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Abstract. The effect of nanoparticles of biogenic metals (Fe, Mg, 

Zn, Mn) and their combinations on culturing the yeast Saccharomyces 

cerevisiae and on fermentation of sugar-containing raw materials into 

ethanol  have been investigated. The research involved the use of 

nanometal preparations obtained by volumetric electric-spark 

dispersion. It has proved effective to add nanozinc and a preparation 

containing nanomanganese and nanomagnesium, prior to yeast 

cultivation, to the growth media agar and wort agar in the 

concentrations 0.5μg/cm3 and 11μg/cm3 respectively. The experimental 

yeast grown on the medium containing these preparations increased the 

alcohol concentration in the distiller’s wort by 0.2%, whereas the 

content of unfermented carbohydrates remained within the prescribed 

limits 0.32–0.39g/100сm3. The yeast biomass increased by  

1.2–1.4 times. Zinc and manganese/magnesium nanopreparations 

increased the maltase and invertase activities of the yeast under study by 

40–25%. The nanoiron preparation contributed to inhibiting the 

fermentation activity of the yeast biomass. Biogenic metal 

nanocomplexes are used by yeast as an additional nutrient source. They 

form organometallic and intracomplex active compounds with yeast cell 

enzymes, primarily with hexokinase, aldolase, enolase. This intensifies 

synthesis of enzymes and increases their catalytic effect. The results 

obtained prove the effectiveness of biogenic metal nanopreparations as 

catalysts for biochemical transformations in a yeast cell. Using 

nanometals increases the productivity of bakery yeast, improves the 

technological process of alcoholic fermentation, and offers ample 

opportunity to increase the activity of enzyme preparations in the course 

of their production. 
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Introduction. Formulation of the problem 
 

The physicochemical, biological, biochemical, 

pharmacological, and toxicological mechanisms of 

action of nanoscale materials are now intensively 

studied throughout the world. 

By convention, nanomaterials is the term for 

disperse and bulk materials containing structural 

elements with at least one geometrical dimension 

not exceeding 100nm, and with entirely new 

properties, functional and operational 

characteristics [1]. By their size, nanomaterials are 

in between individual atoms/molecules and 

microorganisms. Transition from macro- and 

microsizes to those in the range 1–10 nm leads to 

qualitative changes in the physical and chemical 

properties of these materials (heat resistance, 

strength, electrical conductivity) and to an increase 

in the reactivity and catalytic properties never 

observed in macro- and microscopic materials of the 

same chemical nature. The specific properties of 

nanomaterials are due to the well-developed surface 

of the particles that form them and to the electronic 

and quantum effects characteristic of these 

nanoparticles [2]. That makes it likelier that various 

processes will develop inside certain cellular 

structures: organelles, biological membranes. This 

means that the contact of the nanomaterial with the 

cell nucleus and DNA becomes stronger [3,4]. A big 

variety of nanomaterials, their specific functional 

properties that can enhance or inhibit 

biotechnological processes allow controlling the 

activity of microbial biocatalysts in food 

technologies. 

So, the presence of nanoparticles in industrial raw 

materials can effect on the course of technological 

processes based on using biological objects [5]. This 
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has been confirmed by studies in this area recently 

conducted in many countries. 
 

Analysis of recent research and publications 
 

It is known that different concentrations of 

biogenic metal nanopreparations can have a positive as 

well as a negative effect on biotechnological processes. 

In some publications [6,7], there are data on how 

various nanopreparations (metal nanoparticles, 

nanofibres, nanotubes) are used to increase the 

productivity of biotechnological processes of 

producing biofuels. It is noted that immobilised 

nanoparticles have a positive effect on bioethanol 

production, in particular, that nanopreparations can 

effectively inhibit formation of inhibitory compounds 

under certain conditions, depending on their 

concentration and the methods they are obtained by. It 

is known that salts of biogenic metals acting upon 

yeast increase its productivity and stability [8]. 

