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Overview

/Brief recap

AAMF
AMilk feeding
AWeaning




RESULTS

v
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52% were 94% wanted to be 40% felt 72% of
iInvolved in involved in feeding  unsatisfied with veterinarians
feeding and and weaning their milk wanted to
weaning protocols protocols feed/wean learn about

knowledge AMFs

Edwards et al., in prep



What factors are
associated with
Involvement in
milk feeding and
weaning
decision
making?



Veterinarians that were
extremely satisfied with their
level of knowledge regarding
milk feeding
recommendations had 6.27
times greater odds for being
iInvolved in milk feeding and
weaning protocols (P = 0.007)
compared to those that were
extremely dissatisfied
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Low plane of nutrition:
A Altered immune responses
A Worsened neutrophil oxidative burst

A Delayed development of adaptive
Immune response

A Increased risk for BRD

A More severe responses to
Cryptosporidium infection

Ollivett et al., 2012
Ballou et al., 2012
Ballou et al., 2018
Dubrovsky et al., 2019



Milk feeding




ECONOMIC IMPACT OF GROWTH

N SCIEN

n'e  J. Dairy Sci. 95:783-793

Preweaning milk replacer intake and effects on long-term
productivity of dairy calves

F. Soberon, E. Raffrenato, R. W. Everett,’ and M. E. Van Amburgh2
Department of Animal Science, Cornell University, Ithaca, NY 14853

2 farms (~700 heifers and ~1400 heifers)
ADG varied from 0.66 to 3.4 Ib/day

Soberon et al., 2012



ECONOMIC IMPACT OF GROWTH

Farms Preweaning ADG Increased Milk
Production 1 15t lact

Farm 1 + 11b 3861b

Soberon et al., 2012



ECONOMIC IMPACT OF GROWTH

Farms Preweaning ADG Increased Milk
Production 1 15t lact

Farm 1 + 11b 3861b
Farm 2 + 11b 5051b

Soberon et al., 2012



ECONOMIC IMPACT OF GROWTH

Farm 1 Preweaning ADG Increased Milk
Production

Firstlact. 11b 3861b

Soberon et al., 2012



ECONOMIC IMPACT OF GROWTH

Farm 1 Preweaning ADG Increased Milk
Production

Firstlact. 11b 3861b
Secondlact. 11b 403 1b
Total up tothird 11b 10351b

» Preweaning average daily gain accounts for 22% of
the variation in first-lactation milk yield

Soberon et al., 2012



ECONOMIC IMPACT OF GROWTH

i For every additional 100 g/d increase in average daily

gain before weaning, animals produce 155 k(g
extra milk in first lactation

Soberon and Van Amburgh, 2013



ECONOMIC IMPACT OF GROWTH

A meta-analysis of the effects of preweaned calf nutrition
and growth on first-lactation performance’

S. L. Gelsinger, A. J. Heinrichs,? and C. M. Jones
Department of Animal Science, The Pennsylvania State University, 324 Henning Building, University Park 16802

AADG less than 1Ib/d: No difference in milk production

AADG between 1712 Ib /d: milk production increases

Alncrease of 1 Ib/d of DMI at weaning: + 6271b of milk



ECONOMIC IMPACT OF GROWTH
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Figure 2. Mean milk production response to preweaning growth rates from treatments of experiments included in this meta-analysis. { =
Castells et al., 2015; O = Kiezebrink et al., 2015; A = Margerison et al., 2013; O = Davis Rinker et al., 2011; x = Moallem et al., 2010; ¢ =
Morrison et al., 2009; B = Raeth-Knight et al., 2009; A = Terré et al., 2009; and ® = Shamay et al., 2005. The model of milk yield = ADG +
ADG? is represented by the solid line, with 95% confidence limits shown by the dashed lines.

Gelsinger et al., 2016



The GROWTH RATE

DCHA TARGET GROWTH RATE

GOId « 24 hours to weaning (56 days of age):

Standard - At least double birth weight
At least 4 — 5inches (10 - 12.7/ cm) of

height growth




Hypothetical situation (average Holstein farr

Birth weight:
The ~ 85lb or 38 kg
DCHA |
GOld Weaning age:

8 weeks = 56 days

Standard




Hypothetical situation (average Holstein farr

Birth weight:
The - 85Ib or 38 kg

DCHA o
eaning age:
Gold 8 weeks = 56 days

Standard

Target ADG:
851b/56 days = 1.%b/d
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How can we double birth weight?

