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line, as it is necessary to provide for the unambiguous identification of each individual
product. In order to compare the identification technologies, we have to consider several
factors. While there are numerous advantages and disadvantages for each solution in
comparison with the other techniques, we still cannot unanimously choose the one that
conforms to the requirements of the meat industry product chain the best, as there are
different challenges on each step of the product chain. We performed the comparison of
the identification technologies on the basis of different characteristics. Our objective was
to explore, systemize and analyze those identification technologies applicable for meat
industrial product chains. The regulations of identification provide for the continuity and
reliability of tracing among independent partners. Our research focused on food tracing
systems, utilized identification systems and those which may become applicable in the
future. We also studied information technology tools and examined the establishment of
Hungarian meat industry enterprises. Based on our survey, we established that the bar
code technique is currently the absolute leader in the sector, although modern solutions
provide numerous advantages, their profitable application is not possible for the time
being.

1. Introduction

In our days food safety plays an important role in all areas of the food industry. In the last three
decades, foodborne disease outbreaks were not uncommon due to several biological agents such as the
zoonoses infections (BSE, avian influenza, streptococcus, salmonella etc.) in addition to physical and
chemical residues and contamination in various stages of agricultural production, food processing and
transporting. These food-borne health risks and problems have revealed the need for food safety
related regulations that should be enforced to protect public health and to increase the trust of
consumers (Cebeci, Alemdar & Guney 2008).

Food production and processing are separated from each other in space and time. Foodstuffs
produced in large quantities may reach a great number of consumers in a short period of time on the
global market. The manufacture, distribution and retailing of foodstuffs became an extraordinarily
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complex business activity. This extraordinary complexity makes it necessary to develop overall
controlling processes that are indispensable if we want to guarantee the quality product of safe and
excellent foodstuffs. With a background like this, the complete food chain must provide for the
implementation of the strictest quality standards and safety regulations. Therefore, in every phase of
the food chain, from the purchase of raw material through manufacture, distribution and sales, whether
we examine a retail shop or a supply unit, the quality demands up to the actual products, processes and
handling methods should be fulfilled (Szakaly, Balogh, Jasak, Szab6 & Szente 2014). At the same
time, since consumers do not really have an overlook of the technology and circumstances of product,
only confidence in a manufacturer can help in choosing his food (Balogh, Békés, Gorton, Popp &
Lengyel 2016). Problems of food safety can be solved by keeping (and enforcing) applicable
regulations, by introducing modern quality management systems, by making possible the traceability
of products and their identification - beyond any doubt. The safety of product lines and tracing of
products cannot be solved without using information systems of a certain level. In any case, one could
greatly improve the level of food safety and the information supply by installing the newest
technologies and informatics facilities at every participant in a product line in the food industry.
Information technologies (IT) have the potential to support the meat sector in coping with the
challenges but they are also key enablers for some of the developments to take place (Herdon, Petd,
Botos & Varallyai 2014). Today’s drive towards globalisation builds on modern communication
technology, but it is also accelerated by the technology’s communication ability. From this dual
perspective, the adoption of IT by members of the meat sector is no longer a question of choice but of
survival (Schiefer & Zazueta 2003).

Implementation of effective traceability systems improves the ability to implement verifiable safety
and quality compliance programs (Gal, Nagy, David, Vasa & Balogh 2013). The resulting visibility of
relevant information enables agri-food businesses to better manage risks (Soltész, Sz6ke & Balogh
2013) and allows for quick reaction to emergencies, recalls, and withdrawals. These systems
significantly reduce response times when an animal or a plant disease outbreak occurs, by providing
more rapid access to relevant and reliable information that helps determine the source and location of
implicated products. Thus, information (about animal and plant health, country of origin etc.) at any
point in the chain from producer to consumer has become crucial (International Trade Center 2015).

In order to compare the identification technologies, we have to consider several factors. While
there are numerous advantages and disadvantages for each solution in comparison with the other
techniques, we still cannot unanimously choose the one that conforms to the requirements of the meat
industry product chain the best, as there are different challenges on each step of the product chain. We
performed the comparison of the most common identification technologies on the basis of different
characteristics (Figure 1).
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Figure 1. Comparison of identification techniques

At present the bar code systems offer the best solutions in the meat supply chain, therefore it is the
most popular automatic identification technology. The problems of manual identification can easily be
overcome by a relatively low investment (Fraza 2000), furthermore several checkpoints may be
established. However, if the special processes of production require or the environmental factors
necessitate, RFID technologies may be a viable option. Traceability operations become more efficient,
although RFID needs a great investment.

