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The global challenge and e
dilemma ®

In 2020, EU has committed to
decrease green house gasses
by 20% compared to 1990 level

In 2050, world food production
needs to be doubled compared
to 2010 level




The Solution e
O

Genetics/ More
Genomics is o Higher Less
part of the S productivity emission
solution
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Feed efficiency




Why Feed Efficiency? e
. ®
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QA One of the promises from the introduction of genomic
") selection

International interest

[

@ Still big challenges

/

Huge economic value for farmer
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Some of the challenges e.

%gg Complex biology

IDETINING EMICIENECY

Longitudinal data/nature

No commercial data

www.vikinggenetics_-




The overall aim Is to save feede.
®

®. Opportunities:
» Consider maintenance costs
« Improve metabolic efficiency

Improve engine




Saved feed

Metabolic
Efficiency

Require information Require information
about weight/size or about feed intake, yield,
Indirect measurements weight, pregnancy, etc.

www.viking-



Maintenance e
»

©. Smaller cows have less maintenance
requirements than big cows

®. ~1 kg dry matter per 100 kg body weight

e Corresponds to ~30% of energy requirement of a
lactating cow

« 0.18 €/kg Dry Matter

Stephansen, 2017




Nordic research data for feed intake

®. Data: 1751 prim parous cows from Denmark,
Sweden and Finland

771 Holstein 696 RDC 284 Jersey

Denmark: 597 Denmark: 142 Denmark: 284
Sweden: 174 Sweden: 95
Finland: 459
Body weight 579 kg 572 kg 422 kg
Milk 20132014 9 976 kglyear 8,855 kglyear 6,820 kglyear

Li et al., 2016 1



Jersey more efficient than Holstein
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DMI — medium to high heritability
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Small differences among breeds _
Li et al., 2016
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Combined

HOL

RDC

JER



phenotypic_total

		

				Model:  DMI = breed + herd + Calving age (month) + trial + year_season (recording) + lactation week + trial * year_season (recording) + cow + e

		Phenotypic variances for DMI in 1st parity RDC, HOL and JER within 24 lactation weeks

		Period		Lactation week		No. of animals		mean daily DMI (kg)		SD_DMI (kg)		var_cow		var_residual		var_Total		Repeatability=Vcow/(Vcow+Ve)

		1		1,2,3,4		1582		14.39		3.15		2.9671		1.3509		4.318		0.6871468272

		2		5,6,7,8		1582		17.56		2.8		3.8368		1.1363		4.9731		0.7715107277

		3		9,10,11,12		1536		18.77		2.92		4.3045		1.2259		5.5304		0.7783342977

		4		13,14,15,16		1432		19.1		2.92		4.4916		1.1224		5.614		0.8000712504

		5		17,18,19,20		1381		19.27		3.03		4.78		1.0915		5.8715		0.8141020182

		6		21,22,23,24		1346		19.26		3.16		5.0317		1.1401		6.1718		0.8152726919





phenotypic_total

		



var_cow

var_residual

Lactation peroid

Variance



genetic_total

		



Repeatability=Vcow/(Vcow+Ve)

lactation period

repeatability

Repeatability (var_animal/(var_animal+var_e))



breed difference

		

		Model:      DMI = breed + herd + CalvingAge_month + trial + year_season_recording + lactation week + trial*year_season_recording + animal +pe+ e

		Genetic variances for DMI in 1st parity RDC, HOL and JER within 24 lactation weeks

		Period		Lactation week		No. of animals		var_animal		Var_pe		var_residual		var_Total		Heritability=Va/(Va+Vpe+Ve)		SE (h2)		Repeatability_SAS=Vcow/Vp				Repeatability_Genetic=(Va+Vpe)/Vp

		1		1,2,3,4		1582		1.27		1.72		1.57		4.56		0.2785087719		0.0498		0.6871468272				0.6557017544

		2		5,6,7,8		1582		1.25		2.7		1.14		5.09		0.2455795678		0.0549		0.7715107277				0.7760314342

		3		9,10,11,12		1536		1.78		2.68		1.23		5.69		0.3128295255		0.0577		0.7783342977				0.783831283

		4		13,14,15,16		1432		1.64		2.96		1.12		5.72		0.2867132867		0.0582		0.8000712504				0.8041958042

		5		17,18,19,20		1381		2.22		2.77		1.09		6.08		0.3651315789		0.0662		0.8141020182				0.8207236842

		6		21,22,23,24		1346		2.37		2.89		1.14		6.4		0.3703125		0.0667		0.8152726919				0.821875





breed difference
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3 heritability
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phenotypic_RDC

		



Heritability=Va/(Va+Vpe+Ve)

Repeatability_SAS=Vcow/Vp



genetic_RDC

		From ASReml BLUE estimates:

		Breed effect estimates:				HOL		JER		RDC

				1		0		-2.501		-0.1562

				2		0		-3.301		-0.8693

				3		0		-3.233		-1.552

				4		0		-2.966		-1.178

				5		0		-3.176		-1.316

				6		0		-3.498		-1.54

		breed effect estimates se:				HOL		JER		RDC

				1		0		0.4997		0.4556

				2		0		0.5082		0.4681

				3		0		0.5956		0.542

				4		0		0.5794		0.5286

				5		0		0.6627		0.5979

				6		0		0.6857		0.6203





genetic_RDC
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phenotypic_HOL

		

				heritability

		period		RDC		HOL		JER

		1		0.3212237094		0.2398190045		0.3133333333

		2		0.2406779661		0.2625820569		0.2259887006

		3		0.3878116343		0.1816367265		0.1647058824

		4		0.2333804809		0.2395437262		0.3061797753

		5		0.2441860465		0.3233532934		0.4379391101

		6		0.2616940582		0.4737793852		0.2761904762





phenotypic_HOL
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HOL

JER



genetic_HOL

		

				Model:  DMI = breed + herd + Calving age (month) + trial + year_season (recording) + lactation week + trial * year_season (recording) + cow + e

