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Introduction

Beef consumption

per head in kg Per capita beef consumption forecast in Europe from 2000 to
13 2030 (projections) (consumption per head in kg)
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Introduction

price / value for

/money; 31%
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Ellies-Oury et al., 2018
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Introduction

price / value for

other reasons;
money; 31%

20%

~_ Sensory quality

health-related

scandals; 3% \

Main causes of the decline in meat consumption in
France

animal welfare; />
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quality
heterogeneity;
6% _
abandoned in
favour of white

risks for human
health; 25%

Nutritional quality

Ellies-Oury et al., 2018
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Beef chain => satisfying retailers
and consumers at the same time

Efficiency

Nutritional value

Introduction

Sensory quality

Trade-off

Carcass quality

SCIENCES

Valorization
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Introduction

There are also
compromises to
reach to satisfy
the whole beef

chain

Carcass quality

Valorization

Sensory quality

Negative impact
Positive impact
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Introduction

How to predict and manage carcass and meat
qguality traits all over the meat chain ?
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Expectations concerning

carcass and meat quality:

current systems and
perspectives

Plan

[Quality modulation and \
prediction
e Predictive models

¢ Interrelations between the
various qualities

fSteering quality and quality
management
e Upstream management

¢ Downstream management

\OTrade-off management /

\_

\

J
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Expectations concerning carcass
and meat quality:

current systems and perspectives

.010

70t Annual Meeting of the European Federation of Animal Science, City of Ghent (Belgium), 26 - 30 Aug 2019

TS SCENGE&IMPACT e I




Definition of carcass quality

Are the carcasses oriented on the different markets according to their level of quality ?

Parameters used to evaluate carcass quality according to the EUROP grid

Fatness

Pre slaughter factors -
Carcass weight

Country Europe g
Scheme EUROP E
Grading unit Carcass g
B

and sex =

Slaughter-floor Conformation —g

Fat cover :

Chiller - 5
Post chiller -

into account carcase profile and fullness of legs. No adjustment

Conformation is determined by a visual appraisal of shape, taking
is made for the infl

CONFORMATION CLASS
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Definition of carcass quality

Are the carcasses oriented on the different markets according to their level of quality ?

Numerous beef carcass classification systems have been implemented throughout the world

Country Europe S. Africa anada Japan S. Korea USA Australia
Scheme EUROP S. Africa Canada JMGA Korea USDA MSA
Grading unit Carcass Cut
Pre slaughter factors IHGP implants & Bos Indicus
Carcass weight and sex
Slaughter-floor Conformation Dentition Conformation Electrical stimulation
Fat cover Ribfat Hang

Marbling score
Meat Colour

Fat colour and fat thickness Os{ification score
Eye muscle area Fat thickness
Chiller Texture Meat brightness Texture Meat texture Hump height
Fat luster Firmness Ribfat Ultimate pH
Fat texture Lean maturity Kidney fat
Fat firmness Perirenal fat
Rib thickness
Post chiller Ageing time

Cooking method
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Definition of carcass quality

Are the carcasses oriented on the different markets according to their level of quality ?

Numerous beef carcass classification systems have been implemented throughout the world

Country Europe S. Africa Canada Japan S. Korea USA r Australia ‘
Scheme EUROP S. Africa Canada JMGA Korea USDA MSA
Grading unit Carcass I Cut
Pre slaughter factors IHGP implants & Bos Indicus
Carcass weight and sex
Slaughter-floor Conformation Dentition Conformation Electrical stimulation
Fat cover Ribfat Hang
Marbling score
Meat Colour
Fat colour and fat thickness Os{ification score
Eye muscle area Fat thickness
Chiller Texture Meat brightness Texture Meat texture Hump height
Fat luster Firmness Ribfat Ultimate pH
Fat texture Lean maturity Kidney fat
Fat firmness Perirenal fat
Rib thickness
Post chiller Ageing time

Cooking method




A set of indicators proposed in addition to the EUROP system

Step 1
Inventory of indicators used in scientific
literature (142 articles from 2010 to 2015)
=» 89 different candidate indicators

