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The origin of Calftop EX Milk Replacer and the calf program that came with it.

My research group conducted our first body composition study on calves in 1998 and 1999. This study resulted in calves growing at three rates of
gain, 500, 950, and 1,400 g/d, and harvested at predetermined body weights of 65, 85, and 105 kg, and the results were published in 2001. Another
three studies were conducted during that period in our laboratory, adding to the data on body composition and nutrient requirements of pre-weaned
calves.

At the same time, Dr. Jim Drackley and his students were working on similar studies, and we merged the data and developed new equations
for nutrient requirements for energy and protein and evaluated the predictions for maintenance requirements. The data demonstrated that the
maintenance requirements derived in the 2001 Dairy NRC were appropriate for modern dairy calves; however, the tissue requirements for energy
and protein differed, with protein requirements exceeding those predicted by current equations.

In 2003, Akira and I met to discuss the updated requirements and implications for calf growth and feed efficiency. At the meeting, we discussed
creating a milk replacer that would provide adequate energy for greater growth and meet protein requirements. Our data indicated that a 45 kg
calf growing at 1 kg/day under thermoneutral conditions would require a milk replacer delivering about 5 megacalories of metabolizable energy and
about 320 g of metabolizable protein to meet the energy-driven requirements for growth.

By January 2005, a new milk replacer, Calftop EX, was developed for the Japanese dairy industry: a 28% crude protein and 15% fat milk replacer
designed to target 0.8 to 1.0 kg per day growth in the first 45 to 60 days of life. One of the secrets to the milk replacer's success was the work
Akira conducted on fat digestibility, as he worked with another group to develop a miscible vegetable-based fat with a triglyceride composition that
enhanced intestinal digestibility. The calf program focused on reinforcing current calf recommendations, like at least 2 L of colostrum at birth and
an additional 2L of colostrum within 12 to 24 hours of life to ensure adequate colostrum intake. The feeding rate of Calftop EX supports growth by
encouraging 6 L per day in the first 7 days, then 8 L per day for another week, and up to 10-12 L per day as the calf grows and can consume that
level of milk replacer. Then, a step-down weaning process over 10 to 14 days to encourage and ensure adequate starter intake and post-weaning
nutrient supplies.

What was encouraging were the observations of calf growth and the feedback we received from dairy producers about their calves growth and
health. In 2013, T was once again invited to work with Zen-Raku-Ren and Akira to provide additional lectures, tour dairy farms, and engage
Wagyu breeders about the potential to enhance the growth of Wagyu calves. Several dairy farms had tracked the growth, health, and milk yield
of their calves as lactating heifers, and we evaluated the milk yield of first-lactation cattle on several farms and observed increases of 700 to 1,200
kg in heifers that were provided with more nutrients as calves. This was exciting and supported the research in our group, demonstrating similar
outcomes and justifying the additional investment in nutrient supplies for the calves before weaning. And because of this, Akira asked me if we
could do the same thing for the Wagyu calves. After researching their body composition, expected growth rates, and typical weaning programs, we
developed a milk replacer to improve calf growth for those calves. This was the origin of Calftop EX Black milk replacer and the program to make
the best use of it.

This was an exciting period for enhancing calf growth, health, and the long-term productivity of animals throughout their productive lives, and it
continues strong today. The industry continues to improve and refine nutrient supplies and management of modern dairy calves, and the approach
outlined here and developed by Zen Raku Ren serves as a strong basis for calf growth and health.
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20 Years of Intensive Calf Nutrition

Congratulations to Zen-Raku-Ren on the 20th anniversary of their intensified nutrition program! Zen-Raku-Ren s program and products represent
one of the most successful intensified nutrition programs in the world. As one of the scientists that participated in the development of intensified
calf nutrition, I want to take this opportunity to think back on its start.

The idea of feeding more milk replacer to calves to promote greater growth was not a new concept. Several studies in the 1960" s and 1970’
s demonstrated the benefits to calf performance of feeding more milk replacer. However, those data were largely ignored by nutritionists,
veterinarians, advisors, and the industry as being too expensive and too much like veal production. The industry was focused on early weaning and
promoting starter intake so that calves could be weaned to the cheaper starter at an early age.

