ABSTRACT
PORTER, WILL CURTIS. Impact of Organic or Inorganic Trace Minerals and Days
Backgrounded on Dairy Calves Raised Using an Automated Calf Feeder (Under the direction of
Dr. Stephanie Ward).

This experiment was conducted to improve modern calf rearing practices. Our objective
was to evaluate the number of days calves were backgrounded and source of trace mineral
(organic or inorganic) on performance and health of calves fed in an automated calf feeding
system (ACFS). Forty male and female Holstein calves were enrolled in a 2x2 factorial
experiment, where treatments were trace mineral (organic, OTM or inorganic, ITM), and days
backgrounded (3 or 10d fed individually before entering ACFS). Organic trace minerals in the
milk replacer were amino-complexed forms of Zn, Mn, Cu, and Fe at 50, 50, 10, and 100 mg/kg,
respectively (ProPath®, Zinpro Performance Minerals, Eden Prairie, MN). The ITM treatment
supplied sulfate forms of Zn, Mn, Cu, and Fe at the same rate as OTM. Calves were assigned to
one of 4 treatments (n = 10): 1) 3 d backgrounded, OTM (30); 2) 10 d backgrounded, OTM
(100); 3) 3 d backgrounded, ITM (31) or 4). 10 d backgrounded, ITM (101). All calves were
housed individually in the same barn as the ACFS, prior to moving into groups, where they were
grouped by ITM or OTM and commingled by backgrounded days. Calves were fed a 28% CP,
10% fat milk replacer (MR) twice daily (14% solids) during the backgrounding period and then
according to feeding program provided by the automated feeder. The feeding program provided
ad libitum (40d) followed by restricted milk feeding with a gradual weaning. Calves were also
offered a 22% CP starter feed in the ACFS. Data were analyzed using the GLM and MIXED
procedures of SAS. Significance was declared when P < 0.05. Calves fed OTM and consumed
more MR than ITM fed calves, regardless of days backgrounded (30 = 1.29 and 100=1.52 vs

31=1.13 and 101=1.27, DM kg/d; P <0.01). Calves fed ITM had greater starter intake compared



to those fed OTM, regardless of days backgrounded (1.28, 1.32, vs. 0.73, 0.97 DM kg/d;
respectively; P< 0.01), resulting in greater total DMI (P<0.01). Average daily gain (ADG), feed
efficiency (FE), and non-esterified fatty acids (NEFA), serum and liver mineral concentrations,
and daily respiratory and fecal scores were similar among treatments. Both sulfate and amino-
complexed forms of trace minerals prevented trace mineral deficiencies. The addition of organic
trace minerals appeared to increase milk replacer consumption and provide similar growth
despite lower total DMI. Incidence of diarrhea was greatest for calves at 2 weeks of age,
regardless of trace mineral source or days backgrounded. Backgrounding calves for 3 or 10 d and
feeding ITM or OTM days appears to be adequate for normal calf performance. However,
feeding OTM may provide an advantage in MR intake and growth, but further investigation is

needed to fully evaluate the impact of the trace mineral source provided to calves.
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CHAPTER 1: Introduction

As dairy farm sizes grow the number of replacement heifers needed per farm continues to
increase. In efforts to meet this demand, some farms have adopted new calf rearing and
management practices. To combat workforce shortages and take advantage of group housing
benefits, more farms are now utilizing automated calf feeding systems (ACFS). ACFS are self-
contained units with heaters and blenders that supply fixed amounts of milk or milk replacer
(MR) to calves as programmed (Bentley and Paulson, 2012). ACFS provide calves the
opportunity to consume more frequent and smaller meals compared to conventionally fed calves
who may be limited by manual delivery of milk (Medrano-Galarza et al., 2017). In a review of
the available literature it was concluded that housing calves in groups can improve social skills
and coping ability, as well as increase milk and starter intake before and after weaning (Costa et
al., 2016). This calf rearing system also addresses consumers concerns who favor group housing
over isolation (Ventura et al., 2013) and provides farmers and managers with a great deal of data
relative to intake, growth, and behavior. However, ACFS do create some new challenges, most
notably being increased disease risk associated with group housing. Following a study of 38
farms in the U.S. with ACFS, Jorgensen et al. (2017) identified factors such as feeding plan,
group size, ventilation, stocking density, and bacterial contamination of milk source as having
direct impacts on calf health. Another factor producers must consider is the age of the calf when
entering the ACFS. The median age of introduction for calves in the United States fed with
ACFS is 5 days and typically ranges from 1 to 14 days (Jorgensen et al., 2017; Medrano-Galarza
etal., 2017). Pens with a mean age of introduction of more than 13 days had a higher prevalence
of within-pen bovine respiratory disease than pens with a mean age of less than 8d when grouped

and fed with an ACFS (20 v 10 adjusted prevalence %, 95% CI; respectively; P <0.05). This



study was completed with data from 17 farms with many different management practices, so it is
unclear if age had a direct effect on respiratory illnesses. (Medrano-Galarza et al., 2018). In
contrast, a study of 122 Swedish dairy farms recommended that delaying transfer until 11-17
days of age compared to the average 4-7 days of age could be favorable to calf health and reduce
respiratory illness (Svensson and Liberg, 2006). Others concluded that 2 weeks of age may not
be the best time for calves to be transferred because disease incidences are highest at two weeks
of age (Svensson, et al., 2003). The literature is unclear regarding what the best age to introduce
calves to an ACFS is and industry recommendations for group housing ranges from 3 days to 4
weeks of age (Moore et al., 2012; Mazon et al., 2018). While age is the factor most often
considered, it is recommended that the colostrum management program, health and vigor of the
calf , and age range of the group be evaluated when deciding when to transition a calf to ACFS
(Marvel and Lartz, 2019).

Reducing stress in youngstock has become especially important as standalone heifer
rearing facilities increase. The stress of both birth and transport are known to induce negative
responses by the calf. Difficult births are especially taxing on calves. Dystocia can decrease calf
vitality and chances of successful passive transfer of immunity and increase the risk of future
morbidity and decrease the potential for weight gain. At least 10% of heifers and a majority of all
bull calves get transported to a new location shortly after birth. Transport increases the calf’s
mobilization of both energy and protein metabolism as well as the amount of circulating
neutrophils. It also reduces glucocorticoid and epinephrine response during sickness therefor
inhibiting the calf’s recovery (Hulbert and Mois4, 2016). Peer reviewed literature indicates that
proper trace mineral (TM) supplementation improves immune function and enables cattle to

better handle stressful events (Bicalho et al., 2014; Gombart et al., 2020). Proper TM



supplementation also allows the calf to perform phagocytosis, maintain immunoglobulin M and
G concentrations, and strengthens the barrier of the gastrointestinal tract (Enjalbert, 2009; Ma et
al., 2020). When calves are stressed, TM retention may be reduced. Copper retention was
reduced by 3% following an induced period of stress in beef calves (Nockels et al., 1993). When
calves were challenged with Infectious Bovine Rhinotracheitis (IBR) serum zinc decreased (-
0.13 ppm, 3d after challenge) rapidly while urine zinc increased (+750 mg/d).) In that same
study, serum copper was increased (+0.4 ppm) within 2 days of the IBR challenge and remained
significantly higher for the next 14 days (Hutcheson, 1993). It should be noted both the
Hutchenson and Nockels studies had a small sample size (n=8) and that these studies are the
some of the earliest indications that stress may alter mineral status.

Calf and heifer rearing makes up a large portion of a dairy farm’s expenses, an estimated
cost to raise a calf from birth to weaning was between $258.56 and $582.98 and can significantly
impact profitability (Hawkins et al., 2019). Data collected in 2016 reported 10% of dairy heifers
in the United States died before weaning (Hulbert and Moisa, 2016). The Dairy Calf and Heifer
Association Gold Standard’s state that farms should strive for a 97% or greater survival rate of
calves from birth to weaning (James et al., 2016). By making calves more adaptable, pinpointing
the most effective management strategies, and improving their nutritional status, we can expect
to see a reduction in cost, morbidity, and mortality when raising replacement heifers.

To our knowledge, no studies exist in the current literature that compare the trace mineral
source and days backgrounded on calf health and performance. Therefore, the objective of this
study was to evaluate the effect of the trace mineral source and length of the backgrounding

period on growth, morbidity, feeding behaviors, and mineral status.



CHAPTER 2: Literature Review
2.1 Introduction
2.1.1 Trace Minerals

Minerals are required in nearly all metabolic processes and many other functions
essential to maintenance and production in animals. Mineral supplied outside of required
amounts can greatly impact animal performance (Spears, J. W. and Weiss, 2014). Minerals have
four main roles in animal diets: structural, physiological, catalytic, and regulatory. Structural
roles include formation of organs, tissues, and bone and maintenance of molecule and membrane
structural integrity. Physiological roles include osmotic pressure maintenance, acid-base balance,
and nerve transmission. Catalytic roles include acting as a catalyst for enzymes and the
endocrine system. Regulatory roles include cell replication and differentiation (Suttle, 2010).
There are many uncertainties and variables to consider when evaluating macro- and trace mineral
research. In many cases there is not definitive evidence to conclude when mineral losses may be
reduced, how minerals may be redistributed, or to determine the limiting rate of metabolic
pathways. Other limitations such as adequate number of animal subjects, presence of a control
group with no mineral supplementation, seasonal and geographical differences, treatment biases,
other non-mineral related factors make it difficult to evaluate the effect of mineral
supplementation on performance (Suttle, 2010).

