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WHEAT FLOUR QUALITY CORRECTION BY USING
ENZYME PREPARATIONS

Abstract

Over the past decade, the flour milling industry has been undergoing active development, with the reconstruction of exist-
ing enterprises and increased construction of new flour mills under conditions of declining quality of incoming raw materials, high
competition and low profitability of bakery enterprises and flour mills. Therefore, such enterprises should be able to produce not
only standard flour but also flour with specified quality indicators. One example is flour with enhanced baking properties intended
for special product groups such as loaves, baguettes, buns, etc. Standard Ukrainian flour, produced due to its low protein and gluten
content, cannot always be used for these products. The aim of the study was to investigate the effect of a protease-acting enzyme
preparation on the gluten network of flour and to develop a complex-acting technological additive. To study the quality of flour, both
conventional and innovative evaluation methods were used with the help of the Mixolab device, and trial laboratory baking of sam-
ples was carried out. To improve the protein-proteinase complex, the enzyme preparation Neutrase 15 BG was used in three dosag-
es: minimum (0.02 g/kg), medium (0.06 g/kg) and maximum (0.1 g/kg). For complex action, a mixture of enzyme preparations Neu-
trase 15 BG and Fungamyl 2500 SG in the following dosages: 0.02 g/kg + 0.002 g/kg; 0.02 g/kg + 0.005 g/kg; 0.02 g/kg + 0.01 g/kg.
The paper analyses the quality of flour produced by Ukrainian producers, determines the effect of a proteolytic enzyme on the quality
characteristics of gluten, evaluates the baking properties of graded flour with a proteolytic enzyme, and develops a technological
additive to adjust the protein-proteinase complex of flour. The analysis of previous studies has shown that high-grade flour from the
Southern region is characterised by low quality, namely a low gluten content of 24.0-25.2% with excessively resistant gluten proper-
ties of 47-60 units, and low amylolytic activity — the falling number is above 460-480 s. It has been established that at the minimum
and average dosage of Neutrase 15 BG, the specific volume of bread increased by 0.5% and at the maximum — by 0.2%, with a clear
deterioration in organoleptic characteristics. Therefore, it makes sense to use this enzyme in low dosages to prevent stickiness of the
dough. According to the results of the influence of the technological additive on bread quality indicators, it has been found that in the
sample with the following dosage of Neutrase 15 BG and Fungamyl 2500 SG — 0.02 g/kg + 0.01 g/kg, respectively, the volume and
porosity of bread increased by 1.3 times and 1.1 times, respectively.

Keywords: wheat flour, graded milling, rheological properties, protein-proteinase complex, carbohydrate-amylase
complex, enzyme preparation, technological additive.

Introduction lise the quality of finished products [4].

Over the past five years, the profitability of flour Previous studies [5, 6] have shown the effec-
mills in the grain processing industry has been gradually tiveness of using enzyme preparations with amylolytic
declining due to the constant increase in competition and and xylanase efficiency. Therefore, there is a need to

the decrease in capacity utilisation due to martial law [1]. study the effect of enzymes with proteolytic activity on
Such a high level of competition is due to the the protein-proteinase complex of wheat flour.
availability of production facilities with identical tech- Enzyme preparations have a number of ad-

nical equipment and the production of the same range of vantages over other food additives. The main ones are
products manufactured by leading enterprises. In such their natural origin and high specificity of action, which
conditions, traditional methods of reducing costs to in- allow us to ensure the absolute environmental friendli-
crease profitability become ineffective, and the only pos- ness of finished products. In addition, in practice, en-
sible way to improve the economic performance of an zymes allow bakers to expand the range of their products
enterprise is to produce products with fundamentally new and save both raw materials and energy [7].

properties [2]. One of the types of innovative products of The current trend of replacing chemical addi-
flour mills is special types of wheat flour that meet the tives in flour with analogues from natural sources is de-
needs of the baking industry [3]. Targeted correction of termined mainly by the need to enrich food products with
properties and production of flour with specified quality components that have a beneficial effect on human
indicators allows for the most efficient use of grain re- health. Numerous studies have highlighted the need to
sources with different properties, increases the profitabil- use enzymes to produce fibre-enriched bread, develop
ity of flour mills, reduces the cost of transporting grain gluten-free products, and products with a higher content
raw materials, meets the growing requirements for the of arabinoxylans, which have a high prebiotic potential
initial quality of flour from baking enterprises, and stabi [6].
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Tabl 1 — General properties of enzyme preparations

