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Abstract

While choosing one or another product from a wide variety on the market, we intuitively focus on the quality of the food product,
we pay attention to its source, raw material and how this food is made. At the same time, the same questions are being asked by
food manufacturers as they want to be sure of the quality and safety of purchased raw materials and ingredients. In both cases,
decisions should be based on the consequences they could entail. It must be acknowledged that any failure in the field-to-shelf
chain system may harm the consumers’ health, as well as may lead to disruptions and losses in the food industry. Producers and
consumers are increasingly concerned in the terms of life cycles. The life cycle is the most expressive and comprehensive approach
to achieve the highest usefulness of the made decisions. The fact is that life cycle problems can be solved, and product life cycles can
be managed, controlled and regulated. This is widely applied, for example, by the use of life cycle methodology in solving environ-
mental problems highlighted in this article. However, in the meat processing industry the standards of the ISO 9000 series are not
supported by this methodology. It was necessary to find and define the problem-exposed stages from the full life cycle of produc-
tion of meat and meat-containing canned food within the system “from the field to the shop shelf”. Those problem-exposed stages
are responsible for safety and quality of canned food and responsible for maintaining the safety and quality of ready-to-eat food
products, as the most relevant stages in the meat processing industry. Here the author proposes for consideration three stages of the
life cycle of canned meat and meat-containing food, including its pre-production, production process and post-production. It is as-
sumed that the impacts at certain limited stages of the canned food production cycle will be representative in terms of consequences
of applied decisions.
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Introduction he established the length of economic cycles equal to

The phrase “life cycle” is widely used in the natural sci- ~ 7-10 years long [8-10], and divided them into periods or
ences, in the humanities and social studies. However, it can  stages as presented below in the Figure 1.
be considered that the “life cycle” in relation to food prod-
ucts is not actually “life” one, since the food product does not
belong to living organisms and is not a “cycle” in the classical
interpretation of this word [1-7], since it is not closed like
real cycles. The application of this term in various spheres
of knowledge or in regulatory documents has a number of
features. It is interesting to analyze the terminology and the
possibility of its application in terms of its projection to meat
and meat-containing sterilized canned food. The results of
this research will determine the vector of development of
the scientific direction in the food canning industry. m:u Time flow

For the first time in economics the term “cycle” was

. - : ) Figure 1. The economic cycle after K. Juglar
used by K. Juglar. Being a physician by his education, (based on the materials of K. Juglar [9])
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In Soviet engineering V. Burkov and V. Irikov defined
the term “full life cycle model” as follows: “The full life
cycle model of an individual object is a description of the
sequence of all phases and stages of its existence, starting
from its conception and appearance (“birth”) to its disap-
pearance (“dying off”)” [11,12].

In the field of systems and software engineering the
standard of series ISO/IEC24748 gives the modern inter-
pretation gives the following definition of the term “life
cycle model” and “system life cycle”™:

« “life cycle model: Structural base for the processes and
activities related to the life cycle, which also serves as a
common reference for communication and mutual un-
derstanding between the parties”;

« “system life cycle: Development of the system under
consideration in time, starting from its conception to
its decommissioning”.

The model, being a specific object under regulated con-
ditions, shall remain unchanged. And thus, each specific
model of the life cycle (LC) of an object is nothing more but
just a projection of the full LC onto a certain type of human
activity. The number of life cycle stages (LC) in various fields
of science for objects varies. Life cycle models attract the at-
tention of not scientists only, but of practitioners also.

Objects and methods

The object of research was the life cycle of sterilized
meat and meat-containing canned food.

When studying the object, an analytical method was
used from the standpoint of epistemics, which allows clari-

tying the concepts of “life cycle of meat and meat-contain-
ing canned food” and “stages of the life cycle of meat and
meat-containing canned food” for the sterilized canned
food.

The prijection of the “life cycle” methodology onto the
production of meat and meat-containing canned food is
anew problem. Therefore, the research used the works of
scientists in the field of economics, management, ecol-
ogy and regulatory documents as the theoretical founda-
tions. The first stage in the sphere of this research was
the selection of relevant publications on the information
platform Elsevier, the national information and analyti-
cal portal eLIBRARY.RU for the period 1999-2022. The
design of a systematic review, based on the principles of
the PRISMA Guidelines (Preferred reporting items for
systematic reviews and meta-analyses), is presented be-
low in the Figure 2.

The following were selected as criteria for inclusion:
(1) compliance with the research topic by reference points:
life cycle, life cycle stages, life cycle model, food product,
canned meat; (2) areas of knowledge, enveloped into food
production; (3) original research results and reviews in
peer-reviewed journals.

