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Tuesday, March 1 
6:30 AM Registration & Breakfast 
8:00 AM Welcome, Robert Hagevoort, PhD; Planning Committee Co-Chair 

8:10 AM World Dairy Outlook, Markets & Trade  
Ben Laine, MS; Dairy Analyst, RaboResearch, Rabobank 

9:00 AM Panel: Beyond robots - effects on cows, people, and performance 
Moderator: Barbara Wadsworth-Jones PhD; Director SW Regional Dairy Center, TSU 
o Results from robotic survey for large dairy producers

Camila Lage PhD; Dairy Management Specialist, Cornell Cooperative Extension
o Producer Perspective

Adam Wolf, Legendairy, Windhorst, TX
Justin Schaffer, Elmegca Farm, Miesville, MN

10:00 AM Break 

10:30 AM Panel:  Impact of federal farm policies on western dairies 
Moderator: Ryan Miltner JD; Partner Miltner Reed LLC 
o Lessons learned from government intervention during the Pandemic

Geoff Vanden Heuvel; Director of Regulatory and Economic Affairs at Milk Producers Council
o Impacts of USDA pandemic assistance programs on Western Dairies

Scott Brown PhD; Director CAFNR, University of Missouri
o As the industry continues to consolidate, thoughts on the new Farm Bill

Jeremy Witte; Professional Staff, Senate Ag Committee
o Panel Discussion

12:00 PM Lunch 

1:00 PM Corn Silage: Seed to Feed - Top 10 Take Home Messages 
Bill Mahanna, PhD; Global Nutritional Sciences Manager, Pioneer 

1:40 PM 
Uncovering Hidden or Under Recognized Feed Cost & Margin Opportunities on Your Dairy Farm 
John Goeser, PhD; Director Rock River Laboratory, Adjunct Assistant Professor University of 
Wisconsin Madison, Cows Agree Consulting 

2:20 PM Nutrigenomics – Impacts on Immunity, Health & Well Being 
Mario Vailati Riboni, PhD; Technical Service Specialist, Diamond V 

3:00 PM Break 

3:30 PM Improving Efficiency through Monitoring Technology and Data Insights 
Luis Mendonça, DVM; Ruminant Technical Services, Merck  

4:10 PM Panel:  Beef on Dairy: "Uteri for Rent" - Semen or ET in hot climates? 
Moderator: Paul Fricke, PhD; Professor and Extension Specialist, University of Wisconsin Madison 
o Opportunities and Challenges with ET and IVF vs AI

Jeremy Howard, Sr. Sales Manager, J.R. Simplot Company
o Producer Perspective

Leo Ruijne, Owner, United Ag, LLC, Plainview, TX
Luis Davalos, General Manager, Corrales Dairy, Roswell, NM

5:15-6:45PM Reception 

          March 1 & 2, 2022 

 2022 High Plains Dairy Conference 
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Wednesday, March 2
6:30 AM Registration & Breakfast 

8:00 AM In a tier pricing system: Feeding & Managing for Milk Components 
Kevin Harvatine, PhD; Professor of Nutritional Physiology, Penn State University 

8:40 AM Panel: Determining Tools & Metrics towards Carbon Neutrality for Western Dairies 
Moderator: Rick Naerebout, CEO Idaho Dairymen’s Association  

9:00 AM o Monetizing manure projects: where to begin?
Mark Stoermann, CEO Newtrient

10:00 AM Break 

10:30 AM 
o Panel continued: Digester Due Diligence for Dairy Producers

David Claiborne; Attorney and Partner at Sawtooth Law, Boise ID
o Q & A with Panel Members

12:00 PM Lunch 

1:00 PM Carbon Credits in Ag: can carbon be an actual source of income in Ag? 
Joe Outlaw, PhD; Regents Fellow, Professor and Extension Economist, Texas A&M University 

1:40 PM Parlor Throughput with milk quality in mind  
Juan Rodrigo Pedraza, DVM; Managing Veterinarian, Zoetis 

2:20 PM Break 

2:30 PM Impact of positive reinforcement practices on calves and heifers on future behavior. 
Joao Costa, PhD; Assistant Professor, University of Kentucky 

3:10 PM Fit to Transport? A new decision-making tool for producers and employees 
Michelle Calvo-Lorenzo, PhD; Chief Animal welfare Officer, Elanco 

4:00 PM Adjourn 
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2022 High Plains Dairy Conference Sponsors

Speaker Sponsors:
Balchem

Diamond V
Merck Animal Health

Rabo AgriFinance
Soybest
Zoetis

Gold Sponsors:
4D Ag World & Ag Fashion

ADM
Ag Processing/Amino Plus

Arm & Hammer
Capital Farm Credit

Clean Energy
DeLaval

Elanco Animal Health
Farm Credit of New Mexico

Holstein Supply Panhandle
J.D. Heiskell & Co.

Kemin
Lely

Novita Nutrition
Oberon Fuels

Phibro Animal Health
Pioneer Seed
Portacheck

Reinert Hay Company
RP Nutrients

Shell Low Carbon Fuels
SoyPlus/SoyChlor Landus

Texas Corn Producers
Texas Association of 

Dairymen
ST Genetics

Trans Ova Genetics
Vanguard Renewables

Watertight Roofing
Westway Feed Products

Media Sponsors:
DairyBusiness

Progressive Dairy 
Publishing

Meal, Break & Reception Sponsors:
DairyMax

CIH Commodity & Ingredient Hedging
STgenetics

Silver Sponsors:
Adisseo

Agri-King 
Avolta

Bonsilage
Caviness Beef Packers 
Central Life Sciences

Global Agri Trade
Hi-Pro Feeds USA

Hoofstrong Specialty Sales

NM AgrAbility Project
OneTrak

Rock River Laboratory
Sealpro Silage Barrier Films
ServiTech/Dairyland Labs
Southwest Dairy Farmers

Stuhr Enterprises
TechMix Global
Virtus Nutrition

Literature Bag 
Sponsor: 
DairyMax

THANK YOU TO ALL OF OUR SPONSORS!
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The High Plains Dairy Conference does not support one product over another 
and any mention herein is meant as an example, not an endorsement 

2022 High Plains Dairy Conference  Amarillo, TX 

World Dairy Outlook, Markets & Trade 
Ben Laine, M.S. 
Dairy Analyst 

RaboResearch, Rabobank 
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The High Plains Dairy Conference does not support one product over another 
and any mention herein is meant as an example, not an endorsement 

2022 High Plains Dairy Conference  Amarillo, TX 

Panel Discussion 
Beyond Robots – Effects on cows, people, and performance 

Moderator – Barbara Wadsworth-Jones, Ph.D., Director of Southwest Regional Dairy 
Center, Tarleton State University 

Results from robotic survey for large dairy producers 
Panelist – Camila Lage, Ph.D., Dairy Management Specialist, Cornell Cooperative Extension 

Producer Perspective 
Panelist – Adam Wolf, Wolf’s Legendairy, Scotland, TX 
Panelist – Justin Schaffer, Elmegca Farms, Miesville, MN 
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Panel Discussion 
Impact of Federal Farm Policies on Western Dairies 

Moderator – Ryan Miltner JD, Partner Miltner Reed LLC 
Lessons Learned from Government Intervention During the Pandemic 

Panelist – Geoff Vanden Heuvel, Director of Regulator and Economic Affairs at Milk 
Producers Council 

Impacts of USDA Pandemic Assistance Programs on Western Dairies 
Panelist – Scott Brown, Ph.D., Director CAFNR, University of Missouri 

As the industry continues to consolidate, thoughts on the new Farm Bill 
Panelist – Jeremy Witte, Professional Staff, Senate Ag. Committee 
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Impact	of	Federal	Farm	Policies	on	Western	Dairies:	A	Panel	Discussion	

Panelists	
• Geoff	Vanden	Heuvel,	Director	of	Economic	and	Regulatory	Affairs,	Milk	Producers

Council	(CA)
• Dr.	Scott	Brown,	Associate	Extension	Professor,	College	of	Agriculture,	Food,	and	Natural

Resources,	The	University	of	Missouri
• Jeremy	Witte,	Professional	Staff,	United	States	Senate	Committee	on	Agriculture,

Nutrition,	and	Forestry
• Moderator:	Ryan	Miltner,	Federal	Regulatory	Counsel,	Dairy	Producers	of	New	Mexico

Attendees	of	this	conference	certainly	do	not	need	an	explanation	of	how	dairies	in	the	
Southwest	differ	from	dairies	in	other	regions	of	the	country.	Unfortunately,	there	has	
historically	been	little	acknowledgment	of	regional	differences	in	federal	dairy	support	
programs.	Current	dairy	safety	net	programs	and	those	of	the	recent	past	have,	at	least	facially,	
operated	the	same	for	farms	in	the	Midwest	or	New	England	as	for	those	in	the	Southwest	or	
the	West	Coast.	But	beneath	these	uniformly	applicable	regulations	are	real-world	geographic	
disparities.		

