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Abstract

Concerns about food safety continue to rise and under this
situation, governments of some countries have reinforced
their regulations more strictly for food safety. In order to
prevent food safety incidents or, at least to minimize the
impact, the preparedness is very important. As a
consequence of this, traceability system has become an
essential tool for food safety. Recently, it requires more
prevention-based food safety control system. One of the
most generally used systems for food safety control is
Hazard Analysis and Critical Control Point (HACCP). Both
traceability and HACCP systems can be integrated through
Electronic Product Code (EPC) Sensor Network
technologies which have four value propositions. In this
paper, we will introduce the concept of product and process
traceability system (P2TS) through the integration of three
systems to improve food safety management. The final aim
is to find out the added values of the P2TS.
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Introduction

After a number of food crises, such as BSE, food and
mouth disease, bird flu and, dioxin crisis and so on,
concerns about food safety have increased in the last decade,
since those food crises have had a heavy impact on food
industry. One of the most important impacts is that the food
crisis drop food sales dramatically affecting not only the
consumer’s physical health [1]. As a consequence,
consumer confidence also can be dropped [2]. Thus, this
restoration of consumer confidence is a critical issue in the
food industry [3]. In many sector throughout the world,
some food safety related regulations have been established
at government level. In December 2004, the US food and
Drug Administration (FDA) required every participant in
the supply chain to keep detailed information of all
foodstuffs [4]. On 1* January 2005, European Union (EU)
set more strict traceability requirements in the food industry,
which can be referred to The EU Regulation
178/2002(2001/95/EC), which also required both producers
and retailers to keep detailed information about all food
products as they move through the supply chain [S][6].
Japan also imposed a duty to beef industry to introduce
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traceability system from December, 2004. Among various
food safety management methods, traceability will become
the imperative concept for a successful solution. And Radio
Frequency Identification (RFID) technology is emerging as
great opportunities for effective and efficient traceability
system design [7].

In this study, we suggest RFID and EPC Sensor Network
based traceability system concept for food safety
management. Qur objective is to outline the traceability
architecture that can cover whole food supply chain, while
deriving added value of the fraceability system from the
supply chain management perspective.

Food safety management

The global importance of food safety has not been fully
appreciated till now. However, food safety is receiving
increasing attention in these days due to several reasons
such as, demographic changes, environmental hazards,
changing social and behavioral factors and, scientific and
technological progress [8]. In accordance with this, several
laws and regulations have been established. One of them is
recall system. A recall system must stop any further
distribution and sales of the unsafe food stuffs as soon as
possible and effectively retrieve the unsafe food. With this
preventive regulatory, Product Liability is the after the fact
regulatory to protect consumers from faulty products.

Another food safety related regulation is ISO 9001-2000
which is the world-wide quality assurance standard. [SO
9001-2000 is the complementary system for traceability
including extensive product supply chain from origin (farm)
to whole distribution. Goof Agricultural Practice (GAP) is
formally recognized in the international regulatory
framework and associated codes to practice to minimize or
prevent the contamination of food [9]. GAP is an effective
system that comprehensively manage agricultural chemical,
heavy metals and, microorganisms from cultivation stage of
product through harvest, processing, storing to distribution.
GAP includes a narrow sense of traceability and can
strengthen the traceability system. However, solutions are
often reactive, rather than proactive. The preparedness is
critical and if this preparedness can prevent the outbreak
itself, it will be quickly adopted by many food industries in
the world. In this study, we are focusing on the most
popular food safety management systems; Hazard Analysis
Critical Control Point (HACCP) and Product Traceability
System (PTS).



HACCP

In food safety control perspective, HACCP which is the
international reference system for food safety management
is the most generally used system [10]. According to
National Livestock Research Institute Korea, HACCP is the
network system for production and supply of food safe and
hygienic which made from control (removal) all the hazard
factors that would have influence on human being through
the stages of production, transfer, slaughter (1 processing),
manufacture (2" processing), circulation for animal (food)
production from farm to consumer [11]. HACCP is made of
2 main parts;

v Hazard Analysis (HA): Identify and analysis hazards.

v Critical Control Point (CCP). Managing the critical
point of the hazards that could have big impact on food
safety (on human being). Critical control point is any
point of hazard factors that have potential of negative
impact on food product safety.

