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Objective. The purpose of the article is to investigate the effect of drinking water quality on the
baking properties of wheat flour.

Methods. In the process of the research, methods for determining the activity of amylolytic and
proteolytic enzymes of raw materials were used. The amylase activity of wheat flour in the presence of
heavy metal cations was estimated by the amount of maltose formed in the reaction mixture, a product
of deep saccharification of flour starch. The effect of heavy metal cations on the proteolytic activity of
wheat flour enzymes was evaluated by the yield of raw and dry gluten by kneading dough, comparing
the yield of gluten from dough, which was prepared in distilled water and water containing 0.05 g |
of lead or nickel cations. The relative viscosity of the gelatin solution under the action of proteolytic
engymes of wheat flour in the presence of cations of lead and nickel was found using a VPZH-2 capillary
viscometer with a capillary diameter of 0.56 mm in a water thermostat.

Results. It is proved that heavy metal cations adversely affect the biological activity of proteolytic
enzymes of flour, they deprive gluten of elasticity, which may adversely affect the protein frame of
the dough by baking, and as a result, the quality of the finished product. It is proved that the water is
contaminated by impurities of heavy metals, particularly lead and nickel, can worsen the gas-retaining
ability of the semi-finished dough. The pollution of water, which is used for the preparation of the dough
during the bread baking, particularly heavy metal cations, which are inhibitors of most enzymes, plays
a very important role in ensuring the quality of the finished product that requires careful monitoring of
its purity.

Key words: wheat flour, yeast dough, proteolytic enzymes, amylolytic enzymes, heavy metals,
cations, water, gluten.
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A problem statement. Various wheat flour products, in particular, yeast dough products and
especially bread, still form the basis of human nutrition. Therefore, the quality and nutritional
value of bread, as a daily consumption product, is of paramount importance [1, 2]. The prob-
lem of the nutritional value of bread becomes especially acute in those periods when, for any
reason, the consumption of food products of animal origin — eggs, milk, cheese, meat, animal
fats — significantly decreases, and the proportion of cereal products, primarily products, increases
relatively from flour. It is clear that in these conditions of more uniform nutrition, the problem
of the quality and nutritional value of bread and possible ways to increase it becomes especially
urgent. Therefore, it is natural that for many years there have been studies in this area that have
not stopped until now, and the problem does not lose its relevance in modern conditions [3—35]. All
existing methods for increasing the nutritional value of bread can be divided into two large groups:
enriching it with a complex of valuable biologically active substances and improving consumer
qualities. In some cases, these two paths coincide, as in the case of an increase in the activity of
the enzyme complex of wheat flour, in which amylolytic and proteolytic enzymes play a large role.
They are responsible for the accumulation of free amino acids and sugars in the test semi-finished
product, the formation of a crispy brown crust, and, in general, play a paramount role in ensuring
the quality of the finished product.

Analysis of recent research and publications. It is known [6] that both amylolytic and pro-
teolytic enzymes in various substrates are very sensitive to the most insignificant changes in the
environment. Various chemicals have a special effect on their activity: some of them activate en-
zymes, while others inhibit, depriving enzymes of activity. Among the most famous inhibitors of
most enzymes are heavy metal cations. If they get even in small quantities into the recipe during
dough production, this can lead to poor quality of the finished product. When developing dough
formulations for the production of various products from wheat flour, very little attention is paid
to such an important recipe component as water, which is usually taken from the city water sup-
ply network. It is now known, that over the past decades there has been a constant deterioration
in the quality of the water of surface water bodies, rivers and, as a consequence, a deterioration in
the quality of drinking water. There are several reasons for this. First of all, there is an increase in
freshwater consumption by industrial and agricultural enterprises, which, after contamination of
used water, throw it into surface water bodies. Particularly dangerous is the ingress of heavy metals
cations into water bodies as necessary components of the wastewater of galvanic shops, including
a considerable amount of nickel, zinc, etc. [7—10].

About thirty years have passed after the huge disaster in Chernobyl, which led to intensive
pollution of a large area of Ukraine. Along with radioactive, environmental pollution by heavy
metals poses a very great danger, among which lead is one of the most toxic. The increase in lead in
the atmosphere of Ukraine over the years is because they tried to use this metal at the very begin-
ning of the Chernobyl accident to shield the destroyed reactor. At the same time, hundreds of tons
of lead evaporated and entered the atmosphere, and subsequently into the soil.