More than 25 years ago, Mike Van Amburgh and his graduate student Carolina Diaz at Cornell University were working to provide data for an
improved CNCPS model of calf growth, and wanted to better establish energy requirements in calves. To do that, they formulated a milk replacer
with 30% crude protein to ensure that protein did not limit body weight and height gains, and then fed it at 3 levels of intake. The highest feeding
rate (about 2.25% of BW) resulted in calves gaining more than 1 kg/day without fattening. At the same time, my graduate students Kerri Bartlett
and Ronelle Blome and I were conducting research on the protein requirements of young calves and the interaction of protein and energy intakes.
Presentation of these results in the late 1990" s and publication of the Diaz study in 2001 in the Journal of Dairy Science created much excitement
in academia and the industry.

Van Amburgh and I, along with some others in the industry, immediately saw the potential of this accelerated or intensified feeding to reduce
the age at first calving, improve health, and make better dairy cows. However, other leading calf researchers and industry specialists focused on
perceived negatives, including the greater daily feed cost, the growth slumps around weaning, the looser manure, the desirability of earlier weaning,
and the idea that calves would lose this early weight advantage as the conventionally fed calves “‘caught up to their intensively fed herdmates. This
group of influencers and industry professionals vigorously opposed implementation of intensified feeding programs.

Several developments in the 2000" s began to change people’ s minds about intensified feeding. First was the explosion of research on calf behavior,
led by the group at the University of British Columbia in Canada. Those researchers showed clearly that calves fed typical conventional amounts
of milk or milk replacers were hungry much of the day, and that this negatively impacted calf welfare. Second, improvements in feeding protocols
resulted in less slump in growth around weaning. Third, it was shown that well-implemented intensified programs resulted in similar or lower cost
of weight gain in calves compared with conventional limit-fed systems. Finally, reports began to circulate that heifers fed aggressively as calves
were producing more milk in first lactation. Data from the 2010 s continued to reinforce these trends, and today it is common for farms to feed
much greater amounts of milk replacer than they did 20 years ago. Most of the critics have been silenced.

Under the leadership of Dr. Akira Saito, Zen-Raku-Ren s intensified nutrition program has thrived for several reasons. First, the products are
successful because they are made from high quality ingredients and have a research-proven formulation. Second, the feeding schedule allows calves
to get off to a good start and then grow rapidly, with little slump around weaning. Third, the program uses a proven starter formula that continues
the large gains promoted by the milk replacer. Finally, Zen-Raku-Ren staff have focused relentlessly on following the protocols to help farmers
successfully implement the program. The end result is faster grown calves that are healthier and either produce more milk or reach market weight
Sooner.

Zen-Raku-Ren continues to be a leader in intensified calf nutrition, not just in Japan but globally. I am pleased to have witnessed the program’ s
inception and watched it grow over the years to become so highly successful. I' m excited to see what the next 20 years will bring!
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History of Intensified Calf Feeding

It has been a privilege for me to work with the dairy industry and dairy producers for over 50 years. I worked at Cornell University for 40 years
in extension, research, and teaching. After this, I was a Technical Consultant for ZRR for 10 years. My first exposure to ZRR and Akira Saito was
at a meeting Japan sponsored by Dr. Koichi Ito. It has been a pleasure to work with ZRR and meet many of the staff working with dairy farms at
meetings or on farm visits. I have been impressed with the quality and enthusiasm of the young employees and the importance that ZRR places on
conducting research to improve products and management practices to improve milk production, efficiency, and profitability of its members. Your
cooperative also has a strong history of collaborating with experts including Dr. Mike Van Amburgh (Cornell University), Dr. Jim Drackley (University
of Illinois), and Dr. Bob James (Virginia Tech).

Research on milk replacers started in thel940" s focused on ingredients used and feeding rates. In a 2013 paper, Dr. Al Kertz reported that the
industry standard milk replacer from early studies was 20% crude protein, 20% fat containing about 12% solids fed at about 10% of the calves’
birth weight. The goal was to encourage calf starter intake and early weaning. Milk products were the preferred protein sources. Doubling body
weight from birth to weaning was the goal.

There were 3 trials comparing the 1st lactation milk production of calves fed either milk replacer (MR) or suckling milk until weaning. Calves that
suckled milk produced an average of 781 kg more milk during the 1st lactation. Milk equivalent intake for the suckled calves was about double that
of calves fed MR. A trial from the University of Illinois reported average daily gains of 0.73 kg/day fed MR st 14% of body weight versus 0.36 kg
for calves fed MR st 10% of body weight. Other studies have reported improvement in daily gain by increasing total solids in milk replacers from
12 to 15%. Results from these studies indicated that current calf feeding programs were restricting calf growth. This sets the stage for research to
improve growth rates. An early trial from Cornell University used MR with 30% crude protein and 20% fat fed to targeted growth rates of 0.5, 0.95
and 1.4 kg/day. Actual daily gains were 0.56, 0.97 snd 1.1 kg/day.

