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I ntroduction

Foragesareanecessary component of diets
for lactating dairy cowsbecausethey providecoarse
fiber needed to optimizerumenfunction. However,
foragesdoneprovideinsufficient nutrientstoachieve
highmilk yield, and they must be supplemented with
other feed ingredients. Becauseforage quality is
highly variable, their quality must beassessed before
dietsareformul ated. Forageshavebeentraditiondly
anayzedfor crude protein and fiber concentrations
because of their direct effect on diet formulation.
More recently, in vitro neutral detergent fiber
digestibility (IVFD) has been identified as an
important quality parameter that ishighly variable
among forages and has consistent effects on
productivity of dairy cows. Howevey, itisimportant
to understand the unique characteristics and
limitationsof invitro measurementsof forageNDF
digestibility to maximizethe benefit of enhanced
IVFD. Thispaper will ansiwer somefrequently asked
questionsregarding theinterpretation and utilization
of IVFD dataof forages.

Why isIn VitroFiber Digestibility
| mportant?

In vitro NDF digestibility of foragesis
extremely variable; 30-hour IVFD ranged from
35.6 to 69.9 % and from 23.2 to 59.2 %,
repectively, for cornslageandlegumehay andyzed
at Dairy One ForageLab (Ithaca, NY') from 2000
to 2004 (95% confidenceinterval adapted from

www.dairyone.com; Table 1). In addition, wet
chemistry forage analyses performed at the
Cumberland Valley Analytical Services
(Maugansville, MD; www.foragelab.com) duringthe
last two yearsindicated that IVFD ispoorly related
to the concentration of NDF, ADF, or CPfor corn
silageandlegumes(Table2), indicating that IVFD
isan additiona andindependent measure of forage
qudlity. Invitrodigestibility hasbecomewiddy used:;
in 2004, 13.1, 24.2, and 36.8% of forage samples
analyzed for NDF content (for mixed forage hay,
mixed foragehaylage, and cornslage, respectively)
were also evaluated for IVFD at the Dairyland
Laboratories, Inc. (Arcadia, WI,;
www.dairylandlabs.com). This indicates that
nutritionistsand dairy producersbelievethat IVFD
asanimportant quality parameter of forages.

While many parametersof forage quality
affect diet formulation and possibly diet cost, few
actudly affect feedintakeand milk yidldwhen diets
areproperly formulated. ThelVFD of forageshas
consistent effectson productivity of dairy cows,
making thisanadyticd vaueavery important quaity
parameter of forages. Several years ago, we
reported that aone-unit increaseinin-vitroor in-
situdigestibility of NDF was associated with 0.37
and 0.55b/day increasein dry matter (DM) intake
and 4% fat-corrected milk yield, respectively (Oba
andAllen, 1999b). Thisreationshipwasdeve oped
by statistical analysis of treatment means from
experimentsreported in Journa of Dairy Science.
To validate thisfinding, 12 forage comparisons

Contact at: 310E Agricultural Forestry Center, Edmonton, Alberta, T6G 2P5, (780) 492-7007, FAX: (780) 492-4265, Email:

masahito.oba@ual berta.ca

May 2 and 3, 2005

<z, Tri-State Dairy Nutrition Conference

®

Lrj?};)



82

reported in 9 recent articles of the Journa of Dairy
Science were reviewed (Table 3). These recent
publications compared different corn or sorghum
hybridsexcept for onearticle (Neylon and Kung,
2003), inwhicheffectsof cutting height of cornslage
wereevaluated. Nine comparisonsout of twelve
reported that milk yield Sgnificantly increased when
dietscontaining corn silagewith enhanced IVFD
was fed, and the remaining three comparisons
reported that milk yidd numericaly increased without
datistical sgnificance. All experimentsexcept for
one (Ballad et al., 2001) reported significant
differences in IVFD (30-hour) for the forages
compared and were used for further statistical
evaduation. TheaveragedifferenceinVFD for those
forageswas 7 units, and thiswas associated with
thedifference of 1.81b/day of DMI and 3.3 |b/day
of 4% FCM yield; oneunitincreasein IVFD was
associated with 0.26 Ib/day of DMI and 0.47 Ib/
day of 4% FCM yidld. Thesevauesarereasonably
close to the benchmark that we established
previoudy (ObaandAllen, 1999b). Itisimportant
to note that effects of enhanced 1VFD were not
confounded by different dietary NDF contentsfor
the 12 comparisonsin Table 3; mean dietary NDF
contentswere 33.2 and 33.4%, respectively, for
diets containing forages with greater IVFD and
thosewithlower IVFD. Thisisimportant because
feed intake is negatively related to dietary
concentration of forageNDF (Allen, 2000). Thus,
thismorerecent literaturea so strongly supportsthe
ideathat the quality of NDF, determined by IVFD
measurements, is positively related to animal
performance.

