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Abstract

The article is devoted to issues of process
management and formation of the set product
quality as applied to the activity of meat facto-
ries. Topicality of the problem is determined by a
complex of factors, including information uncer-
tainty of the raw material base condition in the
field and individual companies. The authors pro-
posed to apply MultiMeat Expert software com-
plex (certificate of PC software registration
# 2013616949) consisting of five modules -
“Basic”, “Formula optimization”, “Expert sys-
tem”, “Production task”, “Meat boning and
trimming”, each of which is meant to solve indi-
vidual tasks.

The long-term objective of any meat factory
operating in market economy conditions is maxi-
mization of profit. This objective can be reached
by different ways, including ensuring of financial
stability of the company’s operation on account of
stable obtaining of profit, as well as continuous
sweeping and maintaining the market.

In order to achieve the specified objectives in
conditions of severe competition meat factories
have to widen the product range in the price seg-
ment from economy to business class, which al-
lows to retain consumers of their products. In this
connection, the company’s product range can reach
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several hundreds of names, where as least one
formula corresponds to each product.

Information uncertainty of the Russian meat
and meat food market caused by fluctuation of raw
material prices, instability of meat by-product
quality, constant appearance of new ingredients
and food additives leads the manufacturer willing
to produce competitive products to work with the
product formula with several alternative variants.
As a result, the technologist of the meat factory has
a huge range of formulas, which at formation of
the process task provokes a problem of operative
search of an optimal alternative product formula in
view of the stock balance, its prices and economic
efficiency.

It should be also noted that currently there are a
lot of small and medium companies, where produc-
tion tasks are performed by the technologist with
huge time expenditures. Such organizational ap-
proach within the framework of a large product
range does not allow to clearly organize ingredient
delivery and record from the warehouse for pro-
duction subject to the production task. There often
appear problems with recording of ingredient stock
balance and failures in fulfillment of the custom-
ers’ orders of finished products. As a result, the
company’s management cannot operatively receive
accurate information on the company’s economic
activity analysis by the following reasons: detec-
tion of profitable and loss-making products; ratio
of high- and low-profitable products in the total
volume of produced and sold products; differenti-
ate raw materials from suppliers and determine
optimal lines of its usage at the company. etc. Ab-
sence of a detailed analysis in the company gener-
ally leads to reduction of profitability and worsen-
ing of the company’s image. One of the ways out
of this situation can be advanced information tech-
nologies in the form of specialized computer pro-
grams meant for upgrading of process management
and simplification of technologists’ work.

However, it is known that widening of the
product range in different price categories is not
enough for successful activity of the meat factory.
It is necessary to ensure stable product quality,
which is rather complicated in conditions of infor-
mation uncertainty. The consumer generally refus-
es from products if they were at least once of bad
quality.

In this connection it should be noted that the
product demand does not only depend on the price
but also on its quality, which is laid at the process
stages, in particular at composition of the minced

at meat industry enterprises as a product quality factor

meat. It should be noted that minced mixture indi-
ces but not finished product indices constitute con-
trolled parameters. Therefore, product profitability
in many respects depends on the formula optimiza-
tion level. In order to obtain it the technologist
must solve a dual problem — the final product must
have a minimum cost but at the same time it must
comply with the set quality parameters.

Currently there are expressly regulated rules of
making formulas, generally they are created exper-
imentally, based on experience, knowledge and
intuition of technologists. It is surely easy to make
a formula if you have the entire ingredient range,
its good quality and price of ingredients, which is
not less that the competitors’ one. However, such
situation is rather an exception than a rule. In such
conditions it is hard for a technologist to ensure
stable product quality, therefore, application of
special software programs for optimization of
technologist’s work is deemed expedient.

Nowadays, on the IT market in the meat factory
sector many software products are offered, which
basically solve only problems of accounting auto-
mation at the place of production but are not abso-
lutely focused on solution of the above-mentioned
problems critical for the meat factory’s profitabil-
ity and image.

