TexHonoezis i 6e3neka npodykmie xapuyyeaHHsa / Technology and safety of food products

UDC: 633.11-021.465:631.24:656.073.23

RESEARCH AND OPTIMISATION OF THE QUANTITATIVE
AND QUALITATIVE CHARACTERISTICS OF GRAIN SHIPLOAD
LOTS IN GRAIN TERMINALS

DOI: https://doi.org/10.15673/fst.v14i4.1899

Avrticle history

Received 11.06.2020
Reviewed 23.07.2020

Revised 27.10.2020
Approved 08.12.2020

Correspondence:

Stankevych G.
E-mail: georgii.stn@gmail.com

Cite as Vancuver style citation

Stankevych G, Kats A, Shpak V. Research and optimisation
of the quantitative and qualitative characteristics of grain
shipload lots in grain terminals. Food science and technology.
2020;14(4):130-139. DOI:
https://doi.org/10.15673/fst.v14i4.1899

IluryBanns 3rigno JICTY 8302:2015

Stankevych G., Kats A., Shpak V. Research and optimisation
of the quantitative and qualitative characteristics of grain
shipload lots in grain terminals // Food science and
technology. 2020. Vol. 14, lIssue 4. P.130-139 DOI:
https://doi.org/10.15673/fst.v14i4.1899

Copyright © 2015 by author and the journal
“Food Science and Technology”.
This work is licensed under the Creative Commons
Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0

e ONAFT
Bl Open Access

G. Stankevych?, Doctor of Technical Sciences, Professor

A. Kats?, Candidate of Technical Sciences, Associate Professor
V. Shpak?, Deputy General Manager for Production
!Department of Grain Storage Technology

Odessa National Academy of Food Technologies

112, Kanatna Street, Odessa, Ukraine, 65039

2 LLC Ukrelevatorprom,

52/1, Chornomorskoho Kozatstva Str., 65003, Odessa, Ukraine

Abstract. The structure of loading different crops onto vessels at the
company Ukrelevatorprom’s grain terminal has been considered. The total
grain shipped in 2012—2015 was comprised of 33.7-41.5% of maize, 19.7—
32.2% of wheat, 14.4-26.0% of rapeseed, 6.7-14.2% of barley, and 5.4-
11.0% of soya beans. When forming a 35,000-tonne grain shipload, grain
lots stored in silos are sometimes of lower quality than contracts require: the
protein and gluten contents can be inappropriate, or there can be smut grains
or those damaged by sunn pests. The accepted technology of grain shipload
formation does not guarantee that the grain quality will be uniform
throughout the whole period of loading a vessel, especially in the beginning.
In the first 1,000 tonnes of a grain shipload formed, the weight content of
wet gluten was found to be 22.6% instead of 23%, the Falling Number was
145-180s instead of 230s, and the content of smut grains was not the
tolerable 5%, but 6.95-7.8%. The subsequent 2,000-3,000 tonnes of wheat,
too, had the Falling Number lower than the contract prescribed (142-215 s),
and only further on, its value achieved the required range 295-356 s. In the
wheat sample formed from 5,000 tonnes, only the test values of the Falling
Number (176s) and the content of smut grains (5.1%) were different from
what the contract required. The calculated arithmetic means of the quality
parameters of the 5,000-tonne wheat samples formed were practically the
same as those determined experimentally, except for the values of the
Falling Number and the smut grain content. The values of the coefficient of
variation obtained showed that the grain lot was of non-uniform quality: it
varied in such parameters as the foreign material (20.82-50.93%), sunn
pest-damaged grains (7.41-25.76%), Falling Number (8.76-36.36%), and
smut grain content (35.88-78.34%). Application of linear programming
methods to optimise the shipload composition has allowed all the quality
parameters to meet the contract requirements. Loading grain from all silos
simultaneously, with the optimum flow ratio, will result in its even
distribution in a shipload, and the grain lot will be of higher quality by all
the parameters the contract specifies.

Keywords: grain terminals, wheat quality parameters, grain lot
formation, coefficient of variation, optimisation of the grain lot
composition.

Introduction. Formulation of the problem

Significant yearly oscillations of grain quality and the

increased tonnage of vessels grain is exported on make

Though the farming lands where grain legumes and
oil crops are grown in Ukraine are constant in size and
number, these cultures’ productivity and gross yield can
unfailingly be increased by improving the technologies of
their cultivation. Today’s high level of production of
cereal crops and a number of external factors (Ukraine’s
joining the WTO, integration processes, market
reorientation, etc.) result in larger volumes of grain
exported to different countries by water. In recent years,
grain terminals have been built intensively in Ukrainian
ports. The main task of these terminals is to concentrate
grain of different cultures and organise its export.
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forming grain shiploads quite a problem. This can cause a
significant drop in their quality and non-compliance with
the requirements of a contract. Studying and improving
methods used to form grain shiploads of contracted
quality are highly topical and important tasks.

Analysis of recent research and publications
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Ukraine is one of the main players in
international grain markets. Exports from Ukraine
make grain more available globally, thus
contributing to food safety. Due to its farming
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traditions, favourable agroclimatic conditions, and high-
quality soil resources, the country can grow various
cereal, leguminous, and oil crops. The most popular crop
is wheat. The entire Ukrainian agribusiness is involved
in its production, the volume of which makes 40-50% of
all cereals [1,2].

The bumper crops in recent years have increased
Ukraine’s wheat export potential to over 20 million
tonnes [3]. However, high crop vyields are usually
accompanied by their lower quality characteristics. To
fulfil contracts, exporters have to reorient themselves
towards new markets, collect grain from different
regions to make up consignments to be shipped abroad,
and often form them by mixing grain of different
quality.

