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Abstract. The aim of this work was to study the possibility of using a new
strain of the fungus Geotrichum candidum for the bioconversion of serum
remaining after the isolation of starch and proteins from triticale grain. The
fungus strain Geotrichum candidum 977 was isolated from the steep waters
of triticale grains formed during the production of starch and identified on
the basis of analysis of the sequence of ribosomal genes. The strain was
characterized by large cells efficient separation of biomass from the culture
liquid and high growth rate. On protein-free whey, which remains after
isolating proteins from steeping waters the fungus assimilated glucose,
maltotriose, fructose and did not assimilate maltose. At a pH of 5.0 the
growth of the fungus was not observed at a pH of 5.5 to 6.5 it was weak at
a pH of 7.5 to 8.5, the productivity of the fungus increased 1.8 times and
amounted to 3.00-3,15 g / 100 cm?. During growth the strain alkalized the
medium from pH 5.5 to pH 8.5. The microbial-plant concentrate contained
33.3 + 2.1% protein and 19 amino acids with a predominance of alanine,
aspartic, glutamic acids, lysine, threonine and leucine. The score of
essential amino acids exceeded 100% with the exception of sulfur-
containing ones (64 -72%). Thus, the possibility of using a new strain of
the fungus G. Candidum 977 for the utilization of wastewater generated
during the production of starch and proteins from triticale grains has been
shown to obtain fodder protein concentrates.

1 Introduction

For the food and processing industry, it is urgent to eliminate the negative impact on the
biosphere of liquid processed products of raw materials which without treatment merge into
the sewers or agricultural fields. In the production of starch from cereals soaking waters are
formed that are not completely utilized. Known technologies for the treatment of liquid
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waste include mechanical (filtration, sedimentation, flotation), chemical-physical
(coagulation, neutralization, etc.) or biological methods (aeroteki, biofilters) [1-4]. These
methods make it possible to achieve waste neutralization, but with them a part of useful
organic and mineral components of the raw material is lost. Technologies for using
biological agents are more effective while micromycetes are used in the process of
recycling secondary products to produce protein biomass for food or feed purposes most
often the genera Trichoderma and Aspergillus. Thus, fodder biomass with the monocultures
Trich. Longibrachiatum, Asp. Terreus, as well as with the association of Asp. Sp. And
Trich. Viride biomass cultures with a protein mass fraction 19.0-43.7% of DS were
obtained from waste from the processing of sorghum grain, rice and sugar production [5-7].
The product with a mass fraction of protein of 19.8-36.0% was also obtained by
biotransformation of wastewater generated from wine production with cultures Trich.
Viride, Asp. Niger and Asp. Oryzae [8]. In the production of fodder biomass of Candida
utilis yeast, potato wastewater with the addition of 5% glycerol was successfully used, the
efficiency of protein biosynthesis was 12.2 g /1[9]. In deep cultivation of Candida utilis on
fruit waste extract with the addition of soluble starch, nitrogen, ammonium nitrate as a
carbon source, a fodder yeast biomass containing 49% protein was obtained [10]. The yeast
biomass Yarrowia lipolytica obtained on cheap by-products and successfully tested for
feeding animals in addition to protein (up to 60%) also included polyunsaturated fatty acids
[11]. Waste water fermentation from starch production with Asp. Oryzae allowed other
authors to obtain biomass containing 38-45% protein for feed in livestock. Fodder biomass
with Asp. Terreus uni MAPAA-1 with a yield of 1.68 g/dm? of protein was synthesized on
waste from palm oil production using 15% seed [12].

