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Abstract

Abstract

Food borne illness today still results in high stai costs, even though FBOs have
implemented food safety control systems. In addjtitbe susceptibility to food borne diseases
of the human population is likely to increase ie toming decades. Thus food safety control
needs to be improved. Since 2005, a new EU fooghsaiolicy aims to improve food safety
through shifting primary responsibility for foodfety from government to FBOs and through
shifting food safety control from company leveldopply chain level. This research aims to
contribute to improvement of food safety by anatgzprivate incentive mechanisms aimed at
food safety control on supply chain level. It foes®n the two stage supply chain between pig
producers and slaughter company in the Netherlands.

A framework for designing and developing incentimechanisms for food safety control is
developed. An incentive mechanism aimed at foodtgafontrol is defined as the set of the
performance and compliance measurement system fenaddmpensation scheme between
buyer and supplier, which aims to induce the seppb apply measures to control food safety
hazards as the buyer requests. The framework ieslwal important characteristics of
incentive mechanisms for food safety and theirti@ahips. In this thesis the influence on
supplier behaviour of four important characterstaf incentive mechanisms for food safety
control are analysed, namely 1) the type of perforoe compensation, 2) the causes for
variability in performance between suppliers, 3 #tcuracy of a test to determine supplier
performance, and 4) the reliability of informatipnovided by the supplier. It uses different
food safety hazards in pork: lesioned livevicobacterium avium, and residues of antibiotics.
Results show that a penalty for each lesioned lvees more effective to induce pig producers
to use control measures than a collective premiVariability in liver lesion prevalence
between pig producers with a penalty for each fesioliver occurred because each pig
producer used different control measures with chifé effectiveness. The accuracy of a
Mycobacterium avium test showed to have a significant impact on pigipoer behaviour to
use control measures if an incentive mechanismiwadace. Finally, information about the
use of antibiotics provided by pig producers withan incentive system for the reliability of
the information was insufficiently reliable to gaatee absence of residues in pork. It is
concluded in this thesis that private incentive haetisms can be used to reduce opportunistic
behaviour of pig producers, thereby improving feadety control on supply chain level and
helping to raise food safety control to the nextele For optimal inducement it is important
that the performance and compliance measurememgnsys attuned to the compensation
scheme.
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Summary

Summary

Food safety is an essential food attribute for oomrs and a key policy dossier for
governments, making it a critical decision item food business operators (FBOs), such as
retailers, food processors and primary producemwhhstanding the safety control systems
which FBOs have implemented, food borne illnessayostill results in high societal costs.
This combined with the likely increase in susceptibto food borne diseases of the human
population shows the need to improve food safetirob Two recent changes in the EU food
safety policy aiming to improve food safety candimserved. The first change is the shift of
primary responsibility for food safety from goverant to FBOs. The second change concerns
the shift of controlling food safety at companydéto supply chain level. FBOs are looking
for strategies to induce suppliers to use inpuid production processes that improve raw
material safety given the presence of informati@ynametry and possible opportunistic
behaviour. Supply chain management literature ardio@t incentive mechanisms can be used
to induce trading partners to apply behaviour whiatproves performance. Incentive
mechanisms thus might be used to improve food \safetformance on supply chain level.
Knowledge on how incentive mechanisms can effelstiveluce food safety control on supply
chain level is lacking. This research aims to dbote to improvement of food safety by
analyzing incentive mechanisms aimed at food safetytrol. It focuses on the two stage
supply chain between pig producers and slaughtepaoy in the Netherlands. To realise the
aim of this research, the following five researciestions were posed:

1) What are key elements of incentive mechanismediat food safety control?

2) How effective are incentive mechanisms with Hective insurance premium and a price
reduction per lesioned liver in reducing liver @sprevalence in finishing pigs?

3) What causes variability in liver lesion prevalenin finishing pigs of pig producers
subjected to an incentive mechanism with a prideicgon per lesioned liver?

4) What is the impact of the accuracy dfgcobacterium avium test on theMycobacterium
avium prevalence in finishing pigs of pig producers sgbgd to an incentive mechanism
with financial compensation aimed Mi/cobacterium avium prevalence?

5) What is the reliability of information about @nbtics usage in finishing pigs provided by
pig producers used as compliance measurement ifn@mtive mechanism without
compliance compensation?
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Methods and results

To answer the research questions, 5 studies werducted presented in chapter 2 to 6. In
chapter 2 a framework for designing and analyzimegintive mechanisms aimed at food safety
control is developed. The framework combines raetevaspects of food safety control on
company level and on supply chain level. Key elemehincentive mechanisms aimed at food
safety control were identified in a literature ®wi on actual and theoretical incentive
mechanisms aimed at food quality and food safetyrob An incentive mechanism aimed at
food safety control is defined as the set of penfimmce and compliance measurement system
and compensation scheme between buyer and supphéh aims to induce the supplier to
apply measures to control food safety hazards esdtlyer requests. Performance relates to
intrinsic product attributes in the products of 80 such as a contamination level.
Compliance is the extent to which a FBO follows & 2007)procedures that aim to control
food safety, such as HACCP—procedures. Key elemehtscentive mechanisms are the
performance and compliance measurement system l@dcampensation scheme. The
performance and compliance measurement system asaahkrised by the indicators to
determine food safety performance and compliafeeatcuracy of the measurement, and the
actor who conducts and determines performance ammiplance measurement. The
performance and compliance compensation scheme ha@aaerised by the type of
compensation.

Chapter 3 to 6 address how specific characteristicperformance and compliance
measurement system and compensation scheme irdlusnpplier performance and
compliance. Chapter 3 analyses the relationshiwdsai the type of compensation and actual
performance. The effectiveness of two types of ggathnce compensation for liver lesion
prevalence in finishing pigs, a collective insummeemium per delivered finishing pig and a
price reduction per delivered finishing pig withesioned liver, was analysed with an out—of—
sample forecast test on a time series of liveplegispection data of Dutch finishing pigs from
2003 to 2006. After introduction of the price retior, mean liver lesion prevalence decreased
from 9 to 5%. A reduced liver lesion prevalencegiag from 0 to 46 percentage points was
observed on 67% of 1069 farms that delivered bathing the insurance and the price
reduction period. The number of farms with a lilesion prevalence of 5.0% or less increased
from 52 to 68%. However, even with the incentivechism with price reduction, variability
in liver lesion prevalence between pig producerss wbserved. Concluding, chapter 3
demonstrates that an incentive mechanism with alpeon products off—specification was
more effective in inducing pig producers to redliner lesion prevalence in finishing pigs than
an incentive mechanism with a collective insuraieee

Chapter 4 addresses variability in liver lesionvaience in finishing pigs observed in
chapter 3 and analyses the relationship betweersidecmaking, actions used, and actual
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performance. Regression and correlation analyses agplied on liver lesion inspection data
of Dutch finishing pigs combined with data fromarher survey about control measure used
and factors underlying the decision to use comnmehsures. Factors underlying the decision
were based on the Theory of Planned Behaviour. IReshow that of the 185 pig producers in
the analysis, 96% used anthelmintics, i.e. medioat control infections with the roundworm
Ascaris suum, the main cause of liver lesions in finishing pighiese pig producers used a
variety of combinations of active compounds, agtian methods, and duration of application.
Application of anthelmintics by sprinkling over féevas associated with 2.4% higher liver
lesion prevalence compared to other applicationhoud. Furthermore, pig producers
underestimated their liver lesion prevalence, theducing their need to apply effective
management practices to lower liver lesion prevaderin conclusion, chapter 4 shows that
variability in liver lesion prevalence of pig promkrs subjected to an incentive mechanism with
a price reduction per lesioned liver was causedusing different control measures with
varying effectiveness and underestimation of liesion prevalence.

Chapter 5 focuses on the relationship between pedoce measurement accuracy, actions
and performance. A dynamic optimization model vétigrid search of deliveries of finishing
pigs from pig producers to a slaughterhouse, whicluded a possible future control system
for Mycobacterium avium (Ma), was developed to analyse how accuracy ofea n
serodiagnostic test to determine Ma seroprevaleindleienced finishing pig producer
incentives to control Ma seroprevalence. Model tnpambined data collected from literature
with expert estimations. Serodiagnostic test aacguraas defined by sensitivity, i.e. the
probability of correctly qualifying a product witincreased risk, and specificity, i.e. the
probability of correctly qualifying a product withbincreased risk. Results show that higher
sensitivity and lower specificity resulted in usaenore intense Ma control measures applied
by pig producers, higher producer costs and lowarpwevalence. The minimal penalty value
needed to comply with a threshold for average Maevalence in finishing pigs at slaughter
was lower at higher sensitivity and lower spedificWith imperfect specificity a larger sample
size decreased pig producer incentives to contral ddroprevalence, because the higher
number of false positives resulted in an incregeethability of rejecting a batch of finishing
pigs irrespective of whether the pig producer taoktrol measures. Concluding, chapter 5
shows that higher sensitivity and lower specifiaitfya serodiagnostic test lowers expected
average Ma seroprevalence in finishing pig dele®rdbf pig producers subjected to an
incentive mechanism with a penalty for deliverieghwincreased Ma prevalence. With
imperfect testing specificity and low hazard prewale, a larger sample size can decrease pig
producer incentives to improve performance.

Finally, chapter 6 investigates the relationshiptwieen reliability of compliance
information provided by the supplier and monitorofgesidues of antibiotics in finishing pigs.
No control system to check the reliability of prded compliance information existed in
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practice. A dataset of 479 deliveries with inforimatabout antibiotics usage in finishing pigs
during 60 days prior to delivery to a slaughter pamy provided by finishing pig producers
was combined with screening results for antibiotiesidues in the same finishing pigs. A
Pearson chi-square test was used to analyse ligfiafiprovided information. Results show
that twice as much pig producers reported usingiatics in the group of 82 pig producers
with detected antibiotics residues (11.0%) as engloup without detected antibiotics residues
(5.5%). For 89% of deliveries with a finishing pigth detected antibiotics residues ‘did not
use antibiotics’ was reported. In conclusion, cha@@ demonstrates that without a control
system to check its reliability, the informationoalb antibiotics usage during 60 days prior to
delivery reported by pig producers, did not guaganabsence of antibiotics residues in the
finishing pigs. This information was, thereforesufficiently reliable to be used in a control
system for antibiotics residues in finishing pigsabslaughterhouse.

This thesis analyses the influence of a numbemyfortant characteristics of incentive
mechanisms for food safety control on supplier beha. It demonstrates that incentive
mechanisms can be used to reduce opportunisticvimelmaof suppliers, thereby helping to
raise food safety control to the next level. Fotimpl inducement of suppliers it is important
that the performance and compliance measuremeignsyis attuned to the compensation
scheme.

Theoretical contribution

This thesis contributes to food safety manageniangntive and supply chain management
theory. This thesis has three contributions to feafety management theory. First, private
incentive mechanisms aimed at food safety contal lse used to aid the shift of food safety
control at company level to supply chain level. @&t the developed framework provides
insight on how to combine relevant technologicatl ananagerial aspects to improve food
safety control on supply chain level. Third, tHiggis was the first study to analyse the impact
of diagnostic testing accuracy on supplier incergtito control food safety.

This thesis has one contribution to incentive thedhe influence of the inaccuracy of a
diagnostic test on supplier incentives to exerbreéffmplies that inaccuracy in performance
measurement must be considered in incentive Thaodyin principal-agent models used to
analyse incentive problems.

This thesis has three contributions to supply chrmanagement theory. First, properly
designed incentive mechanisms can align compangrests to improve supply chain
performance. Second, the performance and compliameasurement system and the
compensation scheme should be set coherently tonalpt induce suppliers to improve
performance. Third, opportunistic behaviour canbpetneglected as reason for distortion of
information exchanged in supply chains.

4
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Managerial implications

A number of general managerial implications camfzvn from this thesis, of which the most
important ones are presented here. A penalty oduste off-specification is effective to
induce suppliers to improve food safety performarearameters of the performance and
compliance measurement system, such as diagnesting accuracy and sample strategy, and
of the compensation scheme should be attuned fiimapinducement of suppliers to control
food safety. Only if reliability of information alw used control actions provided by a supplier
can be checked easily, it can be used in incemtieehanisms aimed at food safety control as
compliance measurement.

A number of specific managerial implications forgpproducers and pig slaughter
companies can also be drawn from this thesis. Piglyzers should be induced to apply
anthelmintics to finishing pigs in feed, in waterhy injections instead of sprinkling over feed,
because sprinkling over feed showed to be lessteféeto lower liver lesion prevalence than
other application methods. Pig slaughter compastesuld increase effort to provide pig
producers with information about their actual likesion prevalence in finishing pigs, because
a more accurate estimation of liver lesion prevadenan help to increase the need to treat
Ascaris suum infections and lower liver lesion prevalence. TBatch pork chain can
implement an incentive mechanism, similar to tHdiver lesions, to lower prevalence of other
lesions in finishing pigs detected at slaughtechsas lung lesions, pleurisy, skin lesions and
leg lesions. Pig slaughter companies or governmamsher countries can also implement an
incentive mechanism similar to the Dutch mechantsmlower liver lesion prevalence in
finishing pigs.

Further research

Based upon the discussion in this thesis many stiggs for further research can be made.
The three most important suggestions are as folldwirst, further research is needed to
investigate applicability and effectiveness of mdégive performance and compliance

measurement indicators and alternative types dbpeance and compliance compensation to
induce suppliers to control food safety, that ao¢ evaluated in this research. Second, for
improved design of new incentive mechanisms furduealysis of the relationship between

supply chain characteristics, supplier—buyer reteghip characteristics and the optimal settings
of incentive mechanism parameters is needed. Ttasgarch is advised which includes public
health effects into analyses of food safety controlsupply chain level in order to provide

policy advise for optimal setting of food safetyjexdiives and for determining the optimal

privatization level of combined public and privéded safety control and verification.






Samenvatting

Samenvatting

Incentive mechanismen voor beheersing van voedsehgheid in
varkensvleesketens: Een onderzoek naar de relatie udsen
vleesvarkenshouders en slachterijen in Nederland

Voedselveiligheid is een essentieel voedsel atitioor consumenten en een zeer belangrijk
beleidsdossier voor overheden. Hierdoor is voeésl@heid cruciaal voor
levensmiddelenbedrijven zoals retailers, verwerlegrprimaire producenten. Echter, ondanks
de invoering van beheerssystemen voor voedselkeilig door levensmiddelenbedrijven
blijven voedselgerelateerde infecties grote maaijsphlijke gevolgen hebben. Dit,
gecombineerd met de waarschijnlijke toename varatteljkheid voor voedselgerelateerde
infecties van de humane bevolking, toont de noddzttda verder verbeteren van de
voedselveiligheid. Twee recente veranderingen frElieopese voedselveiligheidsbeleid om de
voedselveiligheid verder te verbeteren kunnen wordeobserveerd. De eerste verandering
betreft de verschuiving van de primaire verantwebjicheid voor voedselveiligheid van
overheid naar bedrijfsleven. De tweede verandebetgeft de verschuiving van de beheersing
van voedselveiligheid op bedriffsniveau naar besiagr op  ketenniveau.
Levensmiddelenbedrijven zijn dan ook op zoek n&ateggie€én om hun leveranciers ertoe aan
te zetten die grondstoffen en productieprocessegeteruiken, die de veiligheid van de
geleverde producten verbeteren. Hierbij dient wekening te worden gehouden met
asymmetrische informatie en opportunistisch gedmragle keten management literatuur wordt
beargumenteerd dat incentive mechanismen kunnedewagebruikt om handelspartners ertoe
aan te zetten gedrag te vertonen dat de prestatiztert. Incentive mechanismen lijken dus
geschikt om de voedselveiligheid op ketenniveawdebeteren. Echter, kennis over hoe
incentive mechanismen effectief voedselveilighei@ &etenniveau kunnen verbeteren
ontbreekt. Dit onderzoek heeft als doel om bij teaggn aan de verbetering van de
voedselveiligheid door het analyseren van incenthézhanismen gericht op beheersing van
voedselveiligheid op ketenniveau. Het richt zich o twee schakel keten tussen
vleesvarkenshouders en slachterij in Nederland.Hetrdoel van dit onderzoek te realiseren,
zijn de volgende vijf onderzoeksvragen geformuleerd
1) Wat zijn kernelementen van incentive mechanisngaricht op beheersing van
voedselveiligheid?
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2) Hoe effectief zijn incentive mechanismen met eelfectieve verzekeringspremie en met
een prijskorting per afgekeurde lever in het vertagan de prevalentie afgekeurde levers
in vleesvarkens?

3) Wat veroorzaakt variabiliteit in de prevalentiégekeurde levers in vleesvarkens van
vleesvarkenshouders die onderworpen zijn aan eemnfive mechanisme met een
prijskorting per afgekeurde lever?

4) Wat is de impact van de accuratesse van eenofed¥lycobacterium avium op de
Mycobacterium avium prevalentie in vleesvarkens van varkenshoudersodderworpen
Zijn aan een incentive mechanisme met financiétapemsatie gericht oplycobacterium
avium prevalentie?

5) Hoe betrouwbaar is door varkenshouders aangéeveinformatie over het
antibioticagebruik in vleesvarkens gebruikt als tnazor naleving binnen een incentive
mechanisme zonder compensatie voor naleving?

Methode en resultaten

Om de onderzoeksvragen te beantwoorden zijn 5 modken uitgevoerd, die worden
gepresenteerd in hoofdstuk 2 tot en met 6. In tsiakd2 wordt een raamwerk ontwikkeld voor
het ontwerpen en analyseren van incentive mecheanisigericht op beheersing van
voedselveiligheid. Het raamwerk combineert relegardspecten van beheersing van
voedselveiligheid op bedrijffsniveau met die op keteeau. Kernelementen van incentive
mechanismen gericht op beheersing van voedselkeitig zijn geidentificeerd via een
literatuuronderzoek naar bestaande en theoretisnbentive mechanismen gericht op
beheersing van voedselkwaliteit en voedselveiligh&en incentive mechanisme gericht op
beheersing van voedselveiligheid is gedefinieesdda set van het systeem om prestatie en
naleving te meten en het compensatie schema tlegerancier en koper, met als doel de
leverancier ertoe aan te zetten om maatregeleerteem die de voedselveiligheid beheersen
zoals de koper wenst. Prestatie verwijst naar nigigke product attributen, zoals
besmettingsniveau. Naleving verwijst naar de mataarim voedingsmiddelenbedrijven
procedures volgen die gericht zijn op de beheersany voedselveiligheid, zoals HACCP-
procedures. Kernelementen van incentive mechanisnjanhet systeem om prestatie en
naleving te meten en het compensatie schema. ldttesy om prestatie en naleving te meten
wordt gekenmerkt door de indicatoren om de prestam naleving vast te stellen, de
accuratesse van deze meting, en de actor die degmatvoert en prestatie en naleving
vaststelt. Het compensatie schema wordt gekenrdedithet type compensatie.

Hoofdstuk 3 tot en met 6 behandelen hoe specifiekemerken van het systeem om
prestatie en naleving te meten en van het comgenseltema de prestatie en naleving van
leveranciers beinvioeden. Hoofdstuk 3 analyseertralatie tussen type compensatie en
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prestatie. De effectiviteit van twee typen compérseaoor prevalentie afgekeurde levers in
vleesvarkens, een collectieve verzekering per efgetl vieesvarken en een prijskorting per
afgeleverd vleesvarken met een afgekeurde levege@alyseerd met een out—of-sample
forecast test op een tijdreeks van 2003 tot en 2066 van lever inspectie resultaten van
vleesvarkens geleverd aan een grote Nederlanddgtesfip. Na introductie van de prijskorting
daalde de gemiddelde prevalentie afgekeurde levans9 naar 5%. Op 67% van de 1069
varkensbedrijven, die zowel in de periode met dezelering als de met de prijskorting
vleesvarkens leverden, werd een verlaagde prevalafgekeurde levers gevonden, variérend
van 0 tot 46 procentpunten. Het aantal varkensjyedrimet 5,0% of minder afgekeurde levers
nam toe van 52 tot 58%. Echter, zelfs met het itreemechanisme met de prijskorting, bleef
variabiliteit in prevalentie afgekeurde levers trssvarkenshouders bestaan. Concluderend,
hoofdstuk 3 laat zien dat een incentive mechanisne¢ een boete op producten buiten
specificatie effectiever was om varkenshouders eersan te zetten om de prevalentie
afgekeurde levers in vleesvarkens te verlagen dam iacentive mechanisme met een
collectieve verzekeringspremie.

Hoofdstuk 4 behandelt de variabiliteit in prevalerafgekeurde levers in vleesvarkens,
zoals vastgesteld in hoofdstuk 3. Het analyseertetitie tussen besluitvorming, gebruikte
acties, en prestatie. Regressie en correlatie semlzijn toegepast op lever inspectie resultaten
van vleesvarkens geleverd aan een grote Nederlatatdgerij gecombineerd met gegevens uit
een enquéte onder varkenshouders over gebruikieetshaatregelen voor leverafwijkingen
en onderliggende factoren van het besluit om behesatregelen te gebruiken. De
onderliggende factoren zijn gebaseerd op de TheoBRtanned Behaviour. De resultaten laten
zien dat van de 185 varkenshouders in de analy$é%rantiwormmiddelen (anthelmintica)
gebruikten om een infectie te beheersen met dewomd Ascaris suum, de belangrijkste
oorzaak van afgekeurde levers in vleesvarkens.dbeewshouders gebruikten een variatie aan
combinaties van werkzame stoffen, toedieningmethpele duur van toedieningen. Toediening
van antiwormmiddelen via strooien over voer werdsgecieerd met 2,4% hogere prevalentie
afgekeurde levers in vergelijking met de anderalim@ngmethoden. Verder onderschatten
varkenshouders de prevalentie afgekeurde levers, bijahen de noodzaak verlaagt om
effectieve methoden toe te passen voor het verlagende prevalentie afgekeurde levers.
Concluderend, hoofdstuk 4 laat zien dat varialilita prevalentie afgekeurde levers in
vleesvarkens tussen varkenshouders onderworpere@anincentive mechanisme met een
prijskorting per afgekeurde lever werd veroorzadktor het gebruik van verschillende
beheersmaatregelen met verschillende effectiveteidoor het onderschatten van de prevalentie
afgekeurde levers.

Hoofdstuk 5 richt zich op de relatie tussen de eategse van de prestatie meting, acties en
prestatie. Een dynamisch optimalisatiemodel metg&hsearch van leveringen vieesvarkens
van varkenshouders aan een slachthuis is ontwildelde analyseren hoe de accuratesse van
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een nieuwe serodiagnostische test ofycobacterium avium (Ma) incentives van
varkenshouders beinvlioedt om Ma seroprevalentebeersen. Hiertoe bevat het model een
mogelijk nieuw beheersingssysteem voor Ma serofeatia. Input voor het model is
gebaseerd op literatuur en expert schatting. Sagodstische test accuratesse is gedefinieerd
door de sensitiviteit, de kans op het correct diassen van een product als met verhoogd
risico, en de specificiteit, de kans op het corrdessificeren van een product als zonder
verhoogd risico. De resultaten laten zien dat emgete sensitiviteit en een lagere specificiteit
leiden tot gebruik van striktere beheersmaatregd®or varkenshouders, tot hogere kosten
voor varkenshouders, en tot lagere Ma seroprevaldde minimale waarde van de boete om
aan een grenswaarde voor gemiddelde Ma seropréieatenvoldoen was lager bij een hogere
sensitiviteit en bij een lagere specificiteit. Bipperfecte specificiteit waren incentives van
varkenshouders om Ma seroprevalentie te beheesigen bij een grote steekproefomvang dan
bij een kleine steekproefomvang, omdat het grotmtad vals positieven leidde tot een
verhoogde kans van afwijzen van een levering orgeasf een varkenshouder
beheersmaatregelen nam. Concluderend, hoofdstaét Zien dat hogere sensitiviteit en lagere
specificiteit van een serodiagnostische test devaehte gemiddelde Ma seroprevalentie
verlaagde in leveringen vleesvarkens van varkerddtguonderworpen aan een incentive
mechanisme met een boete voor leveringen met vgdeoMa seroprevalentie. Bij imperfecte
test specificiteit verlaagde een grotere steekprogéng incentives van varkenshouders om
hun prestatie te verbeteren.

Tot slot, hoofdstuk 6 onderzoekt de relatie tugsaevinginformatie aangeleverd door de
leverancier en het monitoren van residuen van atith in vieesvarkens zonder een systeem
om de juistheid van geleverde nalevinginformatie ctantroleren. Een dataset van 479
leveringen vleesvarkens met informatie over hetrgjghbvan antibiotica in deze vleesvarkens
gedurende de 60 dagen voor levering aan een gred¢rdinds slachthuis, zoals aangeleverd
door varkenshouders, was gecombineerd met resuliate een test op residuen van antibiotica
in de vleesvarkens. Een Pearson chickwadraat segebruikt om de betrouwbaarheid van
geleverde informatie te analyseren. De resultatatenl zien dat twee keer zoveel
varkenshouders aangaven antibiotica te hebben igelimude groep van 82 varkenshouders
waarbij residuen van antibiotica werden gevondehQ%) als in de groep varkenshouders
waarin geen residuen van antibiotica werden gevor({8e5%). Bij 89% van de leveringen
waarin minstens één vleesvarken werd gevonden eretesidu van antibiotica werd ‘geen
antibiotica gebruikt’ gemeld door de varkenshoud@ncluderend, hoofdstuk 6 laat zien dat
zonder een systeem om de betrouwbaarheid te cerdgrolvan door varkenshouders
aangeleverde informatie over het gebruik van astiitA gedurende 60 dagen voor levering,
deze informatie onvoldoende betrouwbaar was onfwlezigheid van residuen van antibiotica
in vleesvarkens te kunnen garanderen. Deze infeenasts dus onvoldoende betrouwbaar om
te worden gebruikt in een beheersingssysteem esiniuen van antibiotica in vieesvarkens.
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Dit proefschrift analyseert de invloed op het l@reiergedrag van een aantal belangrijke
kenmerken van incentive mechanismen gericht opdreimg van voedselveiligheid. Het laat
zien dat incentive mechanismen kunnen worden dgetbin opportunistisch gedrag van
leveranciers te verminderen, waarmee het helpt erhatheersing van voedselveiligheid naar
een hoger niveau te tillen. Om leveranciers optineame aan te zetten voedselveiligheid te
beheersen via een incentive mechanisme, is hetndrgla dat binnen een incentive
mechanisme het systeem om prestatie en nalevinteten is afgestemd op het compensatie
schema.

Wetenschappelijke bijdrage

Dit proefschrift draagt bij aan voedselveiligheidsragement theorie, incentive theorie en
supply chain management theorie. Dit proefschrifeefh drie bijdragen aan
voedselveiligheidsmanagement theorie. Ten eersiteatp incentive mechanismen gericht op
beheersing van voedselveiligheid kunnen de veramglevan de beheersing van
voedselveiligheid op bedrijfsniveau naar beheersdetenniveau ondersteunen. Ten tweede,
het ontwikkelde raamwerk biedt inzicht in hoe relete technologische en management
aspecten in de beheersing van voedselveiligheiccatmbineren om de beheersing van
voedselveiligheid op ketenniveau te verbeteren. dede, dit proefschrift was de eerste studie
die de impact van de accuratesse van een diagriustigest op leverancier incentives om
voedselveiligheid te beheersen heeft geanalyseerd.

Dit proefschrift draagt ook bij aan incentive theoDe invloed van de accuratesse van een
diagnostische test op leverancier incentives onescde ondernemen, impliceert dat de
accuratesse van de methode om prestatie en nalevimgten onderdeel moet uitmaken van
incentive theorie en van principaal-agent modelghruikt om deze problemen te analyseren.

Dit proefschrift heeft drie bijdragen aan supplyaichmanagement theorie. Als eerste,
correct ontworpen incentive mechanismen kunnennigela van meerdere bedrijven in een
keten op een lijn brengen en daarmee ketenprestaibeteren. Als tweede, het systeem om
prestatie en naleving te meten en het compensatien®a moeten in samenhang worden
vastgesteld om ervoor te zorgen dat leverancietisnapl ertoe worden aangezet prestatie en
naleving te verbeteren. Als derde, opportunistigeldrag kan niet genegeerd worden als
oorzaak van het uitwisselen van onjuiste of onwile informatie in ketens.

Aanbevelingen voor de praktijk

Verschillende aanbevelingen voor de praktijk volggh dit proefschrift. De belangrijkste
worden hier gepresenteerd. Een boete op productatenb specificatie is effectief om
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leveranciers ertoe aan te zetten de beheersing veadselveiligheid te verbeteren. De
parameterwaarden van het systeem om prestatielevingate meten en van het compensatie
schema moeten in samenhang worden vastgesteld woorete zorgen dat leveranciers
optimaal ertoe worden aangezet prestatie en nagevan verbeteren. Alleen als de
betrouwbaarheid van informatie over gebruikt act@sngeleverd door een leverancier
eenvoudig gecontroleerd kan worden, kan deze irdbemworden gebruikt als maat voor
prestatie en naleving in incentive mechanismercgedp de beheersing van voedselveiligheid.

Uit dit proefschrift volgen verschillende aanbewmgikn voor varkenshouders en
varkensslachterijen. Varkenshouders moeten wor@stinguleerd om antiwormmiddelen aan
vleesvarkens te geven via de toedieningmethoden lietovoer, in het water of via injecties,
omdat strooien over voer geassocieerd is met egartprevalentie afgekeurde levers dan de
andere toedieningmethoden. Varkensslachterijen evordanbevolen om varkenshouders
informatie te verstrekken met hun werkelijke prewdile afgekeurde levers in de vleesvarkens,
omdat een meer accuraat beeld van de prevalengekairde levers de noodzaak bij
varkenshouders kan helpen vergroten Asraris suum infecties te beheersen en daardoor de
prevalentie afgekeurde levers te verlagen. De Naaddse varkensketen kan incentive
mechanismen vergelijkbaar aan dat van afgekeunkrdemplementeren om de prevalentie
van andere slachtafwijkingen zoals longafwijkingepleuritis, huid afwijkingen en
pootafwijkingen, te verlagen. Varkensslachterijeroé overheden in andere landen kunnen
ook een incentive mechanisme vergelijkbaar aarNeéeerlandse mechanisme implementeren
om de afgekeurde lever prevalentie in vleesvarkengrlagen.