Organization according to a hierarchical
structure to consider the interests of the
differents stakeholders — expert appraisal

Step 2

Step 3
Selection of a indicators set according to :
The hierarchical structure
The citation count in the literature
The complementarity with the EUROP
system and between them

Additional indicators

Principles to which the indicators relate

Hindquarter weight
Meat colour
Retail-cut yield

Rib-eye area
Marpling score

Animal characteristics

Carcass characteristics

Carcass characteristics and Economic value
Tissue characteristics and Economic value

Technological value and Economic value
Economic value
Economic value
Economic value
Economic value
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Definition of meat quality according to the consumer

Economic
resilience
Financial
autonom

Global
warmin q

~— Workload :

=9 uali quality
- Nutritional —
eisure uali

> Sodial Landscape\— q “Y\\
_— network N
s __Animal welfare Traditions
S0 /N

quality  ~ avour

ntrinsic S

Intrinsic quality refers to the
characteristics of the product
itself and includes especially
sensory traits (e.g. tenderness,
flavor, juiciness, overall liking),
and healthiness.

Hocquette et al., 2014. Animal Production Science.
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Need to combine different criteria of quality. But how ?

1. Analysis by an expert: done by traditional butchers. Not transparent, not exhaustive and also
not consistent across experts.

.016

70t Annual Meeting of the European Federation of Animal Science, City of Ghent (Belgium), 26 - 30 Aug 2019



Need to combine different criteria of quality. But how ?

1. Analysis by an expert: done by traditional butchers. Not transparent, not exhaustive and also
not consistent across experts.

2. Minimum requirements (= thresholds)
easy to understand and implement but rough evaluation (good vs bad).
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Need to combine different criteria of quality. But how ?

1. Analysis by an expert: done by traditional butchers. Not transparent, not exhaustive and also
not consistent across experts.

2. Minimum requirements (= thresholds)
easy to understand and implement but rough evaluation (good vs bad).

3. Aranking system from best (rank 1) to worst (rank n), and a summation of the ranks: this is

only a 'relative' judgment, comparing alternatives among themselves, and not an 'absolute’
assessment.

NONRS
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Need to combine different criteria of quality. But how ?

1. Analysis by an expert: done by traditional butchers. Not transparent, not exhaustive and also
not consistent across experts.

2. Minimum requirements (= thresholds)
easy to understand and implement but rough evaluation (good vs bad).

3. Aranking system from best (rank 1) to worst (rank n), and a summation of the ranks: this is

only a 'relative' judgment, comparing alternatives among themselves, and not an 'absolute’
assessment.

4. Conversion of quality traits into value-scores (e.g. quantitative information on a
common scale) which are then compounded (e.g. the MSA system for sensory analysis based on a
weighted sum, difficult to do).
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Quality modulation and prediction

1. Predictive models
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How to predict meat quality ?

Examples of the interest of the integrative approach

Predictive models of carcass quality class

From rearing practices

Sensitivity: 57,9% From rearing practices Sensitivity: 64,0%

of the fattening period: Accuracy: 61,2% of the whole life: Accuracy: 64,3%

Soulat et al., 2018
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How to predict meat quality ?
Examples of the interest of the integrative approach

Predictive models of carcass quality class

From rearing practices Sensitivity: 64,0%
of the whole life: Accuracy: 64,3%

Soulat et al., 2018

From rearing practices Sensitivity: 57,9%
of the fattening period: Accuracy: 61,2%

Typology of rearing practices

Suckling period
Growth period Typology {)f rearing pract.lces can !dentlfy sensitive perlo_d

. _ and main influential rearing practices to carcass properties
Fattening period

The rearing management can be defined by the combination of classes at different periods
Soulat et al., 2018

.022

70t Annual Meeting of the European Federation of Animal Science, City of Ghent (Belgium), 26 - 30 Aug 2019




How to predict meat quality ?
Using innovant statistical methods

The package ModVarSel:

A new computational methodology that
simultaneously selects the best regression
model and the most interesting covariates

Application :
Prediction of 1 parameter (for example: tenderness)
by a pool of 21 variables (breeding factors for example)

To install the current version of the R package modvarsel
from github, use : https://github.com/chavent/modvarsel.