Increased gas-retaining
Improved - Improved col- Improved Increased
Enzymes capacity of dough and .
gluten network our, taste, smell (| crumb structure shelf life
bread volume
Amylase X X X X
Protease X
Xylanase X X X
Lipase X X X X

The rapid development of biotechnology in the
field of enzymology has made enzyme preparations an
indispensable part of many food technologies. The use of
enzymes can increase the speed of technological process-
es, significantly increase the yield of finished products
and improve their quality. For the industrial production
of enzyme preparations for food use, sources of animal,
plant and microbiological origin are used. The different
genesis of enzymes determines the conditions for their
use. The modern enzyme market is largely represented
by enzymes of bacterial origin, as the speed and volume
of production of enzyme preparations of bacterial origin
is much higher compared to enzymes of fungal origin [8].

Literary review

lonaiimenme 50 % QepMeHTHHX mpemnaparis,
0 TIPE/ICTaBIICHI HAa CBITOBOMY PUHKY, OTPUMYIOTH 3
TCHETUYHO MOIU(IKOBAHUX OPTaHi3MiB 3 BHKOPHCTAH-
HSIM TCHETHYHOI Ta O1IKOBOT imkeHepii. XapuoBi pepme-
HTH € HAWOUIBII NIMPOKO BUKOPUCTOBYBaHUMH (Tabi. 1)
Ha PUHKY BUPOOHMITBA yCiX (epMeHTIB [9].

There are two areas of enzyme use: enzymes
used to convert raw materials into the main product and
enzymes used as additives to change the functional char-
acteristics of the product. In the first case, the enzymatic
process is carried out under optimised and controlled
conditions to increase the catalytic potential of the en-
zyme, while in the second case, it is more difficult to
ensure optimal conditions and control the enzymatic re-
action.

Enzymes are an important ingredient used in
most flour products. In recent years, enzymes have be-
come even more important due to restrictions on the use
of chemical additives, especially in bread production.
However, the main reason for the use of enzymes is the
steady downward trend in wheat grain quality [10].

Wheat flour is the most important ingredient for
the production of bakery products. When the dough is
kneaded, complex biochemical and biophysical processes
are initiated, catalysed by enzymes and yeast. These pro-
cesses continue during the baking phase, leading to the
bread formation [9]. Additional enzymes added to the
dough improve the baking process, reduce the duration of
the process, slow down staling, compensate for variabil-
ity in flour quality and replace chemical additives.

Enzymes are typically added to change the rheo-
logical properties of dough, increase gas production and
improve crumb porosity in bread production. Enzymes
can be added individually or in complex mixtures that
can act synergistically in the production of flour products
[10].
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Several types of enzymes are used to improve
the baking properties of wheat flour: amylase to convert
starch into sugar and produce dextrins, oxidase to in-
crease the strength and whiten the dough, hemicellulase
and xylanase to increase the elasticity of the gluten net-
work, and protease to strengthen and relax the gluten,
respectively [8]. All of these enzymes play an important
role in providing bread volume and improving the condi-
tion of the crumb and crust.

Amylolytic enzymes are the main group of en-
zymes used to intensify the dough preparation process
and improve bread quality. a-Amylases are endoenzymes
that catalyse the cleavage of a-1,4-glycosidic bonds in
the internal part of the amylose or amylopectin chain.
The end products of a-amylase action are oligosaccha-
rides with an a-configuration and different lengths, dex-
trins, which are branched oligosaccharides. These en-
zymes can be derived from grain, fungal, bacterial and
biotechnologically modified bacterial sources. a-
Amylases break down damaged starch in wheat flour into
small dextrins, creating conditions for yeast action during
the fermentation, proofing and initial baking stages. The
result is a high-volume bread with a good porous crumb
[11].

Undamaged starch granules begin to gel at a
temperature of +55°C leading to amylose ‘leakage’ from
the granules and the start of melting of amylopectin crys-
tallites. The viscosity of the dough increases sharply, and
the dough stops rising in the oven. When a-amylases
attack the gelatinised starch, the dough rising in the oven
lasts longer and the volume of the bread increases. The
amount of damaged starch granules depends on the type
of flour and the specifics of its milling [10].