In the food industry in particular in the production of cheese micromycetes of the genus
Geotrichum [13] are used for ripening the formation of taste and aroma. The ability of these
fungi to synthesize physiologically active compounds is also used in other areas of
biotechnology [14-15]. Thus, work was done to study the possibility of producing protein
with G. candidum MIUG and G. Candidum LPMOs strains on waste cellulose-containing
raw materials produced in paper production [16-17] and on alcohol bard to produce a
foaming additive with G. candidum C3-106 strains (ARCIM F-220) and G. candidum B
(ARCIM F-267) [18]. Another strain of G. candidum AN-Z4 culture isolated from
anthropogenically contaminated territory caused deep destruction of trinitrotoluene under
conditions of intensive aeration and was recommended for disinfection of contaminated
territories [19]. Thus, it is advisable to investigate the fungi of the genus Geotrichum to
determine the possibility of processing secondary products resulting from the production of
starch (extracts, soaking waters) with a modification of their chemical composition to avoid
harming the environment. We have already shown that bioconversion of secondary
products of triticale grain processing should be carried out with the yeast Saccharomyces
cerevisiae [20] and the fungus Pleurotus [21].

The aim of this work was to study the process of modifying the secondary product of
the processing of triticale grains into starch (serum) by bioconversion with a new strain of
the Geotrichum fungus to obtain a feed microbial-vegetable concentrate (MVC).

2 Materials and methods

As the object of modification we used the serum remaining after the removal of proteins
from the soaking waters of triticale grains released upon receipt of starch [20]. The grain
was soaked for 24 hours at a temperature of 49 + 1 °C, crushed and a suspension was
obtained which was held for 4 hours at 48 + 1 °C to activate the enzymes. The mixture was
crushed, centrifuged and a liquid fraction was obtained, which was treated with cytolytic,
hemicellulase and amylase enzymes. The suspension was centrifuged, a solution was
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obtained from which a protein with a mass fraction in the sediment of 71 + 1.2% was
deposited at the isoelectric point (pH = 4.2 £+ 0.2). The liquid part (serum) was used as a
growth medium for G. candidum 977. The inoculum was obtained by reseeding the
museum culture from a test tube with wort agar into a test tube with agarized serum, then
after 24 hours of cultivation the culture was transferred to 300 cm?® flasks with 50 c¢cm®
serum and grown on a shaker at 150 min™!' and 27 °C. The biomass with the culture fluid
and separately from the fluid was freeze-dried.

Mass fraction of protein in MVC was determined based on the amino acid composition.
Amino acid composition was studied using a Hitachi model L-8800 liquid chromatograph
(Japan) in the standard mode of analysis of protein hydrolysates. The amino acid rate was
calculated taking into account the FAO / WHO reference scale (2011). To determine
carbohydrates 1-2 mg of the sample was dissolved in 1 cm?® of pyridine, the solution was
transferred to the reaction vial and 100 um / dm*® of BSTFA + TMCS solution (99:1)
(Supelco) was added. Vials with samples were placed in a thermostat at 70 °C for 1 h. Silyl
derivatives were studied on a Shimadzu GCMS 2010 gas chromatograph with a GCMS-QP
2010 mass spectrometric detector. Peaks were identified by the NIST 11 mass spectra
library.

The identification of the strain was carried out on the basis of the analysis of the
sequence of ribosomal genes in stages: sieving the culture to individual colonies; obtaining
biomass for analysis of 18S RNA; DNA isolation (Genomic DNA Purification Kit) and
strain identification by the sequence of 18S rDNA. Consistent primers were used to
generate the sequence of the gene encoding 18S rRNA: NSI-gtagtcatatgcttgtcte, NS4-
cttccgtcaattcetttaag, to generate the sequence of the gene encoding 5,8S rRNA - internal
transcribed spacers ITS1 and ITS2:ITS1 - TCCGTAGGTGAACCTGCG, ITS4 -
TCCTCCGCTTATTGATATGCT [22]. For domain amplification, conservative primers
D1/D2 of the 26S rRNA gene were used: NL-1 GCATATCAATAAGCGGAGGAAAG,
NL-4 GGTCCGTGTTTCAAGACGG. Sequencing of 18S rRNA and 5.8S rRNA genes
was performed on an AE 3000 automated sequencer with the BLAST computer program
[http://www.ncbi.nlm.nih.gov/blast]. Identification was carried out using primers specific
for  Fusariumequiseti: =~ FEF15’-CATACCTATACGTTGCCTCG-3’;  FERI1 5’-
TTACCAGTAACGAGGTGTATG-3". Electrophoresis of the samples was carried out on a
1.0% agarose gel at a voltage of 5 W / cm. A similarity analysis of the nucleotide sequence
of the gene encoding the 18S rDNA strain was performed using the BLAST server
[http://www.ncbi.nlm.nih.gov/blast].

