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Abstract. A promising way of reducing the toxicity of ethanol is
purifying the water/alcohol mixture with sorbents. This paper proves the
effectiveness of the method when prepared whey powder is used to
remove toxic elements from a water/alcohol mixture. In the test
samples, the mass concentration of toxic substances (methyl acetate,
ethyl acetate, methanol) was determined by high-performance gas
chromatography. It has been established how the effectiveness of
purifying the alcohol/water mixture depends on the amount of the
sorbent added and on the resting duration. The amount of the sorbent
was 3-9 kg per 1000 dal, when calculated as whey powder, and the
resting time was 1-5 hours. The maximum decrease in toxic substances
was observed when prepared whey (whey powder equivalent) was
added in the amount 6.0+1.0 kg per 1000 dal, with 3 hours’ resting.
Under these purification conditions, the mass concentration of
aldehydes in the water/alcohol mixture was reduced by 30%, the
volume fraction of methanol by 27%, the mass concentration of esters
by more than 70%, and the concentration of fusel oil did not exceed the
detection threshold. The toxic substances decrease due to the
coagulation of whey protein with quite a branched surface, which is
accompanied by the sorption of toxic substances dissolved in the
water/alcohol mixture, especially of those with a large molecular
weight. These toxic components are the ones that can reduce the quality
of raw materials and degrade the sensory properties. Purification of the
water/alcohol mixture, when toxic compounds are removed with the
help of prepared whey powder, improves the sensory characteristics. A
sample purified with milk whey has a softer and more rounded flavour
and a characteristic shine. The use of prepared whey as a sorbent to
purify the water/alcohol mixture allows obtaining a low-toxic product
with improved sensory properties.

Keywords: water/alcohol mixture, toxicity, whey, purification,
quality.

Introduction. Formulation of the problem

However, today’s consumer, who has a large variety of

brands of any liquor to choose from, not only takes into

The widespreadpractice of drinking alcohol
involves a number of traditions and customs and is
associated with social aspects and the psychological
backgrounds of individuals. Although excessive
alcohol consumption is a health hazard and a cause of
death, the actual demand for distilled beverages is but
higher year by year. The growing rates of alcohol-
related morbidity and mortality are also due to the
growing consumption of strong drinks including
bootleg liquors of questionable quality [1].

Nowadays, when  manufacturing  distilled
beverages, more attention is paid to developing new
technologies and improving the existing ones in order
to achieve a wider range of products and higher sales.
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account how well the product looks and tastes, but lays
particular emphasis on its safety and effects on health.
Thus, developing new, less toxic varieties of alcoholic
products is a topical issue [2].

Analysis of recent research and publications

A promising direction in manufacturing high-
quality alcoholic products is using new types of raw
materials, which can make ethanol and its processing
products less toxic for the human body. Of the existing
methods that allow reducing the toxicity of distilled
beverages (the water/alcohol mixture), some are worth
noting.
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One of them consists in introducing certain
components (additives) into a liquor. Their properties
allow them to neutralise the toxic effect of ethanol and
ethanol products right in the human body. The
components can be classified as raw materials of plant
and animal origin, vitamin and mineral complexes,
plant-derived and synthetic antioxidants, etc. [3].

Scientists established that extracts from plant raw
materials could effectively reduce the toxicity of
alcoholic beverages. Plant preparations, due to their
properties, differ in their chemical composition, and this
results in their different biological effects [4-6]. In
developing any plant-based antitoxin, it is important to
ensure that its biological effects are reproducible in
practice. This can only be achieved when this product is
standardised by objective parameters that can be
quantified. Sadly, there are not enough research data
today on the toxic effect of quite a number of plant-
derived recipe components listed as approved raw
materials for distilled beverages. Some plants contain
certain chemical components that, on interacting with
ethanol, produce potentially hazardous compounds,
which are in vivo transformed into toxic compounds.
Willow herb and coltsfoot extracts contain hepatoxic
alkaloids. Sweet flag, elder, mint, wormwood, stones of
cherries, apricots, and peaches contain virulent
toxins too.

