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Abstract

The object of our research was the culture of Pleuro-
tus ostreatus. In our previous studies hypolipidemic,
hypocholesterolic,immunomodulating, hypoglycemic
actions of P. ostreatus were demonstrated. Also P. os-
treatus is known for its: antitumour, anti-inflammato-
ry, antioxidant, antibiotic and radioprotective actions.
A special attention should be paid to beta-glucans,
which are structural polysaccharides of fungal cell
walls and are demonstrating significant biological ac-
tivity. They are suitable candidates for research and
development of new functional foods and nutraceuti-
cals. Beta-glucans, isolated from basidiomycetes, are of
considerable interest due to their various useful pre-
ventive and functional properties to widely used ordi-
nary food products. The aim of this study was to select
the conditions for submerged cultivation to obtain the
highest yield of biomass of P. ostreatus.

The submerged cultivation was carried in Erlenmeyer
flasks on rotary shaker. Various sources of carbon: rye
whole grain flour, medium rye flour, light wheat flour,
dark wheat flour, corn flour, potato starch, soy flour
and sources of nitrogen: carbamide, NaNO3, NH4NO3,
(NH4)2504, soy flour were used in the semisynthetic
nutrient medium. Also, the growth of P. ostreatus was
studied on various initial pH values and for different
dissolution rates of oxygen in the culture medium. Aer-
ation rate was determined by the sulfite method.

As a result, the high aeration levels (3.3-4.0 g O,/(L-h);)
were selected for cultivation. The initial pH value of the
culture medium 7.5 is preferable to the lower values.
Medium rye flour or dark wheat flour as a source of car-
bon and soy flour as source of nitrogen provided the
highest yield of P. ostreatus biomass were selected.
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Submerged biomass of P. ostreatus can be used for
obtaining beta-glucan preparations as functional sup-
plement for fortification of dairy products and other
ordinary food products.

Key words: Pleurotus ostreatus, 3-glucans, Submerged
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1. Introduction

Pleurotus ostreatus or oyster mushroom is a valuable
mushroom whose fruiting bodies are used for food and
are grown industrially in many countries around the
world. In addition to its taste and nutritional properties,
this fungus also has a wide range of biological activity.

In our previous studies hypolipidemic and hypocho-
lesterolic, actions of P. ostreatus were demonstrated
(Shamtsyan et al., [1]). Also P. ostreatus is known for its:
immunomodaulating, anti-allergic, antitumour, anti-in-
flammatory, antioxidant, antibiotic, antiproliferative,
prebiotic and radioprotective actions (Bashir and Choi,
[2]; Friedman, [3]; Kozarski et al., [4]; Facchini et al., [5];
Du et al., [6]; Llaurado et al., [7]; and Radzki et al., [8]). A
special attention should be paid to beta-glucans, which
are structural polysaccharides of fungal cell walls and
demonstrate significant biological activity. They are
suitable candidates for R&D of new functional foods
and nutraceuticals. Beta-glucans, isolated from basid-
iomycetes, are of considerable interest due to their
various useful preventive and functional properties
to widely used ordinary food products. Beta-glucans
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preparations can be used in medicine as immunostim-
ulating agents. For example some studies showed that
beta-glucans from P. ostreatus can be helpful in reduc-
ing respiratory tract infections in children with chronic
respiratory disorders (Bashir and Choi, [2]; Jesenak et
al., [9]; and Pasnik et al., [10]).

Such preparations from P. ostreatus could provide ad-
ditional preventive and functional properties to widely
used ordinary food products, such as: immunostimu-
lating, hypoglycemic, antitumour, anti-inflammatory
and hypoglycemic properties, as it was mentioned in
Giavasis [11]. Polysaccharides isolated from P. ostreatus
fungus culture can be used for development of new
functional products and nutraceuticals (Gargano et al.,
[12]). In our previous study we tested the possibility of
using fungal polysaccharides containing beta-glucans
to create functional foods based on fermented milk
products (Antontceva et al., [13]). Frioui et al., [14], ex-
plored rheological influence of mushrooms beta-glu-
cans, used as flour substitution in bakery industry.