Cobalt, copper, iodine, iron, manganese, molybdenum, selenium, and zinc are the eight
trace minerals that are required for dairy cattle. Chromium and fluorine are considered possibly
required trace minerals (National Research Council, 2001; Weiss, 2005). Required trace
minerals must be supplied in the diet, and in adequate, but not excessive, quantities of absorption

to avoid deficiencies and toxicities. When trace mineral concentrations fall below required levels



immune and enzyme functions were compromised and performance was decreased (Larson,
2005). Deficiencies and toxicities may occur without outward indications; however, others may
be very apparent when particular physical symptoms occur. Accurately predicting trace mineral
requirements can be very difficult and many factors must be considered when doing so. When
formulating a ration one must consider feed composition, dry matter intake, and region (because
of varying soil concentrations of TM), etc.(Weiss, 2005). Trace mineral supplementation can
improve growth, production, reproduction, and immune function (Spears, 1996). When calves
were given an injectable trace mineral supplement at 3 and 30 days of life consisting of zinc,
manganese, selenium, copper (60, 10, 5, 15 mg; respectively) there were several noted
advantages over the control group who received no supplementation. Supplementation resulted
in an 8% reduction in the incidence of diarrhea (P=0.034), increased the number of bacteria
ingested by neutrophils, and resulted in a higher percentage of neutrophils that performed
phagocytosis (P=0.025; P=0.079). While not statistically different, pneumonia incidences were
reduced by 5% (Teixeira et al., 2014). The trace minerals of interest in this study included Zinc,
Manganese, Copper, and Iron.

Trace minerals status shortly after birth is dependent on in utero absorption and the
colostrum and milk source. Mineral status of older calves is a result of the diet as previous
nutrients are used and require replacement (Enjalbert, 2009). In a study with Angus heifers, trace
mineral supplementation during gestation and its influence on calf performance and trace mineral
status was evaluated. Ninety-three heifers received three subcutaneous injections of Multimin
90™ (MM) and 97 heifers were given sterilized saline (CON). Injections were administered at
205d, 114d and 44d prepartum. At birth (5 £ 3 d of age) calf plasma Cu, Mn, Se, and Zn and

liver Mn and Zn were not different. MM calves had greater liver Cu and Se concentrations at



birth than CON calves (302.2 vs. 182.6 mg/kg CU; respectively; P = 0.03) (1.38 vs 1.13 mg/kg
Se; respectively; P=0.03). Calves from both treatments had over two times the liver Cu
concentration than that of their dams. ADG, morbidity, and mortality of calves were all similar
regardless of treatment (Stokes et al., 2018a).
2.1.2 Zinc, Manganese, Copper, and Iron

Zinc is present in all organs, tissues, fluids, and secretions of the body. The majority of
zinc is found in skeletal muscles (57%), followed by bone (29%), and tissue and blood (14%)
(Holt et al., 2012). The current recommended zinc feeding rate for growing heifers is 32 mg/kg
of DM (National Research Council, 2001). Table 2.1 list some of the zinc metalloenzymes and
their functions found in mammalian tissues (Ryan, 2014). Zinc’s role in combatting diseases and
immune function is extensively studied (Enjalbert, 2009; Bicalho et al., 2014; Jacometo et al.,
2015). Zinc is also required for several important immune functions. An animal’s ability to
perform phagocytosis increases as zinc availability increases. The two major types of
lymphocytes, T and B cells development and functions are inhibited when there are not adequate
amounts of zinc available (Bonaventura et al., 2015). T and B cells allow dairy calves to develop
pathogen specific antibodies (Chase et al., 2008). To evaluate zinc’s role in epithelial integrity,
laser microscopy and two different zinc-selective dyes were used to evaluate cell cultures. Tumor
necrosis factor-alpha (TNF-a), an inflammatory cytokine, was added to the treatment groups to
challenge cell integrity. Mucosal integrity was highly correlated with zinc. Zinc deficient cells
had much more permeable monolayers following addition of TNF-a. The inclusion of zinc
during the TNF-a treatment decreased programmed cell death from apoptosis therefore
increasing epithelial integrity (Ranaldi et al., 2013). The gastrointestinal epithelium protects the

host from microorganisms, toxins, and chemicals from entering lymphatic or portal circulation



(Gébel et al., 2002). Zinc can reduce the prevalence of diarrheal episodes in animals especially
when supplied at high doses by maintaining the intestinal epithelial barrier. Calves supplemented
with Zinc-methionine had significantly lower incidences of diarrhea when compared to non-
supplemented calves (35.7% vs 58.9%; respectively; P<.04) (Ma et al., 2020). Improved gut
health and less frequent diarrhea in calves could reduce pathogen susceptibility, increase nutrient
absorption, and therefore gain, as well as prevent secondary challenges that occur from disease
and scours.

Defining the manganese requirement of dairy cows is difficult. The majority of dietary
manganese (less than 4% absorbed) is removed from circulation by the liver and then excreted
into bile. A small portion of manganese is bound to transferrin and stored in the liver for later use
in tissues. The current recommended manganese feeding rate for growing heifers is 22 mg/kg of
DM (National Research Council, 2001). Manganese plays a role in several enzymes in the body,
oxidoreductases, lyases, ligases, hydrolases, kinases, decarboxylases, and transferases are all
activated by manganese (Nielsen, 2012). Manganese is required by glycosyltransferases, which
are involved in the synthesis of the glycosaminoglycans and glycoproteins of bone and cartilage
matrix (Suttle, 2010).

Copper is required and present in many enzymes, cofactors, and reactive proteins (Suttle,
2010). Studies in animals suggest marginal copper deficiencies, decreases the metabolism’s
ability to adapt to physiological, pathophysiological, and emotional stresses. However, a
deficiency in calves is less likely than in adult cattle. Copper released from the liver into the bile
is the main pathway of endogenous copper secretion. This pathway is not fully developed in the
fetal or neonate liver which may cause imbalances postnatally (Prohaska, 2012). Table 2.2 list

enzymes that are dependent on copper (Ryan, 2014). Additionally, colostrum contains two to



three times as much copper as milk and copper from milk fed diets is readily absorbed making
pre-weaned calves susceptible to copper toxicity (Suttle, 2010). Seasonal, breed, source, age, and
antagonism with other trace minerals (Fe, Mo, Zn) warrants additional research to better
understand the dairy calves’ copper requirements. The current recommended copper feeding rate
for growing heifers is 10 mg/kg of DM (National Research Council, 2001). In several ruminant
studies, it has been noted that liver copper concentrations are greater in offspring compared to
their dam (Hidiroglou and Williams, 1982; Branum et al., 1998; Stokes et al., 2018a).

Iron is the most abundant trace mineral in the body (Suttle, 2010). Iron is essential for
energy metabolism, mixed-function oxidase systems, neurodevelopment and function,
connective-tissue synthesis, hormone synthesis, and antioxidant activity. Over 80% of systemic
iron is involved in acquiring and delivering oxygen (hemoglobin) or storing it (myoglobin) to
support systemic metabolism (Aggett, 2012). A 12-week-old calf gaining 1.8 kg body
weight/day consuming 2.6 kg dietary DM/day requires 118 mg iron/kg DM (National Research
Council, 2001).

2.1.3 Organic vs. Inorganic

Trace Minerals can be organic or inorganic. Common forms of organic trace minerals
include amino acid complexes, proteinates, chelates, polysaccharide complexes, and propionates.
Inorganic trace minerals are supplemented as inorganic salts (Hellman and Carlson, 2016).
Nearly all trace minerals stored and utilized in ruminants are organic complexes or chelates. It is
well recognized that OTM typically has a greater bioavailability and tissue retention time
compared to inorganic sources of TM (Ward, 2019). Organic trace minerals reduces the risk of
mineral antagonism and increases the efficiency of mineral absorption (Swecker, 2014). Osorio

etal., (2012) compared supplementation of organic (OTM) and inorganic (ITM) trace minerals



feeding a high (HPN) and low (LPN) plane of nutrition. During the first two weeks of life all
calves consuming OTM had an 8-10% higher rate of survivability. After two weeks of life the
addition of OTM only increased survivability when comparing the treatments fed a higher plane
of nutrition (HP). At weeks 2 through 8 the LPN groups had the same chances of survival
regardless of mineral source. There was a slight decrease in survivability between the LP groups
at week 9, which was approximately two weeks after weaning. (Osorio et al., 2012). Pino and
Heinrichs (2016) supplemented eight cannulated dairy heifers with either organic (OTM) or
inorganic (ITM) trace minerals and fed a grain mixture with varying levels of starch (3.54, 12.95,
22.25, and 31.73% on a DM basis) delivered in a total mixed ration. Heifers fed OTM took less
meals per day to consume their entire daily ration (P=0.05), had a lower rumen pH (P=0.01), and
had higher concentrations of butyrate (P=0.03) which also increased linearly with starch levels
(P<0.01). Neither plasma or fecal and urine excretions resulted in a difference of trace mineral
levels. Dry matter intake, feed efficiency and average daily gain was not affected by mineral
source. The author hypothesized that quicker completion of the ration was because OTM
improved palatability and therefore allowed OTM heifers faster rumen fermentation. Also, that
the higher bioavailability of OTM allowed for faster utilization of the trace mineral and
accelerated replication of ruminal microorganisms, stimulating ruminal fermentation and volatile
fatty acid production (Pino and Heinrichs, 2016).
2.2 Raising calves in an Automated System

It has long been standard practice in the dairy industry to house calves individually in an
effort to reduce contact and spread of disease. In 2010 the U.S.D.A. reported that 74.9% of all
calves in the United States were housed individually (Moore et al., 2012). However, group

rearing of heifer calves, whether in automated feeding barns, mob feeding in pasture-based



operations, or group housing in a conventional feeding system is becoming more prevalent.
ACFS provide producers with several ways to evaluate and improve calf performance that are
difficult or impossible with other calf rearing strategies. Individual calf data such as daily
consumption, drinking speed and number of feeder visits can used to evaluate calf health and
well-being (Kéck and Ziemerink, 2010). These and other data points collected can be used to
predict calf health challenges and evaluate the effectiveness of the calf feeding regimen (Rushen,
2015). ACFS allows producers to implement automated weaning programs that can reduce MR
availability over time, by concentrate consumption, or weight (Kéck and Ziemerink, 2010).
Utilizing an ACFS may reduce labor on the farm and make some chores more efficient, and data
supports that calves are more social and prefer living in groups than individually (Medrano-
Galarza et al., 2018).