And it has seven basic principles as shown in table 1,
which are used throughout the world [12].

Table 1 - The principle of HACCP (Source: Kirby, 1994)

level due to the lack of financial support and infrastructures
[14]. In addition to this, there are still many functions in the
manual HACCP performance system, which means there
could be possibility of error from manual {15]. In addition,
HACCEP itself can become very complex due to a lack of
internal knowledge of microbiological and toxicological
issues.[2] Although the problems in operating HACCP may
depend on countries and industries applied, a lack of people,
the neglect of duty of person in charge and time to
check/manage HACCP and, a lack of financial support
including equipment and facilities are mentioned as key
obstacles, especially in Korea [16][17].

Product Traceability System (PTS)

The Concept of Traceability System

The definition of traceability is various. According to 1SO,
traceability is defined as “the ability to trace the history,
application or location of an entity by means of recorded
information” [18]. In the food industry, traceability is
defined by EU as “the ability to trace and follow a food,
feed, food producing animal or substance intended to be, or
expected to be incorporated into a food or feed, through ali

stages of production, processing and distribution {19].

Product traceability can be distinguished in two ways

based on the direction to which information is recalled; i)

Backward traceability and ii) Forward traceability [7].

v’ Backward traceability (Tracing): the ability to find
origin and characteristics of a product from one or
several given criteria through the whole supply chain.

v Forward traceability (Tracking): the ability to find the
locality of products from one or several given criteria
through the whole supply chain.

Traceability system can be distinguished by several

perspectives as referred to table2 [20]{21].

Table 2 Types of Traceability

Principle | Subject Action

1 Hazard Construct a flow chart of the
analysis process stages. Identify and list

all potential hazards.

2 Identificati | Identify CCPs using a decision
on of | tree. Specify the systems of
critical control.
control
points

3 Establishin | Target values and critical limits
g critical | must be set for each CCP.
limits

4 Monitoring | Continual or regular registering

at each CCP to wverify
maintenance of control

5 Correction | Establish protocols for: (i)

when CCPs are moving towards
loss of control; and (ii) when
CCPs are out of control.

6 Verificatio | Establish systems to confirm

n the correct functioning of
HACCP.

7 Document | Establish documentation for all

ation of the procedures and records
necessary for the
implementation and operation
of the above procedures.

HACCP is based on being proactive rather than reactive

through a scientific analysis of risk in the supply chain,
which  means the most suitable  risk-based
prevention-focused system. By using HACCP system, it
can be done more easily for related monitoring institutions
to control and monitor more efficiently {13]. However,
HACCP has several limitations in its implementation. In the
main, it is very demanding to establish HACCP at the farm
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Criterion | Types Description
Business Chain traceability Traceability  through
scope the whole, or part of
supply chain
Internal traceability | Traceability in one of
the steps in the chain
Supported | Logistics Traceability which
functions | traceability follows only the

physical movement of
the product and threats
food as commodity

Qualitative Traceability which
traceability associates  additional
information relating to
product quality and

consumers safety

In food industry, traceability has broad meaning because
food is a complex product and traceability system has a
number of different objectives [22]. Golan et al indicated
motivations and objectives for private-sector and public
sector [23].




