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Abstract. The paper provides new data about the influence of ZnO nanoparticles with <50 nm dimensions in concentrations 1, 

5, 10, 15, 20, 30, 50, 70 mg/L on cell viability, biomass production, total carbohydrates, proteins, β-glucans and catalase activity of 
Saccharomyces cerevisiae CNMN-Y-20 yeast strain. Our research has demonstrated the efficiency of ZnO nanopaticles utilization 
for stimulation of biosynthetic processes at studied strain. Nanoparticles stimulate cell viability, biomass production, protein 
content, β-glucans and insignificantly carbohydrates content, their effect depends from used concentration. A statistically significant 
increase was found in β-glucans content on using 10 and 15 mg/L concentrations of nanoparticles. The obtained results highlights 
the perspective of using <50 nm ZnO nanoparticles in yeast biotechnology for obtaining of β-glucans. 
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INTRODUCTION  

 
Applying of nanoparticles at microorganisms 

cultivation is an innovative field in nanobiotechnology 
research [19, 21]. One of the dangers, recognized today 
by most researchers, is the insufficiency of information 
on the influence of nanomaterials on living organisms, 
including humans. Thus, it is important to determine 
the conditions when to use safe nanotechnologies for 
living systems, especially for humans, a problem that is 
frequently discussed in numerous scientific papers 

[26]. 
Currently ZnO is considered one of the richest 

materials amongst the family of nanostructures of 
metal oxides [29]. ZnO is comparatively inexpensive, 
biocompatible and relatively less toxic compared with 
other metal oxide nanoparticles, which further supports 
its application potential [24]. It is bio-safe, with 
distinctive abilities such as structure-dependent, 
electrical and thermal transport properties, that might 
vary according to the particle size, shape, morphology, 
orientation and ratio [18]. Among different 
nanomaterials, ZnO nanoparticles possess a special 
status due to their high specific surface area, optical 
transparency, chemical and photochemical stability, 
convenient fabrication, high-electron communication 
features and electrochemical activities [23]. 

In the papers of many authors the results of the 
influence of different nanoparticles (oxides of Au, Ag, 
Ti, Si, Zn) on the microbial cell are exposed, from 
which we conclude that, depending on their structure 
and concentration, they can stimulate or inhibit growth 
and biosynthetic activity of microorganisms [10]. 

The metabolic complexity of microorganisms 
complicates the analysis and identification of the 
nanoparticle-cell interaction. In order to better 
understand the mechanisms of influence of 
nanoparticles on microorganisms, it is important to 
highlight the effects of nanoparticles on different 
microbial population development indicators, including 
biosynthesis processes of cellular components. A 
complete understanding of how cells interact with 

different nanostructures remains little studied. Possible 
mechanisms of nanoparticles influence at the cellular 
level have been investigated by several specialists in 
the field, which have elucidated some processes that 
occur when applying nanoparticles [11, 13, 17]. 

In general, changes in the cell's physiological state 
and reaction to external factors influence the structure 
and dynamics of the cell wall. According to Ya-Nan 
Chang research [6], the mechanism of influence of 
CuO and ZnO nanoparticles on the microbial cell is 
complex and attracts changes in both the cell 
membrane and the cytoplasm. A study evaluating the 
influence of TiO2, ZrO2 and Fe2O3 nanoparticles on O2 
consumption and cell membrane integrity in S. 

cerevisiae yeast performed Lila Otero-Gonzalez, which 
established that concentrations up to 1000 mg/L are not 
toxic to yeast [20]. 

From the above mentioned, the aim of the research 
was to evaluate the effects of ZnO nanoparticles with 
<50 nm dimensions on the development of 
Saccharomyces cerevisiae CNMN-Y-20 yeast strain 
and its biosynthetic potential. 
 
MATERIALS AND METHODS 

 

Research object. As an object of research served S. 

cerevisiae CNMN-Y-20 strain, producer of β-glucans, 
preserved in the National Collection of Nonpathogenic 
Microorganisms of Institute of Microbiology and 
Biotechnology [7]. 

