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The aim of the study was to produce magnetically controlled biosorbent based on fungi of champignon
and shiitake, to determine the proportion of the magnetically controlled phase of the biomass of fungi
when the magnetic fluid (MF) was added to the substrate and to explore the efficiency of extraction Fe®"
ions by shredded biomass of the fungus. The object of the study was mushrooms champignon Agaricus
bisporus and shiitake Lentinula edodes grown in the laboratory. An effective and cheap way to remove
waste biosorbent from the working environment is a high-gradient magnetic separation (HGMS), which
takes place in high-speed mode. The separation of the magnetically controlled phase of fungi biomass
A. bisporus and L. edodes was carried out by HGMS methods. It was investigated that when using the bio-
mass of champignon grown on MF, the properties of the sorbent were significantly improved, the full
saturation was 6 times faster in comparison with the biosorbent based on the biomass of the fungus grown
without MF.
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The interest in the biosynthesis of iron-
containing biogenic magnetic nanoparticles
(BMNs) is associated with their ferrimagnetic
properties. BMNs are the subject of intense
research when they were first discovered in
magnetotactic bacteria (MTB) [1]. BMNs are
found in organisms that belong to all three
domains: prokaryotes, archaea and eukaryotes
[1-11]. BMNs has been experimentally
detected in algae and protozoa [12], worms
[7], chitons [9], snails [13], ant and butterflies
[14-16], honey bees [5, 15], termites [6],
lobsters [17], tritons [18], migratory and non-
migratory fish [8, 19—-24], turtles [10, 25],
birds [26—29], bats [30], dolphins and whales
[31], pig[32], humans [33—35], plants [36, 37]
and mushrooms [37-39].

It was found that the mechanism of
biomineralization of BMN is the same for all
living organisms [40—42].

All species are potential producers of
BMNs among investigated representatives
of the divisions of fungi the Ascomycetes
(Ascomycota) and Basidiomycetes
(Basidiomycota), which decoded the genomes
of more than 50% in the database GenBank
NCBI as it was proved by the methods of
comparative genomics. At the same time,
experimental studies of BMNs in fungi
samples A. bisporus and L. edodes by means of
methods atomic force microscopy (AFM) and
magnetic force microscopy (MFM) showed
that the BMNs in the fungi form chains that
are localized on the walls of hyphae of samples
of fungi. In recent decades, the search for
sorbents of biological origin has become one of
the most promising areas of problem solving
for combating pollution with heavy metals in
the environment. Heavy metals are elements of
pollution from transport and many enterprises
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in various industries. These metals entering
into the human body cause poisoning and lead
to serious disruption of metabolic processes
and vital body functions [43].

And it is known [43—45] that the fruiting
bodies of macromycete fungi (Boletus edulis
(penny bun), Ganoderma lucidum (lingzhi
mushroom), Calvatia excipuliformis (handkea
excipuliformis), Paxillus involutus (brown
roll-rimy), Tricholoma terreum (grey knight),
Armillaria mellea (honey fungus) are natural
and safe sorbents of heavy metal ions, dyes and
pesticides.

Chitin is the only polysaccharide that
contains nitrogen atoms and has uniquely
high sorption properties. Fungi were chosen
as the main active agent for the production of
magnetically controlled biosorbent, because of
the high content of chitin in the cell wall [43, 44].

Fungi can accumulate high concentrations
of heavy metals [46—50]. Zinc (Zn), copper
(Cu), manganese (Mn), lead (Pb), chromium
(Cr), mercury (Hg), cadmium (Cd), nickel (Ni)
and iron (Fe) can be accumulated in the largest
quantities in fruiting bodies and the mycelium
of many species of fungi[43, 44, 51].

However, the problem of removing metal-
saturated biosorbent from the working
solution remains relevant. The known
method — filtering through a filter-paper, is
quite long and inefficient [52, 53]. Therefore
it is important to find a more efficient way to
extract metal-saturated biosorbent from the
working solution. Such a cheap and effective
method is high-gradient magnetic separation
(HGMS) [54], which operates in a high-speed
mode.

Therefore, the aim of the work is to obtain
a magnetically controlled biosorbent based on
champignon and shiitake, the fraction of the
magnetically controlled phase of the biomass of
the studied fungi when added to the substrate
magnetic fluid (MF) and study the efficiency
of the extraction of Fe®" ions by the biomass of
the fungus A. bisporus.

Materials and Methods

Agaricus bisporus and Lentinula edodes
were grown according to the standard method
[565, 56].

