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Abstract
Grain, in addition to starch, hemicelluloses and protein, is known to be phytic acid and its
salts. It has been shown that the use of phytolytic enzymes promotes the release of phosphorus, improves the digestibility of feed nutrients and increases the meat productivity of livestock and poultry.
However, the catalytic effect of phytases and their combinations with proteases on degradation of
polysaccharides and protein polymers in grain raw materials, on the release of cations and anions,
especially in grain wort for the production of alcohol, has been little studied. This work shows for the
first time that phytolytic enzymes improve qualitative estimates, rheological properties and change the
ionic composition of grain wort by not only releasing phosphates and metal cations, but also by increasing the concentration of organic salt anions. The combined action of phytolytic and proteolytic
enzymes on polymers of grain raw materials provides their catalytic degradation to soluble carbohydrates, nitrogenous substances, cations and anions to produce the enriched grain wort. This work aimed
to assess the degree of phytolytic and proteolytic conversion of high-molecular-weight polymers in
grain wort. For grain wort, 50 g portions of wheat (Triticum sp.) or corn (Zea mays) grain flour put
into Erlenmeyer flasks were added with 150 cm3 of water and incubated in a water bath. At grain
batching for starch dextrinization, a thermo-stable -amylase was added (0.6 units/g starch). For starch
conversion to sugars and hydrolysis of non-starch polysaccharides in the control, we used glucoamylase
(9.0 units/g starch) and xylanase (0.15 units/g raw material). Phytase (from 1.0 to 2.5 units/g raw
material) and a proteolytic enzyme preparation (0.1 units/g raw material) were also added. The control
was added neither with phytase, nor the proteolytic enzyme. The profiles of the main polymers of grain
raw materials, the grain wort concentration, the content of reducing carbohydrates (RС) were determined according to the techno-chemical instructions for the control of alcohol production, the amine
nitrogen (NH2+) concentration was measured by a method based on the ability of amino acids to form
soluble copper compounds with a suspension of copper phosphate. The dynamic viscosity of the grain
wort was evaluated by vibrational viscometry. The study of the ionic composition of the grain mix
and wort was carried out using a PrinCE-560 series capillary electrophoresis system (PrinCE Technologies B.V., Netherlands) equipped with a conductometric detector. The optimal dosage of phytase
was 1.5 units/g raw material which ensures the maximum release of ions identified by capillary electrophoresis and the effective conversion of polysaccharides, protein and phytin substances of the grain.
It was found that the phytolytic enzymes contributed to a decrease in the viscosity of wheat and corn
wort of more than 20 %, a 9.5-11.3 % increase in the concentration of reducing carbohydrates, and a
2.1-2.4-fold increase in the concentrations of released ions. The concentration of amino nitrogen in
the wort did not change significantly. It was shown that as a result of the phytolytic action, the concentration of not only metal phosphates and cations, but also anions of organic salts, such as oxalates,
malates, citrates, and succinates (in wheat wort) and oxalates, malates, citrates, and lactates (in corn
wort) increased. A more significant effect of phytase for corn wort was revealed: the concentration of
phosphates in the nutrient medium increased 3.9 times vs. 1.6 times for wheat wort, the levels of
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potassium and magnesium ions were 12 % and 22 % higher, respectively, as compared to the control
in which the phytase was not used. The optimal composition of the enzyme complex is proposed which
ensures the effective hydrolysis of polysaccharides, phytin and protein substances of processed raw
materials. The synergistic effect of phytolytic and proteolytic enzymes enhances the catalytic hydrolysis
of high molecular weight polymers of plant origin and enriches the grain wort with carbohydrates,
nitrogenous substances, phosphates, and minerals in bioavailable form. Biocatalytic treatment of grain
with the developed enzyme complex which, along with amylases and xylanase, contains phytase and
proteases, provides a 16.8 % and 18.8 % increase in the concentration of reducing carbohydrates in
wheat and corn wort, a 1.7-fold and 1.9-fold increase in amine nitrogen and a decrease in wort viscosity
by 41.7 % and 44.7 %, respectively.
Keywords: phytase, protease, wheat raw material, corn raw material, biocatalysis, ions, cations, phosphorus, grain wort