Verder onderzoek

Gebaseerd op de discussie in dit proefschrift knnnee suggesties voor verder onderzoek
worden gedaan. De drie belangrijkste suggesties dg volgende. Ten eerste, verder
onderzoek is nodig naar de toepasbaarheid en igffeitt van alternatieve indicatoren om
prestatie en naleving te meten en van alternatigen van prestatie en naleving compensatie
ingezet om leveranciers ertoe aan te zetten desebezlligheid te beheersen. Ten tweede, om
het ontwerpen van nieuwe incentive mechanismeareeteren is verder onderzoek nodig naar
de relatie tussen karakteristieken van de ketaakkeristieken van de leverancierkoper relatie,
en de optimale setting van parameters van een timeemechanisme. Ten derde, om
beleidsadviezen te verbeteren ten aanzien van alginpublieke doelen betreffende
voedselveiligheid en ten aanzien van het optimaleau van privatisering in een system dat
publiek en privaat toezicht en controle betreffendeedselveiligheid combineert, wordt
aanbevolen om volksgezondheidseffecten te integrareanalyses van het beheersen van
voedselveiligheid op ketenniveau.

12



Samenvatting

13






General introduction

Chapter 1

General introduction

1.1. Food safety

Food safety is an essential food attribute for oomrs and a key policy dossier for
governments, making it a critical decision item food business operators (FBOs), such as
retailers, food processors and primary producers. gliarantee food safety FBOs have
implemented control systems such as Hazard Ana@sigal Control Points (HACCP), Good
Hygienic Practices, 1SO 9001, ISO 22000, BritishtaleConsortium, and Global-GAP
(Luning et al., 2006). Notwithstanding, food borne iliness tod&ll has a high societal impact
(EFSA, 2010; Meadatt al., 1999; Scharff, 2010). Societal impact of foodrmillness is not
likely to decrease in the next decades, becausetitsility of the human population to food
borne iliness is expected to increase. Increassdegtibility arises from growing number of
persons aged 65 and over (Eurostat, 2010), of pewjth diabetes (IDF, 2009), and of
immunodeficient individuals suffering from diseasas cancer and chronic viral diseases,
because improved treatments increase survival (aed/ecchiaet al., 2010; Palelleet al.,
1998). This shows the need to improve food safetjrol.

In the EU two changes aiming to improve food safsty be observed recently. The new
EU food safety policy, implemented with the Gend¥abd Law (GFL) in 2005 puts primary
food safety responsibility with FBOs and prescribfest food safety control must be based on
an integrated approach throughout the supply cfdis.first change is the shift from primary
responsibility for food safety from government 8®s. The second change concerns the shift
of food safety control from company level to supphain level. This thesis aims to support
improvement of food safety control through the depment of private initiatives for food
safety control on supply chain level.

1.1.1. From public to private responsibility

The first change concerns the shift of primary oesbility for food safety from government
to FBOs. The EU food safety policy at the end &f 26" century was insufficiently equipped
to deal with societal expectations about food gatentrol (EFSA, 2007). Therefore, in 2005
the EU put into force a new food safety policy wRkgulation (EC) No 178/2002, the GFL.
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The GFL prescribes that FBOs have primary respditgitfor food safety, whereas
governments keep the responsibility for supervisthgt marketed products are safe. In
addition, the GFL states that food safety contrabthbe based on science, risk assessment and
an integrated approach throughout the supply chain.

Having primary responsibility for food safety casiirthe food industry is looking for
private initiatives to improve food safety contr8luch private initiatives can replace public
food safety control if effectiveness of privatetigtives equal or exceed effectiveness of public
control. Shleifer (1998) argued that private owharss the crucial source of incentives to
innovate and to become efficient. Jayasinghe—Mgdaknd Henson (2006) showed that
private market—based incentives had a greater ingrafood safety responsiveness of firms in
the Canadian red meat sector than government tegylactions. Ollinger and Moore (2008)
observed that private actions accounted for abO% 8nd regulation about 20% of the overall
reduction in the share of samples of cattle anddavgasses, ground beef, and broilers testing
positive for salmonella. This suggests that priviatgatives of the food industry can indeed
improve food safety control compared to public cont

1.1.2. From company level to supply chain level

The second change concerns the shift from foodysafentrol on company level to supply
chain level. Currently adopted food safety conspétems focus on controlling food safety
hazards on company level without considering tts of the supply chain (Luningt al.,
2006). But, many food safety hazards can entestipply chain in multiple stages (Alban and
Stark, 2005; Nautet al., 2005; Valeevat al., 2004). If food safety hazards can enter in earlie
stages in the supply chain, safety of food itentsomly depends on control of these hazards in
a FBO'’s production processes, but also on safeth@fraw materials as purchased from its
suppliers. Hence, further improvement of food saéein be realised through improving safety
of purchased raw materials. This suggests that adety control on supply chain level can
indeed improve food safety. But, how to improved@afety of purchased raw materials?

1.1.3. Incentive mechanisms

Safety of raw materials results from processesiapdts used by the supplier. Food safety
attributes of raw materials are often difficult acakstly to verify (Unnevehet al., 2004). In
addition, it is often difficult or even impossibier a buyer to observe the production processes
used by a supplier. The increasing number of sappland global sourcing of raw materials
due to, amongst others, consolidation and produdifgration in the food industry further
complicates verification of food safety attributdfsall purchased raw materials. This results in
information asymmetry between supplier and buy@auakhe safety of raw materials, creating
room for opportunistic behaviour of a supplier @d¢inauer and Musshoff, 2007). So, FBOs are
looking for strategies to induce suppliers to ugeuts and production processes that improve
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raw material safety given the presence of inforaratisymmetry and possible opportunistic
behaviour.

Interactions in the presence of information asymynate addressed imcentive Theory
(Laffont and Martimort, 2002). Incentive theory siders how a buyer can optimally cope
with private information of a supplier. According incentive theory a principal, e.g. a buyer,
delegates a task, e.g. producing safe raw matet@lan agent, e.g. a supplier. The supplier
exerts effort to fulfil the task, if expected utjliof exerting effort exceeds expected utility of
not exerting effort. Suppliers can be induced twéase food safety performance, by ensuring
that expected utility if the supplier exerts efftmat improves food safety exceeds expected
utility if he does not. Supply chain managemergréiture argues that incentive mechanisms
can be used to induce trading partners to applyawetr which improves performance
(Jeschonowsket al., 2009; Otley, 1999). An incentive mechanism doesbg rewarding
performance and sharing risk (Boehlje, 1999). Itigenmechanisms are widely used by
traders, food processors, and livestock slaughéeteto improve product quality of purchased
raw materials (Boyst al., 2007; Chalfantt al., 1999; Hueth and Ligon, 2002; Huethal.,
2007). This suggests that incentive mechanisms tmigh used to improve food safety
performance on supply chain level. Although incemtmechanism aimed at food safety
control exist in practice (e.g. Albagt al., 2002), they are scarce and knowledge on how
incentive mechanisms can effectively induce footetgacontrol on supply chain level is
lacking.

1.1.4. The Dutch pork supply chain as research ohjé
This research was initiated and partly conducteithivithe Dutch Transforum Agro&Groen
project DRIVE (“Sustainable Reassessment and irtrmvan the pork supply chain”). The aim
of DRIVE was to achieve a new design of the Dutithrpeat supply chain in which relevant
sustainability goals could be implemented. To malind guarantee sustainability goals in the
Dutch pork supply chain, DRIVE proposed to analyseentive mechanisms based on
individual farmer interests. Specifically, DRIVEdiesed on food safety control to improve
both public health and the international competitid the Dutch pig meat sector. Participation
of a major Dutch slaughter company in DRIVE ensuhed data was available and accessible.
To analyse incentive mechanisms for food safety,pgbrk supply chain is an interesting
case, because pig meat and products thereof 1xaatain different relevant food safety
hazards, such as campylobacter, salmonella Biydobacterium avium (EFSA, 2010;
Tirkkonenet al., 2007; Van der Gaag al., 2004) and 2) are recognised as an important sourc
for food—borne outbreaks (EFSA, 2010). Because nudrthie relevant hazards can enter the
pork supply chain in primary production, it is anportant stage in the pork supply chain to
control food safety hazards. This suggests thantice mechanisms between pig producers
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and slaughter companies that induce pig producecettrol food safety can be important to
control food safety in the pork supply chain.

Research on incentive mechanisms for food safetyrabbetween pig producers and
slaughter companies in the Netherlands is espgdiatiéresting, because pig producers and
slaughter companies in the Netherlands are indegreratganisations. The Dutch pork supply
chain between pig producers and slaughter compdais long term contracts. Dutch
slaughter companies compete actively for receifingghing pigs. Pig producers can shift
easily between slaughter companies and to expditirghing pigs. In this setting initialization
of new incentive mechanisms to improve food safgyyan individual slaughter company
might be a viable method to improve food safetyfgrenance of Dutch pig producers.

1.2. Research aim and research questions

This research aims to contribute to the improvenwnfood safety and public health by
analyzing incentive mechanisms aimed at food safetytrol of the two stage supply chain
between pig producer and slaughter company in théhédlands. To realise the aim of this
research five studies were carried out, which afesequently presented in the next five
sections.

1.2.1. Framework for incentive mechanisms aimed dbod safety control

Before focussing on incentive mechanisms aimedad tafety control between pig producer
and slaughter company in the Netherlands, the distunly 1 is to develop a framework to
design and analyse incentive mechanisms aimedodt dafety control. First, relevant aspects
of food safety control on company level are idésdif Second, additional relevant aspects of
food safety control on supply chain level are désed. This includes identification of key
elements of incentive mechanisms aimed at foodysaftrol in a literature review focussing
on actual and theoretical incentive mechanisms a@iatdood quality and food safety control.
Third, the relevant aspects and key elements ardbiced in a framework for designing and
analysing incentive mechanisms aimed at food safetytrol. Study 1 aims to answer the
research question:

RQ1 What are key elements of incentive mechanisms aimed at food safety control ?
1.2.2. Effectiveness of incentive mechanisms
Study 1 shows performance and compliance measutesystiem and compensation scheme as

the key elements of an incentive mechanism aimddaat safety control. A characteristic of
the performance and compliance compensation schetine type of compensation. Study 2
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analyses the impact of two types of performance psarsation on supplier performance in
terms of liver lesion prevalence in finishing pigsesioned livers are unfit for human
consumption, so each pig slaughtered in the EU mistspected for liver lesions (Regulation
(EC) No 854/2004). The main cause for liver lesions is @fedtion with the roundworm
Ascaris suum (A. suum) on the farm (Stewart and Hale, 1988). So, liesidns in finishing
pigs should be controlled at farm level. A slaugmbeise can only market lesioned livers
against lower revenue. In the Netherlands pig ptethicompensate slaughterhouses for these
financial consequences. Compensation is arrangexligh an incentive mechanism, which
also induces pig producers to lower liver lesioavatence. Two incentive mechanisms with a
different type of performance compensation existadcessively in the last decade. In July
2004, a collective insurance premium per delivgsiedwas replaced by a price reduction per
delivered pig with a lesioned liver. The effectiess of these types of performance
compensation is analysed with an out—of-samplec&stetest on a time series of liver lesion
inspection data of Dutch finishing pigs from 2003006. Study 2 aims to answer the research
question:

RQ2 How effective are incentive mechanisms with a collective insurance premium and a
price reduction per lesioned liver in reducing liver lesion prevalencein finishing pigs?

1.2.3. Impact incentive mechanism on supplier actits and performance

Study 2 shows that average liver lesion prevalérateed after implementation of the incentive
mechanism with a price reduction for each pig vetkesioned liver. However, study 2 also
shows large variability in liver lesion prevalengetween individual pig producers when the
price reduction was in place. The price reductionld have induced only part of the pig
producers to use management practices to lowarlkgegon prevalence, or some pig producers
might use less effective management practices aliagement practices or the lack of it, that
result in high liver lesion prevalence are knowngav incentive mechanism can be designed to
deal with these inefficient management practicaadys 3 identifies management practices
associated with high liver lesion prevalence insfig pigs. It uses regression and correlation
analysis on liver lesion inspection data of Dutafishing pigs combined with data from a
farmer survey about management practices used auidré underlying the decision to use
control actions. Factors underlying the decisialzased on the Theory of Planned Behaviour.
Study 3 aims to answer the research question:

RQ3 What causes variability in liver lesion prevalence in finishing pigs of pig producers
subjected to an incentive mechanism with a price reduction per lesioned liver?
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1.2.4. Impact of performance measurement accuracyiiincentive mechanisms

on supplier performance
Study 1 shows the performance and compliance memmsunt system as the other key element
of an incentive mechanism next to the performamzk @mpliance compensation scheme. A
characteristic of performance and compliance measent system is the accuracy of the
performance measurement. Knowledge on how rewdrdnses and measurement scale must
be set together for optimal incentive provision lagking (Jeschonowsket al., 2009).
Literature about the impact of testing accuracysapplier incentives to control food safety
was lacking. Study 4 analyses the impact of peréawte measurement accuracy on supplier
performance in terms dflycobacterium avium (Ma) seroprevalence if a penalty on products
off—specification is used. Because pigs may besarweir for Ma infections in humans, pig
meat from Ma infected pigs needs to be excludenh fiiwe pork supply chain (Komijet al.,
1999). Currently, detection of Ma infections in Pigs based on product testing in the
slaughterhouse, i.e. palpation and incision of l{freph nodes, which is characterised by a
relatively high number of false negatives (Komgnal., 2007; Wisselinket al., 2006). This
renders the current control system insufficienigt@rantee public health. A new system is
needed to control Ma in the pork supply chain. @anpoints of Ma in the pork supply chain
are all located at primary production level (Pawilal., 2005). Thus, a new control system
could include an incentive mechanism to steer pigdpcer behaviour towards using
production processes that result in a low risk @f ifections. Study 2 shows that an incentive
mechanism with a penalty on products off-specificatcan be used to steer finishing pig
producer behaviour. For Ma, a new serodiagnostt l@s been developed for which the
accuracy needs further optimization (Wisseknll., 2010). Study 4 analyses how accuracy of
the new Ma serodiagnostic test to determine pedora influences food safety performance
when an incentive mechanism with a penalty on prtsdoff-specification is used. It uses a
dynamic optimization model with grid search of defies of finishing pigs from producers to
a slaughterhouse and includes a possible futurgat@ystem for Ma. Study 4 aims to answer
the research question:

RQ4 What is the impact of the accuracy of a Mycobacterium avium test on the
Mycobacterium avium prevalence in finishing pigs of pig producers subjected to an
incentive mechanism with financial compensation aimed at Mycobacterium avium
prevalence?
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1.2.5. Information provided by suppliers as compliace measurement in
incentive mechanisms
In study 1 the actor who conducts performance amdptiance measurement and determines
performance and compliance is identified as anatharacteristic of the measurement system.
Differences in performance can originate from sigwplusing different actions to control a
hazard, as study 3 shows. Identification of conticiions used by a supplier prior to delivery
can help to distinguish suppliers with a highek fiem those with a lower risk. This provides
opportunity to design a risk—based control systemstudies 2, 3 and 4 the buyer conducts
performance and compliance measurement. Howeves,aften difficult or even impossible
for a buyer to observe the control actions usedabsupplier. A simple way of gathering
information about the control actions used by tappsier is suppliers providing information
about the control actions they used. The providéatination, however, can only be used in an
incentive mechanism to determine compliance § iteliable. Opportunistic behaviour can be a
reason for provision of unreliable performance infation (Feldmann and Mdiller, 2003).
Literature on reliability of compliance informatiowas, however, not available. Study 5
analyses reliability of compliance information abaantibiotics usage in finishing pigs
provided by pig producers. Antibiotics residues camy be prevented if pig producers
correctly use antibiotics. To analyze reliabilityprovided information, a Pearson chi-square
test is used on a dataset with screening resuttsamtibiotics residues in finishing pigs
combined with provided information by pig producetsout antibiotics used in the same
finishing pigs during 60 days prior to deliveryaslaughter company. Study 5 seeks to answer
the research question:

RQ5 What is the reliability of information about antibiotics usage in finishing pigs
provided by pig producers used as compliance measurement in an incentive
mechanism without compliance compensation?

1.3. Outline of the thesis

Figure 1.1 presents the outline of the thesis thighrelationship between the chapters. Chapter
two presents the key elements of incentive mechan&med at food safety control (study 1).
Chapter three to six each analyse a specific cterstics of the key element of an incentive
mechanism aimed at food safety control. Chapteretimresents the effectiveness of two types
of performance compensation in an incentive meamarto induce pig producers to control
liver lesions in finishing pigs (study 2). Chaptimur identifies the actions taken by pig
producers to control liver lesions with a priceuetibn per finishing pig with a lesioned liver
in place (study 3). Chapter five analyses the impédest accuracy on supplier performance
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using Ma in finishing pigs if a penalty on produof§-specification is used (study 4). Chapter

six analyses if information provided by pig prodiscéo a slaughter company about usage of
antibiotics in delivered finishing pigs is sufficidy reliable to be used as compliance

measurement in an incentive mechanism, if no pedoce compensation scheme is enforced
(study 5). Finally, chapter seven integrates thadifigs in the general conclusion and

discussion.

Chapter 2
Framework for designing and analyzing incentive
mechanisms for food safety control

Performance compensation

1

! Supplier actions
Chapter 3 |

1

|

1

Chapter 4
Relationship supplier actions and
supplier performance

Effectiveness of financial
performance compensation

y Performance and compliance measurement §

1 1
1 1
1 1
1| Chapter 5 Chapter 6 :
1| !mpact accuracy of performance Reliability of information provided | |
1| measurement on supplier by supplier used as compliance !
i | performance measurement I
1 1
[ I _____________________________ I ___________ -1
Chapter 7

General conclusion and discussion

Figure 1.1: Outline of the thesis with relationshipbetween chapters.
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Chapter 2

Framework for designing and analyzing
incentive mechanisms for food safety control
in EU supply chains

Abstract

The EU food industry has full responsibility forofib safety control since 2005. This requires
new relationships within supply chains and betwien business operators and governments.
For optimal food safety control on supply chaindein the EU, this chapter proposes a
framework for designing and analyzing incentive hemisms for food safety control.
Incentive mechanisms, which consist of a perforraaaied compliance measurement system
and a compensation scheme, induce suppliers toratofttod safety. Multiple incentive
mechanisms together between at least two stages safpply chain make up an incentive
system. The framework can be used to design anlyzenancentive mechanisms in supply
chains in which food business operators must ca@bpewith trading partners from other
supply chain stages.

2.1. Introduction

Food safety is an important food attribute for aoners, governments and food business
operators (FBOs). To control food safety in recdéetades FBOs in the EU adopted quality
assurance systems, as Hazard Analysis Critical r@loRoints (HACCP), Good Hygienic
Practices, ISO 9001, ISO 22000, British Retail @otism, and Global-GAP (Luningt al.,
2006). However, in 2008 the EU still reported 538@d borne outbreaks resulting in 45,622
cases of human zoonoses, 6230 hospitalizations82ardbaths (EFSA, 2010). Reported cases
are only a fraction of food borne illnesses. Satiebsts of food borne ilinesses are expected to
be high, although reports are scarce. The EU ettiigs costs of food—borne salmonella in

1 C.P.A. van Wagenberg , G.B.C. Backus, J.G.A.J.darVorst and H.A.P. Urlings.
Submitted to an ISI journal.
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2003 at €2.8 billion (European Commission Prese&d IP/03/1306). Mangenhal. (2005)
estimated the costs of campylobacteriosis in théhéiands in 2000 at €21 million.
Demographic and public health developments in tblevl likely increase the population’s
susceptibility to food borne iliness. The numbepebple of 65 years and older in the EU-27
is expected to grow from 16% of the population D02 to 30% in 2050. The number of
immunocompromised people with increased susceipyibib food safety hazards is also
expected to grow, because more people will be curedh diseases as cancer with
chemotherapy and radiation treatment (La Vecdhial., 2010), more people will longer
survive chronic viral diseases as HIV (Palelial., 1998), and more people will have diabetes
(IDF, 2009). So, without further improvement of tbsafety control, food borne illness and
associated societal costs are likely to increase.

Quality assurance systems currently adopted by BQd-focus on food safety control
within FBOs without considering the rest of the @lypchain (Luninget al., 2006). But, many
food safety hazards must be simultaneously coetitah multiple supply chain stages (Alban
and Stark, 2005; Luningt al., 2006). Current quality assurance systems areitisugficiently
equipped to control food safety on supply chairelefFor further improvement of food safety
control, new systems focusing on supply chain levelneeded.

Food safety legislation in the EU at the end of 28 century, being fragmented and
based on prescriptive laws using governmental itgpe and compliance testing (EFSA,
2007), was insufficiently equipped to improve fosafety control. With Regulation (EC) No
178/2002 the EU adopted new legislation to confoald safety based on integrated risk
analysis throughout the supply chain. Primary legabponsibility lays with FBOs,
governments have final responsibility to supervisg marketed products are safe. Regulation
(EC) No 882/2004 on official controls opens podgibs to use private control systems in
public food safety control, the so—called verifioat-of—control principle. A government
verifies if FBOs’ private control systems suffictgnguarantee safety of marketed products
without using public control herself. In this sefiFBOs can design and implement effective
and efficient solutions on supply chain level tpnove food safety control. But, this requires
new relationships between FBOs in supply chainsteteleen FBOs and governments.

To arrange cost—effective strategic food safetytrobion supply chain level that can meet
future EU—targets for food safety, this chapterppses and discusses incentive mechanisms.
First, relevant aspects of food safety controlBOHevel are discussed in section 2.2. Second,
additional relevant aspects of food safety cordtadupply chain level are discussed in section
2.3. The aspects are combined in a framework a@frnitice mechanisms for food safety control
at supply chain level in section 2.4. Finally, ga&tt®2.5 concludes.
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2.2. Food safety control at food business operattevel

Food safety is the “assurance that food will natseaharm to the consumer when it is prepared
and/or eaten according to its intended use” (Cadlarentarius, 2003). A food product is safe
for human consumption if it has been produced bglyapg all food safety requirements
appropriate to its intended use, meets risk—basgdnmance and process criteria for specified
hazards, and does not contain hazards at levetsateaharmful to human health (Codex
Alimentarius, 2005). In their techno—managerial rapph Luning and Marcelis (2006) argue
that a food product’s safety depends on food belaand human behaviour. Food behaviour
relates to food safety hazards and control measuigish are discussed first in this section.
Because food safety is a public good, food safegyslation is important to consider. Human
behaviour relates to decision making, which aceaydo Simoret al. (1987) is evaluating and
choosing among alternatives to reach a goal, @ngeany objective for food safety. Company
objectives for food safety and the legal environmare discussed next. Finally, decision
making on food safety control is discussed.

2.2.1. Food safety hazards

Food safety problems are caused by insufficientroband detection of food safety hazards.
The Codex Alimentarius (2003) distinguishes micobdigical (e.g. bacteria, viruses, parasites,
protozoa, fungi), chemical (e.g. residues of pa&l® and medicines, heavy metals,
xenobiotics) and physical hazards (e.g. radiafiorgign bodies as glass, metal, wood, stone).
Food safety hazards can be characterized in how éméer and evolve in a product. A
contaminant is “any biological or chemical agerdgrefgn matter, or other substance not
intentionally added to food which may compromiseodosafety or suitability” (Codex
Alimentarius, 2003). Examples are microbiologicatards. In contrast, other hazards can only
enter a product if specific operating procedures ased, as residues and needles. For
microbiological hazards that can multiphg salmonella, food safety risks can increase after
entering a product. Conversely, chemical and physiazards do not multiply in a product.
Because hazards can differ in their characteristpsimal control strategies can also differ
between hazards.

2.2.2. Control measures

To control food safety FBOs can use control measa® heating, cooling, pasteurisation,
cleaning, disinfection, logistical processing, amng hazard free raw materials. A control
measure is “any action and activity that can beduseprevent or eliminate a food safety
hazard or reduce it to an acceptable level” (Cofléxentarius, 2003). Only if all FBOs in a
supply chain apply adequate control measures, sodlipt safety can be guaranteed. A control
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measure can reduce risks of multiple hazards oorabmation of control measures can be
necessary to reduce the risk of a single hazareletive and corrective measures can be
distinguished. Preventive measures ensure a haiaed not enter a product. Corrective
measures eliminate or reduce a hazard in a prodaziards, for which no corrective measures
exist, can be controlled by preventive measureqroducts contaminated with such hazards
can be processed separately for markets for whiwset hazards pose no risk. For
contaminants, a combination of preventive and otire control measures can be necessary.
Hazards which can only enter a product if speaddfperating procedures are used, can be
precluded by abandoning these procedures. Hazargracess properties determine the set of
relevant control measures.

2.2.3. Company objectives for food safety

A company objective for food safety is the foodetaievel of its end products a FBO aims at.
Company objectives can be related to products amgepses. Product related company
objectives focus on intrinsic product attributescagtamination level for relevant hazards or
Performance Objectives and Performance CriteriaS@&F2007). Process related company
objectives focus on compliance with procedures #at to control food safety, for example
the level at which food safety guidelines as HACQ®eedures are followed. In recent years,
with the legal prescription of HACCP, food safegntrol in the EU has shifted increasingly
from product to process control. Company objectisas focus on effectiveness, the extent to
which food safety is improved, and on efficienogiating costs and benefits to effectiveness.
Company objectives can aim at compliance with feafity legislation or with private norms.
Private norms should include legal norms and calude additional norms, and can be used as
a strategic marketing tool. For most hazards, apaom objective of zero risk is generally
unrealistic due to unintentional entrance in praslu€urrently, company objectives for food
safety are generally set roughly through the obdiga HACCP—system. Concrete company
objectives are, however, mostly still lacking.

2.2.4. Legal environment

The legal environment sets requirements to FBOsairht prescribe usage of specific control
measures or safety control systems, for example €ERAGt can also prohibit usage of specific
control measures, for example in the EU, irradiatdd food products. The legal environment
can prescribe company objectives or be used agelme to set them. General food laws and
product liability laws apply to all hazards. Prodiiability laws can induce FBOs to improve
food safety, if contaminations can be traced to sharce and the responsible FBO faces
liability costs (Buzbyet al., 2001). Difficulty to identify the source limit pduct liability laws

to improve food safety on farms and processingtpldiing et al., 2007). Product liability
laws can differ between countries. For example,itmendamages and class action law suits
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are less well developed in the EU than in the U%Ar specific chemical hazards, EU
Regulations (EC) No 396/2005, 2377/90 and 1881/28éblish process and product norms.
For microbiological hazards, the European Food tgaf@ithority defined Appropriate Level
of Protection, Food Safety Objective, PerformandgeCives, and Performance Criteria
(EFSA, 2007). Criteria for some specific microbigilcal hazards in specific products are set in
EU Regulations (EC) No 2073/2005 and 2160/2003, Bwgse criteria and criteria for other
hazards and products still need further developneU food safety laws to set concrete
objectives for food safety control. The legal eamiment provides guidelines for setting food
safety objectives for FBOs and legal constrainthéoset of relevant control measures.

2.2.5. FBO decision making on food safety control

If a FBO with the applied control measures doesmeét company objectives, it should apply
more effective control measures. The decision witomtrol measures to apply is thus
essential for food safety. Costs and turnaroune tare important in FBO decision making.
Control measures can increase costs through laba@stment in equipment, and redesign of
production processes. Testing and sampling redovestment in technologies and labour of
FBO and laboratory personnel. Audits and inspestigyguire labour of auditors, inspectors
and FBO personnel. Control measures, samplingntgstaudits and inspections can be time
consuming (Unnevehet al., 2004), increasing turnaround time and loweringlfshife of
products. But, control measures can also haveiposixternalities as lower production and
processing costs, higher sales prices, increases| sad increased market access.

Control measures aim to decrease contaminationislewe products and number of
products with a relevant food safety risk, therédyering internal and external failure costs.
Internal failure costs are additional processing production costs for the FBO of products
not within specification. External failure costsedinancial consequences for other supply
chain stages, as additional processing and pramuctdbsts, and for society due to human
illness and death. Financial consequences for tyocén be calculated with the human capital
or the friction cost method (Koopmanschap and Viaewvéld, 1992) using Quality of Life,
Quality Adjusted Life—Year or Disability Adjustedfe—Year (Abelson, 2003; Manges al.,
2005). A FBO that caused external failure costyy tates these costs when traceability shows
that it is involved (Van der Vorst, 2006). Exterrfiailure costs are revealed through product
recalls (Thomsen and McKenzie, 2001), damagedioaktiips with suppliers and subsequent
trade implications, and liability for public healfiroblems (Buzbyet al., 2001). FBOs can
sometimes insure themselves against external éadosts. In a sense, control measures are an
insurance against failure costs with their costsirmirance premium. How costs and
turnaround time are weighted in the decision totrmbrfood safety depends on the decision
making organisation. Generally, FBOs focus moredimact costs and gains and attributable
external failure costs, whereas public organisatimm societal costs.
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Drivers of human decisions also drive FBO decisidtetional people maximize expected
utility knowing all options, probabilities and effis. However, bounded rationality makes
human behaviour deviate from rational behavioum8i, 1955). Deviations, as systematic
errors in assessing probabilities and predictindguesa under uncertainty (Tversky and
Kahneman, 1974), comparison of gains and lossea teference value (Kahneman and
Tversky, 1979), valuing losses twice as heavy assgd versky and Kahneman, 1992), contra
productive financial incentives (Pokorny, 2008),rriass considerations (Rabin, 1993),
reciprocity (Fehet al., 1997), and non-linear discounting (Fredegthkl., 2002), impact real
decision making to apply control measures.

Drivers of FBO decisions to apply control measwesosts and turnaround time are key
elements in food safety control and must be cons@lén an incentive system for food safety
control. For accurate ex—ante evaluation of foddtgacontrol systems, insight into real FBO
decision making is essential.

