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Abstract

Since the inception of milk replacer and our understandingof rumen
development,calf nutrition programshavebeendevelopedto minimize liquid
feeding in an effort to reducecost and decreasethe time to weaning. This
approachhasbeenwidely adoptedover the last 50 years,howeverit doesnot
representthe systematicapproachwe as an industry have developedand
adoptedwith everyother classof growing cattle. A re-evaluationof our calf
programs suggest that new nutritional managementguidelines should be
developedin aneffort to improvecalf growthandsurvivability. New toolsare
availableto helpusmakemoresystematicdecisionaboutcalf nutrition anddata
areavailablethat suggestwhat we do in the first few weeksof life will have
long-term impacts on animal productivity.

Introduction

From theperspectiveof a nutritionist,oneof themostover-lookedgroupsof animalson a dairy farm hasbeen
the milk-fed and transitionalcalf. Thereare severalreasonsfor the lack of a mechanisticapproachto “ration
formulation” for the young calf, primary of which has beenthe unavailability of tools for calculatingnutrient
requirementsandsupply. With the releaseof the2001NationalResearchCouncilNutrientRequirementsof Dairy
Cattle,a more useful approachto feedingcalveshasbeendeveloped. The new Dairy NRC (National Research
Council,2001)employsa moremechanisticapproachto calf growth anddevelopmentthanpreviouslyutilized in
theUnitedStates,andwith adoptionof thesystemthe industrywill be encouragedto re-evaluatetheone-sizefits
all approach to calf feeding that currently exists. 

Theobjectivesof this paperwill be1) to reviewcurrentfeedingrecommendationspublishedby manufacturers
of milk replacersandevaluatedby the new 2001Dairy NRC, 2) to describenew body compositionresearchand
implicationsfor that research,3) discussdatathat indicatesthat calf managementin the first few weeksof life is
beneficialfor long-termproductivityand4) sharesomepreliminarydatathatdescribesour experiencewith botha
more intensified calf feeding system and the adoption of the target growth system.

Milk replacerformulation and feedingguidelineshavebeendevelopingon a widespread,commercialbasis
sincethe 1950s. Roy (1964)examinedtheorigins of commercialmilk replacerandclarified the contextin which
developmentslike fat concentration,ingredientchoices,and feedingpracticeswere made. It is clear from the
review of Davis and Drackley (1998) that considerableresearchhasbeencompletedover the last 50 yearsto
elucidatethespecificnutrientrequirementsof theyoungcalf, aswell asthepotentialbenefits(or risks) of various
feeding practices. It is thereforelogical to assumethat the advancesin this nutrition technologywould be
subsequentlyreflectedin the feedinginstructionsusedto tag calf milk replacerproductsdevelopedfor andby the
dairy industry.

However, the resultsof our investigationof milk replacerproductscurrently on the market illustrate that
technologicaladvancesof the last 50 yearsare not well representedby currentindustry recommendations.Our
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field observations,as well as the marketresearchresultsof large milk replacermanufacturers,indicatethat calf
raisersareunawareof the disconnectin the researchanddevelopmentof a systembecausewhile adheringto the
old paradigmsof minimized liquid feed intake they continueto complainabout animal performance,including
growth and health.  

Likewise, dairy calf raisersshould be encouragedto adapttheir feeding practicesto allow for significant
changesin managementso that implementationof a moresystematicapproachmay yield economicallybeneficial
results. An assessmentof economicfeasibility shouldbebasednot only on the investmentin heifer rearing,but
alsoon thereturnon that investment.It hasbeenrecognizedthat replacementheifermanagementdecisionsinteract
with the biological aspectsof growth, therebyinfluencingthe future profitability of the heifer (Mourits, M. 2000;
Quigleyet al., 1996). It is intuitive thatthebiologically correctgrowthsystemis thebestmethodfor therearingof
an animal of any species.  If “biologically correct” does not equate to “economically optimal”, then we would argue
that there is a bottleneck in the management system. 

Evaluation of Current Feeding Practices

The following examplesare usedto demonstratelabeled feeding ratesfor a group of randomly selected
commerciallyavailablemilk replacers.For this exercisewe fed an examplecalf with the2001Dairy NRC Model
(NationalResearchCouncil,2001)accordingthe feedinginstructionsprovidedby the milk replacermanufacturer
on the product tag.  For this exercise calves were characterized in the following way: 

1) Twelve to fourteendaysof age- It is reasonableto believethat by this stageof developmenta calf is morethan
capableof thedry matterintakespecifiedby labelrecommendations,but sheis not likely beconsuminga quantity
of starter grain sufficient to contribute to an appreciable amount of metabolizable energy.

2) Onehundredpoundsbody weight - averageHolsteincalf birth weightsarebetween86 and95 lb (Diaz et al.,
2001,Tikofsky et al., 2001),andcalvesgenerallydo not gaina significantamountof weight in thefirst two weeks
of life due to a variety of challenges including health, environmental change, and nutrient intake.