Motivations of Private sector are;
v To facilitate trace-back for food safety and quality
v To differentiate and market foods with subtle or
undetectable quality attributes
¥ To improve supply —side management
Motivations of Public sector are;
v To facilitate and monitor trace-back to enhance food
safety
v To address consumer information and knowledge about
food safety and quality
v To protect consumers from fraud and producers from
unfair competition
While the objectives of traceability in the private sector
are to assure buyers of the existence of quality attributes
including achieving motivations, those in the public sector
are to ensure that recordkeeping is sufficient for trace-back,
with the aims of mitigating foodborne public health
problems including achieving motivations. Through these,
we can say the reliability and effectiveness of the food
traceability system depends on the degree of accuracy of
recorded information. In addition to this, the efficiency of a
traceability system depends on the ability to collect the
information related to safety and quality [21].
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Figure 1 Food Traceability System

Limitation of Traceability for Food Safety Management

Traceability system is one of key components for food
safety management. However, we need to note that
traceability does not improve product safety, neither its
quality. It means that traceability itself does not change the
safety and quality of a food product [21]{24]. The initiative
role is to assure consumers’ health and safety by enabling to
recall hazard products rapidly in case of food crises. The
other side, according to Moe, traceability is an essential
subsystem of quality management [20]. Thus, in order to
get full benefits of traceability system, we should integrate
traceability and quality assurances.

EPC Sensor Network

Introduction to EPC sensor network

RFID system is in the limelight from many academicians
as well as practitioners these days. RFID tags can be used
to track the movement of food product from the “stable to
the table” and the more tightly the food retailers can
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Consumption

integrate their supply chain the less likelihood of errors,
The ability of RFID to trace and follow food, feed, food
producing animal or ingredients through all stages of
production and distribution allow food retailers to comply
with  increasingly  strict  international  regulatory
requirements mentioned above [25]. EPCglobal initiated
EPC as the next generation of product identification and has
started defining standards for an EPC network to support
the sharing of unique product identification information
among partners in supply chain [26]. EPC sensor network is
the unified and integrated framework of RFID and sensor
network with aims of supporting RFID class structure from
1 to 5. It covers whole architecture framework including
EPC, ID system, EPC middleware, Information Service and
discovery services and it can be distinguished itself with
established architectures with universal open networked
architecture while it is compatible with current architecture
framework [27]. This architecture is designed on the top of
current EPC architecture framework so that it can support
most of current wusages without breaking any
interoperability of diversified RFID tags. All sensor data
has at least one cobject to combine and information can be
stored in remote infrastructure network and communicate to
other sensor node with ad hoc technology. EPC sensor
network can store EPC information such as object
information, location, history tracking, the object state
history and, other sensor data. The architecture of EPC
sensor network is described in figure 2.

Adentification

N
Figure 2 The Architecture of EPC sensor network

EPC sensor network has four properties;

v Identification: RFID

v Networking: EPCglobal Network

v Communication: Ad-hoc and multi-hop technologies

v" Sensing: Sensor nodes

These four properties become value for EPC sensor
network and make sensor-based application services in
various areas.

Why EPC Sensor Network

From the RFID point of view, EPC sensor network is a
necessity in order to support current RFID tags because
current EPCglobal architecture supports only RFID class 1
or 2 in five classes. EPC sensor network architecture can
support more than current RFID tags.

In case of wireless sensor network point of view,
traditional approach is disconnected sensor network.

Gommunica



Wireless sensor network is dedicated application, local

scale, never-compatibility with others and, lack of standards.

EPC sensor network is internet scale sensor network, which
means interoperability, creating more value from network
of sensor network. In order to provide universal access to
the framework elements, EPC sensor network can use the
already established de-facto standard, EPC network.

Product and Process Traceability System

PTS is required to be bundled with quality assurances in
order to draw more values of traceability system. One of the
most popular and strong quality assurances in food industry
is the HACCP system.

These two food safety management systems can be
integrated through EPC sensor network to make food safety
management more effective and efficient.

Figure 3 The Concept of P2TS

The original objective of PTS is to assure consumers
health and safety by enabling rapid recall and withdrawal of
hazard products after incident occurs. From the traceability
data management perspective, the data can be split in two
parts; static and dynamic [21].

v’ Static data: product features that can not change, such
as retirement or catch date, country of origin, expire
date, size, and so on.

¥ Dynamic data: product features that change over time
while product is changing its ownership as moving
along the supply chain, such as lot or batch number,
order 1D, dispatch data, taste, content of chemical
components, any transformation data that have effect
on the product’s nature, and so on.