Currently the only system, which allows simul-
taneously to solve a wide range of process and ac-
counting tasks at enterprises of meat and fish in-
dustry is MultiMeat Expert software complex (cer-
tificate of PC software registration # 2013616949).
The program consists of five modules — “Basic”,
“Formula optimization”, “Expert system”, “Pro-
duction task”, “Meat boning and trimming”, each
of which is meant to solve individual tasks.

Main program functions include:

— formation of the meat cutting task;

—meat boning and trimming subject to the ac-
tual standards based on the type of animal and its
fatness;

— calculation of the cost of raw materials re-
ceived from meat cutting;

—automatic formation of meat boning and
trimming log books;

—analysis of standard and actual indices of
meat boning and trimming results;

— maintaining of the register of standard formu-
las of meat, fish and sausage goods;

—creation of operative (working) formulas
based on standards and adjustment thereof;
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Pic. 1. Fragment of MultiMeat Expert software complex. Meat trimming log book.

— minimization of the prime cost of the final —search of the optimal alternative formula for
product with preservation of its consumer proper- each product of the production task in view of the
ties; stock balance and product profitability;

— determination of optimal formula replace- — calculation of the formula in view of the lay-
ments in view of the current raw material prices; ing weight and the number of batches;

—ensuring of meat emulsion stability on ac- — calculation of the product economic indices,
count of calculation and adjustment of optimal including in view of the actual output;
physical-chemical and functional-technological — planning of raw material purchase;
characteristics; — automatic formation of the task to the minced

—creation of new products with the set con- meat maker based on the production task;
sumer characteristics and an optimal prime cost — automatic formation of the formula log book;
within minimum time periods, including for infant — adjustment of the production task in view of
food; the previously unscheduled changes of the product

— formula analysis by the expert quality system, order;
outlining of process problems and ways to solve — cancellation of product output with recovery
them; of the stock balance;

— calculation of the finished product output; — carrying out of the scheduled /actual analysis

— calculation of quality indices (protein, fat, of the work production;
moisture, caloric value, hydration factor, pH, etc.) — integration with management and accounting
of the finished product; programs (1C: Enterprise, Galaxy, Sprut software

— calculation of the water amount needed for program, etc.);
hydration of the formula ingredients; — online formula exchange via XNL files;

— calculation of the minced meat’s hydration — differentiation of access rights — formation of
level; users and management of their access rights to in-

— graphical analytics of formulas by different dividual program modules and functions;
criteria; — formation and print-out of reports.

—rheological analysis of summer sausage; Functions for accounting of warehousing activi-

— formation of blends (ingredient mixture, ties implemented in the program allow to:
whole minced meat, emulsions) making up the fin- — maintain accounting of receipts, expenditure
ished product; and balance of raw materials by batches;

— formation of alternative formulas; — specify justification of raw material receipts

— formation of the production task; and expenditure;

Economics & Management Research Journal of Eurasia

Russia, Chelyabinsk, South Ural State University



Quality management

Potoroko L1, Krasulia O.N., Tokarev A.V. Innovative solutions in management of process and accounting tasks

—use several price groups (actual, scheduled,
prices for different regions, etc.);

— set the actual quality of raw materials;

—track any raw material movement, which is
automatically recorded in the warehouse;

— maintain accounting of raw materials in dif-
ferent units of measurement and currency;

— maintain accounting of raw materials below
the set minimum for stock level control and timely
orders;

—maintain accounting of distribution of raw
material expenses subject to the production plan;

— keep records of raw material suppliers.

The program data base consists of the applica-
ble regulatory documentation and reference mate-
rials.

“Meat Boning and Trimming” module will be
primarily interesting to companies, which have a
butchering shop. The type of the screen window of
the trimming log book is shown in pic. 1. Let us
consider some of its capabilities.

