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Hocnioxnceno 6naue enekmpoickpogozo oucnepzyéanis
CMPYMONPOBIOHUX 2panys Maznilo i Mamzany 6 cepeosuui
MONIOUHOT cCUposamxu Ha npoyec ii pepmenmauii y mexnono-
211 MAKUX MEPMOKUCTOMHUX CUPi6 N0 muny <Aouzelicvk020>.

006’cxmom docaidxcenns 6yaa MOLOUHA CUposamxka, ompu-
Mana 6HACNIOOK MEPMOKUCIOMHOZ0 0cCadNHceHHs cupie. [Ins
npuzomyeanus Koazyasuma ii o6poéaanu 6 enexmpopospsao-
Hill Kamepi 31 CMPYMONPoGiOHUM NPOUAPKOM 2PAHYTL MAZHIIO
abo/i maneany 3 excnosuuieto 30...120 c.

Bcmanosneno, wo 3a maxozo o0poéaeHHs Yy MONOUHIU
cuposamui 30invuyemvca emicm Maenito 6 cepeonvomy 6io 1,8
00 4 pasu i Manzany 6io 1,5 do 3,8 pasis zanexncno 6id mpuea-
aocmi 06podaenns.

Hogedeno, wo 0as ycix docaioxncysanux 3pasxis xapaxmep-
HUM GYno NPuUpPoOHE 3POCMAHHA MUMPOBAHOI KUCIOMHOCI
npomsizom pepmenmauii. llpome 6 3paskax, 36azauenux mine-
PATGHUMU eNleMEeHMAMU BHACTIO0K eNeKmPOoicKpo8ozo o6po-
onenns npomszom 30...60 ¢, 3pocmanns mumpoganoi Kucaom-
Hocmi 6id0yeanocsa inmencusniue. Ananoziuni pesyavmamu
0Y10 ompuMano 3a GUKOPUCMAHHA MOTLOMHOT CUPOBAMKU 3-Ni0
cupy Kucaomonounozo. Xoua Ha nouamxoéux emanax Qep-
menmauii (0...6 200un) napocmanns Kucaiommocmi 6yno oewso
nosinsHimuM, Wo Mae 006’ckmueHe NOACHEHHA 6NJIUSY NIOGU-
wenoi xkucaomuocmi euxionoi cupoeamxu (50...60 °T) na aax-
mob6axmepii.

Bcmanosneno, wo y pasi 6uxopucmanns 3anponoHoeanoi
MexXHON02ii KUCA0T CUPOBAMKU-KOAZYAAHMA Y BUPOOHUUMET
MEPMOKUCTIOMHUX CUPIB CYMMEBO CKOPOUYEMBCA GUPOOHU-
YU YUK,

Taxosc cnocmepizaemocs nidsuwenns xoediyicumy euxo-
PUCMAHHA MEXHOTI02IMH020 00IA0HAHHA MA PecypCie 00 Hb020.
Jlana mexnonozis ne nompedye 3nauHux naow, Ons 3anpoea-
0xcenns inHosauilinozo eaexmpodisuumnozo cnocody, a naena-
KU, 6HACNIO0K CKOpOUEeHHs mpusaiocmi pepmenmauii cnpuse
3MEHWEHHIO KINbKOCMI eMHOCMeN, AKi 3a0iaHi nid uac npuzo-
myeanHs Koazyasuma.

Bcmamnoeneno, wo euxopucmanns KUCa0i cupoeamru,
eupoonenoi i3 cupoeunu 3bazauenoi mazmiem i mamzanom, 6
MeXHON02iT MEPMOKUCAOMHO20 CUPY CNpuse o020 3bazauen-
HI0 YiHHUMU MinepabHUMU eemenmamu. A maxooic 3adesne-
uye noeniue eUKOpUCMANHA GLNK06020 NOMEHUIALY MONOKA 1,
AK HACAI00K, 3POCMAHHS 6UX00Y MEPMOKUCTOMHOZ20 CUPY HA
1,8...6,5 %
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1. Introduction

The development of healthy food trends has resulted in
the increased popularity among consumers of thermo-acid
cheeses such as Ricotta, Ricotone, Mascarpone, Adyheyskyy,
etc [1]. Cheeses that are made by the thermal-acid settling
of raw milk are characterized by good consumer properties,
have high biological value and lower cost compared to hard
cheeses.