All of themilk replacersweremadefrom all milk proteinsources.The 2001Dairy NRC usesmetabolizable
energy(ME) andapparentlydigestibleprotein(ADP) asthe respectiveenergyandprotein“currencies”which is a
welcomedeparturefrom previousapproaches.Basedon theenergyandproteinallowablegainspresentedin Table
1, thegoalasdescribedby thefeedinginstructionsof thesesamplesof standardmilk replacers(A, B, C, andD) is
someproductionlevel betweena near-maintenancegain of 0.22 lb/d and 0.88 lb/d assuminga thermo-neutral
environment. Theseexpectedgainsare consistentwith researchobservations(Diaz et al., 2001,Bartlett, 2001).
Evaluationsof milk replacersE andF demonstrateenergyandproteinallowablegainsbetween1.65and2.00lb/d,
and an acceptable balance between the energy and protein allowable gain, unlike the previous milk replacers.
From a systematicperspective,setting manageabletargetsfor both weaningweight and feed efficiency would
indicate that milk replacers E and F are more appropriately labeled and formulated for meeting those goals.  

The requirementfor protein is energydriven, subsequentlyany increasein energyintake will increasethe
demandfor protein and a given productmight not provide the bestbalanceof nutrients. This is illuminated in
Table 2 by the data summarizedby Davis and Drackley (1998) and describedby Drackley (2000). The data
summarizedby Drackley (2000) demonstratethat the protein requirementis a function of the energyallowable
gain. As theenergyintakeincreasestheproteinrequiredto meettheenergyallowablegain increases,thusthereis
no single protein value that meets the nutrient requirement of the calf. 

The feedingexamplesdescribedin Table1 were accordingto the labeledfeedingrateson the producttag.
Many questionwhetherfeedingmoreof a 20%CP,20% fat milk replacerwould allow calvesto achievethesame
performanceascalvesfed a higherproteinmilk replacer. Comparisonsof “off-label” feedingratesare found in
Table3. Fromthedatafound in Table3, it is apparentthat traditionalmilk replacerformulationsweredesignedto
be fed at closeto labeledrates. Exceedingthat level of intake in all casesexceptfor milk replacersE and F
demonstratesa deficiencyin proteinallowablegain,which will leadto an accumulationof fat anda reductionin
proteindepositionandfeedefficiency(Bartlett,2001,Diaz etal., 2001). All of theslaughterwork conductedin the
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last few years(Bartlett, 2001,Diaz, et al., 2001,Tikofsky et al., 2001)supportsthe predictionsof the 2001NRC
calf model. Within the equationsemployedin the 2001 NRC calf model there are areasof debateconcerning
energypartitioning and efficiency of use for protein, but the predictionof energyallowablegain is reasonable
within the limits that most of the industry would apply.

All of theexamplesin Tables1 and3 assumethermo-neutralconditions. Due to their body weight to surface
arearatio, calvesbecomecold stressedat moderatetemperatures.Again the 2001 Dairy NRC calf model was
employedto evaluatefeedingrecommendations.Themodelhasanenvironmentalcomponentthat allows theuser
to evaluatetheaffectof temperatureon maintenancerequirements. Two milk replacerswereused,a 20:20CP:fat
and a 28:20 CP:fat inputtedat labeledfeedingratesand temperatureswere decreasedfrom 68°F to 50°F and to
32°F for a 100 lb calf (Table 4). From this exerciseit becomesapparentthat a calf will be cold stressedat a
relativelymoderatetemperatureof 50°F (Table4). Most 100lb calveshavenot begunto developa rumenanddry
matterintakesasidefrom milk replaceror milk, areusuallyvery limited. Thecalf fed a traditionalamountof the
20:20CP:fatmilk replacerwill be very closeto negativeenergybalanceat 50°F andwill definitely bemobilizing
adiposetissueat 32°F. When a calf reachesthis point, immunestatuscan be easilycompromisedand the calf
becomessusceptibleto factorsotherthancold. Theemptybodyfat contentof 100lb calvesis 3.5 to 4%, (3.5 to 4
lb) of which approximatelyhalf canbe mobilizedto supportheatproduction. The calf fed the 28:20CP:fatmilk
replacerwill receiveenoughnutrientsto maintainadequategrowththroughthecold stressconditionsandwecould
expectmoreimmunecompetencefrom thiscalf, assuminganadequatedry cowvaccinationandcolostrumprogram
wasin place. Somemilk replacerfeedinginstructionssuggestfeedinga supplementalfat during periodsof cold
stress. Most of thoseproductsare7% CP and60% fat. Adding 0.25 lb/d of a 7:60 fat sourceto supplementthe
intake of the calf fed 1.0 lb of the 20:20 CP:fat milk replacerat a temperatureof 32°F increasesthe energy
allowablegain to 0.22 lb/d, just slightly abovemaintenance.Feedingmore of an appropriatelybalanceddiet to
meettherequirementsfor bothenergyandproteinallowablegainwould appearto be themostsystematicsolution
to this cold-stresschallenge. Incidentally,it is duringperiodsof cold stressthatmanyproducerswill indicatethey
noticegreateracceptabilityandintakeof startergraincomparedto warmerperiods– this is mostlikely in response
to a tremendous need for energy to maintain body temperature and survival.

