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Abstract 

Pleurotus ostreatus is well-known and commercially 
important edible basidiomycetes. Polysaccharides, ob-
tained from P. ostreatus, are suitable candidates for re-
search and development of new functional foods and 
nutraceuticals. P. ostreatus preparations can provide to 
the products additional therapeutic properties, such 
as anti-cancer, anti-inflammatory and hypoglycemic 
properties. Yoghurt is the popular base for functional 
products. Useful additives can be simple added into 
yoghurt, but they can also impact on process of milk 
fermentation by lactic acid bacteria: Lactobacillus del-
brueckii subsp. bulgaricus and Streptococcus thermo-
philus. 

The object of our study was polysaccharide prepara-
tions, obtained from submerged cultivated P. ostreatus 
biomass. It was obtained 3 preparations: preparation 
P1, which was collected after removing from biomass 
lipids and low-molecular compounds by 80% etha-
nol repeated; preparation P2, collected after ethanol 
extraction and extraction in a boiling water bath and 
then concentrated by evaporation and precipitated 
with five volumes of 96% ethanol solution; and prepa-
ration P3, taken as the solid residue remaining after 
the ethanol and aqueous extractions. Preparations 
were added to milk in different concentration before 
the introduction of lactic acid cultures. The titrated 
acidity was analyzed by acid-base titration with sodi-
um hydroxide. The water holding capacity was defined 
as the ratio of the weight of the fermented bunch to 
the weight of the total fermented milk product after 24 
hours storage from the time of preparation. 

Original scientific paper
UDC 637.136.5:582.284

INFLUENCE OF PLEUROTUS OSTREATUS PREPARATIONS ON 
FERMENTATION PRODUCTS OF LACTIC ACID CULTURES 

Ekaterina Antontceva1*, Sergei Sorokin1, Mark Shamtsyan1, Ludmila Krasnikova2

1Department of microbiological synthesis technology, St. Petersburg State Technological 
Institute (technical university), Moskovsky pr. 26, 190013 Saint-Petersburg, Russia

2Department of Chemistry and Molecular Biology, St. Petersburg University of Information 
Technologies, Mechanics and Optics, Kronverksky pr. 49, 197101 Saint-Petersburg, Russia 

*e-mail: _p_m_@mail.ru

It was found, that preparation P1 mostly increase the 
acidity of fermented milk for both cases and the wa-
ter-holding capacity of L. bulgaricus fermented milk. 
Preparation P2 enlarges both parameters, but only in 
case of L. bulgaricus, and preparation P3 enhanced the 
acidity of S. thermophilus fermented milk and the wa-
ter-holding capacity of milk fermented by each bacte-
ria. 

Thus, the addition of the P. ostreatus preparations 
increase the rate of acidity growth and the mois-
ture-holding capacity of the clot.
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1. Introduction

Polysaccharides, particularly β-glucans, isolated from 
basidiomycetes, are of considerable interest due to 
their various useful medical properties. For a large 
number of genera and species of fungi the immune 
stimulating activity was demonstrated in paper of 
Vannucci et al., [1]. Pronounced hypolipidemic effect 
was also detected related to consumption of biomass 
of the Pleurotus ostreatus mushroom in Shamtsyan et 
al., [2] paper. It is believed by Gargano et al., [3], that 
polysaccharides isolated from P. ostreatus fungus cul-
ture can be used for development of new functional 
products and nutraceuticals. Such preparations from 
P. ostreatus could provide additional preventive and 
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functional properties to widely used ordinary food 
products, such as: immunostimulating, hypoglyce-
mic, antitumour, anti-inflammatory and hypoglycemic 
properties, as it was described in Giavasis [4].

Air pollution in metropolises, bad eating habits, seden-
tary lifestyle, and excessive use of preparations - these 
factors negatively affect the human body. Therefore, 
the theory of “healthy nutrition” developed in recent 
decades, based on the consumption of foods en-
riched with various functional additives and probiot-
ics, is becoming increasingly relevant as mentioned 
by Shenderov [5]. It has been shown by Bigliardi [6], 
that functional products reduce the risk of developing 
food-related diseases, including improving the func-
tioning of the intestine and heart, promoting better 
immunity, or weight normalization. 