Typical enzymes include B-amylase and am-
yloglucoamylase, which cleave a-1,4-glycosidic bonds at
the non-reducing end of the linear chains of the starch
molecule, thereby catalysing the subsequent release of f3-
maltose and B-glucose, respectively. f-Amylases cannot
cleave a-1,6-linkages, and the final products consist of
maltose and B-limit dextrin. Therefore, the hydrolysis of
amylopectin is incomplete, resulting in only 50-60% of
its conversion to maltose. In the case of amylose, the
maximum degree of hydrolysis is 75-90% due to the
weakly branched structure of this polysaccharide [9].

Malt and microbial a-amylases are widely used
in the baking industry. Fungal a-amylases or malt are
usually added to optimise flour amylase activity, initially
aimed at increasing fermentable and reducing sugar lev-
els. Due to their low thermostability, fungal a-amylases
are more suitable than malt amylases for flour stabilisa-
tion. a-Amylases and [-amylases have different but
complementary functions in the bread production pro-
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cess. Added a-amylases break down damaged starch par-
ticles into low molecular weight dextrins during the
dough production stage, while endogenous B-amylase
converts these oligosaccharides into maltose, which is
used as a fermentable sugar by yeast or sourdough mi-
croorganisms [11]. The increased content of reducing
sugars leads to the formation of Maillard reaction prod-
ucts, enhancing the taste of bread and the colour of the
crust. In addition, these enzymes can improve the gas-
retaining capacity of yeast dough and reduce its viscosity
during starch gelatinisation, with subsequent improve-
ments in product volume and softness [10].

Amylases play an important role in slowing
down the staling of bread. Fungal amylases have little
effect on staling, as they are already inactivated at the
temperatures at which the gelatinisation process begins
and do not interact with starch. Bacterial amylases are
much more thermostable and, therefore, are able to affect
amorphous gelatinised starch. Its modification signifi-
cantly slows down staling, but due to their very high
thermal stability, these enzymes retain some activity after
baking, which leads to excessive starch breakdown and a
sharp decrease in bread volume during storage after bak-
ing. Bacterial amylases can only be used in very low
concentrations, but even then, there is still a risk of over-
dose [10].

Maltogenic amylase (glucan 1,4-a-
maltohydrolase) produces maltose (and some maltodex-
trins) in the a-configuration. This enzyme is most active
at +60-70°C and breaks down amylopectin more strongly
than fungal amylases or -amylase. In terms of thermo-
stability, maltogenic amylase occupies an intermediate
position between fungal and bacterial amylases, which is
why the enzyme can reduce amylopectin retrogradation —
it hydrolyses glucosidic bonds in gelatinised starch be-
fore it is inactivated during baking.

Furthermore, since this enzyme is inactivated at
the end of baking, excessive hydrolysis of the starch does
not occur. In addition to optimal thermal stability, malto-
genic amylase has other advantages over fungal and bac-
terial amylases. It breaks down amylose and amylopectin
into maltose and maltodextrin. However, there is one
drawback to using maltogenic amylase, which is a signif-
icant increase in the cost of flour [12].

Proteases are used on a large commercial scale
in the production of bread, bakery products, crackers, and
waffles [13]. These enzymes can reduce kneading time,
reduce dough consistency, ensure dough homogeneity,
regulate gluten content in bread and improve flavour
[14]. In addition, proteases have largely replaced the use
of bisulfite previously added to flour to control con-
sistency by reducing the disulfide bonds of the gluten
protein, while proteolysis breaks down peptide bonds. In
both cases, the end effect is a similar weakening of the
gluten network.

Proteases are also used to produce cakes, bis-
cuits, and cookies. They act on wheat flour proteins to
reduce the elasticity of the gluten and thus reduce the
shrinkage of the dough or pastry after shaping and puff-
ing [15]; for example, hydrolysis of glutenin proteins,
which are responsible for the elasticity of dough, signifi-
cantly improves the flow factor of biscuits.
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Hemicellulases are used to regulate the physical
properties of gluten. They are a diverse class of enzymes
that hydrolyse hemicelluloses, a group of polysaccha-
rides that include xylan, xylobiose, arabinoxylan, and
arabinogalactan [16].

