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Abstract

The article is devoted to the substantiation of the technology of mashing oat malt for the production of gluten-
free beer. Oats are a promising raw material for the production of products with functional properties due to their rich
chemical composition and high nutritional and biological value, as well as their good acceptance by consumers, includ-
ing those suffering from celiac disease. On the other hand, oats are a cereal crop with unrealized brewing potential.
The use of oat malt for beer production can be innovative but also challenging. It has been found that oat malt is char-
acterized by properties different from barley malt. The increased content of B-glucan in oat malt causes difficulty in
filtering intermediate products and finished beer. Due to the low activity of a-amylase in oat malt, the duration of
starch saccharification is prolonged, resulting in lower extract yield and lower degree of fermentation. The increased
protein content in malt can cause a decrease in the stability of beer during storage. To eliminate the difficulties encoun-
tered in the processing of oat malt and to obtain wort with the required carbohydrate and nitrogen composition, it is
proposed to use complex-action enzyme preparations Alphalase Sorghum, Alphalase AP3, Diazyme FA (Danisco,
Denmark), which are optimized mixtures of a-amylase, S-glucanase, and protease. The complex enzyme preparation
reduces the viscosity of the mash and facilitates its filtration, while increasing the wort yield and making it easier to
filter finished beer when using the membrane method. When adding an enzyme preparation of complex action, the vis-
cosity of wort decreases, since the preparation effectively breaks down B-glucan, starch and pentosans. The tempera-
ture regime for mashing oat malt by the infusion method using an enzyme preparation of complex action, developed
taking into account the technological properties of oat malt, is recommended. The use of atypical malted raw materials
in brewing - oat malt - can give beer completely new organoleptic properties, which is another advantage of gluten-free
oat beer.

Key words: oats, oat malt, quality indicators, technological properties, mashing regime, gluten-free beer,
celiac disease.
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Introduction

The modern beer market is dominated by beer
containing a wide range of starch additives. Using some
of them helps to reduce production costs, while others
lead to the formation of favourable organoleptic proper-
ties of beer: changes in colour (dark or pink beer) or
aroma and taste (fruity aromas and more intense fla-
vours). Wheat or rye malt is usually used for this pur-
pose, while other additives, such as corn or rice, are
mostly processed in an unmalted form. Non-traditional
starch additives, such as black rice, buckwheat or sweet
potato, contribute to increasing the polyphenol content of
beer, and therefore its antioxidant capacity. However, not
all starch additives have the properties necessary for use
in brewing [1].

The growing demand for functional food products
— products that have high nutritional and biological val-
ue, specific properties beneficial to human health and
require minimal processing — opens up new opportunities
for expanding the range of beer produced, improving the
organoleptic properties and functionality of the beverage.
Beer can be a good basis for creating products with func-
tional properties by adding various substances or remov-
ing alcohol, gluten or carbohydrates from it. Some func-
tional additives to beer have already been introduced into
production, while others are the subject of scientific re-
search. Recently, various types of food intolerance have
become widespread among consumers, in particular glu-
ten intolerance (celiac disease). Gluten is a protein frac-
tion found in some cereals, in particular wheat, rye, bar-
ley. It is generally accepted that safe gluten-free food
products should contain no more than 20 mg of gluten
per 1 kg. In order for a product to meet this standard,
gluten-free raw materials must be used in its production.

A gluten-free diet completely excludes the con-
sumption of beer, since barley and barley malt contain
gluten. Despite the fact that various protein fractions are
removed during the brewing process (some precipitate
during fermentation, and some are removed during col-
loidal stabilization and filtration of beer), a certain
amount of gluten still remains in the finished product. In
this regard, the processing of cultures that do not contain
this protein to obtain gluten-free beer, which will not be
inferior in its organoleptic characteristics to traditional
beer, is relevant.

