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Abstract. The composition of water significantly affect the flow of the process and the main indicators of the finished drink.
The article presents the results of theoretical and experimental researches on improvement of the technology of preparation of
drinking water for the production of non-alcoholic fermented beverages, in particular, bread kvass. The high efficiency of the
application of natural minerals — clinoptilolite, rock crystal and activated carbon with combined treatment of water in the technology
of bread kvass is proven. The quality and usefulness of the product depend on the content of its impurities. The integrated action of
investigated materials with adsorption, ion exchange and redox properties provides water conditioning and achievement of the
intensification of the technological process and high organoleptic qualities of the finished product. The work presents the physical-
mechanical characteristics of the investigated materials, technological parameters of treatment, the influence of filter materials on
the organoleptic and physical and chemical parameters of water and finished product. The article also gives a taste-aroma profile of
bread kvass, made from the use of prepared water. The materials of the conducted research testify to the expediency of water
treatment for the production of bread kvass in the sequence of clinoptilolite, active coal, rock crystal with a filtration rate of 8-15m /
h. In this case, the total iron content is reduced by 5 times, the total stiffness decreases by 75%, permanganate oxidation is 9 times. It
has been established that such processing allows for high organoleptic qualities of prepared water and end product and increases the
tasting score of bread kvass by 7 times, with no unpleasant taste and aroma that is characteristic of chlorinated water and decreases
the turbidity of the beverage as a result of a decrease in the overall rigidity of water.
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Anoranisi. Ha nepebir TeXHOIOrYHOro mporecy Ta OCHOBHI MOKA3HUKKA TOTOBOTO HATIOK CYTTEBO BIUIMBAE CKJIAX BOAU. Y
CTaTTi HABENCHO PE3YJbTaTH TEOPETUYHUX Ta EKCIEPHUMEHTAJIBHUX IOCIIDKeHb 13 YIOCKOHAJCHHS TEXHONOTII MiArOTyBaHHS
MUTHOI BOZIU TSl BAPOOHHUIITBA XJTIOHOTO KBACY — HAHOLIBII TOIMPEHOr0 0e3aIKOrobHOro hepMeHToBaHoro Haroro. KomriekcHa
Jist JIOCHI/DKYBAaHMX MatepiaiiB i3 ancopOLiHUMHK, i0HOOOMIHHMMH Ta OKHCHO-BITHOBHHMH BIACTHBOCTSMH 3a0e3redye
KOH/IMIIIFOBaHHS BOJM Ta iHTCHCU(DIKAL[IO TEXHOJIOITYHOrO MPOLECY, AOCSITHEHHSI BUCOKMX OPraHOJNCNTHYHHX SKOCTEH FOTOBOTO
nponykTy. Bix BMICTY MOMIIIOK BOOM 3aJI€KUTh SIKICTh Ta KOPHUCHICTh TOTOBOrO MPOAYKTY. JIOBENeHO BHUCOKY e(eKTHBHICTH
3aCTOCYBaHHSI IIPUPOIHUX MiHEpaiB — KIMHONTUIONITY Ta TiPCHKOr0 KPHUILTAIO, 8 TAKOXK, AKTHBHOI'O BYriJUIs IPU KOMOIHOBaHi it
00po011i BOAM B TEXHOJOri XiOHOro KBacy. ¥ po0oTi HaBeaeHO (Di3HKO-MeXaHidHI XapaKTepHCTHKU JOCIIDKYBaHUX MaTepiajis,
TEXHOJIOTI4HI MapaMeTpr 00poOKH, BIUTUB (iMbTpyBaTbHUX MaTepianiB Ha (i3HKO-XiMiYHI Ta OPraHOJENTHYHI MOKA3HUKU BOJU Ta
TOTOBOTO MPOAYKTY. Y CTAaTTi, TAKOX, HABEICHO CMAKO-apOMATHYHHI MPOQiih XITIOHOr0 KBacy, BUTOTOBICHOTO 3 BHKOPUCTAHHSIM
ITiIrOTOBIICHOI BOAX. Marepiaiy MpoBEASHUX JOCHIHKeHb CBi[YaTh MPO JOLLIBHICTH 00pOOKM BOAHM sl BAPOOHHUIITBA XJTIOHOTO
KBAaCy y MOCHiJOBHOCTI KIMHONTHIONIT, aKTUBHE BYTIIUIS, TIPChKUH KPHINTANb 13 MBHAKICTIO QinbrpyBanus 8—15 m/ron. Ilpu
L[bOMY BMICT 3arajJbHOr0 3ajli3a 3MEHILYEThCS y 5 pasiB, 3arajibHa >KOPCTKICTb 3HIWKYETbCs Ha 75%, NepMaHraHaTHa
OKHCHIOBAHICTh 3MEHIIyeThCs y 9 pasiB. BcranoBneno, 1o Taka oOpoOKa MO3BOJSIE HAJATH BHUCOKI OpraHOMENTHYHI SIKOCTI
ITiIrOTOBJICHIM BOI Ta KIHIIEBOMY MPOMYKTY i 30LIbIIIye AerycramiiiHa oliHKa XJi0HOro kBacy Ha 7 GaniB, P LBOMY BiJCYTHii
HETPUEMHUI CMaK Ta apoMar, SIKWi XapaKTepPHUI I XJIOPOBAHOI BOAW Ta 3MEHIIYEThCS MYTHICTH HAIOKO BHACHIZOK 3HIDKESHHS
3araJIbHOI JKOPCTKOCTI BO/IH.