The agro-industrial complex of the Russian Federation annually processes
more than 100 million tons of agricultural raw materials. Alcohol, starch, brewing
and feed manufacturers are large consumers of grain. Innovative technologies
assist in increasing commercial profitability of grain processing and are also targeted to solve environmental problems and to produce competitive food and feed
products [1-3]. These technologies are effective due to broad substrate specificity
of biocatalysts, providing deep hydrolysis of high molecular weight polymers of
grain raw materials [4-6]. It was previously shown that the synergism of amylolytic, proteolytic and hemicellulolitic enzymes improves grain quality, enriches
the wort with carbohydrates, nitrogenous substances, and increases the yield of
the target product [4].
Grain contains, in addition to starch, hemicelluloses, cellulose, and proteins, phytic acid and its salts — phytates which are the principal storage form of
mineral phosphorus in plants [7-9]. The amount of phytic compounds in grain
differs between crops and also depends on seed quality and growing conditions.
For example, the amount varies from 0.4 to 3.9 % for wheat and from 0.7 to 2.8 %
for corn [10, 11]. Phosphorus in plants is approximately 80 % phytic acid, or myoinositol-1,2,3,4,5,6-hexakisphosphate (InsP6) in which inositol-bound phosphorus
is not bioavailable [12, 13]. In addition, phytates, exhibiting a high negative
charge, bind metal cations [9, 14, 15] and also form rather strong complexes with
proteins and carbohydrates [16, 17]. Phytases allows the release of valuable components of raw materials and increases its bioavailability [13].
Phytase which is present in plants during their growth promotes the catalytic degradation of phytic acid [18], but its amount is insufficient for the complete
release of phosphorus. Phytases synthesized by microorganisms are attracting more
and more attention. The most promising producers are fungi of the genus Aspergillus (6) and recombinant strains of yeast and bacteria [19-21].
In recent investigations which focus on raw grain processing for various
purpose, the catalytic efficiency of phytases is attracting increasing interest. Considerable attention is paid to phytases as tools to improve the digestibility of feed
nutrients. It is shown that phytases promote the breakdown of phytic compounds,
the release of phosphorus and other trace elements, which leads to an increase in
the growth and meat productivity of animals and poultry [22-24]. The interaction
of phytic acid and its salts with substances that make up food raw materials and
food products has been under consideration [16, 17, 24-26].
Investigations of sorghum and maize lager beer brewing using phytases
have shown the potential for improving the nutritional value of yeast during grain
wort fermentation [8, 10, 27, 28]. It has been confirmed that, under conditions of
anaerobic fermentation, phosphorus is assimilated by yeast, mainly in the initial
phase. Young actively multiplying yeast cells contained 2 times more phosphorus
compared to the end of fermentation. However, the catalytic efficiency of phytases
in raw grain processing for alcohol, especially the composition of a complex of
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hydrolytic enzymes with different substrate specificity have practically not been
studied [4]. There are only preliminary data on the positive effect of the Aspergillus
awamori phytase on yeast growth and alcoholic fermentation of grain wort [28].
In the presented work, we showed for the first time that in grain wort, due
to phytase activity, the concentration of anions of organic salts increases in addition to a release of phosphates and metal cations. The combined action of phytases