If necessary, the company’s expert forms meat
cutting tasks in the program. This document can be
compiled both manually and automatically based
on the demand for raw materials of s specific pro-
duction task and stock balance.

Then the task is set for fulfillment.
Subject to the standards of raw mate-

at meat industry enterprises as a product quality factor

At development of the “Formula Optimization”
module we used experience and knowledge of ex-
perts in the sphere of modeling food mixture for-
mulas, who took part in development of the known
OPTIMEAT program (meat food formula optimiz-
er). Due to their work we managed to significantly
improve optimization algorithms, which allowed to
achieve higher results at formula optimization in
MultiMeat Expert software complex. Mathematical
apparatus and expert system of this program ensure
high efficiency of the modeling process and guar-
antee obtaining of an optimal ingredient composi-
tion of meat, sausage and fish goods formulas.

Main current task — minimization of the final
product’s prime cost provided that its consumer
properties are preserved.

The task of the program lied in determination of
the composition and the amount of the formula raw
ingredients on account of partial replacement of
the main raw material, current raw material prices
and fulfillment of the set requirements.

Let us demonstrate operation of MultiMeat Ex-
pert software complex by the example of searching
for an optimal alternative to “Vienna sausages with
cheese” basic formula TU 9213-010-40155161-
2002, which composition is specified in table 1

Table 1 — Composition of basic and alternative formulas

rial output (specified in the settings)

. Price Basic  Alternativ
the program calculates the amount of Ingredients rub/kg formula e formula
raw materials dependlpg on the cut- Unsalted ingredients, kg per 100 kg
ting scheme and the price. These data

. . ; Beef category 1 180,00 30,0 23,6
are fixed in meat boning and trim-
ming log books used for daily main- Beef category 2 140,00 14,0 4,7
g 05 : ¥ Mid-back fat 7500 20,0 19,2
taining of the entire meat cutting his- -
¢ . Hydrated soya protein 18,00 10 11,1
ory at the place of production. The Milk 1 51.00 > 71
operator adjusts these log books if the LLX powder 2 2
actual raw material weight received Mélange 30,00 2 —
from meat boning or trimming does Wheat flour 15,50 2 2,1
not correspond to the weight subject Cheese 140,00 20 21,3
to standard indices. Broiler breast 120,00 — 5,5
Ultimately, the program provides : Pork sk.in emulsion 9,48 - 6,9
for the fact that the raw material from _Animal protein (Tipro 600-25) 270,00 - 1,0
meat cutting is recognized in the Egg powder 80,00 - 0,5
stock balance or directed for utiliza- Vitacell 110,00 — 1,8
tion or to the trimming department. Spices and materials, kg per 100 kg of unsalted ingredients
All types of raw material movement Salt 4,00 1,8 1,91
from cutting are automatically rec- Sodium nitrite 50,00 0,007 0,007
orded in the programs’ warehouse. Complex multi-purpose additive
MultiMeat Expert allows to form and art. 42- 447 250,00 0,5 0,624
print-out different types of meat cut- Fermented rice 85,00 — 0,011
ting reports. Ice (water) 0 28,0 36,2
Cost of minced meat, rub/kg - 93,36 79,78
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Pic. 2. Fragment of MultiMeat Expert software complex. Comparison of qualitative characteristics of
basic (control) and alternative formulas.

(basic formula).

The following requirements were posed to the
alternative formula:

The cost of minced meat shall not exceed 80
rubles for 1 kg;

As a permissible replacement of beef, category
1, beef, category 2, and mélange the following in-
gredients were offered: animal protein, semi-fat
pork, broiler breast, pork skin emulsion, vitacell,
egg powder;

Calculation of the amount of ingredients is in-
cluded in the program’s functional;

By organoleptic and physical-chemical indices
the finished product shall comply with regulatory
requirements “Vienna sausages with cheese” TU
9213-010-40155161-2002;

pH factor of the minced meat of the estimated
formula shall be within the range of 6.0-6,4.