Production of soft thermo-acid cheeses has a series of ad-
vantages compared to the production of hard rennet cheeses,
namely: it requires less consumption of raw materials, the raw
materials are not subjected to specific requirements in terms of
cheese making. When they are produced, such technological
operations as renneting the milk, clot cutting, setting the grain,
maturing, are shortened. This significantly reduces the labor
intensity of the technological process, and provides for the fast
turnover of invested funds at smaller production costs [2].



That is the reason why interest in the technology of
thermo-acid cheeses is not fading from both scientists and
manufacturers.

The technology of Adyheyskyy cheese implies using, as
an acid agent (coagulant), acidic whey. The process of its fer-
mentation, before achieving a proper acidity (150...180 °T),
can last up to 48 hours [3], which significantly increases the
technological cycle duration, requires certain production
areas for the preparation and storage of the coagulant.

Advancements involving the intensification of ther-
mo-acid cheese making, specifically preparation of milk
whey-coagulant without the use of organic acids and food
additives, are extremely rare. There are no data on the ap-
plication of innovative methods for treatment of milk whey,
which would aim at forming its target properties that could
ensure the acceleration of fermentation when making ther-
mo-acid cheese.

A promising direction to improve the technology of
thermo-acid cheese is to find ways to intensify the produc-
tion of acidic whey by creating in a fermented environment
favorable conditions for cultivating lactic acid microflora.
This can be achieved by enriching milk whey with mineral
elements that act as a nutritious medium for microorganisms,
contribute to the growth of biomass of lactic acid bacteria
and intensify the process of acid formation. Such biologically
valuable mineral elements for lactobacilli are magnesium and
manganese. Therefore, it is a relevant task to study the im-
pact of milk whey, enriched with these elements, on the pro-
cess of fermentation and the quality of thermo-acid cheese.

2. Literature review and problem statement

Work [4] substantiated the technological aspects and
modes of enrichment of the thermo-acid cheese mass with
lactic acid microflora in order to improve the biological value
of the product. The author paid attention to the selection of
a fermenting culture to obtain a fermented environment,
milk ripening before thermo-acid settling, to studying the
influential fermentation factors on the properties of cheese
mass, cheese yield, and its shelf life [5]. However, the issue of
preparing acidic whey and reducing the duration of a given
technological operation was not considered in works [4, 5]
because the object of research was the technology of ther-
mo-acid cheese, rather than coagulant.

The author of a study related to this issue [6] examined
basic regularities in the thermo-acid settling of milk using
various coagulants and developed a scientific base for the
technology of soft cheese made from skimmed milk and
whey cream. The study established the regularities and
regimes of the thermo-acid clotting of milk proteins as co-
agulants of lactic, chloric, acetic acids and milk whey. Their
influence on the degree of use of milk proteins, and the rhe-
ological and synergetic properties of clots were studied. The
proposed approaches, along with increasing the biological
value of cheese, made it possible to reduce the production
cycle and receive a significant economic effect. However, the
use of inorganic and organic acids, especially chloric acid, is
unacceptable from the point of view of safety of the finished
product. And the cost of these coagulants exceeds the cost
and expenditures for making acidic whey.

Paper [7] reports a technique to increase the output
of finished products by using, as a coagulant, a mixture of
fruit and berry juices and whey. The paper’s authors proved

that such cheeses are characterized by good organoleptic
properties. The resulting product does extent the product
range of thermo-acid cheeses, but it cannot be attributed to
traditional ones.