Providing calves with the opportunity to consume more milk replacer and do so more
frequently throughout the day appears to be a significant advantage of an ACFS. Calves fed in an
ACFS can have access to ad libitum milk replacer during the entirety or a portion of the milk
feeding phase. Calves with ad libitum access to milk replacer had a 0.3 kg greater ADG than
conventionally fed calves (fed 10% of body weight as fed). Despite ad libitum calves consuming
4.1kg more of MR per day (P<0.001), starter feed consumption was not significantly impacted.
Ad libitum calves consumed just 0.1 kg less of starter than conventionally fed calves (P<0.001)
and, following weaning, consumption of starter was not different (Jasper and Weary, 2002a).
The benefit of increased intake in another study also resulted in an earlier calving. Calves fed
intensive (28:18 MR) feeding plan calved 27 days earlier than calves fed a conventional (20:20)
milk diet (P= 0.05) (Raeth-Knight et al., 2009). Similarly increasing preweaning ADG and

weaning weight were associated with greater first-lactation yield (P < 0.03) (Soberon et al.,
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2012). In addition to increasing feeding volume, feeding frequency is typically greater, when
compared to bottle fed calves. When calves (35 per treatment) received the same volume of milk
replacer (28:20) fed either two or three times a day, the calves fed three times had significant
advantages in the growth measures. The 3x fed calves were taller (1.70 cm), weighed more (4.7
kg), and had a higher rate of gain (0.09 kg more per kg of DM) (P<0.01). Despite an extra milk
feeding, the 3x fed calves also consumed 26% more calf starter (free choice on and after day 3)
before weaning (P=0.012). The study followed the calves through their first lactation where 34
and 28 of the 3x and 2x fed calves made it to their first lactation, respectively. The 3x calves
calved 16 days earlier and produced an additional 515 kg of milk (Sockett et al., 2011).

We have recognized that there is large variation in the days calves are backgrounded before
entering ACFS. Typical recommendations are usually between 3-14 days of age but can be as
early as 24 hours after birth (Mazon et al., 2018). Achieving tight age groups can be a challenge
and may vary throughout the year depending on calving rate, number of replacements needed
and available space. Younger calves may need more time to develop additional immune function
and suckling strength before joining larger groups with older calves. Figure 2.1 (Hulbert and
Moisd, 2016) illustrates the passive and active immune systems in calves from birth to 63 days of
age. The figure assumes the calf received adequate colostrum shortly after birth. It is a common
assumption that older calves will be less susceptible to pathogens. However, by only observing
the antibodies concentrations and enteric and respiratory disease occurrence estimates it is
reasonable to estimate that a calf is most susceptible to disease from days 8-15 (Figure 2.1)
(Hulbert and Moisé, 2016). Midwestern dairies (n = 38) with ACFS reported housing calves
individually until 5.1 £ 3.9 days with a range of 0-14 days and 25% of farms grouping calves at 1

day of age (Jorgensen et al., 2017). There are some clear benefits to utilizing an ACFS, however
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further investigation is needed to determine the appropriate time for calves to enter the ACFS.
While there are several factors that should be evaluated when transitioning calves to an ACFS,

age can be used as an objective evaluation.
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Tables and Figures

Table 2.1. Zinc metalloenzymes and their function found in mammalian tissues.

Enzyme Function

Alcohol dehydrogenase ~ NAD+ -linked interconversion of alcohol to aldehyde
Alkaline phosphatase Freeing phosphate from bound forms

Carbonic anhydrase Facilitation of CO2 transport

Carboxypeptidases A and Hydrolysis of C-terminal amino acids from polypeptides
B

Collagenase Degradation of collagen fibrils

Leucine aminopeptidase  Liberation of amino acids from N- terminal end of proteins and
polypeptides

Mannosidase Hydrolysis of mannose

Superoxide dismutase Destruction of free radical O2

(Ryan, 2014)
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Table 2.2. Mammalian copper-dependent enzymes.

Enzyme

Amine oxidases
Ceruloplasmin

Cytochrome c oxidase
Dopamine-B-monooxygenase
Extracellular superoxide
dismutase

Hephaestin

Lysyl oxidase
Peptidylglycine a-amidating
monooxygenase

Superoxide dismutase 1
Tyrosinase

Zyklopen

Caeruloplasminb (ferroxidase)
Thiol oxidase

Monoamine oxidase
Ferroxidase 11

Diamine oxidase

Function

Oxidative deamination

Fe?* oxidation

Oxygen electron transfer
Norepinephrine synthesis
Superoxide disproportionation

Fe?* oxidation, export of iron from intestine

Elastin cross-linking

Peptide C-terminal a-amidation, Elaboration of numerous
biogenic molecules (e.g. gastrin)

Superoxide disproportionation

Melanin synthesis

Fe?* oxidation

Fe transport; antioxidant

Disulfide bond formation

Oxidative deamination of monoamines

Iron oxidation

Oxidative deamination of diamines and their derivatives

(Suttle, 2010; Prohaska, 2012; Ryan, 2014)
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Figure 2.1. Dairy calf stress, immunity, and management timeline. Potential inflammatory
(black-bolt) and psychological (white-bolt) stressors (Hulbert and Moisa, 2016).

Enteric disease Respiratory disease >
....................... ot ] M
Maternal Gl — ; Calf - S =
ibodi == = - Antibodies —
y <\, Antibodies & =, St 7
e, d| 0 1 2 3 4 5 6 21 42 56 63
7/ 7/
Colostrum Bottle/bucket tralning Starter feed inmtroduction T Starter intake T Feed & roughage
@ = -~ g n
2
S N
1 5 Ed
Y
e\m
&b
£/ 1Z
:‘G J
\\f‘“’

15



CHAPTER 3: Materials and Methods

3.1 Experimental Design

This study was conducted from July 2020 to December 2020 at the North Carolina
Department of Agriculture and Consumer Services Piedmont Research Station (Salisbury, NC),
with approval by the NCSU Institutional Animal Care and Use Committee (Protocol# 20-281).
Forty-one male (25) and female (15, 1 freemartin) Holstein calves, born to multiparous and
primiparous cows, were enrolled in a 2x2 factorial experiment. Factors were trace mineral
(organic, OTM or inorganic, ITM), delivered in milk replacer and days backgrounded (3 or 10 d
fed individually before moving into groups). Calves were assigned to one of 4 treatments (n =
10): 1). Calves backgrounded for 3 days and fed OTM (30); 2). Calves backgrounded for 10
days and fed OTM (100); 3). Calves backgrounded for 3 days and fed ITM (31); 4). Calves
backgrounded for 10 days and fed ITM (101).
3.2 Calf Management

Within four hours of birth all calves received: % cc of Vitamin A&D (Durvet Inc., Blue
Springs, MO), 2 cc of INFORCE 3® Nasal (Zoetis Inc., Parisippany-Troy, NJ), 3 cc Calf
Guard® Oral given * 1 hour of colostrum feeding (Zoetis Inc., Parisippany-Troy, NJ), 1 Tube of
EColizer + C20® given 1 hour before colostrum feeding (Elanco Animal Health Inc., Greenfeild,
IN), navel dipped with 7% iodine Navel Guard® (VetOne, Boise, ID) and fed 1st dose of
colostrum (> 50 mg/ml of immunoglobulin). Calves were fed at least 5.5 liters of colostrum in
two doses, within 14h of birth. Successful passive transfer was confirmed 12 hours after last dose
of colostrum using the (IgGCheck Passive Transfer Test®), (PortaCheck, Moorestown, NJ). All
calves received a score of very good (>1000 IgG mg/dL). At 21d calves were given a second

