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Abstract

Background

Traceability of food products has become the farfuggional and national legislation, of
many research and technical development initiaesprojects, and of many scientific
articles. However, most of the scientific publioas do not differentiate between the
components of a traceability system, and thosed¢him some degree use inconsistent
terminology and definitions. This weakens the asialgnd the conclusions, and it can lead to
misunderstanding in relation to what a traceabgitgtem is, what the components are, and

how system functionality can be improved.

Scope and approach

This paper provides a structure for describing amalyzing a traceability system and
emphasizes the difference between the system misalgas opposed to the attributes of the
units that are traced. The basis for the classifinautlined in this article is practical
experience from traceability system implementationse food industry, and participation in
international standardization processes relatirfgad traceability. The references and the
authors’ experience are from the food sector, leicbmponent description is likely to be
relevant and applicable to any product tracealshtstem in a supply chain.

‘Traceability system’ is used as a generic terrthis article, encompassing the principles,

practices, and standards needed to achieve tréiteabfood products, regardless of how
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these are implemented. In practice in the food shgumost traceability systems are
computerized and they are implemented through sikteruse of information and
communications technology (ICT), but in principleaceability system could be manual and
paper-based (as was indeed common practice oely gdars ago), and the components

hierarchy outlined in this article would still bp@icable.

Key findings and conclusions

This paper identifies the general components cd@etbility system to be the identification
of the units under consideration, the recordinthefjoining and splitting of these units as
they move through the supply chain (the transfoiona), and the recording of the unit
attributes. The distinction between the differemiponents is particularly important when
describing and comparing traceability systems,vanen recommending improvements. In

both these cases, the respective components néedctmsidered separately.

Keywords

Traceability; Food traceability; Traceability systeTraceable Resource Unit; Product
attribute; Product identification; Product transhation.

1 Introduction

The term “traceability” is currently used more tharer, both in the food industry, and in the
production industry in general. There are manydaggearch and technical development
(RTD) initiatives and projects relating to (foodpduct traceability on company, national and
international level. There are food traceabilityugements in international legislation (e.g.
the European Union (EU): General Good Law (Eurof@ammisssion, 2002)) and in
national legislation (e.g. the United States: FD#oé& Safety Modernization Act (FDA,
2017)), as well as in intra-company contracts, thede is an ever increasing array of
electronic systems for handling traceability avalgeon the market (Espifieira & Santaclara,
2016). This trend is also reflected in the medirlas and scientific publications about food

traceability (see Figure 1).
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Figure 1. Scientific articles on food traceabifiyblished in the Scopus database in the period
1979-2016 (search term: “food traceability”; seadete: 23.06.2017).

However, many of these scientific publications mme®nsistent terminology and definitions,
not only when it comes to traceability in itselitlalso to traceability-related terms and
concepts, and to the components of a traceabygies (Jansen-Vullers, van Dorp, &
Beulens, 2003; Borit & Olsen, 2016; Olsen & Bo2®13). This article addresses this last
issue, and provides a general description of thepoments of a traceability system on overall
level. This article is partly intended as a sugeggsflossary for how to name and refer to
components of a traceability system, especialkgports and in scientific articles where a
certain level of consistency and rigour is requivd important application of this article is

to enable systematic study and classification efdbimponents of specific traceability
systems so that the defining features are higldjrend the system in question can be
compared to -, and to some degree benchmarkedsagdiver similar systems. Benchmarking
traceability systems is relevant when considerimgfand benefits in relation to various
options, when comparing systems in different orgations or in different parts of the same
organization, and when analysing strengths, weaease®pportunities, and threats related to

product traceability, or lack thereof.
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The basis for the classification outlined in thiscde is practical experience from traceability
system implementations in the food industry, andigpation in international standardization
processes relating to food traceability. For mbent20 years, the first author has worked
with traceability systems and implementations iriougs sectors of the food industry,

including meat, chicken, honey, mineral water, se@afood. During this time, the first author
has participated in the development of the gerferal traceability standard 1SO 22005 (ISO,
2007), led the development of the seafood tracéabtndards 1ISO 12875 (ISO, 2011a) and
ISO 12877 (ISO, 2011b), and together with the dibvauy is participating in the ongoing
development of ISO 22095 (ISO, 2017). The termigplosed and the concepts and practices
outlined in this article are in line with commoraptice in the food industry, and also in line

with the indicated standards.

