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Abstract. The paper is concerned with some aspects of processing
raw potato peelings. It presents the dynamics of potato production in the
world and in Ukraine, and analyses the figures on yields of this crop.
Methods of processing potatoes at Ukrainian enterprises have been
considered. It has been found that the bulk of the waste (15-60%) is
formed during peeling raw potatoes. Methods of utilisation of potato
peelings have been analysed. Problems of using fresh potato peel in the
diet of farm livestock have been analysed. The technological operations
of potato waste processing have been considered, and it has been
substantiated how practical the method of extrusion is. The advantages
of manufacturing an extruded feed additive with the use of potato peel
have been shown. The physical properties, chemical composition, and
term of storage of fresh potato peel have been determined. It has been
found that fresh potato peel is poorly storable and hardly flowable, so it
must be processed within 48 hours. To produce an extruded feed
additive including crushed wheat grain and fresh potato peel in the ratio
9:1, a step-by-step scheme has been developed. The physical properties,
the content of individual nutrients and minerals, and the shelf life of the
extruded additive have been determined. It has been established that
manufacturing the feed additive by the method suggested allows
increasing the product’s nutritional value, prolonging its shelf life,
improving its sanitary quality, technological properties, and conditions
of feeding potato peel to livestock. It has been found that when the
amount of potato peel introduced is 10% and that of crushed wheat
grain is 90%, the optimal moisture content is 16.5%. Besides, this ratio
results in the minimum energy consumption and in a coefficient of
expansion high enough. During extrusion, the physical properties
change: the moisture content, angle of repose, and bulk density
decrease, while the flowability increases, which makes the feed additive
suitable for use in the feed products technology. Besides, extrusion of
the feed additive is accompanied by reduction in crude protein, crude
fibre, and crude fat. It has been established that the shelf life of the
additive is 4 months.

Keywords: potato peel, extruded feed additive, animal feed
production, physical properties, chemical composition, microbiological
parameters.

potato varieties, of which 60% are of domestic

Introduction. Formulation of the problem

selective breeding [2]. According to State Statistics

Potato farming is an

important branch of

Committee of Ukraine, in 2019, the areas under this

Ukraine’s agroindustrial complex. After cereals,
potatoes are the fifth most important source of
energy and nitrogen-free extractives in people’s diet
today.

Ukraine is one of the world leaders in gross potato
production: it ranks fourth among other countries,
producing more than 6% of the world’s yield of this
crop [1-3]. According to statistics, about half of
potatoes produced worldwide are used for food, 35% is
used to feed livestock, and about 10% is used for
further planting [4-6]. Ukraine grows more than 100
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crop amounted to 1309 thousand hectares.

Over the past few years, the dynamics of potato
production in Ukraine has been unstable (Table 1), but
since 2015, its production volume has been increasing [2].

The regions of Vinnytsia, Kyiv, Lviv, Zhytomyr,
Chernihiv, Khmelnytsky, Rivne, Volyn, Sumy, and
Kharkiv are the main ones where potatoes are
produced commercially. Taken together, these regions
produce about 65% of the total volume of potatoes in
the country [3]. Potato yields have been increasing
since 2015 (Fig. 1) [2].
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Table 1 — Dynamics of potato in Ukraine for all
categories of farming enterprises, million tonnes

Year Potato production volumes
2010 18.71
2011 24.25
2012 23.25
2013 22.26
2014 23.69
2015 20.84
2016 21.75
2017 2221
2018 22.50
2019 20.27
18 17.6
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Fig. 1. Potato yields in Ukraine, tonnes per hectare

Potatoes are processed into semi-finished
products, ready-made dried foods, canned in the form
of first-course and second-course dishes and canned
snacks. It is a raw material for starch, alcohol, glucose,
hydrol, and other substances. Now in Ukraine, there
are two factories manufacturing crisps, the production
volumes of which are quite enough to meet the demand
for this product nationwide. There are also 4 starch
factories, among them the starch factory Vimal
(Chernihiv) and the starch factory of the corporate
agricultural group Mriya (Ternopil region) [7].

The significant volumes of cultivation and
processing of potatoes result, among other things, in
quite a lot of waste (up to 60% of the weight of
processed raw materials). However, Ukraine still has
no effective technology for its disposal. This situation
leads to environmental problems and is economically
impractical. The global trends, on the contrary, are
towards the fullest possible use of all available types of
food and feed raw materials and towards proper
environmental management.