Using	New	Mexico	as	a	prime	example	of	these	disparities,	we	can	estimate	the	short-term	and	
long-term	implications	of	limiting	the	amount	of	milk	covered	by	these	programs	in	the	
aggregate	and	for	an	average	dairy.	Digging	deeper	into	the	current	Dairy	Margin	Coverage	
Program,	more	disparities	are	unveiled—also	the	result	of	applying	a	single	support	formula	
nationwide.	The	end	result	is	programs	that	come	with	a	substantial	cost	and	provide	little	
benefit	to	those	farms	producing	a	majority	of	the	milk	in	the	United	States.	

Similarly,	ad	hoc	dairy	support	programs	fare	little	better	in	providing	meaningful	relief	during	
times	of	crisis—at	least	for	all	producers.	Congress	and	USDA	authorized	the	Farmers	to	
Families	Food	Box	Program	to	help	agricultural	producers	and	the	public	in	the	earliest	days	of	
the	COVID-19	pandemic.	Despite	good	intentions,	the	structure	and	execution	of	the	food	box	
program	resulted	in	clear	winners	and	losers.	A	look	at	the	development	of	the	program	
suggests	that	these	unintended	consequences	were	not	exactly	unforeseeable.	Adding	insult	to	
injury,	later	pandemic	assistance	programs	have	largely	failed	to	compensate	Western	dairy	
farmers.	

In	light	of	the	shortcomings	of	both	standing	dairy	support	programs	and	ad	hoc	supplemental	
support,	it	is	probably	worth	asking	some	questions?	What	exactly	do	these	programs	provide	
to	dairy	producers	in	the	Southwest?	Do	the	programs	even	provide	meaningful	assistance	to	
any	class	of	dairy	producer,	or	are	they	well-intentioned	but	ultimately	ineffectual?	What	can	
we	learn	from	existing	data,	and	what	additional	data	do	policymakers	need	to	plan	for	the	
future?	

With	the	Farm	Bill	slated	for	reauthorization	in	2023,	legislators	are	faced	with	a	familiar	
situation—limited	funds	and	competing	interests.	But	in	addition,	Congress	will	need	to	
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contend	with	the	continuing	pandemic,	an	inflationary	economy,	a	stressed	supply	chain,	a	
contentious	political	climate,	and	environmental	considerations.	Oh—there	is	an	election	
before	the	Farm	Bill	expires,	too.	With	all	these	non-dairy-specific	issues,	we	cannot	lose	sight	
of	calls	for	revisiting	the	Class	I	mover,	making	allowances,	and	other	issues.		
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Corn Silage: Seed to Feed – Top 10 Take Home Messages 
Bill Mahanna, Ph.D. 

Global Nutritional Science Manager, Pioneer 
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Uncovering hidden or under recognized feed cost and
margin opportunities on your dairy farm*

, PhD, PAS, Dipl. ACANJohn Goeser

Over the past 15 years, dairy farms have recognized sizable economic returns and
losses. Learning from dairy farm margin summaries and projections reported by Mark
Linzmeier, www.marginsmart.com, our industry has recognized dairy margins fluctuating
between ($5.00) and $8.00 per hundredweight (cwt). Recently, the estimated net income
before tax for an average 1,500 cow dairy in 2018, 2019 and 2020 has been ($1.34),
$1.25 and $1.25 per cwt, respectively. In general, dairies in the US are operating on thin
margins at best throughout the past half decade. Average is not acceptable, thus we are
constantly seeking margin and efficiency opportunities. Forward thinking dairies are
tracking feed conversion efficiency and other key performance indicators that are directly
related to their balance sheet.

In my experience working with leading dairy consultants, allied industry experts, and
business minded dairies, we’re recognizing $0.25 or greater margin opportunities per
cow per day in some unique spots on the farm. In some cases, $0.05 to $0.10 margin
opportunities are captured by recognizing moisture or nutrient content differences
relative to that expected. The economic opportunities can be attributed to both forages
and commodity feeds. These unrecognized opportunities can appear in two different
ways: an abrupt change or a subtle trend over time.

In other experiences, margin opportunities have been uncovered through unlocking
more energy in each pound of feed consumed. This has been a focal point with many
research efforts, however a simple beginning point is to focus on starch and grain.

The aim with this article will be to review several economic opportunities rooted in unique
nutrition trends that may exist for dairy farms across the US.

Corn silage varies more than many recognize
As I’ve worked with dairies that have dug deeply into their nutrition program to find
margin opportunities, the nutrition evaluations have taken numerous forms. It starts with
forages. For example, in 2013 one dairy began sampling their forages every 2 weeks to
recognize substantial starch content changes within their 13,000+ ton of corn silage
piles. I distinctly remember the case, as the nutritionist at the dairy began adjusting the
ground corn in the diet to balance against the week to week changes in silage starch
content. In this case, corn silage was changing much more than we had previously
conceived and I’ve witnessed this situation play out with other silages and farms.

*This article and proceedings were originally published by the 2021 California Animal
Nutrition Conference, and were revised and adapted for this conference.
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We tend to think of corn silage as a consistent crop, which is true relative to hay.
However, corn silage is a heterogeneous feed consisting of the ear and the stalk. The
ear is filled with grain and starch, whereas the stalk and leaves are filled with fiber. Fiber
digestibility is extremely important, however fiber is always less digestible than starch
and grain. For example, total tract NDF digestibility (TTNDFD, % of aNDF) averages
roughly 42% for CA corn silage whereas total tract starch digestibility (TTSD) will
average 92 to 95%. While fiber and starch contain a similar caloric value per pound,
dairy cattle are only able to unlock roughly half the calories in fiber relative to starch.
Hence, the nutrition value with silage begins with the ear to stover ratio. Environmental
and agronomic management practices that improve grain yield will ultimately increase
forage quality in general assuming harvest maturity and moisture are appropriate.

With the extreme drought experienced in the South and West recently, coupled with
variable weather patterns year to year, the grain and starch content in silage may deviate
substantially between fields relative to that we’d recognized a decade ago. In the past
I’ve hypothesized that a well made silage pit or pile effectively blends different fields,
however experience is now suggesting otherwise.

To visualize an exemplary starch content change with an aggressively sampling dairy,
Figure 1 details the 4 sample average with corn silage starch content for a 7,000 ton pit
over the duration of feed out. In this case, the dairy sampled the forage several times per
week to characterize the nutrition changes. Based upon this experience and others like
this, there could be under-recognized corn silage starch content opportunities for many
dairies throughout the US. Dairy cows may not

Feed libraries are a rough starting point
With grain prices at near historically high levels, feed costs are increasingly scrutinized.
Many dairies and consultants are evaluating alternative protein or energy options. Often,
we seek  to identify the best cost option(s) and drive down feed costs while maintaining
performance. Our comparative efforts with diet software or feed evaluation tools rely
upon robust and accurate moisture and nutrient content values. Recent experience is
suggesting that feed library values are only a rough starting point for nutrition
evaluations.

For example, in Figure 2 the crude protein content (% DM) in canola meal is shown for
several hundred samples analyzed by Rock River Laboratory, Inc. over the past two
calendar years. Canola meal across the US has been averaging roughly 39 to 40 % of
dry matter, and this is well above a feed library value at 38.7% of dry matter. In this
instance, canola meal may be a value opportunity for the dairy industry, with one unit of
crude protein equating to roughly 18 pounds of crude protein value per ton and an
economic value of roughly $8 per ton. This value proposition is not limited to canola
meal. In conjunction with forward thinking dairies more frequently testing their feeds,
soybean meal and other expensive commodities have been found to substantially

*This article and proceedings were originally published by the 2021 California Animal
Nutrition Conference, and were revised and adapted for this conference.
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deviate from feed library base values. These differences have often been due to subtle 
trend changes over time which cows didn’t respond to, but the check book may have.

St-Pierre and Weiss (2017) have extensively evaluated dry matter and nutrient variation 
within and between farms. Their group observed substantial feed variations that should 
be accounted for over time. The authors recognized that variance can be partitioned 
between farms and within farms. While the science is sound, measuring and managing 
these economically impactful variances has proven challenging for dairies and 
nutritionists. Part of the challenge has been rooted in sampling error and limited 
replication in sampling. St-Pierre and Weiss (2017) commented that feed library nutrition 
values may be more realistic than a single sample due to sampling error. This concept is 
important to grasp.  Single samples must be interpreted with caution. There is sampling 
error associated with any single sample that complicates interpretation. However, as 
more samples are tested over time and more data available, we can observe statistically 
meaningful trends and cut through the sampling noise. With larger database insight and 
through novel intensive feed sampling programs, many have confirmed that feed library 
values can be improved upon in appropriately depicting the feed’s changing moisture 
content or nutritive value over time.