3 Results and discussion

In the process of soaking grain in the production of starch, a fungal strain was isolated that
is able to adapt to various food sources, rapid growth and active accumulation of biomass in
the key waters of this production. When analyzing the sequence of ribosomal genes,
primary screening using the GenBank database showed that the strain studied belonged to
systematic groups: Eukaryota; Fungi; Dikarya; Ascomycota; Saccharomycotina;
Saccharomycetes; Saccharomycetales; Dipodascaceae; Geotrichum. The criterion for
classifying a microorganism to a particular species is considered to be at least 97%
homology [2]. To establish the phylogenetic kinship of closely related species, the method
of comparing nucleotide sequences encoding the D1/D2 domain of the 26S rRNA gene was
additionally used. The strains used for analysis and the level of similarity of the sequence
encoding the D1/D2 domain of the 26S rRNA gene of the studied strain are shown in table
1.
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Table 1. Species identification of the fungus based on a sequence analysis of the 26S rRNA gene.

Description Query Identification, Accession
cover, % %
Galactomyces candidum strain Y11 26S 98 99 KM391959.1
ribosomal RNA gene, partial sequence
Galactomyces candidum isolate TR 13.c 26S 97 99 KP017413.1
ribosomal RNA gene, partial sequence
Geotrichum candidum strain TOM_YEAST small 97 99 KF112070.1

subunit ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2,
complete sequence; and large subunit ribosomal
RNA gene, partial sequence
Galactomyces geotrichum strain LMA-70 18S 97 99 JQ668740.1
ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene,
and internal transcribed spacer 2, complete
sequence; and 26S ribosomal RNA gene, partial
sequence
Galactomyces geotrichum strain LMA-21 18S 97 99 JQ668739.1
ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene,
and internal transcribed spacer 2, complete
sequence; and 26S ribosomal RNA gene, partial

sequence
Galactomyces geotrichum strain GG002 26S 97 99 JQ713185.1
ribosomal RNA gene, partial sequence
Galactomyces candidum strain CBS 607.85 26S 97 99 JN974268.1
ribosomal RNA gene, partial sequence
Galactomyces candidum strain CBS 606.85 26S 97 99 JIN974267.1
ribosomal RNA gene, partial sequence
Galactomyces geotrichum strain SD3-a 26S 97 99 HM754448.1
ribosomal RNA gene, partial sequence
Galactomyces geotrichum strain SD2-d 26S 97 99 HM754447.1
ribosomal RNA gene, partial sequence
Galactomyces geotrichum strain NX5 26S 97 99 HM754438.1
ribosomal RNA gene, partial sequence
Galactomyces geotrichum strain ATCC 34614 97 99 GQ458034.1

18S ribosomal RNA gene, partial sequence;

internal transcribed spacer 1, 5.8S ribosomal

RNA gene, and internal transcribed spacer 2,

complete sequence; and 28S ribosomal RNA
gene, partial sequence

Geotrichum sp. 5.3-1 26S ribosomal RNA gene, 97 99 FJ473451.1
partial sequence
Galactomycescandidum 26S ribosomal RNA 97 99 KF015740.1
gene, partial sequence

Geotrichum sp. BUF9 gene for 26S ribosomal 97 99 AB741075.1
RNA, partial sequence, strain: BUF9

Geotrichum sp. BUF7 gene for 26S ribosomal 97 99 AB741073.1
RNA, partial sequence, strain: BUF7