Champignons and shiitake, were grown on
medium with the addition of MF (magnetite —
iron oxide Fe;0,), using a concentration MF
of 0.1 mg/ml, which is close to the content of
magnetite in soils [67-59] and 1 mg/ml, to
study the characteristics of sorbents from the
biomass of fungi.
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Preparation of fungus biomass for high
gradient magnetic separation includes the
following steps: drying of a fresh fungus in a
oven at t = 60 °C to a constant mass, grinding
dry biomass using an electric mill for 1-5 min,
sifting the biomass of fungi through a sieve
with a cell diameter of 0.5 mm.

Suspensions were prepared for HGMS
by mixing dried and crushed biomass
of A. bisporus and L. edodes fungi with
water, so that the ratio of the mass of the
biosorbent to the water mass was 1: 200
(1 g per 200 ml of water). It is optimal
concentration of mushroom/water, because
its increase causes the grinding of a
ferromagnetic matrix.

The suspensions (200 ml) that are based
on fungus biomass of fungi A. bisporus and
L. edodes were separated by high-gradient
ferromagnetic matrix. The value of the
magnetic field flux density is 3500 G. The
diameter of the coils is 41.0 cm, the size of the
magnet tips is 20.0x15.0 cm and size of the
cuvette is 3.5x5.0 cm. External magnetic field
is homogeneous, since the size of the cuvette
with a ferromagnetic matrix of low carbon
steel (according to the Ukrainian standards
380-2005 and 1050-90, composition: C —
0.25%,Si — 0.35%,Mn — 0.8%,S — 0.06%,
P — 0.08%) is much less than the size of the
pole tips of the electromagnet (dimensions are
shown in Fig. 1).

The working fluid laminar flows through
a high-gradient magnetic separator. The
particles retained on the ferromagnetic matrix
in the filter are washed with a small amount of
distilled water.

The experimental setup for separating the
magnetic phase of fungi from the nonmagnetic
is shown in Fig. 1 [60].

Dry and crushed, using a laboratory mill,
the biomass of the fungus A. bisporus grown
on substrates with addition of MF of different
concentrations, was tested for sorption
capacity with respect to Fe®" ions.

The process of biosorption was carried out
with mechanical stirring 180 rpm, sorption
duration 30 min.

Concentration of Fe®" ions in solution —
50 mg/I.

Biosorbent concentration — 2 g/1.

Sampling time — 5 min, 10 min, 20 min,
30 min.

After sampling, the blue ribbon filter was
used to determine the residual amount of Fe3"
ions.
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Fig. 1. The scheme of an experimental installation for HGMS:
1 — cuvette; 2 — magnetic system; 3 — a ferromagnetic matrix of low carbon steel (a is wire diameter —
0.58mm, b is cell size — 0.5x0.5 mm); 4 — an inlet pipe; 5 — outlet pipe; 6 — container for the working

fluid; 7 — the speed control fluid; 8 — container for resetting the nonmagnetic phase; 9 — perforated plate

for distributing the flow of liquid

Table 1. Cluster size before and after HGMS, percentage of separated parts

of dry crushed biomass of shiitake (L. edodes), penny bun (B. edulis)
and champignons (A. bisporus) depending on grinding, time

The time of grinding dry mushroom, min

Fungi Characteristic
1 min 2 min 3 min 4 min 5 min
Size of the clusters | 4 7.1 g3 | 17+1.19 | 1.68+0.78 | 1.52+1.03 | 1.49+0.85
before HGMS, pm : : : : : : : : : :
L. edodes
Size of the clusters
after HGMS, pm 3.6x1.2 3.93+0.51 4.1+1.05 4.4+0.45 4.3+0.78
% magnetic phase 3.3 3.7 4.38 4.37 4.34
Size of the clusters
before HGMS, pim 1.83+1.19 1.76+1.14 1.5+0.32 1.36+0.24 1.3+0.47
B. edulis Size of the clusters | 4 g5, 1 01 | 2.1+1.07 | 2.38+1.51 | 2.270.61 | 2.25+0.68
after HGMS, ym : : : : : : : : : :
% magnetic phase 1.62 1.94 2.23 2.1 2.15
Size of the clusters |, 4. 1 1 | 5934093 | 1.73+0.56 | 1.66=1.21 | 1.58+0.85
before HGMS, pm : : : : : : : : : :
. Size of the clusters
A. bisporus after HGMS, pm 2.96+0.63 3.61+0.78 3.18+1.03 3.568%+1.05 3.97+0.68
% magnetic phase 1.01 1.01 1.05 1.44 1.17
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Fig. 2. Optical microscopy of dry biomass champignons before (A) and after separation (B)
(scale bar 100 nm)
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Fig. 3. Optical microscopy of dry biomass shiitake before (A4) and after separation (B)
(scale bar 100 pm)

Results and Discussion

The separation of the magnetized magnetic
phase of the biomass of fungi was carried
out with the installation for the HGMS. The
average size of clusters was calculated using
“Gwyddion” software. The results are shown
in Table 1.