The following were selected as criteria for exclusion:
(1) research conducted in the sphere of social studies and
sciences; (2) research conducted in the sphere of natural
sciences (chemistry, physics, biology, geology); (3) research
conducted in the sphere of technical sciences; (4) research
conducted in the sphere of social sciences and humanities
(except for economics).

Review and research articles, identified by:
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Figure 2. Design scheme of systematic review
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Retrospective of the use of the life cycle method

in different fields of knowledge

Aspects of the life cycle of enterprises / organizations

In order to define priority directions for development
of an enterprise or organization, it is possible to assess its
target state at each specific point in time. Five successive
stages of the life cycle are arranged along in the popular
model of L. Greiner [13]. These are: creativity, directive
management, delegation, coordination and cooperation.
In this case, each stage takes place after the “revolution”
which stems from a crisis. The “revolution” is explained by
strategic changes in the organization’s management, which
are confronted with active internal resistance. This leads
to the fact that managerial decisions that lead the organi-
zation out of the crisis, at the next stage, will become the
cause of this crisis [13]. The works of L. Greiner on deter-
mining the stages of the life cycle are based on theoretical
approaches, like most similar works.

According to Yu. Ovanesova [14] there are relatively
few researches focusing on the development of empiri-
cal life cycle models. These include, for example, the re-
searches of H. Hanks. H. Hanks and co-authors [15] de-
fined four stages of organization growth and defined life
cycle stages as a unique configuration of variables related
to the situation which the organization is located in, and
its structure.

The Russian scientist G. Shirokova applied different ap-
proach, but consonant with H. Hanks’s one, to creation of
an empirical model of the life cycle of an organization [8].
It defines the stage of the life cycle of an organization as
follows: “the configuration of internal variables that char-
acterizes the specific state of the organization at a specific
point in time and that changes during the transition to the
next stage of development” For Russian companies that
started their activities “from scratch”, the author defines
three stages — the stages of formation, growth and formal-
ization (bureaucratization) [16, 17].

Not all proposed models of the life cycle of an organiza-
tion feature stage of recession or crisis.

One of the first scientists who introduced the stage of
a company’s extinction, was I. Adizes, the largest busi-
ness consultant in the field of management. He identi-
fied ten stages in the life cycle of an organization: court-
ship, infancy, go-go, adolescence, flourishing, stability,
aristocracy, early bureaucratization, bureaucratization,
death (Figure 3). Quoting [18] I. Adizes: “I believe that
each system, “breathing” or not, has its own life cycle. We
know that living organisms — plants, animals, people —
are born, they grow, get old and die. The same thing
happens with organizations”. So we come to the conclu-
sion that he acknowledges the organization as a living
organism, therefore, the stage of extinction or death is
also inherent to the organization, but unlike a living or-
ganism, the organization has the opportunity to get out
of a crisis situation. But for a living organism death is
inevitable [19]. In accordance with I. Adizes’s concept,

a company is able to start a new life cycle after attract-
ing the attention of large investors at the moment of its
financial attractiveness.

_ New LC
-

w2
% _ / Stable
2 Late prime /=" Aristicracy
Early prime
f ., Recrimination
Adolescen o .Z[
Divorce .
Go-go /7 ™~ Founder or B LHEED T
Infancy / family trap

Infant mortality

Courtship ™., Death

Time

Figure 3. Stages of the life cycle of an organization
(according to I. Adizes’s materials of [18])

From the financial side, the life cycle of an organiza-
tion is reviewed by V. Dickinson. He specifies five stages
with unequal ratio of funds obtained from various types of
company’s activities: its emergence, growth, maturity, tur-
bulence and decline [20].

It’s necessary to change style of managing a company at
each stage of the life cycle, and the same is applied to the
sources of its funding. This assumption was put forward by
M. Scott and R. Bruce in their work “Five Stages of Small
Business Growth” [21].

Basing on the financial parameters at each stage of the
life cycle, I. Ivashkovskaya and D. Yangel [22] proposed an
aggregate indicator of company’s growth. As for the param-
eters of the life cycle stage, a specific weighting value was
defined, which determines the significance of the parameter
and the degree of its influence on the company’s growth rate.
The calculated index is obtained by multiplying the specific
weight and the actual value of the chosen parameter, which
in total gives the integral value of the growth factor related to
the period corresponding to the stage of the life cycle.

Thus, it allows tracing the value of both the financial
approach and strategic management in modeling the life
cycle of a company. Both approaches are important for
practice and for the theoretical analysis of company’s man-
agement. The relevance of empirical research for develop-
ment of new models of the life cycle is obvious.