2.3. Food safety control at supply chain level

To enhance performance of a supply chain, FBOs pogtdinate goals and activities (Schulze
Althoff et al., 2005). For improved food safety performance gopguchain level, FBOs must
coordinate their decisions about food safety cdnffo coordinate FBO decision making,
incentive systems can be used, which include imoemhechanisms as price premiums, profit
and cost-sharing arrangements, qualified suppliegrams, and long—term commitments
(Boehlje, 1999). Valeeva (2005) argues that ineenthechanisms are promising to improve
coordination of food safety activities over FBOsaisupply chain. Between each two stages of
a supply chain an incentive mechanism aimed at &zdety control can be implemented. An
incentive system aimed at food safety control is defined here as the set of incentive mechanisms
aimed at food safety control implemented in a sypghain, which aims to achieve the
incentive system objectives for food safety. FigArg provides an example of an incentive
system. The next two sections discuss incentiveham@sms for food safety control and
incentive system objectives.

Incentive system for food safety control

. Incentive Buyer / Incentive Buyer / Incentive
Supplier mechanism supplier mechanism supplier mechanism Buyer

Figure 2.1: Example of an incentive system for foodafety control (light gray) with three
incentive mechanisms between four supply chain stag (dark gray).
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2.3.1. Incentive mechanisms

To induce quality control at suppliers FBOs haveplamented incentive mechanisms that
measure and compensate performance (e.g. Chalf@hiSaxton, 2002; Hueth and Ligon,
2002). Similarly, to induce food safety control sfippliers, buyers can use incentive
mechanisms. Aimcentive mechanism aimed at food safety control is defined here as the set of
performance and compliance measurement system angensation scheme between buyer
and supplier, which aims to induce the supplierpply control measures to control food
safety hazards as the buyer requests. Key eleméniteentive mechanisms for food safety
control were determined in a literature review egentive mechanisms for food quality
control and for food safety control, which are fssively discussed.

For food quality control, the literature review eaed a number of incentive mechanisms
in animal and plant production (Table 2.1). Incemtimechanisms aimed at high product
quality and efficient use of inputs. Absolute amdative indicators were used to measure
performance on quality attributes of raw materiatgl end products, and compliance with
process attributes. Absolute indicators measureiglier's performance and compliance
independent of other suppliers, relative indicatoeschmark with reference suppliers. The
buyer or a third party conducted performance amdptiance measurement. Samples and tests
were used to measure product related indicatodsaadits and inspections for process related
indicators. Several reports mentioned sampling rerrim measuring performance and
compliance. Quality performance and compliance e@spensated with a fixed or variable
piece rate, a financial reward per produced iterachE quality attribute used its own
measurement indicator and compensation.

For food safety control, the literature review rafeel that actual incentive mechanisms are
scarce (Table 2.2). Only Albaet al. (2002) describe an actual incentive mechanism ithat
used in practice, the others theoretical mechaniseasurement indicators were product and
output based and included prevalence, residue,learal probability that unsafe products
remained undetected within an epidemiological uwhi, type—Ill—error. Average performance
of multiple deliveries was used to average outarar in performance over deliveries. Most
reports considered the measurement accuracy thrsamgble size. Performance compensation
included financial penalties for products with isased food safety risk, additional internal
costs, liability costs and rendering costs.
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The literature review only showed financial commimn. However, non—financial
compensation might also be used to induce suppiesupply chains. Displaying hygiene
grade cards in restaurant windows increased ingpestores (Jin and Leslie, 2003). Internal
esteem and animal health equally motivated daimyéas as monetary rewards (Valeetval.,
2007). Non-financial awards as orders, medals astbrations are used in monarchies,
republics, non—profit organizations and comparsestite individuals (Frey, 2007).

Key elements of incentive mechanisms for food gafemntrol are the performance and
compliance measurement system and compensatiomedtégure 2.2). The performance and
compliance measurement system is characteriseldebméasurement indicators, measurement
accuracy, and the actor who conducts performanat @mpliance measurement and
determines performance and compliance. The perfocenaand compliance compensation
scheme includes the compensation types, such aacfal or non-financial and bonus or
penalty. Knowledge about impact of incentive medtras on food safety performance in
practice is still limited. Insight is needed intovh aspects, as self-reporting of performance,
measurement accuracy, non—financial compensatimhalternative measurement indicators as
type—ll-error, influence effectiveness and efficigrof incentive mechanisms for food safety
control.

Incentive mechanism for food safety control

Performance and compliance Performance and compliance

measurement system compensation scheme

*  Which indicators to apply to measure * What compensation types to
product performance and process apply?

compliance?
e What is the accuracy of performance and
compliance measurement?
e Who conducts performance and
compliance measurement?

Figure 2.2: Key elements of an incentive mechanisfor food safety control.

2.3.2. Characteristics of the supplier—buyer relatinship

Because an incentive mechanism for food safetyrobist implemented between supplier and
buyer, it must consider characteristics of theitatienship. This relationship can be
characterized by processes, product flow, finanagdects, information flow, incentives and
governance structure (Boehlje, 1999). Financialeafsp and incentives were discussed
previously. Processes, product flow, informaticmwfland governance structure are discussed
subsequently.
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Processes in food supply chains have specific ctexistics (Van der Vorsdt al., 2009)
to be considered in an incentive system. Biologit&lchanisms, weather, pests and other
biological hazards result in large variation in gy and product quality. Seasonality in
production necessitates global sourcing to progidear round supply. Quality decay, while
products pass through the supply chain, limits fshiéd of products. To restrict decay,
conditioned processing, transportation and stoiagessential. Notwithstanding, for certain
products a short turnaround time from harvest ttsamption is essential to prevent spoilage.

Product flow concerns supply assurance. If two FR®se different acceptance levels for
a hazard in a product due to private standardsffareht local legislation, and suppliers can
shift deliveries from one buyer to another, theitgigial effort for compliance with the tighter
level can result in suppliers to cease delivermthe FBO with the tightest level, endangering
its supply assurance. Supply assurance interatistié market organisation, because the risk
of loosing supply assurance is smaller for a buyles needs one out of ten available suppliers
than for a buyer who needs one out of two availabfgpliers.

Information flow relates to the extent to which FB®hare information. Information
asymmetry about food safety is present in orgaiaizat interactions due to three reasons.
First, limitations to cognitive abilities of peopénd high transaction costs make all contracts
incomplete (Williamson, 2002). Second, for othetksholders as consumers, other FBOs or
governments it is difficult or costly to observeaifFBO applies control measures (Hirschauer
and Musshoff, 2007). Third, organizations refraironf information sharing fearing
information misuse by trading partners (Mohtadi &masey, 2005) and diminished bargaining
power (Clemons and Row, 1993). Transactions inptiesence of information asymmetry are
addressed irincentive Theory (Laffont and Martimort, 2002). A principal, e.g. lauyer,
delegates a service to an agent, e.g. its supphdting part of his risk of reaching the desired
outcome to the supplier. The buyer compensatesupglier for the risk based on performance
of the service. Two agency problems can ariset lErthe adverse selection problem. Prior to
contracting the buyer does not know which suppliess what control measures. The buyer
only offers low compensation to avoid paying highmpensation to suppliers who don't use
control measures. Low compensation is sufficient $oippliers who don’'t use control
measures, but not for suppliers who do, due ta thigher costs. So, suppliers who use control
measures are not contracted and driven out of Hi&eh Second is the moral hazard problem.
After delegation of a service, the buyer cannoteobxs the effort of suppliers to fulfil the
service. This might tempt suppliers to perform lefert, resulting in lower performance than
the buyer desires. Organizational interactions withh conflicting interests are addressed in
non—cooperative Game Theory (Kreps, 1990). A Nash equilibrium exists when Ineit FBO
can improve performance by one-sidedly deviatiogifa contract.

Governance structure involves ownership structurel anarket organization. The
ownership structure in a supply chain, as coopearatir investor owned firm, determines
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distribution of returns between FBOs and optimaldfeafety control measures for each FBO
(King et al., 2007). The market organisation of food supplyithdas specific characteristics
to be considered in an incentive system. A largentyer of spatially dispersed primary
producers deliver products to few wholesalers oocessing companies. Most primary
producers are small compared to wholesalers andepsing companies. In market
organizations where a buyer has few suppliers,ameeasier control food safety risk, than in
market organizations where a buyer has numeroysdistg

We conclude that specific processes characterisgepply assurance, information
asymmetry, ownership structure and market orgapizaare important factors for setting
incentive mechanism parameters. Exactly how thesdors influence optimal incentive
mechanism parameters is still unknown.

2.3.3. Incentive system and incentive mechanism @ujtives

Incentive system objectives are food safety letledssystem aims at, comparable to company
objectives, and can provide strategic guidancadtiing company objectives. Incentive system
objectives are set by the system’s owner. Goverhregstems aim at compliance with food
safety legislation, private systems at compliancih vprivate norms. Incentive system
objectives can focus on end products and be differted to intermediate products and
processes. If an incentive system aims to induod 8afety control simultaneously in multiple
supply chain stages, it encompasses a separatsticenechanism for each stage. Each
incentive mechanism has its own incentive mecharbjactives derived from the incentive
system objectives. Objectives of the incentive rme@ms are coherently set to ensure the
incentive system objectives can be achieved. Radctincentive system and incentive
mechanism objectives should be realistic, becaese-mlerance and 100% compliance do not
exist in real life. If all external failure costseaattributed to FBOs, incentive system objectives
are endogenous in the system. If not, incentivéesysobjectives must be set exogenously
based on an ex—ante determined optimal food s#degl. However, it is unclear what food
safety level is optimal. Also, practical incentisyggstem objectives for food safety are lacking.

2.4. Framework

The framework for designing and analysing incentivechanisms for food safety control in
EU supply chains combines the aspects elaborated impprevious sections (Figure 2.3). The
framework consists of two cycles. The first is #eategic cycle on the right side of Figure 2.3,
which concerns the translation of the incentivetesysobjectives into incentive mechanism
parameters. The incentive system’s owner, which leanthe buyer, a third party or the
government, sets incentive system objectives, f@mple a specific expected salmonella
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prevalence level in consumer products, considenétgyvant food safety hazards and the legal
environment. Incentive system objectives are tedadl into incentive mechanism objectives,
for example a specific maximum salmonella prevagelerel in products delivered by the
supplier. Measurement system parameters of thativeemechanism, such as sample size and
diagnostic test, and compensation scheme paramstets as a penalty on products that have a
salmonella level exceeding a specific thresholdiwabre set based on incentive mechanism
objectives. The parameters are set consideringupgplier—buyer relationship characteristics.
The performance and compliance measurement sysieasses actual product performance
and process compliance of the supplier to determirasured performance and compliance.
Measured performance and compliance is evaluatdtibincentive system owner whether it
sufficiently contributes to reaching the incentsgstem objectives and incentive mechanism
objectives. If measured performance and compliasdasufficient to reach either incentive
system or incentive mechanism objectives, incenthechanism parameters are reset. The
likely increase in susceptibility to food bornenékses of the EU population’s could necessitate
to tighten incentive system and incentive mecharosjectives, providing another reason for
resetting incentive mechanism parameters.

The second cycle is operational and concerns tthecement of the supplier through the
incentive mechanism. The supplier delivers produestth a specific performance and
compliance, which results from the specific contrasures used. Measured performance and
compliance is determined by the performance andptiante measurement system assessing
the real product performance and process compliahtiee supplier, also used in the strategic
cycle. Performance and compliance compensatiortbfersupplier is determined using the
measured performance and compliance and the pexfmenand compliance compensation
scheme. The supplier considers performance and l@mmp compensation, effectiveness of
relevant and legal control measures, and their atnpa costs and turnaround time, in its
selection of control measures to use. The set lgvaat and legal control measures is
determined by the relevant food safety hazarddegal environment.

In a supply chain, the buyer in Figure 2.3 can &lsca supplier of another buyer. If the
incentive system extents to the other buyer, aeritice mechanism can be implemented
between the other buyer and its supplier. Bothritice mechanisms objectives are derived
from the incentive system objectives. Parametetsotti incentive mechanisms are coherently
set given incentive mechanism objectives and sepguyer relationships. For each supplier—
buyer relationship the system functions as desdrétmve.
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Food safety hazards Incentive system
Legal environment — objectives

¥ !

Setof relevant  gypplier-buyer

I Product performance
and process compliance

Used control
measures

and legal control "~ ejationship Incentive mechanism
measures objectives
|
: * + Strategic
| INCENTIVE MECHANISM cycle
I
[ Performance Performance
| and compliance and compliance
I compensation measurement
: scheme system
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1 |
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Figure 2.3: Framework for designing and analysingricentive mechanisms for food safety
control in supply chains. The incentive mechanismsi the light gray box. Actors are

represented in dark gray boxes with dotted lines. 8xes with a thin solid line indicate key
aspects for food safety control that are determinedby the actors. Boxes with thin dotted
lines correspond to aspects that result from contlomeasures used by the supplier.
External factors of influence on the incentive mednism are represented without boxes.
Solid arrows stand for ‘A determines B’, dotted arows for ‘A influences B'. The two

cycles are indicated by bold italic letters and bal arrows.
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In Figure 2.3 the incentive system owner can bebtheer, a third party or the government.
If the buyer is the owner of the incentive systantentive system objectives, incentive
mechanism objectives and the incentive mechaniskigare 2.3 are integrated into the buyer.
Public and private organisations can also implenagnincentive system together. In public—
private cooperation, governments and FBOs camsenhtive system and company objectives,
design incentive mechanisms, set incentive mecimap@rameters to improve food safety, and
make agreements on who absorbs which failure cbstsexample, in transition periods to
tighter objectives, governments can temporarilyodib®xternal failure costs to provide FBOs
with sufficient time to develop and implement nemgre effective control measures.

2.5. Conclusion and outlook

This chapter presents a framework for incentive maasms for food safety control in EU
supply chains, which emphasizes key aspects of $aéety control and provides guidelines for
designing and analysing such mechanisms. Inter—anoynpncentive mechanisms induce
supplying FBOs to apply control measures. Multipleentive mechanisms combined make up
an incentive system that aims to control a hazardupply chain level. The framework can be
used to analyse and assess food safety contrdl isuply chains and to set achievable public
and private targets for food safety hazards.

It is important to recognize that the knowledgéhofv to apply incentive mechanisms for
food safety control in practice is still limited.lehents of incentive mechanisms as the
performance and compliance measurement systemhendompensation scheme should be
attuned to reach effective and efficient food safaintrol. Although impact on food safety
performance of some elements has received atte(Biackus and King, 2008; Hirschauer and
Musshoff, 2007; Kinget al., 2007; Starbird, 2005; Starbird, 2007), more ihsigto impact of
these and other elements is needed. To improvgrde$inew incentive mechanisms, insight
into variation in efficacy of incentive mechanisimstween FBOs is needed. Alternatives to
reduce measurement costs, as self-reporting afnpesthce and compliance by suppliers, have
to be examined for practical applicability. Knowded is lacking about efficacy of non-—
financial compensation and of alternative perforosaimdicators as the type—ll—error to induce
suppliers to control food safety, and the impacinefasurement accuracy on performance and
compliance. Also, incentive system, incentive mega and company objectives for food
safety are lacking in practice.

The framework was developed for the case of fodetygaontrol in EU supply chains. But
it can be adapted for all settings necessitatingrdinated actions of multiple FBOs, for
example, to determine key elements of certificaigstems as used for green label producers.
The framework can be a valuable tool for analysing assessing incentive mechanisms and
systems in settings where FBOs must cooperatepaitimers from other supply chain stages.

42



Framework for designing and analyzing incentive mamisms for food safety control in EU supply chains

References

Abelson, P. (2003). The value of life and health pablic policy. The Economic Record
79(Special issue), pp. 2-13.

Alban, L. and Stark, K.D.C. (2005). Where should #ffort be put to reduce the Salmonella
prevalence in the slaughtered swine carcass efédg® Preventive Veterinary Medicine
68(1), pp. 63-79.

Alban, L., Stege, H. and Dahl, J. (2002). The néagsification system for slaughter-pig herds
in the Danish Salmonella surveillance—and—controbgmm. Preventive Veterinary
Medicine 53(1-2), pp. 133-146.

Backus, G.B.C. and King, R.P. (2008). Producer rntiges and plant investments for
Salmonella control in pork supply chains. Europ&aview of Agricultural Economics
35(4), pp. 547-562.

Boehlje, M. (1999). Structural changes in the agdtical industries: How do we measure,
analyze and understand them? American Journal eicéitural Economics 81(5), pp.
1028-1041.

Buzby, J.C., Frenzen, P.D. and Rasco, B. (2001dut liability and microbial foodborne
illness. ERS Economics Report No. AER799, Unitedt&¥t Department of Agriculture,
Washington, DC.

Chalfant, J.A. and Sexton, R.J. (2002). Marketinglecs, grading errors, and price
discrimination. American Journal of Agricultural @womics 84(1), pp. 53-66.

Clemons, E.K. and Row, M.C. (1993). Limits to ifiten coordination through information
technology: results of a field study in consumeckaged goods distribution. Journal of
Management Information Systems 10(1), pp. 73-95.

Codex Alimentarius. (2003). Recommended internafi@mode of practice. General principles
of food hygiene. Codex Alimentarius Commission, Rottaly.

Codex Alimentarius. (2005). Code of hygiene practior meat. Codex Alimentarius
Commission, Rome, Italy.

Curtis, K.R. and McCluskey, J.J. (2003). Contracentives in the processed potato industry.
In proceedings of the Food System Research Corferdadison, Wisconsin, USA, June
26-27, pp. 35.

EFSA (2007). Opinion of the Scientific Panel on IBgical Hazards on microbiological
criteria and targets based on risk analysis. THe/AEFournal 462, pp. 1-29.

EFSA (2010). The community summary report on treadd sources of zoonoses, zoonotic
agents, antimicrobial resistance and food—bornbreaks in the European Union in 2008.
The EFSA Journal 1496, pp. 1-288.

Fehr, E., Gachter, S. and Kirchsteiger, G. (19B@&ciprocity as a contract enforcement device:
Experimental evidence. Econometrica 65(4), pp. 833-

43



Chapter 2

Frederick, S., Loewenstein, G. and O'Donoghue, ZD02). Time discounting and time
preference: A critical review. Journal of Econoriterature 40(2), pp. 351-401.

Frey, B.S. (2007). Awards as compensation. Europdsmgement Review 4(1), pp. 6-14.

Hirschauer, N. and Musshoff, O. (2007). A game—tbgo approach to behavioral food risks:
The case of grain producers. Food Policy 32(2) 28p-265.

Hueth, B. and Ligon, E. (2002). Estimation of aficednt tomato contract. European Review
of Agricultural Economics 29(2), pp. 237-253.

Hueth, B., Ligon, E., Wolf, S. and Wu, S. (1999)céntive instruments in fruit and vegetable
contracts: Input control, monitoring, measuringd girice risk. Review of Agricultural
Economics 21(2), pp. 374-389.

Hueth, B. and Melkonyan, T. (2004). Quality meameat and contract design: Lessons from
the North American sugarbeet industry. Canadian rnibu of Agricultural
Economics/Revue canadienne d'agroeconomie 52(2),65181.

IDF (2009). Diabetes atlas. International Diabetégderation, Brussels, Belgium.
www.eatlas.idf.orgaccessed 31-7-2009.

Jin, G.Z. and Leslie, P. (2003). The effect of mfation on product quality: Evidence from
restaurant hygiene grade cards. The Quarterly dbofrEconomics 118(2), pp. 409-451.

Kahneman, D. and Tversky, A. (1979). Prospect theAn analysis of decision under risk.
Econometrica 47(2), pp. 263-292.

King, R.P., Backus, G.B.C. and Van der Gaag, M280(7). Incentive systems for food quality
control with repeated deliveries: Salmonella canimgpork production. European Review
of Agricultural Economics 34(1), pp. 81-104.

Knoeber, C.R. and Thurman, W.N. (1994). Testingttieory of tournaments: An empirical
analysis of broiler production. Journal of LabooRomics 12(2), pp. 155-179.

Koopmanschap, M.A. and Van Ineveld, B.M. (1992)waads a new approach for estimating
indirect costs of disease. Social Science & Me@i@#(9), pp. 1005-1010.

Kreps, D.M. (1990). A course in microeconomic thediarvester Wheatsheaf, Hertfordshire,
UK.

Laffont, J.—J. and Martimort, D. (2002). The theofyincentives: the principal-agent model.
Princeton University Press, Princeton, New Jersey.

La Vecchia, C., Bosetti, C., Lucchini, F., BertuccP., Negri, E., Boyle, P. and Levi, F.
(2010). Cancer mortality in Europe, 2000-2004, andoverview of trends since 1975.
Annals of Oncology 21(6), pp. 1323-1360.

Levy, A. and Vukina, T. (2004). The league compositeffect in tournaments with
heterogeneous players: An empirical analysis ofildracontracts. Journal of Labor
Economics 22(2), pp. 353-377.

Luning, P.A. and Marcelis, W.J. (2006). A technoragerial approach in food quality
management research. Trends in Food Science & ©&xhnl17(7), pp. 378-385.

44



Framework for designing and analyzing incentive mamisms for food safety control in EU supply chains

Luning, P.A., Marcelis, W.J. and Van Der Spiegel, ®@006). Quality assurance systems and
food safety. In Luning, P.A., Devlieghere, F. anerhé, R. (eds.). Safety in the agri—-food
chain. Wageningen Academic Publishers, Wageningen249-301.

Mangen, M.-J.J., Havelaar, A.H., Bernsen, R.A.J.A.Man Koningsveld, R. and De Wit,
G.A. (2005). The costs of human Campylobacter tidas and sequelae in the
Netherlands: A DALY and cost-of-illness approactctad Agriculturae Scandinavica
Section C 2(1), pp. 35-51.

Martin, L.L. (1997). Production contracts, risk féihig, and relative performance payments in
the pork industry. Journal of Agricultural and Ajgal Economics 29(2), pp. 267-278.

Martinez, S.W. and Zering, K. (2004). Pork quabtyd the role of market organization. ERS
Report No. AER835, United States Department of égtiire, Washington DC.

McDonald, R.A. and Schroeder, T.C. (2003). Fedeattofit determinants under grid pricing.
Journal of Agricultural and Applied Economics 35(@p. 97-106.

Mohtadi, H. and Kinsey, J.D. (2005). Informationcbange and strategic behavior in supply
chains: Application to the food sector. Americanrdal of Agricultural Economics 87(3),
pp. 582-599.

Palella, F.J., Delaney, K.M., Moorman, A.C., Lowde M.O., Fuhrer, J., Satten, G.A,,
Aschman, D.J., Holmberg, S.D. and The HIV Outpdti&tudy Investigators (1998).
Declining morbidity and mortality among patients tlwi advanced human
immunodeficiency virus infection. The New Englanguthal of Medicine 338(13), pp.
853-860.

Pokorny, K. (2008). Pay—but do not pay too much: eperimental study on the impact of
incentives. Journal of Economic Behavior & Orgati@a66(2), pp. 251-264.

Pouliot, S. and Sumner, D.A. (2008). Traceabilighility, and incentives for food safety and
quality. American Journal of Agricultural Economi8(1), pp. 15-27.

Rabin, M. (1993). Incorporating fairness into gatheery and economics. American
Economic Review 83(5), pp. 1281-1302.

Schulze Althoff, G., Ellebrecht, A. and Petersen, (B005). Chain quality information
management: development of a reference model falitgunformation requirements in
pork chains. Journal on Chain and Network Scierftg pp. 27-38.

Simon, H.A. (1955). A behavioral model of rationethoice. The Quarterly Journal of
Economics 69(1), pp. 99-118.

Simon, H.A., Dantzig, G.B., Hogarth, R., Plott, G.Raiffa, H., Schelling, T.C., Shepsle,
K.A., Thaler, R., Tversky, A. and Winter, S. (198 Decision making and problem
solving. Interfaces 17(5), pp. 11-31.

Starbird, S.A. (2005). Moral hazard, inspectioni@gland food safety. American Journal of
Agricultural Economics 87(1), pp. 15-27.

45



Chapter 2

Starbird, S.A. (2007). Testing errors, supplierreggtion, and food safety. Agricultural
Economics 36(3), pp. 325-334.

Thomsen, M.R. and McKenzie, A.M. (2001). Market dntives for safe foods: An
examination of shareholder losses from meat andtryorecalls. American Journal of
Agricultural Economics 83(3), pp. 526-538.

Tversky, A. and Kahneman, D. (1974). Judgment undeertainty: Heuristics and biases.
Science 185(4157), pp. 1124-1131.

Tversky, A. and Kahneman, D. (1992). Advances irospect theory: Cumulative
representation of uncertainty. Journal of Risk dindertainty 5(4), pp. 297-323.

Unnevehr, L., Roberts, T. and Custer, C. (2004)w athogen testing technologies and the
market for food safety information. AgBioForum 7,(gp. 212-218.

Valeeva, N.I. (2005). Cost—effectiveness of impngvifood safety in the dairy production
chain. PhD thesis, Wageningen University, Wagenindketherlands.

Valeeva, N.l., Lam, T.J.G.M. and Hogeveen, H. (30QViotivation of dairy farmers to
improve mastitis management. Journal of Dairy Sme90(9), pp. 4466-4477.

Van der Vorst, J.G.A.J. (2006). Product traceabilit food—supply chains. Accreditation and
Quality Assurance: Journal for Quality, Comparapiland Reliability in Chemical
Measurement 11(1), pp. 33-37.

Van der Vorst, J.G.A.J., Tromp, S.—0O. and Van dee,ZD.—J. (2009). Simulation modelling
for food supply chain redesign; integrated decisioraking on product quality,
sustainability and logistics. International JouroBProduction Research 47(23), pp. 6611—
6631.

Williamson, O.E. (2002). The theory of the firm gevernance structure: From choice to
contract. Journal of Economic Perspectives 16(3),1F1-195.

46



Framework for designing and analyzing incentive mamisms for food safety control in EU supply chains

47






Incentive mechanisms for liver lesion control ini$hing pigs in the Netherlands

Chapter 3

Incentive mechanisms for liver lesion control
in finishing pigs in the Netherland$

Abstract

Liver lesion prevalence in slaughtered finishingspin the Netherlands remained relatively
high from the mid—1990s until 2004, although sudfit measures existed to control the main
cause, an infection with the roundworkscaris suum. In July 2004 a new incentive
mechanism was installed to induce finishing pigdaeers to increase control Afcaris suum
infections. This chapter compares the effectivermssvo Dutch incentive mechanisms: a
collective insurance, in place prior to July 2084d a reduction in producer payment for each
delivered pig with a liver lesion, in place fromhJ®004. Liver inspection data of pigs
slaughtered in 2003—2006 by a major Dutch slaugtderpany were analysed with an out—of—
sample dynamic forecast test and non—parametri¢stvapping. Results showed that after
introduction of the price reduction, mean liverite@sprevalence decreased from 9 to 5%. A
reduced liver lesion prevalence ranging from O @opércentage points was observed on 67%
of 1069 farms that delivered both during the ineaeaand the price reduction. The number of
farms with a liver lesion prevalence of 5.0% orsléscreased from 52 to 68%. The price
reduction for each pig with a liver lesion was areneffective incentive mechanism to induce
finishing pig producers to contrécaris suum infections than the collective insurance.

3.1. Introduction

Liver lesions are an important quality and safetyritaute in pork production. In the
Netherlands from the mid—1990s until 2004 mearr llesion prevalence in slaughtered pigs
fluctuated around 9%. For the 20.1 million finisfipigs reared in the Netherlands in 2003
(PVE, 2004), this amounted to around 1.8 milliogspwith lesioned livers. The main cause of
liver lesions was an infection with the roundwoAstaris suum (A. suum). Pigs infected with

2 C.P.A. van Wagenberg, G.B.C. Backus, W.E. Kuipg®,A.J. van der Vorst and H.A.P. Urlings.
Published in Preventive Veterinary Medicine 93D, 19-24.
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A. suum had a higher feed intake, a lower growth rateyveet health level, and a lower lean
meat percentage, leading to substantial econorsaefofor pig producers (Stewart and Hale,
1988; Roepstorff, 2003). In addition, the devalmatdf livers with pathological lesions caused
by A. suum resulted in economic losses of slaughterhousesohpensate slaughterhouses in
the Netherlands for these economic losses, a manydebllective insurance with a premium
per pig delivered to a slaughterhouse was in pd#mee the 1940s. The premium was paid by
the pig producers. To reduce economic losses causesioned livers, in 2004 the Dutch pig
industry changed this to a market—based incentigehanism: a €1 reduction in the payment
to producers for each pig with a lesioned liverisTthapter aims to analyze if the market—
based price reduction provided higher incentivefnighing pig producers than the collective
insurance to controA. suum infections as measured through liver lesion peved. We
compared liver lesion prevalence at aggregate adididual farm level between a period in
which the collective insurance was effective angdeaiod in which the market-based price
reduction was effective.

Section 3.2 provides background on liver lesiondimishing pigs in the Netherlands.
Material and methods are provided in section 3etiSn 3.4 presents the results and section
3.5 the discussion. Finally, section 3.6 concludes.

3.2. Liver lesions in finishing pigs in the Nethednds

Most lesions in the liver are caused by an infectiath the roundwornA. suum. Adult A.
suum worms produce eggs in the pig's intestines whieheacreted with the faeces. After oral
ingestion of A. suum eggs, larvae hatch, penetrate the pig's intestamels migrate through
cecum, liver and heart to the lungs. The larvaeratégfurther to the trachea, are coughed up,
swallowed, and end up in the small intestine wheey mature into adult worms and start
producing eggsA. suum infections are controlled with anthelmintics dgribbreeding and
fattening. This mainly prevents new eggs being peced through termination of larvae and
adult worms. Eggs remain infectious for years. €fficacy of different anthelmintics ranged
from around 70 to 100% (Yazwinsétial., 1997; Lacey, 1990; Stewaattal., 1999; Ayoadest
al., 2003). Correct application of anthelmintics resllidiver lesion prevalence to 2—4% of the
herd (Van Meirhaeghe and Maes, 1996).