The results (Fig. 2, 3) show that after the
HGMS the size of clusters and% of separated
magnetically controlled phase increased
significantly. The optimal time of grinding
the dry biomass of the fungus is 3—4 min, so
as further grinding does not reduce the size of
the clusters and does not increase the number
of magnetically controlled phase.
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It is investigated (Table 2) that after
HGMS the size of clusters of fungi biomass,
grown on substrates with the addition of
concentrated magnetite, increased almost
4 times, compared to the size before
separation for shiitake and 3.3 times for
champignons. This can be explained by
the coagulation of clusters, containing
magnetic particles, in the external
magnetic field of the separator. Shiitake
contains more magnetically controlled
phase (3.3-4.8%) compared to champignon
(1.05-1.8%).

Biosorbent based on the biomass of
mushrooms was prepared as follows to
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Table 2. Comparison of the results of HGMS of fungi A. bisporus and

L. edodes grown on the substrate with the addition of MF of different concentrations

Fungi Characteristic Control 0.1 11\1/11; /ml 1 nlrg/‘ml
Size of the clusters
before HGMS, jim 1.52+0.05 1.56=+0.08 1.61+0.2
L. edodes Size of the clusters 5.1+1.1 5.8+1.4
after HGMS, pm 4411 A% (9970, ) (260% )
% magnetic phase 3.3% 3.6% 4.8%
Size of the clusters
before HGMS, jim 1.73+0.1 1.52+0.56 1.59=+0.05
A. bisporus Size of the clusters o 4.1+1.3 4.9+0.9
after HGMS, pm 3.18+1.1(83%) (170% )* (208% )*
% magnetic phase 1.05% 1.5% 1.8%

* P < 0.05 compared with the size of clusters before HGMS.

Table 3. The efficiency of sorption of Fe®*ions

Efficiency of remote ions Efficiency of remote ions Fe3* on Efficiency of remote ions
Sorption Fe3" on the basis of cy ot ¢ . Fe3" on the basis of biomass
. . . the basis of biomass A. bisporus .
time, min biomass (MF 0.1 mg/ml), % A. bisporus
A. bisporus, % -l mg » 70 (MF 1 mg/ml), %

5 43=+2 91.5+0.5 94+0.5

10 67+2 93.5+0.5 95+0.5

20 802 94.0+0.5 96+0.5

30 902 94.5%+0.5 99.5%+0.5

determine the sorption capacity: fresh
biomass of the fungus A. bisporus were dried
to constant weight in a drying cabinet at
t = 60 °C to a constant mass; grinding dry
biomass using an electric mill for 1 min,
sifting the biomass of fungi through a sieve
with a cell diameter of 0.5 mm. Carried out
the sorption of iron ions Fe®' and carried out
the determination of residual amount of iron
in the solution after mixing. The results of
the experiments are presented in Table 3 and
Fig. 4.

Thus, dry biosorbent based on mushroom
biomass champignons has a high sorption

capacity with respect to Fe?" ions since the
efficiency of extraction of iron (III) ions at
30 min of sorption in all samples is more than
90% . It is proved that the full saturation is
6 times faster, that is, 5 min, compared with
30 min for biosorbent based on the biomass of
the fungus grown without MF.

Conclusions

The HGMS divided the magnetically
controlled phase of fungi biomass A. bisporus
and L. edodes. It was investigated that
after HGMS the particle size for A. bisporus
increased by 1.8—3 times, for L. edodes by 2.8—
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Fig. 4. Effect of germanium coordination compounds on activity of P. tardum o-L-rhamnosidase

3.6 times. Shiitake contains more magnetically
controlled phase (3.3-4.8% ) compared to
champignon (1.05-1.8%).