The life cycle of an organization directly depends on the
life cycle of the product and the resources used.

Product Marketing Life Cycle Aspects

T. Levitt, who published the concept of the product life
cycle, states that the product exists on the market only for a
certain period of time, and sooner or later will be replaced
by a more perfect product [23]. Just as an organization goes
through certain stages in its development, the concept of
the product life cycle describes the stages of the emergence
of an idea (concept) of the product, and its introduction to
the market until its production is stopped (Figure 4).
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Figure 4. Product life cycle — the entire industry
(according to T. Levitt [23])
T. Levitt [24] also identified four reference points in
planning of marketing researches, which are presented
below in the Figure 5.
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- advertisement [Pl
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- outlet / shop location I
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Figure 5. Benchmarks of Product Marketing Planning
(Based on T. Levitt)
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As a concept the product life cycle guides managers to
analyze the activities of the enterprise, forms a strategy at
each stage of the product life cycle.

The marketing company Nielsen noted that 76% of con-
sumer goods released in the period from 2011 to 2013 did
not last more than one year on the market [25]. When de-
veloping new food products, the companies used consum-
er-oriented approaches. These consumers’ response tests
[26,27] took into account new food trends that influenced
consumers’ choice. At the same time, demographic, eco-
nomic, sociocultural or technological preferences of the
consumers were taken into account. However, at the pres-
ent stage, the question often arises of how consumers’ pref-
erences are taken into account after the product is launched
on the market, i. e. at the stages of the product’s life cycle.
The scientists aimed to clarify what interests of consumers
and at what stages of the product life cycle were taken into
account by European companies. Based on the conceptual
model, the frequency of using demographic, economic and
technological factors at the development stage and stages
of the product life cycle was shown. The results are shown
below in the Figure 6 [28].

The researchers conclude that there is a lack of consum-
ers involvement at the stages of the product life cycle. It is
proposed to use computer modeling to integrate consum-
ers preferences of all sphere and directions.

The result of consumers’ preference research conducted
by Ingredion showed that approximately 2/3 of consumers
read labels to get to know the ingredients when buying, for
example, cosmetics and 50% expect to see the composi-
tion without “unnecessary” ingredients [29]. Manufactur-
ers start to take into account the sources of the used in-
gredients, the capacities of production, emissions, and the
potential capacity of packaging [30]. So, to reduce water

Lifestyle changes | ——
Buying patterns | —

Technology of competitors | ———
R&D spending | ——
Consumers technology use |

20 30 40 50 60 70 80
% respondents

EmNPD ®mPLC
Figure 6. Frequency of using the various environmental factors (sociological, cultural, demographic, economic and technological)
in new product development (NPD) and product life cycle (PLC) [28]
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Figure 7. Anhydrous life cycle of cosmetic products [31]

consumption in the cosmetic industry, it is proposed to
reduce its amount in the product composition; it is also
proposed to use additional insulation in heating systems
to avoid energy losses [31]. Figure 7 shows the sustainabil-
ity of a water resource, used during the life cycle stages of
cosmetics. In addition to changing the composition of the
product, manufacturers keep looking for raw materials,
ways of packaging, ways of its promotion, method of use
and disposal of the product.

Standardization specialists, in order to help the compe-
tencies of employees of Russian enterprises and companies
responsible for product management processes, have de-
veloped the standard GOST R58537". This standard helps
focus on problems and develop new solutions along the life
cycle of the product. Meanwhile this standard determines
the following:

— “product life cycle”: <in the context of its stages> The
cycle, that covers four main stages of the product —
“launch’, “growth”, “maturity” and “decline” — and that
is associated with the active marketing of the product
in the market.

Note: Sometimes the product life cycle is based on a
process which includes five stages — launch, growth,
maturity, saturation and decline”;

“product life cycle: <in the context of time> The time
from the observation stage (including the stage of a
product creation) till the stage of bringing the product
to market. This time includes, in addition to the stage
of market observation, designing of idea, development
of the product and its productions that precede mar-
keting, including the phase of the product’s leaving the
market that follows the stage of active marketing.

'GOST R 58537-2019 “Product management. Fundamentals”. Moscow:
Standartinform, 2019. — 23 p. Retrieved from https://docs.cntd.ru/docu-
ment/1200167818 Accessed August 25, 2022. (In Russian)

Although the recommendations of the standard apply
to technical products, they can be useful in the sphere of
food production.