Thus, it is a topical task to find effective ways of
making potato peel a link in the chain of creating
products of practical utility. Perhaps, the best variant is
using this waste in the compound feed industry, since
this will increase the production of animal protein.

Analysis of recent research and publications

Food waste obtained when making potato-based
products falls into solid and liquid. Solid waste includes
substandard potatoes, waste obtained after secondary
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peeling of potatoes, their drying, inspection, packaging,
etc. Liquid waste is obtained from primary peeling,
blanching, boiling, and other operations of preparing
potatoes for drying. Besides, this type of waste includes
pulp left after processing small substandard potatoes and
their pieces into starch [9-12].

Waste is mostly obtained by peeling potatoes. Its
amount depends on the quality of raw materials and the
deskinning method used: mechanical, thermal, or
chemical. With the mechanical method of peeling
potatoes, 15-60% of waste is formed, the thermal one
(with steam) can yield 10-48% [13]. Potato peel is rich
in nutrients and bioactive substances, the content of
which varies and depends on the potato cultivar and on
the growing and storage conditions [10,13].

Analysis of data from literature has shown that
the existing technologies of processing potatoes
industrially result in obtaining as much waste as 10—
60% of the mass of the source material, depending on
the type of the final product and the technological
level of manufacture [9-12]. The moisture content of
potato peelings amounts to more than 60%, that is
why they have always been considered unsuitable for
animal feed production. Due to oxidative processes
and the vital activity of microorganisms, waste
acquires an unpleasant odour. That is why the
maximum storage time of fresh potato waste is no
more than a day. If it is necessary to use it longer, it
should be processed.

Substandard potatoes and waste formed after
secondary peeling and mechanical deskinning can be
materials to make starch from. Waste from potato
production can be used in the field as fertiliser, but the
disadvantage is that up to 95% of water must be
transported. Potato peel can be stored in special storage
houses, in inground trenches and pits, or in storage
clamps [13,15].

During potato processing, most secondary raw
materials (peelings, pulp, etc.) are utilised to feed
animals [13,14]. Various technological processes are
used to process potato waste into animal feed products:
drying (obtaining feed flour), boiling, extruding,
ensiling. All of them have their own advantages and
disadvantages [16-20,21].

Mary Ellen Camire et al. [16] suggested extruding
potato peel in a twin-screw extruder at +(110-150)°C.
Due to the extrusion process, the starch content is
reduced and the total amount of dietary fibre increases.
This method involves hot extrusion and requires
appropriate equipment, which in practice is seldom
used in feed mills. Single-screw extruders, though,
have found wide application in grain processing. This
results from increased requirements for the feed
products safety, frequent instances of the low sanitary
quality of grain raw materials due to unfavourable
harvesting conditions, high humidity. Thus, this
method of extrusion is chosen because it allows
manufacturing extruded additives with a certain
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proportion of high-moisture feed materials and because
it improves the general quality of feed products.

S. M. Yashim [17] studied the use of dried potato
peelings that could be fed to animals in the amount up to
20%. M. A. Kairalla et al [18] suggest using up to 10% of
potato peel flour in rabbits’ diets, because it has a good
effect on productivity and can be considered a cheap
source of fibre. This method of disposal of potato peelings
is zootechnically efficient, allows reducing the proportion
of cereals in compound feed recipes, and has
environmental value. However, it has not become
widespread due to the high cost of the final product.

J. W. G. Nicholson et al. [19] studied the use of
boiled peelings of potatoes in pig diets. The level of
assimilation of boiled peelings by the body was
compared to that of barley grain. This method of
utilising potato peel has some disadvantages, though. It
cannot be introduced at feed mills, but at livestock
breeding complexes only, it requires special
equipment, and it increases the cost of livestock
products. All this significantly limits the use of peel,
does not allow optimising the structure of the raw
material base, and thus prevents the wide practical use
of this method.

M. Faramarzi [20] suggests including up to 15%
of potato peel in the fish diet in order to reduce the cost
of fish farming.

Products obtained by ensilage are mainly used for
cattle. With the significant reduction in livestock, only
a small part of peel can be utilised by this method.
Another disadvantage is the impossibility of
introducing it at feed mills.

Thus, fresh potato peel is produced in significant
amounts, has obvious practical value for the compound
feed industry (it can help use grain resources rationally,
expand the raw materials base, and reduce the cost of
final products), is highly nutritive, and there are
methods of processing it. Nevertheless, the problem of
how to use it effectively in the composition of
compound feed is still unresolved.