Differentiate between abrupt and subtle trends over time
Both commercial experience and research studies with dairy cattle have clearly 
demonstrated cows respond to abrupt changes in moisture or nutrient content. For 
example, following a rainfall event the moisture content in exposed feeds increases. If 
left unadjusted, the cows’ diet will become unbalanced and can contribute to digestive 
upset and performance losses. Alternatively, different hay lots are known to affect dairy 
performance if substantially different in nutritive value and fiber digestibility. In this case, 
there is meaningful variation tied to the hay lot, which we recognize. In practice, abrupt 
changes in nutrient supply often elicit a positive or negative response on farm and then 
samples are taken and adjustments are made. However, dairy herd responses to subtle 
trends and changes in nutrient or moisture content over time are far less studied and 
understood.

Meaningful feed trends can be buffered by cows
Two studies have documented that dairy cattle appear capable of buffering changes in 
protein and moisture changes over a short period of time (St-Pierre and Gerstner, 2005; 
McBeth et al., 2013). In these studies, substantial dietary changes were made to mimic 
nutrient or moisture changes. However, dairy cow performance did not change 
significantly, or as would be predicted by dairy nutrition models. In these studies, the 
dairy cows apparently exhibited some intrinsic ability to buffer protein or energy changes. 
More recently over the past two years, numerous commercial dairy experiences have 
been in line with the research observations described above.

Coming back to Figure 1 detailing corn silage starch content during a 9 month feed out 
period, the 4 sample moving average clearly detailed that starch content in the silage
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changed substantially on numerous occasions. During one 6 week period, starch content 
decreased from 37 to around 32% of dry matter, which represented roughly 1.6 pounds 
of corn grain equivalents for this diet feeding around 20 pounds silage dry matter per 
cow. However, this dairy herd did not recognize substantial dairy herd performance 
swings relative to the measured starch trends. This single observation is intriguing and 
warrants further evaluation. However, if the dairy herd was able to buffer this change in 
some capacity then the real world observation would be in agreement with those of the 
researchers described previously. Beyond dairy performance changes in this case, the 
change in starch content contributed by the corn silage over time represented roughly
$0.20 per cow per day value in corn grain equivalent from mid-May to July. Often we 
react to changes in performance or components to initiate adjustments. However, based 
on this field observation and others like this, there are subtle unrecognized feed cost and 
economic opportunities that dairy cows show us through performance.

Dry matter pounds fed match expectations
In the cases described above, nutrient concentration and supply were affected. One 
additional, and more simple, set of cases corresponds to moisture changes in expensive 
feeds. These can also uncover hidden feed cost opportunities. Most dairies recognize 
the need to monitor moisture content of their wet feeds several times per week. With 
forage and wet feed moistures changing from week to week. There are near-infrared 
reflectance spectroscopy (NIR) instruments that are available to improve the farm’s 
ability to measure moisture content and make adjustments in a short period of time. 
However beyond forages and wet feeds, in my experience very few have considered 
adjusting moisture content with dry and purchased feeds.

Often, feeders or managers use feed library values within feed management software 
programs to build dairy recipes. Recent experience has shown there can be substantially 
less moisture than what tag guarantees list as a limit for feed management software 
library values indicate. In these cases, less moisture equates to more dry feed per ton 
than what dairies or nutritionists recognize. Consider the following case study visualized 
in Figure 3, with two different soybean meal sources.

In this case, two different soybean meal sources guaranteed to be equivalent at roughly 
47.5% crude protein (as-is) differed substantially in moisture content. Each of the 
soybean meals met or exceeded tag guarantee requirements, however one of the 
soybean meal sources was consistently 1.5 to 2.0 units lesser in moisture content. The 
ramifications of this difference equate to roughly 40 pounds per ton more dry soybean 
meal and roughly $8 per ton value at $400 per ton price point. Economic minded dairies 
can capitalize on cases like this and make adjustments for less moisture content in their 
purchased feeds.

Ensure purchased grain is being used by cows
Another hidden economic opportunity is nested within undigested corn grain. In the 
South and West, we tend to feed less corn grain and starch due to more expensive corn
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grain and alternative feeds or cheaper energy rich byproducts. However, even at 18%
dietary starch concentration within a 55 pound dry matter intake, starch and corn grain 
equivalent in the diet represents roughly $1.65 per cow in feed costs at $6 per bushel 
corn. Hence, the economic ramifications associated with limited starch digestion can be 
sizable.

Fecal starch content has been clearly linked to total tract starch digestion (TTSD) in dairy 
cattle (Fredin et al., 2014). Dr. Jim Ferguson and Dr. Mike Hutjens have taught the 
industry to begin using this tool over a decade ago (Hutjens, personal communication). 
More recently, we have analyzed commercial fecal starch data and calculated population 
statistics to set new goals for today’s dairy farms. As of the past 5 years, the 15th 
percentile for starch content in all dairy manure samples is roughly 0.5% of dry matter. 
This corresponds to 99% total tract starch digestion and is our new goal. In Figure 4, 
fecal starch results for 2 years worth of commercial dairy samples from across the 
United States can be visualized. Recognize that the trendline moves over time, however 
the average result is nearly always at 2.5% fecal starch or greater. Assuming a 55 pound 
dry matter intake and 18% dietary starch as described above, 2.5% versus 0.5% fecal 
starch projects to roughly 0.4 pounds more undigested corn per cow and $15,000 per 
year economic opportunity for every 1000 cows. Projections such as this with dairy cattle 
can be determined using an open access web application available from Rock River 
Laboratory, Inc. The application can be accessed here:
https://rockriverlab.shinyapps.io/FecalStarchCalc/

Summary
This article leans heavily upon recent experience and case studies. Admittedly, our 
industry has much yet to learn and research to continue leading the world in dairy 
business performance. However, our dairy industry is evolving at a rapid pace due to the 
demand for continued efficiency and sustainability gains. Whether discussing emissions, 
environmental stewardship, feed conversion efficiency, income over feed costs, or 
another efficiency metric, recognize that each of these are highly correlated. Our 
collaborative goal is to produce more with less, and this will in turn improve the 
profitability of dairy farms and agribusinesses. Within this article, I’ve discussed several 
different areas that may contribute to this collective aim.

References
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Figure 1: Example corn silage starch content, % DM, for a commercial dairy over a
9 month period.

Figure 2: Canola Meal crude protein content, %DM, by calendar year for
commercial feed samples analyzed by Rock River Laboratory, Inc. in 2020 and
2021. The vertical black lines within each distribution plot represent the 15th, 50th
and 85th percentiles, respectively.
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Figure 3: Total moisture content, %, for two different soybean meal sources over a
90 day period.

Figure 4: Dairy cattle fecal starch content, %DM, for samples submitted to Rock
River Laboratory, Inc. from 2020 through 2022. The flat red line equates to the 15th
percentile and goal of 0.5% dry matter fecal starch content. The trendline
represents the moving average over a 2 year time period.
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Nutrigenomics – Impacts on Immunity, Health and Well Being 
Mario Vailati-Riboni, Ph.D. 

Diamond V 

Introduction 

Over the last two decades, researchers have increasingly adopted molecular biology techniques and 
bioinformatics approaches to the study of ruminant nutrition and physiology. This has provided the field 
with novel and more robust information on how nutrients can affect animals at a cellular level, participating 
in the regulation of milk synthesis and meat quality and marbling (Osorio and Moisa, 2019). Specifically, 
dietary nutrients can alter gene expression directly or indirectly, affecting protein expression, metabolic 
and/or signaling status of cells, and, as a final consequence, can affect tissues, organs, and the entire 
organism (Bionaz et al., 2015).     

The nutrient-genome interaction is at the basis of nutrigenomics as a science, expanding into how 
this relationship affects the balance between health and disease by altering the expression and/or structure 
of an animal’s genetic makeup (Kaput and Rodriguez, 2004). The concept that food components can 
directly affect biological functions via genome-wide influences has led to a shift in our understanding of 
the field of nutrition, where dietary nutrients can no longer be considered just as basic building blocks for 
cells, tissues, and organs, or energy sources for metabolic processes. All nutrients, from simple fats, amino 
acids, and carbohydrates, to more complex phytomolecules, gained the status of “bioactives,” capable of 
being detected by cellular sensors leading to a change of the cell biology (Muller and Kersten, 2003).  