The research data [7,8] show that in the presence of
alcohol, the activity of antioxidants increases, because
these compounds can bind free radicals, active molecules
with free chemical bonding, which damage cell
membranes and DNA. Using antioxidant raw materials in
formulations allows reducing the adverse effect of a
liquor consumed and extending its shelf life. However, to
exhibit their antioxidant properties to the maximum,
different raw materials require different extraction
conditions due to the complexity of the technological
process.

New developments in introducing minerals and
vitamin/mineral premixes into the composition of liquors
are becoming more and more widespread. Mineral
complexes, when added as anti-alcohol protectants, do not
affect the sensory characteristics of a liquor, but activate
the body’s defences and reduce toxic elements in blood
serum [9]. However, these developments have a number
of disadvantages: they are difficult to use and costly, and
there are no data on how these additives tell on the human
body when consumed for a long time.

The classic method of purifying distilled
beverages (of reducing the level of toxins) involves
using the techniques based on filtering [10]. The
process consists in adhesion of suspended and colloidal
impurities in a water/alcohol mixture tothe grains of
the filter material. Filtering systems are applied to
reduce the number of suspended particles and the
turbidity [11].

According to the technological guidelines on
manufacturing vodkas and distilled beverages, the filter
materials to be wused in liquor production are
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chemically inert quartz sand, powdered anthracite
filtrant (hydro-anthracite), powdered marble, pottery
chips, etc. [12].

Higher requirements to the quality of distilled
beverages call for using the most effective methods of
removing impurities from raw materials. Of these,
sorption purification belongs to the most effective [13].
The sorbents used should have extended or specific
surface areas. The most promising direction is the use
of sorbents at the intermediate technological stage of
manufacturing distilled beverages. This ensures the
preventive sorption of toxic elements when producing
a liquor (due to extra treatment of the alcohol/water
mixture) and makes it impossible for them to enter the
human body [14].

There are but few studies of how certain sorbents
can be used to reduce the toxic effect of the
water/alcohol mixture. There exist technologies that
use milk powder and powdered egg white in
manufacturing distilled products, which results in less
manifested post-intoxication and a milder flavour of
the liquor [15].

All the above makes it clear how necessary it is to
find alternative sources of animal-derived products
that, when applied in the course of manufacturing,
could help reduce the level of toxins in a finished
product.

It was decided to use powdered whey as the source
of milk protein to purify the water/alcohol mixture. It
contains less protein than milk powder does, but its
low production cost makes its use more practical.

The purpose is to substantiate scientifically the
most  practical conditions of purifying the
water/alcohol mixture by means of milk whey powder.

For this purpose, the objectives to be achieved are
as follows:

— by experiments and through mathematical
modelling, to determine the conditions for the most
efficient purification ofthe water/alcohol mixture by
means of milk whey powder;

— to compare and assess the quality (sensory
parameters) and safety (concentrations of aldehydes,
methyl acetate, ethyl acetate, methanol) of the newly
developed purified water/alcohol mixture and the same
parameters of the untreated water/alcohol mixture.

Research materials and methods

The research materials were samples of the
water/alcohol mixture purified by treating with
prepared milk whey. The water/alcohol mixture for the
research was provided by «Prime» LVP. The powdered
whey, was produced using membrane installations, was
provided by «Kharkiv Dairy Plant» LLC.The
physicochemical characteristics were as follows:
moisture content 3.0%, fat content 1.0%, protein
content 10.0%, acidity 5°T, solubility index 0.5 cm?® of
wet residue, lactose 80%, ash 1.0%, pH (of the 10%
solution) 6.5.

The milk whey was prepared as follows: to 3-9 ka
of powdered whey, 10 | of water (as hot as 40-45°C)
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was added, the mixture was stirred and incubated for
2-3 hours.

To purify the water/alcohol mixture, the whey
prepared was added to the alcohol/water mixture in the
amount 3-9 ka per 1000 dal, in terms of whey powder,
then rested at 20+5°C for 1-5 hours, and filtered
accordinag to the manufacturing requlations TR U
18.5084 (throuah sand filters, usina a coal purification
unit). The sampling was carried out at intervals
of 0.5 hours.

The clearness, colour, taste, and aroma were
assessed by sensory evaluation on a ten-point scale
(Table 1). The results obtained were compared with the
requirements of the State Standard of Ukraine DSTU
4256:2003.