What isln VitroDigestibility?

The IVFD of forages is determined by
incubating dried ground foragesin flaskswithrumen
microbesfor agiven period of time. Foragesare
dried and ground (usually to passthroughal-mm
screen) so that a representative sample can be
taken. Theground forage samplesare placedin
individual flasksand incubated with rumen fluid

containing rumen microbescollected from cowswith
rumen cannula. The flask also contains buffers,
macro-minerds, trace-minerals, nitrogen sources,
and reducing agentsto maintain pH and provide
nutrientsrequired for growth of rumen bacteria.
Because oxygenistoxic to rumen bacteria, flasks
are gassed with carbon dioxide to maintain
anaerobic conditions, and temperatureisheld at
104°F (body temperature) during the incubation.
A variation of thismethod iswhen forage samples
are sealed in porous dacron bags which are
incubated in groupsinjarscontaining rumenfluid
andmedia

Every effortismadeto providetheoptimum
environment for survival and growth of fiber-
digesting bacteriain theincubation media Thisis
extremely important becausedigestionisafunction
of both enzymeactivity and structurd characterigtics
of subgtrates. If enzymeactivity islimiting because
of inadequate buffering or lack of essentia nutrients,
IVFD will be reduced, and more importantly,
differences in IVFD among forages will be
compressed and not reflective of thetruedifferences
among forages. Foragesarerarely fed asasole
ingredient to dairy cowsbut are supplemented with
other ingredientsto enhanceruminal fermentation
and nutrient supply totheanimal. Therefore, itis
important to useanin vitro system that measures
themaximum IV FD of forages, not onethat limits
IVFD because of lack of buffering or essential
nutrients.

[tisimportant to recognizethat IVFD isa
biologicd evauationrather than chemica evauation
of foragequdlity; microbid activity inrumenfluid of
cowscanvary with diet and over timerelativeto
feeding which affects the results. Thus,
measurementsof invitrodigestibility areassociated
with greater intrinsic variation compared with
chemica measurements, suchasCPand NDF. This
variation can bereduced by feeding thedonor cows
ahighforagediet, sampling rumenfluid at thesame
timerelativeto feeding, and blending rumenfluid
from severa cowsfor eachincubation.
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Invitro digestibility isnot necessarily the
sameasinvivodigedtibility becausetheenvironment
intherumenisoftenlessthan optimum for fiber-
digesting bacteria. For example, rumen pH isoften
lower than optimum for the fibrolytic bacteria
because highly fermentabledietsaretypicaly fed
to high producing cows. Inaddition, foragefiber
particlesintherumen arelonger than those of ground
forages used for in vitro measurements of
digedtibility. Longer particlesizelimitsthesurface
areafor microbid degradation per unit of fiber mass.
Therefore, ingenerd, invitrodigedtibility of forages
should begreeter thaninvivodigestibility aslong as
an optimum fermentation environment, suchaspH,
temperature, and anaerobic conditions, iscarefully
maintainedintheincubationmedia. Inaddition, the
rangein NDF digestibility of foragesmeasuredin
vitroisgreater thantherangemeasuredinvivo (Oba
andAllen, 1999b) becausethe sameretentiontime
isused across samples, although actual retention
timeof forageslikely varieswithrate of digestion
(Allen, 2000).

What isIn Situ Digestibility?

Some researchers evaluate in-situ NDF
digedtibility of foragesrather than IVFD. What are
the differences between in-vitro and in-situ
measurements? Isone superior than the other asa
tool for evauation of foragequaity?Our opinionis
that for ranking foragesfor NDF digestibility asa
proxy for intake potential, IVFD isbest. For the
in-situ digestibility measurement, ground forage
samples are placed in small porous dacron bags
andinserted into the rumen through rumen cannula.
Although in-situ measurements eval uate forage
samplesdirectly intherumenof liveanimds enzyme
activity might belimited by low pH, decreasing
differencesamong forages. In addition, although
dacronisavailablewith different poresizes, apore
sizemust be selected (usualy ~50 um) that alows
entry of microbes but retains feed particles, a
challengeat best.
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Can |VFD beUsed to Predict Energy
Concentration of Forages?