Growth Studies
 
In the first study (Diaz et al., 2001; Smith et al., 2002), sixty calveswere assignedrandomlyamongthree

treatments(TRT) aftera threeto five dayperiodof adjustment.Treatmentsweredesignedto achievethreetargeted
daily ratesof LWG (TRT 1 = 1.1,TRT 2 = 2.1 andTRT 3 = 3.1 lb/d). Themilk replacer(MR) (Milk Specialties
Co., Dundee,IL) was formulated to contain 30% CP and 20% fat (DM basis) and was an all-milk protein
formulation. This dietaryCP contentwasselectedbasedupon previousstudies(Donnelly andHutton, 1976a,b)
that indicateda plateauin daily proteinaccretionmight beachievedat nearmaximalDMI with a CPconcentration
of 30%.  The goal of the diet formulation was to ensure that protein would not be the most limiting nutrient.  Calves
were assigned to treatment and slaughter at predetermined body weights (Table 5).   

On thesamesetof calveswe simultaneouslyinvestigatedthe relationshipbetweenDM intake,growthrateandthe
developmentof thesomatotropicaxis. We wereinterestedin determininghow earlyin life theST axis is expressed
andfunctional. To testfunctionality we administeredexogenoussomatotropin(120µg/kg BW) for 3 daysprior to
slaughterandthensampledplasmaandvarioustissuesfor analysesof IGF-I andmessengerRNA for IGF-I andthe
ST receptor.  

        Significant findings from these studies were: 

3 Growthratesof calvesfed a milk replacerthatmorecloselymeetstheir requirementsaredifficult to control;
calves have a tremendous capacity for growth. 

4 Feedefficiencieswererelatively high (0.6 to 0.78gain to feed)comparedto traditionalon farm efficiencies
(~0.3to 0.4), most likely a resultof moreadequateprotein levelsthat allowedfor greaterproteindeposition,
levels of DM intake well above maintenance and no transition to dry feed during the course of study.
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5 Composition of gain of calves on this study differed from that predicted by either the 1989 Dairy or 1996 Beef
NRC equations (Table 6) and this has significant implications for proper growth and development of
replacement heifers. Composition of gain is also different than that predicted by the current calf model
(National Research Council, 2001), however the prediction of average daily gain is reasonable.

6 Increased MR feeding did not result in any observable negative health consequences, which suggests our
management was adequate and that the milk replacer was formulated properly to allow for adequate
digestibility. We believe data indicating that general health is decreased and scours are increased with
increased liquid feed intake are related to lapses in management or are observations made from older data
where milk replacer manufacturing methods were not as refined as they are today. 

6.3 The somatotropic axis is functional as early as 21 days of age and is responsive to plane of nutrition (Table
7).  This is significant in that it demonstrates normal regulation of endocrine and possibly paracrine signals
of growth early in life. This raises the question of whether traditional feeding strategies on farm with
conventional nutrient densities in our industry standard MR are adequate to allow full expression of the
somatotropic axis. 

A subsequent study by Tikofsky et al., (2001), was conducted to determine the effect of varying levels of dietary
fat and carbohydrate for dairy calves fed under isocaloric and isonitrogenous intake conditions. Furthermore, to
assess this potential effect under conditions where calculated protein intakes as a function of the energy intake are
not considered to be limiting growth (Davis and Drackley, 1998; Diaz, et al., 2001). Previous work was
confounded by varying fat and or protein levels and allowing intakes to remain similar, thus creating diets that were
not isocaloric or isonitrogenous. This lack of control confounds interpretation of the primary effect of fat or
carbohydrate on the efficiency of use of the energy source on growth rate or body composition. 

Milk replacer formulations were manufactured according to protein and fat specifications determined by the
investigators so that target DMI for each treatment would enable isocaloric and isonitrogenous intake conditions
among treatments (Table 8). Treatment diets consisted of three specially formulated MR (Milk Specialties, Co.,
Dundee, Ill.). The protein content of all MR was derived from all-milk sources, and the fat content was primarily
tallow. Fat and lactose content of all diets was formulated to deliver treatments that are defined as low fat, high
lactose (LF); medium fat, medium lactose (MF); and high fat, low lactose (HF).   Dry matter intake for calves on all
treatments was calculated to deliver 0.24 Mcal/kg BW0.75 for treatment d 1 through 14, and then increased to 0.28
Mcal/kg BW0.75 from d 15 until final slaughter weight was reached. Targeted energy intakes for individual calves
were adjusted every 7 d based on changes in animal weight. Dry matter intake targets were designed to create
isocaloric and isonitrogenous dietary intake conditions. Free choice water was offered at all times. Dry feed was
not offered.    