The mass concentrations of toxins (aldehvdes,
methyl acetate, ethyl acetate, methanol) in the samples
under study were determined by hiah-performance aas
chromatoaraphy, and the classes of compounds that go
into the solution were established. To identify them,
standard samples were used. The study was conducted
on a aas chromatoaraph Aailent GC System with a
mass selective detector and a column HP-5, 30 mm
lona, with the inside diameter of the capillary 0.32 mm
and the stationary phase 0.25 um thick. This method of
chromatoaraphic analysis requires certain temperature
conditions of the chromatograph: as soon as the
material to be analysed is iniected into the vaporiser of
the chromatoaraph, the temperature in the thermostat
of the column, beina initially 30°C, is aradually raised
to 300 at a rate of 20°C a minute. The volume of a
sample tested was 1.0£0.1 pl, the duration of the
experiment 18 min.

The main peaks on the chromatoagram of the
water/alcohol mixture represent the toxic substances
contained in the solution. The retention time 4.425
corresponds to the acetaldehvde content, 5.241
characterises the methyl acetate content, 6.000 — the
ethyl acetate content, and 6.167 — that of methanol.

The peak at the retention time 6.743 characterises the
ethanol content. The chromatogram of the whey-
treated water/alcohol mixture shows that the test
sample contains a reduced amount of toxins, as
compared with the untreated mixture sample (the
chromatoarams visualise the reduction in the peaks at
the retention times 4.425, 5.241, 6.000, and 6.167).
Due to the whey treatment of the water/alcohol
mixture, the chromatoaram reflects the content of
organic acids (the retention times 16.635, 17.025,
19.216) and sugars (the retention times 23.756,
24.190). The ethanol content of the solution is
characterised by the peak at the retention time 6.743
[16]. The peaks on the chromatogram are distinct, and
this proves its veracity.

To summarise the results of the chromatoaraphic
analysis, modern methods of mathematical modelling
were used.

To determine what conditions ensure the most
efficient whey treatment of the water/alcohol mixture
and the adequate quality of a finished product, it is
necessary to provide scientific evidence on which to
around the optimum combination of the addition of
prepared whey and the resting time.

The number of experiments was minimised by
choosing the optimum, most intensive, design of
experiments. It included 9 experiments, one for each of
the toxins under study. This design, unlike that of a full
factorial experiment, does not involve testing all the
combinations of the input values, but is close to it in
the accuracy of the mathematical model. The design
matrix is presented in Table 2.

Results of the research and their discussion

The results of studying the safety indicators the
experimental design matrix is based on are shown in
Table 3.

Table 1- Thewater/alcohol mixture score

Quality indicator Organoleptic characteristic Score Note
Clear and color Colorless, transparent, shiny liquid 1.9-2.0 (perfectly)
Colorless, transparent, glossless liquid 1.8-1.9 (fine)

Colorless liquid with opal

Removed from the
tasing

Lower then 1.8
(unsatisfactory)

Aroma Typical for this species, pronounced 3.8-4.0 (perfectly)
Typical for this species, pleasant 3.6-3.8 (fine)
Typical for this species, weakly Lower then 3.6 Removed from the
expressed (unsatisfactory) tasing

Taste Typical for this species, clean, soft 3.8-4.0 (perfectly)

somewhat sharp

Typical for this species, clean, but

3.6-3.8 (fine)

Typical for this species, clean, but sharp,

Lower then 3.6 Removed from the

burning (unsatisfactory) tasing
Total score
Score Total score Note
Total score «Perfectly» 9.5-10.0 It has an excellent rating
for all indicators
Total score «Fine» 9.0-9.5 Has good and excellent
grades
Total score «Unsatisfactory» Lower then 9.0 Returned for processing
as a repairable defect
Xapuosa Hayka i Texuonoris / Food science and technology 73 Volume 16 Issue 2/2022
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Table 2 — Experimental design matrix

