PROCEEDINGS OF THE YEREVAN STATE UNIVERSITY

Chemistry and Biology 2023, 57(3), p. 222-229

Biology

BIOMASS FORMATION BY DIFFERENT COLLECTIONS
OF PLEUROTUS SPP. DURING SUBMERGED GROWTH
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Many species of the genus Pleurotus (Fr.) P. Kumm. (Oyster mushrooms)
are known as valuable edible and medicinal fungi, cultivated worldwide.
The studied 18 different collections of five Pleurotus species (P. ostreatus,
P. cornucopiae, P. eryngii, P. pulmonarius, and P. cystidiosus) during submerged
growth in malt extract medium formed round shaped fluffy pellets and disperse
mycelium. After seven days of cultivation, they accumulated up to 29.46 g/L
biomass, while after 14 days the amount increased up to 40.4 g/L, reaching the value
of commercial P. ostreatus 22 strain. More than 30.0 g/L biomass was formed in
nine from 12 P. ostreatus collections, among which Armenian (SB24 and SB25),
French (Po/28) and Spanish (NOO1) strains, as ecologically safe resources are
perspective for further study to develop mushroom-based biotech products, food,
pharmaceuticals and cosmeceticals.
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Introduction. The submerged cultivation of mycelia is the most controlled
biotechnological process that can lead to the rapid accumulation of biomass [1].

Many species of the genus Pleurotus (Fr.) P. Kumm. (Oyster mushrooms) are
edible and widely cultivated worldwide. They are known as a source of valuable
compounds with high nutritional and medicinal significance [2—11]. The medicinal
properties of xylotrophic Pleurotus spp., as primary decomposers of wood
were reported in several species, such as Pleurotus ostreatus (Jacq.) P. Kumm.,
P. cornucopiae (Paulet) Quél., P. djamor (Rumph. ex Fr.) Boedijn, P. eryngii (DC.)
Quél,, P. giganteus (Berk.) Karun. & K.D. Hyde, P. levis (Berk. & M.A. Curtis)
Singer, P. pulmonarius (Fr.) Quél., and P. tuber-regium (Fr.) Singer. They are
producers of phenolic compounds, terpenoids, polysaccharides, fatty acids, proteins,
lectins, diterpenoid eryngiolide A, ergothioneine and other biomolecules with
antitumor, antimicrobial, antioxidant, hypoglycemic, hypocholesterolemic, hepato-
protective, neurotoxic, cardioprotective and other therapeutic effects [2, 12-22].

Due to high nutritional values, Pleurotus spp. are not only gourmet food,
but also nutraceuticals (i.e., nutrition and pharmaceuticals) considered as food or part
of the food with health-enhancing dietary and therapeutic values [2, 11, 23-25].
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It was reported, that the inclusion of 10 or 20 g of P. ostreatus/kg in the diet of
Japanese quails was effective in delaying the lipid oxidation of breasts and enhancing
the color, pH, water-holding capacity, cooking loss weight and texture to define meat
quality [26].

It is known that mycelial biomass exceeds fruiting bodies (mushrooms) by the
content of bioactive compounds, proteins, lipids, polysaccharides and carotenoids
[1, 2]. Moreover, submerged cultivation of mycelia allows obtaining environmen-
tally safe different health improving biotech products. Among Oyster mushrooms,
mycelial biomass and cultural broth of P. ostreatus are considered as rich sources
of innovative biomedical compounds to develop nutraceuticals, nutriceuticals,
pharmaceuticals and cosmeceuticals [2, 3, 6, 7, 27, 28].

The aim of the current work was to study the biomass formation in different
collections of Pleurotus species during their submerged growth.