In addition to the analysis of IT support and development of quality management systems in the
meat industry (as refers to meat industrial product enterprises, the poultry industry is also involved),
our research focused on food tracing systems, utilized identification systems and those which may
become applicable in the future. We also studied information technology tools and examined the
establishment of Hungarian meat industry enterprises. The basis of the present study was a survey in
2009; we aim to investigate how the above mentioned factors have changed for the last seven years.

2. Applied methods

The Internet version of the questionnaire was prepared by a Limesurvey software system. The
software offers a solution with a full value, open code of source, and with a “php web” administration
surface in 50 languages, by which we can create an infinite number of questions and choices of replies
in twenty different types of questions. We stored the questionnaires and the data in a MySQL data
base, and then converted the answers using the application into a form that can be processed by the
SPSS program packet.

The chi-square test is used to investigate statistical association between variables. This is done
primarily by testing the null hypothesis of no association between a set of groups and outcomes for a
response. Pearson's chi-square tests were conducted using SPSS 22.0 to identify the differences. For
large values of %2, this test rejects the null hypothesis in favour of the alternative hypothesis of general
association. We use the standard 5% or 0.05 cut-off for defining what is a statistically significant
difference. Therefore, an associated p-value <0.05, means that there is significant evidence of an
association between variables (Balogh, Bai, Popp, Huzsvai & Jobbagy 2015).
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In order to meet our research objectives, a survey was designed, which enabled us to gather
responses from a large group of users. During the research several enterprises were contacted as a part
of a case study, however these cases can still be considered as individual cases and do not necessarily
reflect the general situation.

As there is not any comprehensive and available statistics on this topic, a questionnaire survey was
conducted to investigate the Hungarian situation. The research questions included the following:

e How often do product recalls arising from quality problems take place?

e What are the expectations concerning the introduced or planned quality assurance and
traceability systems?

e At what levels of the product chain are traceability information stored?
e In what detail do enterprises store the traceability data required by law?
e What product identification technologies are used?

e What percent of the annual revenue do the companies spend on the maintenance of their
IT system each year?

e Do the enterprises have IT systems supporting their economic activities, traceability of
their products and quality control?

The target group of the questionnaire survey included all the enterprises of the Hungarian meat
industry which had the legal permission to operate in Hungary. The companies consisted of meat
cutting factories, cold storage, processing factories, slaughterhouses, and factories producing
minced/separated/prepared meat. The list of the enterprises and their contact details were provided by
the Central Agricultural Office in 2009, while the latest data of the licensed companies on the website
of the National Food Chain Safety Office were used for the purpose of the analysis in 2016.

In the database the enterprises are categorized on the basis of the types of animals processed and
the scope of the activities of the businesses. First of all, the redundant data, as well as the incorrect or
incomplete addresses were removed. The companies dealing with bivalves, frog legs and snails were
not included in the analysis, as they may cause false results due to their sectorial characteristics, even
if their number is very low.

The firms were contacted by post or by using their e-mail addresses, if it was available. On the
basis of this, the response rate was above 21% in the case of both surveys. The questionnaire survey
was basically anonymous, as there were not any notes taken which could have identified the
respondents, however almost half of the companies provided their e-mails address, requesting
information about the results of the survey.

The analysed data are related to the situation in March, 2009 and in February, 2016. Before the
analysis of the actual responses, we examined whether the results of the two surveys are suitable for a
comparative analysis. In order to decide on this issue, we investigated three responses: the distribution
of respondents among the branches of the meat sectors, the size of the respondent companies and their
role in the supply chain. After the analyses, it was concluded that the distribution of the respondents
was proportional, therefore it is possible to analyse the development of the IT support of the meat
sector in Hungary.
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Figure 2. Sectorial distribution

As far as the sectorial distribution is concerned (Figure 2), we can conclude that the firms dealing
with pork processing were overrepresented (~35%), which was followed by the firms dealing with
food processing (20%) and commerce (18%). Obviously, an enterprise may be involved in several
areas, thus some businesses categorized themselves into more than one group. It can clearly be seen
that the distributions are similar in both surveys, which reflect the sectorial distributions, thus it is a
good representation of the Hungarian situation.

Most of the businesses in the survey are involved in meat processing (approximately 70%), while
the proportion of the firms dealing with animal husbandry is the lowest (Figure 3). When analysing the
distribution of the companies’ activities, it must be taken in account that the firms involved in animal
husbandry only, did not belong to the target group of the survey. Similarly, in the case of the
distributors of ready-to-eat products retailers and wholesalers were not included in the survey.
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Figure 3. Distribution of the companies’ activities

To summarize, it can be concluded that the distributions of the respondents are the same according
to all three aspects, which implies that the results of the two surveys can be compared and analysed.

3. Results

Relevant and reliable information is needed regarding the ingredients of a product and the
production processes so that companies may recall their products in case of a food safety problem.