The purpose of the article is to study the effect of drinking water quality on the baking proper-
ties of wheat flour.

Statement of the main research material. Were conducted experiments to study the effect of
heavy metals on the action of both amylolytic and proteolytic enzymes of wheat flour. As objects
of study were chosen two metals — lead and nickel in the form of their salts. The activity of wheat
flour amylases in the presence of heavy metal cations was evaluated by the amount of maltose
formed in the reaction mixture, a product of deep saccharification of flour starch. The experimen-
tal data are shown in table 1.

Table 1 — Amylolytic activity of wheat flour in the presence of heavy metal cations

Metal cation The content of maltose, %
Without metal (control) 3,9
Ca’" 4,5
Pp?* 1,4
Ni2* 2,1
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The experiment indicates that lead cation, as is known from the literature [1], is the most
potent inhibitor of amylase enzymes — it almost ceases their activity. Nickel cation also inhibits
amylases, but less actively. In contrast, calcium cation, a well-known activator of enzyme systems,
accelerates the hydrolysis of starch with flour amylases. These data allow us to conclude that water
contaminated with impurities of heavy metals, in particular, lead and nickel, can cause a deterio-
ration in the gas-forming ability of the test semi-finished product.

The effect of heavy metal cations on the proteolytic activity of wheat flour enzymes was
evaluated by the yield of raw and dry gluten during kneading, comparing the yield of gluten from
the dough, which was prepared on distilled water and water containing 0.05 g/1 lead or nickel cat-
ions. It should be noted that the protein complex of gluten dough during kneading is exposed to
protease enzymes that hydrolyze proteins to free amino acids enriched the dough, give nitrogen
nutrition to yeast, and contribute to the Maillard reaction. The last results in the formation of a
brown crispy crust of cooked bread. Gluten was washed from the dough after it was cured for 1.5
hours. The experimental data are shown in table 2.

Table 2 — The yield and quality of gluten when washing it from the test,
made on water mixed with lead and nickel cations

Metal cation Gluten yield, % Gluten extensibility, cm
Raw Dry
Without metal (control) 33,0 10,2 6,8
Ca?* 24,0 7,4 13,5
Ni2* 36,0 11,1 6,8
Pb?* 38,8 12,0 6,8

The experimental data given in the table indicate that the yield of crude gluten in the test,
which was made on the water with an admixture of heavy metals — lead and nickel, increased
significantly compared to the test made on distilled water. This indicates the inhibition of pro-
teolytic enzymes of wheat flour by these cations. The mechanism of action of cations on protease
enzymes is associated with their reaction with active lateral functional groups of protein molecules
of enzymes, most often, with sulthydryl groups of SH, which violates the tertiary structure of the
enzyme and leads to its denaturation and loss of activity. It can be seen from the experimental data
that lead is a stronger protease inhibitor, which is probably because it is a stronger oxidizing agent
than nickel, and, therefore, it interacts more actively with SH groups that have reducing proper-
ties. For comparison purposes, has been conducted an experiment with gluten washed from dough
prepared on the water with the addition of a well-known enzyme activator — calcium cation — at
a concentration of 0.05 g/1 in terms of metal. The gluten yield sharply decreased, which indicates
the acceleration of the action of proteolytic enzymes under the action of calcium, which takes part
in the stabilization of the tertiary structure of the enzyme and the formation of an active enzyme-
substrate complex.

Along with the raw yield, the yield of dry gluten and its extensibility was controlled, which
predicts the elasticity of the protein framework of bread when baking a dough piece. The yield of
dry gluten is very important for evaluating the processes occurring in the protein complex of wheat
flour, since under the influence of certain substances the ability of protein molecules to aggregate
water molecules around them may increase. This increases the hydration of gluten proteins, it
becomes able to retain more bound water and the yield of raw gluten increases. In the technology
of production of wheat flour products, such a process is very useful for the quality of the finished
product. In this case, when the washed raw gluten is dried, all the bound water eliminates, and the
yield of dry gluten does not differ from usual. When the raw gluten obtained in the experiments
was dried, its yield shows the same dependence as the crude yield, which completely excludes
the possibility of increased hydration of dough proteins under the influence of heavy metals, and
leaves only their enzyme-inhibiting effect.