Mean days on treatment were similar for calves among treatments (P = 0.9). Mean initial BW and mean final
BW were similar among treatments (P = 0.83 and 0.91, respectively), and consequently average rate of BW gain
was similar among treatments (P = 0.66). Gross energy and protein intakes of MR diets are shown in Table 9. No
differences were detected for protein intake (P = 0.79), and GE intake (P = 0.63), thereby sustaining the desired
effect of isocaloric and isonitrogenous intakes among treatments. There was a higher intake of fat as fat percentage
in the diets increased from LF to HF (P = 0.001).  Compositional results are shown in Table 10.  

Results expressed as a percentage of whole EB demonstrate the same pattern as weight results for all measured
components. However, in this analysis it is apparent that water, as a percentage of whole EB, is different between
the LF and HF treatments (P = 0.04). Therefore, means of dry EB composition among treatments were analyzed to
determine if there was a tendency for a lower fat diet to promote the development of a leaner animal. On a water-
free basis, protein and fat content of the dry EB composition were different between LF and MF, and LF and HF
treatments (P = 0.006 and 0.003, respectively). Therefore, animals on LF deposited less fat resulting in the
development of leaner animals.

Significant results from the study of Tikofsky et al. (2001):

7 Treatments remained iso-caloric and iso-nitrogenous throughout the course of the study, thus providing us
with better interpretive data than previous studies.
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8 Increasingthelevel of carbohydrate(~55%)andloweringthefat (~15%)to levelswithin this experimentwas
notdetrimentalto digestivecapacityandsuggeststhatthereis acritical upperlevelof carbohydrateintakethat
affectsdigestionand scours(60% lactoseis the critical level for increasingthe likelihood of carbohydrate
induced scours).

9 Although diet composition was dramatically different, when fed under iso-caloric and iso-nitrogenous
conditions, daily growth rate was not different.

10 Increasing dietary fat intake increased body fat deposition and did not affect protein retention or “you are what
you eat.”

11 Under conditions of iso-caloric and iso-nitrogenousintake, body compositioncould be altered by diet
composition,independentof growth rate; thereforerateof gain shouldnot be a solemeansof assessingthe
efficacy of a nutrition regimen for milk replacer-fed calves. 

A studyconductedby Bartlett (2001)evaluatedthe effectsof isocaloricdiets at four protein levelsand two
levelsof intake(Table11). A setof baselinecalveswereslaughteredandtheremainingcalveswerefed treatment
dietsfor 35 daysandthenslaughtered. Theproteincontentof themilk replacerswas14, 18, 22 and26% andthe
proteinsourcewasall milk protein. Intakesweresetat 10% and14%of bodyweighton anasfed basisandmilk
replacerwasreconstitutedto 12.5%solids. It is apparentfrom thedatathatgrowthrateis primarily energydriven,
however protein level can have a reasonable impact on the growth rate of calves (Table 11).  

Significant results from the study of Bartlett (2001):

12 Data indicate that energy intake drives the requirement for protein, thus the protein required will be a  
        function of the desired growth rate.

13 If the desired outcome is a leaner calf, growth rate alone is misleading since growth rate did not 
significantly changein calvesat the 14% bodyweightintakelevel whenthe diet wasincreasedfrom
22% to 26% protein,howeverbody compositionwassignificantly alteredby the changein protein
concentration and thus intake level.

14 Coupled with the data of Diaz et al. (2001), this data suggests that to optimize protein deposition in 
       calves fed a milk based protein diet, the dry matter content of protein would need to be ~ 28% CP
which is similar to the crude protein content of whole milk.  Equations generated from this data 
indicatethat to meetthe energyallowableprotein requirementwhencalvesaregainingin excessof

1.5 
lb/d, the protein contentof the diet must be at least 26 to 28% CP on a DM basis. This is in

agreement 
with levelspredictedin a summaryof the literature(Drackley,2000). Higherproteincontentwould
be necessary to achieve high rates of gain without increased fat depositon.