KuiouoBi ciioBa: xmiOHMIT KBAC, BOJIA, BOJOIIAOTOBKA, MEXaHiIHE (PLIBTPyBaHHS.

Copyright © 2015 by author and the journal “Food Science and Technology”.
This work is licensed under the Creative Commons Attribution International License (CC BY).http://creativecommons.org/licenses/by/4.0

Xapuosa Hayka i Texuonoris / Food science and technology 111 Volume 13 Issue 2/ 2019



TexHonoezis i 6e3neka npodykmie xap4yeaHHsa / Technology and food safety

@ ® i ] ONAFT
Byl Open Access

Introduction. Formulation of the problem

The health and longevity of a human depends on
his or her diet, in particular the consumption of drinking
water and beverages. Water is the main component of
non-alcoholic beverages (85-96%), therefore the quality,
stability and usefulness of a beverage depend on its
macro- and micro-element composition. The annual
increase of the population, as well as rapid development
of industry leads to a significant increase in water
consumption and drainage. The consequence of these
phenomena is the change in the chemical and
microbiological composition of drinking water, the
doubtfulness of its safety. So, the preparation of water for
beverages is becoming increasingly important.

Analysis of recent research and publications

Bread kvass, which is prepared based on rye raw
materials, is a traditional Slavic beverage. It contains a
wide range of biologically active substances. Bread kvass
has always been one of the most popular fermented non-
alcoholic drinks, but during the last two decades, many
domestic producers became bankrupt, so the production
of kvass significantly decreased. Today, kvass returns its
popularity; its production takes in an increasing part in
the market of non-alcoholic beverages [1].

According to the organoleptic characteristics, bread
kvass is a fermented non-alcoholic beverage of dark
brown color with a pleasant sweet-sour taste and
characteristic flavor of rye bread. The beverage is
obtained through the unfinished combined alcoholic and
lactic fermentation. However, in most enterprises, with
the purpose to simplify the technology only the alcoholic
fermentation is used, and the necessary acidity of the
beverage is achieved by addition of lactic acid.

The presence of insignificant content of ethyl
alcohol (0.4-0.5% vol.) in the bread kvass does not
reduce the physiological significance of this drink for a
person. Its usefulness is characterized by the content of
vitamins, organic acids, amino acids, macro- and micro-
elements [1, 2].

Water takes the main place in the mix formulation
of any non-alcoholic drink. Enterprises of the food
industry use the water of centralized water supply
systems or artesian wells in production technology. In the
first case, the water is already brought to the drinking-
water condition, and in the second, which is used more
often, it may not meet such requirements. Moreover,
there are additional requirements for technological water
in non-alcoholic production [1, 2], at the same time there
are no special requirements for water for the production
of kvass. In many cases, water is softened by nitro-cation
filters, but this purification is not enough. Therefore, it is
urgent to improve the technology of water preparation
with the effective and convenient for the practical use
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natural minerals of various types during mechanical
filtration.

