuHOiI TexHosorii i Y®-C-onpoMiHeHHsI HACIHHST —
3MeHIIIoch 10 1,79 (tobto Ha 4,8 %), a BpoxXaii-
HICTb 3pociia Ha 21,4 %; 3a opraHi4HOI TEXHOJIOTII Ta
00poOKM HaciHHS po3uuHOM Ir Seed Treatment —
3MeHIIIoCch A0 1,67 (trobto Ha 11,2 %), a Bpo-
kaiiHicTh 3pocia Ha 31 %. OrpumaHa oGepHeHa
3aJIeXXHICTh MiX cHiBBigHolleHHsIM Chla/Chlb Ta
YPOXKAMHICTIO CTaTUCTUYHO MiATBEpIKeHa Koedilli-
€HTAMM KOpeJIslil: 3a TpaauLiAHOI TeXHOJOTil —
r =-0,028; 3a opraniuHoi TexHosorii 3 Y®-C-
onpoMmiHeHHsIM HaciHHs — r =0,048; 3a opra-
HIYHOI TE€XHOJIOTii 3 00POOKOI HACiHHSI PO3YMHOM
Ir Seed Treatment — » = -0,967. Taka 3aJIlexKHiCTb
MOXe OyTH ITOB’s3aHa 3i 3MiHOIO e(PeKTUBHOCTI
po0OOTH (DOTOCHMHTETUUYHOTO arapaTy BHAacC/iIoK
BIIPOBAIXXKEHUX Pi3HUX CIIOCOOIB IepeamociBHOL
O0OpOOKM HACiHHS, OCKUIBKHA POCIWMHU HEMUHYy4YE
pearyloTh Ha pi3Hi arpoTexHiYHi 3aX0aM i KOpHU-
rytotbe Chl (Chla, Chlb, Chl(a+b) i Chla/Chlb)
IS ajanTalii g0 3aJaHuX yMOB Ta OITUMIi3allil
¢oTocuHTE3y, PO ILIO CBiAYATh pe3yabTaTU OO-
CIimKkeHb [26].

ABTOpU JOCHiIKXeHHsT [27] TakKoxX oTpuMau
JIOCTOBIpHY HETaTUBHY KOPEJISIIiI0 CHiBBIIHOIICHHS
Chla/Chlb 3 ypoxaliHicTIO. ABTOPM HaBiThb TpPU-
MYCTUJU, 1O HUX4e criBBigHolueHHss Chla/Chlb
MOXe OyTM BUKOpHUCTaHE SIK e(eKTUBHUI ITOKa3-
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HUK JUISl BiTOOpY BHCOKOBpPOXAWHUX COPTiB 3€pHO-
BuX. Buiuuit ypoxkaii 3epHa, OTpUMaHUM Y AOCIi/-
JKeHHi, OyB pe3yabraroM Oiibiioi macu 1000 3epeH,
IO aBTOPM IIOB’SI3yIOTh 3 OIiJBIIOI TPUBAJCTIO
(poTtocuHTe3y, OinblIMM BMicTOM xJiopodiny Ta
HVDXYUM criBBigHolueHHsIM Chla/ Chl b.

Ae 3MiHM CHIiBBiZHOWIEHHS HE TiJbKH
Chla/Chlb, a 1 (Chla+Chlb):Ct MoXyTb OyTHU
iHopMaTUBHUM MOKa3HUKOM IepeOya0BM CBIiTJIO-
30MpajJbHOTO KOMILIEKCY (DOTOCUCTEM POCIMH Mil
BIJIMBOM 30BHillIHiX ¢akTopiB [28]. ¥V Hamux no-
CIIIIPKEHHSIX BCTAHOBJIEHO CYTTEBI 3MiHM CHiBBiI-
HowieHHs1 Chla/Chlb y pocnuHax, Ae HaCiHHS
ornpoMiHoBamn Y®-C-1IpoMeHSIMHA 32 000Ma TeX-
HOJIOTisSIMU BUpolyBaHHS. Tak, mpu mnepexoiai Bix
TpaAuIiiiHOI O OpraHiyHOi TeXHOJIOrii, aje 3a
OIHAKOBOTO CIOCOOY MEepearociBHOI 0OpoOKM Ha-
cinasa (Y®-C) crisBignowmenus Chla/Chl b 3meH-
mujgock pubansHo Ha 5 %, a (Chla+Chlb):Ct
3pociio Ha 27,5 % 3a paxyHOK 30UTbIIEHHST KOHIIEH -
tpauii Chlb Ha 14,5 % i 3MeHIIICHHST KOHILIEHTpAIIil
CtHa 14,9 %. YpoxaiiHicth 3pocna Ha 21,4 %.

OaHak 3a OpraHiuHoi TeXHOJIOTil BUPOIIYB-
aHHS i Pi3HUX CIIOCOOIB IEPEAIIOCiBHOI 00pOOKM
HaCiHHS CIIOCTepiraayd 3MeHIIEHHS CITiBBiTHOILICHHS
Chla/Chlb na 6,7 % Tta (Chla+Chlb):Ct na 20,2 %,
MepeBaXKHO 3a paxXyHOK 30iIbIICHHS KOHLIEHTpAIlil
Chib na 4,8% i Ct Ha 25,5%. YpoxaiiHiCTb
3pocya Jidire mpuoau3Ho Ha 8 %.

TakyvM 4YMHOM, OTpUMaHi pe3yJibTaTy CBigYaTh
npo TpaHchopmallii MrMeHTHOTO amnapaTry pPOCJIWH
i 4Jac ajganTainii g0 pi3HUX CIIOCOOIB Iepenrno-
CiBHOI OOpOOKM HACiHHSI Ta TEXHOJOTIl BHPOILY-
BaHHSI.

BucHoBku

HocnigkyBaHi arpoTexHiuHi (akTopu — Tex-
HOJIOTiSI BUPOIIYBaHHSI Ta CIOCOOM TepearnociBHOT
00pOOKM HACiHHSI — CYTTEBO BILJIMBAIOTH HA HAKO-
MUYEHHS Ta CIiBBiIHOIIEHHSI BMiCTy XJIOPO(DitiB i
KapoOTUHOIAIB Y JUCTi mueHuli nondu (7Triticum
dicoccum, abo emmer wheat).