Currently, the Ukrainian Ministry of Agrarian
Policy is working on adapting and harmonising the
methods and standards of classifying grain and
determining its quality, thus making them closer to the
so called European standards. Until recently, there were
a number of declarations that the very grain standards of
Ukraine should be brought in line with the European
ones. However, it appeared that the parameters of
assessing grain quality in Ukraine were hardly
commensurable with those used in other countries of the
CIS, or North America, or the EU: so different these
parameters were, and so differently treated. Indeed, very
often, it is not the classification that matters, but the
methods of determining the quality indicators to base
this classification upon [4-6].

It is important to adapt the Ukrainian State
Standards (DSTU) and quality assessment methods to
their western equivalents. Even when comparing the
formulations, one can see the differences in the very
approaches: for example, the State Standard of Ukraine
prescribes determining wet gluten in grain, and
according to the international standards, it must be
determined in wheat flour.

The EU standardisation system requires that protein
should only be determined for durum wheats, while
gluten is not supposed to be determined at all. However,
in some countries (Austria, Hungary, Russia,
Kazakhstan, and others), wheat is standardised
according to its gluten content. In our country, the
quality of wheat is still based on its gluten content
(DSTU 3768-98), which is still determined by hand.
International standards prescribe automated gluten
washing using special equipment and a silk sieve, and
handwashing is only allowed in certain cases. During
this procedure, it is also controlled how efficiently the
water is used [4,5,7,8].

As Ukrainian standards are imperfect and
inconsistent with international requirements, there are
disagreements between buyers and exporters. This
should not, though, limit Ukraine in delivering its grain
to other countries or result in any discrimination because
of its non-conformity.

The US official standards for wheat are based on
the commercial properties of grain: plumpness, kernel
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hardness, soundness, colour, general condition, etc. The
water content, protein level, and some other parameters
are not considered determinative enough. The grain
standards in the USA distinguish among six wheat
types, mainly based on the sowing period, and besides,
on the colour, vitreousness, and kernel hardness. These
types include durum, hard red spring, hard red winter,
soft red winter, hard white, and soft white. There are two
extra types beyond these six categories: unclassed and
mixed wheat [4,9].

In Europe, the content of protein or gluten is not a
key factor to determine the quality of wheat. However,
this is not so for high-quality milling wheat where the
protein content determines the quality of finished
products. The main characteristics used in the methods
of assessing the grain quality are test weight, purity, and
the external consumer properties: colour, smell, saleable
condition, etc [4].

Grain from the EU is exported through official
export trading exchanges. Unlike it is on the exchanges
of Ukraine or the USA, here, the quality of grain offered
for bidding is assessed according not to state standards,
but to the demands of the exchange. These demands can
be discrepant with conventional classifications.
Nevertheless, the methods to determine the parameters
of the quality of grain auctioned are strictly specified by
national and global standards.

Therefore, when exporting grain from Ukraine, one
should consider in advance the traditional (average)
potential applications of the grain to be sold. The grain
qualities should be compared not only by how much
protein or gluten it contains: it is as important to collate
the quality levels and other consumer properties of
products of grain processing.

It is hardly possible to collate all the existing
standards, because in different countries, classification
parameters are determined by different methods.
However, it is possible to certify samples of wheat
which is classified according to the effective standards
of certain countries. For example, those accepted in
Ukraine can be compared with the American ones, and
vice versa. When determining the quality parameters, it
is important to use the same methods of analysis as
buyers from abroad would use.

Besides, the price should be viewed as an indicator
formed by market factors. In different years, grain with
different quality characteristics can differ in price
greatly. The same holds true for the difference in prices
for the same commodity in different locations
worldwide or even within Ukraine. Thus, with the
market factors left out, it is solely up to the contracting
parties to decide how the price will depend on the
quality [4,10-12].

A possible way of improving the quality of grain
lots is forming shiploads from different classes of grain
and grading it by different characteristics. Grading can
allow obtaining high-gluten grain flows. Usually, worse
grain is admixed to better lots of grain already graded.
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As a result, grain shiploads of mean quality are
obtained, which helps increase the profit [13].

The quality parameters of grain that enters grain
processing enterprises are unstable. They vary widely
depending on the agroclimatic conditions of cultivation
and varietal features. That is why grain to be milled is
formed into milling blends, which allows more
effectively using the grain materials present at an
enterprise and stabilising both the course of grain
processing and the quality of finished products. This is
aimed at obtaining a grain lot of mean quality, which is
further processed over quite a long period [14].

When forming milling blends, such parameters as
gluten quality and Falling Number are calculated by the
method of inverse proportions [15]. The Falling Number
is also calculated by the graphical analytical method. Prior
to applying it, the Liquefaction Number (LN) should be
determined. Since the Falling Number value is
logarithmically dependent on a-amylase activity, it is
impossible to calculate it in a milling blend: the expected
value will always be higher than the real one [14].

Different crops have a great many grain quality
parameters varying widely. That is why nowadays, to
form export consignments of the contracted quality,
grain stockpiling enterprises and grain transloading
terminals use established methods of calculating and
forming milling blends. However, grain delivery
contracts include many more quality indicators than
milling blends have. Besides, grain shiploads are so
large (50,000 tonnes and more) that exporters have to
use grain from quite a number of silos, which differ in
the quality of the grain stored. This makes it difficult to
balance the grain flows from different silos when
forming shipload lots, and does not allow mixing the
grain uniformly, let alone optimising the composition
and quality of a consignment.

Regretfully, in literature, there are almost no studies
of how to evaluate the uniformity of grain distribution
when forming shipload lots and how to improve the
methods of calculating and optimising them. These
problems determined the purpose and the objectives of
this research.

The purpose of the research is to study how the
indicators of wheat grain quality change when grain lots
are formed and loaded at grain terminals, which will
allow improving their quantitative and qualitative
characteristics.

The objectives of the research were:

— to analyse the structure of cereal crops loaded
onto ships at a grain terminal;

— to study the quality parameters of wheat grain
from different silos of an enterprise and the requirements
that contracts imposed on shipload lots;

— to analyse the technology of forming
consignments of grain at a grain terminal, and to study
the dynamics of the change in their quantitative and
qualitative characteristics in the grain mass;

— to determine the statistical characteristics and to
study the uniformity of distribution of grain with
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different quality parameters while forming a grain
shipload lot;

— to optimise the composition of a grain shipload lot
using linear programming methods, thus achieving its
lowest cost and compliance with the quality
requirements specified in the contract.

