Grain Products and Mixed Fodder’s, Vol.24, 1.4 (96) / 2024 %

YK 636.085:2.087.2

10.0. XonakiBebkuii, maricrp OHTY, E-mail: jur_@ukr.net

12€. /1. BapanoBcbKHii, 3acTyNHAK JupeKkTopa 3 po3BuTKy TOB «Mera Kopm», acniipant OHTY, E-mail:bjdkharkov@ukr.net
Y00ecvruii nayionanvuuti mexnonoziunuii ynieepcumem, eyi. Kanammua, 112, Odeca, 65039, Ypaina

2TOB «Meza Kopmy, 0. 12, eyn. Cmenosa, m. 3miis, Xapkiecvka 061., 63401, Yrpaina

BETO3UM MYJIbTH - IHHOBAIIVMHE PINIEHHS JIJISI TAJTY3I ITAXIBHUIITBA

Anomauis

B mamepianax cmammi nagedeno ponb ma npusHaueHHs epMeHmis y KOpMOSUPOOHUYMEI, 30Kpema O NMAaXiGHUYmed.
Haoano xapaxmepucmuxy cknady myavmugpepmenmnozo npenapamy Bemoszum Mynomu xomnanii «Bemcunmesy, skuii micmumo
KOMNJIEKC (hepMeHmamueHux akmueHoCmell: 2I0KaHAa3y, KCUIAaHasy, yenroaasy, npomeasy, aminasy, Maunanasy, gimasay. Ipeo-
CmMasneni nPaKkmuyti pe3yibmamu GUKOPUCIANHS MyTbmu@epmenmuo2o npenapamy Bemosum Mynvmu y cknadi kombikopmis 07is
6potinepis. Pospaxosano peyenmu KOMOIKOpMY 2posep Oiisl Opoiiiepié ma 6CMAHOGLEHO ONMUMALLHY HOPMY 86€0eHHs (hepmenmy y
kinokocmi 100 2 na 1 m. Ilposedeno nopisHanus 6i0cOMK) 68€0eHHA MIKPOKOMNOHEHMIE 00 CKIAOY KOMOIKOpMY epogep O 6poiiie-
Pi6é ma po3paxo8ano NOKASHUKU NONCUBHOCMI KOMOIKOpMY Oe3 ma 3 BUKOPUCMAHHAM Myabmugepmenmuozo npenapamy Bemosum
Mynsmu. Bcmanosneno, wo 6éedenns gpepmenmy 0036011€ 3smenuwumu 6 ckaaoi peyenma 6io 20 0o 30 % monokanwvyiii pocgham, 3a
PAxXyHOK HaaeHoi ¢imasnol akmusnocmi. Bemosum Mynvmu 3Hauno nidsuwgye epekmusHicmv 6UKOPUCMAKHA KOPMY, cnocmepiea-
€mbcsl 30ibUen A cepedHbo00608UX NPUPOCMie macu bpotinepis Ha 1..2,5 e, 3HUIICEHHS NOKAZHUKA KOHEEPCIl KOMOIKOpMY O niu-
yi Ha 0,02...0,07 ma 3nuocenus covieapmocmi peyenmis 6 mesicax 300-500 epu/m, wo cmano mosciueum 3a60sku onmumizayii eu-
KOpUCMAKHS NPOOYKMIE NepepodKU COHAUWHUKY MA 3ePHOBUX 3 6UCOKUM emicmom Knimkosunu. Hasenicms y cknadi npenapamy
Bemosum Myremu mepmocmadinbux ghepmenmis 0036019€ UKOPUCIOBYBAMU 1020 NPU BUPOOHUYMET KOMOIKOPMIE 3 NO2UONIEHO
menno6oio 06pobKoio npu memnepamypi konouyiroeanus ma epanynioeanns 0o +90°C, wo cnpusmume 6inbur NO6HOMY pO3UjenieH-
HIO ™A 3ACB0EHHIO CUPOBUHHUX KOMNOHEHMIB, 30KpeMa 8y21e600i8, OLIKI6 ma KIimKo8uHu. Po3paxynox ekoHOMIUHUX NOKA3HUKIE
cgiouums, wo npenapam Bemosum Mynvmu e minoku 3abesneuye 30a1aHCO8aAHe XApUyBanHs 0N nmuyi, ane i 00360A€ 3HUNHCYBA-
mu 6apmicms KOPMi6 3a PAXYHOK e(heKMUBHI020 UKOPUCAHHS MEHWL O0POSUX KOMNOHEHMIS.

