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ABSTRACT 

Introduction: Mannoproteins (MP) contained in the yeast cell wall (YCW) have high biological activity and possess several 

techno-functional properties. They are actively used in oenology, as a colloidal stabilizer and an inhibitor of the 

crystallization of potassium bitartrate, agriculture, as a feed additive for animals, the food industry, as an emulsifier. We 

obtained MP from Saccharomyces cerevisiae yeast and evaluated antimicrobial properties against Bacillus subtilis and 

Escherichia coli. 

Methods: YCW was obtained by autolysis of 15% yeast suspension of S. cerevisiae for 24 h at the temperature of 55° C 

with the initial pH of 5.0 and mixing at 120 rpm. MP preparations from YCW were obtained in two ways, namely, thermal 

extraction at the temperature of 121° C and alkaline extraction. The precipitated protein was dried in a dehydrator and 

then crushed. After that, MP were tested in relation to two cultures of E. coli and B. subtilis by sowing on liquid and solid 

nutrient media, with the addition of MP preparation obtained by various methods and different concentrations.

Results: As a result of induced autolysis, YCW was obtained with a yield of 27%. The MP yield after thermal and alkaline 

extraction was 12.0 and 12.9%, respectively. In relation to E. coli, alkaline MP showed the inhibitory ability of 37% at the 

preparation concentration of 5% (m/v). The fraction obtained by thermal means demonstrated minimal antimicrobial 

activity (AA). Inhibition was 4% relative to the control sample at the preparation concentration of 3% (m/v). According 
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to the experimental data obtained with respect to B. subtilis, AA of the alkaline (3% m/v) fraction was 80%. The thermal 

(5% m/v) fraction did not manifest AA, on the contrary, it acted as a catalyst for colony growth. 

Conclusions: Mannoprotein obtained by alkaline extraction showed an inhibitory effect on the growth of B. subtilis and 

E. coli. The resulting preparation can be used as a feed additive to agriculture animals as an alternative to antibiotics.

With proper cleaning, this preparation can be used in medicine and cosmetology.
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INTRODUCTION 

Mannoproteins are a part of the yeast cell wall. They are 

recognized as non-traditional immunostimulants 

demonstrating antimicrobial, antiviral and antitumor 

activities [1–3]. Moreover, their antimutagenic and 

antioxidant properties have been confirmed [4–5] and 

their effectiveness in wound healing has been proven [6]. 

Therefore, MP are valuable biologically active raw 

materials for the pharmaceutical and cosmetology 

industries [7–9]. 

Several rheological properties of MP (viscosity, 

plasticity, elasticity, adhesion) have been well studied 

and described, which make them a valuable component 

in the food industry in oenology and in the production of 

mayonnaise [10–13]. Due to the antimicrobial properties 

found in MP, these compounds can be used as 

bioconservants in food products. In animal husbandry, 

MP are considered substitutes for antibiotics [2]. 

Agrimos® feed additive containing MP and glucans from 

Saccharomyces cerevisiae is used in artificial aquaculture 

breeding [14]. The antifungal activity of MP was 
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established against Aspergillus flavus [15]. It should be 

noted that not only mannoproteins isolated from YCW, 

but also their complexes with glucan can be in demand in 

the agricultural, pharmaceutical and food industries [16–

17]. 

Preparations obtained from the same yeast strain, 

in particular, S. cerevisiae, have different antimicrobial 

effects. For example, the fraction obtained by one type 

of extraction can positively affect the cultivation of 

microbial organisms, while the other type affects it 

negatively. This is probably due to the differences in the 

chemical composition of MP and the bonds between 

protein molecules. There are three main types of 

communication between MP, namely, covalently bound 

to the structural 𝛽 - 1,6 - glucan (Pir and GPI), non-

covalently bound (captured) to other proteins, and 

bound to other proteins by disulfide bonds [18]. Each 

fraction is allocated in a certain way and has individual 

properties. 

There are several ways to extract mannoproteins. 

The most popular is acid-base extraction [1]. The classical 

methods are enzyme and heat treatment [19]. Finally, a 

new method is ultrasonic treatment followed by 

fermentation [20]. 