dose of Enforce 3 and 2 cc of Once® PmH IN (Merk Animal Health, Madison, NJ) All calves
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were housed individually in pens made from wire panels and placed under cover of the same
barn as the ACFS prior to moving into groups. Calves were fed 4L of a 28% CP, 10% fat milk
replacer (0.57 kg powder, mixed to 14% solids) in two feedings per day, while in individual
pens. Milk replacer was increased from 4 L/d (0.57 kg powder, mixed to 14% solids) to 6 L/d
(0.85 kg powder, mixed to 14% solids) on days 7-10, for calves assigned to 101 or 100. After
backgrounding, calves were moved into groups according to their milk replacer treatment and
commingled by days backgrounded. Milk replacer was delivered via an automated nipple
feeding system (Combitek1000+®, DeLaval, Kansas City, MO). When calves met their daily
entitlement of milk, water was offered to reward the visit and encourage calves to continue to
suckle. Calves also had free access to water in their individual and group pens. A water analysis
was conducted to ensure there were no excess components that may cause unknown interactions,
all mineral concentrations were within normal ranges. Organic trace minerals in the milk replacer
were amino acid-complexed forms of Zn, Mn, Cu, and Fe at 50, 50, 10, and 100 mg/kg
respectively (ProPath®, Zinpro Performance Minerals, Eden Prairie, MN). ITM treatment
supplied sulfate forms of Zn, Mn, Cu, and Fe at the same rate as OTM. All calves were fed a
commercial starter feed medicated with Decoquinate and Diflubenzuron. The starter feed
supplied a total of 70, 55, 12, and 1 mg/kg, of supplemental Zn, Mn, Cu, and Co, respectively
(AMPLI-CALF® 22% CP, Purina Mills, Inc., Arden Hills, MN) in an automated feeder. Of the
supplemental trace minerals in the calf starter, 40, 20, 3.5, and 1 mg/kg of Zn, Mn, Cu, and Co,
respectively, were supplied as organic forms (Availa® Dairy, Zinpro Performance Minerals,
Eden Prairie, MN) in an automated feeder, with unrestricted access. Calves were fed milk
replacer in ACFS ad libitum for 37 d then according to the following step down schedule: 12 L

down to 8 L for 4 d, 8L to 4L for 2 d, 4L for 10 d prior to weaning (Table 3.1 and 3.2).
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3.3 Feed Intake and Behavior

Milk replacer and starter intake was measured daily via ACFS. Milk replacer and feed
samples were taken once a week for nutrient analysis. Feeding behaviors were determined from
ACFS data. Behaviors of interest included: MR visits, concentrate visits, drinking speed, day of
age of first starter consumption, and age at consumption for three consecutive days.
3.4 Blood Samples

Blood for nonesterified fatty acid (NEFA) and trace mineral analysis was collected in a
BD Vacutainer® tiger-top tube containing a clot activator and serum separator gel (Becton,
Dickinson and Company, Franklin Lakes, NJ). Tubes were placed on ice immediately after
collection. Tubes were allowed to clot and were centrifuged on the farm the same day then
pipetted into 2 mL micro centrifuge tubes (Fisher Scientific, Pittsburg, PA). Micro tubes were
transported on ice approximately 2 hours then stored at -17°C until trace mineral and NEFA
analyses could be completed. NEFA concentrations were measured for weeks 1-10. Serum was
placed in the fridge the day before the analysis to thaw. Serum was analyzed for NEFA
concentration using an enzymatic assay (HR Series NEFA-HR (2)®, Fujifilm Medical Systems
U.S.A., Inc., Atlanta, GA). Calibration of the assay was done using dilutions of the NEFA 142
Standard Solution® (0, 0.25, 0.5, 0.70, and 1%; Fujifilm Medical Systems U.S.A., Inc., Atlanta,
GA). A standard control (Wako Control Serum II®, Fujifilm Medical Systems U.S.A., Inc.,
Atalanta, GA) and a pooled serum sample were run at the beginning and end of each plate for
verification of plate analysis results. Serum from weeks 1, 3, 5, 7, 9 were analyzed for
concentrations of copper, cobalt, iron, manganese, molybdenum, selenium, and zinc determined
using inductively coupled plasma mass spectrometry at Texas A&M Veterinary Medical

Diagnostic Laboratory (TVMDL, College Station, TX).
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Whole blood was collected weekly in a lavender top tube containing the anticoagulant
EDTA (BD Vacutainer®, Franklin Lakes, NJ). Samples were immediately placed on ice packs,
slides were prepared, and tubes and slides were shipped overnight to TVMDL, for complete
blood count (CBC) and histological blood smear analysis. Data included the following variables:
total white blood cells, neutrophil concentration, lymphocyte concentration, monocyte
concentration, eosinophil concentration, percent neutrophils, percent lymphocytes, percent
monocytes, percent eosinophils, red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and platelets (PLT).
3.5 Liver biopsies

Liver biopsies were taken at 4 and 10 weeks of age on 8 calves, 2 per treatment. One calf
(201) was born very small and struggled with respiratory symptoms and diarrhea. This calf was
biopsied at 4 and 10wk, however, an additional calf from 101 was also biopsied at 10wk as a
replacement for the sick calf. Liver biopsies from the dams of these calves were collected
approximately 3 weeks before expected calving date. One calf from a biopsied dam was stillborn
and that calf was replaced. No dam samples were taken for the calves used as replacements. All
biopsies were collected by a veterinarian. The liver biopsies from calves were collected as
described: calves were sedated with xylazine (0.10 — 0.33 mg/kg) in a separate pen with fresh
bedding. On the right side of the animal around the intercostal space of the 11th and 12th ribs,
the hair was clipped, rinsed with chlorhexidine solution, and scrubbed with iodine. Lidocaine
was injected with a sterile needle into the intercostal space to anesthetize the area. A small
incision was made through the skin and into the intercostal space with a scalpel. Approximately

50 mg of liver tissue (2-3 Tru-Cut® samples) were collected and immediately placed into a 1.5
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mL micro centrifuge tubes (Fisher Scientific, Pittsburg, PA). They were immediately placed on
ice and then stored at -17° C until shipping to TVMDL for trace mineral analysis using
inductively coupled plasma mass spectrometry (TVMDL, College Station, TX). Liver biopsies
from dams were collected by following the steps above with exception of sedation with xylazine
and conducted while standing in a squeeze chute.
3.6 Health Observations

Rectal temperatures for the first 7 days of grouped housing were recorded. Daily fecal
scores and respiratory scores were recorded when/if observed. Calves were observed daily for
any signs of illness. Fecal and respiratory scores were evaluated on a 1-5 scale where a score of 1
was either normal fecal matter or normal breathing and a score of 5 was either watery stool with
blood or severe respiratory distress, additional scoring criteria described in Table 3.3 (Heinrichs
and Jones, 2016).
3.7 Body Measures

Body weights were recorded weekly using a Calf Cart™ (Raytec Inc., Austin, TX) scale
and were used to calculate average daily gains (ADG) and feed efficiencies (FE). Body length
(BL), heart girth (HG), and hip width (HW) was measured weekly using a Holstein Calf Weigh
Tape™ (Coburn, Whitewater, WI). Hip height (HH) and wither height (WH) using a Measuring
Stick™ (Nasco, Fort Atkinson, WI). Average daily gain and feed efficiency were calculated as
follows:

ADG= (Final BW-Initial BW)/( Final day- Initial day)

Feed Efficiency= (KG Daily Total DMI)/( KG ADG)
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3.8 Statistical Analysis

Data were analyzed using the GLM, FREQ, and MIXED procedures of SAS®
(version 9.4, SAS Institute Inc., Cary, NC). Serum and liver mineral concentrations, NEFA
concentrations, blood analytes, fecal scores, respiratory scores, rectal temperatures, body
measures, and feed intake were analyzed using the MIXED procedure of SAS. Frequency of
fecal and respiratory scores for each treatment was analyzed using PROC FREQ. GLM
procedures were used to analyze ADG, feed efficiency, age at first and 3 consecutive days of
starter consumption, and changes in body measures for duration of trial and for pre- and post-
weaning periods. For all variables, treatment, gender, and day or week were the independent
variables. Body measures, ADG, feed intake, blood metabolites, trace mineral concentrations and
health measures were the dependent variables. Contrast statements were used as a comparison
treatment means. Week or day was used as a repeated measure, where appropriate. Significance
was declared at P < 0.05. Tendencies were discussed when 0.05 < P < 0.10. All data were
presented as the Ismean + the largest SEM.

Nine calves were removed from the analysis. Six calves from the 100 treatment and one
calf each from 31 and 101 were removed due to errors associated with their feeding program.
When calves entered the auto feeder pens, they were entered by their day of age. For example,
day 1 in the auto feeder pen for a 10 d backgrounded calf should correspond to day 11 on their
feeding program. However, 6 (100) of the calves removed were entered as 1 d old calves
(feeding day 1) and thus received milk replacer for an additional 10 days compared to their herd
mates. Two other calves (31, 101) were removed because their weaning period did not match that
prescribed by the feeding program. We were unsure if this was user error or associated with

misread RFID tags. An additional 101 calf was removed after being born abnormally small and
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suffering severe respiratory illness and scours in her early life. No calves were removed from the
liver mineral analysis because only two calves per treatment were biopsied and of these removed
from analysis, four calves were born to the dams biopsied before parturition. Removing them
from the liver data analysis did not leave adequate power for determining differences. One calf
(30) from a biopsied dam was born dead on arrival. A calf with no dam liver data from the same
treatment was used as a replacement. Liver mineral concentration data from all 8 dams was

provided.
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Tables

Table 3.1. Feeding Schedule for 100 and 101 Calves.

Calves backgrounded for 10 days (100, 101)

Fe[e)g;ng Day of study Milk Replacer Concentrate
(-10)-(-5) 1-6 4 liters (2 feedings) Not available
(-4)-(-1) 7-10 6 liters (2 feedings) Not available
1-38 11-47 Ad libitum, mha(;(ufs-Z.S L every 2 Free access (automated feeder)
39-42 48-51 Start max:12 L, End Max: 8 L | Free access (automated feeder)
43-44 52-53 Start max:8 L, End max: 4 L Free access (automated feeder)
45-55 54-63 4 L max until weaning Free access (automated feeder)
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Table 3.2. Feeding Schedule for 30 and 31 Calves.