The Nutrient-Genome interaction 

Dietary nutrients and bioactive compounds mainly interact indirectly with the animal’s genome, as 
they don’t directly bind with it or change its sequence. Rather, communication is mediated by specialized 
molecular proteins such as transcription factors for short- to medium-term regulation, and DNA or histone 
methyltransferases and histone acetyltransferases for medium- to long-term epigenetic effects (Osorio and 
Moisa, 2019). 

Nutrigenomics is a relatively new branch of science in dairy cow research. Building upon data 
generated in other species, mainly humans and rodents, scientists have identified a short list of transcription 
factors with nutrigenomic potential in livestock species (Bionaz et al., 2015). This includes, but is not 
limited to, peroxisome proliferator-activated receptors (PPAR), sterol regulatory element-binding proteins 
(SREBP) and liver X receptors (LXR), which bind and are activated by fatty acids and metabolites of 
cholesterol. Similarly, proteins can be sensed by CCAAT/enhancer-binding protein (C/EBPs), and 
carbohydrates interact with SREBP and carbohydrate responsive element binding protein (ChREBP). Fat-
soluble vitamins can also interact with the genome via retinoid X receptors (RXR) and retinoic acid 
receptors (RAR), vitamin D receptor (VDR), and pregnane X receptor. 

The importance of these molecules and mechanisms, and their effect on dairy cow physiology is 
not always communicated to the dairy farmers, nutritionists, and industry consultants, even though some of 
the mentioned transcription factors have been linked to the production of milk components, and the well-
known milk fat depression, a diet-induced production dysfunction. Most are aware that butterfat can be 
synthesized by the mammary gland using acetate, one of the three main volatile fatty acids produced by 
rumen fermentation, and by the uptake of circulating fatty acids which have been mobilized by adipose 
tissue. However, only few know of the role of PPARγ, LXRα, and SREBP1 in regulating and stimulating 
fatty acid synthesis in response to specific nutrients (Bauman et al., 2011, Bionaz et al., 2015, Osorio and 
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Moisa, 2019). Furthermore, most are aware of the process of ruminal biohydrogenation and the effect that 
specific conjugated linoleic acids (CLA) have on milk fat synthesis. The effect of t10,c12 CLA on 
depressing milk fat synthesis via inhibition of SREBP1 was among the first and likely, the best-known, 
examples of nutrigenomics in dairy cows (Bauman et al., 2011). 

Several fatty acids, both saturated (SFA) and polyunsaturated (PUFA), can regulate immune-
related intracellular pathways and transcription factor activation, regulating inflammation onset, magnitude, 
and duration. (Sordillo, 2016). One of the central regulators of the inflammatory process is the transcription 
factor NF-κB which regulates multiple innate and adaptive immune functions. NF-κB induces the 
expression of various pro-inflammatory genes, including those encoding cytokines and chemokines, and 
participates in inflammasome regulation (Liu et al., 2017). In non-ruminant models, certain PUFA, such as 
EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid), were found to have anti-inflammatory 
functions by inhibiting NF-κB activation induced by gram-negative bacteria (Lee et al., 2010). Moreover, 
they can also indirectly affect this transcription factor through their interactions with other signaling 
pathways, including PPARs and SREBPs (Clarke, 2004). In contrast to PUFA, saturated fatty acids, such 
as lauric, myristic, and palmitic acids, were linked to NF-κB activation, thus leading to a pro-inflammatory 
response (Erridge and Samani, 2009, Lee et al., 2010). 

Liver X receptors, besides regulating fatty acid synthesis (Mu et al., 2021), have also been linked 
to the mammary gland inflammatory response (Hu et al., 2019). In vitro activators of LXRα inhibited the 
inflammatory response induced by gram-negative bacteria via inhibition of NF-κB, leading to a lower 
expression and production of potent pro-inflammatory cytokines, such as TNF-α, IL-1β, and IL-6 (Wang 
et al., 2018). Similar results were obtained in vivo, where synthetic activation of LXR attenuated mammary 
inflammation during induced mastitis in mice (Fu et al., 2014). Multiple natural molecules purified from 
plants or fungi, including phytosterols and terpenes, have been shown to activate LXRs (Komati et al., 
2017), making their use a viable option to pursue when researching antibiotic-alternatives to mastitis in 
dairy cows. 

Immunonutrition 

Dairy cow rations are primarily formulated to meet production requirements, without truly 
dissecting what components of maintenance requirement might affect performance. There is substantial 
evidence indicating that the immune system is intimately involved with other mechanisms that allow cows 
to adjust quickly to the onset of lactation without suffering chronic disorders. In fact, cows that lag behind 
the rest of the herd in terms of production outcomes (including fertility) often display a greater inflammatory 
status and compromised liver function (Bionaz et al., 2007, Bertoni et al., 2008, Trevisi et al., 2012). 

Dairy cows experience a period of immunosuppression around parturition, as several studies 
reported that both the innate and adaptive immune systems of peripartal cows are often compromised. For 
example, antimicrobial function and antigen response is reduced (Kehrli et al., 1989a, Kehrli et al., 1989b, 
Dosogne et al., 1999, Batistel et al., 2018), and consequently phagocytic activity by leukocytes is often 
(Ingvartsen et al., 2003, Batistel et al., 2018), but not always (Sander et al., 2011, Graugnard et al., 2012), 
reduced. Moreover, parturition influences the expression of multiple leukocyte genes required for normal 
function of these cells, including those involved in the classic immune response as well as normal cell 
growth, metabolism, and responsiveness to the blood environment (Burton et al., 2001). 

However, this scenario is not so simple. Cows might be immunosuppressed when looking at some 
immune parameters, yet appear to mount an excessive immune response to pathogens that can cause more 
damage than benefit (Jahan et al., 2015, Vailati-Riboni et al., 2017c). For this reason, dairy scientists refer 
to the transition cows as “immunodysfunctional” rather than suppressed. Furthermore, transition cows were 
shown to display an overt inflammatory response related to pregnancy and lactation (Sordillo et al., 2009), 
even without signs of microbial infections and/or otherwise determined pathology (Bionaz et al., 2007, 
Bertoni et al., 2008). The conclusion for dairy producers is that, due to the combined results of immune and 
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metabolic dysfunctions, transition cows may be more susceptible to diseases like mastitis, but also to 
inflammation-associated tissue damage, than in other lactation periods.  

Practical interventions 

Since the immune system appears dysfunctional during early lactation, dairy nutrition researchers 
and the feed additive industry have placed some emphasis on developing dietary strategies and 
“immunostimulant” supplements to manage or reverse this scenario. In this section we are going to briefly 
discuss three nutritional strategies that were shown to alter dairy cow gene expression, positively impacting 
their immunity and health. 

1. Energy density of dry cow

Traditional management provides “far-off” dry cows with a high-fiber/low-energy density diet 
(~1.30 Mcal/kg dry matter), while in the last month of gestation (“close-up” dry period) energy density is 
increased to approximately 1.60 Mcal/kg dry matter (NRC, 2001). The close-up value has been lowered to 
1.50 Mcal/kg dry matter in the recent 2021 revision of dairy cows’ requirements (NASEM, 2021). However, 
studies from different research groups have demonstrated that prepartum overfeeding of energy often results 
in altered metabolic adaptation (Rukkwamsuk et al., 1999, Holtenius et al., 2003, Janovick et al., 2011, Ji 
et al., 2012, Ji et al., 2014, Khan et al., 2014), while exerting negative effects on postpartum health indices 
(Dann et al., 2006, Soliman et al., 2007, Graugnard et al., 2013, Shahzad et al., 2014). 

Transcriptome profiling of neutrophils revealed that allowing cows free access to higher-energy 
diets during late pregnancy resulted in the alteration of pathways associated with the immune response and 
immune cell survival and proliferation (Moyes et al., 2014, Agrawal et al., 2015, Zhou et al., 2015). 
Furthermore, phagocytic activity of these cells was impaired, and early prepartal activation of inflammatory 
genes suggested a chronic state of compromised health (Graugnard et al., 2012, Moyes et al., 2014, Agrawal 
et al., 2015, Zhou et al., 2015). Transcriptomic studies further highlighted how overfeeding affects the 
whole system of the cow, as indicated by alterations in endoplasmic reticulum stress in hepatocytes, most 
likely as a consequence of greater activation of inflammatory pathways (Shahzad et al., 2014). 
Nutrigenomics mechanisms (i.e.: specific transcription factors) have not yet been clarified, but a recent 
study was able to provide evidence that a high-concentrate diet induced epigenetic (e.g., methylation) 
changes that contribute to the expression of immune-related genes in the livers of dairy cows (Chang et al., 
2015). 