and proteolytic enzymes increases the degree of catalytic destruction of grain biopolymers resulting in soluble forms of carbohydrates, nitrogenous substances,
cations and anions. This contributes to the production of enriched grain wort with
good rheological properties. Hereof, the optimal enzymatic complex is proposed
to ensure effective hydrolysis of polysaccharides, phytic and protein substances in
grain and to maximum accumulate reducing carbohydrates, amine nitrogen, phosphates and minerals in a bioavailable form.
This work aimed to assess effects of phytase and proteolytic enzyme preparations on the conversion of wheat and corn high molecular weight polymers in
preparing grain wort.
Material and methods. Alcoholic fermentation was performed in 2019-2020
using traditional enzyme preparations (EP) of different substrate specificity. These
were Amylex® 5T (Genencor, USA; heat stable -amylase, 2000 AAU/cm3), Diazyme® X5 (Genencor, USA; glucoamylase, 8000 GlAU/cm3, 140 AAU/cm3), Tegazyme RT 75L (Lyven SA, France; xylanase, 3600 ХAU/cm3), Protoorizin (VNIIPBT, Russia; proteases, 620 PAU/cm3), Phytaflow (Novozymes, Denmark;
phytase, 30,000 PhAU/cm3).
For wheat (Triticum sp.) or corn (Zea mays L.) grain wort, 750 cm3 Erlenmeyer flasks, each with 50 g of grain flour and 150 cm3 of water (1:3) were
mixed and incubated in a PE-4300 water bath (Ekros, Russia) according to the
“soft” enzymatic-hydrolytic processing, i.e., the batches were allowed for 30 min
at 40-50 C, then kept for 120 min at 85 C, stirring occasionally. After cooling
to 60 C, the batches were treated with EP for 60 min. At mixing flour and water,
the thermostable -amylase was used (0.6 AAU/g starch) for starch dextrinization.
In the control batches, glucoamylase (9.0 GlAU/g starch) and xylanase (0.15
XAU/g raw material) were added for saccharification of starch and hydrolysis of
non-starch polysaccharides. In the experimental batches, along with amylase, glucoamylase and xylanase, phytase (1.0, 1.5, and 2.5 PhAU/g raw material) and
proteases (0.1 PAU/g raw material) were added. The concentration of soluble
solids in wheat wort was 21.1 %, in corn 21.8 %.
The major grain polymers, wort gravity, and reducing carbohydrates (RC)
were measured as described [29], the amine nitrogen (NH2+) quantifying was
based on the ability of amino acids to form soluble copper complexes with copper
phosphate suspension [30]. Dynamic viscosity of wort was assessed by vibrational
viscometry (an SV-10 sinusoidal vibration viscometer, A&D Co., Ltd., Japan) with
Win-CT Viscosity software. The ionic composition of batches mix and wort was
studied using a PrinCE-560 series capillary electrophoresis system (PrinCE Technologies B.V., Netherlands) equipped with a conductometric detector [31].
Statistical processing of the data obtained in at least three replicates was
carried out using the Student’s t-test at p < 0.05 (Statistica 6.0, StatSoft, Inc.,
USA). The mean values (M) and standard errors of the means (±SEM) were
calculated.
Results. To study the effect of phytase on wheat and corn wort quality (Fig.
1-3), the phytase was used at a dosage of 1.0 PhAU/g raw material, previously
established for rye wort [28]. The phytase contributed to a significant (p < 0.05)
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increase in the concentration of reducing carbohydrates in grain wort, by 9.511.3 % compared to the control, but practically did not affect the protein hydrolysis (see Fig. 1, A, B). The concentration of amine nitrogen in the wort significantly increased (p < 0.05) only when proteases were part of the enzymatic complex, i.e., 1.7-fold for wheat wort and 1.9-fold for corn wort (see Fig. 1, B).

