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Treatment of yeast cultures using magnetic fields enables us to gain a better understanding of the
magnetic fields’ action on enzyme activity and the fluctuation of macro- and micro-element concentra-
tions within yeast cultures. For this purpose, the two following groups of yeast were studied: laboratory
yeast cultures isolated from regional grape must and commercial yeast cultures that are commonly used
in the wine industry. Both yeast groups were biochemically tested with and without magnetic field treat-
ment exposure. We used the following parameters of magnetic field frequency: 160 Hz with an intensity
of 5 mT and an exposure time of 30 minutes. Based on our laboratory tests, the yeast cultures that were
not exposed to magnetic field treatment had a high correlation between the activities of alcohol dehydro-
genase and cocarboxylase. The groups of yeast that underwent magnetic field treatment had a high cor-
relation between the activities of alcohol dehydrogenase, alanine aminotransferase, amylase and phos-
phatase.

Study of the morphology of Saccharomyces cerevisiae yeast followed by magnetic field treatment illus-
trated that between 30 and 70% of the magnetic field treated yeast died. The surviving yeast cultures in
the grape must (confirmed by Gram staining) revealed increased enzymatic activity and a high correlation
between levels of potassium and calcium, as well as between levels of potassium and magnesium.
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wine biotechnology.

Magnetic field treatment is an interesting
and promising field that is currently being
investigated by the wine and food industries.
According to the results of a number of
researchers, exposure to magnetic fields causes
inhibition of microorganism growth and repro-
duction, including that of yeast cultures[1, 2].
On application of a magnetic field of 50 tesla
(T), with a frequency of between 5-500 kHz,
the number of microorganisms was reduced by
at least 2 cycles [3, 4]. The ability of magnetic
field treatment to inactivate yeast cultures is
an effective process [5, 6]. Once this process is
better refined through further study and
experimentation, it could be proposed that it
is of potential value to the wine and food
industries [7, 8].

Magnetic field treatment using non-ioni-
zing electromagnetic effects, therefore, can be
used to inhibit certain target processes in wine
biotechnology.

Spontaneous fermentation of grape must is
invariably accompanied by complex biochemi-
cal reactions such as the transformation of
carbohydrates into ethanol, releasing carbon
dioxide and other products of primary fermen-
tation. The mechanisms of these processes are

initiated by yeast enzymes produced during
their reproduction in grape must.

Yeast is found, together with bacteria, on
the skin of ripe grapes, and, as a result, the
yeast becomes active in a short lag phase on
interacting with grape must. In anaerobic con-
ditions, yeast enzymes participate in the
process of grape must transformation into
ethanol, carbon dioxide and other products [9,
10]. This plays an important role in the tech-
nology of making high quality, natural wine.
Wine’s taste and delicate bouquet (or aroma)
depends on the yeast culture that is used in the
fermentation process during winemaking.

The products of primary fermentation are
aromas and flavors, carbon dioxide, and
released heat. The heat production during fer-
mentation (an exothermic process) means that,
during fermentation, the temperature near the
fermentation vessel rises and requires cooling
to an optimal temperature [11, 12].

In nature, there are varied wild yeast
species that are able to participate in the
process of grape must fermentation. Our task,
therefore, was to determine enzyme activity,
fluctuation of macro- and micro-elements and
some other parameters of cellular metabolism
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in the isolated yeast species. In comparison
with wild yeast cultures, pure yeast cultures
make biotechnological processes more control-
lable and, for this reason, pure yeast cultures
are preferable for use within the wine indus-
try. Pure yeast cultures resistant to ethanol,
acid and potassium bisulfite provide qualities
that aid in the fermentation of grape must
even in unusual, extreme conditions [13, 14].

Specific differences in yeast cultures play
an important role in the production of high
quality wine. The grape must possesses yeast
strains with high zymotic activity [15, 16].

The aim of this research was to study the
effect of magnetic field treatment on the yeast
culture Saccharomyces cerevisiae. For this
purpose, the activity of selected enzymes, con-
centration of macro- and micro-elements and
some other parameters of yeast metabolism
were determined.

Sugar degradation includes three distinct
pathways: alcoholic fermentation under anaero-
bic conditions, glyceropyruvic fermentation, and
respiration under aerobic conditions [17, 18].

Glucose-6-phosphate dehydrogenase (G6PD)
plays an important role in the mechanism of
fermentation. G6PD is a cytosolic enzyme in
the pentose phosphate alcohol dehydrogenase
pathway. During wine-making, 8% of glucose
follows this pathway. The fermentation is
glyceropyruvic and is important at the begin-
ning of the alcoholic fermentation of grape
must, when the concentration of alcohol dehy-
drogenase is low.

Cocarboxylase, thiamine pyrophosphate
(TPP), is an enzyme for the decarboxylation of
pyruvic acid to carbon dioxide and acetalde-
hyde. Cocarboxylase was found to be the only
growth-promoting factor. It increases the rate
of alcoholic fermentation. TPP plays an im-
portant role in yeast metabolism, wherein it is
a coenzyme for a-ketoacid dehydrogenase [19].

Lactate dehydrogenase plays an important
role in lactic acid fermentation, which con-
verts carbohydrates such as glucose, fructose
and sucrose into cellular energy and the meta-
bolic byproduct, lactate.

Phosphatase, an enzyme that removes a
phosphate group from its substrate by
hydrolyzing phosphoric acid monoesters into
phosphate ions and a molecule with a free
hydroxyl group, participates in the dephos-
phorylation process. Phosphate groups can
activate or deactivate an enzyme. Phosphates,
therefore, are integral to many signal trans-
duction pathways. Phosphates are important
in signal transduction as they regulate the
proteins to which they are attached. To reverse
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the regulatory effect, the phosphate is removed.
This occurs as a result of hydrolysis, or is
mediated by protein phosphates. Protein phos-
phorylation plays a crucial role in biological
functions and controls nearly every cellular
process, including metabolism, gene tran-
scription and translation, cell-cycle progres-
sion, cytoskeletal rearrangement, protein-pro-
tein interactions, and protein stability.

Aminotransferases catalyze the reversible
reaction, and there are multiple transaminase
enzymes which vary in substrate specificity.
Some show a preference for particular amino
acids or classes of amino acids as amino group
donors and/or for particular a-keto acid accep-
tors. Aspartate donates its amino group, becoming
the a-keto acid oxaloacetate. Similarly, alanine
becomes pyruvate as the amino group is trans-
ferred to a-ketoglutarate. The single (cytosolic)
aspartate aminotransferase was purified in high
yield from yeast Saccharomyces cerevisiae,
which confirms that this enzyme exists in yeast
and plays an important role.

Magnetic field treatment for yeast cultures
is common, because it can be applied to steri-
lization and the inhibition of growth of yeast
cultures [20]. Additionally, magnetic field
treatment activates some yeast enzymes.

Materials and methods

Samples from different industrial grape
species were collected during the vintage sea-
son from the vineyard of the winery (the
Koblevo Company, located in the Nikolaev
region, Ukraine). The total number of species
selected for the research was fourteen. The
following industrial species of grapes were
selected for the research: Chardonnay, Caber-
net Sauvignon, Merlot, Sauvignon, Riesling
Rhenish, Aligote, Rkatsiteli, Bastardo, Tra-
miner, Irshai Oliver, Muscat Ottonel, Ham-
burg’s Muscat, Fetyaska, and Isabella.

The grape species were cultivated on the
soils in the district located between the Black
Sea and the Tiligul estuary.

Yeast strains:

1. Laboratory yeast cultures isolated from
grape must of the «Koblevo» winery:

-Y-3362; *MAFF-230073. Saccharo-
myces cerevisiae isolated from grape must of
the cultivar Aligote;

- Y-3366; MAFF-230075. Saccharomyces
cerevisiae isolated from grape must of the cul-
tivar Rkatsiteli;

- Y-3367; MAFF-230076. Saccharomyces
cerevisiae isolated from grape must of the cul-
tivar Sauvignon;
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- Y-3394; MAFF-230086. Saccharomyces
cerevisiae isolated from grape must of the cul-
tivar Sucholimansky white;

- Y-3368; MAFF-230077. Saccharomyces
cerevisiae isolated from grape must of the cul-
tivar Chardonnay;

—Y-3442; MAFF-230104. Saccharomyces
cerevisiae isolated from grape must of the cul-
tivar Odessa Muscat.