Consensus among these research groups have prompted them to recommend limited use of a higher 
energy close-up diet, and keeping dry cows on a lower energy “far-off” type diet (around 1.30 Mcal/kg of 
dry matter) for the whole dry period. Of course, this recommendation has to take the herd body condition 
score (BCS) into account, as the effect of prepartum plane of nutrition is dependent on the BCS of the cow. 
Thus, these management tools need to be evaluated together to optimize a cow’s biological adaptations 
during the peripartum period. Omics analysis of the liver transcriptome highlighted how thin animals were 
more susceptible to prepartal nutritional management. Pathway expression patterns and metabolomics 
analysis suggested how overfeeding in late pregnancy should be limited to thin cows, while cows with 
optimal adiposity should be maintained on an energy-restricted diet (Vailati-Riboni et al., 2016a, Vailati-
Riboni et al., 2016b, Vailati-Riboni et al., 2017a). The practical focus should be on reaching optimal BCS 
at the beginning of close-up, and maintaining cows on a slight feed restriction until calving. 

2. Inclusion of yeast fermentation products

Fermentation products specifically derived from Saccharomyces cerevisiae (SCFP) have been 
reported to increase leukocyte function both in vitro and in vivo (Jensen et al., 2008, Magalhaes et al., 
2008). Recently, new commercially available SCFPs for dairy cows and calves (NutriTek® and SmartCare®, 
Diamond V, Cedar Rapids, IA, USA) were the subjects of multiple publications illustrating a wide spectrum 
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of beneficial health and performance effects during immunological challenges, like dietary and respiratory 
infection, mycotoxins, heat stress, and the transition period (Alugongo et al., 2017, Harris et al., 2017, 
Knoblock et al., 2019, Olagaray et al., 2019, Velez et al., 2019, Mahmoud et al., 2020, McDonald et al., 
2021, Klopp et al., 2022). The SCFP contain multiple vitamins and antioxidants, such as polyphenols, in 
addition to other bioactive compounds including fermentation end-products, β-glucans, and other 
components of the yeast cell wall, that have been shown to modulate the immune response in humans and 
animals by priming the innate and adaptive immune responses through activation of immune cells (Li et 
al., 2005, Volman et al., 2008). 

When NutriTek efficacy against mastitis was tested in 25 large-scale commercial herds throughout 
the United States, its supplementation reduced incidence of mastitis in 64% of the dairies, with half of these 
also seeing a reduction in linear scores (Ferguson et al., 2018). To better understand the underlying 
mechanisms, researchers at the University of Illinois performed gene expression analysis of mammary 
gland samples collected from control or NutriTek fed dairy cows subjected to a mastitis challenge (Vailati-
Riboni et al., 2021). Researchers induced subclinical mastitis by inoculating one quarter of each cow with 
1,500 CFU of Streptococcus uberis, a gram-positive bacteria predominantly responsible for intramammary 
infection (Keane, 2019). NutriTek supplementation increased gene expression related to (i) a greater 
antimicrobial capacity of innate immune cells, (ii) the activation of cellular mechanisms to enhance 
mammary gland protection against side effects of inflammation, and (iii) the maintenance of tissue integrity 
and health (Vailati-Riboni et al., 2021). These activations resulted in a 4-fold lower somatic cell count 
(1,076,052 vs 179,415 cells/mL, control vs NutriTek) in the infected quarter of supplemented cows 36 h 
after infection. These boosted defenses allowed NutriTek fed cows to maintain higher feed intake and milk 
yield both during the challenge period and in the following month. Similar effects on somatic cell count 
were observed when NutriTek fed cows were subjected to heat stress. NutriTek fed cows had approximately 
50% lower plasma cortisol, a stress-related and immunosuppressant hormone, and higher numbers of 
immune cells (9 to 26% more) in their blood, compared to the cows in control group. This led to a 36% 
lower somatic cell count during the intense heat stress challenge (Al-Qaisi et al., 2020). 

Anecdotal reports have suggested that SCFP supplementation may also improve the outcome of 
bovine respiratory disease (BRD) in young calves, in dairy heifers when transitioning to group pens and 
freestalls, and in feedlot animals. Mahmoud et al. (2020) tested this hypothesis by supplementing neonatal 
Holstein x Angus calves daily with SmartCare and NutriTek, and challenging them at around 3 wks of life 
via aerosol inoculation with bovine respiratory syncytial virus (BRSV). Supplemented calves showed 
reduced clinical disease signs and had lower viral shedding, together with reduced lung pathology, and 
incidence of secondary bacterial infection. Immune cells gene expression was not investigated, but 
SmartCare and NutriTek enhanced innate cytokine production of circulating immune cells and had an 
immunoregulatory effect on innate immune function by cells in the airways. Supplementation also reduced 
virus-specific IL-17 secretion by cells isolated from the airways, leading to reduced neutrophil recruitment 
to the lungs. In the context of respiratory disease, limiting inflammation in the lungs is critical for 
minimizing lung tissue damage and promoting rapid recovery. Similar results were obtained from a follow-
up experiment, testing the response to a coinfection of BRSV and Pasteurella multocida (McDonald et al., 
2021). Again, SmartCare and NutriTek supplemented calves mounted a robust immune response and 
displayed lower severity of a viral–bacterial respiratory infection. As inflammation is an energy-demanding 
response, McDonald et al. (2021) also reported no detrimental metabolic consequences in supplemented 
calves, as these animals showed blood biomarkers changes favoring growth and development. 

3. Rumen-protected methionine and choline as an immunostimulant
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In addition to being considered one of the two most-limiting amino acids for milk production, 
methionine (Met), and several of its related metabolites (e.g. choline [Chol] and taurine), display an 
immunonutritional role, i.e. they help boost certain activities of the immune system in humans (Grimble 
and Grimble, 1998, Redmond et al., 1998, Grimble, 2006, Li et al., 2007). Since these properties have been 
tested on immunosuppressed human subjects with positive outcomes (Van Brummelen and du Toit, 2007), 
dairy scientists hypothesize that enhancing Met supply above what is recommended for optimal lactation 
performance (Lys:Met < 3:1) would have a positive effect on immune function in the transition period, 
where cows are in immunocompromised state. 

Earlier results indicate the ability of Mepron®, a commercially available rumen-protected form of 
methionine (Evonik Nutrition & Care GmBH, Hanau-Wolfgang, Germany), to increase T lymphocyte 
proliferation ex vivo when supplemented at a rate of 30g/d (Soder and Holden, 1999). Since human 
lymphocytes seem to have an absolute requirement for Met to proliferate (Hall et al., 1986), these results 
were not unexpected. However, data on immune function were not generated. More than a decade later, 
researchers from the Univesity of Illinois showed how the use of Smartamine (0.07-0.08% DM, Adisseo 
Inc., Antony, France), Metasmart (0.19% DM, Adisseo Inc.) or Mepron (0.09-0.10 % DM) during the 
transition period enhanced immune cell pathogen killing capacity (e.g., phagocytosis, and oxidative burst) 
(Osorio et al., 2013, Zhou et al., 2016, Batistel et al., 2018). Furthermore, Met supplementation optimized 
the immune reponse to bacterial components (Vailati-Riboni et al., 2017c) and helped mitigate the 
detrimental effects of close-up energy overfeeding (Vailati-Riboni et al., 2017b). Feeding rumen-protected 
Met, thus, helps dairy cows tackle the two aspects of peripartal immune dysfunction, hyporesponse (or 
suppression), and hyperresponse. Not many data have been generated on the effect of Chol supplementation 
on direct measures of immune functions, but some beneficial results have been observed (Vailati-Riboni et 
al., 2017c). 

Changes in functionality of immune cells in response to supplementation with Met or Chol are 
often correlated to changes in their gene expression. Supplementation during the transition period can prime 
neutrophils, an important innate immune cell type, for mounting a better immune response upon pathogen 
challenge through fine-tuning of the cell transcriptome. The hyperactivation and response to stimuli 
observed in peripartal dairy cows (Jahan et al., 2015) has been linked to worsening of the animal oxidative 
status during this period (Vailati-Riboni et al., 2017b, Vailati-Riboni et al., 2017c). Zhou et al. (2018) 
observed how neutrophils had lower expression of oxidative stress-related genes in response to Met and 
Chol supplementation. This then led to a reduction in the expression of pro-inflammatory genes, indicating 
that a better redox status creates a more balanced immune response. Similar gene expression patterns were 
observed when supplementing methionine, choline, or taurine in vitro to neutrophils isolated from neonatal 
(3 wks old) Holstein calves (Abdelmegeid et al., 2017) or mid-lactation adult cows (Lopreiato et al., 2019). 
Greater methylation of the promoter region of PPARα occurred in the liver of cows supplemented with 
Met, leading to greater PPARA expression and upregulation of some of its downstream genes (Osorio et 
al., 2016). Activation of hepatic PPARα has been associated with improved lipid metabolism and immune 
function, both of which were reported in companion publications from this study (Osorio et al., 2013, 
Osorio et al., 2014). 