Study [8] gives a comparative analysis of the composi-
tion and properties of mozzarella cheese, made with the use
of rennet enzyme and kiwi juice as a coagulant. It is shown
that cheese output in case of application of kiwi juice is lower
compared to the yield of cheese produced with a curd clot.
However, the use of juice enriches the product with biologi-
cally valuable components and gives functional properties to
the product. The proposed product extends a product range
of cheeses for functional purposes, it does not require long
time to prepare the coagulant, but its cost is higher than the
use of acidic whey as a coagulant.

It is known that an increase in the biomass of lactobacilli
and the intensification of acid formation require mineral el-
ements in an accessible form. Microbial cells require, to live
and grow, macro-elements in large quantities: carbon, nitro-
gen, oxygen, hydrogen, phosphorus, sulfur, potassium, calci-
um, magnesium, as well as micro-elements: zinc, manganese,
sodium, chlorine, molybdenum, ammonium, etc. [9, 10].

The milk whey is rich in the specified macro- and mi-
cro-elements [11], although the amount of magnesium and
manganese is insufficient to nourish the microorganisms.
Magnesium and manganese take part in the catalytic action
of many single- and two-component enzymes [12]. These
elements can activate and stabilize the effect of almost all en-
zymes of the yeast cell and stabilize the cell membrane [13].
Magnesium and manganese accelerate the increase in the
biomass of microorganisms, as part of the nutrient environ-
ment, prevent the cells from autolysis and they are necessary
for the normal course of metabolic processes. It is known
that these elements are the growth factors for lactobacilli
and yeast [13] and contribute to the managed process of
carbohydrate catabolism, especially during alcohol fermen-
tation, etc. [14].

In [15], it is shown that the enrichment of microorgan-
isms’ strains Lactobacillus rhamnosus and Lactococcus lac-
tis with magnesium ions using the pulse electric fields did
not exert a negative effect on the structural and mechanical
properties of dairy products. At the same time, there was
a positive effect on the adhesive properties of the product
and the viability of microorganisms even after freezing.
The above confirms the expediency of enriching milk whey
with magnesium and manganese in order to accelerate
fermentation.

Replenishment of a deficit of mineral substances in food
raw materials and finished products is typically achieved
by the introduction of salts of inorganic acids. However,
most known preparations poorly dissolve in water, have an
unpleasant bitter taste, which can negatively affect the or-
ganoleptic properties of food products and is unacceptable
in terms of food enrichment requirements [16]. In addition,
magnesium and manganese in the inorganic compounds have
low biological accessibility, while, as is known, the main fea-
tures of bio-elements include their high digestibility and an
appropriate form of existence in the body [16].

Studies in the field of nanotechnology prove that the
factor of influence on the increase in biological activity of
mineral elements is a particle size [17]. Modern scientific
achievements open up wide avenues for the production and
use of new forms of nanopreparations made from biogenic
metals. These include the hydrated or citrated nanopar-



ticles of metals obtained from treating by electrophysical
methods, namely, erosion-explosive nanotechnology [18, 19]
and electrospark dispersing of current-conductive metal
granules [20, 21].

Application of aqueous colloidal solutions of metals in
the technology of dairy products is impractical given the
additional addition of water. A promising direction is the
enrichment of milk whey with magnesium and manganese
through the electrospark dispersing of current-conductive
metal granules directly in its environment [22].

Therefore, it is a promising task in this direction to
involve the electrospark enrichment of whey with the tech-
nologically valuable mineral elements in the production
of whey-coagulant in order to settle a milk-protein cheese
clot. We could not find any data on the use of electrospark
treatment of whey for fermentation intensification during
coagulant production.

3. The aim and objectives of the study

The aim of this study is to substantiate the appropriate-
ness of the use of electrospark treatment of whey in a reactor
chamber with a current-conductive layer of magnesium and/
or manganese in order to intensify its fermentation and reduce
the duration of the production cycle of thermo-acid cheeses.