The designated yeast culture numbers were
derived from those deposited in the MAFF
Collection,* National Institute of Agrobiolo-
gical Sciences, Genbank of Japan.

II. Commercial (for wine industry use)
Saccharomyces cerevisiae yeast cultures:

— Y-3436 Saccharomyces cerevisiae Lalvin
ICV D-47;

— Y-3437 Saccharomyces cerevisiae Lalvin
ICV D-254;

— Y-3438 Saccharomyces cerevisiae Lalvin
QA-23;

—Y-3439 Saccharomyces cerevisiae Uva-

ferm CS-2;

—Y-3440 Saccharomyces cerevisiae
Anchor Vin-13;

—Y-3441 Saccharomyces cerevisiae

Anchor Vin-2000.

Note: *MAFF — Collection of microorganisms,
Ministry of Agriculture, Forestry and Fisheries,
Tsukuba, Ibaraki, Japan.

Grape must derived from different grape
species was placed into sterile glass flasks to
half of the 250ml flask volume. Each flask was
carefully closed with a rubber stopper with an
injection needle in it. During the fermentation
process, it was necessary to remove carbon
dioxide, which was present as a result of active
anaerobic fermentation processes in the grape
must. At the end of grape must fermentation,
pure yeast cultures were isolated using tradi-
tional microbiological methods by consistent
inoculation of a sample into a Petri dish with a
few modifications of nutrient selective agar
for yeast isolation and cultivation. Primary
yeast isolation was carried out using Inhibi-
tory Mold Agar medium (Becton Dickinson
Company, USA). The yeast culture morpholo-
gical properties were analyzed after the prima-
ry yeast culture isolation. Yeasts were identi-
fied by polymerase chain reaction (PCR) using
universal yeast primers. After yeast culture
identification, the next step in yeast cultiva-
tion was carried out on Wort Agar medium
(Becton Dickinson Company, USA). Each iso-
lated, identified yeast culture was deposited in
the NRRL Culture Collection (Nord Regional
Research Laboratory, Peoria, USA) and in the
British National Collection of Yeast Culture

(NCYC), Norwich, UK. The following methods
were used for yeast isolate identification:
amplification of ITS1-5.8S — ITS1-2b and D1-
D2 26S genome locus fragments that code
ribosomal RNA with the next direct sequen-
cing of received DNA fragments. Amplification
of yeast cultures was carried out in coopera-
tion with the Laboratory of Pharmacogeno-
mics, Research Institute of Chemical Biology
and Fundamental Medicine, Novosibirsk,
Russian Federation.

Following PCR identification of yeast
species as Saccharomyces cerevisiae, their
morphological, physiological and biochemical
properties were determined.

Each yeast culture was tested for techno-
logical characteristics such as growth resis-
tance at high temperature (+42 °C) and low
temperature (+6-8 °C), growth at low pH
2.6—3.0 (acid resistance), growth in the pre-
sence of 5, 10, and 15% ethanol (ethanol resis-
tance), and growth in the presence of high con-
centration potassium bisulfite (bisulfite
resistance). Hydrosulfide synthesis (produc-
tion, gassing) was studied in addition. Magne-
tic field treatment for the yeast, Saccharo-
myces cerevisiae, was introduced with a
magnetic field frequency of 160 Hz, an inten-
sity of 5 Milli-Tesla and an exposure time of
30 minutes, with streaming conditions. This
basic power rating of magnetic induction
makes magnetic field treatment efficient for
yeast research. For research purposes, the
magnetic field device «Alimp-1» was utilised.
The total number of magnetic field treatments
conducted was 10, with an interval of 48 hours
between each treatment. Total magnetic field
exposure time was 30 minutes for a single pro-
cedure. Before and after magnetic field treat-
ment, yeast suspension parameters of nitro-
gen, protein, carbohydrate, lipid metabolism,
enzymatic activity and total sugar (which
included glucose, fructose, and sucrose) were
determined. Macro- and micro-element con-
centrations in fermented grape must, which
contained pure yeast culture, was determined
prior to and after magnetic field treatment.
These included: potassium (ion-selective
method), sodium (ion-selective method), calcium
(color change of methylthymol blue in alkaline
media method), phosphorus (formation of
phosphomolibdate complex in acidic media
method), magnesium (calmagite in alkaline
media forms a stable chromogen), iron (fer-
rozine method), chlorides (mercury thio-
cyanate in acid media react with trivalent fer-
ric ions and form a red complex) and some
parameters of yeast cellular metabolism, such
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as: protein (total) (biuret method), glucose
(glucose oxidase/peroxidase), triglycerides
(glycerol phosphate oxidase / peroxidase
method), nitrogen of urea (urease/glutamate
dehydrogenase).

All biochemical parameters were tested in
the fermenting grape must on the 5th day.

The following enzyme activity was deter-
mined: glucose-6-phosphate dehydrogenase
(the method of determination was measure-
ment of the amount of reduced NADPH
formed during oxidation of glucose-6-phos-
phate into phosphor gluconolactone), alcohol
dehydrogenase (Ethanol + b-NAD —Alcohol
Dehydrogenase Acetaldehyde + b-NADH),
cocarboxylase (splitting the pyruvic acid
to acetaldehyde and CO, method), lactate
dehydrogenase (recovery of pyruvate by
NADH, thus forming lactate and NAD+),
phosphatase (conversion of phosphate groups
with 4-nitrophenyl phosphate in 2-amino-2-
methyl-1-propanol), amylase (catalytic con-
centration was determined by the formation of
4-nitrophenol), and, in addition, some amino-
transferases by alanine and aspartate amino
acids were determined (catalytic concentra-
tion is determined from the rate of decrease of
NADH, measured at 340 nm by means of the
malate dehydrogenase coupled reaction).

The parameters listed above were based on
the principle of spectrophotometric analysis
and determined using the Cobas biochemical
analyzer, produced by Hoffman La Roche
Company, Switzerland. All tests were con-
ducted using specific test kits for each studied
parameter. The kits for the enzyme activity,
and macro- and micro-element concentration
testing were made by the BioSystems Company
S.A. (Costa Brava, Spain). The Glucose-6-
phosphate Dehydrogenase kit was made by the
Sentinel Company, Italy. The Chloride testing
kit was made by Pliva Lachema Diagnostika
(Brno, Czech Republic). Electrolyte concentra-
tions of sodium and potassium were tested by
an ion-selective electrode measurement ana-
lyzer, produced by the Instrumentation
Laboratory Company (Bedford, MA, USA).

The volume fraction of alcohol and pH
were determined by the spectroscopy method
using the Bacchus-II spectrometer (Microdom
Company, France).

Statistical deviation and significance were
evaluated using Student’s t-test with P —
value: P <0.1; P < 0.05; P < 0.01. We calcu-
lated Spearman’s rank correlation coefficient
for the tested biochemical parameters between
tested groups of yeast prior to, and following,
magnetic field treatment. Each biochemical
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test was repeated on three occasions to con-
firm the result. For the groups prior to and
following magnetic field treatment, the dis-
persion analysis (ANOVA), based on Fisher-
Snedecor test (unifactorial model), was used,
wherein F-distribution arises in frequency as
the null distribution of a test statistic, most
notably in the analysis of variance.

Results and discussion

Yeast cultures isolated from various culti-
vars of grape must were identified by PCR
analysis, e.g. Fig.1. For commercial (industri-
al yeast cultures) it was not necessary to deter-
mine species, as these cultures were identified
previously.