Early Development and Productivity

A consistentquestionsurroundingthis researchandthatpotentialapplicationof this researchis whatis the long-
term impactof increasedfeedingratesof milk fed calves? Severalstudiesexist in the literature,which serveto
addressthat question.Brown et al., 2002 conducteda study to determineif feeding increasedamountsof milk
replacer decreased mammary development in milk fed calves.  The study was conducted in two phases, two to eight
weeksand then eight to fourteenweeks. Calveswere assignedto a either a high or low rate of gain prior to
weaningand then maintainedon that level or switchedan alternaterate of gain post-weaning(Table 12). The
heifercalveswerethenslaughteredandmammarydevelopmentdetermined.During theprior to weaningthehigh
calveswere fed a 28.5% CP, 15% fat milk replacerwhereasthe low calveswere fed a 20%CP,20% fat milk
replacer.Mammaryparenchymagrowthwasenhancedby 32% during thehigh milk feedingphaseandmammary
DNA and RNA was enhanced by 47% during the high milk feeding phase.  This increase in mammary development
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wasnot observedoncethe calveswereweaned,indicating the calf is moresensitiveto level of nutrition prior to
weaning and that the enhancement mammary development cannot be “recovered” once we wean the animal.

Sejrsenet al., (2000) also reporteddatasupportingthis observationand that oncethe calveswere weaned
mammarydevelopmentwasdecreasedby increasednutrient intake. It shouldbe notedthat this authordoesnot
believethat this differencein mammarydevelopmentis directly linked to the potentialfor increasedmilk yield.
Rather,this effect is an “indicator response”for enhancedwhole animal developmentwhether it be immune
function, satellite cell incorporation or some other currently undocumented developmental process. 

Further,therearethreestudiesthat haveinvestigatedeitherthe effect of sucklingversuscontrolledintakesor
ad-libitumfeedingof calvesfrom birth to 42 or 56 daysof life (Bar-Peledet al, 1997;FoldagerandKrohn, 1994;
Foldageret al, 1997). In eachof thesestudies,increasednutrient intake prior to 56 days of life resultedin
increasedmilk yield during thefirst lactationthat rangedfrom 1,000to 3,000additionalpoundscomparedto more
restrictedfed calvesduring thesameperiod. This datafurthersuggeststhereis factorsnot well definedthatallow
thecalf to bemoreproductivethroughouther life. Similar responseshavebeenobservedin babypigsthat indicate
enhancedearly nutrition has long-termpositiveeffectson healthand productivity. Researchis underwayin our
laboratory to further define these factors.

      Cornell Lactation Data.  The following data was generated from the Cornell University Dairy Herd.  In 1997 all
of our herd heiferswere moved to an “intensified” feedingmanagementsystem. The following study data is
controlled,thereforeit allowsusto makea comparisonwithin herdof thefirst lactationmilk yield comparedto the
maturecattlein theherdthat wereneveron an intensifiedsystemof rearing. Thestudydescribedherewasa pre-
pubertalfatty acid feedingstudyandall heiferswerefed the intensifiedsystem(Smith andVan Amburgh,2002).
Heifers were assignedin a restricted randomizationto accommodatepen-feedingconditions at the Cornell
Teaching and Research Center Dairy Unit.  Calves were fed a 30% CP, 20% fat milk replacer at 2% BW DM intake
andwereprovideda startergrain that was25.7%CP (DM basis)andcontained1.18Mcals NEm and0.47Mcals
NEg per lb. Calveswereweanedby eightweeksandwerethengroupfed oneof four diets:Control– no fatty acid
supplementation;Sunfloweroil – sunfloweroil addedto equalthe fat level of the CLA diet; EnerGII – EnerGII
addedto equalthefat level of theCLA diet; anda calciumsaltof conjugatedlinoleic acid(CLA) – mixedisomers.
Heiferswere fed treatmentdietsuntil they were630 lb on averageandaveraged182 dayson treatment. Diets
werebalancedto besimilar in metabolizableenergy(ME) andprotein(MP) allowablegain(~ 1.0kg/d ME andMP
allowablegain) using the CNCPS(Fox et al., 2000)and the gainsweredesignedto allow for 22 mo ageat first
calving.Heifersenteredthebreedingwindow whentheyweighedapproximately750lb BW. Thetargetbreeding
systemdescribedby Fox et al., (1999)andthe 2001Dairy NRC (NationalResearchCouncil,2001)wasutilized.
Basedon anaveragematureweightof 1,476lb, heifersweretargetedto bepregnantby approximately812lb (55%
of matureweight) independentof ageandto weigh1,210lb (82%of matureweight) post-calvingat first calving.
A commonpost-treatmentdiet wasfed to all heifersafter they wereremovedfrom treatmentandwasdesignedto
achievethe targetpost-calvingbody weight. During lactation,the heiferswere fed a commondiet, housedasa
group,milked threetimesper day andgiven bST per label. Breedingwasbasedon a voluntaryweight periodof
approximately 45 days.

