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Feeding Dairy Cows to Minimize Nitrogen Excretion!

Glen Broderick?
USDairy Forage Research Center

Madison, Wisconsin

Abstract

Dairy cowstilizefeed crudeprotein (CP;
N x 6.25) with much greater efficiently than other
ruminant livestock but till excreteabout 2to 3times
moreN in manurethaninmilk. Thiscontributesto
increased costs of milk production and to
environmenta N pollution. Thefunction of dietary
CPisto supply the cow with metabolizable protein
(MP) asabsorbed aminoacids(AA), but any extra
dietary CP that does not contribute to absorbed
AA that areusedinproductionwill belargely lostin
theurine. Urinary N isthe most polluting form of
excretory N becausemuch of itislost asatmospheric
ammoniaor into surface and ground water. We
conducted anumber of tria stesting variouslevels
of CPin dietsformulated from typical Midwest
feeds. Generally, therewerenoincreasesinyields
of milk, fat-corrected milk, or protein with more
than 16.5% dietary CP. Inonetrial, reducing CP
to 15.6%, but adding rumen undegraded protein
(RUP) as heated soybean meal (SBM), did not
support production equal to 16.6% CP. However,
fishmed, especidly low solublefishmed, andcandla
meal werefound to be more effective sources of
RUPthan SBM or cottonseed medl. Supplementing
rumen-protected methionine has a so been shown
tobeeffectivefor dlowing somereductionindietary
CPwithout losingmilk yield. Frequent sampling
and analysisof feed ingredientsisvery important
for tracking the CP contents of the actual diet fed.
Monitoring milk ureacan also be used to assess

both dietary CPand urinary N excretioninlactating
cows. TheNRC (2001) protein feeding model is
useful for predicting production responses to
aterationsin dietary protein and should be used
regularly. Hay-crop slagesarethemost degradable
source of dietary CP. Where possible, replacing
alfalfa silage with alfalfa hay will improve CP
efficiency and reduceN excretion. Reducinggrain
particlesizeincreasesruminal starch digestionand
increasesmicrobial protein formation, solong as
ruminal pH is not depressed. The NRC (2001)
model can a so be used to match rumen-degraded
protein with carbohydrate fermentation. Future
research developmentswill alow evenlower digtary
CP levelsto be fed, thus reducing N excretion,
without lossof animal productivity.

Introduction

Ruminants make efficient use of dietsthat
arepoor inprotein content or quality becauserumind
microbessyntheszehigh qudity protein pluscapture
recycled ureaN that would otherwise be excreted
intheurine. Numerousstudiesshow thet dairy cows
utilizefeed CP (N x 6.25) much moreefficiently
than other ruminant livestock; however, dairy cows
still excrete about 2 to3 timesmore N in manure
thaninmilk. Inefficient N utilization necessitates
feeding large amounts of supplemental protein,
increasing milk production costs, and contributing
to environmental N pollution. An average cow
producing about 18,0001b of milk per lactationand
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also excretes about 23 tons of wet manure with
about 240 b of N distributed in those solids (Van
Horneta., 1996). The 15 milliondairy cowsand
replacement heifersin the U.S. produce over 1
milliontonsof manureN every year (Kelloggetd.,
2000). Of this amount, only 30% is actually
recovered and applied to cropland (Kellogg et d.,
2000). Dairy farmsarethought to be significant
contributorsof nutrientsto thehypoxiazoneinthe
Gulf of Mexico, ground water inthe Central Valey
of California, and the Chesapeake Bay (Burkart
and James, 1999; Harter et al., 2002; Ritter et al.,
2003). Farm animals contribute about 50% (1.5
milliontonsof N annually) of theU.S. emission of
ammoniaand 25% (0.1 milliontonsN per year) of
thetotd emissonsof nitrogen oxides(NRC, 2003).
Itisestimated that about 25% of dairy manureN is
lost as ammonia under current U.S. practices
(Pinder etd., 2003), contributing to annud anmonia
redeposition of manureN of 20to 36 Ib/acreinthe
Upper Midwest (Burkart and James, 1999). This
unaccounted-for N input may add to nitrate-N
lossesintiledrainage water and eutrophication of
surfacewatersviarunoff. Moreover, dairy farmers
areincreasing herd size, importing morefeed, and
feeding moreprotein, further contributing to nutrient
accumulationonland in dairy regionsand greater
nutrient impacts on the environment (Bundy and
Sturgul, 2001). Inthe future, promulgation and
enforcement of Concentrated Animal Feeding
Operationruleslikely will resultindairy farmers
being held more accountabl e for environmental
impactscoming fromtheir animals excreta.