Accordingly, the use of nanopreparations of these 

metals will also have an effect on the activity of 

microbial biocatalysts, in particular, enzymes and 

yeast. 

Enzymes immobilised by nanopreparations are 

characterised by higher enzymatic activity, thermal 

stability, and wider ranges of effective pH. All this 

reduced the cost of the biotechnological process. Thus, 

the properties of cellulase immobilised on manganese 

oxide nanoparticles were higher than those for the free 

enzyme, and bioethanol could be produced from 

agricultural waste in a wider range of temperatures and 

pH values [9]. 

Nanopreparations NiO and Fe3O4 added in the 

mass concentration 0.01% increase by 1.6 and 1.13 

times, respectively, the production of bioethanol by the 

strain BY4743 of the yeast Saccharomyces cerevisiae. 

When the concentration is more than 0.02% by weight, 

the yield of bioethanol decreases in all the 

nanopreparations under study [7]. 

In [10], it was studied how nanoparticles of silver, 

copper, zinc, and titanium oxide effected on the 

development of top and bottom-fermented brewer’s 

yeast population, and on how the yeast accumulated 

ethanol during beer wort fermentation. It was noted 

that silver nanopreparations inhibited yeast cultivation, 

while zinc and zinc oxide nanoparticles enhanced the 

brewer’s yeast biomass and increased the ethanol 

content in the “immature” beer, depending on their 

concentration. Low concentrations of nanozinc 

activated the development of brewer’s yeast, but their 

increase slightly inhibited the yeast population [11,12]. 

Other indications of an increase in the fermentation 

energy of yeast are a 31.5% increase in the yield of 

carbon dioxide and their higher maltase and zymase 

activity [13]. 

Yeast is known to contain no fewer than 50 

enzymes, and their synthesis increases by several times 

depending on the substrate added to the growth 

medium [14]. Magnesium ions catalyse the action of 

hexokinase that makes glucose transform into 

glucopyranose-6-phosphate. Aldolase is activated by 

zinc, cobalt and calcium ions, and acts upon fructose-

1,6-diphosphate. As a result, the latter breaks down 

into two phosphotrioses: 3-phosphoglycerol aldehyde 

and phosphodioxyacetone. Conversion of  

2-phosphoglyceric acid into phosphoenolpyruvic acid 

is catalysed by enolase activated by the ions Mg
2+

, 

Mn
2+

, Zn
2+

 [15]. 

The research [16] investigated the effect of a zinc 

oxide nanopreparation on the formation of β-

glucosidase (BGL) in the yeast Saccharomyces 

cerevisiae under various conditions. The findings 

showed that the yeast culture, after the addition of 

5 mmol/mol of the ZnO nanopreparation, increased the 

intracellular activity of β-glucosidase up to 28%, which 

was accompanied by an increase in the number of yeast 

cells. However, higher doses of the ZnO 

nanopreparation (10 and 15mmol/mol) caused a 

decrease in the activity of the enzyme and in the yeast 

growth. Adding ethyl alcohol to the growth medium till 

its content was 2, 5, and 10% inhibited the yeast 

biomass growth. However, in the presence of the zinc 

oxide nanopreparation, the biological activity of the 

enzyme in the cells increased regardless of the ethanol 

concentration, as evidenced by a higher yield of  

β-glucosidase [16]. 

So far, the effect of nanopreparations on various 

biotechnological processes has not been fully 

determined. However, many publications point out that 

nanoparticles of biogenic metals can be used to 

stimulate the growth, development, and synthesis of 

microorganisms [7,10,12,16]. Such studies, though, are 

still in their infancy, so it is very important to continue 

them. They are necessary both in theoretical and in 

practical aspects, since enzymes of microorganisms are 

widely used in biotechnological processes to develop 

the practical areas of agriculture, the food, chemical, 

and pharmaceutical industries, etc. 