Milk Feeding Plan

25 .
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How can we double birth weight?

Milk Feeding Plan
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Milk feeding options

Birth Days 25 Day 6 Day 56 = weaning
Colostrum )— Tr_ansmonal _‘ Whole milk
milk |

Acidified milk

—

Milk replacer

_

High CP:Fatratio
Ex: 24:18




How much
milk should
we feed
them?

ANurse calf 5 - 10 times/d
ANursing bouts last 5 - 10 min
AProvides about 10 kg of milk/d




In nature..
ANurse calf 5 - 10 times/d

ANursing bouts last 5 - 10 min
AProvides about 10 L (22 Ib) of milk/d

What do we do?

Areed 2 times a day
AFeed using a bucket
AProvide about 4 L (1 gall) of milk
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Milk feeding programs

Conventional
Feeding Programs

Milk at 10-12% birth weight
(40 kg calf = ditres 2X per day)

L=
MILK

Rates of gainw0.3 to 0.5
kg per day




Conventional milk feeding thoughts

The role of milk:

V Meet nutrients necessary
for maintenance and slow

growth The role of forage:

V Thought to decrease starter intal
and consequently decrease rum

The role of starter:
development

V For rumen development
and supplemental growth
from an early age



PENNSTATE

Dairy calves fed
milk and grain

(Note rumen papillae)

Dairy calves fed
only milk from
birth until 8 weeks
of age

Note pale color and lack of rumen
papillae development
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Conventional Accelerated Feeding
Feeding Programs Programs
Milk at 10-12% birth weight Milk above 15% BW = 7L or
(40 kg calf = 2itres 2X per day) more per day for Holstein
Sk = =
MILK MILK
Rates of gainw0.3 to 0.5 Rates of gain T 0.7 kg per
kg per day day +




Accelerated milk feeding facts

The role of milk:

V Research has shown

calves require greater .
quantities of milk for The rple of forage: | |
proper growth V To increase physical size of rumen

The role of starter:

VImportant in rumen
development



Starter .
(B52)

Hay plus starter Starter
Full rumen weight, kg 12.77 7.99
Weight without contents, kg 1.89 1.60

Rumen pH 5.49 5.06



What happens when we allow calves to drink

more milk?

weaning
0 1 |
== Conventional (10% BW)

T g ~ Ad libitum
(@)]
5
o 6
&
-]
0y _
S Calves drink more
° milk when
= 27 they can!

0 ! !

0 2 4

Calf age (weeks)

Jasper & Weary, 2002; J. Dairy Sci. 85: 3054-3058.



What happens when we allow calves to drink

more milk?

90
— weaning
< 80 l
= .
2 4 - Conventional (10% BW)
)
; . .
> —= Ad libitum
S 60 Providing more milk
ﬁ allows for faster
S 50 growth
40

0 2 4 6 8

Calf age (weeks)

Jasper & Weary, 2002; J. Dairy Sci. 85: 3054-3058.



What happens when we allow calves to drink

more milk?

w

== Conventional (10% BW)

N

weaning = Ad libitum : _—
Higher milk intake

slows starter
iIntake before

Starter intake (kg/d)

|
—

weaning, but not
0 after weaning

o 2 4 6 8
Calf age (weeks)

Jasper & Weary, 2002; J. Dairy Sci. 85: 3054-3058.



