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ABSTRACT

EVALUATION OF MANAGEMENT STRATEGIESTO IMPROVE EFFICIENCY

AND SUSTAINABILITY OF BEEF AND DAIRY CATTLE OPERATIONS

In the beefproduction side, thsinglecalf heifer model (SCHM) was evaluated. This
model harvests females after eamheaning their first calf, reducing average age and
maintenance requirements of the herd, hence increasing biological effiofdresf production.
However,some issues have been associated with this model, primarily related to etk of
sufficiency in producing the required replacements to maintain the system,eadibt f
performance and carcass quahiy a consequence es$trogens affectingehaior andweight
gain, andaccelerahg bone ossificatiorof femalesin comparison to steergrhich might affect
carcass value of SCHM females.

The objective of this studywas to evaluatereproductive performancefeedlot
performance and @arcass quality of primiparous females fed gia@sed diets after early
weaning their calves.

Fifty-three Angis-based yearling heifergn(tial BW = 353 + 38.8 k) and a second set
of 58 (nitial BW = 307 = 29.9 kg), were synchronized amdeminated aa fixed-time with
sexed semen during first and second year ®fpttoject Pregnang rates of 41.2% and 45.6%
determined 30 dfter fixedartificial insemination Al); and 90.2% and 91.2% 140 d post fixed
Al, were obtained for sets 1 and 2, respectively. Additionally, 39.2% and 44.6% of the heifer

remainedpregnant to fixedime Al; 47.1% and 33.9% of the heifers got pregnant either to the



bull or second Al; and 13.7% and 21.4% of the heifers did not get pregnant, for first and second
set, respectively. Ovall, it was possible to produce an amount of wedpathles equivalent to
58.5% (set 1) an86.9% (set 2) of the total annual requirement of replacem@atlyes were

early weaned &t06 + 22 and 120 + 21 eiith average weaning weights d47 kg and 13&g

for years 1 and 2, respectively.

After weaning first-calf heifers (43 each year) were fed for 88 and 90 d at a feedtlot,
overall daily weight gains of 1.7 and 1.9 kgedand final weights of 662 and 619 kg, for sets 1
and 2, respectively. Averagpt carcass weighHCW) at harvest was 388 kg (set 1) and 365 kg
(set 2);based on grading scores, tle@aasses wergorted byoverall maturity(OM) as < 300 or
> 300, with 34% of the carcasses classified as > 300 or hardbones. Sgnificant differences
between the two OM groups were found for bone matuBiM) (P < 0.001). However, no
differences were detected for lean maturitig) (P = 0.81),marbling MA) (P = 0.39),Warner
Bratzler shear forca\BSF (P = 0.96),slice shear forceSSH (P = 0.29) or cooking lossCL)

(P =0.47).

After evaluating the SCHM was estimated that leasapproximatelyl1l — 436 of annual
replacements/ould have to be prchasedrom external sourca100% of female weanedalves
survive and are retainddssuming nalropping out of calves born in late calving seasanyi
also34% of carcassdsom primiparous femalewere discounted as hardbones. Howerete
research needs to be done in this area, since it is expected that pregnarmanraeesnppoved
andparameters might change aftee system reaches equilibrium. Additionally,earlier start
of feedlot phaseinnovative marketing strategies for the produend different methods for

estimation of age at slaughteright help to compensate the high dece of hardbone carcasses



Dairy production also represents a very important activity in t!se Which has evolved
through the years into intensively selected and more productive catiégathin largeaverage
size dairies with feeding systems bdsm mixed rations prepared at the dairy where feedstuffs
are stored. In this context, efficiency of nutrient utilization becomes m@@iamt every day not
only for financial but also environmental reasons.

A project was executed with the objectiveestimaing shrink of mineral supplement
due to handling and storage in 5 dairies, anohgla deviation analysis to the amounts of
ingredents loaded to the mixing wagdor diet manufacturingSamples of mineral supplement
and total mixed ration (TMR) wertaken at each farm every day in the morning and the afternoon
during the sampling period for analysis of nutritive composition.

For mineral supplemenin average shrink of 1.97#as estimate{ = 0.02).Evaluation
of shrinkfor individual nutrientshowed no significant lossts Ca, P, Mg, Al and Mo. However,
a significant shrink® < 0.05) was estimatefr crude proteinCP), acid detergent fibetADF),
neutral detergent fibeNDF), energy fractiongDE = digestible energyME = metabolizable
energy; NEm = net energy for maintenance; N& net energy for gain; NE net energy for
lactation),K, Na, S, Co, Cu, Mn, and Zn, during stora§gnificant correlations® < 0.05) were
found betweeitheslopes for change in concentrationdNaf (-0.95), Mn (0.96), and Zn (0.98) in
the mineral supplement during storage, ancctireentratiorof those nutrients in the TMR.

Deviation estimates for TMR ingredients showed overall meab$af4.42, 0.87, and

0.64% forhay, high moisture bproducts, premix, and corn silage, respectivélgiditionally,
significant correlatiors (P < 0.05) wereestmated between deviation diay and TMR
concentration ofbM (r = 0.50), ADF(r = 0.27), NDF = 0.39),Mg (r = 0.64) TDN (r =-0.27),

NEm (r =-0.28), NEg (r =-0.27), Mn ¢ =-0.46), and Znr(=-0.42) Very similarly, orn silage



deviation was correlated < 0.05) to ADF (r = 0.26), NDF ( = 0.27), K ¢ = 026), and Mg (

= 0.39),TDN (r =-0.26), ME ¢ = -0.25), NEn (r =-0.25), NE (r =-0.27), Mn ¢ = -0.26), and
Zn (r = -0.37). In the case of highoisture byproducts, their deviation was significantly
correlated P < 0.05) to TMR concentration of QP=0.349, K (r =0.39, Mg(r=0.5,P { =-
0.34), and Nar(=-0.33).

Significant losses of mineral supplement due to storage and handling were fourl for t
dairies evaluated, which means ttiaise nutrients are going to the soil, water or components of
the system other than the ration to be consumed by the cows. Addititack of accuracy and
precisionin ration formulation was correlated to nutrient concentration of TMR, which might

affect not only cattle performance but also excretion of some nutrients to thenemant.
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CHAPTER |

REVIEW OF LITERATURE

SINGLE-CALF HEIFER MODELCOMBINED WITH THE USE OF

SEXED SEMEN AND EARLY WEANING

Overview of the current U.S. beef industry

Traditionally, beef production in the United Stales involved diferent segments of the
industry operating somewhatdependently from each other in orderfulfill beef demand.
According to Field (2007), the main segntsor types of enterprisemvolved in primary
production of beef are: seedstock, ecalf, stocker and feedlaperationsall of theseprecea
the slaughter andinal processing performed by the packing segmeéné seedstock producers
are specializedow-calf operationsusuallyof purebred cattlethat produce breeding animals,
semenmandbr embryos to supply cowalf producers with top genetic stock. The main objecti
of cowcalf operations is tgetcows pregnargfficiently and optinize weanedalf production to
retain ownership of sonfemale calves as future replacementsiandost casesell the surplus
of male and female calvés stockerand feedlot operations gainextra weight andbe finished
on grainbased diets before being slaughteaethe packing plant

According to recent estimations, total U.S. cattle inventeag 92 million cattle and
calves ofwhich 30.3 million were beef cows, 13.2 million reecattle on feedand 9.32 million

were dairy cows(NASS, 2016). Moreover, U.S. total beef producticommercial carcass



weight)for 2015 was 25.8 billion Ibs (NCBA, 201@®)airy cattle genetic improvement and high
performance have allowed for a reduction in dairy cows numbers in the last (éeatiessome
influence in tdal cattleinventory as well. The increaselhily weight gain ofbeef steers has
caused a similar effect ithe amount otattle on feefdas a result obettergenetics andhe
inclusion oftechnologieso improve performance (i.e. ionophores and implants), in additian to
heavierslaughter weight, total beef productibas increasedith arather reduced inventory of
cattle on feed

The above mentioned factors indicate that beef production is a very importantfeec
the national economy, but also represeatlarge share obtal cattle numbers in the U.®eef
cows are nearly one third of total bovine population. Consequently, any improvement in

managementfaow-calf operations would likelipave a positive impact e cattle business.

Environmental impact of traditional cow-calf operations

Efficiency of bovine meat production has bsebject to evaluatiofor many yearsMost
of the researchn the past waglevoted toevaluatereproductive performance of cevalf
operations and feed efficiency of both cowlf and feedlot cattlddowever,in the recent years
a growing interest for more comprehensive analysaluating other factors in addition to
productive aspectsasled to abroader perspectivef beef and other food production systems
Such analyses, through a life cycle assessment (Lt@WKg into account not onthre productive
and reproductive parameters of catbat theemissions and resous@sedrom all phases in
the product’s life cyclgo estimate its impact on several categories such as: global warming
potential, acidification and eutrophicationpntenewableenergy use, land use, toxicity,

biodiversity, etc. (R606s et al., 2013).



Despite the lack odgreement o the rolethat some categories such as energy use and
biodiversity play on environmental impact of meat production, l&SAmations haveointed
out thereduced efficiency in primargroductionof beefwhen compared to other types oéah
and dairy produs (Roy et al., 2012; R66s et al., 2013; Eshel et al., 2014). In this regazc gy
has been identified asne ofthe main facta affecting efficiency of beef productiorby
increasinggreenhouse gas emissions aaguirements of land, water and nitrog&shel et al.,
2014). However, ihas been also recognized that lasd tor grazingakes advantage of larsd
thatare not suitable for other purposes (Garnett, 2011).

Reproductive performance of the cow playkey role in general efficiency of cattle
productionand environmental impact (Garnsworthy, 2004; Tamminga, 2008)e case of beef
cattle, the cowcalf segment represents the main grazing population of the whole sector,
suggestinghat improved managemeof the beef coviherds woulde a very effective way to
positively impact sustainability dhe beef industry According toTamminga (2006)to limit
losses of nutrients to the environment, the proportion of energy and nutrients devoted to
mainenance should be minimizediso optimal reproductive performance is needed, so the
number of replacement animals damkept as low as possible.

In a study evaluang different rearing systemblguyen et al. (2010) estimated that the
environmental impéacof beef produced from sucklealves reared with their mothers was
significantly greater in comparison to meat produced from dairy bull calvesdrea milk
replacers. According to the authors, the main reason favliberveddifferences, is the high
amount of feed required to produce beef under traditional suckling systems. Moreover, they
mention that the reduction trend in dairy cattle inventories as a consequemgeaad milk

yield, might increase the environmental impact of beef production.



Single-Calf heifer model (SCHM)

As a consequence of normfalctuations in cattle inventory and prices, beef market
possess a particularimplicit risk, which due to the structure of beef industry, makes caiiv
producers particularly vulnerable to thosaial changes in the cattle cycle (Sell et al., 1988).
Alternative beef production models including SCHM have been previously discussetby
authorgan an effort to evaluate vertical integration by coalf producers as an alternative to just
selling weaed calvegBourdon and Brinks, 1987; Cartens et al., 1988; Sell et al., 1988). The
interest in evaluating alternative ways of beedduction arose from the need foicreasing
either efficiency or flexibility of cowcalf production andhe beef industryin general.More
recently,this approach has been gaining importance indimieere efficiency isery important
for animal production systems, not just for financial, but also environmental reasons.

In the SCHMno adult cows are maintained in the hendtead calves are early weaned
and all the primiparous heifers are fed a finishing ration and slaughteleide Ateer calves are
marketed while the females are kept as replacemieatly weaning and fairly short finishing
period are crucial to guare® a young enough slaughter age to prevent carcass discounts that
could affect profitability of the system (Sell et al., 1988).

The fact that ththe cattlein the herd are growing animals young&n 30 mo of age is
probablythe mainadvantage of the GHM; however other benefitskie noneed to rebreed
heifers and reduced generation intesraduld be mentioned as well (Seidel and Whittier, 2015).
Based on the energetic requirements for beef cattle (NRC,,2080¢stimated that a younger
cow herd dbws for a more efficient utilization of thenergy consumed. Aregnant lactating
growing heifer utilizes around 64% of the enempake for maintenance, whiég adult lactating

pregnant cow spends approximately 77% of the energy just to maintairf.hersel



According to Castens et al. (1988), imaditionalbeef production a substantial proportion
of feed energy is utilized for ngoroductive purposesiearly 50%of total energy required to
produce beef is being uséd fulfill maintenance functions @he cow herdTheoretically, 1
means thaimplementing th&sCHM makest possible fora larger proportion of thtal energy
intake to beused for production, allowing for partial substitutionof the maintenance
requirements of cows for growing requirents of heifersBourdon and Brinks (1987) estimated
an increase in biological efficiency of beef productionewlage at culling was decreased,
suggesting that a smaller proportion of the TDN intake is invested in maintewdatesl
activities of youngeanimals.

However, a series of disadvantages related to the adoption of a $QHd/negatively
impact the feasibility and practical application of the moBelrdon and Brinks (1987) found
that biological efficiency of a system does not necessarilyyirmponomic efficiency; they
observed that despitke fact that a decreased ageulling improvesenergy utilization, culling
cows at an older age was optimal from the financial standptomtever the dynamics in cattle
market price area crucial factor to determine the optimal culling age for ¢calaerefore when
the price for cull cows increaseelative to fed cattle pricesyounger culling ages can be
advisable. AdditionallySeidel and Whittier (2015) mention that carcass discourtseased
dystocia problems, and lack of sslistanability in terms ofheifersreplacementare the main
aspects potentially affecting the SCHtscounted carcassesy bethe most significant issue.

Carcass quality of single-calf heifers

In regard 6 carcass qualityt has been reported that in comparison to steeed, from
heifers has a higher early calpastatin activity which inhibits the p-calpain retardingtenderiation

and promotindonger aging period®or female carcasseklormoneslso play an important role



in meat qualityestrogens involved inexcitement andemperanent that reduces tenderness of
beef and increases incidence ofldeutteran femaleqTatum et al., 2007Moreover estrogens
accelerate bone ossificatian primiparous females, influencing carcass grade (estimated
maturity) and potentially affecting carcass value (Field et al., 199@) supplementation of
melengestrol acetate (MGA) to feedlot heifers has become a very commonreprafgedyards

to sippressestrusand reduce estrogen induced hyperactivity, which induces a calmer behavior
and increases weight gain and carcass qudlasum et al., 2007).

Somestudies have been published evaluathrgginfluence of management practices on
carcasdraits of heifers The effect of a previous gestation and calvamgcarcass traits is of
particular importance becausgregnancy hormones accelerate bone ossificatam a
consequencearcasses from animdtgat have calved once show more ossificatiodare more
likely to be discounted as 30 mo or older, when comparedritasses from virgin @apayed
females of similar ag@Vaggoner et al., 1990; Field et al., 1996

Prenatal androgenization of heifers has been evalwatath the context of the SCHM
as a wayo increaseveight gain anad¢ounteract estrogen actionbone ossificaon of first calf
heifers It consists on an early exposure of female calves to androgens befoerdhayrn,
which is carried out by implanting the pregnant cow with testosterone propionatg €ariy
gestation.

In terms of the future reproductive performance of the heifer, there has been some
concern for the possible effects of early exposure to androgens during fetal develéanieht
et al. (1995) evaluated the effect of prenatal androgenization in periparturient hielsdoe

reproductive and metabolic hormones of first calf heifers. No changes wereridaladd levels



of progesterone, estradiol, testosterone, prostagldngdinnsulin, triicdothyronine (T3), ad
prolactinof androgenized heifers with respect to controls.

Increased daily gain and gain:feed ratio have been reported for prenatgesmchited
heifers managed under the SCHM (Reiling et al., 1995). However, early andatigenizith
testosteronpropionate has not shown any effect on bone and carcass matttirgycalf heifers
(Reiling et al., 1995; Hermesmeyer at al., 1988spite failurgo retardthe accelerated bone
ossification in first calf heiferBy early exposure to androgens, nifedlence in meat quality and
palatabilityhas been found between carcasses of first calf heifers and virgin femaledasf sim
age (Waggoner et al., 1990; Field et al., 1996).

Lawrence et al. (2001dpund dentition (number of permanent incisaxs)e amore
accurate method a&oring beef carcassestmmore homogeneous age groups when compared
to skeletal and lean maturity based evaluatfkaditionally, they found that male carcasses were
more likely to be misclassified into a younger age category whenrbanhgity was used as a
criterion Currenty, the USDA carcass grading system takes into account bone matndty
dentition as indicators of physiological maturity to determine the 30 mo cutoff (Seidel and
Whittier, 2015).

Bone ossification is not always a good predictopbysiological maturityfor cattle
(Semler et al., 2016¢specially for females, sinttdhas been shown that cass overalnaturity
and bonematurity of heifers and cowdoes not accurately predieither chronadgical ageor
meat quality (Shackelford et al., 1995; Field et al., 1997). Similar conclusions have [z@eedbt
from the carcass quality and meat tenderness evaluatisteerfs and heifers classified as less

than 30 mo old at the time of slaughter (Acheson et al., 2Q0tH¢rs haveeportedhat carcass



traits account for onlg small proportion of the total variation in tenderness of longissimus steaks
(Lawrence et al., 2001b).