Through modulation of gene expression and consequent improvement of immune functions, Met 
and Chol supplementation to levels beyond milk production requirements demonstrate that maintenance 
and immune system requirements have to be integrated in our modern lactation diets. Supplementation can 
support practical aspects of herd health, such as reduction in the incidence of mastitis or adverse health 
events in general (Ardalan et al., 2010, Arshad et al., 2020). 
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Conclusions 

The interface of immunity and nutrition is an emerging field of study. Relatively recently, they 
were considered separate entities, with the only focus on avoiding deficiencies in key nutrients. Now 
instead, the fields of nutrigenomics and immunometabolism show that targeted supplementation can boost 
immune function beyond what is considered normal or average, by modulating expression of cows’ 
genetic potential. These concepts will have to be further applied in dairy science to better define 
maintenance requirements and develop more complete nutritional management of the dairy cow. As 
consumer scrutiny of the dairy industry’s goods and production strategies increases, nutritional 
intervention (e.g., macro- and micronutrients, bioactive compounds, pre-, pro-, and postbiotics, 
phytonutrients) will lend themselves as preventative and prophylactic strategies to ensure food safety and 
security, while supporting animal productivity, health, and welfare. 
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Panel Discussion 
Beef on Dairy: “Uteri for Rent” – Semen or ET in hot 

climates? 
Moderator – Paul Fricke, Ph.D., Professor and Extension Specialist, University of 

Wisconsin-Madison 
Opportunities and Challenges with ET and IVF vs. AI 

Panelist – Jeremy Howard, Sr. Sales Manager, J.R. Simplot Company 
Producer Perspective 

Panelist – Leo Ruijne, Owner, Dairy Fountain, LLC, Plainview, TX 
Panelist – Luis Davalos, General Manager, Corrales Dairy, Roswell, NM 
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Inseminations in Holstein Females

AgSource 2020
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Inseminations in Jersey Females

AgSource 2020
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In-vitro embryo transfer in dairy 
cattle from 2000 to 2016
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Pregnancy loss is a problem for 
IVF embryos
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Glycoprotein Hormones

FSH

LH

Pituitary 
gonadotropins

The amino acid 
sequence homology 
between hCG and 
bovine LH is ~80%. 
(Pierce and Parsons, 1981)

hCG

Experiment 2 - ET

hCG
2,000 IU
(n=148)

Control
(n=143)

CIDR

GnRH PGF2α PGF2α GnRH5d

1d 2d 7d

ET

ET after synchronization of  ovulation

*Lima et al., 2013
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Experiment 2 – ET
Effect of  treatment and time on serum progesterone in 

heifers that maintained pregnancy
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Introduction 

Dairy producers are largely paid for the pounds of milk fat and protein shipped.  Milk fat 
and protein concentration and yield are responsive to multiple dietary, genetic, and 
environmental factors (Figure 1). Diet-induced milk fat depression explains large decreases in 
milk fat that occur during disrupted rumen fermentation and was the predominant focus of milk 
fat research for many decades.  A large number of dietary and environmental factors contribute 
to the risk for diet-induced milk fat depression including large contributions from dietary 
unsaturated fatty acids and fermentability.  More recently, research has focused on other dietary 
and non-nutritional factors that impact milk fat and protein yield. Importantly, these factors have 
broad application to allow small, but economically important increases in milk fat yield and 
profitability. The seasonal variation in milk component concentration and yield has also been 
characterized and is important for setting goals and expectations. Genetics also affect milk fat 
and protein, which are highly heritable traits. Large variation exists in genetic potential between 
cows within a herd, despite there being little variation between herds. Additionally, the average 
genetic potential has increased in recent years, so goals need to be continually updated.  
Maximizing milk fat and protein yield requires a holistic approach that spans from nutrition to 
management and continues to evolve as we gain a better understanding of the impact of each 
factor.  

Factors Influencing Milk Fat and Protein Concentration and Yield 

Milk fat and protein yield is impacted by many factors that can be broadly categorized as 
nutritional and non-nutritional factors (Figure 1). 

Most of the interest on regulation of milk fat synthesis has focused on diet-induced milk 
fat depression (MFD), which causes large decreases in milk fat yield.  More recently, methods to 

Figure 1. Nutritional and non-nutritional factors influencing milk fat and protein synthesis. 

902022 High Plains Dairy Conference Amarillo, TX 



increase milk fat by providing substrate for milk fat synthesis through fat supplementation and 
increasing acetate supply have been reported.  Fat supplements have recently increased in price 
and are less available.  Remember to consider dietary supply from forages, commodity 
byproducts, and oilseed along with dry fat supplements.  Increasing fiber digestibility will 
increase acetate supply and may be a good opportunity to increase milk components 
economically.  

Milk protein synthesis can also be modified by nutrition, although responses generally 
are of a smaller magnitude, in agreement with the less variation observed in milk protein 
concentration in general.  Milk protein is responsive to energy status of the cow through insulin 
and IGF-I signaling pathways (Mackle et al., 1999) that can be modified by increasing starch and 
starch fermentability of the diet.  It is also responsive to amino acid supply and balance through 
substrate supply for milk protein synthesis and activation of mTOR signaling pathways (Castro 
et al., 2016).  We generally expect milk protein to increase with increasing metabolizable protein 
and improving amino acid balances through maximizing microbial protein synthesis, balancing 
with high quality rumen escape protein, and feeding effective rumen protected amino acid 
supplements. 

Non-nutritional factors are a broad category including seasonal rhythms, stage of 
lactation, genetics, parity, and other farm and cow factors that have not been well characterized.  
These factors can impact both milk fat and protein synthesis and are important to consider in 
analyzing if a herd is meeting its potential and long-term decisions that will maximize 
components in the future. 

What is “Diet-Induced Milk Fat Depression”? 

The term “milk fat depression” is a common term used and is defined as a decrease in 
milk fat associated with disrupted rumen fermentation (Griinari et al., 1998, Bauman and 
Griinari, 2003).  It is important to note that this is a specific condition and not simply any change 
in milk fat yield.  Up to a 50% reduction in milk fat concentration and yield can be observed with 
no decrease in milk or milk protein yield.  Extensive work over the past 20 years has 
demonstrated that diet-induced MFD is caused by unique bioactive conjugated linoleic acid 
(CLA) isomers that are made during rumen biohydrogenation of unsaturated FA by an altered 
rumen microbial community.  Investigating this condition has provided insight into the 
regulation of milk fat synthesis and management strategies to reduce inhibition of milk fat 
synthesis (Reviewed by Harvatine et al., 2009).  Large decreases in milk fat (>15%) is almost 
undoubtably biohydrogenation-induced MFD, but this mechanism does not explain many other 
smaller changes in milk fat synthesis.  The occurrence of BH-induced MFD is best diagnosed by 
milk fat concentration of trans-10 C18:1, although this requires analysis by gas chromatography. 

Variation in Milk Fat and Protein Between and Within Herds 

Milk fat and protein concentration and yield are variable between farms because of 
differences in diet, management practices, and herd genetics among other factors. This 
variability demonstrates both challenges and opportunities.  Milk fat averaged 3.73% [standard 
deviation (SD) = 0.33], but the 10th and 90th percentiles were 3.34 to 4.12% in a database of 
DHIA test days of Holstein herds in Minnesota, Pennsylvania, Texas and Florida from 2004 to 
2016 from the Dairy Records Management Database (http://www.drms.org/; Unpublished).  
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Milk protein averaged 3.04% (SD = 0.15) and the 10th and 90th percentiles were 2.86 to 3.23%.  
Average milk fat and protein has been increasing over the last decade based on USDA milk 
market data and we expect a higher average, but probably similar variation, in current herds.  
There is also substantial variation in milk fat and protein concentration and yield between cows 
within a farm.  This variation, when consuming the same diet, highlights the influence of non-
nutritional factors.  A considerable portion of this variability is likely genetics and physiological 
changes associated with stage of lactation. 