This paper describes in detail the preparation of two 

MP preparations from YCW S. cerevisiae by thermal and 

alkaline methods. Moreover, antimicrobial activity 

against E. coli has been confirmed and activity against B. 

subtilis has been established. Because it is currently 

important to isolate MP from yeast to use them in 

agriculture, food and medicine, their study is timely. 

METHODS 

Study subjects: Pressed yeast S. cerevisiae of Lesaffre 

company was used for the study within the framework of 

storage life.

Induced autolysis: The first and most important stage of 

the experiment was autolysis. The subsequent 

destruction of YCW and the yield of MP depends on how 

the induced autolysis is performed.

Autolysis is the process of a yeast cell destruction 

under the action of its own hydrolytic enzymes. Yeast was 

suspended in distilled water to a dry matter content of 

15% in a fermenter (Biostat A, Germany), then we set the 

following constant parameters: t 55o C, pH 5.0, duration 

24 h and stirring 120 rpm. Then, based on these 

parameters, a graph of the pH dependence on the 

duration was automatically plotted. After the autolysis 

time had elapsed, endogenous enzymes were inactivated 

for 15 min at 80о С. Next, the autolysate was cooled to 

room temperature in vivo and centrifuged (Rotanta 460 

Hettich, Germany) to separate the yeast extract from the 

YCW [21]. 

The autolysis ratio was defined as the total loss of 

dried biomass during the process in the following way: 

𝑅(%) =
𝑊0 −𝑊

𝑊0

× 100,

where R represents the autolysis ratio, W0 

represents the initial dried biomass, and W represents 

the residual dried biomass suspension during the induced 

autolysis [22]. 

Amine nitrogen in the yeast extract was determined 

by the method described in [23] and soluble protein by 

the Lowry method according to the method [24]. 

Clearing cell wall: An important operation is the washing 

of YCW from the extract components. To do this, YCW 

was mixed with distilled water and suspended, after 

which it was centrifuged for 10 min at 4600 rpm. The 

procedure was repeated three times until the dry matter 

content in the washing water is 0.1-0.4%. Then, YCW was 

https://ffhdj.com/index.php/ffhd/index


    FFHD   Page 440 of 447 

organic solvent, the protein denatures and becomes 

insoluble in the original solvent (alkali / water). 

Alkaline extraction: The second part of the YCW was 

subjected to alkaline extraction in two stages. At the first 

stage, the YCW were hydrolyzed in a slightly alkaline 

solution of sodium lauryl sulfate (SDS) to increase the 

permeability of the wall.

A 5% suspension of YCW in 2% SDS solution was 

kept in the refrigerator at 4о С for 16 h, after which it was 

boiled in a water bath with a heating under reflux for 5 

min. Next, YCW was separated from the mannoprotein 

fraction (with disulphide bonds S-S) by centrifugation. 

After SDS extraction, the softened walls were 

subjected to alkaline treatment [25–26]. Extraction was 

performed in a 3% NaOH solution with a concentration of 

37% solid particles. The suspension was boiled with a 

heating under reflux for 8 h on a magnetic stirrer. At the 

end of extraction, the suspension was neutralized with 

sulfuric acid to a neutral litmus reaction. Next, the extract 

was centrifuged at 4000 rpm for 10 min. The supernatant 

contains MP covalently bound to structural β - 1.6-glucan 

and alkali-soluble β - 1.6-glucan; β - 1.3; β - 1.6-glucans 

insoluble in alkali remain in the sediment. 

Finally, the supernatant was precipitated in alcohol 

as described above and dried.
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transferred to a sterile container and stored on demand 

at – 4о С or frozen.

Heat treatment: The next step was thermal extraction. 

For extraction, it was necessary to prepare a 7.0-

phosphate buffer. To do this, 82.4 ml of a solution of 71.5 

g/L disodium hydrophosphate dodecahydrate and 17.6 

ml of a solution of 21 g/L citric acid monohydrate P were 

mixed.