.023
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https://github.com/chavent/modvarsel

How to predict meat quality ?
. . . e Inf ti fth ber of
Using innovant statistical methods | " wefulvaribles

automatically selected

% of occurrence in the
selected model .

15%

Linear
regression

10%
The package ModVarSel: > DDDDHH i ] HH
. 0% ' T
A new computational methodology that v w0 voooxn
. . 50 %
simultaneously selects the best regression % | | stesd inverse
model and the most interesting covariates 20%
0% 'q 5 10 15 2021
Application : -
Prediction of 1 parameter (for example: tenderness) 15% ]
by a pool of 21 variables (breeding factors for example) 10% R:ndo;n
5%
To install the current version of the R package modvarsel H ]D
from github, use : https://github.com/chavent/modvarsel. 0% 1 b . *E****;_;**;(u
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https://github.com/chavent/modvarsel

How to predict meat quality ?
Using innovant statistical methods

How to select variables ?

The occurrence of each variable is
calculated, leading to a ranking of
variables according to their
importance

percent

1.0

0.8

0.6

0.4

0.2

0.0

Occurrence of each
variable in the model

“‘llllllllllllll.l-
i

o
NN T N N N
_ _
T © O © (© © ©
> > > > > > >
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How to predict meat quality ?
Using innovant statistical methods

Gastrocnemius

The Data-Driven Sparse Partial Least
Square:

Approach allowing a variable selection in
the covariable and in the output parts
Possibility to predict several variables in the
same time and by the same pool of factors

Obliquus externus

Serratus dorsaliscaudalis /‘ abdominis

Latissimus dorsi
Serratus ventralis
Trapezius Pectoralis profundus

Pectoralis superficialis
Tensor fasciae antibrachii

Application : Iiraspinatus
Prediction of the tenderness of 5 muscles Supraspinatus
simultaneously

AE

A

Vetagosis | AGRO 70% Annual Meeting of the European Federation of Animal Science, City of Ghent (Belgium), 26

BORDEAUX
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How to predict meat quality ?
Using innovant statistical methods

Predicted
tenderness / 100

The Data-Driven Sparse Partial Least 70 - . .

Square: - .

Approach allowing a variable selection in - kg T Somitendinocus

the covariable and in the output parts SM : Semimembranosus
o eqe . . . | GB : Gluteobiceps

Possibility to predict several variables in the 40 g T8+ Triceps brachil

same time and by the same pool of factors | VL : vastus lateralis

Ay

Application : 20 ; .-  TETRNESS 00

Prediction of the tenderness of 5 muscles 20 30 40 50 ol i

simultaneously W A o [ i
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How to predict meat quality ?
Using innovant statistical methods

Predicted
tenderness / 100

The Data-Driven Sparse Partial Least 70 -
Square: -
Approach allowing a variable selection in

ST : Semitendinosus

. . 50 - .

the covariable and in the output parts SM : Semimembranosus

o eqe . . . | GB : Gluteobiceps
Possibility to predict several variables in the 40 T8+ Triceps brachil
same time and by the same pool of factors | VL : vastus lateralis
Application : 20 ; ,  TETRNESS 00
Prediction of the tenderness of 5 muscles 20 30 4(\.}/0 60 70
simultaneously Sl SR i
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How to predict meat quality ?
Using innovant statistical methods

Predicted
tenderness / 100

The Data-Driven Sparse Partial Least 70 . —
Square: - .
Approach allowing a variable selection in - ST - Semitendinosus
the covariable and in the output parts

T . . . | GB : Gluteobiceps
Possibility to predict several variables in the 40 T8 : Triceps brachii
same time and by the same pool of factors | VL : vastus lateralis
Application : 20 | | Ten‘derness /100
Prediction of the tenderness of 5 muscles 20 30 40 50 ol 2
simultaneously W A o [ i

NN § | @ o
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Quality modulation and prediction

2. Interrelations between the
various qualities

.030
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Establishing the links between
animal performances and meat quality