The purpose of the research was to study how 

biogenic metal nanoparticles (Fe, Mg, Zn, Mn) could 

be used to culture the yeast Saccharomyces cerevisiae 

during fermentation of sugar-containing raw materials 

into ethanol. 

The objectives: 

1. To determine the effect of nanometals (Fe, Mg, 

Zn, Mn) on molasses wort fermentation. 

2. To study cultivation of the yeast Saccharomyces 

cerevisiae in the presence of nanometal preparations of 

zinc, magnesium, and manganese. 

3. To determine the enzymatic activity of yeast 

grown on a medium with nanometals added. 
 

Research materials and methods  
 

For the research, we used preparations of 

nanometals (PNM) obtained by volumetric electric-

spark dispersion [17]. The distribution of particle sizes 

and of the zeta potential was determined with an 

analyser Zetasizer Nano ZS (Malvern Instruments Ltd, 
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United Kingdom). We used PNM with particle sizes 

from 119 to 229 nm, containing deionised water as the 

basis of their composition. The detailed characteristics 

of the preparations studied are given in Table 1. 
 

Table 1 – Characteristics of the preparations 

of metal nanoparticles under study 

No. Name 

Metal 

concentration, 

mg/dm3 

Zeta 

potential, 

mV 

Size, 

nm 

1 PNM Zn 300 -8.46 229 

2 PNM Fe 100 -14 180 

3 
PNM 

Mn/Mg 
5450 -11.5 

119 

 

In the first series of laboratory experiments, beet 

molasses fermentation was reproduced. For this, into 

the flask with 12% molasses wort, we added 5 N 

hydrochloric acid solution (to achieve the pH value 

4.85) and 1.7g of dry yeast Saccharomyces cerevisiae 

of the race K-7, with the DM concentration 94%. The 

source of nutrition was urea (2.8cm
3
, 5:100) and 

orthophosphoric acid (2.1cm
3
, 5:100), and besides, 

1cm
3
 of the antiseptic Bactrilon was added. The 

molasses was fermented in a number of ways: with no 

additives (control), with addition of a mixture of the 

nanopreparations PNM Zn (3.5μg/cm
3
), PNM Mn/Mg 

(0.08g/cm
3
), and PNM Fe (5.6μg/cm

3
), and using the 

cellulolytic-action enzyme preparation Tegazym RT 75 

L (0.3cm
3
). 

At the second stage, it was studied how the 

nanometallic preparations directly effected on the yeast 

cell Saccharomices cerevisiae. The solution of 

nanometals was added directly into the malted wort at 

the yeast culturing stage, prior to using the yeast for 

fermentation. The concentration of nanometals was 5 

times lower than in the first series of experiments. To 

check the fermentation activity of this yeast, the 

prepared molasses wort was fermented in the same 

way as in the previous experiment. The control was the 

yeast grown in pure malt wort, with no preparations 

added. 

At the third stage of the study, the nanopreparations 

were introduced directly into the growth medium on 

which a pure yeast culture was grown. In Variant 1, the 

agar and wort agar medium was prepared with addition of 

0.08cm
3
 of nanozinc in the concentration 3.5μg/cm

3
. In 

Variant 2, 0.12cm
3 

of the mixture of nanomanganese and 

nanomagnesium (in the concentration 0.08 mg/cm
3
) was 

added to the medium. In Variant 3, the growth media was 

prepared using the same amounts of nanozinc, 

nanomanganese, and nanomagnesium as in the previous 

variants. The yeast was generated on the pure malt wort, 

and fermentation was performed on the molasses wort 

with nutrients added (2.8cm
3
 of urea (5:100), 2.1cm

3
 of 

orthophosphoric acid (5:100), 1cm
3
 of the antiseptic 

Bactrilon). The physicochemical parameters of wort 

fermentation were studied by the standard and commonly 

used methods [18]: the alcohol concentration in the 

distiller’s wort was determined by the standard 

dichromate-iodometric method, the mass concentration of 

unfermented carbohydrates was determined by the 

photoelectric colourimetric anthrone method. The 

amounts of carbon dioxide released and of the yeast 

biomass were determined by gravimetric analysis [18]. 