Aspects of the life cycle in ecology

The ecological state of the planet makes the scientific
community worry for a while already. Ways to address global
threats to humanity are being actively discussed. The agricul-
tural sector consumes a significant share of water and energy
resources at all stages of the life cycle of manufactured prod-
ucts, which has a significant impact on the environment. To
satisfy the vital needs of the modern population without re-
ducing the opportunities for the future generation is a model
of sustainable development [32]. A systematic approach to
the analysis of the ecological state of the production process
throughout its entire life cycle underlies the method of LCA
(Life Cycle Assessment). The negative impact of some pro-
duction processes on the environment served as prerequisite
for the development of the method (Figure 8).

At the first time life cycle of food products was assessed
in the early 1990s. Since then, life cycle assessment has been
used as an environmental performance tool to determine

Input Output
Acquisition of raw Products
———
—— Emissions into the
Raw products atmosphere
and materials | Production | —_—
—_— Water pollution
P e —_——
ower .
_ Use / Reuse / Service Solid wastes |

and maintenance

Water resources

Products suitable
for further use

——
Other
‘ Wastes management ‘ environmental
impacts

v

Figure 8. Functional model of the production system
in the method LCA [32]
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the stages of the product cycle that make the greatest nega-
tive impact on the environment.

International standards of the series ISO 14000 contrib-
ute to the implementation of the LCA methodology. More
than one product has been assessed in reference to the re-
quirements of these standards. Milk [33, 34], animal and
vegetable oils [35, 36], bread [37], meat [38, 39], chicken
[40], eggs [41], alcoholic beverages [42, 43].

Thus, the ecological attributes of pork have been studied
in almost all European countries [44, 45, 46]. Scientists in
Portugal focused their attention to the life cycle of pork pro-
duction, since this type of meat makes up 45% of the coun-
try’s total production [47]. And they focused their research
on the cradle-to-gate segment of the life cycle (Figure 8).
They excluded the stages of packaging, retail, consumption
and disposal from the system. The boundaries of the system
under research are shown below in the Figure 9 [48].

The life cycle of pork production has been divided into
three main stages: growing crops and production of forage
(S1), livestock production (S2) and slaughter (S3).

The results of the studies showed that among three stag-
es of pork production life cycle, it is forage production (S1)
that makes the greatest contribution to the environment.
This is attributed to the peculiarities of growing crops like
wheat, barley, corn and soybeans. In order to reduce the
load onto the environment, the authors proposed to find
alternative sources of protein, for example — to use the le-
guminous crops in the forage. The livestock stage (52) was
characterized mainly by on-farm emissions and emissions
related to manure management. The activities at this stage
have potentially contributed to climate change, eutrophi-
cation and acidification, respectively 30%, 40% and 75% of
livestock stage emissions.

The complexity and global nature of environmental
problems makes it impossible to understand quickly and

ek
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easily all the details of the problems and challenges. An-
thropogenic activities, among other things, increase the
concentrations of greenhouse gases in the atmosphere,
which persist for a long time [49, 50].

Quite few studies have been published on processed
and ready-to-eat foods.

The food industry is developing now, and according to
some authors about 20% of global greenhouse gas emis-
sions come from the food industry [51]. According to the
Australian Department of Industry, 21% of the entire food
industry accounts for the production of meat and meat
products in the country. It is the production and consump-
tion of meat, according to Troy and Kerry [52], which are
associated with climate change and exert the influence on
the environment. In Australia the popularity of the life cy-
cle assessment method keeps growing [53].

Canon Foods products were examined with the help of
the Life Cycle Assessment method. The research was aimed
to determine the categories of environmental impact: car-
bon footprint and embodied (operational) energy. Frozen,
pre-baked, ready-to-eat “Swedish meatballs” (beef) and
“Chicken breasts with crispy garlic” were analyzed. Figure
10 below shows the system life cycle boundaries for “Swed-
ish meatballs”. Similar boundaries are defined for “Chicken
breasts with crispy garlic” [54].

The solid-lined boxes in the Figure 9 indicate that the
data is obtained from surveys and consultations with man-
ufacturers. The dashed-lined boxes indicate that the data is
obtained from the key reference literature and widely ac-
knowledged databases.

The global warming impact of 1 k] equivalent caused
by production of Swedish meatballs produced by Can-
on Foods and delivered to Barrow Island, is estimated at
1.09 g CO, eq/k] carbon footprint and 4.15 k] embodied
energy [54]. At the same time, it was found that beef (the
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Figure 9. Boundaries of the Portuguese pork production chain system (reference script).
The dashed rectangles correspond to processes excluded from the assessment [48]
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ingredient of meatballs) accounts for 91% of the total car-
bon footprint. It is followed by 4% — transport, 2% for
electricity and 2% for packaging, and <1% vegetable oil.
The rest of the carbon footprint caused by the production
of spices and soy mixture, as well as process water. 48%
of the total embodied energy also comes from beef, 22%
comes from transport, 11.4% each from packaging and veg-
etable oil, and 7% from processed-related electricity.