3acTocyBaHHSI OpraHi4yHOi TEXHOJOTii BUPO-
IIYBaHHSI KYJIbTYPU CIIPUSIO 30iIbIIEHHIO BMICTY
3esieHUx MirMeHTiB (Chla i Chlb) Ta 3MEHILIEHHIO
BMiCTy KapoTuMHOIAiB Cf y JIMCTi MIIEHULi MoJ0u
TMOPIiBHSIHO 3 TPAIMILIMHOIO TEXHOJIOTIED, 110 Mepe-
0avyaja BUKOPHMCTAHHS XiMIYHUX 3acO0iB 3aXMCTy
POCJIMH Ta MiHepaJabHUX 100puB, 3a YD-C mnepen-
MociBHOT 00poOKM HaciHHS. OnmHakK $KIIO MixX
BMictToM Chla Ta BpoOXaWHIiCTIO TIIEHULI 3a
OpraHiYHOl TEXHOJIOTil BUPOIIYBAaHHS CTaTUCTUYHO
BCTAHOBJICHO KOPEJSLiHY 3aJeKHICTh i3 CepeaHiM
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38’a3koM (r = 0,603), To Mixx KoHLeHTpaticro Chlb
Ta BPOXANHICTIO CIIOCTepiraau mpsiMy 3ajeXHiCThb
i3 cubHUM 3B’s13K0M (1 = 0,9996).

Haii6inpminii moka3HUK BPOXKAWHOCTI TIiIE-
HHULi OyJI0 OTPMMAaHO 3a OPraHivYHOI TEXHOJIOTil
BUPOIYBaHHS Ta MEPeAnociBHOI 00pOOKM HACiHHS
ryMiHoBUM mnpenapatoM Ir Seed Treatment. Hass-
HIiCTb CUJIBHOI TPSIMOi 3aJ€XHOCTI MiX BMiCTOM
xsnopodiniB Chla i Chlb Ta ypoxXallHICTIO MiATBEp-
JIKYETbC KoediieHtaMu kopensiii » = 0,994 Ta
r =0,998 BignosigHo. IlepeBullieHHSI BpOXKaWHOCTI
3a TaKOi TeXHOJIOTii BUPOIIYBaHHSI BiIHOCHO Tpa-
nuiitHoI craHoBUTh 31 %.

Innov Biosyst Bioeng, 2022, vol. 6, no. 1

BcraHoBiIeHO i CTAaTUCTUYHO ITIATBEPIXKEHO
00epHEHY KOPEJSLiifHY 3aJIeXXHICTh YPOXaiHOCTI
Ta CIiBBiTHOIIeHHS BMicTy xiopodiniB Chla/Chlb
y JINCTI MIIEHMI 3a 000X TEXHOJIOTil BUPOIIY-
BaHHA. TakuM YMHOM, BMICT (POTOCHMHTETHUIHUX
MIrMEHTIB Ta iX CHIBBiZHOIIEHHS MOXHa BHKO-
PUCTOBYBaTU K iHAMKATOPU €(PEeKTUBHOCTI BIPO-
BaDKEHUX €JIEMEHTIB arpOTeXHOJIOTII.

Po3kputrs inTepeciB

ABTOpM 3asIBJSIIOTH MPO BiACYTHICTb OYIb-
SIKOTO KOHJIIKTY iHTepeCiB.
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PHOTOSYNTHETIC PIGMENTS CONTENT IN EMMER WHEAT PLANTS
AS CRITERIA OF PRODUCTIVITY IN TRADITIONAL AND ORGANIC FARMING TECHNOLOGY

Background. Estimation of chlorophyll and carotenoid content is an informative way to obtain ideas about the plants photosynthetic
process and is an indirect method for assessing the productivity of plant crops, including cereals. As the worldwide interest at now for
traditional and natural foods is growing, in the work we used one of the oldest grain crops — emmer wheat (Triticum dicoccum (Schrank.)
Schuebl.) which was cultivated in traditional and organic farming system.

Objective. The study aim was to determine the role of chlorophyll and carotenoids in the emmer wheat productivity formation by tradi-
tional and organic farming technology under different pre-sowing seed treatment systems.

Methods. Field experiment was establishment during 2019-2021 on low-humus, hard-loam chernozems, the condition of which meets
the “virgin land” criterion. The emmer wheat cultivation in organic technology was carried out in crop rotation: winter rye (green manure
crop) — mustard (to improve the field phytosanitary condition and soil organic matter indicators) — emmer wheat. Two variants of pre-
sowing seed treatment were studied: irradiation with ultraviolet light of the C range (100-280 nm) and seed treatment with 1r Seed
Treatment humic preparation. The pre-sowing seed treatment in the traditional technology of the emmer wheat cultivation was carried
out by the UV-C irradiation. In organic technology both UV-C irradiation and treatment with 1r Seed Treatment humic preparation of nat-
ural origin were used. Statistical data processing was performed by methods of descriptive statistics, regression and analysis of vari-
ance by the program Statistica 10.0. The experimental data significance was evaluated by using multifactor analysis of variance
(ANOVA) to calculate the least significant difference (LSDos).

Results. It was found the use of UV-C seeds irradiation in organic and traditional cultivation technologies leads to increase in the chlo-
rophyll a (Chl a) content by 9.2 % and chlorophyll b (Chl b) content by 14.5 % in plants grown by organic technology, however to de-
crease in carotenoid content (Ct) by 14.9 %. The increase in the photosynthetic pigments content by UV-C seeds irradiation lead to yield
increase from 4.26 t/ha by the traditional technology to 5.17 t/ha by the organic technology, ie by 21.4 %. In organic technology based
on the comparison of the photosynthetic apparatus main indicators of the emmer wheat and yield, the most effective method for seed
treatment was determined. It was established that at result of 1r Seed Treatment humic preparation application in pre-sowing seed
treatment, the Chl a concentration decreased by 2.4 %, the Chl b and Ct concentration increased by 5 and 25.5 %, respectively, com-
pared with plants grown from UV-C irradiated seeds. When 1r Seed Treatment was used for pre-sowing treatment yield was 5.58 t/ha,
while at UV-C seed treatment — 5.17 t/ha, ie, the yield increase was 8 %. An inverse correlation between the ratio of the photosynthetic
pigments Chl a/Chl b content and the emmer wheat yield was determined.