How Much AreWeOverfeeding CP?

Theactud function of dietary CPisof course
to supply thedairy cow with MP-- intheform of
absorbed amino acids (AA)-- to meet her
requirements for maintenance and production.
Because extradietary CPthat isnot utilized by the
cow endsupinmainly theurine, wewantedtotest
theeffectsof increasing CPintakeon N excretion
aswell asproduction using dietsformulated from

typicd Mid-westerningredients. Inthefirst of these
trials, energy density wasincreased by reducing
forage from 75, to 62, and 50% of dietary DM,
giving dietswith 36, 32, and 28% NDF; dietary
CP was fed at about 15.1, 16.7, and 18.4% of
DM at each NDF level (Broderick, 2003). There
washointeraction between energy density and CP—
that meansthat the cowsresponded to CPthesame
way at al 3energy levels. Milk and proteinyield
bothincreased withthefirst CPincrement, but there
was not difference between production at 16.7 and
18.4% CP (Figure1). Therewasalinear increase
in N excretion with increased CPinthediet and
most of theextramanure N wasfoundintheurine.
Virtually the entire incremental urinary N was
excreted asureg, theformthat canbequickly broken
downandlost asvolatileammonia Thisexperiment
wasfollowed up by asecond study inwhich step-
wiseincreasesof 1.5 percentage units, from 13.5
t0 19.4% CP, were added to a50% forage ration
(Olmos Colmenero and Broderick, 2003). As
expected, milk ureaN (MUN), urinary urea, and
milk N:N-intakereflected thelinear declinein N
efficiency withincreasing CP(Table 1). Wealso
found that production was highest on the 16.5%
CP diet and observed a quadratic response that
indicated that milk and proteinyieldswere greatest
at 16.8and 17.1% CP, respectively. Over-feeding
protein actually appeared to suppress production.
These results were surprising because of the
common practice of feeding high producing cows
dietswith 18% (Shaver and Kaiser, 2004) or even
more CP (Gunderson et a., 1998; GR. Oetzdl,
University of Wisconsin-Madison, Personal
Communication). Thiseffect may beexplained by
thefact that CP wasincreased by adding solvent
SBM at the expense of high moisture corn, which
diluted dietary energy (Olmos Colmenero, and
Broderick, 2003). Moreover, there is a cost of
about 7 kcal of net energy per g of N converted to
urea(NRC, 2001). Similar findingsof noincrease
(Sanneset al., 2002; Groff and Wu, 2003), or even
reduced, milk yield (Wattiaux and Karg, 2004) with
more than about 16.5% dietary CP have been
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reported fromanumber of trids. Theseexperiments
werereversal studies (dietswere switched after 3
to 4 weeks) conducted largely with mid-lactation
cows, and thus, represent only thefirst iteration for
identifying “optima” CPleves. However, Wuand
Satter (2000) found that the dietary CP regime
supporting optimum yield of fat-corrected milk
(FCM) over thewholelactationinvolved feeding
17.4% CP for the first 16-weeks after calving,
followed by 16.0% CPfor theremaining 28 weeks
(Table2). Increasngdietary CPtoashighas19.3%
during thefirst-phase, or to 17.9% CPinthe second
phase, did not improve FCM yield. Theapproach
of testing various CPlevelsin standard dietsisnow
being used in conjunctionwith subgtituting different
sources of RUP; however, our objective should
aways be to minimize the CP fed to maintain
production. Reducing dietary CPintakeinlactating
cowssubstantially reduced volatile N lossesfrom
thestored manure (Kulling et a., 2001).