The result of these and other studies was the development of the “intensified” calf feeding program. This concept was introduced by Dr. Mike
Van Amburgh at the ZRR seminars in 2005. The goal is to provide adequate nutrition to allow calves to double birth weight by 56 days of age, feed
enough energy in cold environments and promote body protein gain. There have been a series of calf trials conducted at the ZRR research farm
under the guidance of Dr. Van Amburgh. In addition, trials have been conducted at Cornell University with support from ZRR.

Calves in the intensified feeding program consume about twice as much milk replacer powder than calves in traditional feeding programs. The
milk replacer used is usually 25 - 30% crude and 15 - 20% fat. This increases the daily feed cost. However, the days to weaning and the amount of
calf starter fed will decrease. The calf starter fed is about 22% crude protein to maintain a high-quality post-weaning program is required to take
advantage of the growth from higher levels of milk replacer fed prior to weaning.

The results of intensified feeding programs indicate that calves are larger at weaning and reach breeding weight at a younger age. They have a
lower age at first calving and produce 400 to 800 kg more milk in this lactation. Workers at Michigan State University reported that total costs
through the first lactation were not different between the conventional and intensified feeding programs. Depending on milk price, returns from the
intensified feeding program can be 3 times the higher extra cost of the milk replacer.

Zen Raku Ren needs to be recognized for having the vision to develop this program to assist dairy producers improve the efficiency and profitability
of dairy farms. You should collaborate with your representative to determine if this fits your farm and how to implement this on your farm.
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TABLE 3. Least squares means (+SEM) for milk production®, average
lactation length, total milk during two lactations® (kg/d), and 305-d
mature equivalent (ME)® (kg) of heifers fed 2 or 4 L of colostrum at
birth.

Volume of colostrum

2L 4L
Item Lactation 1  Lactation 2  Lactation 1 Lactation 2
Milk, kg 7848%(253) B1677(249) 7526 (252) 9516* (251)
Lactation length, d 324 (9) 292 (13) 298 (5) 300 (8)
Total milk, kg/d 26.9 27.8
305-d ME, kg 8952¥(341) 9642/ (341)  9907* (335)  11,294° (335)
Sire PTA, milk, kg +360 (38) +347 (46)
Dam PTA, milk, kg +279 (39) +345 (45)
Heifers, no. 28 27

3Least squares means for milk production (kg) produced by lactation were adjusted
using lactation length as a covariate.

heans for total milk (kg/d) produced by treatment were computed using actual
milk produced during two lactations adjusted using dam predicted transmitting
abilities (PTA) for milk as a covariate in relation to lactation length per treatment.
“Least squares means for 305-d ME milk (kg) produced during each lactation were
adjusted using dam PTA for milk as a covariate.

wk¥2hMeans in a row with different superscripts differ (P<0.05) by treatment within
lactation.
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Calf nutrition over the last 20 years
T.P. Tylutki PhD Dpl ACAN

AMTS LLC

Growing up in the 1970s and 1980s on a 65-cow dairy farm, one of my jobs was feeding calves. A chore I shared with my grandfather until I left
for Cornell University in 1986 and then my mother took over. We housed calves in group pens. Fed a mix of whole milk and traditional 20/20 milk
replacer in pails. The total volume fed was % of a pail for a couple weeks, then a ¥ pail, then a little more twice a day. I think the pails were 12 liters.
Weaning was 80-90 days and we stepped them down over a couple weeks. The last several days, they were just given the rinse water out of the pipeline
at the end of milking. In the late 1980s, my dad started buying calf starter. Before that, we just fed them free-choice 18% dairy pellets, some nice 1st
cut grass or 3rd cut alfalfa hay, alfalfa silage, and when we had corn silage, some of that too. What were average daily gains? Who knows. What I do
know is when I took calves to dairy shows, the judges always told me our calves were over-conditioned (I said healthy). In 1990, as I started my Masters
program, I met a fellow graduate student who was interested in calves. His name: Mike Van Amburgh. At the same time, there was another graduate
student, Bob Harrel. He was working with nursery pigs. He formulated a milk replacer where his piglets were gaining over 10% of bodyweight a day.
Mike and I just shook our heads in amazement. They grew, well, like watching corn grow on a hot and humid July day. Jump ahead several years and
Van Amburgh started reporting some amazing data: the better the calf grows (ie the higher the ADG) pre-weaning, the more milk she produces as a cow!
This was the beginning of modern calf nutrition.