The variation between cows and herds highlights the opportunity to increase milk fat.  It 
is important to keep in mind that average milk fat can be increased by two different approaches.  
You can increase all cows a small amount, but it is probably difficult to increase cows who are 
already high in the distribution, as they are at their genetic and physiological potential.  
Alternatively, the cows in the lower part of the distribution are likely below their genetic and 
physiological potential and interventions may result in substantial increases (25+%). Large 
increases in these cows can result in an increase in the herd average.   

Non-Nutritional Factors Impacting Milk Fat and Protein Yield 

Genetics of Milk Fat Concentration and Yield 
Milk fat and protein concentration and yield are highly heritable (Welper and Freeman, 

1992). We recently characterized the variation in predicted transmitting ability for fat and protein 
production between nearly 6,000 herds available in the Dairy Records Management System 
database. Very little variation was observed between herds, although larger variation is observed 
between cows within a herd.  Importantly, average genetic potential has increased considerably 
over the past decade due to changes in selection indexes and genomic selection, which should be 
considered when evaluating if a farm is reaching its potential. 

Annual Rhythms in the Dairy Cow 
Rather than simply responding to a change in the environment after it occurs, time 

keeping mechanisms in the hypothalamus allow the animal to anticipate yearly environmental 
changes before they occur.  Yearly patterns of milk production have been recognized for over 40 
years (Wood, 1970).  When examining average monthly bulk tank records from the United States 
Federal Milk Marketing Orders, the presence of an annual rhythm is apparent. These yearly 
patterns fit a robust cosine function, suggesting that they represent a biological rhythm (Salfer et 
al., 2019).  The variation in milk fat concentration due to the annual rhythm is between 0.15 and 
0.30 percentage units, depending on the region, with a lower amplitude in southern regions of the 
United States.  The presence of yearly production rhythms was confirmed using ten years of 
DHIA data from individual herds in Minnesota, Pennsylvania, Texas and Florida (Salfer et al., 
2017).  Although fat and protein concentration both peak near the first of the year, the annual 
rhythm of milk yield peaks between late March and early April, right around the vernal equinox 
(Salfer et al., 2017).  Fat and protein yield peak between late February and early March.  
Contrary to the rhythms of fat and protein concentration, amplitudes of annual milk yield 
rhythms are greater in the southern U.S. compared to the north.  Fat and protein yield also 
oscillated more in the southern U.S. than the northern U.S.  Producers and nutritionists should 
change their goal for milk fat concentration and yield across the year and future work may 
provide insight into how to reduce the impact of the cycle on production. 
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Circadian Patterns of Milk Fat and Protein 
Circadian rhythms are daily patterns, and the dairy cow has a daily pattern of milk 

synthesis that impacts milk yield and composition.  Generally, milk yield is highest in the 
morning, but milk fat and protein concentration are higher in the evening (Gilbert et al., 1972, 
Quist et al., 2008).  We have also observed milk yield and milk composition vary across the day 
while milking every 6 h in multiple experiments. The first consideration is that care needs to be 
taken in interpreting milk composition of a single milking.  We have also observed that daily 
rhythms are dependent on the timing of feed intake and length of time without feed each day. 
This demonstrates the importance of feed management, including selecting feeding times and 
frequency, on milk production 

Milk Flow 
Milk fat concentration is top of mind for producers and nutritionists, but milk fat and 

protein yield are what is economically important.  Fat yield is influenced both by milk fat 
concentration and milk yield.  First, care needs to be taken to not decrease milk yield when 
attempting to increase milk fat concentration.  This is especially important considering that 
decreases in milk yield are highly likely to also decrease milk protein yield.  Secondly, 
maximizing milk fat and protein yield requires optimal production.  Milk yield is under complex 
regulation with major influence from endocrine mechanisms and can be limited by nutritional, 
health, or environmental stressors. With this in mind, all good management practices that 
increase reproductive efficiency, cow health, cow comfort, etc. and increase level of milk 
production likely also increase milk fat yield. 

Take Home Messages 

- There is large variation in milk fat and protein between and within herds, which are
impacted by many dietary, genetic, and environmental factors and their interactions make
it difficult to manage.

- It is important to consider non-nutritional factors, such as genetic potential, season of the
year, and milking sampled, when setting goals and interpreting data.

- Diet-induced milk fat depression explains large decreases in milk fat and is caused by
fundamental issues with stable rumen fermentation.

- Increasing dietary fat can increase milk fat, but is most consistent when feeding enriched
palmitic acid supplements.  Increasing acetate supply by increasing fiber digestibility
supports higher milk fat yield.

- Milk protein is impacted both by amino acid supply and energy signals that stimulate
protein synthesis.  We need to think both about amino acid balancing and optimal energy
supply.
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Efficient parlor throughput with milk quality in mind 

Juan Rodrigo Pedraza DVM 
Zoetis 

Willow Park, Texas, USA 

Introduction 
Parlor throughput has always been a task that all dairymen must consider in order to be efficient and be 
able to get the maximum number of cows through their facilities without compromising milk quality. 
There is a very fine line when it comes to make such decision. If milk quality is a top priority, then you 
will have to slow down the speed but if milking as many cows as possible is the goal then your milk 
quality will suffer.  

Fine tuning your parlor settings, milking procedures and facilities can make a tremendous difference and 
you would be able to get the best of both worlds. 

Some of the most important accelerating factors will be discussed. 

Loading speed: How fast you can get your parlor banks loaded is important, but here are several factors 
that can maximize your cow flow. First one and probably the most important one is cow handling. Your 
employees need to understand cattle stockmanship, make sure you train your people correctly, so they 
understand the cow’s language and keep cow flow without any interruptions.  The second factor will be 
parlor flooring. Rubber mats will speed up the process, cows like to get on them and they feel safe so 
therefore move faster. In other hand bad flooring can be either slippery or too rough on their feet, 
increasing lameness and decreasing loading speeds. On top of this, it makes it difficult to detect clinical 
mastitis. Good parlor lighting will also help cows and employees to see better, and it will speed up the 
loading process. Size of parlors obviously affects efficiency but for the most part is something that once 
the parlor is built there is not that much you could do about it. Once parlors get bigger than double 35, 
they start losing efficiency because of the walking distances. 

Unit on Time: Many parlors’ settings affect unit on time. 
Pulsation settings: B and D phases are the ones that make the biggest difference. The B Phase is 

the milking phase and length should be around 500 mS. The D phase is the resting phase, and it should 
be around 200 mS. These two phases are important when it comes to efficient and safe milking process. 
If the B phase is not long enough the teat will get congested and therefore it will slow down the milk 
flow. Phases A and C do not change that much with different pulsation settings these are more 
dependent on vacuum chamber size and liner material.  
Pulsation is there to make sure the cows are milked out as fast as possible without affecting teat end 
health. The pulsators alternates vacuum with atmospheric pressure this allows the liner to open and 
close. With each cycle the liner will bend around the teat, applying a mechanical force at the teat end. 
Liner thickness and tension are some of the factors that can make a liner more or less aggressive on the 
teat ends. 

Vacuum level at the teat end is another factor that will increase or decrease unit on time. The 
higher the vacuum the higher the milking speed UP to a point. Nothing good happens to a Teat end 
above 12.5 inHg (42 kPa). This vacuum level should be measured at peak flow by either inserting a 
needle in the short milk tube getting the needle inside the claw or by using a T-piece at claw outlet. 
Vacuum fluctuations at the teat end will not cause a direct effect on mastitis incidence but will certainly 
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increase the risk of liner slips which can be a really important factor in terms of mastitis transmission.  
The minimum claw vacuum influences milking performance independent of the level of the system 
vacuum causing low milk flow and long milking times. (Besier, 2016) 
Small vacuum fluctuations will help reducing unit on time and will increase milk flow rates.  
High vacuum and B phase will increase peak flow but at the same time high vacuum will also increase 
liner compression. High liner compression will increase hyperkeratosis. (Bade, R.D. 2009) 

Liners: There are hundreds of different liners in the market.  Find the liners that fit your cows the 
best. Some are faster than others.  
Liner compression, liner tension, liner thickness and Over-pressure are different factors that affect 
milking performance. The system should be adjusted to the liner, simply follow the manufacturer’s 
recommendations; those will make the liners to perform adequately. Generally speaking, silicone liners 
because of the material are slower milkers this is usually compensated by setting the system at a higher 
vacuum and adjusting pulsation settings accordingly. Aggressive liners can cause excessive teat end 
congestion and therefore hyperkeratosis, this does not mean you cannot use them, is just a matter of 
making all adjustments in terms of milking procedure and system settings so unit on time can be as short 
as possible and avoiding overmilking both at the start of the milking process as well as at the end. 