The fermentation rate was determined by the amount of 

carbon dioxide released during the fermentation process. 

The fermentation process was considered complete when 

the amount of carbon dioxide released in the last 2 hours 

did not exceed 0.1g. 

The maltase activity of yeast was determined 

polarimetrically [19]. The maltase activity of the yeast 

(Ma) was calculated by the formula 1: 
 

a

P

a

P
Ma









14.20

34260

10000000438.0
      (1) 

 

where 0.0438 is the amount of glucose formed as a 

result of maltose hydrolysis in 1cm
3
 of the incubation 

mixture, which corresponds to a change in polarisation 

of 1, g; 

ΔP is the change in the angle of the polarisation 

plane equal to the difference of the polarisation of the 

control solution and that of the experimental one, °;  

60 is the time of the enzyme’s action, min;  

342 is the molecular mass of maltose, g;  

a is the amount of yeast in the incubation mixture, g. 

The invertase activity of the yeast was determined 

by colourimetry [19]. 

The experimental data were processed by the 

methods of mathematical statistics using the Microsoft 

Excel 2010 and STATISTICA 10 software. The 

analysis of variance consisted in determining the total 

and factorial variances using the coefficient of 

determination R
2
 when dealing with the null 

hypothesis. To determine the validity of the results, the 

p-level was used characterising the probability of error. 

At p<0.05, error is not more than 5%, and the result is 

reliable. 
 

Results of the research and their discussion  
 

The main parameters characterising the 

effectiveness of wort fermentation process is the 

content of alcohol, unfermented sugars, the amount of 

yeast biomass, and the content of metabolic products, 

which are determined in distiller’s wort. The 

fermentation rate is characterised by the amount of 

carbon dioxide released during fermentation. 

To solve the problem of intensifying alcohol 

production, the biochemical activity and physiological 

state of yeast are very important. They directly depend 

on the composition of the substrate and the conditions 

of yeast generation. The previous studies established 

that enriching the growth medium with metal ions at 

the cultivation stage increased the biomass 

concentration and the fermentation activity of 

yeast [10,12]. 

It is known that particles of zinc, manganese 

and magnesium activate the enzymes of yeast cells so 
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we have studied the influence of nanoparticles of these 

metals on the processes of yeast cultivation. To 

determine the effect of biogenic metal nanoparticles on 

the fermentation process, beet molasses fermentation 

was reproduced in the laboratory. The nanometal 

preparations of zinc, manganese and magnesium 

mixture, iron, and the cellulolytic-action enzymatic 

preparation were added to the prepared wort (Table 2). 

In the experiments on fermentation of the 

molasses wort, adding a mixture of biogenic metal 

nanopreparations of zinc, manganese, and magnesium 

intensified alcoholic fermentation. This is evidenced by 

an increase in the released CO2 compared to the control 

(by 0.5g), and a decrease in the total content of 

unfermented sugars (by 0.2g/100cm
3
). At the same time, 

the decrease in the yeast biomass amount and in the 

volume fraction of alcohol in the distiller’s wort can 

indicate an inhibition of the development of the yeast 

population, probably due to the high concentration of 

nanopreparations. Adding nanoiron and a cellulolytic 

enzyme preparation did not have a visible effect: the 

parameters of the distiller’s wort were the same as in the 

control, and in the experiment with nanoiron, inhibition 

of yeast biomass development was observed. 

The productivity of biological processes directly 

depends on the type of the nanopreparation used and its 

concentration [20]. Thus, zinc nanooxide, in a 

concentration of up to 5mmol/mol, promotes an 

increase in saccharomycetes and in their intracellular 

enzymatic activity. Besides, it contributes to ethanol 

accumulation during wort fermentation [16]. Based on 

this, we made the assumption that biogenic metal 

nanopreparations can be consumed by yeast as an 

additional source of nutrition. To confirm or refute this 

conclusion, a research was made on the fermentation 

process in the molasses wort. The latter was fermented 

with yeast that had been previously grown on malt 

wort, with addition of the zinc nanopreparations and 

the mixture of manganese and magnesium, as these 

metals increased yeast fermentation energy (table 3). 

