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Objective Carcase

Measurement
Transforming carcase grading
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Outline

» Carcase measurement — the status quo

 Project to accelerate tech development

— Beef, pork and lamb industries

« How will new tech integrate into MSA?

* Progress towards measuring IMF and LMY
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Precision measurement
from paddock/pen to plate

Predict quality and amount of final product

[Conception Live Animal Carcase Retail Cuts Cooked Product]
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Tra_ding beef and lamb
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How well do the existing
measures work?
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Rib Fat and HSCW
(6 data sets)

56 -

36 -

Actual CT Fat%

16 -

6 ! ! ! ! |

6 16 26 36 46 56
Predicted CT Fat%

n

——

W

Murdoch

UNIVERSITY




Rib Fat and HSCW

Computed Tomography

“the gold standard”
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Rib Fat and HSCW

(6 data sets)
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GR and HSCW

(28 data sets)
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Trading on Eating Quality

Meat Standards Australia eating quality model
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Trading on Eating Quality

_Meat Standards Australia eating quality model
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Trading on Eating Quality

_Meat Standards Australia eating quality model
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Trading on Eating Quality

Meat Standards Australia eating quality model
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Loin Eating Quality and HSCW
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Loin Eating Quality and HSCW
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Precision measurement
from paddock/pen to plate

Predict quality and amount of final product
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Precision measurement
from paddock/pen to plate

Predict quality and amount of final product

[Conception Live Animal Carcase Retail Cuts Cooked Product]
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Precision measurement
from paddock/pen to plate

 Predict quality and amount of final product
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[Conception Live Animal Carcase Retail Cuts Cooked Product]

| {o—) | {—{—
"

3D Imaging

\ ¥

3D Imaging

Eating Quality:

I—iyperspectral

hvd

Synergy with Automation

Murdoch

IIIIIIIIII



Precision measurement
from paddock/pen to plate

« Predict quality and amount of final product
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True value of the carcase

Carcase value Wt retail Value of the cuts
(%) cuts (kg) X (S/kg)
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Trading on Eating Quality

_Meat Standards Australia eating quality model
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The obvious place to start is
IMF!
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Near Infra-red (NIR) probes

» Used extensively by other industries

* Requires “cut surface”

IIIIIIIIII



Near Infra-red (NIR) probes

O Calibration O
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Reis/Craigie et al 2017; Johnson 2018



Frontmatec hyperspectral camera

* Requires cut surface T ‘\
/
K

2 camera lenses

5 LED wavelengths
optimised for meat
and fat

FRONTMATEC



Actual IMF%

Frontmatec hyperspectral camera
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Frontmatec hyperspectral camera
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Frontmatec hyperspectral camera
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Meat Eating Quality (MEQ) probe

* Fibre optic probes with hyperspectral
aser

* Requires industry validation

* Potential for:
— Hot measurement
— Use at multiple sites
— Does not require cut surface




We can predict IMF with CT
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We can predict IMF with CT

SOMATOM Sensation
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How do we handle new
traits?
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Does IMF predict EQ as well as visual grade
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Does IMF predict EQ as well as visual grade
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Does IMF predict EQ as well as visual grade
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Does IMF predict EQ as well as visual grade
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Does IMF predict EQ as well as visual grade

Both terms in the model:

(a)

Both significant (P<0.05)
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Lean Meat
Yield
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Trading on Eating Quality
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Trading on Eating Quality

tandards Australia eating quality model
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2D X-Ray for driving robots




Nucleus Flock to train DEXA
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P8 Fat Depth (mm)
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Predicting CT Composition in Beef

CT Lean% . CT Fat%
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3D imaging for lean meat yield

Uses X-Box RGB cameras
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CT as calibrating standard

A common trait for all devices
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CT as the calibrating standard

*Supply chain information

Lamb basic cuts  ma
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\‘--.Q} ,;_?,'
Conception Live Animal Carcase Retail Cuts Cooked Product

Wt of carcase DEXA .. | 1) |
bone, muscle, fat D 4
Murdoch

UNIVERSITY



Conclusion

m EXisting carcase measurement is poor

m ALMTech will accelerate development

— Beef, lamb, pork industries
m Upgrade beef MSA inputs / new MSA for lambs
m EQ focused devices — NIR, Hyperspec, CT

m LMY measures also input to MSA

EEEEE



Supporting partners

+ Department of Agriculture
and Water Resources

(AR A\ =\ O MM crontarec

e, Ay, PV AMPC P or k

i Department of @ .
oprmentr . fed Hiees @Y S0 (UBS) mila 2 Murdoch Pork

UNIVERSITY

LRNMINT OF

...............