Tracking Diet Composition

Dairy farmersand the consultantsadvising
them often haveto deal with considerablevariation
andimprecisoninfeed compositiondata, especidly
protein contents. Thisuncertainty isperhapsthe
major reason for wide spread over-feeding of CP,
Itisdifficult to hit diet composition targetseven
whenusingdaly ingredient sampling and total mixed
ration (TMR) adjustment during feeding
experimentsconducted under controlled conditions,
including using defined forage sources (e.g.,
Broderick, 2003). Greater problems are to be
expected oncommercia dairy farmsdueto greater
variation and constantly changing feedstuffs. This
makes paramount the frequent collection and
analysis of representative feed samples. Feed
sampling isalogical processthat requirescareto
prevent separation of component fractions of
differing densities and particle sizes. Proper
sampling methods have been described in detail for
forages, themost heterogeneousfeeds (D. Putnam,
University of  California, Davis;
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http://dfafaucdavis.edu/sampling/hayprobe.html).
Briefly, thesetechniquesinvolve accounting for as
much variation aspossible (e.g., cutting number,
storage shed, and forage lot for a given hay
shipment), randomly collection of enough samples
to be representative of the whole supply, using
proper coring or other sampling techniques to
prevent fractionation, and sending the complete
sample (i.e., a blend of all subsamples) to a
laboratory certified by the National Feed Testing
Association. A current list of certified [aboratories
Is available on-line (www.foragetesting.org/).
Although thereislessvariationin composition of
concentrate ingredients, asimilar sampling and
testing philosophy should be reasonably applied to
determinecompostionof al feedsusedintheration.

Clearly, having only dataon CPcontent of
an unknown feedstuff tellslittleabout itsMP and
AA contents. However, knowing thefeed'sidentity
and its CP content on aDM basis provides much
of theinformation required to properly utilizethat
ingredient. Reliableandyses, and accuratetracking
of, DM, CP, and NDF inrationingredients, arethe
primary objective of most feed analyses (Mertens,
1997). Withinaration composed of alimited number
of macro-ingredients, CP content isthemgjor factor
dictating N utilization and excretion. Monitoring
MUN isasoavery useful techniquein thiscontext.
Ureaistheprimary formof excretory N inmammals
and blood ureaequilibratesrapidly throughout body
fluids, including milk; MUN concentrationsreflect
blood urea (Rook and Thomas, 1985) and
equilibration between blood and milk occurswithin
1 to 2 hours (Gustafsson and Palmquist, 1993).
Therefore, MUN serves as a useful index of
inefficient N utilization in thelactating dairy cow
(Baker etal., 1995; Kohnet al., 2002). Wefound
that dietary CP concentration, expressed on either
aDM (R2 =0.84) or energy (R2 = 0.83) basis,
had the strongest rel ationship to MUN (Broderick
and Clayton, 1997). Theequation for computing
CP from MUN was:. dietary CP (% of DM) =
0.269* MUN (mg/dl) + 13.7. Associationswere
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not as strong for two factorsclearly related to CP
utilization: excess N intake (R? = 0.77) and N
efficiency (R>=0.63); ruminal ammoniawasthe
most poorly associated (R? = 0.57) of thefactors
westudied indepth. Ureainbody fluids, including
milk, results not only from excess protein
degradationintherumenbut dsofromN inefficiency
caused by excess supply of proteinto thetissues.
Nousiainen et a. (2004) recently reported arobust
linear regression relating MUN (measured by
infrared methods) todietary CPfromNordicfeeding
trials. Thisequation can berearranged to compute
CP from MUN: dietary CP (% of DM) =
0.59*MUN (mg/dl) + 8.4. Kauffmanand St-Fierre
(2001) and Wattiaux and Karg (2004) both
developed predictionsfor urinary N excretionfrom
MUN that differ only dightly. Itisclear that rliable
field estimatesof MUN could be used to identify
diets that were relatively low or high in CP
concentration, and dietary CP content (% of DM)
could beestimated fromMUN. Accuraeandtimely
determination is perhaps the key to successful
application of MUN to monitor dietary CP. It may
be speculated that MUN readingswill some day
bemadeat cow sideinthemilking parlor. Indeed,
Jenkins et al. (2002) have attempted to analyze
MUN in cows during milking. Their system,
athough not robust enough for practical application,
showed considerable promise.

Using Nutritional M odelsin Ration
Formulation

Thevalue of applying nutritional models,
suchastheNRC (2001) or the Cornell system (e.g.,
O’ Connor etd., 1993), toformulation of dairy cow
rations does not need extensive elaboration.
Hanigan (2005) recently compared these two
model swith three others and concluded that the
NRC (2001) model was somewhat more accurate
at predicting protein flow fromtherumen. Both
the NRC (2001) and Cornell protein modelsare
sound and useful, but both require accurate
characterization of feedstuffs, not only chemical