There are publications on the study of processed food
products that have undergone heat treatment, i. e. steril-
ization: various types of legumes, seafood, products that
include raw meat.

For example, studies have been conducted on food pro-
duced from beans, peas and chickpeas, packaged and ster-
ilized in glass jars and metal cans [55]. The reviewed sys-
tem included the stages of the supply chain, starting from
the cradle till the gates of a factory, as well as disposal of
primary packaging, presented below in the Figure 11.

According to the life cycle, the environmental impact
of sterilized canned beans was assessed in terms of non-
renewable energy requirement (NRED), global warming
potential (GWP), water scarcity index (WSI), human tox-
icity potential (HTP) and freshwater aquatic ecotoxicity
potential (FAETP).

Cradle to Grave analysis
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Figure 11. Life cycle system boundaries [55]
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The comparable results were obtained for the stages of
the product life cycle in terms of non-renewable energy
and global warming potential. It is shown that the produc-
tion of the food package accounts for more than 70% of
the total negative impact on the environment. High energy
consumption in the production of metal and glass pack-
aging leads to high emissions of CO,. It was noted in the
metal package under review, the largest weight of the nega-
tive impact lies on packaging made of chrome-plated tin.
The authors proposed to switch to less energy-consuming
materials like paper or plastic package and change the for-
mat of food package. By the way, chrome-plated tin is pro-
hibited in the meat canning industry in Russia.

The experience of the method of assessing the seafood
life cycle in the analysis of their impact on the environ-
ment happened to be interesting. Previously this method
was justified to be relevant [56]. In a further study, the
authors focused on the comparative ecological properties
of the life cycle of fresh and canned mussels. As for the
canned food, the authors emphasized the potential danger
to the environment of fuel production and electric power
generation in the process of food canning, as well as during
the transportation of ready canned food. The special sig-
nificance of mussel cultivation in the ecological situation
is emphasized as well. Based on the obtained results, the
authors summarize the prospects and importance of using
the method of assessment of the life cycle in the produc-
tion of mussel food [57].

Among other types of seafood, tuna is one of the most
widely available canned foods on the market. There is infor-
mation about the assessment of this product from the point
of its environmental properties. In particular, the recycling
stage was noted as the largest contributor to the environ-
mental impact. The important and the least environmentally
friendly aspects of production are production and transpor-
tation of tinplate. Tinplate is the main material for cans pro-
duction. In order to reduce the impact on the environment,
the authors proposed to use the alternative package, for ex-
ample, plastic. However, the consumers were not ready for
these changes in their habits. It took some efforts of the pro-

fessional marketing companies to introduce the obtained
results of the research into practice [58].

The authors who studied the environmental load of an-
chovy canned food, came to the similar conclusions in the
context of production diversification. The system under re-
search was divided into stages of the life cycle, conventionally
named Cradle to Gate, Gate to Gate and Gate to Grave [59]:
 from cradle to gate, including anchovy harvest, energy,

water and fuel used, ingredients used and packaging

(consumer and transport), transport of raw materials,

ingredients and packaging;

+ door-to-door, including the production of canned an-
chovies and the management of sewage and fish waste;

« from the gate to the grave, including the distribution of
the finished product and its use.

The results of studies on canned anchovies showed an
increased demand for natural resources in production of
aluminum cans, which is 8 times higher than the cost of
food being canned with sauce. In addition, the production
of olive oil requires a large amount of water for growing
olive trees. These stages of the life cycle require appropriate
measures to be taken. Like in tuna production, the authors
suggest replacing metal package with plastic package, but
there is a problem of deterioration in quality of the product
and its rejection by the consumers. Replacing olive oil with
sunflower oil also raises a number of questions. Sunflower
oil production is energy intensive and has more negative
environmental impact due to the use of pesticides and her-
bicides in cultivation.

In the few publications on the evaluation of the life
cycle of the processed and sterilized product, the follow-
ing studies can be distinguished regarding meat and meat-
and-vegetable canned food. A characteristic was given
from an environmental point of view of the stages of pro-
duction of canned food “Lean pork” and “Meatballs with
peas” [60]. The system included all stages of the product
life cycle: production of meat — manufacturing of prod-
uct — product distribution — product consumption —
waste disposal. Canned food life cycle diagrams are shown
below in the Figures 12 and 13.