24 hours following magnetic field treat-
ment, the morphology of the yeast cultures
(stained by Gram method) was analyzed.
Cultures were examined microscopically,
under immersion, at a magnification of x900.
The results confirmed that, in each yeast cul-
ture, dead yeast existed at a level of between
20% and 90% of the total number, and the
same result applied to both laboratory and
commercial samples. The percentage of dead
yeast depended on the type of culture and the
results are as follows: Y-3366 — 70% , Y-3394 —
60%,Y-3437 — 20%, Y-3440 — 50% . Fig. 2. —
Morphology of Saccharomyces cerevisiae iso-
lated from grape cultivar «Sauvignon» Y-
3367, 24 hours following magnetic field treat-
ment. 10% of the yeast cells, stained violet,
were alive and active. 90% of the cells,
unstained, represented dead cells, resembling
empty honeycombs. Fig. 3. — Morphology of
Saccharomyces cerevisiae isolated from grape
cultivar «Chardonnay» Y-3368. 80% of the
cells, stained violet, were alive and active.
20% of the cells that remained unstained re-
presented dead cells, again resembling empty
honeycombs. Fig. 4. —Morphology of yeast
culture Saccharomyces cerevisiae isolated from
grape cultivar «Sucholimansky white» Y-
3394. All yeast cells were stained violet in
color, and were large, and round or oval
shaped. Fig. 5 — Morphology of commercial
(industrial) yeast culture Saccharomyces cere-
visiae «Vin-13» produced by the Anchor
Company, Y-3440. All yeast cells stained vio-
let in color; cells were large and oval shaped.

The yeast cultures isolated from
Sauvignon and Chardonnay grape varieties
were identified by PCR analysis as Saccharo-
myces cerevisiae. These clearly demonstrated
specific bands corresponding to Saccharo-
myces cerevisiae.
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Saccharomyces cerevisiae by PCR analysis

— e 800 bp
Y-3367 Y-3368

Identification of yeast cultures isolated from grape varieties

Fig. 1. Electrophoregram for identification
of yeast cultures by PCR analysis using universal
yeast primers

Fig. 2. Morphology of yeast culture
Saccharomyces cerevisiae isolated from grape
cultivar «Sauvignon» Y-3367

Yeast cells of Saccharomyces cerevisiae,
24 hours following magnetic field treatment.

Stained by Gram method. Magnification — x900.

Yeast cells that stained violet in color represent
live and active cells (10% of the overall number of
yeast cells). Cells that are not stained are dead
(90% overall) and resemble empty honeycombs.

Fig. 3. Morphology of yeast culture
Saccharomyces cerevisiae isolated from grape
cultivar «Chardonnay» Y-3368

Yeast cells of Saccharomyces cerevisiae
24 hours following magnetic field treatment.

Stained by Gram method. Magnification — x900.

Yeast cells that stained violet in color represent
live and active cells (80% overall). Cells that are
not stained are dead (20% overall) and resemble
empty honeycombs.

Fig. 4. Morphology of yeast culture
Saccharomyces cerevisiae isolated from grape
cultivar «Sucholimansky white» Y-3394

Yeast cells of Saccharomyces cerevisiae, after
cultivation for 24 hours without magnetic field
treatment.

Stained by Gram method. Magnification — x900.

All yeast cells are stained violet in color. Cells
are large and either round or oval shaped.

Fig. 5. Morphology of commercial yeast culture
Saccharomyces cerevisiae «Vin-13» produced by
the Anchor Company, Y-3440

Yeast cells of commercial (industrial) Saccha-
romyces cerevisiae, after cultivation for 24 hours
without magnetic field treatment.

Stained by Gram method. Magnification — x900.

All cells are stained violet in color. Cells are
large and oval-shaped.

The impact of magnetic field treatment
impact on Saccharomyces cerevisiae yeast cul-
tures manifested in enzyme activity, the con-
centration of macro- and micro-elements, and
some parameters of cellular metabolism
including nitrogen, protein, carbohydrate,
and lipid metabolism of yeast cells. This was
studied using dispersion analysis (ANOVA) as
illustrated in tables 5 and 6.

The morphology of yeast cultures, both
without magnetic field exposure and 24 hours
following magnetic field treatment, are shown
in Fig. 2-5. Both groups of yeast cultures
Saccharomyces cerevisiae, including wild
yeast cultures isolated from different grape
must cultivars after spontaneous fermenta-
tion and commercial (industrial) yeast cul-
tures, were tested for the following biochemi-
cal parameters: protein (total), glucose,
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Table 1. Enzymatic activity of yeast cultures Saccharomyces cerevisiae isolated

from vineyards of the «Koblevo» winery

Enzyme activity
(umol/min x107* L)

Grape must fermentation on the 5th day
without magnetic field treatment (control)

Grape must fermentation on the 5th day fol-
lowing magnetic field treatment

USRCB collection | Y- Y- Y- Y- Y- Y- Y- Y- Y- Y-y 3368 Y-
number 3362 | 3366 | 3367 | 3394 | 3368 | 3442 | 3362 | 3366 | 3367 | 3394 | ¥ 3442
Alanine amino- | 37.6= |46.4= | 24.9%| 29.9% | 49.8= | 68.0+|39.7=| 41.6+ | 26.6=| 32.8+ | 37.2= |51.3+
transferase | 2.4 | 1.2 | 0.6 | 0.6 | 0.6 | 0.3 | 0.2 | 0.4 | 0.4 | 0.4 | 0.2 | 0.6
Alcohol dehydro- |46.2= | 28.9% | 82.7 | 24.8= | 18.4 | 35.4% | 64.8%|59.2% | 63.1= | 57.4% | 62.7= |83.9=
genase 04 | 05 | 0.3 | 05| 04 | 03| 02|02 06| 04 | 06 | 0.2
Aspartate amino- | 24.9+ | #13.2 |39.8=| 3.3+ | 14.9+ | 74.7+| 365.2| 129.4 | 202.5 | 439.9 | 207.5| 126.6
transferase | 0.5 |= 0.1| 0.2 | 0.3 | 0.5 | 0.4 |=87|=1.7|=1.9| =25 | 1.9 |=0.4
Amvlase 3.9+ |13.6=|6.06+| 7.4+ | 6.8+ | 7.3+ | 226.2|99.6+|16.6=| 116.2 | 135.2+ | 16.6=

v 0.3 | 05| 02| 03| 03 | 02 |=09| 06|09 |+07| 1.2 | 0.4
Glucose 6-Dhos- |90 4| 26,72 | 28.2+ | 22.5% | #24.6%| 27.8 | 14.7 | 12.6%( 16.8= | #15.2 | 10.8 | 14.7=
phate e o8 | 04 | 03 [ 02 [ 02 | 01 |03 |02 |03 |02/ 01 | 01 |02
Covarboxvlnse | 47-4% | 38.2 [42.785.1= | 27.2= |39.6+ |65.2+ | 74.8% | 68.5% | 77.3+ | 64.6= | 72.3=
v 1.0 [ 0.2 | 02| 02| 04 |04 |07 | 11|10/ 09 | 08 | 0.4

Lactate dehydro- | 28.2% | 21.5=| 11.6% | 14.9+ | 38.1% | 23.2=| 126.6 | 124.5 |89.6=| 48.1= | 117.8+ | 44.9=
genase 0.2 | 02| 03|03/ 02| 02]|=07=03|06]| 09 | 06 | 0.7
Phosohatase | 7L-3% | 83.0%|06.2+ | 78.0%| 66.4= | 72.9=| 285.5 | 197.5| 123.6 | 132.8 | 122.8% | 106.2
P 04 | 0.2 | 0.4 | 0.3 | 0.3 | 05 |=1.1|=05(=06|=1.2| 1.0 |=0.4

Note: standard deviation was calculated; statistical significance of difference was evaluated using Student’s t-test;
P-value * P < 0.1.