We note that the dynamic data includes safety and quality
related information, which is much more important for food
safety management. In P2TS, the information that is
currently collected by existing PTS, but also those dynamic
data can be collected automatically and continuously at
each critical control point by using EPC sensor network
technologies. An example of collecting data in meat
processing procedure in the concept of P2TS is described in
figure 4. In P2TS, this dynamic data can be collected more
efficiently and effectively by using sensor nodes than done
in existing PTS. The comprehensive architecture of P2TS is
described in figure 5. Each entity in food supply chain has
each HACCP system. For easy understanding, we assume
that P2TS is applied to meat processing supply chain. At the
farm level, EPC sensor network-based a pigsty environment
management, breeding management and, other HACCP
management (residue of antibiotics monitoring, medical

and feed stuff supply monitoring and so on.) are possible.
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Figure 4 An Example of Collecting data in P2TS Process

At 1* and 2" processing and, retailing phases, processing
procedure monitoring, especially CCPs, and other tasks that
have been conducted through RFID technologies
(shipping/delivering management, inventory management
and so on) are possible in P2TS. The point is that through
the P2TS, we can monitor some critical points more
efficiently by using EPC sensor network technologies.
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Figure 5 The Architecture of P2TS

Also, some problems in operating HACCP and PTS
mentioned previously can be dealt with in P2TS. From the
HACCP perspective, through automatic monitoring
(sensing) of P2TS, checking and recording task can be done
automatically and this results in more accurate data
capturing and reducing the time to check and record the
captured data.

In food industry, there have been a lot of deliberate
contaminations [28]. P2TS also reduce the probability of
this deliberate contamination through real time-based
monitoring. In current HACCP, many conduct stop
checking periodically, so that the information is relatively
static. With this static information, we can not know what
happen until next checking point. In contrast, P2TS conduct
real time-based monitoring so that we can get relatively
dynamic information. (This is different concept from
dynamic data described above.) So, there should be some
benefits from this dynamic information, which will be
considered and studied within our future study.

Moreover, via EPC network ,which is open de-facto
architecture, uniform data can be shared among partners in
food supply chain so that companies can reduce
information management costs and assure high quality data
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quality. And other operational efficiencies from using RFID
also can be achieved. Table 3 shows some advantages that
P2TS contributes to the current HACCP system.

Table 3 The contributions of P2TS to HACCP

HACCP P2TS
Operatio | Neglect of duty, Automatic checking and
ns Insufficient time to | recording:
manage, Labor | - accurate checking &
error including | recording
checking and | - time saving
recording processes | -  other  operational
and, possibility of | efficiencies,
deliberate Preventing  deliberate
contaminations contaminations
Monitori | Uncertainty of | Reducing the
ng and | when &  where | uncertainty,
correctiv | faults happen, Dynamic  information
e actions | Static information | from continuous
from spot checking | checking,
Situation-dependent
controlling
Network | Requires data code | Unified data sharing and
systems | mapping integrated control
- High cost and | through the entire supply
poor data quality chain
, Limited controls | - Time and cost saving
of the supervisory | for observing
officers/authorities | - Closer relationship
between farm staff and
processing companies
Table 4 Comparison between PTS and P2TS
PTS P2TS
Objective To assure | To ensure product
Perspective | consumers  health | safety from farm to
and  safety by | table and to assure
enabling rapid | consumers  health
recall and | and  safety by
withdrawal of | preventing food
hazard products | crisis
after crisis
Traceability | On  purpose to | On  purpose to
Perspective | prevent  diffusion | prevent a occurrence
and a recurrence, itself,
Identify the source | Identify and manage
of the hazard and | the CCPs where
the cause that | unacceptable hazard
generated it could be introduced
into the system
Safety Protective Prevention-based
Perspective | control-based safety | safety management,
management, Improve product
Not improve | safety or its quality.
product safety,
neither its quality

The current PTS and P2TS are compared in terms of
objective, traceability and, safety in table 4. The contents
are briefly dealt with in previous part.

