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The article presents data on the contamination with heavy metals of winter
wheat grain grown under intensive farming conditions. The decrease in heavy metals
content during grinding of winter wheat grain into different fractions of flour: high-
grade, first-grade, second-grade and bran was investigated.

According to the results of the conducted research it was established that
grinding of winter wheat grain into different fractions of flour allows to reduce the
lead content in high-grade flour by 71,8 %, first-grade flour — by 51,5 %,compared to
the lead content in grain; cadmium content in high-grade flour decreases by 75,0 %,
first-grade — by 50,0 %, second-grade — by 25,0 %, but increases in bran by 60,0%
compared to the cadmium content in grain; the copper content in high-grade flour is
72,0 % lower, first-grade flour — 52,0 % lower, second-grade flour — 47,4 % lower,
but at the same time higher in bran by 50,7%, compared to the copper content in
grain; zinc content in high-grade flour decreases by 95,9 %, first-grade flour — by
54,6 %, second-grade flour — by 51,7 %, but at the same time increases in bran by
68,2 %, compared to zinc content in winter wheat grain.
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Tab. 1. Lit. 12.

Introduction. Wheat is one of the main energy sources for humans on Earth. Its
value is constantly growing, because it’s a useful and economically viable food crop
that can be grown under fairly wide and varied conditions [1].

A significant amount of flour is produced and consumed all over the world,
especially wheat flour. Wheat flour is an important product of world trade and it’s
important for human nutrition. Nowadays, great attention is paid to the quality and
expansion of the range of its products, due to the fact that successful promotion of the
product on the consumer market and its ability to compete with similar products of
other manufacturers depend on above-mentioned things. Equally important is the fact
that the milling industry purpose is reoriented: it’s important to create a product that
would not only feed a person but also be of maximum benefit and quality for the
consumer. That is, the problem of grain quality and flour today is more urgent than
ever [2].

Alimentary products and raw materials safety is one of the main factors that
determines the health of the population of Ukraine and its gene pool conservation.
More than 70% of all contaminants get into the human body with food. The results of
the food quality control show the high levels of contamination of the products with
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toxic chemical compounds, biological agents and micro-organisms. Overall, 1.5—
10 % of food samples in Ukraine contain heavy metals, including lead, cadmium,
copper, zinc, of which 2,5 to 5 % are in concentrations exceeding the limit [3].

Heavy metals enter the human habitat as a result of not only natural processes, but
also mainly due to intensive development of industry, irrational use of natural
resources, agriculture and urbanization of society [3, 4].

Once in contact with living organisms, heavy metals are stocked in certain
tissues. Reaching a certain concentration into the body, they begin to influence on it
harmfully. In particular, by interacting with the thiol groups of different
macromolecules of the body, their blocking occurs, which in turn leads to the loss of
many reactions by proteins as well as to the metabolic disorder. In the blood heavy
metals are combined with albumin, which increases their accessibility to the body's
cells [3, 4, 5].

Contamination of grain products with heavy metals is an extremely important
and urgent problem. Among the variety of heavy metals, lead, cadmium, copper, and
zinc present the largest amounts of their inflow with chemical products [6, 7].

Analysis of recent research and publications. The problem of production of
flour of high nutritional value and quality is covered in scientific works of
I. P. Bondar, H.V. Deinychenko, N.V. Vereshko, V.A. Morhun, I. T. Merko,
V.0O. Morhun, T.A. Bakuridze, B.M. Maksymchuk, O.l. Maksymchuk,
| .O. Shvetsova, N. P. Kozmina, L. I. Puchkova, R. D. Polandova, I. V. Matveieva,
V. I. Drobot, L. Y. Arseniieva, O. B. Shydlovska and other scientists.

Heavy metals entering the human body may cause a number of metabolic
disorders, mainly redox processes. Chemical compounds of metals with different cell
components may cause membrane damage as well as inhibition of the activity of
different enzymes [8].

Lead is a dangerous toxicant of global importance. In oral administration, lead,
depending on the compound, is absorbed by adults by 10 % and children by 20 %.
The maximum allowable dose for the human body should be within 0.0004... 0.005
mg/kg. In case of lead intoxication, both general and specific abnormalities can be
\noted in the human body, which are expressed in neurology and encephalopathy
changes [8].

Cadmium is a toxicant with a high capacity to be accumulated in tissues. The
withdrawal period of this metal from the body is 13—40 years, with the lethal dose for
the human body of 150 mg/kg. The main source of soil contamination with cadmium
Is industrial water, wastewater, as well as the use of mineral fertilizers and pesticides
in agriculture [8].

