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Outline

 Consumers want quality beef but can’t
identify it

 Consumers have a consistent appreciation of
beef value and quality

* Predicting eating quality




Which is better?




Which is better?

And why?

Colour
Knowledge of cut/muscle
Marbling




Which is better?

And why?




Which is better?

Branded products?
Small market share
 Refer to extrinsic

Mg
AP




Which is better?

Consumers want a reliable
eating quality guarantee

[ Verbeke et al 2010 ]




Can we grade beef for
eating quality?




Beef Quality Prediction

Consumers Cattle




Beef Quality Prediction

Consumers




Are consumers predictable?

1. Sensory scores 70% accurate in predicting
quality grades for beef

1. Australia

2. Japan
3. Korea
4

. South Africa

2. Minimal effect of demographics
1. Age
2. Importance of beef in the diet

3. Consumers willing to pay twice as much for
Premium quality




Hypotheses - For European Consumers

1. Sensory scores will accurately categorise beef into
quality groups

2. Demographics will only have small effects on
Sensory scores

3. Consumers will pay more for better quality beef




Collaborative partners

Poland France




Consumer testing

: e ;
; _-:_!'— ‘_. ‘ .= \
oA J ¥
% R T*\:\}ﬁ\

19,492 Consumers




Consumer testing
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19,492 Consumers




Consumer testing

Demographic questionnaire
Age
Gender
Income
JEEAN Occupation
\ Children/adults in the
household
191492 Consu METS Frequency of eating beef
Importance of beef
Preferred cooking doneness

g
5 ¥
e Y "
S 1 ’_e._\.’\_\___,
u:‘ s 7_\. -




Consumer testing

X 7 samples

* 1 medium quality ‘link” sample
* 6 experimental samples

* ranging in quality
* Latin square design

19,492 Consumers




Consumer testing

X 7 samples

’ -

1 medium quality ‘link” sample
6 experimental samples

‘L\v\ * ranging in quality

Latin square design

19,492 Consumers

/74 Carcasses




The Meat Standards Australia System

e Scored for

— Tenderness
— Juiciness

— Flavour

— Overall Liking

0
0
0
0

100
100
100
100




The Meat Standards Australia System

Scored for

— Tenderness O
— Juiciness 0
— Flavour 0
— Overall Liking O

Scores then weighted and combined into a single MQ4 value

Tenderness
+

Juiciness
+

Flavour
+

Overall Liking

100
100
100
100




The Meat Standards Australia System

e Scored for

— Tenderness O 100
— Juiciness O ——————— 100
— Flavour 0 100
— Overall Liking O e

* (Categorised as: P g e Value €S £zt
 Unsatisfactory _ _  Unsatisfactory
U Good every day e 2 U Good every day
7 Better than every day - 4 | " ) | O Better than every day
O Premium A 5. - O Premium




Statistical analysis

* Discriminant analysis

— Accuracy of using the sensory scores to categorise
beef samples into quality grades

* Linear mixed effects model
— Demographic effects on sensory scores
— Willingness to pay by country




Discriminant Analysis

: Northern
Australia France Ireland Poland
Ireland

Accuracy (average) 72.1% 75% 59.6% 66.1% 67.3%

e Scored for e (Categorised as:
— Tenderness O Unsatisfactory
— Juiciness O Good every day

— Flavour O Better than every day
— Overall Liking Q Premium




Discriminant Analysis

Accuracy (average)

Premium

Better-than-every-day

Good-every-day

Unsatisfactory

Australia

72.1%

86.4%

58%

62.2%

81.7%

France

75%

85.3%

64.5%

71.7%

81.3%

Ireland

59.6%

67%

44%

46.6%

80.6%

Northern
Ireland

66.1%

77.6%

49.5%

55.5%

81.9%




Discriminant Analysis

Accuracy (average)

Premium

Better-than-every-day

Good-every-day

Unsatisfactory

Australia

72.1%

86.4%

58%

62.2%

81.7%

France

75%

85.3%

64.5%

71.7%

81.3%

Ireland

59.6%

67%

44%

46.6%

80.6%

Northern
Ireland

66.1%

77.6%

49.5%

55.5%

81.9%




Percentage samples in each category

100% A




Percentage samples in each category

100%

B Premium

M Better than every day

W Good every day

W Unsatisfactory




Percentage samples in each category

M Premium Discriminant function
67.2% accurate
(80.7% for Unsatisfactory)