Research materials and methods

132

The research was conducted in a production
environment at the company Ukrelevatorprom in 2012—
2019. The grain tested had been brought to the grain
terminal from different regions of Ukraine.

At the first research stage, the data from weight
reports were statistically analysed. Based on this, the
quantitative and qualitative characteristics of grain
harvested in 2012-2015 were determined: the crops,
their volumes and ratios. At the second stage, in April
2019, while loading wheat grain harvested in 2018, the
current experimental values were determined for the
quality indicators the contract specified for the shipload
lot formed. The data obtained were processed in order to
determine the statistical characteristics of the shipload:
the mean values, standard deviations, and coefficients of
variation based on them. They allowed assessing the
changes in the quality indicators under study and the
uniformity of their distribution in the dynamic grain
mass of a shipload lot. At the final research stage, it was
shown how linear programming methods could be
applied to calculate and optimise the composition of a
grain shipload.

To characterise the grain quality, the following
parameters were determined: water content, foreign
material content, mass fraction of protein, mass fraction
and quality of gluten, Falling Number, content of smut
grains and of those damaged by sunn pest. The water
and protein contents were determined by infrared
spectroscopy on an analyser FOSS Infratech (DSTU
4117:2007), the content and quality of gluten by the
mechanical technique on an analyser PertenGlutomatic
(DSTU ISO 21415-2:2009), the Falling Number by the
standard Perten-Hagberg method using a Perten Falling
Number instrument (DSTU 1SO 3093:2009), the test
weight by the volume-weight method using a one-litre
drop-weight grain tester (GOST 10840-2017, IDT), the
foreign material content by means of sieve analysis, and
the contents of smut grains and sunn pest-damaged
grains were determined by visual estimation (GOST
30483-97, DSTU 3768:2010).

The uniformity of the quality of a shipload lot being
formed was estimated as follows. While the ship was
being loaded, samples were collected from every 500
tonnes of grain placed onto it, and the above parameters
of their quality were determined. On loading 5,000
tonnes of wheat, one averaged sample was formed from
the ten, and its quality was determined according to the
parameters specified in the contract. Thus, each quality
indicator of a 5,000-tonne shipload had 10 numerical
values. These data were used to calculate the following
characteristics of the grain lot: the mean value, the
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standard deviation, and, based on these, the coefficient
of variation. The value of the latter showed the level of
non-uniformity of the grain lot resulting from the
uneven distribution of each grain quality indicator in
the shipload lot formed. These statistical characteristics
were calculated in the MS Excel environment by the

formulae:
' @;-Qf

n
o= g sl Vo= (1
Q] n ' n-1 ! Qj @

where 6,— is the average value of a j-th quality indicator

of a 5,000-tonne averaged grain sample;

Qi j is a j-th quality indicator of an i-th grain sample
weighing 500 tonnes;

n is the number of grain samples (n=10);

S;j is the standard deviation of a j-th indicator of the
grain quality;

Vj is the coefficient of variation of a j-th indicator of
the grain quality.

For a shipload lot formed from individual grain lots
of certain quality (specified by the contract’s quality
requirements for wheat) that had been stored in separate
silos, the optimum composition was calculated by linear
programming methods. In particular, the Solver procedure
of the MS Excel spreadsheet was used.

Results of the research and their discussion

The first research stage was devoted to analysing the
quantitative and qualitative characteristics of the
composition of grain and oilseeds loaded onto vessels at
Ukrelevatorprom in 2012-2015. The results are presented
as a histogram (Fig. 1) showing the proportions of
different crops in the total volumes of grain loaded onto
ships in different years.

One can see that throughout the whole period
considered, the highest proportions were those of maize.
In 2013, its volume loaded was the largest — 41.5%. In
2012, 2014, and 2015, the proportions of loaded maize
were a little lower and ranged slightly within 33.7-36.0%.

The next highest proportions of the crops loaded by
the company were those of wheat grain and rapeseed. The
proportions of wheat loaded in 2012-2015 varied within
19.7-32.2%, the peak was registered in 2012, and in the
following years, they decreased to 19.7-24.0%. The
volumes of loaded rapeseed were within 14.4-26.0%,
with the peak in 2013.

The last two crops loaded in the similarly little
proportions 6.7-14.2% and 5.4-11.0% were, respectively,
barley grain and soya seed.

To form shiploads of wheat (one of the main cereal
crops), it is received by an enterprise and stockpiled in
separate silos. Up to the year 2019, it was stored
according to classes 1 to 6 (DSTU 3768-2010). Now, by
the new standard, it is sorted into classes 1 to 4 for storage
(DSTU 3768:2019). There can also be some substandard
wheat. As wheat grain differs in quality, the ratio of its
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classes usually changes with years. In 2013-2014, most
wheat grain was of classes 2-3 (37-48%) and 56 (3—
10%), but there was almost no grain of classes 1 and 4.
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Fig. 1. Percentages of different crops in the annual volumes
of grain loaded onto vessels in 2012-2015

At the next stage, a real industrial process of
formation of a wheat grain shipload lot was studied. The
company Ukrelevatorprom uses the following shipload-
forming technology. First, the contract’s requirements to
the quality parameters of a grain lot are analysed. Then
silos are selected where most parameters are the same as
those required by the contract. The critical indicators, with
values different from the ones specified in the contract,
are isolated. A sufficient number of silos should be
chosen to provide the required volume of grain for the
shipload lot to be formed.