A traceability system is the totality of data and operations that is capable of maintaining the desired
information about a product and its components through all or part of its production and utilization
chain (ISO 2007). A traceability system records and follows the trail as products and materials come
from suppliers and are processed and distributed as end products (ISO 2005). Therefore, the basis of
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all traceability systems is the ability to identify things that move along the supply chain. The basic
characteristics of traceability systems are as follows:

¢ identification of units / batches of all ingredients and products,
e registration of information on when and where units / batches are moved or transformed, and

e a system linking these data and transferring all relevant traceability information with the
product to the next stage or processing step (Pico 2012).

In our survey we investigated what kind of data the Hungarian meat enterprises possess about the
trail of their products. According to the 178/2002 directive of the European Union the direct partners
of the food supply chain are required to fulfil traceability tasks. We investigated what kind of
information the businesses have besides the required data concerning the complete product trail
(Figure 4).

The results indicate that the biggest information gap is at the traceability of the fodder, 29% of the
surveyed enterprises do not have any information about the forage of the processed animals, moreover
this rate further increased to 37% by 2016.

In the case of the other ingredients the information provision is approximately at the same level,
however as we are approaching the end of the supply chain, the firms possess more, and more exact
information, which demonstrates a great improvement for the last seven years.
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Figure 4. Traceability information supply in 2009 (A) and in 2016 (B)

According to our data the frequency of product recalls is increasing towards the end of the product
chain, which is not a surprising result. On the one hand, food safety problems are most often
experienced by the consumer, on the other hand the more ingredients a product has and the ore
processed it is, the more probable it is that problems arise.

It is important to note that an interesting result was found when the depth of the traceability
information was determined. Traceable Resource Unit (TRU) is defined as any item upon which there
is a need to retrieve predefined information and that may be priced, or ordered, or invoiced at any
point in any supply chain (GS1 2005). In practice it often refers to lot, batch, which is the smallest
uniquely identified entity that is created during the internal production process. According to Kim, Fox
& Gruninger (1995), unique identification and the size of the TRU is to key to the successful
traceability system implementation (Dupuy, Botta-Genoulaz & Guinet 2005).
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Both analyses indicate that approximately 50% of the Hungarian meat enterprises have individual
traceability data, which is by far the most expensive to store, however a product recall is definitely less
costly, as only the product with the problem must be recalled and not a larger quantity. According to
our case studies (Table 1), the daily TRU is more typical, which ranked as the second in our analysis.

Table 1. Size of the traceable resource unit (TRU)

Size of the traceable rescurce unit (TRU) * Year Crosstabulation

Year
2009 2016 Total
Size of the traceable Each product Count a1 26 77|
resource unit (TRU) 9% within Year 51 5% 50.0% 51 0%,
Adjusted Residual 2 -2
By slaughtering Count 19 2 21
% within Year 19,2% 3,8% 13,9%
Adjusted Residual 26 -2.6
Daily Count 20 14 34
% within Year 20,2% 26.9% 22 5%
Adjusted Residual -9 9
By shift Count [ 4 10,
% within Year 6.1% T.7% 6,6%
Adjusted Residual -4 4
Other Count 3 6 9
% within Year 3,0% 11,5% 6,0%)
Adjusted Residual 21 21
Total Count 99 52 151
% within Year 100,0% 100,0% 100,0%,
Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square 10.750% 4 030
Likelihood Ratio 11.781 4 019
Linear-by-Linear
Association 3.023 ! 082
N of Valid Cases 151

The survey of the Hungarian meat enterprises highlighted the fact that in 2009 only the firms with a
large revenue could afford the ERP systems (Table 2), their proportion did not reach 28%, and the
revenue of these firms was above 2 million Euros. As opposed to this, by 2016 their number grew to
more than 50% of all the surveyed firms, which results from two factors. First, there were available
funding resources for introducing ERP systems, which contributed to the substantial decrease of the
investment and license costs. Second, the expectations of the multinational companies concerning their
suppliers considerably grew, in several cases the suppliers are required to use information systems
furthermore, they are expected to use the opportunities provided by EDI. The results of the survey
demonstrate the proportion of the companies that use integrated systems. It can clearly be seen that the
number of companies using only individual, separated systems is decreasing.