2 Traceability and traceable resource units

Before going into details on what the components waceability system are, we need to
define what traceability is (Section 2.1), and veeadto define what it is we are tracing
(Section 2.2).

2.1 Definition of traceability

There are numerous definitions of (food produ@geability in international regulations (e.qg.
EU Regulation 178/2002) and standards (e.g. IS@2R@s well as in some scientific
articles (e.g. (Moe, 1998)). The authors have phklil a comprehensive analysis of
definitions of traceability found in legislatiom international standards, in some dictionaries,
and also the most cited standalone definition fdated in a scientific article according to a
systematic literature review of the field of fooddeability (Olsen & Borit, 2013). As
demonstrated in this previous research, most gktldefinitions suffer from recursion, i.e.
defining “traceability” as “the ability to traceithout defining “to trace”, or from not being
consistent with common usage, i.e. focusing on ealye properties or only on part of the
supply chain. After describing and analyzing inadlstthe problems identified with all these
definitions, the authors have proposed an impralefthition, which is used as basis for the
analysis and discussion here. Thus, traceabilithefsied as “the ability to access any or all

information relating to that which is under consaten, throughout its entire life cycle, by
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means of recorded identifications” (Olsen & Bo2®13). The content of this current article
does not depend on that particular definition;dbmponents of a traceability system are the

same regardless of which definition is chosen.
2.2 Definition of Traceable Resour ce Unit (TRU)

In this article we refer to “that which is undemsaderation” in the traceability definition as a
Traceable Resource Unit (TRU). This is a well-elsshlbd general term, used in many
scientific articles (Kim, Fox, & Gruninger, 1995gkepouris, Pramatari, & Doukidis, 2007,
Pizzuti, Mirabelli, Sanz-Bobi, & Goméz-Gonzaléz 132). As far as the traceability system is
concerned, a TRU can be any traceable object,\guchtly it is a trade unit (e.g. a case, a
bag, a bottle, or a box), a logistic unit (e.ga#qi or a container) or a production unit (i.e. a
lot or batch). An important distinction is betwaaternal units, which are defined by the
company in question (e.g. production lots or bagtla@d normally identified using company-
specific, internal codes that are not generallyensithod outside the Food Business Operator
(FBO), as opposed to trade units, which pass betwempanies and have to be identified in
a way that both trading partners can understandg&a Olsen, & Donnelly, 2010; Thakur,
Martens, & Hurburgh, 2011). There is also ofteneadrchy of TRUs, in that a box may be
part of a pallet that in turn may be part of a eamdr, and all these are considered to be TRUs
in their own right. The main focus in this articteto analyze the components of a traceability
system, thus we will not go into further detail whecomes to TRU types.

3 Components of a traceability system

The definition above refers to “recorded identifioas”, so in a traceability system there
must be some way of identifying the TRUSs, it refierSthroughout its entire life cycle”, so
there must be some way of keeping track of TRUimgiahips as they move through the
supply chain, and it refers to “any or all informeat relating to that which is under
consideration”, so there must be some way of reegréiRU attributes. Thus, we can broadly
identify the components of a traceability systerbeaas follows:

1. a mechanism for identifying TRUs; (Section 3.1)
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2. a mechanism for documenting transformations, oanections between TRUs;
(Section 3.2)

3. a mechanism for recording the attributes of the $RSection 3.3).

3.1 A mechanism for identifying TRUs

When choosing how to identify TRUs, we have to cwothe identifier code type and
structure (Section 3.1.1), we have to make choattsrespect to granularity and unigueness
of the code (Section 3.1.2), and we have to fiméhg to associate the identifier with the TRU

in question (Section 3.1.3).