Geotrichum silvicola gene for 26S rRNA, partial 97 99 AB281297.1

sequence, strain: EM 17
Galactomyces geotrichum strain GS6A 26S 97 99 HM754437.1

ribosomal RNA gene, partial sequence
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_717647771
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_717647771
https://www.ncbi.nlm.nih.gov/nucleotide/717647771?report=genbank&log$=nucltop&blast_rank=1&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_756403071
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_756403071
https://www.ncbi.nlm.nih.gov/nucleotide/756403071?report=genbank&log$=nucltop&blast_rank=2&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_540360805
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_540360805
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_540360805
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_540360805
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_540360805
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_540360805
https://www.ncbi.nlm.nih.gov/nucleotide/540360805?report=genbank&log$=nucltop&blast_rank=3&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239200
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239200
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239200
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239200
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239200
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239200
https://www.ncbi.nlm.nih.gov/nucleotide/403239200?report=genbank&log$=nucltop&blast_rank=4&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239199
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239199
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239199
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239199
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239199
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_403239199
https://www.ncbi.nlm.nih.gov/nucleotide/403239199?report=genbank&log$=nucltop&blast_rank=5&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_407930679
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_407930679
https://www.ncbi.nlm.nih.gov/nucleotide/407930679?report=genbank&log$=nucltop&blast_rank=6&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_393716323
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_393716323
https://www.ncbi.nlm.nih.gov/nucleotide/393716323?report=genbank&log$=nucltop&blast_rank=7&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_393716322
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_393716322
https://www.ncbi.nlm.nih.gov/nucleotide/393716322?report=genbank&log$=nucltop&blast_rank=8&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370311
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370311
https://www.ncbi.nlm.nih.gov/nucleotide/312370311?report=genbank&log$=nucltop&blast_rank=9&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370310
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370310
https://www.ncbi.nlm.nih.gov/nucleotide/312370310?report=genbank&log$=nucltop&blast_rank=10&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370301
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370301
https://www.ncbi.nlm.nih.gov/nucleotide/312370301?report=genbank&log$=nucltop&blast_rank=11&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_259018346
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_259018346
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_259018346
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_259018346
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_259018346
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_259018346
https://www.ncbi.nlm.nih.gov/nucleotide/259018346?report=genbank&log$=nucltop&blast_rank=12&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_218157735
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_218157735
https://www.ncbi.nlm.nih.gov/nucleotide/218157735?report=genbank&log$=nucltop&blast_rank=13&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_526124156
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_526124156
https://www.ncbi.nlm.nih.gov/nucleotide/526124156?report=genbank&log$=nucltop&blast_rank=22&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_401461759
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_401461759
https://www.ncbi.nlm.nih.gov/nucleotide/401461759?report=genbank&log$=nucltop&blast_rank=23&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_401461757
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_401461757
https://www.ncbi.nlm.nih.gov/nucleotide/401461757?report=genbank&log$=nucltop&blast_rank=24&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_117938980
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_117938980
https://www.ncbi.nlm.nih.gov/nucleotide/117938980?report=genbank&log$=nucltop&blast_rank=25&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370300
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370300
https://www.ncbi.nlm.nih.gov/nucleotide/312370300?report=genbank&log$=nucltop&blast_rank=26&RID=8GGHZY3V014
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Galactomycesgeotrichum strain Q55-2 26S 97 99 HM754444.1
ribosomal RNA gene, partial sequence
Galactomycesgeotrichum strain Q1-2 26S 97 99 HM754439.1
ribosomal RNA gene, partial sequence
Galactomyces geotrichum strain Q30-1 26S 97 99 HM754440.1
ribosomal RNA gene, partial sequence
Galactomyces candidum strain 13-1 26S 96 99 KC967683.1
ribosomal RNA gene, partial sequence
Galactomycesgeotrichum strain SD1-a 26S 97 99 HM754445.1
ribosomal RNA gene, partial sequence
Uncultured compost fungus clone 3F09 26S 97 99 DQ365444.1
ribosomal RNA gene, partial sequence
Geotrichum sp. XMO05D 26S ribosomal RNA 96 99 EU293419.1
gene, partial sequence
Geotrichum sp. DTQ-LP20.11 26S ribosomal 97 99 EF025925.1
RNA gene, partial sequence
Galactomycesgeotrichum 26S ribosomal RNA 97 99 DQ849321.1
gene, partial sequence
Galactomyces candidum strain Y4 26S ribosomal 96 99 KM391952.1
RNA gene, partial sequence
Galactomyces geotrichum genomic DNA 96 99 HG532114.1
containing 28S rRNA gene, strain ABM5136
Galactomyces geotrichum strain LMA-76 18S 97 99 JF262192.1