Ingredient composition of minced meat (in
terms of 100 %) shall comply with the require-
ments set out in table 2.

Table 2 — Requirements to ingredient composition
of minced meat (in terms of 100 %)

Ingredients No less No more
than, % than, %

Beef, category 1 15
Semi-fat pork 10
Mid-back fat 13
Broiler breast 4
Pork skin emulsion 5
Animal protein 0,7
Vitacell 1

Apart from optimization of formulas, the pro-
gram allows to perform graphical analytics of for-
mulas by different criteria. Pic. 2 shows a graphical
comparison of qualitative characteristics of basic
and alternative formulas.

Expert system is the program module able to
partially replace the specialist in solution of a prob-
lem situation. Such module is implemented in Mul-
tiMeat Expert program. It analyzes the formula
quality, detects technological problems and offers
ways of their solution to the technologist. Physical-
chemical and functional-technological properties
of ingredients are considered at the analysis.

Let us demonstrate operation of the expert sys-
tem by the example of analyzing classical formula
(basic) of cooked sausage consisting of PSE pork
(table 3).

Complex food additives sold on the Russian
market basically consist of the following ingredi-
ents: natural spices, essential oil and oleoresins;
taste boosters; colors; dye fixatives; water-holding
agents, etc.

The functional part of such additives generally
remains constant irrespective of the raw material
quality and production conditions. Therefore,
without consideration of peculiar features of raw
ingredients their application turns to be low-
efficient both in technological and economical re-
spects.

In the considered example the used raw ingre-
dient is PSE pork. It has a low water-binding and
water-holding capacity. In order to hold moisture
in the minced meat and not to let it escape at heat
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Table 3 — Cooked sausage formula consisting of PSE  to solve this problem as follows based on the
pork current availability of stock: use the following
s e Price, Y % @ngred%ents insteaq of “Rosmix Doktorskaya”
rub/kg ingredient: “Rosmix PSE System” (input per-
PSE pork 180 70 50,94 centage from 1 % to 1,5 %) and “Rosmix Aro-
1c beef 180 25 18,19 ma Doktorskaya” (input percentage from 0,6 %
Egg 120 3 2,18 00,7 %).
Milk powder 40 2 1,46 Subject to the expert system’s recommenda-
Total of basic ingredients 100 72,77 tions changes were made to the basic formula
Salt 5 2.3 1,67 with a repeated computer analysis. As a result of
Sodium nitrite 40 0,01 0,007 such analysis in the adjusted (alternative) for-
Ice (water) 34 24.74 mula the expert system specified in the recom-
Rosmix Doktorskaya 236 1.1 0.8 mendations that the forl.nu.la contained all neces-
Total amount 13741 100,00 sary components to eliminate the defected de-
Business calculation rub/kg fect. . . .
Cost of minced meat 12978 Result's of comparison of economic efficien-
Losses 372) cy gf basic and gltematlve formulas are present-
Output ng ed in table 4. It is clear that the expert system of
2 MultiMeat Expert program allows to reduce the
treatment, i.e. to minimize the risk of the broth-fat prime cost of the ﬁplshed prodgct. .
pocket formation, it is necessary to use additives in Results of comparison of qughty characteristics
the formula, which obligatorily consist of adapted of these formulas are presenteq n tab?e >
ingredients allowing to minimize the occurring Thus, the aboYe example ylsually illustrates that
risks. Therefore, mere usage of complex food addi- the recommendat}ons of the mtellc?ctual expert sys-
tives in the specified formula, for example “Ros- tem gllow Fo avoid Pprocess scralz n thq final prod-
mix Doktorskaya”, is not enough to ensure stable uCt’,,l np a?t.lcula.lr, app l1cat1‘on of “Rosmix PSE Sys-
quality of the finished product. tem” additive in the cons1dered'formu'la' allows to
As a result of analysis of the considered formu- reduce the content of salt, sodium nitrite and to
la the expert system outlined several problems: it reach an qptlmal pH value O,f the mmced meat,
detected PSE raw material; pH is shifted to acidity; Water-blndmg and water-holding capaglty (which
possible surplus are characterized by the complex hydration factor).
of residual sodi- ) ) . . .
um  nitrite; low Table 4 — Comparison of economic efficiency of basic and alternative formulas
hydration factor. Price Alternative formula Basic formula
In respect of Components rub/kg kg % kg %
each  outlined PSE pork 180 70 48,64 70 50,94
problem  the Beef Ic 180 25 17,37 25 18,19
program  deter- "Egq 120 3 2,08 3 2,18
mines a negative — ppjji powder 40 2 1,39 2 1,46
gnpact and gives Total of basic ingredients 100 72,77
its recommenda- g ¢ 5 2.3 1,6 2.3 1,67
tions on elimina- g, gy pitrite 40 0,008 0,006 0,01 0,007
thIl‘ thereof. I.n Rosmix Aroma
particular, n Doktorskaya 376 0,6 0,42
order 10 prevent Water/lce 40 27.8 34 24,74
broth-fat pocket Rosmp( PSE System 322 1 0,69
due to presence Rosmix Doktorskaya 256 1,1 0,8
of a big amount Total amount 143,91 100 137,41 100,00
of PSE raw ma- DBusiness calculation rub/kg rub/kg
terials the pro- Cost of minced meat 125,77 129,78
gram  proposed Losses 3,0 3,0
Output 139,59 133,29
ol
=
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Table 5 — Comparison of qualitative characteristics

