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ABSTRACT

Implementation of traceability techniques in bulk food product supply ch&ias
complex task. A systems approach was used to develop a framiewariplementation
of traceability in bulk grain supply chain in the United States. A relatda@base model
was developed to facilitate internal traceability at a ged@vator, which is one of the
first nodes in a food supply chain. This data management techniquek radigate the
bulk grain handling problems by recording all grain lot transé&gimoms/activities,
including movement, aggregation, segregation, and destruction as vslppler and
customer information. The system can be queried to retrieve iniormeelated to
incoming, internal and outgoing lots and to retrieve information tlanhects the
individual incoming grain lots to an outgoing shipment. Next, a matheamhatialti-
objective mixed integer programming (MIP) model was proposed twith objective
functions; to calculate the minimum levels of lot aggregation aimihram total cost of
blending grain in order to meet the customer contract speaiinsatiConstraints on the
system include contract specifications, availability of grainthet shipping elevator
location as well as other locations and the blending requirementssoliitens include
the quantities of grain from different storage bins to be usebdléoding for a shipment
while using the minimum number of storage bins and the total costurherical results
are presented for a corn shipment scenario to demonstrate thetappbfahis model to
bulk grain blending. Pareto optimal front is computed for the probtensimultaneous
optimization of lot aggregation and cost of blending. This model providesffactive
method for minimizing the traceability effort by minimizing tfeed safety risk caused
by lot aggregation. Finally, a new methodology for modeling the tbedganformation
using the UML statecharts following an event management approadiulk food
production is introduced. A generic model is presented and evaluated drasiesl
practical application in bulk food production by providing illustratiormsrfrtwo supply
chains; pelagic fish and grain. The statecharts are developeftofmn mackerel
production and corn wet milling processes. All states and eventhdse processes as
well as the information that needs to be captured for each toanare indentified that
includes the product, process and quality information. The data captures paere
identified based on the various states and events that occur duringrthettion and
are connected to product, process as well as quality information.



CHAPTER 1. GENERAL INTRODUCTION
1 Introduction

Food safety and food control continue to gain significant attention atoodr
supply chains and production practices become increasingly compésdn et al.,
2006). Food safety is in fact a very important part of public healthalthough several
advanced surveillance and monitoring systems exist in developediesuatrtbreaks of
food borne diseases continue to be commonplace. Such foodborne diseaaaseddy
consumption of contaminated foods or beverages. There are many ditigresat of
foodborne infections as many disease-causing microbes or pathayem®rtaminate
foods. In addition to these, several poisonous chemicals can also cause rfeodbor
diseases if present in food (CDC, 2005). According to the Cent&igease Control and
Prevention (CDC), an outbreak of foodborne illness occurs when wp grb people
consume the same contaminated food and two or more of them come dbwviimevgame
illness. CDC (2005) estimates that foodborne diseases cause 0@ ftilkesses, 325,000
hospitalizations and 5,000 deaths in the United States every year.

The food industry has undergone considerable change during the pasy.centur
New farming practices as well as new handling and processainiques have been
developed to meet the increasing consumer demand for reliable andterahsisafe
supply of various food products. Furthermore, consumers are giving sipbaafety,
high quality and sustainability of food products. Consumer experiencedoed safety
and health issues combined with an increasing demand for high qualdyahd feed
products have resulted in an increasing interest in developing Systenmmprove
information flow and thereby food traceability. Furthermore, conssinae giving
emphasis to safety, high quality and sustainability of food productsel@enent of
integrated systems for information exchange in the food supply clh@ssgained
considerable importance in the past few years. Various food safdtyraceability laws
exist in several countries.

In the United States, after the September 11 events, thaiblie Flealth Security
and Bioterrorism Preparedness and Response Act of 2002 (the Bistariet) was
passed. The Bioterrorism Act requires that all companies involvéteifood and feed
industry to self-register with the Food and Drug Administrationraathtain records and
information for food traceability purposes (US Food and Drug Admatieh, 2002). In

Canada, federal, provincial, and territorial Ministries of Agtietd agreed on a landmark



agreement, entitled the Agriculture Policy Agreement (APF) in 2@80& has five
objectives including food safety and food quality.

Can-Trace was launched in July 2003 which is a collaborative and mipativie
committed to the development of traceability standards for alil fm@ducts sold in
Canada. The mission of Can-Trace is to define and develop minimunnereguis for
national whole-chain tracking and tracing standards based on they&&h ¢Can-Trace,
2003). The GS1 Global Traceability Standard is a business protassarsl that
describes the traceability process independently, in terms afderations for any choice
of enabling data management technologies (GS1 Global Traceability Sta20i@y7).

The European Union’s General Food Law entered into force on Januz094.,
The law included important elements such as rules on traceatityhe withdrawal of
dangerous food products from the market. Under the European Union Law,
“Traceability” is defined as the ability to track any fooéed, food producing animal or
substance that will be used for consumption, through all the stagesodiicpon,

processing and distribution (Official Journal of European Communities, 2002).

Certification Labour/cost reduction
Food safety Chain communication
Traceability
Legislation Competitive advantage

Documentation of
sustainability

Figure 1. Motivational forcesfor traceability (modified from Olsen, 2009).

The 1SO 22005 Food Traceability Standard states that each corkpawywho

their immediate supplier is and to whom the product is being seet basthe principle



of one up and one down. It states that food safety is the joint raésitionef all the
actors involved (International Organization for Standardization, 200T)s,Tall the
actors involved in the food supply chain are required to store necasfamyation
related to the food product that links inputs with outputs, so that wdwrested, the
information can be provided to the food inspection authorities on a tilmedys.
Regulations such as those in place in the EU are not the only difiwings for
traceability there a many other driving forces such as péigations for food safety and
are shown in Figure 1. In order to achieve a fully traceable wapgin, it is important to
develop systems for chain traceability as well as intetreaeability. This includes
linking, to the best extent possible, units of output with specific wiitsyput. Each
supply chain actor should have a record keeping system that would drebléottrace
back their ingredients and track forward the products so as tomietethe cause of the

problem or to efficiently recall the associated (or contaminated) food psoduct

2 Problem Statement
Despite the published literature on food traceability, there agladf research in

development of bulk product traceability systems. These Ilimitati@mge from
addressing bulk product traceability challenges as different Gther food products that
are not handled and processed in bulk as well as a lack of data managgsiems as
techniques for ensuring operational efficiency of bulk product manadeimeuding
handling and processing to ensure a holistic approach to developmeatexdbitity
systems. It is essential to address the traceability of bolupts from a standpoint of
data management strategies, costs and operational techniquesthatimplemented by
the industry. It is based on these needs that a series otirstaties were carried out in

this research.

3 Objectives
The objectives of this research were to develop operational tee®ifor

implementing traceability systems in bulk product supply chainesd lobjectives were

achieved by a series of research studies described in the next section.

4 Dissertation Organization
This dissertation consists of four articles and a generahtitee review in the

field of food traceability systems. The research studies addressltveirig objectives:



(1) Review current understanding of traceability systems implememntat the
food industry (Chapter 2).

(2) Develop a framework for implementing traceability in bulk grain syppkin
in the US using a systems approach (Chapter 3).

(3) Develop a database model to facilitate internal tracealility grain elevator
(Chapter 4).

(4) Develop a multi-objective optimization technique for balancing cost and

traceability in bulk grain handling (Chapter 5).

(5) Develop an event management approach for modeling traceability atform
in bulk product supply chains (including grain and pelagic fish) using. UM
statecharts (Chapter 6).

In addition, two related articles are included in the appendix otlddament. The
first article presents a data mining technique for recognizitigrpa in foodborne disease
outbreaks and the second article presents modeling of trageabilirmation in a
soybean value chain. Although, not a part of the main document, thetesate related
to the field of food safety and traceability and have been publishie@ iJournal of Food

Engineering.

5 Practical Implications
The deliverables from this dissertation provide operational gteste for

implementing traceability systems in the bulk product supply chgnasn industry in
particular. The database model developed in this research can leenenptd by any
grain elevator to facilitate internal traceability. The modah be easily modified for
other food products and can be easily implemented along with exismnstics and
inventory management techniques in food production and processing industtyorfeddi
cost of traceability systems has been a topic of debate inothe ihdustry. The
optimization model developed in this research provides an effective way of bglaonst
and traceability at a grain elevator. Again, this model can lefos@ther bulk products.
Finally, modeling of traceability states and events in food praolucgrovides an
effective technique for identification of critical tracealyilipoints where information
needs to be stored. This model also provides a method for integratithgcprprocess

and quality information in one system. The output from this model bsa used by



systems such as EPCIS (Electronic Product Code InformatioaenSg)stor capturing data
throughout food supply chains.

This dissertation contributes to the existing knowledge in the fieldood
traceability and specifically focuses in implementation of mdktraceability systems in
bulk product supply chains.
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CHAPTER 2. LITERATURE REVIEW
1 Importance of Traceability

Traceability is a preventive, necessary, supplement of food safstyms, which
increases the efficiency of a food company, when used correcibyadtice traceability
means collection, documentation, maintenance and application of informelated to
all processes in the supply chain, which guarantees for the comsstiraenformation on
origin and life history of a product (Opara and Mazaud, 200USDA Economic
Research Service states that besides ensuring a safe food gspply a traceability
system results in lower cost of distribution systems, reducedll rexpenses, and
expanded sales of products with attributes that are difficudisicern and in every case,
the benefits of traceability translate into larger net mees for the firm (Golan et al.,
2004). Traceability is required for controlling crisis situations dmabling effective
recalls, delivering precise information to consumers and regulatahorities and for
safety of consumers (EVIRA, 2007). A well thought-out traceabibistem is
fundamental for achieving optimal benefits from quality control, predaatontrol and
to fulfill consumer demands (Moe, 1998).

Some early research focuses on the importance of trace&ilfiyms. Fisk and
Chandran (1975) first gave several reasons why traceability should be consisienecea
of competitive advantage for firms. Traceability can open opporturidiesirms to
improve their product quality (Florence and Queree, 1993). Tracgalskd in an active
way indicates the use of tracking information to optimize and abptocesses that must
be seen as a tool for managing quality information through theeesuipply chain
(Jansen-Vullers et al., 2003).

Besides food producers and processors, consumers mostly gain hidden benefits
from traceability that include effective achievement of footetgaand an increased
effectiveness of recall in case of emergencies (FSA, 2002). Bafaty is the most
important motivation for traceability. Food manufacturers develop aagtanternal
traceability systems and traceability chains mainly tgprowe food safety, since
traceability can be seen as a subsystem and its presesgsential to the management of
food quality (Peri, 2002). Traceability is an essential tool fouemg both production
and product quality (Becker, 2000; Wall, 1994).



Moe (1998) showed that a good traceability system can provide several
competitive advantages that include improvement in process control, bsttef raw
materials by linking the end product and raw material datadiengpthe mixing of high-

quality and low-quality raw materials and easier quality auditinggssc

2 Supply Chain Traceability
The 1SO 22005 Food Traceability Standard requires that each cokpanywho

their immediate supplier is and to whom the product is being sent, on the principle of one-
up and one-down. It states that food safety is the joint responsiiligyl the actors
involved (International Organization for Standardization, 2007). Thus, allathers
involved in the food supply chain are required to store necessarynaion related to

the food product that link inputs with outputs, so that when demanded, the itidorma
can be provided to the food inspection authorities on a timely basigffective supply

chain operations, the activities of all partners in the supplynanaist be synchronized.

This synchronization can be achieved only by implementation oftansythat facilitates
information sharing on various activities that add value long the supply @nd the
coordination between internal and external partners within the ¢Waillamson et al.,

2004; Gunasekaran and Ngai, 2004). The general Food Law (Official Journal of European
Communities, 2002) requires chain traceability systems. The guidancethe
implementation of EC Food Law Regulation Article 18 (Guide 178/2002aecthat “it

is in the logic of Article 18 that a certain level of intertr@ceability would be put in
place by food business operators”.

2.1 Internal traceability
Previous research has emphasized the importance of internabiligcegistems

(Moe, 1998). Internal traceability is related to the ability recé product information
internally within a company, and has typically the following chi@réstics (Martinez-
Sala et al., 2009): (1) It is within one company and at one geogahptiation. (2) It
gets a lot of information from the production management syst&@nd.here are few
privacy issues. Many companies have good routines and softwarensysiekeeping
track of internal traceability. This kind of software is oftenkéd with dedicated
production management software and general Enterprise Resource PI@BRIRY

systems.



The analysis of existing traceability systems shows omdy a few links in a
supply chain are using software for internal traceabilitytaeddiversity of these systems
makes the integration difficult (Bechini et al., 2005). Typical prodacgirocesses within
a food company are made up of different transformations of raeriala into a finished
product ready for shipment. For food traceability purposes, it is taamaio record which

input factors have been used to produce which output products (Senneset et al, 2007).

2.2 Chain traceability
Chain traceability refers to the exchange of product infoondietween different

actors in a food value chain. Figure 2 shows the principles of inteaadability and
chain traceability. Traceability systems can be set up taeaser transparency in the
supply chains (Meuwissen et al., 2003). McKean (2001) stated theafdineation must
be transferred throughout the chain and properly identified to the apgteofood
products. The research also stated that continued development airnedtedaita storage
and management makes extended traceability activities possiblmagedsingly cost
effective. One of the basic prerequisites of both internal and d¢reieability is the
unique identification of raw materials, semi finished products amdhked products
(Senneset et al., 2007). As the basis for chain traceability, thitieke of traceable units

must be recorded at reception and shipping as shown in Figure 2.

CHAIN TRACEABILITY

DATA CAPTURE POINTS
| MATERIAL FLOW P
‘ COMPANY A . COMPANY B F COMPANY C F
I P 2| |l = 2| |l LN D4
[ source 3 wake Yyoeveryd| || source D) wake Ypoeuver)y| || source Dy make DYoELvER))
C__mewm | | Tt | | ]
| SeLe 1] TR 1l EnaaLe |

INTERNAL TRACEIABIL\TY

DATA CAPTURE POINTS

Figure 2. Location of traceability data points (Senneset et al., 2007).

3 Concept of a Traceable Unit
The concept of a traceable unit (TU) was first introduced by &timal. (1999)

where a TRU was defined as a batch of any resource. Und@RW#®EE project, a TU
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can be defined as any item upon which there is a need to retresefiped information
and that may be priced, or ordered, or invoiced at any point in a sthgly. In practice,
it refers to the smallest unit that is exchanged betweernpasites in the supply chain
(TraceFood Wiki, 2009). Each traceable unit must be uniquely identifiedrder to

capture and retrieve traceability information when required, itfiG@mation must be

associated with a uniquely identified TU (Thakur and Donnelly, 2010).

4 TraceFood Framework
The TraceFood Framework developed under the European Commission sponsored

TRACE project provides a toolbox with principles and guidelines for twounplement
electronic chain traceability. The framework consists of fibklowing components
(TraceFood Wiki, 2009):

(a) Principle of unique identifications

(b) Documentation for joining and splitting (transformations) of units

(c) Generic language for electronic exchange of information

(d) Sector-specific language for electronic information exchange

(e) Generic guidelines for implementation of traceability

() Sector-specific guidelines for implementation of traceability

Based on this framework, the implementation of chain tracgabiiquires

industry analysis to understand the material flow, information féowd information
handling practices. Using this method, based on the industry anaggisymendations
can be provided for new sector-specific data terminology and winatriafion needs to
be recorded by each link and communicated to other links in the chaiendble
effective, electronic information exchange, work needs to be daou¢ on a sector-
specific level. Analysis of what product information the particdteod sector already
records should be carried out and a method and format for identifyiagotbduct
information should be developed in a standard form (Donnelly, 208@)need for such
systems has already been identified throughout the food industry,rbatilpaly in areas
where the authenticity of a product is in question. The viabilitpugh non-proprietary
standards were shown in the TraceFish project (CEN 14659, 2003; CEN 20630,
Denton, 2003) where both sector-specific standards (for capturednistiarmed fish)
and generic standards (for electronic coding and request-respohsme3cwere

developed. The TraceFish work established sector-specific data ntbdelaot only
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contain information about data elements (including the relationship eetieem)
relevant for product information in one link of the supply chain, &da aiformation for
each link. Standardized lists for data elements which can be eaclodiata models have
been acknowledged as a key technology for resolving semantic dezteity and are
important in knowledge management in large organizations (FAO AGRO\2006;
Haverkort, 2007; Haverkort, 2006; Stuckenschmidt, 2003).

5 Data management strategies
A wide range of systems are available for traceability in the food inyguatrging

from paper-based systems to IT enabled systems (FSA, .2@eral papers
(Karkkainen, 2003; Bechini et al., 2008; Sahin et al., 2002) discuss ¢hefumdio
frequency identification (RFID) from a pure supply-chain managgnpoint-of-view
presenting possibilities for maintaining chain traceabilitptigh automatic data capture
and exchange/sharing through different suitable solution architeatudieware and/or
electronic product code information services (EPCIS) with disgaservices added. The
RFID technology is also used to develop traceability system®add supply chains
(Natsui and Kyowa, 2004). Jones et al. (2004) stated that the maonréa RFID
diffusion is the capability of tags to provide more information about ptedian
traditional barcodes. Prater et al. (2005) discussed the maintbesfeRFID and the
EPCglobal network adoption for supply-chain processes, for thefispease of the
grocery retailing. The availability of real-time informationegarded as the main benefit,
although additional outcomes can be found in increased inventory visibtlgk-out
reduction, real-time access and update of current store inventely, lautomated proof
of delivery (Fernie, 1994), availability of accurate points of s, reduction of labor
associated with performing inventory counts of shelved goods, improvegtéedintion
and shrinkage, and better control of the whole supply chain (Bushnell, 20@D)arkP
RFID seem to be a cost-effective way to enable control of @bwoods between the
actors in the value chain thus complying with the EU Food lawiqi@ffJournal of
European Communities, 2002). Bottani and Rizzi (2008) assessed the impact of RFID and
EPC system on the main processes of the fast moving consumer gppts chain.
Senneset et al. (2007) claim, however, that to enable transpardamretetraceability
through a company, it is necessary to provide records of adftnanations within a

company, i.e., internal traceability information.
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Myhre et al. (2009) outlined the general idea of using EPCIS systam for
collecting traceability information and described how a refetip between one and
many traceable items that are tightly connected (such asdnor blended) can be
described by recording every join of many items into a tralsaevent, and similarly
recording each split into another transaction event. This enables Heottratitional
logistical flow and the transformations (mixing and splitting)thed products along the
value chain. Information management and database management techregaies used
for developing traceability systems. Niederhauser et al. (20@®epted a conceptual
information system for tracking specialty coffee. It has béenve that the efficiency of
a traceability system depends on its ability to record amiévetthe requested lot-related

information (Folinas et al., 2006).

5.1 Standardization of Information
One of the biggest challenges with supply chain traceabilithegsekchange of

information in a standardized format between various links in then dfidakur and
Donnelly, 2010). To facilitate electronic interchange of such produidrmation,
international, non-proprietary standards are required such as tkehagigighted by
Jansen-Vullers et al. (2003). Folinas et al. (2006) stated timalastls must describe how
information can be constructed, sent and received and also how ghelefaents in the
information should be identified, measured, interpreted and stored. i estialies have
shown that there is currently no standardized way of formattiognnation for exchange
in traceability systems. Research suggested that structuradistat vocabularies and
ontology will be appropriate tools in achieving effective universdia dexchange
(Donnelly et al. 2009, Dreyer et al., 2004; TRACE 2, 2008). Individual comphaies
made great progress in proprietary technologies for automatedajature and electronic
data coding. However the benefit of these is lost when the Bateer transmission is
required for use outside the originating company as it is onlgteféewhen there is an

identical software system at the receiving end (Donnelly, 2008).

5.2 Traceability Information Exchange
Electronic Data Interchange (EDI) is commonly used in the BRsiQess-to-

Business) environment as a reliable mode for electronic datemge between business
and trading partners and presents a set of standards for struatfommgation that is to

be electronically exchanged between and within business organiaind other groups



13

(Electronic Data Interchange, 2009). EDI implies a sequence olagesdbetween two
parties, either of whom may serve as originator or recipient.efiieetiveness of using
EDI has been widely investigated and it is evident that the sthntkn be used
efficiently by organizations with mature IT capabilities but tisagenerally not the case
for all actors in the supply chain (Bechini, et al., 2008). On the b#ned, the increasing
popularity of XML (Extensible Markup Language) for information inkencge has made
it easy for businesses of any size to use this technologyn@irepurpose of XML is to
facilitate the sharing of structured data across differentnmdtion systems, particularly
via the internet. Both EDI and XML formats are structured to desdhe data they
contain. The main difference is that the EDI structure has@ddield-like layout of
data segments and elements; which makes the EDI file shorterndiukeasily
understandable. An XML document is a tree of nested elementspeatiich can have
zero or more attributes. There can only be one root element. Eswhrelhas a starting
and ending tag, marked by angle brackets, with content in betweks, i
<element>...content...</element¥he content can contain other elements, or can consist
entirely of other elements, or can be empty. Attributes areedaralues which are given
in the start tag, with the values surrounded by single or doubletignatdike: <element
attributel="valuel" attribute2="value2"XAnderson, 2004).

5.3 TraceCore XML
The European Commission funded the TraceFood framework that b daske

work done in the EU projects TRACE, SEAFOODplus and TraceFisicéFood Wiki,
2009). TraceFood is a system for traceability and consists ofipesc standards and
methods for implementation of traceability in food industry. TraceCexXtensible
Markup Language (TCX) developed under this project is a standaydf exchanging
traceability information electronically in the food industry. T@xakes it possible to
exchange the information that is common for all food products, hkeidentifying
number, the origin, how and when it was processed, transported aiveédetae joining
and splitting of units, etc (TraceFood, 2007). The TraceCore XML s@sidan be
adapted to various food supply chains where all actors can excimogeation using
this standard. Figure 3 shows a sample XML file used to exchaageability
information between dispatch party and a delivery party. The XML idientifies the

document, parties involved and the trace units.
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_<.ll _—
Sample XML Ffile generated by XMLSpy w2005 rel. 3 U fhitp:/  www.altora.com)

-
— <TraceDlocmment xsi: schemaLocation="http /fwww tracefood orgTrace Core XL CADOCTIME
“TraceDocumentID>1-19122007</TraceDocumentIT} >
— =TraceDocumentParty>
Sche:ID=201520<fche: ID =
<{TraceDocumentParty>
— <DespatchParty>
<che:ID=201520<fche: ID =
</DespatchParty>
— <DelhveryParty>
2che:ID=101520<fche: ID=
<DehvervParty=
— <TracelUmt>
<TraceUmtID=101520-19122007 <{Trace UntID=
<fTraceUmt>

<fTraceDocmment=

Figure 3. Sample XML filefor traceability (TraceFood, 2007)

6 Traceability optimization
One mechanism used to prevent the consumption of contaminated pradacts i

product recall, implemented by the company that created tiepn and tracked by the
government and both the frequency and severity of food contaminatiancegasing
(Skees et al., 2001). For the food industry, the emphasis is not onlyreéaskethe food
safety incidents (and recalls) but also limit the number ofhleatthat constitute a given
finished product in order to decrease the product quantities to beede(alipuy, et al.,
2005). Gattengo (2001) stated that after a recall of minced beef Fathee to BSE, a
French producer not only improved the accuracy of their tracgabifgtem but also
decreased the number of mixed batches of meat in one batéhosfthiveef. Dupuy et al.
(2005) proposed a batch dispersion model to optimize traceabilityoth if@ustry by
minimizing the batch size and batch mixing. This model calculdite minimum batch
dispersion which is given by the sum of links between the rawriahbatches and the
finished product batches. However, the problem of incurring additicoal by

minimizing batch dispersion has not been addressed in existing literature.

7 Sector specific traceability research

TraceFood framework states that there is a need to devetdpr-specific
traceability standards and information exchange guidelines (Toade®Viki, 2009).
Several research studies have been conducted for developing sedtitr speeability

standards and implementing various data management and information exchang
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techniques in various product supply chains. Regattieri e al. (2007) pdopaageneral
framework for a traceability system and showed its appmiicdor Parmigiano Reggiano
cheese based on an integration of alphanumeric codes and RFID techDalngglly et
al. (2008) presented a methodology for creating standardized datardistsceability in
honey processing industry by conducting multi-stage surveys imdhey processing
chain. The resulting standardized list of data elements could luk hyseall honey
processors. Randrup et al. (2008) studied the effectiveness and wcofirabain
traceability systems by conducting simulated recalls of fish productsaih shops in five
Nordic countries. The study found that improved traceability peiic the whole chain
can limit the batch sizes and minimize costs in case of food recalls. Shanahd20£x3)|
presented a system identify all aspects of beef tracgatdin farm to slaughter based
on the European Union law and global standards. They proposed an integrated
traceability system involving all of the stakeholders along the supply clidinthe use of
RFID for identification of individual cattle, and biometric idemit for verification of
cattle identity. Donnelly et al. (2009) conducted a study to teaxk trace lamb meat
through a lamb meat processor where improvements to the cuaeeakiity system

were suggested after identifying all critical traceability points
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Abstract

Implementation of a traceability system in the bulk grain sumblgin is a
complex task. Grain lots are often commingled to meet buyeifistions and the lot
identity is not maintained. In this paper, a systems approach idasedelop methods
for implementing bulk grain supply chain traceability in the UniteateSt, that includes
both internal and chain traceability. First, the usage requireroéatsraceability system
are defined for all the actors in the supply chain. Second, a nwadkveloped for
implementing internal traceability system for a grain el@vdtat handles specialty grain.
Then, we develop a model for information exchange between the supply chainTdators.
model shows what grain lot information must be recorded and then passedhe next
actor. A sequence diagram is developed to show the information exdnatige grain
supply chain when a user requests additional information about a suspect product. Finally,
we discuss some suitable technologies to enable this informatbarge. A few sample
XML documents are shown for the transfer and sharing of informattithre grain supply
chain.

Keywords:Supply chain traceability; Internal traceability; Bulk grain; Imfation
Exchange; Framework

1 Introduction
The agricultural sector has undergone considerable change duringaste

century. New farming practices as well as new handling ancegsog techniques have
been developed to meet the increasing consumer demand for reliable and consaftentl
supply of various food products. Furthermore, consumers are giving amphasfety,
high quality and sustainability of food products. Consumer experiencedoed safety
and health issues combined with an increasing demand for high qualdyahd feed
products have resulted in an increasing interest in developing systemid in food

traceability efforts. Traceability in the food supply chains lgasned considerable
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importance in the past few years (Carriquiry and Babcock, 2007; Boktaal., 2006;
Jansen-Vullers, et. al.,, 2003; Madec, et. al., 2001; McKean J.D., 20019u¥/dadod
safety and traceability laws exist in several countries. Earopiion’s General Food
Law entered into force on January 1, 2005. The law included importanereteitike
rules on traceability and the withdrawal of dangerous food produmts the market.
Under the European Union Law, “Traceability” is defined as théyabal track any food,
feed, food-producing animal or substance that will be used for consumfitrough all
the stages of production, processing and distribution (Official Joofnidde European
Communities, 2002). It is a risk-management tool that allows food basipesators or
authorities to withdraw or recall products which have been identified as unsafe.

In the United States, after the September 11 events, thaiblie Flealth Security
and Bioterrorism Preparedness and Response Act of 2002 (the Bistariaet) was
passed. The Bioterrorism Act requires that all companies involvéteifood and feed
industry to self-register with the Food and Drug Administrationraathtain records and
information for food traceability purposes (U.S. Food and Drug Admitimtra2002). In
Canada, federal, provincial, and territorial Ministries of Agtioid agreed on a landmark
agreement, entitled the Agriculture Policy Agreement (APF) in 2@80& has five
objectives including food safety and food quality. Can-Trace was Hadnion July 2003
which is a collaborative and open initiative committed to the devedapwf traceability
standards for all food products sold in Canada (Can-Trace, 2003). Tsiermu$ Can-
Trace is to define and develop minimum requirements for nationallewchain tracking
and tracing standards based on the GS1 system. The GS1 Glateddility Standard is
a business process standard that describes the traceabilitysgratsgsendently, in terms
of key operations for any choice of enabling data management technologies.

Traceability is important for many reasons like responding tofdbd security
threats, documenting chain of custody, documenting production practictjingn
regulatory compliance or analyzing logistics and production cossAJEconomic
Research Service states that besides ensuring a safe food siggpbf, a traceability
system results in lower cost distribution systems, reduced eganses, and expanded
sales of products with attributes that are difficult to disc&wldn et. al., 2004). In every
case, the benefits of traceability translate into largerevenues for the firm. Thus, food
traceability has become important for reasons other than jusedaé dbligations in
several countries. The ISO 22005 Food Traceability Standard rethatesach company
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know who their immediate supplier is and to whom the product is bemig ae the
principle of one up and one down. It states that food safety is thegspansibility of all
the actors involved (International Organization for Standardization, 2084}, &ll the
actors involved in the food supply chain are required to store necasfamyation
related to the food product that link inputs with outputs, so that whenndieahathe
information can be provided to the food inspection authorities on a tlaslg. In order
to achieve a fully traceable supply chain, it is important to deveyspems for chain
traceability as well internal traceability. This includeing, to the best extent possible,
units of output with specific units of input. Each supply chain actor showd aa
internal record keeping system that would enable them to traketar ingredients and
track forward the products so as to determine the cause of therprobl® efficiently
recall the associated (or contaminated) food products. Eachraasirbe able to trace
back and track forward the product information based on one-up and one-down basis.

Developing a traceability system is however, a complex uridiegtas it involves
all the stages of production, handling, storage, processing, transportation, and distributi
The next section describes the bulk grain supply chain in the United States.

1.1Bulk Grain Supply Chain in the United States
Agricultural supply chains are unique in the sense that they incladg different

commodities that are grown in different regions at differenetperiods of the year, and
are transported through different modes. Agricultural commoditeee different end
uses such as food, feed, industrial and energy and are relativelgémnmus. They are
transported and stored in bulk quantities which range from hundreds tol $bwasand
metric tons (Nardi et. al., 2007). Figure 1 shows a typical bulk ggiply chain in the
United States. A typical bulk grain supply chain in the UnitedeStatarts from a seed
company. The farmers buy seeds from a seed company and aftesting, sell their
crop to a grain elevator. The grain elevators handle bulk comnediteketed against
generic grade standards that are based on physical attribua@s.|dés are commingled
in order to meet buyer specifications and to maximize the pidita result of this
commingling, lot identity is not maintained. Grain storage bins atensively used to
handle bulk grain and one storage bin can contain grain from maagediffsources. The
elevators either sell the grain directly to a processor or ishg a river terminal for

overseas export. In case of an overseas export, the river teselisakthe grain to an
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export terminal which sells the grain to an overseas termihakelterminals handle the
grain in a similar fashion as an elevator. The grain lotscaremingled to maximize
profit and lot identity is not maintained. As shown in figure 1, arrsmas export adds
additional actors to the supply chain. The grain handlers (an elewmat@mmn overseas
importer) sell the grain to an ingredient processor. At the ingregdrecessing plant, the
grain is processed into a final product with addition of other ingredi€&nain lots are
commingled again and the finished product can contain grain from midfieyent
sources. The ingredient processor sells its product to the finakgs@mcwhere this
product is used to manufacture the final product with addition of other pgsodnd
ingredients while undergoing many processing steps. The final graxlgold to the
distributor and finally to the retailer for sale to the customer.

Figure 2 shows a typical scenario for grain aggregation andgseigne that takes
place at any stages in the supply chain. The figure also ghatisow one contaminated
lot can contaminate many other grain lots. Internal recordsesrergly not maintained
for the aggregation and segregation of grain lots. In case of adtaidd emergency, it
would be almost impossible to isolate the source with the problenhwidald lead to a
recall of all the finished goods that might have a chance of beingminated. Many
food recall incidents have taken place in the past that haveeaffiwt consumers and the
producers alike. For instance, according to a news report, afteorttato-salmonella
scare in June 2008, the Florida tomato industry could have potentiall$di@dvillion
because the producers could not sell their tomatoes until the solrsamonella
outbreak was identified (Reuters, 2008). With fragile and quickly hpesle items like
tomatoes, the consequences on industry and growers/producers campdrabtee The
grain trade units must be tracked efficiently from the fasrthe consumer to avoid such

problems.

1.2Trackingand Tracing
The terms *“tracking” and “tracing” are very commonly used tocules

traceability. Tracking (forward) is the ability to follow th#ownstream path of a
particular trade unit in the supply chain, while, tracing (backward) is theydbiidentify
the origin of the products used in a particular trade unit. Thus, trackiagop down
approach and tracing is a bottom-up approach. Both, tracking and traaing pery
important role in the overall supply chain traceability. Accordimg/an Dorp (2002),
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tracking and tracing provides the visibility to where work is at all $isr@d its disposition
and a tracking function creates a historical record by mefaresorded identification that
allows for the traceability of components and the usage of eaclpreddct. A good
traceability system should have the capability of performing hanctions efficiently.
Laux (2007) demonstrated that tracing (backward) was harder #wkinty (forward) for

an elevator handling commaodity grain.

1.3Supply Chain Traceability
Effective supply chain traceability can only be achieved witombination of

internal traceability and chain traceability. Each actor instiqgoly chain must not only
know who their supplier is, but also to whom the trade units are belitgGpara (2003)
states that in order to implement traceable agricultural sugpiyns, technological
innovations are needed for product identification, process and environmental
characterization, information capture, analysis, storage and traasionmas well as
overall system integration. Regattieri et. al. (2007) stateatfi@od traceability system is
fundamentally based on four pillars of product identification, datdéraoe, product
routing and traceability tools. Determining the requirements gfaan supply chain
traceability system is the most important step before datalimgdeols can be used. The
traceability literature lacks in research on developing methggdt implementation of
internal and chain traceability in food supply chains. In this paper,pr@eent a
systematic approach for implementing traceability in a bulingsapply chain by using
the business process integration tools including system requireph@mtsng, enterprise
modeling and integration. The objective of this paper is to developnaevrark for
implementing traceability in the bulk grain supply chain in theté¢hiStates that to
facilitate both internal and chain traceability. First, we deflree usage requirements of
the traceability system from each actor involved in the grain gugmin. Next, we
develop an IDEFO model for developing and implementing an inteacaability system
at a grain elevator. Then, we discuss how to implement chaieabéity based on
information exchange among supply chain actors. Finally, we provide cmmeiisions

and directions for future work.