ribosomal RNA gene, internal transcribed spacer
1, 5.8S ribosomal RNA gene, internal transcribed
spacer 2, and 28S ribosomal RNA gene, complete
sequence
Galactomyces geotrichum strain LMA-75 18S 97 99 JF262191.1
ribosomal RNA gene, internal transcribed spacer
1, 5.8S ribosomal RNA gene, internal transcribed
spacer 2, and 28S ribosomal RNA gene, complete
sequence
Galactomycesgeotrichum strain LMA-40 18S 97 99 JF262187.1
ribosomal RNA gene, internal transcribed spacer
1, 5.8S ribosomal RNA gene, internal transcribed
spacer 2, and 28S ribosomal RNA gene, complete

sequence
Geotrichum sp. HNC-2 26S ribosomal RNA 96 9 EU753719.1
gene, partial sequence
Galactomyces candidum strain CBS 357.86 26S 97 99 IN974274.1
ribosomal RNA gene, partial sequence
Galactomyces geotrichum strain LMA-74 18S 97 99 JF262190.1

ribosomal RNA gene, internal transcribed spacer
1, 5.8S ribosomal RNA gene, internal transcribed
spacer 2, and 28S ribosomal RNA gene, complete
sequence
Galactomyces geotrichum strain LMA-73 18S 97 99 JF262189.1
ribosomal RNA gene, internal transcribed spacer
1, 5.8S ribosomal RNA gene, internal transcribed
spacer 2, and 28S ribosomal RNA gene, complete
sequence
Galactomyces geotrichum strain LMA-15 1 97 99 JF262180.1
ribosomal RNA 8S gene, internal transcribed
spacer 1, 5.8S ribosomal RNA gene, internal
transcribed spacer 2, and 28S ribosomal RNA
gene, complete sequence



https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370307
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370307
https://www.ncbi.nlm.nih.gov/nucleotide/312370307?report=genbank&log$=nucltop&blast_rank=27&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370302
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370302
https://www.ncbi.nlm.nih.gov/nucleotide/312370302?report=genbank&log$=nucltop&blast_rank=28&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370303
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370303
https://www.ncbi.nlm.nih.gov/nucleotide/312370303?report=genbank&log$=nucltop&blast_rank=29&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_523511842
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_523511842
https://www.ncbi.nlm.nih.gov/nucleotide/523511842?report=genbank&log$=nucltop&blast_rank=32&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370308
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_312370308
https://www.ncbi.nlm.nih.gov/nucleotide/312370308?report=genbank&log$=nucltop&blast_rank=33&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_85700837
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_85700837
https://www.ncbi.nlm.nih.gov/nucleotide/85700837?report=genbank&log$=nucltop&blast_rank=51&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_161345239
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_161345239
https://www.ncbi.nlm.nih.gov/nucleotide/161345239?report=genbank&log$=nucltop&blast_rank=64&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_116563959
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_116563959
https://www.ncbi.nlm.nih.gov/nucleotide/116563959?report=genbank&log$=nucltop&blast_rank=65&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_111558415
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_111558415
https://www.ncbi.nlm.nih.gov/nucleotide/111558415?report=genbank&log$=nucltop&blast_rank=66&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_717647683
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_717647683
https://www.ncbi.nlm.nih.gov/nucleotide/717647683?report=genbank&log$=nucltop&blast_rank=69&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_565666379
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_565666379
https://www.ncbi.nlm.nih.gov/nucleotide/565666379?report=genbank&log$=nucltop&blast_rank=70&RID=8GGHZY3V014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358025261
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Geotrichum sp. 190 LC-2011 26S ribosomal 97 99 IN417625.1
RNA gene, partial sequence
Fungal yeast sp. DY85 26S ribosomal RNA gene, 96 99 EU445458.1

