ISSN 2409-9066. Sci. innov. 2018, 14(4): 25—37 https://doi.org/10.15407 /scine14.04.025

Kuzmina, T.0., Yedynovych, M.B., Berezovsky, Yu.V., Bobyr, S.V.,
Evtushenko, V.V., and Rudenko, 1.A.

Kherson National Technical University
24, Beryslavske Highway, Kherson 8, 73008, Ukraine,
+380 552 326 981, kntu@ kntu.net.ua

APPLICATION OF BIOLOGICALLY ACTIVE SUBSTANCES
TO STORAGE OF OIL FLAX STRAW

Introduction. In Ukraine, considerable volumes of raw flax material do not undergo preprocessing, which results in wors-
ening of its quality, with the lapse of time. It is related to non-observance of agro-engineering requirements for collection,
adverse weather conditions and other factors.

Problem Statement. The capacity of flax processing enterprises does not enable recycling the entire amount of raw
material for a short period of time, therefore long-time storage is required. Environmentally safe, inexpensive preservation
agents having inhibitory, bactericidal, and fungicidal properties can secure a high quality of oil flax straw.

Purpose. The purpose of research is to study the influence of biologically active substances on the quality of oil flax straw
and to determinate proper storage conditions.

Materials and Methods. For research, the oil flax varieties Vira, Pivdenna Nich, and Debut are selected. The tasks of
research have been solved by means of theoretical and experimental methods used for preprocessing of raw material and
in textile material science. The mathematical modelling of processes has been made in MathCad.

Results. Influence of biologically active substances on storage of oil flax straw has been studied. The action mechanism
of the studied preservation agents and dynamic changes in qualitative parameters of raw materials during long-time storage
of straw have been determined. The statistical models of influence of oil flax straw storage conditions on the qualitative pa-
rameters of fiber have been obtained, optimal concentrations of preservation agents, conditions and terms of their effect
have been established.

Conclusions. Application of new environmentally safe bioactive substances for storing oil flax straw with a wide range of
humidity has been substantiated.

Keywords: oil flax straw, storage methods, preservation agent, and statistical model.

The advanced technology of harvesting oil flax | the fibrous raw materials is the roll. This is due to
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forms, depending on the further transportation, | material as rolled by the combine from field to
storage, and processing of the material. Accord- | processing plant, and to ensure a due quality of
ing to the Institute of Bast Crops of the National | the material [1—3].
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nological process, significantly reduces the har-
vesting period, reduces the use of manual labor,
and minimizes the loss of fiber products [1, 2].

The existing methods for storing the raw mate-
rial in rolls were developed as far back as in the
1960—1980s, for long-stalked (fiber) flax, but
they are not suitable for storing oil flax straw be-
cause of different anatomical structure of its
stems and further applications [5]. Today, the
problem of using oil flax straw is actively studied
in many countries [6—8].

Today, in Ukraine, about 20—50% of the raw flax
harvest does not undergo any primary processing.
This is caused by non-observance of agronomic terms
of harvesting, unfavorable weather conditions, and
the lack of advanced technical means of harvest-
ing. As aresult, oil flax stems stay in the field un-
der high humidity conditions for a long period.
Wet flax straw and retted straw are a favorable
environment for the growth of many cellulose-des-
troying microorganisms. Consequently, the flax
quality degrades, which results in losses [9].

Rolled raw flax arrive in linen factories in au-
tumn. Because of the inability to process the en-
tire amount of raw material in a short period of
time and interruptions in the operation of many
enterprises, for various reasons, there is a need to
store the material in the raw yard for a period
from a few months to a year. During this time, the
raw material should keep its merchantable quali-
ty, and, consequently, the problem of prolonged
storage of oil flax straw is relevant.

The studies of foreign and domestic research-
ers have shown that the main factors that affect
the preservation of rolled straw are the initial
moisture content in raw material and the storage
conditions (temperature and humidity of the en-
vironment) [2, 10—14]. According to the regula-
tive and technical documentation, the standard
moisture content of the flax straw to be pressed is
19%, while the maximum permissible humidity
should not exceed 23%. The temperature inside
the rolls made of raw materials with a moisture
content of 16—19% is close to the ambient tem-
perature throughout the whole storage period,
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while in the rolls of wet raw flax (a moisture con-
tent of 26—30%) it rises to 20—25 °C within the
first three days, and in the rolls with a moisture
content of 30—40% the temperature reaches 40—
60 °C. After three days of storage, the tempera-
ture inside the rolls noticeably decreases, and in 2
weeks it becomes equal to the ambient tempera-
ture. At a temperature of 5 °C, the biological pro-
cesses completely stop and the straw is kept in
the state of natural preservation.

