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Improving Efficiency 
Through Monitoring 
Technology and Data 
Insights 

Incorporating 
Monitoring Technology in 
Reproductive & Herd 
Health Programs

Luís Mendonça, DVM, MS
Research Scientist
Merck Animal Health

Changes in the California Dairy Industry Between 
1950 to 2010

Production per cow:
5,314 lb
2,410 kg 

www.ars.usda.gov/

Production per cow:
23,777 lb
10,785 kg

1

2



15/12/2024

2

Using Monitoring Technology to Improve 
Reproductive Efficiency

HEAT DETECTION RATE

HEATS BEFORE 
BREEDING

TIMING of BREEDING

ESTRUS INTENSITY

OVERALL MONITORING 
(nutrition, health)

HERD HEALTH

HEAT STRESS

OPTIMIZE PROCESSES 
(labor)

Using Monitoring Technology to Improve 
Reproductive Efficiency

Step 1

Step 2

Step 3

Step 4

Step 5

HEAT DETECTION RATE

HEATS BEFORE 
BREEDING

TIMING of BREEDING

ESTRUS INTENSITY

OVERALL MONITORING 
(nutrition, health)

HERD HEALTH

HEAT STRESS

OPTIMIZE PROCESSES 
(labor)

3
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BUe reader, Nano station, power converter = 30 acres

curtis.vas.com/pcc

king.vas.com/pcc.jsp

ALERTS: HEALTH and HEAT

TAKE ACTION
HEALTH ALERTS: physical exam

HEAT ALERTS: breed

Merck.SenseHub.Global/SenseHub-Dairy/

Targeted Approach to Increase Reproductive 
Efficiency – Lactating Cows

40 DIM

40 DIM

37.8%

29.4%

Conception rate 
at first AI

Borchardt et al., 2021

5
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TIMED AI: Double-Ovsynch

BREED

TIMED AI: Double-Ovsynch

40 DIM – Lact>1
55 DIM – Lact=1

Heat

BREED

BREED

CONTROL
100% Double-Ovsynch
(975 cows)

Reproductive 
hormone treatments

10 

4.2
TARGETED
REPRO
(955 cows)

No Heat

TIMED AI: Double-Ovsynch

Heat index>70

After 1st AI: visual detection

After 1st AI: activity monitors

37.6
41.0

27.4

44.7

0

5

10

15

20

25

30

35

40

45

50

Lact=1 Lact>1

Co
nc
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n 
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te
, %

 
(6

7 
d 

af
te

r A
I)

First Breeding

Conception Rate at 1st AI and Percent of Cows 
Pregnant Up to 305 DIM

Treatment – P = 0.15
Parity – P < 0.01

Treatment x Parity – P < 0.01

P=0.05

CONTROL
100% Double-Ovsynch

TARGETED
REPRO

Average DOPN
CONTROL          144.5 ± 4.3

TARGETED        127.7 ± 3.5
REPRO

CONTROL
100% Double-Ovsynch
84.0% preg by 305 DIM

80.8% preg by 305 DIM

TARGETED
REPRO
87.1% preg by 305 DIM

88.2% preg by 305 DIM

All Cows
No Heat

*  Values differed (P < 0.05)
¥  Values tended to differ (P = 0.10)

*

¥

*

7
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Using Monitoring Technology to Improve 
Reproductive Efficiency

High heat intensity
Heat index = 100

Timing of breeding

HEAT DETECTION RATE

HEATS BEFORE 
BREEDING

TIMING of BREEDING

ESTRUS INTENSITY

Heat index
High (90 to 100)Low (<90)

37.4%

23.9%

Co
nc

ep
tio

n 
ra

te
, %

HEAT INDEX

9
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23 days

Prostaglandin
(Cloprostenol vs. Dinoprost)

3 to 1 d
6 to 4 d

12 to 7 d
17 to 13 d

23 to 18 d

Heat detection with activity monitor
- 1,019 Holstein heifers used in the study

- Evaluated the response of prostaglandin formulations

- Cows were fitted with SenseHub Dairy monitoring tags

Aspects to consider in a heifer 
reproductive program:

1. Accuracy and efficiency of the 
heat detection program

2. Response to the prostaglandin 
treatment

3. Conception rate

18.0
16.7

14.7

10

12

14

16

18

20

17 to 13 d 12 to 7 d 6 to 4 d

Heat detection with activity monitor

Prostaglandin

6 to 4 d
12 to 7 d

17 to 13 d
23 to 18 d

62.8 62.8

44.3
36.3

0

20

40

60

80

23 to 18 d 17 to 13 d 12 to 7 d 6 to 4 d

Co
nc

ep
tio

n 
ra

te
, %

D
ur

at
io

n 
of

 e
st

ru
s,

 h
ou

rs

84.1
75.9

51.9

40
50
60
70
80
90

100

17 to 13 d 12 to 7 d 6 to 4 dPe
ak

 h
ea

t i
nd

ex
 >

80
, %¹

²
²

¹

¹,²,³ Different superscripts differ (P ≤ 0.05)

¹
²

³

¹
¹

²

Optimizing Fertility by Using Technology
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P < 0.01

Heifers in mid diestrus

Prostaglandin Formulation Impacts Response to 
Treatment

Heat detection with activity monitor

Prostaglandin

6 to 4 d
12 to 7 d

17 to 13 d
23 to 18 d

Heat Stress
Heavy Breathing 

Behavior

13
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Outstanding Reproductive Efficiency Unlocks 
a Spectrum of Opportunities

Beef-on-dairy

Sexed semen in cows

Voluntary waiting period

IVF embryos

Count of pregnancies

Count of calvings

Heat Stress

Impact of Heat Stress on Fertility of Lactating 
Dairy Cows

Day of the estrus cycle Day of the estrus cycle

Pr
og

es
te

ro
ne

, 
ng

/m
L

Lu
te

al
 ti

ss
ue

 
vo

lu
m

e,
 m

m
³

Howell et al. J. Dairy Sci. (1994)

Spring

SummerP < 0.05

• Heat stress impacts fertility in a multifactorial manner
• Oocyte quality

– Impact on nuclear maturation and apoptosis (Roth and Hansen, 2005)

• Fertilization
– Reduced fertilization rate (Sartori et al., 2002)

• Embryo development
– Negative effect of heat stress in early embryo development (Putney et al., 1989; Edwards and Hansen, 1996)

• Hormonal profile
– Corpus luteum alterations (Howell et al., 1994)

15
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Reduce Severity of Heat Stress

Altered Progesterone Concentration by Inducing 
Ovulation

• 107 experiments from 52 publications
• 18,082 treated cows vs. 18,385 untreated controls
• “In conclusion, the present meta-analysis showed that the use of GnRH and hCG after 

AI should be focused on cows expected to have low or moderate fertility”

Temperature-Humidity Index and Conception Rate
Temperature-humidity index

Temperature-humidity index on the day of AI

Co
nc

ep
tio

n 
ra

te
, %

Schüller et al., 2014

Total of 7,252 breedings

17
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2nd milking1st milking

Time of the day

104.9

104.0

103.1

102.2

101.3

100.4 38.0

38.5

39.0

39.5

40.0

40.5
0:

00
0:

40
1:

20
2:

00
2:

40
3:

20
4:

00
4:

40
5:

20
6:

00
6:

40
7:

20
8:

00
8:

40
9:

20
10

:0
0

10
:4

0
11

:2
0

12
:0

0
12

:4
0

13
:2

0
14

:0
0

14
:4

0
15

:2
0

16
:0

0
16

:4
0

17
:2

0
18

:0
0

18
:4

0
19

:2
0

20
:0

0
20

:4
0

21
:2

0
22

:0
0

22
:4

0
23

:2
0

Va
gi

na
l t

em
pe

ra
tu

re
, C

 °

Va
gi

na
l t

em
pe

ra
tu

re
, F

 °

Vaginal Temperature Loggers to Quantify Heat 
Stress in Lactating Cows

Rocha et al. (2014) - Kansas Agricultural Experiment Station Research Reports

Va
gi

na
l t

em
pe

ra
tu

re
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Cooling provided

H
eavy breathing, %
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SenseHub Dairy
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Heavy 
breathing

Group Monitoring
Herd-Level Insights

SenseHub Dairy

Postpartum 
Health

21
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Automated Technologies to Monitor Behavior of 
Postpartum Cows

Integration with On-Farm Management Software

23
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25

Prepartum rumination (min/d) 
deviation from the parity average

AT = above the threshold
BT = below the threshold

Step 1

Step 2

Step 3

Step 4

Step 5

HEAT DETECTION RATE

HEATS BEFORE 
BREEDING

TIMING of BREEDING

ESTRUS INTENSITY

OVERALL MONITORING 
(nutrition, health)

HERD HEALTH

HEAT STRESS

OPTIMIZE PROCESSES 
(labor)

Take Home Message

Prioritize the area that is most relevant for the herd

Technology and algorithms utilized to detect estrus by automated behavior monitoring devices differ by manufacturers

25
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Thank You!

Luis Mendonca, DVM, MS

Merck Co., Inc.
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1

Enhancing reproductive 
performance and management of 
cows with
different reproductive potential 
through data-
driven technology

Julio Giordano, Clara Rial, Ana Laplacette, 
Martin Perez, and Emily Sitko

Dairy Cattle Biology and Management Laboratory 
Department of Animal Sc ience
Cornell University

What?
Targeted management
Precision management
Selective management

1

2

3
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2

Why?

Why?

Repro management
“bucket”

Why?
-Works
-Easy

Is it the best we 
can do?

4

5
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3

Repro management “buckets”

A B C
Why?