Considering the above, it was proposed to improve
the technology of processing potato peelings into feed
additives.

The purpose of the study is to prove the practical
value of producing an extruded feed additive (EFA)
that includes fresh potato peel. For this purpose, it is
necessary to achieve the following objectives:

— to determine the physical properties of potato
peel, the content of the main nutrients and minerals in
it, and the dynamics with which microflora develops in
it during storage;

— to substantiate the composition and method of
production of the extruded feed additive;

— to determine the physical properties of the feed
additive, the content of its main nutrients and minerals,
and the dynamics of the microflora development in it
before and after extrusion.
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Research materials and methods

We have studied the peel of potatoes (the cultivar
Borodyanskya Rozheva, harvested in 2019) and wheat
grain (DSTU 3768:2019).

The research was carried out in the laboratories at
the Department of Mixed Feeds and Biofuel
Technology and the Department of Biochemistry,
Microbiology and Nutrition Physiology (ONAFT).

The physical properties of fresh potato peelings
and the finished feed additive were evaluated by their
moisture content, bulk density, flowability, angle of
repose, and coefficient of expansion. in accordance
with standard methods and techniques recommended
for scientific research (Table 1). To study the chemical
composition of the potato peelings and the finished
feed additive, the mass fractions were determined for
crude protein, crude fat, crude fibre, nitrogen-free
extractives, calcium, and phosphorus. The chemical
composition was determined according to the
procedures described below (Table 1).

The changes in the composition and amount of
microflora in the potato peel during storage and in the
finished feed additive were assessed according to the
following microbiological parameters:

— the total quantity of mesophilic aerobic and
facultative anaerobic microorganisms (QMAFANM),
CFU in 1g of the product;

— the presence of mould fungi, CFU in 1g of the
product;

— the quantity of micromycetes (fungi and yeast);

— the presence of bacteria of the paratyphoid group
(Salmonella), in 25g of the product;

— the presence of bacteria of the Escherichia coli
group (coliforms), in 0.1g of the product.

The determination was carried out by inoculating
cells on thick media: QMAFANM on meat-and-
peptone agar, micromycetes on wort agar, paratyphoid
bacteria (Salmonella) and Escherichia coli on Endo
agar, after their accumulation in special liquid media.

The potato peel was kept in glass containers under
unregulated conditions at the temperature 15+5°C and
the relative humidity 65-75%. The EFA was stored
under unregulated conditions at 15+5°C and the
relative air humidity 65-75% for 4 months.

Model samples of feed additives contained wheat
grain and potato peelings in the amount 5, 10, 15 and
20%.

The extruded feed additive containing potato peel
was made in the laboratory as follows. Wheat was
purified from nonfeed-grade waste, ground on a
hammer mill to obtain a fraction of outsiftings from a
punching sieve with holes of 3mm in diameter, and
dosed together with fresh potato peel in the ratio 9 to 1
respectively. Potato peelings were chopped in a blade
grinder, with the working element rotating at 12 s™,
and dosed.
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Table 1 — Parameters and research methods used to determine the physical properties
and chemical characteristics of the potato peel and the finished feed additive

Parameters

Principle and specific features of a method

Standard

Moisture content, %

Drying a weighed portion of the sample in an electric drying cabinet
Thermal gravimetric analysis

DSTU 1SO 6496:2005;
DSTU 7804:2015

Bulk density, kg/m®

Using a 1-litre chondrometer

Flowability, cm/s

The product’s outflow through a hole of a certain diameter

Angle of repose, degree

Using R. L. Zenkov’s equipment, by pouring out of a funnel

Coefficient of expansion

The ratio of the diameter of the extrudate to the diameter of the hole
in the extrusion die

Crude protein, %

The Kjeldahl method

DSTU 1SO 5983:2003

Crude fibre, %

The method of determining with the use of intermediate filtration.
Treatment with sulphuric acid and sodium hydroxide (both are
boiling and diluted), followed by filtration and drying of the residue.