My first trip to Japan was a month after the big earthquake that caused the nuclear disaster. I learned many things that trip, including that ZenRakuRen
had been diligently working on applying the Cornell and Univ. of Illinois research on calves. I remember challenging people on the naming of the
system. Many in the USA were calling it “Intensified Feeding System”, others call it “Enhanced Feeding System.” I disagree with this terminology. I call
this “Normal Biological Growth”. This implies that what were doing previously (and many still do) is abnormal, something I truly believe. When I toured
the ZenRakuRen Milk Replacer plant, and multiple discussions with Akira Sato, it became clear to me that ZenRakuRen was a global leader in adopting
the latest calf nutrition research. I then saw improved calf starters and growers, a large focus on colostrum, new calf barns, and automatic feeders.
Japan must be in the top five countries with the highest number of automatic calf feeders. This all shows a continued commitment to better calf rearing
(nutrition and management) leading to healthier animals, the potential for longer lives, and more milk production. And improved overall animal welfare.
Excellent work everyone!

Unfortunately, as with any ‘new’ technology, people become complacent. And when complacency happens, protocols begin to slide backwards, people
start looking at making things ‘cheaper’, and we lose performance. First, let us agree that proper nutrition is not always the lowest cost. But if we
evaluate costs per kilogram of gain, proper nutrition is almost always more profitable! Instead of asking ‘how can we make a cheaper product’, we
should be asking ‘how do we get more gain’. This includes feeder calibration and cleanliness, colostrum and transition milk feeding, excellent calf
starters, free choice water, and excellent air quality. And heat stress abatement for dry cows!

The latest data clearly shows calves born from heat stressed dry cows grow slower pre-weaning, have lower survivability before 1st lactation, produce
less milk throughout their lifetime, and their daughters carry these performance and survivability losses as well. The data has evaluated three
generations now and each generation exhibits loss (Monteiro at al, JDS 99:8443). The following figure illustrates the first lactation milk production of
cows from heat stress vs cooled dry cows. This is an example of epigenetics. The genes of these animals were not changed. Rather, their expression was
altered.

Similar epigenetic responses are observed with feeding colostrum early and transition milk in the first three days of life. Faber et al (Professional
Ani. Sci., 21:420) reported the impact of feeding 4 or 2 liters of colostrum within the first hour of life. They followed these animals through two full
lactations. There were differences in ADG pre-breeding, but total milk production in the first two lactations was 1,027 kg greater for the cows that had
received 4 liters at birth. The included table is from this paper and shows the lactation productions and that genetically, the animals were similar.

This is beyond simple IgG intakes. Colostrum contains higher levels of hormones (growth hormone, prolactin, IGF-I, and more) that are ‘moms’ way to
communicate with the calf. These act as signals to the calf to ‘turn-on’ genes and genetic pathways.

Using AMTS, I calculated the ME (Mcal) and total metabolizable protein (MP, g) required per kilogram DMI from two months through calving. As the
figure illustrates, the young heifer has the highest energy and protein density requirements in their entire life. Even greater then cows producing 50 kg
milk (the column on the far right).

While we have made great progress in feeding young calves and heifers, there is still much to do to maximize our animals performance, survivability, all
at the best cost per kilogram gain. Could we achieve pre-weaning gains like those piglets of over 10% bodyweight daily? There is a challenge we should
be thinking about. I know ZenRakuRen has products planned to help us achieve these goals!
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Congratulations ZenRakuRen on 20th Anniversary of Calftop-EX!
Drew A VERMEIRE, PhD, PAS, Dipl ACAN

Nouriche Nutrition LLC, McMurray, PA

Introduction
I have been blessed to earn a living working with calves for nearly 40 years. My work includes veal calves, dairy beef calves, and replacement heifer
calves. Although I do many jobs, first and foremost, I consider myself a teacher with many classrooms in many places.

Photo 1 caption: Dr Drew speaking in Cartegena, Columbia in 2015

For much of my career, I have been conducting research with both milk-fed calves (veal) and calves fed milk replacer and starter feeds to improve calf
performance and lower cost of production. Our research nursery holds 256 calves in individual pens. Each calf has its own feed bucket, water bucket and
bottle holder. We feed milk replacer in 2-quart (1.89 liter) bottles. We can test up to 4 milk replacers and 4 starter feeds simultaneously.