The figure 6 depicts the system architecture of P2TS in full
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food supply chain. In order to establish cost-effective
system, we can use [P network including Internet and
Virtual Private Network (VPN) and web service [7]. By
implementing this system architecture, full HACCP in
whole supply chain can be achieved in compliance with the
trend. (There are indications that some governments see the
adoption of whole chain HACCP [14].)
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Figure 6 System Architecture
Furthermore, by using open architecture of EPC network,
which is de-facto standard, companies can easily exchange
traceability related data with their partners not only
domestically, but also internationally all over the world.

Discussion

The effectiveness of traceability system depends on the
degree of accuracy of information collected and the
efficiency of the traceability system depends on the ability
to collect dynamic data which is strongly related with safety
and quality [21]. In this paper, we propose the more
effective and more efficient traceability system than the
existing traceability system; Product and Process
Traceability System. By using EPC sensor network, the
degree of information accuracy can be increased and by
applying EPC sensor network to HACCP, the ability to
collect dynamic data also can be increased. With this P2TS
we can track and trace not only each product, but also each
process in food supply chain. Furthermore, this P2TS has
some advantages compared to the existing PTS or HACCP
system.

However, it is important to mention the limitation of our
study. The P2TS needs to be applied in practice in order to
test its effectiveness and efficiency through practical
implementation. Also, the level of difficulties of HACCP
implementation is various depending on the status of
information Technology (IT) infrastructure of a country and
the level of consciousness of sanitation. Basically, we
posited them based on Korea’s level.

Future studies still remain, We will study what kinds of
benefits are come from dynamic information in P2TS and
draw applications from them. Also, we will study the
integration concept between EPC sensor network-based
quality assurance and supply chain management in food
supply chain so as to get full benefit of P2TS. Finally, we
should apply P2TS to the real world in order to test both
qualitative and quantitative benefits.



Acknowledgments

This work was supported in part by “Development of
Sensor tag and Sensor node technology for RFID/USN™
project of ETRI through IT Leading R&D Support
Programs of MIC (Ministry of Information and
Communication), Korea

References

(1] Janses-Vullers, M.H., van Dorp, C.A. ,and Beulens,
AJM. (2003). “Managing traceability information in
manufacture”, /International Journal of Information
Management, Vol. 23, pp. 395-413.

[2] Sameer Kumar ,and Erin M. Budin (2005). “Prevention
and management of product recalls in the processed food
industry: a case study based on an exporter’s perspective”,
Technovation, Vol. 26, pp. 739-750.

[3] Viaene, J. ,and Verbeke, W. (1998). “Traceability as a
key instrument towards supply chain and quality
management in the Belgian poultry meat chain”, Supply
Chain Management, Vol. 3, No.3, pp. 139-141.

[4] N/A. (2005). “RFID: food for thought”, The
Manufacturer US, available at:
http://www.themanufacturer.com/us/detail.htmi?contents_id
=3300.

[5] Dimitris Folinas, loannis Manikas ,and Basil Manos
(2006). “Traceability data management for food chains”,
British Food Journal, Vol. 108, No. 8, pp. 622-633.

[6] Jones, P. , Clarke-Hill, C. and Comfort, D. (2005).
“Radio frequency identification and food retailing in the
UK?™, British Food Journal, Vol. 107, No. 6, pp. 356-360.
[7] Thomas Kelepouris, Katerina Pramatari ,and Georgios
Doukidis (2007). “RFID-enabled traceability in the food

supply chain”, Industrial Management & Data Systems, Vol.

107, No. 2, pp. 183-200.

[8] Kaeferstein, F. and Abdussalam, M. (1999). “Food
safety in the 21% century”, Bulletin of the World Health
Organization, Yol. 77 (4), pp. 347-351.

[9] FAO (2003). “Development of Good Agricultural
Practice Approach”, Concept paper for the FAO expert
consultation on Good Agricultural Practice, Rome.