Therecent Nutrient Requirementsof Dairy
Cattle(NRC, 2001) suggeststhat 48-hour invitro
digestibility can beused asameasure of digestible
NDF at maintenance. TheNRC (2001) discounts
theenergy content of foragesbased on actud intake
level of animalswhich aforageisfed to and total
digestible nutrients (T DN) concentration of diets
(i.e., diets with greater TDN content discount
energy content of feeds at agreater rate asintake
increases). Thus, thedairy NRC (2001) appears
to do abetter job conceptualy in estimating energy
density of foragescompared with previouseditions.
Indeed, theenergy content of foragesislower if fed
to cows with greater feed intake. In addition,
foragesfedinhigh grain dietslikely havelower
digestibility compared withthosefed inlow-grain
dietsbecause of sub-optimal enzymeatic capacity for
fiber digestionintherumen. However, thesechanges
madeinthe current NRC (2001) did not solvethe
intrinsic problem that limits the use of in-vitro
digestibility for estimation of energy content of
forages: incons stent measurements.

Because of thebiologica natureof invitro
digestibility measurements, itischalengingtogeta
same“absolute” value among several analytical
laboratories. Consistency of measurementswithin
alaboratory may beimproved by adopting the best
proceduresand careful training of technicians. But,
rumenfluid required for determinationof IVFD is
collected from different animalsfed different diets
a eechandyticd |aboratory and variationinenzyme
activity potentidly affectstheresultstoagreat extent;
IVFD might be 50% for asampleanayzedinone
lab and 40% in another. Itisnot likely to get one
consistent value for IVFD across several
laboratories. Thisisonelimitationfor useof IVFD
datafor energy value. If youwanttousel VFD to
estimateenergy content of forages, you needto have
acons stent standard for enzymatic capacity used
for thein-vitromeasurementsacrossdl laboratories.
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In addition, anincubation time of 48 hoursistoo
long to estimate actual NDF digestibility even at
maintenance level (as discussed below), and
compensatory digestion of NDF in the large
intestinemake predicting energy concentrationfrom
IVFD achalenge. Therefore, in-vitrodigestibility
doesnot provide an “absolute” valuethat can be
usedfor diet formulations. Chemica measurements,
suchaslignincontent (%o of NDF), diminateintringc
variation associated with biologicd assays. Useof
commercia enzymeswith aknown activity may be
another choice in the future. These alternative
optionsraseother typesof questions, but thisfurther
discussionisbeyond the scope of this paper.

SoHow can | VFD be Used?

Even though we cannot get an absolute
energy value from in-vitro digestibility
measurements, IVFD ill providesvery useful data
for nutritional management of dairy herds. For
instance, IVFD isapowerful tool to rank forages
by their quality. Asdiscussed earlier, dietscontaining
forages with different IVFD consistently affect
animal performance. Positive effects of enhanced
IVFD aregreater for cowsyieldingmoremilk. This
islikely becausethar maximumfeedintakeislimited
by physical fill in the rumen to agreater extent
compared with lower-yielding cows. Milk
production responsesto brownmidrib cornsilage,
which has enhanced IVFD, were positively
correlated with milk yield (ObaandAllen, 1999a).
Lower producing cowshad littleresponsein DMI
andmilk yieldtothecornsilagewith greater IVFD,
whilehigher yieding cowsresponded by increasing
feed intake and milk yield. Lower production
responsesfor low producing cowsislikely because
their feed intakeisnot limited by physica fill of the
diets. Thus, forageswith greater I\VFD should be
allocated to higher yielding cowsthat will benefit
themost. If afarm canfeed different lotsof forage
to 2 or more groups of lactating cows, thereisan
opportunity to increase the benefit of enhanced
IVFD by feeding theforagewith greater IVFD only

to cowsthat will benefitthemost. Becauseforages
with enhanced IVFD might cost more to buy or
produce (greater seed cost, lower yield), animals
must respond enough to justify theinvestment for
enhanced IVFD.

