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Abstract: The aim of the study was to study the phytase synthesis capability of Aspergillus niger L-4 strain.
The method for determining phytase activity is based on establishing the content of inorganic phosphates as
a result of the action of phytase on the substrate under certain standard conditions by binding them with a
vanadium-molybdenum reagent to form a coloured complex. The use of phytases for the hydrolysis of
phytates in animal feed is important from the point of view of preserving the environment: when phytate
complexes are destroyed, phosphorus is released, which performs an important structural and regulatory
function, ensuring the normal development of bone and dental tissues and supporting their safety and integ-
rity. Phosphoric acid is involved in the synthesis of kinases responsible for the normal course of chemical
reactions in cells, in fat metabolism, as well as in the synthesis and breakdown of starch and glycogen. This
reduces the release of undigested phosphorus into the environment. The object of the study consisted of
native solutions obtained by culturing an industrial strain of acid-forming A. niger L-4 on various carbohy-
drate-containing media. The A. niger L-4 strain, previously selected at the All-Russian Scientific Research
Institute of Food Additives for fermentation of molasses, has the ability to synthesise extracellular phytase.
This paper presents the results of studies of phytase activity during the cultivation of A. niger L-4 on carbo-
hydrate-containing media. It was found that in order components of the sucrose-mineral medium provide an
elevated level of low-molecular-weight sugars necessary for increasing the productivity of phytase biosyn-
thesis. Phytase activity in the native solution was shown to increase over 72 hours of fermentation to reach a
value of 25.8+0.1 units/cm®. The phytase activity was 1.5 times higher than the fermentation process of a
corn starch hydrolysate with a dextrose equivalent DE = 21+1 %, ensuring the productive biosynthesis of
citric acid.
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Pe3rome: Llenbro uccrieGogaHus 581151/10Ckb U3ydeHue crnocobHocmu wmamma Aspergillus niger J1-4 cuHme-
3uposamb ¢humasy. Memod onpedeneHusi huma3sHoli aKmu8HOCMU OCHOB8aH Ha ornpedesieHuUU codepKaHusi
HeopeaaHu4eckux ¢hocghamos 8 pesynbmame e03delicmeusi ¢huma3sbl Ha cybecmpam npu ornpedesieHHbIX
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cmaHdapmHbIX yCrIo8USIX MymMeM C8s3bleaHusi ux saHadul-monubdeHO8bIM peaceHmMoMm ¢ obpa3osaHuem
OKpaweHHo20 Komrisiekca. Mcrnonb3osaHue chuma3s Ons eudponuida pumamos 8 Kopmax Orisl KUBOMHbLIX
BaAXHO C MOYKU 3PEHUST COXpaHeHUs OKpyxaroweli cpedbl: npu paspyweHuU humamHbIX KOMI/1eKCO8 8bl-
ceobox0aemcsi 8axHbIU 3rieMeHm — ocghop, KOmMoOpbIl 8bIMOHAEM CMPYKMYPHYIO U peayrnsimopHYyIo
yHKUuUro, obecrieyugaem HoOpMasrbHOE pa3gumue KOCMHbIX U 3yOHbIX mkaHeU, noddepxxusaem ux rpoy-
Hocmb U yenocmHocmb. @ocghopHasi Kucrioma yyacmeyem 8 CUHme3se KUHa3, omeemCcmeeHHbIX 3a HOp-
MasibHOe meYeHUe XUMUYECKUX peakyull 8 Kremkax, Memabonusm Xupos, a makxe cCuHme3 u pacueriie-
HUe Kpaxmara u 2luKozeHa. Omo yMmeHbwaem 8bI6poCc Heyc80eHH020 ¢hochopa 8 OKpyxarwyo cpedy.
Ob6bekmom uccrnedogaHusi S6MANUCH HaMmUBHbIE Pacmeophbl, MOyYEeHHbIe MPU Ky/bmueupoe8aHUU Mpo-
MbIWIIEHHO20 WmammMa-Kucriomoobpasosamerns A. niger JI-4 Ha pa3nuyHbix yerneesodcodepxaujux cpedax.
Wmamm A. niger JI-4, paHee cenekyuOHUPOBaHHbIU 80 Bcepocculickom Hay4yHO-ucc1e0o8amesibCKOM UH-
cmumyme nuujesbix dobasok Onsi chepmeHmayuu menaccel, obyradaem crnocobHOCMbIO CUHMEe3UpPo8amsb
8HeKnemo4Hyr ¢umasy. B daHHol pabome npedcmasneHbi pe3ynbmamsl uccnedosaHull huma3sHol ak-
mueHocmu rpu KynbmueuposaHuu wmamma A. niger J1-4 Ha yanesodcodepxauwjux cpedax. YcmaHo81eHo,
umo Ons noebiweHusi nPodykmusHocmu buocuHmesa gumasbl Heobxodumo boriee 8bicoKoe codepxaHue
HU3KOMOJIEKYISPHbLIX caxapos. YcmaHo8neHo, 4mo KOMIOHEeHMb! caxapo3oMuHeparbHol cpedbi obecrie-
qyuearom MnoebIUEHHbIU ypo8eHb humasHoOU akmueHOCMU (hepMEeHMOo8 CUHME3UPyeMbIX MUKPOMUUEMOM
A. niger JI-4. BbigeneHo, 4mo ¢humasHasi akmueHOCMb 8 HamuUeHOM Pacmeope yeenuyueaemcs 8 me4yeHue
72 4 pepmeHmayuu u docmuzaem 3HadyeHus1 25,80, 1 ed/em®. Mo CpasHeHUIo ¢ npouyeccom ghepmeHmayuu
eudpornuzama KyKypy3Ho20 Kpaxmara ¢ 0eKcmpo3HbiM 3keusaneHmom DE = 20,9+0,5 %, komopsbili obec-
riequsarsn npodyKmueHbIll 6UOCUHMEe3 OCHOBHO20 Memaboriuma — JIUMOHHOU KUCombl, ¢huma3sHasi akmue-
Hocmb bbinia 8 1,5 pa3sa abiuwe.