Therewas no significant differencein 3.5% fat correctedmilk amongthe fatty acid treatments(Table 13)
thereforetheheiferswerere-stratifiedindependentof theoriginal treatments.Theheiferswerestratifiedby ageat
first calving independentof the original study. Heiferswerecategorizedby thosecalving lessthan21 mo, 22-23
mo. and24 mo andgreater(Table14). Althoughtherewasno heifersfed lessto serveascontrolsfor rateof gain
effectson lactationperformance,theproductionof theheifersin thefirst lactationcomparedwith thematurecattle
productionlevels is aboveaverage. First lactationheifersshouldproduceat 80% or betterof the lactationmilk
yield of the maturecattle in the herd(82 to 85% is excellent). The third lactationcattleat theCornellDairy Unit
arecurrentlyproducing~ 28,522lb milk per lactation. Thus,the first lactationheifersareproducingat 88%of the
maturecattle in the herd. The heifersthat calvedin early (20 mo) aremost likely the smallermaturesizecattle
within the herd and achievedpubertyat an earlier age,whereasthe larger maturesize cattle (24 mo) achieved
pubertyat aslightly heavierweight,which leadto agreaterAFC. Notehoweverthereis no differencein milk yield
among heifers calving at an average age of 20 mo, compared with the older animals.

This datademonstratesthat a systematicapproachto calf andheifer managementfrom birth coupledwith an
appropriaterearingstrategyandadherenceto a targetgrowthapproachwill allow heifersto achievelower agesat
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first calving without a milk loss or at least reduce the variation in milk yield associated with age at calving.
Whether this increase in performance relative to the mature cattle in the herd is due to the more intensive calf
rearing system is unknown, and a study to determine this directly is underway. 
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Table 1. Energy (ME) allowable gain (lb/d) and apparentlydigestibleprotein (ADP) allowable gain (lb/d) of
examplecalf fed variety of milk replacerformulationsaccordingto labeledinstructionsasevaluatedby the 2001
Nutrient Requirements of Dairy Cattle (National Research Council, 2001).
Milk
replacer

Formulationa

(CP%:fat%)
Gross energy
(Mcal/lb)b

DMI (lb/day) Dilution
(%)

Energy
allowablegain
(lb/d)

Protein
allowablegain
(lb/d)

A 22 : 12 2.14 0.93 10.4 0.22 0.55
B 22 : 20 2.34 1.00 10.4 0.48 0.62
C 18 : 21 2.33 1.25 11.6 0.88 0.64
D 20 : 20 2.32 1.25 11.6 0.79 0.73
E 28 : 20 2.31 1.98 15.3 1.65 1.86
F 28 : 15 2.27 2.25 17.4 2.00 2.20

aAll milk replacersmanufacturedwith all milk proteinsources. The fat sourcewasmostly lard or choicewhite
grease.bCalculatedvalue, assuminggrossenergyvalues(kcal/g) for lactose,protein, and fat commonto milk
replacersare 3.95, 5.86 and 9.21, respectively(Davis and Drackley, 1998). Assumingashcontentof all milk
replacer is 7% and lactose is calculated by difference (100 – ash – fat – protein).

Table 2.  Effect of rate of body weight gain with constant initial body weight (100 lb) on protein requirements of
pre-weaned dairy calves (adapted from Davis and Drackley, 1998) (From Drackley, 2000).
Rate of gain (lb/d) ME, (Mcal/d) ADP (g/d) Required DMI1, (lb/d) CP required, (% of DM)

0 1.75 28 0.84 8.3
0.50 2.30 82 1.11 18.1
1.00 3.01 136 1.45 22.9
1.50 3.80 189 1.83 25.3
2.00 4.64 243 2.24 26.6
2.50 5.53 297 2.67 27.2
3.00 6.46 350 3.12 27.6

1Amount of milk replacer DM containing 2075 kcal ME/lb DM need to meet ME requirements.

Table 3. Nutrient balanceas calculatedby the 2001Nutrient Requirementsof Dairy Cattle (National Research
Council, 2001) based on off-label increased feeding rates of milk replacers.
Milk
replacer

Formulationa

(CP%:fat%)
Gross energy
(Mcal/lb)

DMI
(kg/day)

Dilution (%) Energy
allowablegain
(lb/d)

Protein
allowable gain
(lb/d)

A 22 : 12 2.14 2.20 10.4 1.85 1.63
B 22 : 20 2.34 2.20 10.4 2.07 1.63
C 18 : 21 2.33 2.20 11.6 2.05 1.28
D 20 : 20 2.32 2.20 11.6 2.07 1.45
E 28 : 20 2.31 3.30 15.3 3.30 3.35
F 28 : 15 2.27 3.30 17.4 3.15 3.35

aSame milk replacers as in Table 1.

Table 4.  Effect of cold stress on predicted calf growth using the 2001 Dairy NRC calf model (National Research
Council, 2001). A 100 lb calf was used as the model calf.
Temperature, degrees F Milk replacer

formulation and intake,
lb/d

Energy allowable gain,
lb/d

Protein allowable gain,
lb/d

20:20
68 1.0 0.46 0.53
50 1.0 0.05 0.53
32 1.0 0.00 0.53

28:20
68 2.0 1.96 1.96
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50 2.0 1.67 1.96
32 2.0 1.41 1.96
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Table 5. Body weights, feed intake and growth performance of calves fed three levels of milk replacer and slaughtered at three different body weights in the
study of Diaz et al. 2001.