Table 2. Concentration of macro- and micro-elements in yeast cultures Saccharomyces cerevisiae isolated

from vineyards of the «Koblevo» winery

mll'\g?((;:{: lflg:llts Grape must fermentation on the 5th day with- | Grape must fermentation on the 5th day follow-
(mmol /L) out magnetic field treatment (control) ing magnetic field treatment
USRCB collec-| Y- Y- Y- Y- Y- Y- Y- Y- Y- Y- Y- Y-
tion number | 3362 | 3366 | 3367 | 3394 | 3368 | 3442 | 3362 | 3366 | 3367 | 3394 | 3368 | 3442
Potassium | 35,57 (%#35,61|%34,03| 33,56 | 34,83 |*34,53| 46,66 | 44,24 |*38,47| 35,1+ | 41,2+ | 36,16
(mmol/L) +0,3 | =0,1 | 0,1 | +0,2 | =0,4 | =0,1 | =0,2 | 0,2 | *=0,1 0,2 0,2 +0,2
Sodium %*28,9 | *16,0 | 20,2+ | 22,6+ | 27,8+ | 21,7+ | *30,0 | *16,5 | ¥19,4 | *17,8 | *16,6 | *22,0
(mmol/L) +0,1 | =0,1 0,3 0,4 0,6 0,2 +=0,1 | =0,1 | =0,1 | =0,1 | =0,1 | *=0,1
Calcium 5,44+ | %%4,32| 4,85+ | *%4,68| *5,19 | *3,09 | %6,56 | 8,28+ | #5,89 [#*4,03|**7,91| *5,94
(mmol/L) 0,08 | +0,02| 0,08 |=+0,05| =0,1 | =0,1 | =0,1 | 0,08 | =0,1 | +=0,02 | =0,02 | =0,1
Phosphorus | **1,7 |1,40,%=|**0,85| 1,49+ | 1,99+ | *3,12 |**0,61| *1,2+ |0,7+0, 2,4+0,| 1,32+ | *3,2=*
(mmol/L) |=0,05| 0,06 | =0.01 | 0,07 | 0,08 | =0,1 | +0,03| O,1 06 2 0,02 0,1
Magnesium | 1,48+ | #%%1,4 | *1,58=% | ***1,5 | 1,56+ | 1,40+ |%*3,94 | 2,73+ | #*3,93| *1,1+ |*%3,22|%%1,38
(mmol/L) 0,06 |2=+0,01| 0,1 |[1+0,01| 0,09 | 0,07 |=+0,05| 0,08 | +=0,05| 0,1 |=0,03|=0,05
Iron 1,0+0,|1,0=+0,|2,0+0,|1,0+0,| *3,0+ | *8,0+ | 27,0+ | 14,0+ | 16,0+ | 12,0+ | 29,0+ |9,0=+0,
(umol/L) 08 09 08 04 0,1 0,1 0,6 0,8 0,3 0,3 0,7 4
Chlorides *16,8 | 14,1+ | *16,3 | 12,8+ | 14,7+ | 14,5+ | 35,7+ | 27,6+ | 93,8+ | 10,2+ | 46,7= |5,5=+0,
(mmol/L) +0,1 0,2 +0,1 0,3 0,6 0,6 0,4 0,4 0,5 0,2 0,7 2
Protein 3.9+ | 3.0+ | 3.9+ | 2.4+ | *2.6%+ | *2.1+ | ¥*12.1 | 14.7+ | 11.8%+ | ¥9.4=+ | 12.6=* | *10.2
(total) (g/L) 0.3 0.2 0.3 0.2 0.1 0.1 =0.1| 0.2 0.2 0.1 0.2 |+ 0.1
Glucose %6.24 | %6.91 [#%5.73| 6.64= | 5.28+ |*%6.36 | *%2.68 | *%2.25| ¥3.20 |**2.86 | **2.32|**3.47
(mmol/L) +=0.1 (= 0.1|=+0.02| 0.08 | 0.07 | +=0.04 | =0.04 | =0.04 | =0.1 | +=0.05 | =0.03 | =0.03
Triglycerides | 4.39+ | 5.65= | *5.37 |*%5.22| 4.67+ | 4.75+ | 4.05+ | 4.14+ | 4.41+ | 2.39= | *%3.36|**0.27
(mmol/L) 0.06 | 0.08 | =0.1 | +0.02| 0.08 | 0.06 | 0.09 | 0.07 | 0.07 | 0.06 |=0.03|=0.02
Nitrogen of |#*%0.16|%%%0.21 | ***0.18 | ***0.05 | ¥*0.26 | **0.79 | #*0.71 | **%0.05| *%0.65 | ***0.02 | **1.06 | ***0.13
Urea (mmol/L)| =0.02 | £0.01 | =£0.01 | =0.01 |+ 0.02|=0.05|=0.02| =0.01 |+ 0.02|%=0.006 | =0.04 | =0.01

Standard deviation was calculated; statistical significance of difference was evaluated using Student’s t-test.
Note: P-value * P < 0.1; ** P < 0.05; *** P < 0.01.
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Table 3. Enzymatic activity for commercial (industrial) yeast cultures Saccharomyces cerevisiae

Enzymatic activity Grape must fermentation on the 5th day Grape must fermentation on the 5th day fol-
(umol/minx102 L) | without magnetic field treatment (control) lowing magnetic field treatment
USRCB collection Y- Y- Y- Y- Y- Y- Y- Y- Y- Y- Y- Y-
number 3436 | 3437 | 3438 | 3439 | 3440 | 3441 | 3436 | 3437 | 3438 | 3439 | 3440 | 3441
Designation of QA- Vin- | Vin- QA- Vin- | Vin-
veast D-47 | D-254 93 CS-2 13 2000 D-47 | D-254 93 CS-2 13 2000
Alanine amino- |32.3%+|33.8+(29.4+|24.9+|35.6+|43.1+|27.4+|32.7+|38.2+|27.9+|42.8+|24.5+
transferase 0.8 0.6 0.5 0.5 0.4 0.3 0.3 0.4 0.5 1.2 1.0 0.4
Alcohol dehydroge- | 27.4+ | 28.9+ | 32.7%+|35.4+ | 26.5+|24.8+ | 57.2+ | 62.7=|63.1+ | 58.9+ | 64.8+ | 72.5%
nase 0.4 0.2 0.3 0.3 0.4 0.6 0.4 1.1 0.4 0.7 1.3 2.0
Aspartate amino- |24.6+|33.4+|31.5+|28.6*+|26.3=|37.9+|285.2 | 248.4 | 239.8|275.3 | 207.5 | 248.6
transferase 0.4 0.3 0.5 0.4 0.4 0.3 |[+£0.7[*+09|+3.0|x1.0(*x1.9|=*2.5
Amvlase 52.4+|43.9+ | 73.7+ [ 50.5+ | 82.5+|60.3+| 265.2|99.6+ | 127.6 | 116.2 | 135.2 | 198.6
¥y 0.3 0.6 0.7 0.3 0.4 04 | +£0.7] 1.2 |+0.6|=1.3|*x2.2|=3.0
Glucose-6-phosphate | 23.1=|25.4+ | 27.3+ | 28.2+ | 22.5+|24.6*+|16.8+|14.6=|13.7+[19.4+|12.3+|15.9=+
dehydrogenase 0.7 0.4 0.3 0.4 0.4 0.6 0.4 0.4 0.5 0.4 0.3 0.6
Cocarboxvlase 36.4+|28.7+|34.6+|26.8+|32.1=| 35.9 | 72.3 |68.5+|77.4+|65.2+|75.8+|73.2+
y 0.6 0.5 0.4 0.5 0.2 |+£0.6|=0.4| 0.8 0.8 0.8 1.3 0.5
Lactate dehydroge- | 14.8+|23.7=|19.2+|23.8%+|25.4+|26.9+ | 86.3+| 127.4 |95.7+|128.6 | 117.3 | 123,2
nase 0.5 0.4 0.2 0.5 0.3 0.2 04 |+£08] 04 |+1.1|+1.4|x1.2

Standard deviation was calculated; statistical significance of difference was evaluated using Student’s t-test.
Note: P-value * P < 0.1; ** P < 0.05; *** P < 0.01.

