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Abstract

The phenomenon of growth activation of the industrial strain of mycelial fungus S.
fibuligera Y-436 under the influence of squalene and anolyte water has been
investigated. Squalene had a stimulating effect on the growth of the strain on YEPD
Broth in all doses. The stimulating effect of squalene was maintained for 54 hours,
in a dose of 0.0005% - up to 78 hours of the strain cultivation under aerobic
conditions. The growth rate of the strain in the exponential phase between 4 and 6
hours on medium with a squalene of 0.0005 % is 0.30, 0.001 % - 0.44, 0.002 % -
0.41, on medium without squalene - 0.24. Squalene promotes faster adaptation of
the strain to the substrate and reduces the duration of its lag phase of growth by 2-4
hours. The number of cells increases by 2.2-2.3 times with the use of squalene in
doses of 0.0005-0.001 % after 24 hours and by 1.4 times after 48 hours of
incubation on the nutritional mixture based on wheat flour. The strain reached the
stationary phase after 24 hours of cultivation with the use of squalene, while in the
control variant - after 48 hours. This reduces the duration of cultivation by 2 times.
Anolyte water contributed to the rise of generative activity of the strain due to the
acid reaction by 34.3 % in comparison with the initial water. The most effective
method of activation of the strain is the combined use of anolyte water and squalene
in a dose of 0.0005-0.001 %.
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Introduction

The way to solve the problem of deficiency of fodder protein is its production by
microorganisms. The perspective group of microorganisms for obtaining the protein
feed is mycelial fungus Saccharomycopsis (Endomycopsis) fibuligera (Smirnov et al
1997); (Tsygankova et al 1997). S. fibuligera is found to actively accumulate
trehalose from starch. This yeast is also found to secrete a large amount of amylases,
acid protease, PB-glucosidase and pectinases, which have highly potential
applications in fermentation industry (Chi et al 2009).

S. fibuligera is food-borne, dimorphic yeast, which has been considered, in the
realm of ascomycetous yeast species, as one of the best producers of amylolytic
enzymes (De Mot et al 1984). The capability of S. fibuligera to degrade starch
relates with the production of two types of amylases: endo-acting a-amylase and
exo-acting glucoamylase. Some S. fibuligera strains synthesize both enzymes while
others produce only one type of amylase. The ability of amylases to digest raw
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starch is a technologically interesting property. Such enzymes can be used for
energy saving in starch-processing (Saha & Ueda 1983). Raw starch degradation is
rare among Yyeast amylases, but one of the known yeast enzymes having this
capability is the glucoamylase produced by S. fibuligera IFO 0111 (Hostinova
2002).

It is known that additives of squalene as biochemically active substance, which has a
property to capture oxygen and saturate the microorganism cells with it during the
simple biochemical interaction with water, ensure the more complete use of the
substrate. According to some studies, squalene stimulates the aerobic
microorganisms’ multiplication, which can activate the aerobic stage of wastes
treatment and improve their preparation for the methanogenesis process.
Additionally, the adding of amaranth seeds to the methanogenic bioreactor
stimulates the process of methanogenesis also (Covaliov et al 2015).

Thus, it was assumed that biologically active additives obtained from the amaranth
and added in the nutrient medium for cultivation of S. fibuligera can be used as one
of the essential elements of the technology for producing fodder protein. In order to
simplify and reduce the cost of technology the further research has been planned to
conduct with natural sources of squalene - with amaranth oil.

The method of water activation by electric field is also interesting in terms of its
application on the technology of obtaining protein feed products. Electrochemically
activated water (catolyte, anolyte and mixed water) acquires new properties that
affect its biological characteristics, kinetics of the reactions and the solubility of
substances. It has been established that electrochemically activated water can
increase the yeast fermentation and their generative activity in comparison with the
initial water (Pankiv et al 2013). The authors explain this fact by increasing the
permeability of the membrane of the yeast cell by providing a potential difference
on its surface, which contributes to a better transport of nutrients into the cell. The
particular interest is the anolyte water, because it has an acidic reaction of medium
and a high redox potential.