		Phenotypic variances for DMI in 1st parity RDC within 24 lactation weeks

		Period		Lactation week		No. of animals		mean daily DMI (kg)		SD_DMI (kg)		var_cow		var_residual		var_Total		Repeatability=Vcow/(Vcow+Ve)

		1		1,2,3,4		599		15.22		2.91		3.3371		1.5959		4.933		0.6764848976

		2		5,6,7,8		608		17.96		2.67		4.5065		1.2594		5.7659		0.7815778976

		3		9,10,11,12		593		19.09		2.94		5.4407		1.5647		7.0054		0.776643732

		4		13,14,15,16		530		19.43		2.97		5.487		1.3902		6.8772		0.7978537777

		5		17,18,19,20		510		19.52		3.15		6.4297		1.202		7.6317		0.84249905

		6		21,22,23,24		502		19.37		3.25		6.3765		1.3624		7.7389		0.8239543088





genetic_HOL
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phenotypic_JER

		



Repeatability=Vcow/(Vcow+Ve)

lactation period

repeatability

Repeatability (var_animal/(var_animal+var_e))



genetic_JER

		

		Model:      DMI = herd + CalvingAge_month + trial + year_season_recording + lactation week + trial*year_season_recording + animal +pe+ e

		Genetic variances for DMI in 1st parity RDC within 24 lactation weeks

		Period		Lactation week		No. of animals		var_animal		Var_pe		var_residual		var_Total		Heritability=Va/(Va+Vpe+Ve)		SE (h2)		Repeatability_SAS=Vcow/Vp		Repeatability_Genetic=(Va+Vpe)/Vp

		1		1,2,3,4		599		1.68		1.64		1.91		5.23		0.3212237094		0.0951		0.6764848976		0.6347992352

		2		5,6,7,8		608		1.42		3.22		1.26		5.9		0.2406779661		0.1034		0.7815778976		0.786440678

		3		9,10,11,12		593		2.8		2.86		1.56		7.22		0.3878116343		0.1067		0.776643732		0.783933518

		4		13,14,15,16		530		1.65		4.03		1.39		7.07		0.2333804809		0.0997		0.7978537777		0.8033946252

		5		17,18,19,20		510		1.89		4.65		1.2		7.74		0.2441860465		0.1121		0.84249905		0.8449612403

		6		21,22,23,24		502		2.07		4.48		1.36		7.91		0.2616940582		0.1138		0.8239543088		0.8280657396
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summary in difference
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var_Total



		



Heritability=Va/(Va+Vpe+Ve)

Repeatability_SAS=Vcow/Vp



		

				Model:  DMI = breed + herd + Calving age (month) + trial + year_season (recording) + lactation week + trial * year_season (recording) + cow + e

		Phenotypic variances for DMI in 1st parity HOL within 24 lactation weeks

		Period		Lactation week		No. of animals		mean daily DMI (kg)		SD_DMI (kg)		var_cow		var_residual		var_Total		Repeatability=Vcow/(Vcow+Ve)

		1		1,2,3,4		702		14.76		3.09		2.8055		1.3295		4.135		0.6784764208

		2		5,6,7,8		695		18.29		2.52		3.246		1.1752		4.4212		0.7341898127

		3		9,10,11,12		680		19.55		2.54		3.842		1.0838		4.9258		0.7799748264

		4		13,14,15,16		647		19.85		2.62		4.0976		1.0433		5.1409		0.7970588807

		5		17,18,19,20		629		20.04		2.64		3.7832		1.073		4.8562		0.7790453441

		6		21,22,23,24		612		20.17		2.75		4.2122		0.9469		5.1591		0.8164602353
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Repeatability=Vcow/(Vcow+Ve)

lactation period

repeatability

Repeatability (var_animal/(var_animal+var_e))



		

		Model:      DMI = herd + CalvingAge_month + trial + year_season_recording + lactation week + trial*year_season_recording + animal +pe+ e

		Genetic variances for DMI in 1st parity HOL within 24 lactation weeks

		Period		Lactation week		No. of animals		var_animal		Var_pe		var_residual		var_Total		Heritability=Va/(Va+Vpe+Ve)		SE (h2)		Repeatability_SAS=Vcow/Vp		Repeatability_Genetic=(Va+Vpe)/Vp

		1		1,2,3,4		702		1.06		1.85		1.51		4.42		0.2398190045		0.0725		0.6784764208		0.6583710407

		2		5,6,7,8		695		1.2		2.19		1.18		4.57		0.2625820569		0.0779		0.7341898127		0.7417943107

		3		9,10,11,12		680		0.91		3.01		1.09		5.01		0.1816367265		0.0794		0.7799748264		0.7824351297

		4		13,14,15,16		647		1.26		2.96		1.04		5.26		0.2395437262		0.0832		0.7970588807		0.8022813688

		5		17,18,19,20		629		1.62		2.32		1.07		5.01		0.3233532934		0.0935		0.7790453441		0.7864271457

		6		21,22,23,24		612		2.62		1.96		0.95		5.53		0.4737793852		0.0975		0.8164602353		0.8282097649
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Heritability=Va/(Va+Vpe+Ve)

Repeatability_SAS=Vcow/Vp



		

				Model:  DMI = breed + herd + Calving age (month) + trial + year_season (recording) + lactation week + trial * year_season (recording) + cow + e

		Phenotypic variances for DMI in 1st parity JER within 24 lactation weeks

		Period		Lactation week		No. of animals		mean daily DMI (kg)		SD_DMI (kg)		var_cow		var_residual		var_Total		Repeatability=Vcow/(Vcow+Ve)

		1		1,2,3,4		281		11.92		2.4		1.8987		0.8542		2.7529		0.6897090341

		2		5,6,7,8		279		14.89		2.11		2.5869		0.7134		3.3003		0.7838378329

		3		9,10,11,12		263		16.07		2.11		2.4334		0.8418		3.2752		0.7429775281

		4		13,14,15,16		255		16.6		2.06		2.6829		0.7377		3.4206		0.7843360814

		5		17,18,19,20		242		16.79		2.3		3.1222		0.9149		4.0371		0.773376929

		6		21,22,23,24		232		16.7		2.48		3.942		1.1894		5.1314		0.7682114043





		



var_cow

var_residual

Lactation peroid

Variance



		