ThelVFD datamay also affect how you
formulatethediets. When grainislessexpensive
thanforages, dairy dietsarenormally formulated to
include the maximum amount of grain without
causing any digestive disorders, such as rumen
acidossor laminitis. Ontheother hand, whengrain
price increases, feed costs can be reduced by
increasing the forage concentration in the diet.
BecauseforageNDFisfilling and oftenlimitsfeed
intake, forageswith greater I\VFD will alow more
forage to be fed without compromising milk
production. In a previous experiment (Oba and
Allen, 2000), cowsfed acorn silagewith enhanced
IVFD (55.9%) in a high forage diet without
supplemental corngrain, produced asmuchmilk as
cowsfed acornsilagewith lower IVFD (46.5%)
inadiet which contained dry ground corn at 29.2
% of dietary DM (33.7 versus 33.5 kg/day).
Similarly, Weissand Wyatt (2002) compared high-
fiber corn silage with adual-purpose corn silage.
Although dietscontaining high-fiber cornsilagehad
greater forage NDF content, they supported smilar
milk production asthose containing cornsilagewith
high starch concentration probably because of the
greater IVFD. I dentification of forageswith greater
IVFD will alow greater forage to be fed and
decreasefeeding costswhen grainiscostly without
reductionsin milk yield. Thiscreatessignificant
flexibility indiet formulation, especidly becausegran
costsrelativetoforagesarehighly variable.

Analysis of forage for IVFD is also an
important troubleshooting tool when switching
forages. For instance, milk yield sometimes
decreaseswhen switching from old corn silageto
thenew crop or fromonelot of alfafato another.
Itisagood ideato samplethecurrent foragebefore
switching sothat it can be sent tothelab for IVFD
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andysisif production decreases. Whileaproduction
decrease when switching to new crop cornsilage
might befrom excessvekernd passage, if new corn
glageissgnificantly lower inl\VFD, physcd fill might
become adominant factor limiting feed intakeand
decreasing milk yieldaswell. Inaddition, if new
cornglageissgnificantly greaterinVFD thancorn
dlagethat you have beenfeeding, thenew diet may
depressmilk fat content unlessthediet isadjusted.
If you open the silo acoupl e of weeksbeforeyou
start feeding to high producing cowsand feeditto
thelow group or heifers, you will have sufficient
timeto takearepresentative sample, analyzeit for
IVFD, and make necessary adjustmentsin diet
formulation. Assessment of I\VVFD for new corn
silageto comparewith that from apreviousyear
can help explain a production drop or prevent a
potential problem beforeit occurs.

AlthoughIVFD andyssprovidesuseful data
innutritional management, it isimportant to know
that you cannot compare | VFD between grasses
and legumes. Although IVFD isingeneral greater
for grassescompared with legumes, filling effects
of legumesintherumenareusualy lessthanthose
of grasses, probably because of different physica
characteristicssuch asfragility of fiber or buoyancy
in the rumen (Allen, 2000). Many experiments
evaluating legumes versus grasses reported that
cowsfedlegumeshad greater feed intakeand milk
productionat smilar IVFD (ObaandAllen, 1999a),
suggesting that the comparison of 1VFD across
different foragefamiliesisnot appropriate. But, if
we have mixed forage sampleswith unknownratio
of legumesand grasses, how should weinterpret
thedata? At first, you may want to check theADF
to NDF ratio of theforages becausethisvalueis
greater for legume, averaging 80%, whereasitis
about 50 to 60% for grasses. If you find awide
variationinthe ADF to NDF ratio among forages
of which youwish to comparethe IVFD values,
you should not uselVFD datato makeany decisons
in nutritional management because it implies a
significant mixture of grasses and legumes. In
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genera, feeding grassesand legume-grass mixesto
high producing cows should be avoided because
thefiber ismorefillingandwill limit feed intaketoa
greater extent.

What Should | Analyze?

Whenyoureceiveinvitrodigestibility data
from a laboratory, you will see two types of
digestibility: IVFD and in vitro true dry matter
digestibility (IVTDMD). The IVTDMD is a
calculated value from IVFD, assuming that
everything except for fiber ishydrolyzed by theend
of theincubationtime. Althoughthisisareasonable
assumption, you may not get additiona information
about the quality of foragesfrom IV TDMD data.
Wet chemistry forage analyses performed at the
Cumberland Valley Analytical Services
(Maugansville, MD) during the last two years
indicated that IVTDMD arenegatively related to
NDF content and positively related to CP content
for dl foragetypes(Table4). Youmay sometimes
findthat IVTDMD isgreater for one sampleand
that IVFD isgreater for the other when you send
multiple samplesfor analysis. Thisoccursif one
samplehaslower concentration of NDF that isless
digestible, and another sample has higher
concentration of NDF that ismoredigestible. How
should weinterpret those data? The objectiveof in
vitrodigestibility measurementsisto gain additiona
information which you cannot obtain from
conventiona chemical measurements. ThelVFD
datareflect the quality of forage fiber, whichis
difficult to determine by other anaytical methods,
whileVTDMD doesnot.