Photo 2 caption: Research nursery holds 256 calves

My clients have included both companies and calf producers primarily in the United States, Canada, and France. I have worked as a consulting
nutritionist with calf ranches ranging from 5,000 to 100,000 calves since 1988. While each client is different, with different objectives, the basic principles
are the same: adapt the management program to raise healthy, profitable calves using the resources available to the calf ranch.

Photo 3 caption: California calf ranch with 16,000 hutches and 10,000 calves in corrals

Japan and United States

The United States has approximately 9.3 million dairy cows and a population of 327 million people. The total number of cattle in the United States
is approximately 92 million head and Japan is our most important export market, taking 370 million kg of beef in 2022. By comparison, Japan has
approximately 1.6 million Holstein cows and 3.4 million beef animals with a population of 1.2 billion people. The United States is approximately 9.8 million
square kilometers compared to 377,915 square kilometers in Japan, making the United States approximately 26 times larger than Japan.

I was introduced to Dr Akira SAITO only three years after Calftop-EX was introduced to the Japanese Dairy Industry. During these 17 years, we
have travelled together in Arizona, California, Colorado, Florida, Indiana, Kentucky, Louisiana, Missouri, New Mexico, New York, Pennsylvania, Utah,
Wisconsin, Canada, and France. Although I have never visited Japan, Dr SAITO and I have spent a lot of time together and I have learned a lot about
the Japanese Dairy Industry, and the calf feeding programs of ZenRakuRen from him. I am grateful for the time we’ ve spent together and honored
that Dr SAITO asked me to write some thoughts about intensified feeding of calves in other countries and the extraordinary success of the Calftop-EX
program of ZenRakuRen.

Three Calf Feeding Programs in United States

1.Lowest Cost-per-Day. In the United States, we still have a limited number of producers who are paid to care for calves that are owned by someone else,
and there is no incentive to produce better calves. As a result, these calves are fed 450 grams of milk replacer per day and weaned at 42-49 days of age.
I call this program “starve the calves and sell the survivors.” These calves are not efficient, and not high quality, but they have the lowest cost-per-
day and we still see some producers following this program.

2.Lowest Cost-of-Gain. Most commonly, we have producers who feed a moderate amount of milk replacer, 600-700 grams per day with calves weaned
as young as 35 days of age and as old as 70 days of age. At this feeding rate, calves have the lowest cost per kg of gain and this program is very typical
for producers who are paid to raise calves with incentives paid based on live weight. This program is used for bull calves raised for dairy beef and for
heifers where the calf producer does not have a vested interest when the heifer starts producing milk.

3. Highest Return-on-Investment. Intensified feeding has been adopted in the United States by dairies with excellent management because the cost of
producing a heifer is the same for both intensified feeding and traditional feeding from day one until the heifer freshens, but with an intensified feeding
program the heifer produces 900 - 2500 liters more milk in every lactation. As a result, the producer has the highest return-on-investment for raising
the heifer.

In reality, intensified feeding has not been widely adopted in the United States. One reason is the need for better calf management to track calf age and
a variable feeding level. I call this feed plan the “2-3-2-1 Program” because we feed 2 bottles per day for 2 weeks, 3 bottles per day for 3 weeks, then
2 bottles per day for 2 weeks, and 1 bottle per day for 1 week with calves weaned on day 49. This program is slightly different than the Calftop-EX
Program, but both meet the same objective. The more common use of automatic feeding equipment in Japan makes it more practical to feed calves with
a variable feed plan.

The key relationship between the milk replacer feeding program and future milk production is the increased rate of gain by the calf for the first 56 days
of life. Our objective is to double the calf’ s birth weight by day 56. In the United States, many producers believe that if they feed a moderate amount of
milk replacer (600-700 g/day) for 90 days, they receive the same benefit of increased milk production when the heifer freshens. This does not have the
same effect of feeding a higher amount of milk replacer per day, which increases rate-of-gain and doubles the calf” s birth weight by day 56.

Japan is Leader in Intensified Feeding

In my opinion, Japan is the world leader in Intensified Feeding. Countries such as United States, Canada, France, and The Netherlands do not have such
widespread implementation of this type of program as dairies using Calftop-EX. Denmark has traditionally fed calves with a program which is closer to
Intensified Feeding than most other countries.