Repeatability=Vcow/(Vcow+Ve)



		

		Model:      DMI = herd + CalvingAge_month + trial + year_season_recording + lactation week + trial*year_season_recording + animal +pe+ e

		Genetic variances for DMI in 1st parity JER within 24 lactation weeks

		Period		Lactation week		No. of animals		var_animal		Var_pe		var_residual		var_Total		Heritability=Va/(Va+Vpe+Ve)		SE (h2)		Repeatability_SAS=Vcow/Vp		Repeatability_Genetic=(Va+Vpe)/Vp

		1		1,2,3,4				0.94		1.04		1.02		3		0.3133333333		0.1132		0.6897090341		0.66

		2		5,6,7,8				0.8		2.02		0.72		3.54		0.2259887006		0.1199		0.7838378329		0.7966101695

		3		9,10,11,12				0.56		2		0.84		3.4		0.1647058824		0.1044		0.7429775281		0.7529411765

		4		13,14,15,16				1.09		1.73		0.74		3.56		0.3061797753		0.1248		0.7843360814		0.7921348315

		5		17,18,19,20				1.87		1.49		0.91		4.27		0.4379391101		0.1377		0.773376929		0.7868852459

		6		21,22,23,24				1.45		2.61		1.19		5.25		0.2761904762		0.1432		0.7682114043		0.7733333333
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Heritability=Va/(Va+Vpe+Ve)

Repeatability_SAS=Vcow/Vp



		Stage		Heritability						Repeatability												Heritability														SE of Heritability

				HOL		RDC		JER		HOL		RDC		JER						stage		Combined		HOL		RDC		JER						stage		Combined		HOL		RDC		JER

		1		0.24 (0.07)		0.32 (0.10)		0.31 (0.11)		0.66		0.63		0.66						1		0.28		0.24		0.32		0.31						1		0.05		0.07		0.1		0.11

		2		0.26 (0.08)		0.24 (0.10)		0.23 (0.12)		0.74		0.79		0.8						2		0.25		0.26		0.24		0.23						2		0.05		0.08		0.1		0.12

		3		0.18 (0.08)		0.39 (0.11)		0.16 (0.10)		0.78		0.78		0.75						3		0.31		0.18		0.39		0.16						3		0.06		0.08		0.11		0.1

		4		0.24 (0.08)		0.23 (0.10)		0.31 (0.12)		0.8		0.8		0.79						4		0.29		0.24		0.23		0.31						4		0.06		0.08		0.1		0.12

		5		0.32 (0.09)		0.24 (0.11)		0.44 (0.14)		0.79		0.84		0.79						5		0.37		0.32		0.24		0.44						5		0.07		0.09		0.11		0.14

		6		0.47 (0.10)		0.26 (0.11)		0.28 (0.14)		0.83		0.83		0.77						6		0.37		0.47		0.26		0.28						6		0.07		0.1		0.11		0.14





										0.05		0.05		0.07		0.07		0.1		0.1		0.11		0.11

										0.05		0.05		0.08		0.08		0.1		0.1		0.12		0.12

										0.06		0.06		0.08		0.08		0.11		0.11		0.1		0.1

										0.06		0.06		0.08		0.08		0.1		0.1		0.12		0.12

										0.07		0.07		0.09		0.09		0.11		0.11		0.14		0.14

										0.07		0.07		0.1		0.1		0.11		0.11		0.14		0.14



Combined

HOL

RDC

JER




Reliability with genotyping cows for DMI
o,

)
g

Required number of cows in the reference

0 0.1 0.2 0.3 0.4 0.5

Trait heritability Calus et al., 2012
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CFIT — measuring individual feed
Intake in a commercial herd using
3D camera technology




Background
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Aim and purpose

®. To develope a 3D camera system that can
measure feed intake at individual cow level
at each visit

Qo

- May not:
 Disturb daily routines on farm
 Disturb cow behaviour
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System setup

@. Reference unit

» Connect cow-id to the reference
Cow geometrics

©@. Prediction unit
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Example of feed intake from a visit
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Removed 14.39 liter (Red)

Added 10.75 liter (Blue)

Total 3.64 1



Data for feed intake

)

- 97 Jersey cows (19 cameras) measured for 14 days
- Two consecutive milk recordings were used

- Two phenotypes: daily intake and mean daily intake
across the two weeks

- Cows were split in two groups: before and after 70
days in milk

R



Results

®@. Repeatability between weeks
0.84

®. Repeatability between days
0.65

®.Teeem70  =0.65

®.Te ecm+70 =0.33



Perspectives e
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EFFICIENCY B HEALTH

BEHAVIOUR I GROUPING




3D camerais a reliable solution for
measuring individual feed intake

©. Identification of cows based on the geometry of their back was
succesful using 3D camera technology

®. Success rate of 90% for identification of cows obtained (Not shown)
®. Feed intake can be measured using 3D camera technology (CFIT)
. Repeatability of 0.84 between weeks (gDMI 0.53)

®. Relationship to days in milk and ECM as expected



Economic value of saved feed
Simulation studies
O

®
Can be based on current Require feed intake
data from practice © records ©

I\/Ietabollc
Efficiency

— Viaintenance +

€/index unit 4.7 = 1.6 +
=~ 40% of economic value for yleld

www.vikingge-

Stephansen, 2017




Methane




Methane

HOW TO MEASURE?