composition but also ruminal and intestinal
degradation and digestion. Thetabulated estimates
of feed RUP in the NRC (2001) illustrate this
problem. Although based on a simple, single
compartment in situ model, many RUP estimates
have been derived from very few in situ
measurements. Although dataon solvent SBM came
from 14 determinations, only three values
contributed to the mean for corn gluten meal.
Another difficulty relatesthetime-lag between data
production and model development. The NRC
(2001) highlightshow the equationfromthe NRC
(1989), when applied to data published from 1989
to 1999, was less reliable at higher intakes for
predicting rumina microbid proteinthantherevised
eguation. However, we found that microbial
nonammoniaN (NAN) predicted using therevised
equation yielded a slope of only 38% when
regressed on microbial NAN flows measured at
the omasum in 6 recent experiments. Part of the
discrepancy may haveresulted from an effect of
level. Themeanmicrobia NAN flow of 440 g/day
observed in these trialswas near the extreme of
500 g/day of thedataset usedto develop therevised
NRC (2001) equation for microbia proteinfrom
intake of discounted total digestible nutrients
(TDN). However, theoveral NRC (2001) mode
was much more reliable in predicting rumen
degradableprotein (RDP), RUP, and total protein
flowsmeasured inthe sametria s (datanot shown).
Thisindicatesthat, whileunderestimating microbid
synthesis, themodel probably over-predicted RUP,
but yielded an overall estimate of protein flow that
wasmorenearly correct. Similar resultshave been
observed using the Cornell system (D.G Fox,
Corndl Universgty, persond communication). What
isalso surprising isthat the NRC (2001) protein
model doesamoreeffectivejob at predicting milk
and protein production than it doesfor estimating
rumind outflow of microbid protein, RUP, andtotal
protein.
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Reducing Degradability of ForageProtein

Silage harvesting methods are better
mechani zed than those used for making hay, and
putting up hay-crops as silage reduces weather
damage and increases (apparent) preservation of
nutrients. Theproportion of dfdfaand other forages
fed ashay to dairy cattlein the eastern third of the
U.S. declinesyearly. However, whenforagesare
ensiled, plant cell rupture rel eases proteasesthat
break down forage proteinsto nonprotein N (NPN)
(McDonald et al., 1991). This breakdown is
extensive, and NPN typically accountsfor more
than 50% of thetotal CPinafafa(Luchini etal.,
1997) and other hay-crop silages (McDonald et
al., 1991). Charmley and Veira(1990) found that
suppressing NPN formationinensiled dfafafrom
65 to 40% of total N increased NAN flow to the
abomasum in sheep from 22 to 27 g/day; about
60% of theincrease was dueto greater microbial
NAN flow. Althoughenergy avalability fromafafa
silage actually exceeded alfalfa hay in 3 of our
lactation trials, and cows fed silage were more
responsiveto RUPfrom fish medl, indicating that
the CPinsllagewasused more poorly thanthat in
hay (Table 3; Broderick, 1995; Vagnoni and
Broderick, 1997). Invitro studiesusing forages
from 2 of these 3 trialsindicated that there was
gmilar rumind protein degradation for both hay and
silage, but greater microbia proteinyield on hay
(Peltekova and Broderick, 1996). Silage NPN,
which is largely peptides and free AA (Muck,
1987), may be used with lower efficiency because
ruminal microbes degrade these compounds to
ammoniamore rapidly than they degrade intact
forageprotein. Degradation of intact forageproteins,
although rapid, may be more synchronous with
rumina microbia growthand resultinmoreefficient
capture of N from degraded protein than when
similar anountsof CParefed assilageNPN. The
higher milk yieldsintheWestern U.S. may result at
least partly from greater feeding of afdfaforageas
hay rather thansilage.

