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Srategies for Diet Formulation with High Corn Prices

JoanneK napp!
J.D. Heiskell & Co.

Abstract

Due to unprecedented changesin grain
pricesduring thepast year, thedairy industry isre-
examining how feed ingredientsareused to balance
rations. Because cornisno longer the cheapest
source of energy, it cannot be used as the sole
referencefeed in eval uating nutrients supplied by
other feedstuffs. Energy indairy rationsissupplied
mainly by carbohydrates in the form of neutral
detergent fiber (NDF) and non-fiber carbohydrate
(NFC). Strategiesaimed at reducing ration costs
includeusing morehigh-quaity forageand/or using
more by-product feedstuffs to provide highly
digestible NDF and NFC. Numerous research
studieshave demonstrated that grain starch can be
replaced by fermentabl e carbohydratesfrom other
feedstuffswithout compromising milk yield or milk
components. Thekey istooptimizerumenfunction
by maintaining adequatelevelsof forageNDF and
providing readily fermentable carbohydratein the
form of NDF and NFC. Current Nationa Research
Council (NRC, 2001) recommendations for
minimum forage NDF levelsintherangeof 15to
19% of DM work well. Non-forage NDF can be
varied over therange of 6to 25% of DM withNFC
inversely ranging from 27 to 50%DM. Using
several approaches to providing fermentable
carbohydrates and thus energy inthe diet, dairy
producershave been ableto reducecorngrain use
by 25 to 35% in lactating cow rations without
compromising production.

Introduction

Historic priceshaveled to heavy utilization
of corn species as the main source of energy in
feeding programsfor al species. Indairy nutrition,
thishasbeen trand ated into corn grain being used
to maximize levels and amounts of fermentable
carbohydratethat providesenergy to boththerumen
microbesand to thedairy cow. Asaconsequence,
recent approachesin balancing dairy rationshave
focused on the optimal level of dietary starch to
optimize rumen fermentation and lactation
performance (Emanude, 2005; Grant, 2005). With
theadvent of higher corn pricesand concurrent price
increasesin other grainsand by-products, itistime
tore-evaluatetheroleand value of carbohydrates
in dairy rations towards the goal of identifying
drategiesinfeadsuff sectionand rationformulation
toreducefeed costs.

Comparingand Evaluating Feedstuffs

A smpleapproach to eva uating feedstuffs
is to compare their cost per unit of energy and
protein. Energy can be based on total digestible
nutrients (TDN) or net energy for lactation (NE, ).
Cost per unit of protein can be based on acrude
protein (CP) or rumen undegradableprotein (RUP)
bass. Traditionally, the price per unit of energy and
protein were based onthe cost of corn and soybean
meal, respectively. Thisapproach assumes that
thesefeeds are the most cost effective sources of
energy and protein, which probably isnot trueinall
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feed marketsand hasbeen turned upsidedownwith
thisyear’sgrain prices. Thesimpleenergy/protein
approach also ignores other nutrients that are
important inruminant nutrition.

Higtoricaly, theTDN system hasbeen very
valuable across species. It focuses on energy
availability for maintenance and production.
However, it neither includes components that
evaluateforage NDF or physically effective NDF,
whichisimportant to maintaining optimal rumen
function, nor does it include the concept of
metabolizableamino acid delivery totheanimal.
Relative feed value (RFV) uses NDF and ADF
concentrationsto predict digestibility and dry matter
(DM) intake of forages. It works well for
comparison of afalfahaysbut doesnot work well
across other hay species. Relative feed quality
(RFQ) usesinvitroNDF digestibility and TDN to
predict theavailablenutrientsinforagesand dlows
better comparisonsacrossall hay typesthan does
RFV.

Additional approaches have been
developed to include consideration of multiple
nutrients. Increasing nutritional costsare captured
in FEEDVAL (Howard and Shaver, 1997), which
evaluatesfeedstuffsbased on CP, TDN, calcium,
and phosphorususing 4 referencefeedstuffs. Earlier
versions have also allowed evaluations based on
RUP. Becausethereferencefeedstuff for energy is
shelled corn, the value of energy predicted by this
programwill behighwhen corn pricesarehigh. A
program that allows nutrient pricing comparisons
acrossalarger set of feedstuffsand user-sel ected
nutrientsis Sesame Il (St. Pierre & Glamocic,
2000). Thisprogram usesamultipleregression
approach to predict the prices of aset of feedstuffs
based on their nutrient contents, and it consequently
can be used to determine the relative price of
individual feedstuffswithin adefined market area
(Tablel). Thecost of aunit of agiven nutrient, i.e.
NE, or CP, isalso predicted (not shown). Asan
example, two mgor sourcesof starchandthusNE ,

rolled cornandrolled barley, wereunder-valuedin
July 2006. InMarch 2007, thepriceof rolled corn
wasat thehigh end of itspredicted vaue, and rolled
barley wasvery over-vaued.