The calculated proportion  (percentage) of
nonstandard wheat added to food-graded wheat before
loading a wvessel is based on the quality parameters
specified in the export contract and on the averaged
quality parameters for each silo, which are taken from the
report 1C:Accounting. When doing the calculation, it is
important that the worst averaged quality indicator of the
silos, during mixing, should not exceed the corresponding
parameter in the contract. In the course of loading a
vessel, the laboratory controls the actual quality and
corrects the proportions.

The equipment available allows loading grain onto a
vessel from the silos located in Sector 1 using one
conveyor with the capacity 500 tonnes/hour, and from
Sector 2, using three conveyors, 600 tonnes/hour each.
The total productivity of the line loading grain onto
vessels is 1200 tonnes/hour.

Let us consider in detail the formation of a shipload
lot in Ukrelevatorprom when loading wheat grain onto a
vessel with the displacement tonnage 35,000 in April
2019. Table 1 presents the quality parameters of wheat
grain stored in the silos chosen to load the vessel from.
The silos are located in two production sectors of the
enterprise. Besides, the table contains the standardised
values of class-determining grain quality parameters for
each class of wheat (DSTU 3768-2010. Wheat.
Specifications) and the requirements of the contract to a
shipload lot.
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Table 1 - Quality indicators of wheat harvested in 2018, stored in silos, and intended for shipload lot formation;
requirements to the wheat grain classes according to DSTU 3768-2010 and to the contract

(n=3, p=0.95)
. . . Not class-
o Class-determining grain quality parameters determining
(;ant]hgr ) ) Ma_ss Wet gluten _ _
silo and Wheat | Water T_est Forelgn Gral_n fraction Mass Qu_allty, Falling Sm_ut Sunn pest-
the class | content, | weight, | material, | material, of_ fraction units of | Number, | grain, dar_naged
sector % g/l % % protein, % ' the S % grains, %
% GDM**
w TW FM GM P MG QG FN SG SPG
2-1 3 12.2 799 0.7 5.5 12.0 23 75 315 5.8 1.2
7-1 nonst.*| 12.9 795 13 6.3 12.0 24 78 296 22 2.4
11-1 3 12.3 793 0.6 5.5 11.6 24 90 301 5.0 0.8
18-1 2 12.7 801 1.1 5.8 13.0 28 80 339 3.0 15
21-1 5 12.0 785 0.7 5.8 10.8 19 91 320 3.0 0.9
23-1 2 12.6 800 1.0 6.1 12.7 27 78 313 3.2 11
1-2 6 12.0 790 0.7 6.8 10.0 18 85 250 8.2 1.4
7-2 3 12.1 791 0.8 4.1 11.8 23 89 386 3.8 0.9
9-2 3 12.2 795 0.7 5.2 11.7 22 85 350 4.2 1.0
Standards of quality parameters for each class
2 <14.0 | >740 <2 <8 >12.5 >23 45-100 | >180 5
3 <14.0 | >730 <2 <8 >11.0 >18 20-100 | =>150 8
4 <14.0 | >710 <2 <10 >12.5 - - >150 5
5 <14.0 | >690 <2 <12 >10.5 - - >130 8
6 <14.0 — <2 <15 — — — — 10
nonst.* | The wheat quality tolerance limit meets no parameter of the minimum quality standards of
class 6 for common wheat; non-conformance is indicated (DSTU 3768:2010, paragraph
4.7).
Contract <3 |70 | 2 ~ | s115 | >23 ~ | 230 | <5 <
requirements

Notes: *nonst. — nonstandard wheat grain; **GDM - gluten deformation meter.

Analysis of these data has allowed establishing the
critical indicators of grain quality for each silo
(highlighted in bold). For silos 2-1 and 7-1, it is the
increased level of smut grains, for 21-1, it is the protein
and wet gluten levels lower than it is required by the
contract, for 1-2, it is not enough protein and wet
gluten and an increased smut grain content, and for silo
9-2, the critical parameter is a slightly lower wet gluten
level. In the indices of the silos, the first figure is the
ordinal number of a silo, and the second indicates the
production sector the silo is located in.

Thus, when feeding grain into a vessel’s holds, the
wheat from the above-mentioned silos with some critical
quality parameters should be graded up by adding certain
proportions of high-quality grain. While doing so, one
should only control the actual values (test values) of the
critical indicators of grain quality, as long as other
parameters of the grain in silos comply with the contract
requirements. Samples of grain, while it is transferred to a
vessel, are collected at certain time intervals. These
intermediate samples are tested to control their conformity
with the contracted quality parameters. It looks more
practical, though, to take samples after loading equal grain
portions. At the enterprise, each 500" tonne of grain fed
into the holds was sampled. Besides, out of these test
portions, samples are formed for every 5,000 tonnes of
the grain loaded, for each particular hold, and for the
vessel in general. The samples are sealed by a surveyor
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(independent inspector), who monitors the loading
process.

The actual and averaged values were obtained
experimentally for the quality parameters of the first
5,000tonnes of wheat grain loaded in late April 2019
onto a vessel with the deadweight 35,000 tonnes. The
grain started being loaded from Sector 1 (silos 7-1 and
21-1) and Sector 2 (silo 9-2). On emptying silo 7-1, the
loading went on from silo 2-1. It should be emphasised
that silo 7-1 contained large amounts of smut grain and
sunn pest-damaged grain (22% and 2.4% respectively).
The values obtained have been analysed, and the
results are shown in Table 2.

Analysis of this table shows that at the very start
of loading, some quality parameters of 500-tonne grain
lots are below the contract requirements (highlighted in
bold). Thus, in the first 1,000 tonnes of grain, the mass
fraction of wet gluten was somewhat smaller — 22.6%
instead of 23%, and the Falling Number, too, was
145-180 s instead of 230, whereas the smut grain
content was 6.95-7.8%, which is higher than the
normal value up to 5%. The loaded 3,000-tonne grain
mass had the Falling Number smaller than that
required by the contract. It varied within 142-215 s,
and only with further loading, its values achieved the
range specified in the contract (295-356 s).