To accomplish the aim, the following tasks have been set:

—to study in the comparative aspect the process of
fermentation of whey, treated with electrospark discharges
in a reaction chamber with a current-conductive layer of
magnesium and/or manganese, and to justify the duration of
electrospark treatment in order to ensure the intensification
of fermentation of milk whey;

— to examine the influence of the obtained acid whey on
the qualitative indicators of thermo-acid cheese the type of
“Adyheyskyy”.

4. Materials and methods to study the effect of
electrospark treatment on the fermentation of whey and
quality of thermo-acid cheese

4. 1. Examined objects and materials used in the ex-
periment

We have chosen, as an object to investigate the fermen-
tation process during whey-coagulant production, the milk
whey received by the thermo-acid settling of cheeses, which
is considered the most susceptible environment to cultivate
lactic acid bacteria [23, 24].

Before fermentation, the whey was filtered, treated in
an electrospark discharge chamber by one of the following
variants:

1) with a conductive layer of manganese granules (here-
inafter, sample 1);

2) with a conductive layer of magnesium granules (here-
inafter, sample 2);

3) with a conductive layer of granules of magnesium and
manganese (hereinafter, sample 3).

The electrospark treatment technique was implemented
at an experimental laboratory installation. It is composed of
a thyristor generator of discharge pulses, a reaction chamber
with the magnesium or manganese electrode systems and a
conductive layer of granules of corresponding metals, and a
control unit.

The capacitor of 25 to 100 pmF was used as an energy
accumulator.

Voltage supply to the main electrodes induced the passage
of an electric current around a circle of freely located granules
of metals under a mode of stochastic commutation. Using
low-voltage and small interelectrode gaps makes it possible to
enable modes under which up to 85 % of all accumulated ener-
gy on the capacitor is used for the local heating of the surface
of contacting granules and their dispersing [20].

The duration of electrospark treatment in the discharge
chambers varied from 30 to 120 s.

Next, the treated milk whey was pasteurized, cooled,
and fermented by pure cultures Lactobacillus acidophilus.
The fermentation was carried out at temperature 40+ 2 °C
over 36 hours.

To prepare acidic whey, we chose pure Lactobacillus
acidophilus cultures, characterized by a high level of acid
formation (the limit of acid formation reaches above 300 °T),
which is important for the treated whey with an elevated
pH due to accumulation of particles of metals. At the same
time, this culture is an active antagonist relative to foreign
microbiota and can ensure safety of the finished product [4].

The control used was the fermented milk whey prepared
without the involvement of electrospark treatment of raw
materials (hereinafter, control).

4. 2. Methods to study the properties of fermented
whey and thermo-acid cheese

The organoleptic and physical-chemical parameters of
milk whey and thermo-acid cheese were determined by stan-
dard methods.

Metal content in the samples of whey and cheese was de-
termined at the laboratory of analytical chemistry and toxic
substances monitoring DU “Institute of Labor Medicine
by NAMS of Ukraine” by an atomic emission spectrometry
with an inductive-bound plasma at the device Optima 210
DV (Perkin Elmer, USA).

The particle size was determined at the analyzer of
particle dispersion Malvern Instruments Ltd., UK, with a
detection angle of 173° by a helium-neon laser He-Ne with
a capacity of 4 mW at a wavelength of 633 nm. The samples
were placed in disposable cuvettes made of polystyrene. All
measurements in this study were carried out at 25°C. To
control the reproducibility of results, we performed at least
three or five measurements for each sample. The size dis-
tribution in intensity units was derived from an analysis of
correlation functions using a General Purpose algorithm in
the software for the analyzer Zetasizer Software 6.20.

We determined pH at the universal ion meter I-160 M;
the oxidation-reduction potential by a platinum electrode at
the universal ion meter EV-74.

The number of lactic acid bacteria was determined in line
with a generally accepted procedure [26].

Results from the experimental study were statistically
treated by employing using the standard Microsoft Office
software package (2010).