Feeding StrategiestoMinimizeHigh Grain
Prices

Threestrategiesto reduceinclusion rates
of grain will bediscussed: 1) increasing forage
inclusion, 2) increasing forage quaity, and 3) more
extensive use of by-product feeds. These 3
approaches may be best used in combination. In
congdering different strategies, performancegoas
needto beidentified. Dairy producersmay choose
lessthan maximum milk yield in order to optimize
income over feed costs or to minimize purchased
feed costs. Different strategies can be evaluated
using available ration balancing software that
predictslactation performance[Nationa Research
Council (NRC), Cornell-Penn-Minor (CPM)
Dairy, Cornell Net Carbohydrate and Protein
System (CNCPS), etc.].

Generdly, foragesareacost-effectiveway
toddiver nutrientsto ruminants, athough seasonal
pricevariationsmay occur. Increasinginclusionof
foragesin place of concentrates can affect NDF,
CP, RUP,NFC, and NE, concentrationsinaration,
aswell asincreasing forage NDF and physically
effectiveNDF (peNDF). Significant attention has
been given to minimum levels of forage NDF or
peNDF to ensure adequate rumination and prevent
rumen acidosisand milk fat depression (Shaver,
2000; Mertens, 1994). Maximum NDF levelsare
determined by NE, requirements (Mertens, 1994;
NRC, 2001) and are affected by NDF digestibility.
Thecurrent recommendationsfor NDF content from
theNRC (2001) work well over therangeof typica
dairy cattlerationsusedinthe U.S. (Table 2).

Over thepast 18 monthsin Cdifornia, smal
grainsilages, corn silage, and alfalfahay haveal
been at break-even or lower-than-predicted va ues
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as determined using Sesame |11 (Table 1).
However, many CA dairy producers were not
maximizing forage concentrationsin rations until
recently, with foragesincluded only at 40to 45%
DM. Asgrain priceshaveincreased sincethe 2006
harvest, dgnificantincreasesinforagedutilizetion have
occurred, often with little or no decreasein milk
yield. Todetermine cost effectiveness of forages,
harvest, storage, and shrink costs must beincluded
intheforageprice.

Better quaity forages, than poor ones, can
beutilized moreextensvely indairy rations. Quality
is defined as the ability of the forage to deliver
digestible nutrients (energy, protein, and NDF) to
thecow. Theuseof theRFV and TDN systemsto
rank quality of dfdfahaysadequatdly cepturestheir
nutritional value (Table 3). Similar evaluations
should be considered for grasshays, al haylages,
smal grainsilages, and cornsilage. Whileinvitro
andinsituNDF digestibility assaysareavailable,
the poor correl ation between these measures and
in vivo NDF digestibility limits their value in
predicting energy availability and lactation
performance. Maturity and DM content at harvest
havelargeimpactsonforagequdlity, asdo harvesting
and storage procedures. Grain content of thesmall
graindlagesand cornslagedso hasalargeimpact
onforagequality and the potentid toincreaseforage
proportionsinaration (Table4). Continued focus
on producing high quality foragesisvery important
indairy cattlenutrition.

By-product feeds can be used to replace
bothforagesandgrainindairy cattlediets. Severa
research articleshave been published onthe ability
of by-products, such ascorn gluten feed, beet pulp,
and soyhulls to replace forage (Clark and
Armentano, 1997; Boddugari et al., 2000;
Ipharraguerre, et al., 2002). Alternatively, by-
products can also be used to replace more
expensive grains (Boddugari et al., 2001;
Ipharraguerre et al., 2002; Voelker and Allen,
2003a; Beckman and Weiss, 2005). By-products
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arelower in starch than grains, but they contain
sgnificant quantitiesof other NFC, including sugars,
organicacids, fructans, glucans, and pectins. These
sourcesof NFC arevery degradablein therumen
and can provideenergy to both therumenmicrobes
and to the cow. Rumen microbes do not have a
requirement for starch per se; the energy
requirement can be satisfied by fermentable
carbohydratesderived fromthehydrolysisof either
NFC or NDF. Severa research sudieshaveshown
no decreasein rumen microbial flow to thesmall
intestine, total tract NFC and NDF digestihilities,
DM intake, and milk yield and milk components
when by-product feedsaresubstituted for corngrain
indairy rations(Table5). Starch concentrationsof
the dietsranged from 9.2 to 38.3% of DM, with
corresponding NFC concentrationsranging from
27.21050.7% of DM, and NDF concentrations
inversely ranging from 49.4 to 24.3% of DM.
These studies maintained forage NDF
concentrationswithin or above current NRC (2001)
recommendations.