Literary review

Gluten-free raw materials for beer production

In brewing, rice, corn, millet, buckwheat, sor-
ghum, oats, amaranth and other gluten-free crops can be
used instead of barley and barley malt to produce gluten-
free beer [2]. It is believed that the best results for gluten-
free beer can be achieved by using buckwheat, rice and
corn [3]. The physicochemical and physiological charac-
teristics of domestic rice varieties were studied and com-
pared in order to determine the best varieties for produc-
ing rice malt and gluten-free rice beer or kvass [4].

Oats are a promising gluten-free raw material [5],
as consumer interest in food products derived from this
cereal is constantly growing. This is due to its rich chem-
ical composition and high nutritional and biological val-
ue. In addition, oats are characterized by a high content
of non-starchy carbohydrates (dietary fibre) and, in par-
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ticular, B-glucan [6, 7], which helps to lower blood cho-
lesterol levels, reduce the risk of coronary heart disease
[8] and has prebiotic properties [9].

The use of oats in brewing is expedient due to its
availability, as well as the chemical composition of car-
bohydrate and protein complexes, the presence of B vit-
amins, macro- and microelements [10]. The introduction
of oats into the wort is technologically justified both in
terms of the nutritional needs of production strains of
Saccharomyces cerevisiae yeast and in terms of regulat-
ing the nutritional and biological value of the finished
product.

It should be noted that studies on the use of oats
and oat malt in brewing are not numerous [5, 11-16]. In
European countries, oats and oat malt have been used in
brewing for a long time, but now it is used to a limited
extent, only in certain types of beer [17]. This is likely
due to the problems that arise when filtering wort and
beer. In addition, husked oats have a high content of flo-
ral hulls, B-glucans, pentosans, proteins and fats, and
therefore lower extractability compared to barley.

Nowadays, there is a tendency in the world to re-
orient the industrial use of husked oats to new high-
yielding naked varieties [18]. In Ukraine, despite its
availability, naked oats are not used for food production.
This is due, in particular, to the fact that the existing rec-
ommendations for its use do not take into account the
specific technological properties and chemical composi-
tion of naked oats [19]. Breeding work on new oat varie-
ties is ongoing, and the market for oat grain concentrates
and isolates is growing on, which will allow for wider
use of oats and oat products in the production of func-
tional foods [20].

Technological properties of oat malt

Beer is made from malt derived from almost all
grains grown in a particular geographical area. Recently,
even legume seeds have been malted [21]. To produce
malt from gluten-free raw materials, the standard barley
malt method can be adapted by changing the duration
and temperature of soaking, as well as the moisture con-
tent during germination for each of these crops. For some
of them, the optimal malt-growing parameters have been
determined.

Among the oat varieties, Avena sativa is used for
malt production, and Avena graminae is used as an un-
malted raw material [22]. The oats are soaked at a tem-
perature of 16 °C until the moisture content reaches 44-
46 %. After soaking, the grain is germinated at a temper-
ature of 14-18 °C for 5 days. Humidity is maintained at
44-46% throughout the entire period. The final stage of
oat malt production is drying of freshly germinated malt.
To maximize the retention of enzymes accumulated in
the malt, it is dried in a gentle mode with preliminary
drying. The maximum drying temperature is 80 °C.

During the malt growing process, a number of bi-
ochemical processes take place that change the chemical
composition and properties of the grain. During grain
steeping, followed by germination and drying of malt,
amylolytic, proteolytic and cytolytic enzymes are acti-
vated to hydrolyze starch, proteins and non-starch poly-
saccharides, the endosperm structure is loosened, and
malt acquires appropriate sensory properties.

http://grain-feed.ontu.edu.ua
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The quality of malt largely determines the course
of the technological process in brewing and the quality of
the finished product. A special importance for brewing is
the content of extract and nitrogen in malt, as well as the
degree of cytolytic malt modification. The results of
studies have shown that during germination, oat starch is
hydrolyzed slowly, so the starch content in ungerminated
and germinated oats is approximately the same [22]. It
was found that sprouted oats have an increased amount
of essential amino acids, especially lysine and trypto-
phan, and a slightly lower amount of proline.