M Better than every day

W Good every day

Unsatisfactory




Percentage samples in each category

100%

M Premium
M Better than every day

W Good every day

Unsatisfactory

Predicted unsatisfactory
samples removed




Percentage samples in each category

100%

Premium

Better than every day

Good every day

Unsatisfactory

m. longissimus Predicted unsatisfactory
samples removed




Percentage samples in each category

100%

B Better than every day

Good every day

Unsatisfactory

5%
5%

m. gluteus medius Predicted unsatisfactory
samples removed




Percentage samples in each category

100%

B Premium

B Better than every day

® Good every day

Unsatisfactory

m. semimembranosus Predicted unsatisfactory
samples removed




Demographics

France Ireland Northern Poland
Ireland
Age
Gender
Income
Occupation
Children in the household
Adults in the household
Frequency of eating beef

Importance of beef

Preferred cooking doneness




Demographics

France Ireland Northern Poland
Ireland
Age
Gender
Income
Occupation
Children in the household
Adults in the household
Frequency of eating beef

Importance of beef

Preferred cooking doneness




Demographics

France Ireland Northern Poland
Ireland
Age
Gender - Men > Women 1 point 1-2 points 1 point 1 point
Income
Occupation
Children in the household
Adults in the household
Frequency of eating beef

Importance of beef

Preferred cooking doneness




Demographics

Northern
France Ireland Poland
Ireland

Age

Gender - Men > Women 1-2 points 1 point 1 point
Income

Occupation

Children in the household

Adults in the household

Frequency of eating beef

3 points

Importance of beef - Positive 6-18 points
(overall)

2.5 points 1-2 points

Preferred cooking doneness




Demographics

Northern
France Ireland Poland
Ireland

Age

Gender - Men > Women 1 point 1-2 points 1 point
Income

Occupation

Children in the house
Poor spread of data

ACIERNRGENCIEE  across the “importance”

Frequency of eating | categories

3 points

Importance of beef - Positive 6-18 points
(overall)

2.5 points 1-2 points

Preferred cooking doneness




Demographics

Age

Gender - Men > Women
Income

Occupation

Children in the household
Adults in the household

Frequency of eating beef
Importance of beef - Positive

Preferred cooking doneness

France

6-18 points

Northern

Ireland
Ireland

1-2 points 1 point

3 points

2. '
(overall) > points

2-3 points T~ |4 points T

Poland

1 point

1-2 points

1-3 points {,




Demographics

Northern
France Ireland Poland
Ireland

Age

Gender - Men > Women 1-2 points 1 point 1 point
Income

Occupation

Children in the household

Adults in the household ) . .
Interaction with cooking
Frequency of eating beef doneness in the sensory

?
Importance of beef - Positive  6-18 points panel g

Preferred cooking doneness 2-3 points T~ 14 points I  [1-3 points {,




Proportional willingness to pay

France

——Australia

Poland

= |reland

Unsatisfactory/ Good every day Better than Premium
Ungraded Every day




Proportional willingness to pay

France
——Australia

Poland
——Northern Ireland

Ireland
Different

guestionnaire

format

Unsatisfactory/ Good every day
Ungraded

Better than
Every day

Premium




Proportional willingness to pay

Pour-chaquecatégoriede produit précédemmentdéfinie, quel prix-seriez-vous-pret-apayer™y

1

Produitnonsatisfaisant-q

1
0-2-50+(5€="15-mm)T

-—

|
i f | 1 | | T T T |
{J’Efkg'""5€fkg""lfﬂfkg""lﬁﬂ'fkg""Eﬂﬂfkg""'Eﬁﬁrfkg""?}ﬂﬂ"kg'"'35%1{3'"'4[%’@""456’@""5(%’@

////////' Poland
——Northern Ireland

1}

S = =
ase circle the price per kilo youbelieve best reflects the value for cach category.

Unsatisfactory €2 €6 €8 €10 €12 €14 €16 €18 €20 €22 €24 €26 €28
Good everyday eating quality €2 €4 €6 €8 €10 €12 €14 €16 €18 €20 €22 €24 €26 €28

Better thaneveryday eating quality 2 €4 €6 €8 €10 €12 €14 €16 €18 €20 €22 €24 €26 €28