S4A%; J. Dairy Sci. 106:5853-5879
& https://doi.org/10.3168/jds.2022-22900

© 2023, The Authors. Published by Elsevier Inc. and Fass Inc. on behalf of the American Dairy Science Association®.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Invited review: The effect of milk feeding practices on dairy calf
behavior, health, and performance—A systematic review

A. Welk,”*© N. D. Otten,”© and M. B. Jensen't
'Department of Animal and Veterinary Sciences, Aarhus University, 8830 Tjele, Denmark
’Department of Veterinary and Animal Sciences, Faculty of Health and Medical Sciences, University of Copenhagen, 1870 Frederiksberg C,

Denmark

Welk et al., 2023
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Welk et al., 2023



Welk et al., 2023

Milk Allowance (L/d)
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Jensen, 2003

Jensen, 2006

De Paula Vieira et al., 2008
Nielsen et al. 2008
Borderas et al., 2009 Exp |
Borderas et al., 2009 Exp 2
Jensen, 2009

de Passille et al., 2011
Byme et al., 2017 Exp 1
Byrne et al., 2017 Exp 2
Rosenberger et al. 2017
Seibt et al. 2021
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Milk feeding options

Birth Days 25 Day 6 Day 56 = weaning
Colostrum )— Tr_ansmonal _‘ Whole milk
milk |

Acidified milk

/I/
Milk replacer

High CP:Fatratio
Ex: 24:18

Nearly 50% of US dairy farms feed milk replacers (USDA, 201.



SOWrdoes Tat’'satrce in milk replacer
ALIECt CE rformance?
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-.{SCIEN
Sy4A¥y  J. Dairy Sci. 107:2797-2817
§!\===ig https://doi.org/10.3168/jds.2023-23740

!’0§ © 2024, The Authors. Published by Elsevier Inc. on behalf of the American Dairy Science Association®.
: This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

-

Fat composition of milk replacer influences growth performance,
feeding behavior, and plasma fatty acid profile in ad libitum—fed calves

J. N. Wilms,"?* V. van der Nat,"* M. H. Ghaffari,* M. A. Steele,’ H. Sauerwein,* J. Martin-Tereso,’
and L. N. Leal’

'"Trouw Nutrition Research and Development, 3800 AG, Amersfoort, the Netherlands

“Department of Animal Bioscience, Animal Science and Nutrition, University of Guelph, Guelph, ON, Canada N1G 1W2
*Adaptation Physiology Group, Wageningen University, 6700 AH, Wageningen, the Netherlands

*Institute of Animal Science, University of Bonn, 53111 Bonn, Germany




H 63 male calves fed ad libitum until d 42

Fed calves 1 of 3 milk replacer fat formulations:

AVG: only vegetable fats, 60% unhardened rapeseed oil
mixed with 40% ofRacomelt fat blend from Carqill

AAN: only animal fats, including 65% of packers lard and
35% of liquid dairy cream

AMX: mix of animal and vegetable fats, including 80% of
packers lard and 20% of coconut fat

Wilms et al., 2023
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Variable Treatment P-
value

ADG preweaning 775° 9152 790° 0.02
(9/d)



Variable Treatment P-

value
ADG preweaning 775° 9152 790° 0.02
(9/d)
Starter intake 35.3 38.9 37.8 0.80
preweaning (g/d)
Starter intake during 1,028 1,171 1,213 0.21
weaning (g/d)
Starter intake after 3,598 3,804 3,865 0.37

weaning (g/d)



tievel in milk replacer
callperformance?




128 individually housed male calves

1 of 3 treatments:
A Low fat = 17% Fa{LF~17%)
A Moderate fat =24% Fat (MF~24%)
A Highfat =31% Fat (HF~31%)

All with 26% crude protein

Lovatti et al., in prep



Milk Feeding Plan:
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Pre-weaning Weaning Post-weaning

28 35 42 49 56 63 70 77 84 91
study day

treatment @ HF-31% =& LF-17% - MF-24%

Lovatti et al., in prep



Pre-weaning Weaning Post-weaning
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study day
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Lovatti et al., in prep



Pre-weaning Weaning Post-weaning
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Pre-weaning Weaning Post-weaning
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Feed Efficiency* LF17%