Materials and Methods. The collection of 18 strains of five Pleurotus species
(P. ostreatus, P. cornucopiae, P. eryngii, P. pulmonarius, and P. cystidiosus O. K.
Mill. 1969) from different geographic origin (Armenia, Iran, Italy, Spain, Russia,
and France) were studied (Tab. 1). It included 12 wild and commercial strains of
P. ostreatus, two strains of P. cornucopiae, two strains of P. eryngii, and one strain
each of P. pulmonarius and P. cystidiosus, as well as four strains received from
culture collections of Fungal Biodiversity Institute, The Netherlands (CBS-KNAW)
and University of Goettingen, Germany (UG). Several strains of P. ostreatus,
isolated from the territory of Armenia have been genetically identified [29, 30].

Table 1
The studied collections of Pleurotus spp. and biomass formation during submerged growth
Species Strains Catalogue Origin Host plant Biomass+ SD, g/L
number 7 days 14 days

P. cornucopiae Pc/2: 8904 Spain Dec@duous tree | 13.53+0.34 | 18.96+0.26
105 8905 UG Deciduous tree | 11.33+0.125 15.8+0.22

P. cystidiosus 65" 9200 [CBS-KNAW — 9.86+0.205 16.44+0.29
P. eryngii Pe/69 9001 Armenia - 6.54£0.294| 12.23+0.21
110 9002 UG — 8.23+0.287| 16.9+0.25

SBg" 9101 Armenia Deciduous tree | 23.23+0.403 | 32.4+0.36

SB24° 9111 Armenia  [Stump Quercus sp| 13.4£0.327| 35.6+0.37

SB25° 9112 Armenia | Stump Ulmus sp.| 19.6£0.294| 40.4+0.26

SB26° 9113 Armenia _ |Stump Morus alba) 13.2340.403 | 33.8+0.26

SB30° 9116 Armenia Deciduous tree | 10.36+0.262| 20.6+0.33

P ostreatus Po/28 9120 France Deciduous tree | 12.2+0.294| 36.4+0.36

Po/29 9121 Italy Deciduous tree | 18.66+0.34 33.6£0.4

Po/31-1C*| 9123 Armenia |Commercial strain| 13.9+0.327 | 20.6+0.37

Po/31-28"| 9124 Armenia |Commercial strain| 21.2+0.356 | 32.8+0.22

NO001" 9125 Spain Deciduous tree | 18.3+0.216 | 34.4+0.4

1056 9122 Iran Fagus sp. 18.26+0.287 | 28.4+0.29

22 9119 Russia  |Commercial strain| 29.46+0.34 | 40.4+0.25

P. pulmonarius 508 - UG - 11.25+0.25 | 19.1+0.41

Note: (*) strains not published in the Catalogue [29]; (¢) — genetically identified strains.
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Mycelia of studied collections were cultivated in 4° Balling liquid malt extract
medium (50 mL in 100 mL Erlenmeyer flasks). The flasks were inoculated by five
5 mm® inocula and incubated on the shaker (Heidolph Unimax 1010, 200 r#/min) in
dark, at 25°C, during 7 and 14 days.

The cultural liquid (CL) samples were separated from mycelial biomass by a
filtration method using FILTRAK FN 18 paper filter. Obtained biomass samples
were washed by distilled water, air dried at room temperature and weighted.
The final weight of biomass was recalculated per g/L.

Results and Discussion. During submerged cultivation, collections of
Pleurotus spp. formed round shaped fluffy pellets and dispersed mycelium (Fig. 1).
After 7 days of growth, the cultures accumulated from 6.5 to 29.46 g/L biomass,
which increased up to 40.4 g/L after 14 days (Figs. 2 and 3, Tab. 1). A relatively small
amount of biomass was formed by P. cornucopiae 105 and Pc/2, P. pulmonarius
508, P. cystidiosus 65, as well as P. eryngii Pe/6C and 110 strains. The lowest
amount (65 g/L and 12.23 g/L) of biomass were detected in P. eryngii Pe/6C strain
on 7" and 14" days of growth, respectively, while the highest amount (up to
40.4 g/L) in P. ostreatus strains (Tab. 1).