Volume 14 Issue 4/ 2020




TexHonozisa i 6e3neka npodykmie xapuyyeaHHsa / Technology and safety of food products

Table 2 — Results of analysing the experimentally determined actual values of the quality parameters
of wheat grain that was loaded from several silos in parallel (n=3, p=0.95)

Mass Mass sunn
Indices of the silos Water | Test | Foreign | fraction | fraction | Falling | Smut pest-
Weight of the . content, | weight, | material, of of wet | Number, | grain,
grain loaded, t the grain was % gl % protein, | gluten S % dar_naged
' loaded from % ' % ' grains, %
w TW FM P MG FN SG SPG
500 21-1,7-1,9-2 11.9 784 0.54 12.4 - 180 7.80 0.8
1,000 21-1,7-1,9-2 12.0 798 0.44 11.5 22.6 145 6.95 0.9
1,500 21-1,7-1,9-2 11.8 789 0.54 11.8 - 190 13.10 0.9
2,000 21-1,7-1,9-2 11.9 793 0.38 12.0 23.3 142 9.70 0.8
2,500 21-1,7-1,9-2 11.7 784 0.46 11.9 - 158 4.60 0.9
3,000 21-1,7-1,2-1,9-2 11.7 798 0.34 11.6 24.3 215 3.00 1.0
3,500 21-1,2-1,9-2 11.7 804 0.34 11.6 - 343 1.40 0.9
4,000 21-1,2-1,9-2 11.8 795 0.30 11.7 23.0 356 2.25 0.9
4,500 21-1,2-1,9-2 11.9 800 0.40 11.8 - 321 1.60 1.0
5,000 21-1,2-1,9-2 11.9 794 0.34 11.6 24.4 295 1.40 0.9
Averaged sample |21-1, 7-1, 2-1, 9-2 11.8 798 0.49 11.7 23.8 176 5.1 1.0
Contract requirements <13 >770 <2 >11.5 >23 >230 <5 <2

It should be pointed out that the 5,000-tonne
averaged grain sample composed of the amounts
collected for analysis has some quality parameters that
do not meet the contract. These are the low Falling
Number (176s) and the smut grain content somewhat
higher than the norm (5.1%). Other quality parameters,
though, comply with the contract requirements.

It has been noted that the samples to be tested
in order to determine the actual quality parameters
were collected from every 500 tonnes of the grain
loaded. Thus, on loading 5,000 tonnes of grain, there
were 10 grain samples available. They were used to
form an averaged sample representing this volume
of the grain loaded. The quality parameters of this
sample, which were determined in the tests, gave an
idea of the mean quality of the 5,000-tonne wheat
grain mixture.

This mixture was tested for uniformity, because it
included grain taken from several silos and
simultaneously fed onto a conveyor and, further, into
the holds. To this end, such a statistical characteristic
as the coefficient of variation was used. It was
calculated for each quality parameter according to the
procedure described above.

The statistical values obtained are given in Table
3. Besides, it contains the experimentally determined
parameters of the quality of the average grain samples
weighing 5000 tonnes each.

Analysis of the data obtained has shown that the
pre-calculated arithmetic mean values of the quality
parameters of the 5.000-tonne grain mass loaded were
practically the same as the ones determined by the tests
(except for the Falling Number and the content of smut
grains).

The calculated coefficients of variation allow
estimating whether a wheat grain shipload formed is
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uniform or not. There is a convention in statistics [16]
that if the value of the coefficient of variation is lower
than 33%, the mixture is considered uniform, if higher,
non-uniform. That is, the 5,000-tonne wheat grain lot
loaded at the beginning can be viewed as uniform by
all of its quality parameters except for the Falling
Number and, most notably, the content of smut grains.
For the former, the coefficient of variation is 36.4%,
and for the latter, it is 78.3%, which exceeds the
permissible level by 33%.

However, from Table 3, it is clear that the
arithmetic mean values of the same quality parameters
are within the margin of error and thus meet the
contract requirements. In the arithmetic means and the
experimentally found quality parameters, the biggest
relative errors are observed for the foreign material
(16.3%), sunn pest-damaged grains (10.0%), and the
Falling Number (32.9%). For the rest of the quality
parameters, the relative errors are within 0.25-1.57%,
which indicates splendid agreement between the
arithmetic means and experimentally obtained values.

Analysis of entire Table 3 reveals that the least
uniformity (the highest coefficients of variation)
results from such parameters as foreign material
(20.82-50.93%), sunn pest-damaged grains (7.41—
25.76%), Falling Number (8.76-36.36%), and smut
grain content (35.88—78.34%). Despite the high non-
uniformity by these parameters, their numerical
values are within the limits specified in the contract
(the few exceptions have been indicated above).
Nevertheless, as early as at the stage of determining
the flows of grain loaded from certain silos, one
should bear in mind a possibility of a shipload’s low
uniformity by the above parameters.
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Table 3 — Experimental and statistical characteristics of the quality parameters of a 35,000-tonne shipload lot of wheat
grain tested while loaded at a grain terminal