Pre-weaning (1:41d) 0.782

Weaning (4263d) 0.38

Post-weaning (6491d) 0.28p

Total period 0.48

MF24%

0.720

0.41

0.31a

0.48

HF-31%

0.67¢

0.41

0.302

0.46

*Feed Efficiency = average dalily gain / average dry matter intake

P-values

<0.0001

0.40

0.04

0.13

Lovatti et al., in prep



SdB»S, J. Dairy Sci. 104:12079-12093

4 .
] ==5'% https://doi.org/10.3168/jds.2021-20516

2
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%}?‘!%o@ © 2021, The Authors. Published by Elsevier Inc. and Fass Inc. on behalf of the American Dairy Science Association®.
. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Intestinal adaptations to energy source of milk
replacer in neonatal dairy calves

A. C. Welboren,' © B. Hatew,”® J. B. Renaud,’® L. N. Leal,* ® J. Martin-Tereso,’ ® and M. A. Steele"*
'Department of Animal Biosciences, University of Guelph, Guelph, ON, Canada, N1G 2W1

2Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB, Canada, T6G 2P5

3London Research and Development Centre, Agriculture and Agri-Food Canada, London, ON, Canada, N5V 4T3

*“Trouw Nutrition Research and Development, PO Box 299, 3800 AG, Amersfoort, the Netherlands




34 calves blocked by dam and parity and randomly
enrolled, fed twice daily at 18% bodyweight

-

1 of 2 treatments:
A High lactose HL): 46.1% lactose, 18.0%

crude fat, and 23.9% CP of DM
A High-fat MR HF): 39.9% lactose, 24.6%
crude fat, and 24.0% CP of DM

Welborenet al., 2021



Table 1. Ingredients and nutrient composition of the milk replacers
fed to calves in the first week of life' (n = 34)
High High

Item lactose

Ingredient (%)
Skim milk powder
Fat blend (palm and coconut oil, 2:1)
Delactosed whey
Whey powder
Whey permeate powder
Whey protein concentrate
Hydrolyzed wheat protein
Premix
Nutrient (% of DM unless otherwise noted)
DM (%)
Lactose
Crude fat
CP -0
Crude ash® 7.9
ME (Mcal/kg of DM) 4.23
Osmolality (mOsm /kg) 489.5 457.0

"Milk replacer (15% solids) was fed at 18% of metabolic body weight
twice daily from 24 h until 7 d of age.

*Milk replacers were formulated to contain 17.0 vs. 16.5, 13.0 vs. 12.4,
8.0 vs. 8.0, and 7.3 vs. 7.1 g/kg of DM of K, Cl, Ca, and P in the high-
lactose and high-fat milk replacer, respectively.

Welborenet al., 2021



Partially replacing
lactose with fat to
mimic the
macronutrient
composition of
whole milk may
benefit GIT
development
(greater GIT weight
with high fat) but
may also impair
gut barrier
function
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Treatment: P = 0.004

Time: P < 0.001
Treatment = time: P = 0.639
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I

Treatment: P = 0.205
Time: P < 0.001
Treatment % time: P=0.311

Urine b-mannitol (% of dose)
o b R (78] NN N [=) ~J co

Time (min) after marker administration

Urine lactulose (% of dose)
(=] — () (95 + Lh (=)} -1 [ee}

High fat

Treatment: P =0.635

|

Treatment: P = 0.490

[

Welborenet al., 2021



Milk replacer summary

Feeding lower fat milk replacers when feedingt

” least 2 gallons per day may be a good strategy to
y Improve gain in preweaned calves




Milk replacer summary

” Feeding lower fat milk replacers when feedingt
U

least 2 gallons per day may be a good strategy to
0 Buttheage-Y O I Whe I3t qRYUB U5 RG G Whn |

Improve gain in preweaned calves
(at least 2 gallons) make weaning more difficult?



Effects of amount of milk fed, and starter intake,
on performance of group-housed dairy heifers during
the weaning transition

J. Haisan,” M. A. Steele,’ D. J. Ambrose,’? and M. Oba™
'Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, T6G 2P5, Canada;

and ?Livestock Research Section, Alberta Agriculture and Forestry, Edmonton, T6H 5T6, Canada




55 female calves were individually housed and
randomly assigned to differing planes of milk nutrition

-

1 of 2 treatments fed until 48 days of age:
A High milk: 10 L/d whole milk

A Low milk: 5 L/d whole milk

Haisanet al., 2018



At d 48, milk was reduced 10% per day, such that all
calves were weaned from milk at d 58