Media and culture conditions. For inoculation and 
submerged yeast cultivation were used the 
fermentation media YPD specific for studied strain 
(g/L: yeast extract -10.0, peptone - 20.0, glucose-20.0) 
[2] and beer wort [4]. Submerged cultivation was 
carried out in 1.0 L Erlenmeyer flasks on a stirrer with 
a rotating speed of 200 r.p.m., at a temperature of 
25°C, an aeration degree of 81.3...83.3 mg/L, the 
duration of submerged cultivation - 120 hours. The 
liquid fermentation medium was innoculated in 5% 
volume with the inoculum of 2x106 cells/mL. 



Analele Universităţii din Oradea, Fascicula Biologie                                         Original Paper                         Tom. XXVI, Issue: 2, 2019, pp. 86-90 

 87

Nanomaterials. ZnO nanoparticles with 
dimensions <50 nm in form of nanopowder, purity 
>97%, contains 6% Al dopant, surface area >10,8 m2/g 
(ALDRICH) were used. The suspension of 
nanoparticles was prepared according to the method 
specified [20]. The concentrations of nanoparticles 
used in experiments constituted 1; 5; 10; 15; 20; 30; 50 
and 70 mg/L. Nanoparticles were added at the time of 
inoculation with the seed material. The variant without 
application of nanoparticles was used as control 
sample.  

Methods of achieving research. Cell viability was 
determined by counting the number of colonies formed 
on the Petri dishes after 6 and 24 hours of cultivation 
using method of strain exhaustion. For yeast cultivation 
was used beer wort solid medium. Incubation was 
carried out at 28°C for 5 days. Calculation formula 
CFU/mL = number of colonies x dilution factor x 10 
[22, 31]. Cell biomass was determined gravimetrically 
[13]. Proteins was determined by the Lowry method 
[16], using crystalline albumin from bovine serum as 
standard. Total carbohydrates in the yeast biomass 
were determined at the spectrophotometer PG T60 VIS 
Spectrophotometer at wavelength 620 nm using 
Anthrone reagent and D-glucose as standard [8]. The β-

glucans content in the yeast biomass was determined 
gravimetrically as described [27]. Catalase activity was 
determined by the methods [1, 9]. Statistical analysis of 
results was done using statistical software kit 7, 
veracity compared to the control - p≤0.05. 
 

RESULTS 

 
During research, in order to obtain ample 

information on the effects of nanoparticles on yeast 
growth and metabolism, in parallel with the 
determination of β-glucans content in cell wall, the 
viability of modified cells was evaluated, established 
biomass production, carbohydrate and protein contents 
in yeast biomass, determined catalase activity. 

The cell viability is an important criterion in 
appreciation of the negative or positive effects of 
exogenous factors. Investigations have shown that ZnO 
nanoparticles stimulate cell viability of S. cerevisiae 
CNMN-Y-20 strain after 6 hours and after 24 hours of 
cultivation in concentrations of 1-50 mg/L, it was 
found that the viability rate is in evident increase 
compared to the control. Only the concentration of 70 
mg/L reduces the cell viability which is under the 
control sample level (Figure 1). The maximal 
stimulating effect on cell viability after 6 hours of 
cultivation is observed at application of 5 mg/L and 
constituted 104% more than the control sample and 
after 24 hours maximum stimulatory effect on cell 
viability (by 136%) is observed upon application of 20 
mg/L nanoparticles. We can conclude that the 
stimulatory effect depends on the concentration of 
nanoparticles. 

The evaluation of the ZnO nanoparticles effect on 
biomass production, protein and carbohydrate contents, 

β-glucans, activity of the antioxidant enzyme - catalase 
in S. cerevisiae CNMN-Y-20 yeast was performed 
after 120 hours of submerged cultivation. 

In the process of monitoring the effects of nano-
oxide on the accumulation of cell biomass at 1 L of 
culture medium, significant differences in biomass 
production values were established. The amount of dry 
biomass in the control sample is 4.82±0.59 g/L, in the 
experimental variants its production varies around the 
5.06-5.8 g per 1 L culture medium, which is with 5-
20.3% more than the control (Figure 2). 