The analysis of recent studies has shown that
prolonged storage of raw material without dam-
age to it is possible if the moisture content of the
material does not exceed the standard one (19—
23%); the initial moisture content in flax straw
reach 65%, in the early yellow maturity phase, and
55%, in the yellow phase. The harvested straw is
usually dried naturally, on the field. If the drying
requirements are not met and the process is not
controlled, the quality of material worsens [5].

Since the oil flax straw is not the main product
of processing of this crop, the straw rolls are
stored in the open air, or covered with a protec-
tive coating, with the material exposed to exter-
nal weather conditions.

Chemical or biological preservation can pro-
vide much less dependence of storage technology
on changing weather conditions. The preserva-
tives inhibit the development of microflora that
decomposes cellulose.

It is a known fact that various organisms, in-
cluding bacteria, molds, and yeasts, depending on
the conditions, are engaged in the destruction of
wet raw flax material. Very often, cellulose-dest-
roying fungi Septoria linicola, Dothiorela gregaria,
Gonatobotrys flava, Fusarium gibbosum, and Fu-
sarium graminearum develop during the storage
of wet flax straw. Most known preservatives are
not universal, since they affect only certain types
of microorganisms. As temperature inside the
straw rolls increases during storage the effective-
ness of preservatives decreases [1]. Many chemi-
cal preservatives that have been used previously
are toxic, therefore they have an adverse effect on
the flax products and on the environment.
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The desiccation involves chemical drying of
plants on the root. Today, in the market, there is a
large range of preparations for desiccation: Gly-
Jfovit, Basta, Alfa-Dikvat, Reglon Super, etc. Reglon
Super is the most often recommended for desicca-
tion of oil flax [15, 16]. Researchers have studied
the effects of various preparations and their dos-
age on reducing the moisture content of plants,
yield, and fiber quality. Low air temperature and
rains have been established to significantly re-
duce the effectiveness of desiccation [2, 15]. Hot
and dry weather that is typical for the period of
storage on the south of Ukraine are unfavorable
for desiccation as well. If the flax processed with
desiccants is harvested untimely, this increases
the loss of seeds and adversely affects the fiber
quality. It should be noted also that chemical dry-
ing is more effective for the seed portion of the oil
flax crop, since it increases the yield of seeds. In
this case, straw remains for a certain period of
time on the field for spreading, and the moisture
content may rise again due to precipitations,
therefore, from the standpoint of straw storage,
the use of preservatives is more effective.

The paper [17] presents the results of a theoreti-
cal and experimental study to find the best preser-
vative for maintaining the quality of fiber flax straw
and retted straw, which have been used up to this
time in various countries. The existing and promis-
ing preservatives such as carbamide, ammonium
nitrate, aecthonium chloride, sodium carbonate, so-
dium chloride, and formaldehyde have been ana-
lyzed as well. The studies have shown that carbam-
ide is the best preservative for storage of wet flax.
Despite the practical significance of these results, it
should be pointed out that these and other research-
es on the storage of flax concern the straw of fiber
flax that significantly differs from that of oil flax.

Today, the search for effective preservatives
continues inasmuch as they do not all possess a
set of necessary properties: efficiency, environment
safety, and cheapness. Consequently, in order to
ensure the quality of oil flax straw in present-day
conditions, new effective preservatives are requi-
red. They must have inhibitory bactericidal, fun-
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gicidal properties, interact with the raw material,

and be environment friendly and cheap.

Proceeding from the above one can suggest
that the problem of oil flax straw is a relevant task
that must be addressed. The purpose of this re-
search is to study an effect of biologically active
substances on the quality of oil flax straw that
undergoes long-term storage and to identify ra-
tional parameters of storage process for obtaining
high-quality flax fiber that further can be used in
various industries.

To achieve this purpose, the following prob-
lems must be solved:

+ To analyze the existing methods for storing raw
flax and the main factors that affect changes in
quality characteristics of the raw material dur-
ing its storage;

+ To find the most suitable method of preserva-
tion of oil flax straw for its long-term storage;

+ To choose environment friendly and cheap
preparations that have a high biologic, in par-
ticular, fungicide and bactericide, activity;

+ To define rational parameters for oil flax straw
storage based on statistical models obtained
from regressive analysis.

The three types of oil flax: Vira, Pivdenna Nich,
and Debut were selected for the study. These va-
rieties are grown in the climatic conditions of so-
uthern Ukraine, on the fields of Askaniiske Expe-
riment Farm of the Askaniisk State Agricultural
Experimental Station of the Institute for Irrigated
Agriculture of the National Academy of Agrarian
Sciences of Ukraine, in the village of Taurichan-
ka, Kakhovka District, Kherson Oblast, which is
the largest producer of oil flax in the area.