2 Usagerequirementsof the Traceability System
According to Folinas et. al. (2006), an integrated traceabilitiesysnust be able

to file and communicate information regarding product quality, origin, Grsumer
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safety. In order to design an efficient grain traceability systbe first step is to define
the usage requirements for the grain supply chain. A systemdepebach is used to
develop models for implementing the traceability system. The usagé&ements of the
traceability system are defined by the UML (Unified Modelirghguage) Use Case
diagram technique (Eriksson and Penker, 2000). The Use Case diageamissaly
connected to scenarios. A scenario is an example of what happens evheans
interacts with the system. One of the most important goals oOhimpe system
requirements is to have synchronization among the requirementsaofak involved. A
Use Case diagram depicts the following (Miller, 2003):

e Use cases: A use case describes actions that provide something of measualix

to an actor and is drawn as a horizontal ellipse.

e Actors: An actor is a person or organization that plays a role in one or more

interactions with the system. The actors are drawn as stick figures.

e Associations: Associations between actors and use cases are indicated iasese ¢

diagrams by solid lines. An association exists whenever an iadtorolved with an

interaction described by a use case.

e System boundary: A rectangle can be drawn around the use cases, forming the

boundary and is called the system boundary box. The boundary indicatesphefc
the system.

Lee and Xue (1999) state that an important advantage of Use Geseairalysis
is that it helps manage complexity, since it focuses on ondispesage at a time. Figure
3 shows the Use Case diagram for the grain supply chain traeaystem. The
following use case examples are defined and different actoessoeiated with each use

case:

e Record breeding practices. The seed company would record the seed development

practices used in the traceability system. For example: gatlgtmodified, organic
practices, etc.

e Record farming practices. The farmer would record the farming practices used for a
specific crop in the system. The data such as the seed vametydate of planting,
chemical application, harvesting, etc. would be recorded. The iafmmsuch as

organic practices would be recorded for specialty crops.
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e Record handling and storage practices: The supply chain actors should be able to
record the handling and storage practices used by them in the system.

e Record processing practices. The processor should be able to record the processing
practices used in the system. Depending on the process and @idatiprthis may
include the cooking temperature, holding time, ingredients added, etc.

e Authenticate claims. The system users (supply chain actors) should be able to
authenticate their claims based on the data stored in the sy=berexample, on
request, the system should be able to provide data to support organitgfam
processing practices.

e Comply with food safety regulations. Using the traceability system, within the time
requirements provided, the users should be able to provide data to showeihat t
production or processing practices comply with the food safety atgus$. For
example, a processor must be able to show that the processingocsndged to
manufacture a product (temperature, holding time, etc) are in comgliaith the
food safety regulations. This data must be recorded in the tratealgdtem and
provided on demand by regulatory authorities.

e Protect integrity of brand name: The system users should be able to protect the
integrity of their brand name by using the data stored inréeedbility system. If the
processor claims that their products are organic, there musttheetmrded and
available to back that claim.

e Document chain of custody: On request, the traceability system should be able to
provide information about a specific trade unit that would document tha oha
custody of that unit. In case of a food safety emergency, it ysingrortant to know

where a particular trade unit is in the supply chain at a given time.

3 Internal Traceability
Internal traceability plays a very important role in supply rchaaceability. In

order to develop systems for internal traceability, the hated Definition Modeling
(IDEFO) technique is used in this work. IDEFO is a common modelirmigaee for the
analysis, development, re-engineering, and integration of informaggianss, business
processes, or software engineering analysis. IDEFO abtapf graphically representing
a wide variety of business, manufacturing and other types opestpperations to any
level of detail (Department of Defense, 2001). IDEFO is a methsigrtkd to model the
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decisions, actions, and activities of an organization or systen-(DE93). The model
consists of inputs, outputs, controls, and mechanisms for a process or function. IREFO is
hierarchical model with a tree structure where the parent ggammsists of many sub-
processes. The first step in the IDEFO process is identdicati the prime function or
process to be decomposed. Figure 4 shows a generic IDEFO model. F-igluogvs an
IDEFO model for developing an internal traceability systena ajrain elevator. The
necessity of developing a traceability system originates fthe regulatory need. As
discussed before, several traceability laws and regulatiortsirexigferent countries. So,
the regulatory need is a driving force for development of aalaldy system. Similarly,
the food industry has to constantly adapt according to their businafs ifebe elevator
company deals with specialty grain, then it is a business exgent for them to
segregate the specialty grain from other grains. The businessniieed stems from the
customer needs or preferences. Thus, the regulatory need, busiedsnd the customer
preferences are categorized as the model inputs. The tragealpdtem should be
developed in compliance with any regulatory requirements. So,ghkatery compliance
is also a control for this model. Various mechanisms are neededv&oplethis
traceability system, such as industry standards, personnel acedpres. The desired
outputs would depend on the type of product and the supply chain actor. halgene
various documentations such as production practices, validation ceztificatfety and
quality assurance would be the desired outputs of the tracealysitgns The system
must also be able to authenticate a company’s claims suchascopgoducts, and also
provide a measure for customer satisfaction. These would be theddesiputs of a
traceability system.

The model is decomposed to show all the steps involved. The model isdaidapte
a grain elevator that handles specialty grain and is looking tanoftad safety
management systems certification, such as ISO 22000. ObtainingOanel$fication
becomes an input for the traceability system in this cagerd-6 shows this decomposed
IDEFO model. Different steps involved in the development of a trditgatystem are
represented in a sequence. Inputs, outputs, controls and mechanisms sthg@acdire
shown.
(1) Determine traceability plan: The first step in developing an internal traceability
system is the determination of the traceability plan by tenglevator. The inputs of

this step are the regulatory need, which is obtaining the ISO 226@pliance;
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segregation of specialty grain since the elevator handles spepeh; and the consumer
demand for specialty grain. The traceability plan is to be detednbased on these
requirements. The ISO 22005 standard is the control for this step and various srashani
are needed to determine the traceability plan, such as industdastis, personnel and
procedures. The personnel for the traceability team should beesefemin a variety of
different backgrounds and departments within the elevator company. Théiigcpkan
should be clearly defined in a consistent format and should includeniaiion such as
what data needs to be recorded and shared with other actors in thechigopl It should
also define the measures of success and the precision requirezltpieof this process
is a traceability system manual that defines the procedureiniptementing the
traceability plan.

(2) Implement traceability plan: The output from process 1 is the input for this step.
The traceability system manual is be used to implement the T .process has the
same control and mechanisms as process 1. A relational databesgemant system is
used to implement the traceability plan. There is only one da&dasall the grain
related information. The users can enter the relevant grain rd#te idatabase system.
Both lot quality and lot activity data corresponding to a grain lottrhesecorded. The
relational database system connects the data about incomingagsaithe internal lot
activities and the outgoing grain lots. Since, grain acts likeid; it is very difficult to
define the lot sizes. Traceability in terms of grain movemeavithin the elevator and
blending for customer shipments is more important than identdicati lots. After this
step is complete, an implementation report would be generated.eploit would consist
of a detailed description of the database system and its use.

(3) Evaluate system performance: The performance of the traceability system would be
evaluated in this process. This would consist of evaluating the penice of the
traceability database in terms of the efficiency of th&tesy to react rapidly in a food
safety crisis. The performance reports and audit reports autpet of this step. This
step has the same control and mechanisms as the previous steps.

(4) System validation: Validation is required to ensure that the system is perforiamsng
defined by the traceability plan. The performance reports and audit répartstep 3 are
used to validate the traceability system using the same ISO 22&ifard as the control
and the same mechanisms that are used in the previous processsgst€m validation

would generate various documentations for this process. After tlealbiity system has
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been validated, the 1ISO 22005 compliance can be achieved. Other dationenfor
production practices, Quality Management Systems and systemticalidartificates can
be generated. Proof of customer satisfaction would also be a desitedt of the
traceability system development process.
(5) System maintenance: Maintenance of the traceability system is a crucial stepe
whole process. Maintenance is required to keep the systemofualciind for continuous
improvement. This is a continuous process and the traceability plard dbeuhodified
according to the changes in regulations, customer demands or anfaotbes that cause
a change in the business process. The subsequent steps would needrtedbeut again
every time there is a change in the traceability plan.

Developing such models can give the organization an overview igiugasteps
that are required to accomplish the task of developing and implementiraceability

system.

4 Chain Traceability through Information Exchange
Although IDEFO models are good at providing an initial view of activity

decomposition, it is incapable of modeling information process flowshnikidue to the

lack of time dependency input (Dorador and Young, 2000). So, there is a nesabifts

to capture the sequence of processes and information flows istemsyMany lot

activities take place at various points in the grain supply chain, as described below

e Movement: Grain is moved from one actor in the supply chain to another. For
example, farmer sells the grain to an elevator. In an elevatn r often moved
internally from one storage bin to another due to storage space or quifigsy
constraints.

e Aggregation: A grain lot is aggregated with other lots. For example, when an
elevator ships the grain to a river terminal, depending on the bpgeification, the
outgoing grain lot might come from several different storage. [80s an outgoing
grain lot may contain grain from several storage bins at the elevator.

e Segregation: An incoming grain lot is divided into many different grain lots.
Incoming grain at an elevator purchased from a farmer is coadi@srone lot. This
grain lot might be divided and assigned to a several differerstggdyins rather than

one bin. This leads to segregation of an incoming grain lot.
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e Storage: A grain lot can be stored for a certain period of time causititpage in its
physical or chemical properties. For example, moisture content chalthe during
storage.

e Transformation: A grain lot or a part of it can be used as an ingredient to produce
another product, for example, livestock feed.

e Destruction: A grain lot or a part of it can be destroyed during a procesgegation
for various reasons.

It is important to record these activities accurately and pagke information to the
next actor in the supply chain. Figure 7 shows the grain supply amgitine@ information
that should be recorded and passed onto the next link in the supply clegchbgctor. It
also shows that which information about a grain lot should be passedr@nrext actor
in the chain. The superscripts link the information that is passediwadryesupply chain
actors. When all the relevant information is recorded and passed lwnext actor, the
grain lots and their properties used in the final product canabed back to the origin.
Also, the grain lot from the farm can be tracked forward to ¢tailer. It can be seen
from figure 7 that not all of the information is passed to the lektn the supply chain.
However, it is important that all the relevant lot-informatiorpassed to the next link.
This information should be sufficient to obtain any additional informat®required. As
discussed before, there are many lot activities that take fhlemxeghout the supply chain.
The goal is to achieve supply chain traceability, so it is itapbrthat each actor
maintains an internal traceability system using a relatida@base management system.
As long as all the lot information is recorded in an RDBMSId&eal Database
Management System) form by each actor, retrieval of akssry information linking
individual lots at different points in the supply chain becomes e&@3m such internal
traceability database has been developed for a grain elevator asfalmanvork.

Figure 8 shows a UML sequence diagram for information exchaegeeen
supply chain actors. A sequence diagram is used to show theiiiesesbetween objects
in the sequential order in which the interactions occur. An organizatiofirad sequence
diagrams useful to communicate how the business works by showing howsvabjects
interact. The main purpose of this diagram is to define event sequencesuhahrsome
desired outcome. The diagram shows what messages are sentnb#teegystem’s
objects as well as the order in which they occur. It conveysirttosmation along the
horizontal and vertical dimensions: the vertical dimension shows, top dberrtjnte
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sequence of messages as they occur, and the horizontal dimensionetéavaght, the
object instances that the messages are sent to (Bell, 2004 upiie chain actors are the
object instances for the grain supply chain case.

Figure 7 shows the information that should be shared betweertttre a the
supply chain, while Figure 8 shows the sequence of this informatidraege. It also
shows the sequence of events if any additional information is steguabout a suspect
product. The user can be a regulatory agency in this case. When atidifmmaation is
requested in case about a product; the companies should provide this tioforimaa
timely manner to comply with the regulations. In the UnitedeStarain industry, a

company has 24 hours to provide this information from the time it is requested.

5 Mode of information exchange
Electronic Data Interchange (EDI) is commonly used in the BRsiQess-to-

Business) environment as a reliable mode for electronic datemge between business
and trading partners. EDI is a set of standards for structurfogmation that is to be
electronically exchanged between and within business orgamgasind other groups.
EDI implies a sequence of messages between two parties, @itwaom may serve as
originator or recipient. The effectiveness of using EDI has hadely investigated and it
is evident that the standard can be used efficiently by orgamszatvith mature IT
capabilities. This is generally not the case for all actothensupply chain (Bechini, et
al., 2008). On the other hand, the increasing popularity of XML (Extenbllaidup
Language) for information interchange has made it easyusinesses of any size to use
this technology. The main purpose of XML is to facilitate the sigaof structured data
across different information systems, particularly via thermete Both EDI and XML
formats are structured to describe the data they contain. Timediff@rence is that the
EDI structure has a record-field-like layout of data segmamtiselements; which makes
the EDI file shorter, but not easily understandable. The XML &brnas tags, which are
more easily understood, but make the file bigger and verbose (Electata
Interchange Development, 2008). An XML document is a tree of ndstee@m@s, each of
which can have zero or more attributes. There can only be onecleoent. Each
element has a starting and ending tag, marked by angkebsawith content in between,
like: <element>...content...</element¥he content can contain other elements, or can

consist entirely of other elements, or can be empty. Attributes are nalned wéich are
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given in the start tag, with the values surrounded by single or dqubkations, like:
<element attribute1="valuel" attribute2="value2"¢Anderson, 2004).

The European Commission funded the TraceFood framework that s daske
work done in the EU projects TRACE, SEAFOODplus and TraceFisicéFood Wiki,
2009). TraceFood is a system for traceability and consists ofiesc standards and
methods for implementation of traceability in food industry. TraceCextensible
Markup Language (TCX) developed under this project is a standaydivexchanging
traceability information electronically in the food industry. T@xakes it possible to
exchange the information that is common for all food products, hkeidentifying
number, the origin, how and when it was processed, transported aiveédetae joining
and splitting of units, etc (TraceFood, 2007). The TraceCore XML s@sidan be
adapted to grain supply chain where all actors can exchange itiformesing this

standard.

6 TraceCore XML and United States Grain Supply Chain
Figure 9 shows a part of an entity-relationship model developadthfiementing

internal traceability for a grain elevator in section 4. An Xilihcument is created for
every action relating to the grain. The basic elements in taeeCore XML standard
include documentation identification, sender and receiver informaticrgatodity unit
identification and traceability relations (TraceFood, 2007). Figurehiivs the basic
structure of an XML document for acquisition of grain by the e¢t@veiom the farmer.
The entities used here are from the elevator database model ishfsgure 9. Figure 10
also shows the tree format of this acquisition notification gerteraithin the elevator
system when grain is purchased from the farmer. The schema ghewsender
information (farmer in this case), product and origin informationyig#ginformation and
other quality attributes related to grain. Grain activity in daise refers to receiving grain
from the farmer, which is identified by tlseale tickehnumber as a unique identifier. The
document also includes information regarding storage bin assignmettie tgrain

received.



33

Sometimes, grain is moved internally in an elevator from one dianbther.
Figure 11 shows the basic structure of an XML document for menenotification of
grain in the elevator. The tree format of movement notificatioalss shown. Grain
movement from one storage bin to another can be viewed as a traatgfaror splitting
of different lots (one bin being considered as one lot). digen and destinationbins,
weightof grain moved as well asart andend timeof the internal movement is included
in this document. Quality attributes of the grain lot are alsoucagtsimilar to the
acquisition notification document. These XML traceability documentsagoiuoth the
lot and activity data. As mentioned before, grain aggregation and a@gretpkes place
at many different stages in the supply chain. Thus, it is vepgiitant to record the grain
qguality data (moisture, test weight, damaged material andgfoneiaterial) for each
activity type. This data can then used to calculate the qualignpeters of the aggregated

lots.

7 Conclusions
Implementation of a traceability system in the bulk grain suppbincin the

United States is a complex task. Several problems exisffextedit stages throughout the
supply chain. Grain lots are often commingled to meet buyer feaicons and lot
identity is not maintained. The internal grain movements at geaidling and processing
facilities often go unrecorded. In order to achieve traceabiifysgalong the grain supply
chain, businesses should focus both on internal and chain traceabilitynDaten of
the usage requirements of the traceability system is thestiep in implementing the
system. Each supply chain actor should determine their tracggidmm based on the
driving factors like the regulatory need, business need and the cugpoefierences.
Relational database management system could be used to impieteeral traceability
system by each actor in the supply chain. All grain lot inforonashould be recorded in
a centralized database system and only relevant lot/batch inimnnsaould be passed on
to the next link in the supply chain. Additional information can be regdesy the
authorized users (such as regulatory agencies) in case ofpactsysoduct. This
additional information should be provided in a timely manner. The us@&eof
technologies like XML can be a very powerful tool for e-inforimratexchange between
supply chain actors. The use of XML can have several benefitsetlketion of time and

effort required for exchanging information. Use of a relationahlulge management
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system to record information (internal traceability) and XNdr exchange of this
information (supply chain traceability) between different partian simplify the record
keeping and information exchange, and in turn, the traceability eiffiotite grain supply
chain.

Application of this framework for developing and implementing intermad a
supply chain traceability is the next step. The actual implememttdr different supply
chain actors would provide a better insight into the limitationkisfftamework and how
it can be modified for traceability of different food products.

References

Anderson T., 2004. Introducing XML http://www.itwriting.com/xmlintro.php

Bechini A., Cimino M.G.C.A., Marcelloni F., Tomasi A., 2008. Patterns and
technologies for enabling supply chain traceability through colédiver
information e-busines#nformation and Software Technolqodp, 342-359.

Bell D., 2004. UML’s Sequence DiagraiBM,
<http://www.ibm.com/developerworks/rational/library/3101.r#ml

Can-Trace, 2003. Agriculture and Agri-Food Canadfdtps//www.can-trace.org

Carriquiry M., Babcock B.A., 2007. Reputations, market structure and the choice of
guality assurance systems in the food indugtngerican Journal of Agricultural
Economics89, 12-23.

Department of Defense, 2001. Systems Engineering Fundam&upjgementary text
prepared by the Defense Acquisition University PrEsst Belvoir, Virgina.

Dorador J.M., Young R.I.M., 2000. Application of IDEFO, IDEF3 and UML
methodologies in the creation of information modéfgernational Journal of
Computer Integrated Manufacturing3(5), 430-445.

EDI vs. XML, 2008. Electronic Data Interchange Development,
<http://www.edidev.com/XMLVSEDI.htn+

Eriksson H., Penker M., 2000. UML Prim&usiness modeling with UML: Business
patterns at workJohn Wiley & Sons, Inc., New York, 17-57.

Folinas D., Manikas I., Manos B., 2006. Traceability data management for food
chains British Food Journal108 (8), 622-633.

Golan E., Krissoff B., Kuchler F., 2004. Food Traceability: One Ingredient ifiea Sa
and Efficient Food Supply, Economic Research Ser#iogher Waves,214-21.

IDEFO Function Modeling Method, 1993. Integrated Definition Methtdd&F Family
of methods, Knowledge Based Systems, hitpg/www.idef.com/idef0.htn#

International Organization for Standardization, 2007. New ISO standard tcatacilit
traceability in food supply chaink5O 22005:2007.

Jansen-Vullers M.H., van Dorp C.A., Buelens A.J.M., 2003. Managing traceability
information in manufactureinternational Journal of Information Management
23, 395-413.

Laux C.M., 2007. The impacts of a formal quality management system: a casefstudy
implementing ISO 9001 at Farmers Cooperative Co.PAD. Thesislowa State
University.

Lee J., Xue N.L., 1999. Analyzing user requirements by use cases: A gaal-dri
approach|EEE Software16(4), 92-101.




35

Madec F., Geers R., Vesseur P., Kjeldsen N., Blaha T., 2001. Traceability in the pig
production chain. Revue Scientifique Et Technique (International Office of
Epizootics) 20 (2), 523-537.

Miller R., 2003. Practical UML: A Hands-on Introduction for DevelopErsparcadero
Technologiezhttp://dn.codegear.com/article/31863

McKean J.D., 2001. The importance of traceability for public health and consumer
protection,Revue Scientifique Et Technique (International Office of Epizoptics)
20(2), 363-371.

Nardi M.G., Sperry S.E., Davis T.D., 2007. Grain Supply Chain Management
Optimization Using ArcGIS in Argentina, Environmental SystenmsseRrch
Institute, ESRI- Professional Papers, 2007.

Official Journal of the European Communities, 2002. Regulation (EC) No 178/2002 of
the European Parliament and the Council of 28 January 2002.

Opara L.U., 2003. Traceability in agriculture and food supply chain: a reviewiof bas
concepts, technological implications, and future prosp&asd, Agriculture &
Environment1(1), 101-106.

Regattieri A., Gamberi M., Manzini R., 2007. Traceability of food products: General
framework and experimental evidendeurnal of Food Engineerin@1l, 374-356.

Reuters, 2008. North America tomato industry reeling: groviRegters
<http://www.reuters.com/article/wtMostRead/idUSN6A33595920088610

TraceFood, 2007. TraceCore — XML Standard Guidelines;eFood
<http://193.156.107.66/ff/po/TraceFood/TraceCore%20XMLztm

TraceFood Wiki, 2009. kttp://www.tracefood.ory

U.S. Food and Drug Administration, 2002. The Bioterrorism Act of 2002.

Van Dorp K.J., 2002. Tracking and tracing: a structure for development and
contemporary practicekpgistics Information Managemerit5(1), 24-33.




36

Figure 1. The Bulk Grain Supply Chain in United States
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Figure 3. Grain Supply Chain Traceability System Use Case diagram
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Figure 5. IDEFO mode for developing an internal traceability system at a grain elevator
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Figure 7. Possibleinfor mation exchange between different actorsin the grain supply chain
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additional information about a suspect product is requested

Figure 8. Sequence diagram for information exchangein bulk grain supply chain when
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Figure 9. Partial Entity-Relationship diagram of internal traceability databasefor agrain
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Figure 10. XML document and treeformat for Acquisition Notification
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Figure 11. XML document and tree format for Movement Notification
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Abstract

Data management in food supply chains to facilitate productatpditg has
gained importance in the past years. This paper presentsianala@atabase model to
facilitate internal traceability at a grain elevator, whis one of the first nodes in a food
supply chain. At an elevator, grain lots (inbound deliveries) are hetudeneet buyer
specifications, and individual lot identity is not maintained. As altiean outbound
shipment to a customer likely contains grain from many different souncagood safety
related emergency, tracing the source of a problem or trackiey affected shipments
would be nearly impossible. An efficient internal data managenystéra could mitigate
these problems by recording all grain lot transformations/daesyiincluding movement,
aggregation, segregation, and destruction as well as supplier and cusfomeation. In
this paper, a relational database management system is propaisstbites all necessary
information, including product and quality information, related to thendods in order
to enable product traceability. The system can be queriedrievesinformation related
to incoming, internal and outgoing lots and to retrieve information tbahects the
individual incoming grain lots to an outgoing shipment. Furthermoresyisiem can be
used both to trace back to the source of a given lot and to tramimation about

previously shipped lots forward.

Keywords:Internal traceability, Bulk grain handling, Elevator, Data modeling, ER model
1 Introduction

Tracking and tracing food products throughout the supply chains has gained
considerable importance over the last few years (Carriquiry abddgk, 2007; Jansen-
Vullers et al., 2003; Madec et al., 2001; McKean, 2001; Thakur and Hurburgh, 2009).
Consumers all over the world have experienced various food safety dtidismzes. In

addition, consumer demand for high quality food and feed products, non-GMO
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(genetically modified organisms) foods and other specialty productsas organic food
has grown in the past years. These factors have led to angravierest in developing
systems for food supply chain traceability, and, as a result, a nwhbmyd safety and
traceability laws exist in different countries.

The European Union law describes “Traceability” as an abdittyack any food,
feed, food-producing animal or substance that will be used for consuntptiongh all
stages of production, processing and distribution (Official Journahef European
Unions, 2002). Considering this definition, traceability is important fanynreasons,
such as responding to food security threats, documenting chain oflgudbcumenting
production practices, meeting regulatory compliance, and even analggistics and
production costs. Besides ensuring a safe food supply, the USDA EcoResegarch
Service states that use of a traceability system rasulldsver cost distribution systems,
reduced recall expenses, and expanded sales of products with atttifatare difficult
to discern (Golan et al., 2004). Thus, in several countries foodahitite has become
important for reasons other than just the legal obligations.

Three examples demonstrate how traceability standards are dmiepped and
implemented. The ISO 22005 Food Safety Standard requires that eaohAngokmow
their immediate suppliers and customers based on the principleeaip and one down
(International Organization for Standardization, 2007). It also dfa¢®ne weak link in
the supply chain can result in unsafe food, which can present @useatanger to
consumers and have costly repercussions for the suppliers. Fobdisdfesrefore the
joint responsibility of all the actors involved. Next, the BioterrariBreparedness and
response Act of 2002 (the Bioterrorism Act) requires all foodfeed companies to self-
register with the Food and Drug Administration and maintain dscand information for
food traceability purposes (US Food and Drug Administration, 2002). ¥irh# GS1
Traceability Standard states that traceability across stiygply chain involves the
association of flow of information with the physical flow ofdeable items. It also states
that in order to achieve traceability across the supply chhitraceability partners must
achieve internal and external traceability (GS1 Global Tialiya Standard, 2007).
Therefore, all the actors involved in the food supply chain arereshto store necessary
information related to the food product that link inputs with outputs,hab Wwhen
demanded, the information can be provided to the food inspection authoriaesnoely

basis.
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Previous research has emphasized the importance of internabititgesystems.
Moe (1998) states that many advantages can accrue from havintganali traceability
system from being able to trace the raw material that went a final product to
possibility of improved process control, correlating product daté watv material
characteristics and processing data as well as optimizatitie ofse of raw materials for
each product type. In order to achieve a fully traceable supply,dhas important to
develop systems for both external supply chain traceabilityedlsas/internal traceability.
This includes linking, to the best extent possible, units of output wihifec units of
input. First, each actor must have the ability to externallyettark and track forward
product information using the one-up and one-down basis. Then, in order toideter
the cause of the problem or to efficiently recall the assati@ie contaminated) food
products, each supply chain actor should have an internal record-keegigng gnabling
them to trace back to the input ingredients and track forward toutput products.
Therefore, each actor in the supply chain must not only know theiediate suppliers
and customers but also maintain accurate records of their internal processes

Still, traceability in the food industry is lacking. This is especiallgracern when
evaluating supply chains related to bulk grain. In this paper, weemtra traceability
system for a bulk grain handling scenario. Because of the conmgdeagsociated with
receiving, storing, and blending bulk grains, a bulk grain handling soeserves as a
good example of how a traceability system can be developed for coprplduct flows.
In this paper, we first describe the functions of a grain atétey including the
complications related to implementing a bulk grain traceabiisyesn. Next, traceability
literature is highlighted and data management systems arewesl. Finally, our
methodology is discussed and the results of our relational databasg wioidh can be

used to facilitate internal traceability at a grain elevator, areeaffer

1.1Bulk grain handling
Various lot-activities (transformations) take place as graoves through the

supply chain from the farm to the consumer. These transformationslenafjgregation,
segregation, storage, transfer and destruction (Thakur and Hurburgh, 2009). It
important to be aware of the type and location of each trangionres it is necessary to
be able to track and trace the food product through a firm or inge@acility (Donnelly

et al., 2009; Schwéagele, 2005). Grain elevators, which handle bulk commbkigiesrn
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and soybeans, are important nodes in the bulk grain supply chan. Therslé&wst grain
from farmers and store the grain in storage bins (i.e., grain bin®®y lsefore selling it

to the customers. Figure 1 shows a typical bulk grain handling scenario.

The incoming grain lots from farmers are assigned a unique-tsdadé number,
weighed and graded based on quality parameters. These quabiyepars include
moisture, test weight, damaged material and foreign materiaudlity grade is
determined based on these parameters and the lot is asaigh@&dnsferred to one or
more storage bins based on space and quality constraints. Grapt is lstorage bins
until it is shipped to a customer. However, while in storageralart of the contents of a
bin can be transferred to other bins in order to avoid spoilage due t@renemtal
conditions (usually related on increasing temperature inside a Bm¥ internal
movement often goes unrecorded and complicates the lot dynamide daiing of
previously defined grain lots. In the absence of these internaldsedbis impossible to
link the incoming and the outgoing lots. Again, just before shipment fycan different
storage bins (i.e., different quality) is blended to meet the cestspecifications for
guality and to maximize the elevator’s profit.

As a result of this grain elevator blending process, one storagié&ddindontains
grain from many different sources (i.e., original farmer Jots)d a specific grain lot
shipped to a customer (i.e., food processor or manufacturing plant) ongincgrain
from multiple sources. Any number of original farmer lotshhigitimately comprise a
finished food product. If a food related emergency occurred, isoldtengdurce of the
problem would be nearly impossible, so a recall of all the finistmmtigy that might
possibly have been contaminated would be the only method to ensure the ctansume
safety. Such a recall would be time intensive and complex, resutigh cost, be
damaging to brand names, and add risk to consumers’ safety. Tdwirigllsection

reviews relevant literature related to traceability and databasegerarat systems.

1.2 Traceability and data management systems
A data model is defined as a coherent representation of objeotsaf part of

reality (Elmasri and Navathe, 2000). A wide range of systerasasmailable for
traceability in the food industry, ranging from paper-basetksysto IT enabled systems
(Food Standards Agency, 200Radio Frequency ldentification (RFID) technology is
also used to develop traceability systems in food supply chBiasuyi and Kyowa,
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2004). RFID tags can be used for identification of individual produstdetthey move
through the supply chain. Information management and database managechniques
are also used for developing traceability systems. Niederhatusgr (2008) presents a
conceptual information system for tracking specialty coffedend@nsen-Vullers et al.
(2003) present a reference model designed to accommodate suppduetriEgistration of
operations on lots or batches and support for the registration afiasslooperation
variables and values. This model displays the functionality foceataility in
manufacturing when production lots or batches are defined. Relatioteddadas are
widely used by corporations for operational management programs. €hef ukese
databases for traceability in agricultural industry other thaod fmanufacturing is,
however, unheard of by the authors. Support for strategic decisiangjtthanalytical
databases in the sense of data warehouses, as used and implemensacely in the
industrial sector has thus far not been given serious consideratidm iagticultural
sector (Schulze et al., 2007). It has been shown that the effi@&acyaceability system
depends on its ability to record and retrieve the requested ledetdormation (Folinas
et al., 2006).

Senneset et al. (2007) state that one of the basic preregjoistieth internal and
external supply chain traceability is the unique identificatiomlbfaw materials, semi-
finished products and finished products. The authors offer three types raitiope
necessary for obtaining internal traceability:

(1) Recording the unique identities of traceable units. These usui@hteanputs

to a process.

(2) Assigning unique identities to new traceable units. These usteily to

outputs from a process.

(3) Linking a set of input unit identities to one or more sets of outputitcks.

These usually refer to transformation of raw materials to finished products.

Based on the concept of unique identification, a Traceable UnitiTdBfined as
any item with predefined information which may need to be xetdeand which may be
priced, or ordered, or invoiced at any point in any supply chain. In geaetiTU refers to
the smallest unit that is exchanged between two parties in theystigph (TraceFood
Wiki, 2009). In order to achieve chain traceability and meet the theeeability
conditions offered above, efficient internal traceability systemst be in place at each

food enterprise (node) in a supply chain. Therefore, it is importadévelop systems
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which record both information related to traceable units and assddiransformations
occurring internally within each node. Such traceability systean become complex,
especially when TU are not well defined.

Since bulk grain is traded according to grade standards based oty quali
parameters of the grain lots, it is important to integratedleant quality data with the
traceable units. Moe (1998) states that traceability can beimgedr distinct contexts:
product (origin, processing history, distribution and location aftervelsl), data
generated throughout the quality loop, calibration (standards, physaagrties, etc.),
and IT and programming related to system design and implenoentdéinsen-Vullers et

al. (2003) suggest the following four elements for traceability:

(1) Physical lot integrity: this includes the lot size and howl W& lot integrity is
maintained.

(2) Data collection: this includes two types of data; lot tracini @md process
data.

(3) Product identification and process linking: to determine product composition.

(4) Reporting: to retrieve data from the system.

Based on these principles, identification of data capture points hendidta

elements to be recorded at these points is the first stegeveloping a database

management system for traceability.

For efficient grain supply chain traceability, the elevator hassaonsibility to
maintain data that links inputs (inbound deliveries) and outputs (outbound shipments
When needed, management should be able to retrieve the necessaratiofofram this
recorded data. In this paper, we propose the use of a relatlatedlase management
system (RDBMS) for internal traceability at a grain elevatbe purpose of this database
model is to record all the transformations related to incoraimjoutgoing grain lots as
well as the transformations that take place internally aklamator. Therefore, the
objective of this database model is to track and trace individual tpts through the
bulk grain supply chain. The database can be queried to retrievedhantahformation
when necessary. However, there are certain factors tha¢ gredilems in modeling of
the bulk grain handling data. The “fluid-like” characteristics oklgtain distinguish it
from other food products and make it very difficult to define a fiweégize (or traceable
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unit) for traceability purposes. The following section describes th@se factors were

modelled.

2 Methodology
2.1Traceable Units

Defining a lot or a traceable unit (TU) by breaking product flomte discrete
units is a way to achieve product differentiation for tracki@glén, et al., 2004; Moe,
1998). However, the definition of a grain lot changes throughout the bulkirgndl
process. In this database model, we use various definitions of ai oilk grain at
different stages of handling within the elevator and each lot is Ugiggentified. The

following definitions of a grain lot are used:

1. At the time of purchase, a truckload of grain purchased from a faime is
identified by a unique scale ticket number is considered a los [Bhican be
assigned to one or more storage bins depending on quality of grain and bin
capacities available at that time.

2. In storage, the quantity of grain contained in one bin is considered &st.ofhkis
lot can have multiple sub-lots (different incoming lots identifogdunique scale
ticket numbers). In storage, each lot is uniquely identified by theage bin
number.

3. For shipment to a customer, one truckload or the shipment load in itoze i®
considered as one lot. This outgoing lot might come from severdinattorage,
each bin is a lot) blended together to meet the customer spgorie Each
outgoing shipment has a corresponding customer contract and is uniquely

identified by a shipment ID.

2.2L ot Transformations
Figure 1 provides an overview of the lot dynamics at a gravatde Three types

of activities related to incoming, internal and outgoing grain &ike place at an elevator.
Each activity type can be defined by a set of transformationsnadzed in Table 1.
Each lot transformation has a storage bin number associated betause: 1) incoming
grain is assigned to one or more bins, 2) grain can be moved interoaflyone bin to
another and finally, 3) outgoing shipments are prepared by blendiimgfgsm different

bins in order to meet customer specifications. So, this data madetains information
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about lot transformations related to each bin in addition to actiaity and time, farmer

and customer information, and various grain quality parameters.