One of the following beneficial and widely used foods 
in the world are dairy products. Yogurt is a functional 
food product containing probiotic cultures and amino 
acids that accumulate in the process of splitting the 
milk proteins by the enzymes of these cultures, as it 
was mentioned in Ahmad et al., [7]. Many manufactur-
ers enrich yogurts with various vitamins, minerals and 
natural flavor additives.

It would be interesting to combine the useful proper-
ties of yogurt and β-glucans of basidiomycetes. The first 
step towards the creation of such a functional product 
based on yogurt is to check the effect of polysaccha-
ride additives on individual yoghurt cultures. This ar-
ticle examines the effect of different concentrations 
of various preparations of polysaccharide from P. ost-
reatus on development and level of milk fermentation 
by monocultures that make up yogurt: Lactobacillus 
bulgaricus and Streptococcus thermophilus. Some phys-
ical-chemical parameters of obtained dairy products 
were also evaluated.

Submerged biomass of this fungus was used as a 
source to obtain preparations of polysaccharides as 
it was mentioned in Giavasis [4]. Besides other advan-
tages, submerge cultivation method permits to obtain 
homogenic biomass, which simplifies its processing, 
product isolation, as well as the stability of the proper-
ties of the finished product and its relative standardiza-
tion, according to Biliaderis [8]. 

As a result of the work, the effect of obtained polysac-
charides on the physical-chemical properties of the fer-
mented dairy product was studied. It was determined 
that preparations of polysaccharides of the P. ostreatus 
are promising beneficial ingredients for fortification of 
dairy products.

2. Materials and Methods 

As a producer, P. ostreatus culture was used from 
the museum of the Department of Microbiological 

Synthesis Technology of the St. Petersburg State 
Technological Institute.

To study the effect of the preparation on lactic acid 
bacteria, two starter cultures obtained from State 
Institute of Dairy industry were used, based on strains 
of Lactobacillus delbrueckii subsp. bulgaricus and 
Streptococcus thermophilus in the form of lyophilized 
dried preparations. Dairy products were made from 
ultra-high-temperature treated milk (Valio, “Galactica” 
plant) with a fat content of 1.5%; for preparation of in-
oculum, milk of the “Valio” company with a fat content 
of 0% was used.

The inoculum of P. ostreatus was first incubated in test 
tubes on sloped wort agar for 7 - 10 days at the tem-
perature of 28 - 30 0C. Then, few pieces of mycelium 
measuring about 50 mm2 were transferred with the 
agar medium to conical flasks with glass beads and 
150 mL of the nutrient medium of the following com-
position (g/L): Glucose - 10; MgSO

4
 - 0.5; Peptone - 2.5; 

NaCl - 0.5; KH
2
PO

4
 - 0.6; CaCl

2
 - 0.05; K

2
HPO

4
 - 0.4; Yeast 

Extract - 2.0. 

Inoculate has been farther grown under steady-state 
conditions at the temperature of 28 - 30 0C for 7 - 10 
days until the surface of the medium completely over-
grew with mycelium. The raised surface inoculum was 
crushed with glass beads by shaking the flasks. The 
resulting suspension was used as inoculate for the 
fermentation step. Submerged cultivation was carried 
out in Erlenmeyer flasks with 100 mL of medium on a 
rotary shaker with a rotation frequency of 230 min-1 at 
the temperature of 28 - 30 0C. From the resulting cul-
ture of P. ostreatus, the mycelium was separated from 
the culture liquid by filtration through a paper filter un-
der vacuum. Wet biomass was dried in an oven at the 
temperature of 50 0C.

To isolate the polysaccharides, the dried biomass was 
first ground, then the lipids were removed by double 
extraction with an 80% aqueous solution of ethyl alco-
hol, to make fungal cell walls more permeable. Water-
soluble polysaccharides were separated by triplicate 
aqueous extraction. The scheme for isolation of prepa-
rations from the biomass of P. ostreatus is shown in the 
Figure 1.

In the process of isolation of polysaccharides, three 
preparations were obtained: oyster mushroom biomass 
treated with 80% ethanol - preparation P1; water-sol-
uble polysaccharides isolated from aqueous extract - 
preparation P2; and the biomass of oyster mushrooms 
remaining after ethanol and aqueous extraction is P3.