Fig. 1. Morphology of pellets and disperse mycelium in P. cornucopiae Pc/2 (a), P. eryngii Pe/6C (b),
and P. ostreatus SB30 (c) species/strains after 14 days of submerged growth.
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Fig. 2. Biomass accumulation in P. cornucopiae 105 (a), P. cystidiosus 65 (b), P. eryngii 110 (c),
P. ostreatus N001 (d), and P. pulmonarius 508 (e) species/strains during 14 days of submerged
growth.

According to biomass formation during two weeks of cultivation, the studied
collections of Pleurotus spp. were divided into three groups: I, <10 g/L; II, 10-20 g/L
and III, >20 g/L (Tab. 2). The first group included only two species and three strains
of P. eryngii Pe/6C, 110 and P. cystidiosus 65 after seven days of cultivation,
while the second group — three species and 12 strains (P. cornucopiae 105; Pc/2;
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P. pulmonarius 508; P. ostreatus Po/28, SB26, SB24, Po/31-1C, Po/29, SB25, SB30,
NO0O01, 1056) after 7 and 14 days of growth, respectively. The third group includes
only P. ostreatus strains: three (Po/31-2S, SB8 and 22) and 12 (SB8, SB24, SB25,
SB26, SB30, Po/31-2S, Po/31-1C; Po/28, P029, N001, 22, 1056) after 7 and 14 days
of growth, respectively (Tab. 2).
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Fig. 3. Biomass (g/L) formation in studied collections of Pleurotus spp. during 7 and 14 days of
submerged growth.

All studies species/strains mainly belonged to the second group, except
Armenian (SB24, SB25), French (Po/28) and Spanish (NOO1) strains of P. ostreatus
which formed up to 40.4 g/L biomass, as commercial strain 22 and included in the
third group (Tab. 2). Among these strains the highest amount of biomass
(33.8-40.4 g/L) after 14 days of cultivation was accumulated by Armenian strains
SB24, SB25, and SB26 isolated from Ulmus sp., Quercus sp. and Morus alba trees,
respectively. Iranian strain 1056, isolated from Fagus tree formed relatively low
(28.4 g/L) amount of biomass (Tab. 2).

Table 2

The groups of studied Pleurotus spp. collections according to biomass formation

Group, Cultivation time

gL 7 days 14 days
P. eryngii: Pe/6C and 110 -

I,<10 P. cystidiosus: 65 -
- P. eryngii: Pe/6C and 110
- P. cystidiosus 65
L. 10-20 P. cornucopiae: 105 and Pc/2 P. cornucopiae: Pc/2 and 105
’ P. pulmonarius: 508 P. pulmonarius 508

P. ostreatus: Po/28, SB26, SB24, Po/31-1C,
Po/29, SB25, SB30, NOO1, and1056

P. ostreatus: SB8, SB24, SB25, SB26,
11, >20 | P. ostreatus: Po/31-2S, SBS8, and 22 SB30, Po/31-2S, Po/31-1C; Po/28,
P029, NOO1, 22, and 1056
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Conclusion. The studied Pleurotus spp. collections formed round shaped
fluffy pellets and disperse mycelia during their submerged growth. After 7 days of
cultivation, they accumulated from 6.5 to 29.46 g/L biomass which increased from
12.23 to 40.4 g/L during 14 days of growth. More than 30 g/L biomass was detected
on the 14™ day in nine from 12 strains of P. ostreatus. Among these collections
Armenian (SB24, SB25), French (Po/28) and Spanish (N00O1) strains, as ecologically
safe resources are considered perspective for production of different biotech
products, such as healthy food, pharmaceuticals and cosmeceuticals.
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U. U. AUMILBUYL, U. & QUrpR3UL