2.3Entity- Relationship Mode (ER model)
The entity-relationship (E-R) modeling technique was used to develaopt¢neal

traceability grain handling database model. An E-R model is ailetkt logical
representation of data for an organization or for a business HneaE-R model is
represented in terms of entities in the business environment, #i@mehips among
those entities, and the attributes of both the entities and thesionships (Hoffer et al.,
2006). The benefits to using a relational database managemeh RDBMS) come
from its ability to store data in a “normalized” format. Shconcept was originally
presented by Codd (1970), who mathematically developed the relatiodal to provide
a better structure for databases. Data normalization is semphy of organizing data so
that it allows for increased efficiency of data storagd eetrieval. While spreadsheets
can store data in a normalized format, it is very difficultetoieve in a simple and timely
manner. We developed a database designed to facilitate thgestatieval and analysis
of grain handling data at an elevator. The internal traceabiliiy grandling model was
developed using Oracle Database 10g software. The rationale iacglps used to
develop this database are directly applicable to other comnhgraiailable RDBMS
software. The design of the relational database adheres poirthgples of normalization
focusing on data handling efficiency and flexibility.

Figure 2 shows the symbols used in an ER model, which will be ndée iater
modeling steps. An entity stands for things that can be uniquely iddnti#nd
characterized by their attributes; whereas relationshipsgept associations among
different entities. Attributes represent information about an eatity relationship types
by mapping them into value sets (Patig, 2006). A primary keynisatiribute or
combination of attributes that uniquely identify an instance in ddagawhile a foreign
key is used to link two tables (entities). Typically, a primagy from one table (entity) is
inserted into another table (entity), and it then becomes a fokeignRelationships
between two entities work by matching the key columns in twas$abIThis is usually
done by matching a primary key (that provides a unique row/insténoce)one table to a

foreign key instance in another table. Table 2 describes theediffiend of relationships.



52

Such relationships were developed for the grain lot activitiesftnanations and

associated quality characteristics.

Figure 2 also represents supertype and subtype entities. Aygperttity is used
to represent two or more entities when they are viewed asaime entity by other
entities. A subtype entity is an entity that is a specisé @d another entity, created when
attributes or relationships apply to only some instances of ary.eniihe subsets of
instances to which the attributes or relationships apply areateganto entity subtypes.
When an attribute applies only to some occurrences of an entity, the subset afroesurr
to which it applies should be separated into entity subtypes.

The common data elements are put in the supertype entity aspebiéic data
elements are placed with the subtype to which they apply.tiilbates of the supertype
must apply to all subtypes. Each subtype contains the sameaskdlge supertype.
Database triggers can be used to automatically transfer rdatasupertype tables to
subtype tables. A database trigger is a procedural code thabmadiatlly executed in
response to certain events on a particular table in a databefer (et al., 2006). The
Structured Query Language (SQL) was used to develop a functioml that can be
implemented in a real elevator setting. Some sample reports anescare discussed in

the following sections.

3 Results
Figure 3 shows the E-R model for the internal traceabilitybds at a grain

elevator. Table 3 provides a description of each entity and lwedeattributes. Every
time a transformation (aggregation, segregation, storage, traesfgrtakes place, the
quality factors of moisture, test weight, foreign material aathabed material are
recorded. A scale ticket number is assigned to the graiplothased from the farmers.
Each incoming lot is tested for quality and transferred to one oe storage bins (that
may already contain previous lots) depending on grain type (cosoyeans), space
availability and grain quality. The information related to therfer and the activity dates
are also recorded. Similar information is recorded when gsamoved internally at the
elevator and for shipments to the customers (see Figure 3 fas)Xelae bin_activity

entity has three sub-types, one each for ititernal, incoming and outgoing grain

movement corresponding to every storage bin. Similarlyshiment_infentity has two

sub-typestruck andrail. The data is recorded in each table depending on the mode of
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transportation of the outgoing shipment. Database triggers weatedréor automatic
data transfer to the sub-type tables.

By utilizing the relational database design, the proposed modaitoee, manage,
retrieve all grain handling data and run calculations for aggrégatality of the blended
products. The integration of all these functions makes this model uniuehe existing
spreadsheet based inventory control programs for grain elevatossmoldel combines
inventory information, grain handling and grain quality information a agethe grain
blending process in one centralized location.

3.1Database Triggers
A trigger is a named set of SQL statements that are coedidieiggered) when a

data modification (such as INSERT, UPDATE, and DELETE) acifra condition

stated within the trigger is met, then a prescribed actidakisn (Hoffer et al., 2006).
Triggers are commonly defined @ eventlf condition Then action (Dayal et al, 1988;
Hanson, 1989; Kotz et al, 1988; Widom and Finkelstein, 1990). Triggers welefars

two entities, namely, ib_activity and shipment_infdo automatically transfer data from
the supertype entity to the respective subtype entities basé@ oesponse (i.e. the type
of activity). SQL code for these database triggers is shownguréi4. It can be noted
that data is added to the respective subtype entities usinggtpersrbased on the type of

movement and the type of shipment mode, respectively, for the two supertype entities.

3.2Queriesand Reports
Once the data is stored in the database, the manipulation is aist@apghrough

the use of queries written using the Structured Query Lang{&@ke). SQL allows in
recreating the original spreadsheet file formats as agBubsets and data comparisons.
The set of queries presented in this section act as a stéadior data retrieval, but the
WHERE clauses should all be changed to match specific data regateer®nce written
these queries can be saved and easily executed at a latbutiateuld return varying
results based on the changes made to the data set during tha&dime sample reports
are shown in this section of the paper. The main purpose of thisadatabto be able to
connect the incoming grain lots with the outgoing grain lots. Thaynmdtion is vital in
case of a food safety related emergency. Reports can baigeh&om the database to
answer gueries such as:

e Which farmers supplied the grain contained in a specific storage bin?
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e Which bins were used to blend grain for a specific outgoing shipment?
e Which incoming lots contributed to a specific outgoing shipment?

Figure 5 shows the SQL code and sample report generated taydiselfarmer
information, purchase date, grain type and quantity purchased tharamagerred to
storage bin number 9.

Figure 6 shows the SQL code and sample report generated to dmsplaytgoing
shipments using truck as transportation mode. The report includesctiligy adate
(shipment date), contract number, customer ID, the bin number/s fr@rewhe grain is
drawn for blending, truck ID and the quantity shipped on each truck inlbuShmilarly,
Figure 7 shows the code and report generated to display thermusipgpments using ralil
as transportation mode.

The ability to connect the outgoing lot (shipment) information to the incoming lots
is important to trace back the source of problem in case of a ffety €mergency.
Figure 8 shows the SQL code and sample report generated taydisplincoming grain
lot information corresponding to outgoing shipments to Company A. The quergated
so that the report includes the scale ticket number of the incowisigpurchase date,
farmer name, quantity purchased in bushels, bin number assigned it@dheng lot,
activity date (shipment date), contract number, bin number/s fromewher grain is
drawn, and the quantity shipped on each railcar in bushels. This repplaydi the
incoming lots that are present in an outgoing shipment. The graiarltdivisible so a
part or an entire incoming grain lot may be present in an outgoin@his information
can be used to trace back the origin of grain (back to a fasma group of farmers)
present in an outgoing shipment.

4 Conclusions
Development of data management systems to facilitate product tracealiibd

supply chains has gained importance in the past years. The abititgckoand trace
individual product units depends on an efficient supply chain traceadytgm which in
turn depends on both internal data management systems and informatiangsx
between supply chain actors. In this paper, we present a relatidabbsi@a model to
facilitate internal traceability at a grain elevator.

Grain elevators handle bulk commodities marketed against geneaite gr

standards that are based on physical attributes. Differeattivities take place as the
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grain moves through the supply chain from the farm to the consumem Atevator,
grain lots (inbound deliveries) are commingled to meet buyerifgations, and lot
identity is not maintained. As a result, an outbound shipment to a custameontain
grain from many sources. In a food safety related emergenaypuld be almost
impossible to trace back the source of problem and to track (ywther affected lots.
This process is very time intensive, increases the recdl,casd can lead to a tainted
brand name for the company. The problem can be mitigated Wmffiarent internal
record keeping system that would document all grain activitrassfiormations). The
proposed database system stores product identity and transforméionation related
to grain lots (traceable units) and can be queried to retrieveniafion related to all
incoming, internal and outgoing lots.

Definition of a lot size or a traceable unit was an imporsée in developing a
data management system since all the information has to kel lilo a unique entity,
which in general is a specific lot size. But, grain is handldulik and defining a lot size
is a complex task. So, instead of a strict definition of a lotyseeseveral definitions and
explain how the lot size changes as grain moves through an eldvath receipt from a
farmer (usually, a truckload) is assigned a unique scale tickdberuamd considered as
one lot. When in storage, a grain bin is considered as one lot whichiganrcontain
grain from different farmer deliveries (scale tickets). Timplies that a storage bin can
contain many sub-lots. Again, when the grain is shipped to a customeuytgoing
shipment is prepared by blending grain from different storage biregder to meet
customer specifications. For an outgoing shipment, a railcarrackddad (depending on
the transportation mode) is considered as one lot.

The entity-relationship modeling technique was used to develop the slataba
management system for internal traceability. All the inforomatelated to the grain lot
activities/transformations and associated quality characteristere recorded in this
database. An important feature of the ER model is the use oftyupend subtype
entities. Two entities, the type of grain lot movement and the widlansportation were
modeled as supertype entities. This feature simplified the database desigfoandtion
retrieval. Depending on the type of movement; whether it is an imgpgrain activity,
internal activity or an outgoing activity, the information is stbin the corresponding
tables. This design was used because these entities (diffeoetment types) share

some common attributes. The common attributes such as the qualityepens are
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placed in the supertype entityin_activity while the specific attributescale_ticket,
shipment_IDetc. are placed in the subtype entity to which they apply. Antehaire of
this model is the use of database triggers. Triggers were usadamatically transfer
data from the supertype entity to the subtype entities.

The database can be queried to retrieve information relateahyt grain lot
activity (transformation). It can be used to trace back the sairaegiven lot or track
forward the information related to the shipped lots. The infoonatihat connects the
individual incoming grain lots to an outgoing lot can also be retrievied tisis system
as is shown by some sample queries in the results section. Ppleisdemonstrates that
using a relational database management approach for recordinigt adictivities
(transformations) is an effective way to link the incoming and ongggrain lots at an
elevator.

The next steps in this work include the development of a graphicaintsdace
to enable the users to enter data in the database. The model disdonee implemented
in a real elevator setting and tested for performancedbasethe response time of
information retrieval in case of a product recall. In future, slggem can be used to meet
both operational and analytical requirements of the business. The iaparat
requirements of an enterprise’s business processes generhlteisbort-term decision
making while analytical requirements refer to long-term degismaking based on
historical and aggregated data. The historical data recorded owgrtdom using a
relational database system could be analyzed to study thehgradling practices of the
elevator. Elevators move grain from one bin to another and betweerewlifidevator
locations based on space and quality constraints. Availability of ictatata would
allow the elevator management to analyze their grain handimgjiges and to define
new procedures in order to optimize the logistics costs and to méitme food safety

risk by optimizing their blending practices.
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Figure 1. A typical bulk grain handling scenario
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Figure 2. Symbolsused in an E-R model
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Figure 3. Entity-Relationship Diagram for internal traceability at a grain elevator
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Figure 4. Database triggersused for entitiesbin_activity and shipment_info
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Figure5. Sample query and report generated for incoming lot infor mation

SELECT pfarmer 0D, f farmer_name, ppurchase _date, pgrain_type, p hushels
FROM purchase p, incoring |, farmer f

WHERE p scale ticket = I acale ticket

ANDf farmer 10 = pn farmer (D

AND Bin po= 9%
FARMER_ID  FARMER_NAME @ PURCHASE_DATE GRAIN_TYPE  BUSHELS
Fooo John Smith 16-Mar-08 Cam 2124
Fooo1 John Smith 16-Mar-08 Corn 1508
Fooo1 John Smith 16-Mar-08 Corn 3200
Foooz Pat Torreson 16-mar-08 Carn 42045
Foooz Pat Torreson 16-mar-08 Carn 2024
FOOo: Fat Torreson 16-Mar-08 zarn 4850

Figure 6. Sample query and report generated for outgoing lot information using truck as
transportation mode

SELECT DISTINGT o activity date, c.contract_num, c.customer id, o.bin_no, Fiuck 10,
b bushels

FROM contract ¢, cutgoing o, shinment_infa s, truck &, bin_activity b

WHERE c.contract_num = s.contract_num

AND 5 shipment [0 = o shipment 0

AND t shipment 10D = o shipment 10

AND b activity date = o.activity_date;

ACTMITY_DATE | CONTRACT_NUM | CUSTOMER_ID BIN_NO  TRUCK_ID BUSHELS
02-mAN-08

10.21.00 Aht CAD31708 0004 2 2000 1500
O2-mdAY-08

10.21.00 Ahd CAD31708 0004 11 2000 1400
02-mAN-08

02.25.00 Fi C 5040608 0005 4 20002 4000
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Figure 7. Sample query and report generated for outgoing lot information using railcarsas
transportation mode

SELECT DISTINGT o acthvty date, c.contract_num, c.customer_id, o.bin_no, rrail_id
rraiicar_id, b bushels

FROM contract c, outgaing o, shipment_info s, rall v, Bin_activity b

WHERE c.contract_nurm = s.contract_num

AND 5 shipment 1D = o shipment 1D

AND v shinment 10 = o.shipment [0

AND b activity date = o acthuty_date;

ACTMITY_DATE CONTRACT_NUM  CUSTOMER_ID | BIN_NO  RAIL_ID  RAILCAR_ID | BUSHELS
25-MAR-08

10.25.00 Ahd C032208 Z0om g 1000 1 2000
25-MAR-08

10.25.00 Ahd Co32208 C0o0m 2 1000 1 5000
28-APR-08

11.30.00 Ahd AD42508 Zooo02 11 1000 11 G000
25-MAR-08

10.25.00 Ahd C032208 Z0am 2 1000 1 2000
25-MAR-08

10.25.00 Ahd C032208 Z0am B 1000 1 5000
28-MAR-08

10.25.00 Ahd CG040908 Coo0s 2 10003 12 GE4
29-APR-08

09.26.00 A G042808 Cooo03 g 10002 2 5000

Figure 8. Sample query and report generated to connect incoming and outgoing lot
information

SELECT DISTINGT poacale ticket, ppurchase date, f.fammer name, Lhin no, p bushels,
o.activity date, c.contract_num, e.cus_name, o.bin_no, s.s5hin_mode, b bushels

FROM purchase p, fanmer {, incoming |, contract ¢, cutgoing o, shipment_info 5, elevator_customer e,
hin_activity b

WHERE c.contract_num = s .contract_hur

AND s shipment 1D = o.shipment 10D

AMND b activity_date = o activity_date

AND p farmer_id = { farmer_id

AND p scale_ticket = Lscale_ticket

AND L hin_ho = o bin_no

AND c.customer_id = e customer_id

AMND cus_name LIKE SaCompany A%

Order by o bin_nho;

SCALE PURCHASE FARMER  BIN | BUSHELS | ACTIMITY CONTRACT BIN | BUSHELS

_TICKET _DATE _NAME _NO _DATE _NUM _NO

1011 158-Mar-08 Faon 2 18F4 28-MAR-08 | CGO40908 2 AR4
Fenning 10.25.00 A

1010 15-Mar-08 Ran 2 2200 28-MAR-08 | CGO405908 2 G4
Fenning 10,2500t

10149 16-Mar-08 John ] 1508 02-MAY-08 CE040R08 ] 4000
Stmith 02.25.00 P

1020 16-Mar-08 John q 2124 02-MAY-08 CGO40R08 g 4000
Smith 02.25.00 P

1018 16-Mar-08 John q 3200 02-MAY-08 CGO40R08 g 4000
Smith 02.25.00 P

1046 16-Mar-08 Pat ] 3024 02-mMAY-08 CE040608 ] 4000
Torreson 02.25.00 P

1047 16-Mar-08 Pat ] 4205 02-mMAY-08 CE040608 ] 4000
Torreson 02.25.00 P

1044 16-Mar-08 Pat ] 48450 02-mMAY-08 CGE040608 ] 4000
Torreson 02.25.00 P
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Table 1. Transformations associated with each grain lot activity

Activity type

Transformation

Incoming grain
purchased from farmer
and transferred to a
storage bin

1. Transfer: Incoming grain lot is transferred to one or more storage bins

2. Aggregation: Incoming lot is mixed with grain present in the assigned bin/s
3. Storage: Incoming lot is stored in assigned bin/s until next transformation
occurs

Grain is transferred
internally from one bin to
another

1. Transfer: Internal grain lot is transferred to one or more storage bins

2. Segregation: A part of an internal lot (storage bin) is transferred to other bin/s
3. Aggregation: The transferred lot is mixed with grain present in the assigned
bin/s

4. Storage: The transferred lot is stored in assigned bin/s until next
transformation occurs

Grain lots from different
storage bins are blended
and shipped to the
customer

1. Transfer: A part or entire internal lot (storage bin) is transferred from a bin
2. Segregation: A part of an internal lot (storage bin) is drawn from a bin for
blending

3. Aggregation: The grain from different bins is blended together

Table 2. Relationship typesin an Entity-Relationship model

Relationship type

Description

One-to-One There is exactly one instance in table A that corresponds to exactly one
instance in related table B

One-to-Many There is exactly one instance in table A that corresponds to many
instances in related table B

Many-to-One There are many instances in table A that correspond to exactly one

instance in related table B

Table 3. Description of entitiesin the ER model

Table Name (Entity)

Attribute Name Contents

BIN Bin_No Grain storage bin number
Depth Bin depth (ft)
Capacity Bin capacity (Bushels)
BIN_ACTIVITY Activity Date Bin activity date
Bin_No Grain storage bin number
Grain_Type Type of grain moved (Corn or Soybeans)
Moisture Average Moisture content of grain in the bin (%)
Test_Weight Average Test weight of grain in the bin (Ib/Bu)
Damaged Mt Average Percentage of damaged grain in the bin (%)
Foreign Mt Average Percentage of foreign material in the bin (%)
Movement_Type Type of movement (Internal, Inbound or Outbound)
Bushels Quantity of grain moved in Bushels
INTERNAL Activity Date Bin activity date
Bin_No Grain storage bin number
Origin_Bin_No Grain origin bin number
Dest _Bin_No Grain destination bin number
Emp_Responsible Name of employee responsible for moving grain
INCOMING Activity Date Bin activity date
Bin_No Grain storage bin number
Scale Ticket Scale ticket number of inbound grain in elevator
OUTGOING Activity Date Bin activity date
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Table Name (Entity)

Attribute Name

Contents

Bin_No

Grain storage bin number

Shipment_ID ID of outbound shipment
SHIPMENT_INFO Shipment_ID ID of outbound shipment

Contract_Num Contract number of shipment

Ship_Mode Shipment mode (Truck or Rail)
TRUCK Shipment_ID ID of outbound shipment

Truck_ID ID of truck for outbound shipment
RAIL Shipment_ID ID of outbound shipment

Rail_ID ID of rail for outbound shipment

Railcar_ID ID of railcar for outbound shipment
ELEVATOR_CUSTOMER Customer_ID Customer ID

Cus_Name Customer name

Cus_Address Customer address

Cus_City Customer city

Cus_Phone Num

Customer phone number

CONTRACT Contract_ Num Contract number -outbound shipment
Customer_ID Customer ID for shipment
Contract_Date Date of contract
Grain_Type Type of grain
Bushels Quantity of grain required in Bushels
Moisture Max. Moisture content of grain required on contract (%)
Test Weight Min. test weight of grain required on contract (Ib/Bu)
Damaged Mt Max. allowable damaged grain on contract (%)
Foreign_Mt Max. allowable foreign material on contract (%)
FARMER Farmer_ID Farmer 1D
Farmer_Name Farmer name
Farmer Address Farmer address
Farmer City Farmer city
Farmer Phone Num Farmer phone number
PURCHASE Scale Ticket Scale ticket number of inbound grain in elevator
Farmer_ID Farmer 1D

Purchase Date

Date of purchase

Grain_Type Type of grain purchased (Corn or Soybeans)
Bushels Quantity of grain purchased in Bushels
Moisture Moisture content of grain purchased (%)
Test Weight Test Weight of grain purchased (Ib/Bu)
Damaged Mt Damaged matter in grain purchased (%)
Foreign Mt Foreign matter in grain purchased (%)
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CHAPTER 5. A multi-objective optimization approach to balancing cost and
traceability in bulk grain handling
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! Department of Agricultural and Biosystems Enginegriowa State University, Ames, IA 50011
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Abstract
This paper proposes a multi-objective optimization model to minimite

aggregation at a grain elevator. The problem involves blending of bulk tgrameet
customer specifications while reducing the food safety risk bwyinmding the
aggregation of different grain lots. A mathematical multi-albjec mixed integer
programming (MIP) model is proposed with two objective functions. Thectbg
functions allow in calculating the minimum levels of lot aggregaind minimum total
cost of blending grain to meet the customer contract specificat@msstraints on the
system include customer contract specifications, availabilitgrafn at the shipping
elevator location as well as other locations and the blending reguitenThe solutions
include the quantities of grain from different storage bins to kd & blending for a
shipment while using the minimum number of storage bins and the totalTbestotal
cost includes transportation cost between elevator locations, blendsigand the
discount applied to the shipment when customer specifications arenetot The
numerical results are presented for a corn shipment scenaricenmndtrate the
application of this model to bulk grain blending. Pareto optimal fiionomputed for the
problem for simultaneous optimization of lot aggregation and cost of blending
Pareto front provides a set of optimal solutions for different blgndiptions for the
elevator management to choose from. Sensitivity analysis is coddiactanalyze the
application of the model under different operating conditions. This modgldas an
effective method for minimizing the traceability effort bynimizing the food safety risk
caused by lot aggregation. Besides minimizing the lot aggoegdbhie model also allows
in using the maximum volume of grain present in a given storage tichvieads to
emptying of the bins and the extent of aggregation of old grainwits the new

incoming lots can decrease considerably. Use of fewer bins for bieslipments is also
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easier logistically and can lead to additional savings in tefgsain handling cost and
time.

Keywords:Lot aggregation, multi-objective optimization, traceability, bulk grain
handling, food safety risk

1 Introduction
Food safety and food control continue to gain significant attention agoodr

supply chains and production practices become increasingly compled. dafety is in
fact a very important part of public health, and although severaheddasurveillance
and monitoring systems exist in developed countries, outbreaks of foodtieeases
continue to be commonplace. Such foodborne diseases are caused by consoimption
contaminated foods or beverages. There are many differentdfpesdborne infections
as many disease-causing microbes or pathogens can contaminate rioadditibn to
these, several poisonous chemicals can also cause foodborne dispasssnif in food
(CDC, 2005). According to the Center for Disease Control and Preme(@DC), an
outbreak of foodborne illness occurs when a group of people consume the same
contaminated food and two or more of them come down with the samessillCDC
(2005) estimates that foodborne diseases cause 76 million illnesses00325,0
hospitalizations, and 5000 deaths in the United States every year.

Consumers all over the world have faced various food safety artth is=ales in
the recent years. This has led to a growing interest in develspstgms for food supply
chain traceability (Carriquiry and Babcock, 2007; Folinas et al., 2@0&ed-Vullers et
al., 2003; Madec et al., 2001; McKean, 2001). Various food safety and ttageabi
guidelines and regulations exist in several countries. Under uhgp&n Union Law,
“traceability” is defined as the ability to track any fodded, food-producing animal or
substance that will be used for consumption, through all the stagesodiicpon,
processing and distribution (Official Journal of the European ComragnD02). It is a
risk-management tool that allows food business operators or authooitigithdraw or
recall products which have been identified as unsafe. In the UnitatksS the
Bioterrorism Act of 2002 requires that all companies involved inftdoel and feed
industry to self-register with the Food and Drug Administrationraathtain records and
information for food traceability purposes (US Food and Drug Adnnatish, 2002). In
Canada, Can-Trace was launched in July 2003 which is a collaborative and opireinitia
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committed to the development of traceability standards for alil fm@ducts sold in
Canada (Can-Trace, 2003).

Traceability is important for many reasons such as respondihg foad security
threats to documenting chain of custody, documenting production psactieeting
regulatory compliance, and analyzing logistics and production costs(1988) defines
traceability as the ability to track a product batch and itotyighrough the whole, or
part, of a production chain from harvest through transport, storagegspnog,
distribution and sales or internally in one of the steps in the dfi@inexample the
production step). The General Food Law (Official Journal of thefgan Communities,
2002) requires traceability throughout the food supply chain. In order @abledo track
and trace products throughout the supply chain, food business operators amiainm
relevant information from the suppliers and keep track of all prodants their
transformation through all stages of production and then pass this atifmnnto the next
link in the supply chain (Donnelly et al., 2009; Schwagele, 2005; Thakur artgby
2009). Senneset et al. (2007) state that in order to achieve cluaabiiy, the identities
of traceable units must be recorded at reception and shipping, and that inteeadlitity.c

requires recording of all transformations during the production process.

1.1 Concept of lot aggregation
Many papers have addressed the concept of traceability in téremsuring food

safety and quality by implementation of information systems in fegoply chains
(Donnelly et al., 2009; Schwagele, 2005; Thakur and Hurburgh, 2009, Sennesegt et al
2007). Laux (2007) presented a quality management systems approach famgensur
product quality and traceability at a grain elevator. Littleaesh has been conducted on
the cost and benefits of such systems. While consumers demandnnteres of food
safety and quality, for food industry, a thorough investigation into the afosuch
systems is very important. Food production involves blending or mixingeeéral
ingredients and batches that constitute the final product. Sererhlct transformations
take place in food production, including, splitting, mixing, cooking, destrucetc. of
product or ingredient lots. Lot aggregation occurs when several prodobebar lots

are used to produce the finished product. It is common in food industry itxe il

proportion of a product lot in one batch of the finished product and the rempuoritngn
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can be used for subsequent production batches. So, a contaminatdemdot can in
turn contaminate several production batches.

For the food industry, the emphasis is not only to decrease the skfety
incidents (and recalls) but also limit the number of batchestmstitute a given finished
product in order to decrease the product quantities to be recallpdy®t al., 2005). For
instance, after a recall of minced beef products due to BSEeneh-producer not only
improved the accuracy of their traceability system but alseedsed the number of
mixed batches of meat in one batch of minced beef (Gattengo, 2001y Buglu (2005)
proposed a batch dispersion model to optimize traceability in food ipdisstr
minimizing the batch size and batch mixing. This model calculdte minimum batch
dispersion which is given by the sum of links between the rawrirahbatches and the
finished product batches. This model, however, does not take into accoudditienal
cost that might be incurred in trying to minimize the number dthes used in
production. Furthermore, certain food products like bulk grain need to be blended in order

to meet the trade specifications.

1.2Mathematical programming for blending problems
The mathematical programming approach has been extensivelyfarsenany

blending problems. Shih and Frey (1995) proposed a coal blending optimizaiiteth tm
minimize the expected costs of coal blending while minimizing ekgected sulphur
emissions. Singh et. al. (2000) proposed a gasoline blend optimization maidebduld
provide competitive benefit for oil refiners. While mathematicadeis have been used
for blending optimization of bulk products like coal, wine, and gasoline, the application to
grain blending is limited to minimizing discounts. Sivaraman e{(24102) presents a
general mathematical model to determine the optimal gra&ndblg and segregation
strategies to maximize the sale premiums based on protein cohtgheat. Bilgen and
Ozkarahan (2007) addresses the blending and shipping problem faced by ayctirapa
manages a wheat supply chain by formulating the problem ased-miteger linear
programming model. A mixed-integer program (MIP) is a lirragram with additional
constraints that some of the variables must take on integeesvafu multi-objective
optimization models simultaneous optimizes several conflicting thsgsc Such models
have the advantage of accurately representing the real mtdtiecrnature of certain

situations (Benayoun, et. al. 1971). In order to address the food trageabilcerns,
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there is a need to develop techniques to solve two aspects; to meitiminaumber of
batches that are used to produce a finished product and to maxmipeofits at the
same time.

In this paper, we use a multi-objective optimization model to corttrel
aggregation of different lots or batches of bulk grain product while nammthe total
cost of blending grain. The next section provides a description ofdsalk handling

scenario.

1.3Bulk grain handling
Grain elevators handle bulk commodities marketed against genedte gr

standards that are based on physical attributes. Grain lotorem@ingled in order to
meet buyer specifications and to maximize the profit. Asaltref this commingling, lot
identity is not maintained. Grain storage bins are extensively taskdndle bulk grain
and one storage bin can contain grain from many different sourcesel@wator buys
grain with different quality characteristics in terms of shaie, test weight, damaged
material and foreign material from the farmers. These inogmrain lots are assigned to
one or more storage bins depending on the quality and space constraiatsesllt, one
storage bin can contain grain from many different sources.

Figure 1 shows a typical bulk grain handling scenario. The ingpmpiain lots
from the farmers are assigned a unique scale-ticket numbehedleagnd graded based on
quality parameters. These quality parameters include moistwteweeght, damaged
material and foreign material. A quality grade is determibased on these parameters
and the lot is assigned and transferred to one or more storage d&usdmspace and
quality constraints. Grain is kept in storage until it is shipmed tustomer. When in
storage, a part or entire contents of a bin can be transferrduetobats in order to avoid
spoilage due to environmental conditions (usually related on incgedasmperature
inside a bin). Finally, grain for the outgoing shipments is blendad Beveral bins in
order to meet the customer specifications for quality, shown ur&ig. As a result of
this process, one storage bin can contain grain from many diffeoeirces. A specific
grain lot shipped to a manufacturing plant in turn can contain gi@m &tl these sources
that can end up in the finished product. In case of a food relatedesrogrg would be
almost impossible to isolate the source with the problem which weattito a recall of

all the finished goods that might have a chance of being cont@ainBhis process is
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very time intensive, increases the recall costs, and can lead to a baaridchame for the
company. Many food recall incidents have taken place in the padiabha affected the
consumers and the producers alike. For instance, according to aremwis after the
tomato-salmonella scare in June 2008, the Florida tomato industry auddbtentially
lost $40 Million because the producers could not sell their tomatoesthntiiource of
salmonella outbreak was identified (Reuters, 2008). With fragileqaiakly perishable
items like tomatoes, the consequences on industry and growers/psodizterbe
irreparable. The grain trade units must be tracked efficiemdyn fthe farm to the
consumer to avoid such problems.

In addition to keeping track of all the product transformation in the soqpbly
chain, it is important to develop operational techniques that can hedduning the food
safety risk. Of all the product transformation, mixing or blendinglifferent lots or
batches is the most difficult to track in bulk grain handling ingugirhakur and
Hurburgh, 2009). As grain is drawn from different storage bins fordiolg and shipping
to the customers, most of the bins are not emptied and more incomimg@bgnaght from
the farmers) is transferred to these bins. This practice leadsstate of continuous lot
aggregation and several individual grain lots get mixed while iragtoat the grain
elevators. In case of a contamination, the problem can spread pily fzecause of the
mixing leading to an increased food safety risk. We study the protfiéon aggregation
and propose a model for minimizing the lot aggregation which in turn wedlste the
food safety risk due to mixing of lots keeping with the business naddeinimizing the

total cost of blending the grain for shipment.

2 Problem description
The problem under study is taken from an lowa co-op, Farmers CavpdFt)

Company that handles bulk commodities including corn and soybeans. Theoreleva
blends and sells the bulk grain to its customers. Different gstsrfiom various bins are
blended to meet the customer contract specifications. A discoupplisdif the given
shipment does not meet the specifications. There are no premithmasgidiality is better
than what is required. So, the objective while blending different Idts e as close to
the specifications as possible. While the elevator blends grame¢t the specifications,
there are no restrictions on the number of bins that can be usedcificsgein load

shipped to a customer can contain grain from all available. In afasefood related
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emergency, it would be almost impossible to connect the soutieghei problem, which
would lead to a recall of all the finished goods that might hawhamce of being
contaminated. This process is very time consuming, increasdsaests, and can lead to
a tainted brand name. So, the risk in case of a food safety iesréagrrently, the FC
Company uses blending optimization software with a goal of minimizing theutiss (in
turn, maximizing net profit). Minimization of food safety riskrist considered in this
model. In most cases, all bins contribute to an outgoing shipment.adrdgtion of the
total volume of grain present in a bin is used for blending, so theabénsot emptied.
New incoming lots are constantly added to bins already containaig. grhis causes a
continual aggregation state and many grain lots get commingledbefere they are
blended for shipment. Food safety risk is not considered by the elevator.

FC has several elevator locations throughout the state of loslzoas in Figure
3. Since, the goal is to meet the customer specifications) avent when the required
volume of grain is not available at the shipping location, the rengaiamount can be
transported from other locations (Hemphill, 2009). The blending optimizegedmique
currently used by FC focuses only on minimizing the discount and ritetake into
consideration the transportation and blending cost or the food safletthat can occur

when grain from several storage bins is used to blend the product for a single shipment

3 Multi-objective optimization
Due to multiple objective nature of this problem, we propose a mukizbbg

mixed integer program for simultaneous improvement of the blendigfiges of the
elevator and the total cost of blending and loading the railoargrain shipment to the
customers.

A general form of the multi-objective linear problem with telgiectives can be
expressed as:
max {Gc = cTxand Gd = d"x : Ax < b,x = 0} (D

In multi-objective problems, a single solution that optimizes lbbjbctives may
not exist. In such cases, a group of trade-off solutions can be cmpyt Pareto
optimization technique (Deb, 2001)

In Pareto optimization, each of the solution& the decision space has a vector
z(x) = {z1(x), 22(x),..., zZKX)} of objective values that represents the trade-off between the

objectives. The Pareto optimal frastthe set of solutions that contains all solutions that
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are not dominated by any other solution in the entire feasibtelsspace. A solutior,

dominatesk; if none of the components 13 is worse than the corresponding valueun
and at least one of the componentsgirs strictly better than its corresponding valuegn
(Deb, 2005). In the context of our work, the Pareto optimal front repregentset of
blending options (quantity of grain drawn from specific storage biitf) an optimal
trade-off between total blending cost and level of lot aggregafioa.following factors

further define the problem:

e FC has several elevator locations throughout the state of IBaeh
location has multiple bins that store grain bought from the farmers.

e Grain may be sold months in advance but the customer normallyesotifi
the elevator one or two days in advance before railcars arrive for loading.

e There is not always enough grain available at the elevators for shipment.

e In an event when the required volume of grain is not available at the
shipping location, the remaining amount can be transported from other
locations.

e While determining the location from where the remaining volume is

transported, the elevator considers factors such as product availability.