5. Results of studying the effect of electrospark
treatment of whey on fermentation duration
and cheese quality

It was established that under the condition of electro-
spark treatment with an exposure from 30 to 120 °C whey



demonstrates an increase in the content of magne-
sium and manganese depending on the duration of 1
treatment. Thus, the magnesium content increases,
on average, by 1.8 to 4 times, and the content of
manganese by 1.5 to 3.8 times.

We noted the growth in pH and a change
in the redox potential in the treated whey (in-
creased antioxidant properties). This may testify
to the progress of the M«—M""+ne process in the
system; as well as a possible complexation be-
tween metal ions and bioligands that are present
in the milk whey. The change in pH and redox
potential indicates the formation of substances
possessing antioxidative (restorative) proper-
ties, for example lactobionic acid [25]. And with
an increase in exposure such properties become
more pronounced.

Dispersion analysis of whey samples has es-
tablished that the average size of particles in
whey was significantly different before and after
treatment.
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Fig. 2. Fermentation dynamics of whey treated in a discharge
chamber with a conductive layer of Mg granules compared to

It is known that the efficiency of catalytic 230
action of metals on the oxidation of lactose may
depend on the size of the metal particles dispersed £ 200
in whey [17]. Therefore, we additionally estab- 2
lished the average hydrodynamic size of magne- E 150
sium and manganese particles in aqueous solu- 3
tions obtained from the electrospark treatment of & 100
similar whey parameters. It was established that £
colloidal solutions of magnesium and manganese & 50
had particles in a nano-(about 30 nm) and mi- .

cro-dimension range (from 100 nm to 10 pm). In
this case, the average particle size in the colloidal
solution of magnesium was 118+5 nm, manganese
270+11 nm.

To establish the effect of electrospark treat-
ment on the acid-forming properties of Lbc. aci-
dophilus we determined the titrated acidity of milk
whey every 6 hours of fermentation at a tempera-
ture of 40%2 °C.

The dynamics of changes in the titrated acidity
in the studied samples of fermented milk whey,
depending on the initial parameters, are shown in
Fig. 1-3.

raw whey

/
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Fig. 3. Fermentation dynamics of whey treated sequentially in discharge
chambers with a conductive layer of Mn and Mg granules compared to

raw whey

It was determined that it was characteristic of all the
samples studied to demonstrate a natural growth of ti-
trated acidity during fermentation. However, the samples

250 enriched with mineral elements as a result of electrospark
= 200 treatment over 30..60 s demonstrated a more inten-
° sive growth of titrated acidity (AT) over time. Thus, in
iy 150 — 5 24 hours of fermentation, AT in samples No. 1 amounted
] to 140 to 169 °T depending on the duration of treatment;
S 100 in samples No. 2 — from 122 to 136 °T, in samples No. 3 —
8 W from 140 to 171 °T. Whereas in control, in 24 hours of fer-
p= 50 - mentation, the titrated acidity increased only by 110 °T.
a It was noted that with an increase in the duration of

0% : : : . : treatment to 120 s, due to the increase in the number of
metal particles in a micro-dimensional range and, con-
0 6 12 18 24 30 36

Fermentation duration, h

=O—Control =030 =&—60 =%=90 ——120

Fig. 1. Fermentation dynamics of whey treated in a discharge
chamber with a conductive layer of Mn granules compared to

raw whey

sequently, the shift in pH in the starting whey towards
alkaline side, the fermentation occurred slower.

It was established that the highest acid-forming
activity was demonstrated by Lbc. acidophilus in the
whey that was treated in a discharge chamber with cur-
rent-conductive Mn granules over 60 s, and in the whey
enriched with both mineral elements.



In this case, it is necessary to emphasize the synergistic
effect of magnesium and manganese on fermentation inten-
sity due to a growth in the important nutrient micro-and
macro elements for construction of components of living
cells of lactobacilli in an accessible form.