Conclusions. According to the study results, it can be assumed that the introduction of organic farming technology with pre-sowing
seed treatment by the 1r Seed Treatment humic preparation can increase the emmer wheat yield by 31% compared to the traditional
technology. Thus, the photosynthetic pigments content and their ratio can be the effectiveness indicators of the implemented agricultural
technologies.

Keywords: photosynthetic pigments; organic farming; pre-sowing seed treatment; crop rotation; UV-C irradiation; Triticum dicoccum wheat.
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IIpodnematuka. ITocTiiiHi 3MiHM YMOB HaBKOJMIIIHLOTO CEPENOBUIIA BUKIMKAIOTh PO3BUTOK CTpeC-peakiliii y
pocivHax. 3a YMOB ITOMipHOi iHTEHCMBHOCTI Ta TMMYacOBOi il CTPECOBOro UMHHUKA BiIOYBAaIOTHCS IOCH -
JIGHHSI 3aXMCHUX CHCTeM, MOOiJi3allis eHepreTMYHUX pecypciB. OmHaK SKIIO CTPECOBE HABAaHTAXXEHHSI Mae
JIOBrOTpUBAJTY [Iit0, B KJIITUHAX PO3MOYMHAIOTHCS TPOLECU MepeKucHOoro okucHeHHs JimigiB (ITOJI), mpurHi-
YeHHSI €HeproIpoAyKIIili Ta 3HVKEHHSI CUHTe3y OiJIka 3 IOoJajbllIol MOro AecTpykiieo. B ymoBax Hagmip-
HOI'O CTPECOBOrO HABAHTAXXEHHS BiIOYBaeThcs OallaHCYyBaHHSI MiXK aHTMOKCUIAHTHOIO akTuBHicTIO (AOA) Ta
ITOJI, 1m0 € HeoOXimHUM UTS TATPUMKU HOPMAIbHOI XXKUTTEMISUIBHOCTI KIITUHM. [TpoMiXHi TTpoayKT oKuc-
HEHHsI MOXYTb CJIYTYBaTH iHAIYKTOpaMU Ta MediaTopaMu CTpecoBoro craHy. PDiToBipycHa iH(eEKIIisT Moxe
MPU3BOAUTH 10 MATOJOTIYHUX 3MiH B OpraHiaMi pociauHu. Po3BUTOK iHGeKIiiHOTrO mpoliecy B opraHi3mi
YpaxXeHOI POCIMHU IOB’SI3aHUI 3i CTPECOBMMMU PEaKLisSIMU Ta IMOPYLIEHHSIM ii HOPMaIbHOI XXUTTE3AATHOCTI.
Meta. OUiHUTH CTYHiHb PO3BUTKY CTpPEC-peakiliii, BAKIMKAHUX OIOTUYHUMM CTPECOBUMM YMHHUKAMMU, Y
KOHTPOJIbHUX i TpaHCTeHHUX (3 reHoM ZRNase Il) poclvH MeTyHil.

Mertonuka peaunizanii. Bipyc TioTioHoBoi Mo3aiku (BTM) BukopucToBYyBaBcs WISl iH(IKYBaHHSI POCIUH
neryHii. CTymiHb pO3BUTKY CTpec-peakiiii y TpaHCTeHHUX POCIMH METYHii 3 TeHoM ZRNase II no Ta micis
iH(pikyBaHnHg BTM mocnimkyBanu 3a nmokazHukamu [10J1 i AOA. B po6oTi BUKOPUCTOBYBAJIM TPaHCTEHHI
pPOCJIMHM, OTpUMaHi Ha OCHOBi IIBOX T€HETUYHO BiIMiHHUX JiHiit meTyHii: M1 ta P5. [Ins olliHKM pO3BUTKY
ITOJI BU3HAYaMM HAKOMUYEHHS MOYATKOBOTO Ta KiHIEBOTO MPOMYKTIB: JIEHOBUX KOH’IOTaTiB i MaJJOHOBOTO
JiaJIbIerimy.

Pesyabratu. Ilicns tpaHcdopmalii pociauH crioctepirany 3MmiHA BMicTy npoaykTiB [1OJI y TkaHuHax JucT-
kiB. TpaHcreHHi pocauuu Manu Ha 10—15 % Bummit BMicT npoaykTiB ITOJI, 110 MOXe CBiIYWUTH TIPO Te,
110 TpaHcgopMallisd cama 1o cobi, B IIeBHUX BUIIagKaX, 3JaTHA MPU3BOIUTH IO PO3BUTKY CTPECOBHUX peak-
it y pociaut. IHpikyBanHas BTM cnpusiio akTuBi3allil MpoleciB, OB’ I3aHMX i3 3aXMCTOM POCJIWH Bif il
HeratuBHUX (akTopiB. JocnimkeHHs 3araabHoi AOA mokasanu, 110 AesKi TpPaHCTeHHI JIiHiT POCIMHU TTiCIIst
iH(iKyBaHHS MaJi iCTOTHO BUIIUI piBeHb aKTWUBHOCTI (18—30 %) MOpiBHSIHO 3 KOHTPOJIEM, IO MOXe OyTH
CBITUEHHSIM IX ITiABUILEHOI XUTTE3MATHOCTI B CTPECOBUX YMOBaX.

Bucnoskn. [lo3uuiiinuii epexkt BOynoByBaHHs T-JIHK npu reHetnuHiit TpaHcgopmaillii Moxe BUCTYIaTH
CcTpecoBUM (PaKTOPOM JIs pocJMHU. TpaHCreHHi JiHii Bimpisusiuck 3a mokasHukamu [1OJI ta AOA Bin
POCIMH AUKOIO TUITY Ta MixX cobolo. Ilicns indikyBanHsa BTM y pocnuHax criocrepiraiu 3HuxkeHHss AOA B
4 pasu. EdextuBHa excrpecis reHa ZRNase 11 cripusie 3MeHILIEHHIO BipyCHOTO HaBaHTaXXEHHSI B IEBHUX
nmiHigx. Jlinii M1.2 ta P5.3 craHOBISITh HAOUIBIIKMI iHTepeC WIS MOJAJbIINX BipyCOJOTiUHUX JOCTiIKEHb,
ockinibku ix AOA akTuBHICTb Oyaa Ha 18—30 % BUILIOIO, HiXX Y KOHTPOJIBHUX POCIMH, 1[0 MOXE BKa3yBaTu
Ha Pe3UCTEHTHICTb 0 BipyCHOTO ypaxkeHHS.