Knro4deenie cnoea: humasa, Aspergillus niger Ji-4, cudponusam KyKypy3HO20 Kpaxmara, caxaposa
UHgpopmayusi o cmambe: [Jama nocmynneHus 14 Hos6psa 2019 e.; dama npuHamus K nedamu 29 masi
2020 e.; dama oHnatiH-pasmeuwieHus 30 uroHs 2020 a.

Ana yumupoeaHusi: Mycta Omnbl H.M., laposa H.FO. dutatrugponuaupyrolias akTMBHOCTb LUTamMMa
Aspergillus niger 1-4. Usgecmus sy308. lNpuknadHas xumusi u buomexHonoaus. 2020. T. 10. N 2. C. 232—-
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INTRODUCTION

Micromycete A. niger synthesises enzymes
(amylases, phytases, invertases, cellulases, etc.)
and organic acids (citric, gluconic, itaconic, and
kojic acids). By isolating acids and enzymes in the
environment, aspergillus breaks down polymers
into simple molecules that are absorbed back into
micromycete cells [1-3].

A significant quantity (more than 80 %) of
phytic acid salts (phytates), which bind divalent
metal cations, were found in the soil, along with
peptides and low molecular weight metabolites
associated with the formation of inaccessible and
difficult to assimilate compounds [4-5].

Phytates are mainly localised in the seeds
and bran of crops. When phytate complexes are
broken down, phosphorus is released. This ele-
ment performs a vital structural and regulatory
function, ensuring the normal development of
bone and dental tissues, as well as helping main-
tain their safety and integrity throughout life [6—8].
Phosphoric acid is involved in the synthesis of
kinases responsible for the normal course of
chemical reactions in cells, fat metabolism, as well
as the synthesis and breakdown of starch and
glycogen [9-11]. In the absence of phosphoric
acid, fermentation and respiration — both of which
are vital for all living things — are inhibited [12, 13].

For the effective hydrolysis of phytates,
phytases are used to catalyse the cleavage of

phytate complexes to residues of myo-inositol and
phosphoric acid, the latter representing a conve-
nient source of phosphorus. The use of phytases
is important for increasing the availability of phos-
phorus from phytates in compound feeds for farm
animals [14, 15]. This is also important from the
point of view of preserving the environment, since
it allows the release of undigested phosphorus
into the environment to be reduced.

The importance of phosphorus and other
elements associated with phytates poses a chal-
lenge for biotechnologists to find new sources of
phytate-hydrolysing enzymes to increase the bio-
logical value of plant materials.

The aim of the study was to investigate the
ability of Aspergillus niger L-4 to hydrolyse extra-
cellular phytase, as well as to inform the selection
of optimal cultivation conditions for Aspergillus
niger micromycete for highly productive phytase
biosynthesis.