The data obtained indicate that addition of 

nanometallic preparations led to an increase in the 

yeast biomass by almost 2.5 times, in comparison with 

the control. However, other parameters of the distiller’s 

wort were within the experimental error. Thus, 

nanometallic preparations are only effective if added at 

the yeast cultivation stage. 

The yeast was reproduced from a pure culture, and 

the preparations of nanometals were added to the 

growth media: to the Petri dish with wort agar and to 

the test tube with malt wort. In the control experiment, 

a pure yeast culture was grown in a medium with no 

nanopreparations added. 

The fermentation activity of yeast cells was 

evaluated by the amount of carbon dioxide produced 

during fermentation (Fig. 1). 
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Fig. 1. Carbon dioxide production depending on the 

duration of molasses wort fermentation 
 

 

Table 2 – Characteristics of beet molasses wort fermentation 

Parameter Control 
Variant 1 

(PNM Zn, Mn/Mg) 

Variant 2 

( PNM Fe) 

Variant 3 

(EP RT 75 L) 

Amount of СО2 released, g/50 g 19.49±0.03 19.95±0.03 19.37±0.03 19.49±0.03 

Alcohol content, % (by volume). 9.45±0.03 9.4±0.03 9.4±0.03  9.45±0.03 

Amount of yeast biomass, g/dm3 9.6±0.05 7.8±0.05 6.5±0.05 8.6±0.02 

Total content of unfermented carbohydrates, g/100cm3 1.16±0.02 0.91±0.02 1.18±0.02 1.14±0.02 

True DM concentration, % 13.0±0.05 13.0±0.05 13.0±0.05 13.0±0.05 
 

Table 3 – Parameters of the distiller’s wort obtained by fermentation with yeast grown on wort with 

nanopreparations added 

Parameter Control 

Variant 1 
0.7µg/cm3 of 

PNM Zn 

Variant 2 
16µg/cm3 of 

PNM Mn/Mg 

Variant 3 
0.5µg/cm3 of PNM 

Zn+16 µg/cm3 of PNM Mn/Mg 

Amount of СО2 released, g/50 g 20.18±0.03 20.17±0.03 20.25±0.03 20.22±0.03 

Alcohol content, % (by volume). 9.95±0.03 9.90±0.03 10.00±0.03 10.00±0.03 

Amount of yeast biomass, g/dm3 6.9±0.05 10.20±0.05 15.1±0.05 18.2±0.05 

Total content of unfermented 

carbohydrates, g/100cm3 
0.38±0.02 0.34±0.02 0.32±0.02 0.31±0.02 
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As can be seen from Fig. 1, on the first day of 

fermentation, in all variants, the yeast with the 

nanopreparations added had higher fermentation 

activity compared to the control. When the mixture 

of nanopreparations was used, there was by 0.23 g 

more CO2 released than in the control, but less 

carbon dioxide was produced than in the variants 

when only one nanopreparation was used. By the 

end of fermentation, the amount of carbon dioxide 

released in the experiments exceeded the control 

sample by 0.3–0.4 g, which confirmed the 

assumption that the fermentation activity of yeast 

cells would increase with addition of the nanometal 

preparations of Zn, Mn, Mg [10,12]. 

The parameters of the distiller’s wort fermented 

by this yeast are shown in Table 4. As can be seen 

from the data in Table 4, addition of nanometal 

preparations to the growth medium at the yeast 

cultivation stage intensified the fermentation of the 

molasses wort. This is evident from the 0.2% 

increase in the proportion of alcohol by volume, 

from the 0.3–0.4 g increase in CO2 produced, and 

from the reduced total content of unfermented 

sugars. 