ClustOfVvar
An innovate statistical method Multi-table data analysis
applied to the evaluation of trade-off v’ Establishing the links between various
between different data sets variables

v’ Identification of action levers to
Example : modulate quality
Evaluation of the trade-off between v Proposition of trade-off between the
animal efficiency, nutritional value different expectations of the bovine
and sensory quality of meat meat chain

A ] A
— -~ >
N T s ‘
5 -

"~ SCIENCE & IMPACT ST 70t Annual Meeting of the European Federation of Animal Science, City of Ghent (Belgium), 26 - 30 Aug 2019




Establishing the links between
animal performances and meat quality

71 young bulls
characterised by p
variables coming from 3
data-sets (p = 97)

Set 1: p, variables of
performances (p, = 36)

Set 2 : p, variables of
sensory quality

(p,=29)

Set 3 : p; variables of
nutritional quality

.032
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71 young bulls
characterised by p
variables coming from 3
data-sets (p = 97)

Set 1: p, variables of
performances (p, = 36)

Set 2 : p, variables of
sensory quality

(p,=29)

Set 3 : p; variables of
nutritional quality

(p3=32)

A

SCIENCE & IMPACT VetAgro Sup

SCIENCES

Establishing the links between
animal performances and meat quality

Clustering on the
p; variables of
each data-set =>
Reduction of
variables number

Construction
of 5 synthetic

indexes for Clustering on the
each data-set: 3x5 synthetic
linear indexes =>
combinations of highlighting of
a subset of the

variables . .
constituting an interrelations
homogeneous

pool

Identification
of
relationships
between the 3
data-sets

.033
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Establishing the links between
animal performances and meat quality

®
Protein con

§ Feed efficiency SEA II\-/IIFL’JISZ :
LN Growth rate & :
9 % PUFA, n-3, n-6 &
b utcher value &
c Meat quality traits &
a (tenderness, juiciness, ...)

[ °

Dim(46.39%)
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Quality modulation and prediction

3. Trade-off management
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How to predict meat quality ?
Trade-off between meat quality objectives

Mathematical problem of Multi-Objective Optimization (MOO)

.036
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How to predict meat quality ?
Trade-off between meat quality objectives

Age /N Feasible decision
space

N
7

Lipids content in the diet
Mathematical problem of Multi-Objective Optimization (MOO)

.037
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How to predict meat quality ?

Trade-off between meat quality objectives

_ o Lipids /N _ o
Age /N Feasible decision content Feasible objective

space space

N N
< 7
Lipids content in the diet Tenderness

Mathematical problem of Multi-Objective Optimization (MOO)
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How to predict meat quality ?

Trade-off between meat quality objectives

_ o Lipids /N _ o
Age /N Feasible decision content Feasible objective

space space

————

N N
< 7
Lipids content in the diet Tenderness

Mathematical problem of Multi-Objective Optimization (MOO)
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How to predict meat quality ?

Trade-off between meat quality objectives

_ o Lipids /N _ o
Age /N Feasible decision content Feasible objective

space space

————

N ~N
7 7

Lipids content in the diet Tenderness
Mathematical problem of Multi-Objective Optimization (MOO)
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /N
content

Feasible objective
space

Score = wl*Tenderness + w2* Lipids content

N
7

Tenderness
A priori aggregation

.041
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /N
content

Feasible objective
space

Score = wl*Tenderness + w2* Lipids content

N
7

Tenderness
A priori aggregation

.042
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /N
content

Feasible objective
space

Score = wl*Tenderness + w2* Lipids content

N
7

Tenderness
A priori aggregation

.043
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /N

content Feasible objective

space

8T

N
7

Tenderness
A priori aggregation
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /N

content Feasible objective

space

8T

N
7

Tenderness
A priori aggregation
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /N T o - 7 N
easible objective 3
content J r=—0.25 p=0.13 ;', LB T
space S - Vo, o
:': M L oo
C “ \%D oo )
: T T - & & L= cpc\B ° 4
@ - — 5 = 2 ﬂﬁ ‘\u?\ DDD - s
Ec& = -E-""‘--..__,m, A g =
c = - =
i) LT Tt e e g
4: ” §Dca‘\ iy o -
.y e - d&. T
-IS f o ®g B;\b %
2 DC\ ] s A
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o }
N o b o !?
/ > I I I < I I I I
Tenderness 2 2 a4 0 1 2 3
Organoleptic quality