3.1.1 Identifier codetypeand structure

When choosing a code or structure for the idemjiffeere are many options. Most often, the
TRU identifier is numeric or alphanumeric, and liregth can vary from a few characters
(used for internal batch identification) to a caupf hundred (used, for example, for
electronic product identification where the codesiad from a computer chip associated with
the TRU). The code can be a simple sequential waitheno inherent structure (e.g. batch
number 1 is produced on day number 1) or it car l@astructure where different parts of the
code have different meanings. On global level jbhernational, non-profit organization GS1
defines codes and number series to avoid accidemtade of numbers (Storgy, Thakur, &
Olsen, 2013). GS1 also defines how the numberdeagrinted in various machine-readable
formats, including bar-codes. An example of a naitvanced and lengthy code for TRU
identification is indicated in Table 1.

Table 1. A code structure example from the 96 I3flGerialized Global Trade Identification
(SGTIN) code used for electronic identificationpsbducts and business-to-business
transactions. TRU = Traceable Resource Unit.

Bit 1-8 Bit 9-11 Bit 12-14 Bit 15-51 Bit 52-58 Bit 59-96
_ N _ Item Serial
Header Filter Partition Company prefi
reference number
Indicates Indicates Indicates Indicates globglly didates a Indicates a
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191
192
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202

what type of [ what type of | how the rest unique uniquely unique serial
code itis. itemitis. | of the code i identification of identified number for
structured. FBO, including | producttype| the TRU in
country. within the question
company. (given the
product
type).
Example: Example: Example: Example: Example: Example:
0011000 | 001 meansitff 001 means | 000100000000011 1010101 | 101010101...
means that | is a Point of | the next 37 | 100011011100000 is some item| is the unique
this code is g Sale item. bits is the 1000100 is the | type that the | serial number
SGTIN. company | Abarta Coca Colgd company of the TRU
prefix, then 7 Beverages produces. | that this code
bits for item. company. is affixed to.

In practice, most codes used in the food industng (in the production industry in general)
are shorter and simpler than this, and contain féwlels. For instance, the fields “Header”,
“Filter”, and “Partition” are only relevant if sekad different types of codes use the same
structure, “Company prefix” is only needed for cedeat will be used outside the
organization in question, and “Serial number” isyarsed if each TRU has a unique identifier
(as opposed to several TRUs sharing the same figensee Section 3.1.2). Simpler and
shorter codes for TRU identification are commordgdi in the food industry; the SGTIN

code was selected as an example because it \isdamprehensive, and the fields in the

shorter codes will often be a subset of the fielddined in Table 1.

There are numerous schemes and standards desditbergnt types of code structures that
can be used, and details on this could warranta@endrticle in itself. For traceability
purposes, the uniqueness and granularity of the acelthe most important attributes, as

explained below.
3.1.2 Identifier uniqueness and granularity
For an identifier to serve as intended, it mustibigue within the context where it is used

(Regattieri, Gamberi, & Manzini, 2007; SennesetaBp& Fremme, 2007; Storgy et al.,
2013). The context can be the individual productamlity, the parent company, the supply
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chain, nationally or globally. GS1 issues codes @@ unique on national or global level, and
most trading standards refer to these codes, imguat point of sale to the consumer where