KirouoBi cioBa: TpaHCreHHi pOCIMHU; TeHETHYHi TpaHcdopMallii; MeTyHisl; BipyC TIOTIOHOBOI MO3aiKW;
CcTpec-peaxilii; MepeKrucHe OKMCHEHHS JIilliliB; aHTUOKCUIAHTHA aKTUBHICTb.

Beryn

PocauHu B mpoiieci cBOro pocTty Ta pO3BUTKY
HEOJMiHHO CTMKAIOTbCS 3i CTPECOBUMU YMHHUKAMU
pi3zHOTrO TOXOMXKeHHs. st MiHiMizalil HaCIiaKiB
HETaTUBHOTO BILIMBY CTPECY CIIPAllbOBYIOTH MeXa-
HI3MM 3aXUCTY, SIKi MOXYTh OyTU 3a0e3IedyeHi ak-
TUBALIi€I0 TEHETUYHOIO arapary Ta 3MiHOIO MeTa-
Oomizmy kiituH [1, 2]. 3MiHM YMOB HaBKOJIMILI-
HBOTO CEPEeNOBUINA BUKIMKAIOTH PO3BUTOK CTpeEC-

peakuiii y xxuBux cucteMmax [3, 4]. 3a momipHOi
IHTEHCHMBHOCTI Ta TUMYAaCOBOI [Iii CTPECOBOI0 YMH-
HUKa BiOYyBalOTbCS TOCUJIEHHS 3aXWCHUX CUCTEM
Ta MOOLTi3allisl eHepreTMYHUX PecypciB, OIHAK 3a
OiIBII TPUBAJIOTO CTPECOBOIO BIUIMBY B KIIITUHAX
PO3IOYMHAIOTHCS TIPOIECH TIEPEKUCHOTO OKMCHEH-
HsI, TIPUTHIYEHHSI €HEProIpOAyKIlii Ta 3HMKEHHS
CHUHTE3y OiIKa 3 MOAAIbIIOI MOro AeCTPYKIEo [3].

OpHUM i3 MeXaHi3MiB 3aXMCTy POCIUH Bin mii
CTPECOBUX YMHHUKIB € aKTHBallisl Ta MOCUJIEHHS
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nepekucHoro okucHeHHs Jainifis (ITOJI), sika Bin-
OyBa€ThCS TIEPEeBAXKHO IIif Ti€I0 BUIBHUX PaguKalliB.
ITpu HopMabHOMY (DYHKIIIOHYBaHHiI OpraHiaMy 0e3
HaAMipHMX BIUIMBIB CTPECOBUX (DAKTOPIiB aKTUB-
Hicth ITOJI He3HayHa, OOMHAK BOHA 3MIHIOETHCS 3a
HaAMiIpHMUX i JOBrOTPMBAJIIMX HaBaHTaXEHb. Y Ta-
KHUX yMOBax BilOyBa€eTbCsl OGajaHCyBaHHSI MiX aHTH-
okcugaHTHOIO akTuBHicTIO (AOA) Ta IT1OJI, 1mo €
HEOOXiTHUM [JIs MiATPUMKHA HOPMAJIbHOI KUTTEi~
su1bHOCTI. TTpOoMiXKHI MPOAYKTU OKUCHEHHSI MOXYTb
CJIyTyBaTU iHAYKTOpaMu Ta MeliaTopaMM CTpPeco-
Boro craHy [6]. Ha po3BUTOK cTpec-peakilii poc-
JIMH BIUIMBAIOTh Pi3Hi UMHHUKM SIK a0IOTUUYHOTO,
TakK i OIOTMYHOTO MOXOMKEeHHS [7—9].

®diroBipycHa iH(eKIia MOXe TPU3BOIUTHU IO
MaToJIOTIYHUX 3MiH B OpraHiaMi pociuHu. Po3Bu-
TOK iH(eKIiiHOTro Mpolecy B OpraHiaMi ypaxkeHoi
POCIMHU MOB’SI3aHUM 3i CTPECOBMMU peaKliiisiMU Ta
MOPYIIEHHSIM iX HOPMaJIbHOI XXUTTE3aaTHOCTI [10].
Bimomo, 1110 Ipu MaTOJOriYHOMY CTaHi OpraHizmy
B TKaHMHAaxX HaKOMUYYIOThCS MPOIYKTU IEepPEeKUC-
HOTO OKMCHEHHS JIMiAiB, IO CYIPOBOMXYEThCSI
NOopyLUeHHAM (YHKUIA Linoi HU3KKU (pepmeHTa-
TUBHMX cucTem [11]. JIJisi MOBHOLIHHOIO YSIBI€HHS
npo mpoxomkeHHs1 [TOJI y TKaHMHaX HeOOXigHO
BU3HAUYaTU BMicT mieHoBux KoH’toraTiB (JIK) sik
MOYaTKOBOTO MPOAYKTY MEPEKMCHOIO OKUCHEHHS
Ta MajJloHOBoOro aianpaeriny (MIA) sIK KiHLIEBOIo
MPOJYKTY, a TAKOX MOKa3HUK MPOTUIIEXKHOTO TPO-
Hecy — 3arajbHy AOA y TKaHMHaXx.

V 1uiit pob0Ti MU BUKOPUCTAIU MOJEJIbHY CHUC-
TeMy Bipyc—pociuHa. 3a MOJEIbHY POCIMHY B3SITO
Petunia hybrida, sixa 6yna TpaHcopMOBaHa TeHOM
eKCTPaKJIITUHHOI pruboHyKiea3u 1uHii (ZRNase 11).
Ileit ren Konye (epMEHT €HIOpUOOHYJea3y, 31aT-
Huil posuermoBaty PHK y MixkiiTMHHOMY mpoc-
TOpi, IO MOTEHLIAHHO MOXe OyTM BUKOPUCTAHO IS
CTBOPEHHSI BipyCOCTIliKMX pocJuH. Bipyc TIOTIOHO-
Boi Mo3aiku (BTM) Oyno BUOpaHO SIK KJIACUYHUIA
MOJIeJIbHUI Bipyc.

Meta Haiioi poOOTM — IOPIBHSITU CTYIIiHb
PO3BUTKY CTpec-peakliiii, BUKJIMKaHUX OiOTUYHUMU
CTPECOBMMM YMHHUKAMM, B KOHTPOJIbHUX i TPaHC-
reHHUx (i3 reHoM ZRNase II) pociuH meTyHii.