The extensibility of gluten does not change in the test made on distilled water and water
mixed with lead and nickel, and only in the presence of a calcium cation does gluten become twice
as elastic. These results support the conclusion that heavy metals inhibit the action of protease en-
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zymes that do not break down gluten proteins. Calcium cation strongly activates enzymes, which
at the same time begin to actively hydrolyze proteins to amino acids, reduce their amount and
molecular weight, which makes gluten weak. An important criterion for the quality and baking
properties of wheat flour is the ability of a gluten ball weighing 10 g to spreadability after an hour
of tracking. Data on the spreadability of gluten, washed from dough with an admixture of heavy
metals, are shown in table 3.

Table 3 — The dependence of the spreadability of the gluten ball,
washed from wheat flour, from impurities of heavy metal cations

Metal cation Ball diameter, mm
Without metal (control) 41
Pp?* 37
Ni2* 39
Ca?* 95

The given experimental data are completely consistent with the previous ones — gluten un-
der the action of heavy metal cations is fixed, becomes less elastic.

Measurement of the relative viscosity of gelatin solutions under the action of substances
whose activity is studied is a very convenient way to establish the activity of proteolytic enzymes in
raw materials. As part of the study, an experiment was conducted to study the relative viscosity of a
gelatin solution under the action of proteolytic enzymes of wheat flour in the presence of lead and
nickel cations. The relative viscosity of gelatin solutions was determined using a VPZh-2 capillary
viscometer with a capillary diameter of 0,56 mm in an aqueous thermostat. The solution was stud-
ied using a thermostat with an accuracy of 0,1 °C. The aging of the system before the start of the
measurement was at least 15 minutes. Before the experiment, the solutions were filtered through
Schott filters. The relative viscosity was calculated by the formula (1):

t

_ "solition
n= P
solvent ( 1 )

where n is the relative viscosity; 7 is the flow time of the solution, sec.; ¢ , — is the flow time
of the solvent, sec.

The experimental data are shown in table 4.

Table 4 — Change in the relative viscosity of 2 % gelatin solutions
under the action of wheat flour proteases depending on the solvent

Solvent Relative viscosity (h)
Water 1,6
Aqueous solution of lead salt (C,,=0,05 g/1) 1,95
Aqueous solution of nickel salt (C,=0,05 g/1) 2,05
Aqueous solution of calcium salt (C_,=0,05 g/1) 1,3

The data obtained as a result of the experiment are consistent with one previously done — the
relative viscosity of the gelatin solution with the addition of wheat flour without the addition of
heavy metal cations is significantly lower compared to that obtained with the addition of lead and
nickel cations. These cations likely inhibit the action of wheat flour proteases, which become less
active and more slowly hydrolyze gelatin macromolecules. Calcium cation, as in previous experi-
ments, exhibits a very large activating ability, it accelerates the process of hydrolysis of gelatin, as
a result of which the viscosity of its solution decreases. But in this experiment, impurities of lead
cations significantly slow down the hydrolysis process compared to nickel cations. This fact is
explained not by the greater activity of nickel cation as an inhibitor of wheat flour proteases, but
by an additional complexation process between the gelatin macromolecule and this cation, which
leads to stabilization of the tertiary structure of gelatin and, as a consequence, to the viscosity of
its solutions. Nickel refers to transition metals having vacant d-orbitals, which makes it possible
to form additional coordination bonds with substrate molecules, that is, increases its complexing
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ability. This explains the even greater increase in the viscosity of gelatin solutions in comparison
with impurities of lead cations. The lead cation refers to p-elements that do not have electronic
levels with vacant d-orbitals, which deprives it of its ability to form coordination bonds with elec-
tron-enriched sections of gelatin protein molecules.

Experiments conducted indicate that protein molecules of proteolytic enzymes undergo
denaturation under the influence of heavy metal cations. Denaturation is understood to mean
any process that violates the quaternary, tertiary, and even secondary structure of the protein
molecule changes its spatial spiral configuration without touching the covalent peptide bond.
But, despite the preservation of the basic skeleton of the molecule, its biological properties are
lost. To study protein denaturation under the influence of these metal cations, we developed a
technique and conducted a model experiment in which we observed precipitation in 2 % aque-
ous solutions of egg albumin under the influence of these metals. The precipitation character-
izes the course of the protein denaturation process, when it’s tertiary and, partially, the second-
ary structure is violated, the molecule loses its subordinate spiral configuration and becomes a
chaotic pile of tangles and loops. Precipitation is very convenient to quantitatively control by
changing the optical density of the solutions, which was measured on a KFK-2 photoelectric
colorimeter in cuvettes with a layer thickness of 3 cm at a wavelength of 400 nm. The experi-
mental data are shown in table 5.