The technological properties and quality indica-
tors of oat malt in comparison with the main raw material
of beer production — barley malt — were investigated (Ta-
ble 1) [5].

Table 1 — Characteristics of barley and oat malt [5]

enzymes present in the malt to convert them into a solu-
ble state and transfer them to the wort. The most im-
portant processes are the hydrolysis of starch and pro-
teins.

The main enzymes in the mashing process are
malt amylolytic enzymes. a-Amylases of different struc-
tures (isozymes) break down starch to form dextrins.
Exogenous B-amylase promotes the formation of maltose
disaccharide, in which the free hydroxyl group is charac-
terized by a B-configuration. The process of starch de-
polymerization also involves boundary dextrinases,
which have three forms: free active, bound inactive, and
latent soluble. The release of glucose from the terminal
non-reducing groups of oligodextrins and maltose occurs
under the influence of another enzyme, a-glucosidase
[23].

Most of the amino acids or free a-amine nitrogen
of the wort is released during maltification rather than
during mashing, but the breakdown of proteins during
mashing continues and goes through two stages. In the
first stage, they dissolve, after that they are hydrolyzed to
peptides, which decrease in size during proteolysis. In the
second stage, peptides are converted into amino acids
(mainly by carboxypeptidase) [23]. Enzymes that hydro-
lyze peptide bonds of oligopeptide and polypep-
tide/protein chains can be divided into endo- and exopep-
tidases. It is noteworthy that some proteases have both
exo- and endoenzymatic activity [24].

The mashing of malt produces wort with the ap-
propriate composition of soluble substances. It has been
established that the course of the mashing process of oat
and barley malt and the indicators of the resulting wort
differ (Table 2) [5].

Table 2 — Characteristics of wort produced from bar-
ley and oat malt [5]

Value of the indicator
Indicator for malt
oat barley

Extract, % dm 62,1 83,7
pH value of congress wort 59 59
Viscosity, mPa-s 1,81 1,55
Degree of fermentation, %
ASBC 80,9 85,0
Protein, % dm 9,3 8,8
FAN, mg/L 172 182
a-Amylase, DU 23 57
Colour of wort, EBC units 9 3
B-Glucan, % dm 0,21 0,30

The oat malt produced in the micro-malthouse
showed lower values of extract content compared to bar-
ley malt. The pH values of the laboratory wort samples
prepared from barley and oat malt did not differ. The
viscosity of the oat wort was significantly higher (by
about 17 %). The high viscosity of the oat wort may in-
dicate possible problems during beer filtration due to the
high B-glucan content. The protein content of oat malt
was slightly higher than barley malt, and the degree of
fermentation was slightly lower. The importance of free
amino acids for yeast nutrition during fermentation has
long been known. Although the oat malt contained more
nitrogen, the wort prepared from it showed a slightly
lower amount of free amine nitrogen than barley malt.
The activity of a-amylase in oat malt was significantly
lower (by half) than in barley malt, which will negatively
affect the course of starch hydrolysis during mashing.

Depolymerization of malt components during
mashing

Most of the dry matter of malt, which is valuable
for brewing and is represented mainly by starch and pro-
tein, is insoluble. The water-soluble content is only 10-
15%. During the mashing process, insoluble substances
are subjected to enzymatic hydrolysis under the action of
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Value of the indicator
Indicator for wort

oat barley
Extract, % w/w 11,6 12,0
Apparent fermentation,
% ASBC 72,2 78,5
pH 5,6 5,6
Colour, EBC units 14,5 12,0
Viscosity, mPa-s 1,9 1,8
FAN mg/L 225 206
TSN, mg/L 1082,4 845,6
B-Glucan, mg/L 182,4 143,7