Marepiaau i meToau

Y poboTi BUKOPUCTOBYBaJM TPAHCIEHHI POC-
JIMHWA, OTPYMMAaHi Ha OCHOBi ABOX T€HETHMYHO BiJ-
MiHHMX JiHii netyHii: M1 1a P3.

s oTpuMaHHS POCJIUH i3 TeTepOJIOTiYHUM
reHoM ZRNase Il 3 uuHii Zinnia elegance 6yno
BUKOPHUCTAHO MeToA Agrobacterium omnocepeakoBa-
HOI TeHEeTMYHOI TpaHcpopMallii JMCTKOBUX AUCKIB
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(BukopucrtoByBanu A. Tumefaciens, mram AGLO, 3
BekTOopoM pbi-RNS). Jlng akiimaTuzaliii pociuH 3
YMOB in Vifro IO YMOB TEIUIMLII POCIMHM BUCAI-
KyBajid B HeUTpajdbHU Topd’ssHuii cyoctpar TS1
(Klasman, Jlatsist) 3a Temmnepatypu +24°C Ta 16-
TOJMHHOIO OCBIiTJIEHHS.

BipycoBmicHuit Matepian Oyjio HagaHO Kaden-
poro Bipycosorii KuiBchbKoro HallioOHaJILHOTO YHi-
BepcuteTy iMeHi Tapaca IlleBueHka. OTpuMaHUM
iHOKYJISITOM ITPOBOIMJIM YPAKEHHS JIMCTKOBUX ILIac-
TUHOK. HasiBHiCTH BipyCy B pOCIMHiI BHU3HAYaIud
Bi3yaJIbHO 3a 3MiHOIO MOP@OJIOril JIMCTKIB.

Jna oTpuMaHHSI €KCTPaKTiB JOCHITHUNA Ma-
tepian postupamu B 0,1 M ¢docharHomy Oydepi
(pH 7,4), ocanm pecycrieHIyBajau B TOMY 3K Oydepi.
Hns Bu3HaueHHs nieHoBuXx KoH’woratiB (AK) mo
OTPMMAHOIO PO3UMHY OONABAIM CYMIlll TeITaHy 3
isonponisoBuM cruproMm 1:1. OTpumaHy cymill
nenrpudyrysamu 10 xs ipu 4000 g. Ilicns meHTpm-
(yryBaHHST momaBai OUCTWIILOBAHY BOAY Y CITiB-
BimHomeHHi 1/10 00’emy, po3umH mepeMilllyBaau
Ta BigOMpaad TenTaHoBY a3y B KiJIbKOCTI 1 mil.
o Hei nonaBaau 96 %-Buii eTuIoBUiA cupt (5 min).
OnTUYHY TYCTUHY BUMIPIOBaJIU Ha CHEKTPOdOTO-
MeTpi CD-26 mpu 233 HM y KBapIOBHX KIOBeTax
i3 xomoMm mpomens 10 mm [10].

Bwmict manonoBoro gianpaeriny (MIA) Bu-
3HaAYaJIM B €KCTpaKTaxX, OTPUMaHUX 3a METOJIMUKOIO,
OIMCAHOIO BUILE. ['OMOTreHaT JMCTS OCaIKyBalu
5 %-BOIO TPUXJIOPOLITOBOI KHUCJIOTOIO Ta LIEHTPU-
dyryBanmu 10 xB ipu 4000 g. HagocanoBy pimmnay
nepeHocuin B mpobipku i gomasanu 0,8 %-By Tio-
0apOiTypoBY KMCJIOTY Ta HarpiBajiu Ha BOMSIHIl
6ani 10 xB 3a temneparypu 100 °C. OnTuyHy Tryc-
TUHY PO3YMHY BHUMIipIOBaJIM Ha CIIEKTPO(POTOMETpi
C®-26 nipu 532 HM y KBapleBUX KIOBETax i3 XO-
JoM npomeHst 10 mm [11].

s BU3HAYEHHS 3arajbHOI aHTUOKCUIAHT-
HOI aKTHUBHOCTiI JO OTPUMAaHMUX IOCITiITHWUX 3pa3-
KiB (METOAWKY OTPUMAaHHS IWB. BUIIE) HOJABaJIN
0,2m1 10 MM posuuny 2-pe3okcupudosu, 0,2 ma
0,1 MM posunny komiuiekcy Fe**/EDTA Ta 0,2 M
30 % H,0,. OrpumaHuii po3urH AoBOAMIN (oc-
datanM OypepoM 10 06’eMy 2 mur. Cymiln iHKyOy-
Baiau 4 ronm 3a +37°C. Ilicns iHkyOalil momaBaau
1 M1 2,8 %-BOro po34nMHy TPUXJIOPOLTOBOI KHUCIOTU
i 1 M1 1%-Boro po3unHy Tiod6apGITYpOBOi KMCIOTH
B 50 MM po3unHy NaOH. Cymiin HarpiBaiau mpo-
tsarom 10 x8 3a 100 °C. Bumipy onTUYHOI TYCTUHU
MPOBOIVJIN 3a JOBXWHU XBWII 532 HM Ha CHEKTPO-
doromerpi CD-26 [12].

st 0OpoOKM CTaTUCTUYHMX JAaHUX BUKOPUC-
tToByBasn rmaker nporpam MS Ecxel 2016.
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PesyabTaTu

V Xomi mpoBeaeHNX paHillle TOCTiMKeHh HaMHU
OyJ10 oTpuMaHO pociuHu Petynia hybrida, mo He-
CyTh WiJbOBUI T€H E€KCTPAKJITMHHOI PUOOHYKIIE-
a3u 1uHii (ZRNase II) Ta CeleKTUBHUN T'€H HEO-
miuuHdochoTpaHchepazu (nptll), saxuii 0oOyMOB-
JIIOE CTiIMKICTh OO KaHaMillMHY. AHaJli3 Ha OCHOBI
noJriMepasHoi yjaHmorosoi peakuii (ITJIP) migreep-
B HAsIBHICTb MPOAYKTIB amIutidikallii mpu BUKO-
pucTtaHHi npaiimepiB 1o ZRNase Il ta nptll reHiB
(maHi He MpencTaBieHO), IO BKa3ye Ha HasIBHICTb
00ox reHiB. Ilpu ammuidikauii 3 npaliMepamMu 10
VirC reHa He oTpuMajud TMPOAYKTIB amIuTicdikalii.
Ile cBigunTh Ipo T, 11O 3pa3Kud He OyIM KOHTa-
MiHOBaHi arpo0akTepi€lo, HasIBHICTb SKOi MoOrja
0 MpuMBECTU IO XMOHO MO3UTMBHOI aMILTiikaiii
reHiB 1o ZRNase II ta nptll 3 nna3miau, a He 3
POCJIUHHOTO TeHOMY.