Flax for research was grown with strict obser-
vance of all requirements of recommended tech-
nology. The trial sections had the soil conditions
typical for the flax plantation area in the region.
All agrotechnical techniques for soil preparation,
sowing, care of crops, and harvesting of flax straw
for each variety were done in the same day, with
the same tools and purity of experiments [18].

The research was carried out on the basis of
laboratories of Askaniiske, as well as on trial sec-
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tions and in laboratories of the Department for
Commodity Studies, Standardization, and Certi-
fication of the Kherson National Technical Uni-
versity, during the six years (2010—2016).

The initial study was carried out using indust-
rially packed (rolled) flax straw stored on the lands
of Askaniiske. Because of the lack of special con-
ditions for storage (warehouses, stacks), oil flax
rolls were kept in field conditions for 1—2 years.

The further study was carried out using small
straws sub-samples of 50 g, which enabled to ob-
serve the changes occurring in the flax stems, to
find out the main pattern and the causes of these
changes, as well as the effectiveness of various
technological techniques. The study was carried
out on a trial asphalted site where there was an
artificial open storage with a canopy for storing
the pressed flax for a specified time.

The straw sample weights were chosen pro-
ceeding from general accepted standards, given
the future analyses of raw material quality. Flax
stems of the same quality reaped by combined har-
vester were used for the experiments.

During the experiments, the principle of one di-
fference was observed. On separate research facili-
ties, the samples were treated with preservative
solutions, rolled, and further studied on the same
day, with the use of same tools and implements.

The following preparations were chosen as pre-
servatives: carbamide, AF9-70 composite prepara-
tion based on carbamate phosphate and oxyethy-
lated nonylphenol, and biologically active prepara-
tions Trichodermin and Phytosoporin-M. The pre-
servatives were applied as aqueous solutions of
different concentrations by uniformly spraying the
straw stalks. Having been processed in this way,
the straw was pressed and rolled with an average
density of 120 kg/m?, which in the best way ensu-
res the storage of rolled raw flax material and me-
ets the specification requirements. For compari-
son, a reference sample with unprocessed straw
stems was used. All samples were stored in natu-
ral conditions for 6, 12, 18, and 24 months. At the
end of storage period, the flax straw samples were
analyzed in terms of organoleptic and physico-

mechanical parameters, according to the applica-
ble specifications [19, 20].

Experiments on the storage of wet straw with
high humidity were carried out to study the ef-
fect of storage duration, the moisture content in
stems, the action of preservatives, and the com-
plex effect of these factors on the quality of raw
flax in the course of storage [12].

The storage of wet flax straw was studied in
laboratory conditions. As the moisture content in
straw samples reached 25, 30 and 35%, they were
irrigated at a dose rate of 150 ml solution per
1000 g straw (7.5 ml solution of the studied prep-
aration per 50 g straw). The samples were placed
in polyethylene bags that were not sealed to cre-
ate aerobic conditions. The bags were marked with
tags and placed in closed containers, with the mois-
ture content in straw continuously monitored.

The samples were stored at a temperature of 12—
19 °C and a relative humidity of 24—30% during 30,
60, and 90 days. At the end of specified period, they
were dried in natural conditions, and the raw mate-
rial quality was determined. Then, the quality indi-
ces of the initial raw material, the reference samples
with different moisture content, and the samples
treated with preparations were compared.

To determine the moisture content in flax straw
to be stored, the straw was cleaned from impurities,
its stems were thoroughly mixed and 50 g sub-sam-
ples were made of them. The sub-samples were put
into cassettes. One of the cassettes was suspended
on the hook of US-4 drier for drying, and the other
was placed in the same device for pre-drying. Dry-
ing was carried out at a temperature of 100—105 °C,
and stopped in 5 minutes after stopping the quad-
rant arrow. The suspended cassette was removed,
with the pre-dried one hung instead of it. The mois-
ture content in each sub-sample (%) was calculated
according to the formula:

w, = S 5 Gs =Cc 109,

Cc

(1

where W is moisture content in flax straw, %; G is
sub- sample weight before drying, g; G is Welght
of absolutely dried sub-sample, g.
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Having determined the moisture content in
the straw taken for experiments, the weight of ab-
solutely dried straw in the samples G :

G, -100-M;

G
c W,

(2)
where G is weight of the wet straw samples, g; W,
is actual weight of straw in the samples, %.

The qualitative parameters of oil flax straw to
be stored were determined in accordance with
applicable standards and generally accepted me-
thods [19—21].