Amount of whey - Mass Mass Mass Mass
wder prepared | esting time | concentration of | concentration of | concentration of | concentration of
ho P K P (x2), hour aldehyde (y1), methyl acetate ethyl acetate methanol (ya),
() 16 mg/dm? (y2), mg/dm® (ys), mg/dm? %
1 1 1 1 1 1
1 1 -1 1 1 1
1 -1 1 1 1 -1
1 -1 -1 1 1 1
1 0 -1 0 1 0
1 -1 0 1 0 0
1 1 0 1 0 0
1 0 0 0 0 0

Table 3 — Results of studying the safety indicators onwhich the experimental design matrix is based

Result of studying an indicator
exp')\g-i r(:l]:ent Mass concentration of Mgiﬁ;”;gggg'&n)m Mass concentration of Mass concentration
aldehyde (y;), mg/dm? mg/dm? 2 ethyl acetate (y3), mg/dm? | of methanol (y.), %
1 3.2 3.1 2.8 0.0040
2 3.1 2.9 2.0 0.0039
3 2.5 0.8 0.4 0.0029
4 2.4 0.7 0.4 0.0029
5 2.4 0.7 0.4 0.0029
6 2.5 1.0 0.5 0.0031
7 2.4 0.7 0.4 0.0029
8 3.1 3.0 2.2 0.0039
9 2.4 0.7 0.4 0.0029

The combination of input parameters ensuring the
minimum value of the concentration of toxins is
determined by means of the optimisation software
Maximize of the Mathcad package [17].

When purifying a water/alcohol mixture with
prepared whey, an objective necessity is to find a
regular pattern in how well the mixture is purified
depending on the amount of prepared whey added (in
terms of whey powder) and on the resting time. The
effectiveness of purification was assessed based on the
dynamics of changes in the mass concentration of
aldehydes, methyl acetate,ethyl acetate, on the
proportion of methanol by volume. Along with this, the
quality of the purified mixture was assessed by its
sensory characteristics.

The mathematical model of the decrease in the
mass concentration of aldehydes (when calculated as
acetaldehyde in anhydrous alcohol) and of the duration
ofresting the water/alcohol mixture with the whey
solution added is described in formula 1 and presented
in Fig. 1.

yi (Xl, Xz) =24+035x%x;+0.05 xo+
+0.35 X12 +0.05 X22 (l)

where y1 is the mass concentration of aldehyde when
calculated as acetaldehydein anhydrous alcohol,
mg/dm?;

X1 is the amount of milk whey added, kg;

X2 is the time of interaction, x602, s.
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XX 375 4 3

Fig. 1. Mathematical model of changes in the mass
concentration of aldehydes when calculated
asacetaldehyde in anhydrous alcohol, mg/dm?

The data in Fig. 1 make it clear that the maximum
decrease in the mass concentration of aldehydes (30%
of their initial content) is possible if prepared whey is
added in the amount 6.0£1.0 kg per 1000 dal (when
calculated as whey powder) and the resting time is 3
hours. With larger amounts of prepared whey added
and longer resting of the mixture, the reduction in the
aldehyde concentration is within the margin of error.

Then follows the complex of tests on how the
methyl acetate content changes in the water/alcohol
mixture. Equation 2 describes how the reduction in this
toxin depends on the amount of prepared whey added
and on the resting time. The mathematical model of
theprocess is shown in Fig. 2.

y2 (X], Xz) =0.756 +1.133x; + 0.1x,+
+ 1.067X12 + 0.067X22 +0.025x1%2 (2)
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where vy is the mass concentration of methyl acetate,
mg/dm?;

X is the amount of milk whey added, kg;

X2 is the time of interaction, X602, s.

X, kr 3-"5 B

Xz, 602 s

Fig. 2. Mathematical model of changes in the mass
concentration of methyl acetate, mg/dm?

The experimental data in Fig. 2 show that to
decrease the mass concentration of methyl acetate, the
optimum amount of prepared whey added (when
calculated as whey powder) is 6.0+1.0 kg per 1000 dal,
with the resting time 3 hours, which reduces the toxin
by 70% of its initiallevel.

The further study has allowed determining how
the degree of reduction in ethyl acetate depends on the
amount of prepared whey added and on the resting
time. The process is described by equation 3 and by the
mathematical model (Fig. 3).