The sorption properties of the fungus
A. bisporus were investigated, when using the
biomass of champignons grown on MF, the
properties of the sorbent are significantly
improved, the full saturation is 6 times faster,
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OTPUMAHHSA MATHITOKEPOBAHOTI'O
BIOCOPBEHTY HA OCHOBI
I'PUBIB Agaricus bisporus
TA Lentinula edodes
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I. A. Kosanvuyr?
0. B. Kosanv06®

lHaIIiOHaJIbHI/Iﬁ TeXHIUHNNA
yHiBepcureT YKpainu
«KuiBcbKUM MTONMiTeXHIUHUI iHCTUTYT
imeni Iropsa CikopcbKoro»
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MeTor0 pob6oTu 6yJI0 OTPUMATH MarHiTOKe-
poBaHuUii 6iocopOeHT Ha OCHOBi rpubiB meyepu-
mi Ta mwuiTake, BUSHAYUTU YACTKYy MarHiTOKe-
poBaHOi (pa3u 6Giomacu rpubiB 3a HomaBaHHA IO
cyberpary marHiTHOI piguau (MP) i gocaiguru
eheKTUBHICTL BUJYUYEHHS i0HIB Fe3" noapi6-
HeHOIO Oiomacoi rpuba meuepuiii. O6’ekToMm
JOCHimKeHHA Oyau rpubu meuepuili Agaricus
bisporus i muiraxke Lentinula edodes, Bupo-
meui B jmabopartopii. EpexTuBHuM Ta merre-
BUM CIIOCOOOM BHUJIYYEHHS BigmpambOoBaHOTO
b6iocopOeHTyY 3 po60UOro cepesoBUIIA € BUCOKO-
rpagieaTHa maruitTHa cemapaiia (BI'CM), aka
IPOXOAUTH y MIBUAKiCHOMY pesxkumi. MeTozna-
mu BI'MC spilicaeHo BifgmineHHs mMar"iTokxe-
poBaHoi ¢asu 6iomacu rpubiB A. bisporus Ta
L. edodes. YcTaHOBIIeHO, III0 B Pasi BUKOPHU-
craHHs Oiomacu meuepwuili, Bupoinenoi aa MP,
3HAYHO MOJIINIIYIOTHCA BJIACTUBOCTI copbeH-
Ty, IIOBHe HacUUYeHHA BigOyBaeThcA B 6 pasis
IIBUAIIIE TOPiBHAHO 3 0iocop6GeHTOM Ha OCHOBI
6iomacu rpuba, Bupoieroro 6es3 MP.

Kanrwuosi cnoea: 6iorenHi MarHiTHi HaHOYACTHH-
KU, MarHeTUT, MarHiToKepoBaHuii 6GiocopGeHT,
neuepuna Agaricus bisporus, muitake Lentinula
edodes.
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ITenrio mcciemoBaHUsS OBIJIO MHOJYUYUTH
MarHUTOYIIPaBJIsAeMbIii 6MOCOPOEHT HA OCHO-
Be rpuboB MIaMIIMHbOHA U IIUUTAKe, OIpeJe-
JUTH DOJI0 MAarHUTOYIIPABJIAEeMOU (asbl 6umo-
Macchl rpuboB npu AJoOaBIeHUU K cyOcTpaTy
marauTHoi xKuxakoctu (MiK) u mccaemoBars
9P PEeKTUBHOCTh U3BIedYeHUA HoHOB Fe®' na-
MeJIbUeHHOII OumoMaccoi rpuba ImaMOnHbOHA.
O6BEeKTOM MCCIEeOBAHUA OBIIN I'PUOBI IIIAMIIH-
HBOHBI Agaricus bisporus n munrake Lentinula
edodes, BoIpallleHHbIe B JabopaTopuu. dPdex-
TUBHBIM U JeIIeBLIM CIIOCOO0M yIaJieHUs OT-
paboranuoro 6mocopbeHTa u3 paboueil cpembl
ABJIsAeTCA BBICOKOTPaJAMEHTHAasA MarHUTHAasd
cemapanusa (BI'CM), xoTopas IPOXOAUT B CKO-
poctHoM pexxume. Metogamu BI'MC ocyirecr-
BJICHO OTJeJIeHre MarHuTOyIIpaBasdeMoil (assl
6uomaccel rpuboB A. bisporus u L. edodes.
YcTaHOBJIEHO, UTO IPU MCIOJb30BaHUU OUO-
Macchl IMaMIOIMHLOHA, BhipalmeHHoit Ha MK,
3HAYUTEJIHHO YJIYUIIAIOTCSA CBOMCTBA COPOEH-
Ta, HOJHOE HACBII[eHNEe IPoucXozuT B 6 pas
OBICTpee IO CPAaBHEHUIO ¢ 6M0COpPOeHTOM HAa OC-
HOBe OmoMacchl rpuba, BeipalneHuaoro 6es MiK.

Knrouesvie cnoea: OHWOreHHLIE MarHUTHBIE
HAHOYaCTUIbl, MAaTHETUT, MATHUTOYIIPABISIEMbI
6uocopbeHT, MIaMUUHLOH Agaricus bisporus,
muurarke Lentinula edodes.
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