DSTU ISO 6865:2004

Crude fat, %

The method based on extracting fat with petroleum ether;
The gravimetric method involving fat extraction with a mixture of
chloroform and ethanol

1SO 6492:1999;
DSTU 4941:2008

Crude ash, %

Burning a weighed portion of the sample in a muffle furnace at
500-600°C;

DSTU ISO 5985:2004;

Ashing of the sample at 525°C SO 763:2003

. 1SO 6493:2000;
Starch, % Polarimetry DSTU 4953:2008
Calcium, % Titrimetry 1SO 6490-1:1985

Phosphorus, % Spectrometric method 1SO 6491:1998
Sugars,% Photocolourimetry DSTU 4954:2008
Pectins, % Titrimetry DSTU 8069:2015

In order to obtain a homogeneous mixture, the
mixing included two stages, since the components
significantly differed in their physical properties due to
different moisture contents.

At the first stage, to obtain a pre-mixture, the
components were mixed in the ratio 1:1. At the second
stage, the remaining wheat grains were added to the
pre-mixture. The resulting feed additive was sent to
extrusion. It was carried out on an industrial extruding
press EZ-150 (manufactured by
Cherkassyelevatormash). The extrusion parameters
were as follows: pressure in the working zone of the
extruder 2.0-3.0 MPa, temperature of the product on
leaving the extruder 110-120°C, duration 60-120s.
The extruded feed additive was cooled to a temperature
that did not exceed the ambient temperature by more
than 10°C, and was crushed in a hammer mill with a
sieve with holes of 3.0mm in diameter.

formation of a homogeneous porous structure of the
product.

Table 2 — Content of nutrients and minerals
in the feeds (on a dry basis) (n=3, P>0.95)

Parameter Content, %
Raw potato peel | Wheat
Mass fraction of: 75

crude protein ) 12.7
crude fat 0.4 2.5
crude fibre 4.3 2.9
crude ash 3.6 5.6
nitrogen-free extractives 84.2 76.3
in particular: starch 74.6 55.6

pectins + pentosans 6.4 -

sugars 3.2 —
phosphorus 1.6 3.8
calcium 0.4 13

Results of the research and their discussion

At the first stage of research, we determined the
nutritional value of the raw materials under study
(Table 2).

From the analysis of the data in Table 2, it can be
seen that potato peel contains a significant amount of
nitrogen-free extractives — 84.2%, which is by 10.3%
higher than in wheat grain. Nitrogen-free extractives in
the studied feed products are mostly represented by
starch (74.6% in potato peel and 55.6% in wheat
grain). Not only does such a significant amount of
starch in potato peel increase the product’s nutritional
and calorific value, but it will also make the extrusion
process more efficient, since it will contribute to the
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Potato peelings are by 40.9% lower in crude
protein than wheat grain is. However, it should be
noted that it has a significantly higher biological value
of 85% (ideal protein is 70%). The data obtained are
consistent with the results of domestic and foreign
scientists who studied nutritional value [21,22]. Potato
protein contains a balanced set of essential amino acids
and is not much inferior to protein of eggs or meat. It is
known that for zootechnical efficiency, the quality of
protein is far more significant than its amount in the
diet. This confirms how practical it is to use wheat
grain in combination with potato peel.

As can be seen from Table 2, potato peel contains
6.4% of pectins, which are highly active
physiologically and functionally. Pectins promote
digestion and help the body resist many diseases,
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normalise the amount of cholesterol in the blood, play
a role in the repair of the mucous membrane of the
respiratory and digestive tracts after irritation or
inflammation, have a beneficial effect on the cellular
respiration in tissues and on the general metabolism.
Also, pectin substances, due to their complexing
properties, can remove heavy metal ions and
radioactive substances from the body of animals. This
is very important for the safety of livestock products,
especially in case of excessive accumulation of these
substances in feed. This ability significantly facilitates
the detoxifying function of the liver and kidneys,
reduces the risk of cardiovascular pathology, gallstone
disease, and even malignant neoplasms [23].

At the next stage of the research, the main physical
properties of fresh potato peel were determined. These
properties influence the choice of certain technological
modes and the efficiency of such processes as grinding,
dosing, mixing, extrusion. The physical properties
were studied for the peel of Borodyanska Rozheva

potatoes: its moisture content, which amounted to
69.6%, and its bulk density, which amounted to
620kg/m>. The physical properties of potato peel are
unsatisfactory: they are unstable during storage and
almost unflowable. This distinguishes them from
traditional raw materials: they belong to the class of
hard-flowing materials, which must be taken into
account when they are included in the composition of
feeds.