[10] T.A. McMeekin, J. Baranyi, J. Bowman, P. Dalgaard,
M. Kirk, T. Ross, S. Schmid and, M.H. Zwietering (2006).
“Information systems in food safety management”
International Journal of Food Microbiology, Vol. 112, pp.
181-194.

[11] K.S. Seo, YM. Cho ,and H.K. Lee (2000).
“Development of network system for the application of
HACCP in livestock production stage”, Proceedings of the
8th Asian Federation for IT in Agriculture 2000.

[12] Kirby. K. (1994). “HACCP in practice”, Food Control,
Vol. 5 No. 4, pp. 230-236.

[13] NACMCF(National Advisory Committee on
Microbiological Criteria for Food) (1997). “Hazard analysis
and critical control point principles and application
guidelines”, Jowrnal of Food Protection, Vol. 61, pp.
762-775.

[14] Richard N. B., Pau!l J. R. ,and W. Paul Davies (2004),

“HACCP at the Farm Level- The Missing Link in Food
Safety & Security”, Proceedings of 14" annual world food
and agri-business forum, symposium and case conference.
[I5] Fawzy S. (2000), “Application of knowledge
management for hazard analysis in the Australian dairy
industry”, Journal of Knowledge Management, Vol. 4 No. 4,
pp. 287-294.

[16] K. E. Lee ,and H. S. Lee (2005), Influences of School
Food Service Dietitians’ Job Satisfaction and Perception of
Barriers to HACCP  Implementation on  Food
Sanitation/Safety Management Performance in Gyeongbuk
Province”, Journal of the Korean Dietetic Association, Vol.
11, pp. 179-189.

[17] H. K. Moon ,and K. Ryu (2004), “Usage Status Survey
on Some Essential Facilities, Equipment and Documentary
Records for HACCP Implementation in Contract
Foodservices”, Journal of the Korean Society of Food
Science and Nutrition, Vol. 33, No. 7, pp. 1162-1168

[18] ISO, E.S. (1995), “EN ISO 8492.1995”, European
Committee for Standardization, Point 3.16.

[19] EU (2002), “Regulation (EC) No 178/2002 of the
European Parliament and of the Council”, Official Journal
of the European Communities.

[20] Moe T. (1998), “Perspectives on traceability in food
manufacture”, Trend in Food Science and Technology, Vol.
9, pp- 211-214.

[21] Dimitris Folinas, loannis Manikas ,and Basil Manos
(2006), “Traceability data management for food chain”,
British Food Journal, Vol. 108, No. 8, pp. 622-633.

[22] E. Golan, B. Krissoff ,and F. Kuchler (2004), “Food
traceability”, Amber Waves, Washington, Vol. 2, Iss. 2, April,
2004, pp. 14-22.

[23] E. Golan, B. Krissoff ,and F. Kuchler, (2002),
“Traceability for Food Marketing & Food Safety: What’s
the Next Step?”’, USDA/Economic Research Service,
Jan-Feb, 2002, pp. 21-25. .

[24] Xiaojun Wang and Dong Li (2006), “Value Added on
Food Traceability: a Supply Chain Management Approach”,
Proceedings of 2006 IEEE International Conference of
Service operations and Logistics, and Informatics, pp.
493-498.

{25] Jones, P. , Clarke-Hill, C. and Comfort, D. (2005),
“Radio frequency identification and food retailing in the
UK?™, British Food Journal, Vol. 107, No. 6, pp. 356-360.
[26] Shin, D. H. and Sun, P. L. (2005), “Securing
industry-wide EPCglobal network with WS-security”,
Industrial Management & Data Systems, Vol. 105, No. 7,
pp. 972-996.

[27] Jongwoo Sung, Tomas L.Sanchez ,and Daeyoung Kim
(2007), “EPC Sensor Network for RFID and USN
Integrated Infrastructure”, Proceedings of Fifth Annual
[EEE International Conference on Pervasive Computing
and Communication.

[28] L. Manning, R. N. Baines ,and S. A. Chadd (2005),
“Deliberate contamination of food supply chain”, British
Food Journal, Vol. 107, No. 4,

-189-