Besides cultivation of oyster mushroom fruit bodies,
its submerged culturing is also possible. Submerged
cultivation method permits to obtain homogenic bio-
mass, which simplifies product isolation, as well as the
stability of the properties of the finished product and
its relative standardization (Biliaderis, [15]). One of the
most common nutrient media for the cultivation of ba-
sidiomycetes is a semisynthetic glucose-peptone me-
dium. Composition of the nutrient medium has signif-
icant importance for submerged cultivation. The yield
of biomass, the biosynthetic activity of the producer
and the final cost of the product can be strongly influ-
enced by media composition. Zhang et al., [16], studied
effect of carbon source on properties and antioxidant
potential of exopolysaccharides produced by Trametes
robiniophila cultures. Hoa and Wang, [17], observed
the effects of temperature and nutritional conditions
on mycelium growth of two oyster mushrooms (Pleuro-
tus ostreatus and Pleurotus cystidiosus). From the litera-
ture, it is known that organic nitrogen compounds are
best used for the cultivation of P. ostreatus fungus. The
most widely used nitrogen source is peptone and on
the second place is carbamide (Bisko et al., [18]).

The aim of this work is to select the composition of the
medium and the aeration rate that ensure the highest
yield of biomass. Obtained submerged biomass of this
fungus was used as a source of polysaccharides. Ex-
traction of polysaccharides from mycelia biomass was
carried out as it was mentioned in Giavasis, [11].

2. Materials and Methods

P. ostreatus (Jacq.) P. Kumm culture was taken from the
museum of the Department of Technology of Microbi-
ological Synthesis of the Saint-Petersburg State Insti-
tute of Technology.

The inoculum of P. ostreatus was first incubated in test
tubes on agarised Saburo medium at the temperature
of 28 - 30 °C for 7 - 10 days. Then, few pieces of myceli-
um measuring were transferred with the agar medium
to conical flasks with glass beads and the nutrient me-
dium of the following composition (Table 1):

Table 1. Composition of nutrient medium

Component of nutrient medium Concentration, g/L

Glucose 15
Peptone 2.5
Yeast extract 2.0
KH,PO, 0.6
K,HPO, 0.4
MgSsoO, 0.5
Nacl 0.5
Cadl, 0.05

Initial pH value of the medium, before sterilization
was 6.5.

Inoculate has been farther grown under steady-state
conditions at the temperature of 28 - 30 °C 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 fer-
mentation step.

To determine the effect of aeration of the medium on
the synthesis of biomass, the mushroom was cultured
in 750 mL Erlenmeyer flasks with different quantity of
liquid medium - 50, 100, 150 and 200 mL of medium on
a rotary shaker with a rotation frequency of 230 min
at the temperature of 28 - 30 °C. The inoculum volume
was 10% of the volume of liquid medium in Erlenmey-
er flasks. The fungus was cultured for 7 days in all cases.

Aeration rate was determined by the sulfite method
(Yegorov, [19]). The dissolution rates of oxygen in the
flasks were: 4.4, 3.0, 1.8 and 1.2 g/(L-h) for the volume
of medium: 50, 100, 150 and 200 mL respectively.

After cultivation of P. ostreatus, the mycelium was sep-
arated from the native liquid by filtration through a pa-
per filter under vacuum. Wet biomass was dried in an
oven at the temperature of 50 °C. The weight of dried
biomass was determined gravimetrically.

To study the effects of various initial pH values P. ost-
reatus was cultured in Erlenmeyer flasks with 100 mL
of liquid medium (composition is indicated in Table 1)
with initial pH values of culture medium: 5, 6, 6.5, 7 and
7.5. Initial pH values of nutrient mediums were set up
to the desired values by adding to the basic medium
definite amounts of HCl or NaOH.

To study the growth of P. ostreatus culture on the nutrient
medium with various carbon sources the medium from

97



Journal of Hygienic Engineering and Design

the Table 1 was used as a base. In the experiment: rye
whole grain flour, medium rye flour, light wheat flour,
dark wheat flour, corn flour, potato starch and soy flour
were taken as carbon sources instead of glucose. The
concentrations of carbon sources in the media were
equivalent to the content of glucose 15 g/L.

Carbamide, NaNO,, NH,NO,, (NH,),SO, and soy flour
were tested as a source of nitrogen instead of peptone.
The other components were the same as in the Table 1.
The concentrations of nitrogen sources in the media
were equivalent to the nitrogen content in the medi-
um from Table 1.

All experiments were carried out at least in three replicas.
Standard deviations were calculated and included in the
graphical representation of the data. The results were pro-
cessed statistically with program Microsoft office Excel.

3. Results and Discussion

The concentration of oxygen in the medium has a sig-
nificant effect on the biosynthesis of biomass by fungi
(Wang et al., [20]). Therefore, synthesis of beta-glucans
depend on dissolution rates of oxygen in the culture
medium. The effect of different dissolution rates of ox-
ygen in the culture medium on the yield of P. ostreatus
culture was studied. The results of these studies are
shown in Figure 1.

From the presented in Figure 1 data it is obvious that
the highest dissolution rate of oxygen gives the best
yield of P. ostreatus biomass.