YCW was suspended in a phosphate buffer to a dry 

matter content of 5%, autoclaving (Autoclave Tuttnauer 

TUT-2540 MK, Israel) is performed at 120o С for 4 h. The 

resulting suspension was centrifuged at 9800 rpm for 15 

min. The supernatant holds MP soluble in hot water, 

while β-glucans and MP soluble in alkali and other 

solvents remain in the precipitate [19]. 

The supernatant was precipitated with 96% 

ethanol, specifically, it was thoroughly mixed 1:1 with 

ethyl alcohol, and then maintained at 1.0о С for 24 h. The 

resulting white sediment at the bottom of the flask was 

MP. After that, the alcohol was separated, and MP were 

convectively dried (Case drying ES-4610, Russia) during 

the day at a temperature no higher than 60o С to prevent 

the destruction and denaturation of proteins. The 

mechanism of the alcohol effect can be explained by 

dehydration of protein micelles, which leads to their 

reduced stability in solution. Moreover, it is worth 

considering that with prolonged storage of protein in an 

Determination of antimicrobial activity against E. coli: 

The MP fractions obtained by thermal and alkaline 

extraction were tested for AA against E. coli. E. coli was 

cultured in GMF broth for 24 h at the temperature of 37о 

С. The number of cells has not been established. 

        MP with a concentration of 0; 1; 1.5; 2; 5 % were 

introduced in test tubes with 9 ml of broth. The test tubes 

were closed with cotton-gauze stoppers, paper caps and 

sterilized at the temperature of 121о С for 20 min. After 

the autoclaving incident, the test tubes were cooled to 

37о С. In a laminar box under sterile conditions, 1 ml of 

grown E. coli culture was added to each tube, then the 

samples were thermostated for 24 h at the temperature 

of 37о С. After cultivation, the spectrum was removed in 

the wavelength range from 300 to 900 nm. Finally, by 

changing the optical density index, the increase in 

biomass was compared.  

Determination of antimicrobial activity against B. 

subtilis: B. subtilis culture was prepared at the 

concentration of 10 µl in 1 ml, then diluted in separate 

Eppendorf tubes 100 and 1000 times. Solutions of MP 
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Induced autolysis: In the process of studying the 

destruction of the cell wall and the production of MP 

from a YCW, an important question related to the 

qualitative destruction of cell walls has arisen. In this 

regard, the time of obtaining YCW with the maximum 

yield of free amino nitrogen in yeast extract and an 

average high autolysis coefficient of 24 h was 

experimentally determined.

         The dry matter balance represented in Table 1 was 

compiled, the equation has the form 𝑎 = 𝑏 + 𝑐, where a 

is the mass of autolysate, (g); b is the mass of yeast 

extract, (g); c is the mass of cell walls, (g). On average, the 

loss of dry matter was 6%.
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fractions, water and SDS solution were pre-sterilized for 

20 min at 121о С.

Next, cultivation was performed in test tubes. 910 

µl of water / ethanol / SDS / MP solution and 90 µl of B. 

subtilis culture in various concentration were added to 

each tube, left in the thermostat for 24 h at 28о С. After 

that, 80 µl of those samples were applied to sterile Petri 

dishes with YPD and evenly distributed with a Drigalski 

spatula until they were completely dry and left in a 

thermostat at 28о С. Three days later, the colonies were 

counted. 

RESULTS AND DISCUSSION 

Table 1. Autolysate dry matter balance 

The process of changing the pH of the medium with a 

change in the duration of induced autolysis is shown in 

Figure 1. An intriguing observation has emerged in our 

study: the pH value decreases after 14 hours of autolysis 

and stabilizes by the 21st hour. This stabilization likely 

corresponds to the release of acids from the cells. 

Therefore, it is imperative to assess the presence of 

volatile organic acids in the yeast extract

Figure 1. The effect of autolysis duration on the pH of the autolysate 

The universal duration of autolysis to obtain MP is 24 h. 