3.1 Mathematical model
This section presents the mathematical model for grain blendingcasid

optimization. We describe the parameter notations and definitionsinsthe model
followed by the description of the objective functions and constraints.
The blending and cost optimization problem is presented as a ohjdttive

mixed integer model with two objectives:

1. Minimize the number of storage bins used to blend grain for a given shipm
This includes the stoarge bins from all elevator locations from evaédditional
grain can be transported in an event when sufficient volume is noalaleadt the
shipping location.

2. Minimize the total cost for blending and shipping grain. The total cost includes the
discount given to customer when contract specifications are nottmeetost of

transporting grain between different locations and the blending cost.
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Shipment discount

A discount is applied to the shipment when the blended grain does nbt mee
customer contract specifications for quality. This discount isutztked as dollars per
bushel. The shipment discount is expressed by the following equation:

Discount ($) = Ch(DmZm + DtZt + DdZd + DfZf) (2)
Transportation cost

As explained earlier, when the shipping location does not have the required volume of
grain available for shipment, additional grain is transported from other eleve@tiohs

and a transportation cost is incurred which is expressed by the following equation:

Transportation cost ($) = Z( Cii Z Xij) 3

iel jeJ
Blending cost
A blending cost is incurred at the shipping location wheréngram several
storage bins is blended and loaded on railcars for shipment. The blendings cos

expressed by the following equation:
Blending cost ($) = Chlend Z Z Xij (4)
iel jej

3.20bjective functions
The two objective functions of this model can be presented as:

Minimize:

IRE 5)

iel  jej
Minimize:

Cb(DmZm + DtZt + DdZd + DfZf) + Z( Cii Z Xij) + Chlend Z Z Xij (6

iel jej iel jej

Equation (4) minimizes the number of storage bins used to blend grargieen
shipment while equation (5) minimizes the total cost of blendingsaimping grain that

meets the customer contract specifications.
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3.3Constraints
The multi-objective mixed integer optimization model consists of dfleviing

constraints:

(1) Product availability
(2) Contract specifications and product discount schedule

3.3.1 Product availability
The product availability constraint corresponds to the availalofitga specific

guantity of grain required for a given contract. Also, the amount of graigdhabe taken
from any storage bin must be less than or equal to the quantitgldgain each bin,
represented by equation (6). The definitions of all variables are provided inITable
X ij < BijYij (7)
3.3.2 Contract specifications and discount schedule

Each product shipment must meet the customer contract specifications fotyquanti
as well as quality. Equation (7) specifies that the total giyaotigrain drawn from all

bins for blending must be equal to the customer shipment requirement.

Z ZXij — Cb (8)

iel jeJ
The blended grain must meet the contract specifications for folitygizetors;
moisture, test weight, damaged material and foreign matenakake, the quality
specifications are not met, a discount is applied to the shipmead loasthe product
discount schedule. Equations (8) — (11) specify this requirement forgemdity factor.
The first term in each equation calculates the quality obkeded grain as an aggregate
factor and the second term represents the discount penalty that beoicurred if the

requirements are not met.

it Tje XU Mij

<
D Zm <Cm 9)
; - Xij Tij
Ziet 2je XY Tl + 7t > Ct (10)
Cb
; . Xij Dij
Zlel Z]e] ] ] — 7d SCd (11)
Cb
; . Xij Fij
Zlel Z]e] ]y _ Zf SCf (12)

Cb
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Equations (12) — (15) calculate the quality of the blended grainstisaipped to

the customer.

_ Xier Ljey Xij Mij

Sm °h (13)
; . X1j Tij

St = 2161 Zé&é ] ] (14)
; - Xij Dij

- - Xij Fij
Sf=2161 Z}fé j Fij (16)

Equation (16) defines the allowed values for all decision varialdes in the

optimization model.
Xij >0,Yije{0,1},Zij =0,Zm,Zt,Zd, Zf,Sm,St,Sd,Sf =0 (17)

The inputs and outputs of the multi-objective optimization model forngrai

blending are presented in Figure 4.

4 Computational study and results
The computational experiments carried out on a real applicatiopresented in

this section. The proposed multi-objective mixed integer optimizatiodeifor grain
blending was applied to a real elevator situation that blends and ships bulk grain including
corn and soybeans. Twenty elevator locations were selected: wheh location has
between ten to fifteen grain storage bins. Corn was selectidn® gsoduct and elevator
location A was the shipping location for the computational study.tlat# receives a
customer order to ship one million bushels of corn. The quality factohsded in the
customer contract and the discount schedule for corn are presented in Table 2.

The GLPK (GNU Linear Programming Kit) was used to solvedp&mization
problem. GLPK is intended for solving large-scale linear progriagniLP), mixed
integer linear programming (MIP), and other related problemmégns of the revised
simplex method (GLPK, 2008).

The results obtained by solving the optimization problem for both objective
functions separately are shown in Table 3. The total cost for bleadithdoading the
grain for shipment when the objective is to minimize the blendingidiyg the least
number of storage bins is $76,837. This is almost twice the total odo$40,157
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computed when the objective is to minimize the cost of blending and logdinmg The
quality of blended grain meets the customer contract specificdtioeach quality factor
except moisture for Objective 1 and a total discount of $10,292 is applibd shipment
as shown in Table 4. While the total cost for Objective 2 does not contain any discount.

4.1 Par eto optimal solutions
The goal was to solve for the two objectives simultaneously byoting the

Pareto optimal solutions. The Pareto optimal solutions are shownbie baand the
Pareto optimal frontier is shown in Figure 5. The quality of tlemdedd grain for each
Pareto optimal solution is also shown in Table 5. It can be nated Table 5 that when
the number of storage bins used for blending is low, the total costenéling and
preparing grain for shipment is higher. The grain storage binsleaged out only when
they are emptied and in many cases they are not emptied for apetyear. New
incoming grain lots are constantly added to the bins and the exteygrefation can be
immeasurable. A set of optimal solutions are calculated to prothée elevator
management with various grain blending options so the blending decsideanade by

considering the trade-off between cost and food safety risk.

4.2 Senditivity analysis
To analyze the sensitivity of the grain blending model to diffecgrgrating

conditions, we studied the affect of changing the transportationacaksthe contract
specifications on the total cost and the level of lot aggregatioa.tfnsportation cost
was increased in the increments of 10%. The percentage chaotd oost, the resulting
total cost as well as the number of bins used for blending gramdbipment are shown
in Table 6. The results are shown only for Objective 2 that miesnike total cost of
blending and preparing grain for shipment as Objective 1 does not cdméaicost
component. A 10% increase in transportation cost causes the totdb dostease by
7.2%. The cost of transporting grain between different elevator locasi@rsimportant
component of total cost that includes three cost components, blendintyaoosgtortation
cost and discount. This shows that proper transportation planning betVes@more
locations can result in large monetary savings.

Next, we changed the customer contract specifications fostanei of blended
corn and studied its affect on the blending results. The new moistutent required for

the blended grain and percentage change in moisture content is shdahle 7. The
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corresponding percentage change in cost of blending corn is alsoeahclTide cost is
computed for the two objectives, one that minimizes the level okggtion of grain lots
and the second objective that minimizes the total cost of blentlican be seen that the
change in total cost when the objective is to minimize theisaaimost twice than the

change in total cost when the objective is to minimize the level of aggregation.

5 Resultsand discussion
We present a comprehensive model for the bulk grain blending problele whi

addressing the problem of lot aggregation. The model allows simoltargtimization
of cost of blending and a control over the extent of mixing of individuaih lots. We
compute the amount of grain to be taken from different storagedmsét the customer
contract specifications. In an event when the shipping elevatoidoodbes not have
sufficient quantity available to meet the contract specificatigran is transported from
other locations. This paper makes two important contribution as we addesproblem
of grain blending to minimize the total cost that includes theditg cost, transportation
cost and shipment discounts. Secondly, we incorporate the problemiofizimg the
food safety risk (by controlling aggregation of lots) which umtwould minimize the
traceability effort and the cost of recalls. The model integratll of these factors
simultaneously. Since the model has two objectives, we formuthteghroblem as a
multi-objective mixed integer optimization. Pareto optimal frons séso computed so
that the elevator management has different blending options an@¢ahegonsider the
trade-offs between cost and food safety. Sensitivity analysicoraducted to study the
application of the model under different operating conditions. We dmerk the
transportation cost and changed the moisture specifications fodeolegrain and
computed the blending options.

Usually, the grain storage bins are cleaned out only when theyngteed and in
many cases they are not emptied for up to one year. New ingognain lots are
constantly added to the bins and the extent of aggregation can leasomable. Since
this optimization model minimizes the number of bins used for blendshgpanent; it in
turn maximizes the proportion of grain drawn from these bins. This povathe
opportunity for cleanouts and the aggregation with incoming lots can beetedna
great extent. The use of this model would provide additional savingjset@levator

company in terms of time and money used for handling the grain thieagse of fewer
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numbers of bins is logistically easier. This model provides a gewotinst point for grain
industry and can be used as an important strategic tool for demisking to meet two
important requirements, minimizing the cost while simultaneouslyrading the food
safety risk.

Our future work will focus on developing models for optimal initi@rage bin
assignment policies for incoming grain at the elevator. Wefaglis on optimizing the
storage assignment policies to minimize the level of lot aggoegat the incoming end
of the elevator. The two models combined would provide an overall nziaiion of food

safety risk caused by excessive lot aggregation.
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Figure 1. Grain handling process at an elevator
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Figure 3. Farmers Cooper ative L ocation Map (Farmers Cooperative Company,
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Figure 4. Optimization model inputs and outputs
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Figure 5. Pareto Optimal Front for Blending Optimization Model
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Table 1. Modd notation

Notation

Description

I ndex sets
J
I

I nput parameters
Bij

Mij

Tij

Dij

Fij

Cb

Cm

Ct

Ccd

Cf

Dm

Dt

Dd

Df

Cblend

Decision variables
Yij

Xij
Sm
St
Sd
Sf
Zm
Zt
Zd

Zf

Set of storage bins {1, 2,
Set of elevator locations {1, 2,

Volume of grain in Giat locationi (Bushels)
Moisture content of grain in bjnat locationi (%)
Test weight of grain in bipat locationi (Ib/bu)
Damaged material content of grain in it location (%)
Foreign material content of grain in hiat locationi (%)
Contract specification for volume of grain (Bushels)
Contract specification for moisture content of grain (%)
Contract specification for test weight of grain (Ib/bu)
Contract specification for damaged material content of grain (¢
Contract specification for foreign material content of grain (%)
Shipment discount for moisture ($/bu)
Shipment discount for test weight ($/bu)
Shipment discount for damaged material ($/bu)
Shipment discount for foreign material ($/bu)
Cost of blending grain ($/bu)

Binary variable, equal to 1 if bihat locationi is used for blending
grain  for shipment, O otherwise

Volume of grain used for blending from kiat locationi

Moisture content of blended grain for shipment (%)

Test weight of blended grain for shipment (Ib/bu)

Damaged material content of blended grain for shipment (%)
Foreign material content of blended grain for shipment (%)
Total shipment discount penalty for moisture (%)

Total shipment discount penalty for test weight (Ib/bu)

Total shipment discount penalty for damaged material content

(%0)

Total shipment discount penalty for foreign material content (%4

Table 2. Quality factors and Discount Schedulefor Corn

Quality Factor Condition Value Discount ($/bu)
Moisture < 15% 0.02
Test Weight > 54 Ib/bu 0.02
Damaged material < 5% 0.03
Foreign material < 3% 0.01
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Table 3. Blending results from the optimization model

Objective Binsused Total Cost ($) Moisture TW (Ib/bu) DM (%) FM
(%) (%)
1 22 76,836.40 15.51 55.71 0.11 0.16
2 44 40,156.25 15.00 55.81 0.11 0.16

Table 4. Total quantity of grain transported to location A

Objective Quantity transported (bu) Transportation Cost ($) Discount ($)
1 378,018 56,544.40 10,291.95
2 274,348 30,156.25 0

Table5. Pareto optimal solutions

Pa{eto . Moisture FM
Optimal Binsused Total Cost ($) % TW (Ib/bu) DM (%) (%)
Solution

1 22 76,836.40 1551 55.71 0.11 0.16
2 44 40,156.25 15.00 55.81 0.11 0.16
3 26 54,891.40 15.25 55.70 0.12 0.16
4 39 42,963.52 15.12 55.90 0.09 0.15
5 28 52,819.71 15.21 55.69 0.12 0.15

Table 6. Change in total cost of blending grain by changing the transportation

cost
Change in  Total cost (%) Change in total cost
transportation (%)
cost (%)
10 43,040.20 7.2
20 45,783.68 14.0
30 48,747.54 214
40 51,045.58 27.1
50 54,112.98 34.8

Table 7. Change in total cost of blending grain by changing the transportation

cost
New moisture Changein Changein total cost (%)
(%) moisture (%) Objective 1 Objective 2
14.75 -1.7 6.5 12.3
14.50 -3.3 13.0 24.8
14.25 -5.0 19.5 37.2

14.00 -6.7 26.0 49.7
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Abstract
This paper introduces a new methodology for modeling the traceability

information using the UML statecharts following an event manageagproach in bulk
food production. We follow the approach of defining states and events ipfoddction
rather than identification of traceable units. A generic modplesented and evaluated
based on its practical application in bulk food production by providingriitisns from

two supply chains; pelagic fish and grain. Food safety and qualitgssgenerally occur
due to incorrect processing and handling of food products. Monitoring the flow of
products, their quality and the process parameters throughout production and linking them
to each transition in the state of these products is an effegtiyeof implementing and
ensuring product safety and traceability. The statechartsdeweloped for frozen
mackerel production and corn wet milling processes. All statelsexents for these
processes as well as the information that needs to be capturedcfortransition are
indentified that includes the product, process and quality informatios.data capture
points have been identified based on the various states and evewoisctivaduring food

production and are connected to product, process as well as quality information.

Keywords: bulk product traceability; states and events in food production; UML

statecharts; mackerel production; corn wet milling

1 Introduction
The use of electronic systems to implement traceability in faggbly chains has

been investigated in the recent years. The European Union law dsstfiaceability”
as an ability to track any food, feed, food-producing animal or subdtiasitceill be used
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for consumption, through all stages of production, processing and distribQtficia(
Journal of the European Communities, 2002). There has been an incresegj in the
use of systems such as radio frequency identification (RFID)laottanic product codes
(EPC) to implement electronic traceability systems throughwitfdod product supply
chains. The EPCglobal architecture framework is a collectidraafware, software, and
data standards that can be operated by EPCglobal, its delegatiébsra party providers
for enhancing the business flows and computer applications througisetad electronic
product codes. The fundamental principle of this architecture is the assignaenidle
identity to physical objects, loads, locations, assets, and otheeemttiose use can be
tracked (EPCglobal, 2007). Shanahan et al. (2009) proposed the use of dRRHe f
identification of individual cattle and biometric identifiers for ifieation of cattle
identity. They also proposed a data structure for RFID tags anddiemare to convert
animal identification data to the EPC (electronic product code)stiateture. Bottani and
Rizzi (2008) studied the impact of RFID technology and EPC msysie the main
processes of the fast moving consumer goods supply chain that composed of
manufacturers, distributors and retailers. The outcomes of theiy ghwovided
economical justifications for implementation of RFID and EPCast fnoving consumer
goods supply chains. Myhre et al. (2009) provided a conceptual solution on &8 EP
(EPC Information Services) can be used to achieve both upstream andtrdamns
traceability.

A food value chain consists of several actors such as farmers, ersduc
processors, distributors, retailers, etc. that trade goods anawmig agher. The raw
materials are transported from one actor to another where ii@smaterials may be
processed into finished products while going through various trandfomrmasuch as
mixing, cooking, segregating, etc. The processed food products are d@hspoited to
distributors and retailers for sale to the customers for finabumption (Thakur and
Hurburgh, 2009). In addition to the trade of goods and information between shpply c
actors, several product transformations take place within an esegergrhe use of
electronic systems such as EPCIS and RFID is limited t&itrg product lots between
actors and its use within an enterprise to record all producfdraretions has not been
investigated. The GS1 Traceability Standard states thatabiitge across the supply
chain involves the association of flow of information with the phydloa of traceable
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items. It also states that in order to achieve tracealatitpss the supply chain, all
traceability partners must achieve internal and exterradeability (GS1 Global
Traceability Standard, 2007). Therefore, all the actors involved ifotte supply chain
are required to store necessary information related to the faaigirthat link inputs
with outputs, so that when demanded, the information can be provided todthe f

inspection authorities on a timely basis.

One of the biggest challenges with supply chain traceabilitthes efficient
exchange of information between various actors in the chain. The infonnexichanged
between various actors is not complete when internal traceabytgms do not exist
within individual enterprises. Absence of such systems makes it sibpo$o connect the
information related to incoming products to that of the outgoing predurctany
enterprise. This information needs to be captured in a precisetiwdf and electronic
manner (FSA, 2002; Moe, 1998).

The TraceFood Framework developed under the European Commission sgonsor
TRACE project provides a toolbox with principles and guidelines for twounplement
electronic chain traceability. The framework consists of séeeraponents: the principle
of unique identifications and documentation of transformation (joining anttirggliof
units being the most important requirements for implementing @abiity system
(TraceFood Wiki, 2009). In order to capture and retrieve the producboegs data for
traceability, it is important that the data is linked to uniqudbntified traceable units
(TU). The TraceFood framework defines a Traceable Unit (BLBny item upon which
there is a need to retrieve predefined information and that mayidezl, or ordered, or
invoiced at any point in a supply chain. In practice, it refershe® dmallest unit
identifiable that is exchanged between two parties in the sug@Ein. Based on this
framework, the implementation of chain traceability requires imguanalysis to
understand the material flow, information flow and information hanginagtices. Using
this method, based on the industry analysis, recommendations can lkegrori new
sector-specific data terminology and what information needs tedmeded by each link

and communicated to other links in the chain.

In this paper, we present the case of bulk food product traceabilitsté/e
dictionary defines bulk products as “those that cannot be divided into parts or packaged in
separate units”. Several food products like grain, milk, feed, pdiabicetc. are handled
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in bulk. Implementation of traceability systems in bulk product sumplgins is a
complex task. The two most important requirements of a tracgabjtem are principle
of unique identifications and documentation of joining and splitting osukibwever,
several additional challenges exist in bulk product managemeningtance, bulk grain
essentially has a “fluid-like” property which makes defininfixad traceable unit (TU)
practically impossible. Also, the definition of a lot or batch is eaisistent throughout
the supply chain. In addition, bulk product lots are often blended (mixed)split
throughout the chain. Documentation of these transformations islang®lf the initial
TUs are not well defined. Blending and splitting of individual batchesptoates how

information is tied to a specific entity (traceable unit) (Thakur and Hurburgh, 2009).

EPC provides a method for unique identification of all items in a gugmin.
The use of EPC also makes it possible to register internal ateina events
electronically that are related to the movement of tagged .itERPEIS is proposed as a
general, multipurpose software architecture that also has pngnusoperties related to
food traceability and thus food safety within and across entesp(erensen, et al.,
2010). Although, before such systems can be implemented it is ctad@éntify the
specific events that take place internally at an enterpii®et which the product and
process information needs to be recorded. In this paper, we develop chgiplynodels
for these industries and develop a generic events diagram for bulk pprduessing
using event management approach. This model is adapted to represenackedeim
production (packing) and corn wet milling processes. We idettéydata capture points
and what traceability data must be recorded at each stage.athahility data includes
product and process data as well as quality data that mustcbeded whenever a
transition takes place.

1.1Internal Traceability
Previous research has emphasized the importance of internabiligcegistems

(Moe, 1998). In order to achieve a fully traceable supply chainjritpsrtant to develop
systems for chain traceability as well as internal tiaiiga This includes linking, to the
best extent possible, units of output with specific units of input. Senaeesé (2007)
states that one of the basic prerequisites of both internal and thceability is the

unique identification of all raw materials, semi-finished produot finished products.
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They also state that there are three types of operationarthaecessary for obtaining

internal traceability:

(4) Recording the unique identities of traceable units. These usuahtoahputs

to a process.

(5) Assigning unique identities to new traceable units. These usteily to
outputs from a process.

(6) Linking a set of input unit identities to one or more sets of outferttities.
These usually refer to transformation of raw materials to finished products.

It is very important to record all internal product and processidaiader to link
process inputs and outputs. Typical production processes to support vitmmpany are
the different transformations raw materials go through from tetegpep in a production
into a finished product ready for shipment. The transformations magist of many
different processes where some are revocable (i.e., it i#[@#$3 go back to original
state of the parts used), while others are irrevocable (i.s.nittipossible to go back to

the original state).

1.2Bulk product traceability challenges
Several challenges exist in implementation of traceabpisyesns in bulk product

chains. As mentioned in the previous section, the two most importantereguits of a
traceability system are principle of unique identifications dadumentation of joining
and splitting of traceable units. The concept of a traceable resonitc(TRU) was first
introduced by Kim et al. (1999) where a TRU was defined asch lofitany resource. A
Traceable Unit (TU) can be defined as any item upon which theaeneed to retrieve
predefined information and that may be priced, or ordered, or invaicady point in a
supply chain. In practice, it refers to the smallest unit thagxichanged between two
parties in the supply chain (TraceFood Wiki, 2009). Each traceablenusitbe uniquely
identified. In order to capture and retrieve traceability inforomatvhen required, this
information must be associated with a uniquely identified TU (Thakdr Ronnelly,
2010). Bulk products, however, cannot be divided into parts or packaged nateepa
units. Several food products like grain, milk, feed, pelagic fish,agechandled in bulk.
For instance, bulk grain essentially has a “fluid-like” propevhich makes defining a

fixed traceable unit (TU) practically impossible. Also, the migbn of a lot or batch is
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not consistent throughout the supply chain. In addition, bulk product lots & oft
blended (mixed) and split throughout the chain. Documentation of theseotraatbns

is a challenge if the initial TUs are not well defined. Blieg and splitting of individual
batches complicates how information is tied to a specific eitageable unit) (Thakur
and Hurburgh, 2009). The definition of a TU would be different for eiaghith the bulk
product chain. For example, at an elevator a truckload of graingedli could be

defined as a TU while for a processor, a TU could be a production batch.

Therefore, we present a novel technique for monitoring differemsstaitd events
in bulk food production instead of defining traceable units. We presestl@odology for
recording the traceability data corresponding to differentestaind events. The
traceability data consists of product data, process data andyqdald. In the next
section, we discuss the integration of product, process and quality data.

1.3Integrating product, process and quality data
Besides the capability to track food products as they move througbuppy

chains, one of the most important objectives of any food traceadytgm is to ensure
product safety and quality. Jansen-Vullers et al. (2003) suggestolioevifig four
elements for traceability: (i) physical lot integrity thiatludes the lot size and how well
the lot integrity is maintained, (ii) data collection that inckideo types of data; lot
tracing data and process data, (iii) product identification and ggdickking: to determine
product composition, and (iv) reporting to retrieve data from themsysseveral product
transformations and processing steps take place during industrialcpondof food.
These transformations alter the food composition, and if not monitored lyropen

affect the food quality as well as food safety.

Little research has been conducted where the information relatéae tfood
product, the processing techniques and their affect on the food gaafitysafety is
recorded simultaneously. In order for a traceability systemdet its goal, there is need
to integrate all this information into one system where a prololensed either due to
processing or handling/logistics can be identified and traced toatthe source. Food
traceability should have an ability to indentify food safety isduked to specific trade
units and/or production batches efficiently so that necessary amiorbe taken in a

timely manner.
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Most of the research in this field presents traceability soiatwhere only the
product packaging is tracked through the supply chains but fail toszdtire internal
traceability issues linked to the production events within a foatitya¢n this paper, we
present a novel solution for identification of different states &edts in food production
where either product or process information needs to be recordeid testential for a
traceability system to work as designed. Because we aregledth bulk products, we
follow the approach of defining states and events in food productidrerrabhan
identification of traceable units.

2 Methodology
We develop a novel technique for monitoring different states and evehtgki

food production and recording all product, process and quality informaticiedeia
these states and events to ensure traceability. We integqatedofct, process and quality
data in one traceability model. We use the UML (Unified Modelingduage) statechart
technique to develop the generic traceability model for bulk food praoducnd
demonstrate the application of this technique by presenting two bulkpimalliction

chains; pelagic fish and grain.

2.1 Traceability and UML statecharts
UML statecharts depict the various states that an object beayn and the

transitions between those states. A state represents arsthgebehavior pattern of an
object, and it is possible to have initial states and final stAtemitial state, also called a
creation state, is the one that an object is in when it ischiestted, whereas a final state is
one in which no transitions lead out of. A transition is a progressom one state to
another and will be triggered by an event that is either intemexkternal to the object.
So, the statecharts depict the dynamic behavior of an entity loaiséd response to
events, showing how the entity reacts to various events depending on the stateetitat

it is in. A state is a stage in the behavior pattern of atye®tiates are represented by the
values of the attributes of an entity (Ambler, 2004).

A statechart is simply a network of states and events. 4 istat condition during
the life of an object or an interaction during which it satiséese condition, performs
some action, or waits for some event. A composite state mtetbiat, in contrast to a
simplestate, has a graphical decomposition. A composite state is deconmgosseb or

more concurrent substates or into mutually exclusive disjoint substatgven state may
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only be refined in one of these two ways. Naturally, any stédefaa composite state can

also be a composite state of either type.

UML statecharts are extensively used in computer scienceetated fields for
describing the behavior of classes, but the statecharts nagesdsribe the behavior of
other model entities such as use cases, subsystems, operationhadsméhe use of
statecharts in production and manufacturing systems has beew limépplications such
as automated production control and planning and modeling of manufacturing ssystem
(Kohler et al., 2000Guojun et al., 2007; Fraés et al., 2005; Vijaykumar et al., 2002).
Kohler et al. (2000) present a modeling approach using UML statedbartiexible,
autonomous production agents that are used for the decentralized produdigons sys
while Guojun et al. (2007) use stochastic statecharts to descnmanufacturing system
model and to obtain performance data from the system. Although, atyvani
applications of statecharts exist, their application for modeliageability events at a

food production facility has not been studied.

In this paper, we present a generic model using UML stateitchegpresent states
and events in food production where traceability information needs tecbeded. The
traceability information includes product, process and quality infeomatVe illustrate
the use of the UML statechart developed by applying it to twerdift bulk food supply
chains including pelagic fish and grain. The data capture points andatheto be
recorded were identified in each chain corresponding to eithervamt ®r a state
represented by the statecharts. The information to be captuckdies product and
process data as well as quality data that must be recordecwehnen transition takes

place. The results are presented in the next section.

3 Results
3.1Modeling traceability eventsin food production

Figure 1 shows an overview of generic states and events foraj@mgustrial
production and/or processing of products. We identified 13 states and 2& gemats
or transitions that may be used to provide traceability informatiased on data
collection at specific points in the production process. The gresassare typical
logistics and production processes while the blue states show thef yggeduction

equipment and the gray states represent the transformation potlesstake place in
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food production. The transformation processes may include treatmleatdhdating,
boiling, smoking, cooling, mixing, etc. The state diagram is agnastiehich kind of
products that are managed. Further, the use of load carriettseisghigitly shown neither
as states nor transitions, but is supposed managed by the trangittonghe diagram.
The same applies to other physical products that are used within the diffatesit Ehus,
the state model has emphasis on events that includes objdais ttzdn the object
themselves. Chain traceability is covered by registeringntsvein Product
receiving/Product shippingtates while the Transit in/Transit outstates designate that
goods are commissioned or in transit from one actor to another. A& ceoted in Figure
1, only registering events related to these states, wilgivet a transparent view of the
flow of goods between actors. In total, 12 different events aretlgirelevant to typical
logistic processes while 14 additional events are relevarghiewe transparency related

to production management and product quality and safety.

3.2 Case studies
In this section we present the two different bulk product supply claaidsapply

the statechart model presented in the previous section to these gprdthectstates and
events where traceability information needs to be recorded antHfiekk are described for

each product.

3.2.1 Pelagicfish supply chain (Mackerel)
Small pelagic fish species such as herring, mackerel, hordeerehcetc. swim

together in shoals. The fish is caught by trawling vessels irs lzand stored in one or
more containers on board the fishing vessel. Pelagic fish is iedlgemandled as a bulk
product until it arrives at the production facility. Figure 2 sholes nackerel supply
chain from catch to consumption. In this case, we investigated tHeerebsupply chain
from Norway to Japan. The fish is caught by trawling vessels in hauls and storedin one
more containers on board the fishing vessel. The haul is a Tradgaibl€TU) that is
recorded in the official log. Each haul is stored in one or plaltianks onboard the
vessel. When the trip ends, the vessel reports the catch as ondtiplenTUs to NSS.
This TU will be used through auction and sales. NSS enters ca&lntatuction and
the sales report is sent to the buyer. At landing (at the produpticking facility), fish is
weighed and quality is verified. If disparity in quality igetded, the original TU may be

separated into several new TUs. Each TU is identified witinique 1D. After packing
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the fish, the boxes are stacked on pallets are stored in Bedter product can be in
storage from two to three days and up to six months before itpgeshio the customer.
Outgoing packed TU are pallets. The bill of lading is sent frin@ producer to

transporters and Japanese importers through the Norwegian expodat.68% of the

exported fish goes directly to the Japanese importer whichtiefusold to the mackerel
processor. The remaining 40% arrives at the Chinese processoptodessed into the
end product and then sent to Japan where it is sold by the importdre dapanese

customers.

3.2.1.1 Frozen mackerel production process
We focused on the frozen mackerel production process and developgiithe

statecharts for three links in the supply chain: the fishing kef®zen mackerel
producer and the shipper. The flow diagram for the mackerel productioaessris shown
in Figure 3.

The frozen mackerel production can be described as following:

1. The fishing vessel is received at the production facility and the fish is plimjoe
the production plant.

2. The quantity of fish received from a vessel is determined éyldhv rate during
pumping.

3. When fish enters the production plant, it is graded and divided based gint wei
(size) using automatic graders. Manual checks are also pedaionensure the
accuracy of graders and provide a visual quality control.

4. After grading, fish is packed in 20 kg boxes and labeled. The idéstifies
several product and process parameters described in the later sections.

5. After packing the fish, the boxes are stacked and refrigerated in freeamgg.

6. After refrigeration, the boxes are stored in cold storage. Whestonage, the
temperature measurements of the product are taken at fixeadailst The boxes
closer to the walls of the storage unit are retrieved for teatyre measurements.
The optimum temperature for storage of mackerel is -18° Celsius.

7. The boxes are palleted for shipment and stored in containerpeftaiore
controlled) before shipping to the customers. The product can be in shanage

two to three days and up to six months before it is shipped.
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It was noted that a shipping container can carry one or more drderne or

several production batches. A production batch refers to one day of production.

3.21.2 UML statechart modeling
Based on the analysis of the production process, we developed the Ustihata

for the frozen mackerel production process, the fishing vessehguks entities. Figure
4 represents the states and events for the frozen mackerel proguotiess. Seventeen
states consisting of three composite states and twenty-namésewere identified in the
production process. The product, process and quality data collected dodagtmn can
be linked to one of these states or events and can be used to pracebility
information. The different states and events are described in Talsled Table 2
respectively.

Three composite states were identified in the proc&sing of fish as it enters
the production plant comprises of three sub-statésight contrgl Distribution to belt
andManual checkAs the fish is pumped into the production plant, it is sorted inte thre
grades (A, B, C) based on the weight before transferring t@dheeyor belts. After
sorting, fish of each grade is handled separately and never aga@u during the entire
production process. The sorted fish on conveyor belts is weighed maasialyjuality
control check. The second composite sRaekingrepresents three concurrent states for
packing of graded (sorted) fish separately. Similarly,ttivel composite statPalleting
represents the three concurrent states for palleting of boxegadéd (sorted) fish
separately. It must be noted that production of frozen mackeset@tinuous process
and each state ends when there is no product available in temsys addition, one day
of production is considered as one product batch. Figures 5 and 6 refinessates and
events for the fishing vessel and shipper entities. The varioes statl events for these
entities are described in Tables 3 to 6.

3.2.2 Bulk grain supply chain (Corn)

Corn is the most widely produced feed grain in the United Statesurmiing for
more than 90 percent of the total value and production of feed grains.Qumocessed
into several food and industrial products including starch, sweeteoensoil, beverage
and industrial alcohol and fuel ethanol. The United States is @r plajyer in the world
corn trade market, with approximately 20 percent of the corn exported to other
countries (Economic Research Service, 2009).
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Corn is handled as a bulk commodity as it moves from the farmer to the consumer.
Three soybean chain stakeholders are presented in this papeer,falevator and
processor. Figure 7 shows a simple flowchart of the corn value.chia¢ farmer is the
first link in the corn value chain. Farmers purchase seeds fremedcompany and sell
their crop to an elevator after harvesting. Several chemicalpounds including
fungicides and herbicides are used for soybean seed treatmehibit damage to the
crop. Combines are commonly used for harvesting the corn crop.hafteest, corn can
be stored on farm before selling to an elevator. An elevatar very important link
between the farmer and the processor. Elevators buy corn fromrihersa keep it in
storage, and blend it before selling to the processors. Corn cropgedeatthe elevator
are sampled and graded based on moisture content, test weigign foraerial and
damaged material. The farmers are paid according to theyggedde. The grain is then
conveyed to the storage silos before shipping to the customers.t@agessilo can
contain grain from several farmers. The incoming lots from tinendies are blended
before shipment in order to meet the buyer’'s quality specticsitiThus, a specific lot
shipped to the processor can contain grain from all different sodraemay end up in
the finished product. In this paper, we present the corn wet millmgeps and develop
the UML statechart for defining the states and events foodreg traceability

information.

3.2.2.1 Corn wet milling process
The corn wet milling is a process for separating corn inteotsponent parts

using a water sulphur dioxide system. The products of the corn Wigignprocess are:
(1) Starch: used as starch or converted to syrup such as gldergese or high fructose
corn syrup which can be further used in production of ethanol by fernoentgt) Germ:

pressed to remove corn oil and the fibrous residue is used adeadt|€3) Gluten: used

for poultry feed enrichment, and (4) Fiber and steep water solids: used as livesthck f

The corn wet milling process can be described as followingh(@et milled feed
products, 2006):
1. The processor receives corn from the elevator usually delivereddky barge
or railcar.
2. The grain is cleaned and stored in large storage silos. Theedleaorn is

transported to large tanks called steep where warm wateabit 130° F)
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containing dissolved sulphur dioxide is circulated for approximately 40 hours
soften the corn kernels.