3 METOI0 OLIIHKM CTPECOCTIMKOCTI IOCTigHI
pocimmnan iHgikyBaau BTM. Yepes 1 micsaup micis
IHOKYJISILIIT crocTepiraiy Bi3yalbHi O3HAKU TPOSIBY
BipycHoOi iH(ek1ii: aedopmaliito JUCTOBOI ILIac-
TUHKU, TUISMUCTICTb i XJIOPOTUYHiCTh. HasiBHiCTh
BipyCy JD0JATKOBO MiATBEpIXE€HA METOAOM HEIps-
MOro iMyHO(epMEHTHOTO aHajidy (JaHi He Tpen-
craBiieHo). i OLiHKKM PO3BUTKY CTpec-peakiliit
BU3HAayalu TMOKA3HUKM HaKOIMMWYEHHSI MPOAYKTiB
ITOJI i 3aranbHy AOA. OnHOYacHO AOCHTiIXyBaau
ITOJI i AOA B pociamHax AWKOTO THUITy Ta TpaHC-
TeHHUX, sIKi He Oynau iH¢ikoBaHi. OTpumaHi aaHi
MOPiBHIOBAJIM MiX CO00I0.

ITpu nopiBHsSIHHiI MOKa3HUKiIB HAKOMWYEHHS
JK (rmouatkoBoro mpoaykry ITOJI) y pociuH au-

0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2
B
0
1 2 3 4 5 6 7

a

[ieHoBi KoH’toratv, MKrM/Mr

KOTro TUNY Ta Pi3HUX JIiHiIX TPaHCTEHHUX POCIWH
BusiBUIM HakomnuveHHs 0,25—0,30 MxrM/mr, 1110
BKa3y€ Ha BiJICYTHICTb MOCTOBIPHOI Pi3HMLI MixX
pocivHaMu JMKOTO TUITy Ta TPAHCT€HHUMMU JIiHi-
amu P5.1, P5.3 Ta M1.2. ¥V TpaHCreHHUX JIiHISIX
MI1.1 ta P5.2 piBeHb HakonuueHHs JIK OyB 3Hau-
HO BUIIMM i craHoBuB 0,4—0,45 MxrM/mr (puc. 1).

VY TpaHCreHHMX JIiHisIX POCIAWH IMEeTyHil Ta
pociuHax AMKOTo Tumy Ticias iHdikyBaHHs BTM
BinOyBajioCsl MiABUIIEHHSI HAKOMUWYEHHSI MPOAYKTiB
TTOJI nopiBHSIHO 3 He3apaXXeHUMU POCIMHAMU. Y
TpaHcreHHux JiHii P5.1 i P5.2 Bmict K migBu-
11yBaBCSl TIOPiBHSIHO 3 KOHTpoJeM y 2,2 pasy, B
TOM Xe Yac BiAMiHHOCTi y piBHi HakonuyeHHs JK
MiX 3apaXXeHMMU TpaHCTEeHHUMM JIiHisIMU TiOpumy
M1 nemoHCTpyBaju MEHIIY BiAMiHHICTb MOPiBHSIHO
i3 3apak€eHUMU POCIUHAMU JTUKOTO TUITY.

ITpu pocraimxeHHi B pociMHaX HAKOMMUYEHHS
KiHueBoro npoaykty ITOJI MJIA Oyno mokaszaHo
(puc. 2), o B TpaHCHOPMOBAHUX He3apaxkKeHUX
pocnHax HOoro BMIicT OyB BMIIMM MOPiBHSIHO 3 He-
3apaX€HMMU POCIMHAMU JUKOTO TUITY.

HocnigxeHHs: piBHS AOA B JUCTKax MeTy-
Hili 3MiMCHIOBAJIM Yyepe3 BU3ZHAYEHHS 3aJIUIIIKOBOTO
MaJIOHY, SIKMi yTBOPIOBaBCS B Ipolieci peaxilii 3
2-ne3okcupubosoro (puc. 3). 3a Bucokoi AOA Bif-
OyBa€ThbCS Jerpajaallisi MaJIOHy, TOMY BHCOKi piBHi
3aJIMILKOBOTO MaJIOHY BKa3yloThb Ha HU3bKy AOA.
Byno nmokazaHo, 110 10 iH(hiKyBaHHSI KOHTPOJIbHI
pociuHM Manu BigHocHO BHcOKY AOA, ska cra-
HoBujaa 9,5 MKMoJib/T. ¥ JHUCTKax TpaHCTeHHUX
pocauH P5.1 ta M1.1 crniocrepiranu MeHiny AOA,
osm3bKo 23,4—25,4 MxMonb/r. [HIII TpaHCTEHHI Jii-
Hil MaJld akKTUBHICTb Ha piBHi 12.0—13,3 MKkMoub/T.

.09
2 0.8
% .
; 0.7
= 0.6
s
g 0s
Z 04
4
= 0.3
g
w02
=

0.1

0
1 2 3 4 5 6 7

6

Pucynok 1: BMicT mieHOBUX KOH’IoraTiB y HeiHdikoBaHuX (a) Ta iHdikoBaHuX (6) pociMHax neTyHii: 1, 5 — HerpaHcdopMmoBaHi
KOHTPOJIbHI pociauHu JiHin P5 ta M1 BimmoBigHo; 2—4 — He3aleXHi TPaHCIeHHi KJIOHW, OTpMMaHi Ha OCHOBI jiHii P5; 6, 7 —

He3aJIeXKHi TpaHCTeHHi KJIOHM, OTpUMaHi Ha OCHOBI JiiHii M1
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Pucynok 2: BmicT MajioHOBOroO Jianbueriny B HeiHgikoBaHux (a) Ta iHbikoBaHux (0) pociauHax netyHii: 1, 5 — HeTpaHchopMoBaHi
KOHTPOJIbHI pociauHu JiHid P5 ta M1 BignosinHo; 2—4 — He3aJeXHi TpaHCreHHi KJIOHM, OTpMMAaHi Ha OcHOBIi JiHii P53; 6, 7 —