Global Trade Item Number (GTIN) codes are widelgdis

GS1 offers a wide range of codes. Some of thesescace meant for many TRUs (e.g. all
bottles of a certain brand from a given producdk have the same GTIN code), whereas
some are meant to be used on only one TRU. A omeaty relationship between codes and
TRUs is quite common in the food industry, when simglle code (unique within a context)
is found on many TRUSs. This happens, for examplemthe code describes a production
run or production batch that results in many TRidghe traceability system, this is
problematic, because the code in question doegaiot to one, and only one, TRU. Thus, as
far as the traceability system is concerned, thel§ Rre indistinguishable. In the real world,
the TRUSs are of course not indistinguishable, ahdenthey may initially share many
properties (e.g. origin, location, environmentatilatites), they are physically separate entities
and may have different paths through the supplynchilith the advent of longer codes, and
media that can carry longer codes (RFID chips itiqadar), one-to-one relationships
between codes and TRUs are becoming more commdibéba, Gay, & Tortia, 2016). This
Is similar, for example, to the relationship betwears and license plate numbers, or between
people and social security numbers, in that invargcontext there is only one unit (TRU in
our case) with a given code. A one-to-one relatignbetween codes and TRUs allows for a
more powerful traceability system. As the code nesassociated with the TRU, new
attributes of the TRU can be linked to the uniqadecin the traceability system. If a one-to-
one relationship between codes and TRUs does it #xs difficult to record attribute
values for the TRU in question in the system, ascthide in question is shared by several
TRUs, whereas the attribute value in question nwybe shared by all of them (e.g. exact

location at a given date and time).

To illustrate what the problem is in the absenca ohe-to-one relationship between codes
and TRUs, if a red and a green truck both transdoFRUs with identical codes from
production to storage and unloaded them theregitidvbe impossible to identify which TRU
came from the red truck, and which came from tleegrtruck. It could be that the cooling
system on the red truck broke down, and the TRUkahtruck were subjected to high
temperature for a significant time. If the red kamnd the green truck deliver their TRUs to

the same recipient, after delivery the TRUs thate&om the red truck can no longer be
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distinguished from the ones that came from thergteek, and later it would be impossible
to find out what route the TRUSs took to get themeg which ones had been subjected to high
temperature. Even if the truck drivers wanted tmrd information pertaining to the TRUs in
their truck, they could not do so, because there neaidentifier that the recording could be
linked to.

In this context, granularity refers to the amounprduct referred to by the identifier
(Bollen, Riden, & Cox, 2007; Karlsen, Dreyer, Ols&Elvevoll, 2012). Fine granularity
means that an identifier refers to a relatively b@@ount of product; coarse granularity is
the opposite. For the food business operator (FB®),s a trade-off; fine granularity means
more work and more cost related to data recordimppdysical separation of batches, but it
also means more accurate traceability, and a snzatieunt to recall if anything should

happen.

3.1.3 Association of identifier to TRU

There are various ways to associate an identifigtr & TRU. The most common is through
some sort of physical marking directly on the TRibn its label (Dabbene, Gay, & Tortia,
2014). Part of the marking is normally in plainttexd readable by humans, but it is often
supplemented by machine-readable codes such asdearor Quick Response (QR) codes. In
business-to-business transactions, radio-frequeelecyification (RFID) technology is also
increasingly used (Badia-Melis, Mishra, & Ruiz-Gar2015; Costa et al., 2013), with the
chip either physically attached to the TRU or te gackaging that the TRU is in (e.g. box).
Passive RFID tags require no battery and are bewpwary cheap, but a number of technical
challenges (e.g. sensitivity to deployment envirentpstill needs to be overcome in order to
harness the full potential of this technology (Bpkimplot-Ryl, & Stojmenovic, 2010). In
addition, this type of tag normally only carriepra-defined code. Active RFID tags use a
battery and can also record environmental parasétay. temperature, pressure, humidity,
Global Positioning System (GPS) location etc.),thely are more expensive. The identifier
may also be associated with the TRU indirectly,ifstance when a computerized traceability
system keeps track of exact TRU location (e.g. oareveyor belt), and the identifier is

known in the IT system, but it is not physicallasiated with the TRU in any way.
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3.2 A mechanism for documenting transfor mations

Once we have selected what type of identifier & asd we have found a way to associate
the identifier to the TRU, we need to document wieipens to the TRU as it moves through
the supply chain. The supply chain for food produstoften long and complex, and TRUs do
not necessarily last long; they are constantlyt siplj or joined together with other TRUs.
These splits and joins are referred to as transfboms, and the ability to document the
sequence of transformations is one of the most itapbfunction of the traceability system
(Dillon & Derrick, 2004; Olsen & Aschan, 2010).