To study the effects of preparations on the lactic acid 
bacterial cultures of L. bulgaricus and S. thermophilus, 
they were pre-cultured on milk in test tubes at the 
temperature of 4 0C until complete clotting. One of the 
three preparations of a certain mass was initially added 
into sterile glasses, and then they were filled with milk 
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up to a volume of 100 mL. At the end, the inoculum 
was added (3% of the sample volume).

For both yoghurt cultures, the following dosages of 
the preparations were taken:

• Preparation P1 in concentrations of: 0.1%; 0.5%; 
1.0%; 1.5%. 

• Preparation P2: 0.1%; 0.25%; 0.5%.

• Preparation P3: 0.1%; 0.5%; 1.0%; 1.5%. 

Analysis of titratable acidity was carried out according 
to the indicator method described in GOST (Russian 
State Standard) 3624-92 “Milk and dairy products. 
Titrimetric methods for determination of acidity” [9]. 

Water-holding capacity (WHC) and the syneresis of fer-
mented milk were studied according to the procedure 
described in Sodini [10]. Samples of fermented milk 
(about 20 cm3) (Y) after cooling to 4 0C and 24 hours of 
storage were centrifuged for 10 minutes at 4000 min-

1 at 20 0C. The released serum (W) was removed and 
weighed. The WHC of fermented milk is calculated by 
the formula: WHC = (Y - W) / Y × 100% [10]. 

All experiments were carried out in three replicas, with 
statistical processing of data, the level of confidence was 
taken as 0.95, and the Office Excel program was used.

3. Results and Discussion 

The effect mushroom preparations on the fermenta-
tion of milk by individual cultures of lactic acid bacteria 
was studied. The results of these studies for S. thermo-
philus are shown in Figures 2 - 4. Figure 1. Obtaining preparations P1, 

P2 and P3 from P. ostreatus biomass

Figure 2. (* - sample without preparations) - Dynamics of 
titratable acidity during fermentation of milk by  
S. thermophilus with the addition of P1 (p < 0.05) 

Figure 3. (* - sample without preparations) - Dynamics 
of titratable acidity during fermentation of milk by 

S. thermophilus with the addition of P2 (p < 0.05)
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From the presented in figures 2 - 4 it is clear, that the 
addition of preparations P1, P2 and P3 to milk before 
fermentation by S. thermophilus increases glycolytic 
activity of bacteria. The addition of preparation P1 to 
milk before fermentation in concentrations of: 0.1%, 
0.5%, 1.0% and 1.5%, after 6 hours results in increase of 
acidity for: 16%, 45%, 48%, and 52% respectively, com-
pared to the control sample. The preparation P2 added 
to milk at concentrations of: 0.1%, 0.25%, and 0.5% af-
ter 6 hours of fermentation causes an increase in acid-
ity of: 12%, 21%, and 26%, respectively, compared to 
the control sample. The preparation P3, added to milk 

at concentrations of: 0.1%, 0.5%, 1.0% and 1.5%, after 
same period of fermentation causes an increase in 
acidity of: 6%, 9%, 9% and 15% respectively, compared 
to the control sample. Thus, for the culture of S. ther-
mophilus, the best results were detected for ethanol 
treated fraction of polysaccharides P1 at 0.5% concen-
tration and for water-soluble fraction P2 at 0.25%. The 
addition of P3 did not significantly affect the glycolytic 
activity of the S. thermophilus culture.

The effect of preparations on the fermentation of milk 
for L. bulgaricus are shown in Figures 5 - 7. 

Figure 4. (* - sample without preparations) - Dynamics 
of titratable acidity during fermentation of milk by 

S. thermophiles with the addition of P3 (p < 0.05)

Figure 5. (* - sample without preparations) - Dynamics 
of titratable acidity during fermentation of milk by 

L. bulgaricus with the addition of P1 (p < 0.05)

Figure 6. (* - sample without preparations) - Dynamics 
of titratable acidity during fermentation of milk by 

L. bulgaricus with the addition of P2 (p < 0.05)

Figure 7. (* - sample without preparations) - Dynamics 
of titratable acidity during fermentation of milk by 