Complete saccharification of barley mash starch at
+72°C was achieved in 5 min, while oat starch was sac-
charified in 15 min. This could be due to the significantly
lower a-amylase activity of oat malt (Table 1). Higher
extract extraction was achieved in barley malt. This can
be explained by the higher content of hulls, protein, and
lipids in oats [10], which reduced the total weight of the
malt extract. The pH value of the wort samples was the
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same. It should be noted that the oat wort had a higher
viscosity, more total soluble nitrogen, free amino acids,
and B-glucan compared to barley wort. In addition, oat
wort showed a darker color than barley wort. The level of
B-glucan in oat wort was significantly higher than in bar-
ley wort. This may be due to the significantly lower ac-
tivity of B-glucanase in oat malt. Because of this, not
enough B-glucan is decomposed during the mashing, it
remains in the wort, causing a higher viscosity.

Application of enzyme preparations in beer
technology

The use of commercial enzymes in brewing can
have various benefits: reducing the saccharification time,
breaking down undesirable long-chain molecules (e.g., B-
glucans), achieving a higher degree of beer fermentation
and lower carbohydrate concentration in the finished
beer, reducing gluten content, increasing colloidal stabil-
ity, saving energy and water, etc. [24].

Enzymes can be used at different stages of pro-
duction - during mashing, fermentation, and maturation.
For example, during mashing, enzymes can be used to
degrade proteins, starch, B-glucan, etc. Enzymes can be
used to process lower-quality grain raw materials, pro-
duce beer wort of a given composition, and improve
product quality. The activity of these enzyme prepara-
tions is several times higher than that of malt enzymes,
and their use contributes to the intensification of techno-
logical processes and reduction of product material inten-
sity [25].

The most important enzymes are amylases, prote-
ases, and hemicellulases. Amylolytic preparations are
used during mashing when the proportion of unmalted

raw materials in the mash is significant or in case of low
quality of the initial malt. They significantly increase the
extract yield [26] and improve the quality of wort. In
particular, to increase the yield of extractive substances
from malt and unmalted materials, the use of the enzyme
preparation Hytemphase, which is a source of thermosta-
ble a-amylase, is recommended [27]. Proteolytic enzyme
preparations are used with increased amounts of unsalted
raw materials and to improve the quality of wort from
poor quality malt, as well as to eliminate colloidal turbid-
ity in beer [28]. Cytolytic preparations increase the ex-
tract yield by hydrolyzing non-starch polysaccharides,
mainly hemicellulose. At the same time, wort quality and
beer stability are improved. To solve specific problems
of improving beer quality, special enzymes with specific
catalytic effects have been developed and used at the
fermentation stage: o-acetolactate decarboxylase [29],
amyloglucosidase, [B-glucanase, maltogenic fungal o-
amylase, and pullulanase.

It has been established that the enzyme prepara-
tion Viscoferm has the best effect on the stability of beer
[30]. To accelerate the technological process and obtain
finished products with high colloidal stability, it is rec-
ommended to use Brewers Clarex (at the fermentation
and maturation stages) and Profix 6500 (before bottling)
enzyme preparations [31]. The influence of Laminex
MAX Flow 4G, Amylex 5T, Beerzym AMYL HT,
Beerzym BG, EnerZyme P7 enzyme preparations on the
wort filtration process was studied [32].

One of the flagships in the production of enzyme
preparations for brewing is the Danish company Danisco.
The characteristics of enzyme preparations of this com-
pany are given in Table 3 [33].

Table 3 — Characteristics of enzyme preparations [33]

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

Product Enzyme Usage levels Optimal pH | Temperature, °C
Laminex MaxFlow 4G B-glucanase, xylanase 0,05-0,4 kg/MT grist 4,5-6,5 35-75
Laminex 750 B-glucanase, xylanase 0,05-0,3 kg/MT grist 3,0-6,5 40-95
Diazyme TGA glucoamylase, 1,5-7 kg/MT grist ! 3,5-6,0 35-70