3.2.1 Typesof transformations

A transformation is an instant or a duration ofd@imhere, at a given location, a process uses a
set of inputs (TRUS) to generate outputs (new TRBsamples of simple transformations

can be (Dillon & Derrick, 2004; Donnelly, Karlse$a,Olsen, 2009; Thakur & Hurburgh,

2009):

* “one input TRU, one output TRU”, where only oneuhRU is used to produce one
output TRU (e.g. one whole fish (input TRU) isdiktd and placed alone in a single
fish box (output TRU));

*  “merging of input TRUS”, where a number of inputU&are used in (mixed)
conjunction to produce one output TRU (e.g. twdeddnt feed bags (several input
TRUS) are poured into one feed silo (one output JRU

» “splitting of output TRUS”, where one input TRUused as basis for production of a
number of output TRUs (e.g. one meat producing ah{one input TRU) are cut into

numerous fillets that are placed in different bofses/eral output TRUS)).

In practice, the actual transformations in a sugplgin are often a complex mixture of the
simple types indicated above, and there is oftearg large number of transformations in a
given chain, involving many suppliers and many TR8Isftware implementations of

traceability systems often contain the functiowdiir visualizing the sequence of

10
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transformations as a directed graph, referred etesceability tree. An example of such a

graph is depicted in Figure 2.

T 50% 100% .. 100% 50%  _.. .80% 100% ...
(111 - 211 ol 311 5 > 411 )
T = 6:'(0 T S0 R
1200kg = 600kg ) 1200kg ° 960kg
N\ % P20%  21% [ 7
(122 Y, [ 222 ) (322 )4, o7 422 )
~. 5 olo ~_ ? ~. 3 ~
800kg S 1500kg 2% ,\<$"'° 1400kg 888kg
>
P . P I NP .
[ .:‘ o 3 K% ( ]
138 s B3 W o2 Y g 433
1200kg 1100kg o> 1080kg 1624kg
198 Voo 100% 22 7o%  100% 222 sy 67% 4
1600kg 1600kg 1120kg 1328kg

Figure 2. An example of a traceability tree withif@rocessing stages.

The nodes are TRUS, the weights are indicated b#lewodes, and the incoming and
outgoing amounts (percentages) from and to thesodisie processes are indicated on the
vertices. As an illustration, the diagram indicétest 600 kg of TRU 111 was combined with
900 kg of TRU 133 to make TRU 222. The 1 500 kg T&A2 in turn went into TRU 311
(600 kg), TRU 322 (300 kg) and TRU 333 (600 kg) &given TRU, the TRUs that was
used to produce it is commonly referred to as ftheent TRUs”, and the joint collection of
all parent TRUs, grandparent TRUs etc., goinghedlway back to the start of the chain, are
referred to as “the ancestor TRUS” or just “theemtors”. Thus, the ancestors of TRU 333 are
TRUs 222, 111, 133, 244, and 144. For a given TiR& TRUs that it produced is commonly
referred to as “the child TRUs”, and the joint egtion of all child TRUs, grandchild TRUs
etc., going all the way forward to the end of thain, are referred to as “the progeny TRUSs”
or just “the progeny”. Thus, the progeny of TRU 24é TRUs 333, 422, 444, 344, and 433.
Knowing the ancestors and progeny is particulalgvant if some sort of contamination is

identified in the TRU in question; the ancestorstrhe examined to identify where the

11
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contamination originated from and, thus, help idgnthich other TRUs might be
contaminated, and the progeny are considered camaged, and must be recalled.

This traceability tree is very simplified, with foalearly defined stages of production
(indicated by the first digit of the TRU identif)jeonly one interchangeable type of raw
material / product, 100% constant yield (no loasjery short chain, and very few nodes. In
general, a real life traceability tree for an atsugpply chain will be a lot bigger and a lot
more complicated. Also, unless the FBOs are vélyigategrated through the supply chain
and share information freely, it may not be possfbl anyone to visualize the entire
traceability tree, but respective subsets of the tan be visualized in each company in the

supply chain.