Table 4. Concentration of macro- and micro-elements
in commercial (industrial) yeast Saccharomyces cerevisiae

Macro- and Grape must fermentation on the 5th day with- | Grape must fermentation on the 5th day follow-
microelements out magnetic field treatment (control) ing magnetic field treatment

USRCBcollec-| Y- Y- Y- Y- Y- Y- Y- Y- Y- Y- Y- Y-
tion number | 3362 | 3366 | 3367 | 3394 | 3368 | 3442 | 3362 | 3366 | 3367 | 3394 | 3368 | 3442

Potassium |[%34.01| 36.93 | 35.2+ |%*33.94| 37.8= | 36.97 | 40.2% |*40.85| 39.17 [¥41.26| 39.21 | 39.27
(mmol/L) +0.1|+*03| 0.7 | +0.1] 0.2 |*0.2| 03 |=*+0.1|=*0.2|=*0.1]|=+0.2]|=0.3

Sodium 11.3+ | 23.6=+ | 20.5=+ | 16.9=+ | 22.8=+ | 22.6= | 27.5= | 28.3= | 22.9= | 25.5=+ | 28.7= | 29.2=
(mmol/L) 0.2 0.6 0.4 0.6 0.6 0.4 0.3 0.4 0.7 0.7 0.6 0.5

Calcium 2.77%=| *2.95 | 2.92+ | 2.94=+ | ¥5.08 | #*3.12 | 3.07% | ¥2.21 |**2.63| 2.41+ | 3.0+ | *3.36
(mmol/L) 0.07 | £0.1 | 0.09 | 0.04 | =£0.1 | =£0.1 | 0.06 | =0.1 |=0.04| 0.06 0.3 | £0.1

Phosphorus | 3.7= | #1.3=% | *4.74 | ¥3.3% |#%2.09| 2.01= | 2.46= | 1.68= | 2.32= [*¥2,27| ¥2.82 |#*%2.04
(mmol/L) | 0.2 | 0.1 |=0.1| 0.1 |+0.03| 0.06 | 0.09 | 0.07 | 0.07 |+0.02| =0.1 |=0.04
Magnesium | #%1.82[ #1.2% | 1.07= |#¥1,03[#¥1.81[#*%1.06 | #¥1.03 | *+0,94| ¥¥0.98 | #*%0.87 | #+0.99 | +++0.86
(mmol/L) |+0.03| 0.1 | 0.09 [=0.03|=0.04|=0.02|=0.03|=0.01 |%0.02|=0.02|= 0.02| =0.01

Iron (umol/Ly| 2:0% | 2:6% [#1.22] 5.0 | 6.4 | 1.8% | *1.d=| 1.9% | 1.5+ | 1.7+ [ %14 | 1.6+

H 0.06 | 0.3 | 0.1 | 0.2 | 0.2 [ 0.2 | 0.1 | 0.08| 0.2 | 0.2 [£0.05 0.2
Chlorides | *11.6 | 24.4= | 17.1= | 12.1= | 16.2% | 14.7= | ¥11.6 | 9.3% | 6.7= | #6.5% | 10.0= | 6.4+
(mmol/L) |=0.2| 0.3 | 03 | 03 | 0.2 | 0.4 |=0.1| 02 | 0.2 | 0.1 | 0.3 | 0.2
Protein | 1.5+ | 1.6% | #1.4= | #1.2% | ¥1.4% | ¥1.5% | 2.7= | #3.4% | #2,6= | 3.8+ | 4.5+ | 2.9=

(total)(g/L) | 0.1 | 0.2 | 0.1 | 0.1 | 0.1 [ 01 | 0.2 | 0.1 | 0.1 | 0.2 | 0.1 | 0.3
Glucose | 5.1= | 5.05= | *5.12 | #4.85 | %5.82 | #%4.93[ 2.75= | #3.29 | #3.84 | 2.27= | 2.35= | 2.41=
(mmol/L) | 0.02 | 0.09 | = 0.1|= 0.1|= 0.1|=0.04] 0.1 [=0.1|=0.1| 0.09 | 0.08 | 0.06
Triglycerides | 5.1 | 5.05+ | #%5.12 | 4.65= | 5.80= | 4.93= | 4.05= |*%4.14| 4.41= | #2.34 | #3.36 | 3.27=
(mmol/L) | 0.1 | 0.08 |+ 0.02| 0.08 | 0.2 | 0.07 | 0.09 [=0.02| 0.07 |+ 0.1|= 0.1| 0.04

0
Nitrogenof |*¥%0.16|*%0.57| 0.18= |*%(0.44 | *%0.52 | **%0.48 | #*%(0,71 | **%0.12| ¥*0.65| 0.02= | 1.06=%= |**0.13
Urea (mmol/L) | =£0.01 | =0.02| 0.5 |+0.02|=+0.02| +0.01 | =0.01 | =0.01 | =0.03 | 0.003 | 0.5 | =+0.02

Standard deviation was calculated; statistical significance of difference was evaluated using Student’s t-test.
Note: P-value * P < 0.1; ** P < 0.05; *** P < 0.01.
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Table 5. Dispersion analysis (ANOVA) represents the influence of isolated laboratory yeast cultures
with and without magnetic field treatment and their action upon enzyme activity, concentration
of macro- and micro-elements and some other parameters of cellular metabolism

Parameter Standard deviation F P r

Alanine aminotransferase, pmol/(minx107% L) M;=15.56 M,=8.36 0.4 *0.54 0.92
Alcohol dehydrogenase, pmol/(minx1072 L) M;=9.53 M,=9.56 38.28 | 0.0001 | 0.36
Amylase, pmol/(minx107% L) M;=3.24 | M,=79.14 | 8.49 0.015 | -0,26
Aspartate aminotransferase, pmol/(minx1072 L) M;=25.80 | My,=128.86 | 16.32 | 0.002 -0.54
Glucose-6-phosphate dehydrogenase, pmol/(minx102 L) | M;=3.11 M,=2.11 50.28 |<0.0001| 0.10
Cocarboxylase, pmol/(minx107? L) M,=6.88 My,=5.19 | 82.98 |<0.0001| -0.06
Lactate dehydrogenase, nmol/(minx1072 L) M;=9.51 My,=37.60 | 18.99 | 0.001 0.49
Phosphatase, pmol/(minx1072 L) M;=10.59 | M,=68.53 | 8.68 0.014 | -0.16
Potassium (mmol,/L) M,=0.82 | M,=4.56 | 8.79 | 0.014 | 0.91

Sodium (mmol/L) M;=4.82 M,=5.14 0.74 *0.40 0.54

Calcium (mmol/L) M;=0.83 M,=1.54 6.59 0.028 0.13

Phosphorus (mmol/L) M;=0.76 M,=1.02 0.13 *0.72 0.74

Magnesium (mmol/L) M,;=0,07 M,=1.23 5.89 0.035 0.48

Iron (pmol/L) M,=2.73 M,=8.23 | 18.35 | 0.001 | -0.36
Chlorides (mmol/L) M,=1.47 M,=31.99 2.76 #0.127 | -0.005

Protein (total) (g/L) M;=0.76 M,=1.86 |114.27 [<0.0001| 0.39

Glucose (mmol/L) M;=0.59 M,=0.48 | 117.26 |<0.0001| -0.83

Triglycerides (mmol /L) M,=0.47 | M,=1.56 | 8.11 | 0.01 | 0.27

Nitrogen of Urea (mmol/L) M;=0.26 M,=0.43 0.62 *0.44 | -0.17

Note: M; = values for yeast cultures without magnetic field treatment;
M, = values for yeast cultures following magnetic field treatment;

r — Spearman’s rank correlation coefficient;

* P> 0.05 — this means that, on the indicated parameter, differences between the investigated groups existed.

triglycerides, nitrogen of urea, potassium,
sodium, calcium, phosphorus, magnesium,
iron, and chlorides. As a result of the bio-
chemical evaluation of grape must samples
during active fermentation, it was determined
that magnetic field treatment of yeast
cultures Saccharomyces cerevisiae inhibited
enzyme activity and halted reproduction.
Those yeast cultures remaining alive following
magnetic field treatment in Agar in a Petri
dish, however, were activated. The results for
yeast cultures, prior to and following magnet-
ic field treatment, cultivated in Wort Agar in
a Petri dish are shown in Fig. 2-5.

Increasing enzyme activity in both groups
of yeast cultures that remained alive was
noted post magnetic field treatment. Yeast
cultures were inoculated in grape must at a
concentration of 5x10° cells/ml, and were test-
ed during cultivation on the 5" day, wherein
the activity of enzymes increased in alcohol
dehydrogenase by 200% , cocarboxylase activi-
ty increased by 200%, lactate dehydrogenase
activity increased by 300%, phosphatase
enzyme activity increased by 200% , aspartate
aminotransferase enzyme activity increased
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by 1000% , and Amylase activity increased by
250% . Contrary to this, magnetic field treat-
ment, comparing the groups without and fol-
lowing magnetic field treatment, decreased
the activity of glucose-6-phosphate dehydro-
genase by 30% , and decreased Alanine amino-
transferase enzyme activity by almost the
same amount.