Since the 1990s individual inspection results df @gs delivered for slaughter are
recorded in the Netherlands. Since 2006 EU legislaE G/854/2004 prescribes this as well.
Pathological inspection results include lesiondiwdrs, skin, legs, lungs and pleurisy. All
slaughterhouses are legally enforced to use thehDinspection procedure developed by the
National Inspection Service for Livestock and Migathe early 1990s (PVV, 2006). Inspection
of carcasses is conducted by official assistamtdeudirect supervision of veterinarians from
the Dutch Food and Consumer Product Safety Authofihis guarantees independence of
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inspection. Inspected livers are classified on da$ithe degree of pathological deformation
due to arA. suum infection. When larvae migrate through the litke immune response leads
to inflammatory tissue that shows as white spotivéx has minor lesions if it has one or two
white spots on the front side. These are declardil for human consumption, but fit for
animal consumption. A liver is rejected, and comsgqly declared unfit for human and animal
consumption, when it has three or more white spots.

To compensate Dutch slaughterhouses for the ecantmsses of pathological slaughter
lesions including liver lesions, a mandatory cdilee insurance with a premium per pig
delivered to a slaughterhouse was in place from1®40s to 2004. It was based on the
slaughterhouse losses and an organizational sgehémn 2003 it was €0.31 per pig and
included €0.02 for lesioned livers. The insuranoavigled limited incentives to an individual
pig producer to contrdA. suum infections. Only if sufficient producers simultanssly lowered
liver lesion prevalence, the premium would decre&se a specific producer his premium did
not decrease if he reduced liver lesion prevalencdis farm. Consequently, producers with
high liver lesion prevalence received the same etgrkice as producers with low liver lesion
prevalence. The expected reduction in additionatipction costs due td. suum infections
was the only incentive for producers to control Rersisting high liver lesion prevalence
indicated that pig producers had insufficient irtoas to controlA. suum infections.

On 5 July 2004 the Dutch pig industry removed lesi livers from the insurance and
replaced it by a €1 reduction in the payment togsmpucers for each pig with a lesioned liver.
Other pathological lesions remained insured. Alltdbuslaughterhouses implemented the
reduction and it is still in place in 2009. Reséanedicates that incentive mechanisms that
related economic consequences to output qualityced producers to improve quality control
(Prendergast, 1999). Economic incentive mechanisers used to induce farmers to produce
the desired quality at the correct time (Hueth bigdn, 2002; Martinez and Zering, 2004) and
thereby contributed to higher food quality levelayasinghe—Mudalige and Henson, 2007) or
to the same food quality levels at lower costs (Keéhal., 2007). Economic benefits for pig
producers of controlling\. suum infections with the price reduction exceeded thaith the
insurance system. Mean liver lesion prevalence thighprice reduction was therefore expected
to be equal or lower than with the insurance system

Mean liver lesion prevalence is a measure of tfecgfeness of an incentive mechanism
to induce pig producers to contr@l suum infections. However, this measure does not show
the heterogeneity in producer responses to an tiweemechanism. Individual producer
responses are needed to gain insight into the Etdawvhich the incentive mechanisms actually
induce all producers to contr8l suum infections. Agricultural producers are heterogersein
many aspects. Pig producers were heterogeneousskinattitude (Pennings and Leuthold,
2000). Broiler producers differed in abilities ttedtect production performance (Knoeber and
Thurman, 1994). To induce agents with heterogeneghibties to exert effort, a set of
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individualised contracts was optimal in a situatwithout transaction costs (Levy and Vukina,
2002). Reversely, under an incentive mechanism wiith incentive level for all agents, or a
uniform incentive mechanism, each agent exertedffereht effort. Thus, only agents who
experienced sufficient motivation of a uniform intge mechanism exerted action. Both
insurance and market—based price reduction areramifincentive mechanisms. Consequently,
differences are expected between pig producetteicantrol ofA. suum infections and in liver
lesion prevalence. The fraction of producers witlow liver lesion prevalence is a second
measure of effectiveness of an incentive systemofe effective incentive system has a larger
fraction. Because the economic benefits of contr@lh. suum infections are higher with the
price reduction than with the insurance, a largactfon of producers was expected to be
motivated to controf. suum infections by the price reduction than by the nasge.

3.3. Material and methods

3.3.1. Dataset

The dataset included liver inspection results afhedelivery of finishing pigs at a Dutch

slaughter company from January 2003 to Decembe.200ontained 234,880 deliveries from

7829 suppliers including imports covering 3.1 roiflipigs in 2003, 3.5 million in 2004, 6.4

million in 2005 and 7.9 million in 2006. This repented 22% of all pigs slaughtered in the
Netherlands in 2003, 24% in 2004, 44% in 2005, 6% in 2006.

Coding of livers with minor lesions (one or two wehspots) and rejected livers (more than
two white spots) varied between slaughterhousetimta and in time. In some locations
rejected livers and livers with minor lesions wéah coded ‘rejected’, in other locations all
were coded ‘livers with minor lesions’ and this obad in time for some locations. Therefore,
no distinction was made between livers with miregidns and rejected livers in this analysis,
and the sum of prevalence of livers with minordesiand rejected livers was used.

3.3.2. Statistical analysis of the aggregate impact

First, we used the Box—Jenkins method (Box andidenik970) to derive a univariate time
series model of liver lesion prevalence for thairagsce period (week 1-79). Then, this model
was used to forecast liver lesion prevalence inghee reduction period (week 80-209).
Finally, an out-of-sample dynamic forecast tese(@nts and Hendry, 1998) on the time
series of weekly weighted mean liver lesion prevedewas used to determine impact of the
change from the insurance period (week 1-79) toptiee reduction period (week 80-209).
This test assumes that the error tegmis the time series are uncorrelated and have meam
The time series included lesion liver prevalenceeath delivery of each supplier and
weighting factor was delivery size. Data were apadiywith SAS 9.1 (SAS, 2002).
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3.3.3. Statistical analysis at individual producetevel

Effect at individual producer level of the changenf insurance to price reduction was
estimated by comparing mean liver lesion prevaldme®veen the insurance period and the
price reduction period. No long—term contracts texisbetween pig producers and slaughter
companies. Dutch slaughter companies competedectior pigs with each other and with
plants in neighbouring countries. In this settipghducers could regularly shift deliveries from
one slaughter company to another. A decrease im e lesion prevalence could thus have
originated from producers switching slaughterhoustagppose that producers with a high
prevalence switched from slaughterhouse A in tsar@nce period to slaughterhouse B in the
price reduction period while producers with a loveyalence switched from B to A, then a
reduction in mean liver lesion prevalence in sldediouse A did not originate from lower
prevalence at individual producer level but fromitshing. Therefore, only producers who
delivered in both periods were used in the analysis

It is unclear to what extent seasonal influenceAofuum infections on liver lesions in
finishing pigs existed (Roepstorff, 1991; Elbeattsal., 1992). We used the same calendar
periods to overcome possible seasonal influencasodP1 with insurance was defined from 1
July 2003 to 30 June 2004 (sample S1) and perid2price reduction from 1 July 2005 to
30 June 2006 (sample S2). Imports were excludeah 84 and S2 because these were not
traceable to individual producers. Also, deliverfeam possibly non—commercial producers
with less than 500 pigs delivered in period 1 opémiod 2 were excluded from S1 and S2. This
resulted in 1069 producers with 2.23 million pigs27,483 deliveries in S1 and with 2.65
million pigs in 26,934 deliveries in S2. Includiradl producers that delivered at least one
finishing pig in period 1 and period 2 yielded damiempirical results.

The impact of the price reduction was defined &sdlifference between weighted mean
liver lesion prevalence per producer in S1 and2n /S positive difference indicated a higher
liver lesion prevalence in S1 than in S2 and thuleerease from period 1 to period 2. Using
paired data, the null hypothesis to test was #{81-S2) 0, with S1-S2 the distribution of
the paired difference between S1 and S2 a(®ll-S2) weighted mean of S1-S2. The
weighting factor for a producer was the average bemof delivered pigs in these two periods.
Non—parametric bootstrapping (MacKinnon, 2002) wased to test HO, because a
Kolmogorov—Smirnov goodness of fit test statistic & normal distribution of 0.20 indicated
that S1-S2 was not normally distributgr<(0.01). To compare the fraction of producers with
a low prevalence between S1 and S2, producers eedegorized into two categories in both
S1 and S2: ‘low’ when weighted mean liver lesioevalence was 5.0% or less, and ‘high’
otherwise. Four possible outcomes were ‘low’ toaMlo‘low’ to ‘high’, ‘high’ to ‘low’, and
‘high’ to ‘high’. Moreover, for each outcome the Ihiypothesis HO:u(S1-S2< 0 was
formally tested.
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3.4. Results

3.4.1. Development of liver lesion prevalence 20083306

The development of weighted weekly mean liver legioevalence from January 2003 (week
1) to December 2006 (week 209) is presented inrEigul. Weighted mean liver lesion
prevalence decreased from 8-10% to 4—6%. Declifién lesion prevalence started 40-50
weeks after introduction of the price reduction.
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Figure 3.1: Observed weighted weekly mean liver lem prevalence and predicted
weighted weekly mean liver lesion prevalence withhe lower 95% confidence level and
upper 95% confidence level of finishing pigs delived to a major Dutch slaughter
company in 2003-2006 (3.1 million in 2003, 3.5 mdh in 2004, 6.4 million in 2005, 7.9
million in 2006). The predicted weighted weekly meariver lesion prevalence and its
confidence interval in weeks 80—-209 were forecasteing data of weeks 1-79. The bold
vertical line marks 5 July 2004, introduction dateof the price reduction in week 80. The
dashed vertical lines indicate period 1 with insurace (week 27 to week 78) and period 2
with price reduction (week 132 to week 183).
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3.4.2. Aggregate impact

Box-Jenkins yielded an AR(3) model (lamB + a,B? + a;B8%)-x, = ¢ + &, with x, mean liver
lesion prevalence in weekB the lag operator defined Bbx, = x; for alli U{...,-1, 0, 1,...},

¢ a constant, ang the error term. Removal of extreme outliers week3®7and 70 as well as
three following weeks 39-41 and 71-73 — to avoidiens influencing estimates through
lagged variables — resulted in a predicteddf

. (1)
X; = 0.01491 0.14360X;_; +0.27594X;_, + 0.40668X;_3
(0.2748)  (0.2224) (0.0192) (00012

The p values in parentheses showed that coefficientaggfed terms were all significant
except the one ok_,. The model had¥® = 0.33. The stationary AR(3) model captured all
univariate dynamics in the sample as indicated hi-stjuared tests for autocorrelation
between residual at weeélkand lags from 1 up to and including 6, 12, 182#Kallp > 0.245).
With the model as described in (1) aggregate weiyjimtean liver lesion prevalence values for
week 80-209 were forecasted. After week 135 obsenggregate liver lesion prevalence
dropped below the lower level of the 95% confidemterval of the forecasts indicating that
observed prevalence was significaniy<(0.05) smaller than the forecasts (Figure 3.1).

3.4.3. Impact at individual producer level

Weighted mean, median, 5% percentile, and 95% pelef livers lesion prevalence of S1
were higher than those of S2 for the 1069 produttextsdelivered in both period 1 and period
2 (Table 3.1). The 1% percentile of the non—parambbotstrap (1000 replications, seed 0) of
0.017 to test HOu(S1-S2k 0, indicated that S1-S2 was significantly différénom 0 with

p < 0.001. For producers that delivered in bothqusiweighted mean liver lesion prevalence
on aggregate level was significantly lower in pdribthan in period 1.

Table 3.1: Liver lesion prevalence statistics of the069 finishing pig producers who
delivered at least 500 pigs to a major Dutch slaugér company in the insurance period
from 1 July 2003 to 30 June 2004 (sample S1) and ihe price reduction period from 1
July 2005 to 30 June 2006 (sample S2).

Liver lesion prevalence statistic S1 S2
Weighted mean 0.073 0.051
Standard deviation 0.085 0.054
Median 0.041 0.035
Minimum 0.003 0.004
5% percentile 0.017 0.012
95% percentile 0.268 0.152
Maximum 0.621 0.533
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Of the 1069 individual producers from S1 and S2%6{719) showed a decrease in
weighted mean liver lesion prevalence ranging ffbto 46 percentage points (Figure 3.2). Of
350 producers with an increase 84% (294) showedaease less than 5 percentage points.
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Figure 3.2: Development in weighted mean liver lesh prevalence of the 1069 finishing

pig producers who delivered both in the insurance @riod from 1 July 2003 to 30 June

2004 (S1) and in the price reduction period from Duly 2005 to 30 June 2006 (S2) to a
major Dutch slaughter company. Developments were tnded to the nearest higher 1%—

development level. A positive S1-S2 indicates a dease in weighted mean liver lesion
prevalence.

Of the 557 producers in S1 with a low mean livesida prevalence<6.0%) in the
insurance period, 87% (482) retained this in Sthénprice reduction period (Table 3.2). Of the
512 producers with a high prevalence (>5.0%) in48Bp (246) had a low prevalence in S2.
The fraction of producers with a liver lesion prievece of 5.0% or less increased from 52% in
the insurance period to 68% in the price redugtieriod. Additionally, producers that retained
a high prevalence also significantly reduced maanglence.
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Table 3.2: Number of finishing pig producersN,qy,, humber of finishing pigs with a mean
liver lesion prevalence 0&5.0% in S2Nyyin s, NUMber of finishing pigs with a mean liver
lesion prevalence of >5.0% in SKqhins2, @and weighted mean liver lesion prevalence in
a prevalence category of S1 related to a prevalen@ategory of S2 for the finishing pig
producers who delivered at least 500 pigs to a majdutch slaughter company in the
insurance period from 1 July 2003 to 30 June 2004d&mple S1) and in the price reduction
period from 1 July 2005 to 30 June 2006 (sample S2)

Prevalence  Total Prevalence category in S2

category in <5.0% >5.0%

S Niow  #(S1]  p(S2F  Niownse  p#(S1}  p(S2f  Nnghinse (S} u(S2}
<5.0% 557 2.9% 3.1% 482 2.8% 2.4% 75 3.3% 7.4%
>5.0% 512 155% 8.5% 246 11.5% 3.1% 266 19.2% 13.4%

#u(S1) andu(S2) are weighted mean liver lesion prevalence feample S1 and sample S2 respectively. Bootstraps
(1000 replications, seed 0) showed that all diffees betweem(S1) andu(S2) within each category in S1 were
significant withp < 0.001.

3.5. Discussion

This chapter analysed liver lesion prevalence misfiing pigs in the Netherlands in a period
with a collective insurance with a premium per $hiing pig and a period with a reduction in
producer payment per finishing pig with a lesiofigdr. The analysis demonstrated the value
of the price reduction as an incentive mechanismettuce liver lesions compared to the
insurance.

Use of empirical data resulted in some limitatio@banges in external factors such as the
weather, the inspection procedure, the housingesst and the price of anthelmintics could
contribute to the decrease in liver lesion prevedendigh temperature and little rain decreased
the survival rate oA. suum eggs on pastures (Larsen and Roepstorff, 1999) NEtleerlands
has a temperate climate. In 2003, 2004, 2005 afé #e monthly mean temperature varied
between 1.8-19.3 °C, 3.2-18.8 °C, 2.4-17.7 °C and22.8=°C, respectively. The monthly
mean rainfall varied between 9-96 mm, 31-127 mm,150 mm and 9-181 mm, respectively.
Only 2006 showed a higher maximum temperature thahe other years. However, this was
in July, after the price reduction period analysethis chapter. In addition, more than 99% of
the finishing pigs in the Netherlands were keptimd in controlled climatic conditions with
only a marginal influence of the weather. Finallgermany, eastern neighbour to the
Netherlands, had a similar climate as the Nethddaand finishing pigs were kept in similar
housing conditions. Available data from a slaudieise in North—West Germany showed that
annual mean liver lesion prevalence remained ard®#td from 2001 to 2006 (Personal
communication H.J. Mdller of VION Food Hamburg AGQ06). This suggested that the
weather did not cause the decrease in liver legiogvalence as seen in the Dutch
slaughterhouses. As the meat inspection procedlidesot change since 2003, it is not to be
expected that this contributed to the decreasereithis unlikely that all 1069 finishing pig
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producers who delivered both in the insurance amck preduction period, renovated their
housing systems simultaneously in 2004 and 200%usig systems are renovated around
every 10 years for equipment and slatted flooraround every 40 years for the carcass (ASG,
2008). Changes to the housing systems are not expextave caused the observed decrease
in liver lesion prevalence. Finally, pig producemsuld have intensified\. suum infection
control due to a structural decrease in the prafeanthelmintics. However, the prices of
anthelmintics did not structurally decrease frod2@ 2006. It is not expected that the prices
of anthelmintics caused the decrease in liver fegievalence in the Dutch slaughterhouses.
Because no change was observed in all other pedsitiors, that to our knowledge could have
resulted in the decrease in liver lesion prevaletiechange in incentive mechanism remained
as the main cause.

Increased efforts to control liver lesions requiesdincrease in amount of purchased and
used anthelmintics. The Farm Accountancy Data Netvaataset of LElI Wageningen UR
included medicine use of around 70 individual prgducers in the Netherlands. These data
showed that amount of anthelmintics purchased 0b2hd 2006 was 16-18% higher than in
2004. This indicated that Dutch pig producers werere inclined to administer a worm
treatment in 2005 and 2006 than in 2004.

Decline in liver lesion prevalence started 40 weafksr introduction of the price reduction
(Figure 3.1). This can be explained by producelly starting to apply anthelmintics in new
groups of finishing pigs. In normal Dutch productisystems with three fattening rounds a
year all groups are replaced after 4 months. Furmbee, consequent application of
anthelmintics stops the production of new eggs antime, thus the infection pressure. Field
tests also showed that after starting a treatmeobok up to 18 months to reduce liver lesion
prevalence (Van Meirhaege and Maes, 1996).

The mean liver lesion prevalence in S1 of the 1fd@8hing pig producers who delivered
both in the insurance period and in the price rédaogeriod was 7.3%, lower than the 8-10%
in Figure 3.1. So, the mean liver lesion prevaleat¢he deliveries excluded from S1 was
higher than that of the deliveries in S1. The miaar lesion prevalence of producers in S2
equalled the level in Figure 3.1. Thus, on averageducers that were not included in the
sample had a larger decrease in liver lesion pegneal than the producers in the sample.

Valleevaet al. (2007) distinguished between three groups of daimners that each had a
different motivation to control mastitis. Common romic ground was appropriate for 37% of
the sample, 35% was motivated by having an efficigvell-organized) farm that easily
complied with regulatory requirements, and 28% oesied to alternative designs for premium
or penalty incentive programs. In this chapter wenil that economic grounds provided
sufficient incentives to controh. suum infections for 52% of the producers. The €1 price
reduction increased this number by an addition& 1 the producers. A further reduction in
mean prevalence must come from the 32% of produsighsa high prevalence level in the
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price reduction period. Understanding what diff¢isges this group of producers from other
groups can help to design more effective incentwmechanisms that provide sufficient
incentives for all producers. Further researcheisded to determine how all producers can be
motivated to controf. suum infections.

3.6. Conclusion

In July 2004 the mechanism to compensate Dutchstagghterhouses for their costs of
lesioned livers changed from an insurance withxadficost level per pig notwithstanding the
prevalence of liver lesions on the farm, to a réidacin producer payment of €1 per pig with a
lesioned liver. This introduced an additional fingh incentive for finishing pig producers to
control forA. suuminfections. As a consequence, mean liver lesiewglence dropped and the
fraction of producers with a low liver lesion présece increased. The market—based price
reduction for pigs with a lesioned liver was a meftective incentive mechanism to reduce
mean liver lesion prevalence than the collectiwaiiance.
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Chapter 4

Management practices associated with high
liver lesion prevalence on Dutch finishing
pig farms®

Abstract

This chapter analyses management practices assbaiath high liver lesion prevalence on
Dutch finishing pig farms. Liver lesion inspectidata of pigs slaughtered in 2005-2007 by a
major Dutch slaughter company were combined witbstjonnaire results from 185 finishing
pig producers about management practices usedaatar$ underlying the decision to control
Ascaris suum infections. Of respondents 96% applied anthelméntising combinations of
application methods, active compounds, and apmicadurations. Sprinkling anthelmintics
over feed resulted in 2.4% higher liver lesion mitemnce than other application methods. Most
respondents underestimated liver lesion prevalewith, larger underestimation when liver
lesion prevalence was higher. This suggests thdicing finishing pig producers to apply
anthelmintics through feed, through water or bydatijpns and improving perception of liver
lesion prevalence could lower mean liver lesionvalence in the Netherlands. Adoption of
these aspects in the current incentive mechanisoig émprove its effectiveness.

4.1. Introduction

Liver lesions in finishing pigs are an importantafity and safety attribute in the pork supply
chain. Insufficient control of the main cause @kl lesions, an infection with the roundworm
Ascaris suum (A. suum), leads to substantial economic losses for pigdpcers and
slaughterhouses. Research showed that pigs infedtedA. suum had higher feed intake,

3 C.P.A. van Wagenberg, F.J.H.M. Verhees, G.B.CkBscJ.G.A.J. van der Vorst and H.A.P. Urlings.
Revision submitted to an ISI journal.
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lower growth rate, lower health level, and lowearieneat percentage (Stewart and Hale, 1988;
Roepstorff, 2003). Pathological lesions to pig Is/ealso result in economic losses of
slaughterhouses, because lesioned livers can entgdrketed as raw material for animal feed
or have to be disposed of. As of July 2004 the Bytig sector uses a reduction in producer
payment of €1 per pig with a lesioned liver to induinishing pig producers to contrél
suum infections. As a result mean liver lesion prevatim finishing pigs in the Netherlands
decreased from 9% in 2003 to 5% in 2006, but aelssgread in liver lesion prevalence
between finishing pig producers remained (Van Wageget al., 2010). Mean liver lesion
prevalence could decrease further if finishing pigducers with high liver lesion prevalence
reduce it. To reduce liver lesion prevalence asfimg pig producer with high liver lesion
prevalence can change management practices thadenpim to reach low liver lesion
prevalence. Management practices associated wgth Ihrer lesion prevalence can indicate
impeding factors. This chapter aims to identify egement practices associated with high
liver lesion prevalence by analysing liver lesiarspection data in relation to results of a
survey on management practices used and factoexlyimd) the decision to contr@\. suum
infections. Section 4.2 provides the material arethods. Section 4.3 presents the results and
section 4.4 the discussion. Finally, section 4 Bchades.

4.2. Materials and methods

To identify management practices associated wih hver lesion prevalence this chapter uses
a framework to analyse the decision process togdhamanagement practices associated with
liver lesion prevalence. The framework is basedayanizational change processes (Zaltman
et al., 1973) and is given in Figure 4.1. Real liver lesprevalence results from management
practices to controR. suum infections used on the farm (A). A performance gap exist
between real and the lowest possible liver lesimvgence (B). A finishing pig producer feels
a need to change management practices if he pescasivch a performance gap between
perceived liver lesion prevalence and perceivecekiywossible liver lesion prevalence (C). To
close the perceived performance gap, a finishing producer can decide to change
management practices used on the farm (D). The mawagement practices then result in
changed liver lesion prevalence.

4.2.1. Liver lesion prevalence data

For liver lesion prevalence in finishing pigs aakst with liver inspection results of finishing
pigs delivered to a major Dutch slaughter compaoynfJanuary 2005 to December 2007 was
used. The dataset contained 6.4 million pigs (44%lloslaughtered pigs in the Netherlands)
delivered by 5359 finishing pig producers in 2003 million pigs (56%) of 5708 producers in
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2006, and 8.1 million pigs (57%) of 5117 produdar007. Liver lesion prevalence decreased

from 2005 to 2007, but a large spread between iddal finishing pig producers remained
(Figure 4.2).

A) Management practices used to B) Performance gap between real and lowgst
control Ascaris suum infections possible liver lesion prevalence

) v

D) Decision to change managemern C) Need to change management practicas

A 4

—

practices to controhscarissuum  |g based on perceived gap between perceived
infections and perceived lowest possible liver lesior]
prevalenc

Figure 4.1: Framework to analyze finishing pig prodicer decision to change management
practices to control Ascaris suum infections (based on Zaltmaret al., 1973).
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Figure 4.2: Quarterly mean, 5% and 95% percentile © liver lesion prevalence in
deliveries to a major Dutch slaughter company of 539 finishing pig producers in 2005,
5708 producers in 2006, and 5117 producers in 2007.
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4.2.2. Management practices associated with liveesion prevalence

Differences in management practices between indalifinishing pig producers could explain
heterogeneity in liver lesion prevalence. A prefiary list of possible management practices
was identified in a literature review on managempréctices associated with liver lesion
prevalence and\. suum prevalence. The list was checked for completetgsswo Dutch
specialist pig veterinarians. Table 4.1 provides ltet of possible management practices that
might be associated with liver lesion prevalencdiniishing pigs in the Netherlands used in
this chapter.

Table 4.1: Management practices (farm size, housingonditions, general management,
anthelmintics management, hygiene management) polli associated with liver lesion
prevalence in finishing pigs in the Netherlands.

Farm size Number of finishing pigs, number of sows

Housing conditions foam from manure pit rising aboslatted floor, slatted floor needing
replacement, flies coming from manure pit

General management Hours per week working on pigs

Anthelmintics management Not using anthelmintiostjva compound (doramectin, febantel, febendazole,

flubendazole, ivermectin, levamisole), applicatiorethod (through feed, over
feed (topdressing), in water, injections), numbgcwres per production cycle,
number of application days per cure, central appba in water or feed, person
responsible for usage

Hygiene management Disinfecting every pen afteryepeoduction cycle, using worm medicines in
rest compartment, visitors strictly following hyge guidelines, functioning of
mats and trays for disinfection, perceived judgmenftvet about hygiene
measures

Not using anthelmintics was considered an imporexuianatory variable for high liver
lesion prevalence and as a consequence, the procdsslying the decision to treAt suum
infections was further specified. Several theoerist to understand and predict goal-directed
behaviour as treating. suum infections (Venkateslet al., 2003). We used the Theory of
Planned Behaviour (TPB) (Ajzen and Madden, 198&ralyse why a finishing pig producer
decided to treaf. suum infections. The TPB is the most widely appliedaihe applicable to a
wide variety of settings (Venkatesh al., 2003), and has an easy to implement analytical
framework (Leoneet al., 1999). In the TPB outcome beliefs refer to sudjecprobabilities
that the behaviour of treatidg. suum infections will produce a given outcome such as lo
liver lesion prevalence (Figure 4.3). Outcome Wielare precedents of attitude, which refers to
how favourable a person predicts treating infectidrteferent beliefs are perceived behavioural
expectations of referent groups about treatmemtfettions. Referent beliefs are precedents of
subjective norm, which refers to the perceived aopressure to treat infections. Control
beliefs refer to presence of factors that fac#itat impede treating infections. Control beliefs
are precedents of perceived behavioural controiclwhefers to a person’s beliefs as to how
easy treating infections is likely to be. Attitudaybjective norm and perceived behavioural
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control are precedents of intention, which indisatee readiness of a person to treat infections.
The items underlying the TPB-constructs for inf@aticontrol used in this chapter are
presented in Figure 4.3.

Outcome beliefs
Expected effects of Attitude
treatingA. suum infections Favourability
on technical results, —» o treatingA.
animal health, meat suum
quality, animal welfare, infections
medicine use, profitability,
cost price

Intention Behaviour
Referent beliefs Subjective
norm Active Active
Behavioural expectations compound compound
of specialist journals, Social and and
veterinarians, feed —> pressure to application || application
advisors, slaughterhouses, control A, method method
other finishing pig suum planned for used to
producers, supplier of infections next control A.
medicines production suum
cycle infections

Control beliefs Perceived
Factors facilitating or besgr\lltlfoul ral
impeding treatment oA.
suum infections, as daily ) Easiness oA
work load, feeding and suum '
water system, housing infection
system, general hygiene control

Figure 4.3: The Theory of Planned Behaviour (Ajzen att Madden, 1986) with the items
underlying the TPB—constructs forAscaris suum infection control in finishing pigs.

4.2.3. Questionnaire

A questionnaire was developed to measure 1) maragepractices associated with liver
lesion prevalence on Dutch finishing pig farms,p2yceived liver lesion prevalence, and 3)
items underlying the TPB-constructs related todbeision to treaf. suum infections. Prior to
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distribution a draft version of the questionnair@swpresented to two finishing pig producers to
check whether the items in the questionnaire waderstandable.

Farm size was measured by open questions. Genareglgament practices were measured
by an interval scale. Anthelmintics management imas were measured by yes/no questions.
Perceived liver lesion prevalence was measuredhbyitem “At the moment, what is the
average percentage of liver lesions on your farin®ntion was measured with an eleven—
point Juster scale from zero (almost no probabilty probability) to ten (certain, 99%
probability) (Juster, 1966). Items related to TP&astructs, housing conditions and hygiene
management practices were measured with a seven-pkeért scale from disagree (or never)
to agree (or always) (Likert, 1932).

The questionnaire was sent by mail-service on 26eBder 2007. It was accompanied by
an introduction letter and a postage—free retunel®p. The introduction letter clarified the
research aim of identifying possibilities for fihing pig producers to reduce liver lesions.
Producers had the opportunity to fill in the quastiaire through Internet or to return it on
paper. The finishing pig producers who respondetiwitwo weeks had a chance of receiving
one of four €50 gift vouchers.