Kniouogi cioBa: ¢gepmMeHTH, aKTUBHICTB, Ipenapat Berozum MyibTH, KOpMH, eeKTHBHICTb, ITAXIBHULITBO.

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

Received 10.12.2024 Revised  24.12.2024
Reviewed 19.12.2024 Approved 26.12.2024

Cite as Vancouver Citation Style
Khodakivskyi O., Baranovskyi Ye. Vetozim multi - an innovative solution for the poultry industry. Grain Products and Mixed Fodder’s,
2024; 24 (4, 96): 38-41. DOI https://doi.org/10.15673/gpmf.v24i4.3006 |:|
Cite as State Standard of Ukraine 8302:2015
Vetozim multi - an innovative solution for the poultry industry. / Khodakivskyi O. et al. // Grain Products and Mixed Fodder’s. 2024. Vol.
24, Issue 4 (96). P. 38-41. DOI https://doi.org/10.15673/gpmf.v24i4.3006

e SR s 3R

UDC 636.085.087-027.3:637.045:577.112.385

DOI https://doi.org/10.15673/gpmf.v24i4.3007
0. Kananykhina, PhD, Associate Professor, E-mail: k_elni@ukr.net,
ORCID:https://orcid.org/0000-0001-6291-7760, Researcher ID: D-3386-2016
2T. Turpurova, PhD, Associate Professor, E-mail: turpurova.tatyana@gmail.com,
ORCID:https://orcid.org/0000-0003-3030-7591, Researcher ID: C-3755-2017
A. Soloviova, Student, E-mail: bnastya243@gmail.com
'Department of Food Chemistry, Expertise and Biotechnology, 2Department of Grain and Feed Technology
Odesa National University of Technology, 112, Kanatna Str., Odesa, Ukraine, 65039

FEED LYSIN. MEANING AND SYNTHESIS

Abstract

The intensification of animal husbandry depends on the full feeding of farm animals, which provides for the content of the
most important nutrients and biologically active substances in the feed. In order to obtain the necessary amount of high-quality live-
stock products, to ensure high reproductive capacity of animals, specialists develop animal feeding rations taking into account mini-
mum feed costs. Providing farm animals with fodder protein is one of the important tasks of agriculture and enterprises that produce
protein fodder or obtain it in the form of by-products. The use of by-products of food processing is of great importance in animal feed-
ing programs and also solves the problem of disposal of these by-products. The application of such solutions will allow to reduce the
need of farms for fodder grain, fodder of animal origin and other expensive components used in feeding. Protein feeds of plant origin
include sunflower processing products as the cheapest source of feed protein in Ukraine. The inferiority of the proteins of sunflower
cake and meal should be compensated with synthetic amino acids. Lysine, as an essential amino acid, has a wide range of applications,
covering various fields from medicine to the food industry and agricultural activities, in particular in the feed industry. Most of the
produced lysine is used in the production of feed additives (for pigs and poultry), which significantly increase the nutritional value of
vegetable feed with a low lysine content. The addition of lysine to compound feed improves protein digestibility by animals and reduces
feed costs for the production of livestock products. Given the availability of lysine and taking into account livestock statistics, namely
the increase in the number of pigs and the decrease in the number of cattle and poultry, industrial production of lysine as a feed addi-
tive for pigs is a promising direction. The main methods of lysine production are considered - chemical, chemical-enzymatic, biologi-
cal and microbiological. The technology of each method is analyzed in detail, the advantages and disadvantages of different methods
of obtaining lysine are given.