                                         Treatment 1             Treatment 2   Treatment 3             P
   SE1 TRT2

N 6 6 6 6 6 6 6 6 6

Target slaughter
weight, kg

65 85 105 65 85 105 65 85 105

Birth weight, kg 44.7 44.8 47.8 44.4 45.2 44.5 45.8 44.0 44.0 1.27 0.9

Actual slaughter
weight, kg

65.5a 85.0b 105.5c 68.0a 86.0b 102.5c 68.0a 84.0b 104.0c 1.26 0.9

Days on treatment 40.0a 67.0b 98.5c 25.0a 39.0b 62.0c 24.0a 34.0b 50.0c 1.94 0.02

Total DMI, kg 32.0a 59.6b 88.9c 30.0a 57.8b 95.0c 27.0a 50.3b 84.5c 3.54 0.04

Daily DMI, kg 0.80a 0.89b 0.90b 1.20a 1.48b 1.53b 1.13a 1.48b 1.69c 0.01 0.04

DMI, % of BW 1.62a 1.44b 1.23c 2.46a 2.45a 2.15b 2.39a 2.67b 2.48c 0.05 0.00
1

Gain to feed 0.65a 0.65a 0.42b 0.57a 0.60b 0.62b 0.78a 0.76a 0.70b 0.03 0.00
1

ADG, g/d 0.52a 0.60a 0.59a 0.94ab 1.04b 0.94a 0.93a 1.17b 1.21b 0.04 0.00
3

Plasma urea nitrogen8,
mg/dl

  12.0 a 9.3b   10.2 c  12.5 a   13.1b   9.4c   10.1 a   12.4b   10.2 a 1.29 0.4

1SE = Standard error of the mean. 2Treatment. abcValues with different superscripts differ (P < 0.05) by slaughter weight within treatment.

Table 6.   Comparison of observed energy and protein retained from the study of Diaz et al. with prediction equations used in the 1989 Dairy (National
Research Council, 1989), 1996 Beef NRC (National Research Council, 1996) and the 2001 Dairy calf model (National Research Council, 2001). 

Retained Energy, Mcal/d Retained Protein, g/d
Treatmen
t

Observe
d

Predicted 
1989
Dairy

Predicted 
1996
Beef

Predicted
2001
Dairy

Observe
d

Predicted 
1989
Dairy

Predicted 
1996
Beef

Predicted
2001
Dairy

1 1.17 1.17 0.92 1.40 137 99 130 103
2 2.48 2.12 1.72 3.00 199 161 213 199
3 2.82 2.45 2.01 3.52 244 183 244 227

Table 7.  Calf plasma insulin-like growth factor-I concentrations expressed in ng/ml from the study of Smith et al (2002).  Pre-challenge samples were taken
four days prior to slaughter.  Pre-challenge samples were taken either 14- or 24-hr after the third daily bST injection.

                                           Target daily gain (g/d)

11



Plasma IGF-I values (ng/ml)
summarized over all
slaughter weights (65, 85,
105 kg)

500 950 1,400
Pre (baseline) 143 243 267
Post 14-hour 293 500 527
Post 24-hour 230 367 430
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Table 8.  Milk replacer diet specifications on a dry matter basis for calves fed on the
study of Tikofsky et al., 2000.

Low fat Medium fat     High fat
Dry matter 97.2 96.9 96.3
GEa, Mcals/kg DM   4.62   5.09   5.77
Protein, % DM 23.54 24.80 27.00
Fat, % DM 14.79 21.62 30.62
Lactoseb, % DM 55.29 46.69 35.36
Ash, % DM   6.37   6.89   7.02
Ca, % DM   0.83   0.92   1.01
P, % DM   0.67   0.73   0.74
Magnesium, % DM   0.14   0.15   0.15
Potassium, % DM   1.72   1.78   1.78
Sodium, % DM   0.77   0.84   0.89
Vitamin A, KIU   16,500 18,117 20,060
Vitamin D, KIU 5,883 6,039 6,686
Vitamin E, IU 110 121 134

aGross energy. bLactose determined by difference.

Table 9. Days on treatment, initial and final full body weight, average daily gain for all treatments and calculated
dry matter intake and measured intakes of GEa, protein and fat for calves on the study of Tikofsky
et al., 2000.