Mass Mass
Weight Water Test Foreign fraction fraction Falling Smut | Sunn pest-
of the Characteristics content, | weight, | material, of of wet Number, | grain, damaged
grain % g/l protein, gluten, S % grains, %
loaded, t % %
w T™W FM P MG EN SG SPG
Experimental average 11.8 798 0.49 11.7 23.8 176 51 1.0
5,000 Arithmetic mean 11.83 794 0.41 11.79 23.52 234 5.18 0.90
Coefficient of variation, % 0.90 0.83 20.82 2.24 3.39 36.36 78.34 7.41
Experimental average 12.0 798 0.30 11.6 23.9 263 1.40 0.9
10,000 Arithmetic mean 12.07 792 0.31 11.59 23.13 273 2.33 0.87
Coefficient of variation, % 1.18 0.40 30.61 1.00 3.40 17.95 52.85 13.10
Experimental average 12.2 788 0.50 11.7 23.7 228 3.45 1.0
15,000 Arithmetic mean 10.86 713 0.71 10.61 24.08 228 1.62 1.01
Coefficient of variation, % 0.85 0.66 35.75 2.26 4.10 23.85 53.85 25.76
Experimental average 12.1 798 0.64 11.8 23.3 243 2.00 1.4
20,000 Arithmetic mean 12.32 792 0.62 12.02 24.64 240 1.60 0.81
Coefficient of variation, % 1.00 1.19 35.01 2.10 3.68 21.73 36.44 25.00
Experimental average 12.3 798 0.47 12.3 25.0 271 2.55 0.6
25,000 Arithmetic mean 12.28 799 0.47 12.42 25.38 295 1.48 0.61
Coefficient of variation, % 1.99 0.60 50.93 1.85 4.23 8.76 35.88 9.31
Experimental average 12.3 802 0.68 12.3 25.7 300 1.10 0.6
30,000 Arithmetic mean 12.13 801 0.43 12.62 25.28 293 1.59 0.68
Coefficient of variation, % 1.56 0.60 23.46 3.05 1.71 13.66 68.18 23.81
Experimental average 12.1 805 0.37 12.6 25.0 288 3.00 0.8
35,000 Arithmetic mean 12.13 801 0.43 12.62 25.28 293 1.59 0.68
Coefficient of variation, % 1.56 0.60 23.46 3.05 1.71 13.66 68.18 23.81
Contract requirements <13 >770 >11.5 >23 >230 <5 <2

The research conducted has shown that to form a
shipload lot, grain was simultaneously loaded from 2-6
silos, though it is technically feasible to load it from all
the 9 silos in parallel. For this, though, one has to know
the ratio of the volumes of grain loaded from each silo.
There were 4 critical parameters indicating low
uniformity of distribution in the grain mass, as shown
above. This means that calculating the ratio of grain
flows is hardly possible by the traditional methods
typically used, for example, when forming milling
blends at flour milling plants [14,15]. This is because
these calculations involve but few parameters of grain
quality and few individual lots of grain stored in
different silos. However, when we form large shiploads
from many silos, with numerous grain quality
parameters (usually about a dozen), it is quite a task to
determine the ratios among individual small-volume
grain lots of different quality. It is not even about how
to calculate the optimum composition of a lot like
this— the challenge consists in how to meet the
contract’s requirements to the quality of the lot formed.

Linear programming methods have been used to
solve the problem of how to make the composition of a
grain lot meet the contract requirements to grain
quality, with the available grain stocks of certain
quality taken into account. These methods, based on
mathematical models of shipload lots and on
requirements of a contract, allow finding all the
necessary ratios among individual lots (silos) meeting
all the quality requirements. Moreover, these methods
make it possible to gain certain benefits, like the
minimum cost of a consignment formed, or expending
high-quality grain more economically, etc.
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Table 4 — Volumes and prices
of wheat grain in the silos (2018)

Number of : L

the silo and Welgh_t of grain in a Price of grain, UAH/t

the sector silo M t
2-1 5800.14 5450
7-1 4156.15 5350
11-1 5314.60 5450
18-1 4858.96 5600
21-1 3430.94 5350
23-1 3712.92 5650
1-2 2810.25 5350
7-2 2885.98 5450
9-2 4763.44 5450

The composition of a shipload lot is calculated as
follows. First, a so called objective function (or an
optimality criterion) is formulated. Its value will show
the calculation objective achieved. The objective
function most common in solving compositional
problems is the cost function. It means that calculation
results in determining the cheapest grain lot of the
quality conforming to the terms of the contract. The
contract requirements are included in a mathematical
model as constraints (a range of required values of
each quality parameter specified by the contract).

We shall demonstrate the principle of calculating
the ratios of grain flows at an enterprise. Our
calculation will be based on the above-listed quality
parameters of grain in different silos and on the
contract requirements (see Table 1). For more accurate
calculation, one should also know the grain volumes in
each silo and prices of wheat grain (Table 4).
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Let us develop a mathematical model of a shipload
lot of grain. The objective function selected (OF) will
be the cost of a grain lot to be formed. A grain lot of
the optimal composition should have the minimum
cost:

OF = 5450x5.1 + 5350x7.1 + 5450x11-1 + 5600X1g.1 +
+ 5350%21.2 + 5650X23.1 + 5350X1.2 + 5450%7., +
+ 5450x%9.,—min, (2)
where xi is the percentage of grain from the i-th silo of
the j-th sector in the newly-formed shipload lot of
wheat, %.

Then the contract requirements to the quality
parameters of the shipload lot are written down as
constraints (inequalities).

The water content in grain should not be higher
than 13.0%:

W=12.2X2.1+12.9%7.1+12.3X11.1+12.7X18.1+12.0X21.0+

+12.6X03-1+12.0X1.0+12.1X7.0+12.2X92<13.0.  (3)

The test weight of grain should not be less than
770g/1:

TW=799X7.1+795X7.1+793X11-1+801X15.1+785X21.2+
+800X23.1+790X1-0+791X7,+795X%9.o>770. (4)

The foreign material content should not exceed
2.0%:

FM=0.7X2.4+1.3X7.4+0.6X111+1.1X18.1+0.7X010+
+1.0X23.1+0.7X1-0+0.8%7.2+0.7X90<2.0. (5)

The mass fraction of protein should not be less
than 11.5%:

P=12.0X54+12.0X7.1+11.6X11-1+13.0X15.1+10.8X01 o+

+12.7X23.1+10.0X1.0+11.8X7.0+11.7X92>13.0. (6)

The mass fraction of gluten (not less than 23%):

MG=23X.1+24X7.1+24X11.1+28X18.1+19X010+2 7 X031+

+18X1.0+23X70+22.0X92>23.0. (7)
The Falling Number (not less than 230s):
FN=315x%5.1+296X7.1+301X11.1+339X15.1+320X21.0+
+313X23.1+250X1.o+386X7.2+350x9.o>230. (8)
Smut grains (not more than 5%):
SG=5.8X7.1+22X7.1+5X111+3X18-1+3X21.0+3.2X03.1+
+8.2X1.0+1X70+4.2X9.0<5.0. (9)