4.2.4. Construct measures

Intention to treatA. suum infections was measured as the sum and as thenmaxiof six
items. Each item asked how likely it would be ttieg producer intended to use a specific type
of active compound in the next production cyclep@mix 4.1). For the other constructs,
principal component analysis was used to identfijnponents consisting of items that capture
the same underlying construct. Reliability analygis used to determine how well the items in
each component captured the underlying construeir (et al., 2005). Components that
explained more variance than the average componentomponents with eigenvalue 1.0 or
higher, entered the analysis. Varimax rotation wsad to minimize the number of variables
with high loadings on more than one component. $tevith a factor loading of 0.6 or higher
after rotation were used in the constructs. Cronsaalpha was used to measure the reliability
of the set of items in each construct. For suffitieeliability Cronbach’s alpha should be at
least 0.6 (Field, 2005). Table 4.2 gives the meament properties and interpretation of each
TPB—construct and appendix 4.1 gives the underlyiegns. All constructs explain at least
60% of the variance in the items. For three outfafr constructs in control beliefs the
Cronbach’s alpha is below 0.6, indicating that tieens only partially capture the underlying
construct.
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4.2.5. Finishing pig producers

Finishing pig producers were selected from the 1fd@8hing pig producers participating in a
previous study on liver lesion prevalence (Van Wimggg et al., 2010). No address was
available for 100 producers, and 192 were reladmultiple locations of a producer.
Producers with multiple production locations wes&eal to fill out a separate questionnaire for
each location. Finally, the questionnaire was $eft77 finishing pig producers. Of these, 250
(32%) responded, of whom 9 did it through Interaedd 241 through mail-service. The
questionnaire results were combined with the lilemion inspection data using the unique
production location number (UBN, Uniek BedrijfsNurarh Of the 250 producers, 32 did not
provide an UBN, 206 provided one UBN, and 12 predsqrovided more than one UBN.
Results of the 32 producers who did not provide &NUvere excluded from the analysis,
because no liver lesion prevalence could be linkRasults of the 12 producers who provided
more than one UBN were also excluded from the a@glybecause responses of the
questionnaire could not be linked to one of thetipid UBN provided. In addition, 21
producers who provided one UBN could not be linkedhe liver lesion inspection data, and
results were also excluded from the analysis. A®m@sequence, results from 185 producers
were analyzed.

Table 4.3 compares basic general characteristicshef respondents with the Dutch
average. Respondents had a lower average numbénisiiifig pigs and a higher average
education level. They had a lower average numbeiowfs, because breeding farms were not
included in the sample. For number of hours perknggent on finishing pigs no average
figures for the Netherlands are available.

Table 4.3: General characteristics of 185 Dutch fisihing pig producers who responded to
the guestionnaire and of Dutch finishing pig produers.

Characteristic Respondents The Netherlands
Number of finishing pigs 1151 (st.dev. 1010) 1318
Number of sows 76 (st.dev. 177) 132
Education
Higher agricultural education 18.9% 4.2%
Secondary agricultural education 60.5% 57°1%
! - 0
Other edueation 3o } se.7
. 0
Year of birth 1960 (st.dev. 9.5) 1958
Labour hours per week spend on finishing pigs
<=20 50.8% n.a.
20-30 29.7% n.a.
30-40 5.4% n.a.
>40 10.8% n.a.

& Average number on farms with 500 finishing pigs omore in 2007 (CBS Statline,
http://statline.cbs.nl/statweb/?LA=en

P Average number of sows on farms with pigs in 2001, 2008).

In 2005 (LEI, 2008).

4 Average age of 49 years of self—~employed pig andtry producers in 2007 (LEI, 2008).
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Table 4.4 presents anthelmintics management pesctif the respondents. Of the
respondents 95.7% (177) did tre&t suum infections using combinations of application
methods, active compounds and application duratiofgplication through feed and
flubendazole were used most.

Table 4.5 shows that in each year from 2003 uil22respondents had a lower average
liver lesion prevalence than non-respondents (i40,0ndicating a possible response bias.

Table 4.4: Anthelmintics management practices of 18Butch finishing pig producers who
responded to the questionnaire.

Anthelmintics management practices Respondents
Percent Number
Not using anthelmintics 4.3 8
Application method
Over feed (topdressing) 36.8 68
Through feed 44.9 83
Injections 20.5 38
Water 13.0 24
Used active compourid
Doramectin 0.5 1
Febantel 5.9 11
Febendazole 22.2 41
Flubendazole 47.0 87
Ivermectin 17.8 33
Levamisole 18.9 35
Number of cures per production cyéle
1 47.0 87
2 36.8 68
3 or more 11.4 21
Number of application days per cdre
58.4 108
2 17.8 33
3 or more 15.7 29
Central application in water 7.6 14
Central application in feed 14.1 26
Person responsible for usage
Farm owner 93.0 172
Farm manager 2.2 4
Employee 3.2 6
Other person 11 2
Nobody 0.5 1

& Percentages exceed 100% because some finishingraiyicers used multiple application methods andtipfei
active compounds simultaneously.

P Percentages do not add to 100% because eightifigipig producers did not apply anthelmintics ame did not
provide an answer to the question.

¢ Percentages do not add to 100% because eighhifigipig producers did not apply anthelmintics, tdid not
provide an answer to the question, and five inditad apply it differently than in a fixed numbérdays.
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Table 4.5: Liver lesion prevalence statistics of 18Butch finishing pig producers who
responded to the questionnaire and of non—-respondenin the dataset.

Number of Liver lesion prevalence
Year Respondent producers? Mean Standard deviation
2003 Non—-respondent 2233 11.8% 11.7%
Respondent 185 9.4% 9.9%
2004 Non-respondent 2054 11.0% 11.0%
Respondent 163 7.8% 7.5%
2005 Non-respondent 4651 8.7% 8.6%
Respondent 185 6.6% 7.0%
2006 Non-respondent 4890 6.4% 6.5%
Respondent 185 4.8% 4.6%
2007 Non-respondent 4350 5.1% 6.2%
Respondent 185 4.0% 5.2%

@ Number of non—respondents varied over years beahesnumber of producers delivering to the slaergbompany
varied over the years. The number of respondemisdvaver years, because not all respondents detivet least 500
pigs to the slaughter company each year.

4.2.6. Statistical analysis
The relationship between management practices iged lesion prevalence were analyzed
using the following linear regression model

lp=a+ L X, +..+ B X +€ Q)

wherellp is liver lesion prevalence of a farm in 20Q7 js the interceptfy is the regression
coefficient for management practicg (see Table 1 for management practices), artde
residual random error. To identify management jirastthat influence liver lesion prevalence
a stepwise selection procedure was used.

Differences in liver lesion prevalence betweenstiing pig producers who did and did not
use anthelmintics in 2007 were analyzed with a acampetric exact Kolmogorov—Smirnov
test with Monte Carlo simulation, because liverdagpbrevalence was not normally distributed.

The eight respondents who did not use anthelmimicZ007 were excluded from further
analysis of management practices associated wgthlhier lesion prevalence. The relationship
between measured and perceived liver lesion pregalevas analyzed using the following
quadratic model

P perc =0 + B MPgere + B2 dlpZy +& (2
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where llpyec iS perceived liver lesion prevalence in 2007 &lpgdy, centralized liver lesion
prevalence in 2007 around mean liver lesion prexadef 4.1%. Using centralized liver lesion

prevalence in (2) ensures thﬂ1 has meaning, because the intercefdtmi,, i.e. mean liver

lesion prevalence, lays within a range of realigatues of liver lesion prevalence (Irwin and
McClelland, 2001). Without centralization a coeféiot of llp would have low meaning,
because it would be estimated at an interceptpobf zero, which hardly any finishing pig
producer has.

Relationships between perceived liver lesion prex@e management practices, and
factors underlying decision making behaviour repnésd by the TPB-constructs were
analyzed with Pearson correlation analyses.

4.3. Results

4.3.1. Management practices related to high liveekion prevalence

The result of the linear regression model of manege practices on liver lesion prevalence
(llp) is presented in (3) with p—values in parentheggsplication of anthelmintics by
sprinkling over feeddppl_over_feed) resulted in a 2.4% higher liver lesion prevaler@¢her
management practices, including not using anthelosinwere not associated with liver lesion
prevalence. Although only little variance was eiméa by the model (model’Rvas 0.04), an
analysis of variance showed that the model wasifgignt (F—value was 5.83 and p was
0.017).

llp= 0.032+0.024 appl _over _ feed 3)
(0.000) (0.017)

Not using anthelmintics failed to explain variationliver lesion prevalence. The eight
finishing pig producers who did not use anthelnassithad an average liver lesion prevalence of
2.2%, about half of the average liver lesion premaé of 4.1% of finishing pig producers who
did use anthelmintics (p was 0.086). Interestinttg, finishing pig producers apparently were
able to control liver lesion prevalence withoutreimintics.

4.3.2. Relationship real with perceived liver lesio prevalence

The result of the quadratic regression model ofredined real liver lesion prevalenckpten)

on perceived liver lesion prevalend&fc) is presented in (4) with p—values in parentheses.
Finishing pig producers with higher real liver @siprevalence perceived higher prevalence
(coefficient ofllpe IS positive), but most finishing pig producers arestimated it (constant
smaller than 4.1 and coefficient dp.x smaller than 1). Underestimation of liver lesion
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prevalence increased as finishing pig producershiigiter liver lesion prevalence (coefficient

of llpeert SMaller than 1 and coefficient djpfmt is negative). The model’Rvas 0.43.

1P e = 3:385+ 0.734IPger — 0.0140IPG (4)
(0.000)  (0.000) (0.0000)

4.3.3. Relationship perceived liver lesion prevalee with decision factors

Table 4.6 presents Pearson correlations betweeamiged liver lesion prevalence and factors
underlying the decision to tredA. suum infections. Finishing pig producers with high
perceived liver lesion prevalence showed lowerimngihess to treaf. suum infections in the
next production cycle (negative correlation witteintion (max)), indicated to have less control
over liver lesion prevalence (negative correlatiwith perceived behavioural control and
perception of control), and perceived to lack techinknowledge abouA. suum infections and
labour availability.

Table 4.6: Pearson correlations (p—value in bracke}sf perceived liver lesion prevalence
and application methods with TPB construct underlyirg the decision to treatAscaris
suum infections. Pearson correlations with p—value<0.0&re bold.

Pearson correlation (p—value)

Factors underlying Perceived Application method

decision to treatAscaris liver lesion Through Over feed /
suum infections prevalence feed Water Injections topdressing
Intention (max) -0.16 (0.043)  0.07 (0.369) 0.06 (0.474) 0.06 (0.408) 0.01 (0.859)
Intention (sum) -0.05 (0.505) 0.07 (0.376) 0.1218) 0.24 (0.001) 0.18 (0.020)
Attitude -0.04 (0.606)  -0.05(0.484)  -0.07 (0.352) -0.01 (0.864) -0.02 (0.811)
Subjective norm 0.10 (0.225) 0.05 (0.488) 0.0790)3  0.16 (0.031) 0.05 (0.508)

Perceived behavioural -0.17 (0.033) -0.07 (0.351) -0.04 (0.568) -0.23 (0.003) -0.01 (0.908)
control

Positive outcome beliefs -0.04 (0.611) -0.04 (0)587-0.18 (0.021) 0.01 (0.858) -0.02 (0.795)
Negative outcome beliefs 0.10 (0.224) 0.12 (0.130)0.00 (0.957) 0.15 (0.056) -0.04 (0.614)
Opinion advisors -0.00 (0.979) 0.17 (0.035) 0.06 (0.443) -0.04 (0.641) 0.12 (0.142)
Opinion environment 0.02 (0.804) 0.14 (0.079) qaa44) 0.05 (0.571) 0.10 (0.244)
Value opinion advisors 0.12 (0.138) 0.14 (0.070) .1100.168) 0.09 (0.225) 0.03 (0.736)
Value opinion -0.02 (0.858) 0.08 (0.339) 0.00 (0.982) 0.05 (0)507 0.13 (0.103)
environment

Technical knowledge -0.30 (0.000)  0.15 (0.058) 0.00 (0.952) -0.11 (0.151) 0.05 (0)531
Labour availability -0.16 (0.041) -0.08 (0.327)  -0.03 (0.653) -0.35 (0.000) 0.09 (0.263)

Water system suitable for -0.12 (0.133) -0.19 (0.013)  0.49 (0.000) -0.17 (0.029) 0.04 (0.572)
application

Central application in -0.14 (0.071)  0.31(0.000) 0.05 (0.498) -0.10 (0.198) -0.20 (0.009)
feed

Perception of control -0.38 (0.000) -0.04 (0.583) 0.09 (0.234) -0.13 (0.078) -0.0946)2
Flies -0.01 (0.904) 0.04 (0.589) 0.09 (0.251) qa.ao3) -0.06 (0.427)
Manure 0.06 (0.456) 0.04 (0.597)  -0.03 (0.672) @m248) 0.04 (0.561)
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4.3.4. Relationship management practices with dea factors

Table 4.6 present Pearson correlations betweericaiph methods for anthelmintics and
decision factors underlying the decision to trAasuum infections. Finishing pig producers
with intention to treatA. suum infections applied anthelmintics by injections aover feed
(positive correlation intention (sum) with injeat® and over feed). The lower perceived
control and higher pressure from peers, the miedylia finishing pig producer used injections
(negative correlation perceived behavioural contnodl positive correlation subjective norm
with injections). Application by injections was peived as labour intensive (negative
correlation injections with labour availability).ading a feeding or water system suitable to
centrally apply anthelmintics was positively coateld with application of anthelmintics
through feed or water, respectively, and negativetii other application methods.

4.3.5. Concluding statements

This section summarizes the results using the fraomle from Figure 4.1. Sprinkling
anthelmintics over feed (A in Figure 4.4) resultedh performance gap of 2.4% higher liver
lesion prevalence (B). Finishing pig producers uedémated liver lesion prevalence, thereby
decreasing the need to lower liver lesion prevad@). A change from sprinkling over feed to
a more effective application method was hamperefinishing pig producers indicating a lack
of technical knowledge and perceived control. Apgaiion by injections was hampered by its
perceived labour need and central application éfiedmintics through feed or water by the
need for a suitable water or feeding system (D).

A) Sprinkling anthelmintics over feed B) Performance gap of 2.4% livel
lesion prevalence

1 v

A 4

D) No change to alternative application C) Underestimation of liver lesion
method due to lack of labor availability, prevalence lowers need to change
technical knowledge, perceived control, andie— management practices

suitable feeding and water system

Figure 4.4: Management practices associated with ¢ liver lesion prevalence on Dutch
finishing pig farms.

4.4. Discussion
To our knowledge, no research exists that assacianagement practices with liver lesion

prevalence in finishing pigs. Several studies, hmxe have been conducted to identify
management practices associated withsuum prevalence in pigs. Roepstorff and Jorsal
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(1990) associatedl. suum prevalence rates in finishing pigs with havingpedfic Pathogen
Free system, weaning age and daily cleaning. THapter, however, did not associate cleaning
with liver lesion prevalence. A cause might be fimhormal management practices used on
Dutch finishing pig farms cleaning after each prctthn cycle is more common than daily
cleaning. In line with this chapter Roepstorff anatsadl (1990) did not associate active
compound, application strategy, and floor type witlsuum prevalence. Joachiet al. (2001)
associated number of piglet—supplying farms, nunabéreatments in a production cycle, and
state ofA. suum infection at the beginning of a production cycléhwA. suum burden at
slaughter. In this chapter, however, number ofttneats per production cycle was not
associated with liver lesion prevalence. In agregmeth this chapter, Gerweet al. (2004)

did not associate number of treatments, active cumg and cleaning method with nematode
infections in sows.

Those pig producers applying anthelmintics ovedféepdressing) had 2.4% higher liver
lesion prevalence than those applying it througtdfethrough water or by injections. This
suggests that finishing pig producers who changenflapplication over feed to another
application method could lower liver lesion prevale. However, high labour requirements
restrict application by injections. Lack of a femglior water system suitable for central
application constrains using more effective appiica methods through feed or water.
Encouraging finishing pig producers to invest ifeading or water system that allows for
central application of anthelmintics, could increapplication through feed and water and
lower liver lesion prevalence in the Netherlandsepatorff and Nansen (1994) found that
Danish sow producers were not motivated to changgehe practices to contr@. suum
infections for reasons of convenience. Furtheraedeis needed to identify how to encourage
finishing pig producers to change to a more effectipplication method.

This chapter showed that finishing pig producerdemastimated liver lesion prevalence
and that underestimation was larger when liverolegrevalence was higher. Decreasing the
gap between real and perceived liver lesion prexalecould increase a finishing pig
producer’s need to lower liver lesion prevalencd anduce him to increas&. suum control.
Finishing pig producers with high perceived livesibn prevalence indicated lack of control
over liver lesion prevalence and lack of intentiortreatA. suum infections. Moreover, these
finishing pig producers indicated lack of technikabwledge and lack of labour availability.
Provision of technical knowledge and informationoab labour—extensive management
practices to treaf. suum infections could help to increase perceived cdrara lower liver
lesion prevalence.

Group application of anthelmintics in feed or watan result in uncontrollable variation in
individual intake (Donald, 1985), possibly resultim uneven protection amongst the pigs and
a high infection pressure. This can explain théed#nce in liver lesion prevalence between
application over feed and by injections. No diffeze in liver lesion prevalence was observed
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between application through feed and water anchjgciions. Whether efficacy of application
over feed is lower than efficacy of applicationdihgh feed or water, and whether higher liver
lesion prevalence is caused by infection from fiimig pigs with insufficient protection,
infection pressure from the surroundings or anotiaeise remains for further research.

Of the finishing pig producers in this chapter, 9&¥plied anthelmintics which is in
agreement with other research (Belatil., 2003; Gerwertt al., 2004). The 4% finishing pig
producers who did not tredt suum infections had lower liver lesion prevalence (2)2%an
the users of anthelmintics (4.1%). Memtyal. (1989) also found that nematode prevalence was
lower in pig herds not treated with anthelmintitgrt in herds occasionally treated. This
indicates that treatment might not always be necgs® reach low liver lesion prevalence.
Possibly, these finishing pig producers purchasglgts from only few breeding farms and the
piglets wereA. suum free (Joachinet al., 2001), but this was not investigated in this ¢bap
Further research is needed to determine why fingsipig producers retained low liver lesion
prevalence without treating. suum infections.

The R of equation (3) was 0.04. Thé Bf regression analyses of data from questionnaires
are generally lower than the? Rf regression analyses of data from controlledeexpents.
Uncontrolled variables in practice increase vasiatiand lower statistical strength of
relationships. An additional source of variationtlis chapter is the questionnaire measuring
producer’s perception of reality, which could degiafrom the real farm situation.
Notwithstanding the low & our results offer valuable insight into managempractices
associated with liver lesion prevalence.

This chapter aimed to identify management practmesociated with high liver lesion
prevalence. It used cross—sectional analysis, Isecdhis is especially suited to identify
associations (Mann, 2003). A drawback of cross+sealt analysis is, however, that it cannot
assess causal relationships. To determine whepiication over feed indeed causes higher
liver lesion prevalence compared to other applicatnethods experimental studies or cohort
studies should be performed.

The lower liver lesions prevalence of respondentsgared to non—respondents indicates
a possible response bias, where finishing pig preduwith a better performance Ansuum
infection control responded. In this chapter sonmamagement practices might, therefore, not
have been associated with high liver lesion prexadewhile they are in real life.

4.5. Conclusion

This chapter showed that most Dutch finishing pigdoicers treafAscaris suum infections

using combinations of application methods, actieenpounds, and application durations.
Sprinkling anthelmintics over feed (topdressingyl dimishing pig producers underestimating
liver lesion prevalence resulted in high liver tasprevalence. Changing the current incentive
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mechanism aimed at liver lesion prevalence sodberages finishing pig producers to apply
anthelmintics through feed, through water or bgdtipns and improves the perception of liver
lesion prevalence, could lower mean liver lesioevptence in the Netherlands.
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Appendix 4.1: Items in each component identified wh principal
component analysis

Intention

* How likely is it that the next production cycle yapply Doramectin?

¢ How likely is it that the next production cycle yapply Febantel?

* How likely is it that the next production cycle yapply Febendazole?
¢ How likely is it that the next production cycle yapply Flubendazole?
* How likely is it that the next production cycle yapply Ivermectin?

¢ How likely is it that the next production cycle yapply Levamisole?
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Outcome beliefs
Positive outcome beliefs

Applying worm medication improves technical resulfs finishing pigs (growth, feed

conversion) on my farm

Applying worm medication improves animal healthfiafshing pigs on my farm
Applying worm medication improves quality of finisig pigs on my farm
Applying worm medication improves animal welfarefioishing pigs on my farm

Applying worm medication lowers usage of other megdis on finishing pigs on my farm

Applying worm medication improves profitability fihishing pigs on my farm

Negative outcome beliefs

Applying worm medication increases costs of finighpigs on my farm
Applying worm medication increases needed labodin@éghing pigs on my farm

Referent beliefs
Opinion advisors

My vet urges me to use worm medication
My feed advisor urges me to use worm medication
My slaughter plant manager urges me to use wornigagoin

Opinion environment

Specialist journals urge me to use worm medication
My colleagues urge me to use worm medication
My supplier of medicines (he is not my vet) urge tmeise worm medication

Control beliefs
Technical knowledge

| have a lot of knowledge about applying worm matian
| have a lot of experience with applying worm meudiicn
I understand exactly how worm medication works

I know the life cycle of round worms

Labour availability
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Water system suitable for application
¢ My drinking water system is most suited to applymvanedication
* Can you add the worm medication centrally to thaldng water?

Central application in feed
e Can you add the worm medication centrally to thel ieehe feeding kitchen?

Perception of control
* | can control liver lesions well

Flies
* Flies from the manure pit regularly cause me inemences

Manure
e Foam from the manure pit sometimes rises abovsl#ted floor
¢ The slatted floor in the housing needs replacemegently

Attitude
e Applying worm medication to finishing pigs on myrfia for me is: Unattractive—
Attractive

*  Applying worm medication to finishing pigs on myrfiafor me is: Unwise—Wise
¢ Applying worm medication to finishing pigs on myrifia for me is: A bad idea— A good
idea

Subjective norm
¢ Most people who’ s opinion | value, urge me to gppbrm medication

Perceived behavioural control
e Applying worm medication to me is: Difficult—-Easy
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Chapter 5

Impact of testing accuracy on incentives for
pig producers to control Mycobacterium avium
infections in finishing pigs'

Abstract

This chapter analyses impact of testing accuracypin producer incentives to control
Mycobacterium avium in finishing pigs. Using a dynamic optimization deb and a grid search
of deliveries of herds from pig producers to slaedmouse, optimal control measures for pig
producers and optimal penalty values for delivevigth increasedviycobacterium avium risk
were identified for different sensitivity and spiegty values. Results showed that higher
sensitivity and lower specificity induced use ofrmdntense control measures and resulted in
higher pig producer costs and lowbtycobacterium avium seroprevalence. The minimal
penalty value needed to comply with a thresholdMgcobacterium avium seroprevalence in
finishing pigs at slaughter was lower at highers#érity and lower specificity. With imperfect
specificity a larger sample size decreased pig ywedincentives to contrdfycobacterium
avium seroprevalence, because the higher number of falsiives resulted in an increased
probability of rejecting a batch of finishing pigsespective of whether the pig producer
applied control measures. We conclude that testogyracy must be considered in incentive
system design to induce pig producers to corhpdobacterium avium in finishing pigs with
minimum negative effects.

5.1. Introduction

Food business operators (FBOs) can control safetiyedf products by using effective control
measures in their production process. The behawib&BOs actually using control measures
is thus an important factor to control food saf@gtyausken, 2002). Insufficient control can lead

4 C.P.A. van Wagenberg, G.B.C Backus, H.J.W. Wiskeli.G.A.J. van der Vorst and H.A.P. Urlings.
Submitted to an ISI journal.
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to damaged relationships between supplier and mgstavith subsequent trade implications, to
product recalls, and to liability costs. In the Regulation (EC) No 178/2002 lays primary
food safety responsibility with FBOs and prescritfest food safety control must be based on
an integrated approach throughout the supply chawgluding primary production. It also
prescribes FBOs to use quality control systemsdasebasic hygiene measures supplemented
with hazard analysis critical control points (HACCRYith HACCP, specific food safety
hazards are controlled within the FBO. If controins for a hazard are located in production
processes of suppliers, in addition to HACCP buyers iaduce suppliers to control critical
food safety attributes of the raw materials. Buyeften have imperfect information about
suppliers using control measures. Furthermores d@fien costly for buyers to measure safety
attributes of all raw materials. To induce suppli¢o take control measures that improve
quality and safety of the raw materials in settimgh imperfect information, buyers can use
incentive mechanisms as bonuses (Hueth and Liga®2)2and penalties (Kingt al., 2007)
which reward supplier performance. To determingoap performance incentive mechanisms
use results from classification systems which ifggsw materials in levels of food safety
risk. For microbiological and chemical hazardsssification is done with diagnostic tests. The
accuracy of diagnostic tests is often imperfectr®@rehret al., 2004). Testing accuracy is
defined by test sensitivity and test specificifst sensitivity is the probability of correctly
qualifying a product with increased risRest specificity is the probability of correctly
qualifying a product without increased risk. Diagtio testing accuracy can influence supplier
incentives through the incentive mechanism. Thiaptér analyses how diagnostic testing
accuracy influences supplier incentives to use feaféty control measures in the presence of
imperfect information.

Weiss (1995) identified the relationship betweepénfect information amongst FBOs in a
supply chain and food safety. Various studies higitéd the role of traceability and liability in
inducing FBOs to control food safety (Hirschaued &usshoff, 2007; Hobbs, 2004; Pouliot
and Sumner, 2008). Incomplete tracing increaseftaipdity of rule—breaking behaviour of
farmers (Hirschauer and Musshoff, 2007). A numbérstudies focused on imperfect
information between buyers and suppliers in thepguphain. Imperfect information can result
in adverse selection and moral hazard problemsfghtfand Martimort, 2002). Adverse
selection refers to the problem of how a buyer easure contracting only good performing
suppliers. Moral hazard refers to a buyer’s ingpito monitor whether a supplier exerts
sufficient effort, once the supplier is contractdoh and Leslie (2003) showed that displaying
hygiene grade cards in restaurants induced restimuta make hygiene improvements and
reduced adverse selection problem of choosing & ljgality restaurant for consumers.
Starbird (2007) concluded that testing accuracy lbanused to segregate safe and unsafe
suppliers. A number of studies addressed the ie§uroral hazard and food safety. Elbasha
and Riggs (2003) showed with a double moral hazavdeainthat information provision can
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improve food safety. Van Wagenbeaigal. (2010) demonstrated that a penalty on products off
specification induced pig producers to improve faadety performance. Kingt al. (2007)
concluded that reducing the probability of testan@ig producer in response to a favourable
production history lowered system testing costshetit endangering food safety. Starbird
(2005) analysed the impact of the sampling inspacgirocedure, defined by the sample size
and acceptance number, on producer incentives andiuded that regulation of sampling
inspection procedures is an effective tool for gplmakers to improve food safety. The
importance of the inspection procedure on farmeettives to control food safety was also
highlighted by Hirschauer and Musshoff (2007). thése moral hazard studies assumed that
the test used to assess supplier performance wasad€. The accuracy of diagnostic tests is,
however, often imperfect (Unnevebt al., 2004). To induce suppliers to improve product
quality of delivered products grading errors canused (Chalfant and Sexton, 2002). No
literature existed to our knowledge, which analytwesl relationship between testing accuracy
and moral hazard in food safety control. This chapims to fill this gap. It aims to analyze
whether or not diagnostic testing accuracy hagaifstant impact on supplier incentives to
implement food safety control measures and to ciarae this impact. It uses the hazard
Mycaobacterium avium in finishing pigs.

Different species oMycobacterium avium (Ma) can be found in pigs such as Mgap.
avium and Ma sppHominisuis. These species are a subspecies oMebacterium avium
Complex (MAC), which can cause infections in humaiithough human MAC infections are
scarce, they can have serious consequences. Inricdompetent people MAC mainly caused
lung infections in adults and lymph node infectiamshildren, and worsened effects of other
diseases (Falkinham 3rd, 1996). In immunocomprodniseople, especially AIDS patients,
MAC infections are disseminated and consequencesemere. The expected survival period
of AIDS patients with a MAC infection, for examplesas half of those without a MAC
infection (Bietet al., 2005; Falkinham 3rd, 1996). Of AIDS patients opb0% was infected
with MAC depending on the country (Falkinham 3rd98Q The expected growth in number
of immunocompromised people such as AIDS and casoerivors and diabetes patients
increases the need to control sources of human M#egtions.

Pigs may be a reservoir for MAC infections in humamsl therefore Ma needs to be
excluded from the pork supply chain (Komghal., 1999). Control points of Ma in the pork
supply chain can all be found at the primary praduevel (Pavliket al., 2005). Detection of
mycobacterial infections in pigs is laid down in Regulation (EC) No 854/2004 and includes
palpation and incision of lymph nodes, because mections can cause lymph node lesions in
pigs (Thorelet al., 1997). However, this method is characterized d&hatively high false
positive and false negative results (Komgral., 2007; Wisselinket al., 2006). In addition, it
supports cross—contamination of other food safezalds. For detection of Ma infections in
pigs, a new serodiagnostic test has been develapedprove testing accuracy and to reduce
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cross—contamination (Wisselirdt al., 2010). The new test examines blood samples for Ma
antibody titers. But, the new test needs furthetinopation of the accuracy to improve
performance (Wisselin& al., 2010).

Currently, two control systems for Ma in finishingge exist in the Netherlands. The first
uses palpation and incision of lymph nodes, theosgcuses the new serodiagnostic test.
Neither system includes financial consequencesigrproducers of finishing pigs detected
with Ma infection. To analyse how testing accuratfjuences pig producer incentives to take
Ma control measures, we modelled an alternativechiatrol system which includes the new
serodiagnostic test and a penalty on finishing iigkerds detected with Ma infection. The
alternative Ma control system uses an operatiotzsdication system used by a major pig
slaughter company in the Netherlands. From eadketglof pigs from a pig producer to the
slaughterhouse, a specific number of blood samglesexamined to detect Ma infections at
herd level. Test results from current and severlipus deliveries determine the Ma risk level
for a pig producer. The Ma risk level determines dptimal value of the selected incentive
parameter, a penalty on pigs in a delivery clasgdifvith increased Ma risk, applicable to the
pig producer.

The remainder of this chapter is organized as ViedloSection 5.2 provides the solution
procedure and model specification. Parameter gstiimd assumptions are presented in section
5.3. Section 5.4 elaborates on the results. Sebtlmiescribes the sensitivity analysis. Section
5.6 provides the discussion and section 5.7 coeslud

5.2. Method

A dynamic optimization model with a grid searchaoklaughterhouse and its supplying pig
producers has been developed. The model deals wvifferfect information between
slaughterhouse manager and pig producers, becdngsemanager can not observe the
production process of a pig producer. This mighiute pig producers to use less Ma control
measures than the slaughterhouse requires.