On examining the concentration of macro-
and micro-elements between the aforemen-
tioned groups (prior to and following magnetic
field treatment) in commercial yeast cultures
(Table 2), the following was observed:
Potassium concentration increased by 15%,
sodium concentration increased by 10% , calci-
um concentration didn’t change, phosphorus
concentration decreased by 25% , magnesium
concentration decreased by 20%, concentra-
tion of iron decreased by 40%, and chloride
concentration decreased by 50%. Results of
enzyme activity for the laboratory isolated
yeast cultures without, and following, mag-
netic field treatment are illustrated in Table 3.
Enzyme activity for aspartate aminotrans-
ferase enzyme activity increased by 800%,
alcohol dehydrogenase activity increased by
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Table 6. Dispersion analysis (ANOVA) represents the influence of commercial (industrial) yeast cultures
with and without magnetic field treatment and their action upon enzyme activity, concentration of macro-
and microelements and some other parameters of cellular metabolism

Parameter Standard deviation F P R
Alanine aminotransferase, pmol/(minx107? L) M;=6.13 | My=7.06 0.06 *0.81 -0.15
Alcohol dehydrogenase, pmol/(minx1072 L) M;=4.01 | My=5.36 | 153.77 | <0.0001 -0.56
Amylase, pmol/(minx107? L) M;=14.82 | My=62.82 | 13.41 0.004 -0.08
Aspartate aminotransferase, pmol/(minx1072 L) M;=4.90 | My=27.53 | 872.74 | <0.0001 -0.15
Glucose-6-phosphate dehydrogenase, pmol/(minx 102 L) | M;=2.25 | My=2.50 50 <0.0001 0.47
Cocarboxylase, nmol/(minx 1072 L) M;=3.95 | My=4.55 | 259.4 | <0.0001 0.74
Lactate dehydrogenase, nmol/(min x107? L) M;=4.49 | My,=17.80 | 146.63 | <0.0001 0.89
Phosphatase, pmol/(minx 1072 L) M;=4.36 | My=11.66 | 149.16 | <0.0001 -0.44
Potassium (mmol/L) M;=1.65 | M,y=0.91 29.41 0.0002 -0.48
Sodium (mmol/L) M;=4.73 | M,=2.39 11.65 0.006 0.23
Calcium (mmol,/L) M,—0.88 | M,—0.43 | 1.66 | #0.22 0.27
Phosphorus (mmol/L) M;=1.27 | M,=0.38 1.18 *0.30 0.38
Magnesium (mmol/L) M;=0.29 | M,=0.06 5.98 0.03 0.57
Iron (mumol/L) M;=2.06 | My=0.19 3.51 *0.09 -0.10
Chlorides (mmol/L) M;=4.64 | My,=2.19 13.11 0.004 0.03
Protein (total) (g/L) M;=0.13 | M,=0.73 | 37.98 | 0.0001 -0.36
Glucose (mmol /L) M;=0.34 | My,=0.62 | 63.48 | <0.0001 -0.12
Triglycerides (mmol/L) M;=0.38 | My=0.76 18.94 0.001 0.30
Nitrogen of Urea (mmol/L) M;=0.17 | My=0.41 0.1 *0.75 -0.35

Note: M = values for yeast cultures without magnetic field treatment;
M, = values for yeast cultures following magnetic field treatment;

r — Spearman’s rank correlation coefficient;

* P> 0.05 — this means that, on the indicated parameter, there are differences between the investigated groups.

200% , cocarboxylase activity increased by
170%, lactate dehydrogenase activity increa-
sed by 850%, phosphatase enzyme activity
increased by 200% , amylase activity increased
by 300%, and alanine aminotransferase acti-
vity remained the same between groups.

The following enzyme activity was tested:
glucose-6-phosphate dehydrogenase, alcohol
dehydrogenase, lactate dehydrogenase, phos-
phatase, amylase, transferase to amino acids
such as alanine, and, in addition, aspartic acid
activity was determined.

The data illustrated in Fig. 2-3 indicated
that, following magnetic field treatment, yeast
cultures were being inhibited, and some yeast
cells were dying (at a death rate of between 20%
and 70%). After inoculation into grape must,
however, yeast cultures remained alive follo-
wing magnetic field treatment. The activation
level depended on the frequency and intensity
of the magnetic field [21, 22], see Tables 1 and
3. The enzyme activity between groups with
and without magnetic field treatment shown
for the group of yeast cultures Saccharomyces
cerevisiae isolated from the vineyards of the
Koblevo winery showed that those without

magnetic field treatment had a high correlation
between glucose-6-phosphate dehydrogenase
and cocarboxylase (r = 0.94, P = 0.1). The bio-
logical significance of such a high correlation
between these enzymes is natural, because glu-
cose-6-phosphate dehydrogenase is a key
enzyme in the pentose phosphate pathway.
Cocarboxylase is an enzyme for decarboxylation
of pyruvic acid into acetaldehyde and increases
the speed of alcoholic fermentation.

The activity of enzymes for the laboratory
yeast cultures Saccharomyces cerevisiae follow-
ing magnetic field treatment showed a high cor-
relation between alcohol dehydrogenase and ala-
nine aminotransferase (r = 0.73, P= 0.004),
and a high correlation between amylase and
phosphatase (alcaline) (r = 0.79, P=0.1).
Laboratory yeast cultures Saccharomyces cere-
visiae in groups with and without magnetic field
treatment indicated a high correlation of the
enzyme alanine aminotransferase (r = 0.92,
P = 0.5), which is a natural correlation, showing
high enzyme activity in anaerobic conditions
during grape must fermentation. According to
the correlation analysis between the activity of
enzymes, direct, weak, but consistent connec-
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tions exist for alcohol dehydrogenase (r = 0.36,
P=0.0001), as this enzyme catalyses the
reversible reaction formation of ethanol from
acetaldehyde. Lactate dehydrogenase (r = 0.49,
P =0.001) catalyzes the transfer of electrons
from L-lactate to cytochrome C.

The correlation analysis indicates negative,
but statistically significant connections for
aspartate aminotransferase (r =-0.54,
P = 0.002). Synthesis of amino acids occurs by
transamination reactions from keto acids, glu-
tamic acid, and is catalyzed by aminotransfera-
ses. High activity of aspartate aminotransferase
is noted during anaerobic fermentation with an
Amylase correlation coefficient (r = —-0.26,
P = 0.015). Activity and synthesis of this
enzyme in grapes increases at the end of July, in
the period before grape maturation. An especial-
ly strongly expressed synthetic activity of amy-
lase was noted in the shoots, wherein synthesis
of starch was about 18—20 mg per 1.0g of crude
material. Amylase is a calcium dependent
enzyme. Cocarboxylase (r =—-0.06, P = 0.0001),
its coenzyme, which is required for many reac-
tions of decarboxylation, especially for alcoholic
fermentation for decarboxylation of pyruvic
acid to acetaldehyde, showed a phosphatase cor-
relation coefficient (r = -0.16, P = 0.01).
Phosphatase participates in the process of
dephosphorylation. Glucose easily penetrates
into cells and its transport occurs by passive dif-
fusion and active transport due to enzymes. In
the cells, glucose takes part in phosphorylation
with phosphatase and then participates in the
process of alcoholic fermentation.

The initial stages of sugar splitting (to
pyruvate) are the same for both energy gene-
ration pathways:

Oxidation of pyruvate to CO, and H,0
takes place through a series of intermediate
products in the tricarbonic acid cycle and the
respiratory chain, and recovery of ethanol and
CO, takes place during alcoholic fermentation.