A priori aggregation
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Lipids /]
content

How to predict meat quality ?
Two Multi-Objective Optimization approches

Feasible objective
space

8

N

>
Tenderness

A priori aggregation
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /N , L N P /o
content Feasible objective " Vo T

space S

A priori agéregation

N
7

Tenderness
A posteriori aggregation

.048
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /\ 'bI b_ . N = _026p=018 ’,S
content Feasible objective ] sl
space Eim s ' e
) ”-_-_‘-g"‘@ = -—_‘:A_"-___
- BN

Set of trade-
off solutions

A priori agéregation

N
7

Tenderness
A posteriori aggregation
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How to predict meat quality ?
Two Multi-Objective Optimization approches

Lipids /N i le obiect {oar
content Feasible objective - gl -
Space (7"‘~-:__;A_ AAAAA\‘D\%;:_ .
i 7T T A-—_‘:A‘—~___‘
B BN

Set of trade-

A priori agéregation
off solutions

% Multicriteria

> decision making
Tenderness (MCDM)

A posteriori aggregation
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Steering meat quality traits
1. Upstream management

.051
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From prediction to steering tools

* Aim:
Providing breeders with decision-making keys to adapt farm
management in order to optimize carcass and meat quality

* Method:

Integrating a large number of data in a statistical model that could
predict carcass and meat quality, but also determine farming
methods that could allow to reach a given level of quality

.052
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Decision tree principles

[4.28: 453
14.53; 4.79]
14.79; 5.05]
15.05; 5.30]
15.30; 5.56] .
15,56 5.82]
15.82, 6.07]
16.07: €.33] mm
16.33; 6.50] . | Fatcarcassscore |
16.50; 6.84] mmm

<2.88 z 288

[ Fattening duration, days ]

< 176 days z 176 days

[ Initial body weight, kg ] [ Fattening duration, days ] | Dm, kg DMiday | [ Muscle carcass, % |
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Decision tree for steering meat tenderness

Improvement of prediction efficiency of tenderness classes by considering simultaneously

rearing practices and carcass properties

(428,453 mm

m =tes
\4.95 590/
| Fattening duration, days Concentrate, % |

<176 days 2 176 days 282%

Rearing practices
Sensitivity: 71,0%
Accuracy: 70,8%

Carcass properties

Sensitivity: 68,1%
Accuracy: 67,2%

| Muscle carcass, %

(“initial body weight, kg | [F days |

<254days 2254days < ES . 271%

<422kg = 422kg

TENDH TEND—

]

BORDEAUX
SCIENCES
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Rearing practices + carcass properties
Sensitivity: 83,4%
Accuracy: 84,4%

Identification of rearing managements in

favour or defavour of meat tenderness
(Gagaoua et al., 2019)
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Decision tree for steering meat tenderness

Improvement of prediction efficiency of tenderness classes by considering simultaneously
rearing practices and carcass properties

s Rearing practices Carcass properties
Sensitivity: 71,0% Sensitivity: 68,1%
Accuracy: 70,8% Accuracy: 67,2%
& Rearing practices + carcass properties
ol Sensitivity: 83,4%
Accuracy: 84,4%
[ Initial bod::l::t. kg | MF mmy/g}ﬂﬂ ; Dw;{wu-y Muscle carcass, %
‘ ‘ 6 ‘ 6 Identification of rearing managements in
@ @ @ & favour or defavour of meat tenderness
TEND= TEND TEND= TEND+ (Gagaoua et al., 2019)
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Steering meat quality traits
2. Downstream management
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The Meat Standards Australia System

 Scores for

— Tenderness O / 100
— Juiciness 0 / 100
— Flavour 0 / 100
— Overall Liking 0 / 100
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SCIENCE & IMPACT