Calves backgrounded for 3 days (30, 3I)

Feeding

Day Day of study Milk Replacer Concentrate

(-3)-(-1) 1-3 4 liters (2 feedings) Not available
1-38 4-40 Ad libitum, mhagufs-Z.S L every 2 Free access (automated feeder)
39-42 41-44 Start max:12 L, End Max: 8 L | Free access (automated feeder)
43-44 45-46 Start max:8 L, End max: 4 L Free access (automated feeder)
45-55 47-57 4 L max until weaning Free access (automated feeder)
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Table 3.3. Fecal and Respiratory Scoring Criteria.

Fecal Scores

1 Normal (firm to soft) consistency, brown to light brown color, normal odor

2 Loose consistency, yellow, brown, or green color, mucus, slight odor

3 |Loose to watery consistency, yellow or green color, mucus, strong odor

4 Watery consistency, yellow, green, or clear color, mucus, slight blood, strong odor

5 Watery consistency, clear color, mucus, bloody

Respiratory Scores

1 Normal (no cough, slow breathing)

2 Slight cough, runny nose, watery eyes, slow, normal breathing

3 Moderate cough, runny nose, watery eyes, rapid breathing

4 Moderately severe, very frequent cough; mucus discharge from nose; watery eyes; rapid
panting

5 'Severe, chronic cough; irregular, weak to rapid breathing; eyes rolling; mucus discharge from
nose
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CHAPTER 4: Results and Discussion

4.1 Feed Intake

Calves fed OTM, regardless of days backgrounded, consumed more MR (30=1.29 and
100=1.52 vs. 31=1.13 and 101=1.27, kg DM/D of MR; P<0.01, Table 4.1). Calves fed OTM
consumed less starter than their ITM counterparts (0.85 vs. 1.29 kg DM/D of starter;
respectively; P<0.01, Table 4.1). Calves had a greater total DMI when fed ITM, regardless of
days backgrounded (P<0.01, Table 4.1). Greater starter intake resulted in the ITM calves
consuming more CP, crude fat, and total digestible nutrients on a DM basis (P<0.05, Table 4.5).
It is unclear why the ITM fed calves consumed less milk replacer, particularly during the ad
libitum phase. But these results are similar to previous work that reported calves who consumed
less milk replacer consumed additional starter, even when utilizing a step-down weaning
program (Jasper and Weary, 2002; Shamay et al., 2005; Quigley et al., 2006). Decreased milk
replacer intakes are usually a result of restricted milk feeding and not a result of the calves’ own
feeding behaviors, at least in healthy calves. The trace mineral source was shown to alter feed
preferences in a few studies (Fujiwara et al., 2014; Arthington, 2015; Pino and Heinrichs, 2016),
thus palatability of the milk replace may have influenced both MR and starter intake.

Total NEFA concentrations from week 1 to 10 were reduced for ITM fed calves
(101=0.105, 31=0.109 vs. 100=0.166, 30=0.136 mEq/L; P<0.01, Figure 4.6). Greater serum
NEFA concentrations are an indication of a negative energy balance (Adewuyi et al., 2005;
Ospina et al., 2010). There are not well-established parameters for serum NEFA concentrations
in calves, but data for adult dairy cattle is widely available. NEFAs are used as biomarkers of
excessive lipid mobilization and indicate an increased risk of developing ketosis, displaced

abomasum, metritis and mastitis in adult dairy cattle. NEFA concentrations greater than 0.29
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mEQ/L in the last gestation phase, and greater than 0.57 mEg/L in the postpartum phase are
considered the threshold for developing metabolic diseases (Bowden, 1971; Tessari et al., 2020).
All treatment means fell below both thresholds and were less than the values reported in Jersey
calves fed high protein and fat milk replacers where range was 0.22 to 0.29 mEg/L (Swank et al.,
2013). This would indicate that, overall, the calves from this study were not experiencing high
levels of fat mobilization or oxidative stress (Abuelo et al., 2015). However, the ITM group had
lower NEFA concentrations and the largest difference between ITM and OTM serum NEFA
concentrations appeared to occur post-weaning (Figure 4.7). The increase in serum NEFA
concentrations for OTM calves that occurred after weaning is likely a result of their greater MR
intake and therefore decreased starter intake leading to increased fat mobilization (Contreras et
al., 2010).
4.2 Feeding Behavior and Latency to Feeding

Milk replacer intake increased at similar rates for all treatments. The interaction with age
and milk intake after introduction was similar to another study that measured latency to the first
voluntary milk ingestion and consumption through weaning (Fujiwara et al., 2014). The number
of visits to the milk feeder and drinking speed did not differ among treatments. On average,
OTM calves visited the concentrate feeder more often per day (22.5 OTM vs. 16 ITM visits per
day; P<0.01, Table 4.4). ITM fed calves visited the concentrate feeder sooner than OTM calved,
both for the first visit (ITM = 14d vs. OTM = 23d; P=0.015, Table 4.4) and first visit of three
consecutive days (26 d ITM vs. 43 d OTM; P=0.0001, Table 4.4). The differences in milk
replacer and starter feeding behavior may have been influenced by palatability as discussed with
feed intake. The number of calves per group and presence of older calves may have influenced

feeding behaviors. The presence of an older weaned calf was shown to increase the time spent at
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and number of visits to the starter feeder for young calves (De Paula Vieira et al., 2012). As
group size increases the potential for competitive interactions, decreased feeding times, and
decreased milk intake may occur (Ollivett and McGuirk, 2015).
4.3 Growth

Average daily gain was similar among all treatments regardless of phase and were similar
to calves raised in an ACFS with a step-down weaning program (Curtis et al., 2018). OTM fed
calves tended (P< 0.06) to be more feed efficient than ITM calves when comparing total feed
efficiency (100=2.25 and 30=2.1 vs. 101=2.65 and 31=2.63 [(KG Daily Total DMI)/(KG
ADG)[; P=0.066, Table 4.3; Figure 4.6). Body weight increased over the weeks of the study but
was similar among all treatment groups (Figure 4.5). The body measures heart girth, hip width,
hip height, wither height and body length were all similar across treatments (Table 4.7). Overall,
calf growth measures were comparable to a large study of over 100 dairies in 13 different states
(Shivley et al., 2018).
4.4 Health

Rectal temperatures, daily fecal scores and respiratory scores, and weekly blood
metabolites did not differ among treatments. Rectal temperatures and blood metabolite results
were consistent with ranges of healthy cattle (Table 4.9). Over 75% of all the fecal scores
recorded were scores of 1 and nearly 15% were scores of 2’s, indicating only minor occurrences
of diarrhea or scouring (Figure 4.8). Ninety-five percent of all the respiratory scores recorded
were a score of 1 (Figure 4.9). Average fecal scores tended to increase around day 8 and 9, then
peaked around day 16 before returning to an average score of nearly 1 at day 20, regardless of
treatment (Figure 4.10). Results were similar to a large study with over 1,000 calves at 10 dairies

in the United States raising calves in an automated group feeding system (REF). In that study,

28



peak treatment for scours occurred at 7 + 5.1 days in the group pen and lasted for 3.1 £ 3.7 days
(Knauer et al., 2017). Though the incidences of disease were relatively low in this study, the
results are consistent with the data from Svensson et al., (2003) where most diseases occurred at
two weeks of age, indicating that this may not be the best age to transition calves into groups.
4.5 Trace Mineral Concentrations

Serum trace mineral concentrations were similar for all treatments. Copper, zinc and
manganese concentrations were within the normal ranges (Herdt and Hoff, 2011). Serum iron
concentrations were slightly above the expected range (20-170 pg/dL; TVMDL) (100=247.20,
30=231.7, 101=194.11, 31=213.07 pg/dL). Calf trace mineral concentrations were similar among
each treatment. Manganese (+2.5 ug/g; P<0.01) and cobalt (+.06 ug/g; P<0.05) liver
concentrations increased over time (Table 4.11). Four and 10-week samples of copper, iron,
molybdenum, and zinc were not significantly different. Liver concentrations of copper and
molybdenum were toxic in all treatments except for 30 molybdenum concentrations, where
normal concentrations are 31.25-162.5 and 0.15-0.75 ug/g respectively. Toxic concentrations of
copper (101=319.19, 100=224.87, 31=225.58, 30=305.05 ug/g) and molybdenum (101=2.41,
100=2.68, 31=2.68 ug/g) are not commonly because high concentrations of molybdenum
interfere with copper absorption by interacting with sulfur and preventing the absorption of
copper. However, the interference occurs in the rumen and therefore be more likely to occur in
calves whose rumens are not yet fully functional (Phillippo et al., 1987; Higdon et al., 2014). It is
also important to note that 8 of the 9 dams sampled also had toxic liver concentrations of copper
with a mean concertation 288.09 ug/g. The main pathway for liver copper secretion is not fully
developed in the fetal or neonate liver which may have led to the sustained levels of liver copper

(Prohaska, 2012). Several studies have shown the dams impact both positive and negative on
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calf health performance and trace mineral status (Teixeira et al., 2014; Price, 2017; Stokes et al.,
2018b). However, no significant impact on health was observed as a result of the dams trace
mineral status. While the sample size is not large enough to draw a conclusion, most dam liver
trace mineral concentrations were not correlated with calf liver or serum trace mineral
concentrations (Table 4.13 and Table 4.14). Normal trace mineral concentrations are in constant
need of revision, some of which has occurred in the past 20-30 years. This is especially the case
for trace mineral concentrations in calves because most research focuses on adult cattle (Suttle,
2010). Therefore, it is possible that the concentrations observed in this study are within healthy

ranges for dairy calves.
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4.6 Conclusion and Implications