There are various types of water purification,
including the use of mechanical filters with fillings of
natural minerals (quartz sand, gravel) [3]. When
conditioning water for the production of fermentative
beverages, the use of such filtering is obligatory. As a
result, water should be released from mechanical
impurities, colloidal gravity and sediment. However,
such treatment does not fully ensure the quality of the
prepared water by organoleptic, physico-chemical and
toxicological indicators. Therefore, it is important to
improve the method of mechanical water filtration using
new effective natural materials, especially minerals.
Thanks to the strictly determined pore and inner hollow
sizes, they appear effective sorbents of organic and
inorganic substances. Such materials are able to improve
the organoleptic and physico-chemical parameters of
water, provide its structuring, which increases the health-
giving effect of the finished beverage [3,4].

Modern technologies of water purification envisage
the use of natural and artificial minerals for solving
various problems. Sorption processes are realized by the
use of activated carbon and its analogues (graphite
mineral sorbents). For these purposes, and also as a filter
material, zeolites are used [3].

Zeolites haven’t been of practical importance for a
long time. Before much longer, it was found that their
unique properties can be used in many industries. In our
time, more than forty structural types of zeolites are
known, the most common of which are clinoptilolite,
heulandite, phillipsite, limonite, mordenite, erionite,
chabazite, analcime [3,5].

Ukraine has one of the world's largest deposits of
zeolites, which is located in the village Sokyrnytsia,
Khust district, Transcarpathian region. Clinoptilolite
from this deposit contains 85-90% of the main
component. The formula of  Transcarpathian
clinoptilolite in the oxide version has the following
form, %: SiO, — 67.29; TiO, — 0.26; Al,O; — 12.32;
Fe,O; — 1.26; FeO — 0.25; MgO - 0.99; CaO — 3.01;
Na,O — 0.66; K,O — 2.76; H,O — 10.90 [6]. Low prime
cost, unique, and useful technological properties of
zeolites — selective (cation-exchange, molecular-sieve),
sorption (first of all, adsorption) and catalytic, are
conditioned by special features of crystal lattice and
chemical composition. These aquatic aluminum silicate
minerals have a frame structure, which enables to use
them as an effective filtering material for water
purification [5,6].

In addition to natural zeolites, artificial zeolites are
also produced. However, according to some properties
(resistance to high temperatures, acid influence, etc.),
these materials considerably compromise on the natural
ones, but despite of this, their cost is significantly
higher. Simultaneously, natural dehydrated zeolites are
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able to absorb molecules of different substances, as well
as gases, liquids and solids [7]. The intensity of
adsorption is provided by the large internal surface of
the mineral, which reaches 47%, while in artificial
zeolites this figure is 50% at a higher prime cost.

The benefits of natural zeolites include their ability
of regeneration, and as a consequence, the opportunity
of using in a multi-cycle mode. The artificial zeolites are
not suitable for water purification because they do not
meet the requirements of sanitary norms for organoleptic
parameters and acidity. In turn, the natural zeolites of
the Transcarpathian deposit are acceptable from the
point of view of ecological requirements, and are close
to artificial ones in terms of purity [3,5-7].

Activated carbon is a highly porous carbon sorbent
material. The activated carbon, used in water
preparation: powdered, grainy (crushed or granulated),
and also fibrous. Now, in the sorbent purification of
water, the grainy activated carbon from coconut, coal or
bituminous raw materials is applied [8,9].

In modern water purification systems the most
widespread method for the removal of chlorine and its
derivatives, as well as organic matters and gases, is the
activated carbon, in particular Silcarbon K835. This
activated carbon is extracted from the shell of coconut
by means of pyrolysis, therefore, it has a high density
and mechanical strength that enables to carry out the
multiple regeneration in carbon filters [8,10-15] with
improved organoleptic characteristics of water, in
particular its transparency, color, smell, flavor and taste.

The rock crystal, rauchtopaz, morion, smoky
diamond, smoky crystal, cairngorm, Scottish stone are
natural variations of the quartz mineral, which belongs
to the class of oxides and hydroxides, has a SiO;
composition (silicon oxide). Nowadays, the rock crystal
is used in the distilled beverages production for the final
filtration of the water-alcohol mixture and improvement
of its tasting evaluation, but it is not used in the
production of other drinks [3].