Y3 (x1, x2) = 0.378 + 0.967x+
+0.15x, + 0.933)(12 + 0.083)(22 + 0.2x1X2 (3)

where vy; is the mass concentration of ethyl acetate,
mg/dm?;

X1 is the amount of milk whey added, kg;

X2 is the time of interaction, x60?, s.

y3, mg/dm?

Fig. 3. Mathematical model of changes in the mass
concentration of ethyl acetate, mg/dm?

It has been proved (Fig. 3) that the mass
concentration of ethyl acetate decreases by more than
70% of its initial level, if the prepared whey is added in
the amount 6.0+1.0 kg per 1000 dal (when calculated
as whey powder) and the resting time is 3 hours.

It is of practical importance, too, to consider the
volume fraction of methanol in terms of anhydrous
alcohol. Of all alcohols, methanol is the most toxic, and
when oxidised in the human body, it creates a number of
toxic compounds. The mathematical model of this process
is characterised by dependence 4 and visualised in Fig. 4.
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ya (X1, X2) = 2.933x103 + 5.167x10 x4+ 5%10° x4
+45x10% x,2 + 5x10° x2 +  +2.5%10% x1x2 (4)

where y; is the volume fraction of methanol in terms of
anhydrous alcohol, %;

X1 is the amount of milk whey added, kg;

X2 is the time of interaction, x60?, s.

Y4.%
0,004
[lll’,’,’ii
T 1
0.0035 ,é2”5”’!2{’7~’l” ‘;I

0,003

2 1
Xy, TX6072, ¢

6’\-
X, kr 375 4

Fig. 4. Mathematical model of changes in the volume fraction
of methanol in terms of anhydrous alcohol, %

Fig. 4 makes it clear that the maximum decrease in
the methanol volume fraction (by 27%) is possible
when prepared whey (in terms of whey powder) is
added in the amount 6.0+1.0 kg per 1000 dal and the
resting time is 3 hours.

The toxic substances decrease (Fig. 1-4) due to the
coagulation of whey protein with quite a branched
surface, which is accompanied by the sorption of toxic
substances dissolved in the water/alcohol mixture,
especially of those with a large molecular weight. These
toxic components are the ones that can reduce the quality
of raw materials and degrade the sensory properties.

Thus, regular tendencies have been found in how
the level of toxins in the water/alcohol mixture treated
with prepared whey changes depending on the amount
of whey added and on the resting time. The
alcohol/water mixture is purified most efficiently when
prepared milk whey (calculated as whey powder) is
added in the amount 6.0+1.0 kg per 1000 dal, with the
resting time 3 hours. Larger amounts of whey added
and longer resting are impractical, as they result in no
decrease in the concentration of toxins (a decrease is
observed within the margin of error).

At the next stage of the research, the quality of the
whey-treated water/alcohol mixture was compared
with that of the control sample. The latter was the
untreated water/alcohol mixture. The strength of the
samples was 40% ABV (Table 4).

Based on the research results (Table 4), it can be
stated that the use of milk whey to purify the
water/alcohol mixture allows reducing the content of
toxins by several times: the mass concentration of
aldehydes by 30%, the methanol volume fraction by 27%,
the mass concentration of esters by over 70%. The
concentration of fusel oil did not exceed the detection
threshold.
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Table 4 — Study of the physicochemical characteristics of the samples tested (p=>0.95, n=5)

Test results
Value of the :
Parameter, unit of measure parameter by Water/alcohol Vl\j?;e(:/r zlgt‘go\lm'ﬁt
DSTU 4256:2003 i
mixture milk whey)
Massconcentrationofaldehydesintermsofacetaldehyde
inanhydrousalcohol, mg/dmé, not more than 4.0 3.4+0.1 2.4+0.1
Massconcentrationoffusel oil when calculated as a
mixture of isoamyl alcohol and isobutanol 2.0 less than 0.5
(1:1)inanhydrousalcohol, mg/dm?3, notmore than
Massconcentrationoffusel oil when calculated as a
mixtureof propanol, isobutanol, andisoamylalcohol 4.0 less than 0.5
(3:1:1)inanhydrousalcohol, mg/dm?, notmorethan
Massconcentrationofesters, mg/dm?, notmorethan:
methyl acetate 5.0 3.2+0.1 0.70+0.02
ethylacetate 5.0 2.9+0.1 0.40+0.01
Volume fraction of methanol in terms of anhydrous
alcohol. %, not more than 0.01 0.0040+0.0002 0.0029+0.0002