During this time, all cells are autolyzed, α-amine nitrogen 

passes into yeast extract. It is not recommended to 

increase the duration since water-soluble MP can go into 

the extract. The analysis of the autolysate after 24 h is 

presented in Table 2.  
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pH dependence on autolysis duration

Time, h Weight of autolysate, g 

(а) 

Mass of yeast extract, g 

(b) 

Mass of cell walls, g 

(c) 

Difference 

20 2.0125 ± 0.003 0.5328 ± 0.006 1.3978 ± 0.003 0.0819 

24 1.9901 ± 0.008 0.5444 ± 0.002 1.2620 ± 0.005 0.1837 
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autolysis proceeds less efficiently in the absence of 

mixing. 

Functional Food Science 2023; 3(9): 437-447 

Table 3 shows the autolysis coefficient at the initial pH of 

the yeast suspension of 5.0 and 5.5. The destruction of 

YCW is less effective at a high initial pH. In addition, 

Table 2. Analysis of yeast autolysate 
Time, h R,% DS yeast extract, brix pH FAN yeast extract, 

100 mg/L 

Lowry's Soluble Protein in 

yeast extract, mg/ml 

0 - 5.00 

12 19.54 ± 0.6 6.2 ± 0.1 5.39 ± 0.1 139.35 ± 4.4 0.012 ± 0.1 

16 23.28 ± 0.9 6.3 ± 0.1 5.07 ± 0.2 161.89 ± 3.7 0.014 ± 0.1 

20 31.26 ± 1.4 7.0 ± 0.2 4.70 ± 0.2 166.85 ± 2.8 0.016 ± 0.1 

24 37.89 ± 1.1 6.9 ± 0.1 4.67 ± 0.1 166.50 ± 3.0 0.018 ± 0.1 

Table 3. Experimental data obtained under various conditions of induced autolysis of 15% yeast suspension 
Autolysis conditions R, % 

pH temperature, о С time, h rpm 

5.0 55 24 – 33.6 ± 4.1 

5.0 55 48 – 41.2 ± 3.8 
5.5 55 24 120 27.5 ± 2.9 

5.5 55 48 120 32.6 ± 3.2 
5.0 55 24 120 37.9 ± 1.1 
5.0 55 48 120 46.8 ± 1.4 

Heat treatment 

A part of YCW was thermally extracted, protein was 
precipitated and dried. The resulting water-soluble 
fraction after precipitation and grinding is demonstrated. 

in Figure 2. The yield of MP was 12 ± 0.2%. The remaining 
part of the wall contained β - glucan and MP insoluble in 
water. The resulting fraction is poorly soluble in water. 

Figure 2. Non-covalently bound MP after thermal extraction. 

Alkaline extraction: Next, YCW were subjected to SDS 

extraction, after which they were extracted in NaOH 

solution. The resulting fraction after drying had a lighter 

shade than the previous fraction (Figure 3). The yield of 

MP was 12.8 ± 0.4%. The resulting fraction is very soluble 

in water.
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 Figure 3. Alkali–soluble MP covalently bound to the structural 𝛽 - 1.6 - glucan. 

The thermal and alkaline methods of isolation of MP 

fractions from the cell walls of yeast S. cerevisiae have 

been experimentally tested. The yield of MP was 12 and 

12.8% of the ADS YCW, respectively. All fractions did not 

have a pronounced taste and smell but stuck to the teeth. 

Establishing the most effective method has yet to be 

done. 

Determination of antimicrobial activity against E. coli: 

These fractions were tested for antimicrobial activity 

against E. coli.  Figure 4 demonstrates the results of the 

antimicrobial potential of MP after alkaline extraction. 

The graph reveals that with an increase in MP in the GMF 

broth, the growth of E. coli slowed down (the optical 

density index decreases) by 37%.

 Figure 4. Dependence of the concentration of alkaline MP on the growth of E. coli in terms of optical density 

On the contrary, during thermal extraction (Figure 5), 

bacterial growth remained approximately in the same 

optical density range, which indicates the absence of 

antimicrobial activity of this fraction. 