Keywords: animal husbandry, protein, protein feed, amino acids, lysine, production methods, technology.

41 http://grain-feed.ontu.edu.ua


mailto:jur_@ukr.net
https://doi.org/10.15673/gpmf.v24i4.3006
https://doi.org/10.15673/gpmf.v24i4.3006
https://doi.org/10.15673/gpmf.v24i4.3007
mailto:k_elni@ukr.net
http://www.researcherid.com/rid/D-3386-2016
mailto:turpurova.tatyana@gmail.com
mailto:bnastya243@gmail.com

. W

3epHoBi npoaykTH i KOoMOikopmu, V0I.24, 1.4 (96) / 2024

Introduction. Formulation of the problem

For the full development of agricultural animals
and poultry, high-quality feed is necessary, which is able
to satisfy the needs of the animal body in nutrients. In the
system of comprehensive assessment of feed nutrition, a
special role is played by protein, which performs a num-
ber of functions, primarily structural, energetic and bio-
logical, in ensuring the vital activity of the animal organ-
ism (Fig. 1). [1]

Protein is part of biologically active substances
and plays an important role in the vital activity of organ-
isms (reproduction, development, productivity, etc.). The
role of protein in the diets of farm animals is very im-
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portant and is determined by the amino acid composition,
essential amino acids. Because insufficient and excess pro-
tein can lead to negative consequences (Fig. 2). [1].

Balancing the diet in terms of protein content is
carried out by using protein feeds of vegetable and animal
origin, as well as feed additives. The protein content in
feed of animal origin is almost 2 times greater than in feed
of plant origin, and the content of digestible protein in feed
of animal origin is 1.2-1.5 times greater than in feed of
plant origin (Table 1). [2-4].

Animal feed proteins have a much higher con-
tent of essential amino acids - lysine and methionine.

Construction

K

\

Provides all organs and tissues with the necessary amount of sub-
stances for the synthesis of body proteins.

J/

Energetic

It consists in the supply of proteins as a source of energy.
Fats and carbohydrates are an important source of energy

in the diet of animals.

[ Biological

Proteins are a component of BAS (enzymes, hormones),
participate in the acceleration of biochemical processes and regula-

tion of metabolism in cells.

Fig. 1. The main functions of protein

Protein content in diets of farm animals
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deficit

excess

productivity decreases;

product quality deteriorates;

the growth rate of young animals is suppressed,;
the period of fattening and growing increases;
feed conversion increases;

the digestibility and use of feed nutrients deterio-
rates.
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» overconsumption of protein is not economically
justified;

» an excessive amount of protein has a negative
effect on the state of health, reproductive abilities,
the assimilation of vitamins A, C, group B decreas-
es.

Fig. 2. Influence of protein content in diets of farm animals
Table 1 — Amino acid composition of animal and vegetable protein feeds

Indicators Fodder of animal origin Fodder of plant origin
Meat and Meat Fish Sunflower Soy Sunflower Soy
Content, % bone meal meal meal cake cake meal meal
dry matter 86.5 90.0 88.0 89.2 90.0 90.0 89.1
protein 41.8 56.1 59.1 334 41.8 34.0 37.2
Content in 1 kg:
digestible protein, g | 344 || 5160 | 5320 || 3070 [ 3930 | 38 | 388
Amino acids, g:
Lysine 35.3 40.4 47.1 13.1 26.3 14.2 28.2
Methionine + cystine 114 12.9 25.5 154 11.3 16.7 10.8
Tryptophan 5.1 5.8 5.3 6.0 5.7 9.9 4.8
Macronutrients, g:
Calcium 94.9 61.0 59.3 3.3 4.3 3.6 2.6
Phosphorus 47.8 31.0 32.6 11.6 6.9 6.7 6.6
Magnesium 1.9 0.9 4.53 5.4 2.9 5.1 3.3
Potassium 2.8 5.8 16.6 10.4 17.4 8.0 19.5
Sodium 8.7 10.1 16.9 0.6 0.5 0.4 1.9
Chlorine 4.3 8.1 10.6 1.0 0.9 0.4 0.4
42
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Among plant-based feeds, the by-products of soy
processing contain the same amount of protein as the
amount of protein in animal feeds, but the amino acid
composition of soybean cake and soybean meal is signifi-
cantly inferior to animal proteins, especially lysine and
methionine. The cost of by-products of soybean processing
is much higher than plant protein sources. In addition, the
use of soy and by-products of its processing in feed limits
the presence of anti-nutrients that cause digestive disorders
and reduced performance. Given this fact, soybeans require
mandatory heat treatment so that they can be used as feed
for farm animals. Monitoring the activity of anti-nutritive
properties of soybeans is complicated and not always ef-
fective, and the cost of heat treatment is significant. This
limits the use of soy protein in feeding animals and poul-
try.