Distribution Use Final disposal

Meat production Food processing
Growth and Receptl?n, r'mcmg
5 and weighting of
fattening of pork
l meat
Preparation of
Transport Kneading < additional
ingredients
Slaughter Dosingand
canning
Sterilization by
autoclave
Packaging

Transport to
wholesalers by

truck

Consumption of
the product
without heating

Recycling of
tinplate

v

Transport to
retailers by truck

!

Dish washing

Transport to final
consumer by car
and on foot

Incineration of
food waste and
packaging

Figure 12. Scheme of the life cycle of canned food “Lean pork” [60]
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Figure 13. Scheme of the life cycle of canned food “Meatballs with peas” [60]

The assessment of potential environmental impacts of
canned food were assessed in 18 categories: climate change
(CC), ozone depletion (OD), land surface acidification
(TA), freshwater eutrophication (FE), marine eutrophi-
cation (ME), human toxicity (HT), formation of photo-
chemical oxidants (POF), formation of particulate matter
(PME), terrestrial ecotoxicity (TET), freshwater ecotoxic-
ity (FET), marine ecotoxicity (MET), ionizing radiation
(IR), agricultural land use (ALO), urban land use (ULO),
natural land conversion (NLT), water depletion (WD),
metal depletion (MD), and fossil depletion (FD).

The main conclusion based on the results of studies
on canned food “Lean pork” was made by the authors in
relation to the greatest environmental impact of dosing
and sterilization processes. These two stages together ac-
counted for 75% of the impact across all categories, and
over 90% in 15 categories. The reason for this is the produc-
tion of tinplate cans and high consumption of steam and
electric power respectively.

The authors came to the same conclusions regard-
ing the production of “Meatballs with peas”. But in the
production of this product, an additional contribution is
made by the preparation of herbal ingredients. Addition-
al ingredients are important contributors in the catego-
ries of terrestrial ecotoxicity (TET) and natural land con-
version (NLT) with a contribution of 57.7% and 69.2%
respectively. In addition, the used ingredients affect the
category of agricultural land employment (ALO) with its
contribution of 66.7%.

Having set the goal of becoming the first environmen-
tally neutral continent by 2050, the European Union in-
cluded the target of reducing greenhouse gas emissions by
55% by 2030 [61]. Therefore, the search and development
of alternative food products with a lower environmental
impact will be important for the EU [62].

The farmed meat was subjected to a life cycle assess-
ment taking into account the need for nutrients during
experiments on the proliferation and differentiation of
muscle cell line cultures [63]. The boundaries of the system
under study included the acquisition of raw materials and
the production of muscle cells. According to the results of
the research, it was revealed that the production of amino
acids provides the greatest impact on the environment.
Theoretical studies of scientists have demonstrated scripts
for the production of farmed meat with the potential to
reduce environmental impact, for example in relation to
the production of canned beef food.

Thus, life cycle assessment as a tool for determining the
environmental sustainability of agricultural products, pro-
cessed food products or various technologies is widely ap-
plicable [64, 65, 66]. Criteria in food development and food
system selection should be minimal environmental impact
and efficient use of natural resources. Steps are also being
taken to apply the life cycle assessment methodology, which
does not have a standardized form for food products [67].

In the early 2000s, the standards of the ISO 14000 se-
ries were adopted in Russia, but these standards were not
appropriately developed and applied, perhaps due to the
lack of the necessary relevant information and a meth-
odological basis for assessing the life cycle of products.
But the standards provide concepts and terminology
that can be used in further research work or can serve
as a basis. So, in accordance with GOST R ISO 14040
the following terms have the following meaning:

o “life cycle: The successive and interrelated stages of a
product life cycle system from its acquisition or its pro-
duction from natural resources or raw materials to its
final disposal in the environment”;

« “system boundary: The set of criteria defining unit pro-
cesses that are part of a product life cycle system”;
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o “product system: The set of singular processes with el-
ementary flows and product flows, which perform one
or more certain functions, and which models the life
cycle of a product”.

The forerunners in application of the process approach
to managing an organization or evaluating the environ-
mental profile of products were the standards of quality
management standards — series ISO 9000. The process is
managed through the Deming cycle Plan-Do-Check-Act
(PDCA), and it is recommended to apply risk-based think-
ing when developing the process controls. The process ap-
proach of quality management is illustrated below in the
Figure 14.

