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Modelling and Meta-anaysis

� Modelling: integrating existing data or knowledge 
into a ‘representation of the real world’

� Meta-analysis: re-analysis of several studies 
togethertogether

� Both: 
� better use of existing information
� Helps in conceptual thinking



Two types of questions

� What happens if .... (cause and effect)
= The effect of x on y

� What’s happening? (descriptive)



Modelling and Meta-anaysis

Applied on three themes
� Meat Quality
� Meat Safety
� Animal Welfare

Today: not “a full overview of the results”
but “an illustration of added value of Modelling 

& Meta-analysis”



Demo that Meta-analysis and Modelling have 
added value



Meat Quality

SAC  and INRA (+DMRI)

Andrea Wilson; Lutz Bunger; Laszlo Trefan; 
Catherine Larzul, Btissam SalmiCatherine Larzul, Btissam Salmi

Jesper Blom-Hanssen; Chris-Claudi Magnussen; 
Torben Kvamm



Objective: combine existing information to 
develop prediction models for pork quality 

accounting for a wide range of factors

Animal:
• Sex
• Breed
• Genotype
• ….

Farm:
• Housing
• Nutrition
•…

Pre - Slaughter:
• stunning method
• transport
• lairage
•…

Post-Slaughter:
•Carcass chilling process
•Carcass hanging
•…

× × ×

•Carcass chilling rate
•…

Meat quality characteristics:
• Ph
• tenderness
• Water holding capacity
•…

•Growth
•Body conformation
•Body composition
•Physiological status
•…



Input for meta-analysis:
Vitamin E studies

TBARS

Dose 100

Dose 0

Dose 50

Dose 200

Dose 300

Figure1: Least square (LS) means of TBARS changes o ver time for 
various doses of vitamin E from 10 different experi ments

Post slaughter day



Meta-analysis (MA)Meta-analysis (MA)

Published
results of 

99

results of 
individual

experiments
in form of 
summary 
statistics

General lawsMeta-analysis



Input for meta-analysis:
Vitamin E studies

TBARS

Dose 100

Dose 0

Dose 50

Dose 200

Dose 300

Figure1: Least square (LS) means of TBAS changes ov er time for various 
doses of vitamin E from 10 different experiments

Post slaughter day



Meta-analysis results:
Effect of dietary vitamin E 

supplementation on lipid oxidation
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MA II: Statistical analysisMA II: Statistical analysis

Linear Mixed Models:
 

TBARSijk  = ß1TOC_contij  + ß2Tsuppij  + StoreTimek +eijk      (A) 

1212

TBARSijk  = ß1TOC_contij  + ß2Tsuppij  + StoreTimek +eijk      (A) 

 

TBARSlmn = Dosem + StoreTimen + elmn                                   (B) 

 TBARS is the abbreviation for 
Thiobarbituric Acid Reactive Substances, 
substances formed as a byproduct of lipid 
peroxidation (i.e. as degradation products 
of fats) which can be detected by the 
TBARS assay using thiobarbituric acid as a 
reagent. WIKI



 

a*  = ß TOC_cont  + ß  Time  + ß  Time2  + ß  Time3  + 

MA III: Statistical analysisMA III: Statistical analysis

Linear Mixed Models:
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a* ijkl  = ß0TOC_contij  + ß1 Timeijk  + ß2 Time2
ijk  + ß3 Time3

ijk  + 
StoreLight l + eijkl                                                                                                     (1) 

 

a*mnpq = (TOC_cont*StoreTime)mnp + StoreTimep + 

StoreLightq + emnpq                                                                                              (2) 
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MA III: Prediction for redness           
from model (1)
MA III: Prediction for redness           
from model (1)

Dose 100

Dose 0
Dose 50

Dose 150
Dose 200
Dose 300

Dose 600

No light

1515

Light

Cubic storage time dependence



Meat Safety

“Modelling Salmonella along the pork chain”