Cake
() SARDI SOUTHAUSTRALLA ~ iy

& RESEARCH...\'B l . PRl THE UNIVERSITY ;
sz ) ) DEVELOPMENT A SCOTT [ (7Evs)) 4 C)) JADELAIDE =~ &9%
p INSTITUTE - o THE UNIVERSITY OF

g gyt MELBOURNE

ORIA

> ALMTech Annual Review 2017/18
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Statistical analysis

/ MSA model inputs \ / Covariates \

Sex
Hot carcass weight
Hump height
Feed type

Palatabilit
Hormone Growth promotant status y

General Linear scores (MQ4)

Models

k Chemical IMF% /

v
Murdoch

UNIVERSITY

Ultimate pH




Timeline — EQ devices

4\; Beef (USDA marble)
E+V I I I

0% 100%
Beef (IMF, EMA, fat depth, meat colour, fat colour, MSAmarbling)

Hyperspectra| Lamb (IMF, EMA, C site fat depth, meat colour)
(Frontmatec) I 'I—I

0% 50% 100%

I Beef (IMF, EMA, fat depth) I I
I Lamb (IMF, EMA, fat depth: I I

2 Direct 0% 50% 100%

I Pork I I
I Lamb I I

0% 50% 100%
e |
- ILamb (IMF) I I
 Visual 0% 50% 100%
grading

Beef (IMF)

ILamb (IMF) I I

CT 0% 50% 100%




Timeline — EQ devices ctd

I Beef (IMF%, muscle water, glycogen) I I

Ultrasound 0% 50% 100%
for muscle

glycogen
pama

™ VA ILamb(age) I I
1 o
m& 0% 50% 100%
DEXA

2 Direct

EQ

continued

I Beef (IMF%, shear force, pH, meat colour (hot and cold])I I
I Lamb (IMF%, shear force, pH, meat colour (hot and coldlz I

MEQ Probe

0% 50% 100%
x Beef (IMF%, shear force, EMA, rib fat, USDA yield grade
Hyperspectral I I I
(TenderSpec) 0% 50% 100%

0% 50% 100%
iKnife for
marbling




Timeline — LMY Devices

1 Direct
LMY
(live)

DEXA
-
Q

{

o

=

o

(=]

S

o
£

1 Indirect
LMY
(live)

3D Imaging

- jw

]
(o

2 Direct
LMY
(carcase)

Microwave 4 3D Imaging
N
gl 2]
:{:|‘
o

Indirect — 0% 50% 100%

LMY
(carcase)

In 2 plants

E+V
:{
®
@,

50% 100%

o
X

BCC-3
:{
®
@

0% 50% 100%

50% 100%

Q
S

Pc;}kScah
T
[}
‘|‘



Timeline P3 — P5
N A

d 0% 50%

Lamb Value Calculator
Data-to- 3 I_ I I
decision [ Y § Lamb Optimiser
systems -~
B y Beef Value Calculator
o
100%

0% 50%

Offal
Sorting

[<H)
o
>
=
(@]
s
o
=
o
~

developed

Lamb DEXA LMY breeding value

I Beef IMF breeding value (MI1J, E+V) I I
o I Lamb IMF enhance EBV (ME(q, Hyperspectral, Visual) I I

0% 50% 100%

I CT LMY (Beef & Lamb) I I




Estimating cut weight
using DEXA
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Weight of Round (kg)

Predicting round & shortloin wt
using HCWT plus DEXAfat value

_ 35
B
2 37 018
S y =1.007x -0.0121 &R
g 2.5 1 R?=0.9130
e RMSE = 0.105kg
°¥ 2
z =
o
w15 -
©
® 1 QR
QL
g gt
0.5 T T T T
16 - 0.5 1 1.5 2 2.5
09, Predicted weight of Shortloin Cap on No tail (kg)
14 y = 1.0046x - 0.0045 i
R?2=0.9108 ' #
1.2 1 RMSE = 0.054kg
1 -
0.8 -
o)
06 - .
0-4 - T T T T T 1
0.4 0.6 0.8 1 1.2 1.4 1.6