Smilarly, youwill not gainalot of additiond
information from analyses of total mixed ration
(TMR) digedtibility. Asdiscussed earlier, theinvitro
procedureisnot an gppropriate method to estimate
invivo digestibility and will not giveyou additiona
and valuable information to make decisions in
nutritional management. If you needto obtaina
rough estimate for TMR digestibility, more
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economical other measurements such asNDF or
starch content can be used. In addition, it is
extremely challenging to obtain arepresentative
TMR sample because of the wide variations in
particlesizeand DM concentration. So, thevalue
obtained from TMR andlysisneedsto beinterpreted
withextremecaution.

What istheOptimum Incubation Time: 24,
30, or 48h?

TheDairy NRC (2001) stated “ Digestible
NDF can be obtained using a 48-hour rumen in
vitro assay . . . to calculate digestible NDF at
maintenance”. Wethink that 48 hoursistoolong
to usefor anincubationtimefor two reasons. 1) the
retention time of indigestible NDF in cows at
maintenanceislikely lessthan 48 hours, and 2)
grinding forages greatly increases their rate of
digestion sotheincubation timemust beloweredto
compensate.

Theprimary useof IVFD dataistorank
foragesby their potential to stimulateintake and
milk production because IVFD of foragesisan
indicator of thefilling effectsof foragefiber inthe
rumen for agiven foragetype. Thus, weneedto
sdlect the optimum incubation time, which dlows
ustodetect thedifferencesinfilling effect of forage
fiber intherumen. To accomplish thisgod, weneed
to know thelength of timethat fiber staysin the
rumen. Whiletotd fiber leavestherumen either by
digestion or passage, indigestiblefiber leavesthe
rumen by passageonly. Therefore, theretentiontime
of indigestiblefiber reflectsthemaximumtimethat
fiber stays in the rumen. The retention time of
indigestible NDF, which is the reciprocal of its
turnover rateintherumen, ranged from 26.8t0 32.0
hoursfor cowsproducing 73.91b/day of milk (Oba
andAllen, 2000) and from 27.0to 30.3 hoursfor
cowsproducing 79.6 Ib/day (ObaandAllen, 2003).
Thisretention timeis expected to be shorter for
cows producing more than 88 Ib/day. If you are
interestedinthefilling effectsof foragewhenfedto

high producing dairy cows, they need to be
edtimated assuming ashorter retentiontimeof digesta
intherumen. Therefore, theincubationtimefor IVFD
should not be any longer than 30 hours, if you are
interested inforagequdity for high producing dairy
COWS.

Youmay think that a24-hour IVFD ishighly
correlated with 30- or 48-hour I VFD, thusselection
of aspecificincubation timedoesnot rea ly matter.
Thisargument may sound logicd,, but youmay miss
an essential part of data if you select an
ingppropriateincubationtime. Let’sthink about an
example. You arecomparingtwo samplesof dfdfa
silage. If you see 3 unitsof differencein 48-hour
IVFD, youmay think thisdifferenceisnot sgnificant.
However, if thel VFD dataobtained from thesame
samples but using 30-hour incubation showsa 10-
unit difference, you expect that the forages you
comparedwill causesgnificant differenceinanima
performance. You may seethe opposite case: 10-
unit differencefor 48-hour incubation and 3-unit
differencefor 30-hour incubation. Althoughrelaive
ranking betweenforagesstayssame, you may draw
awrong conclusion unless you select the right
incubation time. So, why do you want to analyze
48-hour invitrodigestibility whenyou areinterested
inforagequality for high producing cows? If you
arefeeding theseforagesto high producing cows
and wishtorank them by their filling effectsinthe
rumen, a24 or 30 hour of incubation istheright
choi ce becauseit doesnot make senseto compare
thefilling effects of these forages assuming the
retention time of 48 hours. However, if you are
interested inforage qudity for heifersor dry cows
torank them by itspotentid digestibility, you should
choosealonger incubationtimebecauseitiscloser
totheretentiontimeof digestaintherumen of heifers
or dry cows. Selection of theappropriateincubation
timeisimportant to maketheright decis on based
oninvitrodigestibility data.
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How to EvaluateAnalytical L aboratories?