UELUR2ULGIUOPh UNUQUWSNFUL PLEUROTUS SPP.
SUreGr <UJdUdLUsNFLEh NLUSHhL USE8UUL LULUSLNFU

Utyuyhtt dhgtijhmdh hunppuyhlt wmekgniip eny) E wmuhu junuwgupty
Jhuwmnbhuininghwjut  gnpopbpwgbtpp, uvnwbwny hbwpuwynphiu W6
puwbiwyh Jhbumqubgyued: Mrunidtwuppyty © Pleurotus (Fr.) P. Kumm. gtinh
hhtig mbuwlbtiph (P. ostreatus, P. cornucopiae, P. eryngii, P. pulmonarius W
P. cystidiosus) 18 rmwdttph Yhhuwwquiguwoh Ynimwldwb nhtwndhlub
hanppuyhtt watkguwd wuydwbbbpnid: Pleurotus spp. pmwdttipp abiwnpty G
Uinpuynil, dwquignun whtimbtp L nhuybpu dhgtijhnd: Mundbwuhpjuo
hwjwpwonynid wpwyty dtd Jhluwquibquo wnwewgnly Gh P. ostreatus
>mwdltipp: Qadwh jnphpnpn opp wyb Yuqut) E dhtsle 29.46 ¢/, huly 14-pn opp’
40.4 ¢/;, hmutitiny wpmwnpuyjub 22 ynudh gnigubhphtt: Munmdbwuhpywo
P. ostreatus 12 muibtinhg 9-p, dwubwynpuytiu huyujub (SB24, SB25),
dpwbuhwubd (Po/28) L buywbwui (NO01), npnbg wnwewgnud Yhhuw-
quigquon ko £ tnhp 30.0 ¢/-hg, npwbtiu Eynnghwuwybtiu dwpnip hnidp,
hwtinhuwinid b htinwbupuyhtt ubijuyht Swqiwh YEbuwmbhupumuwnpubp-
tbiph® wnnnewnuwn ubtinh, pnidhy b Ynuitinhly dthengitiph unwgdwb hwdwn:

C.M. BAJIAJISIH, H.T. TAPUBSH

OBPA3SOBAHHE BMOMACCBHI HEKOTOPBIMM KOJUIEKLMAMM
PLEUROTUS SPP. B T'JIYBUHHOU KVYJIBTYPE

I'my6uHHOE KyJbTHBUPOBAHUE MUIICTHS TPUOOB ABNISICTCS HAHOOIEEe SKOHO-
MHUYHBIM ¥ KOHTPOJIUPYEMBIM OHOTEXHOIOTHIECKUM MPOIIECCOM, C TTIOMOIIBIO KOTO-
pPOro MOKHO JIOOUTHCSI OBICTPOTO pOCTa MHUIETHANBEHON Ouomacchl. McciemoBana
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JMWHAMUKa HaKOTIeHUs Onomaccsl 18 mrammamu 5 BunoB (P. ostreatus, P. cornuco-
piae, P. eryngii, P. pulmonarius, P. cystidiosus) pona Pleurotus (Fr.) P. Kumm. B
yCIIOBUSIX TIIyOMHHOW KyibTypbl. lllTammer BumoB Pleurotus cdopmupoBaiu
OKPYTJIBIE BOPCHCTHIE MEJUIETHl M AUCIIEPCHBIN mumenuii. Cpeau uccieqoBaHHBIX
KyJIbTYp HaumOOIbIIyI0 OMoMaccy oOpa3oBaiyl IITaMMbl P. ostreatus: Ha 7 CyTKH
pocta oHa coctaBuia 29.46 2/x, a Ha 14 cytku — 40.4 2/n, HapaBHE C KOMMEPYECKUM
mrammoM P. ostreatus 22. bonee 30.0 2/n Ouomaccel dopmupoBanu 9 us 12
HUCCIIENOBAHHBIX IITaMMOB P. ostreatus. Cpe)m HUX IITaMMBEI P. ostreatus, B
yactHOCTH apMsHckue (SB24 u SB25), ppaniysckuii (Po/28) u ncnanckuii (NOO1),
B KayeCTBE O3KOJOTMYECKH YHUCTOIO CHIPbS, SBISIOTCS MEPCICKTUBHBIM IS
MOJIyYEHHUS Pa3IMUHBIX OHOTEXMPOIYKTOB IPUOHOIO MPOUCXOXKICHUS IMHUIICBOTO,
JIEKAPCTBEHHOTO M KOCMETHYECKOTO 3HAYCHYISI.