The quality of flax straw was evaluated by in-
strumental methods according to GOST 28285-
89 Flax Straw. Requirements for Storage [19]. The
bast output was determined by the gravimetric
method. The quality of flax retted straw obtained
was evaluated based on the separability charac-
teristics and fiber color, which were determined
according to DSTU 4149:2003 Flax Retted Straw.
Specifications [20].

The fiber content was determined with an ac-
curacy of 0.1% and further rounding, by weighing
the samples after processing them using labora-
tory breaking machine ML-5. For this, the stems
passed through the rollers 5—6 times, and then
were shaken manually until the boon stops to se-
parate. This operation was repeated until the bo-
on content in fiber exceeded 10%. The rest of the
boon was separated manually.

The fiber content C in straw or retted straw
(%) was calculated by the formula:

c _100-My @
M>
where M is fiber weight, g; M, is weight of straw
or retted straw, g.

The separability of fiber from wooden part was
determined using a special device (according to
DSTU 4149:2003).

The following limits of separability indices are
established: the retted straw with a separability
index of 2.1 and below is considered straw; the
retted straw with an index of 2.1-4.0 is referred
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to immature one, and that with an index of 4.1
and higher is normally mature retted straw.

The fiber rupture stress was measured using a
DKV-60 dynamometer. The fiber strips were
twisted using a KV-3 device. The twisted piece
was fixed in the clamps of breaking machine. The
distance between the clamps was 70 mm. The ac-
curacy of measurements was 0.1 daN (1 decanew-
ton [daN] = 1.01971 kg-force [kgf]) with further
rounding to an integer. The final result was arith-
metic mean of thirty tests. The rupture stress was

calculated by the formula:
0

3
Rs =35 % Rs, (4)
where Rs, is rupture stress of fiber sub-sample,
daN; 30 is number of tests.

The linear density of raw materials was mea-
sured based on the splitting of complex fibers
[21]. Segments having a length L, = 20 mm and a
total mass M,, mg were made of fiber strands of a
certain length. Then the total number of fibers n,
was counted. The whole fibers and those split for
less than half their length were considered one
fiber, while those split for more than half their
length were counted as so many fibers as they
split into.

The linear density of the split fibers 7;, tex
(weight of length unit, mg/m or g/km) [21] was
calculated by the formula:

T = 1000 M, / (L n). (5)

where 7 is conventional number of fibers split for
more than 0.5 length; L = 20 mm.

There are several methods for storing wet raw
flax. It can be stored by bringing the moisture
content in it to normal amount by drying or treat-
ing with chemical and biological preparations
(Fig. 1). Natural drying in rolls, except for the
outer part, are complicated because of high com-
paction. Artificial drying is the most reliable te-
chnology for product preservation, however, in Uk-
raine, it has not been widely put into practice be-
cause of a considerable power consumption and a
high cost, although abroad this method is used for
ensuring due quality of raw flax [22, 23].
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Methods for storage of raw flax material |
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Fig. 1. Methods for storage of wet flax straw

Chemical or biological preservation can result
in weakening dependence on changing weather
conditions. The preservatives inhibit the devel-
opment of microflora that decomposes fiber.

The scheme of studies on the storage of oil flax
straw involved the use of following preservatives
in the form of aqueous solutions: carbamide, a
composite preparation based on carbamide phos-
phate and oxylated nonylphenol AF 9-70, and bio-
logically active preparations Trichodermin and Phy-
tossporin-M. All selected preparations have the
ability to suppress the development of microflora
and almost completely inhibit rotting, molds, and
bacteria, which are rapidly growing on flax stems
at a high humidity and adversely affect the pres-
ervation of flax straw. Consequently, all prepara-

tions have a high biological (in particular, fungi-
cidal and bactericidal) activity, first of all, against
cellulosolytic fungi and bacteria, are environmen-
tally safe and cheap.

In order to determine the main directions for
improving the storage and planning of the main
experiment, the dependence of changes in the
qualitative indices of raw flax of the three flax va-
rieties (Vira, PivdennaNich, and Debut) on the
period of storage in industrial conditions, accord-
ing to the roll technology has been studied at the
preliminary stage of the research.

During the study of flax straw storage, recent
scientific information has been analyzed. The most
important factors that influence the quality of raw
flax have been established to be moisture content
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in flax straw, compaction of material, temperature
of the inner layers of raw material, storage dura-
tion, concentration of preservatives, and unifor-
mity of their application [24]. The analysis of the
abovementioned factors has enabled to choose
the most significant ones for further research, in
particular, moisture content, duration of storage,
and concentration of preservatives.