Sensory examination was conducted to determine
the following parameters: clearness + colour, taste, and
aroma. It has been found that the samples are a clear
colourless liquid, with no sediment or impurities. The
taste and aroma were characteristic of vodka, with no
off-flavour or off-odour. The above meets the
requirements of DSTU 4256:2003. The sample purified
with milk whey has a softer andmore rounded flavour
and a characteristic shine. Fig. 5 gives the results of
assessing the sensory parameters on a ten-point scale.

Clear and colour

Taste Ta
O Water/alcohol mixture, the whey-treated
OWater/alechol mixture

Fig: 5. Sensory characteristics of the quality of the
samples tested

Analysis of the data in Fig. 5 allows concluding
that, unlike the untreated sample of the water/alcohol
mixture, the whey-treated sample had a characteristic
shine. This sample got the highest score, 2.0, as
compared to 1.8. The aroma of the whey-treated
sample was characteristic of this kind of products:
strongly pronounced (4.0 points). The untreated sample
of the water/alcohol mixture had the aroma
characteristic of this type of products: pleasant
(3.7 points). The taste of the whey-treated sample was
characteristic of this type, clean and soft, whereas the
untreated  mixture tasted somewhat  harsh.
Respectively, this parameter was rated 4.0 and 3.7.The
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total score of the water/alcohol mixture, the whey-
treated was 10 points, which corresponds to the
«excellent» rating. The sample of the water/alcohol
mixture scored 9.2 points («good» rating).

Field testing of the research results. The newly
developed method of purifying the water/alcohol
mixture using milk whey, when introduced into
production, does not require extra equipment or the
staff’s retraining. Some pilot batches of distilled
beverages based on the whey-treated water/alcohol
mixture were manufactured at the distilleries Prime
and Horobyna. The formulation and the technological
instructions for the distilled beverage based on the
whey-treated water/alcohol mixture were approved by
the Taste Panel of distilling and liquor-producing
enterprises specialising in assessing the quality of
alcohols, vodkas, special vodkas, distilled beverages,
and low-alcohol drinks (Ukrainian Research Institute
of Alcohol and Biotechnology of Food Products).

Conclusion

1.The experiments, mathematical modelling, and
expert assessment have allowed determining the
conditions for the most efficient purification of the
alcohol/water mixture: adding prepared milk whey
(when calculated as milk whey powder) in the amount
6.0+1.0 kg per 1000 dal, with resting for 3 hours.

2. The dynamics of the content of toxins in the
water/alcohol mixture treated with whey has been
experimentally established. The mass concentration of
aldehydes was reduced by 30%, the volume fraction of
methanol by 27%, the mass concentration of esters by
more than 70%, and the concentration of fusel oil did
not exceed the detection threshold.

3. It has been found that the samples are a clear
colourless liquid, free of sediment or impurities, with
the taste and aroma characteristic of vodka, having no
off-flavour or off-odour. The sample purified with milk
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whey had a softer and more rounded flavour and a  characteristic shine.
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Kadenpa Toprisii, roreIbHO-pECTOPaHHOI Ta MUTHOI CIIPaBU

JeprxaBHuii 010TEXHOJOTIYHUI YHIBEPCHUTET, BYJ. AIT4eBChKUX, 44, M. XapkiB, YkpaiHa, 61002