Predicted weight of Round (kg)



Carcase Calculator rework

()

k. )

Primal Weight Estimates Trade: Over the Hooks. X-Breed Av.GR: 141mm Av.HCW: 23 kg Shrinkage: 2.5 %

Total Retail ¥alu¢ $221.54 Carcase Gross Prof $35.55 16.0%
'Heifht weifht lhnfeifht weifht
Furequarter 4 z:::.:.c.‘

- e DEXA Lean Value =52 -
[Baetorr Shmtaor [2008

e [f.ro srhank amt I I
tippad

I Furs rhank Tippad | I

— [Meck e | Trimm o d Mo ck | |
Luin I— —I Shart Luin D E XA Le an Va I ue = 48 - Isn.n Luin Ha Tail |
Rack (% Rib) Rack Trimmad (6mm USA Rack Cap OFF
| 75 mm tail trim) ($Rib) Franched S0mm
~[rrer —E=

IBIIQ'MI LoqChump un I

, Shank OFF
|Hind Shank B2 |

Murdoch

UNIVERSITY



What does extra precision mean
for the carcase calculator?

$400
e GR =5 mm
$350 e GR =10 mm
«
< 5300
3
> $250
3
S
£ $200 -

20 25 30 35 40
Hot Carcase Weight (kg)

Murdoch
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What does extra precision mean
for the carcase calculator?

$400 -
e GR = 5 MM @ '/Tw‘ ,‘.:

$350 | e—mGR=10mm g i Y
— 7" MUSCLE 4
© i — GR = 15
p” $300 mm
2 GR =20 mm
i $250 -
2 e GR = 25 mm 12thRIB
(5]
= $200 -
o

$150 - {

$100 T T T T T 1

20 25 30 35 40
Hot Carcase Weight (kg)
$400 -

e CT Lean % = 64.7

3350 | e CT Lean % =59.3

e CT Lean % = 54

w
v $300 - CT Lean % = 48.6
s 250 | ——CTlean%=432
2
S
£ $200 -
(&)
$150 - {
$100 T T T T T T 1
10 15 20 25 30 35 40

Hot Carcase Weight (kg)

——
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Grid Ref - Week: I 7 Valid For Kills: 24/2/14-28/2/14
XB Lambs

Grade | Fatmm| Dent 14 |14 F26.0 30.1-320] 32+

St 0-5 0 $1.30 | $2.10 | $3.30 $4.70 $470 | $4.20
|_S2 6-10 0 $1.60 | $240 | $3.60 $5.00 $5.00 | $4.50

S3 11-15 0 $1.60 | $240 | $3.60 $5.00 | $5.00 $5.00
sS4 15-20 0 $1.60 | $240 | $3.60 . . $5.00 | $5.00 . $5.00
S5 20+ o120 40 &0 | c=on | o0 o0 oo $5.00

Cut wt by retail value

Bone out cost

20 25 0
Predicted CT Fati

Adj for cut market volume

Characterise
carcase grades

Carcase descisions to
optimise profit i

——
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Industry led Initiative

Project 150

. DEXAinto 90 beef/lamb
abattoirs

AMPC

AUSTRALIAN LOT FEEDERS’
OF AUSTRALIA

Producer Rep.s Processor Rep.é

SHEEP



AUS-MEAT.

s a Project 150

Auditor
. DEXAinto 90 beef/lamb
abattoirs

National
Measurement
Institute

Regulat .
cguao! Objective Measurement

Taskforce

ERUREIR &4 SXATALIS OF AUSTRALIA' 235 3795 iy A M .
Producer Rep.s Processor Rep.s

SHEEP



Auditing
DEXA
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Validation/Auditing

Full system Acquwe |mages Clearfield Calc. R values | Ia

Phantom

'

Rt : e Adjust f
Calibration _ In(Tow/Airpen) S8 -
R=——"—"""T""T"18 Synthetic
Sets air attenuation In(IHigh/Aertten) /|

at 4095

Low energy High energy AIrAtten

Calibrated
Ir_'gvage

Company Specmc Algorlthm Murdoch

UNIVERSITY



Validation/Auditing

Acquwe |mages CIearfleId Calc. Rvalues Image

Full system

Calibration E> E> E> ln(ILow/Aertten) E> édJUSt "
| ynthetic
Sets air attenuation In(IH,gh/Aertten) »