3.2.2 Direct or indirect recording of transfor mations

Recording of a transformation is simplest when wevk the input TRUs identifiers and the
output TRUs identifiers; then the relationship betw inputs and outputs can be recorded
directly. However, in many processes the detaikheftransformation are not explicitly
known, either because of undocumented mixing, ocabige data are not recorded. An
example of undocumented mixing is when feedbagadded to a non-empty feed silo, and
feed from that silo is used as input into a pro¢essmore examples see (Skoglund &
Dejmek, 2007)). A transformation happens in the 8dm numerous feedbag inputs to
numerous “feed extracted from the silo” outputd,dxen if we know the input and output
TRUs identifiers, we do not know the details of ttensformation. What normally happens is
that the silo is emptied regularly, and then we idantify a transformation from all the
feedbags that were added since the silo was |gstieaito all the feed extractions that
happened in this period. This is indirect recordmidgransformations; it is normally connected

to a time span, and it is quite common practichéfood industry.
3.2.3 Recording of weights or percentages
Some implementations of traceability systems reeaigjhts or percentages relating to how

much went into, and how much came out of each foamsition. If it is relevant to study

yield, quality or other production properties stuseful to record these quantities or

12
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percentages at each transformation (see the examfBerit & Olsen, 2012; Thakur,
Sgrensen, Bjgrnson, Foras, & Hurburgh, 2011)). Wilgorovide better industrial statistics,
it will enable the identification of dependenciaad it will aid in production optimization.
For food safety purposes, however, the main intéses the presence or absence of
connections in the traceability tree. If TRU 144Agure 2 turns out to be contaminated,
TRUs 244, 333, 344, 422, 433, and 444 need todadled, regardless of the amounts

involved.

3.2.4 Recording of transformation metadata

The transformation is the actual joining or spiftiof TRUs, whereas the transformation
metadata are all the data relating to -, or desgithe transformation. A transformation may
happen at an instant, or it may be associatedauithration, and the time or duration of the
transformation is an example of transformation &tz often recorded in the traceability
system (Olsen & Aschan, 2010). Normally the tramsftion happens in a given location;
data relating to the location is another exampligasfsformation metadata; these may include
environmental attributes like temperature, presdweidity, or other environmental
parameters. If these parameters are consideradneldor example, see (Zhang, Liu, Mu,

Moga, & Zhang, 2009)), the data in question alseefa be recorded.

3.3 A mechanism for recording TRU attributes

Once we have selected what type of identifier &8 asd we have found a way to associate
the identifier to the TRU, we have the ability exord attributes associated with the TRU in
question, and to link these attributes to the TRé&htifier. For most FBOs, the value of a
traceability system lies in getting access to tlaaynTRU attributes. Choosing an identifier,
associating an identifier with the TRU, and docutimgntransformations are just means to an
end; the main interest lies in the TRU attributesaghout the life cycle (Epelbaum &
Martinez, 2014), and, especially for food safetypmses, also lists of ancestor TRUs and
progeny TRUs. The traceability system facilitat@®imation flow in much the same way
that a system of railroad tracks and carriagediti@eis material flow; in this analogy the
carriages contain recorded data rather than pHysicducts. The mechanisms related to
identifiers and transformations in a traceabilygtem may be likened to the railroad track

13
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that connects everything together, whereas thibatiss recorded may be likened to the
carriages that move on the tracks. The tracealoigghanisms (the railroad track) is what
ensures that data once recorded (the carriagespanected, and can be moved from place to
place without loss. If the necessary mechanism@apkace (the railroad track), adding more
attributes (carriages) is fairly trivial, and, frarsystem perspective, there is no limit to the
number of attributes that can be linked to a givV&. Table 2 gives some examples from

the ISO 12877 standard “Traceability of finfish guats - Specification on the information to
be recorded in farmed finfish distribution chaifSO, 2011b), indicating attributes for fish

coming from a fish farm. The TRU in question isitglly fish in a cage or in a well-boat.