Becausetheobjectiveof forageandysisfor
IVFD isto rank forages, you should not compare
samples analyzed across different laboratories.
Proceduresused at different labsvary widely asdo
thedietsfed to cows used asrumen fluid donors
and these factors can affect IVFD. Itisbest to
send all samples that you wish to compare to a
trusted lab and havethem analyzed for IVFD inthe
sameruntoincreaseandytica precison. Precision
and accuracy aretwo important criteriawhen you
evauateforage analytical |aboratories.

Precisonisamoreimportant criterionthan
accuracy if the primary objective of your IVFD
andyssistorank forages. Precison canbedefined
astheability of ameasurement to be consistently
reproduced, while accuracy can be defined asthe
ability of ameasurement to match the actual value
of the quantity being measured. However, the
accuracy of measurement isalso essentid inlVFD
andys sbecausetheinvitroincubation environment
needsto beoptimal so that enzymetic capacity does
not limit fiber digestion. So, the inaccurate but
precisemeasurementsindicatethat alab congstently
failsto optimizethefermentation environment, which
alsoisnot desirable.

It might bedifficult to check the accuracy
of analysis, but you can check the precision of
andydsby inter-assay coefficient of variation (CV)
and intra-assay CV. The CV isthe expression of
standard deviation as a percentage of amean. For
anexample, if astandard sampleisplacedinthree
flasks within an incubation bath, the three
measurementsof 1VFD areidedly identical but are
dightly differentinredity. Thisvariationisreferred
toasanintra-assay CV. Thus, thelower CV isthe
better. When you try to comparetwo foragesthat
differ inIVFD by 2 units (50 vs. 48%), you may
wonder if the difference of 2 IVFD unitsor 4 %
[(50 - 48) /50 x 100] ismeaningful. If theintra-
assay CV is 1%, you may be ableto say that the
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differenceismeaningful. But, if theintra-assay CV
is4%, thedifferencelikely happensby chance, and
you do not want to makeany management decisons
based onthisandyss. Inter-assay CV isthevariation
observed among severd different incubation runs.
If thisvariationistoo large, you may not want to
compare asampleanayzed thisyear with theone
analyzedinapreviousyear becausethedifference
between two measurements likely happens by
chance. Good laboratories should be able to
provideyou withther inter-assay and intra-assay
CVifyouask. Inany case, itisbesttoanadyzeany
samples you want to rank or compare with each
other in the same incubation bath to minimize
potentia confounding variations.

Severd commercid labsprovideservicefor
IVFD analysis by near-infrared reflectance
spectroscopy (NIRS). TheNIRSisatechnology
that estimates chemica composition and bonds of
foragesamplesby measuring reflectanceof light with
near infrared wavelengthsand using that to predict
IVFD. However, NIRS measurementstill needto
be calibrated with the data obtained from wet-
chemistry, and different equations need to beused
for each forage speciesand often for each growing
environment of forages. Therefore, the accuracy of
ameasurement dependsontheaccuracy of andysis
inwet-chemistry. One problemwith NIRSthat is
commontodl prediction methodsisthat therange
of dataiscompressed. This meansthat a5 unit
differencein IVFD between two samplesmeasured
using traditiond techniquesislikely tobelessusng
NIRS.

Summary

Fiber digestibility of foragesispositively
related to animal performance and variesgrestly.
The IVFD should not be used to adjust energy
dengity of foragesbutisvery useful totorank forages
for their filling effects of NDF intherumen. The
IVFD analysisallowsustoidentify forageswith
greater potential to increase intake and milk
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production so that we can allocate them to high
producing cowswhichwill benefitthemogt. Andlysis
of IVFD providesessential information to make
good decisions in nutritional management and
improvethe profitability of dairy operations.

Refer ences

Allen, M.S. 2000. Effects of diet on short-term
regulation of feed intakeby lactating dairy cattle. J.
Dairy Sci. 83:1598-1624.