Table 5 — Change in optical density of aqueous solutions
of the egg albumin in the presence of metal cations

Metal cation Optical density, D
Without metal (control) 0,05
Ca?* 0,03
Ni** 0,25
Po** 0,38

The experimental data confirm the fact of protein denaturation with cations of heavy met-
als, especially lead, and are completely consistent with the data obtained during experiments with
gluten. Calcium cation helps to stabilize the tertiary structure of the protein, and therefore the
transparency of the egg albumin solution increases.

All tests, carried out, confirmed the fact that heavy metal cations adversely affect the bio-
logical activity of proteolytic enzymes of wheat flour, they deprive gluten of elasticity, which can
adversely affect the protein frame of the dough during baking, and as a consequence, the quality
of the finished product.

Conclusions. Studies have shown that the pollution of water used to make the dough in bread
baking processes, especially heavy metal cations, which are inhibitors of most enzymes, plays a
very important role in ensuring the quality of the finished product, which requires careful control
of its purity.
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Mema — Odocaidxcenns enaugy sKocmi numuoi 600u Ha XAi00NeKapHi 1acmueocmi NueHuY -
HO20 bopoutHa.

Memoou. Y npoueci 0ocaioncenus 8UKOPUCINAHO MemMOOU GU3HAYEHHS AKMUBHOCII aMinoni-
MUYHUX Ma NPOMeONIMUUHUX (hepMeHmie cuposuHU. AKMUBHICMb aMina3 NUEHU4YH020 OOPOULHA 8
NpUCYMHOCMI KAMIOHI8 8ANCKUX Memanié OUiHHEaU 3a KIAbKICIMI YMBOPEHOI 8 peakyilitill cymi-
Wi Manbmo3u — npooyKmy eAuboK020 OUYKprGaHHs KpoXmano 60pouna. Bniue kamionie 6aickux
Memanie Ha NPOMeoAiMmuU4HY AKMUBHICMb (hepMeHmie nueHUUHO20 OOPOUIHA OUIHIOBAAU 3 BUX0O0OM
cupoi ma cyxoi Kaetiko8uHU Npu 3amMiuly8aHHi micma, nopieHOO4U 8UXi0 KAelKoBUHU 3 micma, sKe
20Mmyeanocs Ha OUCmunbo8auiil 600i i Ha 600i, axa emiugysana 0,05 e/ Kamiounie ceunuyto, ado Hi-
Kear. BionocHy & a3kicmb po3uuny jceaamuny nio 0i€ro npomeosimu4Hux pepmenmie nuleHu4Ho20
bopouwiHa y npucymuHocmi KamioHie c8UHUH Ma HIKea 3HAxXo0uau 3a 00ONOMO20H0 KANINAPHO2O Gi-
ckosumempa BIIK-2 3 diamempom kaninsapa 0,56 mm y 600HOMY mepmocmami.

10



Ne 2(39) 2019

Pesyavmamu. /losedeno, ujo kamionu 8axckux memanie 32yoHo 6NAUBAIOMb HA 0I0A02IMHY aK-
musHicms NpomeoNimu4HUX hepmeHmie nuieHu4Ho20 OOpPOUIHA, 80HU NO30ABAAOMb KACUKOBUH)
eAaCMUYHOCIE, W0 MOJice HeeAMUBHO NO3HAYUMUCS HA DIAKOBOMY KapKaci micma npu 1020 euni-
KaHHi i, 2K Hacaidok, Ha aKocmi eomoeoeo eupoly. Jlokaszano, o oda, 3a06pyoneHa domiwKamu
BAJICKUX Memanie, 30Kpema, CBUHYI0 ma HIKeAr, Modce CRPUMUHUMU NORIDULAHHS 2A30YME0PH08ANb-
HOI cnpomoxcHocmi micmoeoeo Hanieghabpuxamy. 3a0pyoHeHHs 600U, SKY GUKOPUCMOBYIOMb 0
NpucOMy8anHs micma y npoueci 6UNIKAHHA XAiba, 0co0AUBO KAMIOHAMU BANCKUX Memanie, Ki €
ineibimopamu Ginbuiocmi ghepmenmis, gidiepae axicaugy poav y 3a0e3neueHHi AKoCmi 20moeo2o 8-
P00y, wo nompedye pemenbH020 KOHMPOAIO il uucmomu.