Table 2. Examples of attributes that can be linkea given Traceable Resource Unit (TRU)
in the supply chain for finfish products. Sourcg0l 12877. FBO = Food Business Operator.

TRU attributetype Example

Attributes of the producing FBO FBO name, addreasipnal identification number,

certification schemes etc.

Quality control checks Results from organoleptic, physical, chemical or
undertaken on the TRU microbiological tests.

Temperature record for the TRU  Time/temperature log

TRU description Size distribution (weight per sgrade), condition
factor, fat content, color, texture, net weighteiage
weight, total weight per quality grade etc.

TRU production data Starving period, fish dens#gard, disease record,

treatment record, feeding record etc.

In general, assigning identifiers and recordinggfarmations represent costs for the FBOs;
the FBO is mostly interested in getting accesi¢oattributes of all TRUs in the system, and
in knowing the ancestor TRUs and the progeny THRéshaps for this reason many
publications and reports on traceability focus atrexclusively on the TRU attributes.
However, if we want to describe, analyse or impraveaceability system we need to take all
the components into consideration because withmubther components indicated, we would
not have access to the TRU attributes that werdeeeisted in.
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4 Discussion

Based on the discussion above, the relationshipdaet the components of a traceability

system and their respective implementation optaamsbe illustrated as in Figure 3.

Implementation options

Identifier code type
and structure
Identification Identifier uniqueness
of TRUs and granularity
| Association of
Implementation options identifier to TRU

Recording of
transformations ]

(direct or indirect) Implementation options

Attributes ‘ Various :I'RU attributes
carried by the
traceability system

or percentages transformations | of the TRUs |

Transformation Depends on identification of TRUs

metadata (time stamp, |
location, owner, etc.)

Recording of weights ¥“ Documentation of |

Figure 3. The components of a traceability systaththe respective implementation options.
TRU = Traceable Resource Unit.

As indicated above, identification of TRUSs is theylcomponent that the other two build on.
Without TRU identification transformations cannet tiocumented, and TRU attributes
cannot be recorded. The other two components grenniple independent; it is possible to
record transformations, but no attributes (Figukugtrates this), and it is possible to record
attributes, but no transformations. In practiceyéeer, all three components are part of food
industry traceability systems, and the componeeésinio be examined separately if we are
studying the system. For each of the three comperikare are a number of options related
to practical implementation, as also indicatediguFe 3. The implementation options
represent questions to ask, or decisions to maleswhbciding on how a particular
component is implemented. When analyzing a tratigabystem, Figure 3 can be used as

basis for a structured investigation, and yieldsalhquestions like:
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* How is the identifier associated with the TRU?

« What is the identifier code type and structure?

* In what context is the identifier unique; is tharene-to-one relationship between the
identifier and the TRU?

« How are transformations recorded?

 How are weights or percentages recorded?

« What transformation metadata are recorded?

This initial analysis will highlight the identifiten and transformation components of the

traceability system, and will of course have tddiwed by a thorough investigation of

what attributes are recorded, and how they arecaged with the TRUS.

The distinction between the different componengsaidicularly important when discussing

potential for improvement of the system. Elabomgtom all possible traceability system

weaknesses and possible improvements is beyorsttipe of this article, but a list of

examples is included in Table 3, Table 4, and Table

Table 3. Overview of possible improvements in thentification component of a traceability

system. TRU = Traceable Resource Unit; QR = Quiekd®nse; RFID = Radio-frequency

identification.

Implementation

option

How it may beimproved

Benefit from improvement

Identifier code
type and

structure

Use established standards for code tyj

néncrease chance of code
being recorded and

understood in next link

Incorporate important attributes (e.g.
species) in the code itself

Direct and quick access to
important attributes

Unigueness and

granularity

Finer granularity

Reduce size of possible

recall

Establish a one-to-one relationship
between codes and TRUs so that the
code uniquely points to one, and only
one TRU

Information that applies onl
to the TRU in question can
be recorded (red truck /

green truck example, Sectiq

n

1
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454

3.1.2)

Association of
identifier to
TRU

Faster reading of code, use of barcode
QR-code, RFID chip

,Faster reading
Multiple simultaneous
reading

Distance reading

For more information on identification of TRUs, g8wlic et al., 2010; Borit & Santos,

2015).