Current status and drivers of change 
in reproductive management

Reproductive performance improved 
significantly in recent years

Several drivers of change are
reshaping reproductive management

TechnologyMarket & consumers

Herd size Labor

1 bucket vs >1 bucket

43%25%

7

8
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4

1 bucket vs >1 bucket

1 bucket vs >1 bucket

Targeted reproductive 
management (TRM)

Herd / Group Subgroups

Strategy “A”

Strategy “B”

Optimize outcomes
for group “A”

Optimize outcomes 
for group “B”

Giordano et al., 2022 (JDS; 105:4669-4678)

Greater gains in herd performance or management
than when managed as single group

10

11
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5

How? How much gain?

D
ec

is
io

n-
m

ak
in

g

Method of submission
to AI – prioritize AIE or
TAI

Targeted use of semen 
– sexed, beef, genetic 
merit

Supportive therapy to 
increase P/AI – pre- and 
post-AI

Optimize timing of 
pregnancy

To breed or
not to breed

High

Group cows based on 
probability of event occurring. 

e.g., estrus or pregnancy

Medium

Low

C
la

ss
if

ic
at

io
n

fo
r

su
b-

gr
ou

p
fo

rm
at

io
n

Giordano et al., 2022 (JDS; 105:4669-4678)

Automated monitoring tools enable TRM

13
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How?
How much 

gain?

TRM explored so far…

Estrus during the VWP

Ovarian status 

Estrus during synch

Exploring use of 
estrus (i.e., heat) 
data:

as predictor of 
reproductive 
potential

to increase 
fertility

16

17
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~40-60% have automated estrus alerts (AEA) 
during the VWP

ESTRUS before 50 DIM (VWP)

56% (2,149)

NO ESTRUS before 50 DIM (VWP)

44% (2,149)

15 DIM 49 DIM

21 DIM 49 DIM

Laplacette et al., 2022

Rial et al., 2022

Study 1 
Rial et al., 2022

USA dairy

Study 2
Laplacette et al., 2022

Mexico dairy

Group

P-valDiff. p.p1No Heat-VWPHeat-VWPItem

<0.01+384785AI in heat, % (n)
(690)(866)

<0.01+93241Con. Risk first AI, % (n)
(1,101)(1,433)

<0.01+126678Preg. 150 days, % (n)
(1,169)(1,476)

Heat during the VWP associated with better 
reproductive performance

Study 1 
Rial et al., 2022

USA dairy

Study 2 
Laplacette et al., 2022

Mexico dairy

Heat + AI with AEA for 28 - 34 d
P4-Ovsynch

TAI

90 ± 3 DIM

TRM based on automated heat alerts 
(AEA) during the VWP works

TAI

Heat + AI with 
AEA for 14 - 20 d

P4-Ovsynch

Targeted Predominant 
AI in heat (TP-AIE)

No Heat-VWP

Heat alert-VWP

7 d

7 d

G-P4in

80 ± 3

1 d 32 h ~16 h

P-P4out P G

32 h ~16 h

G

76 ± 3 DIM

G-P4in

66 ± 3

1 d

P-P4out P

End 
VWP 50 d

Better candidates for 
programs that favor TAI

Better candidates for
programs that favor AIE

19

20
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8

VS.

+ extended VWP

How does TRM 
compare to ALL-TAI + 
extended VWP?

Cows with AEA during the VWP were more 
likely to be inseminated in estrus

85

48

0

10

20

30

40

50

60

70

80

90

n = 186 n = 95

TRT P = 0.38
E-VWP P <0.001 
TRT*E-VWPP = 0.35
Parity P < 0.001NoE-

VWP

NoE-
VWP

28 d

14 d

Rial et al., 2022 J. Dairy Sci. 105:8411-8425

22
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Treatment

P-value

TP-AIEP-AIETAI
P/AI % (n/n)

0.08424349Overall
(413)(422)(427)

0.934544
N/AAIE

(281)(299)

0.0336b42ab49a

TAI
(132)(123)(427)

Parity P < 0.001 Primiparous had greater P/AI than multiparous 
Season P = 0.04 Cold season greater P/AI than warm season

First service P/AI good for cows AI in estrus 
but better for ALL-TAI + longer VWP

Rial et al., 2022 J. Dairy Sci. 105:8411-8425

0.008P-value

1.21HR (CI) TAI vs P-AIE

1.21HR (CI) TAI vs TP-AIE

1.00HR (CI) P-AIE vs TP-AIE

Greater preg. rate for TRM based on AEA
and Non-TRM that prioritized AIE than ALL-TAI

Mean d to pregnancy
ALL-TAI 
P-AIE 
TP-AIE

110 d
102 d
101 d

Pregnant 150 DIM
ALL-TAI 77%
P-AIE 75%
TP-AIE 74%

P = 0.59

Rial et al., 2022 J. Dairy Sci. 105:8411-8425

Wait Period 50 Wait Period 50

Aborts
======

Pct
===

Preg
====

Pg Elig
=======

Pct
===

Bred
====

Br Elig
=======

Date
========

Aborts
======

Pct
===

Preg
====

Pg Elig
=======

Pct
===

Bred
====

Br Elig
=======

Date
========

Aborts
======

Pct
===

Preg
====

Pg Elig
=======

Pct
===

Bred
====

Br Elig
=======

Date
========

05121194216/03/20016319265196/03/200002100216/03/20
0178465526476/24/202115475225486/24/201179523317526/24/20
03321647246647/15/2022918626340637/15/2031813735137737/15/20
22214656039658/05/2043825667652688/05/2003428825747828/05/20
02821756750758/26/2013321635736638/26/2022417705439728/26/20
12418767761799/16/2022315657751669/16/2002318795141809/16/20
127238470618710/07/20031247863507910/07/20225249556539510/07/20
240338274628410/28/20029227770578110/28/20125239157549410/28/20
317137566527911/18/20336277661477711/18/202292897515110011/18/20
032299166619312/09/20126218069558012/09/2012121100525310212/09/20
130258373628512/30/20234288371608412/30/2003031102565710212/30/20
12925856557881/20/2102521855649881/20/210282910356591061/20/21
00007167942/10/21000073741022/10/21000047551162/10/21
00007365893/03/2100007771923/03/21000064671043/03/21

112723184767581867Total172923080165527816Total122524196552508979Total

Wait Period 50

All-TAI Predominant 
AIE+TAI

Targeted Predom 
AIE+TAI

21d –PR
25%

21d –PR
29%

21d –PR
27%

Rial et al., 2022 J. Dairy Sci. 105:8411-8425

25
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Combining AI based on automated heat 
alerts (AEA) + TAI works

14-21 d for AIE

+60% AI in estrus

+35% Conception rate

+35% Conception rate

Use protocol that 
works e.g., 

Ovsynch+P4 
(CIDR)

Lower first service conception risk,
BUT SAME pregnancy rate (after calving), days open, 

and percent pregnant at 150 DIM

VS

ALL-TAI at 84 DIM (Double-Ovsynch)

Rial et al., 2022 J. Dairy Sci. 105:8411-8425

Strategy to maximize AIE based on cow biology and justify 
use of synchronization for TAI

Potential reduction of DIM at first AI – not major, value (?)

Could improve? more days for AIE, fertility program 
(Double-Ovsynch?) for cows no estrus VWP cows?

28

29
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TRM explored so far…

Estrus during the VWP

Ovarian status 

Estrus during synch

Non-estrus 
cows - TAI

Previous AI

TAI

Synchronization

AIE is fastest, cheapest, and easiest way
to re-breed non-pregnant cows

AI estrus

Pattern of re-breeding for 76 farms in NY in 2023
63% up to 30 d

47% for 31 to 60 d

AIE for 2+ AI remains popular and can be effective

31

32
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AIE for 2+ AI remains popular and can be effective
35

30

25

20

15

10

5

0
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

<31dslh

Cows AIE (%) by farm (n = 76)

AIE for 2+ AI remains popular and can be effective
35 Cows AIE (%) by farm (n = 76)
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<31dslh

40

45
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70

65

60

55

75

80

85

8010 20 30 40 50 60 70

Percentage of cows reinseminated within 30 d after AI

y = 51.745 + 0.261 x
n = 76
r = 0.44; P < 0.001 
R²=0.1918

P/AI ~41%
(n = ~85,500)

Targeted management for 2+ AI 
based on ovarian status

Goal – optimize herd performance and management using 
ovarian status to assign cows to TAI protocols

Minimize the 
interbreeding interval

Maximize P/AI

Minimize the number of 
necessary and 

unnecessary interventions

34
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AI

AIE 32 ± 3 d
P4-Ovsynch (2XPGF)

TAI

Cows 
without CL

GnRH

TAI
Cows

with CL

PGF PGF

Short Resynch + P4-Ovsynch

NPD 24 h 32 h 16 h

~70-75%
of cows

~25-30%
of cows

Wijma et al., 2018

ReferenceP/AI (%)

Wijma et al., 201732% (481)

Wijma et al., 201833% (189)

Perez et al., 202033% (737)

Total33% (1,407)

Treatment
P-valueP4-

Ovsynch
(2 PGF)

NoP4-
Ovsynch

(1 PGF)
0.0137

(186)

25
(159)

NO CL

Wijma et al., 2018

PGF PGF

16-18 h32 h24 h7 days

GnRH CIDR

CIDR-Synch or PreG-Ovsynch 
work well No CL cows

GnRH TAI

PGF PGF

16-18 h32 h24 h7 days7 days

GnRH GnRH TAIGnRH

Expected 
P/AI with both

~35-40%PreG-Ovsynch

CIDR-Synch

Short-Resynch + 
P4-Ovsynch vs 
D32-Resynch?