Table 2. Usage of information system by Hungarian meat companies

Usage of information system * Year Crosstabulation

Year
2009 2016 Total

Usage of information system Mothing Count 39 12 51
% within Year 39.8% 26.1% 35.4%

Adjusted Residual 1.6 -1.6
ERP system Count 27 24 51
% within Year 27 6% 52.2% 35,4%

Adjusted Residual 29 29
Individual, separated Count 32 10 42
systems % within Year 32.7% 21.7% 29,2%

Adjusted Residual 1,3 -1,3
Total Count 08 46 144
% within Year 100,0% 100,0% 100,0%
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Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)

Pearson Chi-Square 8 200° 2 016
Likelihood Ratio 8,137 2 017
Linear-by-Linear
Association 038 1 846
N of Valid Cases 144

Resulting from the above mentioned data we investigated what percent of their annual revenue the
companies devote to the maintenance and improvement of their IT systems, and if they plan
investments in IT, what amount they are going to spend on it. In the case of the first survey some
exceptional cases were found, when some companies claimed that they were willing to spend 10-20%
of their annual revenue on their IT systems. However, their number was very low, and these were such
extreme instances that they were neglected during the analysis. These mistakes probably arise from the
incorrect completion or the misinterpretation of the questionnaire.

In 2009 the amount spent on the IT systems was approximately 0.6% of the revenue, which
changed to 0.7% by 2016. The amount to be spent on the planned investments and development of the
IT systems very slightly grew. The rate is extremely low, it must be emphasized that IT investments
should be increased to increase the competitiveness of the sector.

Identification technologies make the traceability of a product in a product chain possible and their
use is relevant during almost every phase of the product line, as it is necessary to provide for the
unambiguous identification of each individual product. Most traceability initiatives rely on
technologies to provide efficient, accurate ways to track and trace products and their movement across
the supply chain. This includes technology for product identification, information capture, analysis,
storage and transmission of data as well as overall systems integration. Such systems include hardware
such as measuring/sensing equipment, identification tags and labels, with software. Technologies for
identification can be groupped according to the method by which the encoded data is stored (Figure 5).
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Figure 5. Types of data carrier-based identifiers
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The following main groups can be distinguished:

e primary identification (based on the use of biological markers and feature extraction based upon
anatomical, physiological, biochemical or molecular, including DNA, methods of
identification), magnetic storage, optical storage, electronic storage,

e secondary or data carrier-based identification techniques in which a number or alphanumeric
string is used for identification purposes.

In the course of our questionnaire, we also examined product identification technologies (Figure 6).
Data collection using tools such as bar code and RFID is exceptionally accurate (>99%). These tools
scan, record product codes, lot numbers, invoice data, order numbers, and other information in less
than a second.

Bar codes { 34%

rrp ¥ 1%
3% 2009
LOT NUMber e ——————————— 0576 | & 916

{ 55%
Other (DNA, etc.) E 899%6

0% 10% 20% 30% 40% 50% 60% 70%

Figure 6. Data carriers of traceability information by Hungarian meat companies

3. Conclusion

Today various traceability systems are already in service for establishing safety in the food supply
chain. In fact, many food processors had traceability systems for meeting their specific needs
including management of recall mechanisms even before food safety regulations came into force. But
these systems have been mostly developed as ERP-based systems, and work as standalone applications
within the company itself. Since quick tracing of the origin of foods and recalling in a short time are
very difficult and costly with this kind of scattered and distributed traceability systems, integrated and
full traceability systems will be more efficient. The demand can only responded by using modern ERP
systems, which may be able to solve the problems of today’s quality food industry problems (Cebeci
et al., 2009). For the realization of expected traceability a lot of technology is available. Trends in
technology development are towards smaller and cheaper devices. The challenge is to put the type of
technology in place that best fits the goals set by quality management.

Based on our survey, we established that still the LOT numbers and bar code technique is currently
the absolute leader in the Hungarian meat sector. Although modern solutions provide numerous
advantages, their profitable application is not possible for the time being. Spreading of the new
identification technologies are set back by two major factors: One of these is the obviously high cost.
The price of RFID and DNA-based identifiers decreased in a significant way in later years. The cost of
identifiers per product (sometimes per kg) would allow for their usage, but the Hungarian meat
industry enterprises are often unable to pay the required investments connected with them beyond the
costs of identifiers attached to the products. Therefore, we also need decoding technologies,
development of the infrastructure and to prepare the information systems and develop human
resources. Consequently, with respect to the present income relations of the branch, the investment
recovery time is too long.
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On the other hand, modern identification techniques allow significant advantages over traditional
solutions, if their usage accompanies the whole product chain. At present, the most different solutions
are being used on those steps of the chain which are mostly incompatible. The systems cannot be
harmonized or only difficultly, and often there is a need for a new coding.

Application of the common standards are needed. The modern identification techniques can
increase the efficiency of processes in a way that the fit the information systems of both the enterprise
and its partners. Currently, there could even be several parallel standards for a given ID. The
integration of mobile and wireless technologies is important. Mobile phones and other portable
devices greatly help RFID technology becoming widely known.
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