In cereal crops, the predominant hemicelluloses
are pentosans, which make up 2.5-4.0% of wheat flour.
The most common are xylans. They are represented by
water-soluble (0.5%) and insoluble (1.9%) fractions of
wheat flour. Pentosans affect the rheological properties
of the dough, making it resistant to stretching. Insoluble
pentosans form cross-links with gluten proteins, thereby
negatively affecting the elastic properties of the dough
and bread quality. Soluble pentosans have a high mois-
ture-binding capacity and can absorb 10-15 times more
water than their weight. Therefore, they have a signifi-
cant impact on the water absorption capacity of the
dough [15].

The hydrolysis of insoluble pentosans by hemi-
cellulases (xylanases) prevents the formation of pentosan
complexes with gluten. The products of partial hydroly-
sis of pentosans have a high water-retaining capacity,
which contributes to coagulation processes — the for-
mation of the gluten network. Hydrolysis products (xylo-
oligosaccharides) prevent starch from interacting with
proteins, which slows down the staling of bread. The
hydrolysis of pentosans produces arabinose and xylose,
which are involved in melanoid formation [16].

Lipolytic enzymes were used much later than
other enzymes. Lipases hydrolyse the ester bonds of
acylglycerols to form mono- and diacylglycerols, free
fatty acids and glycerol. Lipases usually act on the sur-
face of the fat-air interface, and their activity increases
significantly in the presence of organised lipid structures,
usually located on such surfaces [15].

The positive effect of lipases is attributed to the
breakdown of non-polar lipids (e.g. triglycerides) and,
consequently, the removal of undesirable components
from the dough. It is known that triglycerides do not
form stable monolayers at the fat-air interface, and there-
fore, their breakdown has a positive effect. It is believed
that 1,3-specific lipases do not attack polar lipids, which
also has a positive effect on quality. The first generation
of lipases used in baking was represented exclusively by
lipases of this type. It was believed that they would re-
place chemical emulsifiers and leavening agents, but the
technical and economic benefits of such a replacement
were negligible. Second-generation enzymes had much
greater specificity, acting also on polar lipids, and exhib-
ited phospholipase and lipase activity [17].

Lipases directly affect the gluten network. This
is partly due to the formation of free fatty acids, oxidised
by endogenous lipoxygenase, which leads to an increase
in their ability to oxidise and a positive effect on the for-
mation of the gluten network. In addition, lipases can
affect the interaction of lipids with gluten proteins [10].

Formulation of the problem

Enzyme preparations are used not only to im-
prove flour quality but also to produce flour with certain
technological properties to meet the needs of bakery en-
terprises. Therefore, it is necessary to analyse the effect



Grain Products and Mixed Fodder’s, Vol.23, 1.4 (92) / 2023

of enzyme preparations with different principles of action
on the quality characteristics of flour.

Purpose and objectives of the study

The aim of the study is to investigate the effect
of a protease-acting enzyme preparation on the gluten
network and to develop a complex-acting technological
additive.

To achieve this aim, the following tasks need to
be solved:

- to analyse the quality of flour from Ukrainian
producers;

- to determine the effect of proteolytic enzyme
on the quality characteristics of gluten;

- to evaluate the baking properties of graded
flour with a proteolytic enzyme;

- to develop a technological additive to adjust
the protein-proteinase complex of flour

Materials and methods

To conduct the study, we analysed the data on
Ukrainian flour quality and identified the indicators that
need to be adjusted. Flour samples with low proteolytic
activity were selected, technological additives were de-
veloped, and their quality was determined in accordance
with State Standard GSTU 46.004-99 Boroshno
pshenychne. Tekhnichni umovy, and the rheological
properties of the dough were assessed by analysing them
using innovative Mixolab equipment 1SO 17718:2013
Wholemeal and flour from wheat (Triticum aestivum L.).
The analysis allows for a comprehensive assessment of
flour quality indicators, which depend on both the state
of the protein-proteinase and carbohydrate-amylase com-
plexes of flour. The data were interpreted by evaluating
profilers that show six graphical indices of flour, such as

— water absorption capacity of flour (WAC);

— dough stability during kneading (Kneading);

— gluten quality index (Gluten+);

— viscosity index (Viscosity);

—amylase activity index (Amylase);

— starch retrogradation index during bread stor-
age (Retrogradation).

The baking properties of the flour were also
evaluated by trial laboratory baking of bread from the
control and the flour samples with the technological addi-
tive.