Reproductive management for dystocia problems and production of replacements

A higher incidence of dystocia problems could be expected from SCHMIl as
parturitions will be from primiparous heifers, whighthe reason why it is important to bce
well developed heifers with bulls selected for calving ease (Seidel dmittiefy 2015).In a
simulation run by Bourdon and Bricks (1987), they found amease in overall dystocia
incidence as culling ages decreased from 10 to 2 yr, as a result of greateer of firstcalf
heifers calvingAdditionally, when modeling sex controlledstgms in order to obtain as many
females as possiblthey found that éspite an increase in the incidence of dystocia and calving
losses, there was a compensation by the fact obtédlhcalves being born; however thalgo
pointed out the increased labor and management under this type of systems.

As a consequence of longgy the annualreplacement rate of cows is fairly low in
traditionalcow-calf operations; however the SHCMnist a seHsustainingsystem as long as all
the singlecalf heifers arebeing slaughteredfor beef production One strategy to partially
overcomehe deficit of replacements, is to use sexed semkasalseen previously suggesbsd
others (Ereth et al., 2000; Seidel and Whittier, 2015).

The basic technology for sexing sperm was originally developed at the US rhepiart
of Energy’sLawrenceLivermore Laboratory in California back itme early 1980s (Seidel,
2014); through the yeatise process has been improvethtvease efficiency ang@ducedamage
to the sperm (Seidel, 2007). However, the flow cytometry/cell sorting procedseect good
guality sperm of the desired séxa time consumingxpensive process that discards most of

the sperm (ndesired sedow quality sperm, and other technical facjais produce a sexed



dose Consequently, for the technology to be feasibleedesemen doses amwmmonly
packaged ah much lower concentration than unsexed semen (only 2 million sexed sperm per
dose),which togetler with the damage to sperm duritige sorting processesuls in lower
fertility of sexed semen in comparisto ungxedsemen (Seidel, 2014).

Although the main use agexed semeim the U.Shas been for artificial inseminatiarf
dairy heifers to produce female calves (Seidel, 2014) es@msearch haalso evaluated the
insemination of beef heifers with sexed seng®idel et al. (1999) reported pregnancy rates for
sexed semen to be 700% of those obtained using unsexed sperm cona®lpart of 11
independent fieldrials, 7 of themperformed withbeef breed heifers. They explain that such
results were obtainednder specific conditions of well managed heifers and well trained
inseminators which are defrminant factors for the succee$ any artificial insemination
programand might be considered even more important when sexed semen is used, since higher
cost ad lower fertility of sexed spermégke it indispensable to executery good management
to obtainadequate performance

Spermconcentration and site deposition have been evaluatedsexed semen as well,
with no increase in pregnancy rates when sedoses ranging between 1.0 and 6.0 tagil
sexed spermvere deposited either in the body or the horns of the uterus of dairy and beef females
(Seidel and Schenk, 2008). Average pregnancy rates at day 60 post insenfiana#ingus
femaleg(mostly heifers, one trial with cowsyere approximately 70.4% and 55.9% for control
unsexed andexed sperm, respectively; fertility séxed semewasapproximately 80% of the
control unsexed dos&gth adoseof 2.0 x 18 sperm.

Riggs (200]) evaluatedhe incluson of sexed semen into a SCHikl two consecutive

sets of Red Angus X Hereford femalés setsl and 2, they bred 46 and 48 heifers to sexed



semen while fed in a feedloHeifers of sets 1 (341 + 28 kg) and 2 (348 + 32 kugre
synchronized anéixed timemated to sexed semet®% and 8% of the heifergerepregnant
after the first fixed time servicaubsequentlizeifers werenseminateane to three times before
matting by abull. After the end of breeding season, overall pregnancy aatéeved by heifs
of years 1 and 2yere58 and 16%respectively.

Additionally, in the second set of heifers only two thirds of the females wedettre
sexed semen and the rest were inseminated with regular unsexed Nexwethelesshe data
publishedon reproductie performanceorrespondedxclusively to the first year set where
heifers were bretb sexed semen for the 2 first inseminations, randomly assigned to sexed or
unsexed semen for third insemination and bred to the bull for the fourth service. Thislproto
allowed for 69 and 60% of female calves out of heifers pregnant by sexed semen aat/&stal ¢
born, respectivelyNo specific reasons were attributed to such low pregnancy rates obtained
both yearshoweverRiggs (2001) mention that perhaps a combination of low dose insemination
straws and very young age of heifers at breeding might have affectecetti@imance.

Therefore as long as proper management is provided to guardh&esuccessful
implementation of a technique that will increase costs and labor, the inclusion dfseexen
into the SCHM mayallow producingmost of the heifereplacements need every year.
However,theimpossibilityto get all the heifers pregnamius normakalf losses, impede the
system to be completelgelf-sustaining; ti is estimated thadpproximately 2@B0% of the
replacementsustbe added to the system from outside eachiysaxed sperm is usé&eidel,

2015).
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Early weaning of beef calves

Early weaning has been previously evaluated in beef cattle productioy asatway
to improve reproductive performance of the cows through a faster return tonoaetinaty,
allowing redudions of the interval between weaning and conceptidaughton et al. (1990)
found early weaning (30 d vs 7 md)jowed improvement of the reproductive efficiency of
Charolais X Angus mature cows when forage and feed sources asafi@ent to support
lactation requirement®eterson et al. (1987) evaluated the effect of early weaning (110 d vs 220
d) on cow and calf performance, and found significant differences in YgwHange between
early and normal weaning; early weaned cows gained weight while nornradveaws did not
meet their energy requiremestisd lost weight during the same peribdweverage of the dam
interactedwith BW and BW change during and after weaning.

The study of possible effects of alternative early weaning managemeibiebasof
particular interest in the evaluation of subsequent reproductive managementaaifingtifers,
since they are youngegrowing animals with higher nutritive requirements, whictkenthem
more susceptible ta retarded return to reproductive activity after weaning. Arthington and
Kalmbacher (2003), fand that early weaned heifers were heavier at the time of normal weaning,
and had improved body condition and higher pregnancy rates in comparison to traditionally
weaned heifers. Lusby et al. (1981) found an increase in conception rate from 59.4 to 96.8%,
and a reduction in the interval from parturition to conception from 90.5 to 73 d, as a consequence
of early weaning.

Some studies have also evaluated the effect of early weaning in subsequemapedo
of steer calveand their final carcass qualitileterson et al. (1987), observed that first 28 d after

weaning, early weaned calves had a reduced weight gain in comparison to nevezalld
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calves, prbably due to stress of weaninigowever, afterwards early weaned calves gained
weight faster. Grimes ad Turner (1991) compared performance of Shorthorn X Angus X
Hereford calves weaned at 110 vs 220 d of agservinghat early weaned steers had a greater
weight gain from normal weaning age to slaughter, and were heavier iat¢hef slaughtem
comparison to calves weaned at normal age. No differences between treatments weeglobserv
for carcass traitsArthington et al. (2005) evaluated two weaning ages: 89 and 300 d, finding
that at normal weaning age, early weanedesalad lower BW (221 vs 28&)); however
gain:feed ratio for the overall period between 300 d of age and slawgtgemproved for the
ealy weaned steers. dditionally, carcass traits did not differ between weaning treatments.
Myers et al. (1999) reported not only increased fe#Httiency when early weaning was
performed, but also improved quality grade of carcasses of steers.

According to previous findings on the effects of early weaning on followeal{
performance, it appears thsimilar results can be obtained frorarly and normally weaned
calves. However, the quality of the ratifad to early weaned calves plays a key,rotd only

on their performancdgut also on the feasibility of the management strategy as a whole.
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CHAPTERII

REVIEW OF LITERATURE

ESTIMATION OF MINERAL SUPPLEMENT SHRINIAGE AND INGREDIENT

DEVIATION ANALYSIS OF TOTAL MIXED RATIONS IN DAIRY FARMS

Overview of U.S. dairy industry

Historically, the dairy industry has represented a very important sector ofJtBe
economy which has been propelled by the development of research, technology and general
improvements at the farming level that have been key factors for promotion of the evolution of
dairy industry to what it is today.

In accordance to NASS (2016) estimates, total milk production in fBedUring 2015
was close to 95 billion kg, representing an increase of 1 billion kg compared to 201thehen
approximate value of total milk produced was close to $50 billion. Howéwet).S. dairy
industry has been throughvery dynamic evolution with dramatic changes in cattle numbers
and prodictivity. Statisticsof NASS (2016) show that in 1924 a total of 40 billikenof milk
were produced by 21.4 milliacows; meanwhile, by 2015 the population of dairy cows was
estimaté to be less than a half of that (9.3 million head) and produced more than double the
milk (95 billion kg). These data indirectly show heelectionof cattlefor milk production and

improvement of management practices such as improved nutrition andféesigresultedn
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an average fivefold increase in individual milk production throughout a period of approyimatel
90 yr.

Besides the increase in cow productivitiie dairy industry has also experienced
significant changes in farm structure. In the ps,majority of the dairies were small family
operatedypeof farms; however, thproportion of large dairies hagen increasing durirrgcent
decades. MacDonald et al. (2016) mention the midpoint herd size as a parameteitghiibespl
national inventory such that 50% of the cattle are in smaller herds and the other &9rges
herds. They comment that back in 1987 the midpoint herd size for US dairy farms was 80 cows,
however by 2012 thignidpoint had increased more than tenfold. According sxDbnald et
al. (2007) by 2000 only 19.3% of the inventory was owed by large farms having more than 1000
cows; however, in 2006 that percentage increased to 34%. Moreover, during the last dezade larg
dairies have become even larger, and it was estimiaa¢dnt 2012 approximately 49% of the
inventory was held in dairies with at least 1000 cows (MacDonald et al., 2016). Suckoavolut
has modified the average farm model from a predominantly family owned and dpamatge
to a much larger and technifiegpe of farm with a large number of employees who very often
are trained to assist with seauitomated processewhich allowmore efficiency in general
management.

Evolution of dairy farming has also involved very important changes in feedingcesacti
Definitely a cow producing 5 times more milk than its past century counterparta has
significantly increased demand for nutrients and requires a much more nulietiverhich has
promoted feeding systems that offer total mixed rations to confined canstiagegy to reduce
energy expenses related to physical activity and increase digesiibilityets. Such feeding

management faces the challenge to increase feed and nutrients consumption aspossibla
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in order to support milk production and pravexcessive negative energy balance typical of
high producing cows (NRC, 20Qiyhich might affect not only productive but also reproductive
performance.

Increase in farm size has brought new challenges and issues to the jnsinsty
precision in management practices is essential for the feasibility of theebsisikdditionally,
the increase in financial risk in dairy farming during the past decadebemas reported,
mentioning the variations in milk prices as a very important driver of the risk Ddaald et
al., 2016). However, milk prices are extrinsic factors that cannot be contrdllefatm, which
highlights the importance of focusing on the factors that can be controlled and have a positive
impact on farm efficiency. In this sense, feeding costs of dairy farmsbeavereported as 50
70% of total operating costs; consequently, management strategies have badrdessan
effective altenative to reduce financial risk of dairy farms by implementing changes in feedin
practices (Bozic et al., 2012).

Legislation has also been changing to better controtegulate new issues associated
with larger size of farms and intensification of productive systems. In this cont&tEBA
(2004) defines a concentrated animal feeding operation (CAFO) as an animad) fieedity
having more than 1000 animal units, where animals are present for at ldaStdé&ller facilities
could also be classédd as CAFO’s based on their potential of discharging pollutants to the
waters. Furthermore, aCAFO does not produce or store crops, which means that waste
management and disposal should be carefully planned to prevent excessive ampumiulat
nutrients inthe soil and contamination of the water sheds. Wastes should be properly collected
and treated in lagoons or storage tanks to reduce microbial charge and orgamibefnatt the

residual waters can be disposed. Composting waséestiser common alteative allaving to
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reduce microbial chargépwever, resulting compost should be transported and applied to crop
fields as a fertilizerso the remaining nutrients can be utilized.

Both increased financial risk and environmental concerns and related iet)lare
important factors that have been pushing dairy farms and other CAFO’s to improgeopreti
their feeding systems in order to reduce not only feeding costs but also thinamntefor
treatment and disposal of wastes.

Modern largesize dairy farms have implemented feeding systems including purchase,
storage, and mixing of commodities as a strategy that allows not only redoictezding costs,
but also customizingations as desired, also having the flexibility to include new ingredients in
the ration when it represents a good opportunity (Standaert et al., 1994). In this context, both
commodity shrink (from handling and storage) and consistency of the nutrient composition of
the ration are very important factors that influence feasibilityoaadision of the overall feeding
system.
Commodity shrinkagein cattle operations

Shrink of feeds or ingredients is defined as the amount of feed that is purchased and
delivered at the farm, but not fed to the cotir&selosses can occur during storage or during
mixing and transportation, and can be due to weather conditions or as a consequencesof rodent
or birds. Multiple factors can influence feed shrink, most of them related tmsiotri
characteristics of the feed caito management conditions like storage, handling and mixing.
(Standaert et al., 1994; Loy, 2010).

A wide range of shrink values have been reported in the literature for the most common
commodities used at dairies and feedlots, most of them within the ranges2ii% for dry

ingredients and 2040% for wet feeds stored under different conditions (Standaert et al., 1994,
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Loy, 2010; Kertz, 1998). Nevertheless, very litibenoinformation is provided on how these
estimates were obtained, and most of the times only the values are reptirteal spiecifications

on the particular conditions for éh estimation.
Most of the timdt is not specified if the shrink estimate provided is expressed on a wet or dry
basis. Additionally, the limited commodity shridlata available in the literature refer to silage,
hay, grain commodities, or qwoducts of different industries (mostly ethanol and beer
industries) either dry or wet, but no data have been published in regard to shrinkageralf m
supplements.

Standaert et al. (1994) provide a list of percent shrink and spoilage losses during bulk
storage and handling of multiple feedstuffs under different storage conditiomsdigrto the
same source, under storage conditions in open uncovered piles, the highest losses carrespond t
distillery by-products (either brewers or ethanol) ranging from 12 to 22% for dprdmucts
and from 15 to 40% for wet byroducts. Chopped alfalfa, middlings, soy hulls and beet pulp
are listed with similar percent losses betweemrdd 22%; and dry grains are mentioned as the
feed category with the lowest losses (5 to 8%). It is also pointed out how storingntbe s
feedstuffs in covered three sided bays might reduce shrink up to 70% for middlirg60%®
for chopped alfalfa, begulp, dry distillers and soy hulls; 3330% for dry meals and dry grains,
and no reduction is reported in the case of wet distillers. Additionally, when fewed® are
stored in closed bunk tanks, the losses range between 2 and 6% regéttiessedtuf.

Loy (2010) provides shrink values for typical feedstuffs included in feedlot diets,
reporting values of 2 4% for dry commodities, 8 9% for soybean meal,-410% for chopped

alfalfa, 15— 20% for wet brewers grains, and a large range betweed 50% for corn silage.
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When evaluating shrinkage it is very important to consider moisture of feedstuffs
Normally, feed ingredients are purchased on a wet bagigever their inclusion in rations is
calculated on a dry basis formulation (Harnealg2011). In an evaluation of a model to estimate
costs for dairy commodity programs, Standaert et al. (1994) run simulations uridezndif
scenarios including the effect of shrink on cost per ton of mixed feed, and bgsingshrink
from 2% to 7%they estimated a percent increase in total cost of feed ranging between 1.5 and
5.2%.

Variation in composition of feedstuffs

Anocther factor influencing precision of feeding systems and nutrient utilizatitime
variation in composition of the feedstuffs. It is important first to considefeélkdtcomposition
is estimated by analyzing the composition of a sample at the laboratoryptbeiaherent
variation of the feed (biological and manufacturing variation), variation causadrbpling
procedurse, and variation from analytical methods, all contribute to total variation allowng t
actual composition of the sample to differ from the average. Such variation in cbamposan
be expressed as the standard deviation (SD) which is a measure of dispetsmalictitas the
distribution of the values; additionally SD can be expressed as a percentage eamhgimng
as a result the coefficient of variation (CV). The smaller the CV, the lesg ilikeill be that
using the mean value for any nuttieconcentration will cause a substantial error in diet
formulation (Weiss, 2005).

Handling variation in feed composition would depend on the type of process that
generates the feed. Most of feed commodities are considered as an outcome of bassleqro
which are handled in lots such as trucks, and usually haweaht withinlots variation, and a

small to largebetweenrlots variation; therefore such commoditi@se not expected to be
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analyzed routinely and a mean derived from a large numbemplias of different batches may

be more adequate for ration formulation. However, some feedstuffs are the outcome of
continuous processes, in such sdbe processes are relatively constant, but there might be other
factors like nutritionally heterogeneopsrticles which could make the composition of the
sample vary depending on the proportions of different types ttlearpresent in the sample,
aswould be the case of corn silage. For continuous process feedstifisabmmended to take
periodic sanples and reformulate the ration with the most recent data (Weiss &hdri&t,

2009).

Weiss et al. (2012) evaluated witkdairy variation in nutrient composition of common
feedstuffs in 50 dairies, finding that within farm variation for specific fedts widely among
farms, concluding that sampling schedules should be defined specificallycfofaem. In the
case of corn silage and haycrop silage, a very large day to day variabgifpund, suggesting
that formulation based on compositiorsofgle samples migimot be the best approa@verage
results from 2 or 3 samples taken within a short period of time (#k) would provide a better
estimate of composition.