L. bulgaricus with the addition of P3 (p < 0.05)
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From the presented in figures 5 - 7 it could be seen 
that the addition of all studied preparations to milk, 
fermented by L. bulgaricus also causes a significant 
increase in glycolytic activity and this effect was even 
higher, than for streptococcus culture. The preparation 
P1, added to milk at concentrations of: 0.1%, 0.5%, 
1.0% and 1.5%, causes an increase in acidity of: 52%, 
77%, 90%, and 102%, respectively, compared to the 
control sample. The preparation P2 added to milk in 
concentrations of: 0.1%, 0.25%, and 0.5% causes an in-
crease in acidity of: 60%, 81%, and 94%, respectively, 
compared to the control sample. And even prepara-
tion P3, which was not active in case of S. thermophilus, 
added to milk at concentrations of: 0.1%, 0.5%, 1.0% 
and 1.5%, causes an increase in acidity of: 23%, 35%, 
42% and 58% compared to the control sample. Thus, 
for the culture of L. bulgaricus, the best results were 
shown by maximum concentrations of all prepara-
tions. The most efficient was addition of water-soluble 
fraction of mushroom polysaccharides P2.

One of the important physical-chemical parameters, 
which determine the texture of a dairy product, is WHC. 
The results of determination of the relation of WHC from 
added preparations are presented in Figures 8 and 9.

From the data obtained, it can be seen that the addi-
tion of all preparations to milk fermented by S. ther-
mophilus causes an increase in WHC of the milk clot. 
The preparation P1 added at a concentration of: 0.1%, 
0.5%, 1.0%, and 1.5% causes an increase in MTC of: 
37%, 40%, 36%, and 40%, respectively, compared to 
the control sample. The P2 preparation added at a con-
centration of: 0.1%, 0.25%, and 0.5% causes an increase 
in WHC by: 9%, 11%, and 11%, respectively, compared 
to the control sample. The preparation P3, added at a 
concentration of: 0.1%, 0.5%, 1.0%, and 1.5%, causes 
an increase in WHC by: 16%, 26%, 33% and 41% re-
spectively, compared to the control sample. Thus, for 
the culture of S. thermophilus, the best results showed 
P1 and P3 at a concentration of 1.5%, the addition of 
P2 did not have a significant (statistically significant) 
effect on the moisture retention capacity of the S. ther-
mophilus culture.

In the case of L. bulgaricus, similar results were ob-
tained. The preparation P1 added at a concentration 
of: 0.1%, 0.5%, 1.0%, and 1.5% causes an increase in 
WHC by: 11%, 18%, 19%, and 18% compared to the 
control sample. The P2 preparation added at a concen-
tration of: 0.1%, 0.25%, and 0.5% causes an increase in 
WHC by: 32%, 34%, and 40%, respectively, compared 
to the control sample. Formulation 3 (P3) added at a 
concentration of: 0.1%, 0.5%, 1.0%, and 1.5% causes a: 
6%, 21%, 29%, and 37% increase in WHC, respectively, 
compared to the control sample. Thus, for the culture 
of L. bulgaricus, the best results were shown by prepa-
rations of P2 in a concentration of 0.5% and P3 at a 
concentration of 1.5%.

4. Conclusions

- The addition of P. ostreatus preparations to milk in-
creased the glycolytic activity of yoghurt cultures of 
S. thermophilus and L. bulgaricus. The acidity of milk 
fermented by S. thermophilus as a result of the addi-
tion of P1 was the highest. In the studied ranges of 
preparations doses, their increase result in increase 
of the growth of the titrated acidity of fermented milk 
products. Acidity of milk, fermented by L. bulgaricus, 
increased as a result of the use of each of the prepa-
rations, higher results showed preparations P1 and P2.

- The introduction of preparations into the milk be-
fore fermentation increased the WHC of the clots. This 
might be because the increase of dry substances in the 
content strengthens the structure of the fermented 
milk product and the fact that microorganisms, when 
sorbed on a solid carrier, use components of the nutri-
ent medium better.

Figure 8. (* - sample without preparations) - Effect of 
preparations on the WHC of milk clots of products with 

S. thermophilus (** - p < 0.05)

Figure 9. (* - sample without preparations) - Effect of 
preparations on the WHC of milk clots of products with 

L. bulgaricus (** - p < 0.05)
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- The addition of polysaccharides positively affects the 
process of lactic acid fermentation, carried out by the 
studied cultures of microorganisms. The  addition of 
polysaccharide preparations before the lactic fermen-
tation stage reduces the fermentation time and im-
proves the physico-chemical properties of fermented 
milk products. The results obtained suggest the pos-
sibility of using fungal polysaccharides containing 
β-glucans to create functional foods based on fer-
mented milk products.
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