EXPERIMENTAL PART

The object of the study are native solutions
obtained by culturing A. niger L-4 micromycetic
acid-forming agent on various carbohydrate-
containing media. The strain of micromycete, a
producer of citric acid, was previously selected at
the All-Russian Scientific Research Institute of
Food Additives for the fermentation of molasses.
For the study, crystalline sugar (STATE STAND-
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ARD 33222-2015) and a corn starch hydrolysate
with DE = 21 + 1% (STATE STANDARD 32159-
2013) were used as a carbohydrate source. The
source of nitrogen was ammonium nitrate (STATE
STANDARD 22867-77), the source of phosphorus
was potassium phosphate monosubstituted
(STATE STANDARD 4198-75).

The composition of the fermentation medium,
g/dm?®: carbohydrate substrate (conversion to glu-
cose) — 150; ammonium nitrate (NH4NO3) — 2.5;
magnesium sulphate seven-water (MgSO,-7H,0)
— 0.25; potassium phosphate monosubstituted
(KH,PO,4) — 0.16; pH 6.5 [16].

The process was carried out at a temperature
of:

— at the stage of inoculum mycelium produc-
tion — (36x1) °C for sugar-mineral medium,
(32+1) °C — for hydrolysis of starch;

— at the fermentation stage — from (29+1) °C
to (34t1) °C for the sugar-mineral medium and
starch hydrolysate.

The duration of the process was 120 hours.

The ages of inoculum mycelium were 24,
36, and 48 hours. The amount of inoculum myce-
lium to the volume of the initial nutrient medium
was 15 %.

Phytase activity (PhA) was evaluated by the
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colorimetric method according to GOST (RF state
standard) 31487-2012. The acid content was de-
termined by titration. The protein content was de-
termined according to the Lowry method. The bi-
omass content with a residual moisture content of
10 % was determined by drying at a temperature
of 1055 °C for 24 hours.

The experimental data were processed using
mathematical statistics methods and Excel XP
programs.

RESULTS

Productive biosynthesis of target metabolites
is affected by conditions such as age and amount
of seed mycelium, fermentation temperature.

Previous studies have shown that the pro-
ductive biosynthesis of amylolytic enzymes by
A. niger micromycetic acid-forming strains is
achieved using seed mycelium in an amount of
15 % of the volume of the nutrient medium having
ages of 24-36 h at a fermentation temperature of
32+1 °C regardless of the carbohydrate source
[17, 18].

Figure 1 show the dynamics of changes in
extracellular PhA for inoculum mycelium at ages
of 24 hours, 36 hours and 48 hours.
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Fig. 1. Dependence of extracellular phytase activity during the cultivation of the strain
A. niger L-4 on sucrose-mineral medium.
Seed mycelium: a—48 hours; b — 36 hours; ¢ — 48 hours

Puc. 1. 3asucumocmsb 3KcmpauyesunossspHol ghuma3sHol aKmueHOCMU oM 8peMeHU Ky/ibmueuposaHusi wmamMma
A. niger JI-4 Ha caxapo3omMuHepanbHol cpede.
Bo3pacm nocesHoz20 muyenus, 4: a—24; b — 36; c — 48
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Increased extracellular phytase activity de-
tected at temperatures 32 °C and 34 °C. Regard-
less of the age of the seed mycelium at a tempe-
rature of 29 °C, the extracellular phytase activity
was low. The level of PhA for seed mycelium at
the age of 24 and 36 hours at a given temperature
differed from the level of PhA at temperatures of
32 °C and 34 °C by more than 1.5 times. Phytase
activity was observed to increase within 3 days,
followed by a slowdown in activity growth. This

phenomenon was noticeable for both 24-hour and
36- and 48-hour seed mycelium at all studied fer-
mentation temperatures of the sugar-mineral me-
dium. It is possible that phytase biosynthesis is
inhibited due to an increase in the accumulation of
acid in the culture fluid by the end of the process.

Table 1 shows the experimental data ob-
tained at the final stage of the fermentation pro-
cess (120 h).

Table 1

Results of fermentation of the sucrose-mineral medium
(native solution, end of the process 120 h)

Tabnuya 1

Pe3ynbmambi no ghepmeHmayuu caxapo3omMuHepasibHol cpedbl
(HamueHbIlU pacmeop, KoHey, npoyecca,120 4)

Cultivation conditions Main characteristics
The age of seed | Temperature, Protein The amount Phytase activity
mycelium, h °C content, mg/cm3 of synthesised acid, g u/cm?® u/mg protein