Teagasc and UCDTeagasc and UCD

Declan Bolton, Claire Ivory, 
Francis Butler, Ilias Soumpasis



One example output

“Prevalence of Salmonella at slaughter age 
versus the age of first and second vaccination 

for a category 2 farm”



Animal Welfare

UN, INRA and Wageningen UR

Marie-Christine Salaun, Ludovic Brossard, Marie-Christine Salaun, Ludovic Brossard, 
Xavi Averos, Jean-Yves Dourmad,  

Sandra Edwards, Helen Edge, 
Jessica Cornelissen, Karel de Greef



Animal Welfare

� The Animal
� The Farmer

The Consumer
“What happens if we 

change the husbandry � The Consumer
� The Citizen

change the husbandry 
conditions?”



The animal, consumer, farmer and
citizen (1 of 4)



The animal



The animal



The farmer



The farmer



The consumer & the citizen



The consumer



The consumer

Conclusion:

Consumer choice 
behaviour is 
1st motivated 1st motivated 

by own interests!



(The consumer &) the citizen



Animal Welfare

� The Animal
� The Farmer
� The Consumer
� The Citizen

“What happens if we 
change the husbandry 

conditions?”

� The Citizen

���� Focus on the animal!



Animal welfare - from a strict animal science 
entry

Modelling and quantification of 

“ Effects of husbandry factors on animal welfare” “ Effects of husbandry factors on animal welfare” 

Using meta-analysis



Modelling at its simplestModelling at its simplest
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The animal

b=0.039 !



Modelling husbandry impacts on animal welfareModelling husbandry impacts on animal welfare

Cause: (horizontal axis)

• Husbandry factors as influencing 
factors

Effect: Effect: (vertical axis)

• Behaviour traits as welfare indicators

+ statistics
For * Space allowance ; * environmental enrichtment ; 
* feeding conditions

EAAP 2009, Barcelona, Spain



Animal component of the Welfare model:
Aims :

Quantify the effect of individual (genotypic/phenotypic) traits , and of 
factors related to housing and feeding conditions , on different welfare
indicators (behaviour, body score) and performance

Methods : Meta-analysis of scientific literature

Factors tested : 

EAAP 2009, Barcelona, Spain

Factors tested : 
- Pen design : space allowance, group size, floor chara cteristics, temperature

- Enrichement : straw bedding, recreative object 

- Feeding : nutrient content, feeder design, feed allowa nce

- Pigs’ traits : sex, initial bodyweight, genetic

Results : 3 scientific paper in peer-reviewed journals



Animal component of the Welfare model:

Effect of space allowance on performance and behavi our 
http://www.qpc-models.dk

EAAP 2009, Barcelona, Spain

Optimal space allowance is larger for welfare  than for performance 



Animal component of the Welfare model

Interaction : Enrichement x Space allowance

EAAP 2009, Barcelona, Spain

The effect of space allowance on investigatory behaviour 
depends on the presence of bedding



The Animal Welfare Model
� Identified four key interest perspectives 

� Animal
� Farmer
� Consumer
� Citizen

� Not easy to combine into one model
� but is not impossible (Agent based modelling)

� Meta-analysis is very well possible
� Valuable to science and practice



Modelling and Meta-anaysis

Applied on three themes
� Meat Quality
� Meat Safety
� Animal Welfare

Lessons learned



Lessons learned

1) Good meta-analysis requires elegant statistics

2) Even simple modelling is valuable
1) In data: to bring order
2) In idea’s: to demonstrate knowledge

b=0.039 !

2) In idea’s: to demonstrate knowledge

3) Some factors are difficult to combine 
� new approaches needed 
[animal welfare: human & animal-technical] -> CAS and ABM



Message

Take time to integrate the knowledge that you have
More efficient and more understanding

Hire young quality scientists for this 
Btissam, Claire, Ilias, Laszlo, Xavi, 

http://www.qpc-models.dk
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