Variation in composition of TMR

Uncertainty of nutritive concentration of &R ingredient is defined as the summation
of the imprecision for every measurement required to estimate concentrfadioy nutrient in
a giveningredient included in the TMR, which involves 3 possible sources of imprecision:
ingredient amount, ingredie@M content, and concentration of the nutrient being evaluated.
Therefore, in terms of diet formulation, deviation or uncertainty in nutrient congrosiay
result from weighing errors, errors and variations in the DM content of the iagtedand errar

and variation in nutrient sampling and analysis. Consequently, uncertainty in apfount
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ingredient has a greater effect when an ingredient has either high DM onnhuatigent;
similarly, uncertainty in ingredient DM contelmds a greater effeethen larger amounts of the
ingredient are included in the ration or when the nutrient concentration of the ingredenyt i
different than that of the ratioajsq uncertainty of the nutritive concentratiof the ingredient
has a greateeffect when largerraounts of the ingredient are in the ration or when the DM
content of the ingredient is higBuckmaster and Mulled,994).

Buckmaster and Muller (1994) evaluated the use of uncertainty analysis in nutritive
measurements of mixed rations for dairy caffleey found thaimproving measurement of
nutrient concentrations and amounts of ingredients for feedstuffs having a high nutrient
concentration would be the best approach to reduce variability among batddésnally,
they estimated that by controljramounts of ingredients within 1% it would be possible to keep
uncertainty in nutrient concentrations of the TMR lower than 5%.

Based on the aforementioned information, the lack of accuracy and precision in TMR
composition can be attributed primarilywariation in composition of ingredients and operator
errors. Buckmaster (2009) mentions that different factors such asdiegt mixing sequence,
mixing time, mixing protocol, DM content of feedstuffs, and scale maintenancealinciton
can affect mixuniformity by increasing variation among different batches.

Modern dairies have implemented systems to reduce the chance of operatowdlrors,
computerized scales displaying the sequence of ingredients and indibatiexptt amouruf
every ingrediat required for the batch being mixed, which helps standardizing an important part
of the mixing protocol. However, additional controls need to be implemented to tevahch
improve performance of operators. James and Cox (2008), evaluated operaton d@or i

different dairies by comparing accuracy of loading and delivery infoomatbtained from the
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TMR software. As usual in most of the dairies, there were at least 2 or % peablargeof
ration mixing and delivery oevery farm; interestingly in mo®f the cases they found that
secondary feeders had superior performance than primary feeders (perfamxing and
delivery more than 75% of the total time), which was attributed to the oportfniymary
feeders to develop undesirable habits.

Evaluating average ingredient deviation by load for TMR of dairy farms, Jamesoand C
(2008) found that corn silage had one of the greatest deviations (kfebradialso the greatest
range in deviations (variation) of all the ingredients evaluated. Othexdiegts with lower
levels of inclusion, like corn gluten, mineral supplement, molasses, grain mix aoid se¢d
hull, showed the lowest average deviations (kg¢lpadnd smaller ranges of variations.
Additionally, they found significant differences imading accuracy between the dairies
evaluated, which could be attributed to differences in operator ability and dispositiosdotat al
the status of the equipment.

Reducing the variation in nutrient composition of TMR is also a key factor to optimize
feedrefusals guaranteeing an adequate feed intake by the cows to support nutrient regisireme
according to their physiological stage and corresponding feeding group atrtheAfathe
aforementioned factors improving accuracy and precision of TMR composition would lglso he
to prevent large variations in DM intake, and consequently feed bunk management would be
improved by reducing TMR orts and problems particularly associated withimgad|feed
refusals (Stone, 2008).

Modern dairies face particular challenges that can be assisted by the use of technology
as a means to improve precision of management and efficiency of the eefdrpwever,

technology itself does not guarantee improvements if not accompanied by theaigbissand
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interpretation of the information obtained (Bewley et al., 2015). Detailednnattion on each
load recorded by the scale of the mixing truck and available to be exported as reparts, |
valuable resource for the nutritionist to analyze the suitability of a parti@ddng program,
and provides information on critical points of the process, allowing to detenpoissble

strategies to improve precision and efficiency of ration formulation and feeding.
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CHAPTERIII

SINGLE-CALF HEIFER MODEL COMBINED WITH THE USE OF

SEXED SEMEN AND EARLY WEANING

INTRODUCTION

Traditional beef production in the.8. andmany other countries, involves a series of
segments representing the whole cattle ¢wehech guaranteean adequate supply of animals
to the industry to fulfill beef demands of the populatiBelative to cattle numberg)elargest
segment inJ.S.beef primary production chain is representeattycalf ranches, which have
a reproductive cowherd to produce caltteat are either sent to other ranches to@simweight
on pasturdefore fatteningor directly sent to a feéat to be finished on a grain-based diet.

Adult cows have been shown to be less biologically efficient than younger and lighter
femalesithe first onesequiringa larger proportion of their total energy intake to performnon
productive functions rated to maintenance. Théngle-calf heifer model (SCHM)which
consists of finishing females after weaning their first ¢elf ben proposed as an alternative by
combining calfand beef production into thamme system, allowing fa more efficient usef
energyby reducing the average age and weight of the cowhértth decreasdse proportion
of energy used for maintenance (Sell et al., 1988; Seidel, 2015).

However, biological efficiency does not always mean profitability. In this sense,

feasibility of the SCHM might be affected by different factors, including: increasedeincedof
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dystocia, lack of sel$ufficiency to produce replacements, and reduced estimated carcass quality
as a consequence of accelerated bone ossification due to pregnanayes¢8alb et al., 1988;
Waggoner et al., 1990; Reiling et al., 1995; Field et al., 1996; Riggs, 2001).

The objective of this project was to evaluate reproductive and productive pemfoe rof
females managed under the SCHM, combined with the use of sexed semen and earty weani

to estimate the main biologicparameters of the system.

MATERIALS AND METHODS

Two consecutive sets &8 and 58black Angusbased yearling heifers, weparchased
from commercial cattle#eendors andnanayed under SCHM fothefirst and second yearf the
project, respectivelyThe exact ge of mostheifers was uknown.Each year, tathe beginning
of the trial, all heifersvereweighed, body condition scoreshrtaggedprocesse@ndchecked
for reproductive statuto prepare them fosynchronizatiorof ovulation approximately 1 mo
aheadof artificial insemination (Al). Breedingvas programedfor heifers to calve at
approximately 24 mo of agendthennurse their calves for ® 4 ma Overall, heifers werkept
on pasture for approximately 15 mo from processing until 2 wk prior to early weavhieg
they were shipped to a research feedlot to be fed a grain based diet for apgitgxd@matbefore
being slaughtedata commerciabbattoir.

Management from synchronization of heifers until weaning of calves
Initially, heiferswere checked foreproductive status, whioas determined by rectal

palpation Synchronization protocalasinitiated approximately 33l prior to inseminatiorhy
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insertinga controled internal drug releasing device (CIDEgziBreed; Zoetis, Florham Park,
NJ) into the uterus, whiclwvas removed4d after insertionSeventeedaysafter CIDRremoval,
heifers got an intramuscular injection of 25 mg of P@kus an estrus detection patéts{rotect;
Rockway Inc., Spring ValleyVl).

Heifers havingripped patches 66 hr after P&GHjection were artificially inseminated
with one dose o$exedX-bearing Herefordemenwhile heifers with inactivated patet gotan
intramuscular injection of 100 pg of GnRH and were inseminated 18 hr lateith X-bearing
Herefad semen as welBoth years7d after fixed time Al, heifers were placed with a Hereford
clearrup bull for 150 d with no interruptionsin the caseof year 1 heifersor with one
interruption from d 17 23post first Alin the case of year 2 heifers, allog for a second Al
with sexed semen to the heif¢hait wereobserved in estrus during that period.

Pregnancy status of the heifers was diagn@8ed afterfirst Al by ultrasoundAloka
500; CorometricMedical Systems, Wallingford, CT) fitted with aNBHz rectal probeand a
second pregnancy check was performeddayal palpation 140 d after first Al. Late and ron
pregnant heifers were soldgtind3 and 46early pregnant heifers were kdpt first and second
year, respectivelyto continuewith the rest of the studyHowever, for second year, éarly
pregnant heifers wesgithdrawn from the studgfter calving two of them had stillborn calves
and tre otherost her calfto coyotes Heifers were maintained on native pasture since receiving
and during the whole pregnancy period. At birth, weights and sex of the calves veededec
for both sets. After calving,oev-calf pairs werelsomaintainedon native pastre during most

of the nursing period, until 2 wk prior to early weaning.
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Management from weaning to slaughter

Two weeks before early weaning cow-calf pairs wereshipped to Colorado State
University ARDECs feedlot, andgradualy weanedby placing cows and calves in 2 separate
but nearby soil surface pen&/eights of calves and cows were recordethattime of early
weaning First 3 d at the feedlgiairs were fedonly long stemgrass hay ad libitum, and from
day 4 until weaninghey were fed &ow energy receivingliet, offered astotal mixed ration
(Table 1).Animals had free access to fresh watikthe time.

After weaning was performedtalves stayedt the eedlot for 8 more weeks and
afterwardswvereput on pasturePrimiparous femalewere kept on the low energy ration and the
soil surface common pen for approximat@inore weeks, and therd a finishingation(Table
1) for approximately 60 d to complete a total pastaninggrain basedeeding period 088 d
(yr 1) and 90 d (yr 2)Postweaning rations for cows were formulated to provide 0.5 mig@A
to suppresgstrusuntil the day before harvest. For the whole duration of the feedlot,plate
were fed every day 8730in the morning and 140@ the dternoon. feed bunks werevaluated
every morning to adjust themountfeed offeed, aiming towardsoptimizing feed intake and
redudng ortsto the minimum

Feed intake measurement and perfor mance evaluation

Intake and weight gain evaluat®mvereperformed for both sets of covet Colorado
State University ARDEG Feed Intake Unit (FIU)A radio frequency identificatiortag
(TFIW/GESMW, Allflex®) was placed on the left eandcows weresorted intdwo grouppens
at the FIU approximately 3 weeks afteeaning and remained there for 4@/d1) and 48 dyr

2).
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Cows were weighed the day they entered the FIU, and then on days 14, 28, and 42. For
the second year, weights were also obtained for day 48. Weighing was perforineal e
morning beforeeows werefed. Individual daily intakedata were collected by an automated feed
intake monitoring system (Grow&®). A regression ofindividual weight data allowe
estimaing average daily gainADG) for every cow. Additionally, individuadlry matter intake
(DMI) was calculated from measured feed intake and dry ma&id) Content of TMR then
individual feed:gain ratioF:G) were also calculatedntake data ofdays when cowsvere
weighed or performed any other pamlar management practice, wengthdrawn from the
analysis to avoid accounting for changes in intake due to external factors.oAaltijti ©
evaluate performance &dmale calve$43 for yr 1, and 42 for yr 2), weights at weaning (WW)
were measured

Cattle management after feed intake measur ement period

Once intakeneasuremenwas finished, cows were sorted irialifferent9-head group
pensaccording to body weighBW), and implanted in the right ear with 140 mg trenbolone
acetate plus 14 mg estradiol (Revaket, Intervet) andcontinued tdoe fed the finishig ration
as previously described.

Final or exitweight(FW) was calculated for every cow as the average of the weights of
the 2 last days in the feedlot, and shrunk B88W)was calculated assuming a 4% peshiiink
between the feedlot and the packing plant.

Evaluation of carcasses at slaughter and meat tenderness measurements after aging

Each year of the project 43 singlalf females were slaughtered at a local processing

plantlocated 30 miles from the delot. Carcass data for: hot carcass weight (HC&djusted

fat thicknesgAFT), longissimus muscleor ribeye are@REA), kidneypelvic and heart fat (KPH),
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yield grade(YG), marbling scorédMA), leanmaturity (LE),andskeletal obone maturityfBM),

were compiled by online camera, Colorado State UniversftySU) personneland USDA
grading serviceln the case of iy1, quality grade and meat tenderness related evaluations,
include only 42 carcasses, because one carcass was railed off and unavatahpliog.

Data for REA, AFT and MA were provided by the packing plant; whikPH
measurements, along witfe andBM, wereevaluated by CSU. In additiortasnped yield grade
issued by USDAgraders (USDA YG) warecordedor every carcass, and adjustadld grade
(AdjustedYG) was calculatedy CSUaccording to the equation:

AdjustedYG = 2.5 + (2.5 AFT, in) + (0.20 KPH+ (0.0038HCW, Ibs.) — (0.32 REAIn?).

Overall carcasmaturity (OM) was estimated from LE and BMr this estimatiorA%,
B, C%°, D%, E% maturities correspnded to scores of 100, 2@M0,400, and 500:espectively
and MAat the 19" — 13" rib crosssection was evaluatddr every carcassind scores assigned
as follows: practically devoid = 10@aces = 200slight = 300, small = 400, and modest = 500
moderate = 600, and slightly abundant = 700.

One5 cm thicklongissimus-muscle (LM) sample was removedbm the 13" rib portion
of the loin from the left side advery carcaskor slice shear forceSSH, WarnerBratzler slear
force WBSH), and percentooking loss CL) measurementsvhich were performed @he CSU
Meat LaboratorySamples were packaged in vacuum sealable bags,@nat&ansported to the
lab for vacuum sealing and agiag2°C until the 14" day post mortem. Afensamples were
sliced into 2.54cm thick steaks andven cookedo a peak temperature of 71°C (Rational
D88&99, Landsberg am Lech, Germanigye and post cooking weights were recordedior
estimation.After cooking, al cm thick, 5 m long slice was removed from each steak parallel

to the muscle fibersthen amples were sheared perpendicular to the muscle fibers using a
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universal testing machine (Instron Corp., Canton, MA) equipped with a flat;dxhdnbladdor
SSF measurement. &h,thesame testing machimeasfitted with a WarneBratzler shear head
andused to recordgak sheaforce measuremeifior 2 individual cores which wereaveraged
to obtain a single WBSF valyser sample.

Data analysis

Descriptive statisticsvas used taalculatemeans and standard deviations (SD) of the
main parameters fdroth heifers and calveln the case dfieifers,BW and body condition score
(BCY) attime of synchhonization,as well as pregnancy rates3 d (PR-30) and 140 dPR-
140) post fixedtime Al were analyzed Based on date of birth of the calves plus data P&
30 and PRL40,and assuming a 283 d pregnancy lentth,proportios of heifers pregnarto
fixed-time Al (% heifersAl), pregnant either to the bull or second (84 heifersrepeaty and
female calves born tal (% femalecalves-Al) were calculated and evaluatédiditionally, BW
at weaning, ADGwhile at FIU average DMMwhile at FIU F:G while at FIU, andeedlot exit
weight (FWV) of cows were evaluated as productive paramd@rgows.In the case of calves:
BW at birthandWW were included in the analysSimple statistics wassoused for describing
the cows at slaughtand yield related attribute®leans and SD were calculatedSBW, HCW,
dressing prcent([HCW/SBW]*100), REA, KPH, AdiistedYG, and USDA YG.

In regard to carcass grading and meat quality traits, given the largesgeicrepiality
grade with OM > 300 (C%) andthat according to approximate adgew heifers were supposed
to fall into that category, carcasses werydesl by OM into 2 groupss < 300 or > 300, and the
realting means foeach variablel(E, BM, MA, SSF,WBSFand CL) were compared witha

test Data of both years were pooled for thest analysis, since similar results were obtained
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for each year separégeand every variable that differe® € 0.05) between OM groups yea

1 also differed in ga 2.

RESULTS AND DISCUSSION

Reproductive performance of SCHM-heifers

In regard to the characteristics of heifers at the moment of synchronizattmthorears
of the project, Tabl@ shows that mean\B for the first set was 353 kgvhile a lighter second
set averaged 307 kfoth sets havingnaestimated averadgCS of 51. Weight at the timef
synchronization and breeding is very important to guarantee adequate pregitesapnd future
reproductive performance of the female, as well as preventing dysteailyaiming for BW
at first breedingo be around 60% of mature BW (Lamb, 2012). In this case is difficult to
estimate a mature BW because theas limitedinformation on the background of the heifers;
however, assuming 500 kg as an approximate adult weight, a recommended weight at fir
breeding would be 308g, which means that both sets had a good average BW to prevent
problems following Al.

Pregnancy rates 30 d after fixed time Al were 41.2 and 45.6% for first and second set,
regpectively. Additionally, for yr 1 a 90.2%R-140 was achieved after exposure te thull,
while 91.2% was obtained for ¥ at the end of breeding seaq@dmable2). Busch et al. (207)
evaluated pregnancy rates of crosshireefheifers (383 + 3 kg BW) synchronized with CIBR
and obtained 62 and 47f&ed time Al pregnancy rasgand 90and 9246 of heifers pregnardt

the end othebreeding seasdior treatments evaluating CIDR insertion from d O to 14 (like our
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study) and from d 23 to d 30, respectiveBeidel et al. (1999) reported pregnancy rates for beef
heifers of various breeds inseminated with sexed semen, ranging from 26 to 86%efendif
sperm concentrations and sitesleposition of the semen; they foumegnancy rates of heifers
inseminated with seed semen to be 7@0% those oheifers inseminated with unsexedesp.
In a similar study, Seidel and sk (2008) foun@n average pregnancy rates5.9% (ranging
from 47 t080% when inseminated beef heifexgrebred 12— 24 h after observed estrugth
different sexed sperm concentrations to evaluate site of @y®med semeshepositionuse of
sexed semeresulted in approximately 80% of control pregnancy rates using unsexed sperm.