Israeli research in 1997 by Bar-Peled et al showed that heifer calves with faster growth during the first 56 days produced >900 liters more milk in
their first lactation. Dr Mike VAN AMBURGH, at Cornell University, began investigations to confirm this result and by 2000, his graduate student,
Carolina DIAZ, reported similar results. Thus, began Intensified Feeding. ZenRakuRen introduced Calftop-EX just five years later. This is a remarkable
adaptation of published research into field application. One might wonder why has the Calftop-EX program been so successful? I can speculate as to the
reasons:

1.Research-based Results. The Calftop-EX feeding program has been based on sound research showing both calf performance and economic
considerations for the dairy producer showing high return-on-investment. Calftop-EX and its predecessor programs were based on the best science
available at the time. ZenRakuRen conducted research to compare the performance of heifers fed the conventional program versus the intensified
program. These results drove the decision to introduce Calftop-EX.

2 Incremental Improvements. ZenRakuRen has made continuous improvements to the Calftop-EX program. Research drove improvements in New Make
Star, composition and manufacturing process with milk replacer fat, and adaptation of the program for Wagyu calves. ZenRakuRen took the challenge of
BSE in 2001 and used it to re-engineer the fat used in milk replacers to produce a product that is now superior to the original fat products. Both dairy
and Wagyu producers benefit from these on-going improvements but, ultimately, the Japanese consumer has benefited from these programs the most.
3.Engagement with Experts from Industry and Major Universities. The list of distinguished speakers at the ZenRakuRen Seminars since 1986 reads
like a list of who' s who in American cow and calf nutrition and management. Topics have included high producing cows, feeding lipids, bicarbonate,
carbohydrates, and forages, Intensified Calf Feeding programs, transition cow nutrition and management, among others. It' s clear that ZenRakuRen
views these seminars and industry engagement not as an expense, but as an investment in the future of the farmers they serve. My PhD advisor, the
late Dr Jack CLINE, often said “if you think education is expensive, consider the cost of ignorance!” ZenRakuRen has invested in research to improve
programs and invested in farmer education to implement new technologies.

4 Teachers, Not Salesmen. Finally, every person that I have met from ZenRakuRen over the years has had the same attitude: “we are teachers, not
salesmen.” What s the difference? Teachers are looking out for the best interest of their students while some salesmen are looking out for their own
interest in selling something that might not be in the best interest of the client.

Again, congratulations to ZenRakuRen and all of your producers! You should be rightly proud of the past 20 years of innovation with Calftop-EX and
really, innovation going back to 1967. I' m grateful for the opportunity to be associated with you, both in the past, and into the future!
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Setting dairy replacements for success beyond the first 2 months of life

First of all, congratulations to Zen-Raku-Ren for the first 20 years of the Calf Top EX. My first contact with the cooperative was through M. Akira
Saito and his team during one of their visits to Cornell University, while I was as a graduate student, more than 10 years ago. Since then, it has
been clear to me that applying research and developing since-based solutions was a Zen-Raku-Ren' s priority to better serve its clients. Therefore,
I' m honored for having the opportunity to contribute to this special COWBELL edition with a summary of my experience and perspective on the
rearing of high quality of dairy replacements.

Early in my career I learned first-hand the value of providing the best conditions possible to calves to produce ‘great cows’ , as the owner of the
farm I was working at used to say. At about the same time, I heard about the research coming from Dr. Mike Van Amburgh’ s group at Cornell
University on calf nutrition and its lifelong effects on productivity. At the time their findings were groundbreaking, but more importantly for me,
they just made sense!l During the past few decades, the research and its application has transformed many areas of calf rearing and our appreciation
for its contribution to the success of the dairy enterprise. Basically, we understood that by trying to save some dollars, limiting the resources
invested in the young heifer, munch more money is being lost by the derived health issues needing treatment, the calf losses and the diminished
capacity to produce milk and to stay in the herd of the resulting cows.

From the nutritional standpoint, to allow calves achieve enhanced growth, not only a greater quantity of liquid feed solids should be offered, and
adjusted according to the environmental conditions, but also the quality of the milk replacer should match the increasing needs of protein with
increased feed allowance. Insufficient protein supply will limit lean growth and potentially negate the benefits of enhanced growth on future milk
yield. Regression analysis by Soberon et al. (2012), identified that per every 100 g/d increase in average daily gain before weaning, cows produced
about 230 kg of milk more over their first three lactations.

