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Current Holstein Record for Milk Production

Selz-Pralle Aftershock 3918

Selz-Pralle Dairy, Humbird, WI

78,170 lbs of milk* 

3,094 lbs fat (4.0%)

2,393 lbs protein (3.1%)

365 d lactation

*3-times average US cow

“3918 is a solid, hardworking, ‘blue collar’ Holstein cow who lives in a free stall barn and likes to be left 
alone. She is the perfect cow since she causes no problems, you don’t even know she’s there.”
- Scott Pralle
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How many gallons of milk per day 
(peak lactation)?
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New Record!

Selz-Pralle Aftershock 3918

Selz-Pralle Dairy, Humbird, WI
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The question 

Are high-producing 
dairy cows “stressed” ?
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YES!

But the “stress” is not 
the problem
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Stress, Strain, and Young’s 

Modulus of Elasticity
Image result for thomas young modulus of elasticity

Thomas Young
(1773 – 1829)
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Stress refers to the force applied to a material 
per unit area, while strain is a deformation or 
change in the shape of the material that results 
from the applied force.
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Hans Selye

Father of stress physiology
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What is stress?

What is stress, and how does it affect 

reproduction? 

Hilary Dobson and R. F. Smith

 
Department of Veterinary Clinical Science and Animal Husbandry, 

University of Liverpool, Leahurst, Neston, Wirral, CH64 7TE, UK 

Anim Reprod Sci. 2000 Jul 

2;60-61:743-52. 
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What is stress?
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What is 

stress?



A “Resilient” 

cow is 

stressed but 

she shows 

little strain 

response to 

the stress.
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Stress and Strain (Dairy Example)
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Cow A
Cow B

Cow C
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Why are cows culled (examples of strain)?

Reason for Cull # of Culls

Mastitis 692

Lame 497

"Disease" 450

Reproductive 731

Poor Production 889

Died 653

Average herd Size 1066

Data from 40 
herds

Years: 2017-2021
Data from Dr. Scott Poock (University 
of Missouri Extension)



Stress and Strain

STRESSES

Milk production

Environmental 
Heat and humidity

STRAIN

Metabolic and 
hormonal 
imbalance

MEDIATORS OF STRESS 
ON THE WHOLE ANIMAL

“Disease”
Elevated body 
temperature

Psychological 
• Pens and pen 

moves
• Overcrowding
• Time in 

headlocks

Calving

Activation of the 
HPA axis

Low production

InfertilityInflammation

Lameness

Death

Immune 
dysfunction

Lucy (2019) Anim Reprod 16(3):455–464

Infection

Mastitis



Stress and Strain

To reduce the strain, you need to either:

• Reduce the magnitude of the stress

• Manage the whole animal mediators of the stress
 
 
The extent to which we can do or want to do 
this varies with the individual stressors



Stress (“easy” fixes)

STRESSES

Environmental 
Heat and humidity

STRAIN

MEDIATORS OF STRESS 
ON THE WHOLE ANIMAL

Elevated body 
temperature

Psychological 
• Pens and pen 

moves
• Overcrowding
• Time in 

headlocks

Activation of the 
HPA axis

Lucy (2019) Anim Reprod 16(3):455–464

“Disease”

Low production

Infertility

Lameness

Death

Mastitis



Stress (less “easy” fixes)

STRESSES

Environmental 
Heat and humidity

STRAIN

MEDIATORS OF STRESS 
ON THE WHOLE ANIMAL

Elevated body 
temperature

Psychological 
• Pens and pen 

moves
• Overcrowding
• Time in 

headlocks

Calving

Activation of the 
HPA axis

Inflammation

Lucy (2019) Anim Reprod 16(3):455–464

Infection

“Disease”

Low production

Infertility

Lameness

Death

Mastitis



When do cows 

die on a dairy 

farm?

Shahid et al. (2015) J. Dairy Sci.

Overall, expect 5% 
annual death rate 
on farm.

Most cows die 
within the first 
month of lactation. 

Many cows die 
during week 1.
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Tom Kestell, Ever-Green Holsteins
Dairy Herd Management Photo

“The two 
worst days 
in a cow’s 
life is the 
day she 

calves and 
the day 

you dry her 
off”



Reducing the “stress” at calving

(some examples)

• Managing BCS during late lactation and in the dry 
cow pen

• Feeding diets that reduce the risk of postpartum 
hypocalcemia

• Using X-sorted semen and calving ease sires
 
 



Do everything possible to reduce the incidence of 

postpartum disease, particularly metritis and 

endometritis, after calving

A clean 
environment is 
important and 
should reduce 
the incidence 
of metritis.