Protein feeds of plant origin include sunflower
processing products as the cheapest source of feed pro-
tein in Ukraine. [5]

The inferiority of the proteins of sunflower cake
and meal should be compensated with synthetic amino
acids. The use of synthetic amino acids makes it possible
to rationally balance the composition of compound feed
with essential amino acids. This is significantly cheaper
than using natural sources, although it requires a more
subtle approach to balancing problems.

Lysine, as an indispensable amino acid, has a
wide range of applications, covering various fields from
medicine to the food industry and agricultural activities,
in particular in the feed industry. The addition of lysine
to compound feed improves protein assimilation by ani-
mals and reduces feed costs for the production of live-
stock products.

The synthesis of lysine began its history with the
study of amino acids at the end of the 19th century. Ly-
sine was discovered by the German chemist Heinrich
Dresel in 1889 as part of casein. Later, thanks to the de-
velopment of technologies, the synthesis of lysine as a
separate molecule became possible, which made its pro-
duction economically profitable. [6-9]

It is necessary to satisfy the needs of the animal
in amino acids, so that they enter the feed in the form of
protein or in the form of crystals. The required amount
depends on the species and age of the animal. The order
of limiting amino acids can be determined by comparing
the actual amino acid requirements of the feed. Limiting
amino acids for pig and broiler diets consisting of corn
(or grain) and soybean meal are shown in Table 2.

Crystalline amino acids must be added to feed
when the amount of protein contained in them decreases.
This fact is the main reason for the use of methionine and
lysine hydrochloride in feed. The use of a more economi-
cal source of threonine and tryptophan has entered a new
era in which the barriers of the 2nd and 3rd limiting ami-
no acids have been overcome.

Table 2 - Sequence of limiting amino acids

First Second Third
Broiler Methionine Lysine Threonine
Apigin
the growth Lysine Threonine | Tryptophan
phase
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A lack of lysine leads to a decrease in appetite,
weight loss, a decrease in the laying capacity of birds, a
violation of bone tissue calcification, general exhaustion
and the development of anemia in the event of a violation
of hematopoiesis and hemoglobin synthesis. With a lack
of lysine in the diet and a sufficient amount of amino
acids, paralysis and depigmentation of poultry plumage
occur. Lysine is extremely necessary for poultry to regu-
late the exchange of nitrogen and carbohydrates, as well
as for the synthesis of the most important proteins - nu-
cleoproteins, chromoproteins, etc. [7-8].

The purpose of the study

The purpose of the work is to analyze and char-
acterize the methods of production of fodder lysine for
obtaining high-quality livestock products.

The production of lysine is based on four main
methods: chemical, chemical-enzymatic, microbiological
and protein hydrolysis. Each method has its own charac-
teristics, advantages and disadvantages and requires spe-
cific equipment.

Chemical method of obtaining lysine

The chemical method of obtaining lysine is a
multistage process based on the sequential transformation
of simple organic compounds into the target product us-
ing organic reactions: amination, separation of isomers,
cyclization, hydrogenation (Fig. 3).