Fig. 1. Reducing carbohydrates (А), NH2 + concertation (B) and dynamic viscosity (C) of wheat (1)
and corn (2) wort as influenced by different enzyme preparations: а — control, b — control + phytase
(1.0 PhAU/g raw material), c — control + phytase (1.0 PhAU/g raw material) + protease (0.1 PAU/g
raw material). See Materials and methods section for details.
* Differences form the control (а) are statistically significant at р < 0.05.

The rheological properties of the grain wort revealed in this study confirmed our earlier data for rye wort [28]. Phytase caused a 23.7 % decrease in
viscosity for wheat wort and a 22.2 % decrease for corn wort (p < 0.05) (see Fig.
1, B). A complex of enzymes, including amylase, glucoamylase, xylanase,
phytase, and protease, provided a deeper hydrolysis of polysaccharides. The RC
level was 16.8 % higher in wheat wort and 18.8 % higher in corn wort as compared to the control (p < 0.05) (see Fig. 1, A). The wort viscosity decreased
more significantly, by 41.7-44.7 % (p < 0.05) (see Fig. 1, C).
It is known that salts of phytic
acid, being strong chelating agents,
form stable protein-phytate complexes
with proteins and also bind metal cations, which can negatively affect the
functions of hydrolytic metal-dependent enzymes [32]. In our experiment,
phytase had a significant effect on the
increase in the total concentration of
ions in the wheat and corn wort (Fig.
Fig. 2. Total ions in wheat (1) and corn (2) wort as
influenced by different enzyme preparations: a — 2). Ion concentrations increased 2.1grain batch, b — control, c — control + phytase 2.4-fold (p < 0.05) as compared to
(1.0 PhAU/g raw material). See Materials and meth- flour-water mix and 1.3-1.5-fold as
ods section for details.
compared to the control (p < 0.05).
* Differences b—а, c—а, and c—b are statistically
Enzyme complexes containing
significant at р < 0.05.
phytase significantly (p < 0.05) increased the proportion of released phosphates in the pool of identified ions as
compared to the control, 40.8 % vs. 31.2% for wheat and 30.8 % vs. 11.3 % for
corn (Fig. 3). The proportion of potassium and magnesium ions remained practically unchanged.
We also investigated the effect of the dosage of phytase in the enzyme
complex (1.0; 1.5; 2.5 PhAU/g raw material) on the quality parameters of the
wheat and corn wort (Fig. 4).
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Fig. 3. Content of principal identified ions (% of total pool) in wheat (А, B) and corn (C, D) wort as
influenced by different enzyme preparations: А, C — enzyme complex without phytase (control), B,
D — enzyme complex with phytase (control + phytase 1.0 PhAU/g raw material). See Materials and
methods section for details.

Fig. 4. Profiles of inorganic and organic ions in wheat (А, B) and corn (C, D) wort as influenced by
different enzyme preparations: a — control, b — control + phytase (1.0 PhAU/g raw material), c —
control + phytase (1.5 PhAU/g raw material), d — control + phytase (2.5 U PhA/g raw material), e —
control + phytase (1.0 PhAU/g raw material) + protease (1.0 PAU/g raw material); Ph — phosphates,
K — potassium, Mg — magnesium, O — oxalates, M — malates, C — citrates, S — succinates, А —
acetates, L — lactates, G — glycolates. See Materials and methods section for details.
* Differences form the control (а) are statistically significant at р < 0.05.