Seady-Sate Ver susNon-Seady-Sate
Kineticsin Rumen Fermentation

Sgnificant attention hasbeen giventorumen
degradationratesof dietary carbohydratefractions
and synchronization of rumen degradable protein
with carbohydrates. This has culminated in an
emphasison theseratesin static nutrition models
currently usedinthefield. Static modelsestimate
nutrient availability at asingletimepoint; they do
not integrate over time asdynamic modelsdo.

Whilethe carbohydratesin NFC (sugars,
organicacids, fructans, glucans, pectins, and starch)
and in NDF (hemicellulose and cellulose) have
different degradation rates, which can vary under
different conditions, the degradation productsof al
of these supply asinglerumen carbohydrate pool
that is potentially fermentable by microbes,
designated asthe fermentabl e carbohydrate (FC)
pool. Because cows eat multiple meals per day
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and there are multiple carbohydrate fractionsthat
contribute to the FC pooal, this pool approaches
steady-state kinetics under common dairy
management practices (Figure5A). Altering the
proportion of starch vs. other carbohydrates does
not changetheflow into the FC pool (Diet A versus
Diet B). TheFC pool israpidly fermented by the
rumen microbes, providing energy for their
maintenanceand growth, and volatilefatty acidsto
the cow for energy and milk precursors.
Consequently, varying dietary starch content does
not changethe energy availability to themicrobes
or the cow, giventhat total NFC ismaintained and
that the carbohydratefractionsaredegradable. This
conclusionissupported by experimenta evidence
that demonstrates no changein microbial protein
flow to the small intestine when dietary starch
content was varied (Voelker and Allen, 2003b;
Ipharraguerreet al., 2005).

Thislack of difference between dietswith
atered NFC componentsa so holdstrue under non-
steady-state conditions (Figure 5B), such asslug
feeding during heat stresssituations. The pool of
each carbohydratewill vary over the course of the
day asafunction of meal sizeand meal intervals,
but as long as the total NFC and NDF
concentrationsaremaintained, thereisno difference
in replacing starch with other NFC. The model
assumesthat passage of the carbohydratefractions
out of therumenisnot affected by themed feeding
pattern. Notethat during the 12-hour period when
the cow iseating, the FC pool approaches steady-
state (19to 7 hours). Replacingthestarchincorn
granwithequa amountsof other NFC or digestible
NDF in by-product feedstuffs does not change
energy availability, despite differencesin rumen
degradation rates between carbohydratefractions.

Summary
Many dairy producers have been ableto

reduce corninclusioninrationsfor lactating dairy
cows by 25 to 35% by increasing forage and by-

product utilizationwithout sacrificing milk yield or
milk components. Thekeysto successare:

1. Optimizing forage use by using more
digestibleforagesat higher inclusonrates,

2. Utilizing cost-effective by-products that
provideenergy intheform of NFC and/or
digestibleNDF, and

3. Maintaining optimal rumen function by
balancing rations for forage NDF or
physicaly effective NDF.

Asdairy nutritionists, wearevery fortunate
towork with abiologica system that wasdesigned
tobeflexibleintermsof dietary inputs. Let’'stake
advantage of the rumen ecology to optimizefeed
utilization for dairy production!
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Table 1. Actua and predicted feed prices ($/ton) for the San Joaquin Valley, July 2006 versus January 2007,
using Sesamel Il (St-Pierreand Glamocic, 2000). Predictionswere based on net energy lactation (NE, ),
effective neutral detergent fiber (eNDF), and crude protein (CP).

Feedstuff Actual 2006 2006 Predicted 2007 Actua 2007 Predicted
Cornslage 38 52 38 55
Alfalfahay, 40to 45% NDF 180 132 155 146
Alfdfahay, <40% NDF 200 167 170 176
Rolled corn 131 156 178 164
Rolled barley 144 155 202 159
Bakery by-product 105 164 155 167
Wheat mill run 11 153 163 145
Ricebran 85 168 120 171
Soybean mesl 217 212 229 228
Canola 184 183 196 189
Didillersgrains, dry 125 193 178 188
Cornglutenfeed 124 166 161 169
Cottonseed mesl 189 189 197 200
Whole cottonseed 225 189 222 212
Almondhulls 93 103 130 110
Soyhulls 119 125 169 127

Table2. The NRC Recommended minimum concentrationsof forageand total neutral detergent fiber (NDF)
and maximum concentrations of nonfiber carbohydrates (NFC) for lactating cows (adapted from Table 4-3,
p. 37; NRC 2001).