The decision problem of the slaughterhouse manafjselecting an optimal penalty on
pigs in a delivery classified as with increased mék was solved using the method proposed
by King et al. (2007). The model consists of two stages (Figutg. A dynamic optimization
model in stage 1, or pig producer model, determiMedcontrol measures that minimize pig
producer costs for a given set of sensitivity, ffEty and penalty values. This model is a
Markov chain with discrete periods of one month andinfinite horizon with the Ma control
package as the control variable and a combinatfddarisk levels in successive periods as
the state variable. MATLAB routines developed byrdutida and Fackler (2002) were used to
solve the pig producer model. The solution progtesas policy iteration to identify an optimal
Ma control package for each Ma risk level statdhia steady—state. The steady—state exists
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because all states are recurrent, aperiodic, amincmicate with each other (Winston, 1991).
The solution procedure also identified the stasémdition matrix associated with the optimal
policy, which was used to determine a long—run phility for each possible state under the
optimal policy. This was used along with the opfimealicy to calculate expected pig producer
costs, expected slaughterhouse costs, and expavardge Ma seroprevalence levels for a
representative producer operating under the optipaicy. In stage 2 a grid search
systematically explored the parameter space ofitbétys specificity and penalty values to
determine the optimal penalty value for the slaadiduse to reach a threshold value for Ma
seroprevalence. Input and output of the stage lpmducer model was used as input of the
stage 2 slaughterhouse model. Output was the opgiemalty, optimal Ma control packages,
Ma seroprevalence, pig producer costs, slaughtsehcosts and chain costs. Chain costs are
the sum of pig producer costs and slaughterhousts.co

ilnput stage 1~ Stage 1 iOutputstage 1= : Stage 2 OUTPUf stage 2 :
i-sensitivity pig producer | :Input stage 2 slaughter- - optimal penalty
:- specificity model i- optimal control house model i- optimal control
i- sampling ¢ packages i packages

i system i-Ma seroprevalence i-Ma :
i- penalty Model type §— producer costs Model type i seroprevalence :
i- traceability Dynamic i H Grid search - slaughterhouse |
i~ failure costs optimization i costs
i- producer Ma P P |'> Extra input stage 2 '> - - producer costs
i risk level : - input producer i- chain costs :
i development : Decision i model Decision :

:- control variable i~ additional variable

i package costs control i processing costs : penalty

i- control H package i - testing costs H

i package i

i effectiveness i

Figure 5.1: General outline of the model.

5.2.1. Model specification

The decision problem of a pig producer in (1a)ishoose a Ma control packagg;, i.e. a
specific combination of Ma control measures, inheperiodt that minimizes total discounted
producer coststdpc. Control packages are reversible and have a dimpact when
implemented. Pig producers choose one control gga@®, in each period (1b), wherecp;; is
an dummy variable (1c). A producer is assumed taisle neutral. In each periotda pig
producer has costs from the penaftgng on pigs in deliveries classified with increased ris

and Ma control package cosigc,. Furthermore, it has pgft from additional processing costs
apc for the slaughterhouse, because the pigs’ headgyastro—intestinal tracts are unfit for
human consumption and should be disposed of sadely,paris, from testing costéc. The
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penalty depends on risk levL; of the pig producer and on the probability thatedivery is

classified without increased rishﬁR,_t .

tdpc=
e, & (1a)
T D3 ) (N (1~ pr,) {perky, + BP9 +0pg) () + 3, Mgy, (1¢
B ) i=1

k

Zcpi =1 Ot (1b)
i=1

cp; ¢ 0{01} Oi =1,...k,0Ot (1c)

where
apc = additional processing costs for the slaughtesbaf pigs with increased risk (euro per
pig in a delivery classified with increased risk);

p1= fraction of the additional processing comps passed on to a pig producer;
po= fraction of the testing costs passed on to a pig producer;

cpc =  costs of control packagdeuro per pig);

cpic = dummy variable for control packagim periodt;

0= monthly discount factor;

i= index for Ma control packages;

k= number of Ma control packages;

N, = number of pigs in a sample at Ma risk leRg];

N = number of pigs in a delivery;

pﬁRL‘ = probability a delivery of pig produceérs classified without increased risk at Ma
risk levelRL;;

peng, = penalty (euro per pig in a delivery classifiedtwincreased risk at Ma risk level
RLyY);

RL;= pig producer Ma risk level in peridgg

t= index for period;

tc= Ma testing costs to classify a delivery (eurotested pig);

tdpc = total discounted producer costs.
General relationships for the evolution of the prgducer Ma risk leveRL, and related

aspects are given in (2a), (2b) and (2c). Spegificameters settings used in the model
calculations are given in (5a), (5b) and (5c). Etioh of the Ma risk level depends on the Ma
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risk levels from up tot previous periods and the test result of the ctrdetivery TR, (2a).
The sample size (2b) and penalty level (2¢) deperia.;.

Rl = fi(RL,...RL;, TR) t0{012,..} Ot (2a)
N, = f2(RLy) Lt (2b)
peng, = f3(RLy) Lt (2¢)
where

fi= function that gives pig producer Ma risk levebkition;

f,= function that relates sample size to pig prodida risk level;

fa= function that relates penalty to pig producex Nsk level;

f= number of previous periods used to determineppdglucer Ma risk level,

TR = testresultin number of pigs classified withrigased risk in period

The probability that a delivery is classified witlidncreased risk is calculated with (3a)
and (3b). The probabilityp(ng, ,N,d,m,se, sp) thatd or less pigs in a sample are classified

without increased risk is based on a hypergeomdisicibution (Cameron and Baldock, 1998)
and depends on the sensitivily and the specificitysp of the test (3a). Foy pigs with Ma
infection in sampleng , the number of pigs correctly classified with ieased risk has a

binomial distribution with parametessandse, and the number of pigs incorrectly classified
with increased risk has a binomial distributiontwitarametersig —y and 1 —sp. Forx pigs

classified with increased risk,are correctly classified and — j are incorrectly classified.

Considering all possible prevalence levets pr,_t is the probability that a delivery is

classified without increased risk (3b).

png,, N, d,msesp =

el (o) .
S vw{z}@s@ s T Voegyica ]
x=0) y=0 N j=0 X_j
Ry,
1
B, =Y P, NAmeH M 0=k (30)
m=0
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where
d= maximum number of pigs classified with increasistt in a sample to classify the
delivery without increased risk;
h,(m) = probability of Ma prevalence level under control package
j= number of pigs in a sample correctly classifiéth increased risk;
m= Ma prevalence level as percentage of pigs ialiaety with Ma infection;
p(ng., N ,d,m,se sp) = probability ofd or less pigs classified with increased risk when a

sampleng., from a deliveryN containsm-N pigs with Ma infection using a test with

sensitivityse and specificitysp at Ma risk leveRLy;

se= test sensitivity;

= test specificity;

X = number of pigs in a sample tested with increaisg
y= number of pigs with Ma infection in a sample.

Slaughterhouse cosss; per delivery of a pig producer with Ma risk le\Rll; in periodt
are calculated with (4). The slaughterhouse israsslto be risk neutral. It absorbs part £, —

of additional processing coapc, revenue PeNg, from the penalty to pig producers on pigs

in deliveries classified with increased risk wittopability 1 — pis,m , and part 1 4, of testing

coststc per tested pig in samplBRl_t . Expected slaughterhouse costs in the steady-atate

calculated as described in section 5.2.

K
R, t = Z(N [l- plre, ) H(1- B) [apc — peng ) Ep; ) + (L- B,) Chg, [c (4)

i=1

where
SCre, = slaughterhouse costs for a producer with Ma Hesiel RL; in periodt (euro per

delivery).

5.3. Model parameters and assumptions

Optimal control packages for pig producers in tteady—state were calculated for sensitivity
0.50, 0.70 and 0.90, and for specificity 0.95, 0a@d 0.99. Sensitivity and specificity values
were set arbitrarily but reasonably to cover thegea of possible values of an optimised
serodiagnostic test for Ma. Sensitivity of the noptimised serodiagnostic test was 0.14 and
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specificity was 0.83 (Wisselinkt al., 2010). The values of sensitivity and specificitgre
combined with penalty values €0, €2, €4, €6, €8 €bd per pig in a delivery classified with
increased risk.

In each periodt a pig producer was categorized in one of six Mk tevelsRL, [J
{1,2,3,4,5,6}. We modelled the Ma prevalence measient system used in practice by a
major Dutch slaughter company. Levels 1 and 2 ewel$ with high risk, levels 3 and 4 with
medium risk, and levels 5 and 6 with low risk. THa risk levelRL..; depends on risk levels
from 7 previous periods (5a). If a delivery has endhan 1 positive pig, the producer is
classified in risk level 1. If the next deliveryshao positive pigs the producer moves to level 2.
If a producer was in level 2 for two deliveries ahé next delivery has no positives pigs, he
moves to level 3, otherwise to level 1. The prodwtays in level 3 the next 7 deliveries if no
positive pig is found. If one positive pig is foyrtte moves to level 4. If two or more positive
pigs are found, he moves to level 1. If a produndevel 4 has no positive pigs he moves to
level 3, otherwise he moves to level 1. If a pradustayed in level 3 for 8 consecutive
deliveries, he moves to level 5. The producer staysvel 5 if no positive pig is found. If one
positive pig is found, he moves to level 6. If taomore positive pigs are found, he moves to
level 1. If a producer in level 6 has no positiigsphe moves to level 5, otherwise to level 1. A
sample size of 2 or 6, depending on the Ma riskllewas sufficient, because the system aims
to identify Ma infections on herd level (5b). A sale size of 6 was used for producers with a
high Ma risk level and for producers with low anédium Ma risk levels and one positive pig
in the last delivery. Because this could be a falsstive, the producer remained in the low or
medium risk level but a sample size of 6 was useerisure detection of a possible Ma
infection in the herd. The penalty depends on tree M8k level (5c). For this system, the
decision problem of a pig producer was a Markovirchath 2,008 states.

RL . = f,(RL,..RL ., TR,) =

1if (RL, O {1,2,46}andTR, = 1)or (RL, 0{3,5} and TR, = 2)

2 if (RL; = landTR, = 0)or (RL,_; # 2andRL, = 2and TR, = 0)

3if (RL,.; =RL; = 2and TR, TO)or (52)
(RL, = 3and TR, = Oand O O{1,..7} with RL ; # 3)or Ot
(RL, = 4andTR, = 0)

4 if RL, = 3andTR, =1

5 if (RL, O {56}andTR, = 0)or (RL,; =..= RL, = 3andTR, = 0)

6 if RL, = 5andTR, =1

N, = f2(RL)= {2 i RL, {35} Ot (5b)

6 if RL, O {1246}

91



Chapter 5

pen if RL, O{1,2}
peng,, = fo(RL)=1050pen if RL, 0{3,4} Ot (5¢)
0 if RL, 0{5,6}

Pig producers delivered 100 pigs each month. Avdgliwas classified with increased risk
if one or more pigs from the sample were classifigth increased riskd = 0). The monthly
discount factord was assumed to be 0.9967, implying an annualestemate of 4.0%. The
additional processing costgc of €0.92 per pig, based on lost revenue of a loé&®.06 (3 kg
at €0.02 per kg), lost revenue of a gastro—intaktiiact of €0.50 per tract, and rendering costs
for head and tract of €0.36 (head 3 kg and trakg @t €0.04 per kg) were assigned to the
slaughterhouses( = 0). The testing costs of €8 per teStwere assigned to the slaughterhouse
(B2=0).

Ma commonly occurs in the external environment @ farms (Bietet al., 2005). The
infection route is primarily via oral ingestion (lidva et al., 2004b). For Ma infection in pig
herds, organic materials as saw dust, wood chipd,peat used as bedding material or feed
supplements on pig farms are particularly hazarddie number of Ma bacteria in these
materials was higher compared to other sourcelBdrekternal environment of pig farms, and
the genotype of the strains found in these materigls comparable with the strains found in
pig lymph nodes (Komijret al., 1999; Matlovéet al., 2003; Matlovéet al., 2004b). Control
measures used in this research focused on the dwamarnfection routes, and included
avoidance of usage feed, feed supplements as kaadipeat, and drinking water contaminated
with Ma, and prevention of contact of pigs with Mantaminated bedding material as pig—
compost, birds, invertebrates and small terrestneinmals (Matlové&t al., 2003; Pavlilet al.,
2005; Pavliket al., 2007). Note that the control measures are rdslersthey only require
purchased inputs and extra labour time and do @ed fong term investments. Fiv&a control
packages were defined with increasing effectivetiegscombine individual control measures
(Table 5.1). Literature and expert knowledge wasduso estimate Ma seroprevalence
distributions for each control package. Control aygs aim to prevent possible Ma
contamination sources entering the farm. Not cdifgba Ma contamination source increases
probability of infection of pigs. Only one studyali the impact of control measures on Ma
seroprevalence was available. On a pig farm wheseemtive Ma control measures were not
consistently put into effect Ma seroprevalence W&%6, whereas after introduction of good
quality straw as bedding material, implementatibregular cleaning, and prevention of access
of free living birds to the herd, Ma seroprevaleifma&ered to 0.0% (Pavlikt al., 2007). To
determine the Ma seroprevalence distribution fartheeontrol package, also literature about

® L. Heres, VION Fresh Meat West, personal commiiitina2007.
®V.M.C. Rijsman, Animal Sciences Group, Wageningét) personal communication, 2007.

92



Impact of testing accuracy on incentives for pigdarcers to contrdflycobacterium avium infections in finishing pigs

impact of control measures on lymph node lesionsidgs was used. Lymph node lesion were
found in 16.1% (4.7-33.1%) of pigs fed with kaokontaminated by Ma, whereas these
lesions were found in 2.4% (0.4—6.8%) of pigs reat fith contaminated kaolin (Méatloweh
al., 2004a). Lesions were found in 69% of pigs (81L.b7) fed with peat contaminated by Ma
(Matlova et al., 2005). Lesions were found in 7 of 8 pigs providedh pig—compost
contaminated by Ma, whereas in 0 of 4 pigs not jole with pig—compost these lesions were
found (Engel et al., 1978). Lesions were found i8% (3.6—12.7%) of pigs kept on Ma
contaminated sawdust as bedding material and on.9% (0.0—-2.0%) of pigs not kept on
contaminated sawdust (Matloetal., 2004b). The Ma seroprevalence probability disiitns

if uncontrolled contamination sources were contatdd (contamination probability of 1 in
Table 5.1), were validated by two experts in Madtions in pigs. The least intense control
package 1 had the highest average Ma seropreva{d6d@%) and the most intense control
package 5 the lowest (0.1%).

Uncontrolled contamination sources are not necigsamtaminated with Ma. Table 5.2
provides the contamination probabilities that arantrolled Ma source was contaminated
with Ma (Méatlovaet al., 2003). These contamination probabilities lower pinobabilities of a
specific seroprevalence infection level comparedaetamination probabilities of 1. Table 5.1
also provides Ma seroprevalence distributions atgter considering the contamination
probabilities of Table 5.2. The Ma seroprevalenabability distribution of control package 5
equalled the distribution with the contaminatiorolpability of 1. The Ma seroprevalence
probability distributions of the other control pages were calculated with the distribution
with contamination probability 1 for that controhgkage, the Ma seroprevalence probability
distribution of the next tighter control packageddhe contamination probabilities from Table
5.2. For example, the probability of 0% seroprenedein control package 4 is 0.266-95.0 + (1—
0.266)-99.0 = 97.9 and for control package 3 ig®.80.0 + (1-0.042)-97.9 = 97.2. Control
package 1 had the highest Ma seroprevalence (Zféoyrontrol package 5 the lowest (0.1%).

Costs for bird, small terrestrial mammal and inverd¢e control were €0.07 per pig, and
for water quality control €0.20 per pig (Kirgy al., 2007). Costs for feed supplements were
additional costs of pigs fed supplement mix (€5&2 pig: 2.5 kg of supplement mix at €135
per 100 kg and 2.5 kg of weaner feed at €70 pekgP@bove costs of pigs provided with pig—
compost (€3.62 per pig: 2.5 kg of pig—compost & g&r 100 kg and 2.5 kg of weaner feed at
€70 per 100 kg). Costs of uncontaminated beddingemahtwere those of commercially
available bedding material.
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Table 5.1: Ma control packages with control packagecosts, Ma seroprevalence
probability distributions and average Ma seroprevaénce at contamination probabilities

of Table 5.2 and of 1.

Ma control package

Control measure 1 2 3 4 5

Bird, terrestrial mammal, and

invertebrate control (€0.07/pig) X X X X

Use of uncontaminated bedding X X X

materials (€0.15/pig)

Water quality control X X

(€0.20/pig)

Use of uncontaminated feed and X

feed supplements (€1.50/pig)

Control package costs (€/pig) 0.00 0.07 0.22 0.42 921

Ma seroprevalence Cont.prob.? Cont.prob. Cont.prob. Cont.prob. Cont.prob.

probabilities at slaughter =T2* =1 =T2 =1 =T2 =1 =T2 =1 =T2 =1
0% 81.8 5.0 8438 5.0 97.2 800 979 950 99.0 099.
5% 5.6 5.0 5.6 25.0 2.6 15.0 21 5.0 1.0 1.0
10% 3.0 5.0 29 200 0.2 5.0 0.0 0.0 0.0 0.0
15% 2.8 5.0 27 200 0.0 0.0 0.0 0.0 0.0 0.0
20% 15 5.0 13 10.0 0.0 0.0 0.0 0.0 0.0 0.0
25% 1.7 10.0 13 10.0 0.0 0.0 0.0 0.0 0.0 0.0
50% 2.4 30.0 13 10.0 0.0 0.0 0.0 0.0 0.0 0.0
70% 11 30.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100% 0.2 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Average Ma seroprevalence (%) 3.9 46.0 2.2 15.8 0.2..3 0.1 0.3 0.1 0.1

& Contamination probability.

b T2 = Contamination probability in Table 5.2.

Table 5.2: Total No. of samples, No. of samples inted with Ma spp. avium and Ma spp.
hominisuis, and contamination probability of sources of Maspp. avium and Ma spp.
hominisuis infections (Matlovaet al., 2003).

No. of infected

Contamination

Source of Ma infection Total No. of samples samples probability
Birds, flies, and invertebrates 510 19 0.037
Bedding material 231 31 0.134
Water (water and biofilm) 450 19 0.042
Feed and feed supplements (peat, kaolin, 713 190 0.266

charcoal, feed concentrates)
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5.4. Results

For different sensitivity and specificity valuefietimpact of penalty values €0 to €10 on
steady-state probabilities, expected average Mzps®ralence, expected pig producer costs,
expected slaughterhouse costs, and expected cbsig were calculated. Table 5.3 provides
results at sensitivity 0.50, 0.70 and 0.90, anctifipity 0.95. Table 5.4 provides results at
specificity 0.95, 0.97 and 0.99, and sensitivity@.Expected pig producer costs consist of
control package costs and penalty costs. Expetdedisterhouse costs consist of testing costs,
additional processing costs and penalty revenuegatie slaughterhouse costs indicate
positive benefits.

The penalty system is implemented to reach an tisgefor Ma contamination of pork.
Consider an objective of a threshold value for ayerisla seroprevalence in finishing pigs at
slaughter of 4.0%. Table 5.3 shows that irrespectif the sensitivity level a penalty is not
needed to comply with the threshold, because witlzopenalty the expected average Ma
seroprevalence was 3.9%. Pig producers did notas#gol packages and the slaughterhouse
bared costs of Ma control of €0.43, of which €0.28ting costs and €0.17 additional
processing costs. To comply with a threshold valfie8.5%, a penalty of €4 per pig was
needed at sensitivity 0.50. The penalty inducedpp@fucers to use a combination of control
packages 1 to 3, which resulted in expected Mapsevalence of 2.7%. Pig producer costs
were €0.33, which consisted of €0.07 control paekegsts and €0.26 penalty costs. Penalty
costs were almost four times higher than contralkpge costs. Slaughterhouse costs were
€0.13, consisting of €0.24 testing costs, €0.15itehél processing costs and a penalty
revenue of €0.26. Chain costs were equal to thedbel®in costs at penalty €0. For sensitivity
levels 0.70 and 0.90, a penalty value of €2 wadicserit to lower expected average Ma
seroprevalence below 3.5%. At higher sensitivityenoigs were classified with increased risk,
increasing the reduction in penalty costs of a loMa seroprevalence. Pig producers used
more intense control packages at the same penadtylting in a lower penalty needed to reach
a threshold of 3.5%. For both sensitivity valuesnglty costs for the pig producer also were
about four times higher than control package cdlsughterhouse costs were €0.33 per pig
lower than without a penalty, mainly due to the gdgnrevenue. Chain costs were between
€0.00 and €0.01 higher than in the situation with@yenalty. With tighter threshold values
than 3.5%, higher penalty values were needed famptiance with a threshold. Chain costs
increased. Control package 4 and 5 were never optiraeause the control package costs were
too high (€0.42 and €1.92) compared to a poss#uxeiction in expected Ma seroprevalence
(from 0.2% of control package 3 to 0.1% for confpackages 4 and 5). At higher sensitivity
pig producers used more intense control packageishwowered the minimal penalty needed
to decrease expected average Ma seroprevalence lzelgpecific threshold value. Higher
sensitivity increased pig producer and chain cdmisdid not influence slaughterhouse costs.
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Irrespective of the specificity no penalty is nedtde comply with a threshold value of
4.0%, because without a penalty the expected asekbay seroprevalence was 3.9% (Table
5.4). At a threshold value of 3.5%, a penalty ofWe®s needed at specificity 0.95. The penalty
induced pig producers to use a combination of cbrmackages 1 to 3, which resulted in
expected average Ma seroprevalence of 3.2%. Pdupes costs were €0.22, which consisted
of €0.04 control package costs and €0.17 penabkyscé&enalty costs were four times higher
than control package costs. Slaughterhouse coses®@25, consisting of €0.25 testing costs,
€0.17 additional processing costs and a penaltgmes of €0.17. For specificity levels 0.97
and 0.99, a penalty value of €4 and €6 respectmely needed to lower expected average Ma
seroprevalence to 3.5%. At higher specificity feyeys were classified with increased risk,
lowering Ma seroprevalence and the possible reoludti penalty costs. At a higher specificity
pig producers used less intense control packagbe aime penalty value, resulting in a higher
penalty value needed for reaching a threshold vafu&5%. At specificity 0.97 penalty costs
for the pig producer were double the control paekagsts, and at specificity 0.99 they
equalled the control package costs. Higher spégifiowered the penalty for producers and
thereby pig producer incentives to use intenserobmackages, and increased the needed
penalty to comply with a Ma seroprevalence thresh&lenalty costs for the pig producer
reduced if specificity increased. With tighter tineld values than 3.5%, higher penalty values
were needed for compliance with the threshold dradnccosts increased. At higher specificity
pig producer costs were lower. Chain costs weredrighth increased specificity. For penalty
values lower than the additional processing ca&lsand €2, penalty revenue was lower than
savings on additional processing costs. At thessalpe values higher specificity lowered
slaughterhouse costs, because less pigs werefieldssith increased risk. For penalty values
of €4 or higher, slaughterhouse costs increasdu higther specificity.

5.5. Sensitivity analysis

Sensitivity analysis was conducted with 1) altegmeatMa contamination probabilities, 2)
alternative control package costs, 3) alternatideitional processing costs, 4) attributing
additional processing costs to pig producers, ®y@tive testing costs, 6) attributing testing
costs to pig producers, and 7) alternativenpda sizes. Higher sensitivity and lower
specificity resulted in increased usage of morerisé control packages irrespective of the
alternative values of the first six variables, lmddel outcomes did change. Alternative sample
sizes did, however, change impact of testing acguoa producer usage of control packages.
The results of the sensitivity analysis are progidabsequently.
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Impact of testing accuracy on incentives for pigdarcers to contrdflycobacterium avium infections in finishing pigs

Ma contamination probabilities of 1.00 for eachttohpackage resulted in higher average
Ma seroprevalence of each control package (conttinim probability of 1 in Table 5.1). It
increased pig producer costs from €0.00 to €0.1&jug depending on sensitivity, specificity
and penalty value. Slaughterhouse costs changed draecrease of €0.07 to an increase of
€0.93. Chain costs increased from €0.07 to €0.98. gdénalty value that resulted in lowest
chain costs changed from €0 per pig in the basatsin to €2 or €4 with high contamination
probabilities. Higher contamination probabilitiexieased financial gains of using a control
package, because the decrease in expected averageeddprevalence was larger. Higher
contamination probabilities also lowered the pgnatilue, which was sufficient to comply
with a Ma seroprevalence threshold value.

If control package costs were half of the costsTable 5.1, pig producers used more
intense control packages resulting in lower expgketeerage Ma seroprevalence. It decreased
pig producer costs from €0.00 to €0.11 per pig,etheling on sensitivity, specificity and
penalty value. Slaughterhouse costs decreased&@odd to €0.04. Chain costs decreased from
€0.00 to €0.11. The penalty value that resultetbiest chain costs changed from €0 per pig
in the base situation to €2 if control package £agtre half. Savings on penalty costs more
quickly exceeded additional costs of more intensetrol measures, if control measure costs
were lower. Lower control package costs also lodehe penalty value, which was sufficient
to comply with a Ma seroprevalence threshold value.

Pig producer and slaughterhouse manager decisioaimed unchanged if additional
processing costs varied from €0.92 per pig to €@dé €1.38. If additional processing costs
were assigned to the pig producgr € 1), more intense control packages were optifgy.
producer costs were between €0.06 and €0.20 hithaer if additional processing costs were
assigned to the slaughterhouse, depending on iséwsitspecificity and penalty value.
Additional costs consisted of additional processingts and control package costs. Usage of
more intense control packages lowered penalty csisghtly. Slaughterhouse costs were
between €0.05 and €0.20 lower. Gains from loweritaachl processing costs outweighed
lower penalty revenues. Chain costs were betweef0€@nd €0.05 higher, because the
increase in control package costs cancelled outetthection in additional processing costs.

Pig producer and slaughterhouse manager decisioaimed unchanged if testing costs
varied from €8 per test to €4 and €12. If testingts were assigned to the pig produgir
1), more intense control packages were optimal.@dPiglucer costs were between €0.19 and
€0.28 per pig higher than if testing costs weregagsl to the slaughterhouse, depending on
sensitivity, specificity and penalty value. Addiia costs consisted of testing costs and control
package costs. Usage of more intense control paskdgwered penalty costs slightly.
Slaughterhouse costs were between €0.18 and €0w&8,|because it faced no testing costs
and the lower expected average Ma seroprevalenceeaised additional processing costs.

99



Chapter 5

Chain costs were between €0.00 and €0.04 highegulsecthe increase in control package
costs cancelled out the reduction in additionatpssing costs and testing costs.

The impact of a doubled (from 2 and 6 to 4 andr&&pectively), tripled (6 and 18) and
quadrupled (8 and 24) sample siag, on expected average Ma seroprevalence in theystead

state was analysed. Figure 5.2 presents the refultspecificity sp 0.95, 0.97, and 0.99,
sensitivity 0.70 and penalty value €2. It shows théarger sample size not always resulted in
lower expected average Ma seroprevalence. At spiegif0.95, expected average Ma
seroprevalence was lower at sample size 4/12 thaamaple size 2/6. However, it was higher
at sample size 6/18 and 8/24 than at sample sik2. 4 larger sample size and a low
specificity resulted in a higher probability of orcectly classifying a delivery with increased
risk. This lowered benefits of a lower probabildlya delivery being classified with increased
risk to such extent that benefits were lower thas additional costs of more intense control
packages. This resulted in usage of less intenseatgpackages and a lower expected average
Ma seroprevalence at a higher sample size. Simpilarsample size of 6/18 at specificity 0.97
and a sample size of 8/24 at specificity 0.99 minaét expected average Ma seroprevalence.
The sample size minimizing expected average Mapsevalence increased with specificity,
because at higher specificity the probability ofdrrectly classifying at least one pig with
increased risk was lower. Alternative penalty valwnd sensitivity values showed similar
results.

5.6. Discussion

This paper analysed influence of sensitivity andc#irity of a new serodiagnostic test for
detection of Ma infections on pig producer inceasito control Ma infections in finishing
pigs. Incentives were provided through a penaltpigs in a delivery classified with increased
Ma risk. A dynamic optimization model with a gridasch of deliveries of pig producers to a
slaughterhouse was used to provide insight into tesivsensitivity, test specificity and penalty
values influenced pig producer incentives to immeamMa control packages. The minimal
penalty value needed to comply with a thresholdueafor average Ma seroprevalence in
finishing pigs at slaughter depended on test deitgiand specificity. Higher sensitivity and
lower specificity induced usage of more intensetiarpackages, resulting in lower expected
average Ma seroprevalence and lower minimal pewaliyes, and also in higher expected pig
producer costs and chain costs. Expected slaughisehcosts were hardly influenced.
Sensitivity and specificity weighed relative impaorte of expected producer costs to that of
expected average Ma seroprevalence. A higher peinalteased usage of more intense control
packages. Kinget al. (2007) similarly reported that penalties intensifyntrol of salmonella
infections in pig herds. Specificity had a largapact than sensitivity on expected costs of pig
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Figure 5.2: Impact of specificity sp and sample size N on expected average

Mycobacterium avium seroprevalence in the steady-state at penalty vau€2 and
sensitivity 0.70.

producers and slaughterhouse. This originated idow expected average Ma seroprevalence
within the herd. Jordan (1996) similarly reportddhtt specificity has a larger impact than
sensitivity on the sample size to detéycobacterium paratuberculosis infections in cattle
herds. Starbird (2005) showed that larger sampe fwered the fine needed to induce
suppliers to deliver safe products. Our researclwshl that if a test with imperfect specificity
is used and hazard prevalence is low, a larger Igasige can result in lower incentives to take
control measures. Policy makers should thus conside specificity of the test while setting
the sample size, to prevent adverse effects onlisujpcentives.

In the analysis pig producers were assumed toskeneutral for simplification. However,
primary producers are often assumed to be risksavélinget al. (2007) showed that the level
of risk aversion has no influence on the relatigmslamong expected welfare and monetary
gains and almost no effect on the quality premiemdsalmonella control by pig producers.
Although specific parameter values might differ, @gect that impact of testing accuracy on
optimal parameter values of the financial incentsystem with risk—neutral producers is
comparable to impact with risk—averse producers.
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The research used a partial analysis on Ma. Butl feafety control measures can be
effective in reducing multiple pathogens and caprione production results. This research did
not include such benefits, because these weredeutsir research scope. Improvement of
farmer production results de facto lowers contratkage costs and increases incentives for
implementation of more intense Ma control packages.