3. Next, the softened corn kernels pass through attrition miltsbtteak them up,
loosen the hull and free the germ from the endosperm. Centrifugalifoused
to isolate the germ.

4. The clean germ is dried and crude corn oil is removed either lohanial
press or solvent extraction method. The extracted germ meadsiugnimal
feed.

5. The remaining mixture of hull and endosperm then passes througles aer
grinding and screening operations. The hull particles are ramawescreens,
while the finer particles of protein and starch pass through. Théshuded as a
constituent in animal feed or for production of refined corn fiber for food use.

6. The water slurry of starch and gluten is separated in cegggfurhe gluten is
dried and sold as gluten meal or used as an ingredient in corn gluten feed.

7. The starch slurry is washed to remove small quantities of seluble starch
slurry may be used to make sweeteners or further processedk& aom
starch.

All constituents obtained from the corn wet milling process ard tmefurther

processing into several components that can be used for food, feed and fuel purposes.

3.2.2.2 UML statechart modeling
Based on the analysis of the production process, we developed the Ustihata

for corn wet milling process, the elevator and the farmeriestiFigure 8 represents the
states and events for the corn wet milling process. Thirtystates thirty-three events
were identified in the production process. The product, process and giadditcollected
during production can be linked to one of these states or events anok cased to
provide traceability information. The different states and eveetslescribed in Table 7
and Table 8 respectively. It must be noted that corn wet milliregcontinuous process
that produces several products and each state ends when thereaduat available in
the system. Figures 9 and 10 represent the states and evehts flmnting and elevator

operations. The various states and events for these entities are descril#ds®Ta 12.
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3.3 Discussion of results
Detailed descriptions of the states and events for each entibe itwo supply

chains are provided. These descriptions include the start and end peauho$tate, the
corresponding objects and the quality control parameters. The obggoesponding to
each state are identified and these objects can eitherdiaana resource or a traceable
item. The kind of object/s related to a given state allow in chitémg the information
that needs to be recorded for a particular state. Similarlyqub#ty control parameters
are identified for each state and can be linked to eithered@irce or the traceable item
or both. In addition to the production states, events in food production fordhehtvgen
products are also described. An event takes place when a tritgemijéct transitions
from one state to the next. It is important to link each evettigda@orresponding states.
Identifying the events in food production helps in determining thiestormations that
occur so that appropriate information can be stored correspondihgsi® transitions. It
must be noted that the product, process and quality information is tetkgnahis model
and corresponds to a given state or event in food production. TechnolathesssEPCIS
can be used for implementing food traceability systems within and across setegunte
the specific events that take place during food production are identified.

4 Conclusions
In this paper, we have introduced a methodology for using the UMIcktats to

model the states and events in bulk food production where traceattiitgnation needs
to be recorded. Because we are dealing with bulk products, we fdilwapproach of
defining states and events in food production rather than identificativacafable units.
We presented a generic model and its practical applicatiomevasnstrated by adapting
it for two different bulk food supply chains; pelagic fish and graewve®al challenges
exist in implementation of traceability systems in bulk produppl/ chains including
definition of traceable units and documentation of product transformaBatisproducts
replicate the fluid-like properties and normally undergo a coatis production process
which makes it impossible to define a fixed lot-size of traceabit. To overcome this
problem, we introduce the modeling technique to identify all thestahd events that
occur in food production and processing to cover internal traceability.

The statecharts are developed for frozen mackerel production pincksing

the fishing vessel, producer and shipper entities and for cornmill®hg process
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including the farmer, elevator and corn wet miller entitie$.sfdtes and events for these
processes as well as the information that needs to be capturedcfortransition are
indentified. In order for any traceability system to meet ohets most important
requirements of ensuring food quality and safety, there is needtdgrate all this
information into one system so that a problem caused either due tesgrar or
handling/logistics can be identified and traced back to the sourcesfdilee we integrate
the product, process and quality information into the data that isdegt@rhen transition
takes place from one state to another.

Food safety and quality issues generally occur due to incorreatgsing and
handling of food products. Bulk food production also has other challenges including
product transformations such as blending or splitting of batches. dviogitthe flow of
products, their quality and the process parameters throughout production and linking them
to each transition in state of the products is an effective efaynplementing and

ensuring product safety and traceability.

The model presented in this paper has been evaluated based on italpract
application in bulk food production by providing illustrations from two supigires;
pelagic fish and grain. The data capture points have been identified taghe various
states and events that occur during food production and are connected to, prodess

as well as quality information.
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Figure 1. Generic eventsin food production and processing
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Figure 3. Flow diagram for mackerel production process
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Figure5. States and eventsfor fishing vessel entity
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Figure 7. Flow of goods and information in the corn supply chain
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Figure 8. States and eventsin corn wet milling process
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Figure 9. States and eventsin corn farming operation
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Table 1. Description of statesin the frozen mackere production

State Description Start End Objects Quality
control
Denotes that fishing _ Fishing vessel Actor,
. . . Fishing vessel . Resource,
Transit in vessel is received at . received at NA
h to be received - Traceable
the production plant production plant ltem
Denotes that the
pump is ready (clean) Pump ready for Pump
Pump ready to be used for product Pump cleaned use Resource sterilized
receiving
Denotes that the fish Fish ready to
. ; - . Resource,
Product is received by be pumped into | Fish ready to
L s . Traceable Flow rate
receiving pumping into the the production be sorted ltem
production plant plant
Actor,
Vessel I?er]otes that the Fish being Fishing vessel Resource,
fishing vessel is NA
empty ; . pumped out empty Traceable
emptied after pumping ltem
This is a composite Fish sorted into
state comprised 'of Fish ready to different grades Resource, Weight
. three sub states: based on .
Sorting . be sorted after - Traceable Visual
Weight control, umoin weight and ltem inspection
Distribution to belt, pumping ready to be p
and Manual check packed
Weidht Denotes that fish is Fish ready to Fish sorted Resource,
g sorted using weight be sorted after | based on Traceable NA
control . . -
control technique pumping weight Item
L Fish ready to
Denotes that fish is L . o
Distribution transferred to the be distributed Fish distributed | Resource, Visual
on conveyor on conveyor Traceable . .
to belt conveyor belt after inspection
h belt after belt Item
sorting .
sorting
Fish checked
Denotes that manual . manually and
i Fish ready to . Resource,
Manual check is performed by ; sorted into .
. . be weighed . Traceable Weight
check taking random fish different grades
manually Iltem
from the conveyor belt based on
weight
Packing Denotes ;hat packing Packing Packing Packing
. machine is ready to . . .
machine - machine machine ready Resource machine
enter the packing -
ready ordered for use sterilized
state
Resource, Temperatu
Store Denotes t_he process Goods ready Goods stored Traceable re (for fish
of managing stock for storage
Iltem storage)
Denoted the process Boxes ready in Boxes readv for Resource,
Get boxes of getting boxes from y ; y Traceable NA
. storage use in packing
storage for packing Iltem
This is a composite
state and denotes the
Packing >INg P 9 |P 9 different packed | Traceable NA
material and graded material ready into boxes ltem
fish. The state to be used
consists of 3
concurrent states:
. Denotes the process Grade A f'Sh Grade A fish Resource,
Packing ; and packing .
of packing of grade A . packed into Traceable NA
Grade A . material ready
fish boxes Item

to be used
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State Description Start End Objects Quality
control
. Denotes the process Grade B f'Sh Grade B fish Resource,
Packing ; and packing .
of packing of grade B . packed into Traceable NA
Grade B . material ready
fish boxes Item
to be used
. Denotes the process Grade C .f'Sh Grade C fish Resource,
Packing : and packing :
of packing of grade C . packed into Traceable NA
Grade C . material ready
fish boxes Iltem
to be used
Denotes that the Packed boxes
. . packed boxes are Packed boxes Traceable Temperatu
Refrigerating refrigerated in tunnel ready to be refrigerated Item re
freegers refrigerated 9
Denotes the process if Frozen product | Frozen product
Get frozen getting the frozen dvi P Id d pb Traceable NA
roduct product from cold ready in co ready to be Item
P storage storage palleted
Pallet Den_otes th".’u pallet Pallet Pallet Pallet
) equipment is ready to . . )
equipment . equipment equipment Resource equipment
enter the palleting
ready state ordered ready for use clean
Denoted the process Pallets ready in Pallets ready Resource,
Get pallets of getting pallets from y for use in Traceable NA
storage for palleting storage palleting Iltem
This is a composite
state and denotes the
palleting process of )
boxes containing P;T:?ﬁ fish and Pallets of Resource,
Palleting frozen fish of different | P ng packed fish Traceable NA
material ready
grades. The state created Item
consists of three to be used
concurrent states as
follows:
Denotes the process Grade A. Pallets of
. : packed fish and Resource,
Palleting of making pallets of . Grade A
. palleting ' Traceable NA
Grade A boxes containing . packed fish
rade A fish material ready created Item
9 to be used
Denotes the process Grade B. Pallets of
. . packed fish and Resource,
Palleting of making pallets of . Grade B
. palleting ' Traceable NA
Grade B boxes containing : packed fish
rade B fish material ready created Item
9 to be used
Denotes the process Grade C. Pallets of
. . packed fish and Resource,
Palleting of making pallets of ; Grade C
- palleting ! Traceable NA
Grade C boxes containing ial read packed fish
rade C fish material ready created Item
9 to be used
Denotes the process Pallets in Pallets in Resource,
. of splitting of pallets
Unpacking . storage ready storage Traceable NA
by unpacking and -
. for unpacking unpacked Item
removing some boxes
Denotes the process Resource
Transit out of physical shipping of PaIIet§ ready Pallets shipped | Traceable NA
goods out from the for shipping
. Item, Actor
production plant
Denotes the process Resource,
Shiopin of getting the product Pallets picked Pallets ready Traceable NA
pping 9 9 P from storage for shipping Item,

ready for shipment

Actor
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Table 2. Description of eventsin the frozen mackerel production

No. | Transition From state To state Description
Fishing vessel to be Start state . This tra}ngltlon dgnotes that the f[shlng
1 . Transit in vessel is in transit to the production
received Another actor plant
Product This transition denotes that the
2 Fish to be pumped Transit in L handover of fish from vessel to
receiving ;
production plant
3 Pump made ready for Start state Pump ready This transition denotes that the pump is
use made ready for use in product receiving
Product This transition denotes that the
4 Vessel to be emptied L Vessel empty pumping of fish from vessel into the
receiving >
production plant
5 Vessel to exit Vessel empty End state This transition denote§ that the empty
vessel left the production plant
6 Fish to be sorted Prod_u_ct Weight control Thls_trans_ltlon denotes the_ sorting of
receiving received fish based on weight control
7 Fish to be distributed Weiaht control Distribution to | This transition denotes that the sorted
on conveyor belt 9 belt fish is distributed to the conveyor belt
. T This transition denotes that the fish on
8 Fish to be checked Distribution to Manual check | conveyor belt is checked (weighed)
manually belt
manually
. . . This transition denotes that the packing
Packing machine Packing I !
9 Start state . machine is made ready for use in
made ready for use machine ready ;
production
10 Sorted fish to be Manual check | Packing Thls transition dgnotes that sorted fish
packed is ready for packing
Packl_ng mac_hlne Packlr_1g . This transition denotes that the packing
11 used in packing material ready | Packing L )
material is used to pack the sorted fish
process Manual check
Boxes 1o be taken This transition denotes that the boxes
12 f Store Get boxes are taken from storage to be used for
rom storage ;
packing
Boxes used in . This transition denotes that the boxes
13 : Get boxes Packing )
packing process are used to pack the sorted fish
Congurrent events for Packing This transition denotes that the packing
packing material used : . L )
14 : ! . material ready | Palleting material is used to pack the sorted fish
in packing of different
) Manual check based on grade
grades of fish
15 Packed fish ready to Packin Refrigeratin This transition denotes that the packed
be refrigerated 9 9 9 fish is refrigerated in tunnel freezers
Frozen fish ready to , L
16 be stored in cold Refrigerating Store 'I_'hls_tran3|t|or_1 denotes that the frozen
fish is stored in cold storage
storage
Frozen fish to be Get frozen This transition denotes that the boxes
17 taken from cold Store containing frozen product are taken
product .
storage from cold storage for palleting
18 Frozen product to be | Get frozen Palletin This transition denotes that the frozen
palleted product 9 product is ready to be palleted
Pallet equipment Pallet This transition denotes that the pallet
19 quip Start state equipment equipment is made ready for use in
made ready for use .
ready production
Pallet
Pallet equipment equipment This transition denotes that the pallet
20 used in palleting ready Palleting equipment is used to make pallets of
process Get frozen boxes containing frozen fish

product
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No. | Transition From state To state Description
Pallets to be taken This transition denotes that the pallets
21 f Store Palleting are taken from storage to be used for
rom storage -
palleting
Pallets used in . This transition denotes that the pallets
22 : Get pallets Palleting .
palleting process are used for palleting the packed boxes
Concurrent events for Pallet
. equipment This transition denotes that the pallet
pallet equipment used > .
23 . ready Store equipment is used to make pallets of
for palleting of packed . .
. Packing packed fish based on grade
graded fish 4
Unpacking
o4 Pallets to be stored Palleting Store This transition denotes that the pallets
are ready to be stored
Pallets to be This transition denotes that the stored
25 . Store Transit out pallets are taken for storage for
delivered L
shipping
. . - This transition denotes that pallets are
26 Pallets to be shipped | Transit out Shipping ready to be shipped
End state This transition denotes that the pallets
27 Pallets shipped Shipping are shipped and outside the control of
Another actor ;
the production plant
o8 Pallets to be Store Unpacking This transition denotes that pallets in
unpacked storage are unpacked
29 Boxes to be palleted Unpacking Palleting This transition denotes that unpacked
boxes are palleted

Table 3. Description of statesfor fishing vessel entity

State Description Start End Objects Quality
control
. _— Resource,
Fish Deno_tes t_he process of | Fishing vessel Fish caught Traceable NA
caught catching fish ready ltem
Denotes the process of Fish readyv for Resource,
Store storing fish on the y Fish stored Traceable Temperature
storage
vessel Iltem
Denotes that the
Container | container is ready Container Container ready R Container
esource "
ready (clean) to be used for cleaned for use sterilized
storage
Denotes that fishing N Fishing vessel Actor,
. . . Fishing vessel . Resource,
In transit vessel is in transit to . . received at NA
. in transit . Traceable
the production plant production plant ltem
Denotes that the pump
Pump is ready (clean) to be Pump cleaned Pump ready for Resource Pump
ready used for product use sterilized
receiving
Denotes that the fish is | Fish ready to be | Fish pumped Resource,
Product . . .
umpin pumped into the pumped into the | into the Traceable Flow rate
pumping production plant production plant | production plant | Item
Actor,
Vessel '?e'?‘”es that the Fish being Fishing vessel Resource,
fishing vessel is NA
empty ; . pumped out empty Traceable
emptied after pumping ltem
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Table 4. Description of eventsfor fishing vessel entity

No. | Transition From state To state Description
Fishing vessel to be Start state . This transition denotes that the fishing
1 Fish caught . )
caught vessel is ready to catch fish
> Fish to be stored Fish caught Store This transition denotes that the fish is
ready to be stored on the vessel
Container made Container This transition denotes that the
3 Start state . . )
ready for use ready container is made ready to store fish
This transition denotes that the vessel
4 Vessel to start transit | Store In transit starts the transit towards the production
plant
. This transition denotes that the fish is
Fish to be pumped . Product ; -
5 . . In transit - ready to be pumped into the production
into production plant pumping plant
6 Pump made ready for Start state Pump ready This transition denot_es that the pump is
use made ready for use in product pumping
Product This transition denotes that the
7 Vessel to be emptied . Vessel empty pumping of fish from vessel into the
pumping ;
production plant
8 Vessel to exit Vessel empty End state This transition denoteg that the empty
vessel left the production plant

Tableb. Description of statesfor shipper entity

State Description Start End Objects Quality
control
Product Denotes_that pallets of Packed fish in Packed fish Resource,
ready packed flsh are ready storage ready Traceable NA
to be shipped ltem
Denotes that the
Container container is ready Container Container ready Container
Resource "
ready (clean) to be used for cleaned for use sterilized
shipping
Denptes the process of ' Packed fish Resource,
. loading the shipping Packed fish and . .
Loading . - - loaded into Traceable Weight
contained with pallets container ready .
) container Iltem
of packed fish product
Denotes that container L Container Actor,
. . . Container in . Resource,
In transit is in transit to the ; received by the Temperature
transit Traceable
customer customer
Iltem
Denotes the process of . Actor,
. Container .
. unloading the product . Container Resource,
Unloading L2 arrives at NA
from shipping unloaded Traceable
- customer
container Item
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Table 6. Description of eventsfor shipper entity

No. | Transition From state To state Description
Start state Product This transition denotes that the packed
1 Product made ready - L
ready fish is ready to be loaded for shipping
Container made Container This transition denotes that the container
2 Start state . S
ready ready is ready to be loaded for shipping
Product ready for Produpt ready . This transition denotes that the container
3 L - Container Loading . : )
loading in container ready is loaded with packed fish product
Shiobing container to This transition denotes that the shipping
4 pping ¢ Loading In transit container starts the transit towards the
start transit
customer
Shiobing container to This transition denotes that the packed
5 ppIng In transit Unloading fish product is ready to be unloaded from
be unloaded .
the container
Shioping container This transition denotes that the container
6 unlggde% Unloading End state is unloaded and product delivered to the
customer

Table 7. Description of statesin the corn wet milling process

State Description Start End Objects Quality
control
Denotes that grain Grain Grain container Actor,
. X . . . . Resource,
Transit in container is received at container to be | received at NA
e - - Traceable
the corn wet milling plant | received production plant ltem
Denotes that the
Conveyor conveyor is ready (clean) | Conveyor Conveyor ready Conveyor
Resource
ready to be used for product cleaned for use cleaned
receiving
Denotes that the grain is Grain ready to Grain Resource,
Product - . be conveyed to Product
L received by conveying transferred to Traceable ]
receiving . X the storage - quality
into the storage bins bins the storage bins | Item
. Denotes that the railcar . . Actor,
Railcar . ; o Grain being . Resource,
is emptied after receiving Railcar empty NA
empty ; transferred Traceable
grain
Item
Denotes that the grainis | Grain ready to Sr:f:; ?es;c(;re% be Resource, | Product
Store stored in the storage bins | be stored after cady Traceable | moisture and
. ; used in wet
at the production plant conveying milling Item temperature
. Denotes that the Cleaning Cleaning .
Equipment . . - . Equipment
equipment for cleaning equipment equipment Resource
ready - . - cleaned
grain (screens) is ready available ready for use
o . Resource, -
Clean Denotes that grain is Grain ready to Grain cleaned Traceable _Vlsual _
cleaned be cleaned ltem inspection
Steep tank Denotes that the steep Steep tank Steep tank Steep tank
tank is ready to begin the - Resource
ready ; available ready for use cleaned
steeping process
Denotes that the cleaned | Clean grain Corn regdy.for Resource, Water
S - degermination temperature,
Steep grain is steeped in steep | ready for - Traceable
. and evaporation SO>
tanks steeping Item .
processes concentration
Denotes that the
Degerminato | degerminator is ready to | Degerminator Degerminator Degerminator
) o ’ Resource
r ready begin the degermination | available ready for use cleaned
of corn




Table7. (continued)

115

State Description Start End Objects Quality
control
Denotes the process of Corn ready for
L S Resource,
. degermination where degermination | Corn ready for .
Degerminate . - Traceable | Mill clearance
endosperm is separated | process after germ separation ltem
from the corn kernels steeping
Denotes that the
. Resource,
Evaporator evaporator is ready to Evaporator Evaporator Evaporator
. ) Traceable
ready concentrate the steeping | available ready for use ltem cleaned
water
Steep water is .
Denotes the process of ready for Steep solids Resource, Moisture
Evaporate . . ready to be Traceable
evaporating steep water | evaporation . content
) dried Iltem
after steeping
Corn kernels Separated germ
Denotes the process of are ready for IS reqdy for Resource,
Germ - germ washing and
. separating germ from the . : Traceable | Flow rates
separation separation drying and
corn kernels Item
after slurry for
degermination | grinding
Germ
Denotes the process of separated frqm Dried germ is Resource, .
Wash and - - corn kernels is - Moisture
washing and drying of ready for oil Traceable
dry ready for . content
germ . extraction Item
washing and
drying
. Dried germ is Extracted oil is Resource,
(0] Denotes the process of - . .
. : . ready for olil ready to be Traceable | Oil quality
extraction oil extraction from germ .
extraction packed Iltem
Grinding mill | Denotes that the grinding | Grinding mill Grinding mill R Grinding mill
o . esource
ready mill is ready available ready for use cleaned
Slurry from
Denotes the process of germ Ground slurry is | Resource,
Grind grinding the slurry from separation is ready to be Traceable | Mill clearance
germ separation ready to be washed Item
ground
Hulls separated
from wash
Denotes the process of Ground slurry ready to be Resource, .
. . - Moisture
Wash washing the ground is ready to be dried and Traceable
= content
slurry washed remaining Item
mixture to be
centrifuged
Centrifugal Denotes that the Centrifugal Centrifugal Centrifugal
separator centrifugal separator is separator separator ready | Resource | separator
ready ready available for use cleaned
Gluten and
. starch
Remaining : Flow rates,
: separated using o
Denotes the process of mixture after . ) Resource, | specific
. - ; A a centrifuge: .
Centrifuge centrifugal separation of | grinding ready Traceable | gravity
. gluten ready to
gluten and starch for centrifuge . Item (Baume
separation be dried and degrees)
P starch to be 9
washed
. . . ) . ) Resource, . .
Washing Denotes that the washing | Washing filter Washing filter Washing filter
! - - Traceable
filter ready filter is ready available ready for use ltem cleaned
Starch Washed starch Moisture
separated by ) Resource,
Denotes the process of - ready for drying content,
Starch wash - centrifuge Traceable e
washing starch and sugar specific
ready to be . Item .
conversion gravity

washed
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State Description Start End Objects Quality
control
Starch drier Denotes that the starch Starch drier Starch drier R Starch drier
C - esource
ready drier is ready available ready for use cleaned
Feed drier Denotes that the feed Feed drier Feed drier Feed drier
- . Resource
ready drier is ready available ready for use cleaned
. Resource,
Denotes the separate Products ready Dried products Traceable | Moisture
Dry processes of drying : ready to be
for drying Item, content
starch, hulls and gluten packed
Actor
Denotes the process of Washed starch Syrup/sugar Resource,
Syrup/sugar - : ready for .
; converting starch into - ready to be Traceable | Sugar quality
conversion conversion to
syrup/sugar packed Item
syrup/sugar
Denotes the process of Products read Packed Resource,
Pack packing of various y products ready Traceable | NA
to be packed
products to be stored Iltem
Store Denote_s the process of Products ready Products stored Traceable Temperature
managing stock for storage Iltem
Denotes the process of Resource,
Transit out physical shipping of Produ.cts. ready Prpducts Traceable NA
goods out from the for shipping shipped Item,
production plant Actor

Table 8. Description of eventsin the corn wet milling process

No. | Transition From state To state Description
L Start state This transition denotes that the railcar
Grain railcar to be . L A .
1 . Another Transit in containing grain is in transit to the corn wet
received -
actor milling plant
. . - Product This transition denotes that the transfer of
2 Grain to be received Transit in L : . .
receiving grain from railcar to production plant
Conveyor made Conveyor This transition denotes that the conveyor is
3 Start state ) L
ready for use ready made ready for use in product receiving
. . Product Railcar This transition denotes that the transfer of
4 Railcar to be emptied L - . : ;
receiving empty grain from railcar into the production plant
5 Railcar to exit Railcar End state Thls transition denote_s that the empty
empty railcar left the production plant
6 Grain to be stored Prod.u.ct Store Thls.transmo.n Qenotes the.storlng of
receiving received grain in storage bins
Store This transition denotes that stored grain is
7 Grain to be cleaned Clean cleaned before starting the wet milling
process
Cleaning equipment Equipment This transition denotes that the equipment
8 Start state . :
made ready to use ready is made ready for product cleaning
9 Clean grain (corn) to Clean Stee This transition denotes that clean corn
be steeped P kernels are transferred to the steep tanks
Steep tank made Steep tank This transition denotes that the steep tank
10 Start state . .
ready for use ready is made ready for the steeping process
Steeped kernels to be This transition denotes that the corn
degerminated and Degerminate | kernels after steeping enter degermination
11 Steep . b
steep water to be Evaporate process while the steep water is
evaporated evaporated to recover the solids
. . This transition denotes that the
Degerminator made Degerminato . .
12 Start state degerminator is made ready for
ready for use r ready Lo
degermination of corn kernels
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No. | Transition From state To state Description
Evaporator made Evaporator This transition denotes that the
13 P Start state P evaporator is made ready for evaporation
ready for use ready
of steep water
Germ to be separated Wash & Dr This transition denotes that the germ part
14 | from degerminated Degerminate Grind y is separated from the corn kernels after
corn kernels steeping
Feed drier made Feed drier This transition denotes that the feed drier
15 Start state . :
ready for use ready is made ready for drying
16 Steep water solids to Evaporate Dr This transition denotes that the steep
be dried P y solids are dried using the feed drier
Dried products to be This transition denotes that the dried
17 P Dry Pack products including hull and gluten are
packed
packed
Germ to be washed Germ _ _ This transition denotes that the germ
18 . . Oil extraction | separated from corn kernels is washed
and dried separation .
and dried
- . — . This transition denotes that the grinding
19 Grinding mill made Start state Grinding mil mill is made ready to grind the corn
ready for use ready K
ernels
Dried germ to be Wash & dry . . This transition denotes that the washed
20 - . Oil extraction ; ) .
used for oil extraction and dried germ is used to extract corn oil
Ground corn kernels . This transition denotes that the ground
21 Grind Wash
to be washed corn kernels are washed
22 Comn oil to be packed | Oil extraction Pack This transition denotes that the corn oil is
packed
This transition denotes that the ground
Ground kernels ready .
. Centrifuge corn kernels are washed to separate
23 to be separated into Wash . . !
. Dry hulls which are dried and rest is
constituents .
centrifuged to separate gluten and starch
Centrifugal separator Centrifugal This transition denotes that the
24 9 P Start state separator centrifugal separator is made ready to
made ready for use . .
ready centrifuge the gluten-starch mix
Centrifuged parts to Starch wash This transition denotes that the
25 luged p Centrifuge separated gluten is dried and starch is
be dried or washed Dry
washed
R . This transition denotes that the washing
26 Washing filter made Start state Washlng filter is made ready to wash the
ready for use filter ready
separated starch
Starch to be dried or Dry This transition denotes that the washed
27 . Starch wash Syrup/sugar | starch is dried into dry starch or
converted into sugar X .
conversion converted into syrup/sugar
Starch drier made This transition denotes that the starch
28 Start state Dry o
ready for use drier is made ready to dry starch
Dried starch to be This transition denotes that the dry
29 Dry Pack -
packed starch is packed
Syrup/sugar to be Syrup/sugar This transition denotes that the
30 - Pack .
packed conversion syrup/sugar is packed
Packed products to This transition denotes that the packed
31 P Pack Store products obtained from corn wet milling
be stored
process are stored
Packed products to This transition denotes that the stored
32 ap Store Transit out products are taken from storage for
be delivered L
shipping
End state This transition denotes that the products
33 Products shipped Transit out are shipped and outside the control of

Another actor

the production plant
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Table9. Description of statesfor farmer entity

State Description Start End Objects Quality
control
Denotes that the
Planter planter is ready to be Planter ready Resource Planter
. Planter cleaned
ready used for planting for use cleaned
seeds
Resource,
Planting Deno_tes the process of | Seeds to be _Sec_eds planted Traceable NA
planting seeds planted in field ltem
. Denotes that the . . .
Equipment equipment is ready for Equipment Equipment Resource Equipment
ready cleaned ready for use cleaned
seed treatment
Denotes the process of
Seed treating seeds: Planted seeds Planted seeds Resource, Application
. L treated Traceable
treatment applying pesticides, to be treated . rates
. appropriately Item
fungicides, etc.
Harvester Denotes that the Harvester Harvester ready Harvester
harvester is ready for Resource
ready h . cleaned for use cleaned
arvesting the crop
Resource,
Harvesting Denote_s the process of | Crop ready to Crop harvested | Traceable Yield
harvesting the crop be harvested ltem
t?ae;gti?titrtle E;cr)\c/::sstse gf Harvested crop | Crop Resource,
Transport P 9 to be transported to Traceable NA
crop to on-farm
transported storage Item
storage
Denotes the process of . Resource, Grain
. Crop ready to Crop stored in .
Store storing the crop on on- - Traceable quality
be stored storage bins -
farm storage Iltem (moisture)
Denotes the process of Crop Actor,
Transit out tran_sportlng and Crop ready to transported and | Resource, NA
selling the crop to an be transported sold to an Traceable
elevator elevator Iltem
Table 10. Description of eventsfor farmer entity
No. | Transition From state | To state Description
Planter made ready Start state This transition denotes that the planter is
1 Planter ready
for use made ready to plant seeds
. . This transition denotes that the
Equipment made Equipment . .
2 Start state equipment is made ready for seed
ready for use ready
treatment
Planted seeds to be . This transition denotes that the planted
3 Planting Seed treatment
treated seeds are treated
Harvester made This transition denotes that the harvester
4 Start state Harvester ready | . ;
ready for use is made ready for harvesting the crop
5 Crop to be harvested Seed Harvesting This transmon denotes that the crop is
treatment harvested using the harvester
This transition denotes that the
Harvested crop to be . -
6 Harvesting Transport harvested crop is transported to on-farm
transported to storage
storage
This transition denotes that the
7 Crop to be stored Transport Store harvested crop is stored in storage bins
on farm
Stored crop to be This transition denotes that the crop is
8 transported to Store Transit out taken from storage to be transported to
elevator the next supply chain entity (an elevator)
End state This transition denotes that the crop is
9 Crop shipped Transit out sold to the elevator and outside the
Another actor
control of the farmer




119

Table 11. Description of statesfor elevator entity

State Description Start End Objects Quality
control
. Actor,
L Denptes that grain is Grain to be Grain received Resource,
Transit in received at elevator - NA
received at elevator Traceable
from farm
Item
Moisture,
. Denotes the process . Resource, test weight,
Quality ; . Grain ready to . damaged
of grading grain by Grain graded Traceable
check - . be graded matter and
checking quality Item forei
oreign
matter
Denotes that the
Conveyor conveyor is ready Conveyor Conveyor ready R Conveyor
esource
ready (clean) to be used for cleaned for use cleaned
transferring grain
.D enotes that the grain Grain ready to Grain Resource,
Product is received by
L S be conveyed to | transferred to Traceable NA
receiving conveying into the . .
2 the storage bins | the storage bins | Item
storage bins
Denotes that the truck
Truck is emptlgd after. . Grain being Truck empty Resource NA
empty transferring grain into transferred
storage bins
Denotes that the grain | Grain ready to Grain stored Resource, Gurz;:ir:
Store is stored in the storage | be stored after until ready to be | Traceable q Y,
. ; . temperatur
bins at the elevator conveying shipped Item e
. Denotes that the Blending Blending Actor, .
Equipment - : . . Resource, Equipment
equipment is ready for | equipment equipment
ready . . Traceable cleaned
blending grain cleaned ready for use ltem
Denotes that the grain
is blended before . Grain blended Resource, Quality
. Grain ready to . L
Blend shipment to meet according to Traceable specificatio
be blended 2
customer specifications Item ns
specifications
Denotes that the .
L Blended grain . Resource,
blended grain is ready Grain loaded on
Load ready to be - Traceable NA
to be loaded on railcars
. loaded Iltem
railcars
Denotes the process . Grain Actor,
. ; Grain ready to Resource,
Transit out | of transporting the transported to a NA
be transported Traceable

grain to a processor

corn wet miller

Item
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Table 12. Description of eventsfor elevator entity

No. | Transition From state To state Description
Grain truck to be Start state o This t_ra_nsmon_de_n(_)tes tha_t the truck
1 . Transit in containing grain is in transit to the
received Another actor
elevator
. . This transition denotes that the
Received grain to be - . . o .
2 Transit in Quality check received grain is graded by quality
graded
check at the elevator
3 Grain to be received Quality check Prod_upt Thls_transmon denotes that the grain is
receiving received at the elevator
This transition denotes that the
Conveyor made Conveyor - .
4 Start state conveyor is made ready for transferring
ready for use ready grain
5 Truck to be emptied Prod.u.ct Truck empty This transition denotes that the transfer
receiving of grain from truck to the elevator
6 Truck to exit Truck empty End state This transition denotes that the empty
truck left the elevator
7 Grain to be stored Prod_u_ct Store Thls_transmo_n (_jenotes the_storlng of
receiving received grain in storage bins
This transition denotes that the grain is
8 Grain to be blended Store Blend blended to meet customer
specifications
Equipment made Equipment This transition denotes that the
9 quip Start state quip blending equipment is made ready for
ready for use ready use
Blended grain to be This transition denotes that the blended
10 . Blend Load o )
loaded on railcars grain is loaded on railcars
. This transition denotes that the railcars
Grain to be are prepared to be transported to the
11 | transported to Load Transit out prep : Ansp
next supply chain entity (corn wet
processor -
milling plant)
End state This transition denotes that the grain is
12 Grain shipped Transit out transported to the corn wet milling plant

Another actor

and outside the control of the elevator
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CHAPTER 7. GENERAL CONCLUSIONS

1 Conclusions

In conclusion, this research has provided a holistic approach for raingyfood
safety risk in bulk product supply chains. Several methods have freposed for
traceability and information exchange on various food supply chains, however,
techniques for implementing internal traceability system®ad production facilities is
lacking. This is particularly true for bulk food production industrylkBproducts
replicate the fluid-like properties and normally undergo a continpoasuction process
which makes it impossible to define a fixed lot-size of thee@hle unit. To overcome
this problem, this research focused on developing operational technioguesceéability

in bulk product supply chains with special focus on commodity grain.

First, a framework for implementing traceability in the graupply chain in
United States was developed based on a systems approach. The usagmeatpiiof
this system were defined and information exchange protocoés discussed. Second, an
internal traceability relational database model was developed fgrain elevator to
record all product, quality and supplier/customer information. This degadygstem can
be queried to retrieve information related to incoming, internal andiogtdots and to
retrieve information that connects the individual incoming grain fot@an outgoing
shipment.