Concentration of macro- and micro-ele-
ments and some parameters of cellular metabo-
lism for isolated yeast cultures Saccharomyes
cerevisiae, with and without magnetic field
treatment, highlighted a high correlation for
Potassium (r = 0.91, P= 0.01). Potassium is
necessary for carbohydrate metabolism, espe-
cially in the process of assimilation via ion
pumps, and is responsible for pH adjustment.
Potassium is needed by yeast, not only as a
nutrient element, but also as a stimulator of
yeast reproduction. The stimulating effect con-
fers potassium an important role in oxidative
phosphorylation and the process of glycolysis.
The movement of inorganic phosphorus into

134

cells is stimulated by potassium. Potassium
activates the yeast enzyme aldolase, which is
necessary for the action of the enzyme pyruvate
carboxylase, and acts in the same manner as
nitrogen and sulfur in yeast cell lipid metabo-
lism. Phosphorus concentration showed a high
correlation between groups with and without
magnetic field treatment (r = 0.74, P= 0.7).
Phosphorus is required for synthesis of ATP,
creation of the cytoplasmic membrane, and sup-
port of a buffer (against pH fluctuation).
Insufficient concentrations of phosphorus
result in poor fermentation and cellular growth
in yeast. According to the correlation analysis
for concentrations of Magnesium (r = 0.48,
P = 0.03) direct, weak, but consistent connec-
tions were observed for Sodium (r = 0.54,
P = 0.4), for Calcium (r = 0.13, P = 0.02), for
Chlorides (r = 0.64, P= 0.1), and for Protein
(total) (r = 0.39, P = 0.0001). Moreover,
between groups, negative, but statistically sig-
nificant relationships were observed for
Glucose (r = —0.005, P = 0.0001), for Iron con-
centration (r = —-0.36, P = 0.001), and for
nitrogen of urea (r=-0.17, P = 0.4).

The enzyme activity for commercial (in-
dustrial) cultures of Saccharomyces cerevisiae
showed a high correlation between groups for
cocarboxylase (r = 0.74, P= 0.0001), and lac-
tate dehydrogenase (r = 0.89, P = 0.0001).
According to the correlation analysis between
activity of enzymes, direct, weak, but consis-
tent connections exist for glucose-6-phosphate
dehydrogenase (r = 0.47, P = 0.0001). At the
same time, between groups, it indicated nega-
tive, but statistically significant connections
for alcohol dehydrogenase (r = -0.56,
P = 0.0001), for aspartate aminotransferase
(r = -0.15, P= 0.0001), for phosphatase (r =
-0.44, P = 0.0001), and for amylase (r =
-0.08, P=0.004).

Concentrations of macro- and micro-ele-
ments for commercial (industrial) cultures
Saccharomyces cerevisiae, between groups with
and without magnetic field treatment, do not
indicate high correlations. According to the cor-
relation analysis between concentrations of
macro- and micro-elements, however, direct,
weak, but consistent connections existed for
sodium (r = 0.23, P = 0.006), and for calcium
(r =0.27, P= 0.2), slowing yeast cell degenera-
tion, and promoting flocculation. Deficiency of
calcium was compensated for by magnesium or
manganese. The high ratio of magnesium and
calcium increases initial fermentation rate,
increases the amount of alcohol, and increases
viability of yeast at the end of fermentation. For
phosphorus, the correlation coefficient is weak
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(r= 0.38, P=0.3), as it is for magnesium
(r=0.57, P=0.03), and for chlorides
(r = 0.03, P= 0.004). Chloride ions participate
in maintaining the osmotic balance and have an
optimum radius to penetrate via cell mem-
branes. This explains joint participation with
potassium and sodium ions in the establishment
of permanent osmotic pressure and regulation
of the water-electrolyte metabolism. Tri-
glycerides (r = 0.3, P = 0.001), in lipid metabo-
lism, function as cell energetic protection.

Furthermore, negative, but statistically sig-
nificant connections were observed for the con-
centration of Potassium (r =—-0.48, P = 0.0002),
and for Iron (r = —0.1, P = 0.09). Iron is present
in cytochromes, in enzymes, cytochrome oxi-
dase, peroxidase, catalase and other enzymes
that participate in the processes involved in
yeast respiration. Iron also participates in the
functions of other enzymes such as: zymogenase,
and pyrophosphatase. Protein (total) correlation
is (r=-0.36, P=0.0001), for Glucose
correlation is (r = —0.12, P = 0.0001), and for
Nitrogen of Urea concentration correlation is
(r =-0.35, P= 0.75). Urea is necessary for yeast
growth (respiration); the amino acid content
required for this is 100 mg/L, and that required
for fermentation is 150-200 mg/L of urea.
Almost all yeasts use urea as a source of nitro-
gen, splitting it into CO, and NH;. Ascomycete
yeast cultures initially exhibit carboxylisation of
urea with formation of allophanate, which is
then gradually hydrolyzed, forming ammonia
bound in organic compounds.

In the cell, transaminase systems remove
enzymes from the amino acid molecule, NH,,
with carbon residue being directed to the
oxoacid pool (keto acids). In the oxoacid pool,
precursors of aldehydes and higher alcohols
accumulate. This also forms and determines
the final product flavor.

Spirits, even in low concentrations (of
3-4%), inhibit the budding yeast, including
Saccharomyces cerevisiae. In continuous
stream, however, yeast cultures are able to
reproduce at a high concentration of spirit (of
between 7-8 v/v %) and to continue the fer-
menting of sugar up to higher spirit concen-
trations (of 10-12 v/v %). Reproduction of
yeast cultures depends mostly upon nutrient
content, but not upon the content of spirit in
nutrient media.

The ethanol concentration in yeast cul-
tures after fermentation was:

I. Laboratory yeast cultures Saccharomy-
ces cerevisiae isolated from grape must of the
«Koblevo» winery after magnetic field treat-
ment: Y-3362, pH = 3.35, volume fraction of

alcohol 10.76 v/v% ; Y-3366, pH = 3.36, volu-
me fraction of alcohol 11.25 v/v%; Y-3367,
pH = 3.38, volume fraction of alcohol 11.96
v/v%; Y-3394, pH = 3.31, volume fraction of
alcohol 10.64 v/v%; Y-3368, pH = 3.34, volu-
me fraction of alcohol 10.98 v/v%; Y-3442 ,
pH = 3.41, volume fraction of alcohol
11.40 v/v%.

II. Commercial (for wine industry) yeast
cultures of Saccharomyces cerevisiae after
magnetic field treatment: Y-3436,
pH = 3.31, volume fraction of alcohol 11.34
v/v%.Y-3437, pH = 3.29, volume fraction of
alcohol 11.46 v/v% . Y-3438, pH = 3.35, volu-
me fraction of alcohol 11.54 v/v%. Y-3439,
pH = 3.33, volume fraction of alcohol 11.49
v/v% . Y-3440, pH = 3.32, volume fraction of
alcohol 11.33 v/v%. Y-3441, pH = 3.35, vo-
lume fraction of alcohol 11.23 v/v%.

1. Magnetic field treatment inhibits reproduc-
tion, enzyme activity and damages varying
amounts of yeast cells up to, and including, death.

2. Magnetic field treatment inhibits yeast
cell growth, which was confirmed morphologi-
cally by yeast cell damage and death. Differing
yeast strains exhibited different percentages
of dead cells.

3. It was determined that active fermenta-
tion proceeds in yeast cultures that were not
treated with magnetic field treatment. In the
case of laboratory yeast cultures, there was a
very high correlation between the enzymes
alcohol dehydrogenase and cocarboxylase
(r =0.94, P<0.1).

4. Laboratory yeast cultures exposed to
magnetic fields indicated a high correlation
between the enzymes alanine aminotrans-
ferase and alcohol dehydrogenase (r = 0.73,
P < 0.0004), in addition to a high correlation
between the enzymes amylase and phosphatase
(r=20.79, P<0.1).

5. Laboratory yeast cultures with and
without magnetic field treatment indicated a
very high correlation of potassium (r = 0.91,
P < 0.01) and phosphorus (r = 0.74, P < 0.7).

6. Commercial (industrial) yeast cultures
with and without magnetic field treatment
indicated a high correlation of cocarboxylase
(r =0.74, P<0.0001) and lactate dehydro-
genase (r = 0.89, P < 0.8).

7. It was found that yeast cells that
remained alive following magnetic field treat-
ment and inoculation into grape must, had a
high fermentative activity.

8. On comparing yeast culture groups with
and without magnetic field treatment, there
was no difference in pH level, which was
around pH = 3.3 for all yeast strains.
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9. Comparison of alcohol concentration on
completion of fermentation between groups,
in isolated laboratory yeast cultures with and
without magnetic field treatment and com-
mercial (industrial) yeast cultures, in v/v %
between groups is (r = 0.38, P < 0.2).