A slower growth in acidity in the samples enriched with
magnesium can be explained by the fact that whey, over
30...60 s of treatment, is enriched with Mg in quantities
insufficient to cultivate Lbc. acidophilus. An increase in the
time of treatment and, accordingly, the amount of the valu-
able microelement, leads to an increase in both the medium’s
pH and the number of microparticles, which has a negative
effect on the fermentation process.

It was found that the whey enriched with magnesium
and/or manganese acquires proper acidity (150...170 °T) for
the settling of proteins in thermo-acid cheeses making in
12...18 hours, whereas control — after 30 hours of fermentation.

The obtained results for the intensification of fermenta-
tion are confirmed by the study into the number of lactobacilli
in the experimental samples of fermented whey (Table 1).

Table 1
Change in the amount of lactic acid microflora during

— fermented whey, produced from milk whey, treated in
a discharge chamber with a conductive layer of manganese
granules over 60 s (sample 2);

— fermented whey, produced from milk whey, treated
sequentially in a discharge chamber with a conductive layer
of magnesium granules over 30 s and with a conductive layer
of manganese granules over 60 s (sample 3).

The acid whey (produced by one of the three variants)
with the titrated acidity 150+5 °T was introduced at contin-
uous stirring to the prepared, pasteurized at a temperature
of 93...95°C, normalized milk mixture in the amount of
8...10 %. Other technological operations matched the tech-
nology of Adyheys'kyy cheese [3].

The results from analysis of the impact of the fermented
whey, enriched with magnesium and/or manganese, on the
technological process and the quality of produced samples
of thermo-acid cheese, as compared to control, are given in
Table 2.

Table 2

Comparative analysis of the impact of the fermented whey,
enriched with Mg and /or Mn, on the technological process and
quality of thermo-acid cheese “Adyheyskyy”, n=3, p<0.95

fermentation of whey treated with electrospark discharges at Indicator | Comparative value rela-
different parameters (duration, type of the electrode system) Indieat magnitude tive to sample 1
ndicator
Quantity of lactoba- Sample 1
Samole titl cilli, CFU /g, at fer- (controly | Sample2 | Sample 3
ampie titie mentation duration, h Progress of acidic whey fermentation
12 24 Fermentation duration
Fermented whey 1-108 1-107 to achieve acidity 150+5 32+0.5 —1.7 times | —1.8 times
Fermented whey, enriched with Mn at “T, hours
. . 106 107 i
treatment dug%tlon, seconds: 810 310 Mg co\I;‘;leenyt ;;1 gf/elirgnented 96.344 8 - +9.0 times
107 108 :
60 410 510 Mn content in fermented 98404 | +3.0 times | +3.0 times
90 1-107 7-107 whey, pg/kg
120 3.106 1.107 Ca contﬁnt in f(/elr{mented 853+10.2 - -
Fermented whey, enriched with Mg at WRheY, Hg/XE - - -
treatment duration, seconds: 3.106 1107 Progress of thermo-acid settling of protein
30 Losses of protein, 113 whey 26.7 1.0 - 64%
60 1107 7107 after settling, %
90 7.106 2107 Mg conrtr?nt in whiy after 677415 - +902 %
120 1105 | 610° setling, mg/kg
Fermented whey, enriched with Mn and Mn C(s);f tel?rtl: n W;lliy after 1.4+0.05 |[+2.3 times| +2.0 times
Mg at treatment duration, seconds: 6-108 7-107 5’ He/Xeg -
30 (Mg)+30 (Mn) Ca COHEEI'K in whiy after 3979465 - -
60 (Mg)+30 (Mn) 5100 | 9107 settling ug/kg |
30 (Mg)+60 (Mn) 7107 8108 Finished product ST
06 07 ight dis-
60 (Mg)+60 (Mn) 210 110 Accord- coloration
Organoleptic indicators ing to the - of cheese
It should be noted that such a tendency to the intensifica- 5 P acting mass (barely
tion of fermentation in the production of whey-coagulant was standards noticeable
observed when using milk whey from cottage cheese. Although gray tint)
at the initial stages of fermentation (0...6 hours) the acidity Physical-chemical indi- i i
grew somewhat slower, which is objectively explained by the ef- Mass b Cat‘f)rS: ) s 58.0+1.0
fect of elevated acidity of the starting whey (50...60 °T) on lac- ass share of moisture, % . -
tobacilli and is consistent with data by other researchers [23]. Mg content, mg/kg 112.8+3.1 +64 %
Taking into consideration the gained positive effect, our Mn content, mg/kg 0.51£0.01 +35% +42 %
subsequent study addressed the influence of fermented whey, Ca content, ug/kg | 2765.0+55.0 ) )
enriched with mineral elements, on the qualitative indicators Yield of cheese from 1 kg 110+0.5 8% L 65%
of thermo-acid cheese. of milk, g - ' '
For this purpose, we made experimental samples of Microbiological indicators According to acting standards