partial sequence

Geotrichum candidum culture-collection 97 99 KY107740.1

CBS:9194 large subunit ribosomal RNA gene,
partial sequence

Galactomyces sp. HIT-BY2 26S ribosomal RNA 98 99 FJ219590.1

gene, partial sequence

An analysis of phylogenetic kinship constructed using strains of closely related
microorganisms showed that the closest to the studied strain was the species Geotrichum
candidum, which served as the basis for its deposit under number 977 at the Research
Center "Kurchatov Institute" - State Research Institute of Genetics. Strain G. candidum 977
was characterized by large cells and the ability to assimilate the components of the grain
processing product. The possibility of using the strain G. candidum 977 for the processing
of serum from triticale was evaluated in stages:

e  preparation of the substrate by adjusting the pH and sterilization;
. sowing of the nutrient medium by the producer in an amount of 2-3% of its mass;
e  producer fermentation on a rocking chair at 150 min! and a temperature of 28 °C.

The yield of G. candidum 977 biomass depended on the acidity of the medium (Fig. 1).
The culture showed viability in the range of pH from 5.5 to 8.5. During growth strain G.
candidum 977 alkalized the medium from pH 5.5 to a final value of 8.5 as indicated by pH
values of the culture fluid.
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Fig. 1. Change in pH of the culture fluid during cultivation of the fungus Geotrichum candidum 977.

At a pH of 5.0 the growth of the fungus was not observed, at pH 5.5-6.5 it was
insignificant, at pH 7.5-8.5 it was maximum, the yield reached 3.0-3.15 g / 100 cm® (Fig.
2). During fermentation at pH 7.5 intense foaming was observed.
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Fig. 2. Dynamics of biomass accumulation of Geotrichum candidum 977 at various pH values.

As the fungus grew the mass fraction of DS in the culture fluid compared with the
nutrient medium decreased 1.16-1.2 times reducing sugars decreased 2.6-2.7 times (Fig. 3).
The fungus G. candidum 977 fully absorbed glucose, fructose and maltotriose. Maltotriosis
was used by the fungus only at the beginning of growth up to 3 days, in the future its
amount remained almost unchanged, and maltose did not assimilate (Fig. 4).
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Fig. 3. Change in the nutrient medium mass fraction of dry substances and reducing substances in the
fermentation process.
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Fig. 4. The dynamics of the absorption of substrate carbohydrates by the fungus.

The culture fluid slightly increased the content of maltose and macromolecular
compounds (dextrins). The MVC had the appearance of a friable powder of light cream
color with a pleasant odor, neutral taste and a mass fraction of protein of 33.3 £ 0.3% of
DS. The MVC contained 19 amino acids, glutamic acid, aspartic acid, alanine prevailed
among the essential ones, and lysine, leucine, and threonine were among the essential
amino acids (Fig. 5).

6000
5000

4000

3000 H —

2000 -

Mg/100 g
1

1000 1 T

i].,,,‘rl‘|:|r|:|I |-|5:||-|

T T T T T T T T 1

SSHSLEPIEE TP IS

Fig. 5. Amino acid composition of MVVC, mg / 100 g of product.

The score of essential amino acids including lysine and threonine, which are deficient in
cereals, was higher than 100% (Table 2). The exception was sulfur-containing amino acids
(methionine + cystine) for which the rate was 64%.

Table 2. Amino acid score of microbial-vegetable concentrate, %.

Thr Val Cys+Met lle Leu Tyr+Phe Lys
215 132 64 165 132 182 184

In microbiological production cultures with artificially modified genotype are widely
used. However, the construction of genetically modified crops is a complex, lengthy,
expensive process. Such microorganisms are sometimes distinguished by increased genetic
and physiological instability, require a special assessment of biological and environmental
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safety with industrial use a constant selection of active cultures is necessary. Therefore
today the search for natural crops for biotechnology does not lose its relevance. The
isolated and identified strain of the fungus as G. candidum 977 was characterized by useful
technological properties and given the cost of microbiological production the cost of raw
materials is about 50%, then the fermentation of the strain of this substrate will be justified.
With a positive reaction of the culture of G. candidum 977 on the composition of the
medium the serum provided a sufficient yield. At the same time the acidity of the medium
with the ability of the culture to alkalize it influenced the amount of biomass. It is possible
that an increase in the pH of the medium was associated with the substitution of amino
acids utilized by the fungus when feeding, while for example when cultivating S. cerevisiae
yeast on medium from watermelon juice on the contrary acidity increased. Active growth at
pH 8.5-10.5 is known for a limited amount of yeast for example for Yarrowia lipolytica. It
is assumed that the resistance of Y. lipolytica yeast to high pH values is associated with the
presence of two independent systems of metabolite transport through the plasma
membrane.