The positive influence of nanoparticles on protein 
biosynthesis processes is evident. Investigations 
indicates that nanoparticles used in the culture medium 
at concentrations of 5 to 70 mg/L increase protein 
content by 10…23.4% compared the control. The 
maximum amount of proteins in yeast biomass 
(50.5±6.15%) was observed on the cultivation in the 
presence of 70 mg/L nanoparticles. In the biomass of 
the control sample the proteins are 40.99±4.54% 
(Figure 2). 

The results analysis of the carbohydrate content 
determination in yeast biomass indicates on relative 
stability for variants where nanoparticles were applied 
at concentrations of 1-70 mg/L. From the results 
presented in Figure 2, the maximum amount of 
carbohydrates was recorded under the influence of 
ZnO nanoparticles at the concentration of 30 mg/L and 
constituted 16.6% more than the control sample. 
 

 
 

Figure 1. Cell viability of S. cerevisiae CNMN-Y-20 under the 
influence of ZnO nanoparticles 

 

 
 

Figure 2. Biomass production, protein and carbohydrate contents in 
S. cerevisiae CNMN-Y-20 under the influence of ZnO 
nanoparticles 
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Research on quantitative determination of β-
glucans in yeast biomass at cultivation in the presence 
of ZnO nanoparticles (<50 nm) revealed positive 
modifications. The β-glucans content in dry biomass in 
the experimental samples varied from 19.91% to 
23.73%, in the control sample β-glucans constituted 
17.82±1.06%. A statistically significant increase (with 
30.3-33.2%) in β-glucans content was found for 
concentrations of 10 and 15 mg/L (Figure 3). Because 
the research has used nanoparticles that are little 
studied in the biotechnology of β-glucans, producing 
by yeasts, the issue of polysaccharide production is still 
in the focus of attention. In this regard, a study to 
elucidate the maximum effective concentration to 
obtaine increased β-glucans production was initiated. 
Generalizing the experimental results of β-glucans 
production, calculated on 1 L culture medium, we can 
affirm that the maximum product amount is obtained 
using 10-15 mg/L of ZnO nanoparticles. These 
concentrations ensure 1.335-1.346 g/L β-glucans, 
which is with 54.9-56.1% more than the control 
(Figure 3). 

One of the significant tests for nanoparticle action 
is the activity of the antioxidant enzyme - catalase. It 
can be seen from Figure 4 that the response of the yeast 
strain to the introduction of nanoparticles at 
concentrations of 1-10 mg/L is expressed by increasing 
catalase activity by up to 35%. Then, with increasing 
of concentration, we observe a gradual decrease in 
enzyme activity and an inhibition of catalase on using 
of maximum concentrations (50, 70 mg/L). These 
fluctuations in the catalase activity are explained by the  

 

 
 

Figure 3. β-glucan content in S. cerevisiae CNMN-Y-20 under the 
influence of ZnO nanoparticles 

 

 
 

Figure 4. Catalase activity of S. cerevisiae CNMN-Y-20 under the 
influence of ZnO nanoparticles 

fact that natural antioxidant components are the firsts 
which react to environmental toxic factors having the 
function of stabilizing and neutralizing the negative 
effects on the cell. 

The analysis of experimental data demonstrates that 
<50 nm ZnO nanoparticles lead to stimulation of β-
glucans, biomass production, protein and carbohydrate 
values of the S. cerevisiae CNMN-Y-20 strain at 
concentrations ranging from 1 to 70 mg/L. 
Concentrations of 10-15 mg/L are proposed as an 
inducer of biosynthesis processes to improve the β-
glucans production. The results allow to propose a new 
process in the biotechnology of S. cerevisiae CNMN-
Y-20 yeast cultivation. 
 
DISCUSSION 

 

This paper presents the synthesis of the results 
obtained in studying the influence of ZnO 
nanoparticles with dimensions <50 nm on the viability, 
biomass productivity, biosynthetic activity and catalase 
activity of S. cerevisiae CNMN-Y-20 yeast - producer 
of β-glucans. 

Several researchers report on selective toxicity and 
antimicrobial activity of ZnO nanoparticles [14, 30]. 
The toxicity degree of the nanoparticles depends on 
several factors: concentration, dimension and used 
method of their synthesis. Thus, it is important to 
determine the nanoparticle concentrations, favorable 
for the productivity and biosynthetic activity of the 
studied strain. 