Previous evaluations of the SCHM by Riggs (2001) yielded very low pregnansy rate
after breeding the heifers with sexed semenaiP8% for first and second wf the project,
respectively), but also low percent of females were pregnant at the end ohreeason after
bull exposure (58 and 16% for yir and 2, respectively), which suggests that besides lower
fertility of sexed seme other factors related to the heifers, such as attempts to induce puberty,
might have affected the results obtained.

According to calculations based on the date of birth of every calf and pregnankg che
it was estimated that 3®and 44.6% of thieeifersgot pregnant téixed-time Al, 47.1and 33.9%
of theheiferswere repeats and got pregnant tolib# or to secondl, and 13.7 and 21.4% of
the heifers eithedid not get pregnardr had a miscarriag@rough the breeding season, forlyr
and 2 respectively (Tabl@). These results suggest that biegfers getting pregnant fixed-time
Al were able toery successfullycontinue with the pregnancy, since when comparing PR-30 to
% calves born to fixetime Al, only a 2%(yr 1) and 1%(yr 2) decrease wasbservedHowever
when comparing the percent of heifers pregnant at the end of breeding seadd@)RiRthe

percent of heifers able to finish pregnarand produce one calf (% heifed$ + % heifers
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repeat} a reduction of 3.9% (yr 1) and 12.6% @) was observedwvhich might be attributable

to miscarriageAs both heifers pregnant liixed-time Al andrepeatavere subjectetb the same
environmental factors, it could be possible fadtre to maintain a successful pregogmight

be matly influencedby factors related to the heifer Iseif and also to the bull, apparently
favoring thefixed-time Al pregnant heifers since they probably have better reproductive
conditions (which allow them to get pregnant during early breeding seasdndsm getting
pregnant tohighly selected bulls, which could even increase the chance of a successful
pregnancy.

As it is shown in Table, sexed semen was very effective to produce female calves,
obtaining 100 and 95.8% atcuracyduring first and seond y of the project, which coincides
with the upper values of the rangé —95 % reported by Seidel et al. (1999uchaccuracy
together with sperm fertility and pregnancy rates, kakey role foobtaininga high propaion
of female calves, adesired in the SCHM. For this project, 60.8% (yr 1) and 57.9%9%2)(pf
female calves were obtainedtdromtotal calves born, which igerysimilar to the 69 obtained
by Riggs (2001)By combining together the reproductive parameters obtained in thenpre
study,it was possible to produce an amount of weaned feozles equivalent t68.3% (yr 1)
and 56.96 (yr 2) of thetotal annuatequirement of female replacements. Tinsans that under
such conditionendassuming that all female calves are kapinuallyit would be necesary to
purchase at leagtl.5 — 43.% of the replacements to guarantee the continuity of the system,
which is higher than the 20 30% estimated by Seidel (201%urthermore, requirement of
replacements from external sourceslldancrease if other factors are taken into account, such
as the case gbost-weaningmortality of calves,but especiallylosses due tdemalecalves

dropping out the system as a consequence of being born to late calving cows.
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Production parameters of primiparous SCHM-cows during the feedlot phase

Table3 presentstte productiorparametersf both sets of SCHMows during the post
weaning fattening periodNumerically speaking,aws of yr 1 had greateaverage BWat the
beginning of feedlot phagkan cows of yr 2 (517 kg vs 452 kg)hich probablycontributed to
a numericallygreater DMI, ADG, and F:G forryl cows while at the FIU. The overéhgth of
feeding period at the feedlot was 88 and 90 dHefirst and second sgtrespectrely, and for
that periodthe overallADG was1.7kg (set 1)and 1.9 kg (set 2). Lower daily gaihave been
published in the literature for SCHM females fed on high grain diets. Waggoakr(£990)
evaluated the performance of Simmental X Here®@dHM-females, calving at about 24 mo of
age and eaylweaning their calves at 115 d after, to be implanted and fed a high grain diet at a
feedlot for 137 d. They reported a feedlot entry weight of 401 kg and an average fgial atei
539, resulting onan ADG of 1.0 kg during the feedlot phase. Field et al. (1996) reported the
results ofnonimplanted Angus x Gelbvieh SCHMemales earlyweaning their calves on
average at 120 d postpartum, and fed a grain basedoditining monensin fat00 d. Those
femakes entered the feautlweighing 52%g and average slaughtgeight was 656g, obtaining
an ADGof 1.31kg.

Several factors might affect the feedlot performance of S@eétihles, including
genetics ad a suite of environmental factors includingtrition, weather, management, etc.
However, diet and management related factors, can be controlled at a cengiramb as
mentioned above, most of evaluations have been done by feedingraigtdiets containing
only 8—12% forage on an as fed basis, and also including performance enhancers like ionophores
and implants, which are very widely used techniques across US feedlot industexdiovhen

it comes to genetics, and especially for the SCHM, feedlot performance sUitsbe more
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variable, sinc@riginally heifers have not beenainly selected for weight gain related traits, but
based on their reproductive performance instésmvever, to some extent the godadG
observed in both sets evaluated in this study, might b&fect ef compensatory growtlsince
primiparous females came from a pasture baseduigé nursing and having a considerable
demand of nutrients, and then were weaned and switchedfdedot grainbased ration,
improving the availability of nutrients for weight gain.

Neverthelessaverage F:G estimatésr both sets of heifers analyzedthis study (8.9
for set 1; and 8.6 for set 2) indicate lower efficiency thstimates fronother studies published
for females fed graibased diets at feedlowalker et al. (2006¢stimated F:G ranging between
4.5 and 6.37 for crogdsred heifers fed different protein sources with or without inclusion of
ractopamine. A higher average F.G (7.69) was reported by Wertz et al. (2003 fud Angus
females, while Depenbusch et &2008) estimated F:G values of 7.87.06 for crossbred
yearling heifersfed stearrflaked corn based diets with different level of inclusion of corn
distillers grains. In this sensa,large DMI and an increased F:G ratioserved in this study
suggestéss efficiency to convert feed into weight gain, which might affect thaesfty of the
SCHM, especially when feeding costs are elevated.

Performance of early weaned calves

Information on performance of calves from birth to weaning is shown in Zablerage
birth weight of calves was the same for both sets analyzed (33lokegyer, o averagealves
were weaned at 106 d afje and 147 kg BW the first {ADG = 1.1 kg) while second set was
weaned at 120 d of age and 133 kg BW (ADG = 0.83%ig)ilar results have been reported by
Reiling et al.(1995)for 32.7 kg birthweightcalves born tagrain fedAngus X Simmental and

Angus X HerefordSCHM-females and early weaned 117 d of age (WW = 159 kgvith an
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ADG of 1.1 kg from birth through weanin§imilarly, Peterson et al. 987) obtained\DG from
birth to weaningand average WV@f 0.76 kgand 109.4 kgrespectively, for cross bred calves
born to primiparous and multiparous cows, and early weaned at approximately 110 d of age.

Low birth weightsobserved in the present stu@able4), are likely to be e result of
previous selection. Thisait is extremely important en it comes to prevent calving difficulty
problems. h the case of SCHMt becomesvery critical bothto ensureadequate development
of heifers bythe timethey are bred, arasoto usebulls selected for relatively low birth weights
which lowers the incidence of dystocia and helps increasitigrop close to the 85% goal of
traditionalcow-calf operations (Field, 2006). However, in this stgBand 74% calcrop was
obtained for yr 1 and,2espectivelyDifferent factors couldeduce calcropof SCHM systems
compared to traditional coadf operations, and particularly for the present study, dueiced
fertility of sexed semen and unknown background of the hetiegist play an important role in
the incidence ofdte and nompregnant heifersnfluencing the results observed.
Performance and carcass attributes of primiparous SCHM-cows at daughter

General informationf the SCHMcows and carcasses wasorded the day of slaughter
andis presented in Table With an asuned 4% shrink, the average SW for the cows diag
of slaughter wa$36 kg (yr 1), and 594 kg 1(y2). Very similar dressing percegfesof 61.1%
and 61.6%, resulted IHCW of 388 kg and 365 kg, for first and secomdl, sespectively. For
both sets, adequate HCW was achieved to prevent discounts for light or heavy sarctefe
the 250 kg — 476 kg weight range (550 — 1050 Ibs) commonly set by the packing plants.

One of the main factors driving carcass value of beef cattle is relateeldai edible
meat. At the packing planin an attempt to use time more efficigntUSDA graders assign

USDA YG to every carcass by reading the HCW from the tag, and visualtyagisiy KPH,
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REA and fat thickness, instead of usitige equation that estimates adjus¥@ from the
measured attributes (fsh et al., 200Q Moreover adustedY G isused as an indicator of carcass
cutability which estimates the amount of lean edible meat #mabe obtained from the carcass;
usually thisis visually estimated and reported as USDA {l@tum, 2007)with lower values
asbetter. Carcassesthiestimated USDA YG of 1 and 2 get a premium, while yield grades of 3
remainunaffected in priceand estimated USDA YG of 4 andabe discouned for reduced
cutability.

In regad to YG and related attribut¢Sable6), averagemeasured/alues of 89.8 cfh
and 86.9 crhfor REA, andestimates o1.6 % and 2.0% for KPH, weabtainedor yr 1 and y
2 carcasses, respectively. bath sets o average, aadjustedYG of 3.3% and a USDA YG of
2.9% wereestimated.Additionally, in the present study 49 and 4%%%the carcasses were
classified as either USDA YG 1 or 2 for first and second set of SCbiMs, respectivelyOn
the other hand, 47%1(\1) and 49% (y 2) of the carcasses were graded USDA YG 3, and only
5% (first set) and 7% (second set) got a yield grgibater than 3. According to thessults,
apparently USDA YG wouldhot severely affect the grid of carcasses of SCGetiWs, which
could be related to the relatively short higtain feeding pead of the cows, not allowingery
heavy carcasses arsignficant deposition of fat ithe exterior of the carcass, the pelvic cavity
or around the heart and kidneys (KPH).

Other authors have reported similar results when evaluating yield of caroASseHM
females. For primiparous cows 24 mo of age at slaughter, weighing 613 kg, Riggs (2001)
obtained 361 kg HCW, 60% dressing, 85.7 &EA, 2% KPH, 3.1 adjustedG. Furthermore,
Waggoner et al (1990) describkeaver carcasyields for implanéd SCHMfemales obtaining

338 kg HCW, 62.7% dressing, 95.2TREA, 1.8% KPH, and 2.JSDA YG. For primiparous
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cows 32.5 mo of age, and managed under SCHM, Field et al. (1996) reported 406 kg HCW,
61.98% dressing, 100.4 éREA, and 2.05% KPH. Additionallypf first-calf cows 34 mo of

age, and following a 90 d graieeding periodShackelford et al. (1995) obtained 375 kg HCW,
58.1% dressing, 86.8 GREA, 2.1% KPH, and 2.6 USDA YG.

Quality grade also represents a key aspect when it comi® testimatedialue of
carcassesand itdepends on botestimatedcarcassnaturity (calculatedrom estimates of BM
and LM) andestimatednarbling score. According to Tatum (2Q1lthere are 5 maturity groups
designated as A through E, associated with approximate ages as follev@sto/30 mo, B =31
to 42 mo, C =43 to 72 m@ = 73 to 96 mo and E = more than 96 r@arrent USDA system
includes8 different categories of quality grade, and only cattle Witlt B carcass maturity (OM
= 100 to 299) are eligible for prime, choi@elect or standard gradés,descendent order and
depending on marbling score einwhile cattle C or greater maturity (OM > 300), commonly
referred to as hardbonesnly could qualify for lower quality gradesf reduced valu€in
descendent ordecommercial, utility, cutter ocanner).

Quality gradeattributesof carcasses of SCHidows and the corresponding carcass
attributesare tabulated in Tablé Ascan be observed, scores of: 170 and 161 LE; 281 and 234
BM; 249 and 213 OM; 475 and 428 Myere obtained for carcassegpamiparouscows during
yr 1 and y 2, respectively. These data, indicate an aversgaritybetween B® and B *for both
sets of carcasses, indicating an average estimated age -©f420mo. Furthermore, e
distribution of carcasses according to matustypws that 65% and 67% of the carcasses were
classified as either A or B maturitOoM < 300) duringfirst and secod y of the projet,
respectively. Conversely, 36 (first set)and 33%(second set) of the carcasses were classified

as hardbones being all of theralledC maturity. This aspect, could affect the feasibility of the
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SCHM since approximately one third of the carcasses were classifieddbones in botyears
of the project, impactinqudity grade, and reducing average carcass vatua consequence of
discounts.

Analyzing 22 carcasses of SCHié@males 24 mo of age, Riggs (2001) obtaiBadl =
200, LE=175, OM = 187, and MA = 446; in this caseqaocasses were classified@saturity
(OM > 300) probably because of tieungage of the female¥ery similar results were reported
by Reiling et al. (1995) for carcasses of SCi#vhales around 28 mo of age at slaughter,
showing BM = 196, LE = 168, OM = 182, and MA = 4Far carcasses of implanted SCHM
cows approximately 30 mo of age, Waggoner et al. (1990) found BM = 208, LE = 175, OM =
199, MA = 401, WBSF = 3.9, and CL = 21%eld et al (1996) reported BM = 302, LE = 159,
OM = 265, and MA = 390, for primiparous females 32.5 mo of egtiis case they found 22,
11 and 67% of the carcasses classified as A, B and C maturity, respeé€torebyimiparous
cows approximately 34 mo of age, Shackelford et al. (1995) reported BM = 278, LE = 208, OM
=249, MA =427, and WBSF = 6.1; additiolyal72% of the carcasses were classified as either
A or B maturity, while the remaining 28% were classified as C maturity.

Additional results related to meat tendernafier agingand weight loss of meat during
cooking, are presented in TaldeValues of 25.2 and 27.0 kg for SSF, 4.9 and 5.0 for WBSF,
and 25.8 and 26.5 for CL, were measured for carcasses during yr Aandgpectively. Parish
et al. (2009) mention that a good standard for beef industry is a WEBS# kg, which was
exceeded for both sets of carcasses in thystoinciding with previous reports showitigat
carcasses from females are usually tougher than carcasses from steers la®faneseased
calpastatin activity and consequently reduced tenderization during the agiod (ratum et

al., 2007).Furthermore very diverse estimations of WBSF have been reported for meat of
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carcasses of primiparous females, ranging from 3.6 to 9.8 (Waggoner et al., 198@|f&fuac
et al., 1995; Field et al., 1996; Field et al., 19%Hwever, so far research has failed to
demonstrate a significant correlation betwemeat tendernessnd estimated maturityf
carcasseflLawrence et al., 2001a; Lawrence et al., 2001b; Tatum, 2011; Acheson et al., 2014
Semler et al., 2006

In the case ofhis study, @spitenot knowingthe exact age at slaughter for both sets of
cows it seems urkely for any of thecowsto be 43 mo ofge or older (OM = C, D, or EAs
presented in Tabl®, when dataof quality gradeattributesand meat tendernesd the 85
carcassesvaluatedduring the 2 yof the projecaresortedoy OM as:< 300 (A and Bmaturity)
or > 300 (C maturity) 34%of the carcasses were classifieda4 > 300, and the remaining 66%
were caléd as OM 300. Additionally,carcasses classifias OM > 300 showed a signficantly
higher P < 0.001)skeletal maturity (BM = 347han carcasses classified as @N00(BM =
211) Howevemo significant dfferences were found for LE betwelbathOM groups P = 0.81),
which in this cassuggestshat BM is being thenaindriver for the differences observed in OM
of carcasses of SCHidows Moreover, despite the differences in BM, no differences were found
for MA (P =0.39), SSFR =0.29), WBSFP = 0.96), and CLR = 0.47), between the 2 maturity
groups analyzedsimilar results wereeported by Field eal. (1997), when compared A vs C
maturity carcasses of primiparous cows 32.5 mo of age after 100 d fed on grain, with no
signficant differences for LE, MAWBSF and muscle collagen concentratiatespitethe
significantly different BM betweerboth groups.Additionally, Shackelford et al. (1995)
compared carcass characteristics of heifers 22 mo of age that never gahpregcarcasses of

first-calf cows around 34 mo of age, and did not finddiffgrence for WBSF of their carcasses.
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Resultsfrom these studiesuggest that the increased maturity of hardbone carcasses of
SCHM-femalesis probably an effect of accelerated BM due to pregnancy hormones, instead of
greater chronological age itselfigrefore, not necessarily affecting meat quality and palatability.

Limitations of the study and improvements required for future evaluations

Main limitations of this study relate to its nature, as it is not an experiment buamonly
evaluation of the maiparameters of the SCHM, wiidimits the statistically usefuhformation
that can be obtained from the data analysis.

For both sets evaluated most of the cattle had to be purchased, which not onighémits
information known on the background of the females, butiglskely to increase variability in
geneticstandards and performanddoreover, data analyzed correspond onlyh first 2 sets
of females, samo second or later generation data have been evaluated, which might allow for
improvedparameters once the system reaches the equilibrium.

This study evaluated only performance of late spring bred heifers andgspanyg born
calves. However, performance of females and efficiency of the SCHM under calfatig
schemecould also be included in the study to evaluate the effects of seasonality of beeyindus
and cattle markets on the system.