10. The yeast cultures that demonstrated
high fermentative activity and high macro- and
micro-element concentrations, as well as indica-
ting a high correlation between enzyme activity,
macro- and micro-elements and some parameters
of cellular metabolism will be recommended for
the biotechnology of wine making.

11. Magnetic field treatment could be recom-
mended for cases wherein it is necessary to
urgently inhibit wine fermentation in bottles and
in cases with excessive fermentation of sparkling
wines. It could be easily utilized by exposing bot-
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BIIJINB MATHITHOT'O ITOJISI
HA ARKTUBHICTD JPIKIKIB
Saccharomyces cerevisiae IIPU BPOJIHHI
BUHOTI'PATHOTO CYCJIA

B. M. Baiipakmap

OpecbKuii HalliOHAJIBHUN YHIBEPCUTET
im. I. I. MeunukoBa

E-mail: vogadro2007@rambler.ru

O6pobyeHHA APiMKAKOBUX KYJIBTYP 3 BHUKO-
PUCTaHHAM MAarHIiTHOTO IOJIA fa€ 3MOTY Kparlle
3’sicyBaTH Oil0 MArHiTHOI'O IIOJISA Ha aKTHUBHICTH
€H3WMiB, KOJIMBaHHA KOHIEHTPAIlil MAKpO- i MiK-
poeJIeMeHTiB y APLKAMKOBUX KYJAbTYp. BuBuanu
IBi rpynm IpiskmsKiB: jabopaTopHi ApimmsKoBi
KyJAbTypPHU, BUIiJEeHI 3 perioHaJbHUX BUHOTPA]I-
HUX CyceJl, Ta KOMepI[ifiHi (BUpoOHUYi) KYJIbTypHU
IpisKI:KiB, AKI 3a3BUUYail BUKOPUCTOBYIOTH Y
BuHOpPOOCTBi. O6MABI Trpynmum ApiKmKiB OyJ0
IOCJHimKeHo 3a 010XIMIiUHMMY IOKA3HUKAMM IIif
BILIMBOM MATHITHOTO IT0OJIA 1 03 TaKOro BIJIUBY.
BukopucroByBaiu Taki mapaMeTpu YacTOTU Mar-
HiTHOrO moJis: 160 I'm, imTencusHicTs — 5 MmTu,
vac excrmosuiii 30 xB. I pyHTyIOUMCh HA HAIIUX
J1a60paTOPHUX MOCTIAKEHHAX, TPiKIKOBL KYIb-
Typu fAKi He migmaBaau oOPOOJIEHHIO MarHiTHUM
oJIeM, MaJId BUCOKY KOPEJIAI[il0 MiK aKTHBHIiC-
TIO eH3UMiB aJKOTOJbAETiApOoreHasu i KOKapOoK-
cunasu. I'pynwm apiskm:KiB, Aki Oyao migmamno
00pO00JIeHHI0O MATHITHUM IIOJIEM, MaJu BUCOKY
KOPEeJIAIiI0 MisK aKTUBHICTIO aJIKOTOJIbAETiapore-
Has3u, ajJaHiHaMmiHoTpaHchepasu, amisgasu i ¢oc-
darazu. Mopdosoria apixxmxis Saccharomyces
cerevisiae TOKasaja, 1o uepes 24 ron micis
00pOo0IeHHA MATHITHUM II0JeM BUABJAAU Big 30
1o 70% sarmbaux IPisKAKOBUX KJIITUH (IIigTBep-
mxeHo (apoyBanuam 3a 'pamom). Opgmak Ti Apisk-
MKOBi KYJbTYpPHU, AKI 3aquIinmuamcs KuBi it 6yau
BMiIlleHi y BUHOT'PaIHE CYCJI0, TOKAa3yBaJId TOCH-
JIeHHS €eH3WMMAaTHWYHOI aKTUBHOCTI Ta BUCOKY
KOpEeJISIlilo MiK KOHIIEHTPAI[IIMHU KaJiio 1 Kajlb-
IIifo, a TaKosK KaJIifo i margiio.

Knwuoei cnosa: Saccharomyces cerevisiae,
aKTUBHICTL €H3MMiB, MaKpo-i MiKpoejgeMeHTH,
bGioTexHOJIOTisA BUHA.

BJIUSAHUE MATHUTHOTI'O ITOJISI
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O6paboTKa APOKIKEBBIX KYJIbTYP C UCI0JIb30-
BaHUMEM MATHUTHOTO IIOJIA TO3BOJISET JIyUllle
IIOHATH ﬂeﬁCTBI/Ie MaArHmvTHOI'O IIOJId Ha aKTUuB-
HOCTHL OHB3MMOB, KO0Je0aHUA KOHIEHTPAIUU
MaKpO- ¥ MUKPO3JIEMEHTOB Y IPOKIKEBBIX KYJIb-
Typ. Mdyuanu nBe rpynmobl APOoKKeii: JadopaTop-
HbIe OPOXJiKeBble KYJIbTYPHBI, BBIOEJIE€HHBIE OT
PEermoHaJbHBIX BHHOI'DAAHBIX CyCeJl, I KOMMEDP-
yeckue (IIPOU3BOACTBEHHBIE) KYJbTYPHI APOXK-
JKel, KOTopble OOBIYHO MCIIOJB3YIOT B BUHOE-
auu. O6e rpynnbl APOKIKel ObLIN HCCAeT0BAHBI
0 OMOXMMUYECKHM IIOKA3aTeJsaIM IIOJ BO3M;eii-
CTBUEM MATHHUTHOI'O IIOJII W 0e3 TaKOoro BO3Meii-
cTBusi. VICIIONIb30BAJU CJENYIOIINE IIapaMeTphl
YacTOThI MAarHUTHOTO moJs: 160 I'ti, mHTeHCHB-
HOCTh — b MTa, Bpemsa sxcmosurniuu — 30 MuH.
OcHOBBIBAsICH HAa HAIIMX JIAOOPATOPHBIX MCCJIEO0-
BaHUAX, OPOXKIKeBble KYJIbTYPHI, He IIOJBepras-
mirecss ob6paboTKe MATHUTHBIM IIOJEeM, MMEJIUN
BBICOKYIO KOPPEJANUI0 MEXXJIy aKTUBHOCTBHIO
SH3UMOB AJKOTOJIbAETHIPOTEeHAa3bl U KOKapOOK-
cuiasbl. ['pynmbl IpOsKIKei, KOTOpbIe OBLIU TOJ-
BEPTHYTHI 00pabOTKe MAarHUTHBIM II0JIEM, OTJIMYAa-
JIVICH BLICOKO¥ KOPPeIAIell MeXX Iy aKTUBHOCTBIO
aJIKOTOJIBIeTUAPOTEeHABEI, aJaHUHAMUHOTPaHChe-
pasnl, amuaasbel u (ocdarassl. Mopdosmorusa
nposkikedt Saccharomyces cerevisiae mokrasaja,
uyrto uepesd 24 u mocsie oO6pPabOTKM MarHUTHBIM
moJieM BBIABJIAJOCE oT 30 mo 70% mormOImmx
IPOYKIKEBBIX KJETOK (IIOATBEps;KAaeTcA OKpaIiu-
BanmeM 1o ['pamy). OgHAKO Te IPOKIKEBBIE KYJIb-
TYPBI, KOTOPBIE€ OCTAJIMCH XHBBI 1 IIOMEIITAJINCH B
BUHOTPAIHOE CYCJIO, TTOKA3hIBAJIN YCUJIEHUE DH3HU-
MATHUUYECKO!l aKTUBHOCTU W BBICOKYIO KOpPpeJss-
U0 MEXK Y KOHIIEHTPAIIUAMY KaJIusa U KaJIbIlnd,
a TaKiKe KaJiusd 1 MarHUS.

Knroueevie cnosea: Saccharomyces cerevisiae,

AKTUBHOCTH Y9H3MMOB, MAKPO- I MUKPO3JIEMEHTEI,
OMOTEeXHOJIOIMS BUHA.
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