Tests for cell viability determination by counting 
colony forming units (CFU) are most often used to 
determine the toxicity or inoffensiveness of different 
types of chemicals, nanocomposites or biomaterial 
compounds [22]. In our case, the obtained results on 
the study of cell viability of yeasts demonstrate that for 
both 6 hours and 24 hours of strain cultivation, it is in 
evident increase, but use of 70 mg/L concentration the 
viability decreases to 43.6 and 78.4% respectively, 
indicating that the concentration of 70 mg/L is toxic to 
the studied strain. These results are similar to the 
results obtained by other researchers. For example, 
Garcia-Saucedo et. al. mention that nanoparticles ZnO 
in concentrations more than 50 ppm (50 mg/L) were 
characterized by toxic effect for S. cerevisiae [12]. 

It is known from the specialty literature that zinc is 
a microelement strictly necessary for the structure, 
multiplication, growth and development of yeasts, 
consisting of about 300 enzymes that mediate 
metabolic processes, DNA and RNA synthesis and 
proteins [25]. 

The study of the influence of nanoparticles on 
biomass production showed that its values are higher 
compared to the control sample in all experimental 
variants. The maximum effect was observed on using 
of the 10 mg/L concentration at which the biomass 
amount was 5.8±0.4 g/L and constituted 20.3% more 
than the control. 
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For us, it was necessary to determine how zinc 
oxide nanoparticles work on the accumulation of 
proteins and total carbohydrates, which are the main 
sources of energy for the cell. From the results we can 
conclude that nanoparticles act positively on these 
indicators. Carbohydrate content is maximal on using 
30 mg/L nanoparticles. The influence of other 
concentrations is insignificant. In the study of the 
action of nanoparticles on the protein content a more 
pronounced positive influence is observed. Our 
research data demonstrate the stimulation of proteins at 
concentrations ranging from 5 to 70 mg/L, maximum 
being for 70 mg/L concentration and is by 23.4% more 
than the control sample. 

The significant increase in catalase activity in the 
studied strain was observed on using the 10 mg/L 
concentration, the enzyme level was 35% higher than 
in the control variant. Data from the literature 
demonstrate the possibility of using ZnO nanoparticles 
to stimulate enzyme synthesis. Thus, Ban et al. report 
about perspective on the potential of ZnO nanoparticles 
utilization as supplement in order to increase active 
production of β-glucosidase - enzyme of S. cerevisiae 

with industrial value, as well as to increase production 
of baker's yeast [5]. Concentrations of 50-70 mg/L 
nanoparticles lead to decreased catalase activity, 
indicating their toxicity for the yeast strain. 

Further, our studies have focused on evaluation of 
the nanoparticles effect on β-glucans content - one of 
the main components of the yeast cell wall. The high 
interest on β-glucans is conditioned by their 
antibacterial, antitumor, antioxidant, antimutagenic, 
hypocholesterolemic, detoxifying activities, etc. [3, 15, 
28]. The experimental results have shown that 
nanoparticles increase β-glucans content in the studied 
strain at all concentrations. The maximum of β-glucans 
were observed at 10-15 mg/L at which the β-glucans 
content were 23,22±0,55-23,73±0,32% d. w. and 
constituted 30.3-33.2% more than the control. Their 
amount, calculated on 1 L of culture medium, allows 
obtaining 1,335-1,346 g/L β-glucans, which is 54.9-
56.1% more than the control. The obtained results led 
to the elaboration of a new process of yeast cultivation 
and stimulation of β-glucans content. 

Thus, we can affirm that ZnO nanoparticles cause 
modifications in yeast metabolism, stimulating their 
biosynthetic potential and the effect depends on the 
used concentration. Our results demonstrate the 
absence of toxicity of ZnO nanoparticles (<50 nm) 
applied in the YPD culture medium at concentrations 
of 1 to 50 mg/L and the possibility of their utilization 
in the S. cerevisiae CNMN-Y-20 yeast cultivation 
biotechnology. 
 

REFERENCES 

 
[1] Aebi, H., (1984): Catalase in Vitro. Methods in 

Enzymology, 105: 121-126. 
[2] Aguilar-Uscanga, B., Francois, J.M., (2003): A study of 

the yeast cell wall composition and structure in response 

to growth conditions and mode of cultivation. Letters in 
Applied Microbiology, 37: 268-274. 