37
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100

90

80

70

60

50

40

30

20

10

0

R32 
SR

P =0.04
HR Treat vs Resynch-D32 : 1.21 (1.01 – 1.44)

Median days to pregnancy
Resynch-D32 : 105 (89-120)
Treatment: 89 (74-105)

0 30 60 90 120 150 180 210

Days after firts AI postpartum
Wijma et al., 2018

6.9 pp more cows pregnant at the
end of lactation

Short-Resynch reduced 
open days by 11 days

AI

EDAI 25 ± 3 d

NPD

CIDR-synch + 2XPGF

TAI

Cows 
without CL

Second and greater service

TAI
Cows

with CL

PGFPGF GnRH

GnRH
25 ± 3 d

24 h 32 h 16 h

~80-85%
of cows

~15-20%
of cows

Perez et al. (2020) JDS 103:10769-10783

39 44 0.36

(73/188) (102/232)

Perez et al. (2020) JDS 103:10769-10783

Treatment
P-valueShort-Resynch +

P4-Ovsynch
D25-Resynch+

P4-Ovsynch
Item

0.0176
(737/969)

84
(990/1,178)

Cows with CL (%)

0.0133
(243/737)

41
(410/990)

P/AI CL at NPD (%)
(D25-Resynch or Short Resynch)

h
AI

more P/AI wit
at 25 ± 3 d after

+8%
GnRH

P/AI NO CL at NPD (%)
(P4-Ovsynch)

0.0137
(345/969)

43
(483/1,178)

Overall cows pregnant
through TAI

GnRH 7 d before induction of luteolysis 
(D25-Resynch) improves P/AI for CL cows

40
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AI

EDAI 32 ± 3 d

NPD

TAI

CIDR-synch + 2XPGF

Cows 
without CL

TAI
Cows 

with CL

PGF PGFGnRH

<0.01

Treatment
P-valueShortResynch +

P4-Ovsynch
D25 Resynch +

P4-Ovsynch
Item

+10% mo
AIE if

60
(2,467)

50
(2,390)

Cows AI at detected
estrus (%)

re cows
no GnRH

± GnRH
25 ± 3 d

P = 0.98
HR 0.98 (0.85 – 1.13)

Median days to pregnancy
Short Resynch + P4-Ovsynch: 75 
D25-Resynch + P4-Ovsynch: 74

~1 pp diff. (P>0.05) in PG 
cows at 210 d after 1st AI

Short-Resynch and Day25-Resynch 
resulted in similar pregnancy rate

Perez et al. (2020) JDS 103:10769-10783

Perez et al. (2020) JDS 103:10769-10783

GnRHNo GnRH
lower % AI in heat
More disruptive 

Lots of unneeded 
GnRH

Best P/AI

higher % AI in heat
Less disruptive 

Eliminates 
unneeded GnRH 

Ok P/AI
Same pregnancy rate

43
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Treatments for 2+ AI 
based on Ovarian Status

Maximize insemination of cows at detected 
estrus through induction of estrus after non 
pregnancy diagnosis (NPD)

AI
ED ED

Synchronization of ovulation

AI

NPD
EDAI 7 d

AI

Synchronization of ovulation

EDAI 32 or 39 d*

Cows 
without CL

Second and greater service

Cows 
with CL

PGF

Key facts:
-increases cows EDAI after non-pregnancy diagnosis
-treatment adapted to cow physiological status

-must use synch protocol after PGF treatment

46
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AI
ED ED

Ovsynch or CIDR-Synch

AI

EDAI 32 or 39 d*

NPD

Ovsynch

EDAI 7 d

Cows 
with CL

PGF

Second and greater service

Key facts:
-increases cows EDAI after non-pregnancy diagnosis
-treatment adapted to cow physiological status

-must use synch protocol after PGF treatment

AI

7 d

GnRH

Cows 
without CL

PGF + AIACT + TAI based on 
Ovarian status versus a 
Day32 Resynch

• Same time to pregnancy 
during lactation (Giordano et al., 2015)

PGF + EDAI + TAI based on 
Ovarian status versus Day32 
Resynch for CL cows + PreG-
Ovsynch for NoCL cows

• Same time to pregnancy
during lactation (Masello et al., unpublished)

TRM explored so far…

Estrus during the VWP

Ovarian status 

Estrus during synch

49
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The power of synch + heat!!!
Timed AI Heat

Spontaneous estrus during estrous cycle

Synchronized estrus after fertility program

GnRH PGF2α PGF2α
GnRH GnRH

AI

Estrus7d7 d3 d7 d

Pre-Ovsynch

Benefit from synchrony and hormonal 
environment generated by synchronization

Benefit from effects of 
estradiol/estrus on uterus, 

follicle and oocyte (?)

Breeding-Ovsynch

Double-Ovsynch

52
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• Delaying the last GnRH and IATF increases the % of cows expressing heat 
before AI

• Cows that express heat have greater fertility

Laplacette et al. 2024 J. Dairy Sci. (In Press)

AI in heat 
without GnRH

Double-Ovsynch with 
delayed TAI (GnRH 80)

GnRH PGF2α PGF 2xGnRH GnRH TAI

7 d 3 d 7 d 7d 80 h 16h

GnRH

Pre-Ovsynch Breeding-Ovsynch

GnRH + IATF if
there was no heat 

until GnRH

• Delaying the last GnRH and IATF increases the % of cows expressing heat 
before AI

• Cows that express heat have greater fertility

Laplacette et al. 2024 J. Dairy Sci. (In Press)

Double-Ovsynch with 
delayed TAI (GnRH 80)

GnRH PGF2α PGF 2xGnRH GnRH TAI

7 d 3 d 7 d 7d 80 h 16h

GnRH

Pre-Ovsynch Breeding-Ovsynch

Heat = high fertility

55

56

57



0 6 /0 1 /2 0 2 5

2 0

2.2
(2,254)

29.9
(2,235)

35

30

25

20

15

10

5

0
CTRL G56 TRT G80

C
ow

s
th

at
re

ce
iv

e
A

IE
(%

)

+28
P < 0.01

More cows AI in estrus with GnRH at 80 h

7 days 56 vs 80 h 16 h

AIE

TAIGnRHGnRH PGF2α PGF2α

AIE: artificial insemination after estrus detection - Cows did not receive GnRH

More cows expressed estrus with GnRH
at 80 h

AIE

16 h56 vs 80 h7 days

GnRH TAIPGF2αPGF2α
GnRH

TAI-EAIE

AEA-AI NO AEA-AI

TAI-NE

28.0
(2,254)

73.9
(2,235)80

70

60

50

40

30

20

10

0
CTRL G56 TRT G80

Laplacette et al., 2022 J. Dairy Sci. Volume 105, E-Supplement 1

C
o

w
s

w
ith

e
st

ru
s

(%
)

+46
P < 0.01

Cows that expressed
estrus before TAI

Treatment

P-value% points
diff.

G80G56

P/AI % (n)
0.3625351All

(2,178)(2,191)

AIE 47 60 13 >0.05
(56) (691) 71% of

TAI-E 59 60 co1ws >0.05
(551) (856)

TAI-NE 49 35 291%4of < 0.05
(1,584) (631) cows

Overall conception risk not different but…
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2 1

• Identify cows with different reproductive potential for targeted management: sexed 

semen, embryos, post-AI therapy.

• Improve management aspects: distribute inseminations, reduce the use of GnRH, 

reduce the need to give GnRH in the afternoon to a good number of cows

Promoting AI at detected estrus at the end of the protocol 
Double-Ovsynch can be used to:

• Maximizes heat insemination after Doble-Ovsynch
• May increase fertility

Laplacette et al. 2024 (JDS Abstract)

Double-Ovsynch + AIE + P4-Ovsynch

GnRH PGF2α PGF 2xGnRH GnRH TAI

7 d 3 d 7 d 7d 7 d P4-Ovsynch

Pre-Ovsynch Breeding-Ovsynch

No heat 
enroll in P4-

Ovsynch

AI in heat 
without GnRH

G80

Treatment
P-valueDiff p.pDO + AIE +

CIDR-Synch
G80

< 0.001+438845AIE %
(1,032)(1,030)(n/n)

Double-Ovsynch with Delayed AI Only cows 
not AIE

AIE 7 dTRM - DO + 
AIE + CIDR Double-Ovsynch CIDR-Synch

Laplacette et al., (unpublished)
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2 2

Synch + Heat increased conception risk
G80 Double-Ovsynch with Delayed AI

Only cows 
not AIE

AIE 7 dTRM - DO + 
AIE + CIDR-
Synch

Double-Ovsynch CIDR-Synch

TRT

P-valueDiff p.pDO + AIE +
CIDR-Synch

DTAI

P/AI % (n/n)

Overall

AIE

TAI

49 56 + 7 0.005
(1,002) (1,004)

55 45% of 57 88% of + 2 -
(453) cows (884) cows

43 45 + 2 -
(549) (120)

Laplacette et al., (unpublished)

• Increase fertility by up to 7 percentage points

• Identify cows with different reproductive potential for targeted management: sexed 
semen, embryos, post-AI therapy.

• Improve management aspects: distribute inseminations, reduce the use of GnRH,
reduce the need to give GnRH in the afternoon to a good number of cows

Double-Ovsynch + AIE + P4-Ovsynch

• Identify cows with different reproductive potential for targeted management: sexed 

semen, embryos, post-AI therapy.