The purpose of the research was to investigate the effect of squalene and
electrochemically activated water on the strain of S. fibuligera Y-436 in connection
with its application as a producer of fodder protein for animals.

Materials and Methods

Inoculum preparation of S. fibuligera Y-436. Industrial strain of mycelial fungus
Saccharomycopsis (Endomycopsis) fibuligera Y-436 was purchased from the
Russian National Collection of Industrial Microorganisms of the Federal Institution
"State Research Institute of Genetics and Selection of Industrial Microorganisms of
the National Research Center "Kurchatov Institute” (Moscow, Russian Federation).
The strain S. fibuligera Y-436 is not genetically modified.

The strain was maintained on Yeast Extract Peptone Dextrose (YEPD) Agar slant
consisted of 5 g I yeast extract, 10 g I"* peptone, and 20 g I dextrose. Then
incubated at 28°C for 48 hours and stored at 5°C. The slant culture was transferred
to YEPD Broth. Cultivation conditions were 28°C with 100 rpm shaking for 48
hours. Next, 10% v/v submerged culture was used as the fodder protein producer.
Cultural-morphological characteristics of the strain. On a complete yeast medium it
forms white, smooth, matte colonies with pasty consistency, which with aging
begins to flutter and starts to turn into fungal colonies with a true mycelium. Cells
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have an oval or elongated shape with sizes of 4.0-8.0 * 6.0-18.0 um. S. fibuligera Y-
436 strain assimilates soluble starch, glucose, arabinose, galactose, sucrose, maltose,
lactose, raffinose, glycerol and mannitol. The strain uses organic and inorganic
nitrogen and forms sediment and films on liquid media. The rate of reproduction in
the YEPD Broth is 0.40 cells hour. The optimal growth temperature of the strain is
t=28°C, pH = 5.0-5.5.

Substrate preparation. The wheat flour was selected as substrate in the present study
to produce fodder protein. The hydro-module contained 12.5 % w/v wheat flour and
5.0 % (NH1)2SO4. The stages of preparation of the hydro-module consisted of
heating water to 50° C, adding wheat flour, heating the mixture to 60° C, steaming
40 minutes, heating to 95° C, steaming 60 minutes and cooling.

Water preparation. Electrolyzed water (catolyte, anolyte and anolyte+catolyte) for
experiments was obtained from the tap water with the aid of a device of “Ecovod-6”
(Ecovod LTD, Ucraine).

Experiments preparation. All experiments were conducted in shaken flasks using
1000 ml Erlenmeyer flasks with a working volume of 500 ml. Benchtop
thermostatic shaker-incubator ES-20/60 (Biosan, Latvia) has been used in studies for
controlled incubation.

Experiment 1. In this experiment, various doses of squalene contained in the
amaranth oil were tested with in relation to the strain of S. fibuligera Y-436
cultivated on the YEPD Broth. As the source of squalene was used oil of amaranth.
Amaranth oil contained 8 % of squalene. The following concentrations of squalene
have been selected for the research: 0.0005%, 0.001% and 0.002% which were
equivalent to the introduction in each shaking flask of 5.0, 10.0 and 20.0 mg of
active substance (squalene) per liter of the nutrient mixture. The introduction of
amaranth oil and mycelial fungus S. fibuligera Y-436 was carried out after cooling
the nutrient mixture to 28° C. The culture suspension was added to the medium once
at the start of incubation in a volume of 10 % v/v. Cultivations condition were 28°C
with 100 rpm for 78 hours.

Experiment 2. In this experiment, various doses of squalene contained in the
amaranth oil were tested with in relation to the strain Y-436 cultivated on a nutrient
medium with wheat flour.

The experimental procedure is the same as in experiment 1. Cultivations condition
were 28° C with 120 rpm for 48 hours.

Experiment 3. The experiment examined the effect of the electrolyzed water
(anolyte, catolyte and mixture of catolyte and anolyte) on the strain of mycelial
fungus S. fibuligera Y-436 cultivated on a nutrient medium with wheat flour.
Cultivations condition were 28° C with 120 rpm for 48 hours.