For future evalugons it is worth consideringbtairing the birth dates for every calf
purchased or coming from external sources, so it strengthens the analysmneludians.
Additionally, an earlier start of the feedlot phase would be recommended to tryngethe
incidence of hardbore carcasses

Based on published results on pregnancy rates of heifers inseminated withesegad s
an improvemenbn the parameters obtained in this study can be expetiaglas mentioned

previously, an improvement in reproductive parameters would be expected osysténeis in

48



equilibrium; alsg there might be chance for improvement in management of heifersothldt
help increase pregnancy rates, especially when it comes to efficiency of manaderment

synchronization and insemination protocols.

CONCLUSIONS

By including synchronization protocols and artificial insemination with sexedrsertoe
the SCHM system, it was possible to prodaneamount of weaned fematalves equivalent to
58.5 — 56.% of the annual replacements required for the contirafithe systemHowever,
other factors reducing the number of weaned calves that are retaineldesments should also
be evaluated.

At the feedlot phaseprimiparous females showed a good ADG for bothlyred,
averaging 1.8 kgs8lwhile fed a high grain dieHowever, due to an elevated DMI both sets
showed similar F:G averaging 8.75, which suggests a low feed efficiency.

Performance of calves showed conveniently low birth weights (33pkgpably as a
result of genetics of the service sireowever, adwer than recommended calfop (74 — 83
%) was obtained for both sets, which might be influenced by unknown genetic background of
the heifers and lower fertility of sexed semen compared to unsexed sperm.

As expected for female carcasses, a low drggscent (61%) was observed average
for both sets of cows, which might potentially reduce the incoi@eSCHM system compared
to feedlot steerConverselya very low proportion of carcasses were discounted for high USDA

YG, which might be related to &arter fattening period for tfeCHM-females fed in this study
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(88 — 90d) compared to usual length tdedingperiod for steers allowing for a reduced
deposition of external fathen SCHM is implemented.

Nearly one third of the carcasses (3336%) wereclassified as hardbones, as a
consequence of increased skeletal maturity, which might represent a sigmédaction of
estimated carcass value for SCHM system. However, when compared hardborsesaodass
mature carcasses, significant differences weuvad only for skeletal maturityneanwhile no
differences were found for other carcass quality traits and meat shear force.

By taking into account its pros and cons, the SCHM should be analyzed from a financial
standpoint to estimate its feasibilitynder different possible scenarios including sensitivity
analysis of feeding costs and cattle pridedditionally, different methods for estimation of age
of primiparous females should be explored in order to reduce the negative impact thmat a hig

incidence of hardbone carcasses might have in the feasibility of the model.
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Table 1. Ingredient and nutrient composition of total mixed rations fed to primipa@ii&-S

females during the feedlot phase.

Finishing ration

Item Low energy ration
Ingredient compositioraé fed basis)
Alfalfa hay (%) 23.5
Hay treat (%) 3.34
Corn silage (%) 30
Corn grain cracked (%) 35
Dried distillers grains (%) 7.78
Limestone (%) 0.26
Salt (%) 0.11
Rumensifi (getor?)! 100
Nutrient composition (DM basis)
Crude protein (%) 16.48
NEg (MCalekg?) 1.06
Acid detergent fiber (%) 25.16
Ca (%) 1.02
P (%) 0.33

8.08
5.75
18.09
67.01
0
0.95
0.12
149

12.58
1.41
8.48
0.26
0.32

LElanco Animal Healthindianapolis, IN 46285, USA
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Table 2 Reproductive parameters of heifers bred to sexed semen during first and sseoofd y
the project.

Parameter Year 1 Year 2

BW-Synch (kg} 353z 39 307 + 30
BCS-Synclt 5.1 5.1
Number offemales exposed 53 58
PR 30 (% 41.2 45.6
PR- 140 (%) 90.2 91.2
% heifersAl® 39.2 44.6
% heifersrepeat8 47.1 33.9
% heifersnot calvindg 13.7 21.4
% female calvesveralf 60.8 57.9
% female calved\|® 100 95.8
Female calves wean€d 31 33
% females weaned/replaceméhts 58.5 56.9

1BW at time of synchronizatiofmean + SD)

2BCS at time of synchronization

3Pregnancy rate 30 d after timed Al.

4 Pregnancy rate 140 d after timed Al.

®Percent of hifers pregnant to timed Al

Percent of epeat heifers pregnant either to the bull or second Al.
"Percent oheifers that did not produce a calf.

8 Percent of female calves out of total calves born

°Percent ofemale calves born from cows pregnant to timed Al with sexed semen.
ONumber offemale calves weaned every year

1 percent ofemale calves weaned relative to total replacements required.

Table 3. Productivéeedlot parameters (mean + SD) of paganingprimiparous cows.

Parameter Year1l (n=43) Year 2 (n=43)

Initial BW? (kg) 517 £ 49 452 + 40

: Final BW? (kg) 662 + 55 619 * 64

Overall feedloperiod ADG? (kged) 17403 1.9+0.4
Feeding period (d) 88 90

DMI (kged™?) 15.6 + 1.6 13.9+1.9

. L ADG* (kged?) 1.9+05 1.7+05

Feed intake unperiod £G 89+34 86+28
Period length (d) 42 48

1Weight of cows at start of feeding period

2 Average weight of the last 2 days at the feedlot.
3 Average daily gain during thentirefeedlot period.
4 Average daily gain while at the feed intake unit
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Table 4. Performance (mean + SD) of early weaned calves born to Skeifers.

Parameter Year 1 (n =43) Year 2 (n =42)
Weight at birth (kg) 33+3.1 33+3.7
Weaning age (d) 106 + 22 120 £ 21
Weaning Weight (kg) 147 + 24 133+ 24
Calf-crop (%} 83 74

1(N° of weaned calves / N° of exposed females) *.100

Table 5. General characterization of SCHbvs and carcasses at slaughter (mean + SD)

Parameter Year 1 (n =43) Year 2 (n = 43)
Shrunk final BW (kg) 636 + 53 594 + 62
HCW (kg) 388 + 33 365 + 36
Dressing % 61.1+15 61.6 + 4.2

! Average live shrunk weight assuming 4% pencil shrink.
2 Dressing percent

Table 6. Yield gradeelated attributes (mean + SD) of carcasses of S&@dWs and proportion
of carcasses in each USDA YG category.

Attribute Year 1 (n = 43) Year 2 (n = 43)
REA (cn?) 89.8+11.7 86.9 £ 9.6
KPH (%) 1.6+£0.3 20+04
Adjusted YG 3.3+x0.2 3.3+04
USDA YG 29+0.6 29+0.7
USDA YG 1 (%} 7 5
USDA YG 2 (%} 42 40
USDA YG 3 (%} 47 49
USDA YG 4 (%} 5 5
USDA YG 5 (%) 0 2

! Percent of carcasses graded as USDA YG 1.
2 percent of carcasses graded as USDA YG 2
3Pacent of carcasses graded as USDA Y.G 3
4Percent of carcasses graded as USDA YG 4
®Percent of carcasses graded as USDA YG 5.
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Table 7. Qualitygrade attributes (mean + SD) of carcasses of S&@dMs and distribution of
carcasses according maturity.

Attribute Year 1 (n =42) Year 2 (n = 43)

MA? 47575 428 £ 82
LE? 170+ 14 161 + 37
BM3 281 £ 55 234 £ 97
om* 249 + 41 21376

% A-maturitycarcasses 5 51

% B-maturity carcassés 60 16

% C-maturity carcassés 35 33

1 Marbling scores as follows: practically devoid = 100, traces = 200, slight =r8@0,s400,
and modest = 500, moderate = 600, and slightly abundant = 700.

234 ean, bone and overall maturities di?AB%, C%°, D%, E%, correspnded to scores of 100,
200, 300, 400, and 50fgspectively

>Percent otarcassewith OM 100 — 199.

¢ Percent otarcassewith OM 200 — 299.

"Percent of carcassasth OM 300 — 399.

Table 8. Meat tenderness of carcasses of S€&HEMs (mean + SD)

Measurement Year 1 (n =42) Year 2 (n = 43)
SSF (kg) 25.2+6.2 27.0+10.7

WBSF (kg) 49+09 50+1.2
CL (%) 25.8+3.7 26.5+4.3

Table 9. Carcass and meat quality attributes (mean + SD) of SCHM-cows. Gunmatween
carcasses with OM 300 and OM > 300 combining data across years.
Overall maturity

Attribute <300 > 300 P>
% carcasses 65.9 34.1
MA 446 + 84 462 £ 78 0.39
LE 165 +29 166 + 27 0.81
BM 211 £ 53 347 £ 46 < 0.001
oM 192 + 39 305 + 18 < 0.001
SSF (kg) 25.4 +8.6 27.6+9.1 0.29
WBSF (kg) 49+1.2 5.0+0.8 0.96
CL (%) 254 +4.1 26.1+4.2 0.47

1 Percent of total carcasses evaluated
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CHAPTER IV

ESTIMATION OF MINERAL SUPPLEMENTSHRINKAGE AND INGREDIENT

DEVIATION ANALYSIS OF TOTAL MIXED RATIONS IN DAIRY FARMS

INTRODUCTION

Throughout the yearthe U.Sdairy industry has experienced dramatic changes not only
in terms of the amount of milk produced, but also on how it is produced. According to the
national statistics, currently around 95 billion kg of milk are produced by a nadiaing herd
of 9.3 million cows, compared to 19%¢hen less than a half the milk was produced by more
than twice the number of cows (NASS, 2016).

Selection programs and reproductivetbchnologies have allowed foapid genetic
progress which has been very heavily devoted to increase individual milk production of cows
Increased nutrient requirements of high producing cows, have also brought themeedef
digestible diets and intensification of management into confined feeding systafisatdhe
cow to consume a greatamount of nutrients while reducing physical activity and energy
expenses. Reduced profit magiand increased financial risk of dairy business, have also
pushed the tendency to increase average farm size, making large andegctaiifes more
common it was estimated by 2012 that a half of US dairy eowentory were held in dairies

larger than 1000 cows (Mac Donald et al., 2016).
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Modern large dairies feeding mixaations, purchase and store feedstuffs to prepare their
own rations athefarm, having rore flexibility to feed customaied rations according to nutrient
requirements of cows, and reducing feeding costs. However, these produdewessigse new
challenges to prevent negative consequences to the environment and to guarantee adequat
profit.

Commodity shrinkage associated to handling and storage of feedstuffs and variation in
composition of ingredients of the rations, are key factors that might reducdi¢cleney of the
feeding system of dairy farms by increasing losses and reducing tira@cand precision of
ration formulation, which ultimately affects performance of the cows andesduofitability.

The objective of this project was to estimate shrink of mineral supplement due to handling
and storage in 5 dairies, and to do a deviation analysieeadimounts of ingreéents loaded to

the mixingwagonfor ration formulation.

MATERIALS AND METHODS

Five dairiesof size between 500 2000 cows milked per day, and located around Fort
Collins, Colorado were visited 2 timedaily during the morning and afternofeeding times to
take feed samples and track inventory and daily expenses of mineral suppleemgth of
sampling period was different for each dairy, depending on how many days were nedted for

mineral inventory to be consumed.
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Description of evaluated dairies

Selection of dairies was based on similarities among the feeding systems. Alinof th
had a total mixed ration (TMR) system, with bulk storage of mineral supplemeret fzir .
Mineral supplement wadelivered by truck and the weight of mineral purchased was recorded
by the truck scale at each dairy.

Each dairy was equipped with loader amiing trucks that were used for mixing of the
ingredients. Mixing trucks had a computerized scale displaying instructiotisefaperator in
terms of adding sequence and amounts required for every ingredient actottim¢pad being
prepared. Detailed information on every load prepared was sent wireless to a c@trgarthr
dairy, allowingrecordng and colledng the amounts of ingredients used for every load mixed.

In the dairies evaluatedhe mineral supplememtas premixed with other concentrated
ingredients like grain, additives, addy by-products, before being included in the TMR as one
whole ingredient, usually called premix or grain mix. Premixing of mineral supplemigmn
other ingredients allows for more efficient feeding management and toetteg of ingredients
included at a low rate such as the case with minerals; therefore, alirsgamqivities were
adjusted to the daily work routine of each dairy.

Dairies 1 through 4 prepared one or more loads of prewairy 1 — 2d depending on
availability and requirement of premix for the rations of the next day. Howevey,5dmixed
57% ofthe mineral supplemenpile (as fed weightinto premix right after mineral supplement
was deliveed at the farmand then 5 d later the remaining 43% was mixed before the first batch
of premix was totdy consumed. Therefore falairy 5, a large amount ahineral supplement

was stored as premix.
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Collection and processing of feed samples
Both mineral supplement and TMR were sampled every day in the morning and in the
afternoon, according to the feeding schedule of every farm. Then, 2 samples rafl amiae2
samples of TMR were collected every day at each dairy
Mineral supplemendamples were takenith a plasticscoop from the front side of the
pile by mimicking the action of the bucket of the loader while loading the mineraiiking.
In the case oTMR, feed bunk of every perwere sampled by hand right after deliveifythe
ration andbefore cows starteglating.For each dairy and feed, morning and afternoon samples
were kept separated and put into plastic 0.95 L storage bags. All sampdesutiara cooler
with ice packs immediately after collection, and transferred to a freez20°&t at the end of
the day to be stored for approximately 2 mo until thawed for processing. Once thatted,
morning and afternoon samples were combined into daily composite samples foeedeagd
dairy tested. Then the composite samples wezighed and dried in a 60°C oven for 48 h to
partially remove moisture. After obtaining the 60°C dry weights, all the ssmyre ground
througha 2mm screen for further dgsis.
Nutrient composition analysis of feed samples
Mineral supplement and TMR samples were analyzedifgrmatter DM; method 2.2.4
of National Forage Testing Association methodology; Shreve et al., 2006), crude geétein (
method 920.176A0AC, 19%), acid detergent fiberADF) andneutral detergent fibeNOF)
(Van Soest et al., 1991 adapted for the ANK®Dfiber analyzer). Mineral content of samples
was also analyzed for: Ca, Mg, K, Na (Method 956.01; AOAC, 1995), P (method 965.17,;

AOAC, 1995), Co, Cu, Fe, Mn, Mo, S, and Zn (method 965.17; AOAC, 1995).
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Additionally, total digestible nutrientsTDN) and enggy concentration digestible
energy =DE, metabolizable energy ME, net energy for maintenanceNEm, net energy for
gain =NEg, and net energy for lactationNE)) of samples were estimated basedhair nutrient
composition according to NRC equations (NRC, 2001).

Tracking of weather parameters

With respect to weather parameters, wind sgkedh?), temperatur¢°C), and relative
humidity (%), were measured every day at each dairy usingtalperKestrel® meter model
4500.

Every day the weather tracker wasigehext to the mineral pilbefore morning feeding
to record the local weather conditions continuously until afternoon feedingwitnea set
tracking frequency of 30 s. Once afternoon feedives done, the weather tracker was
disassembled arthta were ugladed to a personal computeaily average weather parameters
were calculated for each farm analyzed

Data analysis

Statistical analysis of data was performath SAS® 9.3. Means procedure was used to
obtain desgptive statistics on nutrient composition of TMR and mineral supplement samples to
evaluate average composition of ingredients as well as witling and amonglairies variation.

Estimation of shrinkage

Each dairy provided a report with the breakdowthefweight of the ingredients for all
the TMR and premix loads that were mixed during the sampling period. This infonmeds
used to estimate how much from the mineral supplement purchased was actuadlyammix
thenindirectly estimateshrinkage as the losses during storage and handling, by estimating the

difference between the amount of mineral purchased and the amount loaded to the mixe
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Shrinkage ofindividual nutrients was also estimated by multiplying the amounts of mineral
supplement by the casponding concentration of each nutrient. All the shrink estimates were
calculated on a dry basis, and expressed as percentage of the total amonataifor nutrient
initially purchased.

Significance of percent shrink was analyzed with a paited {t-test procedure of SAS
) by comparing shrink estimate of every dairy to a theoretical zero shrinkaggctlate the
differene (D), then the D values ftine5 dairies(n = 5) were hypothesis tested to determine if
the average D wasgnificantlydifferent from zero (kl: D = 0).

Estimation of slope for change in nutrient concentration of mineral supplement

Data on dailyconcentration of utrients in the mineral pile over storage time wesed
to perform a simple regression analysis with procofe§AS toestimate theverageslope (n)
of the change in concentration of every nutrient during storage for each dairy.
Correlation coefficients(r) between nutrients slopes and weather parameters, and
between nutrients slopes and nutrient compositidiMR were evaluated with proc corr of SAS
to estimate the magnitude and significance of each possible correlation.

Deviation analysis of ration ingredients

An ingredient deviation analysis was done to every load mixed during the sampling
period, by compang the amount of ingredient targeted to the amount actually loaded to the
mixer. Since the ingredients used for ration formulation were similar amongsdaut not
exactly the same, the ingredients were sorted into gaas as follows: premihay, corn

silage, and high moisture lproducts (either corn distillergrains or brewers grains).
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Deviations were expressed on an as fed basis and as a percentage of gttdargent,
negative deviations being indicative of a smaller than targetedranof the ingredient loaded
to the mixing truck, and the opposite holding true for positive deviations.

To evaluate the impact of formulation accuracy and weather on TMR composition,
correlation analysis was performed between ingredients deviatthmages and weather
parameters, and between ingredients deviation estimates and TMR nutrient tompssig

corr procedure of SAS to estimate magnitude and significance of each canedefiicient ().