• Improve management aspects: distribute inseminations, reduce the use of GnRH, 

reduce the need to give GnRH in the afternoon to a good number of cows

Promoting AI at detected estrus at the end of the protocol 
Double-Ovsynch can be used to:
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2 3

“Buckets” for TRM
Good preg rate after 
calving and targeted 
use of synchronization

Can help find high 
fertility cows and can 
increase overall P/AI

Can improve 
performance, 
management or both

Thanks!
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1

Improving dairy herd health 
monitoring and management 
using automated technologies

Julio Giordano, Clara Rial, Ana Laplacette, 
Martin Perez, and Emily Sitko

Dairy Cattle Biology and Management Laboratory
Department of Animal Sc ience 
Cornell University

Integrating 
automation into 
herd health 
monitoring and 
management

Ideally the list of potentially sick cows is created 
COMPLETELY based on AHM system(s) data

ID PEN LACT DIM EVT EDAT REM MAVG MTOT RUM ACT BTEMP ALERT

40 9 6 8 TREAT 9/17/2009 IMR1#2.7 82 105 386 384 104 NOCHECK

679 9 5 5 TREAT 3/3/2011 CAPUMP 48 71 355 463 101 NOCHECK

759 9 5 10 COM 3/13/2013 PROP1.0 55 76 415 398 104 CHECK

1538 9 5 4 RESULT 8/31/2016 B#.6 28 45 394 496 104 NOCHECK

351 360 102 NOCHECK
9 327 311 104 NOCHECK
9 378 465 101 CHECK
9

Automated monitoring valuable if accurate for 
identifying cows with health disorders

ALERTBTEMPACTRUMMTOTMAVGREMEDATEVTDIMLACTPENID

CHECK1014653785946BS6/28/2016FRESH8181958

CHECK1024944235946EXN5#303/21/2010MET5698681

CHECK1043702704931CAPUMP10/24/2010TREAT5598999

CHECK1024024317038HR7/14/2011FRESH4599395
CHECK1044603518077EXN5#207/26/2011FOOTROT9599418

4532EXN2#208/31/2016TREAT9491617 328 104 NOCHECK344

436 102 NOCHECK5798257HR8/31/2016FRESH6391747

587 101 CHECK5175035CAPUMP8/31/2016TREAT7291860
4641IMR1#2.76/28/2016TREAT6181956

Cows with health547BS6/28/2016FRESH10181957

disorders only546BS6/28/2016FRESH8181958

423 494 102 CHECK546EXN5#303/21/2010MET5698681

CHECK1043702704931CAPUMP10/24/2010TREAT5598999

CHECK1024024317038HR7/14/2011FRESH4599395
CHECK1044603518077EXN5#207/26/2011FOOTROT9599418
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2

HI+ to CD (d)
Cows detected 
Se, % (95% CI)Disorder

-3 (-3.7 to -2.3; P<0.01)98 (93-100)DA (n = 41)

-1.6 (-2.3 to -1.0; P<0.01)91 (83-99)Ketosis (n = 54)

-0.5 (-1.5 to 0.5; P=0.28)89 (68-100)Indig. (n = 9)

-2.1 (-2.5 to -1.6; P<0.01)93 (89-98)

All metabolic & 
dig. (n = 104)

-8,760 clinical exams/year for 1,850 cow dairy using 
automated vs intensive traditional health monitoring
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3

vs.

+1.5 kg per cow per day and fewer cows 
sold to 21 DIM for cows under AHM vs VO

No Alert +
No clinical disease

Alerts +
No clinical disease

Alerts +
Clinical disease

False positives 
or no evident 

health 
disorder?

Do sensor-monitored 
parameters change when 

cows are affected by 
clinical health disorders?

7
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4

Cows with DA had altered rumination patterns

10
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5

Cows with DA had altered activity patterns

Cows with DA had altered HIS patterns

Cows with DA had altered rumination patterns in 
multiple studies using different sensor tags

In all cases cows with DA had an altered rumination 
pattern before, during and after clinical diagnosis

Healthy (n = 451) DA (n = 40)

Healthy (n = 616) DA (n = 19)

13
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6

Cows with metritis had alterations of their pattern of rumination, eating, and body 
temperature before and after clinical diagnosis

Magnitude and timing of alterations varied for different parameters

Eating behaviorRumination behavior

Cows with metritis had alterations to the pattern of multiple 
behavioral, physiological, and performance parameters

Reticulo-ruminal
temperature

Cows with DA had different pattern of rumination behavior and reticulo-
ruminal temperature around CD compared with cows with metritis

Rumination Behavior Reticulo-Rumen Temp.

For most disorders there is a 
correlation between severity 

and degree of change in sensor-
monitored parameters

Cows affected by more than one 
disorder at a time or within a few 

days have greater changes in 
sensor-monitored parameters

S
e

n
so

r
p

a
ra

m
e

te
r

0
Days around CD

S
e

n
so

r
p

a
ra

m
e

te
r

0
Days around CD

1 disorder 
only

≥2 
disorders

0

VS

16
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7

MASTITIS

NCHD (n = 417)

MAST (n = 39)

SMAST (n = 10)

Cows with more severe cases of disease present
sensor parameter changes of greater magnitude

800
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Group: P < 0.001
Day: P < 0.001
Day x Group: P < 0.001
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DailyPhysical ActivityB

Group: P < 0.001 
Day: P < 0.001
Day x Group: P < 0.001

Avg DIM for Day 0 = 10

*+

Rial et al., 2021 (Abstract; JDS; 104:Suppl 1)

Sensor-monitored parameters are 
affected by clinical health disorders

Do sensor-monitored parameters change when 
cows are affected by clinical health disorders?

1 Most sensor-monitored parameters change when 
cows are affected by clinical health disorders

2 Same disease causes changes to more than one 
sensor-monitored parameter

3 Different diseases causes different changes to
sensor-monitored parameters

4 Disease severity and concomitant disorders cause 
more dramatic changes in sensor parameters

S
e

n
so

r
p

a
ra

m
e

te
r

0
Days around CD

Most cows with metabolic and digestive disorders 
were identified by an AHMS that used rum+act

Stangaferro et al., 2016 (JDS 99:7395-7410)

HI+ to CD (d)
Cows detected 
Se, % (95% CI)Disorder

-3 (-3.7 to -2.3; P<0.01)98 (93-100)DA (n = 41)

-1.6 (-2.3 to -1.0; P<0.01)91 (83-99)Ketosis (n = 54)

-0.5 (-1.5 to 0.5; P=0.28)89 (68-100)Indig. (n = 9)

-2.1 (-2.5 to -1.6; P<0.01)93 (89-98)

All metabolic & 
dig. (n = 104)

Majority of cows had alerts around CD of metabolic 
digestive disorders
Alerts were observed earlier or at same time as CD 
AHMS that used rum+act might be effective for 
identifying cows with metabolic and digestive disorders

19
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8

Ability to identify cows with metritis and mastitis based on 
alerts from an AHMS was moderate overall but more 
effective for cows with severe cases

Stangaferro et al., 2016 (JDS 99:7422-7433)

HI+ to DCD (d)Cows detected 
Se, % (95% CI)

Disorder

-1.2 (-1.6, -0.7; P<0.01)55 (49-60)Metritis ALL
(n = 349)

-1.2 (-1.6, -0.7; P<0.01)53a (47-58)
Metritis only
(n = 322)

-1.3 (-2.4, -0.2; P=0.03)78b (62-91)
Metritis + other 
HD (n = 27)

HR Flag to DCD 
(days)

Cows detected % 
Se (95% CI)

Disorder

-0.5
(-1.0 to -0.1; P=0.02)

58 (49-67)Mastitis (n = 123)

By Pathogen

Severe toxic mastitis81a(67-95)E. Coli (n = 31)

49b (32-65)Gram + (n = 39)

Chronic mild mastitis46b(17-77)Staph. Aureus (n = 11)

48b (28-69)No growth 48 h (n = 25)

Slightly over half the cows had HI score alerts
More effective to identify cows affected by another disorder or more 
severe cases
Alerts for cows flagged were observed earlier than clinical diagnosis

Ideally the list of potentially sick cows is created 
COMPLETELY based on AHM system(s) data

ID PEN LACT DIM EVT EDAT REM MAVG MTOT RUM ACT BTEMP ALERT

40 9 6 8 TREAT 9/17/2009 IMR1#2.7 82 105 386 384 104 NOCHECK

679 9 5 5 TREAT 3/3/2011 CAPUMP 48 71 355 463 101 NOCHECK

759 9 5 10 COM 3/13/2013 PROP1.0 55 76 415 398 104 CHECK

1538 9 5 4 RESULT 8/31/2016 B#.6 28 45 394 496 104 NOCHECK

351 360 102 NOCHECK
9 327 311 104 NOCHECK
9 378 465 101 CHECK
9

Automated monitoring valuable if accurate for 
identifying cows with health disorders

ALERTBTEMPACTRUMMTOTMAVGREMEDATEVTDIMLACTPENID

CHECK1014653785946BS6/28/2016FRESH8181958

CHECK1024944235946EXN5#303/21/2010MET5698681

CHECK1043702704931CAPUMP10/24/2010TREAT5598999

CHECK1024024317038HR7/14/2011FRESH4599395

CHECK1044603518077EXN5#207/26/2011FOOTROT9599418
4532EXN2#208/31/2016TREAT9491617 328 104 NOCHECK344

436 102 NOCHECK5798257HR8/31/2016FRESH6391747

587 101 CHECK5175035CAPUMP8/31/2016TREAT7291860
4641IMR1#2.76/28/2016TREAT6181956

Cows with health547BS6/28/2016FRESH10181957

disorders only546BS6/28/2016FRESH8181958

423 494 102 CHECK546EXN5#303/21/2010MET5698681

CHECK1043702704931CAPUMP10/24/2010TREAT5598999

CHECK1024024317038HR7/14/2011FRESH4599395
CHECK1044603518077EXN5#207/26/2011FOOTROT9599418

Automated health monitoring 
systems can help with herd 
health monitoring and 
management
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9