10 day weaning period

Haisanet al., 2018
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Early life

starter »

Intake 9

contributes 8

less to z!

bodyweight E

gain N

compared %>

with starter 1 l

Intake rlght ’ <250 | 251-500 | 501-750 :?SI-I__GOUII,OUI-I,EEOII,ESI-I,SOU: >1,500
before Starter intake, g/d during weaning
weaning

Haisanet al., 2018



Modeling
milk
allowance
and growt




C al fS I mS Oftware Requirements: ME calculations:

- Energy and protein - Milk and MR

AMaintenance and gain - Starter (Quigley et al., 2019)
DAILY BASIS!

- Starter intake

\&[) MENTS

CATILE

Model Output- GUI

Animal/Envir. Inputs:
- Birth weight (kg);

702 e s g g o ul}

Ly

- Weaning age (days); = .
unctions pr— pr—
s - Temp (C) ‘[ . oo _
% Yr\llgt?tlse Mill/MR Nutritional Plan: VR ——
: Milk/MR Model
-CP (%), Fat (%), — allowance Enai — —
Ashes (%), Solids (daily) ngine S
(%).
Starter composition:
- CP (%), Fat (%), NDF
(%), NFC (%), etc. —
Costa’s Lab
YRy

The University of Vermont



CalfSim Inputs  Dashboard Predictions vs Observations ~ Nutrient Requirements NASEM (2021)

Animal, Management, Environmental, and Liquid Diet Inputs.

Whole Milk or Milk Replacer:

Birth Weight (kg): Weaning Age (days): Number of Scenarios:

40 ‘ 65

Aver. Temp. (C):

15

Whole Milk v
Protein (%): Fat (%): Ashes (%): Total Solids (%) Price ($/cwt):
3.2 ‘ ‘ 3.8 0.78 12.5 22

Starter Composition.

Starter Composition Inputs:

O Manual Lab results

CP (%): NDF (%): NFC (%):

15 m 30 5 30 30
—@

O Pelleted

Form of Starter:

Texturized

Fat (%):

2

T T T T T T

Starter Intake Equation:
O NASEM (2021) Silva et al. (2019)

Ash (%): Cost ($/DM):
T T T ! T I T T T T T T 1 T . T T T T T T T
9 3 36 42 48 54 6 66 72 78 84 9 1 19 28 37 46 55 64 73 82 91 10

T T T T T T T T T

T T T T . T T T T T T T 1
15 175 20 225 25 275 30 30 34

15 165 18 195 21 225 24 255 27 285 30 5 75 10 125

Remember: All components must sum up 100. The ash content will be calculated automatically.

2

T T
27 34 41 4

.8 55 62 69 76 83



CalfSimToolT 4 Scenarios of Milk Replacer Allowance
based on NASEM 2021

- NASEM (2021) requirements

- Energy Milk Replacer: 4\écalkg
- Energy Starter: 3.18Icalkg

- Birth BW: 45 kg

- Mean temperature: 20C

- Performance until 70 days

100

90+

Body Weight (kg)

601

50+

L

801

Initial BW: 45 kg
Weaning: 56 days

8 (Id): 87.2 kg

6 (I/d): 76.1 kg

4 (I/d): 64.5 kg

7 14 21 8 35
Days of Life

Milk Allowance: — 4 (I/d) — 6 (I/d) — 8 (I/d)

42

10 (I/d)

49

56

Costa’s Lab

The University of Vermont



If more milk Is better, then
we still need to consider:

ADoes processing of starter
matter?

AHow does this affect starter
Intake?

AHow should we wean them?