Experiment 4. The objective of this experiment was to investigate the combined
effect of anolyte water and various doses of squalene on the growth of the strain S.
fibuligera Y-436 cultivated on a nutrient medium with wheat flour. Cultivations
condition were 28° C with 120 rpm for 48 hours.

Methods. Cells of S. fibuligera Y-436 were counted using the Gorjaev's chamber at
least in five fields of vision. Dissolved oxygen, total dissolved solids (TDS) and pH
measurements were determined by use of multi-channel analysers “Consort C3010”’
(Belgium). The product mass was measured by a weight method after separation of
the solid and liquid phases by centrifugation. The biomass was determined by the
calculation method.
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Results and Discussion
Effect of squalene on S. fibuligera Y-436 strain. Squalene had a stimulating effect in
all doses on the growth of the strain Y-436 on YEPD Broth (Figure 1).
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Figure 1. Growth curves of the S. fibuligera Y-436 strain on YEPD Broth as a
function of squalene doses (experiment 1)

The stimulating effect of squalene was maintained for 54 hours, in a dose of
0.0005% - up to 78 hours of the strain cultivation under aerobic conditions.
Differences in the growth of the strain on a medium without squalene and with it
were manifested already after 4 hours of cultivation of the strain. The strain reached
the stationary phase after 54 hours of cultivation under use of squalene in a dose of
0.001% and after 28 hours of culture - in a dose of 0.002%. Activation of the growth
of the strain lasted up to 78 hours under conditions of application of 0.0005%
squalene. The dynamics of growth at this dose of squalene was similar to control.
However, the number of cells exceeded the control by 1.3-2.1 times throughout the
experiment. Apparently, the substrate consumption by culture was more gradual in
comparison with doses of squalene of 0.001% and 0.002%. The growth rate of the
strain in the exponential phase of growth between 4 and 6 hours on medium with a
squalene of 0.0005% is 0.30, 0.001% - 0.44, 0.002% - 0.41, while on medium
without squalene - 0.24. A similar regularity was observed up to 28 hours in the
growth of the culture. Squalene promotes faster adaptation of the strain to the
substrate and reduces the duration of its lag-phase of growth by 2-4 hours.

Squalene had a rather strong influence on the physicochemical parameters of the
nutritional mixture with wheat flour and the growth of the strain Y-436 on it. The pH
in all variants of the experiment decreased during the growth of the strain S.
fibuligera Y-436 on nutritional mixture as a result of carbohydrates use (Table 1).
However, in the nutritional mixture with squalene, the pH values decreased more
significantly than in the control. The strongest effect was observed with the growth
of the strain on the medium from 0.002% squalene, the pH value was 3.78, while on
the medium without squalene - 4.42. This indirectly indicates the faster use of
carbohydrates by the strain when 0.002% squalene was added to the medium.
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A faster growth of the strain was also recorded in terms of the oxygen content in the
medium. Its amount in the medium with squalene supplements was 12.9-31.0 times
less than in the medium without squalene after 24 hours of strain cultivation. The
total dissolved solids (TDS) also decreased during the experiment that indicates their
use by the strain for cells growth and reproduction.

Table 1. The physicochemical characteristics of the nutritional mixture with
squalene during the growth of the strain S. fibuligera Y-436 (experiment 2)

5 " Carbohydrates,
Variant pH 0" ppm DS, gl %
24h  48h 24h  48h 24h 48h 24h 48h
Control 500 442 1.55 0 3.95 3.79 8.0 7.2

Squalene 0,0005% 457  3.85 0.12 0 3.78 3.59 8.0 7.2
Squalene 0,001% 453  3.83 0.05 0.03 3.76 3.78 8.0 7.2
Squalene 0,002% 443  3.78 011 0.04 3.73 3.75 8.0 6.8

* Initial values: pH=6.09; O% = 2.40 ppm; TDS = 0.408 g I'%; carbohydrates = 7.0 %.