VetAgro Sup

The Meat Standards Australia System

Scores for

— Tenderness 0
— Juiciness 0
— Flavour 0

— Overall Liking 0

7
4

7

/

100
100
100
100

Scores then weighted and combined into a single MQ4 value

Tendernessx 0.3

+

Juiciness x 0.1
+

Flavour x 0.3
+

Overall Liking x 0.3

Global quality score

(o |




The Meat Standards Australia System

Consumers also class meat as:

Good Better than  Premium
Unsatisfactory every day every day

M4 |— / /7 /7 /7 7/
0 46 64 76 100
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The Meat Standards Australia System

WALES Source : R Polkinghorne

International research IRELAND

on MSA in beef 360
Tests made in each
country

AFRICA AUSTRALIA NEW ZEALAND

104,200
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The Meat Standards Australia System

WALES Source : R Polkinghorne

International research IRELAND

on MSA in beef 360
Tests made in each
country

- Relevant methodology
- Various Relative
weighting and Optimal AFRICA AUSTRALIA NEW ZEALAND

limits 104,200
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The Meat Standards Australia System

MSA2000model®

Hang (AT/TC/TS/TX) AT
Sex (M, F) m
Est.% Bos Indicus
Hump Height cms 0
Hot Std Carc Weight 200
USDA Ossification 100
Milk Fed Vealer Y/N N
USDA Marbling 130
Days Aged (min 5) 5
Quarter Point Ribfat 5
Ultimate pH 5.40

(=]

AUSMEAT Meat Col. 2
Saleyard? (Y, N) n

Wght/App.Maturity -
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MSA2000model®

Hang (AT/TC/TS/TX) AT
Sex (M, F) m
Est.% Bos Indicus 0
Hump Height cms 0
Hot Std Carc Weight 200
USDA Ossification 100
Milk Fed Vealer Y/N N
USDA Marbling 130
Days Aged (min 5) 5
Quarter Point Ribfat 5
Ultimate pH 5.40

AUSMEAT Meat Col. 2
Saleyard? (Y, N) n

Wght/App.Maturity

BORDEAUX
SCIENCES

The Meat Standards Australia System

Meat Colour

Grilled | Roast
Cut Description | Steak | Beef
Tenderloin
Cube Roll
Striploin
Oyster Blade
Bolar Blade
Chuck Tender
Rump
Point End Rump
Knuckle X
Outside Flat X
Eye Round X
Topside X
Chuck
Thin Flank

Rib Blade

Brisket

Stir
Fry

Thin
Slice

Cass- | Corne
erole | d Beef

Shin
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The Meat Standards Australia System

Thin | Cass- | Comne

Quality factors of variation S| el e

Cut Description | Steak | Beef

Tenderloin

Age and sex " CubeRoll
. Striploin
Weight 20 |
: muscies
Fat thickness .?T.;;q;;id‘;z
oH This method makes it

7 ‘{ possible to pay the actors

Marbling — Sensory quality (including the breeders)
Prediction level (3-4-5 according to the predicted
stars) sensory quality of the meat

Ageing ‘
T Prediction of the quality of all

Hanging method

INTERNATIONAL
Most important factors also carcass muscles by the g"gf;f RESEARCH
developed in France O International Meat 3G foundation OUNDATION

https://imr3gfoundation.org .064
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The Meat Standards Australia System

INTERNATIONAL
MeaT RESEARCH
3G FounpaTiON

* The International Meat Research 3G Foundation on beef eating

. .
guality has been established.
- — La revue scientifique VAL
- Viandes & Produits Carnés raw
‘ (‘%’ b Référence de \:a 18-34-1-2 #
mm_ﬁ_ el e e

International research on beef and lamb eating quality

* The Specialized Section of the United Nations Economic Commission
for Europe (UNECE) on Standardization of Meat will support it
(2/7/2018). 7 —

UNITED NATIONS
ECONOMIC COMMISSION
FOR EUROPE
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Conclusion
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Take home Messages

* Consumer satisfaction when eating beef is a complex response based on
objective and emotional assessments,

» Safety and healthiness are very important in addition to taste and
convenience,

* But some other parameters are really important for breeders

 Many models were recently developed in order to predict each quality
trait

* Now, the next step will be to develop methodological approach to predict
different traits simultaneously or in combination
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