amyloglucosidase 1,5-3 ml/barrel?
Diazyme P10 pullulanase 0,5-2 kg/MT grist* 3,8-5,5 40-60
0,03-0,12
ml/hectoliters?
Alphalase Sorghum a-amylase, B-glucanase, 0,5-2 kg/MT grist 5,0-6,5 30-70
protease
Alphalase AP3 a-amylase, B-glucanase, 0,1-0,5 kg/MT grist 4,5-7,5 30-90
protease
Laminex C2K cellulase, xylanase, 0,05-0,3 kg/MT grist 3,0-6,5 30-75
B-glucanase
Amilex 5T heat stable a-amylase 0,2-0,6 kg/MT grist 5,4-6,5 40-110
Alphalase NP neutral protease 0,1-0,3 kg/MT grist 3,0-8,0 30-80
Diazyme FA a-amylase, B-glucanase, 0,5-1,5 kg/MT grist 3,0-7,0 25-60
protease

! Application at the mashing stage; 2 Application at the fermentation stage
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For the breakdown of oat malt polymers, enzyme
preparations can be used that are sources of the corre-
sponding enzymes: thermostable a-amylase of bacterial
origin, fungal a-amylase for starch dextrinization; xy-
lanase for hydrolysis of xylans and hemicelluloses; pullu-
lanase for starch saccharification; protease for protein
breakdown. At the same time, the main criteria for
choosing the best variant of the used enzyme preparation
are the extract yield, wort viscosity and its organoleptic
properties.

Development of oat malt mashing technology
using enzyme preparations

When developing a mashing regime for oat malt,
its technological properties should be taken into account.
Oat malt, as well as unmalted oats, differs from other
grain products used in brewing by a higher content of -
glucan. This causes increased viscosity of the mash, wort
and beer and makes it difficult to filter them. The second
characteristic property is the low activity of a-amylase,
which results in a lower extract yield and a lower degree
of fermentation (Table 2). Another feature of oat malt is
its high protein content, which can cause a decrease in
the stability of finished beer during storage.

To solve these problems, targeted enzyme prepa-
rations can be used, which are sources of the relevant
enzymes. Among the above enzyme preparations (Table
3), the use of Laminex MaxFlow 4G, Laminex 750,
Laminex C2K is aimed at reducing the content of non-
starch polysaccharides in the wort, and therefore at re-
ducing the viscosity of the mash. Enzyme preparations
Diazyme TGA, Diazyme P10, Amilex 5T as an addition-
al source of a-amylase is recommended due to insuffi-
cient amount of own amylolytic enzymes in oat malt.
Alphalase NP enzyme preparation is an additional source
of protease for protein breakdown.

When processing oat malt, it is advisable to use an
enzyme preparation with a wide range of enzymatic ac-
tivity. Enzyme preparations Alphalase Sorghum, Al-
phalase AP3, Diazyme FA are optimized mixtures con-
taining a-amylase, B-glucanase, and protease. It is the use
of such complex enzyme preparations that can eliminate
the difficulties encountered in oat malt processing and
can play a significant role in enriching the wort with sol-
uble substances.

During mashing, the heating rate is important,
which should be related to the degree of malt endosperm
modification. For malt with a low degree of endosperm
breakdown (modification), enzyme preparations of [-
glucanase and protease are added before the mashing
process to completely destroy the cell walls. Without
their use, potential fermentable substances remain inside
the starch grains and will be lost for fermentation [23].
Mashing produces a mixture of carbohydrates, minerals,
salts, and potential sources of nitrogen needed for the
synthesis of yeast biomass. The resulting wort is a solu-
tion of fermentable and non-fermentable sugars, dextrins
with linear or branched structure, amino acids, peptides
and proteins, fats, organic acids and phosphates. The
specific composition of the wort can vary greatly and
depends on the type of oats, additives, the degree of malt
modification, the presence of enzymes (endogenous and
exogenous), and the type of their action.