Quality factors in Formula

finished product alternative basic
Water, % 65,23 63,93
Protein, % 13,05 13,55
Fat, % 17,80 18,64
Sodium nitrite, % 0,004 0,005
Salt, % 1,65 1,72
pH 6,05 5,90
Hydration factor 1,30 -0,11

Apart from the above capabilities, the program
exercises one more important function — formation
of production tasks and search of an optimal alter-
native formula for each product. This functional is
implemented in “Production task” program mod-
ule.

Alternative formulas allow the company to
profitably fulfill the customers’ orders of finished
products in conditions of changes in raw material
prices or breaks in its availability. For example,
there are failures in deliveries of any raw material
or any ingredient is absent in the warehouse. Ful-
fillment of the production task is doubtful. In this
case the program’s help can be priceless: the tech-
nologist can quickly choose an alternative variant
without violation of the product’s consumer prop-
erties.

Capabilities of this module:

If necessary, the company’s specialist forms
production tasks in the program, i.e. specifies what
products and in what amount should be manufac-
tured. Then, the program analyzes the task for
availability of stock in the warehouse ensuring its
fulfillment.

In case lack of raw materials is detected, the
screen displays what raw material, in what amount
and for what products is insufficient. This function
also allows to plan purchase of raw materials. In
case there are no problems with availability of raw
materials, the program determines an optimal al-
ternative formula, by which the product must be
produced, in view of the stock balance, its price
and economic efficiency of the product. Then the
task is sent for development, at the same time raw
materials are automatically written off from re-
spective batches of raw materials.

In the formula log book the program automati-
cally daily forms the bank (archive) of formulas,
subject to which the products were developed. It
also contains all information on the manufactured
products, including on deviations of the actual val-

ues from the planned ones. Production work analy-
sis functions allow to detect failures and to take
operative measures, as well as help the company’s
management to determine ways to increase the
volume of profit.

Working out of the company’s long-term de-
velopment strategy is a pledge of successful man-
agement. Usage of MultiMeat Expert software
complex allows not only to optimize the planning
and management process but also to reduce the
prime cost of produced meat foods and to cut in-
vestments in development of a new product range.

Thus, MultiMeat Expert is a modern tool both
for scheduled work and for solution of different
critical situations at enterprises of meat and fish
industry.
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