The ability of fungi of the genus Geotrichum to increase the pH of the substrate and
synthesize biomass at pH 8.5 is not described in the literature. It is possible that in this case
the transition of carbohydrate nutrition of the strain to nitrogen nutrition was observed with
the formation of protein hydrolysis products by G. candidum 977 proteolytic enzymes in
particular, basic amino acids and an increased amount of amine nitrogen. Active foaming
during cultivation of G. candidum 977 on a nutrient medium at pH 7.5 can be explained by
a violation of the phosphorus nutrition of yeast and the transition of calcium phosphorus
salts into insoluble foaming tricalcium phosphates.

Analysis of the data we published earlier for serum formed after removal of proteins
from secondary products of processing triticale grain into starch showed that with
Saccharomyces cerevisiae 121 yeast, the mass fraction of protein in MVC reached 25.2 +
2.1% of DS [20], with P. ostreatus 23 fungus - 28.9 + 7.2% of DS [21]. The score of
essential amino acids with the exception of sulfur-containing amino acids (51%) was above
100%. Aspartic acid, glutamic acid, alanine, arginine predominated among the replaced
amino acids, and lysine, threonine, valine and leucine predominated from the essential
amino acids. In MVC obtained on protein-free serum from triticale with G. candidum 977
fungus the mass fraction of protein is higher than with Saccharomyces cerevisiae 121 yeast
and it slightly differed with P. ostreatus 23 fungus (33.3 £ 0.3% of DS). The score of
sulfur-containing amino acids of MVC remained practically at the same level (64%) (table
2). The score of deficient essential amino acids of cereals such as lysine, threonine, leucine
was 13-24% higher compared to the MVC synthesized with Saccharomyces cerevisiae 121
yeast. The score of sulfur-containing amino acids was slightly higher (71-72%), if a
consortium of Saccharomyces cerevisiae 121 with the fungus G. candidum 977 was used
for serum waters formed after isolation of protein two-component composites from triticale
extract and pea flour, proteins in which were correlated as 1:3 and 1:5, respectively. The
biosynthetic process of transformation of the extract and from pea flour ensured the
production of MVC with a mass fraction of proteins, in % of DS: protein - 55.8-75.1,
carbohydrates - 18.9-32.83, fat - 3.56-13.56, ash - 2,05-8.27 [23]. The serum formed after
the isolation of proteins from the composition of the triticale extract and pea flour was the
most effective for the nutrient medium of microbiological synthesis. The proposed disposal
method reduced the consumption of water and additional mineral or organic raw materials
for the preparation of culture media.
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4 Conclusions

The possibility of using a new strain of G. candidum 977 for bioconversion of serum
triticale remaining after the removal of proteins from soaking waters generated during the
production of starch is shown. During growth the fungus G. candidum 977 completely
absorbed glucose, fructose and at the beginning of growth, maltotriose, the fungus did not
assimilate maltose. The ability of the fungus to alkalize the substrate from an initial pH of
5.5 to a final pH of 8.5 with an increase in biomass was found. The MVC contained 33.3 +
0.5% protein of DS. The score of essential amino acids exceeded 100%, with the exception
of sulfur-containing amino acids (64-72%). The ability of the strain to ensure the
transformation of the component composition of secondary products of grain processing
(protein-free whey) into technological quality indicators of MVC has been proved, further
study of which will show the directions of their use. To achieve a higher protein content
and high-quality amino acid composition of MVC, the serum formed after removing
proteins from a composition consisting of triticale extract and pea meal was the most
effective as a nutrient medium for G. candidum 977 fungus. The MVC are intended for use
in feed production as a protein-carbohydrate supplement, taking into account the results of
safety and digestibility.
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