Aydin, G, R.J. Grant, and J. O’ Rear. 1999. Brown
midrib sorghumindietsfor lactating dairy cows. J.
Dairy Sci. 82:2127-2135.

Ballard, C.S., E.D. Thomas, D.S. Tsang, P.
Mandebvu, C.J. Sniffen, M.1. Endres, and M.P.
Carter. 2001. Effect of cornsilage hybrid ondry
maiter yield, nutrient compostion, invitrodigestion,
intakeby dairy heifers, and milk production by dairy
cows. J. Dairy Sci. 84:442-452.

Ebling, T.L., and L. Kung, Jr. 2004. A comparison
of processed conventional corn silage to
unprocessed and processed brown midrib corn
slageonintake, digestion, and milk production by
dairy cows. J. Dairy Sci. 87:2519-2527.

Ivan, SK., R.J. Grant, D. Weakley, and J. Beck.
2005. Comparison of acornsilagehybridwith high
cell-wall content and digestibility with ahybrid of
lower cell-wdl content on performanceof Holstein
cows. J. Dairy Sci. 88:244-254.

National Research Council. 2001. Nutritional
Requirements of Dairy Cattle. 7" rev. ed. Natl.
Acad. Sci., Washington DC.

Neylon, JM., and L. Kung, Jr. 2003. Effects of
cutting height and maturity on thenutritive value of
cornsilagefor lactating dairy cows. J. Dairy Sci.
86:2163-2169.

Oba, M., and M..S. Allen. 1999a. Effectsof brown
midrib 3 mutationin cornsilageon dry matter intake
and productivity of highyiddingdairy cows. J. Dairy
Sci. 82:135-142.

Oba, M., and M.S. Allen. 1999b. Evaluation of the
importance of the digestibility of neutral detergent
fiber fromforage: effectson dry matter intakeand
milk yield of dairy cows. J. Dairy Sci. 82:589-596.

Oba, M., and M.S. Allen. 2000. Effectsof brown
midrib 3 mutation in corn silage on productivity of
dairy cowsfed two concentrationsof dietary neutral
detergent fiber: 1. feeding behavior and nutrient
utilization. J. Dairy Sci. 83:1333-1341.

Thomas, E.D., P. Mandebvu, C.S. Ballard, C.J.
Sniffen, M.P. Carter, and J. Beck. 2001.
Comparison of cornslagehybridsfor yidd, nutrient
compoasition, invitrodigestibility, and milk yield by
dairy cows. J. Dairy Sci. 84:2217-2226.

Weiss, W.P, and D.J. Wyatt. 2002. Effects of
feeding dietsbased on silagefrom corn hybridsthat
differedin concentration andinvitro digestibility of
neutral detergent fiber to dairy cows. J. Dairy Sci.
85:3462-3469.

May 2 and 3, 2005

Tri-State Dairy Nutrition Conference



89

Table 1. Mean and the 95% confidence interval for corn silage and legume hay in CP, NDF, and IVFD
analyzed during 2000-2004 at Dairy One (Ithaca, NY; www.dairyone.com).

n Mean Minimum Maximum

Cornslage

CP 77,401 8.3 6.2 10.4

NDF 80,894 44.8 32.2 57.4

30-hour IVFD 5,791 52.8 35.6 69.9
Legumehay

CP 51,389 21.1 15.6 26.7

NDF 51,055 38.6 275 49.6

30-hour IVFD 770 41.2 23.2 59.2

1CP=crudeprotein, NDF = neutral detergent fiber, and IVFD =invitrofiber digestibility.

Table 2. Correlation coefficient of 30-hour IVFD (% of NDF) with NDF (% of DM), ADF (% of DM), CP
(% of DM), andlignin (% of NDF). All sampleswereanalyzedfor 30-h1VFD, NDF, ADF, CP, and lignin by
wet chemistry during thelast two years (Courtesy of Cumberland Valley Analytical Services, Maugansville,
MD).t

n NDF ADF CP LigninPNDF
Legume 1864 -0.09 -0.20 011 -0.47
Mixed mainly legume 466 -0.49 -0.55 0.28 -0.64
Mixed 632 -0.43 -0.48 0.49 -0.58
Mixedmainly grass 501 -0.64 -0.63 0.62 -0.56
Grass 93 -0.43 -0.54 0.50 -0.63
Cornsilage 5338 -0.06 -0.10 -0.16 -0.45

NVFD = Invitrofiber digestibility, DM = dry matter, NDF = neutral detergent fiber, ADF = acid detergent
fiber, and CP= crude protein.