The additive of squalene in the composition of amaranth oil in all doses has
increased the number of cells of the strain Y-436 after 24 and 48 hours of the
incubation (Table 2). The number of cells increases by 2.2-2.3 times with the use of
squalene in doses of 0.0005-0.001% after 24 hours of incubation and by 1.4 times
after 48 hours of incubation. It should be noted that with the use of squalene, the
strain reached the stationary phase after 24 hours of cultivation, while in the control
variant - after 48 hours. In other words, squalene contributes not only to a faster
growth of the strain, but also reduces the time of passage through the growth phase.

Table 2. The number of cells of S. fibuligera Y-436 and the sediment weight
(experiment 2)

. Sediment weight, g I
Variant Number of cells 10° cc™ total [ biomass
24 h 48 h 48 h
Control 63.0 90.0 181.1 51.1
Squalene 0,0005% 138.0 123.8 2105 80.5
Squalene 0,001% 1415 124.3 225.5 95.5
Squalene 0,002% 113.3 129.3 244.3 114.3

* initial number of cells in the hydro-module is 34.5 -108 cc? .

This reduces the duration of cultivation by 2 times. As a result, the biomass of the
strain increased by 1.6-2.2 times, and the total weigh of the product - by 1.2-1.4
times, respectively.

Effect of electrolyzed water on S. fibuligera Y-436 strain. Parameters of electrolyzed
water are presented in the Table 3. The initial pH of the catolyte was 6.85; anolyte -
4.38; anolyte+catolyte water - 6.16, while the tap water taken for the experiment
(control) - 6.59. As a result of the growth of the strain and its consumption of
substrate, the pH of the nutrient medium was shifted to the acidic side, and with the
use of anolyte - up to 3.71. The strain sustained an acidic reaction of the medium.
This is mainly due to the contribution of plasma membrane ATPase activity which
seems to be implicated in internal pH regulation (Serrano 1984, Eraso & Gancedo
1987). For example, yeast cells are able to maintain their internal pH between 6 and
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7.5 when the extracellular pH varies from 3.5 to 9 (Borst-Pauwels & Peters 1977).
During the growth of yeast on acid media was observed the activation of the plasma
membrane ATPase and that is a mechanism for regulating internal pH.

The oxygen content during the cultivation also decreased significantly due to its use
by the strain. TDS changed slightly.

Table 3. The physicochemical characteristics of the nutritional mixture on
electrolyzed water during the growth of the strain S. fibuligera Y-436 (experiment 3)

pH 07 ppm DS, g I* Carbor;/yodrates,

Oh 24h 48h | Oh 24h 48h [Oh* 24h 48h|Oh 24h 48h

Variant

Control 6.59 471 400 292 012 012 0404 691 6.67 75 80 7.8
Catolyte water|6.85 497 391 393 013 011 0363 712 7.17 75 75 65
Anolyte water [4.38 3.98 3.71 235 015 043 0553 863 860 75 78 7.0

Anolyte + |16 451 399 508 020 016 0363 7.06 711 75 7.7 74
catolyte water

* (NHa4)2S04 was added after the measurement and before culturing.

The most effective for growth and reproduction of the strain was the use of anolyte.
The anolyte due to the acid reaction of the medium, contributed to the increase of
the generative activity of the strain S. fibuligera Y-436 by 28.5 % compared to the
initial water after 24 hours and by 34.3 % after 48 hours of growth (Table 4). The
number of cells, when catolyte was used remained at the control level. The use of a
mixture of catolyte and anolyte stimulated growth by 17.9% only after 24 hours.

Table 4. The dynamics of growth of the S. fibuligera Y-436 strain on the nutritional
mixture in the hydromodule prepared with electrolyzed water (experiment 3)

Number of cells-10° cc?