RESULTS AND DISCUSSION

Nutrient composition of mineral supplement and TMR

Content of DM, CP, ADF and NDF

Main macro nutrients and components of mineral supplement and TMR of the dairies
evaluated can be observed in Table 10. Average concentration of DM in the supplegweht ra
between 87.64 and 96.62 for the 5 dairies, showing a relatively low variation, with diary 2 being
the one with the highest coefficient of variation and lower average for this compohesit, w
makes sense when considerihgt thisdairy was the only one storing the mineral under no roof
and therefore having an increased exposure to moisture from the environment. RatidsoDM
showed lower relative variation than the other major componbatgever dairy 5 showed
higher variation than the others, indicating a probable influence of other ratiodigmgsewith

variable DM content.
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As one of the most important nutrients to consider in dairy cattle diet fornmylatieas
observed that mineral supplements were very different in terms of mean CRt,carnging
between 2.74 and 39.56%, indicating the flexibility of TMR feeding systems to fise=oli
feedstuffs ad proportions according toonvenience; however, larger coefficients afiation
were observed for Ceompared to DM content of mineral supplement, indicating certai
susceptibility to variation in nitrogen content, which probably corresponds mostly-fur okem
nitrogen, vulnerable to gaseous losses, especially under conditions of increasedeithe
sunlight and moisture, as wése case of mineral suppleméan dairy 2 showing the largest
coefficient of variation for this nutrient. However, estimated variability fhddntent of TMR
is fairly small, as reflected in coefficients of variation of 1-87.44% for every dairy, and an
overall coefficient of 5.37%, which is lower than the 12.05% reported by James arn2D08X (
after evaluating TMR of 10 dairies in Virginia over a 12 mo period, for herds averaging
390 lactating cows producing 27 — 30 k§ed milk.

Average CP content of TMR in this study ranged between 16.79% and 18.83%, while
according to NRC (2001), diet concentration of CP for high producing Holstein cows in
midlactation should be 16 16.7% depending on productive level. It means that the 5 dairies
could be overfeeding protein to some extent, which would depend greatly on dry makter int
of cows. Such protein excess might not have a negative impact on milk production, and could
eventually increase ifhowever,the economic and environmental cost of that protein excess
should be considered. Diets containing 19% CP or more have been reported to impair
reproductive performance (NRC, 2001), in the case of this study, dairy 3 not only had the highest
CP concentration in the ration (18.83%), but also maximum protein levels surpassed 246, whi

could increase the risk of reproductive issues.
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For fiber fractions of mineral supplemeimgble 10shows similar contents for dairies 1,
2, 3, and 4, and higher values for both NDF and ADF in the case of dairy 5, which indaates
mineral formulatims may vary from one dairy to another, being cusimmmulated according
to the particular requirements and conditions of every farm. In 4 out of the 5 dairiestedal
either ADF or NDF in the mineral supplement was the component with higher CV when
conmpared to DM and CP, which indicates either more susceptibility to change under the
influence of external factors like weather, or uneven distribution of partigtashigh fiber
content within the mineral supplement formu@ancentration of fiber fracties in the ration is
of considerable imptaince in dairy cattle nutritioncleally rations should have +721% ADF
and 25— 33% NDF;these limits would guarantee the dieshdequate digestibility and also
fiber contentliow enough to allow for adequate intake and at the same time high enough to
prevent ruminal acidosis problems (NRC, 2001). Rations of dairies 1 and 5 showratmaghe
recommended average ADF concentration, and NDF levels of TMR in dairies 2 asd 5
exceed the ideal levels, which couédluce intake, and affect the supply of other nutrients to the
cow even when formulated in the right concentrattbis, could be an issuespecially in dairy
2 withan average NDF of 35.8% and a maximum of 40.1%. For dairies 2, 3, and 4, ADF showed
highe variation than DM and CP, suggesting that even when average ADF contenfRof TM
meets NRC (2001) recommendations, variation might affect precision of TMR fiber
composition.

Ener gy concentration

As shown in Table 1, energy content expressed in itetent fractions, was the least
variable among all the nutrientischcomponents evaluated, wabefficients of variation of 0.32

— 7.22 and 0.38 — 3.51 for mineral supplement and TMR, respectively. Coefficients of variation
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for all the energy fractionsere larger for dairy 2, which might be related to the large variation
in CP and fiber content observed in that dairy, since both components are incliides in
the equation for TDN and energy estimation.

Energy concentration of the ration expresses NEwas sufficient to fulfill energy
requirements of high producing Holstein dairy cows in midlactation requiring @mwaton
between 1.55 and 1.61 MCalskdepending on average milk production (NRC, 2001). Dairies
3 and 4 showed an average TMR energy concentration slightly greater than raecechi{ie63
and 1.62 MCal<kg, respectively). Such small excess might help cows better managing negative
energy balance during peak lactation or might be helpful as a tradeoff for rediatedwhen
fiber concentrations of the ration exceed the maximum recommended; howesech cases
body condition score should be carefully monitored to avoid-oseditioned cows by the end
of lactation or dry period.

M acr o-mineral composition

Average macramineral conposition of TMR and mineral supplement samples of the 5
dairies is shown in Table2l Average content of Ca, P, K, Mg, Na, and S in the mineral
supplement looks very diverse among dairies, as indicated by the large oweffilients of
variation of 26.43, 95.0, 72.85, 60.48, 47.03, and 36.13 for those minerals, respectively.
However, it is not expected that all mineral supplements have the same ctimenfrmacre
minerals, since they are formulated to complement different rations afedi aocherdsliffering
in milk production anatherconditions. Coefficients of variation for concentrations of Ca, P, K,
Mg, and Na in the mineral supplement for dairy 2 were larger than same eoesfilor other
dairies, which may suggest that particular cond#iohdairy 2, like absence of a roof covering

the mineral pile, might have promoted variation in maunroeral concentration.
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Dietary concentrations of 0.670.6% Ca, 0.36-0.38% P, 1.06-1.07% K, 0.26- 0.21%
Mg, 0.22% Na, and 0.20% S, are recommerideligh producing Holstein cows in midlactation
(NRC, 2001). As observed in Tabl2, With the exception of P content in TMR of dairies 4 and
5, which is in the upper limit recommended, the concentrations of other-mawaals in the
rations exceedethe recommendations, which could increase excretion of those minerals in
manure, butidverse effects in production wouldt be expected at those levels (NRC, 2001).
The most accurately balanced maarmerals in the TMR are P and S, with average excesses
10.5% and 25% over the recommended concentration; the reasons to keep both minerals closer
to the requirement than the others are probably the elevated cost of P, and the riskcayS to
and polioencephalomalacia.

Interestingly, when variance of the TMR maenmeral content is analyzed, higher
coefficients of variation are observed for most of these nutrients in daimes32as compared
to the other dairies. Additionally, higher overall coefficients of variati@ne estimated for
macremineralsthan for DM, CP, ADF, NDF, and energy fractions analyzed, particularly for Na
having a high coefficient of 19.23, which might be partly due to high variation in Nentaf
distillery products asas been previously reported (Liu, 2011). Ovethaét codficient of
variation for P (7.14%) was smaller than for the other magrerals, and smaller than the
10.26% reported by James and Cox (2008) for rations of dairy cows averaging 0.39% P with a
range between 0.29% and 0.51%.

Trace-mineral composition

Very different average concentrations of tradeerals were observed among the

mineral supplements of the dairies evaluated (TaBjeahd also high withinlairy coefficients
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of variation between 3.63 and 218.8 were obtained across the different nenataéded, which
probably relates to the low concentrations of these nutrients in the supplement.

In the case of TMR, the concentrations of all the trageerals evaluated exceeded the
minimum requirement (NRC, 2001), which means that riwidacies wold be expected due
to a low supply of these nutrients in the diet. However, excess of some minerals eaudiars
should be evaluated as well, especially when high average levels of sommitracas are
present in the ratigrand variation in their concentration is large, which is the case for most of
these nutrients, since they showed larger coefficients of variation nlyastfeer component or
nutrient in the ration, being the overall coefficients within the range 13.60% — 62.50%.

Average concentration of Al in TMR varied from 151.45 to 615.96 ppm, with an overall
average concentration of 410.58 ppm. These concentrations are below the maximum 1000 ppm
recommended by NRC (200X)pwever, for dairy 2 some samples exceeded that limit with a
maximum observed concentration of 1120 ppm, which could eventually interfere with the
absorption of P.

In regard to average content of Co in the ration, it ranged from 0.39 to 1.09 ppm,
exceeding in any case the 0.11 ppm requirement (NRC, 2001), but far érmmudhe toxicity
level of 10 ppm. Ration average Cu content was the best balancemiraecal, with an overall
mean concentration of 15.37 ppm to fulfill the 11 ppm requirement established by the NRC
(2001).

Maximum levéds of inclusion for botH-e andMn in dairy cattle dies have been set at
1000 ppm (NRC, 2001xhowing that the average concentratbrthese traceninerals in the
study(Table 13)are within the cautious levels recommended for dairy cattle to prevent toxicity

problems, even in the case of Fe which reached high concentrations of 818 ppm in dairy 2.

70



NRC (2001) recommends levels of Zn to be less than twefdythe requirement of 52
— 55 ppm to prevent toxicity problems usually associated to reduced absorption of Cu due to
increased mduction of metallothionein binding protein, which sequesters Cu and is promoted
by high levels of Zn in the digtowever, Zn concentrations of TMR observed in TaBleahge
between 70.19 and 172.09 ppm, being very distant from the toxicity limit of 1100 ppm.

Although norequirements have been establishedMor; it is importantto control the
presence of thisnineral in the diet to prevent toxicity problems which are usually related to
antagonistic relations to the absorption of other misekdbwever, the averagencentratioa
of Mo observed in the ration®.83 —1.33 ppm), indicatehiat content of this mineral is low
enough (<5 - 10 ppm) to prevent a negative interaction with Cu absorption (NRC, 2001).

Estimated shrinkage of mineral supplement and nutrients

A description of the conditions for storage of mineral supplement of the dairies is
provided in Table 4, showing that 4 of the evaluated dairies stored the mineral in roofed sheds;
however,in the case of dairy 2, storage conditions were different since a 2 sided opeashay w
used to store the mineral which was covered with a tarp to give it some proteciiost Hue
elements.

The 5 dairies in the study purchased similar amounts of mineral, ranging between 21,736
and 24,086 kg, which corresponds to a stk load, being the differences in purchased weight
probably due in part to different components and density for each product. Howewgesbe
similar amounts of mineral supplement wdyought in each dairy, very different lengths of
storage periods were observed (from 7 to 51 d), depending mostly on the daily mineral expenses
of each dairy, which is related to the rate of inclusion of the mineral in the, DMRnainly to

the size of ach farm and the number of cows milked and fed per day.
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Total shrink of the mineral supplement, estimated as storage and handling losses, and
expressed on a dry basis, ranged from 0.63% to 3.19% of the total mineral supplement initiall
purchased. Such wide range of shrinkage suggests that different management pnaghices
influence losses of mineral supplement during storage and daily handling. Hoas&eeword
of caution, itis important to mention that in the case of dairy 5, the fact of mixiég &f7the
mineral supplementnto the premix on the same day of mineral delivery, and consequently
storing a large amount of premix, might have reduced the mineral lossalyditen the mineral
pile and increased the losses out of the premix pile insteadeverpremix shrink was not
evaluatedn this studywhich might cause an underestimation of real mineral losses for dairy 5
in comparison to the other 4 farms.

No estimates of shrinkage for mineral supplembatse been previously reported in the
literature. However, for other feedstuffs like hay, silage, distillers grains gngrains, some
estimates suggest a wide range for shrink losses between 1 and 40% deperidogrs such
as moisture content of the feed, storage conditions, and handling (Standaert et al., 1994; Loy,
2010; Kertz, 1998). The smallest shrink estimates have been reported for feedsgtith hi
concentration of DM and nutrients, like dry grains with estimated shrink losses- @2
(Standaert et al., 1994; Loy, 2010). However, shrink estimates for mineralreepplebtained
in this study are even lower than that, which might be partly due to its low leveludiarcin
the ration requiring different or extra management practices likexirenefore being included
in the TMR, which could help reducing losses as well.

Interestingly as shown in Table4ldairy 3 had the longest storage period (51 d)esal
had the lowest shrink estimate (0.63%), which suggests the importance of hasdlifgctor

influencing total shrink of mineral supplement. In this sense, dairy 4, showingdkstlahrink
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estimate (3.19%had particular storage conditions related to the size of the shed, since the most
external side of the pile did not fit into the shed under the roof and had easedrexposure to

the elements, including the rainy conditions that prevailed during the sampfind pé that

dairy in particular.

Table b shows the average shrink estimates for total DM and individual nutrients and
componets of the mineral supplement. A significant shrinks estimated for total DM of
mineral supplement, averaging 1.97P= 0.02) for the 5 dairies evaluated. With an average
load size of 22,605 kg as fed with 91% DM, on average each dairy is purchasing 20,570 kg DM
of mineral supplement; therefore with a mean shrink of 1.97% they are haviagal@sses of
405 kg DM of supplement approximately every 22 days, which are going to the seilsheds,
or somewhere else but the ration.

Additionally, shrink estimates of 3.03% € 0.03), 3.93%R = 0.01) and 3.34%R(=
0.02) were obtained for CP, ADF, and NDF, respectively, being the nutrients weh sargnk
estimates together with Fe which was estimated to shrink 3B859%.01). The shrink estimates
for energy fractions were allithin the range of 1.821.87% @ = 0.02), and for macrminerals
only K, Na, and S showed significant shrinkages of 2.3?% (.05), 1.77%F = 0.01), and
2.07% @ = 0.008), respectively. In the case of tradgeerals, Co, Cu, Mn, and Zn shia
significantly by 2.33% P = 0.03), 2.25%R = 0.04), 2.80%F = 0.002), and 2.42%(= 0.01).

No significant shrink was estimated for Ca, P, Al and Mo, and a trend to 2.80% shrivksge
observed in the case of MB € 0.06).

Apparent greater shrink estimates observed in fiber fractions and CP in congari

other nutrients and components might be a consequence of less dense particles of §jber bein

more susceptible to losses during storage and handling, and gaseous loss of nitrogemin the for
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of ammonia afterdegradation of urea from the mineral supplement when exposed to the
environment.
Slope of change in nutrient concentration of mineral supplement over storage

Based on the hypothesis that some nutrients in the mineral supplement could be more
susceptibléo changes in concentration over storage than others, slope analysis was done to the
concentration of nutrients of mineral piles.

Tables  and 17show the estimated slopes for change in concentration of the main
nutrients and components of mineral suppeat forthe 5 dairies evaluated. Aan be observed,
there was no nutrient which concentratisignificantly changed at each of the 5 dairies
evaluated Conversely, for some of the dairies most of the nutrients showed a signifogaent sl
of change irconcentration. Therefore, instead of a nutreige tendency, there seems to be a
dairy based tendency, suggesting the importance of particular management age stora
characteristics at each dairy on slope of change in concentration of nutrients ahdnal m
supplement. For dairies 2 an@3ignificant slope of change was estimatetthe concentration
of the majority of the nutrients evaluatdel< 0.05), with the exception of Al, Fe, Mn, and Zn
for dairy 2; and CP, P, K, and Na for dairy 3. Meanwhdethe other dairies only the slopes of
a few nutrients were significanP < 0.05): DM, CP, Al, and Cu for dairy 1; NDF, K, Al, Co,
and Fe for dairy 4; and CP, ME, and P for dairy 5.

It is important to take into account particular conditions of mingupplement storage
for dairies 2 and 3 that might be influencing changes in concentration of nutrienstarage.

In the case aoflairy 2 (Table 4), mineral wasotstored under roof and only covered with a tarp,
which would pesumably increase the equreof the pile to the prevailingnvironmental

conditions; dairy 3 presented a particularly long storage period of 51 d for the mineral
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supplement. Both factorgrotection against elements and storage lengtght be playing an
important role in chargs in nutrient concentrations of the mineral in those farms, and
consequently increasing the number of nutrients with significant slopes in thesnt@tions.
Additionally, the correlatios between slope of change in nutrient concentration of
mineral sipplement and either weather parameters or TMR nutrient concentwatieanalyzed
The objective was to evaluate if any of the weather parameters was associatbd whidnges
in nutrient concentration of the mineral supplement, and also if such ehaege associated to
final composition of the ration. As shown in Tablé&sahd B, no significant interactions were
found for DM, CP, ADF, NDF or any of the energy fractions evaluated. Moreover, it can be
observed in Tables 20 and &tat significant correlationg®(< 0.05) were found between TMR
final concentration and slopes for N8.95), Mn (0.96), and Zn (0.98), which indicates that as
concentration of Mn and Zn in the mineral supplement increased during storage, the
concentration of those same mialsrin the TMR also increased. In the case of Na, the negative
correlation indicates that concentration of this mineral decreases in TMRhaeées in the
mineral supplemenhowever, as correlation does not necessarily indcatsation, it could be
a confounding effect not being accounted for in the analysis, like the highly variable N
concentration of distillers that could be influencing TMR composition (Liu, 2011). Also a
positive correlationr(= 0.99; P < 0.05) was found between slope of Co aantration and
average temperature, which midtave a differenteason than temperature effect, like the case
of Na.
Moreover, it might be possible that only a few significant correlatioae wbtained

between slope of nutrients and either TMR compasitir weather variables, as a consequence
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of variability and lack of consistency and significance of slope estin@tesoist of the nutrients
across the dairies evaluated.
Deviation of TMR ingredient composition from formulation standards

It has beemeportedthat one of the factors influencing the precision and accuracy of the
amounts of ingredients loaded to the mixing truck is the skills of the person driving the loade
(Buckmaster, 2009). The busy feeding schedule at the dairies and the mudtisleid MR that
should be mixed every day both in the morning and in the afternoon, make the driver sometimes
under or over-dose ingredients to save time by reducing the number of trips betwepdniipe m
truck and the ingredients piles.