AHorauisi. [TepcrieKTHBHUM LUIAXOM 3HIDKEHHS TOKCHYHOCTI €THJIOBOTO CIHPTY € OYMILEHHS BOIHO-CIIUPTOBOI CyMillli
copbentamu. Y paHiii pobGOTI OOIpyHTOBaHO e(hEKTUBHUI CIOCIO OYHINEHHS BOJHO-CIHPTOBOI CyMIlli Bifi TOKCHYHUX
€JIEMEHTIB 3a JOMOMOrOI0 IiJTOTOBJICHOI CYXOi MOJIOYHOI CHpPOBaTKH. BH3HA4YEeHHsS MAacOBOi KOHIIEHTpALil TOKCHYHUX
PEYOBHH Yy JOCHIAHMX 3pa3KaX, a caMe MeTWIALeTaTy, eTHJIALeTaTy, METHJIOBOIO CIUPTY, INPOBOAWIM METOIOM
BHCOKOe(peKTHUBHOI Ta30B0i Xxpomarorpadii. BcraHoBIEeHO 3aKOHOMIPHOCTI €()eKTHBHOCTI OYHMILCHHS COPTIBKU B 3aJI€)KHOCTI
BiJl KiJIbKOCTI BHECEHOro cOpOeHTY Ta uacy BiacroroBaHHs. KinbkicTe BHeceHOro copOeHTy ckianana 3-9 kr Ha 1000 pain, B
HepepaxyHKy Ha CyXy MOJIOYHY CHPOBATKY, 4aC BUCTOIOBAaHHS NPOTAroM 1-5 rox. BeraHoBieHO, 110 MaKCHMaslbHE 3HHKEHHS
TOKCHYHHX PEYOBHH BiZIOYBa€ThCs 32 YMOBU BHECEHHS IiZITOTOBJICHOI MOJIOYHOI CUPOBATKH (y MEPEPaXxyHKy Ha CyXy MOJIOYHY
cupoBatky) macoro 6,0+1,0 kr va 1000 man, gac BiICTOIOBAHHS MPOTATOM 3 TOAUH. Y pe3yNbTaTi OYUILEHHS BOIHO-CIUPTOBOI
CyMilli 3a JaHWX yYMOB, MAacoOBY KOHIIEHTpAL[i}0 aJIbJETi/iB Y BOJHO-CHMPTOBIH cymimii 3HWkeHO Ha 30%, 00’€MHy 4acTKy
METHJIOBOTO CIUPTY — Ha 27%, MacoBy KOHLEHTpallito ecTepiB — Oinblie HiX Ha 70%, KOHLEHTPALs CUBYIIHOTO Macia He
MepEeBHIIyBalIa TIOPIr po3Mi3HaBaHHS. 3HMKSHHS TOKCHYHHUX PEYOBUH BifOYBAa€ThCS 32 PaXyHOK KOAryJsiiii Oijlka MOIOYHOL
CHPOBATKH, 110 MA€E JTOCUTh PO3TATy)KEHY HOBEPXHIO, IIPOXOUTH COPOLisl PO3UHHEHHX y BOIHO-CIIUPTOBIil CyMillli TOKCHYHHX
PEUYOBHH, OCOOIMBO 3 BEIHUKOI MOJEKYISPHOI Macoro. Lle TOKCHYHI KOMIOHEHTH, SIKi 3[aTHI 3HIDKYBATH SIKiCTh BHXIJHOI
CHPOBHHHU Ta MOTIPIIYBATH OPraHOISNTHYHI BIACTUBOCTI. [1ij] Yac OYMIIEHHS BOIHO-CIIUPTOBOI CYMIIIIi Bifl TOKCHYHHX CIIOTYK
3a JIOTIOMOTOKO ITi/AITOTOBJICHOI CYXOi MOJOYHOI CHPOBATKH JOCSTAETHCS MOKPALICHHS OPraHONENTHYHUX MOKa3HUKIB 3pa3ok,
OYHIICHUHA MOJIOYHOKO CHPOBATKOIO, BIAPI3HATHCSA OIIBII M’SIKAM Ta OKPYIJIEHHM CMakoOM Ta Ma€ XapaKTEPHUH OJHCK.
BukopucraHHs IMiArOTOBIEHOI MOJOYHOI CHPOBATKH, SK COPOEHTY JUIS OUMIICHHS BOJHO-CIIUPTOBOI CYMIII, JTO3BOJISE
OTPUMATH MPOAYKT 31 3HWKEHUM TOKCHYHHM e(heKTOM Ta MOKPALIEHUMHU OPTraHOJIICNITHYHUMHU BIaCTUBOCTSIMHU.

Ku11040Bi cJ10Ba: BOJHO-CIIMPTOBA CyMilll, TOKCHYHICTh, CHPOBATKa, OYHMIIICHHS, SIKiCTh.
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