141
M atching Fer mentable Ener gy with RDP

Because microbial protein accounts for
most of thedairy cow’sMP, oneof themgjor tenets
of the NRC (2001) model is to first meet the
requirement for RDP. Matching ruminal energy
fermentationwith RDPwill beeffectiveforimproving
N efficiency, regardless of dietary protein
degradability. There are substantial differences
among starch sources (Herrera-Saldana et al.,
1990), and within grainsdueto processing, inthe
rates of energy releasein the rumen. Effects of
processing on extent of ruminal digestion of corn
starchismuch greater than the effectson totd tract
digestibility (Table4; Owenset a., 1986; 1997).
Weidentified agrind size (ahammer mill with 3/
8"screen) for high moisture corn that optimized
ammoniauptake in ruminal invitro incubations
(Ekinci and Broderick, 1997). Feedingthisground
high moisturecorn (1.7 mm mean particlesize) to
lactating cowsincreased milk yield morethan 51b/
day and protein yield more than 0.25 Ib/day
compared to control high moisture corn (4.3 mm
mean particlesze). Rumind acidossand associated
metabolic problems limit the amount of readily
fermented carbohydratethat may befed to produce
MP from microbial growth. There are likely
“optimal” levelsof dietary concentrateand forage
that will support maximal rumind proteinsynthess
and milk production. A highforagediet containing
80% dfafaslageand 20% concentratewasdiluted
stepwisewithincreasing amountsof highmoisture
cornto (% afafasilage DM/% concentrate DM)
65/35, 50/50, and 35/65inal atin square (reversd)
trial (Valadares et a., 2000). True protein and
NPN, asaproportion of total CP, wereheld constant
by adding solvent SBM and ureaasadfalfasilage
decreased. The observed quadratic response
curveswere solved and maximumsfound for DM
intake and yield of 3.5% FCM were at 51%
concentrate (38% nonfiber carbohydrate; NFC);
maximum fat yield wasfound at 43% concentrate
(34% NFC). However, responses of milk and
proteinyieldswere not quadratic but linear -- both
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were still going up at 35% forage and 65%
concentrate. Moreover, purinederivativeexcretion
intheurine, anindirect measureof rumina protein
synthesis, also showed the samelinear response,
despite low ruminal pH and other signs of NFC
over-feeding (Valadareset d., 1999). Clearly, the
lactating cow’sdemand for energy issubstantia and
optimal dietary concentrate probably isdictated
more by long-term rumen and animd hedththanby
maximum milk production.

Cornsilageiscommonly usedto providea
highenergy “forage’” withwhichtodilutehay-crop
foragesandtheir highly degradableprotein. Dhiman
and Satter (1997) replaced 1/3 or 2/3 of thedietary
afalfasilagewith corn silage. Compared to 100%
of theforagefromadfafa, milk yield was6% higher
over the wholelactation when 2/3 of the dietary
foragewasafafaslageand 1/3wascornsilage;
there also were comparable improvements in
apparent N efficiency. Brito and Broderick (2003)
assessed the effects of step-wise replacement of
alfalfa silage with corn silage. The greatest
improvement in N efficiency, without loss of
production of milk, fat, and protein, occurred at
about 50% of theforagefrom dfdfaslageand 50%
from cornsilage(Table5). Additiondly, replacing
some of the dietary starch with very rapidly
fermenting sugars holds promise for enhancing
ruminal capture of degraded N. Corn starchwas
replaced with sucrose (Broderick et a., 2000), or
dried or liquid molasses (Broderick and Radl off,
2004), in 3 separatefeeding studies. Thebasal diets
wereformulated from alfalfaand cornsilagesplus
high moisture corn and solvent SBM and averaged
2.6%tota sugarsindietary DM. Anoverdl andyss
of thedatafrom the 3 trid sindicated maximumsfor
total sugars(DM basis) were 6.8% for DM intake
and 4.8% for proteinyield. However, the effects
of sugar feedinginthesetrid swereprimarily driven
by increased feed intake.

Feeding RUPand Protected AA

The primary advantage of the newer ration
formulation systemsistheir valueinidentifyingwhen
lactating cowswill respond to RUP supplements.
Inthe Midwest setting where diets are often based
onhigh CP, and high NPN dfafaslage, thereare
usually substantial responsesto higher “bypass”
proteinsproduced by heat-treating soybean proteins
(Broderick et al., 1990; Faldet and Satter, 1991)
or using specia manufacturing processes, such as
reducing the solubl e protein content of fish meal
(Broderick, 1992). Table 6 summarizesrelative
rumina degradabilitiesand proteinyield responses
observed infeeding studieswith expeller-heated
soybean meal (Broderick et d., 1990) and low and
high-solublefishmed (Broderick, 1992). Although
thereweresimilar rumina degradabilitiesfoundfor
expeller soybean mea and high-solublefishmedl,
lactation response was greater for the fish meal.
Moreover, theprotein responseto low-solublefish
meal wasout of proportionto itsrelative ruminal
escape. Thisreflectsthehigher quaity AA pattern
of fishmed protein. Compared to aiso-nitrogenous
diet containing urea, wea so found aninteresting
pattern of responseto 3 true protein sourcesthat
differed in RUP and AA content (Brito and
Broderick, 2004). Flowsof RUPand total protein
(NAN x 6.25) from the rumen were greatest on
cottonseed medl, intermediate on canolamed, and
lowest on solvent SBM; however, milk and protein
yieldswerehighest on canola, intermediateon SBM,
and lowest on cottonseed medl (Table7). Weadso
tested whether we could reduce dietary CP below
16.6% by feeding a protected SBM (Olmos
Colmerero and Broderick, 2004). Althoughmilk
and proteinyieldsweresmilar withthe 2 dietswith
16.6% CP (with or without added RUP) to that
obtained by feeding 17.6% CP, 2.6 |b/day of milk
waslost by reducing dietary CPto 15.6%, even
though that diet was supplementedwithaSBM high
iINRUP (Table 8). Methionineand lysinearethe
twoAA most oftencited aslimitingfor lactating dairy
cows (e.g., Schwab, 1996). The enhanced