In the third part of this research, an optimization techniquedeasloped at an
elevator level for minimizing the traceability effort in cadea food safety emergency. A
mathematical multi-objective mixed integer programming (Mif)del was proposed
with two objective functions; to calculate the minimum levels aif dggregation and
minimum total cost of blending grain in order to meet the custonwetract
specifications. Pareto optimal front was computed for simultaneptisiization of lot
aggregation and cost of blending. Finally, a novel methodology for modeling the
traceability information using the UML statecharts following event management
approach in bulk food production is introduced. In order for any tradgabylstem to
meet one of its most important requirements of ensuring food qaalitysafety, there is
need to integrate all this information into one system so thaitdepn caused either due

to processing or handling/logistics can be identified and traced back to the source.
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Therefore, we integrate the product, process and quality informatmmthitdata
that is recorded when transition takes place from one staeother. Food safety and
quality issues generally occur due to incorrect processing and fedifood products.
Bulk food production also has other challenges including product dramstions such as
blending or splitting of batches. Monitoring the flow of products, theiality and the
process parameters throughout production and linking them to eashidmain state of
the products is an effective way of implementing and ensuringupt safety and
traceability.

2 FutureResearch
The focus of this study was to develop operational techniques for iraplem

traceability in bulk product supply chains to minimize the food gafsek. In future, the
modeling techniques developed in this study need to be implemented Wgothe
industry. In addition, there is a need to develop optimization stegtégi initial handling

of the bulk products, for instance, the initial bin assignments for the incoming graa lots
a grain elevator.

Sector-specific standards must be developed for information managemntaet
food industry. Internal traceability data management systemshbaustplemented by all
actors in a supply chain to effectively link raw materials with semigas®ed and finished
products. This would lead to faster response in identification of camated products

during food processing as well in case of a recall.
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Abstract

This paper introduces a new methodology for disdagepatterns in foodborne disease outbreaks using
data-driven approach. Specifically, our approacksughree data mining methods, namely attribute
selection, decision tree learning, and associatida discovery, to extract previously unknown and
meaningful patterns that connect specific typedoofdborne diseases outbreaks with associated foods
vehicles and consumption locations. We use thisagmh to study the four most common disease causing
etiologies in the Center for Disease Control (C@jabase of foodborne disease outbreaks in the year
2006, namelysalmonella enteritidissalmonella typhimuriugne. coli andnorovirus The analysis reveals
numerous patterns of how each of these outbregiastyelates to specific foods and locations. The
discovery of such patterns in foodborne diseaséreak data can be very useful is determination and
implementation of suitable intervention techniquasparticular, if the associations between différiood
types and consumption locations are known theroougttervention techniques including specific tiagn
methods can be designed to train individuals inidnig food handling, preparation and consumption
practices.

Keywords:foodborne disease outbreaks, surveillance databdaesmining, classification, association rule
mining, attribute selection

1. Introduction

Food safety and food control continue to gain gigamt attention as our food supply chains and petidn
practices become increasingly complex. Food safety fact a very important part of public healtmd
although several advanced surveillance and mongasystems exist in developed countries, outbreéks
foodborne diseases continue to be commonplace. Bachorne diseases are caused by consumption of
contaminated foods or beverages. There are maferetit types of foodborne infections as many diseas
causing microbes or pathogens can contaminate foodsidition to these, several poisonous chemiats
also cause foodborne diseases if present in foBC(Q005). According to the Center for Disease @unt
and Prevention (CDC), an outbreak of foodborneeifnoccurs when a group of people consume the same
contaminated food and two or more of them come da#th the same illness. CDC (2005) estimates that
foodborne diseases cause 76 million illnesses,0B@5hospitalizations and 5,000 deaths in the United
States every year.

1.1 Foodborne Disease Surveillance

Each state makes a decision regarding which disem®eto be under surveillance and the public healt
departments monitor these important diseases. Ist re@tes, the diagnosed cases of certain serious
infections are reported to the health departmefhticlwvin turn reports them to the CDC through the
National Outbreak Reporting System (NORS). The megplodata is investigated by the CDC to obtain
information regarding the role of food in the o@dks. The surveillance of foodborne disease outbrea
serves three main purposes (Olsen et al., 200®.fif$t purpose is to establish prevention and robnt
measures in the food industry by identificationcoitical control points by the public health offids.
Similar changes at all levels in the food produttibandling and consumption contribute to a safedf
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supply chain. Secondly, the outbreak investigatipmgvide critical means for identifying new and
emerging pathogens, as well as maintain awareriemg @ngoing problems. Finally, analysis of several
years of data provides epidemiologists ways to toorirend over time in the prevalence of outbreaks
caused by specific etiologies, foods and mistakdsad handling practices. This information prowdbie
basis for regulatory changes and other advancespmve food safety.

Foodborne outbreak investigations, if carried omta timely and systematic manner, aid in rapid
identification of corresponding etiologies, whiclncthen lead to appropriate prevention and control
measures. The CDC surveillance system, and ther€ktSurveillance Data made available through their
website, has certain limitations in the way datarésorded. For instance, food vehicles of disease
transmission can be classified in two different syadyoth as individual food items (e.g. lettuce) asdood
categories (e.g. salad, multiple vehicles). It tarefore be difficult to identify the item thatrtained the
foodborne pathogens. There are also several cdsere whe etiologies are either unknown or uncorgdm
The CDC reports that in certain cases, the pattsoges not identified because of delayed or incotaple
laboratory investigation, or inability to recogniagathogen as a cause of foodborne disease.

This paper focuses on finding patterns involvingafic food vehicles and locations, and connecthem

to the type of outbreak. By food vehicle we meam tiype of food that is believed to be the causthef
foodborne disease outbreak, and we will often refahis simply as the vehicle. By location we méaa
type of place where the outbreak occurred (e.gnehaffice, hospital). There are many studies lial at

the foodborne disease outbreaks caused by diffépeds or different locations. For example, Leehal.
(1991) study foodborne disease outbreaks in nutsimges, and Cody, et al. (1999) study E. coli itibes
caused by unpasteurized commercial apple juiceoriieg to Dewaal et al. (2006), it is importankiwow
which foods are most frequently linked to outbreakecause identifying specific food/hazards
combinations allows for better targeting of foodesa interventions. This study also emphasizes the
evaluation of contamination locations to identifgctiors such as cross-contamination and inadequate
personal hygiene.

Considerable work has thus been done analyzingfepémod types and locations, and there is a gainer
understanding of the importance of identifying Sritetween foods and locations on the one handyped t

of food outbreaks. However, no studies appear ¥e baen conducted to extract possible hidden patiar
the disease outbreaks and relationships betwederefift food types and outbreak locations based on
automated data-driven learning. While not guarahtee exist, such hidden patterns do exist in many
databases. To address this gap, we suggest tloé datga mining techniques to extract hidden pastérom

the CDC Outbreak Surveillance Data of foodborneatss.

1.2 DataMining

Data mining is a semi-automated process of extrgatieaningful, previously unknown patterns frongéar
databases (Han and Kamber, 2001). In recent yaatiss mining techniques have been found to be useful
many application areas, including safety areas sisckrug safety (Hochberg et al., 2007) and aviatio
safety (Nazeri et al.,, 2001), but as stated abd¢weapplication in food safety appears to be largely
unexplored. The increased popularity of data mintag be traced to the fact that data collection and
storage has become easier, leading to massiveagatalthat often contain a wealth of data that ttoaudil
methods of analysis fail to transform into relevenbwledge. Specifically, meaningful patterns aftero
hidden and unexpected, which implies that they matybe uncovered by hypothesis-driven methods. In
such cases, inductive data mining methods, whiehnledirectly from the data without an a priori
hypothesis, can be used to uncover the hiddenrpattihat can then be transformed into actionable
knowledge.

To illustrate the difference between data minind &raditional hypothesis-driven methods, considaw h
patterns may be found in a database such as theopsty mentioned Outbreak Surveillance Data
maintained by the CDC to track foodborne disedsea.hypothesis-driven analysis, an analyst migigrg

the database for all outbreaks that match a cectéieria, such as alalmonella typhimuriunoutbreaks
involving potato salads at a wedding reception. ihless there is an expectation of a connectiowds
salmonella typhimuriumpotato salads and wedding receptions, that giseunplikely to be made. On the
other hand, a data-mining approach can automatieadtract from the database that when an incident
description discusses potato salads and a weddiogption, then the outbreak is likely to involve
salmonella typhimuriunthus generating a pattern of interest without preexisting knowledge about this
pattern. In other words, what defines data mingthat by employing data-driven methods, it camaekt
previously unknown and potentially useful knowledigen large databases.

The data mining process consists of numerous stggsh may include data integration, preprocessihg
the data, and induction of a model with a learrafgprithm. The model can then be used to identifg a
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implement actions, such as interventions to redutbreaks of foodborne diseases. All data mintags
with a set of data called the training set, whicimsists of instances describing the observed vabfies
certain variables. These instances are then usedo a given target concept or pattern. Ondefrain
approaches to learning a patterrciassification(Han and Kamber, 2001). In classification thenirey
data is labeled, meaning that each instance idifehas belonging to one of two or more classes] an
inductive learning algorithm is used to create alehdghat discriminates between those class vallies.
label can for example be the specific etiology ofoadborne disease outbreak, suchsasmonella
typhimurium and the model classifies each incident as edtsaimonella typhimuriunoutbreak (positive)
or not (negative). This model can then be usedassdy any new instances according to this clas&gable,
for example, to predict the etiology of an outbreBlke primary objective is usually for the classafion to
be as accurate as possible, but accuracy is nairtlyerelevant measure of the quality of the modghe
interpretability of the results of the model isaabsxtremely important. For example, rather thardigting
the etiology of an outbreak, it may be of more riest to understand/hy a specific type of etiology is
predicted, which would provide insights into thecaimstances of this when this type of outbreak cu
Data preprocessing is also an important part af dahing. The initial data preparation is veryrsfigant
since to mine any useful knowledge from the rawadatmust typically be transformed considerably.
Specifically, it is often of great value to redube dataset to the most valuable data, and spaltyfito
focus the analysis on the most important or mdevaat variables. Variable @ttribute selectiorhas been
relatively well studied for decades and some singitebute selection is a standard part of mosh dat
mining projects (Liu and Motodo, 1999; Olafssorakt 2008). Attribute selection involves a procéss
determining which variables or attributes are retdvin that they predict or explain the data, and
conversely which attributes are redundant or pmVitle information. Such elimination of many ovem
most of the attributes makes it easier to traireotlearning models. The resulting model may also be
simpler, which makes it easier for an analyst terppret and thus more useful in identifying rooises and
transform such insights into interventions. Ideyjitify relevant attributes may also provide valuable
information directly, such as showing which locasand/or foods are predictive of a specific etjglaand
is therefore important in its own right. On theatlhand, when attribute selection is used as pecepsing
prior to classification, it is also possible that attribute will be removed that would have beeuanfb
valuable by the classification learning algorithithus, in our analysis we perform the classification
learning both with and without attribute selection.
Association rule discoveris another important type of learning method (Hgtpal., 2000), but unlike
classification it is unsupervised and the data rifakelled. This means that there is no specifissla
attribute, but rather the learning algorithm aimsdiscover interesting correlation between anyilattes
(Agrawal et al. 1993). Those correlations are repnéed as association rulés= Y, where both the
antecedenX and the consequent are sets of attribute-value pairs, called item.s&ts example of an
association rule is a relationship such as ‘locatsowedding reception & vehicle is potato satacktiology
is salmonella typhimuriurh
An association rule has three measures that expinesdegree of uncertainty about the rule, andethos
numbers are used to select interesting rules floenset of all possible rules. The first measureaas
probability is called thesupportfor the rule that can be defined as below, and gimply the portion of
instances that contain all items in the antecedradtconsequent parts of the rule.
Supporf X= Y= P X Y

The confidenceof the rule, which is the ratio of the number p$tances that include all items in the
consequent as well as the antecedent to the nuwhbestances that include all items in the antenogd=an,
by its definition, be interpreted as the probapibif finding the consequent part of the rule intamses
under the condition that these instances alsodecthe antecedent part. Therefore, the confidengeven
by
P(XNY)

P(X)

The last measure, which is th& of the rule, is the ratio of the confidence to thepected confidence
(Berry and Linoff, 1997). The expected confidenceams the confidence where the antecedent part does
not enhance the probability of occurrence of thaseguent part. It is the number of transactions tha
include the consequent part divided by the totahimer of transactions. Hence, the lift value gives u
information about the increase in probability oé ttonsequent part given the antecedent part. By auc
definition of the lift, a meaningful rule shouldvgathe lift value that is greater than one. Avidue that is
greater than one means that when the consequeritgpgrens it is more likely that the antecedenpbap

Confidencé = Y= PY X
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(positive association), whereas a lift value okléisan 1 means that if the consequent happenddsss
likely that the antecedent happens (negative aatsmie). The lift is calculated as follows:

Lift(X = Y) = Confidencé X= Y: PX Y
P(Y) AX)-RY

Association rules are required to satisfy a useciigd minimum support and a user-specified mimimu
confidence at the same time. To achieve this, &smt rule generation is a two-step process. First
minimum support is applied to find all frequentnitgets in a database. In a second step, these fiteque
itemsets and the minimum confidence constraintugsesl to form rules. While the second step is ditaig
forward, the first step needs more attention. bheoto implement this two-step proceaspriori algorithm
is the most often used (Agrawal and Srikant, 1994).

2. Objectives

In this study we investigate methods to extract mmaggdul patterns from a surveillance database of
foodborne disease outbreaks in order to improveuaderstanding of the outbreaks of a specific egpl

In particular, through data mining framework tha believe to be novel for the given application, sty
the question of what vehicles and/or locationsassociated with specific etiologies, and how owtkseof
those diseases occur. This is an important quest®naddressing it may help inform successful
interventions related to food handling, prepargtamd consumption practices.

The data mining framework employs classificatidtrjlaute selection, and association rule discosryhe
primary learning methods. After developing the feavork, we apply it to analyze the four most common
outbreak etiologies in the 2006 CDC Outbreak Silargie Data, namelysalmonella typhimurium
salmonella enteritidisE. coli, andnorovirus In addition to the value of the specific patteofigained for
those four etiologies, our framework provides aggahapproach for using data mining to identifytats

in food safety surveillance databases.

3. Discovering Outbreak Patternsin Surveillance Data

To achieve the objectives of this study, we hawsgieed a framework for extracting meaningful paiser
from foodborne iliness outbreak surveillance date(Figure 1). We first briefly describe the datd #hen
explain each component of our new data mining fraonk.

3.1 Description of Outbreak Surveillance Data

The data for this study was obtained from the GaghrSurveillance Data from the CDC for the year6200
All the data was collected electronically throudte tElectronic Foodborne Outbreak Reporting System
(EFORS) and all etiologies are as reported by thies Table 1 shows the summary of foodbornesitine
outbreaks in the United States in 2006. A total bemof 1247 outbreaks and 25,659 illnesses were
reported in the year 2006. Out of 1247 outbreal&3 6utbreaks had confirmed etiology while 275
etiologies were unconfirmed and 349 were unknowre dataset from the CDC consists of eight attrijute
described in Table 2.

3.2 DataPreparation for Classification

The dataset in its raw format described above tiglimectly appropriate for data mining. In this Sec we
describe the process of converting such a raw Blanvee database into a database that can be osed f
classification and other data mining. This meams ¢hclass attribute needs to be identified or tcooed
and each of the other attributes needs to be eithreric or nominal, that is, taking a given numbégr
predefined values.

For the Outbreak Surveillance Data in particulag, following issues needed to be addressed:

1. The attributevehiclethat describes the types of food consumed lapdtion that describes the
location of food consumption was present in teximiat. In cases where multiple foods were
consumed they were all grouped under this attritfbteeh text data needs to be structured before
data mining can be done.

2. ltis characteristic of most surveillance databdbasthere are no negative instances presenein th
database. In other words, the outbreak informaisoreported to CDC only when an outbreak
occurs by consumption of specific foods, so obviptisere are no instances where an outbreak
didn't occur on consumption of these foods. To gmplclassification algorithm, the data must
have two or more class types, for example pos#ivé negative instances so that the algorithm can
learn to discriminate between those, and in thseciind a model that can predict any new
instances of a foodborne outbreak. Thus, a claskute(s) must be constructed.
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3. For almost all etiologies there are relatively fexamples of outbreaks. For example, although it is
one of the most common types of outbreaks, thexealy 28 instances aflalmonella enteritidis
outbreaks in the database. This causes what inmdi@iag is called a class imbalance problem,
that is, there are relatively few examples of oless value. The result is that any data mining
algorithm tends to ignore the infrequent class sBllsome action is taken to balance the class
value.

The raw Outbreak Surveillance Data was preprocessedddress these issues and thus to set up a
classification problem where data mining algoritheas be applied. The first issue, namely that aflidg
with text data, is well-known and we used a stamdgrproach that converts a single text attribute &
(large) set of binary variables, each indicating ifvord occurs in that text (Lewis, 1992). Speailfig
rather than having a single string such as “beeftball; green salad; steak, unspecified” desagilie
vehicle of the outbreak, there are binary varialsiesh as “beef,” “black_grouper,” “ceaser_saladt a
“cheese,” where the for the example string the f'bbmary attribute would be set to one and theeoth
three to zero. Words that occurred only once wemoved from the dataset since those are not ufseful
finding general patterns involving multiple outbkeaThis resulted in the two text attributes désng
vehicle and location being replaced by 106 binaiybaites, with each of those binary attributesctiéing

a specific vehicle or location. Furthermore, sitlis study focuses on relating the vehicle andtloneof

the outbreak to the etiology, all other attributese deleted.

To address the second issue, we createdhelgativeclass type for instances attributed to all eti@eg
except the one being studied and repeated the ggdoeeach etiology. For example, when classifylg
outbreaks caused &y coli all e. colioutbreaks were labelgubsitiveinstances and all others were labeled
negativeinstances. We note that this implies that thesdfiaation problem does not discriminate between
an outbreak of a specific etiology versus safe wonpdion, but rather between an outbreak of a specif
etiology versus outbreaks of some other etiolodye Butput should hence be interpreted as idengfyin
what is particularly characteristic of one etiologgrsus another. The same process of adding a class
attribute taking two possible values was repeatedther three etiologies being studied, resuliméur
classification problems. After adding a class latite, the final datasets contained 107 attributels1206
instances.

For three of the four classification problems tlasses are very imbalanced (Gu et al., 2008). ¥ample,

as noted above, there are 28 instancesabhonella enteritidiutbreaks in the database out of a total of
1167 instances. Thus, there are 28 instances withsiive class value and 1139 instances with atieg
class value. The problem with this is that a mdtiat predicts thasalmonella enteritidiever occurs,
simply ignores the minority class value, will be®% accurate, and any learning algorithm will siyrfjrhd

this trivial, highly accurate, but useless classifion model. To address this, we use a well-knowethod

of non-uniform resampling to balance the class Kdeycz, 2000). Specifically, we sample with
replacement from the dataset 1167 times, each gimieg much higher chance of being sampled to the
positive instances, so that in expectation we gnavith 583.5 positive and 583.5 negative instantés
means that in the final dataset, many of the oaigli 39 negative instances will not be present ésomay
also be present more than once), and each of thmair28 positive instances will be present mugtip
times. It is important to note that although tlyise of resampling, or a similar alternative, isvitable for
learning meaningful classification models, this qees does introduce a bias, specifically by
overemphasizing some of the positive instancesateasampled most frequently. The estimated piiedict
accuracy for any model learned on the resampled idatherefore not meaningful unless it is estighate
independently of the resampling process. Howewer objective of this project is not to accuratelgdict

an etiology of an outbreak, but rather to idenfiitterns that provide insights into how and whyboedks
occur, a purpose for which this bias is not a sicgamt concern. The resampling process does affect
analysis in that different repetitions of the samgplmay lead to different patterns being discovessine

of which are likely to be more useful than otheRather than simply resampling once, it may theeecfe
valuable to resample repeatedly.

It should be noted that an alternative to the lyindassification problem suggested above would be a
multiclass classification problem where each we ldidiy to discriminate between all etiologies ofeirest
simultaneously. This would automatically reduce thass imbalance problem, but our experimentation
with the data indicated that the multiclass apphnadid not result in as interesting patterns. Ty class
approach was therefore chosen and the multiclasdtseare not reported in the paper. However, we al
caution that this conclusion can only be drawn tfog particular classification method tried, andeoth
classification methods might prove valuable for tidticlass problem.
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3.3 ldentifying Important Vehicle and Location Attributes

We described above how attribute selection is gmomant part of most data mining projects. Attréout
selection may be done simply to improve subseqdatst mining models (e.g., in order to obtain a more
accurate classification model) or it may be doneahee identifying relevant attributes is importanits
own right. For us both motivations hold. It is oftrinsic interest to identify the vehicle and ldoat
attributes that are relevant to being able to ptealspecific etiology, as those provide insights why and
where certain outbreaks occur, and removing rechtndad irrelevant attributes may also improve the
subsequent classification models. Specifically, witt propose using decision trees as the classifioa
model and as we will see in the results reporte@,hgreceding the decision tree learning with latte
selection will result in smaller and easier to liptet trees.

Many methods have been proposed for attribute ts@fecand no single method can be identified as
superior to all others. In our framework, we us¢hesi directly or indirectly three separate and
complimentary measures of attribute worth. First, wge the Relief algorithm that identifies theilatiies
that best distinguish between classes if the ¢leason is done based on nearest neighbors, aledc
instance-based learning (Kira and Rendel, 1992)018& we use what is called a Wrapper method (Kiohav
and John, 1997), which searches through the spfaak possible subsets of attributes and evalutites
worth of the attribute subset based on how weldrks for classification (that is, the accuracytioé
classification model). Specifically, we use thewaecy of a Naive Bayes classifier induced on thesd
using the particular attribute subset (Domingos Badzani, 1997). The Naive Bayes classifier has bee
found to work well for text mining, namely datasetsch as ours that has a large number of binary
attributes. The basic idea of this classifier ifimd the most likely class given the data. Thedlnd final
method for identifying important attributes is iretit and results from our choice of classification
algorithm. As will be described in more details dvel we choose a decision tree algorithm and the
sequence in which attributes are used to condfnediree is an implicit attribute selection, wikte tattribute
used for the top node judged the most importard, smforth. The measure used by the decision fee i
information gain ratio (Quinlan, 1993), which isiaformation theory derived measure and may beghbu
of as complimentary to the instance-based and pilidtac measures used to evaluate attribute wbyth
the other two methods.

The output of the Relief algorithm is a ranked &ifattributes, but it does not decide on a spesifibset of
most valuable attributes. We apply this algorithefiobe resampling to identify relevant attributes dt of

the four etiologies individually. The primary pugeoof this is to provide insight into which foodhiee

and location factors are related to each foodbdmess outbreak category. The Naive Bayes wrapper
determines a subset of attributes to be used lmainnot be applied before resampling because #ieeN
Bayes algorithm simply identifies the trivial modélat ignores all minority class values. The aittré
subset found by the wrapper is therefore biasedhkyresampling, but as noted above this is not a
significant concern since our objective is ext@etof meaningful scenarios or patterns. This aitgb
subset is then used by the classification algorithm

3.4 Classifying Etiology of an Outbreak using Decision Trees

As described above, for each of the four most comspecific etiologies, we formulated a classifioati
problem by creating an indicator for all of theidents of that type. We used only the relevanttaites for
each etiology type that were selected by usingbate evaluation techniques discussed in the puosvio
section. Many methods exist for the actual classion, including support vector machine (Burge298
Cortes and Vapnik, 1995), Bayesian methods (Heckeym996), and decision tree induction (Quinlan,
1993).

While it does not usually provide the best predittaccuracy, in our approach we focus on decisies t
induction because the resulting model (decisios)tiesimple and interpretable, which allows uadhieve
the primary objective of the study, namely to gaisights into the interaction between attributeke T
process of decision tree induction is to constauitee in a top-down manner by selecting variablesat a
time and splitting the data according to the valoéghose variables. The most important variable is
selected as the top split node, the next most itapbrariable is considered at the next level, smdorth.
For example, in the algorithm we employ, called @5 algorithm (Quinlan, 1993), variables are emos
to maximize the information gain ratio in the splithis is an entropy measure designed to incrdase t
average class purity of the resulting subsetsrasudt of the sequential splits.

We will use decision tree induction both using @fllthe attributes, and using the subset of attebut
selected by the Naive Bayes wrapper approach disduabove. The expectation is that that these wiles
be mostly consistent, but the tree employing attebselection will be simpler and easier to intetpr
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However, some additional patterns regarding speoifitbreaks could be extracted from the largeistese
well.

Given information about food consumption and lamatithe decision trees could be used as a preglictiv
model to predict unknown etiologies and future foaiche disease outbreaks, although the applicakifity
accuracy of doing so is not evaluated here. Ratherfocus on insights that can be obtained from the
decision trees by analyzing specific scenariosesgted in the trees. Such insights can then gk tose
further enhance the decisions regarding intervartgechniques and models that can reduce the occeare
of such outbreaks.

3.5 Discovering Associations between Vehicles, L ocations and Etiologies

The final component to our data mining frameworktds use association rule mining to discover
relationships between the attributes in the dawmbas discussed above, interesting associatiors rale
required to satisfy three user-specified measurésn@onsidering the sparseness of the dataset]avesd
enough tolerance for the support of a rule by rsgtthe minimum support to three. Only rules havimg

lift value that is greater than one were underammsideration. Since our expectation is that thetraseful
rules are of the type ‘if X and Y then Z’, whereis<a location information, Y is a food vehicle tlatused
the outbreak, and Z is a type of etiology, we chibsee as the maximum number of items for genegatin
frequent item sets. No lower limit of the confidenwas decided to prevent losing some interestitesru
due to the sparseness of dataset.

Recall that association rule mining is an unsupedilearning method, that is, it will find relatsips
called association rules between any attributesstMb those relationships will therefore not deserihe
etiologies of interest, and after generating adloagtion rules, we prune them to only include ¢hndes
that include one of the target etiologies in thenssmuent (e.g.salmonella enteritidis salmonella
typhimurium e. coli and norovirus in the results reported below). Hence, we expketd patterns to
provide insights into what types of outbreaks (etiy) are caused by specific types of food itemd/@n
locations.

Note that while being unsupervised is a drawbackugimg association rule mining to study specific
etiologies, as most of the patterns obtained vélldiscarded, unlike the decision tree learning @ason
rule mining does not require resampling of the liasa. The estimated lift and confidence of each
association rule will therefore be unbiased.

4. Results

In this section we use the data mining frameworicdbed above to analyze outbreaks of the four most
common etiologies of foodborne illness outbreaks.

4.1 Analysisof Salmonella Enteritidis Outbr eaks

Salmonella enteritidiss a bacterium found inside eggs and can causess| called salmonellosis if
contaminated eggs are consumed raw or undercodietl current salmonella outbreaks are caused by
intact and disinfected eggs. Government agencielsemy industry has taken several steps to reduce
salmonella enteritidisoutbreaks which includes identifying and removinéected flocks from the egg
supply and increasing quality assurance and smmtaneasures. According to CDC, every year,
approximately 40,000 cases of salmonellosis arerteg in the United States. Because many mildezscas
are not diagnosed or reported, the actual nhumbénfe€tions may be thirty or more times greaterisit
estimated that approximately 400 persons die eaahwith acute salmonellosis.

When applying our data mining framework salmonella enteritidisoutbreaks, the first type of pattern
obtained is a list of attributes found to be thestnelevant in classifying this etiology versus theo
etiology. The attribute selection outputs a rankstd and the order of each attribute is given iadiets.
We list the ten most relevant attributes, and trergeshown in Table 3. Note that the table organibe
most relevant attributes according to their typedtion versus vehicle) and whether they are aicator

of the target etiologys@lmonella enteritid)s or if they indicate that the etiology of the owgbk is
something else.

In attribute selection an attribute can be foungartant either because it is strongly indicativepositive
classification (that issalmonella enteritidisoutbreak), or a negative classification (thatdsy other
outbreak). In Table 3 eight out of the ten attrsutindicate negative classification (redlmonella
enteritidig. This is not an unexpected outcome since thesalaties are highly unbalanced (28 positive
versus 1139 negative instances). From Table 3 we®lserve that if the location is either a privatene or

a banquet facility then the outbreak is relativelgre likely to besalmonella enteritidishan another type
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of outbreak, and we have a list of five locationd ghree vehicles whemalmonella enteritidiss unlikely
to be the cause of an outbreak.

The second type of pattern obtained is a decisamndlassifying outbreaks as either positive oatieg for
salmonella enteritidigtiology. This decision tree learned without atite selection is shown in Figure 2
and from it we can observe relationships betweertdtget etiology of the outbreak and differentd®and
consumption locations. For example, the decisiea shows that in an outbreak whbeefwas consumed
atprivate homethe disease can be attributegadmonella enteritidigtiology.

Figure 3 shows the decision tree aimonella enteritidisvithout attribute selection. As expected, the tree
is somewhat larger than before (11 leave nodesise&defore). First note that the new decision lree
the same root nodgrison/jail which shows that this attribute provides the maximinformation gain.
New locations restaurant/deliand schoolare simultaneously linked to salmonella entestidutbreaks.
Beef consumed aprivate/homeand restaurant/deliis also simultaneously linked to these outbreaks.
Ground beetonsumed atvorkplace - not cafeterialso caused some outbreaks wielitlceandturkeyare
linked to outbreaks other thaalmonella enteritidisThe results found by this technique are congistéh
the attributes selected and the association ralesdfthat are shown in Figure 4.

The third and final type of pattern is a set ofoagstion rules linking the target etiology in thensequent
with location and vehicle attributes in the antesgd The rules with the highest lift and confiderare
shown in the bar chart in Figure 4. Note that tkevant attributes to each type of etiology, ilee t
antecedent part of the rule, are shown in the bot& axis with their lift values and confidencdues.
From the figure we observed that the lift valugo$on/jail in whichsalmonella enteritidisvas involved is
approximately 6.5. This means that the probabiligt prison/jail will be involved isalmonella enteritidis
is 6.5 times higher than the general probabilitypn$on/jail in the dataset. Similar interpretaazan be
made on the rules involving the other attributesgte home, banquet facility, ground beef, and.bee
Given the complementary nature of the three metlibdsxtracting patterns, it is worth noting wherm th
same pattern is found by two or more methods. Fedipting salmonella enteritidisoutbreaks, two
locations, namely private home and banquet facititg found to be indicative of this type of outiicdoy
all three methods. Furthermore, the location cdgior jail is found to be the most important iadae of
salmonella enteritidi®utbreaks by both the decision tree and the assmtirule mining, and both of those
methods also identify the food vehicle beef assheond most important indicator of an outbreak. [gVhi
outside the scope of this paper, these resultsfaafurther analysis of what causes such outbréakse
particularly prevalent in these three locationswa#i as why this infection that is transmittedabgh eggs
appears to have a strong the connection with lespiecially beef in a private home as indicatedhay t
decision tree.

4.2 Analysisof Salmonella typhimurium Outbreaks

Salmonella typhimuriunis among the most common Salmonella bacterium cgusklmonellosis in the
United StatesSalmonella typhimuriurmultiplies in the gastrointestinal tract of mamyraal species where

it usually causes no disease, but in humans itsitgra¢auses gastroenteritis. Isolations of Salmanell
causing gastroenteritis in humans have increaseecent years in developed countries, primarilyalbse
modern methods of animal husbandry, food preparatand distribution encourage the spread of
Salmonella (Resource Center for Biodefense ProtmiResearch, 2009Contaminated foods are often
beef, poultry, milk and eggs, but according to CDy foods, including vegetables, can become
contaminated if they come into contact with fegesfan infected animal.

To extract interesting patterns relatedsamonella typhimuriunoutbreaks, we repeat the data mining
analysis as in the previous section. The most a@leattributes are reported in Table 4. From théetave
note that two locations (restaurant or deli andgie home) are strongly linked $almonella typhimurium
outbreaks, whereas several others (especially leanigeility, which was the second highest ranked
attribute overall) indicate that the etiology oftbutbreak is something else. One food vehicle,eham
chicken, is indicated as a relatively common cafseutbreaks (versus a cause for some other olthrea
whereas lettuce is more likely to be a vehicle daroutbreak with a different etiology. All three thie
positive indicators (restaurant or deli, privatertap and chicken) ranked as one of the four tojbatss,
indicating a fairly strong relationship.

Figure 5 represents the decision tree obtaineds&bmonella typhimuriunoutbreaks by learning the
decision tree with attribute selection. There waknawn salmonella typhimuriunoutbreak caused by
tomatoes in 2006 (FDA, 2006). The positive instaree classified bipmatoesconsumption is 100%. But
other outbreaks that could not be attributed toatmes can be analyzed using this decision tre¢hisn
case, it is very interesting to see that the twitedint locationsfair/festival/temporary mobile devicnd
private homeare simultaneously relatedgalmonella typhimuriunoutbreak.
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Figure 6 represents the decision tree obtainedowithttribute selection. This decision tree is nowch
more complex than the one obtained with attribetection, but reveals some additional patte@tscken
teriyaki was not present in the decision tree with attritaglection but is the root node in this case. This
decision tree provides additional information abthat food and location combinations. For examplean
be noted thaturkeyconsumed gprison/jail causedsalmonella typhimuriunoutbreaks. Similarlytomatoes
consumed at locations other thaospital caused these outbreaks. Some of the attributegdink
salmonella typhimuriunoutbreaks were same as those chosen by the Rdgjefithm (Table 4). For
instance, the decision tree shows ttistkenconsumed aprivate homds linked to these outbreaks. The
results obtained were consistent with both attélsglection and association rule mining.
As before, we also obtain association rules wahmonella typhimuriunin the consequent, and Figure 7
reports the rules with the highest lift and confide. For this type of outbreak four rules are alatdj and
of those one involves a combination of location fowtl vehicle and one involves two locations:

e restaurant or deli & chickes> salmonella typhimurium

e restaurant or deli & private home salmonella typhimurium

It is again interesting to note the patterns that faund by two or more of our methods. Here, two
locations, namely private home and restaurant tiy @led one food vehicle, namely chicken, are foasd
indicators ofsalmonella typhimuriunoutbreaks by both the attribute selection andassociation rule
mining. Neither method finds any other positivaatienships so there is a perfect match betweere ttvas
methods. The association rule mining further id&giinteresting combinations of those attributesated
before. The decision tree also finds that the lonapf private home indicates this type of outbrelat
does not include the other two attributes. (Notaydwver, that the decision tree does indicate thavkin
tomato related outbreak slmonella typhimuriunm 2006, whereas the other two methods do not.)