Phytase promoted the release of phosphorus (see Fig. 4). Thus, in wheat
wort upon treatment with phytase-containing enzyme complex, the phosphate
concentration varied from 1145 to 1232 mg/dm3 depending on the phytase dosage,
which exceeded 1.5-1.6-fold (p < 0.05) the control (see Fig. 4, A). In addition,
there was a slight increase in the concentration of potassium and magnesium ions,
by 11 % and 17 % (p < 0.05) for a dosage of 1.5 1.5 PhAU/g raw material. Phytase
had a more pronounced effect on the corn wort: the concentration of phosphates
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in the nutrient medium increased (p < 0.05) 3.4-3.9-fold (991-1124 mg/dm3 vs.
290 mg/dm3) (see Fig. 4, C). The concentration of potassium and magnesium
ions increased by 12 and 22 %, respectively (p < 0.05). The data obtained showed
that the optimal dosage of phytase was 1.5 PhAU/g raw material. Further increase in its concentration to 2.5 PhAU/g practically had no effect on the grain
wort quality parameters.
Phytase and an increase in its dosage influenced not only the concentration of phosphorus, potassium and magnesium ions in the wort, but also other
identified ions. As compared to the control, the content of anions of organic salts
(see Fig. 4, B, D) increased. Particularly, malates (succinic acid salts) amounted
to 178.2-205.1 vs. 165.4 mg/dm3 for wheat and 224.1-367.8 vs. 189.66 mg/dm3
for maize. Citrates amounted to 510.1-844.4 vs. 422.8 mg/dm3 in the corn wort
whilst practically did not change in the wheat wort. The concentration of lactic
acid salts (lactates) in the corn wort increased 1.4-2.0 times (p < 0.05) depending
on the dosage of phytase. However, phytase led to a decrease (p < 0.05) in the
glycolic acid salts in corn wort (6.3-10.9 mg/dm3 vs. 178.4 mg/dm3 in the control).
When processing wheat, lactates and glycolate in the wort were practically absent.
With addition of proteases, we observed a definite tendency to an increase
in the concentration of phosphorus, potassium and magnesium ions in the grain
wort (see Fig. 4, A, C).
The potential of phytases to increase the level of bioavailable phosphorus
and feed and food digestibility has been actively investigated [13, 16, 22, 23]. Nevertheless, the catalytic action of phytases has not been sufficiently studied, as well
as their synergism in terms of conversion of polysaccharides and protein polymers
of grain and the release of cations and anions, especially in fermented grain wort.
Here we have shown the positive effect of phytase and proteolytic enzymes
on wheat and corn wort composition and ion profiles. Apparently, not only phosphorus but also carbohydrate and protein polymers were released due to biocatalytic hydrolysis of phytates which are strong chelating agents capable of forming
stable protein-phytate complexes with proteins [33]. This contributes to a better
access of hydrolytic enzymes to substrates. Also, the release of metal cations from
the active centers of these enzymes may increase their catalytic activity and, therefore, destruction of grain wort polymers.
Our findings indirectly confirm reports which proved the role of phytic
acid in the inhibition and regulation of the catalytic ability of metalloprotein enzymes. Of these, xanthine oxidase has been more studied [33, 34]. We have shown
that the complex of enzymes which, along with carbohydrases, contains phytase
and proteases promotes a deeper hydrolysis of polysaccharides and protein substances. In wheat and corn wort, there was a significant (p < 0.05) increase in RC
concentration (by 16.8 %and 18.8 %), amine nitrogen (1.7-fold and 1.9-fold) and
a decrease in viscosity (by 41.7 % and 44.7 %).
Thus, a positive effect of phytases on rheological properties, ion profiles
and bioavailable phosphorus in wheat and corn wort has been established. The use
of phytase contributes to a significant release of ions, up to 2 times as much as in
grain mix. Due to phytase, there was an increase in organic salts, the oxalates,
malates, citrates, succinates for wheat wort and oxalates, malates, citrates, lactates
for corn wort. In wheat and corn wort, phosphates increased 1.6 times and 3.9
times, potassium by 11 % and 12 %, magnesium by 17 % and 22 % as compared
to the control. Phytase decreased the viscosity of grain wort by more than 20 %.
For catalytic conversion of wheat and corn biopolymers, the optimal dosage of
phytase, ensuring maximum accumulation of ions, is 1.5 PhAU/g raw material.
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The synergistic action of phytases and proteases enhances catalytic hydrolysis of
high-molecular-weight polymers and enriches grain wort with carbohydrates, nitrogenous substances, bioavailable phosphates and minerals. Our findings indicate
that further experiments are necessary to assess effects of phytase complex on
amylolytic and proteolytic processing of grain raw materials, on yeast metabolism,
growth and reproduction during ethanol fermentation, and on digestibility of grain
feeds fed to farm animals.
REFERENCES
1.
2.
3.

4.
5.

6.

7.
8.

9.

10.
11.

12.

13.
14.
15.

16.
17.

18.
19.

20.