The study was conducted using the following
samples:

Sample 1 is a control sample of high-grade

Sample 2 is high-grade flour with the addition of
Neutrase 15 BG at a minimum dosage of 0.02 g of the
enzyme preparation per 1 kg of flour (0.02 g/kg);

Sample 3 is high-grade flour with the addition of
Neutrase 15 BG at an average dosage of 0.06 g of the
enzyme preparation per 1 kg of flour (0.06 g/kg);

Sample 4 is high-grade flour with the addition of
Neutrase 15 BG at a maximum dosage of 0.1 g of the
enzyme preparation per 1 kg of flour (0.1 g/kg);

Sample 5 is high-grade flour with the addition of
the mixture: Neutrase 15 BG (0.02 g/kg) and Fungamyl
2500 SG (0.002 g/kg);

Sample 6 is high-grade flour with the addition of
a mixture: Neutrase 15 BG (0.02 g/kg) and Fungamyl
2500 SG (0.005 g/kg);

Sample 7 is high-grade flour with the addition of
a mixture: Neutrase 15 BG (0.02 g/kg) and Fungamyl
2500 SG (0.01 g/kg).

Results of the study and their discussion

The previous studies [18] show that low baking
properties are typical for samples from the southern regions
of Ukraine, namely low gluten content — from 24.0% to
25.2% with excessively resistant gluten properties — from 47
units to 60 units, low protein content — from 10.5% to
11.6%, low sedimentation index values — from 34 ml to 38
ml, and low amylolytic activity — the falling number is
above 460-480 s.

The study was carried out in samples of high-grade
flour with a low gluten content of 24.0% and strong gluten
properties of 40 GDI (gluten deformation index) units. The
effect of the enzyme Neutrase 15 BG in different dosages on
the gluten content and quality, quality indicators of test
bread baking (Table 2), and changes in rheological proper-
ties according to the Mixolab device (Fig. 1) were deter-
mined.

The results of determining the gluten content and
quality in the flour samples with the enzyme preparation
showed that the quantitative composition of gluten did not
change, and the gluten quality indicators increased from 5
units (Sample 2) to 15 units (Sample 4).

The control sample has a uniform golden crust
but low volume, clogged porosity and medium elasticity
of the crumb, which is explained by the low enzymatic
(amylolytic and proteolytic) activity of the original flour
sample. With the introduction of the enzyme preparation,
with an increase in its dosage, the quality of bread im-
proves, and the specific volume increases, but at a dosage

flour;
Tabl 2 — Effect of the proteolytic enzyme Neutrase 15 BG on the test baking parameters
3 Volume of bread, || Specific volume, Porosity,
Enzyme No 3pa3ka Dosage om? cm¥ g %
Sample 1 control 350 2,2 75
minimum dosage
Sample 2 420 2,7 78
Neutraza P (0.02 g/kg)
15 BG average dosage
Sample 3 (0,06 g/kg) 430 2,7 77
maximum dosage
Sample 4 (0.1 g/kg) 380 2,4 76
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Fig. 1. Mixograms of the control sample and flour samples with different dosages
of the enzyme preparation Neutrase 15 BG

of 0.1 g/kg (maximum), a decrease in volume is ob-
served, compared to the average dosage, and the organo-
leptic characteristics of bread deteriorate. Neutrase 15
BG is an active enzyme that affects the protein complex
of the dough, even during bread baking, so information
on its addition to flour should be indicated in the accom-
panying documentation.

The analysis of the Mixograms shows that the
WAC Index does not change. The Kneading index has no
significant changes; the value in all samples is 1-2 units.
Interesting changes are observed in the Gluten+ index. At
the minimum dosage (0.02 g/kg), the index increases by
1 unit, but at the average dosage (0.06 g/kg), the index
decreases by two units, indicating a slight relaxation of
the gluten network. The Viscosity index has approxi-
mately the same pattern of change. Thus, at the minimum
dosage, the index decreased by three units, with an aver-
age of 2 units, indicating a significant dough thinning.
For the Amylase and Retrogradation indices, the samples
with the minimum and average dosage had the greatest
impact, with the indices decreasing by 2-3 units.

Neutrase weakens flour gluten and increases its
extensibility, improves the structural and mechanical

16

properties of dough and gluten when processing flour
with resistant or short gluten, improves the viscoplastic
properties of dough and improves the quality of bakery
and confectionery products. However, for flours with low
proteolytic activity and, at the same time, low amylolytic
activity (400 s and above), a technological additive with
enzyme preparations of proteolytic and amylolytic action
should be developed.