May 2 and 3, 2005 <z, Tri-State Dairy Nutrition Conference

®

Lrjﬂ;;)



90

Table 3. Effectsof enhanced 30-hour forage|VFD on DMI, milk yield, and 4% FCM yield in recent publications.

30-hour forage 4% FCM
IVFD Dietary NDF DMI  MilkYield  Yied
(% of NDF) (% of DM) (Ib/day) (Ib/day) (Ib/day)

Aydinet al., 1999 (JDS 82:2127-2135)

Normal sorghum 40.1 323 47.3 47.3 45.5*

BMR sorghum 49.2 316 499 53.5* 52.1*
Ballard et al., 2001 (JDS 84:442-452) @

Mycogen (TMF™ corn silage) 28.2 35.3 68.4* 71.3*

Cargill (BMR corn silage) 457 34.7 73.5* 75.0*
Ebling and Kung, 2004 (JDS 87:2519-2527)

Conventional corn silage 39.9 339 51.5* 91.1* 79.6

BMR corn silage 54.0 335 56.9* 97.5* 82.1
Ivan et al., 2005 (JDS 88:244-254)

Corn silage with lower cell-wall content 50.7 30.8 53.2* 73.7* 69.7*

Corn silage with high cell-wall content 54.8 332 55.9* 78.5* 75.5*

Corn silage with lower cell-wall content 50.7 30.8 58.3 76.1 73.5*

Corn silage with high cell-wall content 54.8 30.8 59.6 78.1 76.8*
Neylon and Kung, 2003 (JDS 86:2163-2169)

Corn silage with lower cut height 484 34.2 55.9 99.4* 884

Corn silage with higher cut height 50.7 335 56.3 102.7* 87.8
ObaandAllen, 1999a(JDS 82:135-142)

Control corn silage 394 316 51.7* 85.6* 78.5*

bm3 corn silage 49.1 30.8 56.3* 91.7* 84.0*
ObaandAllen, 2000 (JDS 83:1333-1341)

Control corn silage 46.5 29.1 50.2* 73.7* 69.9*

bm3 corn silage 55.9 28.7 51.9* 81.9* 72.4*

Control corn silage 46.5 384 45.1* 66.9* 65.8*

bm3 corn silage 55.9 375 48.4* 74.1* 72.6*
Thomaset al., 2001 (JDS 84:2217-2226)

Dual-purpose corn hybrid 49.2 37.1 62.9 99.2* 97.7

Leafy corn silage hybrid 539 36.1 60.9 102.5* 100.8
Weiss and Wyatt, 2002 (JDS 85:3462-3469)

Dual-purpose corn silage 354 289 52.6 73.3 733

High fiber corn silage 40.1 319 521 74.8 733

Dual-purpose corn silage 354 31.6 (18.1%) 515 744 739

High fiber corn silage 40.1 27.6 (20.4°) 521 78.1 73.7

YVFD = Invitro fiber digestibility, DMI = dry matter intake, FCM = fat-corrected milk, JDS = Journal of
Dairy Science, and BMR = brown midrib.

* Significant effects of treatment (P < 0.05)

aData were not used for the statistical analysis as P-value for IVFD was not reported.

® Forage NDF (% of dietary DM)
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Table4. Correlation coefficient of 30-hour IVTDMD % of DM with NDF (% of DM), ADF (% of DM), CP
(%DM), and 30-hour IVFD (% of NDF). All sasmpleswere analyzed for 30-hour 1VFD, NDF, ADF, CPR,
and lignin by wet chemistry during thelast two years (Courtesy of Cumberland Valley Analytical Services,

Maugansville, MD).

n NDF ADF CP 30-hour IVFD
Legume 1864 -0.81 -0.84 0.55 0.65
Mixed mainly legume 466 -0.78 -0.82 041 0.92
Mixed 632 -0.74 -0.76 0.55 0.92
Mixed mainly grass 501 -0.82 -0.80 0.69 0.96
Grass 93 -0.65 -0.69 0.61 0.96
Cornslage 5338 -0.60 -0.60 0.31 0.82

INTDMD = Invitrotruedry matter digestibility, DM = dry matter, NDF = neutral detergent fiber, ADF=acid
detergent fiber, CP= crudeprotien, and IVFD =invitrofiber digestibility.
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