Raw materials and finished products are a
favourable breeding ground for many bacteria,
especially for moulds. The development of
microorganisms can lead to a complete loss of the
original properties of raw materials or finished
products and make them unsuitable for feeding farm
animals and poultry due to accumulation of
mycotoxins. Table 3 shows the results of studying the
sanitary quality parameters of the raw materials under
analysis during their storage.

Table 3 — Dynamics of the microflora development in the potato peel during storage (n=3, P>0.95)

Storage QMAFANM, | Filamentous Yeast, Coliform Salmonella
time, days CFU/g fungi, CFU/g CFU/g bacteria titre, g
0 3.2:10° 0.4-10° Not found
24 90-10° 8-10° Not found
48 160-10° 17-10° Not found
72 Spoilage

The research results (Table 3) indicate that at the
end of 48 hours of storage, the total number of
microorganisms increased 50 times, and the number of
filamentous fungi increased 43 times. After 72 hours,
the raw materials spoil, so potato peel should be
processed within 48 hours. This is consistent with
similar conclusions of other scientists [10,13,21].

Considering the above, potato peel can be
delivered to the neighbouring agricultural enterprises
and used as it is.

As noted earlier, extrusion has been suggested as a
way to extend the shelf life and increase the efficiency
of using potato peelings. At the next stage of the
research, samples of feed additives were made that
contained wheat grain and potato peelings in the
amounts 5, 10, 15, 20%.

The process of extruding mixtures of wheat grain
and fresh potato peel, with different ratios of the
components, has been investigated. It has been found
that with larger proportions of potato peelings
introduced into the composition of each sample, the
mass fraction of moisture increases (Fig. 2). This can
complicate further processing and storage of EFA. The
moisture content of the mixture before extrusion
should not be higher than 16.0-18.0% [22].

As can be seen from Fig. 2, the highest moisture
content in the extrudate is that of the sample containing
20% of potato peel, which means that it needs drying.
The samples with the optimal moisture content of the
final product are those with 5-10% of potato peel
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introduced. With this amount of peel, the above-
mentioned parameter fluctuates within 10.9-11.5% and
does not exceed the prescribed values. This regularity
is consistent with the results of similar studies by other
scientists [22].

204 —
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Fig. 2. Changes in the moisture content of the feed
additive before and after extrusion

Fig. 3 shows how the specific power consumption
and the coefficient of expansion depend on the
moisture content in the extruded mixture.

As can be seen from the data obtained (Fig. 3),
in the sample with 5% of potato peel introduced, the
specific power consumption needed for the process
is higher than in the samples with 10 and 15% of
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potato peel. This can be explained, firstly, by the
lower initial moisture content of the mixture to be
extruded (which, consequently, makes it difficult to
transform the mixture in the working zone of the
extruder into a state of viscous fluid), and, secondly,
by its lower starch content due to a smaller
proportion of peel. A similar pattern, which
indicates the efficiency of the extrusion process, can
be traced in the expansion index. However, despite
the efficiency of the extrusion process in the sample
with 15% of potato peel, the results of previous
studies make it clear that it is not the optimal one as
for the final moisture content of the product. This
regularity is consistent with the results of similar
studies by other scientists [22].

1
[9%)
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g» 28,5 4 =
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=] F258
) D 8
<8
£~ ® L2 B
S -
22 =
25255 &
2T . L5
2% z
@ =
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wn Mass fraction of potato peels, %

# The coefficient of expansion of the extrudate

 Specific electricity consumption, kW * hour / t

Fig. 3. Dependence of the specific power consumption and
the coefficient of expansion of the extrudate on the mass
fraction of potato peel

Summarising the above, it has been found that
the optimal ratio of wheat grain and potato peel in
the mixture is 90:10, with the moisture content of
the mixture before extrusion 16.5%, with the
minimum energy consumption and quite a high
coefficient of expansion.

In the experimental sample of the feed additive,
the physical properties were determined before and
after extrusion (Table 4).

The data presented in Table 4 make it clear that
in the course of extrusion, the moisture content of
the feed additive decreased by about 30%, the angle
of repose decreased by 9.1%, and the bulk density
decreased by 53%. The decrease in the moisture and
bulk density is due to the peculiarities of the
extrusion process. In particular, it is explained by a
significant pressure difference in the working zone
of the extruder, and by the values of the
corresponding environmental parameter, which
results in swelling of the product and intensive
evaporation of moisture. The above indicates the
depth of the extrusion process, and therefore an
increase in the availability of nutrients, inactivation
of anti-nutrients, and higher sanitary quality. The
flowability of the feed additive during extrusion
increased by 16.4%. This, along with a smaller angle
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of repose, indicates a significant improvement in its
technological properties: the additive can be further
used as a component of feed products, no problems
will arise with its transportation by gravity handling
or with pouring it out of operational containers, etc.