Automatic take offs: Probably one of the most important settings that can help on reducing unit 
on time and therefore reducing excessive exposure to vacuum. Long unit on times are directly related to 
higher risk of hyperkeratosis. Flow-rate thresholds should be adjusted to be around to 2 lbs/min (900 
cc/min). These adjustments need to be done slowly making small changes both on the flow and delay 
times. Make adjustments weekly and check strip yields. It is Ok to have residual milk volumes up to 400 
cc. it has been documented that this volume will not affect SCC nor milk production. (Rasmussen 1993,
Stewart 2002, Jago 2010) the main benefits of early unit removal are a reduction of unit on time, teat
barrel congestion and hyperkeratosis. (Mein and Reinemann 2014).

At the time of checking strip yields, this assessment should include volume (equally distributed 
in all four quarters), teat congestion, teat end health, cow behavior like kicking and resistance to the 
touch.   
Mouthpiece vacuum (MPV) increases when milk flow decreases or when liner fit is poor, in both cases 
barrel congestion will be elevated. At the end of the milking process the milk flow is lower and the teat 
becomes longer, this affects MPV. In other hand when the teat cistern is empty it follows the pulsation 
cycles increasing the risk for reverse pressure and increasing the risk of bacteria entering the teat canal. 

Milk path: This is another important part of the system. We should apply enough vacuum to the 
teat in order to extract milk, once this happens this milk should flow to the milk line by gravity and not 
pulled by vacuum. Make sure there is a downhill path from the udder to the milk line without any type 
of restrictions. A common one is when the system uses shutoff valves that apply pressure to the hose. 
These will create memory on the hose and therefore a dramatic restriction on the flow. Long milk hoses 
will create a loop and then the milk will not flow by gravity to the line but instead vacuum has to pull 
slugs of milk that will increase teat end vacuum fluctuations. These slugs will act as a piston. 

Milking procedure: Timing is the key. 
Prep time will influence teat stimulation, it should be 10-20 seconds long with firm movements 

and pulling 3 to 4 strings of milk per quarter. This part of the process not only helps identifying clinical 
cases of mastitis which is absolutely critical when it comes to good quality milk and udder health but 
also will send a strong signal to the hypophysis for oxytocin release which directly affects milk letdown. 
Not only the prep time is important but the prep lag time which starts at the time of physical contact 
with the teat until unit attachment. This time varies depending on parity, times per day cows are milked 
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and stimulation time. Many milk quality consultants would recommend a prep lag time of 90 to 140 
seconds.  
Where I see most of the overmilking is not at the end of the process but at the beginning because of poor 
stimulation or prep lag times either too short or too long. In my opinion stripping cows is a must. 

Milk flows are very important, at least 9 lb/min (4 kg/min) at peak flow and the cow should 
produce at least 15 lbs in the first 2 minutes. The truth of the matter is that peak flows are not as 
important as low flows when it comes to unit on time. Avoid overmilking cows at all cost. Do not allow 
cows to see low flows, here is when automatic take off settings really need to be adjusted. 
When prep lag times are too short the cows will show bi-modal let downs this by itself elongates unit on 
times increasing exposure to vacuum. After hundreds of cows being graphed with an electronic flow 
meter, I have noticed that poorly stimulated cows will not have a long plateau at peak flow and therefore 
their unit on times will be longer. 

Unit alignment plays a very important role in terms of even and efficient milking. In other hand 
if alignment is a constant issue in the parlor this will limit milk production, increase the number of liner 
slips, uneven milking speeds at the quarter level and slowdown cow flow dramatically. Use alignment 
systems that make the milking process simple. Arms, chains, ropes, silicone blocks can all be useful if 
they are used correctly. The goal is to use a system that does not need any extra effort to make 
corrections and that it does not get in the way of the employees, either making a complicated procedure 
or creating a risk for injuries. Bad unit alignment will truly and consistently affect parlor throughput. 
Liner slips are detrimental to milk quality because of high-speed air admissions to the claw. Turbulence 
is created inside of the claw and milk droplets can be propelled to teat ends increasing the risk for 
intramammary infections. Squawks are always bad, but they are significantly worse at the end of the 
milking time when milk flow is low and there will not be any flushing effect.  

Cow cleanliness is an important factor in terms of mastitis risk, and it also affects milking speed. 
If cows are coming in with dirty udders it will take more time for the milkers to clean those teats and the 
odds of attaching units on dirty udders will go up rapidly, causing higher bacteria counts and higher 
incidence of mastitis. 

There is no perfect milking procedure; the key is to make a protocol that benefits both employees 
and cows. Always take into consideration walking distances for the milkers. When they are doing long 
shifts this amount of walking will go against the quality of the job. At the same time make sure timing is 
adequate in terms of contact time for the teat dip, prep time and prep lag time. In my opinion the best 
milking routine is territorial where each milker has a defined zone where he/she will be responsible for 
all parts of the process. A full routine (strip, dip, wipe and attach) will be essential for better udder 
health, milk flows and better milk quality. Some people could argue that cutting corners in the routine 
could make the parlor faster, the answer is yes but the end result will affect milk quality. Try to find that 
combination where cows are milked fast, gently and completely without affecting milk production, 
udder health and milk quality.   
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Fitness to Transport: New Decision-Making Tool 

Michelle Calvo-Lorenzo1 and Lily Edwards-Callaway2

1Chief Animal Welfare Officer, Elanco Animal Health, Greenfield, IN 
2Associate Professor, Colorado State University, Fort Collins, CO USA 

Animal welfare is foundational to the success of a dairy operation. The dairy industry has made 
tremendous progress in the welfare space, but end-of-life decision-making for cull dairy cattle 
still remains an area of opportunity (Stojkov et al., 2018; Walker et al., 2020; Cockram et al., 
2021). Making end-of-life decisions (e.g. culling, timely euthanasia, fitness to transport, etc.) for 
dairy cattle is complicated and challenging for a variety of reasons, including but not limited to: 
lack of protocols, ineffective employee training, the bond between caretakers and their cattle, and 
economic dis/incentives across the supply chain (Walker et al., 2020). Furthermore, the journey 
that dairy cattle endure when they leave the dairy is not always known or understood (i.e., how 
many stops will she make, how long will she be in the trailer, how many days until she is 
slaughtered). This is why ensuring cull cow welfare during this end-of-life phase is critical, and 
welfare can be optimized when fitness to transport (FTT) decisions are appropriately made for 
cows and calves shipped from the dairy. The FTT decision responsibilities are shared by all 
stakeholders within the dairy cattle supply chain (e.g., dairy employees, sale barn employees, 
cattle buyers); however, the first decision to ship a culled dairy cow/calf is at the dairy and this 
emphasizes the impact of these decisions on any animal’s journey through the supply chain.  

Fitness to transport decisions can also have an impact that extends beyond the animal. For 
instance, FTT decisions not only affects the quality of life for all animals shipped, but also the 
culture of the farm, those receiving animals at other points in the supply chain, and the dairy 
industry’s reputation. This is why the FARM Program Manual Version 4.0 (FARM, 2021) 
includes an entire chapter on FTT, a FTT protocol template, and a poster on the do’s and don’ts 
of transporting dairy animals. Despite the fact that guidelines are provided, culled dairy cattle 
continue to arrive at terminal markets in unfit and compromised conditions (Harris et al., 2017; 
Vogel et al., 2018; Stojkov et al., 2020 a, b). It is important for the dairy industry to come 
together to determine how better decisions about FTT can be made.  

Moving forward, what can the dairy industry do to make progress and improve FTT decisions 
throughout the supply chain? As an industry, there needs to be: 

• Continued development and support for industry-wide resources that are practical and
relevant

• Improved implementation of FTT principles, which should include on-going efforts
beyond trainings and audits alone

• Employees making FTT decisions must be empowered and supported
• FTT decisions must be considered as a shared responsibility across the dairy supply chain
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In an effort to support stakeholders when faced with these difficult decisions, key members of 
the dairy industry (e.g., dairies, sale barn representatives, processor representatives, allied 
industry, and academia) came together to create a training tool (e.g. video) focused on FTT 
decision-making. The goals of the video are to inform and empower animal caretakers to be 
proactive and confident in their FTT decisions and to make the FTT evaluation process more 
straightforward and easy to execute. All information provided in the video aligns with guidance 
provided in the FARM Program Manual (FARM, 2021).  

The video is nearing completion and will soon be available for on-farm use. The vision for this 
industry resource is for all stakeholders to integrate this video into their training program and 
infuse the video’s principles into the on-farm culture through on-going conversations, employee 
feedback, educational opportunities, and reward/incentive programs. Although a training video 
alone will not solve this industry challenge, the creators feel that bringing the supply chain 
together to make this video with a shared vision for improvement is a key step towards progress. 
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