   Low fat
    Medium fat      High fat      SEM P

n   8 8 8
Days on treatment 54.6 56.1 55.1 2.7 0.90
Initial body weight, lb 105 104 102 2.2 0.83
Final body weight, lb 190 188 188 1.3 0.91
Average daily gain, lb   1.6   1.5   1.6 0.03 0.66

Dry matter intake, lb   122x  116.4xy   103y 2.49 0.02
GE intake, Mcals 257.6 268.8 270.3 12.83 0.63
Protein intake, lb   28.7 28.8 27.8 0.62 0.79
Fat intake, lb     18x 25y 31.6z 0.60 0.001
aGross energy.   x,y,zValues with different superscripts are statistically different.  Fisher’s pairwise comparison used
to determine differences between treatment means (individual error rate = 0.025).  ANOVA used to calculate
overall P-value from F-statistic.

Table 10.  Whole empty body (EB) and dry EB composition
Low fat Medium fat High fat SEM P

Whole EB composition
EB protein, % 17.54 17.21 17.38 0.151 0.69
EB fat, % 8.48x 9.91y 11.0y 0.253 0.002
EB ash, % 3.63 3.42 3.33 0.086 0.37
EB water, % 70.33x 69.43xy 68.25y 0.307 0.04
Dry EB composition
EB protein, % 59.18x 56.42y 54.85y 0.498 0.006
EB fat, % 28.58x 32.36y 34.63y 0.628 0.003
EB, ash % 12.24x 11.23xy 10.53y 0.275 0.06
xyValues with different superscripts are statistically different.  Fisher’s pairwise comparison used to determine
differences between treatment means (individual error rate = 0.025).  ANOVA used to calculate overall P-value
from F-statistic. 
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Table 11.  The daily protein (g/d) and energy intake (kcal/d), average daily gain of calves assigned to one of four
treatment diets that varied in crude protein level under isocaloric intake conditions at two levels of dietary intake,
10% and 14% og body weight.  The tissue deposition is from the 14% bodyweight intake treatment calves(Bartlett,
2001).   

Formulated CP%
Intake 14% 18% 22% 26%
CP, g/d
      10% Bodyweight 89 119 150 162
      14% Bodyweight 138 175 214 245
ME, kcal/d
      10% Bodyweight 2837 2934 3079 2980
      14% Bodyweight 4394 4312 4399 4516
Average daily gain, lb/d
      10% Bodyweight 0.55 0.67 0.9 0.79
      14% Bodyweight 1.12 1.24 1.52 1.54
Tissue deposition for the
14% 
bodyweight intake treatment
over 35 days, lb
     Protein 4.61 5.75 7.91 8.73
     Fat 8.13 7.32 6.57 6.17

Table 12.  Effect of two levels of nutrient intake from 2 to 8 weeks and 9 to 14 wks of age on mammary
development in Holstein heifer calves.  Data indicates that mammary development was enhanced by liquid feed
intake prior to weaning, but the effect was not observed once weaning occurred. (Brown et al., 2002)

Low-Low Low-High High-Low High-High
Daily gain 2 to 8 wk, lb/d 0.84 0.84 1.47 1.47
Daily gain 9 to 14 wk, lb/d 0.97 2.41 0.97 2.41
Final bodyweight, lb 176 234 192 267
Total mammary wt., g/100 kg
bodyweight 253 391 266 512
Parenchymal wt., g/100 kg
bodyweight 16 15 22 23
Parenchymal DNA, mg/100kg
bodyweight 45 42 79 86

Parenchymal RNA, mg/100kg BW 140 132 194 219

Table 13 .  Management and production characteristics of Holstein heifers fed a control diet or diets supplemented
with either sunflower oil, a commercially available calcium salt of primarily palm oil (Ener GII), or a calcium salt
of conjugated linoleic acid during the prepubertal period. Data are preliminary and are presented as least square
means. (Smith and Van Amburgh, 2002)

Contro

l

Sunflower

oil

Ener

GII

Ca

CLA

Std.

Dev.
n 16 16 17 16
Pre-pubertal daily gain, lb 1.90 1.92 1.96 1.87 0.15
Age first calving, mo 21.8 21.6 22.3 22.3 1.5
Days in milk 299 294 294 290 10
Body weight at calving,
lb

1,228 1,199 1,240 1,267 75

Milk yield, 3.5% FCM, lb 25,057 24,599 25,538 25,344 2,451
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Table 14. A post-hoc analysis of the management and production characteristics of Holstein heifers ranked by age
at first calving, independent of dietary treatment. Data are preliminary and are presented as least square means.
(Smith and Van Amburgh, 2002)
Age first calving rank, mo <21 21 - 23 >23 Std. Dev. P
n 19 27 19
Pre-pubertal daily gain, lb 2.16a 2.03 1.96b         0.2 0.05
Age first calving, mo 20.2a 21.8     24.2b        0.6 0.001
Days in milk 298 299 285     14.0 0.7
Post -calving weight, lb 1,177a 1,218 1,314b     42.0 0.001
Milk yield , 3.5% FCM,
lb

24,817 25,485 24,976 2,405 0.6

abcValues with superscripts within row differ P < 0.05.
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