The Carpathian region is well known for the
presence of a significant number of healing natural
waters, which obtained their properties through natural
filtration and ion exchange, when passing through the
terrestrial and underground horizons of minerals with
the original adsorption properties (clay, aluminosilicates,
and zeolites). Therefore, the application of investigated
in the work natural mineral adsorbents, in particular
zeolites, in the treatment of natural waters will not only
eliminate hazardous and toxic substances, but also
preserve the necessary salt water balance without use of
chemical reagents. This creates the conditions for a
significant impact on the flow of technological processes
in the beverage technology.

The aim of the work is to study the physico-
mechanical characteristics of various materials of
different types; their influence on physico-chemical and
organoleptic parameters of prepared water and bread
kvass.
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To achieve the stated aim, the following tasks
must be solved:

1. to determine the physico-mechanical
characteristics of sorption and filtration materials,

2. to determine the technological parameters of
water treatment by the investigated materials,

3. to study the influence of filtration materials on
the physico-chemical and organoleptic parameters of
water and bread kvass and its flavor-aromatic profile.

Research materials and methods

113

As objects of study were used: drinking water from
centralized water supply of Lviv city, according to
approved governmental standards (DSanPiN) 2.2.4-171-
10, activated carbon Silcarbon K835, rock crystal and
clinoptilolite of Sokyrnytskyi deposit in accordance with
current normative documentation, ready-made bread
kvass according to DSTU 4069.

Water treatment was carried out on the laboratory
assembly, which included a 10 dm3 pressure scoop, a
1.0dm?® filter with appropriate activated carbon and
filtration materials, and a 10 dm? intake scoop.

During the production of kvass, it is necessary to
take into account the following indicators of water, such
as hardness, dry residue, the amount of organic
impurities and heavy metals, organoleptic parameters,
redox potential. The value of the above-mentioned
indicators of water quality affects the technological
process of kvass preparation, as well as the quality and
usefulness of the finished product.

/_?_

//_i_
-

Fig. 1. Laboratory assembly for water purification
with natural materials
1 — pressure dumpster with a capacity of 10 dm?,
2 —filter with a capacity of 1.0 dm?, 3 —filtration
materials, 4 — drainage,
5 — receiver with a capacity of 10 dm?

——1

To reduce water hardness and remove heavy metals
we used clinoptilolite, which allows in addition to
adjusting calcium and magnesium content to reduce
ammonium content and alkalinity significantly [7]. This
is due to the peculiarities of the clinoptilolite structure
(framework structure of the mineral). The framework of
clinoptilolite is a tetrahedron, the tops of which form
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eight-membered rings, creating channels in the structure
of matter. Inside the channels, there are water molecules
(“zeolite water”), as well as cations of alkaline (Na*, K*)
and alkaline-earth metals (Ca?*, Mg?"). With a large
quantity of input windows on the surface, the structure
penetrated with channels, and complex of cations inside
appears the possibility of using clinoptilolite as a
«molecular sieve» and replacing cations that can
penetrate through the molecular window (the size of the
input windows 3.54.8 A9 through structural cations of
the mineral [6,7].

To reduce the content of organic matters and
improve the organoleptic parameters of water, it was
used the sorption purification with activated carbon,
which contains micropores.

In order to structure the water, adjust the redox
potential and remove the foreign microflora it was used
the rock crystal, which has bactericidal properties [3].

For the cooking of kvass, we used drinking water,
treated in different sequences of the use of activated
carbon and natural minerals at the rate of 8-15 m/h. The
source drinking water was used as a control. The process
of water preparation was cyclic and consisted of the
following consecutive stages:

— preparation of sorption and filtration materials;

— filtration of water until achieving the limit
values of indicators through the material layer:
clinoptilolite according to the hardness index; rock
crystal in terms of transparency; activated carbon for
transparency, color and permanganate oxidation;

— fluffing up a layer of materials with the source
water stream to prevent the soiling and remove the dirt
from their surface and control the transparency and color
indexes;

— regeneration of clinoptilolitis.

The preparation of water was carried out by
treatment with natural minerals and activated carbon:
sample Nr.1 — source drinking water (control); sample
Nr.2 — water, sequentially treated with clinoptilolite,
activated carbon, and rock crystal; sample Nr.3 — water,
sequentially treated with activated carbon, clinoptilolite,
and rock crystal; sample Nr.4 — water, consistently

treated with rock crystal, clinoptilolite, and activated
carbon.