The first stage of synthesis is the construction of
the carbon skeleton of lysine; for this, hydrocarbon com-
pounds containing the required number of carbon atoms
are used. The step includes condensation, rearrange-
ment/addition reactions. First, aldehydes/ketones con-
dense with nucleophiles to form new bonds, then a rear-
rangement step (Claisen reaction) takes place to lengthen
the chain, and functional groups are added via Michael
adduction (nucleophilic addition). The process is com-
pleted by hydrogenation to form amino acid groups, cre-
ating the complete carbon skeleton of lysine.

The second stage is the introduction of amino
groups (NHz) into the a- and e-positions of the carbon
chain. The process is carried out using reactions of nu-
cleophilic substitution or reduction of nitro compounds.
The hydroamination reaction catalyzed by transition met-
al compounds allows the efficient introduction of the first
amino group, forming g-aminocaproic acid. The second
amino group is introduced by reaction with by a-keto-
acids under conditions of elevated temperature and pres-

Construction
of the carbon skeleton

v

Introduction of amino groups

v

Cyclization and hydrolysis

v

Stereoselective
separation

v

Purification and crystallization

Fig. 3. The main stages of the chemical synthesis
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Fig. 4. Lactam hydrolysis of lysine

Independence from bio-
logical systems and the possibility
of precise control over the process
are undeniable advantages of the
chemical synthesis of lysine. How-
ever, the high cost associated with
the use of complex equipment and
the need to dispose of by-products
is a significant limitation of this method.

OH O
NH,

1)

D-,L-a-amino-e-caprolactam

H,SO,

However, the high

NaNCH2(CHz)s— ClH* COOH cost associated with the use of

NH- complex equipment and the

L-lysine L-aminolactam need to dispose of by-products

amido hydrolase is a significant limitation of this

HN C=0 / C=H method. It is worth noting that
O I -casizooe- chemical synthesis played a
2 CHNO: HNH- kamporaxtam  Pioneering role in the devel-
HaC L-amino-  HsC amino- opment of industrial production
CH: lactam CH: lactam of amino acids, which laid a

CH: h;é;{-lclfllfse CH: racemaza certain foundation for further

DL-a-amino-
e-caprolactam

DL-a-amino-
e-caprolactam

Fig. 5. Stereoselective separation of the racemate

sure, which promotes the nucleophilic attack of ammonia
or hydrazine on the carbonyl group. The obtained com-
pound undergoes cyclization with the formation of a lac-
tam, which is a thermodynamically advantageous pro-
cess. The next stage — lactam hydrolysis — allows obtain-
ing the target compound — a,e-diaminocaproic acid (ly-
sine) (Fig. 4).

Since chemical synthesis, as a rule, leads to the
formation of a racemic mixture of L- and D-isomers of
lysine, a step of stereoselective separation is necessary
(Fig. 5).

For this, ion exchange chromatography methods
are widely used. An alternative method is the use of en-
zymes that selectively interact with one of the isomers.

Purification of the obtained L-lysine is carried
out by means of recrystallization from appropriate sol-
vents - ethanol or water, which allows removing impuri-
ties and obtaining a pure product with a high degree of
purity, suitable for further use.

For the chemical synthesis of lysine, specific
equipment is used, including high-pressure autoclaves
made of stainless steel with a coating resistant to ammo-
nia and high temperatures; reactors equipped with cata-
lysts based on nickel or platinum; ion exchange columns
for separation of isomers; chromatographic installations;
vacuum drying systems.

Well-known companies that use the chemical
method in their processes for the production of lysine are
Ajinomoto Co. Inc. Ta Evonik Industries.

Lactamase
—_— N —(CH,),-
L-lysine
Racemic mixture +
D-.L-a-amino-e-
caprolactam

Racemaza

Fig. 6. Obtaining a racemic mixture of caprolactam
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CH(NH,)—COOH

D-a-amino-e-caprolactam

research in biotechnology.