Calves on this study demonstrated normal health, growth, and intake performance. Both
ITM and OTM appear to provide adequate levels of trace minerals for normal calf performance.
The trace minerals supplied in the milk replacer may have influenced the palatability and
encouraged ITM calves to consume starter earlier and in larger quantities. The addition of
organic trace minerals in the milk replacer did not improve growth rates, but did allow for
similar growth with less total dry matter intake. In this study, the influence of OTM cannot be
fully evaluated because ITM calves had access to OTM that was provided in the calf starter. To
better evaluate the impact of trace minerals, a control group with no supplementation or a
depletion period should be included in future studies. No significant implications were observed
on the health of the calves because of the trace mineral source or number of days backgrounded.
Incidences of diarrhea was highest for calves at 2 weeks of age regardless of days backgrounded
or trace mineral source. Proper sanitation, adequate colostrum, and access to a nutritious diet
should be included when considering what age to transfer calves into ACFS. There may be a
potential benefit to calf health by transferring calves to groups later than 10 days. However, this
may mitigate the labor and calf advantages provided by an ACFS. Introducing a health challenge
and using a larger sample size would improve our ability to determine the impact of both.
Copper appears to be stored in the calf liver at higher concentrations than adult cattle, but further
research is needed to confirm this. There is potential for advantages to be provided by organic
trace minerals, but further investigation is needed to fully evaluate the impact of different trace

mineral sources provided to calves.
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Tables and Figures

Table 4.1. Feed intake by pen feeding day in dairy calves fed either organic or inorganic trace
minerals and backgrounded for 3 or 10 days.

Treatments? Contrast P <

Feeding Day Intake!| 101 100 31 30 SEm P< OTMvs. ITM 3D v 10D
Milk Replacer
kg DM/d 127 152 113 1.29 0.08 0.0062 0.003 0.006
L/d 8.86 10.58 7.88 8.96 0.58 0.0067 0.004 0.006
Starter, kg DM/d 132 097 1.28 0.73 0.09 0.0001 0.0001 0.064
Total DMI, kg DM/d | 220 2.03 2.06 1.63 0.12 0.0003 0.004 0.008

1Feeding Day refers to days in the ACFS. Day one is the day calf entered group feeding pen.
2(30) Calves backgrounded for 3 days and fed with OTM; (100); Calves backgrounded for 10
days and fed OTM; (31) Calves backgrounded for 3 days and fed ITM; (101) Calves
backgrounded for 10 days and fed ITM (OTM-organic TM, ITM-inorganic TM).
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Table 4.2. Feed intake by day of study in dairy calves fed either organic or inorganic trace
minerals backgrounded for 3 or 10 days.

Treatments?

Contrast P <

Day of Study Intake!

101 100 31 30 SEm P<

OTMyvs. ITM 3D v 10D

Milk Replacer

kg DM/d

L/d
Starter, kg DM/d
Total DMI, kg DM/d

1.28 1.50 1.091.25 0.07 0.001
8.91 10.497.638.70 0.54 0.001
1.0 0.61 1.240.71 0.09 0.0001
192 1.71 2.011.59 0.11 0.003

0.003 0.0009
0.004 0.0009
0.0001 0.023
0.001 0.86

'Day of study refers to the day of life. Day one is the day of birth.

2(30) Calves backgrounded for 3 days and fed with OTM; (100); Calves backgrounded
for 10 days and fed OTM; (31) Calves backgrounded for 3 days and fed ITM; (101) Calves
backgrounded for 10 days and fed ITM (OTM-organic TM, ITM-inorganic TM).
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Table 4.3. Average daily gain and feed efficiency in dairy calves fed either organic or inorganic

trace minerals with different days backgrounded.

Treatments? Contrast P <
OTMvs. 3D vs.
101 100 3l 30 SEm P< IT™ 10D
Average Dairy Gain, kg/d
Overall 0.75 081 0.77 0.81 0.09 0.87 0.46 0.84
Pre-weaning 0.72 064 061 0.77 0.06 0.25 0.53 0.91
Post-weaning 101 138 126 092 0.32 054 0.94 0.68
Feed Efficiency, kg DMI/kg ADG
Total? 265 225 263 210 0.24 0.06 0.02 0.65
Pre-weaning® 228 2.67 238 180 0.31 0.99 0.69 0.12
Post-weaning® 435 221 563 400 258 0.73 0.35 0.44

1(30) Calves backgrounded for 3 days and fed with OTM; (100); Calves backgrounded for 10
days and fed OTM; (31) Calves backgrounded for 3 days and fed ITM; (101) Calves
backgrounded for 10 days and fed ITM (OTM-organic TM, ITM-inorganic TM).

2Feed Efficiency was calculated as average total DMI (kg/d) divided by average daily gain

(kg/d).

3Feed Efficiency during milk feeding phase.

“Feed Efficiency after weaning.
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Table 4.4. Feeding behavior by pen feeding day in dairy calves fed either organic or inorganic
trace minerals and backgrounded for 3 or 10 days.

Treatments! Contrast P <
101 100 31 30 SEm P< | OTMVS op5 s 10D
'™
Milk Replacer
Visit per day 21.88 17.62 1857 19.13 229 0.34 0.30 0.60
Relative Speed? 102 101 102 103  1.47 0.75 0.65 0.53
Absolute Speed® 778 924 702 809 75.75 0.12 0.03 0.10
Starter
Visits per day 17.23 18.06 15.75 27.67 3.46 0.004 0.02 0.13
First Starter Intake* |11.54 19.75 17.48 27.3 4.79 0.01 0.02 0.07
3 Day Starter Intake®|23.27 435 293 432 46 0.0003 0.0001 0.41

1(30) Calves backgrounded for 3 days and fed with OTM; (100); Calves backgrounded for 10
days and fed OTM; (31) Calves backgrounded for 3 days and fed ITM; (101) Calves
backgrounded for 10 days and fed ITM (OTM-organic TM, ITM-inorganic TM).

?Relative average suction speed of today compared to the average of the last 3 days (%).
3Average suction speed of the current day (ml/min).

“First day eating Starter from ACF. Calculated with feeding day.

®Day that calf has eaten starter for three consecutive days. Calculated with feeding day.
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Table 4.5. Nutrient Analysis of Milk Replacer and Starter.

Milk Replacer Starter?

Nutrient OTM?® ITM* SEm P< Mean
Dry Matter, % 95.92 95.72 0.12 0.28 88

Crude Protein, % 27.56 28.80 0.20 0.002 26.56
NEM (mcal/kg) 2.70 2.66 0.01 0.04 1.864
NEG (mcal/kg) 1.93 1.89 0.01 0.03 1.23
Calcium, % 0.846 0.885 0.01 0.05 1.062
Phosphorus, % 0.9 0.95 0.02 0.09 0.702
Magnesium, % 0.144 0.155 0.002 0.02 0.31
Potassium, % 2.38 2.57 0.02 0.0005 1.59
Sodium, % 0.825 0.90 0.01 0.0013 0.22
Iron, ppm 109 117 13.66 0.67 181.4
Zinc, ppm 84.2 73.0 9.33 0.40 90.2
Copper, ppm 12.2 7.75 1.88 0.12 13.4
Manganese, ppm 55.6 49.5 7.74 0.57 80.4
Molybdenum, ppm 0.22 0 0.185 0.40 2.98
Crude Fat?, % 12.4 11.47 0.262 0.03 4.05
TDN, % 99.8 98.75 0.356 0.06 76.8
ADF, % 16.3
aNDF, % : 28.46

10nly one type of starter was
presented as means calculated from monthly samples.

fed during this study, so no statistical analysis was completed. Data

2Crude fat for MR was analyzed using base hydrolysis method; CF for starter was analyzed using

ether extract method.

3Milk replacer with organic trace minerals.
“Milk replacer with inorganic trace minerals.
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Table 4.6. Nutrient intake by feeding day in dairy calves fed either organic or inorganic trace minerals and backgrounded for 3 or 10
days.