The mash was made by introduction the
concentrate of kvass mash into the water, appropriately
prepared according to the above-mentioned treatment, to
the concentration of dry matter of 2.2-2.3%. After that,
the content of dry matter was adjusted to 3.2-3.5% by
means of sugar syrup. Into the finished mash, it was
added a pure culture of yeast Saccharomyces cerevisiae
MP-10 in the amount of 2-5% of the volume at a
concentration of cells in the culture liquid of 50—
70 ml/cm®. The fermentation time is 15 hours. After
fermentation, the kvass was cooled, the yeast residue
removed and the beverage mixed with sugar syrup to a
dry matter content of 5.6%.

Results of the research and their discussion

In order to improve the technology, the method of
water filtration with activated carbon and natural
minerals (rock crystal and clinoptilolite) was developed,
laboratory studies of water preparation were carried out,
and the effect of prepared water on the physico-chemical
and organoleptic parameters of bread kvass was
determined.

To define the possibility of application of the
investigated materials, it were designated their physico-
mechanical properties which influence the degree of
water purification while preventing an increase in the
content of silicates in the filtrate and increasing the
permanganate oxidation. The results of the studies are
shown in Table 1.

The mechanical strength of the studied samples
of materials was more than 95 %, which contributed to
an increase of the period of their operation and the
quantity of regenerations, reduction of the starting
period, decrease of water consumption and washing
reagents [8]. The average particle size of clinoptilolite
is 3.3 times greater than that of rock crystal and
activated carbon. The bulk weight of rock crystal is
15 % higher than of the other materials studied.

Technological parameters of water treatment
with the investigated materials are given in Table 2.

Table 1 — Physical-mechanical characteristics of sorption and filtration materials

Parameter I_vlate_rla_l - -
Rock crystal Clinoptilolitis Activated carbon
Bulk weight, g/dm?® 1300 1100 1100
Humidity, % 7 4 5
Mechanical strength, % 98 96 96
Grain size composition, mm 0525 37 0525

Table 2 — Technological parameters of water treatment

Technological operation Linear speed, Relative volume, vol./vol. of filtration materials
m/h Rock crystal Clinoptilolitis Activated carbon
Preparation (rinsing) of materials 10-20 5-7 10-20 58
Duration of filtration cycle 8-15 1200-1500 1500-1800 15002200
Regeneration of materials:
— fluffing up with source water 12-16 5-7 8-15 5-10
— rapid rinsing 15 5-7 10-15 5-7
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It was established that at the stage of preparation
for work, in comparison with the rock crystal, the use of
clinoptilolite and activated carbon contributed to a
decrease of relative volume of rinsing water to the
volume of material by 2.5 times, an increase in the
duration of the filtration cycle by 2.2-2.5 times, and

clinoptilolite — by 1.8 times. During regeneration of the
investigated filtration materials, while fluffing up and
rapid rinsing, water consumption reduced by 1.5-2 times.

Tables 3, 4 show the organoleptic and physico-
chemical parameters of water before and after treatment
with the materials studied.

Table 3 — Influence of filtration materials on the organoleptic parameters of water

Number of | Color intensity, Turbidity, o o Transparency, D, units
sample grad. v mg/dm3y Smell by 20°C Flavor by 20°C ofpopt. dg’nsity
1 10.0 0.6 1.0 15 0.11
2 0 0 0 0 0
3 0 0 0 0 0
4 0.5 0.04 0 0.5 0.03

Table 4 — Influence of filtration materials on the physico-chemical parameters of water

Dry Total ) ) . Oxidation
23::85 residue, | hardness Il;gn /Zlc;':]e;l, m%'ms mN%srﬁg n? o/émg pH | permanganate,
mg/dm® | mmol/dm? 9 9 9 9 mg Oy/dm?
1 251.0 45 0.05 34 46 37 7.39 4.0
2 205 11 'esos gf‘” 15 | lessthan0.05 | 15 8.10 05
3 219 15 less than 15 0.4 18 7.51 05
0.01
4 234 18 'esos gia” 15 0.6 19 7.56 09

Active acidity is one of the most important
indicators of water quality, which essentially determines
the nature and speed of chemical and biological
processes, identifies the acidity or alkalinity of water.
With neutral pH, acids and alkalis are present in water in
an equal amount or altogether absent. Such an
environment is the most balanced and optimal for
biochemical reactions in the human body.