Copper as a bio microelement is involved in tissue respiration and
hematopoiesis. When fed with food, about 30% of copper is absorbed in the gut. For
humans, a single dose of 10... 20 mg/kg body weight causes nausea, vomiting and
other symptoms of copper intoxication. The daily intake of the element can be no
more than 0.5 mg/kg (up to 30 mg/kg into the diet) with normal dietary content of
molybdenum and zinc, physiological copper antagonists [8].
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Zinc stimulates cell division and healing of the affected tissues, but at the same
time promotes the formation of cancer cells. Cardiovascular diseases can occur due to
the imbalance of zinc content into the body. For nutritional products, the following
levels of zinc are recommended: meat up to 20 mg, beverages up to 5 mg, fruits and
vegetables up to 100 mg/kg [9, 10].

Purpose of the research was to determine the reduction of heavy metals content
during grinding of winter wheat grain into different fractions of flour: high- grade,
first-grade, second-grade and bran.

Main research material presentation. The studies were conducted during
2016-2018 on a winter wheat grain grown under intensive farming conditions and its
flour under right-bank forest steppe conditions.

Laboratory analysis of grain and flour were carried out at a certified Scientific
and Measuring Agrochemical Laboratory of Vinnitsa National Agrarian University,
where the content of heavy metals was determined by grinding winter wheat grain
into different fractions of flour: high-grade, first-grade, second-grade and bran.

Intensive chemicalization of technological processes of winter wheat growing
causes the introduction of high standards of mineral fertilizers and pesticides. These
agents contribute to the accumulation of heavy metals in grain and flour [11].

Flour is a product that is obtained by grinding the grain into cereal powder or
legume seeds. It is an important component of our daily diet, as it is widely used in
cooking, baking, pasta and other food industries [11].

Wheat flour is the most popular in Ukraine, which is extracted from grains of
soft or soft with solid impurities of wheat. They produce the high-grade, first-grade,
second-grade flours and bran [12].

An important technological operation for the production of flour is the grinding
of grain. It can be one-time and repeated. In the first case, the flour is obtained by
one-time passing the grain through the grinding machine. However, commercial flour
Is not produced in this way. When grinding again, the flour is produced by repeated
and sequential grain and its parts passing through the grinding machines [11].

According to GOST 30178-96 MPC of heavy metals in winter wheat grain is as
follows: lead - 0,5 mg/kg, cadmium - 0,1 mg/kg, copper — 10,0 mg/kg,
zinc — 50,0 mg/kg.

Results and discussion. When the lead content in winter wheat grain was 1,03
mg/kg, which was 2,1 MPC, the lead content in bran amounted to 2,68 mg/kg, which
was 5,4 MPC and 61,6 % more than its content in grain. In second-grade flour, the lead
content was lower by 47,6 % and amounted to 0,54 mg/kg, corresponding to 1,1 MPC.
In first-grade flour, the lead content was lower by 51,5 % compared to the winter
wheat grain and amounted to 0,50 mg/kg, which corresponded to MPC. High-grade
flour was characterized by the lead content of 0,29 mg/kg, which was 71,8 % less than
in grain and amounted to 0,6 MPC. Therefore, when the lead content of winter wheat is
2,1 MPC, it’s possible to use high-grade flour for food purposed without any
restrictions or first-grade flour with some restrictions (Table 1).
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When the content of cadmium in winter wheat grain was 0,04 mg/kg, which was
0,4 MPC, its content in bran amounted to 0,10 mg/kg, which was 1,0 MPC or more
by 60,0 % than in grain. In second-grade flour, the cadmium content was 25,0%
lower than in grain and amounted to 0,03 mg/kg, corresponding to 0,3 MPC. In first-
grade flour, the cadmium content was lower by 50,0 % compared to winter wheat
grain and was 0,02 mg/kg, which corresponded to 0,2 MPC. The high-grade flour
was characterized by the cadmium content of 0,01 mg/kg, which was 75,0 % less
than in grain, corresponding to 0,1 MPC. Therefore, with cadmium content in wheat
grain of 0,4 MPC in winter wheat grain, flours of second, first and high grades may
be used for food purposes, but bran use should be limited.
Table 1
Content of heavy metals in winter wheat grain and its flour, mg/kg
(average farm data, 2016-2018)

. . Pb Cd Cu Zn
Grain and its
milling products | Mpc | 2@l | o | actual -y pe ) acual s | actual

content content content content

Winter wheat grain 1,03+0,1 0,04+0,01 17,44+0,5 26,50+1,6

Bran 2,68+0,2 0,10+0,2 35,34+1 4 83,20+,1,9

Second-grade flour | 0,5 | 0,54+0,02 | 0,1 |0,03+0,01 | 10,0 | 9,1841,0 | 50,0 | 12,80+1,2