As part of the aalysis of this study, Table22shows the average deviation for TMR
ingredients at each of the 5 farms evaluated. Overall mean deviations of 5.61, 4.4an@.87
0.64% were estimated fbay, high moisture bproducts, premix, and corn silage, respectively.
However, it was observed that even for the same ingrediemnt different average deviations
were estimated among dairies. When compared to the other 4 dairies, daiyesl sa large
mean deviation foall the ingredients evaluatethis dairyhad the lest accurate loading of
ingredients for TMR mixing. Additionally, dairy 4 was the only farm showingatige
deviations for 3 out of the 4 feedstuffsay, corn silage, and premix)dicating that on average
smaller amounts than required of those feeds were loaded to the mixer airtibatgs dairy;
however, for the other 4 dairies all of the mean deviations were positive.

Precision of loaihg ingredients to the mixing wagon can dealyzed by evaluating the
coefficients of variation for average deviations. A larger coefficient oftran for average

deviations ohay, corn silage, and premix was obtained for dairy 4, followed by dairy 5 with the
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second largest coefficient of variation for those same 3 ingredients, whichtésdloaver
precision while preparing the loads of dairies 4 and 5.

Errors in TMR formulation and variation of those errors, as indicators of accurdcy a
precision of ration formulation, respectively; can be influenced by a seriastofd involving
both operator skills and maintenance or calibration of the equipment (Buckmaster, 2009).
Furthermore, ingredient deviation can vary among different feedstuffsewmwsignificant
differences in loading accuracy between dairies have already been reportectydttnibuted
to operator disposition and ability (James and Cox, 2008).

Variation of deviations expressed as coefficient of variation, can also benggtliby
multiple operators in charge of loadiagd mixing(James and Cox, 2008). However, in this
aspect all the dairies evaluated in this study had a very similar managbanemg, a primary
driver in charge of the feeding routine 6 d of the week and a second driver usually anafharg
loading and mixing either Saturdays or Sundays.

Correlation between deviation of ingredients and concentration of nutrientsof TMR

Correlation estimates between deviation of ingredients and concentratiomieftisun
the TMR samples of the 5 dairies evaluated are presented in Tabdesinificant positive
correlation P < 0.05) was estimated between deviatiorhay and DM ( = 0.50), ADF ( =
0.27), NDF ¢ = 0.39), and Mgr(= 0.64) content of the ration, indicating that when an excess of
hay is included in theation, the concentration of those nutrients increaseasell. Conversely,
whenhay is included above the formulation standards, a reduction in concentration of ¥DN (
-0.27), NEn (r =-0.28), NE(r =-0.27), Mn(r = -0.46), and Znr(=-0.42) occurs in the ration

(P < 0.05).
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For deviation of corn silage inclusion in the ratisias estimated a positive correlation
(P < 0.05) to ADF ¢ = 0.26), NDF ( = 0.27), K ¢ = 0.26), and Mgr(= 0.39); and a negative
correlation P < 0.05) to DN (r =-0.26), ME ¢ =-0.25), NE (r =-0.25), NE(r =-0.27), Mn
(r =-0.26), and Znr(=-0.37). Thismeans that excess corn silage included in the ration indrease
fiber content and some maenuneral cations while reducethe concentration of energyn
and Zn.

Similar effects in TMR composition were estimated for deviations in the inclugion
both roughage sourcelsay and corn silage; in both cases explaining around 2Z8% of the
variance observed in TMR content of fiber fractions-28% of the variance in energy fractions
concentration, and 26 42% of the variance in Mn and Zn contdiiable 23) However,
coefficients ofcorrelation estimated fdray were greater than those for corn silage, stgue
a greater impact dfay loading inaccuracy on TMR final composition. These results coincide
with previous research reporting that impact of loading inaccuracy is largertivaautrient
concentration of the ingredient is very different (lower or higher) than that ofatien r
(Buckmaster and Muller, 1994), like hay in this case.

In the case of high moisture 4pyoducts, namely brewer or corn distillers gsain
deviation was positively correlate® &€ 0.05) to TMR concentration of CP, K, and Mg; and a
negative correlatior{P < 0.05) was found for P and Na content of the rati@mable 23)
Additionally, a tendency to a positive correlation was observed fdP S @.06), and no
significant correlations were obtained for tram@erals. Based on published data on average
composition of distillery byproducts,a positive correlation would be expectéeétween
deviation of wet byproducts loading, and concentratioh@P and some maciminerals in

TMR, specially P and S. Howevehe large variation in nutrient composition of these type of
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by-productshas also been highlightedariation in mineral contenvas particularly large in
comparison to other nutrients. Thesespecially the case of somménerals such as S, Na, and Ca
that sometimes can be increased kggenous addition of some compounds during processing
(NRC, 2001; Batal and Dale, 2003; Liu, 2011). Another aspect to take into consideration is that
weighing of ingredients before mixing is performed on an as fed basisles@tions are
calculated based on as fed weights, which increases variation in TMR composition|gvbr
for high moisture by-products like distillers and brewers grains that notoalyighly variable
in DM content butalso most of the times stored & bay with no roof, like the case of the 5
dairies in this study, which increases variation of DM content.

Furthermore, concentrations of NDF and Mg in the TMR were positiveiglated P <
0.05) to deviation of premix included in the formulation of the dairy rations evaluated.
Conversely, a negative correlatiod € 0.05) was estimated for NEnd Zn. Itis unlikely to
think that overloading of premix would increase N&facentration and decrease energy and Zn
content of the ration, since this composite ingredient includes corn and minerahsamgple
which have a low fiber content and in the case of supplement, a high content of Zn. However,
some byproducts like whole cotton seed, canola meal and soybean meal, are also added to the
premixes increasing not only their fiber content but also their variation in composition, which
besides loading accuracy is the other main factor affecting composition of(BMiRmaster

and Muller, 1994; Buckmaster, 2009).
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CONCLUSIONS

Significant average shrink of mineral supplement due to storage and haneltgépwnd
for the dairies evaluated. Shradeimplies losses of purchased nutriemsing to the soil, water
or components of the system other than the ration to be consumed by th& kewspact of
such losses of nutrients cannotrogigated by the waste management system of the dairy, which
increases the importance of controlling these losses in the system.

Correlatiors between the concentration of some nutrients in the ration antbpiesfor
change in concentration of those nutrients in the mineral chifeng storage, suggestbsat
management strategies to reduce change in composition of mineral sempplamght help
increase accuracy of formulation.

Additionally, lack of accuracyin ration formulation was correlated to nutrient
concentration of TMR, which might affect cattle performabcg also excretion of some nutrients
to the environmenfThese esults suggest that keeping track of operator loading error might be

essential to prevemadequate nutrient supply to dairy cows.
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Table 10 Descriptive statistics for DM content, CP, ADF, and NDF composition of mineral
supplement and TMR.

Supplement TMR
Mean SD CV Mean SD Min. Max. CV
1 14 95.06 129 1.36 56.80 0.85 55.22 58.04 1.50
2 25 87.64 3.04 3.46 48.72 1.23 46.48 52.2 2.53
3 8 96.62 0.28 0.29 60.09 1.45 56.86 61.51 2.42

Variables dairy n

DM 4 11 89.33 1.04 1.17 54.10 1.60 51.28 57.51 2.96
5 6 9190 051 0.55 47.03 1.40 44.48 48.34 2.98

Overall 64 91.08 4.09 4.49 52.68 4.68 44.48 61.51 8.88

1 14 19.59 2.24 11.45 17.49 0.56 16.75 18.36 3.23

2 25 274 0.98 35.82 16.79 0.40 16.11 17.44 241

CP 3 8 21.63 1.03 4.77 18.83 1.40 17.12 21.36 7.44
4 11 30.66 3.31 10.81 17.70 0.36 17.27 18.34 2.05

5 6 3956 0.56 1.42 18.39 0.34 17.86 18.85 1.87

Overall 64 17.04 13.01 76.35 17.50 0.94 16.11 21.36 5.37

1 14 169 0.26 15.38 22.33 0.68 21.37 23.69 3.05

2 25 146 045 30.94 20.62 1.29 17.68 24.12 6.27

ADE 3 8 1.60 0.43 26.63 18.15 1.96 16.03 21.13 10.81
4 11 1.76 0.50 28.36 18.65 0.80 17.45 20.06 4.28

5 6 6.11 047 7.76 21.29 0.41 20.66 21.72 1.94

Overall 64 2.02 1.39 68.81 20.41 1.84 16.03 24.12 9.02

1 14 555 1.13 20.37 32.98 0.88 31.9 34.58 2.66

2 25 344 118 34.24 35.80 1.85 31.11 40.10 5.16

NDE 3 8 524 058 11.01 31.33 2.04 28.93 34.49 6.53

4 11 3.74 0.58 15.59 30.44 1.23 28.95 32.32 4.05
5 6 1582 1.31 8.26 33.38 0.90 32.14 349 271
Overall 64 5.34 3.66 6854  33.48 2.57 28.93 40.10 7.68
! Percentage of total dry matter, except for DM expressed on an as fed basis.
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Table 11 Descriptive statistics for energy concentration of mineral supplement aRd TM
Supplement TMR

Mean SD CV Mean SD Min. Max. CV

1 14 225 0.01 0.42 157 001 154 159 0.90

2 25 223 0.10 4.69 159 0.02 154 163 121

Variablés  dairy n

NE 3 8 226 0.02 0.71 1.63 0.03 159 1.65 1.67
4 11 1.88 0.02 0.83 162 001 161 1.63 0.65

5 6 1.81 0.01 045 158 0.01 157 1.59 0.65

Overall 64 214 0.18 841 160 0.03 154 1.65 1.88

1 14 181 0.01 041 098 0.01 0.97 101 1.24

2 25 178 0.13 7.22 1.02 0.03 0.95 1.08 2.71

NE, 3 8 1.80 0.02 0.83 1.06 0.04 101 1.10 3.51
4 11 136 0.01 0.89 1.05 0.01 1.04 1.08 1.23

5 6 1.28 0.01 0.64 1.00 0.01 099 1.01 1.10

Overall 64 1.67 0.22 13.17 1.02 0.04 0.95 1.10 3.92

1 14 252 0.02 0.68 1.71 001 168 1.72 0.76

2 25 250 0.13 511 1.74 0.02 168 1.79 1.25

NE., 3 8 253 0.02 0.63 1.78 0.04 1.72 1.83 2.20
4 11 2.08 0.01 0.45 1.77 0.02 1.74 1.79 1.04

5 6 201 0.01 0.61 1.73 001 1.72 1.74 0.60

Overall 64 239 0.22 9.21 1.74 0.03 168 1.83 1.72

1 14 351 0.01 0.38 249 0.02 247 251 0.63

2 25 348 0.16 4.47 253 0.03 245 26 1.30

ME 3 8 3.51 0.02 0.55 259 0.05 251 265 1.75
4 11 296 0.02 0.69 258 0.02 254 26 0.76

5 6 286 0.02 0.54 252 0.01 251 254 0.49

Overall 64 3.34 0.27 8.08 254 0.04 245 2.65 1.57

1 14 428 0.02 041 3.04 0.02 3.00 3.06 0.59

2 25 424 0.20 452 3.08 0.04 3.00 3.17 1.17

DE 3 8 429 0.02 0.50 3.15 0.05 3.06 3.22 1.73
4 11 3.61 0.01 0.39 3.14 0.02 3.11 3.17 0.52

5 6 3.49 0.02 0.61 3.0/ 0.02 3.06 3.09 0.50

Overall 64 4.08 0.33 8.09 3.09 0.05 3.00 3.22 1.62

1 14 96.86 0.31 0.32 68.77 0.43 67.91 69.37 0.63

2 25 95.93 433 452 69.85 0.81 67.64 71.7 1.17

TDN 3 8 96.97 0.50 0.52 7140 1.24 69.53 72.74 1.73
4 11 81.73 0.31 0.38 71.09 0.50 70.2 71.84 0.71

5 6 78.99 0.30 0.38 69.42 0.26 69.15 69.82 0.38

Overall 64 92.24 7.50 8.13 69.98 1.16 67.64 72.74 1.66
! ConcentratioMcalekgDM, except for TDN expressed as percent of dry matter.
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Table 12 Descriptive statistics for macraineral composition of mineral supplement and TMR.
Supplement TMR

Mean SD CV Mean SD Min. Max. CV

1 14 12.06 0.51 4.26 0.83 0.04 0.76 0.93 5.06

2 25 1345 1.78 13.22 0.88 0.08 0.76 1.01 8.92

Variablés  dairy n

o 3 8 1216 0.40 3.31 092 014 0.74 113 14.82
4 11 15.27 0.36 2.38 0.74 0.13 0.56 1.02 18.05

5 6 3.54 0.39 11.02 082 0.13 0.70 0.98 15.29

Overall 64 12.37 3.27 26.43 0.85 0.11 0.56 1.13 12.94

1 14 038 0.02 5.98 042 001 04 044 317

2 25 0.05 0.04 80.83 0.44 0.03 038 0.49 6.47

P 3 8 0.30 0.01 4.29 045 0.03 042 050 6.35
4 11 0.04 0.03 69.98 038 0.02 036 040 4.16

5 6 0.55 0.02 3.73 0.38 0.02 036 042 6.35

Overall 64 0.20 0.19 95.00 042 0.03 036 050 7.14

1 14 245 0.09 3.72 165 0.05 157 172 3.28

2 25 0.17 0.06 37.76 1.30 0.07 1.18 152 534

K 3 8 245 0.07 297 166 0.07 152 174 4.26
4 11 254 0.14 534 128 0.05 121 136 3.85

5 6 1.79 0.05 3.02 164 0.10 153 1.75 6.07

Overall 64 151 1.10 72.85 145 0.19 118 1.75 13.10

1 14 243 0.11 455 033 0.01 032 0.37 3.64

2 25 5.68 2.53 44.62 037 0.04 030 0.49 1194

Mg 3 8 3.95 0.12 297 037 0.03 031 0.41 8.38
4 11 231 0.13 5.73 032 001 030 0.34 342

5 6 1.39 0.15 10.71 045 0.03 042 0.51 747

Overall 64 3.77 2.28 60.48 036 0.05 0.30 0.51 13.89

1 14 8.02 049 6.11 0.44 0.02 040 0.48 5.63

2 25 1745 1.99 11.43 064 004 059 0.74 5.60

Na 3 8 7.76 0.11 1.40 048 0.05 038 0.52 9.68
4 11  9.89 0.46 4.66 042 0.02 040 045 394

5 6 213 0.15 6.84 0.44 0.02 042 0.47 450

Overall 64 11.44 5.38 47.03 0.52 0.10 0.38 0.74 19.23

1 14 043 0.03 7.70 0.28 0.02 0.25 0.31 552

2 25 034 0.04 12.38 0.22 0.02 0.18 0.26 9.33

s 3 8 0.42 0.06 13.96 0.27 0.02 025 0.32 8.23
4 11 0.82 0.05 5.98 0.25 0.02 0.23 0.28 6.60

5 6 0.41 0.03 8.11 0.27 0.01 0.26 0.28 2381

Overall 64 0.46 0.18 39.13 0.25 0.03 0.18 0.32 12.00
! Percentage of total dry matter
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Table 13 Descriptive statistics for tragaineral composition of mineral supplement and TMR.
Supplement TMR

Mean SD cVv Mean SD Min. Max. CV

1 14 71543 162.64 22.73 358.36 77.81 260 506 21.71

2 25 336.56 88.33 26.24 615.96 229.79 249 1120 37.31

3 8 609.63 137.17 22.50 323.38 206.76 147 718 63.94

Var! dairy n

A 4 11 151.28 114.33 75.58 15145 3279 122 236 21.65
5 6 489.67 40.16 8.20 268.00 73.29 203 369 27.35

Overall 64 436.08 228.60 52.42 410.58 242.24 122 1120 59.00

1 14 1559 0.57 3.63 1.09 0.47 0.80 2.47 43.18

2 25 1.63 0.47 28.61 0.52 0.46 0.00 211 87.39

Co 3 8 12.73 1.18 9.29 0.99 0.15 0.84 1.30 14.88
4 11 8.61 1.88 21.86 0.39 0.05 0.31 0.48 13.46

5 6 5.56 2.73 49.16 0.89 0.04 083 095 435

Overall 64  7.64 5.80 75.92 0.72 0.45 0.00 247 6250

1 14 23643 13.82 5.85 1435 0.81 13.00 1590 5.64

2 25 239.64 4828 20.15 15.90 282 1270 24.00 17.76

Cu 3 8 19475 30.06 15.44 16.01 120 14.10 17.70 7.50
4 11 33945 88.17 25.97 15.45 1.87 1290 19.70 12.09

5 6 60.20 13.37 2221 14.52 0.44 1420 15.30 3.00

Overall 64 233.66 8546  36.57 15.37 209 12.70 24.00 13.60

1 14 1329.93 66.32 4.99 248.93 3393 203 310 13.63

2 25 25256 3251 12.87 436.84 180.50 155 818 41.32

Fe 3 8 1380.88 289.10 20.94 285.29 118.83 184 520 41.65
4 11 52882 76.66 14.50 169.73 2651 136 222 15.62

5 6 63483 42.62 6.71 266.00 60.36 199 328 22.69

Overall 64 71259 493.49 69.25 315.33 160.23 136 818 50.81

1 14 1102.14 50.56 4.59 69.93 3.24 63.8 73.7 4.63

2 25 559.68 170.32 30.43 60.44  8.40 48.7 74.2 13.89

Mn 3 8 869.38 109.28 12.57 7723 414 706 84.0 5.37
4 11 1571.82 230.21 14.65 84.26 7.65 749 98.3 9.08

5 6 288.00 41.67 14.47 64.70  3.65 58.2 68.6 5.65

Overall 64 865.55 435.76 50.34 69.11 11.02 48.7 98.3 15.95

1 14  0.00 --- --- 0.83 0.08 0.68 0.98 9.78

2 25 0.00 --- --- 1.33 0.48 0.63 2.69 36.09

Mo 3 8 0.30 0.17 58.27 0.99 0.11 0.74 1.12 11.50
4 11 0.20 0.23 116.32 0.98 0.09 083 110 8.74

5 6 1.62 0.09 5.84 1.09 0.06 101 119 557

Overall 64  0.22 0.48 218.18 1.10 0.36 0.63 2.69 32.73

1 14 1204.71 207.45 17.22 70.19 3.75 63.70 77.50 5.34

2 25 1502.60 348.11 23.17 70.83 8.28 59.20 92.60 11.69

7n 3 8 933.00 130.42 13.98 8144 825 73.00 97.70 10.13
4 11 3634.55 547.09 15.05 172.09 14.60 152.0 193.0 8.49

5 6 361.00 23.55 6.52 82.42 551 78.30 92.80 6.68

Overall 64 1625.64 1033.32 63.56 90.51 38.69 59.20 193.0 42.75

! variables expressed in parts per million airyamatterbasis
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Table 14 Description oimanagemerdand estimated shrink of mineral supplement of the 5
dairies evaluated

Dairy Storage Storage Premixing As fed load Total srink?
facilities length (d) frequency (d) size (kQ) (%)
1 shed 15 1-2 22,761 2.64
2 tarp 26 1-2 21,736 2.70
3 shed 51 1-2 22,598 0.63
4 shed 11 1-2 24,086 3.19
5 shed 7 3-5 21,845 0.72

1On a dry matter basis

Table 15 Average percent shrinkagéthe maincomponents and nutrients of theeral

supplement.