Milk Replacer Starter?
Treatments* Contrast P < Treatments?* Contrast P <
; OTM 3Dv OTM
Nutrient (DM) 101 100 31 30 SEm P< vs. ITM 10D 101 100 31 30 SEm P< vs. ITM 3Dv 10D

Crude Protein kg/d 0.36 0.42 032 035 0.02 0.01 0.02 0.006/0.35 0.25 0.34 0.19 0.02 0.01 0.01 0.06
NEM mcal/kg 339 412 301 349 0.22 0.003 0.001 0.006|2.47 1.81 238 1.37 0.18 0.01 0.01 0.06
NEG mcal/kg 241 294 214 249 0.16 0.003 0.001 0.006f1.63 1.19 157 0.90 0.11 0.01 0.01 0.06

3
Crude Fat®, kg 014 018 013 0.6 0.01 0.0003 0.0001 0.006| 0.05 0.03 0.05 0.02 0.003 0.01 0.01 0.06

DM/D

TDN, kg 1.25 152 111 1.28 0.083 0.004 0.0023 0.006|1.01 0.74 0.98 0.56 0.07 0.01 0.01 0.06
ADF, % - - - - - - - - 1021 0.15 0.20 0.12 0.015 0.01 0.01 0.06
aNDF, % - - - - - - - - (037 0.27 036 0.21 0.02 0.01 0.01 0.06

Calcium, kg/d 0.01 0.01 0.01 0.01 0.0007 0.021 0.03 0.006/0.01 0.01 0.01 0.007 0.001 0.01 0.01 0.06
Phosphorus, kg/d  0.01 0.01 0.01 0.01 0.0007 0.02 0.05 0.006|0.0090.0060.0080.005 0.0006 0.01 0.01 0.06
Magnesium, kg/d  0.001 0.002 0.001 0.001 0.0001 0.03 0.10 0.006{0.0040.0030.0030.002 0.0003 0.01 0.01 0.06
Potassium, kg/d 0.03 0.03 0.02 0.03 0.002 0.03 0.11 0.006/0.0210.0150.02 0.01 0.001 0.01 0.01 0.06

Sodium, kg/d 0.01 0.01 0.01 0.01 0.0007 0.04 0.16 0.006/0.0030.0020.0020.001 0.0002 0.01 0.01 0.06
Iron, ppm 149 166.0 132.4 140.6 9.36 0.03 0.09 0.006/240.8176.9232.4133.9 17.53 0.01 0.01 0.06
Zinc, ppm 92.8 128.2 82.53 108.6 6.70 0.0001 0.0001 0.006(119.787.98115.566.6 8.72 0.01 0.01 0.06
Copper, ppm 9.81 18.58 8.73 15.74 0.89 0.0001 0.0001 0.007|17.7813.07 17.1 9.89 129 0.01 0.01 0.06

Manganese, ppm  62.9 84.68 55.97 71.74 4.46 0.0001 0.0001 0.006|106.778.42103.059.36 7.77 0.01 0.01 0.06

Molybdenum,ppm 0 033 0 0.28 0.01 0.0001 0.0001 0.029|3.95 2.90 3.81 220 0.28 0.01 0.01 0.06

!Feeding Day refers to days in the ACFS. Day one is the day calf entered group feeding pen.

20nly one type of starter was fed during this study, so no statistical analysis was completed. Data presented as means calculated from
monthly samples.

3Crude fat for MR was analyzed using base hydrolysis method; CF for starter was analyzed using ether extract method.

4(30) Calves backgrounded for 3 days and fed with OTM; (100); Calves backgrounded for 10 days and fed OTM; (31) Calves
backgrounded for 3 days and fed ITM; (101) Calves backgrounded for 10 days and fed ITM (OTM-organic TM, ITM-inorganic TM).
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Table 4.7. Body measurement changes over time in dairy calves fed either organic or inorganic trace minerals and backgrounded for 3

or 10 days.
Treatments? Contrast P <

Measures? 101 100 3l 30 Sem P< OTMvs. ITM 3Dv 10D
Body Weight Gain, kg! 45.76 43.58 43.48 49.16 5.19 0.65 0.66 0.67
Body Length Change, cm 21.30 29.21 21.27 26.41 3.24 0.10 0.01 0.57
Pre-weaning 17.98 25.08 17.28 22.98 3.47 0.14 0.02 0.59
Post-weaning 4.08 4.12 3.86 4.19 1.67 0.99 0.88 0.95
Heart Girth Change cm 23.76 26.03 23.03 25.59 2.34 0.58 0.19 0.74
Pre-weaning 19.66 21.59 18.14 20.38 2.39 0.63 0.27 0.45
Post-weaning 4.74 4.44 4.85 5.20 1.55 0.97 0.98 0.71
Hip Width Change cm 9.37 12.38 8.89 10.28 1.49 0.27 0.06 0.26
Pre-weaning 8.53 10.79 7.57 7.87 1.28 0.20 0.20 0.05
Post-weaning 1.04 1.58 1.36 2.03 0.62 0.42 0.22 0.43
Hip Height Change, cm 15.50 15.24 13.80 16.31 2.17 0.65 0.50 0.85
Pre-weaning 13.51 13.33 13.08 13.52 1.65 0.99 0.92 0.92
Post-weaning 4.12 1.90 2.40 2.73 1.56 0.58 0.44 0.71
Wither Height Change,cm  16.07 17.62 13.72 14.98 1.47 0.14 0.22 0.03
Pre-weaning 13.32 15.24 10.39 12.76 1.37 0.03 0.05 0.01
Post-weaning 3.31 2.38 3.28 2.28 1.05 0.46 0.24 0.93

Total weight gained from birth to day 70.

2Measures in bold refer to change over duration trial. (Final weekly measurement-initial weekly measurement).
2(30) Calves backgrounded for 3 days and fed with OTM; (100); Calves backgrounded for 10 days and fed OTM:; (31) Calves
backgrounded for 3 days and fed ITM; (101) Calves backgrounded for 10 days and fed ITM. (OTM-organic TM, ITM-inorganic TM).
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Table 4.8. Health observations in dairy calves fed either organic or inorganic trace minerals and
backgrounded for 3 or 10 days.

Treatments Contrast P <

Health observations® | 101 100 31 30 Sem P< O-II-_P/IMVS' 3D v 10D
Rectal Temp, -C 389 388 388 39.0 0.07 0.17 0.51 0.38
Fecal Score 122 126 131 130 005 0.24 0.78 0.08
Respiratory Score 105 103 102 106 0.05 0.78 0.74 0.96

!Daily fecal and respiratory scores are presented as Ismeans.
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Table 4.9. Weekly complete blood count data and non-esterified fatty acids.

Treatments Contrast P <

Analytes Normal 101 100 3l 30 SEm P< |OTMvs. 3D v 10D
Range® ITM

Total White Blood Cell Count (K/uL)* 4-12 7.80 8.90 8.33 7.89 0.71 0.55 0.54 0.65
Absolute Neutrophils (K/uL)* 0.6-5.4 2.82 3.07 3.39 2.86 0.49 0.58 0.71 0.63
Abs Lymphocytes (K/uL)? 1.8-9 4.24 5.08 4.46 4.36 0.33 0.20 0.14 0.30
Abs Monocytes (K/uL)* 0.08-0.84  0.65 0.61 0.52 0.56 0.09 0.51 0.95 0.21
Relative Neutrophils (%)* - 34.36 31.84 36.30 34.98 3.75 0.79 0.50 0.37
Relative Lymphocytes (%)* - 56.05 58.94 56.22 56.50 4.01 0.94 0.60 0.70
Relative Monocytes (%)* - 8.24 8.54 6.23 6.99 1.04 0.12 0.51 0.02
RBC (M/uL)! 5-10 8.64 7.53 8.31 8.40 0.33 0.05 0.05 0.29
HGB (g/dL)* 8-15 10.40 10.08 10.01 10.42 0.43 0.69 0.90 0.93
HCT (%)* 24-46 30.01 29.09 28.89 30.26 1.30 0.64 0.81 0.97
MCV (fL)! 40-60 34.93 38.82 34.95 36.17 1.03 0.009 0.001 0.09
MCH (pg)* 11-17 12.09 13.48 12.09 12.42 0.35 0.006 0.001 0.04
MCHC (g/dL)! 30-36 34.73 34.76 34.68 34.07 0.30 0.06 0.21 0.10
PLT (K/uL)! 100-800 654.69 600.26 640.28 685.78 61.65 0.67 0.92 0.44
Serum NEFA? concertation (mEq/L) - 0.105 0.166 0.109 0.136  0.015 0.003 0.0003 0.25

Weekly complete blood count data from weeks 2-10.
2Non-esterified fatty acids. Weekly data from weeks 1-10.
3CBC ranges provided by TVMDL.
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Table 4.10. Serum mineral concentrations in dairy calves fed either organic or inorganic trace minerals and backgrounded for 3 or 10

days.
Treatments Contrast P <
Analytes? 101 100 3l 30 SEm P< OTMvs. ITM 3D v 10D

Cobalt ng/mL 0.75 0.95 0.76 0.91 0.106 0.22 0.03 0.81
Copper pg/mL 0.68 0.74 0.74 0.75 0.058 0.60 0.48 0.43
Iron pg/dL 194.11 247.20 213.07 231.70 23.25 0.20 0.04 0.92
Manganese ng/mL 2.64 2.71 2.77 2.99 0.429 0.84 0.66 0.53
Molybdenum ng/mL|  28.47 28.42 27.44 31.41 2.269 0.27 0.26 0.57
Selenium ng/mL 80.13 94.13 79.94 76.52 5.38 0.05 0.20 0.03
Zinc pg/mL 0.97 1.10 1.02 1.05 0.089 0.68 0.26 0.99

!Analyzed via inductively coupled plasma mass spectrometry.
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Table 4.11. Liver mineral concentration of dairy calves fed either organic or inorganic trace minerals and backgrounded for 3 or 10
days.