It is known that when sugar-containing raw 

materials are fermented at the first stage, under the 

action of invertase, sucrose hydrolyses to form 

fructose and glucose. That is why, at the beginning 

of fermentation, the activity of maltase (alpha-

glucosidase) and invertase (beta-fructafuranosidase) 

is very important. Metal nanoparticles affect the 

activity of enzymes produced by Saccharomices 

cerevisiae cells [6,16]. The catalytic activity level of 

these enzymes was determined in the 

saccharomycetes grown with and without the 

nanometal preparations added. The findings on the 

maltase and invertase activities in the yeast 

Saccharomyces cerevisiae (race K-7) are shown in 

Table 5. 

As can be seen from Table 5, zinc and 

magnesium/manganese nanopreparations increased 

the maltase and invertase activity of the yeast under 

study by 40 and 25%, compared with the control. 

This is confirmed by other researchers’ 

data [6,9,16].  

Thus, nanopreparations of biogenic metals are 

only effective if used at the yeast cultivation stage, 

which is confirmed by the data in Tables 3 and 4. 

The studies [16,20] describe the mechanism of 

action of nanopreparations on yeast growth and 

enzyme activity. A study of the growth of yeast cells 

based on  

N-acetylcysteine showed that cells died not only 

because of reactive oxygen species, which indicates 

another mechanism of action of biogenic metal 

nanoparticles [21,22]. In our opinion, metal 

nanoparticles from the growth medium form 

organometallic and intracomplex compounds with 

yeast cell enzymes, primarily with hexokinase, 

aldolase, enolase. This intensifies synthesis of yeast 

cell enzymes and increases their catalytic effect 

(Table 5). The results obtained prove the 

effectiveness of biogenic metal nanopreparations as 

catalysts for biochemical transformations in a yeast 

cell. The greatest catalysing effect on yeast enzymes 

was produced by the magnesium and manganese 

nanopreparations. Due to addition of nanozinc, the 

yeast biomass increased by 1.7 times compared with 

the control, but this increase was smaller than it was 

after using nanomanganese and nanomagnesium. 

Using manganese and magnesium nanometals and 

their combinations with nanozinc at the yeast 

cultivation stage improves the technological process 

of alcoholic fermentation and increases the 

productivity of bakery yeast. 
 

Table 4 – Parameters of the distiller’s wort 
 

Parameter 
Control 

Variant 1 
0.7 µg/cm3 of 

PNM Zn 

Variant 2 
16 µg/cm3 of PNM 

Mn/Mg 

Variant 3 
0.5 µg/cm3 of PNM Zn + 

16 µg/cm3 of PNM Mn/Mg 

Amount of СО2 released, g/50 g 16.54±0.03 16.84±0.03 16.92±0.03 16.75±0.03 

Alcohol content, % (by volume). 7.9±0.03 8.1±0.03 8.0±0.03 8.2±0.03 

Amount of yeast biomass, g/dm3 10.1±0.05 17.0±0.05 18.3±0.05 21.6±0.05 

Total content of unfermented 

carbohydrates, g/100cm3 
0.43±0.02 0.4±0.02 0.39±0.02 0.32±0.02 

 

 

Table 5 – Enzymatic activity of the yeast 

Parameter Control 

Variant 1 
0.7 µg/cm3 of 

PNM Zn 

Variant 2 
16 µg/cm3 of PNM 

Mn/Mg 

Variant 3 
0.5 µg/cm3 of PNM Zn + 16 µg/cm3 

of PNM Mn/Mg 

Maltase activity, un./g of 

ADM of yeast 
37.4 61.3 65.8 58.2 

Invertase activity, un./g of 

ADM of yeast 
310.2 412.5 415.8 407.6 
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Conclusion  
 

Biogenic metal nanocomplexes are an effective 

factor that allows regulating alcoholic fermentation. 