The research has resulted in determining the
content of the main nutrients and minerals of the
feed additive before and after extrusion (Table 5).

Table 5 shows that extruding a feed additive is
accompanied by losses in crude protein (by 6%),
crude fibre (by 9.5%), and crude fat (by 6%). This is
due to destruction of biopolymers and formation of
simple compounds (amino acids, dextrins, etc.),
which leads to better digestibility of nutrients and
increases the zootechnical efficiency of the feed
additive. The pattern revealed is consistent with the
results of similar studies by other scientists [22].

The findings on the changes in the sanitary
quality of the feed additive during storage are shown
in Table 6.

Table 4 — Changes in the physical properties of the feed
additive (n=3, P=>0.95)

Feed additive
Parameters before after
extrusion extrusion

Moisture content, % 16.5 115
Angle of repose, degree 44 40
Flowability, cm/s 22.5 26.2
Bulk density kg/m® 675 320
Coefficient of 3 ’
expansion

Table 5 — Content of the main nutrients and minerals
of the feed additive before and after extrusion
(on a dry basis) (n=3, P>0.95)

Feed additive
Parameters before after
extrusion extrusion

Moisture content, % 16.5 115
Crude protein 13.1 12.3
Crude fat 1.7 1.6
Crude fibre 2.1 1.9
Crude ash 1.9 2.0
Nitrogen-free
extractives 60.3 60.8
Phosphorus 0.3 0.27
Calcium 0.05 0.04

From the data in Table 6, one can see a decrease in
the QMAFANM (quantity of mesophilic aerobic and
facultative anaerobic microorganisms): from 3.9%107 to
3.4*10° CFU/g. In the experimental samples, yeast,
coliform bacteria, and Salmonella were not found
during the entire storage period. The decrease in the
QMAFANM during storage can be explained by the
low moisture content of the extruded additive, which is
a limiting factor for the development of microbiota.
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Table 6 — Dynamics of the microflora development in the extruded feed additive during storage (n=3, P>0.95)

Storage QMAFANM, Filamentous Yeast, Coliform Salmonella
time, days CFU/g fungi, CFU/g CFU/g bacteria titre, g
0 3.9-10° 0.1-10° Not found
30 3.7-10° 0.1-10? Not found
60 3.7-10° 0.1-10? Not found
90 3.4-10° 0.1-10° Not found
120 3.4-10° 0.1-10° Not found
. 3. It has been established that the extruded
Conclusions

Based on the research carried out, the following
conclusions can be made:

1. It has been determined how the quality
parameters of fresh potato peel change during storage,
and an admissible storage period of 48 hours has been
established.

additive, by its technological characteristics, is suitable
for use in compound feed production. In particular: its
angle of repose is 40 degrees, flowability is 26.2cm/s,
and bulk density is 320kg/m?.

4. It has been theoretically grounded and
experimentally confirmed that producing a feed

manufacturing the extruded feed additive have been
substantiated: pressure in the working zone of the
extruder 2.0-3.0MPa, temperature of the product on

additive from a mixture of wheat grain and potato peel
(ratio 9:1) in extruded form has practical value, since it
ensures preservation of the product’s sanitary quality
for 4 months.

2. The technological conditions for the process of

leaving the extruder +(110-120)°C.
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Kadenpa texronorii komGikopMiB i Oiomanmusa

OnecpKka HaIllOHATTbHA aKaJleMisi XapuoBHX TEXHOJIOTIH, By. Kanatha, 112, Oneca, 65039, Ykpaina