Three dosage variants were developed (Sample
5, Sample 6, Sample 7), and bread quality was evaluated
(Fig. 2). The results of the trial laboratory baking showed
that in Samples 5 and 6, the volume of bread increased
by 110 cm? and the porosity improved by 6%. The best
results were observed in Sample 7, with a 130 cm® in-
crease in bread volume and an 8% increase in porosity.
From the data obtained, it can be concluded that a tech-
nological additive consisting of enzyme preparations
with proteolytic and amylolytic action should be used for
high-grade wheat flour produced in the South of Ukraine,
which has a low gluten content with elastic properties
and low amylolytic activity. It is mandatory to indicate
the content of the technological additive, its composition
and dosage in the accompanying documentation, allow
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-

Fig. 2. Results of trial laboratory baking of the control sample and samples
with the technological additive

ing bakeries to adjust their technological processes and
recipes.

Conclusions

1. The analysis of previous studies has shown that
high-grade flour is in great demand, and the requirements
for its quality are increasing every year. The Southern re-
gion is characterised by the lowest quality of flour, namely
low gluten content — from 24.0% to 25.2% with excessively

resistant gluten properties — from 47
units to 60 units, low protein content
— from 10.5% to 11.6%, low sedi-
mentation values — from 34 ml to 38
ml, as well as low amylolytic activity
— the falling number is above
460...480 s;

2. To relax the gluten net-
work, an enzyme preparation with
protease activity Neutrase 15 BG was
used in three dosages: minimum
(0.02 g/kg), average (0.06 g/kg), and
maximum (0.1 g/kg). The study
found that at the minimum and aver-
age dosage, the specific volume of
bread increased by 0.5%, and at the maximum dosage — by
0.2%, with a clear deterioration in organoleptic characteris-
tics. Therefore, it makes sense to use this enzyme in low
dosages to prevent excessive gluten relaxation.

3. The technological additive has a complex effect
on both the gluten network and amylolytic activity. The best
bread quality indicators were shown by Sample 7 (0.02 g/kg
Neutrase 15 BG + 0.01 g/kg Fungamyl 2500 SG), with an
increase in bread volume and porosity by 1.3 times and 1.1
times, respectively.
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KOPUT'YBAHHSA AKOCTI HINEHUYHOI'O BOPOILIHA 3A PAXYHOK
BUKOPUCTAHHSA ®EPMEHTHUX ITPEITAPATIB