4 T KNow HoW To MILK
M Tvem,ButHon DO I )
N Ger Tueir meTHANe? |

"The sniffer method”

www.vikin-



Jersey - Low emission per
Intake of feed

CH./ICO,
0.1 1
0,09 - o i
4 o
0,08 o o o o o ©® 86 Jersey
0,07 o 0° .6 9 o o °
0,06 M © Holstein
’ 7 (o]
(o] o A °
i [¢] < o
0,05 Jo 8 CH4/CO;,
[e] -
0,04 - 0.1
(o]
0,03 - 0.09 1 o
0,02 1 0,08 1 Jersey
0,01 0,07 1 O Holstein
O T T T 1 0,06 b
0 1 2 3 4
0,05 -
Kg Concentrate
0,04 -
(]
0,03 1
0,02 -
0,01 -
o 10 20 30 40 50 60 70 80
Lassen et al., 2012 Kg Roughage

www.vikingge..



Diagram1

		2.0666666667		2.185

		1.588		1.609375

		2.8611111111		2.4907142857

		2.9055555556		2.7825

		2.8638888889		3.2077777778

		2.6347368421		2.9815789474

		2.4644444444		2.9044444444

		2.4415789474		0.8958823529

		1.8727272727		1.966

		2.8010526316		2.5146666667

		2.4217647059		1.430625

		2.0411764706		2.46

		2.8211111111		1.8686666667

		2.6882352941		3.196875

		1.7022222222		2.8888235294

		2.7931578947		2.1933333333

		2.7752631579		3.2936842105

		2.8405882353		2.389375

		2.8731578947		1.475625

				0.9214285714

		2.7542105263		3.2772222222

				1.082

		1.5405555556		2.5166666667

		1.17		3.0294444444

		2.5873684211		3.4255555556

		2.2644444444		3.2061111111

		2.7011111111		2.6816666667

		2.8033333333		3.2805882353

		2.7283333333		3.2538888889

		2.289		3.325625

		2.3366666667		3.1468421053

		2.8331578947		1.19

		1.8466666667		2.1542857143

		2.4170588235		3.0268421053

		2.9529411765		3.0658823529

		2.9144444444		3.3188888889

		1.6815384615		3.1136842105

		2.9355555556		1.9153333333

		2.7468421053		2.73

		2.7521052632		2.724

		2.82		3.2747058824

		2.8644444444		2.7023529412

		2.7270588235		1.5055555556

		1.1317647059		2.4488235294

				2.255625

				2.2736842105

				2.4594117647

				2.7855555556

				2.8135294118

				1.1317647059



Jersey

Holstein

Kg Kraftfoder

CH4/CO2

0.0678243188

0.0734943416

0.0312562915

0.0552124308

0.0531136327

0.0618755157

0.056931137

0.0493272385

0.0549739425

0.0776822368

0.0497674783

0.0533798203

0.0424007271

0.0771914257

0.0352706847

0.0664314164

0.0518013866

0.0708089474

0.0563642714

0.0685305292

0.0430953458

0.0796190351

0.0613066733

0.0697829843

0.0594724618

0.0697753933

0.0535474873

0.06806153

0.0491603492

0.0806426041

0.0414429528

0.0618053662

0.0627754833

0.0707008346

0.0340194736

0.0476741057

0.0471083054

0.0596029196

0.0748057613

0.0638072099

0.0841843511

0.0558995017

0.0411893822

0.0676155405

0.0103006551

0.0773236984

0.0423989234

0.0691247019

0.0354452448

0.0758734367

0.0611771801

0.0651290584

0.0496601913

0.0593384776

0.0553108109

0.0756382741

0.043963958

0.0624852273

0.0602104723

0.0613812233

0.0642471632

0.0578355647

0.0434282681

0.0678067535

0.0526805556

0.0706554583

0.0529720309

0.077472339

0.0701772523

0.0515130135

0.0442796784

0.0672004511

0.0522242762

0.0601264729

0.0554644666

0.0518954379

0.0487095826

0.0693084266

0.0522971981

0.0744529754

0.0519036243

0.0529093515

0.0572652795

0.0583511405

0.0556860665

0.0874745717

0.0433842349

0.0511763039

0.0744699362

0.0477199303

0.0429017172

0.0336237042



Ark1

		id		breed		co2		metan				gns_mlk		gns_grovfoder		gns_kraft

		709		1		1269.1666667		86.080364583		0.0678243188		27.410724592		53.25		2.0666666667

		751		1		709.57142857		22.178571429		0.0312562915		16.839993332		35.25		1.588

		809		1		900.79041916		47.844251497		0.0531136327		23.194624427		43.85		2.8611111111

		880		1		1234.4530612		70.278816327		0.056931137		23.52017343		36.7		2.9055555556

		940		1		1013.5384615		55.718205128		0.0549739425		25.002531853		35.05		2.8638888889

		941		1		994.82035928		49.509700599		0.0497674783		21.682110514		48.1		2.6347368421

		960		1		853.808		36.20208		0.0424007271		20.25027016		38.45		2.4644444444

		961		1		703.29752066		24.805785124		0.0352706847		17.376545783		39.4		2.4415789474

		974		1		1113.1412429		57.662259887		0.0518013866		21.34662312		27.538461538		1.8727272727

		977		1		1146.3616236		64.613837638		0.0563642714		29.380618321		39.9		2.8010526316

		980		1		829.25735294		35.737132353		0.0430953458		25.285613352		37.55		2.4217647059

		987		1		1313.4620253		80.523987342		0.0613066733		21.204011362		31.95		2.0411764706

		988		1		1190.9191489		70.826893617		0.0594724618		29.938077931		35.65		2.8211111111

		989		1		997.04375		53.3891875		0.0535474873		20.229296049		35.7		2.6882352941

		993		1		940.11111111		46.216190476		0.0491603492		15.713354578		27.4		1.7022222222

		995		1		798.30593607		33.084155251		0.0414429528		28.994436589		31.7		2.7931578947

		1276		1		1514.9608939		95.102402235		0.0627754833		22.36965508		41.05		2.7752631579

		1279		1		730.38392857		24.847276786		0.0340194736		27.868812369		27		2.8405882353

		1281		1		966.89830508		45.548940678		0.0471083054		26.24973522		33.5		2.8731578947

		5001		1		1106.0331754		70.572890995		0.0638072099		25.342899771		31.3		2.7542105263

		5035		1		868.56481481		35.775648148		0.0411893822		7.9437870002		27.4		1.5405555556