Potential value of AHMS varies largely 
for different farms

Farms with little-to-no 
intervention and not well-defined 

programs

Accurate and timely identification 
of “more” cows of interest 

Improved diagnosis

Farms with intensive 
and systematic monitoring

programs

Reduce labor needs & cow 
manipulation at same level of 

detection

Everything in 
between…large 

variation for 
AHMS use and 

value

Potential value of AHMS varies largely 
for different farms

Farms with little-to-no 
intervention and not well-defined 

programs

Accurate and timely identification 
of “more” cows of interest 

Improved diagnosis

Farms with intensive 
and systematic monitoring

programs

Reduce labor needs & cow 
manipulation at same level of 

detection

Everything in 
between…large 

variation for 
AHMS use and 

value
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1 0

≥ 15 % Drop in session 
milk production rate

Health
Index for

Non

Amount
Of

Evaluatio

Daily
Ruminati

on

Ruminati
on Peak

Activity
Peak

Days
from Last
Breeding

Days in
Lactation

Lactation
StatusGroup

Cow
Number

20.00-1320-40-156Before7206001

32.60-46413-44-405Before7108562

55.00-56138-100-7544Before794733

66.30-4620-40-3985No Heat11115584

67.20-13686-98-373Colostrum793625

72.00-131011-78Before1124516

73.0000-40-2527Before9126457

79.00-290145-27-223Colostrum749802008

81.50-23133-23-1391No Heat121522009

82.0022-40880Ready795060010

83.00-35181-20-1543Before1866220011

83.7015135-21-757Before1806220012

83.80-206328-52-2968Ready150860013

84.70-133318-34-1772Ready1925120014

85.505186-15-546Before11256115
15

≤ 86 Health Index Score

Treatment

Control

Compared program based primarily on AHM 
systems alerts vs traditional monitoring

% cows that left the herd not 
affected by monitoring strategy

Milk yield not affected by 
monitoring strategy

First service outcomes not affected
by monitoring strategy

M
ilk

yi
el

d
(k

g/
w

ee
k)

HIC-M AUT-MB
Group50

AUT-MHIC-MItem1
45

75.0 ± 0.2875.0 ± 0.27DIM 1st AI AIE only40

39.2 (35.0 - 43.6)41.9 (37.7 - 46.3)P/AI (%) All AI35

(536)(538)30

35.4 (30.0 - 41.3)38.9 (33.5 - 44.7)P/AI (%) AIE25

(345)(367)20

45.5 (38.3 - 52.9)45.5 (37.8 - 53.4)P/AI (%) TAIGroup: P = 0.28
Week: P = <0.001
Parity: P = <0.001
Group*week: P = 0.86

15

10
(191)(171)

2.7 (1.2 – 5.9)5.4 (3.0 - 9.4)Pregnancy Loss (%)HD exp.: P = <0.001

9 10 11 12 13 14 15 16 17 18 19 20 21 22

Week of Lactation
87654321

0

(212)(219)

Group

P-valueAUT-MHIC-M

(n = 605)(n = 600)Item1

0.382.1 (1.0 - 4.0)1.5 (0.7 - 3.1)Sold and died up to 60 DIM

0.286.9 (4.8 - 9.8)8.4 (6.0 - 11.6)Sold and died up to 150 DIM

Same or a slightly smaller proportion of cows 
with HD detected with a program that 
prioritized AHM systems alerts

Perez et al., 2023 JDS:106:9474-9493

Combining AHM with some level of traditional health 
monitoring might be necessary for some herds

MOST but NOT ALL cows with health disorders 
might be identified with AHM systems
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1 1

-
10

0 10 ± 3 17 ± 3

Calving
AHMS
Tags

Baseline data Collection AHMS + minimallydisruptive observation(e.g., visual)

Combining AHMS with traditional health monitoring 
to avoid missing cows of interest

Uterine health 
examination

ID cows not detected 
by AHMS

Determine pattern of DZ occurrence
at dairy

Metritis 
Example

Command: EGRAPH METR:0 
FOR LACT>0\T30

Potential value of AHMS varies largely 
for different farms

Farms with little-to-no 
intervention and not well-defined 

programs

Accurate and timely identification 
of “more” cows of interest 

Improved diagnosis

Farms with intensive 
and systematic monitoring

programs

Reduce labor needs & cow 
manipulation at same level of 

detection

Generate list through AHMS data – List generated
COMPLETELY based on AHMS data

ID PEN LACT DIM EVT EDAT REM MAVG MTOT RUM ACT BTEMP ALERT

40 9 6 8 TREAT 9/17/2009 IMR1#2.7 82 105 386 384 104 NOCHECK

679 9 5 5 TREAT 3/3/2011 CAPUMP 48 71 355 463 101 NOCHECK

759 9 5 10 COM 3/13/2013 PROP1.0 55 76 415 398 104 CHECK

1538 9 5 4 RESULT 8/31/2016 B#.6 28 45 394 496 104 NOCHECK

CK

ECK 

ECK 

CK 

CK

CK

CK

CK

ALERTBTEMPACTRUMMTOTMAVGREMEDATEVTDIMLACTPENID

CHECK1014653785946BS6/28/2016FRESH8181958

CHECK1024944235946EXN5#303/21/2010MET5698681

CHECK1043702704931CAPUMP10/24/2010TREAT5598999

CHECK1024024317038HR7/14/2011FRESH4599395
CHECK10446035180

45
77
32

EXN5#20 
EXN2#20

7/26/2011
8/31/2016

FOOTROT 
TREAT

9
9

5
4

9
9

9418
1617 NOCHECK104328344

NOCHECK1024365798257HR8/31/2016FRESH6391747

CHE1015875175035CAPUMP8/31/2016TREAT7291860

NOCH1023603514641IMR1#2.76/28/2016TREAT6181956

NOCH1043113275947BS6/28/2016FRESH10181957

CHE1014653785946BS6/28/2016FRESH8181958

CHE1024944235946EXN5#303/21/2010MET5698681

CHE1043702704931CAPUMP10/24/2010TREAT5598999

CHE1024024317038HR7/14/2011FRESH4599395
CHE1044603518077EXN5#207/26/2011FOOTROT9599418

Potential strategies for AHMS use vary by farm
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1 2

Did not account for labor required to replace collars

Perez et al., (unpublished)

Diff.TRTCONItem

2416 (4-22)40 (20-66)Cows checked per day

088Cows treated per day

02.922.92Time spent per cow per day (min)

8,7605,84014,600Cows checked per year

426284711Hours checking cows per year per wkr

~1,840 milking
~2,450 calvings/yr

AHMS may help reduce labor 
needs and cow manipulation

Potential value of AHMS varies largely 
for different farms

Farms with little-to-no 
intervention and not well-defined 

programs

Accurate and timely identification 
of “more” cows of interest 

Improved diagnosis

Farms with intensive 
and systematic monitoring

programs

Reduce labor needs & cow 
manipulation at same level of 

detection
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1 3

Compared
Rial et al. JDS 2024 (In Press)

vs.

Health index score < 86 AU, or daily rumination < 250, or milk reduction > 20%

Visual observationVO (n = 597)

AHM (n = 607)

Same clinical examination procedures were conducted to both groups

AHM and 
VO groups 
managed 
equally

Neck-tag 
attached

Cows in the AHM group were more likely to be 
selected for clinical examination

P-value
AHM 

(n = 607)
VO

(n = 597)Outcome

< 0.00162 ± 2.830 ± 2.5Cows examined, %

< 0.0012.1 ± 0.51.4 ± 0.6Times examined

Cows 
selected per 

day: 15.5 ± 3.5

Cows 
selected per 
day: 5.3 ± 2.5

Rial et al. 2024 JDS (In Press)

P-valueDiff.

AHM
(n = 602)

VO
(n = 595)From 3 to 21 DIM

< 0.001+1435 ± 2.921 ± 2.5Cows with HD, %

< 0.001+926 ± 1.917 ± 2.2Cows treated, %

0.02+516 ± 2.111 ± 1.7Cows in hospital, %

< 0.001+159436 ± 3.4277 ± 4.7
Number of cow-days in 
hospital, d

Rial et al. 2024 JDS (In Press)
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1 4

Cows in the AHM group produced more milk 
during the first 21 DIM

No health disorders
diagnosed

Health disorders 
diagnosed

Rial et al. 2024 JDS (In Press)

+1.5 kg per cow per day 
x AHM group

+28 kg per cow for
21 DIM x AHM

P-value
Milk

(LSM ± SEM)Group

0.002
494 ± 12AHM

VO 522 ± 11

Cows in the AHM group had more rumination time 
during the first 21 DIM

P-valueEstimateGroup

464 ± 4aAHM NCHD

462 ± 4a
VO NCHD

0.01
398 ± 5bAHM CHD

372 ± 6cVO CHD

Rial et al. 2024 JDS (In Press)

No effect of treatment on milk yield from 22 to 
100 DIM

Differences only 
between CHD and 

NCHD groups across 
treatments

Rial et al. 2024 JDS (In Press)
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1 5

Some effects of treatment group on herd exit

P-value
AHM

(n = 607)

VO
(n = 597)Outcome, %

Treatment

1 to 21 DIM

22 to 100 DIM

1 to 100 DIM

12

9

22

10

7

18

0.54

0.26

0.22

1 to 21 DIM

22 to 100 DIM

1 to 100 DIM

1.7

2.6

2.5

2.3

1.5

2.6

0.31

0.28

0.82

1 to 21 DIM

22 to 100 DIM

1 to 100 DIM

6

8

15

3

7

10

0.06

0.48

0.12

Left 
herd

Died

Sold

Rial et al. 2024 JDS (In Press)

No effect of treatments on
P/AI at first service

Rial et al. 2024 JDS (In Press)

P-valueEstimateGroup

0.21
6.8 ± 1.5AHM

9.6 ± 1.5VOPregnancy loss

Conclusions
More cows in the AHM group were identified with health disorders 

Cows in the AHM group had greater milk yield in the first 21 DIM 

Some differences observed in the herd exit dynamic

…… PROFITABILITY?