380

Krivchenko V.A., Turshatov M.V., Solov'ev A.O., Abramova I.M. Pishchevaya promyshlennost',
2019, 4: 53-54 (doi: 10.24411/0235-2486-2019-10027) (in Russ.).
Stepanov V.I., Ivanov V.V., Sharikov A.Yu., Amelyakina M.V., Polivanovskaya D.V., Serba E.M.
Pishchevaya promyshlennost', 2019, 4: 101-102 (doi: 10.24411/0235-2486-2019-10052) (in Russ.).
Ronghou L., Fei S. Impacts of main factors on bioethanol fermentation from stalk juice of sweet
sorghum by immobilized Saccharomyces cerevisiae (CICC 1308). Bioresource Technology, 2008,
99(4): 847-854 (doi: 10.1016/j.biortech.2007.01.009).
Serba E.M., Abramova I.M., Rimareva L.V., Overchenko M.B., Ignatova N.I., Grunin E.A. Pivo
i napitki, 2018, 1: 50-54 (doi: 10.24411/2072-9650-2018-00002) (in Russ.).
Du Y., Shi P., Huang H., Zhang X., Luo H., Wang Y., Yao B. Characterization of three novel
thermophilic xylanases from Humicola insolens Y1 with application potentials in the brewing industry. Bioresource Technology, 2013, 130: 161-167 (doi: 10.1016/j.biortech.2012.12.067).
Vinetsky Y.P., Rozhkova A.M., Sereda A.S., Tsurikova N.V., Nurtaeva A.K., Semenova M.V.,
Zorov I.N., Sinitsyn A.P. Increase in glucoamylase productivity of Aspergillus awamori strain by
combination of radiation mutagenesis and plasmid transformation methods. Applied Biochemistry
and Microbiology, 2010, 46(6): 633-640 (doi: 10.1134/S0003683810060128).
Benešová K., Běláková S., Mikulíková R., Svoboda Z. Survey of the analytical methods for the
phytic acid determination. Kvasny Prumysl, 2013, 59(5): 127-133 (doi: 10.18832/kp2013013).
Mikulski D., Kłosowski G. Phytic acid concentration in selected raw materials and analysis of its
hydrolysis rate with the use of microbial phytases during the mashing process. Journal of the
Institute of Brewing, 2015, 121(2): 213-218 (doi: 10.1002/jib.221).
De Carli L., Schnitzler E., Ionashiro M., Szpoganicz B., Rosso N.D. Equilibrium, thermoanalytical and spectroscopic studies to characterize phytic acid complexes with Mn(II) and Co(II).
Journal of the Brazilian Chemical Society, 2009, 20(8): 1515-1522 (doi: 10.1590/S010350532009000800019).
Rimareva L.V., Overchenko M.B., Ignatova N.I., Krivova A.Yu., Serba E. M. Pishchevaya
promyshlennost', 2019, 4: 83-85 (doi: 10.24411/0235-2486-2019-10042) (in Russ.).
Dost K., Tokul O. Determination of phytic acid in wheat and wheat products by reverse phase
high performance liquid chromatography. Analytica Chimica Acta, 2006, 558(1-2): 22-27 (doi:
10.1016/j.aca.2005.11.035).
Lee K.-M., Kang H.-S., Yun C.-H., Kwak H.-S. Potential in vitro protective effect of quercetin,
catechin, caffeic acid and phytic acid against ethanol-induced oxidative stress in SK-Hep-1 cells.
Biomolecules and Therapeutics, 2012, 20(5): 492-498 (doi: 10.4062/biomolther.2012.20.5.492).
Greiner R., Konietzny U. Phytase for food application. Food Technology and Biotechnology, 2006,
44(2): 125-140.
Lönnerdal B. Phytic acid-trace element (Zn, Cu, Mn) interactions. International Journal of Food
Science and Technology, 2002, 37(7): 749-758 (doi: 10.1046/j.1365-2621.2002.00640.x).
Bretti C., Cigala R.M., Stefano C.D., Lando G., Sammartano S. Interaction of phytate with Ag+,
CH3Hg+, Mn2+, Fe2+, Co2+, and VO2+: Stability constants and sequestering ability. Journal of
Chemical and Engineering Data, 2012, 57(10): 2838-2847 (doi: 10.1021/je300755y).
Nielsen A.V.F., Tetens I., Meyer A.S. Potential of phytase-mediated iron release from cerealbased foods: a quantitative view. Nutrients, 2013, 5(8): 3074-3098 (doi: 10.3390/nu5083074).
Yu S., Cowieson A., Gilbert C., Plumstead P., Dalsgaard S. Interactions of phytate and myoinositol phosphate esters (IP1-5) including IP5 isomers with dietary protein and iron and inhibition
of pepsin. Journal of Animal Science, 2012, 90(6): 1824-1832 (doi: 10.2527/jas.2011-3866).
Zhul'kov A.Yu., Vitol I.S., Karpilenko G.P. Khranenie I Pererabotka Sel'khozsyr'ya, 2009, 5: 5055 (in Russ.).
Hesampour A., Ranaei O., Malboobi M.A., Harati J., Mohandesi N. Comparison of biochemical
properties of recombinant phytase expression in the favorable methylotrophic platforms of Pichia
pastoris and Hansenula polymorpha. Progress in Biological Sciences, 2014, 4(1): 97-111 (doi:
10.22059/PBS.2014.50309).
Zhao W., Xiong A, Fu X., Gao F., Tian Y., Peng R. High level expression of an acid-stable
phytase from Citrobacter freundii in Pichia pastoris. Applied Biochemistry and Biotechnology, 2010,