The research results have shown that the flax
material obtained from flax stems during storage
with the use of preservatives has better physico-
mechanical parameters as compared with untrea-
ted flax. All qualitative characteristics have been
established to vary in the course of storage, de-
pending on the type of preservative. Figs. 2, 3
show changes in the main qualitative indices of Vi-
ra variety raw material (separability and rupture
stress) stored for 12 and 24 months. According to
the diagrams, the indices of the raw material trea-
ted with biologically active preparations changed
least of all. Thus, according to the results of orga-
noleptic and instrumental evaluation of the bast
fibrous material obtained after 24 months of stor-
age, it has been established that the biologically
active preparations Phytosporin-M and Trichoder-
min have the highest preservation properties, the
second effective is the composite preparation AF
9—10 based on carbamide phosphate and non-
ylphenol, and the least effective is carbamide.

The research has shown that during prolonged
storage of flax stems with the use of preservative
solutions, under the influence of abiotic and mi-
crobiological factors the biological processes in
the flax straw, and, accordingly, the changes in its
qualitative parameters significantly slow down as
compared with the reference samples [25].

To establish the mechanism of action of select-
ed preservatives, the changes in the species and
quantity compositions of microorganisms devel-
oping on the flax stems with a high moisture con-
tent during storage has been analyzed. It has been
established that the treatment of straw by the
studied preservatives contributes to a significant
reduction in the amount of cellulose-destroying
microflora. As a result, after the treatment, the mic-
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Fig. 2. Dynamics of fiber separability in flax straw after 12-

and 24-month storage for various treatments: 7 — without

preservative; 2 — carbamide; 3 — composite preparation; 4 —
Trichodermin; 5 — Phytosporin-M

100
m After 12-month storage

| ™ After 24-month storage
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70.5

Rupture stress, cN
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Fig. 3. Dynamics of rupture stress of fiber obtained from flax

straw after 12- and 24-month storage for various treatments:

1 — without preservative; 2 — carbamide; 3 — composite
preparation; 4 — Trichodermin; 5 — Phytosporin-M

robiological processes slow down, which causes a
partial conservation of straw.

The best preservative properties have been shown
by biologically active preparation Phytosporin-M
that has a pronounced antiseptic effect. The data
obtained give reason to state that the used prepa-
rations inhibit the development of epiphytic mi-
croflora, partially preserve the straw during stor-
age, and prevent almost any damage of flax stems
by cellulose-destroying fungi and bacteria.

Based on the obtained data, a statistical model
for storing oil flax straw with the use of Phytospo-
rin-M preparation was created in the form of the
corresponding regression equations:
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Fig. 4. Results of simulation of dependence of

oil flax quality parameters on duration of storage

(x,, months) and Phytosporin-M concentration

(x,, %) at encoded values of factors: a — separa-

bility, Y,; b — fiber content, Y; ¢ — linear density,

Y,, tex; d — fiber rupture stress, Y, cN; e — rela-
tive rupture stress, Y, cN/tex
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Fig. 5. Areas of standard values of parameters for the straw with a moisture content of 19—23%: a — separability, Y, units;
b — rupture stress, Y,, cN; ¢ — intersection of Y, and Y, areas

— separability Y, units: Y, =13.259 + 17.258x, — 1.582 x, — 8.19x? —

Y, =1.775+10.361x, — 0.944 x, — 4.046x — — 3.908x,x, + 0.257x2; (8)
— 2.835x,x, + 0.462x7; (6) — rupture stress Y,, cN (centinewton, 1 newton

— fiber content Y, %: [N] =100 centinewtons [cN]):

Y, =18.613 +5.903x, — 1.04 x, — 2.286x? — Y, =119.236 + 186.979x, — 10.617 x, — 89.595x 2 —
— 1.259x, x, + 0.24x2; (7) — 37.41x,x, + 7.664x2; 9)

— linear density Y, tex: — relative rupture stress Y, cN/tex:
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Fig. 6. Dependence of oil flax straw parameters on duration of storage and concentration of preparation, at a high moisture

content: @, — 25%; w, — 30%; w, — 35%; at natural values of factors: @ — separability, Y|, units; b — fiber rupture stress, ¥, cN
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Fig. 7. Areas of standard values of parameters for the straw with a moisture content of 35%: a — separability, Y,, units; b —

rupture stress of single fiber, Y,

Y, = 8.909 + 4.12x, — 0.204 x, — 0.823x2 —
— 2.059x,,x, + 0.305x2, (10)

where x, isstorage duration, months{; x, Is concen-
tration of preparation, %.