Photo: Drost Project 



The deathrate from 
“childbed fever” was 
18% in women 
before doctors 
recognized that they 
should wash their 
hands before 
delivering babies.

1850’s Vienna

Nature (2023): 
620:269



Cleanliness is critical but some stress at calving 

is difficult or beyond our control (for now)

• Inflammation

• Effect of parity

• Where do the “bad guys” really come from?
 
 



Bradford et al. 
(2015) 

J. Dairy Sci. 
98:6631-6650

Systemic inflammation



Endometrium and luminal epithelium - heifer

Lumen

Endometrium

Glands Glands

Blood vessel

Fibroblasts (stroma)

Immune cell

Lucy and Waldron (unpublished photo)



Luminal Epithelium of the bovine uterus at 25 dpp

Immune cells

Stroma

Lucy and Waldron (unpublished photo)



What is 

endometritis 

(inflammation in 

the uterus)



Reparative 
inflammation

and tissue 
regeneration

Michael Karin and Hans Clevers
Nature 2016; 529:307-315



Inflammation



Bradford et al. 
(2015) 

J. Dairy Sci. 
98:6631-6650

Resolution of inflammation



Stroma

Inflammatory memory

Figure 1 from: Naik, S., Fuchs, E. Inflammatory memory and tissue 
adaptation in sickness and in health. Nature 607, 249–255 (2022). 
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Chromatin 

Remodeling

Epigenetic Regulation

DNA Modifications

Hydroxy-

methylation

Methylation 

Histone Modifications

Histone Methylation 

Acetylation

Phosphorylation

Primarily happens 
at CpG sites Hanna et al. Human Reprod Update 2018 
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Partial 

reprogramming 

repairs and 

rejuvenates 

damaged 

tissues.



• Primiparous cows: (Silva et al. Animals (Basel). 2023 Sep 8;13(18):2852)

– 36 cows -> no predisposing factors (RP, still birth, twins)

– Challenge administered within 24h of parturition;
• Control: Sterile saline solution;

• Dose: 106 CFU each of E. coli, T. pyogenes, and F. necrophorum;

• Multiparous cows: (Silva et al. J Dairy Sci. 2023 Jan;106(1):607-623)

– 36 cows -> no predisposing factors (RP, still birth, twins)

– Challenge administered within 24h of parturition;
• Control: Sterile saline solution;

• Dose: 106 CFU each of E. coli, T. pyogenes, and F. necrophorum.

Experimental studies for induction of metritis

Silva and Lucy (2025) JDS Communications 6:362-367.



Resolution of infection 
First calf heifers vs. older cows
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Fusobacterium (abundance first 14 d)

Bacteria - healthy Control - healthy

First calf heifers that stayed healthy
Bacterial challenge: 4 out of 11

Control:  8 out of 12

Silva and Lucy (2025) JDS Communications 6:362-367.

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A
b

u
n

d
an

ce

Day postpartum

Fusobacterium (abundance first 14 d)

Bacteria - healthy Control - healthy

Older cows that stayed healthy
Bacterial challenge: 2 out of 12

Control: 11 out of 12



We are living in interesting times

Aging and 
lifespan in 
dairy cows

The 13-year-old Registered Holstein cow is in her tenth lactation 
and broke the record with her lifetime milk production record of 
478,200 pounds of milk, 14,447 pounds of fat, and 12,576 pounds 
of protein. Chrome-View Charles 3044, owned by Mason’s Chrome 
View farm in Nottingham, PA.



Where do the “bad-guys” come from?

Moraes et al. (2024) Frontiers in 
Microbiology May 15, 2024

Kilama et al. (2025) Microbiology Spectrum 13:1-21.



Bacteria found in liver 

abscesses are also 

those found in cows 

with metritis and are 

believed to come from 

the rumen.

“Of the predominant OTU (top 10 as a 
% of reads), three OTU (Fusobacteria 
necrophorum, Bacteroides spp., and 
Trueperella pyogenes) were shared 
across both abscessed and non-
abscessed livers. Fusobacterium 
necrophorum was the dominant OTU 
regardless of liver score, and the 
single most abundant OTU, even 
among non-abscessed livers.”

Stotz et al. (2021) J. Anim. Sci. 
99(10):1-11.