Temperature, °C
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Despite the high viscosity of oat mash and its sig-
nificant increase at mashing temperatures below 65 °C,
which is associated with the low temperature of gelatini-
zation of oat starch (55-60 °C) and insufficient activity of
malt endo-p- and exo-B-glucanase [10], when using en-
zyme preparations, the ratio of raw materials to water
(hydromodulus) can be in the range of 1:3-1:4, and the
mashing process can be started at a lower temperature of
45 °C. The temperature regime of mashing oat malt using
an enzyme preparation of complex action, developed
taking into account the technological properties of oat
malt, is shown in Fig. 1.

90
80
70
60
50

40

30

30 60 90

Time, min

120 150

Fig. 1. Temperature regime of oat malt mashing
using enzyme preparation

At the beginning of the mashing process, the
crushed oat malt is mixed with water, an enzyme prepa-
ration of complex action is added in an amount corre-
sponding to the dosage recommended by the manufactur-
er (Table 3) and, if necessary, the mash is acidified. The
temperature regime provides for gradual heating of the
mash at a rate of 1 °C/min with pauses optimal for the
action of hydrolytic enzymes of malt - amylolytic (a- and
B-amylases), proteolytic and cytolytic. The mash is con-
sistently kept in accordance with the regime (Fig. 1): at
45 °C for 30 min; 62 °C - 30 min; 72 °C - 30 min (until
complete saccharification). Then, after heating to 78 °C
and holding at this temperature for 10 min, the mash is
transferred to filtration.

The complex enzyme preparation reduces the vis-
cosity of the mash and facilitates its filtration, at the same
time increasing the wort yield, and filtering of finished
beer becomes easier when using the membrane method.
When adding an enzyme preparation of complex action,
the viscosity of wort decreases, as the preparation effec-
tively breaks down B-glucan, starch and pentosans. It
should be borne in mind that the mechanism of enzymes
action of bacterial and fungal origin differs from the en-
zymes action of plant origin [10]. This primarily con-
cerns the change in the ratio between fermentable wort
sugars, which further affects the formation of the flavor
profile of the beverage.



Grain Products and Mixed Fodder’s, Vol.24, 1.3 (95) / 2024

-

Conclusions

The development of new beer varieties with func-
tional properties is a promising area for improving tech-
nology and expanding the range of the beverage. The
main advantage of using oats for this purpose is the pro-
tein content, which has virtually no allergenic properties,
unlike barley, wheat and rye proteins, which makes it
possible to expand the range of products for people suf-
fering from celiac disease. However, the use of oat malt
in beer production due to its specific technological prop-
erties and chemical composition causes difficulties asso-
ciated with longer starch saccharification and filtering of
the mash and finished beer, lower wort extract, and there-

The temperature regime for mashing oat malt by
infusion using an enzyme preparation of complex action
is recommended. Enzyme preparations Alphalase Sor-
ghum, Alphalase AP3, Diazyme FA (Danisco, Denmark)
are optimized mixtures containing o-amylase, f-
glucanase, and protease. Enzyme preparations with a
wide spectrum of enzymatic activity catalyze during
mashing the hydrolysis of oat malt biopolymers to obtain
products that ensure the optimal composition of beer
wort substances. Improvement of beer technology
through the use of effective enzyme preparations will
contribute not only to the successful processing of new
types of raw materials in the preparation of beer wort, but

fore lower alcohol content in beer. also to the production of high-quality functional beverage

that are stable during storage.
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OBIPYHTYBAHHS TEXHOJIOI'II 3BATUPAHHS BIBCSIHOI'O COJIOAY
JJIA BUPOBHUIITBA BE3I'JIIOTEHOBOI'O IIMBA