4.3 Analysisof E. coli Outbreaks

E. coliare a bacterium that live in the guts of rumiramtnals, including cattle, goats, sheep, deer gdind
The major source fdg. coli outbreak is cattle (Foodborne illness, 2005). Gi3@mates thaE. coli causes
about 70,000 infections in United States each yegposures that result in illness include consuomptf
contaminated food, consumption of unpasteurize#, mdnsumption of water that has not been disiefisct
contact with cattle, or contact with the fecesrdécted people. Some foods are considered to sanly a
high risk of infection withE. coli and include unpasteurized milk, unpasteurized eagjder, and soft
cheeses made from raw milk.

We next conduct our data mining analysis wthcoli as the target etiology of the outbreaks. The most
relevant attributes are reported in Table 5. Thidet indicates two vehicles that are strong indicabfE.

coli outbreaks versus other types of outbreaks, nalegilyce and milk. It also shows two locations where
if an outbreak occurs this etiology is indicatedmely restaurant or deli or private home; and sdver
locations that indicate another etiology. Finaifythe vehicle is chicken then an etiology othed &n coli

is indicated.

Figure 8 shows the decision tree Earcoli related outbreaks. This decision tree, whichasrled following
attribute selection, is quite simple compared toséh for salmonella enteritidisand salmonella
typhimurium It contains just one consumption location andceptiodes represent different foods that were
related to thee. coli outbreaksSteakis chosen as the root node of this tree which estggthat the highest
information gain is provided by this attribute. \Wete that the two vehicles indicated as being linkéth

E. coli outbreaks by the selection of relevant attribfteik and lettuce) are also present in the decision
tree.

Figure 9 shows the decision tree without attritegkection. Again, this tree is much more compled a
difficult to interpret than the tree utilizing abiute selection (Figure 8), but some additionagriesting
patterns are discovered from this decision tree. décision tree foE. coli related outbreaks with attribute
selection was very simple. It did not provide imf@tion about food-location combinations that warkdd
with these outbreaks. The decision tree using taibates provides this information. For exampieilk
consumed aprivate homeis found to be linked to sever&. coli outbreaks. Similarlyground beef
consumed at locations other thamrkplace-not cafeteriaand banquet facilityare linked with these
outbreaks.Lettuceconsumed atestaurant/deliis also linked withE. coli outbreaks. These findings are
consistent with the attributes selected by Relgd@thm and association rules found for these @m#ks.

The association rules obtained that inclédesoli in the consequent are reported in Figure 10, andate
that these rules are significantly stronger thars¢hreported for the other etiologies. For examtpie lift
value of spinach is almost thirty and the confiden€ spinach is greater than 60%. It means thatulee
‘spinach=> e. coli, is highly promising. The other selected attrimibverall have very high lift values with
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good confidence numbers. Five rules involving a loimation of location and food vehicle are obtained,
namely:

Restaurant or deli & private home E. coli

Milk & private home= E. coli

Ground beef & private home> E. coli

Restaurant or deli & lettuce> E. coli

Restaurant or deli & ground bee$ E. coli

Two food vehicles are identified by all three methonamely milk and lettuce, as being indicator& of
coli outbreaks. Spinach is also identified by bothdkeision tree and the association rule mining &sgbe
an important vehicle for this disease. Furthermosstaurant or deli and private home are ideutifig
both the attribute selection and the associatida mining as locations where such outbreaks occur
relatively frequently. Further analysis of thosesthfood types and two locations is therefore izigid by

the data mining results.

4.4 Analysisof Norovirus Outbreaks

Norovirusesare a group of related, single-stranded RNA vsubat cause acute gastroenteritis in humans.
Norovirusesare transmitted primarily through the fecal-oraute, either by consumption of fecally
contaminated food or water or by direct persondospn spread (CDC, 2006). CDC estimates that 23
million cases of acute gastroenteritis are dueaivirusinfection, and that at least 50% of all foodborne
outbreaks of gastroenteritis can be attributetioi@virus
As the final illustration of our data mining framesk, we analyze outbreaks wittorovirusas the target
etiology. The most relevant attributes are repoited@able 6. We observe that there is one locatia
indicates outbreaks where the etiologydsovirus namely nursing home; whereas if the locatioritisee
a hospital or a picnic, other etiology is indicat@tiere is no vehicle identified that specificaihgicates
norovirus but numerous vehicles, such as chicken, tunavalkg indicate that the etiology of the outbreak
is notnorovirus
Figure 11 shows the decision tree with attributect®n fornorovirusrelated outbreaks. This tree is very
complicated and involves several nodes. The ledesavith low support are not very attractive for ou
objective but they cannot be removed because tiegetha parent nodes for other leaf nodes. It camobed
that the norovirus outbreaks are caused by many different combingtioh foods and consumption
locations.Chicken salads chosen as the root node of this tree which estgghat the highest information
gain is provided by this attribute. But unlike alher decision trees where the root rode classtfies
positive instances, root node for this decisioe thassifies the negativorovirusinstances. The first three
nodes Chicken saladpork, andpicnic) in fact eliminate the negative instances, whightam interesting
finding. In other words, if a person consunaddcken saladpork or the consumption location wagnic,
the outbreak is very unlikely to be causedrmyovirus Turkey sandwictconsumed aworkplace, not
cafeteriacaused a very significant number rafrovirus outbreaks. As was the case for the other three
analyses, the decision tree obtained rforovirus outbreaks without attribute selection was even more
complex than the tree reported in Figure 11, anthig case we were not able to extract any addition
information from that tree. It is therefore notlimbed in the paper.
Finally, Figure 12 shows the association rules iobthto indicatenorovirus We note that these results
indicate a long list of locations (banquet facilibffice setting, school, nursing home, weddingepion,
church or temple, workplace not cafeteria, and gathmtt indicate that the etiologym®rovirus Also, there
is a similar list of food vehicles (lettuce, salagleen salad, turkey sandwich, ice, submarine siahgdw
potato salad, and mixed fruit). This compliments ttesults of the attribute selection, which consist
primarily of vehicles that indicate an etiology ethithannorovirus Furthermore, two association rules are
obtained involving both a location and a food vihioamely

e Restaurant or deli & lettuce> Norovirus

e Restaurant or deli & salagb Norovirus.

One location, namely nursing home, is identifiedatiythree methods as being somehow associated with
frequent norovirus outbreaks. Furthermore, four other locations (bahdfacility, wedding reception,
workplace (not cafeteria) and camp) are identifigdoth the decision tree and the associationmiteng.
Seven food types (lettuce, salad, turkey sandvite),submarine sandwich, potato salad and mixdt) fru
are also identified by those two methods as intligainorovirusoutbreak. As before, further analysis may
thus be warranted for investigating the link betw#®se locations and foods amarovirusoutbreaks.
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45 Discussion of Results

The results reported above for four common types$ootiborne disease outbreaks illustrates how data
mining can find interesting patterns in food safatyveillance databases. The results will, howeslgrays

be limited by the quality and availability of dafithe CDC database analyzed here has two shoffietdg,

one describing the food vehicle responsible, ared dther describing the location where the outbreak
occurred. Our approach is thus limited to findiradterns of relatively simple relationship betweeanious
vehicles and locations. If a more detailed desonipbf each outbreak was to be made available én th
database then we conjecture that the same methypydotaild find more nuanced patterns involving other
characteristics of an outbreak. Since our datangifiamework involves text mining of free-form tettiis
additional data could be a completely open endsdrg#ion of the outbreak.

It should also be noted that the analysis of egpl df outbreak should be interpreted separatelyeado

in each subsection above, and there is no reasbelieve that a pattern obtained for one etiologysinibe
unique for that etiology. This is in fact revealagour results above. For exampbeison/jail is classified

as having a positive relationship for baddmonella enteritidimndsalmonella typhimuriungsee Figure 2
and Figure 4, respectively). Intuitively this sitioa is not surprising because one than one typdisefase
outbreak can occur at any given location. Fromdata mining perspective such scenarios are also not
surprising as the negative examples (that is, ¢éh@fsinstances representing ‘regimonella enteritidisor

‘not salmonella typhimuriufiihave a great deal of overlap. All that can bferired is that if the location is
prison or jail then and botkalmonella enteritidiand salmonella typhimuriunare more likely causes of
outbreaks than the average cause, which shoul@dnide inferred by independently analyzing eacthef t
two etiologies.

When comparing the value of the proposed approa@nalyzing each of the four etiologies abovesit i
noteworthy that for some types of outbreaks vemypst trees are obtained. For example, the dectséen

in Figure 2 describes only three scenariosalmonella enteritidi®utbreaks, whereas the decision tree in
Figure 11 describes twenty one scenarios for Nowovirusoutbreaks occur. This difference in complexity
can be explained by the number of ways in whictb@atks occurred in the database, specifically with
respect to food vehicle and the outbreak locafRaiatively few vehicles and locations points@monella
enteritidis as the cause of the outbreak, whereas many velageld locations point tblorovirus as the
likely cause. Such differences in complexity of tfagterns are to be expected, which also impliasttie
data mining approach may not be equally usefuaf@yzing all etiologies.

The main objective of this paper was to demonstrate data mining can be used to extract hidderepett
from the surveillance database of foodborne diseagbreaks. However, observations such as those
obtained here for four common types of outbreakfootiborne illnesses can be very helpful in degsin
intervention techniques, including safe handlingacpssing procedures for different foods as wekafe
hygiene practices that can be individually formedafor different types of locations where the fded
consumed. With the knowledge of the type of outhtbat is most likely to occur, say, at home, thlated
agencies can plan training techniques targeteddividuals. Similarly, if a certain type of outbkeaccurs

at hospitals more often and is related to spetifids (or combination of foods, more realistic aiton);

the hospital staff can be better trained. Samebeillrue for different food production industries.

5. Conclusions

In this paper, we have introduced a framework 8ng data mining techniques to discover hidderepatgt

in the foodborne disease outbreak data from theeCeh Disease Control. We demonstrate how data can
be preprocessed appropriately to apply data mitengniques and the use of attribute selectionsamci
trees, and association rule mining to discoverepadtin the data. This technique can be used migsight

into the types of foods, food combinations and oamgtion locations that are more frequently linked t
certain types of foodborne disease outbreaks. Tmvledge gained can be used to create modified
intervention techniques for different types of feahd disease causing etiologies. This knowledgebea
very useful for designing customized food safefining methods for all food safety stakeholderschSu
knowledge of interrelationships can also indicatether specific foods are more prone to contannat
different locations, for example at home, in resdats, etc.

Also, cross-contamination of food can occur dugegsumption. Our data mining techniques can be used
to discover frequently occurring patterns wheretiple foods caused a foodborne disease outbredk. Th
knowledge can be used to design food safety proeedar consumers for safe food handling practices.
Further work is required to develop robust predittmodels that can be used for rapid classificatibn
unknown or unconfirmed foodborne disease outbréialogies. The outbreak reporting practices vany fo
different states in the US as the criteria of e@tdte Health Department for reporting outbreakSI is
different. Discovering hidden patterns and compgamuitbreaks from different states also needs furthe
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investigation to determine the type foods that eatestain outbreaks more frequently in a giverestahis

can be done by using the same approach as devetopied paper but also including tiS¢ateinformation.
State Health Departments can benefit consideraioiyn fthis type of information as they can develop
strategies for ensuring food safety in their region

The CDC database provides critical information ah@wious foodborne disease outbreaks to consumers.
Although, the results from applying data mininghigiques cannot be better than the data that isaei
Further steps can be taken by the CDC to improgealiiabase by recording all parameters for ea@hdf/p
etiology in a consistent manner. But, in this pawershow how data mining techniques can be used to
prepare this database for discovering previousknawn patterns and to study interrelationships betw
different types of foods and other parameters #ifdct food safety. Knowledge discovered from this
approach can be used by various food safety stédeiscsuch as producers, processors, consumeicsy-pol
makers and regulatory officials for developing faadety measures as they relate to them.
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Figure 2. Decision tree for Salmonella enteritidis related outbreaks®
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& The numbers in the parenthesis of each leaf reptahe associated error. The first number reptesire total
number of instances classified by that leaf ands#mnd number represents the incorrectly cladsifistances. For
example, 2074/474 represents 1600 (=2074-474) abrdassified instances and 474 incorrectly dfaexbinstances.

Figure 3. Decision tree for Salmonella enteritidis related outbreaksusing all attributes®
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example, 38/5 represents 33 correctly classifisthimces and 5 incorrectly classified instances.
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Figure 4. Associationsfound for Salmonella enteritidis outbreaks
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Figure5. Decision tree for Salmonella typhimurium related outbreaks’
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& The numbers in the parenthesis of each leaf reptebe associated error. The first number repteste total
number of instances classified by that leaf andsémnd number represents the incorrectly cladsifistances. For
example, 2107/438 represents 1669 correctly cladsifistances and 438 incorrectly classified instan
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Figure 6. Decision tree for Salmonella typhimurium related outbreaks using all attributes®
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Figure 7. Associations found for Salmonella typhimurium outbr eaks
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Figure 8. Decision treefor E. coli related outbreaks®
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number of instances classified by that leaf andsémnd number represents the incorrectly cladsifistances. For
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Figure9. Decision treefor E. coli related outbreaksusing all attributes®
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Figure 10. Associationsfor E. coli outbreaks
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Figure 11. Decision treefor Norovirusrelated outbreaks®
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Figure 12. Associations found for Norovirus outbr eaks
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Table 1. Summary of Foodborne IlIness Outbr eaks, 2006
Confirmed Etiology No. Outbreaks No. Cases
Bacterial 223 5,336
Chemical 53 221
Parasitic 9 129
Viral 337 11,122
Suspect Etiology No. Outbreaks No. Cases
Bacterial 75 1,440
Chemical 11 39
Parasitic 3 18
Viral 165 2,841
Multiple Etiology No. Outbreaks No. Cases
Confirmed 1 96
Suspect 20 254
Confirmed and Suspected 1 32
Table 2. Attribute summary of the original dataset
Attribute Type Description
Confirmed Etiology Nominal Cause of outbreak, e §. Coli
State Nominal State where the outbreak occurred
Month Nominal Month when the outbreak occurred
llinesses Numeric Number of illnesses reported
Hospitalizations Numeric Number of hospitalizatisaported
Deaths Numeric Number of deaths reported
Vehicle Text Food item/s that caused the outbreak
Location Text Location where food was consumed, -eigstaurant
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Table 3. Most predictive attributesfor classifying Salmonella enteritidis outbreaks

Indicates salmonella enteritidis Indicates another etiology

Location Private home (1) Office (2)
Banquet facility (3) Workplace, not cafeteria (4)
School (5)

Church or temple (8)

Restaurant or deli (10)
Vehicle Lettuce (6)

Chicken (7)

Salad (9)

Table 4. Most predictive attributesfor classifying Salmonella typhimurium outbr eaks

I ndicates Salmonella typhimurium Indicates another etiology

Location Restaurant or deli (1) Banquet facility (2)
Private home (4) Office setting (5)
School (6)

Workplace, not cafeteria (7)
Church or temple (9)
Nursing home (10)

Vehicle  Chicken (3) Lettuce (8)

Table5. Most predictive attributesfor classifying E. coli outbreaks

Indicates e. cali Indicates another etiology
Location Restaurant or deli (1)Banquet facility (4)
Private home (2) Office setting (5)
School (7)
Workplace, not cafeteria (8)
Church or temple (10)
Vehicle Lettuce (3) Chicken (9)
Milk (6)

Table 6. Most predictive attributesfor classifying Norovirus outbreaks

Indicatesnorovirus Indicates another etiology
Location Nursing home (6) Hospital (7)
Picnic (8)
Vehicle Chicken (1)
Tuna (2)
Milk (3)
Fish, escolar (4)
Pork (5)
Fish, mahi mahi (7)
Turkey (10)
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Abstract

Identification of the information to be recordedth® most important requirement for developing
an effective traceability system. In this paper,psesent a soybean value chain and model the iaftom
capture by three links in the chain including thenfing, bulk handling and processing sectors. tatler
information capture points were identified for eaelttor and the corresponding traceability inforomato
be recorded was determined. In-depth analyses eegr@ducted for a soybean elevator and an oil and mea
processor to determine the importance of tracegbitiformation from their perspective. A lot of
information is available at different links in tls@ybean value chain. The method presented herbean
used to create a standardized list of data elembatsneed to be recorded internally or exchangid w
other links in the chain. A UML class diagram iveleped to represent a method for modeling the ympd
process, quality and transformation informatioarm link in the chain. Finally, some suitable tedlogies
for electronic information exchange within the fomgpply chains are presented.

Keywords:soybean value chain; traceability; information modg information exchange; soybean oil;
elevator; processor

Introduction

Consumers all over the world have faced variousl fesfety and health issues in the recent years.
This has led to a growing interest in developingtems for food supply chain traceability (Carriguand
Babcock, 2007; Folinas et al., 2006; Jansen-Vuliral., 2003; Madec et al., 2001; McKean, 2001).
Various food safety and traceability guidelines aedulations exist in several countries. Under the
European Union Law, “traceability” is defined detability to track any food, feed, food-producargmal
or substance that will be used for consumptionpugh all the stages of production, processing and
distribution (Official Journal of the European Conmities, 2002). It is a risk-management tool thimves
food business operators or authorities to withdoawecall products which have been identified asafm
In the United States, the Bioterrorism Act of 206guires that all companies involved in the food feed
industry to self-register with the Food and Drugmidistration and maintain records and information f
food traceability purposes (Food and Drug Admiaistn, 2002). In Canada, Can-Trace was launched in
July 2003 which is a collaborative and open initetcommitted to the development of traceability
standards for all food products sold in Canada {Qace, 2003).

The General Food Law (Official Journal of the Ewwap Communities, 2002) requires traceability
throughout the food supply chain. In order to b&e ab track and trace products throughout the suppl
chain, food business operators must maintain ratewdormation from the suppliers and keep traclalbf
products and their transformation through all ssagfeproduction and then pass this informatiorh®riext
link in the supply chain (Donnelly et al., 2009;h&égele, 2005; Thakur and Hurburgh, 2009). Senregset
al. (2007) states that in order to achieve chaioebility, the identities of traceable units mastrecorded
at reception and shipping. The paper also statas ititernal traceability requires recording of all
transformations during the production process.

One of the biggest challenges with supply chaineility is the exchange of information in a
standardized format between various links in thairthGlobalization combined with the ever-incregsin
complexity of food supply chain networks has lecinincrease in the significance of efficient systdor
information exchange between food businesses. ififismation needs to be exchanged in a precise,
effective and electronic manner (FSA, 2002; Moe98)9 To facilitate electronic interchange of such
product information, international, non-proprietatgndards are required such as the ones highdidiyte
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Jansen-Vullers et al. (2003). Standards must desdrow information can be constructed, sent and
received and also how the data elements in thenation should be identified, measured, interpreted
stored (Folinas et al., 2006). Previous studieslghown that there is currently no standardized @fay
formatting information for exchange in traceabilystems. Research suggested that structuredisksta |
vocabularies ad ontology will be appropriate tanlachieving effective universal data exchange (ixy

et al. 2009, Dreyer et al., 2004; TRACE 2, 2008ditidual companies have made great progress in
proprietary technologies for automated data capame electronic data coding. However the benefit of
these is lost when the data element transmissioegisired for use outside the originating compasit &
only effective when there is an identical softwsystem at the receiving end (Donnelly, 2008).

The TraceFood Framework developed under the Eunofeanmission sponsored TRACE project
provides a toolbox with principles and guidelines fiow to implement electronic chain traceabilithe
framework consists of the following components €Bfgood Wiki, 2009):

(g) Principle of unique identifications

(h) Documentation for joining and splitting (transfortinas) of units
(i) Generic language for electronic exchange of infaiona

(i) Sector-specific language for electronic informatixechange

(k) Generic guidelines for implementation of trace#pili

(I) Sector-specific guidelines for implementation eiceability

Based on this framework, the implementation of whaaceability requires industry analysis to
understand the material flow, information flow aimdormation handling practices. Using this method,
based on the industry analysis, recommendationdegrovided for new sector-specific data termigglo
and what information needs to be recorded by daklahd communicated to other links in the chain.

To enable effective, electronic information exchengiork needs to be carried out on a sector-
specific level. Analysis of what product informatiohe particular food sector already records shéeld
carried out and a method and format for identifythgs product information should be developed in a
standard form (Donnelly, 2009)he need for such systems has already been idehtifroughout the food
industry, but particularly in areas where the antiogty of a product is in question. The viabilibf such
non-proprietary standards were shown in the Trateproject (CEN 14659, 2003; CEN 14660, 2003;
Denton, 2003) where both sector-specific standdfois captured fish and farmed fish) and generic
standards (for electronic coding and request-respastheme) were developed. The TraceFish work
established sector-specific data models that nigt@mtain information about data elements (inahgdihe
relationship between them) relevant for producbrimfation in one link of the supply chain, but also
information for each link. Standardized lists fatal elements which can be included in data modele h
been acknowledged as a key technology for resolgeguantic heterogeneity and are important in
knowledge management in large organizations (FAOR®BOC, 2006; Haverkort, 2007; Haverkort,
2006; Stuckenschmidt, 2003).

In this paper, we present a bulk product supplyrch@a soybean value chain is presented and the
work has been inspired by the TraceFood FramevilodgeFish project as well as the study carriedirout
the chicken processing sector by Donnelly et &08). Bulk products supply chains present additiona
complexities in terms of defining the traceabletsinin addition, blending and splitting of indivialu
batches complicates how information is tied to acHfr entity (traceable unit) (Thakur and Hurburgh
2009). We present a soybean value chain with seylsdaused for cooking as the end product. The
objective of this paper is to present a model éorimation capture at various stages in the soylsbam.

We specify the information that must be recordedhge links in the soybean value chain; by thenéay
by an elevator handling bulk soybeans and by tlypessn oil and meal processor. In-depth analysia of
soybean elevator based in US and a soybean proéedsorope was also conducted. The results retated
the importance of different product, process, amdlity information from their perspective are also
presented.

Soybean chain stakeholders

Soybeans are native to East Asia and today arevateltl around most of the Americas and East
Asia. A small amount of cultivation takes placestean Europe. Europe however is a consumer of
soybeans imported from the Americas for the prddocof both animal feed and products for human
consumption. Soybeans in the USA are primarily gramwthe northern Midwestern states from Ohio to
Kansas and South Dakota, in the states along Mippigiver, and in the southeastern states. Aftavest,
the farmers sell their crop to the grain elevatbiest handle and sell soybeans marketed againstigene
grade standards. Soybeans are transported by taiGkyarge or ship to the processors. Beanscaaed,
unloaded, conveyed, and blended several times vdrilehe way from the field to processors. Bulk
handling is most common in the soybean value ct&iybeans on average contain 11% moisture, 37.9%
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protein, 17.8% fat, 4.7% fiber, and 4.5% ash. Thestnhcommon end use of soybeans include soybean oil
that is used for cooking and soybean meal usediambfeed.

Three soybean chain stakeholders are presenteldisirpaper; farmer, elevator and processor.
Figure 1 shows a simple flowchart of the soybedunevahain and the main inputs and outputs at e@acfe s
Farmer

The farmer is the first link in the soybean valdwia. Farmers purchase seeds from a seed
company and sell their crop to an elevator aftervésting. Several chemical compounds including
fungicides and herbicides are used for soybean tseatinent to inhibit damage to the crop. Combamres
commonly used for harvesting the soybean crop.rAftavest, soybeans can be stored on farm before
selling to an elevator.

The data available at the farming stage includesrtformation related to the seed supplier, seed
variety, geographical location, farming practigassticides/ herbicides applications, harvest tiomefarm
storage duration, and selling date.

Elevator

An elevator is a very important link between thexfar and the processor. Elevators buy soybeans
from the farmers, keep it in storage, and blerzkfore selling to the processors. Soybeans receivdie
elevator are sampled and graded based on moistutent, test weight, foreign material and damaged
material. The farmers are paid according to thdityugrade. The beans are then conveyed to thegtor
silos before shipping to the customers. One stosilgecan contain soybeans from several farmerg. Th
incoming lots from the farmers are blended befongmeent in order to meet the buyer's quality
specifications. Thus, a specific lot shipped tophecessor can contain soybeans from all diffesentces
that may end up in the finished product.

The data available at this stage includes the ndtion related to incoming product deliveries
from the farmers (quality and quantity), farmerntification, time of delivery, product transforntis
(mixing and splitting of lots) within the elevatgroduct blending for shipments, and shipment date.
Processor

The processor link presented in this paper corredpdo a soybean oil and meal processor.
Soybean oil and meal are the products of soybeasepsing using solvent extraction method. The samybe
oil is used for human consumption while meal isdufse animal consumption in the form of animal feed
Soybeans generally arrive at the processing pkamaitcars from the elevators. The soybeans redeiye
the processor are sampled and analyzed for mojsasgieweight, foreign material and damaged mdtasa
done at the elevator and they are stored in siitisthe facility is ready to process. Before prssiag, the
soybeans are cleaned to remove any foreign matesiad loose hulls. Figure 2 shows a flowchart of
soybean oil and meal processing using solvent eidra

The data available at this stage includes inforomatielated to incoming deliveries from the
elevator, production information, batch transfoiowd, quality data at different production stages,
information related to the solvent used, and fpralduct information.

Consumers

Soybean oil is used for human consumption whilebsay meal is used to manufacture animal
feed. Refined soybean oil products include cookiitgy margarine, mayonnaise, salad dressings, dprea
vegetable shortenings, etc. Soybean meal is usadiaml feed for poultry feeds, swine feeds, fisads,
pet foods, etc.

M ethodology

A basic requirement for designing an effective dedility system is to determine the information
that needs to be traced (Regattieri, et al., 20@0nceptual process flow diagrams were created for
farming, handling and processing sectors in thebsay value chain. Information capture points were
identified for each sector and the correspondiragpet, process, and quality information to be cagutu
was determined. In-depth analyses were conducteal $oybean elevator and a processor to deterimine t
importance of traceability information from theirergpective. The method used to investigate the
importance of traceability information was devisuting the creation of the TraceFish standards (CEN
14659, 2003; CEN 14660, 2003; Denton, 2003) andntiveeral water initial standard (Karlsen, et al.,
2008). A questionnaire was developed in order tthegainformation about what data elements are
important where a list of possible data elementgé&xh link was created using published sources.dEta
elements on the questionnaire corresponded to tloelupt, process, transformations and quality
information. The information was collected from alevator in US and an oil and meal processor in
Europe. Table 1 shows a list of questions that \eeked on the questionnaire.

Results
Infor mation modeling
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There are three categories of information that sdedbe captured by each entity; the product
information, process information, and quality infation. The information capture methods can be
different for each entity in the chain. Figure ®sk a detailed process flow model for all thregmsc The
inputs and outputs of each process are also shbla.information capture points at each stage in the
supply chain are numbered. These numbers repréisenpoints where specific information must be
captured. Table 2 and 3 show the product, praaedsjuality related information that must be ceguuat
these points. The location of information captucints were identified based on the responses fiwan t
soybean chain stakeholders.

Linking traceability infor mation to Traceable Units

The concept of a traceable resource unit (TRU) fivalsintroduced by Kim et al. (1999) where a
TRU was defined as a batch of any resource. A BiaedUnit (TU) can be defined as any item upon Wwhic
there is a need to retrieve predefined informatiod that may be priced, or ordered, or invoicedrgt
point in a supply chain. In practice, it referghie smallest unit that is exchanged between twiigsan the
supply chain (TraceFood Wiki, 2009). Each tracealmdt must be uniquely identified as described
previously by the TraceFood framework. In ordercépture and retrieve traceability information when
required, this information must be associated witlmiquely identified TU. The definition of a TU wid
be different for each link in the soybean valueith&or example, at an elevator a truckload of sayb
delivery is a TU while for a processor, a producti@tch is a TU. Table 4 lists the TUs as iderdifi¢ each
stage of in the chain. The logistic unit referredin Tables 2, 3 and 4 is defined as an item that i
established for transportation and/or storage winebds to be managed through the supply chain (for
example, a 100 Ib bas of soybean seeds).

One of the challenges related to bulk product @hitéy is the concept of transformations. Since,
different lots are mixed and split at differentgeta of production, it is necessary to keep tracéllathese
transformations as well as linking them to the neaceable units created (Thakur and Hurburgh, 2009)
These traceable units must also be uniquely idedténd linked to the original TUs that createdithe

Figure 4 shows a UML class diagram for internabinfation capture by any link in the value
chain. UML class diagrams are used for object-¢e@ranalysis and design. They represent the cladses
the system, their interrelationships and the op®ratand attributes of the classes (Ambler, 200Bg. class
diagram consists of the following main componefi3:Classes, that represents any person, place, thi
concept or an event, (2) Associations, that reptesgow objects are associated with (or relatectiogr
objects. Classes are modeled as rectangles wih #actions. The top section is for the name otlss,
the middle section for the attributes of the classl the bottom section for the methods of the class
Attributes are the information stored about an cbjehile the methods are the things an object asl
does. The association between objects is depigtedline connecting two classes which also idesgithe
multiplicity of an association.

For the sake of simplicity, only the basic struetwf the UML class diagram for internal
information capture is shown in Figure 4. The digrshows the classes, their attributes and asemsat
with other classes. All product, process, and tyalioperties must be linked to a uniquely ideatfiTU.
Each traceable unit can have several propertiexl(ot parameters, quality information, etc.) assed
with it. On the other hand, each TU can have séwemasformations. One TU (for example, a truckladd
soybeans from the farmer) can be split into diffiénearts and transferred to different storage sothe
elevator where this one TU is mixed with other sigitready present in that silo. Therefore, eachcab
have several transformations, each of which musiriiguely identified and linked back to the oridii&.
Finally, each transformation would generate newshWtich must be assigned unique identificationhzy
system. This simple model represents how to modwmdlyct, process, quality as well as transformation
information internally.

Case Studies

Detailed analyses of an elevator and a process sanducted to determine the importance of

product information for these two stakeholders. Tdllewing section presents the findings of thislysis.

An important observation was made from this analyail the information that is being recorded imtfy

by each link corresponds to the information thatammunicated to another link. Also, some data elgm
are reported to be somewhat important but no indion is captured because it is not communicatedeo
next link in the chain. The soybean processorntedahat some of the important parameters relamede
solvent used for extraction of oil are not recorbgdhem but communicated by the suppliers are taly

on the information provided to them. These incltltke normal hexane level, sulphur content and benzen
content of the solvent used. This information isvisted by the solvent supplier.

Elevator

Figure 5 presents the level of importance of sogbpeoduct properties for the elevator. As
described in the questionnaire in the methodol@gyien, the level of importance is based on a sohle
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5, 1 being unimportant and 5 being very importdie graph shows that information including moisture
foreign material, damaged material, heat damagddatal damaged material is the most importantter
elevator. This finding was expected as soybeansraged based on generic grade standards and igrade
determined on the basis of this quality informatiHowever, the test weight is not considered ingurby
the elevator which was unexpected as it is ondeffactors that are used to determine the soybesateg
standard. Information related to all data elemestsept mycotoxins is recorded by the elevator.
Mycotoxins are toxic chemical products producedumgal infection of crops. Soybeans in generall@ne

in mycotoxins. However, contamination of mycotoxinsoybean meal is highly dependent upon the level
of soy hulls, because hulls are more concentratiéldl nvycotoxins (Agriculture Business Week, 2009).
Soybean meal accounts for a large proportion ohahfeed. Thus, level of mycotoxins in soybeans ldiou
be very important in case of contamination. Thferimation must be recorded by the elevator soithat
available in case of a food-related emergency.

Pr ocessor

Figure 6 presents the importance of crude oil pttigee for the processor. According to the
American Oil Chemists Society, the factors thateetf crude soybean oil quality are: total
gums/phosphatides, free fatty acids, iron/metalter@in nonhydratable phosphatides, oxidation praduct
and pigments (Debruyne, 2004). Our findings domatch the AOCS criterion. The processor reportatl th
the information related to total gums/phosphatided free fatty acids is very important and is cegutu
internally. Also, the information related to nonhgthble phosphatides and pigments is importantignd
captured internally by the processor. It is inténgsto note that while the processor indicated the
information related to iron/metal content and ofima products is somewhat important, yet this
information is not recorded by them. The importanE®ther crude oil properties is also summarized i
Figure 5.

Figure 7 presents the importance of soybean mexdepties for the processor. The processor
reported that information related to moisture copt@rotein, oil, protein digestibility index andease
activity is very important. This was expected aghsan meal is used to manufacture animal feed knd a
these factors determine the quality of the feedaklin and Hurburgh, 2007). However, it was intergstd
note that trypsin inhibitor activity and ash contemere reported as somewhat important but this
information is not captured by the processor.

Technologies for information exchange

Electronic Data Interchange (EDI) is commonly usedthe B2B (Business-to-Business)
environment as a reliable mode for electronic @xtzhange between business and trading partnersisEDI
a set of standards for structuring information tisato be electronically exchanged between andimvith
business organizations and other groups. EDI implisequence of messages between two parties, afithe
whom may serve as originator or recipient. Theatffeness of using EDI has been widely investigated
and it is evident that the standard can be usédeaftly by organizations with mature IT capabdgi This
is generally not the case for all actors in thepsughain (Bechini et al., 2008). On the other hatte
increasing popularity of XML (Extensible Markup Lguage) for information interchange has made it easy
for businesses of any size to use this technoldgg. main purpose of XML is to facilitate the shariof
structured data across different information systeparticularly via the internet. Both EDI and XML
formats are structured to describe the data thaejagn The main difference is that the EDI struethas a
record-field-like layout of data segments and eletsiewhich makes the EDI file shorter, but not lgasi
understandable. The XML format has tags, whichnaoee easily understood, but make the file bigger an
verbose (Electronic Data Interchange Developmei8e

A lot of information is available at different liskn the soybean supply chain. All the information
recorded by a given link corresponds to the infdimmathat is communicated to the next link in thpsly
chain. The method used in this paper can be userbtde a standardized list of data elements #ed to
be recorded internally or exchanged with otherdiitkthe soybean value chain. Figure 4 presentéiliia
class diagram for capturing internal traceabilitformation linked a unique traceable unit. The d@edaie
unit is represented as a class in the UML clasgrdia and all attributes related to the traceabieana the
data elements that need to be recoded internadigh Bink in the soybean value chain must devela su
models for capturing internal information beforec#n be exchanged with other links. All data eletmen
must be recorded in a standardized format by alirclinks. The information gathered could form Haesis
for standardized electronic interchange in the Buppain, for instance as an extension of the Usak
Business Language (UBL). UBL is a library of stamda&lectronic XML business documents such as
purchase orders and invoices developed and suppoyt©rganization for the Advancement of Structured
Information Standards (OASIS) and already suppokligdmany national governments, in particular by
Denmark and Iceland. TraceCore eXtensible Markupguage (TCX) developed under the TraceFood
project is a standard way of exchanging traceghitiformation electronically in the food industffCX
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makes it possible to exchange the information thatommon for all food products, like the identifgi
number, the origin, how and when it was processadsported and received, the joining and splittifig
units, etc. (TraceFood, 2007). The TraceCore XMindards can be adapted to soybean value chain where
all actors can exchange information using thisdsath

Conclusions

Development of data management systems to faeiljgadduct traceability in food supply chains
has gained significant importance in the past yeline ability to track and trace individual productits
depends on an efficient supply chain traceabilifgtesm which in turn depends on both internal data
management systems and information exchange betwapply chain actors. To enable effective,
electronic information exchange, work needs to dreied out on a sector-specific level. Standardiztd
for data elements which can be included in dataetsodave been acknowledged as a key technology for
resolving semantic heterogeneity and are impoitekhowledge management in large organizations.