CONSTANT IMPROVEMENT OF QUALITY
MANAGEMENT

[CONSUMERS
(AND OTHER|
(CONCERNED

PARTIES)
ST S RESPONSIBILITY
OF MANAGEMENT

MEASUREMEN,
ANALYSISAND |-
IMPROVEMENT

[CONSUMERS:

AND OTHER|

[CONCERNED!
PARTIES)

Satis-
faction

MANAGEMENT
OF RESOURCES

Demands Input
and requi-
rements

PROCESSES
OF THE PRODUCT
LIFECYCLE §—%

Figure 14. Model of a quality management system
based on a process approach (GOST R ISO 9000)
——— — value-adding activity; sssssesssfie — data flow.

However, the process approach of ISO 9000 series qual-
ity systems does not provide for either product life cycle
models or life cycle analysis, which is important and ef-
ficient in problems solving.

Perspective of the life cycle method

in the projection of the production of meat

and meat-containing canned food

The life cycle, being a complex system, is applicable in
various fields of knowledge. Of all the many models and
concepts of the life cycles of objects or systems, none of
them has been used in analyzing or studying certain as-
pects of the production process of meat and meat-con-
taining canned food. The environment is changing, busi-
ness media is changing, political and economic situations
constantly keep changing, legislation is also changing,
consumer expectations are changing, suppliers are being
replaced by imposed sanctions, and all this does not have
the best effect on the targets of enterprises. It is necessary
to promptly and correctly respond to all changes — exter-
nal and internal. The epistemological approach to aspects
of the life cycle made it possible to judge how correctly
the term “life cycle” is applicable to the production of
canned food. The term “cycle”, mentioned in explanatory
and encyclopedic dictionaries, is a certain period of time
after which phenomena or processes are repeated in the
same order. Or, according to the philosophy terminology,

“cycle” means “..reproduction of the structure of changes
that repeat with a certain periodicity. For example, cycles
of economic development, solar activity, seasons, etc. The
cyclic changes, left unattended, maintain the existence of
their beings in a certain balance. Emergence of a new qual-
ity in result of development can break the previous circles
(cycles) and give start to new cyclic structures” [68]. In
the natural sciences, the life cycle is understood as a set of
stages of development, after which the body gives rise to a
new generation, closing the life cycle. Thus, any terminol-
ogy regarding the life cycle, adopted in different fields of
knowledge, reveals semantic coincidences and enables us
to speak of the life cycle as a temporal function of an object
from a set of arguments. In the context of this approach,
the canned food as an object has its own life cycle. There is
no cyclic repetition, of course. But canned food has a be-
ginning of its production and its final consumption.

The life cycle of any object requires a systematic ap-
proach during the process of its study. The use of a system-
atic approach to assessment of canned food technology has
previously made it possible to define the issue of getting
a safe and stable product quality as multifaceted and sys-
temic issue [69]. But it is not possible to cover the entire
system from the field to the shop shelf or to review the en-
tire life cycle of canned food within the framework of one
research; though it is not required at this stage of research.
It is known that the more indeterminates in a problem, the
more difficult it is to solve. It is necessary to determine the
boundaries of the system under review, adopting the expe-
rience of environmental management. Or in other words,
it is necessary to develop a model of the life cycle of canned
food, which is part of the system, and which will cover a
range of criteria that define singular processes.

While moving in this direction, it is necessary to clarify
some generally acknowledged and regulated formulations
in the standards, projecting them onto meat and meat-
containing canned food.

Let’s accept that:

« Life cycle of meat and meat-containing canned food:
The cycle of successive and interrelated stages of pre-
production, production process and post-production,
changing and shaping the state of canned food;

o Stage of the life cycle of meat and meat-containing
canned food: The part of the life cycle of meat and
meat-containing canned food, characterized by an ag-
gregate of implemented activities and their final results.
We clarity that:

1. The pre-production stage is a prerequisite for solving
problems to meet the goal set for the company. This
stage includes: the idea and concept of the product, re-
search and development (R&D) — analysis of existing
developments; development of the composition and
technological production chart; feasibility study, justifi-
cation and development of heat treatment modes, tak-
ing into account the shelf life of the products in certain
storage conditions; production of a prototype, its revi-
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sion if necessary; analysis of marketing research results;
drawing of necessary documents; development of tech-
nical specifications.

The stage of the production process is a complex pro-
cess of the combined actions of people and tools for
transformation of raw materials, ingredients, resources
and other items into finished products. In its turn the
technological process is a part of the production pro-
cess that contains purposeful actions to change and (or)
determine the state of the object of labor.

The post-production stage is a set of storage and trans-
portation processes that maintain and preserve the
quality and safety of the finished product. This stage
requires thorough attention, including the cases of un-
foreseen challenges that require quick solution.