Variable Meant 95% C — SD P> |t

Lower limit ~ Upper limit
CP 3.03 0.53 5.54 2.02 0.03
Main ADF 3.93 1.30 6.57 2.12 0.01
components  NDF 3.34 1.04 5.65 1.86 0.02
TDN 1.86 0.42 3.29 1.16 0.02
DE 1.86 0.43 3.29 1.15 0.02
Energy ME 1.87 0.45 3.29 1.14 0.02
fractions NEm 1.84 0.40 3.28 1.16 0.02
NEg 1.81 0.40 3.23 1.14 0.02
NE 1.83 0.38 3.28 1.17 0.02
Ca 1.67 -0.04 3.37 1.37 0.053
P 2.77 -2.83 8.37 4.51 0.24
Macrc K 2.37 0.05 4.69 1.87 0.05
minerak Mg 2.80 -0.28 5.88 2.48 0.06
Na 1.77 0.61 2.93 0.93 0.01
S 2.07 0.89 3.26 0.96 0.008
Al 3.16 -1.39 7.70 3.66 0.13
Co 2.33 0.42 4.24 1.54 0.03
Trace Cu 2.25 0.09 4.41 1.74 0.04
minerals Fe 3.35 1.12 5.59 1.80 0.01
Mn 2.80 1.68 3.92 0.90 0.002
Mo 18.96 -50.88 88.80 28.11 0.36
Zn 2.42 0.91 3.94 1.22 0.01
Total % shrink 1.97 0.48 3.47 1.21 0.02

! Percent average shrink on a dry matter basis, average of the 5 dairies.
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Table B. Estimated slope for thehange inconcentration of nutrients areghergy of mineral
supplement during storage.

Nutrient or componeht

Dairy  Slope DM CP ADF NDF
m 0.24 -0.32 0.01 0.24
1 r2 0.59 0.35 0.05 0.11
P> [t 0.001 0.03 0.43 0.09
m 0.34 0.11 0.04 0.13
2 r2 0.69 0.71 0.53 0.63
P> |t <0.0001 <0.0001 <0.0001 <0.0001
m 0.02 0.03 0.02 0.02
3 r2 0.29 0.05 0.40 0.12
P> [t <0.0001 0.13 <0.0001 0.02
m -0.01 0.07 0.03 0.14
4 r2 0.001 0.004 0.05 0.65
P> It 0.93 0.85 0.53 0.002
m 0.16 -0.24 0.17 -0.14
5 r2 0.36 0.65 0.46 0.04
P> [t 0.20 0.05 0.14 0.70
Energy fraction$
TDN DE ME NEm NEg NE
m -0.02 -0.001 -0.0005 -0.0006 -0.0001 -0.0007
1 r2 0.05 0.07 0.025 0.02 0.004 0.11
P> [t 0.43 0.38 0.59 0.62 0.83 0.25
m -0.25 -0.01 -0.009 -0.008 -0.007 -0.006
2 r2 0.18 0.18 0.17 0.19 0.17 0.18
P> It 004 003 004 003 004 004
m -0.02 -0.0005 -0.0004 -0.0003 -0.0003 -0.0003
3 r2 0.40 0.43 0.40 0.31 0.39 0.24
P> [t <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0004
m -0.02 0 -0.001 0 -0.0003 -0.0008
4 r2 0.05 0 0.03 0 0.006 0.03
P> It 0.52 100 063 100 083 061
m -0.11 -0.006 -0.007 -0.003 -0.0006 -0.0006
5 r2 0.46 0.28 0.69 0.15 0.02 0.02
P> [t 0.14 0.28 0.04 0.44 0.80 0.80

1 Slope () for percent concentration ofitrients on a dry basis, except for DM expressed on an
as fed basis

2 Slope () for energy concentration measured\BalskgDM ! except for TDN expressed as
percent of dry matter

86



Table 17. Estimated slope for the changeadncentration of macro driracemineralsof mineral
supplement during storage.

Macrominerals

Dairy Slope Ca P K Mg Na S
m 0.03 0.12 -0.0008 0.002 0.06 0.001
1 r? 0.04 -0.002 0.001 0.008 0.23 0.02
P>t 0.48 0.21 0.90 0.76 0.09 0.65
m -0.15 0.005 0.007 0.33 -0.22 0.0007
2 r? 0.39 0.80 0.58 0.91 0.65 0.02
P> |t| 0.0008 <0.0001 <0.0001 <0.0001 <0.0001 0.55
m -0.02 0.0002 0.001 0.005 0.004 0.003
3 r? 0.16 0.01 0.01 0.11 0.04 0.46
P>|t| 0.005 0.50 0.45 0.02 0.17 <0.0001
m -0.06 -0.004 -0.03 -0.004 -0.0007 0.01
4 r? 0.30 0.21 0.49 0.01 0 0.13
P>|t 0.08 0.16 0.02 0.76 0.99 0.27
m -0.05 0.009 -0.01 0.02 -0.005 0.003
5 r? 0.05 0.69 0.14 0.08 0.004 0.02
P>|t| 0.68 0.04 0.46 0.60 0.91 0.78
Tracemineralg
Al Co Cu Fe Mn Mo Zn
m 30.43 0.02 2.29 8.08 3.23 -- -0.15
1 r? 0.61 0.02 0.48 0.26 0.07 - 0
P>|tf 0.001 0.66 0.006 0.06 0.36 -- 0.99
m -3.88 0.05 -4.29 -0.29 -6.88 -- 14.37
2 r? 0.10 0.73 0.43 0.004 0.09 - 0.09
P>|tf 0.12 <0.0001 0.0004 0.75 0.15 -- 0.14

m 5.57 0.06 1.69 16.01 561 -0.01 7.18
3 r2 0.22 0.34 0.49 0.54 0.41 0.25 0.43
P> |t 0.001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001
m 23.67 -0.38 -3.10 1765 1982 -0.02 88.82
4 r2 0.47 0.44 0.01 0.58 0.08 0.11 0.29
P>t 0.02 0.03 0.73 0.006 0.39 0.32 0.09
m 6.17 -0.92 3.28 -14.14  -2.46  -0.02 1.20
5 r 0.08 0.39 0.21 0.39 0.01 0.16 0.01
P>|tf 0.58 0.18 0.36 0.19 0.84 0.44 0.86
1 Slope () for percent concentration ofitrients on a dry basis.
2 Slope () for parts per million concentration of nutrients on a dry basis.
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Table 18. Correlation of weather variablEndTMR composition to the slope of change in the
main nutrients of mineral supplement during storage.

Correlation to slope of nutrierits

Variable DM CP ADF _ NDF
. r -0.44 033 019 -0.35
Wind speed (km-f) P >|r] 0.46 059 076 0.57
Temperature (°C) r 0.35 029 082 067
P P> 0.57 0.64 0.09 022
. N r -0.22 2061 052 -0.19
Relative humidity (%) 5, 0.73 028 037 076
TMR main composition ' 053 020 022 0.1l
P P>|r| 0.36 0.75 0.72  0.86

n 5 5 5 5

!Pearson correlation coefficier(ty for nutrient concentrations expressed on aldisis

Table 19. Correlation of weather variables and Té#Rposition to the slope of change in
energycontent of mineral supplement during storage.
Correlation to slope of energy fractidns
TDN DE ME NEm NEg NE

r 0.21 0.15 0.22 0.27 0.23 0.19
P>|r] 074 0.82 0.72 066 0.71 0.77

r -0.24 -0.42 -0.44 0.18 -0.07 -0.15
P>|r] 070 0.48 0.47 0.77 091 0.81

r 043 058 055 011 030 040
P>|r] 047 031 034 086 062 0.51

r 0.30 0.17 0.212 031 035 0.23
P>|r] 062 0.79 0.74 061 056 0.70

n 5 5 5 5 5 5

1 Pearson correlation coefficier(ty for energyconcentrations expressed on a iagis

Variable

Wind speed (kmeh)

Temperature (°C)

Relative humidity (%)

TMR Energy fractions
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Table 20 Correlation of weather variables and TMR composittothe slope of changa
macraemineralcontent of mineral supplement during storage.
Correlation to slope of macminerals

Variable Ca P K Mg Na S
. r 0.15 -0.39 0.35 -0.15 0.07 0.09
Wind speed (kmh) o\ 051 052 056 081 092 0.89
Temperature (°C) r 006 033 071 043 -0.32 -0.54
P P>f] 092 059 018 047 060 0.35
. . r 038 022 -0.73 -058 058 041
Relative humidity (%) 5.\ 053 072 017 031 031 050
TMR macreminerals r -0.16 0.12 035 0.06 -095 0.16
concentration P>|r| 080 085 056 092 0.01 0.79

n 5 5 5 5 5 5

L Pearson correlation coefficier(ty for macremineralconcentrations expressed on a blagis

Table 21. Correlation of weather variables and TédRpositionto the slope of change trace
mineral concentration of mineral supplement during storage.
Correlation to slope of tracainerals

Variable Al Co Cu Fe Mn Mo 2zn

. r  -043 03l 025 032 -002 099 -027
Wind speed (kme) oo\ 047 061 069 060 098 006 0.66
r 007 099 -029 047 -021 081 -0.27

Temperature °C) 511 091 0002 0.64 042 073 040 0.67
. S r 058 -0.79 036 -0.30 0.35 -094 0.27
Relativehumidity (%) .1 930 011 056 062 057 023 0.66

TMR traceminerals r -0.60 0.06 -0.61 -0.38 0.96 -0.20 0.98
concentration P>r] 029 092 0.28 0.53 0.01 0.87 0.004
n 5 5 5 5 5 5 5

L Pearson correlation coefficier(ty for tracemineralconcentrations expressed on a biagis
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Table 22 Average deviation of ingredients in TMR formulation of dairy farms.

TMR

. . dairy nt Mearf SD  Minimum Maximum CV
ingredient
1 14 1.29 1.81 -0.27 6.22 140.31
2 25 1.64 1.78 0.00 6.01 108.54
Mineraf 3 8 2.80 3.66 0.26 10.96 130.71
4 11 1.69 1.09 0.20 3.85 64.50
5 6 0.26 0.08 0.09 0.29 30.77
Overall 64 1.58 2.00 -0.27 10.96 126.58
1 14 3.64 1.22 2.53 6.01 33.52
2 25 7.38 3.02 1.82 12.25 40.92
Hay! 3 8 3.45 1.17 1.78 5.32 33.91
4 11 -0.89 5.30 -11.75 6.42 595.51
5 6 17.63  7.68 7.62 30.66 43.56
Overall 64 5.61 6.08 -11.75 30.66 108.38
1 14 0.88 0.35 0.34 1.51 39.77
2 25 0.95 0.56 -0.01 2.12 58.95
Corn silage 3 8 0.58 0.19 0.30 0.97 32.76
4 11 -1.98 5.14 -13.01 4.94 259.60
5 6 3.72 3.34 0.35 9.13 89.78
Overall 64 0.64 2.72 -13.01 9.13 425.00
1 14 3.99 2.12 1.65 10.60 53.13
High 2 25 0.95 2.80 -11.75 3.75 294.74
moisture 3 8 2.60 0.85 1.57 3.97 32.69
by- 4 11 2.55 5.53 -8.80 11.27 216.86
products 5 6 25.70 12.29 5.01 41.64 47.82
Overall 64 4.42 8.36 -11.75 41.64 189.14
1 14 0.92 0.51 0.31 2.23 55.43
2 25 1.23 0.84 -0.12 3.06 68.29
Premix 3 8 0.83 0.51 0.27 1.80 61.45
4 11 -1.58 5.07 -12.66 4.97 320.89
5 6 3.78 3.89 1.07 11.27 102.91
Overall 64 0.87 2.74 -12.66 11.27 314.94

! Number of days TMR loads were evaluated

2 Percent deviation of TMR ingredients on an as fed basis.

3Inclusion of mineral supplement into the premix

4 Either grass or alfalfa hay
S Either brewer or corn distillers grains
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Table 23. Corelation between ingredienti®viation and dry basis composition of TMR.

Ingredient Correlatio Correlation coefficients for main components
n? DM CP ADF NDF
Hay? r 0.50 0.06 0.27 0.39
P> |r| <0.0001 0.63 0.03 0.002
Corn silage r -0.18 0.11 0.26 0.27
P> |r 0.15 0.38 0.04 0.03
High moisture r -0.24 0.34 0.20 -0.03
by-products P> |r| 0.06 0.006 0.11 0.79
Premix r -0.18 0.11 0.24 0.27
P> |r| 0.17 0.38 0.06 0.03
Correlation coefficients for energy fractions
TDN DE ME NEm NEg NE
Hay? r -0.27 -0.24 -0.24 -0.28 -0.27 -0.22
P> |r 0.03 0.06 0.06 0.04 0.03 0.08
Comn silage r -0.26 -0.23 -0.25 -0.25 -0.27 -0.23
P> |r| 0.04 0.07 0.05 0.05 0.03 0.07
High moisture r -0.20 -0.17 -0.20 -0.19 -0.21 -0.17
by-productg P> |r| 0.11 0.7 0.12 0.13 0.09 0.18
Premix r -0.24 -0.21 -0.21 -0.23 -0.24 -0.21
P> |r| 0.06 0.10 0.09 0.07 0.05 0.09
Correlation coefficients for macnminerals
Ca P K Mg Na S
Hay? r 0.14 0.11 0.15 0.64 0.24 -0.13
P> |r| 0.26 0.38 0.23 <0.0001 0.06 0.31
Corn silage r 0.18 0.19 0.26 0.39 0.13 0.05
P> |r| 0.16 0.14 0.04 0.002 0.30 0.71
High moisture r -0.18 -0.34 0.36 0.50 -0.33 0.24
by-product$  p> |r| 0.15 0.007 0.003 <0.0001 0.008 0.06
Premix r 0.20 0.22 0.23 0.39 0.15 0.04
P> |r| 0.12 0.08 0.07 0.001 0.24 0.78
Correlation coefficients for traeminerals
Al Co Cu Fe Mn Mo Zn
Hay? r 0.20 0.06 -0.08 0.16 -0.46 -0.07 -0.42
P> |r| 0.11 0.62 0.54 0.21 0.0001 0.57 0.0005
Corn silage r 0.14 0.14 -0.02 0.12 -0.26 -0.02 -0.37
P> |r| 0.26 0.27 0.89 0.36 0.04 0.86 0.003
High moisture r -0.19 0.17 -0.16 -0.10 -0.03 -0.07 -0.03
by-productg P> |r| 0.13 0.19 0.21 0.43 0.84 0.60 0.82
Premix r 0.13 0.11 -0.004 0.11 -0.24 -0.04 -0.33

P> |r 0.32 0.40 0.97 0.38 0.06 0.74 0.01

LEithergrass or alfalfa hay
2Eitherbrewer or corn distillergrains
3Pearson correlation coefficier(t for concentrations of TMR nutrients.
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