May 2 and 3, 2005

Tri-State Dairy Nutrition Conference



production with RUP may haveresulted fromthe
AA patterns of fish meal and canolameal being
complementary withmicrobid proteinasAA sources
for milk proteinformation (Broderick, 1994). These
resultsalsoindicate that RUP from SBM may not
beaseffective. Responsesto ruminally protected
methionine (RP-M et) have been more consi stent
thanto protected lysine (Armentano et al., 1997)
andthishasreduced commercid interestinsupplying
protected lysineproducts. The advantage of post-
ruminal supplementation with a specific AA is
clear—requirementsfor thelimiting metabolizable
AA may bemet withrelatively littleN input to the
animd. Thepotentid vaueof exploitingthisstrategy
was shown recently in Germany where
supplementing RP-Met to a14.7% CPdiet resulted
inmilk protein secretion equal to that of a17.5%
CPdiet, but at 31 versus27% converson of dietary
N tomilk N (Kréber et a., 2000). Wewill report
comparable results at the annual meeting of the
American Dairy ScienceAssociation thissummer.
Similar proteinyield, and even greater milk and
FCM vyields, were observed when RP-Met was
fedwith 17.3and 16.1% CPdietsversusan 18.6%
CPdiet without RP-Met.

Futur e Developments—Supplementation
with N-Free“ AminoAcids’

Recently, there has been renewed interest
insupplementing dietswith theliquid form of the
hydroxy-analog of methionine (MHA, aso
abbreviated HM B; Koenig et d., 1999) asapost-
ruminal sourceof methionine. Research conducted
about 30 yearsago suggested somebenefit tofeeding
thecalciumsalt of thiscompound (Chandler et d.,
1976). Wool growth responses with feeding
cdcdumMHA weresmadl, indicating that very little
of thismateria escaped rumind degradation (Cottle,
1988). However, aliquid MHA drench gaverise
to about 20% of thewool growth response of the
abomasally infused compound (Stephenson et d.,
1990). Koenig et al. (1999) reported that 50% of
theliquid MHA supplied orally contributed post-
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ruminal methionine. It has been speculated that
escape may beenhanced becausethisformof MHA
flowswith theliquid phase or may be absorbed at
the omasum (McCollum et al., 2000). A 50%
ruminal escapewould makethisaneconomica form
of supplemental methionine containing no N.
However, recent research based on plasmaAA
concentrationssuggested that very littleliquid MHA
served asapost-rumina methioninesource (C.G
Schwab, University of New Hampshire, persona
communication). A ruminally-protected form of
MHA isnot availablecommercidly. Branched-chan
volatile fatty acids (VFA) were another N-free
supplement that received considerabl e attention
about 20 yearsago. Thesecompoundscanbeused
by certain ruminal bacteria to synthesize the
branched chain essential AA that areincorporated
into their protein; there was some evidence that
supplements of branched-chain VFA stimulated
production of dairy cowsfed cornslagediets(Felix
etd., 1980). Interestin branched-chainVFA may
have waned because the responses observed in
large scale collaborative feeding studies, although
usually positive, were much smaller than was
reportedin early trials. Therehasbeen about 30
years of experience using anumber of the a-keto
acidsof theessential AA toreplacedietary protein
in human patientswith kidney disease (e.g., Chow
andWalser, 1974; Walser et ., 1987). A possible
future stratagem might beto userumind protection
of severd of these a-keto acidsas N-free sources
of AA with the object of reducing N excretionto
theenvironment fromlactating cows.
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Tablel. Effect of dietary CPon milk production, milk composition, digestibility, and urinary N excretion
(OImos Colmenero and Broderick, 2003).