3 i‘}ﬁ J. Dairy Sci. 103:2186-2199
% l° https://doi.org/10.3168/jds.2019-17372

) .!'o& © American Dairy Science Association®, 2020.
e

Effect of amount of milk replacer fed and the processing of corn
in starter on growth performance, nutrient digestibility, and rumen
and fecal fibrolytic bacteria of dairy calves

J. K. van Niekerk,' A. J. Fischer—TIustos,“ L. L. Deikun,? J. D. Quigley,? T. S. Dennis,? F. X. Suarez-Mena,?

T. M. Hill,2 R. L. Schlotterbeck,? L. L. Guan,’ and M. A. Steele'*t
1Department of Agricultural, Food and Nutr|t|onal Smence University of Alberta, Edmonton, AB, T6G 2P5, Canada
?Nurture Research Center, Provimi, Cargill Animal Nutrition, Brookville, OH 45309




24 calves blocked by dam and parity
and randomly enrolled

-

2 X 2 factorial:
A Low MR (LO). 0.749 kg of MR powder/d
A High MR (HI)1.498 kg of MR powder/d

A Whole corn (WC) In texturized CS
A Flakedcorn (FC) in texturized CS

VanNiekerket al., 2020



...... oe LO-WC coeedpeees HI-WC ——e— HI-FC

MR P<0.001 Milkreplacer intake
CSP=0.6

MR xCSP=04

Wk P <0.0001 -~

VanNiekerket al., 2020



...... oe LO-WC coeedpeees HI-WC ——e— HI-FC

MR P<0.001 Milk replacer intake MR P=002 Calf starter intake
CSP=0.6 , CSP=03

MR xCSP=04 - MRxXCSP=04

Wk P <0.0001 -~ | ) Wk P <0.0001
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VanNiekerket al., 2020



...... oe LO-WC coeedpeees HI-WC ——e— HI-FC

MR P =0.03
CSP=07

MR xCSP=04
Wk P <0.0001

VanNiekerket al., 2020



...... oe LO-WC coeedpeees HI-WC ——e— HI-FC

MR P =0.01
MR P =0.03 CSP=0.7

CSP=0.7 D MRxCSP=03
MR xCSP=04 ) - Wk P<0.0001

Wk P <0.0001

VanNiekerket al., 2020
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” 40 calves enrolled
0

Milk feeding:
A Conventional: 10% bodyweight until 45 d
A Stepdown:20% bodyweight until 25d, then gradually

dilute milk with water from d 2630 10% each feeding
A Fed at this rate for the remaining 15 d until 45 d

Khanet al., 2007



Weaning:

A From d 4550 all calves weaned by gradually
diluting milk with water by 10% each day so on
day 50 all calves received 100% water

Khanet al., 2007
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What about the individual calf?
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Variabllity in starter intake during weaning

Look at the variability!

Open bar = 10 L/d milk
Solid bar = 5 L/d milk

Number of calves
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Starter intake, g/d during weaning

Haisanet al., 2018



Starter intake by calf12 L/d milk

4 Step-down to 50% of milk
allowance (6 L)
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Why does individual starter intake vary?

Temperament
differences?
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Personality may be a factor

More exploratory calves:
Afound grain sooner
Aincreased grain intakes
Agreater weight gains

Afewer unrewarded visits
to the milk feeder

g But what do we do about this?

Individualized feeding programsould
attend to the needs of each animal Side courtesy of . Costa

Neave etal., 2018. J. Dairy Sci. 101ln @ m n




Individualized feeding programs:
what If we allowed calves to sewean?




” 48 calves enrolled
U

Weaned by intake:

i A Fedupto12./d

A Milk allowance was reduced on d 31 by 25% of
q6 IJWRUI R2RI 2cldkt Wec21IJ1 ¢NIJ
previous 3 d

A Milk was further reduced by 25% when each calf
achieved specific daily starter intake targets of
225, 675, and 1,300 g/d (complete weaning)

A Had up to 84 days to achieve 1,300 g

Benettonet al., 2019 J DairySci



Individualized feeding programs

Monitored starter intake and reduce milk
by 25% at each target:

225 g (0.9b)
675 g (1.5b)
10 - Milk reduced by 25% 1300 g (3b)
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Benettonet al., 2019 J DairySci



Individualized feeding programs

What if we allow calves to seHwean based on starter intake?

Starter intake (kg/d)

| =e=\Weaned by intake - early (< 9 wk, n=31)
4 -«<Weaned by intake - late (> 9 wk, n=12

Milk reduced by 25%
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Benettonet al., 2019 J DairySci



Individualized feeding programs

What if we allow calves to seHwean based on starter intake?
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