The model did not include a participation constraifipig producers, because the research
aimed to analyse how testing accuracy influencagmap parameter values of an incentive
system. In countries where no long—term contrakist ®etween pig producers and slaughter
companies, such as the Netherlands, pig produaarsregularly shift deliveries from one
company to another. If only part of the slaughtempanies in such a country introduce a
penalty, the penalty costs could induce their syipgl pig producers to switch to another
slaughter company. Thus, slaughter companies chnset a penalty up to a specific level,
depending on the individual participation constimiof supplying pig producers. Extending the
model with a participation constraint limits thetiopal penalty value to a maximum. It would
not change the impact of testing accuracy.

The research aim was to analyse the impact of tbaracy of a serodiagnostic test on
supplier incentives to implement food safety conineasures. It did not aim at analysing the
feasibility of adopting the proposed incentive systin practice. Notwithstanding, some
comments on the feasibility can be made basedisndkearch. In a situation with a threshold
value for Ma seroprevalence which necessitatesaltye chain costs compared to the current
situation without a penalty (results at penaltyues€0) were between €0.00 and €0.12 per pig
higher, depending on sensitivity, specificity andnalty value. Gains of a Ma control
programme in terms of lower public health costs thousweigh these additional chain costs for
it to be cost—effective for society and a suffitipart of these gains must be redistributed to
the slaughter company and pig producers. Withodisteébution voluntary implementation of
such system is unlikely. However, if control paockagpsts decrease, for example through
technical development, or contamination probabkditf individual Ma sources are higher than
the ones used in this research, a penalty systembeamore cost—effective than a system
without a penalty irrespective of public healthrggibecause minimal chain costs occurred at
penalty values of €2 or €4. For implementation hyradividual slaughter company in practice
it also is important that gains of finishing pigopgucers exceed their costs, because finishing
pig producers would otherwise shift deliveries tihev slaughter companies (participation
constraint). A slaughter company can, for examptgroduce a quality premium for
participation in the control programme used in Ketgal. (2007) to increase pig producer
gains. Alternatively, voluntary adoption acrosss#lughter companies or prescription by the
government could solve the problem of shifting iofshing pigs to another slaughterhouse as
in the Netherlands.
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Impact of testing accuracy on incentives for pigdarcers to contrdflycobacterium avium infections in finishing pigs

Consequences for consumers originate from consumpfioneat from pigs infected with
Ma which remained undetected in the chain. The qvdity that a delivery with Ma infection
is incorrectly classified without increased riskdamarketed towards the consumer is the so—
called type—Il-error. The model does not include type—ll—error, because the reservoir for
human MAC infections is unclear. Pig meat could bsoarce, but it is also possible that
humans and pigs share common sources (Koatija., 1999). Traceability is necessary to
attribute costs originating from these infectionsat food business operator (Hobbs, 2004).
Currently, traceability of human MAC infections toetipork supply chain is not possible. If
human MAC infections can be traced to the pork sygplain, passing on costs originating
from these infections to a food business operatorle an additional incentive to induce it to
control Ma infections (Pouliot and Sumner, 2008)eTmodel can be adapted to include the
type—Ill—error and to analyse impact of such coste type—Ill—error can be calculated using an
altered version of (3b), as the sum of the prolt#sila delivery which has at least one Ma
infected pig, is classified without increased riskmm>0 to 1). Multiplication by the number
of Ma infected pigam:N in the delivery within the altered sum yields tvepected average
number of undetected Ma infected pigs. Table 5dvides the expected type—Ill—error and
expected average number of undetected Ma infedtgdgeer delivery in the steady-state for
sensitivity, specificity and penalty values of Tebl5.3 and 5.4. Table 5.5 shows that higher
sensitivity, lower specificity and higher penaltglwves decreased the expected type—ll—error
and average number of undetected Ma infected figs. public health gains of a penalty
system is the difference between the expected ggaramber of undetected Ma infected pigs
at penalty value €0 and at another penalty valudatiRg the gains in expected average
number of undetected Ma infected pigs to additicegected chain costs compared to the
chain costs at penalty value €0 (Tables 5.3 an{l yidlded a cost—effectiveness between
€9.47 and €19.41 per undetected Ma infected pidpli®yolicy makers and food business
operators in the pork supply chain can use the—effsictiveness in the decision whether an
penalty on Ma infected finishing pigs to induce dmtrol by pig producers is appropriate.

The model provides insight into impact of testimgw@racy on incentives of pig producers
to implement Ma control measures. However, the rhathn be adapted to analyse
consequences of testing strategy for any qualitibate for which diagnostic tests are used to
measure supplier performance. The model can beluahbla tool for analysing impact of
diagnostic testing strategies on costs, benefit supplier incentives to take food safety
control measures in a setting of an incentive systéth a penalty to induce performance.
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Table 5.5: Expected type—ll—error and expected avege number of Ma infected pigs per
delivery of 100 pigs in the steady—state for sensiity, specificity and penalty values of
Tables 5.3 and 5.4.

Expected type—Ill—error Expected average number Manfected pigs
per delivery (100 pigs)
Sensitivity 0.50 0.70 0.90 0.70 0.70 0.50 0.70 0.90 0.70 0.70
Specificity 0.95 0.95 0.95 0.97 0.99 0.95 0.95 0.95 0.97 0.99

Penalty

(E/pig)

0 0.095 0.080 0.069 0.095 0.111 1.36 1.00 0.76 1.241.53
2 0.091 0.071  0.062  0.090 0.111 131 0.90 0.68 1.181.53
4 0.079 0.065 0.051  0.087 0.106 1.12 0.71 0.52 1.131.47
6 0.076 0.055 0.049 0.083 0.106 1.08 0.60 0.50 1.091.47
8 0.063 0.055 0.018 0.078 0.104 0.73 0.60 0.10 0.891.45
10 0.063 0.019 0.018 0.078 0.102 0.73 0.10 0.10 90.8 142

5.7. Conclusion

Higher sensitivity and lower specificity resulted use of more intense control measures,
higher producer costs and lowklycobacterium avium seroprevalence. The minimal penalty
values to comply with a threshold for average Mageevalence in finishing pigs at slaughter
was lower at higher sensitivity and lower spediicWith imperfect specificity a larger sample
size decreased pig producer incentives to coritigtobacterium avium seroprevalence.
Sensitivity, specificity, sample size and penalyue must be attuned in an incentive system to
induce pig producers to implemeMycobacterium avium control in finishing pigs with
minimum negative effects.
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Reliability of food chain information about antibimusage in finishing pigs provided by pig prodtsce® a Dutch
slaughter company

Chapter 6

Reliability of food chain information about
antibiotic usage in finishing pigs provided by
pig producers to a Dutch slaughter
company

Abstract

The EU prescribes food business operators to usg ¢bain information in order to control
food safety. This research analyzes reliabilityoafd chain information about antibiotics usage
during 60 days prior to delivery to a large Duttéughter company. A dataset with 479 test
results for antibiotics residues in tissue samplefnishing pigs was linked to information on
delivery documents provided by pig producers atamtibiotics usage in these pigs. A Pearson
chi—square test showed that twice as much pig mergueported using antibiotics in the group
of 82 pig producers with detected antibiotics ras&l(11.0%) as in the group without detected
antibiotics residues (5.5%). For 89% of delivenieth a finishing pig with detected antibiotics
residues ‘did not use antibiotics’ was reportedodrahain information about antibiotics usage
provided by pig producers was no guarantee forratgsef antibiotics residues in delivered
finishing pigs. To improve reliability of this foodhain information policy makers should
focus on increasing control depth, the probabildgf detecting unreliable food chain
information if a non—compliant pig producer is cked. Research is needed to determine
benefits and costs of increased control depthosts exceed benefits food chain information
about antibiotics usage is not a relevant instrunb@mmprove food safety and pig producers
should not be requested to provide it.

" C.P.A. van Wagenberg , G.B.C. Backus, J.G.A.J.darVorst and H.A.P. Urlings.
Submitted to an ISI journal.
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6.1. Introduction

Food safety is an important food attribute for aoners, governments and food business
operators (FBOSs) that has to be further improvetinaously. As food safety legislation in the
EU at the end of the #0century was insufficiently equipped to do so, EHé adopted new
food safety legislation with the General Food Ld&F$A, 2007). This states that food safety
must be controlled throughout the supply chain, EB@ve primary legal responsibility for
food safety, and governments keep the final respiityg to supervise that marketed products
are safe (Regulation (EC) No 178/2002). In this sgttfor FBOs it is essential that, next to
intra—company application of control measures, pased raw materials are of sufficient safety
(Van Wagenbergt al., 2009). For governments it is essential that makeroducts are of
sufficient safety to guarantee public health. Bubether or not intermediate and consumer
food products are of sufficient safety is ofterfidiflt to verify. This can result in information
asymmetry about product safety between supplyirdy tarying FBOs in food supply chains
and between FBOs and governments, possibly leathngpportunistic behaviour with
consequential public health risks (Hennessgl., 2003; Hirschauer and Musshoff, 2007). To
reduce information asymmetry, a buyer or governnoam measure food safety performance
with testing technologies. This can, however, bstlgeand time consuming (Unneveétral.,
2004). So, FBOs and governments are searching éoe most—effective strategies to reduce
information asymmetry about food safety. Provisafninformation by supplying FBOs to a
buying FBO or from FBOs to a government can be suctrategy (Van Wagenbegy al.,
2009). Sharing relevant information between suppli@nd buyers can improve chain
performance through information and relational magnt (Tanet al., 2010), better
coordination and planning of the supply chain (laael Whang, 2000) and can increase
customer satisfaction (Eggert and Helm, 2003). Cetepkss and correctness, or reliability, of
the information is essential for the user to préveagative social and economic impacts
(DeLone and McLean, 1992; Feldmann and Muller, 2003@ng, 1996). However, fear of the
information being misused (Mohtadi, 2008; Mohtaxd &insey, 2005) and expected negative
financial consequences can result in provision wfeliable information. If a buying FBO
adjusts logistical and production processes to liafnle information, it can result in lower
chain performance, decreased customer satisfactiod, food safety and public health
problems. If governments adjust control strategtesinreliable information, it can result in
food safety and public health problems. It is, éfiere, important that FBOs provide reliable
information about food safety.

The public control system for food safety in the Eidreasingly relies on information
provided by FBOs under control. Regulation (EC) N@/8804 prescribes FBOs in the EU to
use appropriate hygiene measures and to keep sefmnmh which relevant information, on
request, must be made available to receiving FB@sthe competent authority. For public
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health it is essential that this food chain infotiora (FCI) FBOs provide is reliable. However,
a literature review showed a lack of literaturetba reliability of FCI as prescribed by EU
legislation. This research aims to fill this gap bgalyzing the reliability of FCI about
antibiotics usage in finishing pigs in the Netheda.

6.2. Food chain information about antibiotics usagen finishing pigs
in the Netherlands

Prior to delivery to a slaughterhouse, pig prodsiéerthe EU have to provide FCI that helps
slaughterhouses to control food safety such apitee health status, farms the pigs originate
from, veterinary medicinal products administeredhe pigs, occurrence of diseases affecting
meat safety, results of analyses on the pigs efést to food safety and public health, relevant
reports about previous ante— and post-mortem itigpscof pigs, production data which
might indicate presence of diseases, and nameeoéttending veterinarian (Regulation (EC)
No 853/2004). Pigs treated with an antibiotic skteged during the antibiotic’s withdrawal
period, the period in which pigs treated with thilziotic are not allowed for slaughter, can
result in products with a too high level of antiligoresidues and pose a risk for public health
(Pikkemaatet al., 2009). In Council Regulation (EEC) 2377/90 the Elhlglishes allowed
residue levels through maximum residue limits (MR&) veterinary medicinal products in
foodstuffs of animal origin. Since 2008 pig prodiscén the Netherlands legally have to
provide FCI to Dutch slaughter companies about &itids usage in delivered pigs during 60
days prior to delivery in order to improve contafl antibiotics residues in pork. A major
Dutch slaughter company already asked for FCI absetl antibiotics during 60 days prior to
slaughter since 2007. To analyse the reliabilitythaf provided FCI this research focused on
pig producers with detected antibiotics residueéinishing pigs. Under the assumption that
provided FCI was reliable, i.e. correct and compliteias expected that the percentage of pig
producers who reported antibiotics usage, was higtiethe group of pig producers with
detected antibiotics residues than for the groupigfproducers without detected antibiotics
residues. Furthermore, because the withdrawal gerd detected antibiotics are less than 60
days (Table 6.1), it was expected that pig produedth detected antibiotics residues used
antibiotics during 60 days prior to delivery. Soder the assumption that these pig producers
provided reliable FCI, it was expected that theyorggd antibiotics usage in finishing pigs to
the slaughter company.
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Table 6.1: Withdrawal period of antibiotics found in finishing pigs delivered to a Dutch
pig slaughter company in 2007 and 2008.

Antibiotic Withdrawal period (days)?
Doxycycline 5-28
Oxytetracycline 3-53
Tetracycline 3-53
Sulfadiazine 5-28
Sulfamethoxazol 3-12
Dihydrostreptomycine 35-49
Penicillin G 5-10
Tulathromycine 33

# From database veterinary medicines of the Medidiveluation Board of the Netherlands (http://wwvaeb
meb.nl/CBG/en/veterinary-medicines/database-vetgrimedicines/default.htm

6.3. Material and method

6.3.1. Residues of antibiotics

Information about residues of antibiotics in finisdy pigs was obtained from a dataset with
screening results of tests for antibiotics residndssue samples of finishing pigs delivered to
a major Dutch pig slaughter company in 2007 and320is slaughter company was chosen
because it had screening system for antibiotic&lues and slaughtered 60% of the total
number of pigs slaughter in the Netherlands (8.Bianipigs) in 2007 and 57% (8.2 million
pigs) in 2008. The screened finishing pigs in theadet were from multiple slaughter
locations. For each slaughter location, screengsl were selected randomly from deliveries of
finishing pigs from farms that had double the luagion prevalence and pleurisy prevalence
compared to the average of all farms deliveringthat slaughter location. The dataset
contained screening results of tests for antibsotesidues of 22,633 finishing pigs; 11,490 in
2007 and 11,143 in 2008.

Residues of antibiotics were determined with theedhstep method described in
Pikkemaatet al. (2009). First, a Nouws Antibiotics Test—screen{hNg\T—screening) on pre—
urine kidney fluid was carried out. Second, if tNAT—screening indicated the possible
presence of antibiotics, two post—screening testneat juice (NAT—meat test) and on kidney
juice (NAT—-kidney test) were performed simultandpud hird, if one or both of the post—
screening tests indicated the possible presenemtddiotics, chemical confirmation based on
extraction, separation and detection proceduresritbes! in Stolker and Brinkman (2005) was
conducted on meat.
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6.3.2. Information about antibiotics usage

For 141 finishing pigs from the dataset with sciegnresults (93 in 2007, 48 in 2008)
chemical confirmation showed residues of antib&ti©f 45 of the finishing pigs with a
chemical confirmation (31 in 2007, 14 in 2008) thboratory only reported compliance with
the MRL without reporting the measured quantitatiesidue level. The results from these
finishing pigs were excluded from the analysis, euse lack of information about the
measured quantitative residue level could also ntkanthe level was zero, i.e. no residues.
The 96 positive finishing pigs with detectable levef antibiotics were from 74 pig producers,
of whom 61 pig producers had one delivery with positive finishing pig, 12 pig producers
had two deliveries with one positive finishing pigeach delivery, and one pig producer had
11 finishing pigs in nine deliveries (two delivegigith each two positive finishing pigs). The
pig producer with 11 positive finishing pigs wasckxied from the analysis, because he was
first subjected to intensified surveillance andafip excluded from delivery to the slaughter
company. This resulted in 85 deliveries with eanh positive finishing pig.

Delivery documents provided FCI about antibioticages in the finishing pigs during 60
days prior to delivery. For each delivery of finisty pigs arriving at a slaughterhouse the pig
producer must fill out a delivery document with th€l questions at least 24 hours prior to
delivery. All pig producers declared they filled tothe delivery document correctly and
completely by signing the delivery document. In 2@hd 2008, different delivery documents
concerning treatment statements about antibiotsesgg@ during the 60 days prior to delivery
existed. Of the 85 deliveries with a positive fhiigg pig, 60 delivery documents contained a
statement about a group treatment, 22 about trestofeindividual pigs, and three did not
include a statemeht These last three were excluded from the analysisylting in 82
deliveries with a corresponding delivery documeithwa statement about antibiotics usage.

The deliveries without antibiotics residues werkested from the deliveries of the 22,492
screened finishing pigs without a chemical confitiora (11,397 in 2007 and 11,095 in 2008).
Because the delivery documents were only availablbardcopies, a sample of 397 deliveries
without antibiotics residues was randomly selectiedl analysis using an arcsinus—
transformation (Cohen, 1977). This sample size aléw detection of statistical difference of
5% point between the percentage of pig producers imdicated antibiotics usage in the
sample with a quantitative residue level on the twaed and in the sample without a
guantitative residue level on the other hand, w&ifpower of 0.95 and an alpha of 0.01 (Cohen,
1977). To exclude a possible bias in slaughtertiosa year and season, the numbers of
deliveries from each slaughter location, year arahtim in the sample of deliveries without
antibiotics residues were set proportional to thenbers in the sample of the deliveries with

8 Three documents were of an older type in use poidhe time a statement about antibiotics usageimeluded on
the document. Pig producers used this older typ#hably because they had a stock of delivery dootsnand only
asked for new documents once their stock needdehispment.
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antibiotics residues. Of the 397 delivery documaenitgeliveries without antibiotics residues,
299 included a statement about group treatmen®8nabout treatment of individual finishing

pigs.

6.3.3. Statistical analysis

A Pearson chi—square test of goodness of fit (lBeark900) was used to test if the percentage
of pig producers who indicated antibiotics usages Wagher for the group of pig producers
with detected antibiotics residues than for theugraf pig producers without detected
antibiotics residues for all treatment statements.

A pig producer could, however, have correctly iadécl he did not use group treatment
with antibiotics, even if a finishing pig in a dediry was found to have antibiotics residues,
because he could have treated only this individinshing pig. A separate analysis was,
therefore, conducted for deliveries with only staéets about treatment of individual finishing
pigs on the delivery document. Because of the lamlmer of deliveries, more than 25% of the
expected cell counts had a value of less than éeearson chi—square test of goodness of fit
was not appropriate (Fingleton, 1984) and instedélsher’s exact test (Agresti, 1992) was
performed to test if the percentage of pig prodsiceho indicated antibiotics usage in
individual finishing pigs was higher for the groop pig producers with detected antibiotics
residues than for the group of pig producers witltmtected antibiotics residues.

If antibiotics residues were detected with chemazadfirmation, it can be expected that the
finishing pig producer reported ‘did use antibistion the delivery document. So, the expected
number of delivery documents with ‘did not use hiotics’ would be zero. It is, however,
possible that for a delivery with residues the sy document correctly reported ‘did not use
antibiotics’ during 60 days prior to delivery, besa it can not be excluded that an individual
finishing pig is found to have antibiotics residusslaughter, even when the pig producer did
comply with the withdrawal period. This is becausghdrawal periods are set based on
probabilistic analysis of medicine clearing timasekperiments and for an individual finishing
pig the medicine clearing time could exceed 60 déysother words, it is not possible to
univocally set the expected number of delivery doents reporting ‘did not use antibiotics’ in
the deliveries with residues at zero, but it iseotpd to be low. The expected number of
delivery documents reporting ‘did not use antilmstiwas (reasonably but arbitrary) set at 10%
of the 82 delivery documents found with residueamtfbiotics, which is eight. A Pearson chi—
square test of goodness of fit was used to comgperaeal number of delivery documents
reporting ‘did not use antibiotics’ to the expectadnber of delivery documents reporting ‘did
not use antibiotics’. Setting the expected numBetetivery documents reporting ‘did not use
antibiotics’ at 20% (16) or 30% (25) yielded simitmpirical results.
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6.4. Results

Table 6.2 provides the number and percentage ofppglucers with and without detected
antibiotics residues reporting ‘did use antibictiasd ‘did not use antibiotics’ during 60 days
prior to delivery. The percentage of pig produceh® reported ‘did use antibiotics’ was twice
as high for the group of pig producers with detécamntibiotics residues by chemical
confirmation in finishing pigs (11.0%) as for theogp of pig producers without detected
antibiotics residues in finishing pigs (5.5%) (p3&86). Using the statements about treatment
of individual finishing pigs yielded comparable utts (p=0.4066). The majority of delivery
documents of the 82 deliveries with a finishing pigh detected antibiotics residues (89.0%)
and of the 22 deliveries with a finishing pig witletected antibiotics residues exceeding the
MRL (86.4%) did report ‘did not use antibiotics'iqur to delivery. The real number of delivery
documents reporting ‘did not use antibiotics’ (#38@ deliveries) in deliveries with residues
was higher than the expected number of eight (340.0

Table 6.2: Number ) and percentage (%) of deliveries of pig producerdo a Dutch
slaughter company in 2007 and 2008 with the pig pducer reporting ‘did use antibiotics’
and ‘did not use antibiotics’ in the finishing pigsduring 60 days prior to delivery for
deliveries in which residues of antibiotics were ah were not detected per type of
treatment statement.

Delivery documents reporting

‘did use antibiotics’ ‘did not use antibiotics’ Total

Deliveries n % n % n

Satements about group treatment and treatment of individual finishing pigs

Without antibiotic residue 22 5.5° 375 94.5 397

With antibiotic residué 9 11.¢° 73 89.0 82

- Under MRL® 6 10.0 54 90.0 60

- Exceeding MRL® 3 13.6 19 86.4 22
Satements about treatment of individual finishing pigs

Without antibiotic residue 6 6.1¢ 92 93.9 98

With antibiotic residué 2 10.0° 18 90.0 20

#Based on chemical confirmation.

® MRL = Maximum residue limit.

¢ Statistical difference at p = 0.0686.
9 Statistical difference at p = 0.4066.
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6.5. Discussion

The analysis shows that 89% of pig producers witected antibiotics residues reported they
did not use antibiotics in the finishing pigs dgrithe 60 days prior to delivery to a Dutch
slaughter company. This shows that the providedrimétion ‘did not use antibiotics’ was no
guarantee for the absence of antibiotics residuesik, and that the FCI was unreliable.

In 16.3% (73) of the 448 deliveries of which thdivery documents reported ‘did not use
antibiotics’ a finishing pig with a quantitativeviel of antibiotics residue was detected. The
non—-compliance to provide correct FCI about antibsotisage hampers control of antibiotics
residues in pork. For the FCI to be useful, the wompliance needs to be decreased. Non—
compliance for provision of reliable informationrncde due to errors, because of lack of
knowledge or concern, or deliberate actions (Edfétral., 2003). It was not possible to assess
whether or not pig producers with detected antibsotresidues accidently or deliberately
reported ‘did not use antibiotics’. But, the reasdor the presence of antibiotics residues can
provide an indication for this. These reasons wdemntified through telephone and email
contact of slaughter company personnel with the grigducers with detected antibiotics
residues. Of 47 of these pig producers reasonspifesence of antibiotics residues were
retrieved (Table 6.3). Most reasons provided sedlated to errors: cross—contamination with
medicated water and feed, forgetfulness about itielvawal period, incorrectly recording and
marking of medicated finishing pigs, and the sicdaef treated pigs. This is supported by the
fact that 73 of the 74 pig producers, who had @eies with a finishing pig with antibiotics
residues in 2007 and 2008, had one or two deligesigh a finishing pig with residues. The

Table 6.3: Reasons provided by pig producers for psence of antibiotics residues in
finishing pig deliveries to a Dutch slaughter compay in 2007 and 2008.

Number of
Reason deliveries
Cross—contamination through water 2
Cross—contamination through feed 10
Incorrectly adjusted feeding system 2
Incorrectly adjusted medicated water system 5
Incorrectly recording antibiotics usage 4
Delivered finishing pigs were medicated, but forgntomply with the withdrawal period 12
Delivered medicated finishing pigs due to incormaetrking of sick finishing pigs 6
Delivered finishing pigs were treated for sickndss, recovered at delivery 8
Total 492

2 From 47 pig producers reasons were retrieved. figg@roducers provided each two reasons.
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non—compliance with the presence of antibioticsdress thus seems mainly related to errors
instead of deliberate actions. However, accidengabviding antibiotics in the 60 days prior
to delivery by itself does not prevent deliberatedporting ‘did not use antibiotics’, because a
pig producer could have detected the accidentaligiom of antibiotics prior to filling out the
delivery document.

To improve compliance with the law to provide rblea FCI about antibiotics usage,
factors that induce non—compliance have to be dolVe analyse compliance with regulatory
laws of Dutch primary producers the Table—of-Ele¢&H) can be used (Elfferst al., 2003).
The T includes six spontaneous compliance dimensions fare induced compliance
dimensions promoting and opposing compliance withhaw (Elffers et al., 2003). The
spontaneous compliance dimensions, which are ndérudirect control of a law—enforcing
agency, include lack of knowledge about and clasftyules, costs and benefits associated with
compliance and non—compliance, acceptability oésulgeneral conformity with respect to
laws and authorities, informal control by the sb&avironment, and spontaneous detection.
The induced compliance dimensions, which focus clivides of a law—enforcing agency,
include the probability that an arbitrary produceitl be controlled (control density), the
conditional probability of detecting non—compliangi®en that a non—compliant producer is
checked (control depth), targeting of control atieé towards producers with increased risk of
non—compliance, sanction certainty if non—complérs detected, and sanction severity.
Improvement of spontaneous compliance could comm fincreased knowledge and clarity
about the rules. Specifically, some pig producets) provided reasons for detected antibiotics
residues, indicated to have interpreted the 60 plryod in the question on the delivery
document as the shorter withdrawal period. Howetés, does not solve the possible problem
of deliberately providing unreliable FCI.

The induced compliance dimensions focus on cordral sanctioning system. In the
Netherlands slaughter companies are responsilibdok the completeness and correctness of
provided FCI. The Dutch Food and Consumer Produet@afuthority VWA verifies whether
slaughter companies sufficiently check provided Afcthe VWA detects a slaughter company
insufficiently checking FCI, it notifies the slaughtcompany to improve its checks and issues
the slaughter company a warning.

Concerning control and sanctioning of FCI providedly producers, a distinction can be
made between correctness of FCI and completendsSlofrrespective of the reliability. First,
neither the slaughter company in this research ther official veterinarian of the VWA
responsible for the ante—mortem assessment ofedetivfinishing pigs did structurally check
correctness of provided FCI. Although all deliveycdments were checked at the slaughter
location, it was not possible to check correctn&sBCI about antibiotics usage. So, existing
sanction possibilities could not be used. Onlyn$wers to different FCI questions were clearly
inconsistent, for example a high mortality rate arma usage of antibiotics, the competent
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authority for the primary sector, the General Idjpm Service AID, was notified, which
conducted a farm visit to investigate the possibiguse of antibiotics and issued a warning or
a fine depending on the severity of non—compliaize verification on the slaughter company
check of correctness of the provided FCI by the V@#sted. In conclusion, according to the
induced compliance dimensions of the the control depth for the correctness of providied
was insufficient. Second, both the slaughter com@ard the official veterinarian of the VWA
structurally checked whether FCI was provided. If W@is lacking for a delivery, it was not
allowed for slaughter. The pig producer was ndlifeed provided with the opportunity to still
provide FCI. After FCI was received the finishing pigiere allowed for slaughter without
further consequences for the pig producer. Conctydoompleteness of FCI was actively
enforced.

For presence of antibiotics residues in finishiigspgwo screening systems were in place.
The samples from both screening systems were athiysthe state laboratory with the same
methods and procedures. The first was the Dutcioh&t Surveillance Program for detection
of antibiotics residues conducted by the VWA acawgdio Council Directive 96/23/EC. It
randomly searches for antibiotics residues in acifipd number of finishing pigs on
slaughterhouses using prescribed sampling and sieabchniques. In the slaughter company
in this research 1588 and 1516 finishing pigs veereened in 2007 and 2008, respectively. No
finishing pigs had antibiotics residues exceeding MRL in 2007, and 2 in 2008. Non—
compliant cases were investigated by the AID amdptiy producer was issued a warning or
fined depending on severity of non—compliance. $&eond was the private screening system
for antibiotics residues of the slaughter compamyhis research. The screening system was
risk based using the idea that higher lung and rigiguprevalence indicates more health
problems and, therefore, a possible higher usagmtiiotics and higher risk at the presence
of antibiotics residues. It did not use provided E€Isteer sampling. From each delivery of
finishing pigs from farms that had double the Iuegion prevalence and pleurisy prevalence
compared to the average of all farms delivering telaughter location one finishing pig was
randomly selected for screening. This resulted sarmaple size of over 11,000 finishing pigs in
2007 and in 2008. If a sample with antibiotics desis was detected, slaughter company
personnel contacted the pig producer to identify ¢huse of the presence of residues (Table
6.3). Because the samples were analysed in the &hbratory, results of samples that
exceeded the MRL were also directly from passedootihe AID for legal assessment. Such
cases were equally dealt with as cases detectbe iNational Surveillance Program. Of the 74
pig producers, who had deliveries with a finishjpig with antibiotics residues in 2007 and
2008 detected with the private screening systenmpig3roducers had one or two deliveries
with a finishing pig with residues. The slaughtempany personnel pointed out to these pig
producers that they incorrectly indicated no usaf@ntibiotics during the 60 days prior to
delivery on the delivery document. The slaughtemgany did not apply further sanctions
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towards these pig producers. The single pig produt® repeatedly had antibiotics residues
was first subjected to intensified surveillance dimhlly excluded from delivery to the
slaughter company.