More cows examined -----------------------

More cows treated ---------------------------

Automated monitoring systems ---------

More milk for cows in AHM group -----

LABOR COST ?

LABOR AND TREATMENT COST ? 

AMS COST ?

Income ?

Rial et al. 2024 (Unpublished)
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Compared
vs.

Rial et al. (unpublished)

This Photo by Unknown Author is licensed under CC BY-NC

This Photo by Unknown Author is licensed under CC BY-NC

Cows in the AHM group had 
greater expenses

VO
Cost

AHM
Cost

+ 2.2 (P < 0.001) + 4 (P < 0.001)

Treatment 
cost

Health monitoring 
(sensor + labor cost)

+ 14 (P = 0.91)

Replacement cost 
(rearing value)
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Cows in the AHM group had greater income over feed 
cost and cash flow for cows that stayed in the herd

Economic benefit for 
AHM for 21 DIM was 

offset thereafter

Still positive but not 
statistically significant139 127

1,048 1,042

1,189 1,179
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P = 0.007 P = 0.48P = 0.64

AHM VO

2 to 21 DIM

AHM VO

22 to 100 DIM

AHM VO

2 to 100 DIM

+12

+6

+10

570 564

536 526 536 526

No difference in cash flow for cows that 
exited the herd

No overall difference 
but slightly greater 
cost for AHM could 
offset gain for cows 

that stayed

P-
value

Diff
.

AHMVO

(n = 32)(n = 31)
2 to 21 DIM
($/cow)

0.97119-1289 ± 146-1170 ± 128
CF – RPC
rearing

0.3788-197 ± 76-109 ± 67
CF – RPC
market

(n = 34)(n = 38)
22 to 100 DIM
($/cow)

0.756-642 ± 142-636 ± 140
CF – RPC
rearing

0.976-47 ± 143-41 ± 140
CF – RPC
market

Summary for cash flow of AHM vs VO
Cows in AHM group had greater (numerical) cash flow to 100 DIM 

compared with the VO group – effect only for up to 21 DIM

Despite greater expenses associated with greater labor, sensor
and treatment cost, enhanced milk yield was sufficient to cause
greater IOFC and consequently cash flow

Outcomes may change if the use of AHMS to select cows for 
clinical examination is compared with more intense health 
monitoring programs

DID NOT account for any other uses of automated monitoring
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Sensitivity Specificity

If specificity of AHM systems
alerts is low, a lot of healthy
cows are added to the list of
cows for clinical examination

NOCHECK

NOCHECK 

CHECK 

NOCHECK

NOCHECK

NOCHECK 

CHECK 

NOCHECK 

NOCHECK

ALERTBTEMPACTRUMMTOTMAVGREMEDATEVTDIMLACTPENID

CHECK10438438610582IMR1#2.79/17/2009TREAT86940

CHECK1014633557148CAPUMP3/3/2011TREAT559679

CHECK
1043984157655PROP1.03/13/2013COM1059759

CHECK
1044963944528B#.68/31/2016RESULT4591538

CHECK
1043283444532EXN2#208/31/2016TREAT9491617

CHECK
1024365798257HR8/31/2016FRESH6391747

CHECK
1015875175035CAPUMP8/31/2016TREAT7291860

CHECK

CHECK1023603514641IMR1#2.76/28/2016TREAT6181956

CHECK1043113275947BS6/28/2016FRESH10181957

CHECK1014653785946BS6/28/2016FRESH8181958

CHECK1024944235946EXN5#303/21/2010MET5698681

CHECK1043702704931CAPUMP10/24/2010TREAT5598999

CHECK1024024317038HR7/14/2011FRESH4599395

CHECK1044603518077EXN5#207/26/2011FOOTROT9599418

Specificity is also relevant but we know 
less about

Unnecessary work and 
cow disruption!!!

Cows in the AHM group were more likely to be 
selected for clinical examination and diagnosed 
with a disorder

P-value
AHM 

(n = 607)
VO

(n = 597)Outcome, %

< 0.0016230Cows 
examined

< 0.0013521Clinical 
health 
disorder

VO = 66% cows diagnosed 
with disorder / cows 
examined

AHM = 46% cows 
diagnosed with disorder / 
cows examined

Rial et al. 2024 JDS (In Press)

Type of alert and clinical diagnosis outcomes

25.7

69.7

57.1
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Type of alert

Group: P < 0.001

A

A

B

Lower proportion of cows 
with Alert and NCHD when 
the cow is selected for 
clinical examination based 
on both (his<86 and 
RUM<250)

Rial et al. 2024 (Unpublished)

n = 120 n = 100 n = 147
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No Alert +
No clinical disease

Alerts +
No clinical disease

Alerts +
Clinical disease

False positives 
or no evident 

health 
disorder?
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Group: P < 0.001 
Day: P < 0.001
Group x Day: P < 0.001

*
#

+

*NoAlert-NCHD different from Alert-NCHD
#NoAlert-NCHD different from Alert-CHD
+Alert-CHD different from Alert-NCHD

No Alert +
No clinical disease 

(n = 235)

Alerts +
No clinical disease

(n = 199)

Alerts +
Clinical disease 

(n = 168)
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Days in milk

Rial et al. 2024 (Unpublished)
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Group: P < 0.001
Day: P < 0.001
Group x Day: P < 0.001

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Days in milk

#

*

+Milk

Rial et al. 2024 (Unpublished)

*NoAlert-NCHD different from Alert-NCHD
#NoAlert-NCHD different from Alert-CHD
+Alert-CHD different from Alert-NCHD

No Alert +
No clinical disease 

(n = 235)

Alerts +
No clinical disease

(n = 199)

Alerts +
Clinical disease 

(n = 168)
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No Alert +
No clinical disease

Alerts +
No clinical disease

Alerts +
Clinical disease

1. Exploring root cause of 
alerts and NO clinical 
condition

2. Interventions to prevent 
clinical conditions or 
mitigate effects on 
performance

Automated health monitoring 
systems can help with herd 
health monitoring and 
management

Potential value of AHMS varies largely
for different farms

Farms with little-to-no 
intervention and not well-defined 

programs

Accurate and timely identification 
of “more” cows of interest 

Improved diagnosis

Farms with intensive 
and systematic monitoring

programs

Reduce labor needs & cow 
manipulation at same level of 

detection

Everything in 
between…large 

variation for 
AHMS use and 

value

Effort to find cowswith 
health disorders
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Cornell Agricultural Systems 
Testbed and Demonstration Site 

(CAST) for the Farm of the Future

Find us here

Thanks!
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Monitoring Nutrition: Old 
Classics and New Tech

Kirby Krogstad
Assistant Professor

Jason Hartschuh
Extension Specialist
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What is on the agenda?

My Goals when monitoring a Nutrition Program

Review “The Classics”

Using New Technology 

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
3

1. Quality Control
2. Personnel Accountability
3. Setting Transparent & 

Achievable Goals
4. Updating Benchmarks

My goals for nutritional Monitoring?

1

2

3
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I move up or down this as a ladder

Focus on 1 or 2 goals at a time

1. Quality Control

2. Personnel Accountability

3. Set Transparent Goals

4. Update Benchmarks

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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The Classics for Nutrition Monitoring

Body 
Condition

Milk 
Composition

Feed Efficiency 
(Raw and 
Adjusted)

Fecal Scores Fecal Starch
Penn State 

Particle 
Separator

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Body Condition Score

Recommended BCSStage of 
Lactation

3.00 (Lose ~0.25 units of BCS)Fresh Cow 
(~30 DIM)

3.00@ 1st

Breeding
3.25-3.50@ Dry off

3.25-3.50@ calving

4

5

6



1/4/2025

3

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
7

Thin cows = problems

P-
valueCullingBCS

<0.012.19 (1.50-3.20)
LOW 
(<2.75; n = 169)

-REF

MID
(2.75≤X<3.25; 
n = 564)

0.010.56 (0.35-0.87)
HIGH 
(≥3.25; n = 223)

Krogstad and Bradford, Accepted

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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What are the Top OH Herds Doing?
Milk Composition: Stay up to Date!

Jersey (Top 15% of JE Herds)Holstein (Top 15 % of OH herds)Item

6595Test day milk

5.44.3Test day fat %

3.83.2Test day protein %

183141Test day SCC

https://www.drms.org/Reports-Data-Tools/DairyMetrics

Shoot for >7.2 lbs of 
Solids/cow/d

Shoot for >6 lbs of 
Solids/cow/d

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
9

Component Ratios Matter

Fat:Protein ~ 1.3-1.4

Protein:Fat ~ 0.7-0.8

If outside of range, you may be missing on 
opportunities for more component production

7

8
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Shoot for 10-12 mg/dL
Milk Urea Nitrogen

Too High

Excess RDP?
Inadequate 
fermentable 

CHO?

Too Low?

Inadequate 
RDP?

Excess 
fermentable 

CHO?

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
11

• Calculation: Adj FE = FE ×
CF

• Determine CF
• Adj FE

Deviation  = 167-150 * 0.001 
= 0.017

CF = 1+0.017 = 1.017

Adjusted

• Calculation: FE = ECM/DMI

Unadjusted

Feed Efficiency

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
12

Recommended FE benchmarks
Current OSU, adj 
FE

Current OSU 
Dairy (FE)

Recommended 
Adj FE

Recommended FEGroup

1.831.731.7-1.81.7-1.8High mature 
cows

1.661.701.6-1.71.6-1.7High group, 1st

Lactation
1.451.26>1.5>1.4Low group, all 

parity
-->1.6>1.5Whole herd, 1 

group TMR

Adapted from Hutjens

10
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Fecal Score?
1 2 3

4 5

Lactating cows Dry Cows

Dry Cows

Fresh cows

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
14

Fecal starch reflects Total Starch Digested

Fecal starch – don’t waste corn!