He3aJIeXXHi TpaHCTeHHI KJIOHM, OTpMMaHi Ha OCHOBI JIiHii M1
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Pucynok 3: AHTHOKCHIAHTHA aKTUBHICTb y HeiHpikoBaHux (a) Ta iHpikoBaHux (6) pocnuMHax neTyHii: 1, 5 — HeTpaHchoOpMoBaHi
KOHTPOJIbHI pociauHu JiHid P5 ta M1 BiamosinHo; 2—4 — He3aJeXHi TpaHCTeHHi KJIOHW, OTpMMaHi Ha ocHOBi JiHii P53; 6, 7 —

He3aJIeXXHi TpaHCTeHHI KJIOHM, OTpMMaHi Ha OCHOBI JIiHii M1

ITicng iHdikyBanHst BTM y pocianHax criocre-
piramm 3HmkeHHST AOA 1o 4 pasziB. Y TpaHCreH-
HUX iHpiKoBaHUX pociauHax Tiopuay PS5 yci poc-
auHu Manu Buily AOA TMOPiBHSIHO 3 KOHTPOJIEM.
Piznuns mix nmixnismu P5.2, P5.3 Ta pocimHamu
mukoro tumy ctaHoBwia 30 %. Y TpaHCTreHHUX
miHisix M1.1 BoHa HaOJMXKajgach JO KOHTPOJBHMX
3HaueHb, a y JiHil M1.2 AOA Oyna GinblIow Ha
18 %, HIX Yy KOHTPOJI.

OTpuMaHHI HAMM TpaHCTeHHi POCIMHM Bifpi3-
HSUTUCh Bil POCIMH AWKOTO TUMY BUIIUM DPiBHEM
AOA, 1110 € CBiZYEHHSIM iX MiABMILEHOI 34aTHOCTI
JIO ajarnTallii y BiInoBinb Ha PO3BUTOK CTPECY, BU-
KuKaHui 6iotmyHuM ¢akropoM. Ilpu iHpikyBaHHI

YacTMHA TPAHCTEHHUX JIiHIM TepeBUIyBaId pPOC-
JINHA JUKOTO TWIY 3a aJalTalifHUMU XapaKTe-
pUCTHMKaMU, 1110 MOXe OyTU TMOB’s3aHO 3 e(heKTUB-
HOIO ekcripecielo reHa ZRNase II, sika cnpusie
3MEHIIIEHHIO BipyCHOTO HaBaHTaXKeHHSI.

OoroBopeHHs

PevyoBunu, mo npossiasiors AOA, BigirparmoTh
3HAUHY POJib Y MOCHa0JeHHI TOKCUYHOI Mil Bijb-
HUX paIWKalliB, SIKi CBOEIO Yeproro CIPUINHSIOTH
pi3HOrO poAy MarojoriyHi 3MiHU B opraHizmi. ITin-
BuiieHHS piBHSA AOA pOCIMH CIIpUsIiE 3POCTaHHIO
iX TOJIEpaHTHOCTI A0 Jii pi3HUX CTPEeCOBUX (PaKTO-
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piB [3, 14, 15]. Ha posButok ITOJI i AOA moxe
BIJIMBATU 1liJla HM3KAa HEraTUBHUX (AKTOPIB 5K
0iOTMYHOrO, TakK i abiOTMYHOTO XapakTepy, 30K-
peMa COJIOHICTb, HaAMipHa BOJIOTICTh, BaXKi MeTa-
JIU B I'PYHTi, TTocyxa, OakTepiajibHi Ta BipyCHi XBO-
pobu [16, 17]. JloctTeMeHHO BCTAaHOBJIEHO, IO 3a-
3HaueHHi (baKTOpU TMPUTHIYYIOTh PICT i PO3BUTOK
POCJIMH, TIPU3BOASATH A0 3HMXKEHHS BPOXAWHOCTI
Ta 3arubeini opraHizmy [9]. PociuHHI opraHizmu
MPU BIUIMBI LMX YMHHMKIB aKTUBYIOTb CBOI1 3aXMCHi
CUCTEMM ISl TIPOTUii HeraTUBHUM BriuBaMm. Oc-
HOBHMMM MapKepaMu PO3BUTKY CTpecy € Hako-
nuyeHHs1 MJIA i 1K [14]. HakonuyeHHs 11X Mpo-
JIYKTiB B OpraHi3Mi POCIMH € MOKa3HUKOM pO3-
BUTKY CcTpecoBUX siBULL. [lopsia i3 UM pociauHuU
MOXYTh aJanTyBaTUCS A0 Mii HEraTUBHUX YMHHMU-
KiB yepe3 akTUBallil0 MeXaHi3MiB, sKi TMOB’sI3aHi 3i
gHuxkeHHsM TTOJI, a came mIsi MepenIKomXXaHHS
OKCUJATUBHUM TIOLIKOMXEHHSIM aKTMBYETbCS LMK
(epMEeHTaTUBHUX 3aXMCHUX peaklliii, CIpsSIMOBaAaHUX
Ha Tportufito crpecy [13].

Bimomo, 1110 B Iporeci po3BUTKY CTpec-peak-
11i1 BigOyBarOTbCSl 3MiHM B HaKOMUYEHHI MPOIYKTiB
I1OJ [14, 15]. ¥V Hammx AOCTiIXEHHSX Oyn0 Mmo-
Ka3aHo, 10 Y TpaHC(hOpPMOBAHUX He3apaxkeHUX
poclIiMHAaX, 3a BUHSTKOM ABOX JIiHiil, aKTUBHICTh
ITOJI G6yna Ha piBHI KOHTPOJBHUX HE3apaKeHUX
pociuH IUKOro Tuily. B iH(piKoBaHUX KOHTPOJIb-
HUX pOCIMHAX JUKOro TUIly (piTOBipycHa iHeKIis
cnpuumMHIOBajga nmocuiieHHs mnpoueciB [10JI, aktu-
Bi3alilo MeTabOJiUYHUX MPOLECIB 1 3arajJoM PO3BU-
TOK CcTpec-peakuiii. MoxHa MPUITYCTUTH, 1110 Pi-
BeHb aJalTUBHOI aKTUBHOCTI Y KOHTPOJbHUX POC-
JIMH 32 HasIBHOCTi (iTOBipycHOI iH(eKIii OyB HUX-
YUM, HiX y TpaHcgopMoBaHUX pociinHax. OTpu-
MaHi JaHi TakoX CBimuaTh, 110 He Juile ¢hiTo-
BipycHa iH(ekl1lisl, a i cama TpaHcgopMallisi Moxe
posrasaatucs sik 6i0TUYHUN CTPECOBUN YMHHMUK.