First-grade flour 0,50+0,02 0,02+0,01 8,38+1,0 12,05+1,1

High-grade flour 0,29+0,01 0,01+0,01 4,89+0,9 1,0940,2

Source: based on own research

When the copper content in winter wheat grain was 17,44 mg/kg, which was 1,7
times higher than MPCwm, the copper content of bran amounted to 35,34 mg/kg,
which was 3,5 times higher than MPC and 50,7 % more than in grain. In second-
grade flour, the copper content, compared to the grain, was 47,4 % lower and
amounted to 9,18 mg/kg, which  corresponded to 0,9 MPC.
In first-grade flour, the copper content was lower by 52,0 % compared to winter
wheat and amounted to 8,38 mg/kg, which corresponded to 0,8 MPC. High-grade
flour is characterized by the copper content of 4,89 mg/kg, which was 72,0 % less
than in grain, which corresponds to 0,5 MPC. Therefore, when the copper content in
wheat is 1,7 MPC in winter wheat grain, for the food purposes flours of second, first
and high grades can be used without any restrictions.

When the zinc content in winter wheat grain was 26,5 mg/kg, which was 1,9
times less than MPC, the zinc content of bran was 83,2 mg/kg, which was 1,7 times
more than MPC. In second grade flour, the zinc content was 51,7% less than grain
and amounted to 12,80 mg/kg, which corresponded to 0,3 MPC. In first-grade flour,
the zinc content was 54,6 % lower than in winter wheat and amounted to
12,05 mg/kg, corresponding to 0,2 MPC. High-grade flour was characterized by the
zinc content of 1,09 mg/kg, which was 95.9 % less than in grain, corresponding to
0,02 MPC. Therefore, when the zinc content of winter wheat is 0,5 MPC, it’s
possible to use second -, first - and high-grades flour for food purposes without
restrictions, but it’s prohibited to use bran. On the basis of conducted research the
tendency of heavy metals content decreasing in winter wheat flour is traced in the
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following sequence: 2 grade — 1 grade — high grade, but heavy metals content
increasing in bran is also traced. Possible reasons for the significant increase in the
content of heavy metals in bran is their greater concentration on the periphery of the
seed, in particular on the coat. And due to the fact that the bran is mainly represented
by the coats of the grain, their content of heavy metals significantly increases. The
lowest content of heavy metals in high grade flour, as compared to second grade
flour, is caused by the removal of the larger fractions of flour, and accordingly the
dust of heavy metals in the fractions of lower quality flour.

Conclusions and prospects for further research.Thus, winter wheat grain
grinding into different fractions of flour allows to reduce lead content in high-grade
flour by 71,8 %, first-grade by 51,5 %, second-grade by 47,6 %, but at the same time
it allows to increase lead content in bran by 61,6%, compared to the lead content of
grain; cadmium content in high-grade flour decreases by 75,0 %, first-grade by
50,0 %, second-grade by 25,0 %, but increases in bran by 60,0 % compared to
cadmium content in grain; copper content in high-grade flour is 72,0 % lower, first-
grade by 52,0 %, second-grade by 47,4 %, but at the same time higher in bran by
50,7 %, compared to the copper content in grain; zinc content in high-grade flour
decreases by 95,9 %, first-grade by 54,6 %, second-grade by 51,7 %, but at the same
time it increases in bran by 68,2 %, compared to zinc content in winter wheat grain.
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AHOTALIIA
3MIHA BMICTY BAJKKHX METAJIIB Y 3EPHI ITIIIEHHI]I O3HMOI TA
BOPOIIIHI B YMOBAX JIICOCTEI1Y IIPABOBEPE’KHOI' O

Y cmammi nasedeni oaui no 3a0pYOHEHHIO 8ANCKUMU MEMANAMU 3EPHA O3UMOL
nuileHuyi, wo eupoujeHe 6 YMO08ax IHMeHCU8Ho2o 3emaepobcmea. Jlocnioxceno
SHUNCEHHS MICMY BANCKUX Memai8 npu posmeni 3epHa 03uUMOi NuleHuyi Ha pPi3Hi
@pakyii 6opouwina: 8u020 IAMYHKY, NEPULO20 TamyHKy, Opy2020 IAMYHKY | 8UCIBKU.