29 3.840.1 5.840.1 8.1+0.1 2.1+0.1

24 32 3.51£0.1 6.110.1 17.310.1 4,910.1

34 3.3£0.2 5.3+0.1 18.8+0.1 5.7+0.2

29 2.1+0.1 5.9+0.1 10.1+0.1 4.810.1

36 32 2.2+0.1 6.3+0.1 20.8+0.1 9.5+0.1

34 2.1+0.1 5.4+0.1 21.5+0.1 10.2+0.2

29 2.0£0.1 6.1+0.1 13.3+0.1 6.7+0.2

48 32 1.8+0.2 6.5+0.1 24.9+0.1 13.8+0.2

34 1.1£0.1 5.610.1 25.840.1 23.410.1

° 15
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23 m32°C g5
oE o o>
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m32°C
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1 2 3 4 5
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c

Fig. 2. Dynamics of changes in extracellular phytase activity during
cultivation of the A. niger L-4 strain on a starch hydrolysate with DE=21#%1 %.
The age of the seed mycelium: a— 24 hours; b — 36 24 hours; ¢ — 48 hours

Puc. 2. fJuHamuka usmeHeHus1 6 HeKJIemoYyHoUl ¢huma3Hol akmueHocmu
npu KynbmueupoeaHuu npodyyeHma JJUMOHHOU Kuciomsl — wmamma A. niger JI-4 Ha 2udposiuzame Kpaxmana
c [E = 21*1 %. Bo3spacm noceeHo20 muuesnus, 4: a—24; b — 36; ¢ — 48
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Table 2
Fermentation results of corn starch hydrolysate with DE = 21+1%
(native solution, end of process, 120 h)
Tabnuya 2
Pe3ynbmambi no ¢hepmeHmayuu 2udposiuszama KyKypy3Ho20 Kpaxmana ¢ JE = 21*1 %
(HamueHbIl pacmeop, KoHey npoyecca,120 4)

Name of substrate Enzymatic E3lCtIVIty, oH Amount of'synthe5|sed Protein contsent,
u/cm acid, g mg/cm
Starch Hydrolysate 17.3+0.2 1.6 6.8+0.1 0.8+0.1
Crystalline sugar
(sucrose mineral medium) 25.840.1 1.9 5.6+0.1 1.11£0.1

The research results showed that the maxi-
mum level of extracellular PhA is achieved using a
48-hour seed mycelium at a process temperature
of 34 °C. The specific PhA (23.4+0.1 u/mg protein)
exceeded that for the process proceeding at a
temperature of 32 °C by 1.5-1.7 times.

Figure 2 show the dynamics of changes in
PhA during cultivation of A. niger L-4 micromycete
on a corn starch hydrolysate with DE=20.910.5 %.

The results of the studies showed that the
phytase activity taking place during the fermenta-
tion of starch hydrolysate with DE=20.91£0.5 %, as
well as during fermentation of the sugar-mineral
medium, increased throughout the process, be-
coming most prominent at a process temperature
of 34 °C with the use of seed mycelium having an
age of 48 hours

The protein concentration at the end of the
fermentation process of both the sucrose mineral
medium and the starch hydrolysate decreased,
which may be due to the synthesis of proteinases,
as was revealed in other works [19]. The protein
content during the fermentation of starch hydroly-
sate and of the sucrose-mineral medium was at
the same level (Table 2).

A comparative analysis of the data showed
that, in order to increase the productivity of
phytase biosynthesis, a higher content of low mo-
lecular weight sugars is necessary. The studied
starch hydrolysate contains glucose in an amount
of 311 %, maltose 20+1 % and dextrins 77+1 % in

the total amount of carbohydrates. When cultiva-
ting an Aspergillus strain, maltose and dextrins
are hydrolysed by their own amylolytic enzymes
into glucose, which is involved in the process of
acid formation. Sucrose-mineral medium contains
only sucrose, which in the process of fermenta-
tion, under the influence of its own enzymes, hy-
drolyses to glucose and fructose. It is of interest to
study the process of phytase biosynthesis during
the fermentation of a corn starch hydrolysate with
a deeper degree of hydrolysis.

Taking a comparative approach, the authors
of [20] established the following parameters for
productive phytase biosynthesis by means of A.
niger micromycete-acid former: carbon source —
sucrose (1.0 %); nitrogen source — ammonium
nitrate (0.5 %); temperature — 30 °C; pH =5.5.

CONCLUSION

The Aspergillus niger L-4 micromycete strain
shows a high extracellular phytate hydrolysis ac-
tivity. The above results allow us to conclude that
the sucrose-mineral medium is an advantageous
medium for productive phytase biosynthesis using
A. niger L-4. To increase phytase activity, it is
necessary to conduct studies to optimise cultiva-
tion parameters: concentration of carbohydrate
and nitrogen-containing sources, macro- and
microelements, pH and temperature, oxygen con-
centration, etc.
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