" Phantom

Low energy High energy AIrAtten

Routine auditing
ensures calibrated image

Synthetic Phantom

/ |

Calibrated
Im’ayge

Company Specific Algorithm Murdoch

UNIVERSITY



Validation/Auditing

Acquwe |mages CIearfleId Calc. R values

Calibrated

Full system

. . Adjust f
Calibration E> ’ ’ E> E> _ In(Tow/Airptien) E> Syﬂ;et?cr |
Sets air attenuation In(IH,gh/Aertten) A Phantom

at 4095

Low energy High energy Alr'Atten

CT validation required when:
1. New DEXA hardware
2. Altered company algorithm
3. Disputes

Calibrated
Image

Company Specific Algorithm Murdoch

UNIVERSITY



CT as calibrating standard

—

W

Murdoch

UNIVERSITY



CT as calibrating standard

A common trait for all devices

Residual = Difference between DEXA predicted CT fat % and actual CT fat %
15

averpreaicied | [Unaerpreaktea
CT Fat % Residual

15
Bods  Coogwath  Ochoe Mg PolMeno PolDwss  Teml  Sfok  WieSuffok
ety e
M - Maternal
. n
= Merino -
W = Terminal Murdocl

DEXA accuracy across divergent genetics

Residual = Difference between DEXA predicted CT fat % and actual CT fat%

N4

7 Fat 5 Residual

PEMD RSBV (o] Prt ASEY fr)

DEXA accuracy across kill groups

Residual~ Differance betwsen DEXA predicted CT fat % and actual CT fat%

p—————

VIAScan - e
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DEXA prediction of
age/maturity

SHEEP 110



DEXA to determine age

1.44 ~ e M New Season
1.42 - Old Season
1.4 - '
O 138 -
= e ;
£ 1.36 -
e 1.34 - ok
i 1.32 - '
Ll
0 13 -
1.28 -
1.26 -
1.24 -
Femur Hum/rad/uln Lumbar Whole Bone
Bone region

Payne et al. (2018) ICOMST Pp SHEEP



DEXA to determine age

| R-value |
DEXA Image R

’ 1.0891
1.2199
1.3043
1.4167
1.9045
2.0963
2.7418
2.918
3.151
3.4536
3.5422

TN i
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Rib Fat and HSCW

(6 data sets)

Actual CT Fat%

F1

W

Murdoch

UNIVERSITY
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Near Infra-red (NIR) probes

NIR preliminary results - Topsides (hot)

%1,
RIQSL\% Department of (0
GOVERNMENT Primary lndUStrieS MUJOCh
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Near Infra-red (NIR) probes

NIR preliminary results - Topsides (hot) Fowler and Hopkins, 2018
7 _
6 - ] 100 carcasses
S
S°
> Error ~0.8%
20 4
53
©
32
(a )
.“ O | | | | | | |
‘Rlljsdv)\'l Department of 0 1 2 3 4 > 6 [ |
GOVERNMENT Primary IndUStrieS Measured IMF (g/lOOg) MU;OCh
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Near Infra-red (NIR) probes

NIR preliminary results - Topsides (hot Fowler and Hopkins, 2018

00 carcasses

rror ~0.8%

Proof of concept ‘/

ID primary manufacturer

e
covemment | PYI Measured IMF (g/100g) Mur‘d'och
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Deliverables!

Predict quality and amount of final product

Data to genetic \ Lamb basic cuts _ m
bases 3 B ooun /@ » BN
databases & Data to industry / Wi & .
3 new EBVs ' foedback svsterns B 5 —
I - # feedback systems S 4 J‘
o AT ¢ | -
T B ® ¢ We 5

P SN

Conception Live Animal Carcase Retail Cuts Cooked Product
2 techs - direct measures

(DEXA/CT)

2 techs - predictive
(ultrasound, 3D image, hyperspec)

430
L
2 techs - predictive [ESRuEtlile)

(DEXA, 3D image) 2 techs - predictive

(Hyperspectral, NIR)

Eating Quality:

7

Hyperspectral MIJ camera
Algorithms & software for value based pricing & sorting systems

Synergy with Automation ,
Standardised Calibration Systems 1 offal sorting prototype