Anomauin

Cmamms npucesiyena 0OIpYHMY8AHHIO MEXHONO2I] 3aMUpanHs 8i6cano20 conody O 6UpOOHUYMEa 6esanio-
menoso2o nusa. Qgec € NEPCNEKMUBHOIO CUPOBUHOIO OJisi OMPUMAHHSL NPOOYKMNIE 3 (PYHKYIOHATbHUMU 8AACMUBOCHIAMU
3a60KU 6A2aMOMY XIMIYHOMY CKIAOY Ul GUCOKIL XAPYOGill i OI0N02IUHIT YIHHOCME MA O0OPUM CRPULHSIMMAM CHONCUBA-
yamu, 30KpemMa mumu, wo Cmpaxcoarms Ha yeriakir. 3 inuo2o 00Ky, 08ec € 31aK080I0 KYJIbMypOK 3 Hepeaniz08aHuUM
NUB0BAPHUM NOmMeHyianom. Bukopucmannsa 6i6csino20 conody 01 OMPUMAHHA NUGA Modice Oymu IHHOBAYIUHUM, dle
600HOUac cknaonum. Byno ecmamnoeneno, wo 0na conody 3 eisca xapakmepHi 61acmMu8oCcmi, 8IOMIHHI 8i0 AUYMIHHO20
conody. Iiosuwenuii ymicm f-enroxany 6 conodi 3 8i6ca cCnpuduHse ympyorene Qinempysants HanienpoOyKmie i 20mo-
6020 nuga. Yepes HU3bKY AKMUBHICINb O-AMINA3U BIBCAHO20 CONOOY NOOOBIHCYEMBC MPUBATICIb OYYKPIOBAHHS KDOXMA-
10, 00CA2AEMbC MEHWUL BUXIO0 eKCIMPAKMY Ma HUNCYULl CMYniHb 30pooicyeanns. Iliosuwenuil ymicm 6inka 6 conooi
MOdice cmamu NPUYUHOIO 3HUNCEHHST CIMIUKOCMI nuea nio uac 30epicants. Jns yCyHenHs mpyoHOWis, sKi GUHUKAIOMb
npu nepepobnenti 8i6CAH020 CON00Y, MA OMPUMAHHA CYCIA 3 HEOOXIOHUM 8Y2NeBOOHUM i A30MUCUM CKIAOOM 3anpo-
NOHOBAHO UKOPUCMANHA (hepmenmuux npenapamis xomnaexcrnoi oii Alphalase Sorghum, Alphalase AP3, Diazyme FA
(Danisco, /lanis), wo seisioms cobo0 ONMUMI308AHT CyMIWE O-aminasu, f-eniokanasu ma npomeasu. Qepmenmuuii
npenapam KoMRIeKCHOI Oii 3HUMNCYE 8'I3KICMb 3amopy U NoJe2Uye 1020 PLIbMpPY8aHHs, 600HOUAC 30iIbULYEMbCS GUXIO
cycaa, pinbmpyeants 20Mmo6020 NUSA NPU 3ACMOCY8ANHI MEMOPAHN020 cnocody cmae necuum. [lpu dodasanni gpepme-
HMHO20 Npenapamy KOMRHIeKCHOI Oil 8'A3Kicmb cycia 3MeHWyeEmvcs, OCKLIbKU Npenapam e@ekmueHo po3wenire f-
2NIOKAH, KPOXMAib i nenmo3aHu. Pexomenoosano pexcum 3amupants 8i6CAHO20 cON00Y HACMIUHUM CNOCOOOM 13 UKO-
PDUCMAHHAM (DePMEHMH020 Npenapamy KOMIIEeKCHOL Oil, po3poOieHull 3 Ypaxy8aHHAM MeXHOIO2IYHUX GIACTNUBOCHEN
8I8CAHO20 CON00Y. Bukopucmanhs y nusosapinii Hemunogoi CoN00ACeHOI CUPOBUHU — BIBCAHO20 CON00Y — MOJICE HAOA-
mu nugy abCcoNOMHO HOBUX OP2AHONIENMUYHUX GIACMUBOCIEl, WO € Uje OOHIEID NepPesazor GiBCAH020 OEe321I0MeH08020
nusea.

KuarouoBi ciioBa: oBec, BiBCSIHMI €010/, MOKA3HUKH SIKOCTi, T€XHOJIOTiYHi BJIACTHBOCTI, pe:KMM 3aTH-
paHHs, 0e3rJII0TEHOBE MUBO, LeJTiaKis.
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