Dietary CP, % of DM P

135 15.0 16.5 179 194 SE Liner Quad
DM, Ib/day 47.6° 48.1® 49.62 47.6> 47.8* 0.9 0.91 0.12
BW gain, Ib/day 0.49 0.46 0.7 057 064 016 021 0.72
Milk Production, Ib/day ~ 80.0° 82.0* 844 80.7° 8l.6* 2.0 060 011
Milk/DMI 171 171 1.72 17 1.72 0.04 0.87 0.99
3.5%FCM, Ib/day 75.2° 785®  80.9* 78.7* 79.6® 24 009 017
Fat, % 317 3.26%c 323* 349* 345* 012 000 0.99
Fat, Ib/day 251 2.65 2.73 271 273 013 006 0.30
Protein, % 3.09 3.15 3.09 318 316 004 015 092
Proteinyield, Ib/day 2.43° 254 2600 249 254* 009 021 010
SNF, % 8.92 8.96 8.93 9.01 9.00 005 009 089
SNF, Ib/day 7.08° 7.28% 758 714> 730 020 042 014
Milk N/N Intake 0.367¢  0.344> 0.307° 0.279° 0.255° 0.006 <0.01  0.58
DM digedtibility, % 71.2° 74.6% 74.0° 725 72.3* 0.6 0.79 <0.01
OM digedtibility, % 72.1° 75.5% 75.00  73.6° 735° 0.6 047 <0.01
NDF digestibility, % 45.8° 51.22 495  48.0° 48.7° 10 0.18 <0.01
Urea-N excretion,g/day ~ 63.2¢ 91.0¢ 1284° 174.0° 208.1° 66 <001 043
Microbia CPflow, g/day 993° 1082 11442  1127% 11442 67 002 021

abedM eansin rowswithout common superscriptsaredifferent (P< 0.05).

1CP=Crude protein, DM = dry matter, DMI = dry matter intake, BW = body weight, FCM = fat-
corrected milk, SNF = solids not fat, OM = organic matter, NDF = neutral detergent fiber, SE = standard
error of thedifferencesof theleast square means, and Quad = quadratic.

Table2. Effect onyield of 3.5% fat-corrected milk (FCM) and excretion of manure N of feeding dairy cows
four different CPregimesduring thefirst 16 weeksand last 28 weeks of 44-week lactations. DatafromWu
and Satter (2000).

Week of lactation
Proteinregime 1-16 17-44 3.5% FCM ManureN
(Ration CP, % of DM) (Ib/lactation)
Low/Low 15.4 16.0 23,570° 27
Mid/Low 17.4 16.0 25,640° 309°
Mid/Mid 17.4 17.9 26,020° 358°
HighyMid 19.3 17.9 25,480? 3557

abe\M eansin columnswithout common superscriptsare different (P< 0.05).
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Table3. Effect of diet on DMI, BW gain, and yield of milk and milk components (Vagnoni and Broderick,
1997).!

AH plus ASplus P>F?

ltem AH AS 3%FM 3%FM SE Forage FM Foragex FM
DM intake, Ib/day 57.8 545 56.9 55.1 0.7 <0.01 096 0.37
Milk, Ib/day 89.7 869 90.2 90.6 0.9 011 <0.01 0.04
Fat, % 325 348 330 3.36 0.05 001 051 0.13
Protein, % 314 310 317 3.17 0.02 0.19 <0.01 0.38
Lactose, % 483 484 481 4.84 0.01 0.11 0.72 0.63
SNF, % 866 865 869 8.68 0.02 058 0.20 0.84
Yidd, Ib/day

Fat 291 295 295 3.04 0.02 025 021 0.95

Protein 280 265 284 2.87 0.02 01 <0.01 0.03

Lactose 432 414 434 441 0.03 032 <0.01 0.04

SNF 774 739 7.85 7.89 0.04 0.15 <0.01 0.04

Efficency, milk/DMI 158 160 159 1.67 0.02 001 008 0.20

'AH =Alfdfahay, AS=adfafaslage, FM =fish meal, DMI = dry matter intake, BW = body weight, SNF =
solidsnot fat, and SE = standard error.
2Probability of asignificant contrast effect.

Table4. Effect of processing on digestibility of cornand barley starch (Owenset al., 1986).
Proportion of Starch Digestion, %

Processing Method Rumen Smdl Intestine Largelntestine Tota Tract
Cracked Corn 69 13 8 89

Ground Corn 78 14 4 9
Steam-Flaked Corn 83 16 1 98
HighMoistureCorn 86 6 1 95
GroundBarley 94
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Table5. Effect of replacing afafasilagewith corn silage (Brito and Broderick, 2003).