In the conditions of
the modern feed additives market, the main criterion is
economic efficiency and environmental safety, which
chemical synthesis is unable to provide. [10]

Chemical-enzymatic method of obtaining lysine

The chemical-enzymatic method of lysine pro-
duction has become widespread in Japan and the USA.
This method was proposed by the company "ToyoRay-
on" ("Torai") in the 70s of the last century. This approach
makes it possible to create a highly efficient technology
based on a combination of chemical synthesis of an in-
termediate product (a-amino-g-capro-lactam) and its sub-
sequent enzymatic conversion into lysine.

First, the synthesis of "precursors" - the corre-
sponding carboxylic acid - is carried out using a chemical
method, then the acid is converted into the corresponding
amino acid. Such bioconversion is carried out by en-
zymes of living cells.

Examples of the use of the chemical-enzymatic
method are:

 Synthesis of aspartic acid from fumaric acid
(produced by Escherichia coli).

+ Synthesis of L-phenylalanine from cinnamic
acid (used by yeast cells).

The chemical-enzymatic method of producing
amino acids can be illustrated by the example of obtain-
ing. L-lysine from an oil product - cyclohexene. At the
beginning, D, L-a-amino-g-capro-lactam is obtained from
cyclohexene by a chemical method (Fig. 4). Then, an
enzymatic reaction to obtain L-lysine from caprolactam
is carried out (Fig. 6). Immobilized forms of enzymes are
involved in this reaction - lactamase of Candida laurentii
yeast and racemase of Alcaligenesobae
bacteria.

The chemical-enzymatic
method makes it possible to produce
almost all amino acids, but due to dis-
advantages in the form of a rather ex-
pensive production process and the
complexity of obtaining organic acids,
the method is not economically profita-
ble.
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The chemical-enzymatic method makes it possi-
ble to produce almost all amino acids, but due to disad-
vantages in the form of a rather expensive production
process and the complexity of obtaining organic acids,
the method is not economically profitable.

Biological method of obtaining lysine

Hydrolysis of protein-containing waste is an an-
cient method of obtaining amino acids. During hydroly-
sis, white breaks down into amino acids or fragments of
several amino acids, while a mixture of peptides and
amino acids is formed, the isolation of which requires a
lot of time.

In this method, waste from the agricultural and
meat processing industry is used: horns, hair, feathers,
down, which consist of keratin, which, in turn, contains a
lot of the sulfur-containing amino acid cysteine.

The technology of extracting amino acids by bi-
ological method consists of preparation of raw materials,
hydrolysis, purification and isolation. At the stage of
hydrolysis, the prepared raw materials are subjected to
the action of acids, alkalis, and enzymes. Next, the re-
sulting mixture of peptides and amino acids is purified
from fats and mineral impurities by filtration and centrif-
ugation. The final stage of selection takes place using
chromatography and/or crystallization methods.

The biological method of obtaining amino acids,
including lysine, gradually lost popularity in the industry
due to economic unprofitability, the difficulty of cleaning
hydrolysis products, competition with more modern
methods, despite the fact that the method is used locally
for processing livestock waste. [12-13]

Microbiological method of obtaining lysine

The microbiological method is the most popular
in the modern industrial world for obtaining lysine. The
founders of this method are Japanese companies, which
introduced microbiological production technologies back
in the 50s of the last century. The large industrial compa-
ny Eurolysine, which still produces lysine, was founded
in France.

Amino acid producers in this method are indus-
trial strains of microorganisms. In the regulation and
management of metabolic processes of microorganisms,
retroinhibition is used, that is, the principle of feedback,
which is carried out due to the inhibition of the activity
of the initial enzymes of the own synthesis of the excess
product by the amino acid itself, or the complex of en-
zymes of the entire biochemical chain of cell metabolism
is repressed, which is a natural mechanism of a living
organism to maintain balance at the cellular level.