R² = 0.9843

300

350

400

450

500

550

600

0 1 1.5 2 5

O
p

ti
ca

l 
d

en
si

ty

Alkaline MP concentration, %

https://ffhdj.com/index.php/ffhd/index


Functional Food Science 2023; 3(9): 437-447      FFHD               Page 444 of 447 

Figure 5.  Dependence of the concentration of water-soluble at 121о C MP on the growth of E. coli in terms of optical density 

Determination of antimicrobial activity against B. 

subtilis: Table 4 shows the counts of colonies on the cups 

after three-day cultivation. The alkaline preparation MP  

inhibited the growth of B. subtilis by 80%. The thermal 

preparation, on the contrary, increased the formation of 

colonies by more than 100% 

Table 4. Colonies of B. subtilis after three-day incubation 
The name of the sample The concentration of B. 

subtilis is 10 µl in 1 ml 

The concentration of B. 

subtilis is 0.1 µl in 1 ml 

The concentration of B. subtilis is 

0.01 µl in 1 ml 

9% C2H5OH <120 0 0 

H2O (dist) 448 0 0 

Alkali 0 0 0 

Thermal MP >1000 >1000 0 

Alkaline MP 90 0 0 

The results of sowing after three-day cultivation are 

shown in Figure 6. The row 1.1-1.3 indicates cultivation 

with 9% ethyl alcohol; the row 2.1-2.3 – 2% SDS in 3% 

NaOH (alkali); the row 3.1-3.3 – distilled water; the row 

4.1- 4.3 – alkaline MP; the row 5.1-5.3 – thermal MP. The 

first column (1.1, 2.1, 3.1, 4.1, 5.1) is the concentration of 

B. subtilis 10 µl in 1 ml; the second column (1.2, 2.2, 3.2,

4.2, 5.2) - the concentration of B. subtilis 0.1 µl in 1 ml; 

the third column (1.3, 2.3, 3.3, 4.3, 5.3) - the 

concentration of B. subtilis 0.01 µl in 1 ml. It can be seen 

from the figure that at the maximum concentration of B. 

subtilis with the addition of alkaline MP, the growth 

colonies of microorganisms inhibited. On the contrary, 

thermal MP catalyzes the growth of B. subtilis. This is 

probably due to a change in the structure of the protein 

when exposed to high temperatures and different 

molecular weights. 
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  Figure 6. Cultivation of B. subtilis under various conditions and different concentrations 

AA MP was tested against E. coli of two fractions of 

MP. The alkali-soluble fraction of the preparation inhibits 

the growth of E. coli by 37%. MP obtained by thermal 

hydrolysis did not affect the cultivation of E. coli. With 

respect to B. subtilis, the alkaline preparation inhibited 

colony growth by 80 %, while the thermal, on the 

contrary, increased growth by more than 100%. Since 

yeast MP favorably affects the survival of lactic acid 

bacteria in artificial gastrointestinal juice and increases 

their adhesion to Caco-2 cells [27],  it has been suggested 

that the aggregation of lactic acid bacteria (ICD) with 

yeast in gastric or intestinal juice can increase the 

tolerance of ICD in the intestine and improve the 

specificity of adhesion to Caco-2 cells, then the 

preparation obtained by thermal hydrolysis can be used 

as a catalyst for the growth of ICD. 

The type of extraction influences antimicrobial 

activity. This is probably due to the molecular weight of 

the obtained MP. According to other researchers, MP 

obtained by the enzymatic method also exhibits 

antimicrobial properties. 

CONCLUSION 

To sum up, MP obtained by alkaline extraction exhibits 

an inhibitory effect on the growth of B. subtilis and E. coli, 

by 80 and 37%, respectively. The resulting preparation, in 

addition to the food industry, can be used as a feed 

additive for farm animals as an alternative to antibiotics, 

and in aquaculture. With proper cleaning, this 

preparation can be used in medicine and cosmetology. 

The preparation obtained by thermal hydrolysis is 

proposed to be used in the traditional food industry. 

List of Abbreviations: MP: mannoprotein, YCW: yeast 

cell wall, AA: antimicrobial activity, S. cerevisiae: 

Saccharomyces cerevisiae, B. subtilis: Bacillus subtilis, E. 
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coli: Escherichia coli, ADS: absolutely dry substances, 

YPD: yeast extract peptone dextrose, R: autolysis ratio. 
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