		5060		1		610.57142857		6.2892857143		0.0103006551		10.383556871		22.090909091		1.17

		5071		1		874.24836601		37.067189542		0.0423989234		16.596838339		29.1		2.5873684211

		5073		1		1037.952381		36.79047619		0.0354452448		17.601931239		28.9		2.2644444444

		5087		1		1321.283105		80.832374429		0.0611771801		20.005665093		33.6		2.7011111111

		5091		1		1075.664		53.41768		0.0496601913		20.249082624		31.2		2.8033333333

		5104		1		984.56643357		54.457167832		0.0553108109		23.969060249		33.15		2.7283333333

		5106		1		1267.0416667		55.704166667		0.043963958		14.419214761		22.6		2.289

		5107		1		1227.3985507		73.902246377		0.0602104723		19.446157928		28.95		2.3366666667

		5117		1		1491.9447236		95.85321608		0.0642471632		21.390934232		29.7		2.8331578947

		5152		1		896.70192308		38.942211538		0.0434282681		15.39656942		31.8		1.8466666667

		5156		1		1079.4425287		56.865632184		0.0526805556		21.441243448		24.3		2.4170588235

		5157		1		1118.7337278		59.261597633		0.0529720309		21.188340266		26.95		2.9529411765

		5160		1		2085.0575916		146.32361257		0.0701772523		19.550954029		27.55		2.9144444444

		5161		1		891.46303502		39.473696498		0.0442796784		15.270609867		21.666666667		1.6815384615

		5169		1		1018.2470588		53.177215686		0.0522242762		20.40623012		27.3		2.9355555556

		5180		1		1215		67.389326923		0.0554644666		21.771679057		36.85		2.7468421053

		5187		1		1035.0543478		50.417065217		0.0487095826		19.669127909		31.35		2.7521052632

		5191		1		1167.3416149		61.048695652		0.0522971981		21.4223087		27.5		2.82

		5192		1		975.77027027		50.646013514		0.0519036243		22.562622461		26.15		2.8644444444

		5199		1		1320.543956		75.621318681		0.0572652795		20.531507178		24.7		2.7270588235

		5227		1		1225.0202429		68.216558704		0.0556860665		14.792616195		20.066666667		1.1317647059

		480		2		1719.3238095		126.36057143		0.0734943416		27.387735336		54.9		2.185

		730		2		1356.1636364		74.877090909		0.0552124308		7.5835428375		48.2		1.609375

		744		2		1454.2		89.979375		0.0618755157		17.742427822		43.8		2.4907142857

		753		2		933.77894737		46.060736842		0.0493272385		36.418970343		67.55		2.7825

		759		2		1742.7426471		135.38014706		0.0776822368		39.240700156		58.6		3.2077777778

		817		2		745.16666667		39.776862745		0.0533798203		47.883839621		57.85		2.9815789474

		868		2		1739.9230769		134.30714286		0.0771914257		33.955112168		61.2		2.9044444444

		896		2		1166.7176471		77.506705882		0.0664314164		41.861050669		65.95		0.8958823529

		899		2		1162.3424658		82.304246575		0.0708089474		26.526314859		53.6		1.966

		914		2		1428.5944444		97.902333333		0.0685305292		33.697766673		53		2.5146666667

		958		2		1251.3287671		99.629589041		0.0796190351		27.197917144		53.2		1.430625

		1285		2		1035.1690141		72.237183099		0.0697829843		26.645772716		49.55		2.46

		1286		2		1690.2272727		117.93627273		0.0697753933		31.817718597		60.2		1.8686666667

		1291		2		1422.4648649		96.815135135		0.06806153		45.808612323		62.9		3.196875

		1295		2		1501.2520661		121.06487603		0.0806426041		32.10078045		53.45		2.8888235294

		1297		2		803.61643836		49.667808219		0.0618053662		27.51947205		56.15		2.1933333333

		1298		2		1729.1301775		122.25094675		0.0707008346		37.059497575		68.3		3.2936842105

		1301		2		870.57142857		41.503714286		0.0476741057		37.631683638		54.7		2.389375

		1302		2		1241.1176471		73.974235294		0.0596029196		24.627684139		48.5		1.475625

		1305		2		1339.9636364		100.237		0.0748057613		13.2546047		36.125		0.9214285714

		1311		2		1464.7939394		123.31272727		0.0841843511		45.479023417		54		3.2772222222

		1319		2		847.61842105		47.381447368		0.0558995017		9.1435954945		43.625		1.082

		1323		2		1693.5675676		114.51148649		0.0676155405		28.704796006		52.1		2.5166666667

		1324		2		1743.3659794		134.80350515		0.0773236984		26.771707895		53.35		3.0294444444

		1325		2		1609.7741935		111.27516129		0.0691247019		30.33718973		46		3.4255555556

		1333		2		2193.1428571		166.40128571		0.0758734367		48.980198274		68.25		3.2061111111

		1335		2		1601.6082474		104.31123711		0.0651290584		34.777210515		64.05		2.6816666667

		1341		2		898.08		53.2907		0.0593384776		39.319486824		39.9		3.2805882353

		1343		2		1541.5140845		116.59746479		0.0756382741		47.593002428		65.3		3.2538888889

		1348		2		1339.75		83.714583333		0.0624852273		55.493631502		59.95		3.325625

		1349		2		1344.729927		82.541167883		0.0613812233		35.952796919		51.65		3.1468421053

		1350		2		1258.3472222		72.777222222		0.0578355647		21.435042648		45.7		1.19

		1357		2		964.42477876		65.394513274		0.0678067535		26.015553198		46.6		2.1542857143

		1358		2		1436.4858491		101.49556604		0.0706554583		31.579243934		49.25		3.0268421053

		1362		2		1851.09375		143.4085625		0.077472339		38.94491929		57.45		3.0658823529

		1365		2		667.14141414		34.366464646		0.0515130135		37.810252491		46.35		3.3188888889

		1366		2		2845.8488372		191.24232558		0.0672004511		37.349236723		46.4		3.1136842105