Premium quahty 2 €4 €6 €8 €10 €12 €14 €16 € . ; 24 €26 €28
Ungraded Every day




Hypotheses

. Sensory scores will accurately categorise beef
into quality groups

. Demographics will only have small effects on
Sensory scores

. Willingness to pay will be highly transferable
between consumer groups




Hypotheses

. Sensory scores will accurately categorisefseef
into quality groups

. Demographics will only have small effects on
Sensory scores

. Willingness to pay will be highly transferable
between consumer groups




Hypotheses

. Sensory scores will accurately categorisefseef
into quality groups

. Demographics will o’y Importance

Gender

SENSory scores ! Preferred cooking doneness

. Willingness to pay will be highly transferable
between consumer groups




Hypotheses

. Sensory scores will accurately categorisefseef
into quality groups

. Demographics will o’y have small effects on
sensory scores |

. Willingness to pay £ b iuisiaiia | €
between cons®@4 ; grot Format is important




Beef Quality Prediction

Consumers




Beef Quality Prediction

Cattle




Beef Quality Prediction

What influences quality?




Beef Quality Prediction

Muscle

Cooking method

Hang method (AT/TX) u- .
Post mortem ageing

Ultimate pH/pH decline e .

Shank




Beef Quality Prediction

Muscle

Cooking method

Hang method (AT/TX) u- =\
Post mortem ageing

Ultimate pH/pH decline e .
Breed (beef/dairy) (Bonny et al 2016) A\

Sex (bull/steer/cow) (Bonny et al 2016)

Maturity (age/ossification) (Bonny et al 2016)

Carcass weight/Growth path
Marbling (IMF) (Bonny et al 2015)




Beef Quality Prediction

Muscle

Cooking method

Hang method (AT/TX)

Post mortem ageing
Ultimate pH/pH decline
Breed (beef/dairy)

Sex (bull/steer/cow)

Maturity (age/ossification)
Carcass weight/Growth path
Marbling (IMF)




Beef Quality Prediction

cut Grill  Roast  Stir-Fry Slow-cook Brais
IVI USC I e spinalis 73

tenderloin

COOkIng methOd tenderloin
Hang method (AT/TX) tenderloin

cube roll
striploin

Post mortem ageing

striploin

Ultimate pH/pH decline oyster blade

blade

Breed (beef/dairy) blade

chucktender
Sex (bull/steer/cow) rump

knuckle

Maturity (age/ossification) knuckle

outside flat

Carcass weight/Growth path

outside flat
Marbling (IMF) eye round
topside
topside
topside




Beef Quality Prediction

cut Grill Roast Stir-Fry Slow-cook Braise
- ..- w '-’

M USCIG spinalis

tenderloin

COOkIng methOd tenderloin
Hang method (AT/TX) tenderloin

cube roll
striploin

Post mortem ageing

striploin

Ultimate pH/pH decline oyster blade

blade

Breed (beef/dairy) blade

chucktender |-
Sex (bull/steer/cow) rump R

knuckle

Maturity (age/ossification) knuckle

outside flat 51

Carcass weight/Growth path

outside flat
Marbling (IMF) eye round
topside
topside
topside




Can we grade beef for
eating quality?




Can we grade beef for
eating quality?




Beef Quality Prediction

Consumers @ 4

Consumers are
predictable

Brisket m
Shank

Ol

Carcass and animal
factors can predict
quality




Eﬂfﬂ Quality based beef grading system

[ Information ]




l!-jg Quality based beef grading system

Information

Retailer/Consumer

The mass market

Commercial Brands
Official marks




-mg Quality based beef grading system

Ama\

Processor

Retailer/Consumer

Producer

The mass market

Commercial Brands
Official marks




What next?

e Prediction of quality

— Using carcass and animal traits
— Other measures?
— Poland

 More collaborative partners
— Spain
— Portugal

* Integration into the supply chain

— Industry
— Processors
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\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y
\Y

Cut v/s scientific names

. triceps brachii caput longum

. serratus ventralis cervicis

. supraspinatus

. longissimus dorsi

. spinalis dorsi

. semitendinosus

. rectus femoris

. vastus lateralis

. biceps femoris (syn. gluteobiceps)
. infraspinatus

. biceps femoris (syn. gluteobiceps)
. tensor fasciae latae

. gluteus medius

. gluteus medius

. longissimus dorsi

. psoas major

. adductor femoris

. semimembranosus

Blade (BLD096)
Chuck (CHKO078)
Chuck Tender (CTRO85)
Cube Roll (CUB045)
Cube Roll (CUB081)
Eye round (EYEQ75)
Knuckle (KNUO66)
Knuckle (KNU099)
Silverside (OUTO0O05)
Blade (OYS036)
Rump cap (RMPOO5)
Rump tail (RMP087)
Eye of rump centre (RMP131)
Eye of rump side (RMP231)
Shortloin (STR045)
Tenderloin (TDR062)
Topside (TOP0OO1)
Topside (TOP073)