They increase the catalysis of biochemical 

transformations. In the experiments on molasses wort 

fermentation, adding a mixture of biogenic metal 

nanopreparations of zinc, manganese, and magnesium 

led to an increase in the yeast biomass by almost 

2.5 times, in comparison with the control. However, 

other parameters of the distiller’s wort were within the 

experimental error. In the experiment with nanoiron, 

inhibition of yeast biomass development was observed. 

The nanometal preparations of manganese, 

magnesium, zinc added to the medium at the yeast 

growth stage made the yeast biomass increase by  

1.2–1.4 times. The experimental yeast obtained in this 

way increased the alcohol concentration in the 

distiller’s wort by 0.2%, while the content of 

unfermented carbohydrates remained within the 

prescribed limits 0.32–0.39g/100сm
3
 (the maximum 

loss and yield value permitted by the standard being 

0.45g/100cm
3
). 

The catalytic activity has been determined for 

the enzymes alpha-glucosidase and beta-

fructafuranosidase of the yeast Saccharomyces 

cerevisiae (race K-7) cultivated on a medium with 

biogenic nanometal preparations. This determination 

has shown that their maltase and invertase activity 

was higher by, respectively, 1.7 and 1.3 times, 

compared with the control. This confirms the 

assumption that biogenic metal preparations are 

used by yeast as an additional nutrition source and 

form active intracomplex compounds with yeast cell 

enzymes. 

Thus, when fermenting sugar-containing raw 

materials, it is recommended to use nanometal 

preparations of Zn and Mn/Mg at the yeast cultivation 

stage. The use of nanometals of metals opens up wide 

opportunities for increasing the activity of enzyme 

preparations in the process of their production, and 

promotes increasing overall productivity. Using 

biogenic nanometals in biotechnological processes 

offers ample opportunity to increase the activity of 

enzyme preparations in the course of their production 

and the overall productivity 
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Анотація. Досліджено вплив наночастинок біогенних металів (Fe, Mg, Zn, Мn) та їхніх комбінацій на процеси 

культивування дріжджів Saccharomyces сerevisiae та зброджування цукровмісної сировини на етиловий спирт. Для 

досліджень використовували препарати нанометалів, отримані способом об’ємного електроіскрового диспергування. 

Внесення наноцинку та препарату, що містить наномарганець і наномагній, в поживне середовище агар і сусло-агар до 

початку культивування дріжджів в концентрації 0,5мкг/см3 та 11 мкг/см3 відповідно, показало свою ефективність. 

Експериментальні дріжджі, вирощені на поживному середовищі з цими препаратами, забезпечували підвищення 

концентрації спирту в зрілій бражці на 0,2%, при цьому вміст незброджених вуглеводів залишався в межах регламентованих 

значень 0,32–0,39г/100 см3. Біомаса дріжджів збільшилась в 1,2–1,4 рази. Нанопрепарати цинку і магнію/марганцю на 40 і 

25% підвищували мальтазну і інвертазну активності дослідних дріжджів. Препарат нанозаліза сприяв ингібуванню 

бродильної активності дріжджової біомаси. Нанокомплекси біогенних металів використовуються дріжджами як додаткове 

джерело живлення і утворюють з ферментами дріжджової клітини, перш за все гексокіназою, альдолазою, енолазою, 

металоорганічні і внутрішньокомплексні активні сполуки, що сприяє інтенсивному синтезу ферментів та підвищенню їх 

каталітичної дії. Одержані результати свідчать про ефективність використання нанопрепаратів біогенних металів як 

каталізатора біохімічних перетворень, що відбуваються в дріжджовій клітині. Застосування нанометалів сприяє підвищенню 

продуктивності хлібопекарських дріжджів, удосконалює технологічний процес спиртового бродіння та відкриває широкі 

можливості для збільшення активності ферментних препаратів в процесі їх виробництва.  

Ключові слова: препарати нанометалів, дріжджі, поживне середовище, мелясне сусло, бродіння, спирт. 
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