Homoserine-dependent mutants capable of syn-
thesizing a large amount of extracellular lysine are used
on an industrial scale, they belong to the genera Brevi-
bacterium, Micrococcus, Corynebacterium, Pseudomo-
nas, Aerobacter. The main species of these bacteria are
Brevibacterium flavum, Brevibacterium ammoniagenes,
Micrococcus glutamicus, Corynebacterium glutamicum,
Corynebacterium hoogii, Azotobacter suis. Most often,
auxotrophic homoserine mutants of Corynebacterium
glutamicum and Brevibacterium flavum are used as a
producer in the production of lysine.

Synthesis of L-lysine by microorganisms is car-
ried out in two main ways.

Fungi, yeast and microalgae synthesize lysine
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via a-ketoglutaric acid using a-aminoadipic acid - ami-
noadipinate (AA) pathway. Regulation of enzyme activi-
ty at this stage is not sufficiently studied, due to which
mutant forms capable of oversynthesis of lysine have not
yet been obtained.

Higher plants, bacteria and some algae carry out
the synthesis of lysine through a-diaminopimelic acid,
which begins with aspartic acid (Fig. 7) [11].

Microbiological methods of amino acid produc-
tion are based on the ability of microorganisms to syn-
thesize all L-amino acids and "oversynthesize" them un-
der certain conditions. Industrial methods of one- and
two-step synthesis are used to obtain pure amino acid
preparations.

In one-step synthesis, the auxotrophic mutant is
grown in an industrial incubator. [14-15]

The technological process consists of two main
stages. The first stage is the preparation of auxiliary ma-
terials and nutrient media. At this stage, air and titration
agents are also prepared.

Aspartic acid
T
Aspartate kinase

v

Aspartic acid semialdehyde

/
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1]

\Bmoserine dehydrogenase

Dihydropicolinic q
acid Homoserine
Lvsine Methionine Threonine
Isoleucine

Fig. 7. Scheme of lysine biosynthesis

The second stage is biomass cultivation and ly-
sine biosynthesis. During the entire process, the physical
and chemical parameters of the environment (pH, tem-
perature, concentration of oxygen and nutrients), micro-
biological purity (absence of foreign microorganisms),
concentration of biomass and concentration of lysine
produced by bacteria are constantly controlled and moni-
tored.

At the end of cultivation, the culture liquid from
the fermenter is collected and processed to extract lysine.
The obtained lysine is purified and dried [14, 16].

Despite the similarity of the process, different
companies use specific approaches to optimize lysine
production, including the main producer, different types
of bioreactors and methods of purification of the final
product.

Conclusions

Therefore, the cheapest and most developed way
of obtaining lysine is the microbiological method.

Japan, Holland, the USA, South Korea, and
China are actively implementing microbiological meth-
ods for the synthesis of lysine, which allows mass export.
In Ukraine, for 2021, the total volume of lysine produc-
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tion was about 50 tons/year, while the market demand
was estimated at 100 000 tons. Manufacturers such as
Ukrkhimprom State Enterprise, Biochem LLC, and
Agrokhimprom LLC were actively working to cover do-
mestic lysine needs until 2022, however, due to econom-
ic and infrastructural difficulties, many of these compa-

nies reduced or stopped production, which led to even
greater dependence on imported lysine. To ensure food
security and economic stability, the development of ly-
sine production in Ukraine is critically needed, which
will increase the competitiveness of the Ukrainian agar
sector.
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KOPMOBMUI JII3UH. 3HAUYEHHS TA CUHTE3