cheese, the Adyheys'kyy type, using the following:
— fermented milk whey, untreated (control);

Note: “+” indicator grew;
nounced change

«_»

— indicator decreased; ~ — no pro-



Thus, the results of research into the growth of acid-
ity and the number of lactobacilli in the experimental
samples of whey showed the possibility of a decrease in
fermentation duration almost by 2 times as a result of the
following:

1) preliminary treatment of milk whey before fermenta-
tion by electrospark discharges in a reaction chamber with a
conductive layer of manganese granules over 60 s;

2) treatment of milk whey before fermentation in a
reaction chamber with a conductive layer of magnesium
granules over 30 s and further treatment in the cham-
ber with a conductive layer of manganese granules over
30...60s.

It is noted that the use of acidic whey, produced from
the raw materials enriched with magnesium and manganese,
in the technology of thermo-acid cheese contributes to its
enrichment with valuable mineral elements. It also provides
for a more complete use of the protein potential of milk and,
consequently, a growth of the thermo-acid cheese yield by
1.8..6.5 %.

6. Discussion of results from studying the
influence of electrospark treatment of milk
whey on the process of its fermentation
and the quality of thermo-acid cheese the
type of “Adyheys'kyy”

The data obtained are consistent with
the results from works [1, 14,27] and in-
dicate the positive effect of enriching the
fermentation medium with magnesium and
manganese on the intensification of biotech-
nological processes. In particular, this can be
explained by the increased concentration of
magnesium with respect to calcium, since, as

its involvement in forming the cheese mass together with
plasma (fermented by whey) enriched with this element.

Thus, it has been proven that the electrospark treatment
of milk whey before fermentation reduces the time required
to produce whey-coagulant by several times. Consequently,
the duration of the technological process of thermo-acid
cheese production decreases and their cost is reduced.

The use of fermented whey, pre-treated with electrospark
discharges in reaction chambers with a conductive layer of
magnesium and manganese, in the technology of thermo-ac-
id cheeses contributes to a slight increase in cheese yield and
its enrichment with valuable mineral elements.

Given the above, it is a priority to use in the technology
of preparing whey-coagulant the milk whey, consistently
treated in discharge chambers with magnesium and man-
ganese electrode systems. Note, however, that the results
obtained do not rule out the appropriateness of the use of
whey enriched with manganese through the electrospark
treatment aimed to intensify the fermentation of whey.

Structural diagram of acid milk whey production in-
volving a technique of electrospark enrichment of the raw
material with with magnesium and/or manganese is shown
in Fig. 4.
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electrospark discharges in reaction chambers Electrospark treatment in a discharge chamber with a conductive
with magnesium and manganese electrode layer of Mg granules Mg

systems demonstrated the ratio of 1:4.7. :

The Mg and Mn transition from the
fermented whey to protein clot is due to

Electrospark treatment in a discharge chamber with a conductive

layer of Mn granules Mn

their involvement in the protein depo-
sition process. In this case, Mg, which
in an electrochemical series occupies a
position close to calcium, acts as struc-
ture-forming bridges to bind proteins sim-
ilar to the type of calcium bridges accord-
ing to the scheme -R-Mg-HPO4-Mg-R- or
“R-Mg-HPO,-Mg-HPO4Mg-R- [29, 30].
This statement is confirmed by the reduction
(although not significant) of protein losses
in the milk whey and an increase in cheese