Salts of calcium and magnesium, which are
characterized by the hardness index, interact with organic
acids, reducing their content in the finished drink, and
besides they form the complex compounds that cause
turbidity of drinks, and at the stage of mixing lead to an
excess consumption of acid.

The content of iron significantly influences the
biological value of kvass. Reduction of the iron content
in water has a positive impact on the amino acid

composition of mash and kvass, because it happens the
increase of balanced nitrogen nutrition for yeasts,
reduction of fermentation time, and the finished beverage
becomes more useful to the consumer.

It was established that water treated with
investigated materials in the sequence of clinoptilolite,
activated carbon, and rock crystal had the highest
organoleptic and best physico-chemical values. At the
same time, the water acquired a pleasant taste of spring
water without undesirable smells; it was clean and
transparent. Simultaneously, the total iron content
decreased by 5 times, total hardness for 75 %,
permanganate oxidation was 9 times lower.

The organoleptic parameters and the taste-aroma
profile of kvass obtain ed by use of the studied water
samples are given in Table 5 and on Figure 2.

Table 5 - Organoleptic parameters of kvass

Sample Organoleptic values (evaluation) Total evaluation
number Color, appearance Taste and flavor
1 Brown, turbid Sweet and sour taste. Flavor of rye bread with unpleasant 11 grades
(4 grades) shade, characteristic for chlorinated water (7 grades) “Sufficient”
2 Brown, without turbidity Sweet and sour taste, balanced, without foreign odors, 18 grades
(7 grades) fresh. Vivid aroma of rye bread (11 grades) “Excellent”
3 Brown, without turbidity Sweet and sour taste, without foreign odors. Aroma of 16 grades
(7 grades) rye bread, characteristic for brad kvass (9 grades) “Good”
4 Brown, without turbidity Sweet and sour taste, without foreign odors. Aroma of 15 grades
(7 grades) rye bread (9 grades) “Good”
Xapuosa Hayka i Texuonoris / Food science and technology 115 Volume 13 Issue 2/ 2019



TexHonozis i 6eanexa npodykmie xapuyeaHHsa / Technology and food safety

intensity of aroma

intensity ofsaturation with
carbon dioxide

fullness of taste

aroma of rye bread

sweetness

acidity

Sample1 - = - - Sample 2

Sample 3 — — —— Sample 4

Fig. 2. Taste-aroma profile of kvass

It was established that the proposed method of
water treatment significantly increases the organoleptic
qualities of kvass. In terms of appearance, aroma and
taste, the sample number 2 received a 7-grades higher
evaluation. The lowest grades had the control sample
number 1, which was conditioned by the excess turbidity
of the drink and unpleasant shade in taste and aroma. The
rest of samples were transparent, with characteristic
kvass brown color, and without foreign inclusions. All
samples had sour and sweet taste, characteristic for bread
kvass.

During the analysis of physico-chemical
parameters of kvass, it was found that all samples met the
normative requirements (content of dry matters was 5.4—
5.8%, total acidity 2.0-4.0 cm® of NaOH concentration
of 1 mol/dm3 per 100 cm? of kvass).

Therefore, the obtained results of experimental
studies demonstrate the expediency of using the natural
minerals clinoptilolite, rock crystal and activated carbon
for water preparation for making kvass.

Conclusion

1. It was established that the use of rock crystal,
clinoptilolite and activated carbon in preparation of
technological water can increase the filtration cycle by
1.8-2.5 times while reducing the water consumption for
regeneration by 1.5-2 times.

2. It was determined that water treatment in the
sequence of clinoptilolite, activated carbon, and rock
crystal with a linear speed of 8-15 m/h enables to
decrease the total iron content by 5 times, total hardness
by 75%, permanganate oxidation by 9 times, and
provide high water organoleptic properties.

3. The use of water prepared by clinoptilolite,
activated carbon and rock crystal is advisable in the
technology of bread kvass and allows obtaining the
finished product with high organoleptic and normative
physico-chemical values.
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