We present a soybean value chain with soybeanseill fior cooking as the end product and a
model for information capture at various stagetha soybean chain including three links: the farrties
elevator and the soybean oil and meal processdailBe analysis of a soybean elevator based inhéSaa
soybean processor in Europe highlighting the ingrar¢ of various quality parameters of soybean mtodu
from their perspective are also presented. Intetat capture points were identified for each es#links.
Traceable Units were defined for each stage instigply chain and the traceability data that needset
captured at each point linked to a TU was idemtifiEhe traceability data consists of product, psscand
guality data that must be recorded by each lintkhénchain.

One of the most interesting findings was that dhé/information that is communicated to the next
link in the chain is recorded internally by botle thlevator and the processor. Another interestimjrg
was that some data elements were reported as ksingewhat important” by both but no information
related to these was recorded. On further investigiait was found that the soybean processorsealiethe
information provided by the supplier and this imf@tion is not recorded again during processinghis
scheme each actor is responsible for maintainindy @mmunicating their own product, process and
transformation information. Soybean meal accouotsaflarge proportion of animal feed and the lefel
mycotoxins in soybeans is very important in caseaiftamination. This information, however, is not
recorded by the elevator. In addition, the levehgfcotoxins was reported as being “unimportant’tioy
elevator; which was an unexpected finding. Thi®rmfation must be recorded by the elevator so it is
available in case of a food safety emergency amddlirce of the problem can be tracked.

A lot of information is available at different linkin the soybean value chain. The method used in
this paper can be used to create a standardizeof lifata elements that need to be recorded irtgroa
exchanged with other links in the soybean valuéncli UML class diagram was developed to represent
method for modeling the product, process, quaktyvall as transformation information by any linkthe
value chain. All the traceability data captured tiaeslinked to a uniquely identified TU.
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Figure 1. Inputsand outputs at each stage in the soybean value chain
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Figure 2. Flowchart of soybean processing (National Soybean Research Laboratory, 2009)

(_Soybean Storage )
([ Cleaning )’
g (_Trash_)
(___Soybeans )
=
E
h | —
=
=
& [ Conditioning ) 2 Dehulled Soybeans
- \Flakng )]
— (__Soybean Hulls )’
[ Extraction )}
(_ Miscella ). Solvent Wet Soybean Meal )
[ Distillation )’ I
( Soy Oil Desolventizing )
= +
S P oegunming '
=
5 W _cenvituges )
E | 1 ( Dying )
= B Degummed 0l )" ( Gums )
> ——)
il GERTTEED), G@GEITTEED) ([ Cooling )’
(___ Soyoi ) Lecithin ) Soybean Meal )’
( Storage ) ( Storage ) ([ Storage )]



152

Figure 3. Process flow modelsfor the soybean value chain
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Figure 5. Importance of soybean product propertiesfor the elevator
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Figure 6. Importance of crude oil propertiesfor the processor
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Figure 7. Importance of soybean meal propertiesfor the processor
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Table 1. Questions asked on the survey

Question

Possible responses

1. Do you record this information?

Yes or No

2. How important is this information?

Scale 1-5
1 = Unimportant, 5 = Very important

3. Do you communicate this information to anyone outside of
your company?

Yes or No

4. How important is this information to your customers?

Scale 1-5
1 = Unimportant, 5 = Very important

5. How important is this information to the end consumers
(refined soybean oil used as cooking oil)?

Scale 1-5
1 = Unimportant, 5 = Very important
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Table 2. Information to be captured in the soybean farming and handling sectors

Information Product information Process information Quality information
capture point
1 Seed variety
Seed supplier
Logistic unit ID
2 Seed variety Time of planting
Seed supplier Field lots planted
Logistic unit ID Machinery 1D
3 Chemical name
Chemical supplier
Logistic unit ID
4 Chemical name Time of application
Chemical supplier Quantity applied
Logistic unit ID Field lots treated
5 Field lot ID Time of harvesting
Field lots harvested
Machinery 1D
Quantity (bushels)
6 Field lot ID Time of transport
Quantity (bushels) Vehicle ID
Destination silo
(Storage ID)
7 Storage ID Moisture
8 Storage ID Time of transport
Quantity (bushels) Vehicle ID
Elevator ID
9 Farmer ID Time of delivery
Logistic unit ID
10 Logistic unit ID Time of grading Moisture
Quantity (bushels) Test weight
Grade Foreign material
Damaged material
11 Logistic unit ID Assigned storage ID
12 Customer order ID Time of blending Moisture
Storage ID Test weight
Quantity used from Foreign material
each storage bin Damaged material
13 Customer order ID Time of transport
Transportation 1D
Processor ID
14 Elevator ID Time of delivery

Logistic unit ID
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Table 3. Information to be captured in the soybean oil and meal processing sector

Information
capture point information

Product Process information

Quality information

15

Grade

Logistic unit ID Time of grading
Quantity (bushels)

Moisture

Test weight
Foreign material
Damaged material

16

Logistic unit ID Assigned storage ID

17

Storage ID Time of preparation
Quantity (bushels)

18

Solvent name
Solvent supplier
Logistic unit ID

Normal hexane
Sulphur content
Benzene content

19

Storage ID Time of extraction
Quantity (bushels)

20

Batch ID Time of process

Crude oil quality

Total gums/phosphatides
Nonhydratable phosphatides
Pigments

Moisture

Volatile matter

Color

Free Fatty Acids

Insoluble impurities
Phosphorus

Triglycerides

Trace metals (Iron, Copper)

21

Batch ID Time of process

Free Fatty Acids

Peroxide value

Phosphorus

Color

Moisture

Triglycerides

Trace metals (Iron, Copper)

22

Batch ID Time of process

Moisture

Protein

Oil

Urease activity

Protein digestibility index (PDI)

Table 4. Identification of Traceable Units at different stagesin the supply chain

::nafotrS:Ztlon Traceable Unit Identification Icrgotrl:l::tlon Traceable Unit Identification
p (Example) p (Example)
point point
1 Logistic unit ID (Bag of seeds) 12 ICIZDustomer order ID + Storage bin
2 Logistic unit ID (Bag of seeds) 13 ﬁ:)ustomer order ID + Shipment
3 Logistic unit ID (Box of chemicals) 14 Elevator ID + Customer order 1D
4 Logistic unit ID (Box of chemicals) 15 Customer order 1D
5 Field lot ID (GPS coordinates) 16 ICIZDustomer order ID + Storage bin
6 Field lot ID (GPS coordinates) 17 ISDtorage bin ID + Process batch
On-farm storage silo number (Silo 2) 18 Logistic Unit ID (Tank of solvent)
8 On-farm storage silo number (Silo 2) 19 ISDtorage bin ID + Process batch
9 Farmer ID + Transportation ID (Scale ticket 20 Process batch ID
number)
10 Scale ticket number 21 Process batch ID
11 Scale ticket number + Storage 1D 22 Process batch ID
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APPENDI X B: Elevator database code

Data Definition Language
The following section illustrates the use of Dagfibition Language to create the tables.

Table Constructions

/* TableBin*/

CREATE TABLE Bin (

Bin_No VARCHAR(5) PRIMARY KEY,
Depth NUMBER(6,2) NOT NULL,
Capacity NUMBER(8,2) NOT NULL);

/* Table Farmer*/
CREATE TABLE Farmer (

Farmer_ID CHAR(5) PRIMARY KEY,

Farmer_Name VARCHAR(30) NOT NULL,
Farmer_Address VARCHAR(30) NOT NULL,
Farmer_City VARCHAR(20) NOT NULL,

Farmer_Phone_Num CHAR(10) NOT NULL);

/* Table Elevator_Customer*/
CREATE TABLE Elevator_Customer (

Customer_ID CHAR(5) PRIMARY KEY,
Cus_Name VARCHAR(30) NOT NULL,
Cus_Address VARCHAR(30) NOT NULL,
Cus_City VARCHAR(20) NOT NULL,
Cus_Phone_Num CHAR(10) NOT NULL);

/* Table Purchase*/

/* A check is performed on the grain_type attribtdeensure that a valid grain type is entered ie thble.
*/

CREATE TABLE Purchase (

Scale_Ticket VARCHAR(12) PRIMARY KEY,
Farmer_ID CHAR(5) NOT NULL,
Purchase_Date DATE,
Grain_Type VARCHAR(20) NOT NULL
CHECK (Grain_Type (I€orn', 'Soybeans', 'Screenings’)),
Bushels NUMBER(8,2) NOT NULL,
Moisture NUMBER(5,2) NOT NULL,
Test_Weight NUMBER(5,2) NOT NULL,
Damaged_Mt NUMBER(5,2) NOT NULL,
Foreign_Mt NUMBER(5,2) NOT NULL,

CONSTRAINT Farmer_ID_FK FOREIGN KEY (Farmer_ID) RERENCES Farmer(Farmer_ID));

[* Table Bin_Activity*/

/* Checks are performed on the grain_type and meventype attributes to ensure that valid values are
entered in the table. * /

CREATE TABLE Bin_Activity (

Activity_Date TIMESTAMP NOT NULL,

Bin_No VARCHAR(5) NOT NULL,

Grain_Type VARCHAR(20) NOT NULL

CHECK (Grain_Type (I€orn', 'Soybeans', 'Screenings")),

Moisture NUMBER(5,2) NOT NULL,

Test_Weight NUMBER(5,2) NOT NULL,

Damaged_Mt NUMBER(5,2) NOT NULL,

Foreign_Mt NUMBER(5,2) NOT NULL,

Movement_Type VARCHAR(3)
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CHECK (Movement_Tyipe('Int', 'In', '‘Out"),
Bushels NUMBER(8,2) NOT NULL,
CONSTRAINT Bin_Activity PK PRIMARY KEY (Activity Dde, Bin_No),
CONSTRAINT Bin_Activity FK FOREIGN KEY (Bin_No) REERENCES Bin(Bin_No)
ON DELETE CASCADE);

/* TableInternal*/
CREATE TABLE Internal (

Activity_Date TIMESTAMP NOT NULL,
Bin_No VARCHAR(5) NOT NULL,
Origin_Bin_No VARCHAR(5),
Dest_Bin_No VARCHAR(5),
Emp_Responsible VARCHAR(30),

CONSTRAINT Internal_PK PRIMARY KEY (Activity DateBin_No),
CONSTRAINT Internal_FK1 FOREIGN KEY (Activity_Dat&in_No) REFERENCES
Bin_Activity(Activity_Date, Bin_No));

/* Table Incoming*/
CREATE TABLE Incoming (

Activity_Date TIMESTAMP NOT NULL,
Bin_No VARCHAR(5) NOT NULL,
Scale_Ticket VARCHAR(12),

CONSTRAINT Incoming_PK PRIMARY KEY (Activity DateBin_No),

CONSTRAINT Incoming_FK1 FOREIGN KEY (Activity_Dat®&in_No) REFERENCES
Bin_Activity(Activity Date, Bin_No),

CONSTRAINT Incoming_FK2 FOREIGN KEY (Scale_Tick®@EFERENCES Purchase(Scale_Ticket));

[* Table Contract*/

/* A check is performed on the grain_type attribtdeensure that a valid grain type is entered ia thble.
*/

CREATE TABLE Contract (

Contract_Num VARCHAR(10) PRIMARY KEY,
Customer_ID CHAR(5) NOT NULL,
Contract_Date DATE,
Grain_Type VARCHAR(20) NOT NULL
CHECK (Grain_Type (I€orn', 'Soybeans")),
Bushels NUMBER(8,2) NOT NULL,
Moisture NUMBER(5,2) NOT NULL,
Test_Weight NUMBER(5,2) NOT NULL,
Damaged_Mt NUMBER(5,2) NOT NULL,
Foreign_Mt NUMBER(5,2) NOT NULL,

CONSTRAINT Customer_ID_FK FOREIGN KEY (Customer_IREFERENCES
Elevator_Customer(Customer_ID));

[* Table Shipment_Info*/
/* A check is performed on the ship_mode attriiotensure that a valid shipment mode is enteretthén
table. */

CREATE TABLE Shipment_Info (

Shipment_ID VARCHAR(12) PRIMARY KEY,
Contract_Num VARCHAR(10) NOT NULL,
Ship_Mode CHAR(1)

CHECK (Ship_Mode IN'("R"),
CONSTRAINT Contract_Num_FK FOREIGN KEY (Contract NUREFERENCES
Contract(Contract_Num));

/* Table Outgoing*/

CREATE TABLE Outgoing (

Activity_Date TIMESTAMP NOT NULL,
Bin_No VARCHAR(5) NOT NULL,



159

Shipment_ID VARCHAR(12),

CONSTRAINT Outgoing_PK PRIMARY KEY (Activity DateBin_No),

CONSTRAINT Outgoing_FK1 FOREIGN KEY (Activity_Dat&in_No) REFERENCES
Bin_Activity(Activity_Date, Bin_No),

CONSTRAINT Outgoing_FK2 FOREIGN KEY (Shipment_IDERERENCES
Shipment_Info(Shipment_ID));

/* Table Truck*/

CREATE TABLE Truck (

Shipment_ID VARCHAR(12),

Truck_ID VARCHAR(5),

CONSTRAINT Truck_PK PRIMARY KEY (Shipment_ID),
CONSTRAINT Truck_FK1 FOREIGN KEY (Shipment_ID) RERENCES
Shipment_Info(Shipment_ID),

CONSTRAINT Truck_UI1 UNIQUE(Shipment_ID, Truck_1D))

/* Table Rail*/

CREATE TABLE Rail (

Shipment_ID VARCHAR(12),
Rail_ID VARCHAR(5),
Railcar_ID VARCHAR(5),

CONSTRAINT Rail_PK PRIMARY KEY (Shipment_ID),
CONSTRAINT Rail_FK1 FOREIGN KEY (Shipment_ID) REFERCES Shipment_Info(Shipment_ID),
CONSTRAINT Rail_UI1 UNIQUE(Shipment_ID, Rail_ID, Rear_ID));

Data Manipulation Language
The following section illustrates the use of Datarfipulation Language to insert records in all table

Insert Statements

/* Insert rowsin BIN table */

INSERT INTO bin VALUES ('2', 42.1, 4218);
INSERT INTO bin VALUES ('3', 42.1, 1987);
INSERT INTO bin VALUES ('8', 94, 43268);
INSERT INTO bin VALUES ('9', 94, 43268);
INSERT INTO bin VALUES ('11', 84.3, 299375);
INSERT INTO bin VALUES ('12', 84.3, 299375);
INSERT INTO bin VALUES ('13', 84.3, 299375);
INSERT INTO bin VALUES ('14', 84.3, 299375);
INSERT INTO bin VALUES ('19', 48.3, 70257);
INSERT INTO bin VALUES ('20', 94, 109767);
INSERT INTO bin VALUES ('21', 136, 397038);
INSERT INTO bin VALUES ('22', 136, 397038);

/* Insert rowsin FARMER table*/

INSERT INTO farmer VALUES ('FO001', 'John SmitiQ1 4th Ave W.", 'Spencer', '7122626650";
INSERT INTO farmer VALUES ('FO002', 'Ron Pennirig22 West Broadway', 'Leland’, '6415673321";
INSERT INTO farmer VALUES ('FO003', 'Pat TorresohQ2 1st Street North', 'Altoona’, '5159674215");
INSERT INTO farmer VALUES ('FO004', 'Karl HagluntL05 4th Avenue SW', 'Dayton’, '5155472813");
INSERT INTO farmer VALUES ('FO005', 'Paul Olsoa800 130th Street', 'Perry', '5154653516");
INSERT INTO farmer VALUES ('FO006', 'Robert Jens&?00 RR Street', 'Yale', '6414392243');

/* Insert rowsin ELEVATOR_CUSTOMER table*/

INSERT INTO elevator_customer VALUES (‘C0001', '@ifiy Inc.’, '15615 McGinty Road West',
'‘Minneapolis, MN', '8002274455");

INSERT INTO elevator_customer VALUES ('C0002', 'Aec Daniels Midland Company', '4666 Faries
Parkway', 'Decatur, IL', '8006375843";

INSERT INTO elevator_customer VALUES (‘C0003', 'fArBrocessing Corporation', '1600 Oregon Street’,
'Muscatine, IA', '5632644211";
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INSERT INTO elevator_customer VALUES ('C0004', '@gra Grain Processing Co.', '11 ConAgra Drive',
'Omaha, NE', '4025954567");

INSERT INTO elevator_customer VALUES (‘C0005', 2Century Grain Processing', '4800 Main Street',
'‘Kansas City, MO, '8169947600');

/* Insert rowsin PURCHASE table*/

INSERT INTO purchase VALUES (1010, 'F0002', '154MD8', 'Soybeans', 2200, 14.2, 55, 3, 2);
INSERT INTO purchase VALUES ('1011', 'F0002', '154MD8', 'Soybeans', 1564, 14.4, 54.7, 3.2, 2.4);
INSERT INTO purchase VALUES ('1012', 'FO002', '154M8', 'Soybeans', 3150, 15.1, 54, 3.3, 2.1);
INSERT INTO purchase VALUES ('1027', 'FO005', '1&M8', 'Soybeans', 1000, 15.2, 54, 3.2, 1.2);
INSERT INTO purchase VALUES ('1028', 'FO005', '1&M8', 'Soybeans', 1125, 15.4, 53.5, 3.6, 2.2);
INSERT INTO purchase VALUES (1029, 'FO005', '154MD8', 'Soybeans', 1054, 15.5, 53.4, 4.0, 3.1);
INSERT INTO purchase VALUES ('1030', 'FO005', '1a4M8', 'Soybeans', 1031, 15.3, 54.1, 3.4, 2.9);
INSERT INTO purchase VALUES ('1018', 'FO001', '1&4MD8', 'Corn', 3200, 15.4, 54.0, 4.4, 2.9);
INSERT INTO purchase VALUES ('1019', 'FO001', '1&4M8', 'Corn’, 1508, 15.0, 54.5, 3.3, 3.0);
INSERT INTO purchase VALUES ('1020', 'FO001', '164MD8', 'Corn', 2124, 15.2, 54.2, 3.4, 3.1);
INSERT INTO purchase VALUES (1045, 'FO003', '164MD8', 'Corn', 4850, 15.6, 55.0, 3.4, 2.2);
INSERT INTO purchase VALUES ('1046', 'FO003', '164M8', 'Corn’, 3025, 15.0, 55.0, 3.0, 2.2);
INSERT INTO purchase VALUES ('1047', 'FO003', '164MD8', 'Corn’, 4205, 15.2, 54.8, 3.4, 2.5);
INSERT INTO purchase VALUES ('1048', 'FO004', '1&MD8', 'Soybeans', 3548, 15.0, 54.2, 3.1, 2.2);
INSERT INTO purchase VALUES ('1049', 'FO004', '1&M8', 'Soybeans', 2045, 15.4, 54.0, 3.4, 2.8);
INSERT INTO purchase VALUES ('1050', 'FO004', '1&M8', 'Soybeans', 4530, 15.5, 54.2, 3.6, 3.0);
INSERT INTO purchase VALUES ('1051', 'FO002', '2@M8', 'Soybeans', 1550, 15.2, 54.0, 3.6, 3.2);
INSERT INTO purchase VALUES ('1052', 'FO004', '21N8&', 'Soybeans', 1120, 16.0, 54.0, 3.8, 3.3);

/* Insert rowsin BIN_ACTIVITY table*/

[* The trigger TRG_ACTIVITY_TYPE inserts the prign&ey values in corresponding sub-type tables.
Other attributes are added using Update stateme®Bts. each row is inserted partially by the INSERT
statement and a corresponding UPDATE statement.*/

INSERT into bin_activity VALUES (to_timestamp(‘'15&v08 9:00:15', 'DD-MON-YY HH24:MI:SS") ,'2',
'Soybeans', 14.2, 55, 3, 2,'In', 2200);

Update incoming

Set scale_ticket = '1010'

WHERE Activity_date = '15-Mar-08 9:00:15";

INSERT into bin_activity VALUES (to_timestamp('15&v+08 10:21:19', 'DD-MON-YY HH24:MI:SS")
,'2','Soybeans', 14.4,54.7, 3.2, 2.4, 'In', 1564)

Update incoming

Set scale_ticket ='1011'

WHERE Activity _date ='15-Mar-08 10:21:19";

INSERT into bin_activity VALUES (to_timestamp(‘'15&v08 11:30:00', 'DD-MON-YY HH24:MI:SS")
,'8', 'Soybeans', 15.1, 54, 3.3, 2.1, 'In’, 3150);

Update incoming

Set scale_ticket ='1012'

WHERE Activity_date = '15-Mar-08 11:30:00";

INSERT into bin_activity VALUES (to_timestamp('15&vt08 11:55:10', 'DD-MON-YY HH24:MI:SS")
,'8', 'Soybeans’, 15.2, 54, 3.2, 1.2, 'In', 1000);

Update incoming

Set scale_ticket ='1027'

WHERE Activity _date ='15-Mar-08 11:55:10"

INSERT into bin_activity VALUES (to_timestamp(‘'15av08 12:25:15', 'DD-MON-YY HH24:MI:SS")
,'8', 'Soybeans’, 15.4, 53.5, 3.6, 2.2, 'In’, 1125)

Update incoming

Set scale_ticket = '1028'

WHERE Activity_date = '15-Mar-08 12:25:15";
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INSERT into bin_activity VALUES (to_timestamp('15avt08 13:44:00', 'DD-MON-YY HH24:MI:SS")
,'8', 'Soybeans', 15.5, 53.4, 4.0, 3.1, 'In’, 1054)

Update incoming

Set scale_ticket = '1029'

WHERE Activity date ='15-Mar-08 1:44:00 PM’;

INSERT into bin_activity VALUES (to_timestamp(‘'15&v08 14:50:00', 'DD-MON-YY HH24:MI:SS")
,'8', 'Soybeans', 15.3, 54.1, 3.4, 2.9, 'In’, 1031)

Update incoming

Set scale_ticket = '1030'

WHERE Activity_date = '15-Mar-08 2:50:00 PM’;

INSERT into bin_activity VALUES (to_timestamp('16&vt08 08:10:29', 'DD-MON-YY HH24:MI:SS")
,'9', 'Corn’, 15.4, 54.0, 4.4, 2.9, 'In', 3200);

Update incoming

Set scale_ticket ='1018'

WHERE Activity _date = '16-Mar-08 08:10:29";

INSERT into bin_activity VALUES (to_timestamp(‘'16&v08 09:21:00', 'DD-MON-YY HH24:MI:SS")
,'9", 'Corn’, 15.0, 54.5, 3.3, 3.0, 'In’, 1508);

Update incoming

Set scale_ticket ='1019'

WHERE Activity_date = '16-Mar-08 09:21:00";

INSERT into bin_activity VALUES (to_timestamp('16&¥t08 09:56:00', 'DD-MON-YY HH24:MI:SS")
,'9', 'Corn’, 15.2, 54.2, 3.4, 3.1, 'In', 2124);

Update incoming

Set scale_ticket = '1020'

WHERE Activity _date = '16-Mar-08 09:56:00';

INSERT into bin_activity VALUES (to_timestamp(‘'16&v08 11:05:00', 'DD-MON-YY HH24:MI:SS")
,'9", 'Corn’, 15.6, 55.0, 3.4, 2.2, 'In’, 4850);

Update incoming

Set scale_ticket = '1045'

WHERE Activity_date = '16-Mar-08 11:05:00";

INSERT into bin_activity VALUES (to_timestamp('16&v+08 13:10:00', 'DD-MON-YY HH24:MI:SS")
,'9', 'Corn’, 15.0, 55.0, 3.0, 2.2, 'In', 3025);

Update incoming

Set scale_ticket = '1046'

WHERE Activity date ='16-Mar-08 1:10:00 PM’;

INSERT into bin_activity VALUES (to_timestamp('16&¥t08 15:22:00', 'DD-MON-YY HH24:MI:SS")
,'9', 'Corn’, 15.2, 54.8, 3.4, 2.5, 'In’, 4205);

Update incoming

Set scale_ticket ='1047"

WHERE Activity_date = '16-Mar-08 3:22:00 PM’;

INSERT into bin_activity VALUES (to_timestamp('17&v08 10:25:00', 'DD-MON-YY HH24:MI:SS")
,"11', 'Soybeans', 15.0, 54.2, 3.1, 2.2, 'In’, 3548

Update incoming

Set scale_ticket = '1048'

WHERE Activity_date = '17-Mar-08 10:25:00";

INSERT into bin_activity VALUES (to_timestamp('17&vt08 11:44:00', 'DD-MON-YY HH24:MI:SS")
,'11', 'Soybeans', 15.4, 54.0, 3.4, 2.8, 'In’, 2045

Update incoming

Set scale_ticket = '1049'
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WHERE Activity_date ='17-Mar-08 11:44:00";

INSERT into bin_activity VALUES (to_timestamp('17&vt08 14:15:00', 'DD-MON-YY HH24:MI:SS")
,"11', 'Soybeans', 15.5, 54.2, 3.6, 3.0, 'In’, 4530

Update incoming

Set scale_ticket = '1050'

WHERE Activity date ='17-Mar-08 2:15:00 PM’;

INSERT into bin_activity VALUES (to_timestamp('18&v08 14:15:00', 'DD-MON-YY HH24:MI:SS")
,'11', 'Soybeans', 15.2, 54, 3.8, 3.2, 'Int', -3000

Update internal

Set dest_bin_no ='12', emp_responsible = 'JaoothS

WHERE Activity_date = '18-Mar-08 2:15:00 PM’;

INSERT into bin_activity VALUES (to_timestamp('19&vt08 10:25:00', 'DD-MON-YY HH24:MI:SS")
,'9', 'Corn’, 15.2, 55, 3.6, 3.0, 'Int', -500);

Update internal

Set dest_bin_no ='3', emp_responsible = 'JohadBol

WHERE Activity _date ='19-Mar-08 10:25:00";

INSERT into bin_activity VALUES (to_timestamp('19&v+08 11:39:00', 'DD-MON-YY HH24:MI:SS")
,'’2', 'Soybeans', 15.4, 55.2, 3.6, 3.0, 'Int', 200)

Update internal

Set origin_bin_no ='8', emp_responsible = 'Jobls@'

WHERE Activity_date = '19-Mar-08 11:39:00';

/* Insert rowsin CONTRACT table*/

INSERT into contract VALUES ('C032208', 'C00012-®lar-08', 'Soybeans', 7000, 15.5, 53, 3.6, 2.6);
INSERT into contract VALUES (‘A042508', 'C00025%-2pr-08', 'Soybeans', 6000, 15.6, 53.2, 3.8, 2.8);
INSERT into contract VALUES ('G042808', 'C00032-®lar-08', 'Corn’, 5000, 15.4, 53.8, 3.6, 2.9);
INSERT into contract VALUES ('CA031708', 'C00047-Mar-08', 'Soybeans', 3000, 15.5, 53, 3.6, 2.6);
INSERT into contract VALUES (‘'CG040608', 'C00086-Apr-08', 'Corn’, 4000, 15.6, 52.8, 3.8, 2.7);
INSERT into contract VALUES (‘CG040908', 'C00086-Apr-08', 'Corn’, 4000, 15.6, 52.8, 3.8, 2.7);

/* Insert rowsin SHIPMENT _INFO table*/

/* The trigger TRG_SHIP_MODE inserts the primary kealues in corresponding sub-type tables. The
other attributes are added using Update statemeBts. each row is inserted partially by the INSERT
statement and a corresponding UPDATE statement.*/

INSERT into shipment_info VALUES ('S10001', '‘C03320R");
INSERT into shipment_info VALUES ('S10002', 'A04Z50R");
INSERT into shipment_info VALUES ('S10003', ‘G04880R");
INSERT into shipment_info VALUES ('S10004', '‘CA0®BY7, 'T";
INSERT into shipment_info VALUES ('S10005', 'CG008§ 'T;
INSERT into shipment_info VALUES ('S10006', 'CG04884§ 'R";

Update rail
Set rail_ID ='10001', railcar_ID ="'01'
WHERE shipment_id ='S10001";

Update rail
Setrail_ID ='10001', railcar_ID ='11"
WHERE shipment_id = 'S10002";

Update rail
Setrail_ID ='10002', railcar_ID ="'02'
WHERE shipment_id ='S10003';
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Update truck
Set truck_ID ='20001"
WHERE shipment_id ='S10004";

Update truck
Set truck_ID = 20002
WHERE shipment_id = 'S10005';

Update rail
Set rail_ID ='10003', railcar_ID ='12'
WHERE shipment_id = 'S10006";

/* Insert rowsin BIN_ACTIVITY table*/

[* The trigger TRG_ACTIVITY_TYPE inserts the prign&ey values in corresponding sub-type tables.
Other attributes are added using Update stateme®ts.each row is inserted partially by the INSERT
statement and a corresponding UPDATE statement.*/

INSERT into bin_activity VALUES (to_timestamp('25av08 10:25:00', 'DD-MON-YY HH24:MI:SS")
,'2', 'Soybeans', 14.7, 54.9, 3.27, 2.47, 'OUi0E2;

INSERT into bin_activity VALUES (to_timestamp('25&v+08 10:25:00', 'DD-MON-YY HH24:MI:SS")
,'8', 'Soybeans', 15.3, 53.8, 3.5, 2.3, 'Out', 8300

Update outgoing
Set shipment_ID ='S10001"
WHERE Activity_date = '25-Mar-08 10:25:00";

INSERT into bin_activity VALUES (to_timestamp('28sA08 11:30:00', 'DD-MON-YY HH24:MI:SS')
,"11', 'Soybeans’, 15.28, 54.1, 3.48, 2.8, 'Ca(00);

Update outgoing
Set shipment_ID ='S10002'
WHERE Activity_date = '28-Apr-08 11:30:00";

INSERT into bin_activity VALUES (to_timestamp('29A08 09:25:00', 'DD-MON-YY HH24:MI:SS")
,'9", 'Corn’, 15.23, 54.64, 3.5, 2.7, 'Out’, -5000)

Update outgoing
Set shipment_ID ='S10003'
WHERE Activity_date = '29-Apr-08 09:25:00';

INSERT into bin_activity VALUES (to_timestamp('02ay-08 14:25:00', 'DD-MON-YY HH24:MI:SS")
,'9', 'Corn’, 15.23, 54.64, 3.5, 2.7, 'Out’, -4000)

Update outgoing
Set shipment_ID = 'S10005'
WHERE Activity _date ='02-May-08 2:25:00 PM';

/* An outgoing shipment can contain grain from more than one bin as demonstrated by the following
INSERT statements. */

INSERT into bin_activity VALUES (to_timestamp('02&ay-08 10:21:00', 'DD-MON-YY HH24:MI:SS")
,'2', 'Soybeans', 14.7, 54.9, 3.27, 2.47, 'OW5006);

INSERT into bin_activity VALUES (to_timestamp('02ay-08 10:21:00', 'DD-MON-YY HH24:MI:SS")
,'11', 'Soybeans', 15.28, 54.1, 3.48, 2.8, 'OLB00);
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Update outgoing
Set shipment_ID ='S10004"'
WHERE Activity_date = '02-May-08 10:21:00"

INSERT into bin_activity VALUES (to_timestamp('28&vt08 10:25:00', 'DD-MON-YY HH24:MI:SS")
,'2', 'Soybeans', 14.7, 54.9, 3.27, 2.47, 'Oud4)6

INSERT into bin_activity VALUES (to_timestamp('28&v+08 10:30:00', 'DD-MON-YY HH24:MI:SS")
,'2', 'Soybeans', 14.7, 54.9, 3.27, 2.47, 'In' 0200

INSERT into bin_activity VALUES (to_timestamp('28&vt08 10:33:00', 'DD-MON-YY HH24:MI:SS")
,'’2', 'Soybeans', 14.7, 54.9, 3.27, 2.47, 'In'0}50

Update outgoing
Set shipment_ID ='S10006'
WHERE Activity_date = '28-Mar-08 10:25:00";

Database Triggers

Two database triggers were created to populatsubeype tables. The trigger trg_activity type
populates the Internal, Incoming and Outgoing wbdiepending on the movement_type attribute eniered
each row of the Bin_activity table. The trigger tsip_mode populates the Truck and Rail tables
depending on the ship_mode attribute entered ih eag of the Shipment_info table.

/* Create Trigger TRG_ACTIVITY_TYPE */
CREATE OR REPLACE TRIGGER trg_activity type
AFTER INSERT ON bin_activity
FOR EACH ROW
BEGIN
IF :new.movement_type = 'Int' THEN
INSERT into Internal(activity date, bin_no) VAES (:new.activity date, :new.bin_no);
ELSIF :new.movement_type ="'In' THEN
INSERT into Incoming(activity _date, bin_no) VALUESew.activity date, :new.bin_no);
ELSE
INSERT into Outgoing(activity _date, bin_no) VABS$ (:new.activity date, :new.bin_no);
END IF;
END;
/

/* Create Trigger TRG_SHIP_MODE */
CREATE OR REPLACE TRIGGER trg_ship_mode
AFTER INSERT ON shipment_info
FOR EACH ROW
BEGIN
IF :new.ship_mode = 'R' THEN
INSERT into Rail(shipment_ID) VALUES (:new.shignt_ID);
ELSE
INSERT into Truck(shipment_ID) VALUES (:new.phient_ID);
END IF;
END;
/
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