AHoTanis

3a oCcTaHHE JiecsITUpiYYsi OOPOIIHOMENIbHA [TPOMHUCIIOBICTh 3HAXOAUTHCS B CTaJlii aKTHBHOTO PO3BUTKY, MPOBO-
JIITBCST PEKOHCTPYKLIT Ai0YHX MiJIPHEMCTB Ta 3pocTae OyAiBHUITBO HOBUX OOPOIIHOMENIBHUX 3aBOJIIB B YMOBAX 3HH-
JKEHHsI SIKOCTI BXiJJHOI CUPOBHMHH, BUCOKOI KOHKYpPEHLIi i HU3bKOT peHTabeNbHOCTI XJI00MEeKapChKUX MiIIPUEMCTB Ta
OopoLIHOMENBHUX 3aBOJIB. ToMy Taki MiANPUEMCTBA MOBMHHI MaTW MOMJIMBICTH BUPOOJATH HE TUIBKH CTaHAApTHE
OOpOIIIHO, aJiec i MaTH 3MOT'Y BUPOOJIATH OOPOIIHO i3 3aJaHMMHU TIOKa3HUKaMU sKoCTi. OJHIM 3 MPHUKIIAIIB € OOPOIIHO 3
MiABUICHUMH XJT1100TIeKapChKIMH BIIACTHBOCTAMHE MPHU3HAYCHOTO UIS CIICHIATBHUX TPy BUPOOiB — OaTOHIB, OareTis,
Oynok Ta iH. CTaHZapTHE YKpaiHChKe OOPOIITHO, SIKe BUPOOISETHCS B HACTIIOK HU3BKOTO BMICTY OijKa 1 KICHKOBHHU HE
3aBXXAU MOXe OyTH BUKOPUCTAaHE JUIsl JaHUX BUPOOiB. MeTa poOOTH — BUBYHTH BIUIHB ()EPMEHTHOTO MpEHapaTy mpoTe-
3HOI Jii Ha KJICHKOBHHHUI Kapkac OOpOIIHA Ta pO3pOOHUTH TEXHOIOTIUHY J00aBKy KOMIUIEKCHOT nii. {7 mocmimkeHHsS
SIKOCTI OOpoITHa Oy BUKOPHCTAHI SK 3arajJbHONPHUITHATI METOIU OIIIHKY, TaK i iIHHOBAIIIHI 32 TOTIOMOTOIO0 MPHIIagy
Mixolab Ta mpoBeaeHO MpoOHY NTabopaTOpHY BUINIYKY 3paskiB. [y mokpaieHHs OiTKOBO-TIPOTEIHA3HOTO KOMILICKCY
BHKOPHCTOBYBaBcsi (pepMennuii npenapat Heiirpasa 15 BG B konrentparii: minimansre (0,02 r/kr), cepentbe (0,06
r/kr) ta Mmakcumainbte (0,1 r/kr). s kommiekcHoi 1ii cymim ¢pepmenTHuX npenapariB Heiitpasza 15 BG ta ®@ynramin
2500 SG mpu mactynmaomy mo3ysanHi: 0,02 r/kr+0,002 r/kr; 0,02 r/kr+0,005 r/xr; 0,02 r/xr+0,01 r/kr. B po6orti mpo-
aHaJIi30BaHO SKiCTh OOpOIIHA YKPaiHCHKMX BUPOOHMKIB; BU3HAYEHO BIUIMB MPOTEOJITUYHOIO (pepMEHTY Ha SIKICHI Xa-
PaKTEPUCTHKHU KICHKOBUHHM; OLIIHEHO XJI100MeKapCchKi BIACTUBOCTI COPTOBOrO OOPOIIHA 3 IPOTEONITHYHUM (EPMEHTOM
Ta PO3pPOOJICHO TEXHOJOTIUHY J00aBKY Ui KOPUTYBaHHS O1IKOBO-MPOTEIHA3HOIO KOMILIEKCY OOpoIHa. AHaji3 more-
PEIHIX JOCTIDKeHb I0Ka3aB, M0 Ul OOpPOIIHO BHIIOrO cOpTy IliBIEHHOrO perioHy XapakTepHa HEBHCOKa SIKICTh, a
came HEBHCOKHIA BMicT KiieikoBuHU — 24,0-25,2 % 3 HagMipHO MIIIHUMH BIACTHBOCTAMH KieWkoBuHU — 47- 60 ox., Ta
3aHIKEHA aMUJIOJIITUYHA aKTHBHICTh — gucio maaiHas Bumie 460-480 c. BeraHoBeHO, 10 MPH MiHIMAJIBHOMY 1 CEpeIHBO-
My no3yBanHi Hei#rpasnl5 BG nuromuit 06’em xmiba 30umpmmBes Ha 0,5 %, a npu makcumansHomy — 0,2 % 3 ssBHEM
HOTIpPLICHHSAM OPraHOJENTHYHHX MOKa3HUKIB. TOMy € CeHC BHKOPHUCTAHHS NaHOTO (PEpMEHTY NpH HEBUCOKOMY IO3Y-
BaHHI 3317151 3a1I001raHHs JIMIIKOCTI TicTa. 3a pe3yJibTaTaMM BIUIUBY TEXHOJIOTIYHOT I00aBKM Ha MOKa3HUKH SIKOCTI XJ1i0a
OTPUMAHO, 10 B 3pa3Ky 3 HACTYNHUM Ja03yBaHHsM Heitrpasza 15 BG i @ynramin 2500 SG — 0,02 r/xr +0,01 r/kr, Big-
MOBIZIHO, 30UIBLIMIIMCS TIOKa3HUKK 00’eMy 1 mopucrocTi xJiba — B 1,3 pasu ta B 1,1 pasu, BiAnoBigHO.

KurouoBi ciioBa: nueHnyHe 60poiIHo, COPTOBHIA MOMeJl, peoJoriyHi BJacTUBOCTI, 0iJ1KOBO-
NpoTeiHA3HUI KOMILIEKC, BYTJIEBOHO-aMiJIa3HUI KOMIUIEKC, epMEeHTHUI Npenapar, TEXHOJIOTiYHa 100aBKa.
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