AlfalfaSilage/Corn Silage

Item 100/0 74/26 47/53 21/79
Composition (% of DM)
Alfdfadlage 50.5 37.1 23.6 10.2
Corndlage 0 13.3 26.7 40.0
Crudeprotein 17.3 17.0 16.8 16.6
Production
DM intake (Ib/day) 58.42 57.12 55.1° 51.1°
Milk yield (Ib/day) 91.5% 92.6% 91.5% 87.1°
Rumenammonia(mg/dl) 21.0° 20.0? 17.5° 12.3

abeM eansin rowswithout common superscriptsaredifferent (P< 0.05).

Table6. Reativerumind invitro escapeand utilization of supplemental protein (based on milk protienyield)
from dowly degraded proteinsin lactating cowsfed afafaslagebased diets.

Relative Response (Solvent soybean meal = 1)

Test Protein Source Relativeinvitro protein escape Reativeutilization (no. trias)
Expeller soybean medl* 1.78 1.48 3
Fishmeal?
Highsolubles 1.70 1.56 Q)
Low solubles 1.98 2.07 2

Broderick et al., 1990.
°Broderick, 1992.
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Table7. Effect of supplementing with ureaor different sources of true protein on production and omasal
proteinflowsinlactating dairy cows. Dietswere composed principally of alfalfaand cornsilagesplushigh
moisture corn (Brito and Broderick, 2004).1

Supplemental protein

Item Urea SSBM CSM CM SED P>F
CP,%of DM 16.5 16.5 16.6 16.6

Production (1b/day)
DM intake 48.7° 53.4° 54.5® 54.9 0.9 <0.01
Milk 72.5° 88.22 89.3 90.6* 2.3 <0.01
Milk protein 2.03° 2.71® 2.60° 2.807 0.07 <0.01
Milk fat 2.23% 2.69® 2.60° 2.842 011 <0.01

Omeasal proteinflows(g/day)
Microbial protein 2344P 27062 27062 27752 120 0.04
RUP 538° og7° 1348? 1150 106 <0.01
Total protein 2882° 3693° 40542 3925® 220 <0.01

1CM =canolameal, CSM = cottonseed meal, SED = standard error of theleast square meansdifference,
SSBM = solvent soybean meal, CP= crude protein, DM = dry matter, and RUP = rumen undegraded
protein.

abeM eansin rowswithout common superscriptsaredifferent (P < 0.05).

Table8. Effect of supplementing RUPfrom heat-treated SBM or CPfrom solvent SBM on production
and N metabolisminlactating dairy cows. Dietscomposed principdly of afafaand corn slagesplushigh
moisture corn (Olmos Colmenero and Broderick, 2004).

Item A B C D Contrasts (P)
CP %of DM  15.6+RUP 16.6-RUP 16.6+RUP 17.6-RUP Avs.B Bvs.C Bvs.D

SBM, % of DM 4.5 0 5.9 0
Production (1b/day)
DM intake 55.6 56.4 56.2 58.2 0.39 0.81 0.09
Milk 85.5 88.2 88.8 88.4 0.08 0.68 0.91
3.5% FCM 90.6 93.0 94.6 9.1 0.21 0.44 0.59
Milk protein 2.67 2.78 2.73 2.80 0.44 0.54 0.76
Milk fat 3.31 3.40 3.46 3.44 0.37 0.43 0.54
Proportion of N-intake (%)
Milk N 30.1 29.3 28.8 26.8 0.27 050 <0.01
Urinary N 33.3 33.2 35.7 37.6 0.97 0.12 <0.01
Feca N 339 32.7 32.3 314 0.32 0.76 0.30

'RUP= Rumen undegradabl e protein, SBM = soybean meal, CP= crude protein, DM = dry matter, FCM
=fat-corrected milk, and ESBM = expeller solvent soybean meal.
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85
----- 28% NDF----

(a)

Milk yield, Ib/day

a

32% NDF
b b

Milk protein, Ib/day

15.1 16.7 18.4 15.1 16.7 18.4 15.1 16.7 18.4
Dietary CP, %

Figurel. Effect onmilk and proteinyield of feeding lactating cows crude protein (CP; from sol vent soybean
meal) at 15.1, 16.7, and 18.4% of DM at each of 3 dietary energy densities (obtained by feeding 75, 62, and
50% of forage DM to give 36, 32, and 28% NDF; Broderick, 2003). Foragewas60% afafasilageand 40%
cornsilageinal diets. Barswith different superscriptsaredifferent (P<0.05).
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