Author of the book “System coaching of organiza-
tions. Organization under the microscope. View from
within” O. Weinberg [70] graphically visualizes the prob-
lem (Figure 15). In his diagram the degree of the problem
understanding is stretched along one axis. The other axis
defines the degree of understanding how to solve the prob-
lem. The problem as a whole, according to the author, is
divided into the “known” part, i. e. this part is understand-
able, the organization can realize what it is; and the “un-
known” part, when the organization sees and understands
the negative consequences and manifestations of a prob-

Definition of the
problem

Search for the

problem solution

Unknown
decision

Search for solution

Making / selection of
decision

Implementation of
decision

decision

>

Known problem Unknown problem

Figure 15. Matrix of problem solution (based on materials [70])

lem, but it has no idea of what exactly the problem is. The
author defines the problem as a kind of mismatch, a gap
between what we want and what we really have [70]. This
definition is quite fair and applicable to the canned food
technology. The model of the life cycle of canned food in
a visual form can be shown in the Figure 16. Preserving
the safety and quality of canned food in various situations
remains a problem everywhere in the modern world. Each
stage of the life cycle of canned food has a certain problem
that needs to be solved on the basis of a structured study
that does not have an unambiguous solution. The analyti-
cal way of presenting information as a source for finding
solutions is a feature of the problem-oriented approach.
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Figure 16. Model of problem-oriented stages of the life cycle of canned food
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Thus, pre-production is the stage where ideas are
born; the market and the target audience are studied,
the main characteristics of the product are determined,
technological regulations and recipes are developed,
heat treatment modes and patterns are substantiated
and tested, the shelf life of products is defined. At this
stage, it’s necessary to run the maximum number of
iterations of canned food production in order to make
it innovative and competitive. To competently rank the
new products by groups and types at the pre-production
stage, to lay down the correct ratios of ingredients when
designing a recipe on the basis of a deep analysis of tech-
nologies and regulatory documents for the first time in
the food canning industry has developed two types of
standards of the general technical conditions for ho-
mogeneous groups of meat and meat-containing food
products: GOST 34177% “Canned meat. General tech-
nical conditions” and GOST 32245° “Meat-containing
canned food. General technical conditions” These stan-
dards supplement technical regulation TR TS034/2013*
“On food safety of meat and meat products” in terms of
terminology. For each type of canned food the impor-
tant parameters like “mass fraction of meat ingredients”
are regulated by normative documents. In addition, the
range of food packages today is quite versatile. Based on
the results of both research activities and verification in
course of canned food production, a modern version

2GOST 34177-2017 “Canned meat. General specifications” Moscow:
Standartinform, 2018. — 23 p. Retrieved from https://docs.cntd.ru/docu-
ment/556309635. Accessed September 27, 2022. (In Russian)

3 GOST 32245-2013 “Meat containing cans. General specifications” Mos-
cow: Standartinform, 2019. — 14 p. Retrieved from https://docs.cntd.ru/
document/1200107342 Accessed September 27, 2022. (In Russian)

4TR CU034/2013 Technical Regulations of the Customs Union “On the
safety of meat and meat products” Retrieved from http://docs.cntd.ru/docu-
ment/499050564. Accessed August 15, 2022. (In Russian)

of the GOST 13534° “Package, marking and transporta-
tion” standard has been developed. This version of stan-
dard provides for requirements for both classic types of
packaging and for modern ones as well: polymeric and
combined ones. And this is a small part of preventive
measures aimed at solving the problem of canned food
quality and safety formation.

Conclusion

In the food industry nowadays insufficient attention is
paid to those production processes that affect formation
of quality and safety of finished food products. And hardly
any attention is paid to the stage of maintaining quality and
safety of food products. Inconsistency and lack of continu-
ity in the regulatory framework, scattered nature of practi-
cal skills for appropriate decision-making in conditions that
go beyond the normalized values revealed the necessity of
a unified methodological basis for identifying and applying
preventive measures in the problem-oriented production
stages, which ensure production of competitive products.
To solve problems based on a systematic approach and the
life cycle method, the innovations of various nature (tech-
nological, organizational, etc.) and of various scales (from
elementary scale to system-wide) shall be developed and
implemented. The formation and preservation of food qual-
ity and safety at production stages and at post-production
stages of the canned food life cycle will be the subject of fur-
ther publications. Yet the measures covered in this article,
taken in due time at the stage of pre-production, allow fix-
ing, eliminating and avoiding serious and costly mistakes in
the evolution of meat and meat-containing canned food.

> GOST 13534-2015 “Meat and meat containing cans. Packing, marking
and transportation” Moscow: Standartinform, 2019. — 11p. Retrieved from
https://docs.cntd.ru/document/1200133272 Accessed September 27, 2022.
(In Russian)
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