↑ 1 fecal starch 
= ↓1.25  starch 

digestibility

Goal?
<2.5 % Fecal 

Starch!

Fredin, S. M., L. F. Ferraretto, M. S. Akins, P. C. Hoffman, and R. D. Shaver. 2014. J. Dairy Sci. 97(3):1862-1871. 10.3168/jds.2013-7395

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Penn State Particle 
Separator

13

14

15
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Deliver a consistent mix!
Use of PSPS to monitor within bunk consistency!

Goal: Less than 5% CV for middle, bottom, and pan of PSPS

1

2

37

53

12

28

6

50

14

30

2

43
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Evaluate sorting?

6

34
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50

23
27

12

38
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60

19 8 4 Pan

Diet

Orts

What is this cow doing?

Fat % = 3.6
Protein % = 3.4

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
18

1. Shake out diets 
immediately after 
delivery

2. Shake out the refusals 
the next morning

3. Compare the particle 
size distributions

How to evaluate sorting?
% of TMRLayer

2-519 mm

>508 mm

10-204 mm

25-30Pan

Grant, R. J. and K. W. Cotanch. 2023. Applied Animal Science 39(3):146-155. https://doi.org/10.15232/aas.2022-02371

16

17

18



1/4/2025

7

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
19

The “New Tech” For Monitoring 
Nutrition

TMR 
Software Cameras Rumination 

Monitors

Rumen 
Boluses

Equipment 
monitors

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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1. Track Inventory
2. Monitor mixing accuracy 

per batch
3. Monitor mixing accuracy 

per ingredient
4. Monitor mixing accuracy 

per user

USE THEM TO THEIR FULL VALUE!
TMR Software

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Goals:

1. Overall Accuracy: >98%

2. <1.5% deviation on Corn 
Silage

3. <5% deviation on dry forage 
(especially at low inclusions)

4. <1% on premixes, VTM, $$ 
ingredients

Monitor Mix Accuracy
7.7

5.9

1.9

0.3

1.4

6.6

3.4

Alfalfa
Hay DC

Alfalfa
Hay MC

#1

Corn
Flaked

Corn
Silage

2023 BMR

Corn
Silage
2023
Conv

Molasses
Heifer -

307

Wheat
Straw

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0
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3.27

0.46

10.53

5.04

1.57
1.08 0.69

1.35
2.16

1.51
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0.77 0.43 0.13
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THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Italian Study with Constant Moisture Correction

• Feed costs were $0.09 per cow per day less 

• Milk production was 5.6 pounds more per cow per 
day (65.9 vs. 71.5 pounds/cow per day) 

• 400-cow dairy at $18/cwt would result in 
approximately $147,168 of increased revenue

• $13,140 savings in feed cost per year.

Daily Corn silage moisture variation

On-Loader silage moisture analysis

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
24

Barn Cameras – what for?

MONITOR DELIVERY TIMES MONITOR FEED PUSH UP 
TIMES

MONITOR COW BEHAVIOR

22

23

24
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• Poor feed distribution
• Feed pushup 

procedure?
• Feed amount? 
• Refusal Target?
• Eating behavior

Image provided by 
Don Martell

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Monitor rumination 
and eating behavior

• Holsteins > 600 min/d 
(collars)
• Jerseys > 500 min/d 
(collars)
• Variance farm-to-farm 
and tech-to-tech

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
27

• Monitors…
• Rumination
• Rumen temperature
• Activity
• Water intake
• Rumen pH (only 90-

120 d of data)

• Small versions for 
calves, sheep, goat

Rumen Bolus monitoring?

Pros

•Intuitive
•“Actual” 

rumination

Cons

•Costly
•Single use

25
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Watch for Changes!

LOW Fresh High CU High

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Use of pH Monitoring?

Amplitude, Time <5.8, mean pH

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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• Ration change made 
Friday 12-6

• Ruminations 
dropped fast!

• Milk drop by 
Monday. 

Large Herd 
Example

Rumination preceded production 
changes.

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Don’t Forget about the Calves!
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Rumination
Weaning 

Once daily 
milk
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Activity spikes before fever in group-housed calves as they want to be 
left alone, so they move away when approached by other calves 

Activity depends on housing
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• Equipment Monitoring 
allows for tracking….
• When equipment ran
• Who ran it
• How long it ran
• Where it ran

Equipment Monitoring

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
42

App monitors use, path, time, and users of the equipment
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AI changed Dairy 
once and it’s 
changing it again 
this time with 
sensors, not semen

Sensors tell us a group of problems 
may be present, and people find the 
problem and correct it!!
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The Next Chapter of Rumen 
Health

Kirby Krogstad
Assistant Professor
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What is on the agenda?

Dairy cow gut anatomy and 
functions

What we know about 
“rumen health”

What were working on at 
OSU

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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The gut has 2 major functions

ProtectionTransport

1

2

3
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The rumen is like an onion – it has 
layers

Steele, et al. 2016 J. Dairy Sci. 99:(6): 4955-4966.
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Acidosis damages the rumen and result in 
inflammation

Steele, et al. 2011 American Journal of Physiology-Regulatory, Integrative and Comparative Physiology 300:(6): R1515-R1523.

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
6

Its not much….

Current Understanding of 
Rumen Health

4

5
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Grain Challenges reduce ruminal pH
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Mean pH AUC < 5.6 AUC < 6.0

Khafipour, E., D. O. Krause, and J. C. Plaizier. 2009. J. Dairy Sci. 92(3):1060-1070. https://doi.org/10.3168/jds.2008-1389
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• Reduced fiber digestibility
• Alteration in microbiome
• Altered volatile fatty acid 

profile
• Increase in LPS and -

amine compounds

Reduced pH associated with….
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Plaizier, J. C., J. E. Keunen, J. P. Walton, T. F. Duffield, and B. W. McBride. 2001. Canadian Journal of Animal Science 81(3):421-423. 10.4141/A00-106; Plaizier, J. C., F. J. Mulligan, E. W. Neville, L. L. Guan, M. A. 
Steele, and G. B. Penner. 2022. J. Dairy Sci. 105(9):7141-7160. 10.3168/jds.2022-21960
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Thresholds for “SARA”?

Rumen pH < 5.6 for 3 h/d

Rumen pH < 5.8-6 for 5 h/d

Zebeli, Q., J. Dijkstra, M. Tafaj, H. Steingass, B. N. Ametaj, and W. Drochner. 2008. J. Dairy Sci. 91(5):2046-2066. https://doi.org/10.3168/jds.2007-0572; Plaizier, J. C., D. 
O. Krause, G. N. Gozho, and B. W. McBride. 2008. Vet. J. 176(1):21-31. https://doi.org/10.1016/j.tvjl.2007.12.016
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Increased grain related to…

Increase plasma Hp 

Increased SAA
…..at 45% of diet as concentrates

Zebeli, Q., B. U. Metzler-Zebeli, and B. N. Ametaj. 2012. J. Dairy Sci. 95(5):2662-2672. 10.3168/jds.2011-5080

Is acidosis related to 
inflammation?

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Different ways 
to  cause 
acidosis

What about 
inflammation?

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Grain acidosis 
caused 

inflammationWHY?
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Grain acidosis ↑ E. coli 
abundance in the rumen
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Acidosis challenges increased E.coli in the hindgut

Plaizier et al., 2017 Front. Micr. 7:1-12
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Know very little about 
tissue- adhered flora 

(“epimural
microbiome”)
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Control Diet (50% Forage, 26% Starch)

Week 1 to Week 5

SARA Diet (40% 
Forage, 33% 

Starch)

Week 6

Grain challenge: sudden increase in starch

8% Alfalfa 
pellets

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

0% Alfalfa 
pellets

16% Alfalfa 
pellets

24% Alfalfa 
pellets

32% Alfalfa 
pellets

40% Alfalfa 
pellets

Alfalfa pellet challenge: steady increase in pellets over 6 
weeks

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Gott, et al. 2015 J. Dairy Sci. 98:(3): 1786-1796

CONTROL: 24% Starch

HS: 28% Starch

Acidosis: starch increased to 
32%

Day of Study

D
ie

ta
ry
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ta
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h 
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nc

en
tr

at
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n

Abrupt diet change may increase risk of inflammation
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Ruminal acidosis 
reduces VFA 

absorption rate in 
the rumen.
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Starch does not consistently alter systemic 
inflammation

Krogstad and Bradford 2023 JDS Communications 4:(1): 14-18

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER

Starch Can Drive Milk and Protein Yield
45.8 47.1
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Boerman, J. P., S. B. Potts, M. J. VandeHaar, and A. L. Lock. 2015. J. Dairy Sci. 98(10):7264-7276. 10.3168/jds.2015-9467
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Krogstad and Bradford 2023 JDS Communications 4:(1): 14-18
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Find the optimum concentration!

Pe
rf

or
m

an
ce

Ingredient or Nutrient

Missing out on milk 
production

Milk fat depression, 
acidosis (inflammation?)
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What Were Working on at 
OSU?!!
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What did we observe?
Treatment

Item, % DM unless 
otherwise stated

SARACON
SDMeanSDMean

3.6150.10.5744.2DM, % as is
1.1328.31.2030.9aNDFom
1.3716.41.8823.6fNDF, % DM
2.1932.20.1426.6Starch
1.2016.30.7816.7CP
0.377.30.448.3Ash

Particle size2, % as is
1.204.32.397.719 mm sieve
0.9851.50.4361.68 mm sieve
0.2244.31.9630.7Pan

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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↑Starch = ↑Feed intake and Milk yield 

24.9

31.3

27

32.6
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/d CON
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P < 0.01

P = 0.06

Krogstad et al., unpublished
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Acidosis = Inflammation?
P = 0.01 P = 0.24

Krogstad et al., unpublished

P = 0.04
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Inflammation in the rumen tissue?