The modelling was done in MathCad; the step
AX, for straw storage duration was 6 months or
0.25 in code values; the step AX, for concentra-
tion of Phytosporin-Mpreparation was 0.25% or
0.2 in code values.

Response surfaces Y, depending on x, and x;, are
given in Figs. 4. The results show that as concen-
tration of Phytosporin-M increases from 0.5 to 1.25%,
the quality of final product obtained from oil flax
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¢N; ¢ — intersection of Y| and Y, areas

straw stored in conditions close to the real pro-
duction during 24 months improves essentially.

The separability was 5.2 units at a Phytosporin-M
concentration of 1.25%, in 24 months, and 6.5 units
at a concentration of 0.5%. The amount of bast-like
fiber and linear density were 20.4% and 8.81 tex, re-
spectively, at a concentration of 1.25%, and 21.1%
and 6.48 tex, respectively, at a concentration 0.5%.
Absolute and relative rupture stress amounted to
70.5 cN and 8.0 cN/tex, respectively, at a Phy-
tosporin-M concentration of 1.25% and 43.4 cN and
6.7 cN /tex, at a concentration of 0.5.

The specifications [26] define separability and
rupture stress as key parameters of the quality of
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retted straw and fiber, therefore, based on the ob-
tained models, areas of dependence of abovemen-
tioned parameters on Phytosporin-M concentra-
tion and duration of storage have been built
(Fig. 5). Maturity of flax retted straw is accept-
able provided its separability ranges from 4.1 to 7
units and rupture stress of single fiber is, at least,
40 cN. Therefore, the obtainment of these values
while storing raw flax is considered achievement
of the purpose.

The analysis of modelling results (Figs. 4, 5)
has shown that at a Phytosporin-M concentration
of 0.5—1.25%, oil flax retted straw keeps required
maturity for up to 24 months of storage. Thus,
the use of Phytosporin-M enables storing oil flax
straw with a standard moisture content of 19—23%
during a long term without worsening its techno-
logical quality.

Similar studies with above mentioned preser-
vatives have been carried out using the samples
with an initial moisture content of 25, 30, and
35%. The corresponding regression equations have
been obtained:

— separability, units:

Y, = 1.434 +0.591x, + 5.383 x, — 0.488x,—
—0.396x 2 + 1.43x,,x, — 1.647x,2 — 0.1x,x, +
+0.167x,2 + 1.474x,x,; (11)

— rupture stress of single fiber, cN:

Y, =120.752 — 8.344x, — 200.579 x, + 47.532x,+
+3296x2 — 10814x,,x, + 110.712x2 —
—2.081x,,x, — 35.912x.? —39.293x,,x,, (12)

where x is variation factors: x, is moisture con-
tent, %; x, is duration of storage, months; x, is
concentration of preparation, %.

Dependences of separability and rupture stress
on duration of storage and Phytosporin-M con-
centration are given in Fig. 6.

Graphical presentation of optimal area of pa-
rameters of stored raw flax with a moisture con-
tent of 35% is shown in Fig. 7.

The analysis of results (Fig. 6) has shown that
the separability of fibers treated with Phytospo-
rin-M slightly decreases to 5.0—5.9 units as com-

pared with the reference sample (6.6 units). How-
ever, the rupture stress at a concentration of
1.25% accounted for 63.0 cN, while in the refer-
ence study it was 16.2 cN.

The analysis of obtained mathematical models
(11), (12) and their graphic presentations (Figs.
6, 7) has shown that the qualitative parameters of
raw flax with a moisture content up to 35% at
the studied concentrations of Phytosospin-M in
3 months of storage reach their optimal values for
further mechanical treatment. The raw flax treat-
ed with a 1.25% concentration solution keeps its
quality in the best way.

CONCLUSIONS

1. The application of new environment friendly
biologically active substances for the storage of
flax straw with a wide range of moisture content
has been substantiated. It has been found that the
studied preparations inhibit the development of
cellulolytic fungi and bacteria, which contributes
to the preservation of cellulose fiber in flax stems.
The selected preservatives Trihodermin and Phy-
tosporin-M do not inhibit the development of
pectin-destroying microflora, so over time, the
straw can turn into the retted straw without
spreading out.

2. Using the mathematical modeling of oil flax
straw storage statistical models for dependence
of separability, content of fibers, linear density,
fiber rupture stress, and relative rupture stress on
moisture content in flax straw, duration of stor-
age and concentration of preservative have been
obtained. Due to the obtained models one can
choose an appropriate concentration of prepara-
tion and duration of storage of oil flax straw to
produce materials with different properties de-
pending on further applications. The proposed
mathematical models are statistically reliable.