[3] Albeituni, S.H., Yan J., (2013): Effects of β-Glucans on 
Dendritic Cells and Implications for Cancer Therapy. 
Anti-Cancer Agents in Medicinal Chemistry (Formerly 
Current Medicinal Chemistry - Anti-Cancer Agents), 
13(5): 689-698. 

[4] Anghel, I., Vassu, T., Segal, B., Berzescu, P., Herlea, V., 
Dan, V., Oancea, I., Kathrein, J., (1991): Biology and yeast 
technology (Biologia şi tehnologia drojdiilor, in 
Romanian). Bucureşti, Ed. Tehnică, vol. 2, 385 p. 

[5] Ban, D.K., Subhankar, P., (2014): Zinc Oxide 
Nanoparticles Modulates the Production of β-
Glucosidase and Protects its Functional State Under 
Alcoholic Condition in Saccharomyces cerevisiae. Applied 
Biochemistry and Biotechnology, 173: 155-166. 

[6] Chang, Y., Zhang, M., Xia, L., Zhang, J., Xing, G., 
(2012): The Toxic Effects and Mechanisms of CuO and 
ZnO Nanoparticles. Materials, 5: 2850-2871. 

[7] Chiseliţa, O., Usatîi, A., Taran, N., Rudic, V., Chiseliţa, 
N., Adajuc, V., (2010): Yeast strain Saccharomyces 

cerevisiae - source of β-glucans. Patent 4048 MD, BOPI, 
6: 20-21. 

[8] Dey, P., Harborne, J., (1993): Methods in Plant 
Biochemistry. Carbohydrates. Academic Press, 2, 529 p. 

[9] Efremova, N., Usatîi, A., Molodoi, E., (2013): Method of 
determination of catalase activity. Patent 4205 MD, 
BOPI, 2: 26. 

[10] El-Diasty, E.M., Ahmed, M.A., Okasha, N., Mansour, 
S., (2013): Antifungal activity of ZnO Nanoparticles 
against dermatophytic lesions of cattle. Romanian Journal 
of Biophysics, 23(3): 191-202. 

[11] El-Said, K.S., Ali, E.M., Kanehira, K., Taniguchi, A., 
(2014): Molecular mechanism of DNA damage induced 
by titanium dioxide nanoparticles in toll-like receptor 3 
or 4 expressing human hepatocarcinoma cell lines. 
Journal of Nanobiotechnology, 12: 48. 

[12] Garcia Saucedo, C., (2010): Developing a Yeast Cell 
Assay for Measuring the Toxicity of Inorganic Oxide 
Nanoparticles. pp. 18-32. In: Citlali Garcia Saucedo: 
Chemical & Environmental Engineering Departament 
University of Arizona, May 6th 2010.  

[13] Hong-Zhi, L., Wang, Q., Liu, Y.-Y., Fang, F., (2009): 
Statistical optimization of culture media and conditions 
for production of mannan by Saccharomyces cerevisiae. 
Biotechnology and Bioprocess Engineering, 14(5): 577-
583. 

[14] Król, A., Pomastowski, P., Rafińska, K., Railean-
Plugaru, V., Buszewski, B., (2017): Zinc oxide 
nanoparticles: Synthesis, antiseptic activity and toxicity 
mechanism. Advances in Colloid and Interface Science, 
249: 37-52. 

[15] Kusmiati, T., Rizky Dhewantara, F.X., (2016): 
Cholesterol-Lowering Effect of Beta Glucan Extracted 
from S. cerevisiae in Rats. Scientia Pharmaceutica, 84(1): 
153-165. 

[16] Lowry, O.H., Rosebough, N.J., Farr, A.L., Randall, R.J., 
(1951): Protein measurment with the folin phenol 
reagent. The Journal of Biological Chemistry, 193: 265-
275. 

[17] Minju, J., Jeong Min, P., Eun Jeong, L., Yea Seul, C., 
Chunghyun, L., Jeong Moo, K., Sang Soo, H., (2013): 
Cytotoxicity of Ultra-pure TiO2 and ZnO Nanoparticles 
Generated by Laser Ablation. Bulletin of the Korean 
Chemical Society, 34(11): 3301-3306. 