IL1B IL10 IL17B IL22 TNFA
CON 1 1 1 1 1
SARA 0.1 7.32 6.11 1.31 1.26
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P = 0.09

Driven by 2-3 cows. 
Substantial cow-cow 

variation. 
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Switch from Corn Wheat and Barley

What happens to the Rumen?

26% Starch with Corn 32% Starch with Barley and Wheat

Krogstad et al., Unpublished

Corneum 
thinned by 

31%

Innermost 
layer ↑

29

30
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What would drive inflammatory signals?

Funded by USDA AFRI EWD Award #2022-11331; Supported by USDA Equipment Grants #2022-70410-38419Krogstad et al., unpublished

• Immune cells?
• Epithelial 

cells?
• Other cells or 

signals?
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How much starch can we feed in low-forage diets?

Next question: Low Forage Diets?

High (~30% Starch)Mid (~25% Starch)Low (~20% Starch)Item, % DM

28%33%37%aNDFom

12.6%12.6%12.6%fNDF

33%28%23%Starch

15.916.116.3CP

4.84.54.3FA

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Low Starch = ↑ Milk Yield
QuadraticLinearSEMHS (30%)MS (25%)LS (20%)Item

DMI, kg/d

0.150.523.0149.947.448.9Milk yield, kg/d

0.200.030. 3133.343.723.93Milk fat, %

0.060.040.0871.631.551.91Milk fat yield, 
kg/d

0.900.070.1243.233.353.45Milk protein, %

0.150.160.0711.601.581.67Milk protein 
yield, kg/d

0.050.081.6348.947.052.8ECM, kg/d

32
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T Cells are γδ (Regulatory?)
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The Next Chapter of Rumen Health?

Role of ruminal immune cells?

Signals to maintain rumen wall?

Dietary constraints?

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER
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Bonus: What about 
Rumen Health after 

calving?

35
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Rumen changes 
across the transition 

period

Steele et al., 2015 J. Dairy Sci. 98:2583-2595
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Fiber during fresh period? 

38%↓

Engelking, L. E. and M. Oba. 2024. J. Dairy Sci. 10.3168/jds.2023-23670

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES (CFAES) WOOSTER

• Kerwin et al. 2023 
observed associations for 
postpartum starch content 
with....

• Postpartum BHB: HS = less 
high BHB cows

• Postpartum Hp: HS = more high 
Hp primiparous cows

• Preganancy: HS = greater 
pregnancy risk in primiparous 
cows

Postpartum starch concentrations associated with BHB 
and Hp

Association ≠ Causation

38
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Take homes!

Most of what we know is from 
extreme examples

Know little beyond pH 
thresholds

Rumen wall is dynamic with 
different cell types

Assistant Professor of 
Dairy Nutrition
Wooster, OH

Email: 
krogstad.6@osu.edu
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earliest possible disease detection

precise heat detection & calving alerts

optimized feeding

Thanks to unique bolus 
technology and precise data 
from inside you benefi t from:

CONTACT 
US TODAY & 
LEARN MORE!

T +1 (608) 817-6160 
E info@smaXtec.com

THE HEALTH SYSTEM 
that future-proofs your dairy farm.

For more profi tability 
AND a healthier herd!



In the race to treat
BRD, speed wins.
Pradalex, a fi rst-of-its-kind antibiotic, reaches peak concentration within 45 minutes 
and starts killing BRD bacteria within 5 minutes on contact.1 While targeting two DNA 
replication sites, Pradalex hits BRD with 3x the power in less than half the time.1,2

Faster recovery. Less stress3.
Everyone wins with Pradalex.

Beat BRD with Pradalex

1Elanco Animal Health. Data on File.
2 Blondeau, J.M.; Fitch, S.D. Comparative In Vitro Killing by Pradofloxacin in Comparison to Ce�tiofur, Enrofloxacin, Florfenicol, Marbofloxacin, Tildipirosin, 
Tilmicosin and Tulathromycin against Bovine Respiratory Bacterial Pathogens. Microorganisms 2024, 12

3Elanco Animal Health. Data on File.

IMPORTANT SAFETY INFORMATION
Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian. Not for use in humans. Keep out of reach of children. Avoid contact 
with eyes and skin. Individuals with a history of hypersensitivity to quinolones should avoid this product. Not for use in animals intended for breeding greater 
than 1 year of age because the e� ects of Pradalex on bovine reproductive performance, pregnancy, and lactation have not been determined. Not for use 
in beef and dairy calves less than 2 months of age, and veal calves; a withdrawal period has not been established for this product in pre-ruminating calves. 
Quinolones should be used with caution in animals with known or suspected central nervous system (CNS) disorders. Mild to moderate infl ammatory 
changes of the injection site may be seen in cattle treated with Pradalex. See package insert for additional safety information.

Pradalex, Elanco and the diagonal bar logo are trademarks of Elanco or its a�  liates.
©2024 Elanco. PM-US-24-1407(2)

Right for cattle. Right by you.



For inquiries and questions contact:  
customerservice.us@denkavit.com or call 315-604-4400

DENKAMILK

Complete line of 
high quality milk 
replacers

∙	� Extensive on farm support 
∙	� Consistent formulation 
∙	� Science-based products
∙	� Excellent palatability and 

mixability
∙	� 90+ years of experience 

in young animal nutrition

W W W. D E N K AV I T. C O M

AUBURN, 

NEW YORK 
M

ANUFACTURED IN



SOLUTIONS
FOR YOUR 
HERD

EXPANDED 
EVERY STAGE. EVERY OPERATION.

DG100324GLB-R0124 ©2024 Phibro Animal Health 
Corporation. Phibro, Phibro logo design and Healthy 
Animals. Healthy Food. Healthy World. are trademarks  
of Phibro Animal Health Corporation or its affiliates.

In any stage, from birth through lactation,  
our portfolio of products and services offers 
comprehensive solutions for any operation. Our 
portfolio provides the tools you need to help protect 
the health of your herd and optimize performance. 

Learn more about our  
expanded portfolio.

 Medicated Feed Additives
 Mineral Nutrition
 Nutritional Specialty Products
 Vaccines
 Water-Solubles

We’re proud to offer expanded Medicated 
Feed Additives and Water-Soluble solutions 
combined with our trusted offerings:



 
 Scott Bauerbach 

Outside Sales Representative 

 
Nutritional 

Products 

 

Supplements 

 

Laboratory 

Equipment 

 

Diagnostics 



ODV25

10.  #1 SOURCE FOR ALL YOUR LIVESTOCK PRODUCTS 
RIGHT HERE IN OHIO

1.	 KNOWLEDGEABLE, FRIENDLY STAFF  
	 who can help you find exactly what you need.

2.	 GREAT LOW PRICES!
3.	 WIDE SELECTION  
	 of livestock & equine health products and supplies – vaccines, dewormers,  
	 ear tags, supportives, instruments, fly control and pet products too.

4.	 ORDER TODAY 4pm ET M-F, SHIPPED TODAY
5.	 PERSONAL SERVICE & FEATURED DAIRY HEALTH ITEMS 
	 in our Booth January 9, 2025. Come see us!

6.	 5 CONVENIENT OHIO STORE LOCATIONS

7.	 EASY ONLINE ORDERING  
	 at pbsanimalhealth.com or call 800-321-0235 
	 Online catalog or request printed catalog

8.	 SAVE ON LIVESTOCK PRESCRIPTIONS 	  
	 Prescription fulfillment service is available with shipment from our Massillon  
	 warehouse right to the farm! Rx required. Ask for details.

9. 	 YOU ARE PRIORITY #1 WITH PBS ANIMAL HEALTH  
	 We are here to help and are eager to serve you!

10  
GREAT REASONS

TO DISCOVER

St. Henry
Wooster

Massillon

Circleville

Wilmington

2780 Richville Dr. SE 
Massillon, OH 44646 
Phone 330-834-9252 
Also home of our 82,000  
sq ft Warehouse/Distribution 
Center and Corporate Offices. 
Call for a tour!

23507 U.S.R. 23 South  
Circleville, OH 43113 
Phone 740-474-7394

3188 Lincoln Way East 
Wooster, OH 44691 
Phone 330-262-1596

2721 Progress Way 
Wilmington, OH 45177 
Phone 937-382-4572

2029 U.S.R. 127  
St. Henry, OH 45883 
Phone 419-925-8800

Shop  
our store  
nearest 

you!

 



®ProfitSOURCE, NxGEN and HHP$ are registered trademarks of Select Sires Inc., Plain City, OH. 
CowManager is a registered trademark of Agis Automatsering, Utrecht, Netherlands.

Call your representative to protect your 
herd’s health and your bottom line!

Phone: (614) 878-5333   u   Web: www.ssmcoop.com

Learn more about our genetic lineup, 
product offerings and services by 

scanning the QR code below!



It all comes down
to the milk.

Your Milk Can Be More. 
Milk is the lifeblood of your dairy and its quality is the measure for your success. From genetic 

insights to real-time, on-the-ground expertise, Zoetis offers comprehensive, flexible milk quality 

solutions for your herd. Zoetis can help you get more from your operation, so you can get 

more from your milk.

All trademarks are the property of Zoetis Services LLC or a related company or a licensor unless otherwise noted.  
©2024 Zoetis Services LLC. All rights reserved. GDR-00959

MilkCanBeMore.com





THANK YOU
To the Sponsors of the 2025 Rural Practitioners Social

Ohio Veterinary Medical Association

OSU College of Veterinary Medicine Alumni Society

Udder Tech, Inc.
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