However, the potential to boost future milk yield through improved growth does not end at weaning. The same analysis mentioned above found
that for every 100 g/day increase in average daily gain from weaning to breeding, cows produced roughly 820 kg more milk over their first three
lactations. Despite this significant potential, the nutrition of heifers during and after weaning has received far less attention in research. With
this in mind, during my doctorate program we explored few aspects on the nutrient requirements of the calf in its transition to a ruminant. More
precisely, we investigated the effect of the supplementation and the form of supplementation of methionine and B-complex vitamins in the starter
feed in two separate animal trials, in which Zen-Raku-Ren collaborated and contributed financially. With these studies, we found that a methionine
analog promoted feed intake and growth during postweaning period (Molano et al., 2020) and that the B vitamins and choline coming from the diet
and the ruminal synthesis were sufficient to satisfy the needs of calves growing at 1.0 kg/d (Molano et al., 2021). Although more detailed findings
were drawn from this research, in general these studies reinforced the idea that with the sustained provision of proper management and nutrition,
calves raised under enhanced liquid feeding programs could continue to attain acceptable growth rates during (0.80 kg/d) and after (1.30 kg/d)
weaning. Under the conditions of these studies calves were able to double their birth weight before weaning was initiated and to triple birth weight
by 3 months of age (Figure 1). Still today, these studies are among the few in the published literature describing this level of growth performance in
dairy calves. The enhanced liquid feed program, the quality of the milk replacer, the carbohydrate and amino acid prolife of the solid feed, and the
delayed and gradual weaning offered in these studies are among the factors that could be contributed to the observed performance.

Figure 1. Body weight of calves consuming starters with different levels and forms of supplemented methionine. Adapted from Molano et al., 2020.
Figure 2. Average balance of profitability (in Canadian dollars) over the life cycle for the average herd (dark line) and for the top of 20% herds that
reimbursed their replacement cost the quickest (light line) in 2021. Lactanet, 2023.

Further the compilation of body composition data from our group and others, permitted us to better characterize the composition of growth of
heifers after weaning, a period during which heifers have an exceptional capacity to achieve lean, structural and functional growth. This and other
efforts allow a better understanding of the nutritional needs of the ruminant heifer and take advantage of their potential to growth.

Currently on my role at the Canadian Network for Dairy Excellence (Lactanet), I lead extension activities on the heifer rearing area and I' m
interested on the evaluation and integration of biological and economical metrics that could reduce rearing costs, maximize lifelong profitability and,
ultimately, help dairy producers optimize the return on the investment put on their replacement programs. In a recent characterization of rearing
programs of commercial dairy farms, we identified herds capable to reduce rearing cost (by $850), to attain breakeven 5 months earlier and to
increase lifelong profitability (by $2,500) when compared to the average of studied herds (Figure 2). These herds invested as many resources during
the first 6 months of life as the average herd, but after that they were able to reduce costs and the age at first calving while ensuring adequate
development at calving and first lactation milk yield.

The growth and development of the calf is a continuous process that affects its future milk production potential. Although the liquid feed plan
sets the foundation of the rearing program, it should be continued during and after weaning. The resources put during this process should not
view solely as a cost but as an investment that should consider both the growth and health performance of calves, and ultimately the return on
investment over their production cycle.
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My path with Zen-Raku-Ren
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I first became acquainted with Zen-Raku-Ren through Dr. Saito, whom I met at the American Dairy Science Association (ADSA) Annual Meeting
in 2017. During our discussions, Dr. Saito invited me to participate in a national seminar series in Japan in 2019 titled "Calf Management and Health
- Say Sayonara to Scours." At that point in my career, my knowledge of the Japanese dairy industry was limited, aside from early experiences as a
child interacting with Japanese cattle buyers who purchased animals from my family s dairy farm.

To help prepare for the seminar, Dr. Saito and his technical team visited my university and met with my students to gain a deeper understanding
of the rationale and direction of my research program. This level of engagement was exceptional and reflected the tremendous care and
professionalism with which Dr. Saito and his team organize their seminars. These visits were instrumental in helping me understand how my
research could be tailored to support Japanese dairy producers. The seminar itself was an outstanding experience, enabling valuable exchange of
knowledge with both producers and their technical advisors.

Beyond the seminar, I have maintained regular communication with the Zen-Raku-Ren technical team, particularly in the area of calf health and
nutrition. These interactions have been intellectually rewarding, allowing us to explore shared challenges and develop strategies relevant to both the
Canadian and Japanese dairy industries. We have exchanged ideas on topics such as colostrum formulation and feeding strategies, milk composition
and intake levels, weaning protocols, and post-weaning nutrition for both dairy and beef calves.