Bimomo [15, 16], mo Bucoka AOA € 03HaKoIO
MiIBUIIEHOI CTIMKICTh IO CTpecy, a OTXe, SIK Ha-
ClifoK, i OinbIIOIl XUTTE3AATHICTIO. OTpUMaHi Ha-
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MU TPaHCT€HHi POCIMHU BiAPi3HSIUCH Bill POCIUH
IUKOro TUily BuinuM piBHeM AQOA, 10 € CBing-
YeHHSIM iX ITiABMILNEHOI 3MaTHOCTI MO amamTaliil y
BiIMOBiAb Ha PO3BUTOK CTpeCy, BUKJIMKaHUU 0io-
TUYHUM (DaKTOPOM.

Takum yMHOM, HaIlli DOCIIIXEHHS BKa3yIOTh
Ha Te, 110 Ipu TpaHchopMallii POCIUH BaXIJIMBUM
(hakTOpOM, SKMII BIJIMBAE Ha amallTallil0 POCIUH
IO CTPECOBUX YMOB, € IIO3ULIMHUI edeKT mpu
BoymoByBanHi T-JJHK. Koxnxa orpmmana poc-
JIMHHA TPaHCTECHHA JIiHIS € YHIKaJbHOIO, OCKIJIbKM
BOYIOBYBaHHSI T€HIB MpuU arpobdakTepiaibHiil TpaHC-
¢opmaliii BigOyBa€Tbcsl BUOIPKOBO i He NIpUB’SI-
3aHe J0 TEeBHOI AiISIHKMU, Pi3Hi JIiHil MOXYTb pea-
TryBaTA Ha OOMH i TOM caMMii CTpecOoBHI (haKTop
MO-pi3HOMY.

BucHoBku

TpaHCcreHHi JiHil Bigpi3HSIIOTbCSI 32 TTOKa3HU-
kamu ITOJI Ta AOA Big pociuH AUKOrO TUMY Ta
MiX c00010, 10 MOXe OyTH HaCJIiIKOM BOYIOBY-
BaHHs BcTraBku 4dyxopigHoi JJTHK y renom. Ilo-
3uliiHUi edext npu BOymoByBaHHi T-JIHK mnpu
TeHEeTUYHii TpaHchopMallil MoXe BUCTyNaTu CTpe-
coBUM (akTtopom st pocauHu. Jlinii M1.2 ta P5.3
CTAHOBJISITh HAWOUIBIINKI iHTEpeC IS MOJAIbIINX
BipyCOJIOTIYHMX IOCIiIXEeHb, OCKiIbKY iX AOA ak-
TUBHICTh Oyna Ha 18%-30% BuUIOI HiIX y KOH-
TPOJILHUX POCJWH, 1110 MOXe BKa3yBaTU Ha Tif-
BUILEHY PE3UCTEHTHICTb /10 BipyCHOTO ypaxKE€HHSI.
AnanTaliiiHi XapakKTepUCTUKU TPaHCTeHHUX pOC-
JIMH MOXYTb OyTU TOB’si3aHi 3 €(EKTUBHOI €KC-
npecieto reHa ZRNase 11, sika cipusie 3MEHILIEHHIO
BIPYCHOTO HaBAHTAXXCHHS B MEBHUX JIiHIsIX.
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ANTIOXIDANT ACTIVITY OF PETUNIAS WITH THE HETEROLOGOUS RIBONUCLEASE ZRNase || GENE
INFECTED WITH TOBACCO MOSAIC VIRUS

Background. Constant changes in environmental conditions cause the development of stress reactions in plants. Under conditions of
moderate intensity and temporary action of the stress factor, the strengthening of protective systems and the mobilization of energy re-
sources take place. However, if the stress factor has a long-term effect, the cells begin the processes of lipid peroxidation (LPO), inhibi-
tion of energy production and reduction of protein synthesis with its subsequent destruction. Under conditions of excessive stress, there
is a balance between antioxidant activity (AOA) and LPO, which is necessary to maintain normal cell function. Oxidation intermediates
can serve as inducers and mediators of stress. Phytovirus infection can lead to pathological changes in the body of a plant. The pro-
gression of the infectious process in the body of the affected plant is associated with stress reactions and disruption of its normal viability.
Objective. We are aimed to assess the degree of progress of stress reactions caused by biotic stressors in control and transgenic (with
ZRNase |l gene) petunia plants.

Methods. Tobacco mosaic virus (TMV) was used to infect petunia plants. The degree of progress of stress reactions in transgenic pe-
tunia plants with the ZRNase Il gene before and after infection with TMV was studied by POL and AOA indicators. Two genetically dis-
tinct lines of petunia (M1 and P5) were used to obtained transgenic plants. To assess the progress of LPO, the accumulation of initial
and final products (diene conjugates and malonic dialdehyde) was determined.

Results. After the plants transformation, changes in the content of LPO products in leaf tissues were observed. Transgenic plants had a
10-15% higher content of LPO products, which may indicate that the transformation, in some cases, can lead to the progress of stress
reactions in plants. Infection with TMV has contributed to the intensification of processes related to the protection of plants from the ef-
fects of negative factors. Studies of total AOA have shown that transgenic plants after infection had significantly higher levels (18-30%)
of AOA compared with controls, which may be evidence of their increased viability under stress.

Conclusions. The positional effect of T-DNA incorporation in genetic transformation may be a stressor for the plant. Transgenic lines
differ in terms of LPO and AOA from non-transgenic lines and from each other. After infection with TMV, a 4-fold decrease in AOA was
observed in the plants. Effective expression of the ZRNase Il gene helps to reduce viral load in certain lines. Lines M1.2 and P5.3 are of
greatest interest for further virological studies, as their AOA activity was 18—-30% higher than in control plants, which may indicate
resistance to viral infection.

Keywords: transgenic plants; genetic transformation; petunia; tobacco mosaic virus; stress reactions; lipid peroxidation; antioxidant activity.
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