Nutrition 2.0
Barry Bradford

Michigan State University

Bradford et al. ( 2016) 
J. Dairy Sci. 99:4983–4996

• Control 
inflammation

• Support immune 
function

• Slow down the 
aging process



Stress and Strain

STRESSES

Milk production

Environmental 
Heat and humidity

STRAIN

Metabolic and 
hormonal 
imbalance

MEDIATORS OF STRESS 
ON THE WHOLE ANIMAL

“Disease”
Elevated body 
temperature

Psychological 
• Pens and pen 

moves
• Overcrowding
• Time in 

headlocks

Calving

Activation of the 
HPA axis

Low production

InfertilityInflammation

Lameness

Death

Immune 
dysfunction

Lucy (2019) Anim Reprod 16(3):455–464

Infection

Mastitis



How many lbs of milk per day at peak ?

Holstein Record!

Selz-Pralle Aftershock 3918

Selz-Pralle Dairy

Humbird, WI

~114 kg or 250 lbs



How much glucose per day does 

Selz-Pralle Aftershock 3918 require?

72 g of glucose to produce 1 kg milk
Approximately 115 kg milk per day at peak

8.3 kg glucose per day



And if she gets a case of 

metritis or mastitis?

The acutely activated immune system consumes 
>2 kg of glucose in one day

Kvidera et al. (2017)
J. Dairy Sci. 100:2630-74



Glucose supply and demand: 

Prepartum and early lactation

Overton (2001) 
Western Canadian Dairy Seminar

Division of Animal Sciences

University of Missouri



Lucy et al. (2014) Animal 28:1-9



GH, GHR1A, IGF1, and insulin in 

Postpartum Cows

GH

IGF1

Liver

Hypothalamus
Pituitary

GHR1A

Stimulatory action
Inhibitory  action

Nutrient Partitioning
Milk Production

Milk↓Glucose↓Insulin

↑NEFA
↑BHB
↓BCS



Picture courtesy of Elanco 
Animal Health

Body condition matters

Low BCS = low reproductive rates



Fatty liver leads to inflammation and poor 

performance or death in early lactation cows

Liver

Fatty liver

NEFA Triglycerides
+ Glycerol
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Hoard’s Dairyman 
October 2024



Lucy et al. (2014) Animal 8 Suppl 1:82-90.
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What is endometritis (inflammation in the uterus)?



Known effects on PMN function Postpartum

Glucose ↑ respiratory burst; ↑ chemotaxis; ↑ phagocytosis 

(Chou et al., 2010)

low glucose

Insulin Activates growth factor pathways; ↑ cytokine production;

↑ chemotaxis; ↑ phagocytic activity (Sunahara et al., 2012)

low insulin

IGF1 Cell-survival factor; activation of PI3K (Himpe et al., 2013) low IGF1

BHB Inhibits formation of extracellular traps and inhibits 

bactericidal activity against E. coli. (Grinberg et al., 2008)

high BHB

NEFA ↓ production of reactive oxygen species (ROS) 

(Ster et al., 2012)

high NEFA
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Reducing the “stress” of milk production

(examples)

• Start with a clean, healthy cow in good body condition.
• Ideal barn and stall design.
• Feeding the highest quality diet that is balanced for 

your cow’s nutritional requirements.
• Include feed ingredients that minimize BCS loss, 

stimulate immune function and promote a healthy gut.
• Manage the pen to maximize intake.
 Feed delivery
 Push ups
 Stocking density
 
 



Playing the long game with genetics

Selecting for 
health should 
mitigate the 

strain of 
production



Stroma

Next Generation herd (Teagasc, Ireland)



Genetic selection changes the hormonal 

and metabolic profile of the early postpartum cow

Results from the Next Generation Herd (Teagasc, Moorepark Ireland)

O’Sullivan et al. (2020) J. Dairy Sci. 103:1685-1700. 

EBI

Milk solids (kg/d):     1.70      1.67  (SEM = 0.01) 
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Next Generation Herd (Teagasc, Moorepark Ireland)

O’Sullivan et al. (2020) J. Dairy Sci. 103:1685-1700. 

Survival (four lactations)
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Thank you!
For the latest in dairy 
science research listen to 
Dr. Lucy’s podcast “Dairy 
Digressions”. We do 
science right!

Matt Lucy
Univ. of Missouri
Columbia, MO
USA
lucym@missouri.edu



Let’s continue the conversation.

Contact Us
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