		1370		2		1366.1967213		82.144590164		0.0601264729		16.392068684		19.25		1.9153333333

		1372		2		987.72789116		51.258571429		0.0518954379		32.683248254		38.1		2.73

		1420		2		2944.6086957		204.08619565		0.0693084266		28.346572136		48.9		2.724

		1422		2		1719.5168539		128.02314607		0.0744529754		25.278968448		44.05		3.2747058824

		1423		2		1001.8974359		53.00974359		0.0529093515		24.529148161		45.15		2.7023529412

		5015		2		1087.7297297		63.47027027		0.0583511405		18.174504303		43.2		1.5055555556

		5055		2		1453.4552239		127.14037313		0.0874745717		30.787988442		50.8		2.4488235294

		5068		2		2257.4444444		97.9375		0.0433842349		27.76290375		50.65		2.255625

		5080		2		1512		77.378571429		0.0511763039		26.705327943		47.7		2.2736842105

		5153		2		2135.7653061		159.05030612		0.0744699362		29.963321415		42.8		2.4594117647

		5178		2		740.13333333		35.319111111		0.0477199303		22.482927662		43.25		2.7855555556

		5202		2		1786.483871		76.643225806		0.0429017172		31.872045376		33.55		2.8135294118

		5227		2		923.28571429		31.044285714		0.0336237042		14.792616195		20.066666667		1.1317647059
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Ark1

		id		breed		co2		metan				gns_mlk		gns_grovfoder		gns_kraft

		709		1		1269.1666667		86.080364583		0.0678243188		27.410724592		53.25		2.0666666667

		751		1		709.57142857		22.178571429		0.0312562915		16.839993332		35.25		1.588

		809		1		900.79041916		47.844251497		0.0531136327		23.194624427		43.85		2.8611111111

		880		1		1234.4530612		70.278816327		0.056931137		23.52017343		36.7		2.9055555556

		940		1		1013.5384615		55.718205128		0.0549739425		25.002531853		35.05		2.8638888889

		941		1		994.82035928		49.509700599		0.0497674783		21.682110514		48.1		2.6347368421

		960		1		853.808		36.20208		0.0424007271		20.25027016		38.45		2.4644444444

		961		1		703.29752066		24.805785124		0.0352706847		17.376545783		39.4		2.4415789474

		974		1		1113.1412429		57.662259887		0.0518013866		21.34662312		27.538461538		1.8727272727

		977		1		1146.3616236		64.613837638		0.0563642714		29.380618321		39.9		2.8010526316

		980		1		829.25735294		35.737132353		0.0430953458		25.285613352		37.55		2.4217647059

		987		1		1313.4620253		80.523987342		0.0613066733		21.204011362		31.95		2.0411764706

		988		1		1190.9191489		70.826893617		0.0594724618		29.938077931		35.65		2.8211111111

		989		1		997.04375		53.3891875		0.0535474873		20.229296049		35.7		2.6882352941

		993		1		940.11111111		46.216190476		0.0491603492		15.713354578		27.4		1.7022222222

		995		1		798.30593607		33.084155251		0.0414429528		28.994436589		31.7		2.7931578947

		1276		1		1514.9608939		95.102402235		0.0627754833		22.36965508		41.05		2.7752631579

		1279		1		730.38392857		24.847276786		0.0340194736		27.868812369		27		2.8405882353

		1281		1		966.89830508		45.548940678		0.0471083054		26.24973522		33.5		2.8731578947

		5001		1		1106.0331754		70.572890995		0.0638072099		25.342899771		31.3		2.7542105263

		5035		1		868.56481481		35.775648148		0.0411893822		7.9437870002		27.4		1.5405555556

		5060		1		610.57142857		6.2892857143		0.0103006551		10.383556871		22.090909091		1.17

		5071		1		874.24836601		37.067189542		0.0423989234		16.596838339		29.1		2.5873684211

		5073		1		1037.952381		36.79047619		0.0354452448		17.601931239		28.9		2.2644444444

		5087		1		1321.283105		80.832374429		0.0611771801		20.005665093		33.6		2.7011111111

		5091		1		1075.664		53.41768		0.0496601913		20.249082624		31.2		2.8033333333

		5104		1		984.56643357		54.457167832		0.0553108109		23.969060249		33.15		2.7283333333

		5106		1		1267.0416667		55.704166667		0.043963958		14.419214761		22.6		2.289

		5107		1		1227.3985507		73.902246377		0.0602104723		19.446157928		28.95		2.3366666667

		5117		1		1491.9447236		95.85321608		0.0642471632		21.390934232		29.7		2.8331578947

		5152		1		896.70192308		38.942211538		0.0434282681		15.39656942		31.8		1.8466666667

		5156		1		1079.4425287		56.865632184		0.0526805556		21.441243448		24.3		2.4170588235

		5157		1		1118.7337278		59.261597633		0.0529720309		21.188340266		26.95		2.9529411765

		5160		1		2085.0575916		146.32361257		0.0701772523		19.550954029		27.55		2.9144444444

		5161		1		891.46303502		39.473696498		0.0442796784		15.270609867		21.666666667		1.6815384615

		5169		1		1018.2470588		53.177215686		0.0522242762		20.40623012		27.3		2.9355555556

		5180		1		1215		67.389326923		0.0554644666		21.771679057		36.85		2.7468421053

		5187		1		1035.0543478		50.417065217		0.0487095826		19.669127909		31.35		2.7521052632

		5191		1		1167.3416149		61.048695652		0.0522971981		21.4223087		27.5		2.82

		5192		1		975.77027027		50.646013514		0.0519036243		22.562622461		26.15		2.8644444444

		5199		1		1320.543956		75.621318681		0.0572652795		20.531507178		24.7		2.7270588235

		5227		1		1225.0202429		68.216558704		0.0556860665		14.792616195		20.066666667		1.1317647059