Treatments Contrast P < Liver Biopsy?
Analytes! (uglg) 101 100 3l 30 SEm  p< OTMvs. 3DV i jowk SEm  P<
IT™M 10D

Cobalt 0.07 0.10 0.07 0.05 0.04 0.62 0.53 0.72 0.04 0.10 0.013 0.06
Copper 281.6 162.8 228.8 296.1 108.5 0.38 0.59 0.82 2088 2759 369 0.24
Iron 153.5 130.3 118.8 81.5 76.7 0.92 0.67 0.67 1183 123.7 39.8 0.92
Manganese 3.25 2.76 2.92 3.90 0.66 0.62 0.72 0.72 184 458 048 0.01
Molybdenum 2.63 2.65 2.83 ND 2.59 0.78 0.57 0.42 094 250 124 0.45
Selenium 0.53 0.50 0.57 0.49 0.13 0.92 0.93 0.67 049 055 0.07 0.55
Zinc 63.0 88.3 69.2 116.4 16.2 0.27 0.41 0.12 81.0 875 6.15 052
Arsenic 0.09 0.08 0.09 0.11 0.02 0.92 0.73 0.93 0.19 0.009 0.016 0.01
Cadmium 0.07 0.06 0.05 0.05 0.01 0.54 0.34 0.63 0.10 0.01 0.005 0.01
Lead 0.19 0.30 0.10 0.28 0.02 0.02 0.16 0.01 0.14 029 0.01 0.01
Thallium 0.05 0.05 0.05 0.06 0.01 0.97 0.79 0.97 0.10 0.009 0.007 0.01

1Analyzed via inductively coupled plasma mass spectrometry, reported on a wet basis.
2Results from calf liver biopsies, taken at week 4 and 10.



Table 4.12 Liver mineral concentrations of dams biopsied approximately 21 days before due date.

Analytes!, ug/g Means? Dam 1 Dam 2 Dam 3 Dam 4 Dam 5 Dam 6 Dam 7 Dam 8
Cobalt 0.16 0.22 0.16 0.1 0.16 0.16 0.14 0.19 0.18
Copper 288.09 265.48 324.43 62.7 227.05 404.33 399.39 33456  286.85
Iron 228.88 258.76 289.22 197.54 224.63 202.86 185.54 170.97  301.55
Manganese 3.29 3.8 3.21 2.33 3.55 3.06 3.03 3.96 3.43
Molybdenum 1.09 0.57 1.27 0.74 1.19 1.2 1.24 1.45 1.1
Selenium 1.27 0.45 0.55 0.79 0.94 0.91 4.03 1.25 1.25
Zinc 363.90 540.04 411.52 244.56 265.55 272.32 300.49 458.71  418.04
Arsenic 0.44 1.1 0.45 0.32 0.26 0.26 0.14 0.45 0.58
Cadmium 0.06 0.01 0.05 0.07 0.1 0.04 0.1 0.1 0.05
Lead 0.35 0.46 0.35 0.36 0.36 0.26 0.17 0.59 0.3
Thallium 0.24 0.58 0.24 0.17 0.14 0.14 0.16 0.24 0.31

Inductively coupled plasma mass spectrometry, reported on a wet basis. No statistical analysis was completed. Data presented as
means calculated from reported mineral concentrations.
SLiver Biopsies were completed -13/+33 days before/after actual calving date.
2Mean concentrations were calculated for each trace mineral using the result from each dam.
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Table 4.13 Correlation between dry cow liver mineral concentrations and calf liver mineral concentrations in dairy calves fed either

organic or inorganic trace minerals and backgrounded for 3 or 10 days.

Dry Cow Liver

Calf Liver Mineral Concentrations (ug/g) - Week 4

Mineral’, ug/g Co Cu Fe Mn Mo Se Zn
P< r P< r P< r P< r P< r P< r P<
Co -0.04 0.92 0.09 0.85 -0.80 0.03 0.16 0.73 0.04 0.94 0.31 0.49 -0.16 0.72
Cu -0.39 0.38 0.35 0.43 -0.61 0.14 0.55 0.19 0.14 0.76 0.30 0.50 -0.54 0.21
Fe 0.34 0.46 -0.05 0.89 -0.35 0.43 -0.12 0.79 -0.25 0.58 0.43 0.33 0.59 0.16
Mn 0.03 0.94 -0.22 0.62 -0.84 0.01 0.10 0.82 -0.19 0.67 0.14 0.77 -0.40 0.36
Mo -0.17 0.71 -0.40 0.36 -0.44 0.32 0.26 0.56 -0.40 0.36 -0.42 0.34 -0.36 0.41
Se -0.47 0.29 0.09 0.84 0.19 0.68 -0.11 0.80 -0.41 0.36 -0.42 0.34 -0.37 0.41
Zn -0.33 0.47 0.04 0.93 -0.48 0.27 -0.27 0.55 -0.05 0.90 0.17 0.70 0.11 0.81
Calf Liver Mineral Concentrations (ug/g) — Week 10
Co Cu Fe Mn Mo Se Zn
r P< r P< r P< r P< r P< r P< r P<
Co -0.02 0.96 0.12 0.79 0.32 0.48 0.46 0.29 0.35 0.44 0.28 0.53 0.30 0.51
Cu -0.28 0.54 -0.04 0.92 0.20 0.66 -0.14 0.76 0.14 0.75 -0.22 0.62 -0.06 0.89
Fe -0.19 0.67 0.81 0.03 -0.37 0.41 0.64 0.12 -0.35 0.44 0.75 0.05 0.89 0.01
Mn 0.35 0.43 0.003 0.99 0.53 0.21 0.28 0.54 0.54 0.21 0.29 0.51 0.21 0.65
Mo 0.45 0.30 -0.14 0.75 0.54 0.20 -0.58 0.17 0.48 0.28 -0.14 0.76 -0.08 0.85
Se -0.06 0.89 0.13 0.77 0.02 0.97 0.04 0.92 -0.11 0.80 0.01 0.97 -0.15 0.74
Zn -0.015 0.91 0.25 0.59 0.45 0.31 0.67 0.09 0.48 0.27 0.41 0.35 0.33 0.47

Inductively coupled plasma mass spectrometry, reported on a wet basis.
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Table 4.14 Correlations between dry cow liver mineral concentrations and calf serum concentrations in dairy calves fed either organic

or inorganic trace minerals and backgrounded for 3 or 10 days.

Calf Serum Dry Cow Liver Mineral Concentrations, ug/g
Mineral Co Cu Fe Mn Mo Se Zn
Concentrations® ™ P< r P< r P< r P< r P< r P< r P<
Co, ng/mL -0.07 030 -0.16 003 -0.01 088 -011 013 -0.16 002 -0.09 0.19 -0.10 0.15
Cu, g/mL -0.13 0.06 -0.07 033 -003 064 001 087 -008 025 -0.14 0.05 0.00 0.96
Fe, ug/dL 007 035 026 001 -012 010 014 004 031 <0.01 012 009 011 o011
Mn, ng/mL -001 089 006 042 -006 039 003 071 008 027 001 093 0.01 085
Mo, ng/mL 0.10 014 0219 001 003 069 013 006 019 0.01 013 007 013 0.07
Se, ng/mL 021 001 010 017 023 01 008 025 003 063 019 001 012 0.0
Zn, u/gmL 006 038 012 009 008 028 012 0.09 009 019 0.07 035 013 0.07

!Analyzed via inductively coupled plasma mass spectrometry.
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Figure 4.1 Milk replacer intake by feeding day of dairy calves fed either organic or inorganic trace minerals and backgrounded for
3 or 10 days.
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Figure 4.2 Starter intake by feeding day of dairy calves fed either organic or inorganic trace minerals and backgrounded for 3 or

10 days.
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Figure 4.3 Total dry matter intake by feeding day of dairy calves fed either organic or inorganic trace minerals and backgrounded
for 3 or 10 days.
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Figure 4.4 Milk replacer and concentrate intake by feeding day of dairy calves fed either organic or inorganic trace minerals and
backgrounded for 3 or 10 days.

Starter DMI kg/d

55



100

90

f
} [ —

70 A T
]3] _
g . /i/
£ /i/in
G_J 50 i /
= ] =
> T
I
S E— i

30 f

20

10

0

1 2 3 4 5 6 7 8 9 10
Week
101 100 3l 30

Figure 4.5 Weekly body weight of dairy calves fed either organic or inorganic trace minerals and backgrounded for 3 or 10
days.



0.2
0.18

0.16

0.14
0.08
0.06
0.04
0.02
10l 100 3l 30

Treatment

o
=
N

NEFA, mEq/L
o

Figure 4.5 Weekly body weight of dairy calves fed either organic or inorganic trace minerals and backgrounded for 3 or 10
days.

57



—o—10I —4A—100 ——3l 30

0.45

0.4

0.35

o
w

o
)
w

o
[N}

NEFA, uEq/L

o
[EEN
(6]

o
[N

0.05

Week

Figure 4.7 Weekly NEFA concentrations of dairy calves fed either organic or inorganic trace minerals and backgrounded for 3 or 10
days.
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Figure 4.8 Feed efficiency of dairy calves fed either organic or inorganic trace minerals and backgrounded for 3 or
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Figure 4.9 Average daily gain of dairy calves fed either organic or inorganic trace minerals and backgrounded
for 3 or 10 days.
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Figure 4.10 Frequency of fecal scores of dairy calves fed either organic or inorganic trace minerals and
backgrounded for 3 or 10 days.
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Figure 4.11 Frequency of respiratory scores of dairy calves fed either organic or inorganic trace minerals and
backgrounded for 3 or 10 days.

62



3
E 1.5 T l
| f% , Ffﬁlfiﬁﬁflﬁﬁﬁ%ﬁ
0.5
° 1 6 11 16 21 26 31 36 41 46 51 56 61 66
101 31 100 30

Figure 4.12 Daily fecal scores of dairy calves fed either organic or inorganic trace minerals and backgrounded
for 3 or 10 days.
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Figure 4.13 Daily respiratory scores of dairy calves fed either organic or inorganic trace minerals and
backgrounded for 3 or 10 days.

64