Minimum ForageNDF Minimum Dietary NDF Maximum Dietary NFC
(% of DM) (% of DM) (% of DM)
19 25 44
18 27 42
17 29 40
16 31 38
15 33 36
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Table3. Therdativefeedvaue(RFV) andtota digestiblenutrient (TDN) systemscapturenutritiona va ue of
dfdfahay*2

Partial IOFC®

CP NDF TDN Cost IVDMD NE milk® Milk* ($/1000

Qudlity (%) (%) (%;90% DM) RFV ($'ton) (%) (Mcdllb) (Ib) ($/cow) cows)
Utility 18.1 51.7 50 <130 130 65.7 0444 123 $1.54 $887
Far 21.3 423 52 140 145 724 0483 134 $1.67 $950
Good 232 354 54 160 160 769 0512 142 $1.77 $975

Premium/Supreme 24.9 29.2 >56 >180 200 814 0540 149 $1.8 $862

!Dataon morethan 40,000 U.S. hay sampleskindly provided by Agri-King, Inc., Fulton, IL.

2CP= Crude protein, NDF = neutral detergent fiber, TDN =total digestible nutrients, RFV =relativefeed
value, IVDMD =Invitro dry mater digestibility, and NE, = net energy for lactation.

3Predicted milk yield (Ib/cow/day) from 10 |b of alfalfahay based on forage energy content and milk fat =
3.5%.

*Milk income ($/cow/day) at $12.50/cwt.

*|OFC =Incomeover feed cost (1000 cows/day) with alfalfahay at priceslistedinthistable.

Table4. TheNDF digestibility and starch content of corn silageisimportant in determining feeding value2.

Patia IOFC®

Moisure ~ NDF CWD  Starch NE, Milk? Milk*  ($/1000

Quality (%)  (%of DM) (%) (%)  (Mcdllb)  (lb) ($/cow)  cows)
Poor 69.3 93.5 42.4 155 0.453 131 $1.64 $1070
Fair 69.1 46.4 48.0 25.5 0.526 153 $1.91 $1340
Medium 67.3 41.9 51.0 30.9 0.561 17.3 $2.16 $1590
Good 63.3 39.7 53.8 35.2 0.590 20.4 $2.55 $1980
Average 68.7 454 48.7 26.7 0.533 15.7 $1.96 $1390

!Dataon morethan 700 samplesfrom Californiakindly provided by Agri-King, Inc., Fulton, IL.

’NDF = Neutral detergent fiber, CWD = Cell wall (NDF) digestibility, and NE, = net energy for lactation.
3Predicted milk yield (Ib/cow/day) from 30 |b of corn silage based on forage energy content and milk fat =
3.5%.

“Milk income ($/cow/day) at $12.50/cwt.

S|OFC=Incomeover feed cost (1000 cows/day) with corn silage at $38/ton.
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Table5. Summary of selected published research demonstrating that replacement of corngraininlactating
cow dietswith other sources of fermentable carbohydrate does not impact milk productionand canincrease
feed efficiency.!

Dietas Milk

describedin @ Forage  Totd yidd DMI

Reference reference NDF NDF NFC Starch  (Ib/day) (Ib/day)

-------------- % of DM ------------

Boddugari et al., 2001 0 22.8 28.2 43.2 30.3 66.9 54.3
WCGF versuscorn + SBM 50 22.8 354 36.5 23.3 67.1 49.5
75 22.8 38.2 32.9 18.9 67.8 50.8
100 22.8 41.6 294 15.1 64.9 48.0
Beckman and Weiss, 2005 0.74 18.2 24.7 48.3 333 711 44.7
SH+CSH versuscorn 0.95 18.2 28.6 43.7 30.1 69.7 46.2
1.27 18.2 32.2 40.4 254 69.5 47.7
Ipharraguerreet a., 2002 0 191 294 50.7 38.3 64.9 524
SH versuscorn 10 191 34.4 44.8 311 64.5 54.6
20 19.1 39.9 39.0 23.8 65.8 53.7
30 191 44.8 331 16.5 64.5 50.4
40 191 49.4 27.2 9.2 62.3 49.9
Voelker andAllen, 2003a 0 17.1 24.3 47.0 34.6 80.1 54.6
beet pulp versusHMC 6 17.1 26.2 45.0 .30.5 80.5 55.0
12 17.1 28.0 43.0 26.5 79.0 55.2
24 17.1 31.6 39.1 18.4 77.9 50.4

WCGF =wet corn gluten feed, SBM = soybean meal, SH = soyhulls, CSH = cottonseed hulls, HMC = high
moisture corn, NDF = neutral detergent fiber, NFC = nonfiber carbohydrates, and DM = dry matter intake.
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Figurel. Energy availability to rumen microbesisnot altered by varying starch content while maintaining
nonfiber carbohydrate (NFC) with other sources of fermentable carbohydrate (FC) under either semi-steady
state (10 to 12 meals/day, panel A) or non-steady state (6 meals/day, panel B) feeding conditions. Diet A
contained 30% NDF, 40% NFC, and 25% starch, and Diet B contained 30% NDF, 40% NFC, and 15%
starch. Meal sizeis expressed as a percentage of dry matter intake and FC is expressed as pounds per
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