3. In order to ensure long-term storage of oil
flax straw under production conditions, it is rec-
ommended to take the following measures:

+ To apply as preservatives environment safe bio-
logical preparations with fungicidal and bacte-
ricidal activity against cellulosolytic fungi and
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bacteria, in particular, Trichodermin (at a con-
centration of 0.50%) and Phytosporin-M (at a
concentration of 1.25%). Uniform application
of preparations to raw materials is ensured by
the use of industrial agricultural sprayers of va-

+ To create favorable conditions for storage in the

southern Ukraine, the rolled straw of oil flax
should be placed on asphalted sites covered
with tents.

The implementation of developed technology

for oil flax straw storage provides an additional
raw material base for the production of technical
textiles for various functional purposes.

rious types. The indicated concentrations en-
able to obtain retted straw of normal maturity
in 18 and 24 months of storage;
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SACTOCYBAHH/A BIOJIOITYHO AKTUBHUX ITPEITAPATIB
JUIS 3BEPITAHHSI COJTOMU JIbOHY OJITMHOTO

Beryn. B Ykpaini 3HauHi 00csaru JUISTHOT CHPOBUHM He HAJIXO/SATh Bi[pasdy Ha NEPBUHHY epepoOKy, a 3 4aCOM CIIOCTEPi-
ra€Thes noripuieHus ii skocti. I[le mos’s3aHo 3 HeIOTPUMAHHAM arpoOTEXHIYHUX HOPM 30MPaHHs, HECIPUSATIMBUMU TIOTOAHH-
MU YMOBaM¥ Ta iHITUME (haKTOPaMU B IPOTIeci 36epiraHis CHPOBUHH.

IIpo6aemaTuka. [ToTysKHOCTI JTHOHONIEPEPOOGHUX MIMPUEMCTB HE J03BOJISIIOTH EPEPOOUTH BeCh 0OCIT CUPOBUHU 32 KO-
POTKHMI 1epiojr uacy, ToMy BUHMKae norpeba y ii TpuBasoMy 36epiranti. 3abe3neunT BUCOKI SKICHI MOKa3HUKU COJIOMU
JIbOHY OJIITHOTO MOKYTh €KOJIONTYHO Ge3IIeUHi, BITHOCHO JIelIeB] CyyacHi KOHCEPBAHTH, SIKi MatOTh iHTI6ITOPHI, GaKkTepuImI-
Hi, OyHTIIM/HI BJACTUBOCTI.

Mera. /locizkerHst BIUUBY Gi0JOTIYHO aAKTUBHUX PEYOBHMH HA MOKA3HUKI SIKOCTI COJIOMHE JIbOHY OJIITHOTO Ta BU3HAYEH-
HsT pallioHaJIbHUX MTapaMeTPiB mpoiiecy 36epiranHsi.

Marepiamm it Mmetoau. /[jis poBeeH s JOCIIKEeHb BigibpaHo copTu JiboHy oJiiinoro: Bipa, Ilisaenna niu ta /le6ior.
OxpecJieHi 3aBAaHHS BUPINTYBAJIN 32 OTTOMOTOIO TEOPETHYHUX Ta eKCIePUMEHTATbHUX MEeTO/IIB TOCI/KeHHS, 110 € YNHHMN-
MU B Tajly3i HEPBUHHOI 1IePePOOKM CUPOBMHU i TEKCTUIIBHOTO MaTepiaJo3HaBCTBA. MareMaTuuHe MOJIEJIIOBAHHSI IPOLIECIB
BUKOHaHO B cepeposuini MathCad.

Pesyabratu. [loc/ikeHo BIUIMB 6i0JI0rTYHO aKTUBHIX TIPenapaTiB Ha CTYIIHb 36epesKeHH s COJIOME JIbOHY oJTiiiHoro. Bu-
Jsioro 36epiranisg. OTpUMAHO CTATUCTHYHI MOJIEJi BILIMBY YMOB 30epiraHHst JbOHOCOJIOMHE Ha SIKICHI TTapaMeTpy BOJIOKHA, a
TaKOK BU3HAYEHO ONTUMATBHIH KOHCEPBAHT, HOTO KOHIIEHTPAITiI0, YMOBH Ta CTPOKH HOTO Iil.

BucHoBku. OOrpyHTOBAHO 3aCTOCYBAHHS HOBUX €KOJIOTTYHO Ge3eqHux GioIoriaHO aKTHBHUX PEYOBHH JIUIsT 30€piraHHs
COJIOMHU JIBOHY OJIIITHOTO 3 IIUPOKUM J[ialla30HOM BOJIOTOCT.