Karouoei caoea: nuenuune 6opouiro, opixcoxcose micmo, npomeosimu4ti oepmenmi, aminoni-
muuni chepmenmu, 6adNcKi memanu, KAmioHu, 600d, KACUKOBUHA.

Ileab — uccnedosanue eausnus Kawecmea numovesoll 600bl HA XAe00NeKapHle C80UCMEa nile-
HUYHOLUL MYKU.

Memooui. B npoyecce uccaedosarnus ucnonb3o8amnsi Memoodsl onpedeserus aKkmueHoOCmu amu-
NOAUMUYECKUX U NPOMEOAUMUUECKUX (PepMEeHMO8 Cbipbil. AKMUBHOCMb AMUAA3 NUEHUYHOU MYKU 8
npucymcmeuu KamuoHo8 maicenbix Memannios OUeHU8aAlU no Koau4ecmay oopa3o8anHHoll 6 peak-
YUOHHOU CMecUu MAaabmo3bl — NPOOYKmMa eay00Koeo 0caxapuéanus Kpaxmara Myku. Bausunue ka-
MUOHO8 MAINCENBIX MEMANL08 HA NPOMEONUMUUECKYIO AKMUBHOCMb (DePMEHMO08 NULeHUYHOU MYKU
OUEHUBANU NO B8bIXOOY CbIPOIL U CYXOll KACUKOBUHbL NPU 3aMece mecma, CPABHUBAS 8bIX00 KACUKOBU -
HbL U3 mecma, Komopoe 20moguI0Ch Ha OUCMUAAUPOBAHHOIL 600e U Ha 0de, codepxcaweil 0,05 e/a
Kamuonog ceunya uiu Hukeas. OmHOCUMENbHYI0 8I3K0CMb PACMEOPA HCeAAMUHA NOJ delicmauem
NpoOmMeoAUmMuUYecKUX (hepMeHmo8 NULeHUHHOU MYKU 6 NPUCYMCMBULU KAMUOHO8 CBUHUA U HUKeAs HA-
X00uUAU ¢ NOMOUWbIO KaAnUAAsApHO20 suckozumempa BILK-2 ¢ duamempom kanunnsipa 0,56 mm 6 60-
J0stHOM mepmocmame.

Pesyavmamut. Jlokazano, umo KamuoHbl MANCEAbIX MEMANL08 OMPULAMENbHO AUSIOM HA
Ouon02UHeCKYI0 AKMUBHOCMb NPOMEOAUMUUECKUX (epMeHmoe NUeHUYHOU MYKU, OHU AUWAIOM
KACUKOBUHY INACMUYHOCIU, YO MOJICeM He2amueHo CKa3amocs Ha 0eaK08oM KapKace mecma npu
€20 8bINeKaHUU U, KaK ciedcmeue, Ha Kauecmae 20moeoeo usdeaus. Jlokazano, umo eoda, 3aeps3-
HEeHHas NPUMeCAMU MAICENbIX Memanios, 8 HacmHOCMU, CBUHUA U HUKeAs, MOJcem CnocooCcmeo-
8ambv yXyouleHUur 2a30y0epicusarouell cnocooHocmu mecmogoeo noaygabpuxama. 3aepsizHeHue
800bL, KOMOPYIO UCNOAL3YIOM 045 NPUSOMOBACHUS MEeCMa 8 npoyecce 8biNeKanus xaeda, 0cobeHHo
KamuoHamu msiceavix Memannog, Komopbsle A6Aa0mcs UHeUOUmopamu 601buWUHCmMea hepmenmos,
uepaem 8aj)cHyo poab 8 0becneHeHuu Ka1ecmed 20moeoeo u3oenus, ymo mpedoyem muamenbHo20
KOHMPOAsL ee YUCHOMbl.

Karouesvie caosa: nuenuunas myka, opodxcicesoe mecmo, npomeosumuyeckKue gepmenmol,
amuaonumu4eckue goepmeHmol, msicenvle Memanisl, KAMUOHbl, 6004, KACUKOBUHA.
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