3a pe3yrbmamamu npoGeoeHux 00CNIOHCeHb 8CMAHOBIEHO, WO pPO3MeENL 3epHA
03UMOI nulenuyi Ha pisHi Qpaxyii 6OpowHa 0036015€ 3MEHUUMU EMICTN CEUHYIO Y
bopowni euwoeo ramyuky wa 71,8 %, nepuwoco ramyuxy — na 51,5 %, opyeoeo — na
47,6 %, ane soonouac 36inbuwumu y euciekax — Ha 61,6 %, nopiguano i3 emicmom
CEUHYIO V 3epHi;, emicm KaoMitlo )y OOpOWIHI BUW020 TAMYHKY 3MEHULYEMbCS HA
75,0 %, nepwoco ramyuky — na 50,0 %, Oopyeoco — 25,0 %, ane 30inbutyemocs y
suciexax Ha 60,0 %, nopiensaHo i3 6Micmom KaOMito y 3epHi;, emicm mioi y OOpOuIHi
suwozo ramyuky Ha 72,0 % menwe, nepuioco ramyuky — Ha 52,0 %, opyeoco — na
47,4 %, ane eoonouac euwuil y euciekax Ha 50,7 %, nopieuano i3 emicmom Mioi y
3epHi; @Micm YUuHKY y 60pOwHi 8U020 TamyHKy 3meHulyemoca Ha 95,9 %, nepuioeo
ramyHky — Ha 54,6 %, opyeoeo — na 51,7 %, ane 6o0Houac 30ibulyemsbcs y UCIBKAX
Ha 68,2 %, nopieHAHO i3 BMICMOM YUHKY V 3ePHI NULEHUYT O3UMOL.

Kniwwuosi cnosa: 3epno, nwenuys ozuma, OOpowiHo, 3a0pYOHEHHS, BAMHCKI
Memanu.

Taon. 1. Jlim. 12.
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AHHOTAIIUA
HU3MEHEHHUE COJAEP/KAHHUA TAKE/IBIX META/IOB B 3EPHE
IIIIIEHHUIIBI O3UMOH H MYKH B YCJIOBHAX IHCOCTEITH
ITPABOBEPEKHOH

B cmamve npusedenvl 0annvie no 3a2psasHeHU0 MANCENLIMU MEMATIAMU 3EPHA
O3UMOU NUIEHUYbL, YMO BbIPAWEHHOE 8 YCIOBUAX UHMEHCUBHO20 3eMAe0enUsl.
Hccnedosano cuudicenue coOepicanuss msicenvlx Memaiio8 npu pasmone 3epHd
O3UMOUL NUEHUYbl HA PA3IUYHblEe QPaKyuu MyKU.: 8blcuieco copmad, nep8o2o copmad,
8MoOpoco copma u ompyou.

Ilo pezynemamam npoeoeHHbIX UCCIeO08AHUL YCMAHOBIEHO, YMO pa3mojld
3epHA O03UMOU NUWEHUYbl HA PAsiuyHble Gpakyuu MyKu HO380J51em YMEeHbULUMD
cooepoicanue ceuHya 8 Myke evicuieeo copma Ha 71,8 %, nepsoco copma — Ha
51,5 %, emopoeco — na 47,6 %, HO 00HOB8PEeMEHHO Yeequuums 6 ompyosx — Ha 61,6%
N0 CPABHEHUID C COOEPAHCAHUEM CBUHYA 6 3epPHe, CO0epHCaHue KaoMusi 8 MYKe
svlcuieco copma ymenvuiaemes Ha 75,0 %, nepsoco copma — na 50,0 %, emopoco —
25,0 %, Ho ysenuuusaemcs 6 ompyosx na 60,0 % no cpasnenuro ¢ cooepiicaruem
Kaomusi 8 3epHe; cooepaicanue meou 8 Myke evicuieco copma Ha 72,0 % menvuue,
nepsozo copma — Ha 52,0 %, emopoco — na 47,4 %, Ho 6 mo dice 8pems 8viuie 8
ompyosx na 50,7 % no cpasHenuro ¢ cooepiicanuem meodu 8 3epHe; COOepPICAHUE
YUuHKa 6 MyKe @vicuieco copma ymenvuiaemcs — na 95,9 %, nepeozo copma — na 54,6
%, emopoco — na 51,7 %, HO 0OHOBpemerHO Yyeeruuusaemcs 6 ompyosx Ha 68,2 % no
CPABHEHUIO C COOEPHCAHUEM YUHKA 8 3epHe NUEHUYbL O3UMOUL.

Knrwoueesvie cnosa: sepno, nuienuya ozumas, MyKa, 3acps3HeHuUe, msicesivle
MemaJvl.

Taon. 1. JTum. 12.
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