Anomauin

Iumencugikayia meapunnuymea 3anexcums 6i0 NOGHOYIHHOI 200i61 CITbCbKO2OCNOOAPCHKUX MEAPUH, KA nepedbavac
BMICI 8 KOPMAX HAUBANCIUBIUUX NONHCUBHUX MA OION02IUHO AKMUBHUX PeyosuH. [ 00epicanis HeoOXiOHOT KiTbKOCMI M8apUHHUYb-
KOi' npooykyii eucokoi axocmi, 3abe3nederHss BUCOKOT 8i0MEOPHOT 30amHOCMI MEApUH, cneyiaricmu po3poonaioms payionu 200i87i
MBAPUH 3 YPAXYBAHHAM MIHIMATGHUX 8UMpam Ha Kopmu. 3abesneyenicmy cilbCbKO20CNOOAPCHLKUX MBAPUH KOPMOBUM NPOMEIHOM —
00He 3 8ANCTUBUX 3060AHb CLILCHKO20 20CNO0APCMEa ma niONPUEMCmS, SIKL UPOOIISIIOMb OLIKOGI KOpMU abo 00epicyioms ix y euensioi
no6IuHUX NPoOYyKkmis. Bukopucmannsa nobiunux npooykmie nepepooKu Xapuosux upOOHUYME MAE 8eNuKe 3HAUEHHS 8 NPOPAMAX 200i-
611i MEAPUH, A MAKONC SUPIULYE NPOOIeMy Yymuizayii yux nobiuHuUX npooyKkmis. 3acmocy8anHs maxkux piuieHb 00360AUMb 3HUIUMU
nompe6y eocno0apcme y QypanrcHomy 3ephi, KOpMax meapuHHo20 NOXOOHCEHHS. MA 6 IHUMUX OOPOUX KOMNOHEHMAX, AKi GUKOPUCIO-
8yromyb y 200i6i. [{o OLIKO8UX KOPMIE POCIUHHO20 NOXOOHCEHHSA GIOHOCAMb NPOOYKMU nepepOoOKlU COHAUHUKY K HALOeuesuio2o 0xce-
pena Kkopmogozo npomeiny 6 Vkpaiui. Henognoyinnicms npomeinie COHAUHUKOBO! MAKYXU MA WPOMI6 Ci0 KOMNEHCYBAMU CUHMEmU-
yHUMU aminokuciomamu. JIizuu, AK He3aMIHHA AMIHOKUCAOMA, MAE WUPOKULL CREKMp 3ACMOCY8AHHS, WO OXONIIOE PI3HI 2anysi 6i0
MeOUYUHU 00 XapH08oi NPOMUCTIOBOCHIT MA CLIbCbKO20CHOOAPCHKILL OIANIbHOCHI, 30KpeMa 8 KOpMOGill npomuciogocmi. binvwa yacmu-
Ha 8UPOOIEH020 NI3UHY BUKOPUCOBYEMbCA NPU BUPOOHUYMEBI KOPMOBUX 000A8OK (0151 C8UHell I nmuyi), AKi 3HAYHO NIOBUWYIOMb NO-
JICUBHY YIHHICMb POCIUHHUX KOPMIG 3 HUZbKUM GMICmOM Ai3uny. Jlooasants nizuny 00 cKiady KOMOIKOPMI6 RONINULYE 3AC60I08AHICIb
OIIKy meapunamu i 3HUMHCYE SUMPaAmMU KOPMi8 Ha UPOOHUYMEO MEAPUHHUYLKOT npodyKyii. Bpaxosyiouu docmynuicme aisuny ma Oe-
pyuu 00 ysazu Cmamucmuky meapuHHuymed, a came 306L1buieHHs NO2ONI6's caunell ma sMeHueHHs N020i8's 6euKoi poeamoi Xyooou
ma nmuyi, NPOMUCIO8e UPOOHUYMBO NIZUHY AK KOPMOBOT 000A8KU ONiA CEUHEl € NePCneKMuUSHUM HANPAMKOM. Posenanymo ocnoeni
Memoou UPOOHUYMEA NI3UHY — XIMIYHULL, XIMIKO-eH3UMAMUYHULL, 0I0102iuHUl ma MIiKpoOiono2iuHull. [JemanvHo npoananizoeano mex-
HON02II0 KOJHCHO20 MemoOy, HA8EOeHO nepesazu ma HedOoIiKu PI3HUX MemoOie OMPUMAHHS TI3UH).

KniwouoBi c1i0Ba: TBapHHHHIITBO, MPOTEiH, 0i1KOBI KOPMH, aMiHOKHCJI0TH, JIi3HH, METOIH BUPOOHULITBA, TEXHOJIOTisl.
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