162(8): 2157-2165 (doi: 10.1007/s12010-010-8990-4).
21. Tarutina M.G., Kashirskaya M.D., Lazareva M.N., Lapteva A.R., Dobrynin V.Y., Gordeeva T.L.,
Sineoky S.P. Comparative characteristics of phytases from Citrobacter freundii and Yersinia intermedia expressed in Ogataea polymorpha and Pichia pastoris methylotrophic yeasts. Biotekhnologiya,
2019, 35(6): 51-56 (doi: 10.21519/0234-2758-2019-35-6-51-56).
22. Lenkova T.N., Egorova T.A., Men'shenin I.A., Sysoeva I.G. Ptitsa i ptitseprodukty, 2016, 1: 3740 (in Russ.).
23. Kulova F.M. Izvestiya Gorskogo gosudarstvennogo agrarnogo universiteta, 2016, 53(1): 71-76 (in
Russ.).
24. Sapna, Singh B. Phytase production by Aspergillus oryzae in solid-state fermentation and its applicability in dephytinization of wheat ban. Applied Biochemistry and Biotechnology, 2014, 173(7):
1885-1895 (doi: 10.1007/s12010-014-0974-3).
25. Veiga N., Torres J., Godage H.Y., Riley A.M., Domínguez S., Potter B.V.L., Díaz A., Kremer C.
The behaviour of inositol 1,3,4,5,6-pentakisphosphate in the presence of the major biological metal
cations. European Journal of Biochemistry, 2009, 14(7): 1001-1013 (doi: 10.1007/s00775-009-0510z).
26. Canan C., Delaroza F., Casagrande R., Baracat M.M., Shimokomaki M., Ida E.I. Antioxidant
capacity of phytic acid purified from rice bran. Acta Scientiarum Technology, 2012, 34(4): 457463 (doi: 10.4025/actascitechnol.v34i4.16358).
27. Kruger J., Oelofse A., Taylor J., Taylor J.R.N. Potential for improvement in yeast nutrition in
raw whole grain sorghum and maize lager brewing and bioethanol production through grain genetic modification and phytase treatment. Journal of the Institute of Brewing, 2012, 118(1): 70-75
(doi: 10.1002/jib.86).
28. Polyakov V.A., Serba E.M., Overchenko M.B., Ignatova N. I., Rimareva L.V. The effect of a
complex phytase-containing enzyme preparation on the rye wort fermentation process. Foods and
Raw Materials, 2019, 7(2): 221-228 (doi: 10.21603/2308-4057-2019-2-221-228).
29. Polyakov V.A., Abramova I.M., Polygalina G.V., Rimareva L.V., Korchagina G.T., Piskareva
E.N. Instruktsiya po tekhnokhimicheskomu i mikrobiologicheskomu kontrolyu spirtovogo proizvodstva.
Moscow, 2007 [Instructions for the technochemical and microbiological control of alcohol products] (in Russ.).
30. Gosudarstvennaya farmakopeya Rossiiskoi Federatsii, XIII(I), 2015. Available: http://rdocs3.kodeks.ru/document/420324574). No date (in Russ.).
31. Shelekhova N.V., Rimareva L.V. Proizvodstvo spirta i likerovodochnykh izdelii, 2012, 3: 25-27 (in
Russ.).
32. De Stefano S., Giuffrè O., Milea D., Rigano C., Sammartano S. Speciation of phytate ion in
aqueous solution. Non covalent interactions with biogenic polyamines. Chemical Speciation and
Bioavailability, 2003, 15(2): 29-36 (doi: 10.3184/095422903782775235).
33. Muraoka S., Miura T. Inhibition of xanthine oxidase by phytic acid and antioxydant activity. Life
Sciences, 2004, 74(13): 1691-1700 (doi: 10.1016/j.lfs.2003.09.040).
34. Abu El-Saad A.S., Mahmoud H.M. Phytic acid exposure alters aflatoxin B1-induced reproductive
and oxidative toxcicity in albino rats (Rattus norvegicus). Evidence-based Complementary and Alternative Medicine, 2009, 6(3): 331-341 (doi: 10.1093/ecam/nem137).

381