Grains damaged by the sunn pest (not more than
2.0%):

SPG=1.2X5.1+2.4X7.1+0.8X11-1+1.5X15.1+0.9X21.0+

+1.1X23.1+1.4X1.0+0.9%7.0+1.0X9,<2.0. (10)

Since a shipload lot will be formed from grain
stored in different amounts in 9 silos, this is reflected
in the mathematical model as the following constraints:

m;= 35,000x;./100<M;, (12)
where m; is the estimated weight of grain from the i-th
silo of the j-th sector in the shipload lot composition, t;

35,000 is the total weight of the shipload lot, t;

Xij IS the estimated proportion of grain from the i-th
silo of the j-th sector in the shipload lot composition, %;

Mi; is the weight of grain (stockpile) in the i-th
silo of the j-th sector, t (see Table 4).

Thus, this system of equations and inequalities
(2)...(11) supplemented by the constraint of non-negativity
of the variables xi; and by the condition that their sum is
equal to 100% is a mathematical model of a grain shipload
lot. Its unknowns are the values of xij — the percentage of
grain to be taken from the i-th silos in the j-th sector for a
35,000-tonne shipload lot. This system was solved using the
Solver add-in of the MS Excel spreadsheet. The results
obtained are presented in Tables 5, 6.

As one can see, a shipload lot formed according
to the calculations performed will have the minimum
price possible, and will meet the contract by all the
quality requirements.

Field testing of the research results. These
statistical characteristics (how the values characterising
differences in the grain quality were distributed when
forming a wheat grain shipload) were obtained in a
production environment at the  company
Ukrelevatorprom. This can be considered partial field
testing of the research results: they were calculated
based on experimentally found actual values of the
quality parameters of grain in individual silos, in the
spot samples collected from each 500 tonnes during
loading, and in averaged samples of every 5,000 tonnes
of grain. Of course, the optimum composition
calculated for a shipload lot should be put to additional
production testing. It can be tested in grain terminals
interested in forming grain shiploads of the optimum
composition and quality.

Table 5 — Optimum proportions and weights of grain to be taken from the selected silos for a shipload lot

Indices of the silos and the sectors they are located in

Parameters

2-1 7-1 11-1

18-1

Total

21-2 23-1 1-2 7-2 9-2

Grain proportions Xij, % | 16.57 | 4.07 | 15.18

Grain weights mj, t

13.88
5,800.14 | 1,422.77 | 5,314.60 | 4,858.96 | 3,430.94 | 3,712.92 | 2,810.25 | 2,885.98 | 4,763.44 | 35,000.00

9.80 | 10.61 | 8.03 8.25 | 13.61 | 100.00

Table 6 — Estimated optimum values of the quality parameters of the planned shipload lot of wheat grain

Parameters w, % [TW, g/l |[FM, % | P, % | MG, % | FN, s | SG, % | SPG, % | Price, UAH/t
Quality parameter 12.31| 795 0.80 [11.82| 23.38 | 321 | 4.98 1.15 5,470.14
Contract requirements | <13 | >770 <2 |211.5] 223 |>230| <5 <2 -

Conclusions

1. It has been established that in 2012-2015, in the
Ukrelevatorprom grain terminal, the proportions of
annual volumes of different crops loaded onto ships
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were as follows: 33.7-41.5% of maize, 19.7-32.2% of
wheat, 14.4-26.0% of rapeseed, 6.7-14.2% of barley,
and 5.4-11.0% of soya beans. To form wheat grain lots
uniform by their quality (by the wheat class
composition), the enterprise needs more silos than for
other crops.
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2. It has been shown that in some silos, before
forming a shipload lot, the quality indicators of wheat
grain are sometimes different from those required by the
contract. The discrepancy with the contract requirements
most commonly reveals itself in the low content of
protein and gluten, increased content of smut grains and,
sometimes, of those damaged by the sunn pest.

3. The technology of forming wheat shiploads that
is traditionally used in the grain terminal does not ensure
the uniform quality of grain throughout the whole period
of loading a vessel, especially at its initial stages. In the
first 1,000 tonnes of a grain shipload formed, the weight
content of wet gluten was found to be 22.6% instead of
23%, the Falling Number was 145-180 s instead of
230s, and the content of smut grains was not the
tolerable 5%, but 6.95-7.8%. The subsequent 3,000
tonnes of grain loaded, too, had the Falling Number
142-215 s, which was lower than prescribed by the
contract. Only further on, its value achieved the required
range 295-356 s. It has also been shown that in an
averaged 5,000-tonne wheat sample formed from other
samples collected, the tests revealed some quality
parameters different from what the contract required: the
low Falling Number (176s) and the slightly increased
smut grain content (5.1%). Other quality characteristics,
though, complied with the contract.

4. While a shipload lot was being formed, its
statistical characteristics were determined. They have
shown that the calculated arithmetic means of the
quality parameters of the 5,000-tonne wheat samples

formed were practically the same as those determined
experimentally, except for the values of the Falling
Number and the content of smut grains.

The values of the coefficients of variation have
shown that the first 5,000 tonnes of the grain lot loaded
were practically uniform by all the quality parameters,
but the Falling Number and, most notably, the content of
smut grains. For the former, the coefficient of variation
was 36.4%, and for the latter, it was 78.3%, which
exceeds the permissible uniformity level by 33%. The
high non-uniformity by the coefficients of variation was
due to such parameters as foreign material (20.82—
50.93%), sunn pest-damaged grains (7.41-25.76%),
Falling Number (8.76-36.36%), and smut grain content
(35.88-78.34%). This means that after grain with some
quality parameters different from the contract
requirements is taken from the silos, it is distributed
unevenly in a shipload lot. So, grain flows from the silos
should be rearranged. However, despite some non-
uniformity of a grain lot at the start of its formation, the
average values of the contracted quality parameters were
within the standard limits.