Anoranisi. CTaTTIO TIPUCBSYEHO IUTAHHSAM IEPepOOKH CBDKMX KapTOIUDTHAX OYHCTOK. B cTaTTi HaBe#eHO IUHAMIKY
BUPOOHMIITBA KapTOILTI Yy CBIiTi, YKpaiHi, MpoaHaNi30BaHO IMOKa3HUKH YpOXKaHHOCTI. Po3rstHyTO criocoOu nepepoOKy KapToInl Ta
mianpueMcTBax YKpaiHu. BcraHoBneHo, mo ocHOBHa Maca BigxoaiB (15-60%) yTBOPIOEThCS MpPH OYHCTII CHPOBHHH.
[poananizoBano crocobu yTwmizawii KapTOIUITHUX OYMCTOK. IIpoaHanizoBaHo MpoOiIeMHM BUKOPHUCTAHHS CBDKHX KapTOIUITHHUX
OYHCTOK B palioHaX CUIbCHKOTOCHOAApPCHKUX TBapuH. [IpoaHami3oBaHO TEXHOJIOTiUHI MPOIECH NepepoOKH BiAXOIIB KapTOILT,
OOIPYHTOBAHO JOLIIBHICTD 3aCTOCYBAaHHS eKCTpyayBaHHA. [lokazaHo mepeBary BUpOOHHMIITBA €KCTPYHIOBAHOI KOPMOBOI JOOABKH i3
BKJIIOUYCHHSIM KapTOIUIIHUX OYUCTOK. BI3HaueHO (hi3M4H1 BIACTUBOCTI, XIMIUYHUH CKJIaj Ta TEPMiHH 30€piraHHs CBKHUX KapTOIUIIHUX
OYHCTOK. BcraHOBNEHO, IO CBIKI KapTOIUIIHI OYMCTKM He CTiHKiI HpH 30epiraHHi Ta Maibke HECHIIKi, TOMY iX HEOOXiTHO
niepepoOisATH npotsiroM 48 roxuH. Po3pobieHo moeranHy cxeMy BHPOOHHITBA EKCTPYIOBAHOI KOPMOBOI JTOOABKH, sIKa BKITFOYAE
ToZipiOHEHe 3epHO IIICHHMITI Ta CBKI KapTOIULIHI OYMCTKH Yy criBBinHOIICHH] 9:1. Bu3HaueHo (i3udHi BIACTHBOCTI, BMICT OKPEMHX
MOXUBHUX Ta MiHEPAIbHUX PEYOBHH Ta TePMiHH 30epiraHHs eKCTpyzoBaHOI n00aBKH. BcraHOBIIGHO, 1110 BUPOOHULTBO KOPMOBOL
J0OABKM 3alpOINOHOBAaHUM CHOCOOOM JO3BOJISIE€ TMiABHIIWTH TOXKHBHY ILIHHICT, HMOKPAIIUTH CaHITapHY SKICTh, TEXHOJOTTYHI
BJIACTHBOCTI, TEPMiH HPUIATHOCTI, YMOBU 3rOJOBYBaHHS KapTOIUISHMX OYHCTOK. BCTaHOBJIEHO, IO ONTUMAIBHHII MOKa3HHUK
Bosiorocti — 16.5% mpu BBEAEHHI KapTOIUITHUX OYMCTOK y KimbkocTi 10%, a moxpi6HeHoro 3epra mmeHuii 90%, Takoxk Take
CIIBBIJHOIICHHSI JJa€ MiHIMaJIbHI €HEPrOBUTPATH 1 33I0BUTPHMIA KOE(ILi€HT po3mupeHHs. B mpoueci ekcTpyayBaHHS BigOyBatOThCS
3MiHH (DI3MYHMX BIACTHBOCTEH: BOJIOTICTH, KYT IPUPOTHOTO YXHIy Ta 00 €MHA Maca 3HIDKYIOTBCS, & CHIIKICTh 30LIBIIYETHCS, IO
3yMOBJIIOE TEXHOJOTIYHY HPHAATHICTH KOPMOBOI J00aBKM il BHPOOHMITBA KOMOIKOPMOBOi Tpoxmykiii. Takoxx mporec
eKCTpYIyBaHHS KOPMOBOi JIOOABKH CYNPOBOJDKYETBCS BTpaTaMd CHPOTO IIPOTEIHY, CHpPOI KIITKOBHHH Ta CHPOTO JKHDY.
BcranoBiieHO TepMiH 30epiraHHs T00aBKU — 4 MiCAIII.

KurouoBi cioBa: KapTOIUIAHI OYMCTKH, EKCTPYZOBaHa KOpPMOBa [00aBKa, KOMOIKOpMOBE BHPOOHHLTBO, (i3W4HI
BJIACTHBOCTI, XIMIYHUH CKIIaJ, MIKpOOiOJIOTIUHI TOKa3HHUKH.
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