DEXA Bone analysis

n
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Actual CT Bone %

DEXA predicting CT Bone%

22

20

18

16

14

12

10

o O ©
- y=0.992x + 0.1227
R2=0.86
] RMSE = 0.614 O
10 12 14 16 18 20

Predicted CT Bone%

22

L)

——

D 4

Murdoch

UNIVERSITY



Why CT as the
“Gold Standard”?

o A ¥y




Traits for calibration

1. Saleable meat yield

captures valuable fat & bone
- cutting specifications differ
- operator errors

slow and expensive (labour)

2. Dlssectlble LMY

- less influence of cutting specifications
- operator errors
- slow and expensive (destructive

3. CT

- virtual dissection, thus repeatable
- no operator error
- Fast, cheaper (on-sell product)

4. Chemical composition CT

- no operator error, but difficult to prove repeatability
- very slow and expensive (destructive) |
- indirect measure of meat yield (consumers don’t eat it) \\




Composition study

50 Merino lambs feedlotted

Slaughtered at WAMMCO WA

Carcasses CT scanned at Murdoch

Trucked to Adelaide for full bone out

Samples to Murdoch for Chemical analysis




Composition study

6 y = 0.1765x + 1.926
1 R2 =0.90
PEF Chemical e N
f 7/ \ g, } I
" Y/ st >0
“ Q_ ’
LU g :
LUl G-
CT carcase S
0
6 8 10 12 14

12 - CT lean (kg)
~ y = 0.7614x - 0.868 S 6
210 R2 = 0.89 <
= RMSE = 0.46 7 y = 0.2472x - 0.0382
=0 s © oy R2=0.32
S ' 5 RMSE = 0.318
£ E
g 4 _qc-’ 2
O @)

2

0 0

5 7 9 11 13 15 3 4 5 6 7 8 9

CT fat (kg) CT bone (kg)



. Site comparisons

. Genetic diversity

. Spot check trouble spots
. New technologies

Mobile CT Scanner

Needs to be mobile!
Prove synthetic phantoms

Industry proof of concept data sets

New boneouts

. $55 Keep product in SUppIy Cham“ B

L)
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v
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Influence of abattoir factors?
(See FAIM paper)

X

Spray chilling

Carcase orientation (180 degree turn) J

Carcase temperature x

*Time post mortem X (noAin precision)

Connaughton et al. (2018). ICOMST pp



DEXA repeatability




CTFat%

CT Fat %

40
35
30
25
20
15

10

40
35
30
25
20
15
10

Carcases

Hot

o0
oS
gt
o R2=0.94
ke RMSE=1.28
15 25 35

DEXA prediction of CT Fat %

36h
o0
0.
.C!.'
,‘.---‘ R2=0.95
RMSE=1.17

15 25
DEXA prediction of CT Fat %

35

CT Fat %

CT Fat %

40
35
30
25
20
15

10

40
35
30
25
20
15
10

over time (72h)

12h

15 25
DEXA prediction of CT Fat %

48h

X nd

. R2=0.93
RN
RMSE=1.31

15 25
DEXA prediction of CT Fat %

. R2=0.92
e RMSE=1.41

35

35

CTFat%

CT Fat %

40
35
30
25
20
15

10

40
35
30
25
20

10

24h
o0
»
w?"
oa
._,,.."" R2=0.94
@ RMSE=1.25
15 25 35

DEXA prediction of CT Fat %

72h
LA
‘..
"
& R?=0.94
RMSE=1.20
15 25 35

DEXA prediction of CT Fat %



Variability in these traits has
a cost!

*Lean meat yield

—More fat trimmed (labour/waste)
—Inconsistent retail cut size
*Eating quality

—Consumer confidence

mia Murdoch
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Variability In these traits has
a cost!

*Lean meat yield

—More fat trimmed (labour/waste)
—Inconsistent retail cut size
*Eating quality

—Consumer confidence

This you can’t see!

L ) |

1 A

A 4

mia Murdoch
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Variability in these traits has
a cost!

*Variability can be managed with...

—carcase sorting (prior to fabrication)

—cut sorting for cut size and EQ, assuming its
traceable...

mia Murdoch
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Variability In these traits has
a cost!

*Variability can be managed with...

—carcase sorting (prior to fabrication)

—cut sorting for cut size and EQ, assuming its
traceable...

If we can predict it!

F1
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MEAT & LIVESTOCK AUSTRALIA
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