Table 4. Overview of possible improvements in tia@sformation component of a

traceability system. TRU = Traceable Resource Unit

Implementation
option

How it may beimproved

Benefit from improvement

Recording of

transformations

Explicit (linked to the TRU identifier)
rather than implicit recording of

transformations

Explicit recordings are
findable in the traceability
system; implicit recordings
are generally not persistent

Smaller input batches or production
batches so that the transformation

involves a smaller number of TRUsS

Smaller potential recalls,

reduced risk

Recording of

Recording weights or percentages mo

accurately than in existing system (ofte

reBetter industrial statistics;

rimproved ability to study

weights or _ _ _ o o
relates to reducing the size of the input variations in yield and
percentages _ :
batches and production batches). quality
Record (more) transformation metadata  Ability teritify the
transformation attributes
Recording Allow searching and filtering based on| Ability to analyze

transformation

metadata

transformation metadata

transformations related to,
for example, locations or
time frames, identify

commonalities
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455 The advent of blockchain technology has obvioudiegmons when it comes to transparent
456 and persistent recording of transformations ingpguchain (Swan, 2015), but it is beyond
457 the scope of this article to discuss the potepfi#tis technology, and its limitations. For
458 more information on transformations of TRUs and Tigpks, see (Mai, Margeirsson,

459 Stefansson, & Arason, 2010).

460

461 Table 5. Overview of possible improvements in #eording of attributes component of a

462 traceability system. TRU = Traceable Resource Unit.

Implementation | How it may beimproved Benefit from improvement
option

Record more TRU attributes More information on the
Various TRU in question

attributes carried Record TRU attributes more accurately = More accurdtegmation

by the on the TRU in question
traceability Record TRU attributes faster, e.g. Faster recording, no need for
system through automatic data capture. human effort, fewer

recording errors

463

464 For more information on recording of TRU attribytese (Bosona & Gebresenbet, 2013).
465

466 A complicating factor is that everything in a trabdity system must be considered a claim,
467 not a fact, which means that we are also goingeamlrmechanisms for verifying and

468 validating the claims. Erroneous claims may oceuy, because of production errors,

469 recording errors or deliberate fraud. See (Bor®D&en, 2012) for a discussion

470 of this issue.

471

472 For some types of production, in part of the sumblgtin the production is continuous, there is
473 no separation of TRUs, and discrete TRU identifegesnot necessarily defined; dairy and
474  grain production are examples of this. This typeraduction requires a slightly different
475 type of traceability system and also some otherpmrants, but these particular challenges
476 have not been dealt with in this article.

477
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The references and the authors’ experience aretferfood sector, but the components
description is likely to be relevant and applicalole@ny product traceability system in a
supply chain.

5 Conclusion

This main objective of this article is to name,aédse, and make a clear distinction between
the different components of a traceability systemparticular, to distinguish between the
mechanisms in a traceability system related tayassj identifiers and recording
transformations, as opposed to the TRU attributaswe want to get access to. This is a
distinction not always made in previous articlefparts and other documents relating to food
traceability, and this omission has in some instaried to unclear or incomplete analyses and
conclusions. The distinction is particularly imgort when describing and comparing
traceability systems, and when recommending impr@&rés to a given system. In both these
cases, the respective components need to be coedisieparately. Hopefully the distinctions

made in this is article can serve as a usefulistapoint for future work on this topic.
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Highlights

* A traceability system has three main component types with different functionalities
* A traceability system needs to identify the unit that is being traced

* It needs to document the joining and splitting of unitsin the supply chain

* It needs to record data describing the unit in question and the environment it isin

* When analyzing traceability systems, each component type must be considered