I

Pasteurize to =80+5 °C

I

Cool to =40+2 °C

l

Add pure lactobacilli cultures

I

yield. Slight changes in the amount of Ca in
the experimental samples suggests that Mg

Ferment to /=40+2 °C until reaching acidity of 150...170 °C

does not replace calcium, but is an additional
factor contributing to the completeness of
the use of protein substances.

The role of Mn for binding protein
substances is unlikely. Its insignificant
growth in the cheese clot is explained by

i

Direct to thermo-acid settling

Fig. 4. Structural diagram of acid whey production for thermo-acid settling of
proteins involving the electrospark treatment of raw materials



The devised acid whey production technology does not
limit its use only to making thermo-acid cheeses. Possible di-
rections for treating the fermented whey produced through
electrospark discharges are shown in Fig. 5.

Settling of thermo-
acid cheeses

Fermented whey,
produced through the
electrospark discharges

Settling of casein

\ >

Fig. 5. Ways of using fermented whey produced through
electrospark discharges

The technological process of acidic whey production
should be implemented in the following order:

1) prepare whey;

2) warm it up to a temperature of 35...40 °C;

3) separate to remove fat;

4) treat the fat-free milk whey with electrospark dis-
charges at an experimental technological complex in a reac-
tion chamber with a conductive layer of magnesium and/or
manganese granules. The treatment parameters are: capacitor
charging voltage is 80...100 V, capacitor capacity is 100 pmF,
interelectrodespacingis0.01—0.1 mm, temperatureis25+5°C.
Recommended duration of treatment in the discharge
chamber with a conductive layer of Mg is 30 s and/or
60 s in a discharge chamber with a conductive layer of Mn;

5) pasteurize at a temperature of 80+2 °C;

6) cooling to the fermentation temperature;

7) ferment and ripen with pure cultures Lactobacillus
acidophilus (if necessary, it is possible to use pure cultures
Lbc. Bulgaricum, Lbc. Helveticum) until reaching acidity of
not less than 150...170 °T.

When using in the production of whey-coagulant the
milk whey from sour milk cheese after its collection it is

immediately directed to processing, it is not recommended
to store it.

One can note the following advantages of the proposed
acid whey-coagulant technology for thermo-acid cheeses:

— it substantially shortens the production cycle;

— it improves the utilization factor of technological
equipment and resources for it;

— it does not require significant space for the introduc-
tion of an innovative electro-physical technique; on the
contrary, it leads to a decrease in the number of tanks due to
a reduction of fermentation time, and therefore a decrease in
production areas for them;

— it provides for a more complete use of the protein po-
tential of milk and, consequently, for a growth in the ther-
mo-acid cheese yield by 1.8...6.5 %.

— it promotes the enrichment of dairy-protein products
with valuable mineral elements and, consequently, it im-
proves their biological value.

7. Conclusions

1. Based on the results from experimental laboratory
studies, we have established a decrease in the fermentation
duration of milk whey, treated with electrospark discharges,
by almost two times, under the following conditions:

— treatment of whey, before fermentation, with electro-
spark discharges in a reaction chamber with a conductive
layer of manganese granules over 60 s;

— treatment of milk whey, before fermentation, in a reac-
tion chamber with a conductive layer of magnesium granules
over 30 s and further treatment in the chamber with a con-
ductive layer of manganese granules over 30...60 s.

2. It was established that the use of whey, produced from
the raw materials enriched with magnesium and manganese,
as a coagulant, in the technology of thermo-acid cheese
contributes to enriching it with valuable mineral elements.
The protein potential of milk is used in this case somewhat
better, which contributes to an increase in the yield of ther-
mo-acid cheese by 1.8...6.5 %.
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