The attention to detail and scientific curiosity of the Zen-Raku-Ren technical team is truly remarkable. I greatly value our ongoing collaboration and
look forward to continuing our shared efforts to advance calf health and productivity through applied research and knowledge exchange.
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Progress in more than 30 years of feeding and managing the transition dairy cow and her calf
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Research and industry focus on understanding the biology of the transition dairy cow and implementing feeding and management practices to
improve transition cow health and performance goes back nearly 30 years, and my professional and personal friendship with Dr. Akira Saito from
Zenrakuren Dairy Cooperative lasted for more than 25 years of this period. The transition cow has been the focus of our professional activities,
resulting in three separate Zenrakuren seminar and workshop tours in Japan for me to bring the latest in transition cow research and Dr. Saito to
then focus on implementation in the dairy industry in Japan.

In March 2003, we held seminars at three locations in Japan. A major focus of this seminar was on milk fever prevention and we highlighted the
work that Zenrakuren had conducted on potassium content of imported hay as a way to identify low potassium hay that could be fed by farmers
in Japan to decrease the dietary cation-anion difference (DCAD) of the precalving diet and thereby decrease milk fever. We also showed the first
research results demonstrating the positive effects of rumen-protected choline on liver health and metabolism in the transition cow. Additional
topics included the importance of managing body condition score and on facilities and grouping management.

In December 2006, we held seminars and workshops at nine different locations across Japan. We provided target goals for the major transition
cow health disorders and provided updated information on the use of DCAD in precalving diets, including the use of anionic feed supplements in
addition to low potassium hay. We discussed the importance of protein and amino acid nutrition in the transition cow and the specific needs of the
heifer during her transition period to lactation. Consistent with the major focus of Zenrakuren on calf growth and health through the development
of intensified feeding programs for calves, we discussed nutritional strategies to improve colostrum quality and the negative impact of heat stress
on colostrum quality and calf absorption of immunoglobulins. We discussed monitoring strategies for transition cow programs and how blood based
analytics such as nonesterified fatty acids (NEFA) and ketones can be used to monitor cow health and the success of transition cow management
programs at the farm level. Finally, we provided research updates on shortened dry period strategies and increased milking frequency of fresh
cows that had been mentioned in 2003 but there was much more research results to provide guidance.

In December 2013, I gave 8 Zenrakuren technical seminars and workshops across Japan once again focused on the transition cow. We showed
data on transition cow health and performance from farms that we had enrolled in New York on a field study. This time, our discussion on calcium
in fresh cows moved from a focus on clinical milk fever to subclinical hypocalcemia and the need to use prepartum dietary strategies to prevent
subclinical hypocalcemia even when milk fever rates are low. We introduced the topic of controlled energy diets for dry cows - diets with enough
energy but not too much as a way to improve fresh cow feed intakes and health. We discussed the importance of feeding management of these
diets through chopping the straw or hay in the diet and adding water to help prevent sorting. We introduced the target growth system to monitor
and manage heifer growth in order to optimize first lactation production. New data showing the negative effects of overcrowding on physiology and
metabolism of dry cows from our research group were shared and we continued to emphasize management of heat stress beginning during the dry
period. Furthermore, we provided new guidelines for the use of NEFA and ketones in transition cow monitoring and management and introduced
haptoglobin as a blood-based marker of inflammation.

In the 12 years since the 2013 seminar, we have continued to refine our use of DCAD in precalving diets and those strategies have become very
commonly implemented. We have new research information supporting increased protein supply to transition cows, particularly during the fresh
period. Clinical health disorder rates in transition cows have decreased dramatically and health issues such as clinical milk fever and displaced
abomasum occur at much lower frequency than they used to. Milk production and reproductive performance continue to improve, partly due to
better nutrition and management of transition cows.

One area of importance that has emerged much more strongly over the past 12 years has been the recognition that nutrition and management of
the dry cow has implications for calf health and performance after they are born, including their performance in first lactation and survival in the
herd. Based upon work led by Dr. Geoff Dahl at the University of Florida and Dr. Jimena Laporta, now at the University of Wisconsin, Madison, we
now know that calves born to dams that are heat stressed during the dry period are compromised throughout life. They have less ability to absorb
colostrum antibodies, have more failure of passive transfer, leave the herd faster than calves born to cows that were cooled before calving both as
heifers and through at least three lactations, and they make less milk through at least three lactations despite being of similar size at first calving.
Although we still have opportunities for improved transition cow nutrition and management and calf nutrition and management through application
of intensified feeding programs, Zenrakuren' s focus in these two key areas of herd management will continue to help dairy farmers in Japan
improve health and productivity of their herds.
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