Currently, without a control and sanctioning systemreliability of provided FCI about
antibiotics usage in finishing pigs, the provide@l Rvas unreliable. To improve reliability of
the provided FCI, the control depth, i.e. the cdoddl probability of detecting incorrect FCI
given that a non—compliant pig producer is checlgkmbuld be increased. Control could for
example focus on a crosscheck of provided FCI viighnhedicine logbook of the pig producer,
although this relies on the pig producer fillingt dbe logbook correctly. For cost—effective
control benefits of increased control depth in terof public health improvement should
outweigh increased control cost. Difficulty for tlgpvernment or a slaughter company to
verify actual antibiotics usage by pig producerd &m relate this to the FCI provided on the
delivery documents would probably result in highnirol costs. Further research is needed to
determine benefits and costs of increased congpthd If costs exceed benefits, FCI is not a
relevant instrument to improve food safety and pigducers should not be requested to
provide this FCI.

6.6. Conclusion

This paper showed that food chain information alzmtibiotics usage during the 60 days prior
to delivery to a Dutch slaughter company providgdpiy producers was no guarantee for
absence of antibiotics residues in delivered fimighpigs, and that this information was,
therefore, unreliable. To improve reliability ofdd chain information about antibiotics usage
in finishing pigs, policy makers should focus omrigmasing control depth, the probability of
detecting unreliable food chain information if anreompliant pig producer is checked.
Further research is needed to determine benefitscasts of increased control depth. If costs
exceed benefits, food chain information is notlavant instrument to improve food safety and
pig producers should not be requested to provide it
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Chapter 7

General conclusions and discussion

7.1. Introduction

This thesis analyzed incentive mechanisms for feafgty control in the Dutch pork supply
chain between pig producers and slaughterhousespt&@h2 developed a framework for
designing and analysing incentive mechanisms aiatddod safety control. It was concluded
that key elements of incentive mechanisms for featkty control are the performance and
compliance measurement system and the compengatieme. Chapters 3 to 6 analysed the
impact of characteristics of these key elementsupplier performance and compliance. In
chapter 3 the effectiveness of two incentive meigmas with different financial performance
compensation to improve food safety performance iwasstigated. Chapter 4 analysed the
relationship between measured performance, thesidecprocess about the usage of control
measures, and the actual control measures a padugeo used, while being subjected to an
incentive mechanism with a penalty on productssgéeification. Chapter 5 elaborated on the
impact of performance measurement accuracy onaomeasures used by pig producers and
on performance with a penalty on products off-djpEtion in place. Finally, reliability of
compliance information provided by pig producerw@bcontrol measures used without a
compensation scheme was analysed in chapter 6.

In each chapter the objectives, methods and rebalt® been discussed. This chapter
discusses general aspects and integrates all @jsdiection 7.2 answers the research
guestions. Section 7.3 provides the general dismus$he general conclusions are presented
in section 7.4. Section 7.5 elaborates on the #imal contribution and section 7.6 on the
managerial implications. Finally, section 7.7 pams an outlook for further research.
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7.2. Answers to the research questions

This thesis aims to contribute to improvement obdosafety by analysing incentive
mechanisms aimed at food safety control betweerppgucers and slaughter company. To
reach the aim five research questions were poseldapter 1. This section provides answers to
the research questions.

RQ1 What are key elements of incentive mechanisms aimed at food safety control ?
In chapter 2 the key elements of incentive mechasisimed at food safety control were
determined with a literature review on incentivechinisms for food quality and food safety
control. An incentive mechanism aimed at food safedntrol was defined as the set of
performance and compliance measurement system amgensation scheme between buyer
and supplier, which aims to induce the supplierapply measures to control food safety
hazards as the buyer requests. The performancecamgliance measurement system is
characterised by the indicator used to determiné fafety performance and compliance, the
accuracy of the measurement, and the actor who uothdperformance and compliance
measurement and determines performance and comglidime performance and compliance
compensation scheme is characterised by the typmmpensation used. A combination of
incentive mechanisms between multiple supply clsédges make up an incentive system for
food safety control.

Chapter 2 determined the performance and complianeasurement system and the
performance and compliance compensation schemeheakay elements of an incentive
mechanism aimed at food safety control.

RQ2 How effective are incentive mechanisms with a collective insurance premium and a
price reduction per lesioned liver in reducing liver lesion prevalencein finishing pigs?
In chapter 3 the effectiveness of two types of geanfince compensation in an actual incentive
mechanism aimed at liver lesion control in finighipigs was investigated: a collective
insurance premium for each delivered finishing pigplace prior to July 2004, and a reduction
in pig producer payment for each delivered finighpmg with a liver lesion, in place from July
2004. Liver inspection data of finishing pigs slateged in 2003—-2006 by a major Dutch
slaughter company were analysed with an out—of-E&ardpnamic forecast test and non—
parametric bootstrapping. Results showed that afteoduction of the price reduction per
finishing pig with a lesioned liver, mean liver i@s prevalence decreased from 9 to 5%. A
reduced liver lesion prevalence ranging from 0 @opércentage points was observed on 67%
of the 1069 farms that delivered both during treumance and the price reduction period. The
number of farms with a liver lesion prevalence di% or less increased from 52 to 68%.

124



General conclusions and discussion

However, even with the incentive mechanism wittcg@nieduction, variability in liver lesion
prevalence between individual pig producers wagiesl.

Chapter 3 showed that an incentive mechanism witlpeaalty on products off—
specification was more effective in inducing piggucers to lower liver lesion prevalence in
finishing pigs than an incentive mechanism wittollective insurance premium.

RQ3 What causes variability in liver lesion prevalence in finishing pigs of finishing pig
producers subjected to an incentive mechanism with a price reduction per lesioned
liver?

Chapter 4 analysed causes for variability in livesion prevalence for the pig producers

subjected to the price reduction per finishing with a lesioned liver as observed in chapter 3.

Liver lesion inspection data was matched with rtssiubm a farmer survey. In the survey, pig

producers provided data about the control measised and factors underlying their decision

making process for the treatmentAstaris suum infections, the main cause for liver lesions in
finishing pigs. The factors underlying the decisimaking process were based on the Theory
of Planned Behaviour. Results showed that 96% ofL8% pig producers in the analysis used
anthelmintics, i.e. medication to contrAcaris suum infections in finishing pigs. The pig
producers used a variety of combinations of acteenpounds, application methods, and
duration of application. Application of anthelmicgi by sprinkling over feed was associated
with 2.4% higher liver lesion prevalence compamdather application methods. Furthermore,
pig producers underestimated their liver lesiorvatence in finishing pigs, thus reducing their
need to apply effective management practices teddiwer lesion prevalence.

Chapter 4 demonstrated that variability in liveridesprevalence in finishing pigs of pig
producers subjected to an incentive mechanism avigilice reduction per lesioned liver was
caused by using different control measures wittyingr effectiveness and underestimation of
liver lesion prevalence.

RQ4 What is the impact of the accuracy of a Mycobacterium avium test on the
Mycobacterium avium prevalence in finishing pigs of pig producers subjected to an
incentive mechanism with financial compensation aimed at Mycobacterium avium
prevalence?

Chapter 5 studied the impact of accuracy of a sagpdistic test used in the performance

measurement system, defined by sensitivity andifigigg on food safety performance of pig

producers using the hazakdlycobacterium avium. Sensitivity is the probability of correctly
qualifying a product with increased risk and sgeitif is the probability of correctly
qualifying a product without increased risk. Withdgnamic optimization model with a grid
search of deliveries of herds from pig producersl&ghterhouse and a theoretical incentive
mechanism aimed &flycobacterium avium control, optimal penalty values for deliveries wit
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increasedMycabacterium avium seroprevalence were identified for different sevisy and
specificity values. Higher sensitivity and loweresgicity resulted in usage of more intense
control measures by pig producers, higher prodecsts and loweMycobacterium avium
seroprevalence. The minimal penalty value needexmaply with a threshold for average Ma
seroprevalence in finishing pigs at slaughter wawel at higher sensitivity and lower
specificity.

Chapter 5 showed that higher sensitivity and lovpercHicity of a diagnostic test lowers
Mycobacterium avium seroprevalence in finishing pig deliveries of pigducers subjected to
an incentive mechanism with a penalty for deliveneith increasedycobacterium avium
prevalence. With imperfect testing specificity dadr hazard prevalence, a larger sample size
can decrease pig producer incentives to improviapaance.

RQ5 What is the reliability of information about antibiotics usage in finishing pigs
provided by pig producers used as compliance measurement in an incentive
mechanism without compliance compensation?

Chapter 4 showed that variability in performance ato originate from suppliers choosing

different combinations of control measures with yitag effectiveness. To ascertain what

control actions a supplier used, a buyer can aslstippliers to provide him with information
about the control measures used. This informateeds to be reliable to be useful in control
mechanisms on supply chain level. Chapter 6 exainthe reliability of information about
used antibiotics provided by pig producers in aagibn without a control system to check the
reliability of the provided information. A dataseith test results for antibiotics residues in
tissue samples of finishing pigs was matched witbrmation on delivery documents provided
by pig producers about antibiotics usage in thésishing pigs. A Pearson chi-square test
showed that twice as much pig producers reportédguantibiotics in the group of pig
producers with detected antibiotics residues (1).(% in the group without detected
antibiotics residues (5.5%). For 89% of delivergth a finishing pig with detected antibiotics
residues ‘did not use antibiotics’ was reported.

Chapter 6 demonstrated that without a control systenctheck the reliability of the
provided information, the information about antiiiie usage in finishing pigs during 60 days
prior to delivery reported by a pig producer, dimt guarantee absence of antibiotics residues
in the finishing pigs. This information was thenefansufficiently reliable to be used in a
control system for antibiotics residues in finighipigs by a slaughterhouse.
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7.3. Discussion

This thesis showed that private incentive mechasigimed at food safety control can improve
average performance of suppliers and thereby faddtys performance of a supply chain.

Chapters 3 to 6 focussed on different charactesistic incentive mechanisms. Figure 7.1

combines the findings of chapters 3 to 6 in thenavork of incentive mechanisms for food

safety control developed in chapter 2. In thisigebe slaughter company owned the incentive
system and incentive mechanism, which were intedrah the slaughter company. The

discussion in this section relates to various aspefcFigure 7.1.

7.3.1. Performance and compliance measurement systeand compensation
scheme
A penalty on products off-specification induced mbsishing pig producers to intensify
control on Ascaris suum infections and improved average performance coethan a
collective insurance fee. This is in line with fa¢ure about food quality control, which showed
that financial piece rates improve average foodityuaerformance of primary producers (e.g.
Chalfant and Sexton, 2002; Hueth and Melkonyan, 20@4rtinez and Zering, 2004;
McDonald and Schroeder, 2003).

This thesis showed that settings of the accuracg dfagnostic test and sample size in
combination with a penalty on products off-speaifien influence supplier incentives to apply
control measures. Jeschonowskil. (2009) also argued that measurement scale anddewa
schemes should be attuned for optimal incentivevipian. Higher sensitivity and lower
specificity of a diagnostic test can be used tadase incentives for farmers to improve
performance. Heinkel (1981) also found that theueaxy of the testing technology influenced
car dealer incentives to improve car quality. Chraifand Sexton (2002) and Huethal.
(2007) showed that errors in the grading of proslwein be used to induce farmers to produce
high quality. In normative studies on incentive megisms, however, generally a perfect
testing accuracy is assumed (Backus and King, 2808chauer and Musshoff, 2007; Kieg
al., 2007; Resende-Filho and Buhr, 2008). But, testioguracy in practice is often imperfect
(Unnevehret al., 2004). The normative studies, therefore, coukkhander— or overestimated
the effect of the incentive mechanisms in reatigpending on the specific values of sensitivity
and specificity of the test used to determine penémce.
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Another characteristic of the performance and caanpke measurement system is the actor
who carries out performance and compliance measmeend determines performance and
compliance. The system owner can conduct perforenamei compliance measurement as in
chapters 3, 4 and 5 and e.g. Huetlal. (1999). Another option is a third party condugtin
performance and compliance measurement. Often iassumed that a third party is
independent and that, therefore, the performanck campliance measurement is reliable.
Recent research raises questions on the independérnhbéd parties (Hatanaka and Busch,
2008; Souza Monteiro and Anders, 2009). A thirdaptmostly neglected in literature, is the
supplier carrying out performance and complianc@sueement. This is increasingly used in
public and private food safety control, for exampleod Chain Information in the EU food
safety policy. If the supplier or a third party ies out performance and compliance
measurement, information needs to be transferrethéosystem owner. In supply chain
research mainly technical aspects of informatioow8 are addressed and opportunistic
behaviour as a reason for information distortioméglected (Feldmann and Miiller, 2003).
Chapter 6 showed that if no compensation schemedafeeliability of provided compliance
information existed, the provided information waset rreliable and can not be used as
compliance measurement in an incentive mechanismedwby the buyer. Feldmann and
Miller (2003) design an incentive scheme to indsiggpliers to provide reliable and truthful
performance information. In this incentive scherhe teliability of provided performance
information is determined through ex—post delivdegermination of actual performance. It is
unclear whether an adapted version of the incergdleme of Feldmann and Muller (2003)
can be used to ex—post determination of compliavittebuyer requests.

7.3.2. Supplier performance
Variability in liver lesion prevalence between ppgoducers after implementation of the
penalty was observed in chapter 3. The variabdiiginated from heterogeneity in the use of
management practices between pig producers, asnsimghapter 4. The heterogeneity could
be traced to differences in labour availabilitynfiasystems, attitude towards treatidgraris
suum infections, and underestimation of the liver lesproblem. Pennings and Garcia (2004)
also traced heterogeneity in derivative usage oélisand medium sized enterprises to
differences in attitudes and perceptions. This esfy that research into performance
improvement possibilities for a group of heterogmre primary producers should not only
focus on the presence or absence of specific mamagepractices, but also on the underlying
attitude towards and perception about the probledeuresearch.

Model based research on incentive mechanisms fod &afety and quality control often
assumes homogeneous primary producers (e.g. BamkdsKing, 2008; Hirschauer and
Musshoff, 2007; Kinget al., 2007; Resende-Filho and Buhr, 2008). Policy adbased on
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results of such normative models can be improvednicjusion of heterogeneity between
primary producers.

The variability in reaction to the change in indeatmechanism aimed at liver lesion
prevalence suggests that performance can be imghrdwe using multiple incentive
mechanisms. Without transactions costs incentivehangisms individualised to each supplier
were optimal in dealing with heterogeneous suppligrevy and Vukina, 2002). In practice
transactions costs of multiple mechanism should&anced with the gains of performance
improvement of multiple incentive mechanisms.

7.3.3. Supply chain characteristics

The objective of research in this thesis was thie®Dpork supply chain between pig producers
and a slaughter company. In the Netherlands piglyrers and slaughter companies are
independent organisations and no long—term costraxist between them. Pig producers can
shift regularly between slaughter companies andgsleer companies compete actively for
receiving finishing pigs. In this setting it is fidult for an individual slaughter company to
initialize new incentive mechanisms to improve faadety, because pig producers could shift
to another slaughter company. Incentive mechantansalso be used in other stages of a food
supply chain. Although the number of suppliers wfte lower, the amount of food products
transferred from a supplier to a buyer is oftemyéar The lower number of suppliers makes
observance of each supplier easier, but the imgfafciod safety incidents can be larger due to
the larger amount of food products. As has beecudized in chapter 2, the parameter settings
of incentive systems for food safety control depemd the specific characteristics of the
supplier-buyer relationship and the supply chauchsas supply assurance, information
asymmetry, ownership structure and market orgapizatCaution should, therefore, be
exercised when extending the results from thisishtesother stages in the pork supply chain or
to other supply chains.

7.3.4. Food safety hazards

In this thesis several food safety hazards in pet&vant for public health have been used:
Ascaris suum, Mycobacterium avium, and residues of antibioticéscaris suum was chosen
because it is an important quality and safety kaite in the pork supply chain, an incentive
mechanism with two types of performance compensatias implemented in practice, and
data was available to determine the impact of ype ©f performance compensation on food
safety performancéviycobacterium avium was chosen, whilycobacterium avium infections

in humans can have severe consequences, for thischa new serodiagnostic test is under
development, and slaughterhouses in the Netherlaredsonsidering an incentive mechanism
to reduce the risk dflycobacterium avium. Antibiotics residues were chosen, because the use
of antibiotics is strictly regulated, under fullnteol of the farmer, and information provided by
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the supplier and analytical results of antibiotiesidues in the same pigs were available. As
each hazard has specific characteristics, cautimuld be practiced in extending specific
results between these hazards and to other hairattie pork supply chain, as indicated in
chapter 2.

7.3.5. Usage of field data

Field data were used in part of the studies inttinésis instead of experimental data. Usage of
field data assured that the ‘participants’ showesl-flife behaviour with real-life performance
as a result. But, in these situations uncontrolladables could also have caused changes in
observed performance, prohibiting determinatiorcadsal relationships. However, excluding
other possible causes makes it likely that theabdei under research caused the observed
change. In contrast, in well controlled experimeragsal relationships can be proven because
all variables except for the one under researah,sapposed to be controlled for. But, in a
purely experimental setting, pig producers couldehshown a different behaviour compared to
their every day behaviour, the so—called Hawthaeffect (Adair, 1984; Sonnenfeld, 1985).
Different behaviour would occur, because in an erpental setting pig producers would
realize they were being observed. In this reseaittha focus on human behaviour, the results
of well controlled laboratory experiments might bBeheen insufficiently representative for real
life decision making.

In this research field data, expert data and sudatg were combined. Most researches
only use field, experimental, expert or survey ddia our knowledge, this research is one of
the few which combines these types of data in &gnated analysis. The integration showed
to be of great value to identify management prastigsed by suppliers, which result in lower
food safety performance. Furthermore, for idendificn of underestimation of performance,
both perceived and actual performance are needed.

7.4. General conclusions

This thesis analyzed incentive mechanisms aiméabalt safety control in the two stage supply
chain with pig producers and a slaughter compartphénNetherlands. Based on the 5 studies
described in this thesis, the following can be ¢oaed:

» The developed framework is a valuable tool for geisig and analysing incentive
mechanisms aimed at food safety control to optynadtiuce suppliers to control food
safety. An incentive mechanism is defined as theo$eperformance and compliance
measurement system and compensation scheme bdtwgenand supplier, which aims to
induce the supplier to apply measures as the begerests.
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* For an incentive mechanism to optimally induce diepp to control food safety, the
performance and compliance indicator, the accucddiie measurement (sample size, test
sensitivity, test specificity), and the actor wherforms the measurement and determines
performance and compliance must be attuned to #téngs of the performance
compensation scheme.

* In a setting where suppliers are independent otksuand no long—term contracts exist,
incentive mechanisms with a penalty for productsggfecification can induce suppliers to
use control measures and to improve food safetippeance.

» Variability in performance can be expected betwseppliers subjected to an incentive
mechanisms with a penalty for products off—speatfan due to suppliers using different
combinations of control measures with varying dffemess and suppliers underestimating
performance.

* If an incentive mechanism with a penalty for praduoff—specification is used, the
accuracy of a diagnostic test used to determinébopeance can also be used to induce
suppliers to apply control measures through firelnobnsequences of false positives and
false negatives.

*  When test specificity is imperfect, hazard preveéeis low and a penalty on products off—
specification is used, a larger sample size camedse incentives for suppliers to apply
control measures, because the increased numbaisef ffositives raise the probability of
classifying a product as off—specification.

» Without a check and a compensation scheme, thabiity of compliance information
provided by the supplier about actions used isffitsent to be useful to control food
safety hazards.

7.5. Theoretical contribution

This thesis has contributed to food safety managemincentive, and supply chain
management theory.

7.5.1. Food safety management theory

This thesis has three contributions to food safetgnagement theory. First, crrently
implemented food safety control systems focus antrotling food safety hazards on company
level without considering the rest of the supplywioh(Luninget al., 2006). Hirschauer and

Musshoff (2007) suggested that identification oftical control points at suppliers and
adequate monitoring procedures could reduce rigking from malpractice of opportunistic

suppliers. This thesis showed incentive mechanisitis a correct performance indicator can
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be used to reduce opportunistic behaviour of sepglithereby helping to raise food safety
control to the next level.

Second, to aid improvement of food safety contfmbd safety and quality management
research and analyses should focus on integraysisalf technological and managerial factors
that contribute to food safety and quality (Luniagd Marcelis, 2007). The framework
presented in Figure 2.3 combines relevant techmdbgnd managerial aspects for food safety
control on supply chain level and their mutual tieleaships. It provides guidelines for integral
analysis of technological and managerial factorsceming food safety control in supply
chains. Specific relationships of aspects from tiéamework relating to the relationship
between food safety performance and human behawete analysed in this thesis. As such,
this thesis provides valuable insights into furtimprovement of food safety.

Third, Starbird (2005) showed that sample size acwkptance number, i.e. the number of
items in the sample to be identified as contamthateve a significant impact on supplier
incentives to control food safety. Starbird (200B)wever, assumed the test used to assess
each item to be perfect. In reality, diagnostictgd@re often imperfect (Unnevedtral., 2004).
This thesis was a first study, to our knowledgeatalyse the impact of the accuracy of a
diagnostic test on supplier incentives to contoald safety. Not only the sampling policy, but
also the diagnostic testing accuracy should benettuto the performance compensation
scheme.

7.5.2. Incentive theory

This thesis has one contribution to incentive theavhich addresses interactions in the
presence of imperfect information (Gibbons, 200&ffant and Martimort, 2002). Incentive
theory considers how a buyer can cope optimalhh witivate information of a supplier. In
incentive theory a supplier exerts effort, if exjgelcutility of exerting effort exceeds expected
utility of not exerting effort. A buyer induces amts through rewarding performance of the
buyer. Most research based on incentive theorynassuhat the performance measurement
system used as a basis to reward performance fiscggraccurate. This assumption is also
used in literature about principal-agent models fimd safety control (Backus and King,
2008; Hirschauer and Musshoff, 2007; Resende-Fititb Buhr, 2008). In practice, however,
performance measurement is generally not perfextburate due to the use of samples and
imperfect testing technologies (Huethal., 2007; Jordan, 1996; Unnevediral., 2004). This
thesis showed that inaccuracy of a diagnostic iteselationship with the sample size does
influence incentives for suppliers to exert effdrhis implies that inaccuracy in performance
measurement must be considered in incentive theaayin principal-agent models.
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7.5.3. Supply chain management theory

This thesis has three contributions to supply chaenagement theory. First, Lundin and
Norrman (2010) indicated that research is neededdoonto deal with misalignments between
companies in the supply chain which result in redusupply chain performance. This thesis
showed that properly designed incentive mechanismadign company interests and thereby
improve supply chain performance.

Second, this thesis adds to knowledge about thenapt combination of reward schemes
and measurement scale for incentive provision bimsmwskiet al., 2009). It demonstrated
that the accuracy of a diagnostic test and sanipdecan be used in combination with a penalty
on products off-specification to induce supplieysuse control measures. This suggests that
the settings of the performance and compliance omeasent system and compensation
scheme should be attuned.

Third, in supply chain management opportunistic avétur as reason for distortion of
information exchanged is often neglected (Feldmand Mduller, 2003). This thesis showed
that information provided by the supplier about disactions was unreliable and that
opportunistic behaviour cannot be neglected ascsonfrinformation distortion.

7.6. Managerial implications

This thesis showed that private incentive mechasismplemented by buyers to induce
suppliers can effectively improve food safety perfance of a supply chain. The following
practical guidelines for FBOs, governments or otbeganizations which aim to implement
incentive mechanisms aimed at food safety continltme formulated:

* The performance and compliance measurement systenc@mpensation scheme should
be attuned for optimal inducement of suppliersdotml food safety.

* A penalty on products off-specification is moreeeffve to induce suppliers to improve
food safety performance than a collective insurdaee

* Expect variability between individual suppliers t@rms of control actions used, food
safety performance, and food safety performancegddrom ex—ante to ex—post a new
incentive mechanism. Not all suppliers will imprgperformance. It is advised to analyse
heterogeneity between the suppliers to determimseasaof variability in performance to
further optimize the incentive mechanism.

» Characteristics of a diagnostic test and samplingitey to determine supplier
performance should be attuned to prevent adversmniives for suppliers to control food
safety. Higher sensitivity and lower specificity @fdiagnostic test increase incentives to
control food safety hazards in combination withesmglty on products off—specification. If
test specificity is imperfect, a larger sample stan result in decreased food safety
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performance of suppliers, due to an increased pitityaof rejecting a batch of products,
irrespective of whether a supplier takes controhsuees.

»  Only if reliability of information about used cootractions provided by a supplier can be
checked easily, it can be used in incentive meamasiaimed at food safety control as
compliance measurement.

Additionally, a number of specific managerial ingaliions can be made concerning the pork

supply chain in the Netherlands and in other regjion

» Pig producers should be induced to apply anthelosirio finishing pigs in feed, in water
or by injections instead of sprinkling over feeéchuse sprinkling over feed showed to be
less effective to lower liver lesion prevalencertlogher application methods.

* Pig slaughter companies should increase efforréwige pig producers with information
about their actual liver lesion prevalence in fivigy pigs. Pig producers underestimated
liver lesion prevalence, resulting in lower needratAscaris suum infections. A more
accurate estimation of liver lesion prevalence fealp to increase the need to tréataris
suum infections and lower liver lesion prevalence.

» Pig slaughter companies should consider to degighirmplement incentive mechanisms,
similar to that of liver lesions, to lower prevatenof other lesions in finishing pigs in the
Netherlands detected at slaughter, such as lurignkspleurisy, skin lesions and leg
lesions. The specific settings of the incentive naisms should be attuned to the lesion.

» Pig slaughter companies or governments in regioaside the Netherlands should
consider to introduce an incentive mechanism aiatdiver lesion prevalence in finishing
pigs comparable to the Dutch mechanism. The spedéttings of the incentive
mechanisms should be attuned to the region.

7.7. Further research

This research resulted in many topics for furthesearch. This section describes the most
important topics.

7.7.1. Performance and compliance measurement systeand compensation
scheme

In this research performance and compliance meamuneindicators were hazard prevalence

and information provided by the supplier about@wdiused. The performance and compliance

compensation was a penalty on products off—-spatifin. A combination of hazard prevalence

with a penalty can improve average performanceupphers, as shown in chapters 3 and 5.

However, chapter 4 showed that not all suppliergroved performance. Chapter 6 showed
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that provision of information by the supplier aboattions used could not de used as
compliance measurement in a situation without akloa reliability of provided information.
Alternative performance and compliance measurefimeitators and compensations might be
needed to induce suppliers. Lazear and Rosen (X&ilyed that in a situation with common
shocks equal for all suppliers, measuring perfogeanf an individual relative to the
performance of peers, for example as the ordinak rumber, can improve incentives for
individuals to exert effort over measuring absolpggformance of each individual supplier.
Using a financial compensation as a penalty mighirdsh intrinsic motivation to exert effort
(Frey and Oberholzer-Gee, 1997). An alternativehinlze the use of non—financial awards as
orders, medals and decorations, which have beeelwigsed in monarchies, republics, non—
profit organizations and companies (Frey, 2007)rthHe&s research is needed to analyse
applicability and effectiveness of alternative peniance and compliance measurement
indicators and alternative types of performance andpliance compensation to induce
suppliers to control food safety.

7.7.2. Supply chain characteristics and incentive athanism settings

This research was conducted in the Dutch pork supphkin between pig producers and
slaughter company. As has been argued in chaptéhe2parameter settings of incentive
systems for food safety control depend on the §ipetharacteristics of the hazard and of the
supply chain. Further research, for example by @m@nting similar incentive mechanisms for
other hazards in the Dutch pork supply chain, osthrer regions outside the Netherlands or in
other supply chains, could generalise the findiogghis thesis. A comparison of optimal
parameter settings of incentive mechanisms foedifit hazards in the same supply chain, for
example the Dutch pork supply chain, can providsigim into the impact of hazard
characteristics. A comparison over supply chaingh wlifferent characteristics can identify
constraining factors for cost—effective incentiveamanisms.

7.7.3. Food safety, public health and cost—effecémess

Incentive mechanisms aim to internalize externdufa costs of Food Business Operator
(FBO) in their decision making process. For foofisa external failure costs occur in society
due to illness and death. Traceability is essertialassigning external failure costs to a
specific supply chain or FBO (Van der Vorst, 2008)any food—borne illnesses and death,
however, cannot be traced to a specific food pro¢lHESA, 2010). This research, therefore,
did not include external failure costs of publicalth effects into FBO decision making.
Inclusion of external failure costs of public hba#ffects through incentive mechanisms in
FBO decision making could improve the balance betwgrivate food safety control revenues
and costs and public health revenues and costsatijcation of public health effects into
monetary value is also necessary. Direct publidthemsts such as hospital and medication
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costs can be given a monetary value relatively .eBay indirect public health costs, such as
premature death or living with a disease compavedl liealthy life, are more difficult to give a
monetary value, although variables such as Quélityife, Quality Adjusted Life—Year or
Disability Adjusted Life—Year can be used to do(sdelson, 2003; Mangest al., 2005).
Notwithstanding, for specific hazards data aboduilipuhealth costs are available (Manggn
al., 2005; Meackt al., 1999; Scharff, 2010), although often only at ghhaggregate level. For
many hazards public health cost data at a disagtgesupply chain or product level are still
lacking. Endogenous inclusion of such public heatikts in decision models for food safety
control on supply chain level could improve thesedels and provide policy advice on food
safety objectives that optimally balance public Itteaevenues and costs and food safety
control revenues and costs.

Food safety is controlled through a combinatiopyate and public food safety control
and verification systems. In the EU, the USA arttkotountries FBOs have the responsibility
that their products are safe. Governments haveadsgonsibility to supervise that marketed
products are safe. To fulfil this responsibilityB®s implement food safety control systems
and governments verify the food safety control esyst of the private sector. The question
arises to what extent governments can outsourog $afety control to the private sector for
cost—effective food safety control. Private owngrsis the crucial source of incentives to
innovate and to become efficient (Shleifer, 1998jing a quantitative model Haat al. (1997)
identified contractibility of quality reducing costductions, importance of quality innovations,
corruption of government personnel, and patronagielé the government as important aspects
which prevent outsourcing of public services to ioye efficiency. Knowledge is, however,
lacking about cost—effectiveness of combined pualtid private food safety verification and
control. With a method to ex—ante determine theatiffeness of combined public and private
food safety verification and control, the optimaivatization level in food safety control could
be determined.
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