Accuracy of the discriminant analysis

Predicted grade (n)
Actual Grade 4 5 Total
395 154 35063
11398 1752 54221
16514 8914 31822
2657 11684 14793
30964 22504 135899

Predicted grade %
4
1.13
21.02
51.89
17.96
22.78




Consumer testing

X 7 samples
. % * 1 medium quality ‘link” sample
JEEAN * 6 experimental samples
‘L\v«\\ * ranging in quality
* Latin square design

19,492 Consumers 0123456

0241635
0315264
0462513
0536142
0654321




Gender

Australia

France

Ireland

Northern Ireland
Poland

Income

Australia

France

Ireland

Northern Ireland
Poland

Occupation

Australia

France

Ireland

Northern Ireland
Poland

Australia
France
Ireland

Northern Ireland
Poland

Consumer Demographics

Male
148
672
921

3938

3217

a
0

43
39
147
924
297
Unemployed
4
82
34

Female
191
826
755

4994
4030
b
0
446
727
4 814
1033
Professional
95
232
519
2093
517
Student
56
82

Unreported
02
p
64
60
13
c
0
493
L
1224
2184
Admin?
52
542
213
1125
1526
Retired

2234
Technical
31
130
282
627
479
Homemaker
4
26

Service

Unreported
339
p
56
194
52
Labourer
10
100
28
633
834
Unreported
0
p
34

23




Adults in the home 1 p 3

Consumer Demographics

5+ Unreported

Australia

France

Ireland

Northern Ireland
Poland

Children in the home

Australia

France

Ireland

Northern Ireland
Poland

Age (years)

Australia

France

Ireland

Northern Ireland
Poland

29

1
56
240
517
5890
1349

20-30

413
603
3935
4123

64
189
379

1678
1816
3
39
62

29
83

10
33

0
3
24
75
6
Unreported

Unreported

0
1
22
42
9




Frequency
Australia

France
Ireland
Nth Ireland
Poland

Appreciation
Australia

France
Ireland
Nth Ireland
Poland

Doneness
Australia

France
Ireland
Nth Ireland
Poland

Consumer Demographics

7 4-5
10 51

24 225
46 214
470 1471
31 162

Important
200
411

534
3027
1393

Blue Rare

0 0
) 330

0 149
50 pAS
169

2-3 1
180 85
757 377

648 314
4026 1649
1416 pARY
Like
127 12
871 211
551 243
3486 1544
1696 2260

Medium

Med/rare
128 95
- 919

139 352

1138 1570

324 2020

0.5
13
107

64
422
1663

Indifferent Unimportant

0
2

34
233
1795

Med/well done
116
166

334
1952
3495

0.25
0
4

50
PACK]
1740

Unreported
0
0

18
102
116

Well done
0]
28

Never
0
1

5
15
85

Unreported
0
0

14
59
33

Unreported




Weighting for MQ4 calculation
Boundaries between quality grades

The consumer scores are inserted

Unsatisfactory (2) = -2.8+0.02tn+0.05ju+0.08f|+0.030y  nt© each equation, and the

equation with the largest solution is

Good every day (3) = -7.92+0.04tn+0.04ju+0.1fl+0.130y  the predicted quality grade
Better than every day (4) = -14.36+0.07tn+0.04ju+0.11fl+0.20v
Premium (5) =-20.85+0.09tn+0.05ju+0.13fl+0.240v

Boundaries
We are interested in 2v3, 3v4 and 4v5 between quality

grades

Subtract one equation from the other then divide the whole

equation by the sum of the coefficients for the sensory scores 2v3 =-39.22 9.19tn+-0.07ju+0.13fl+0.750v

L3-12 = -5.12+0.02tn+-0.01ju+0.02fl+0.10v SN [E B R 2T O U L A AT D e
(0.02+-0.01+0.02+0.1)
L4-L3 = -6.44+0.03tn+0.00ju+0.01f1+0.070v - o o
Average coefficients to derive single weightings
(0.03+-0.00+0.01+0.07)

L5-L4 = -6.48+0.02tn+0.01ju+0.02fl+0.040v
(0.02+-0.01+0.02+0.04)

4v5 = -75.75 0.21tn+0.07ju+0.23fl+0.490v

MQ4= 0.28tn + 0.036ju + 0.37fl + 0.31ov
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