The biomass concentration accumulated during the
growth of P. ostreatus culture on a semisynthetic glu-
cose-peptone medium with different initial pH values
is presented in Figure 2.

From the obtained results it is clear that when the pH
value of the medium is less than 6, the accumulation of
biomass by the culture of P. ostreatus decreases; in the
range of pH values of the medium from 6 to 7, the cul-
ture demonstrates good growth and the best growth
was shown at pH value of 7.5.

The choice of the source of carbon is very important
for the selection of the nutrient medium. The source
of carbon affects the metabolism of microorganisms,
their biosynthetic activity. As in our case the target
product is the cell wall polysaccharides, accumulation
of fungal biomass which depends primarily on the car-
bon source is important. In addition, the task was to
replace glucose with a cheaper carbon source, which
would increase the economic efficiency of the process.
Growth of P. ostreatus culture on the nutrient medium
with different sources of carbon is demonstrated in
Figure 3. Biomass concentration obtained from the ba-
sic nutrient medium (Table 1) is marked on the Figures
3 and 4 by yellow colour.
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Figure 1. Concentrations of P. ostreatus biomass
at different dissolution rates of oxygen
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Figure 2. Correlation of the yields of P. ostreatus
biomass and initial pH values of nutrient medium
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1-glucose, 2 - rye whole grain flour, 3 - medium rye flour,
4 - light wheat flour, 5 - dark wheat flour, 6 - corn flour,
7 -potato starch, 8 - soy flour
Figure 3. Concentrations of P. ostreatus biomass at
different sources of carbon in the nutrient medium
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All carbon sources, which were used to substitute
glucose demonstrated much better results. Based on
these data, glucose can be replaced by a cheaper car-
bon source, which will also increase the yield of the
product.

The second most important component in the nutrient
medium is a nitrogen source. Growth of P, ostreatus cul-
ture on the nutrient medium with different sources of
nitrogen is shown in Figure 4.

Biomass concentration, g/L
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Source of nitrogen

1 - peptone, 2 - carbamide, 3 - NaNO,, 4 - NH,NO,,
5-(NH,),SO,, 6 - soy flour
Figure 4. Correlation of the yields of P. ostreatus
biomass and different sources of nitrogen
used in the nutrient medium

From the data obtained, it can be seen that peptone
can be replaced by inorganic sources of nitrogen.
Carbamide as a source of nitrogen did not show the
expected good results. Particular attention should be
paid to soy flour as a source of nitrogen, it showed the
best results.

4. Conclusions

- For the culturing of P. ostreatus, the following cultiva-
tion conditions are recommended:

a. Cultivation period 7 days;
b. Aeration rate 3.3 - 4.0 g/(L-h);

c.The initial pH value of the culture medium 7.5 is pref-
erable to the lower values.

- For the cultivation of P. ostreatus, we recommend to
use a nutrient medium of the following composition,
(g/L): medium rye flour or dark wheat flour - 20, soy
flour - 4.4, yeast extract - 2, KH,PO, - 0.6, KHPO, - 0.4,
MgSO, 0.5, NaCl - 0.5, CaCIz- 0.5.

- Submerged biomass of P. ostreatus can be used for
obtaining beta-glucan preparations as functional sup-
plement for fortification of dairy products and other
ordinary food products.

Acknowledgement

These studies were conducted with financial support
Ministry of Education and Science of the Russian Fed-
eration within the framework of the grant agreement
No. RFMEFI57816X0222. The paper was presented at
2" B-FoST Congress, Yerevan, Armenia. 15-17.10.2018.

5. References

[11 Shamtsyan M., Antontceva E., Panchenko A., Petrish-
chev N. (2014). Hyperlipidemic and hypocholesterolic
action of submerge cultured mushrooms. Journal of Hy-
gienic Engineering and Design, 7, pp. 96-99.

[2] Bashir K. M. ., and Choi J. S. (2017). Clinical and phys-
iological perspectives of (3-glucans: The past, present,
and future. International journal of molecular sciences,
18, (9), 1906.

[3] Friedman M. (2016). Mushroom polysaccharides: Chem-
istry and antiobesity, antidiabetes, anticancer, and anti-
biotic properties in cells, rodents, and humans. Foods, 5,
(4), pp. 80.

[4] Kozarski M., Klaus A., Jakovljevic D., Todorovic N., Vun-
duk J., Petrovic¢ P, Niksic M., Vrvic M. M., Van Griensven L.
(2015). Antioxidants of edible mushrooms. Molecules, 20,
(10), pp. 19489-19525.