Variant oh [ 24h [ 48h

Control 8.9 61.5 68.0
Catolyte water 8.9 52.0 70.0
Anolyte water 8.9 79.0 91.3
Anolyte + catolyte water 8.9 74.5 48.0

Growth activation of the S. fibuligera 436 strain in conditions of combined use of
squalene and anolyte. The dynamics of changes in the physicochemical parameters
of the nutrient mixture, prepared on the basis of anolyte was almost identical in the
control and in the variants with squalene (Table 5). The reaction of the medium
shifted to the acidic side, the content of oxygen, TDS and carbohydrates decreased.

Table 5. The physicochemical characteristics of the nutritional mixture on anolyte
water with squalene during the growth of the strain S. fibuligera 436 (experiment 4)
pH 07, ppm DS, g I Carbotg/yodrates,
Oh 24h 48h | 0h 24h 48h |Oh* 24h 48h| Oh 24h 48h
Control (490 362 331 220 013 0.1 0398 442 439 7.0 75 65

Variant

Squalene
0,0005% 490360 331 220 013 011 0398 428 424 70 74 64
Squalene
0,001% 490361 331 220 0.17 0.03 0.398 417 408 70 76 64

* (NHa4)2S04 was added after the measurement and before culturing.
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The use of squalene in doses of 0.0005-0.001% as an additive in a nutritional
mixture prepared on the basis of anolyte, promoted activation of the growth and
reproduction of the strain S. fibuligera Y-436 (Table 6). The number of cells
increases by 1.6-1.7 times with the use of squalene in doses of 0.0005-0.001% after
48 hours of incubation. The biomass of the strain increased by 23.3-34.9 %, and the
total weight of the product (sediment weight) — by 5.8-8.7 %.

Table 6. The number of cells of S. fibuligera Y-436 and sediment weight
(experiment 4)

Sediment weight, g I
Variant Number of cells-10° oc™ total [ : bigomass
24 h 48 h 48 h
Control 80.8 122.5 173.0 43.0
Squalene 0,0005% 76.0 195.0 188.0 58.0
Squalene 0,001% 77.8 212.5 183.0 53.0

* initial number of cells in the hydro-module is 8.0 -10® cc™* .

Conclusions

The phenomenon of growth activation of the industrial strain of S. fibuligera Y-436
under the influence of squalene and anolyte water results from the faster adaptation
and use of substrate by the strain and acid reaction of the medium, optimal for
growth and reproduction mycelial fungus. Squalene had a stimulating effect on the
growth of the strain S. fibuligera Y-436 under aerobic conditions as on the YEPD
Broth and on the nutritional mixture based on wheat flour in all doses. The
stimulating effect of squalene was maintained on YEPD Broth for 54 hours, in a
dose of 0.0005 % - up to 78 hours of the strain cultivation. The growth rate of the
strain in the exponential phase of growth between 4 and 6 hours on medium with a
squalene of 0.0005 % is 0.30, 0.001 % - 0.44, 0.002 % - 0.41, while on medium
without squalene - 0.24. Squalene reduces the duration of its lag-phase of growth by
2-4 hours. The biomass of the strain and the total weigh of the product increased by
1.6-2.2 times and 1.2-1.4 times. Squalene had a rather strong influence on the
physicochemical parameters of the nutritional mixture based on wheat flour and the
growth of the strain S. fibuligera Y-436. Due to the shift in pH to the acid side, the
strain used substrates and absorbed oxygen more rapidly. The additive of squalene
increased the number of cells by 2.2-2.3 times with the use of squalene in doses of
0.0005-0.001 % after 24 hours and by 1.4 times after 48 hours. With the use of
squalene, the strain reached the stationary phase after 24 hours, while in the control
variant - after 48 hours, thereby reducing the time of passage through the growth
phase. This reduces the duration of cultivation by 2 times. This fact is important for
the decrease of energy consumption and the reduction of fodder protein production
cost. The most optimal electrolyzed water for the preparation of a nutritional
mixture based on the wheat flour for the strain of S. fibuligera Y-436 was anolyte.
Anolyte water contributed to the rise of generative activity of the strain due to the
acid reaction by 34.3 % in comparison with the initial water. The most effective
method of activation of the strain is the combined use of anolyte water and squalene
in a dose of 0.0005-0.001 %.
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