		480		2		1719.3238095		126.36057143		0.0734943416		27.387735336		54.9		2.185

		730		2		1356.1636364		74.877090909		0.0552124308		7.5835428375		48.2		1.609375

		744		2		1454.2		89.979375		0.0618755157		17.742427822		43.8		2.4907142857

		753		2		933.77894737		46.060736842		0.0493272385		36.418970343		67.55		2.7825

		759		2		1742.7426471		135.38014706		0.0776822368		39.240700156		58.6		3.2077777778

		817		2		745.16666667		39.776862745		0.0533798203		47.883839621		57.85		2.9815789474

		868		2		1739.9230769		134.30714286		0.0771914257		33.955112168		61.2		2.9044444444

		896		2		1166.7176471		77.506705882		0.0664314164		41.861050669		65.95		0.8958823529

		899		2		1162.3424658		82.304246575		0.0708089474		26.526314859		53.6		1.966

		914		2		1428.5944444		97.902333333		0.0685305292		33.697766673		53		2.5146666667

		958		2		1251.3287671		99.629589041		0.0796190351		27.197917144		53.2		1.430625

		1285		2		1035.1690141		72.237183099		0.0697829843		26.645772716		49.55		2.46

		1286		2		1690.2272727		117.93627273		0.0697753933		31.817718597		60.2		1.8686666667

		1291		2		1422.4648649		96.815135135		0.06806153		45.808612323		62.9		3.196875

		1295		2		1501.2520661		121.06487603		0.0806426041		32.10078045		53.45		2.8888235294

		1297		2		803.61643836		49.667808219		0.0618053662		27.51947205		56.15		2.1933333333

		1298		2		1729.1301775		122.25094675		0.0707008346		37.059497575		68.3		3.2936842105

		1301		2		870.57142857		41.503714286		0.0476741057		37.631683638		54.7		2.389375

		1302		2		1241.1176471		73.974235294		0.0596029196		24.627684139		48.5		1.475625

		1305		2		1339.9636364		100.237		0.0748057613		13.2546047		36.125		0.9214285714

		1311		2		1464.7939394		123.31272727		0.0841843511		45.479023417		54		3.2772222222

		1319		2		847.61842105		47.381447368		0.0558995017		9.1435954945		43.625		1.082

		1323		2		1693.5675676		114.51148649		0.0676155405		28.704796006		52.1		2.5166666667

		1324		2		1743.3659794		134.80350515		0.0773236984		26.771707895		53.35		3.0294444444

		1325		2		1609.7741935		111.27516129		0.0691247019		30.33718973		46		3.4255555556

		1333		2		2193.1428571		166.40128571		0.0758734367		48.980198274		68.25		3.2061111111

		1335		2		1601.6082474		104.31123711		0.0651290584		34.777210515		64.05		2.6816666667

		1341		2		898.08		53.2907		0.0593384776		39.319486824		39.9		3.2805882353

		1343		2		1541.5140845		116.59746479		0.0756382741		47.593002428		65.3		3.2538888889

		1348		2		1339.75		83.714583333		0.0624852273		55.493631502		59.95		3.325625

		1349		2		1344.729927		82.541167883		0.0613812233		35.952796919		51.65		3.1468421053

		1350		2		1258.3472222		72.777222222		0.0578355647		21.435042648		45.7		1.19

		1357		2		964.42477876		65.394513274		0.0678067535		26.015553198		46.6		2.1542857143

		1358		2		1436.4858491		101.49556604		0.0706554583		31.579243934		49.25		3.0268421053

		1362		2		1851.09375		143.4085625		0.077472339		38.94491929		57.45		3.0658823529

		1365		2		667.14141414		34.366464646		0.0515130135		37.810252491		46.35		3.3188888889

		1366		2		2845.8488372		191.24232558		0.0672004511		37.349236723		46.4		3.1136842105

		1370		2		1366.1967213		82.144590164		0.0601264729		16.392068684		19.25		1.9153333333

		1372		2		987.72789116		51.258571429		0.0518954379		32.683248254		38.1		2.73

		1420		2		2944.6086957		204.08619565		0.0693084266		28.346572136		48.9		2.724

		1422		2		1719.5168539		128.02314607		0.0744529754		25.278968448		44.05		3.2747058824

		1423		2		1001.8974359		53.00974359		0.0529093515		24.529148161		45.15		2.7023529412

		5015		2		1087.7297297		63.47027027		0.0583511405		18.174504303		43.2		1.5055555556

		5055		2		1453.4552239		127.14037313		0.0874745717		30.787988442		50.8		2.4488235294

		5068		2		2257.4444444		97.9375		0.0433842349		27.76290375		50.65		2.255625

		5080		2		1512		77.378571429		0.0511763039		26.705327943		47.7		2.2736842105

		5153		2		2135.7653061		159.05030612		0.0744699362		29.963321415		42.8		2.4594117647

		5178		2		740.13333333		35.319111111		0.0477199303		22.482927662		43.25		2.7855555556

		5202		2		1786.483871		76.643225806		0.0429017172		31.872045376		33.55		2.8135294118

		5227		2		923.28571429		31.044285714		0.0336237042		14.792616195		20.066666667		1.1317647059
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Relationship to feed intake

| Feedintake | Mikyield

Methane 0.32 0.55
Feed intake 0.58

o 111 Jersey cows from research farm
* Holstein data shows favourable correlation to efficiency

* No significant correlation to health and fertility

Lassen et al., 2012

www.viking.



Take home messages

‘ Needs for improving efficiency and reducing
‘ emission per produced unit in dairy production

Feed efficiency is the most valuable trait not
Included in the breeding goal but direct feed
Intake from commercial herds is needed (CFIT)

Favorable correlations between efficiency and
emission (information trait)

www.vikinggenet_



Efficiency Is part of the Jersey e
Goal 2025 ®

©. Feed efficiency and sustainability are highly rated by
VikingJersey

®. A direct feed efficiency index needed a.s.a.p

©. Feed efficiency & Sustainability included in the VikingJersey Goal
2025:

* App. 20% more feed efficient and 20% less methane emission

£ VIKING JERSEY'

www.viking.






Take home messages

Al
!