[5] FacchiniJ. M., Alves E. P, Aguilera C., Gern R. M. M,, Sil-
veira M. L. L., Wisbeck E., & Furlan S. A. (2014). Antitumor
activity of Pleurotus ostreatus polysaccharide fractions on
Ehrlich tumor and Sarcoma 180. International journal of
biological macromolecules, 68, pp. 72-77.

[6] Du B, Lin C, Bian Z., and Xu B. (2015). An insight into
anti-inflammatory effects of fungal beta-glucans. Trends
in Food Science & Technology, 41, (1), pp. 49-59.

[71 Llauradé G., Morris H. J., Tamayo V., Lebeque Y., Beltran
Y., Marcos J., Moukha S., Creppy E. E., Bermudez R. C.
(2015). Haematopoiesis radioprotection in Balb/c mice
by an aqueous mycelium extract from the Basidiomy-
cete Pleurotus ostreatus mushroom. Natural product re-
search, 29, (16), pp. 1557-1561.

[8] Radzki W., Ziaja-Sottys M., Nowak J., Rzymowska J., To-
polska J., Stawinska A., Michalak-Majewska M., Zalews-
ka-Korona M., Kuczumow, A. (2016). Effect of processing
on the content and biological activity of polysaccharides
from Pleurotus ostreatus mushroom. LWT-Food Science
and Technology, 66, pp. 27-33.

[9] Jesenak M., Majtan J., Rennerova Z. Kyselovic J.,
Banovcin P, Hrubisko M. (2013). Immunomodulatory
effect of pleuran (B-glucan from Pleurotus ostreatus) in
children with recurrent respiratory tract infections. Int. Im-
munopharmacol, 15, pp. 395-399.

[10] Pasnik J., Cywinska-Bernas A., Zeman K., & Jesenak M.
(2017). Preventive effect of pleuran (B-glucan from Pleu-
rotus ostreatus) in children with recurrent respiratory tract
infections-open-label prospective study. Current Pediat-
ric Research, 21, (1), pp. 99-104.

[11] Giavasis |. (2001). Bioactive fungal polysaccharides as po-
tential functional ingredients in food and nutraceuticals.
Current Opinion in Biotechnology, 26, pp. 162-173.

99



[12]

[13]

[14]

[15]

(el

(171

[18]

(19

[20]

100

Journal of Hygienic Engineering and Design

Gargano L. M., van Griensven D. L. J. L, IsikhuemhenS. 1.,
Ulrike U., Venturella G., Wasser P. S., Zervakis I. G. (2017)
Medicinal mushrooms: Valuable biological resources of
high exploitation potential. Plant Biosystems - An Inter-
national Journal Dealing with all Aspects of Plant Biolo-
gy, 151, (3), pp. 548-565.

Antontceva E., Sorokin S., Shamtsyan M., Krasnikova L.
(2018). Influence of Pleurotus ostreatus preparations on
fermentation products of lactic acid cultures. Journal of
Hygienic Engineering and Design, 22, pp. 47-52.

Frioui M., Shamtsyan M., Gaceu L., Oprea O. B., Mnerie
D. (2017). Rheological influence of (1-3)(1-6) mushrooms
B-Glucan, used as flour substitution in bakery industry.
Proceedings of the 45th International Symposium on
Agricultural Engineering, Actual Tasks on Agricultural
Engineering, Opatija, Croatia, pp. 377-384.

Biliaderis, C. G. (2006). Microbial polysaccharides. In: Bili-
aderis C. G., Izydorczyk M. S. (Eds.), Functional food car-
bohydrates. CRC Press, Boca Raton, USA, pp. 167-213.

Zhang H., Li Q., He P, Xu C. (2015). Effect of carbon source
on properties and antioxidant potential of exopolysac-
charides produced by Trametes robiniophila (Higher Ba-
sidiomycetes). International journal of medicinal mush-
rooms, 17, (2), pp. 179-186.

Hoa H. T, Wang C. L. (2015). The effects of temperature
and nutritional conditions on mycelium growth of two
oyster mushrooms (Pleurotus ostreatus and Pleurotus cys-
tidiosus). Mycobiology, 43, (1), pp. 14-23.

Bisko N. A., Bukhalo A.S.,Wasser S. P, Dudka I. A., Kulesh
M. D., Solomko E. F,, Shevchenko S.V. (1983). Higher ed-
ible basidiomycetes in surface and submerged culture (in
Russian). Naukona dumka, Kiev, USSR.

Yegorov N. S. (1976). Workshop on microbiology (in Rus-
sian). Moscow University, Moscow, USSR.

Wang L., Ridgway D., Gu T., Moo-Young M. (2005). Bi-
oprocessing strategies to improve heterologous protein
production in filamentous fungal fermentations. Biotech-
nology Advances, 23, (2), pp. 115-129.