5. A mathematical model of a shipload lot, with
linear programming methods used, allows optimising its
composition and thus meeting the contract requirements
in all the quality parameters. Loading grain from all silos
simultaneously (in parallel flows), with the optimum
flow ratio, will result in its even distribution in a
shipload, and the grain lot will be of higher quality by all
the parameters the contract specifies.
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JOCJIIZKEHHSA TA OIITUMIBAIA KIVIBKICHO-SAKICHUX XAPAKTEPUCTHK
CYJIHOBUX IAPTIM 3EPHA HA 3EPHOBHUX TEPMIHAJIAX

I'.M.CrankeBn4’,IOKTOp TEXHITHUX Hayk, podecop, E-mail: georgii.stn@gmail.com

AK.Kan!, kannuiar TexHiuaux Hayk, gouedt, E-mail: anfisakats20@gmail.com

B.M. IlInak?, 3acT. reHepaIbHOrO TUpeKTOpa 3 BUpobHuITBa, E-mail: Vitalij.Shpak@adm.com
'Kadenpa TexHomnorii 30epiranss 3epHa

Opiechka HaIllOHAJTbHA aKa/IEMisl XapuoBHX TEXHONIOTIH, Bya. KanatHa, 112, M. Oneca, Ykpaina, 65039
2TOB «Ykpenesatoprpom», 52/1, Byn. Yopromopcrkoro Kozamrea, Oneca, Ykpaina, 65003

AHoTamisi. PO3rIsIHYTO CTpYKTYpy BiJBaHTaXEHHS Ha CyIOHA pI3HHX KyJAbTyp Ha 3epHoBoMy Tepminani TOB
«YxpeneBaroprpom». Y 2012-2015 pp. Oyno BimBantaxeno 33,7-41,5% xyxypymwu, 19,7-32,2% mmennmi, 14,4-26,0%
pimaky, 6,7-14,2% stamento ta 5,4-11,0% coi. IIpn dopmyBanHi cymHOBOI mapTii 3epHa MIIEHHII Macor 35 THC. T OKpeMmi
mapTii 3epHa B CHJIOCaX He 3aBKIW CIIBMNAIAlOTh 3a SKICTIO 3 BHMOraMHM KOHTPAKTiB, HacamIiiepel 3a BMicToM Oinka,
KJICHKOBHHM, Ca)KKOBHX Ta ITOIIKOPKEHUX KIIOMOM-Yepernanikoro 3epeH. PeansHa TexHomorist GopMyBaHHS CyIHOBUX HapTiit
3epHa He TapaHTye PIBHOMIPHOI HOT0 SIKOCTI BIIPOIOBIK BCHOTO IEPiOy 3aBaHTAXKEHHS Cy[Ha, 0OCOOINBO Ha HOTO MOYaTKOBMX
eranax. Beranosneno, mo mepmr 1000t chopmoBanoi mapTii mireHnrti Mamu 22,6% MacoBoi YaCTKH CUPOi KIIITKOBUHH 3aMiCTh
23%, uncno maxinag gopiBHIoBaso 145-180 ¢ mporm 230 c, BMiCT caxkkoBoro 3epHa 6,95-7,8% 3amictb 5%. Y HacTymHMX
2000-3000 T mmeHuni Oyo0 MEHIIMM Bif KOHTpAkTy umcio mafinHs (142-215 c) i nume y nopanbmioMy HOro 3Ha4YeHHS
yBilUIO B HEoOXiqHM aianason 295-356 ¢ . V chopmoBanomy 3 5000t 3pa3ky HIIEHHII eKCIIEpIMEHTAIbHE 3HAYCHHS JINIIE
yucna maginag (176 c¢) ta BMicty caxkoBuxX 3epeH (5,1%) He 3aI0BONBHSIIM BHMOraM KOHTpakTy. Po3paxoBadi
cepeaHboapU(PMETHYHI 3HAUCHHS IIOKA3HUKIB SKOCTI C()OPMOBAHMX 3paskiB MIIeHWIl Macor no 5000T, mpakTH4HO HE
BIIPI3HSUIMCH BiJ €KCIICPUMEHTAIBHO BU3HAUCHHX, OKPIM YHCJIa IMaJiHHA Ta BMICTY Ca)XKOBUX 3epeH. OTpuMaHI 3HaueHHs
koeilieHTiB Bapiamil Moka3aid 3HaYHy HEOAHOPIAHICTh SKOCTI MapTii MIICHHI 3a CMITTEBOIO Jomimkor (20,82-50,93%),
TIOIIKO/DKEHUMH KITOITOM-4epernamkoro 3epHamu (7,41-25,76%), unciom naninas (8,76-36,36%) Ta BMiCTOM Ca)XKKOBHX 3epeH
(35,88-78,34%). Orrrumi3ariist CKIaay CyHOBOI MapTii METOAAMH JiHIHHOTO MPOrpaMyBaHHs JI03BOJIHIIA JOCSITTH JOTPUMAHHS
BUMOI KOHTPAaKkTy 3a BCiMa IOKa3HHKaMH sKocTi. OJHOYacHe BiJBAaHTaKCHHS 3€pHA 3 YCIX CHIIOCIB 3a ONTHMAaJbHUM
CIiBBIIHOILIEHHS TTOTOKIB JI03BOJINTh 3a0€3MeUUTH HOro piBHOMIPHUH PO3MOAIN y CYJHOBIH MapTii Ta MiABUIMTH 11 AKIiCTH 3a
BCiMa KOHTPAaKTHUMH ITOKa3HUKAMH.

KurouoBi ciioBa: 3epHOBI TepMiHaNIM, MOKA3HHWKU SIKOCTI MIIEHHIN, (OpMYBaHHsS MapTid 3epHa, koedilieHT Bapiamii,
OINTHMI3allisl CKJIay 36PHOBUX MapTiil.
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