Needs for improving efficiency and reducing
emission per produced unit in dairy production

Feed efficiency is the most valuable trait not
Included in the breeding goal but direct feed
Intake commercial data is needed (CFIT)

Favorable correlations between efficiency and
emission (inforamtion trait)

www.vikinggenet_



The Nordic Total Merit (NTM)

£ VIKING JERSEY'

ConformEiiion
4] ©)0)/
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sub traits
Production Health gReproduction

combined into
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Correlations to NTM

Production
Growth
Daughter fertility
Calving direct
Calving maternal
Udder health
General health
Hoof health
Longevity
Youngstock survival
Frame/Body
Feet & legs
Udders
Milkability

Temperament

0.55
0.20
0.32
0.14
0.38
0.56
0.18
0.10
0.62
0.36
0.18
0.12
0.30
0.17
0.07

£ VIKING JERSEY'




Kg fat + protein, 305 days — Jersey

305 days fat+protein kg, Jersey, all registered cows

800
703
600
' 466
400
200
0
Denmark Canada UK (England & Australia

Wales) NMR

Source: ICAR (2016), NAV (DK, SE, FIN) & Australian National Herd Recording Statistics (2015)

www.vikinggenetics.q__




Production (365 days) in VikingJersey ®
Qe

2007 2017

5.89% fat 5.97% fat
4.06% protein 4.19% protein
8,393 kg milk ECM 9,520 kg milk ECM

6,555 kg milk 7,320 kg milk

) VIKING JERSEY

www.vikinggenetics.com




Production in VikingJersey

VikingJersey production ECM 365 days 2007-2017

9,800
9,600
9,400 9 5 2 O
9,200 J

9,000

/]

8,800

8,600

8,608
TS 303

8,000

7,800

() VIKING JERSEY

2007 2010 2013 2017

Updated 02/2018

www.vikinggenetics.(;_



Fat and Protein % in VikingJerse

in 0
Protein % Fat %
4.22 4.21 5.08 597 b5.97
5.96
4.2 4.1 5.96
4.18 5.94
4.1 5.92
4.16
4.1 5.9
414 413
588 5.87 5.
4.12
5.86
41 5.84
4.08 5.82
2014 2015 2016 2017 2018 2014 2015 2016 2017 2018

Updated 06/2018

www.vikinggem.



VikingGenetics key facts e.

®
~900,000 146
pure bred registered ’ : >4 employees in five
dairy cows &Iﬁ . ° countries
1 4\
210 A 90%
bulls progeny tested I .V"‘q ol domestic market share
every year ’ S S ¢
50+ - & R&D
export markets big investments

www.vikingger_.



Breeding programmes in
VikingGenetics

®. VikingGenetics is responsible for the
joint breeding programmes in Denmark,
Sweden and Finland

®. Our focus:
» Balance between production and health
* Natural defence against diseases
» Superior health

®. 3 main breeding programmes:
* Holstein

» VikingRed (Swedish Red, Finnish Ayrshire and Danish
Red)

« Jersey

www.vikingge-



Number of purebred, recorded cows

per country 2017 (Y

VikingHolstein 367,344 125,684 91,415 ~584,400
VikingRed 30,092 81,602 106,475 ~218,200
VikingJersey 67,080 1,942 734 ~69,700
VikingNativepolled 735 2,280 ~3,000
Total 464,516 209,963 201,322 ~875,000

Updated 2018-03-09

www.viking-



Registration system in the e
Nordic countries ®

Hoof Al .
J Veterinarians J trimmers J technicians J Classifiers

@

g. DATA FROM DIFFERENT SOURCES
COLLATED INTO ONE DATABASE Milk recording &

Slaughterhouses

J AMS system w

www.vikinggen_
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Reliable breeding values

w gox 990%™ 85% .5

Milk recording Fertility data

o &
Electronic hoof

35%

Classify the
whole herd trimming data
RELIABLE BEST HERD
BREEDING MANAGEMENT
VALUES TOOL

FIFEL

Proportion of cows
providing data for genetic
evaluations, except for
Conformation that is on
farm level

www.vikinggen(.



Traits in NTM

Udder Health

w Clinical mastitis — first 3
Production index lactations

Hoof Health
Growth 10 hoof disorder data from hoof
"m™ l n
Daughter .. General Health
/_/’ fertility v >80 diagnoses

trimmers for first 3 lactations
Vet registrations — first 3 lactations
Calving
direct & Longevity
maternal

Youngstock survival
Survival of calves in
rearing period

www.vikinggen_.

Conformation
22 sub-traits

Milkability

Temperament




Over 40 years’ experience In
breeding for health
D i

Youngstock survival
since 2 O 1 6
based on vet registrations of >80 diagnoses ata collection started late 1990s

w Mastitis resistance Hoof health
since 1982 since 2011
based on registrations of clinical mastitis data collection started in 2003

CONTINUOUS DEVELOPMENT

Data collection for health traits of high economic importance

www.vikingge_

General health




Cow detection

Raw Depth Image

Contour Features

@ Cow |
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Validation

®. Removing 19 liters with two minute interval

©. Standard error of 0,5 liters

www.vikingge_



Emissions by region

Emission (Million ton CH,, per year per source)

Milk Beef | Buffalo | —neepi
goat

South America 3.36 0.06 058 008 2117

India 170 394 (525 ) 091 001 1182

Southern Africa 2.30 0.00 182 002 1161

Pigs Total

China 0.49 5.12 1.25 1.51 0.48 8.85
Rest of Asia 0.84 3.83 2.40 0.88 0.07 8.02
Western Europe 2.19 2.31 0.01 0.98 0.20 5.70
Eastern Europe 1.99 2.96 0.02 0.59 0.10 5.66
North America 1.02 3.85 0.00 0.06 0.11 5.05
Northern Africa 0.98 1.16 0.24 1.20 0.00 3.58
Oceania & Japan 0.71 1.80 0.00 0.73 0.02 3.26

TOTAL 15.69 50.16 9.23 9.44 1.11 85.63
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