Chiseliţa, N., Usatîi, A. - Regulation of biosynthesis process of cellular components in Saccharomyces cerevisiae with <50 nm ZnO nanoparticles aplication 

 90

[18] Mirzaei, H., Darroudi, M., (2017): Zinc oxide 
nanoparticles: Biological synthesis and biomedical 
applications. Ceramics International, 43: 907-914. 

[19] Nasr, N.F., (2015): Applications of Nanotechnology in 
Food Microbiology. Internationall Journal of Current 
Microbiology and Applied Sciences, 4(4): 846-853.  

[20] Otero-Gonzalez, L., Garcia-Saucedo, C., Field, J., 
Sierra-Alvarez, R., (2013): Toxicity of TiO2, ZrO2, Fe°, 
Fe2O3, and Mn2O3 nanoparticles to the yeast, 
Saccharomyces cerevisiae. Chemosphere, 93: 1201-1206. 

[21] Rai, M.N., Duran, N., (2011): Metal Nanoparticles in 
Microbiology. 2011th Edition. Springer-Verlag Berlin 
Heidelberg, 303 p. 

[22] Sahayaraj, K., Rajesh, S., (2011): Bionanoparticles: 
synthesis and antimicrobial applications. Science against 
microbial pathogens: communicating current research 
and technological advances. A. Mendez-Vilas (Ed.) 
FORMATEX: 228-244. 

[23] Samzadeh-Kermani, A., Miri, S., (2015): Synthesis, 
characterization and bactericidal property of chitosan-
graft-polyaniline/montmorillonite/ZnO nanocomposite. 
Korean Journal of Chemical Engineering, 32(6): 1137-
1141. 

[24] Shokri, N., Javar, H.A., (2015): Comparison of calcium 
phosphate and zinc oxide nanoparticles as dermal 
penetration enhancers for albumin. Indian Journal of 
Pharmaceutical Sciences, 77: 694-704. 

[25] Šillerová, S., Lavová, B., Urminská, D., Poláková, A., 
(2012): Preparation of zinc enriched yeast 
(Saccharomyces cerevisiae) by cultivation with different 
zinc salts. Journal of Microbiology, Biotechnology and 
Food Sciences, 1 (Special issue): 689-695. 

[26] Stratmeyer, M.E., Goering, P.L., Hitchins, V.M., 
Umbreit, T.H., (2010): What we know and don’t know 
about the bioeffects of nanoparticles: developing 
experimental approaches for safety measurements. 
Biomedical Microdevices, 12(4): 569-573. 

[27] Thammakiti, S., Suphantharika, M., Phaesuwan, T., 
Verduyn, T., (2004): Preparation of spent brewer's yeast 
β-glucans for potential applications in the food industry. 
International Journal of Food Science & Technology, 
39(1): 21-29. 

[28] Vetvicka, V., Vetvickova, J., (2010): β-1,3-glucan: 
silver bullet or hot air? Open Glycoscience, 3: 1-6. 

[29] Wang, Z.L., (2009): Nanostructures of Zinc Oxide. 
Materials Today, 7(6): 26-33. 

[30] Zhang, W., Bao, S., Fang, T., (2016): The neglected 
nano-specific toxicity of ZnO nanoparticles in the yeast 
Saccharomyces cerevisiae. Scientific Reports, 6: 24839. 

[31] Zhang, Y., Yang, D., Kong, Y., Wang, X., Pandoli, 
O.G., Gao, G., (2010): Synergetic antibacterial effects of 
silver nanoparticles@Aloe vera prepared via a Green 
Method. Nano Biomedicine and Engineering, 2(4): 252-
257. 

 
 
 

Received: 25 February 2019 
Accepted: 16 July 2019 
Published Online: 22 July 2019 
Analele Universităţii din Oradea, Fascicula Biologie 
http://www.bioresearch.ro/revistaen.html 
Print-ISSN: 1224-5119 
e-ISSN: 1844-7589 
CD-ISSN: 1842-6433 
University of Oradea Publishing House 