Knwuoei cnoea: comoma JIbOHY O]IiI>’IHOFO, crocobmn 36epiraHH${, KOHCEPBAHT, CTaTUCTUYHA MO/IEJIb.
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INPUMEHEHUWE BMOJIOTMTYECKN AKTMBHDBIX ITPEITAPATOB
JUIA XPAHEHIA COJIOMBI JIBHA MACJIMYHOTO

Beenenne. B Ykpanie sHaunTenbubie 00bEMBI THHAHOTO CHIPhS HE MOCTYTIAIOT CPa3y Ha IEPBUYHYIO TTepepaboTKy, a co
BpeMeHeM HabJII0IaeTCst YXY/IIEHUE €ro KauecTBa. ITO CBS3aHO ¢ HeCOOMIOICHIEM arpOTEXHUYECKUX HOpM cOopa, HebJ1aro-
MPUATHBIMU ITOTOIHBIMU YCJIOBUSMU U IPYTUMHU (haKTOPAMHU B I1POIECCe XPAHEHUST ChIPbS.

IIpo6aemMaTuka. MomHoCTH JIbHOIEpepabaThIBAIOMINX IPEANPUATHII He II03BOJIAIOT IIepepaboTaTh BeCh 06HeM ChIPb
32 KOPOTKHUI1 [IepHO/I BpeMeHH, I03TOMY BO3HUKAET IOTPEGHOCTD B €ro JAINTeIbHoM XpaneHun. O6ecrednTh BHICOKIE KauecT-
BEHHbIE MOKA3aTeIN COMOMBI JIbHA MACIMYHOTO MOTYT SKOJOTHIECKN 6e30IacHble, HeJOPOThe COBPeMEeHHbIE KOHCEPBaHThI,
KOTOpPBbIC UMECIOT I/IHFI/I6I/ITOPHBIC, 6aKTCpI/IHI/I[[HbIC, q)yHFI/ILH/I[[HI)IC CBOI‘/JICTBB..

Iean. VccnenoBanue BIMAHAS GUOTOTUYECKH aKTUBHBIX BEMIECTB HA MOKA3aTEIN KA9€CTBA COJMOMBI JIbHA MACTUYHOTO
1 OlpejieieHne PaliMOHAIbHBIX ITAPAMETPOB IIPoIecca XpaHEeHUSI.

Martepuaibl U MeToabl. [[J1s1 IpoBefeHys 1ccaeA0Baluii 0ToOpabl copTa JibHa MacauuHoro: Bepa, IOxmnas noub u
Je6iot. [TocTaBIeHHbIe 3ala4l PEMIAIICH C IOMOIIBIO TEOPETHIECKUX U DKCIIEPUMEHTAIbHBIX METOIOB MCCIeA0BAHMS, KO-
TOpBIE NEHCTBYIOT B 06/TaCTH IEPBUYHON MepepabOTKH ChIPhS M TEKCTHIBHOTO MaTepraIoBecHns. MaTeMaTnaeckoe Mogie-
JIMPOBaHME MPOIECCOB BBITOIHEHO B cpene MathCad.

Peayabratbl. Vccne0Bato BIUgHIE OUOTOTHYECKY aKTUBHBIX TIPEIAPATOB Ha COXPAHHOCTD COJMOMBI JIBHA MACTUYHO-
To. Ollpeﬂe]{eﬂ MeEXaHU3M ﬂeﬁCTBHH nccjie/lyeMblX KOHCEPBAHTOB U /IMHAMWKA U3SMEHEHUA Ka4YE€CTBEHHDBIX ITapaMETPOB Cbl-
Pbs B IIpoIecce ee JIUTeNbHOr0 XpaHeHus. 11oIy4eHpl cTaTHCTHIeCKUe MOJE/IM BJMSHMS YCJIOBUI XpaHe s COJIOMBI JIbHA
MacJII4YHOIO Ha KadeCTBEHHBIE MapaMeTphbl BOJIOKHA, a Takyke ONpeeIeHO ONTUMAIbHBII KOHCEPBAHT, €r0 KOHIICHTPAIINS,
YCIIOBHSI I CPOKH €TO0 JIeHCTBHS.

BoiBoabl. O60CHOBAHO IPUMEHEHNE HOBBIX 9KOJIOTHYECKH 0e30MIaCHbIX OUOIOTMYECKH AKTUBHBIX BEILECTB /I XpaHe-
HUA COJIOMbBI JIbHA MAaCJIMYHOTO C HIMPOKUM UATIa30HOM BJIA’KHOCTU.

Kntouesvie crnosa: comoma apHa MaCJIM4HOrO, CI10co0ObI XpaHeHus, KOHCEPBAHT, CTATUCTUYECKAA MO/IE€JIb.
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