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Optimizing Sarch Concentrations in Dairy Rations

Rick Grant?!
W. H. Miner Agricultural Research Institute

Abstract

Currently, many nutritionistsconsider only
thetotd nonfiber carbohydrate (NFC) fractionwhen
formulating rations for lactating dairy cows.
Increasingly, we need to measure the components
that comprise NFC (starch, sugars, solublefiber,
and 3-glucans) and formul ate rationsthat optimize
the concentration of each component inthediet.
Sarchisthemgor NFCfractionindairy cattlediets,
and some research has attempted to determine
optimal dietary concentrations of either NFC or
starch. However, an optimal amount of dietary
garchwill beafunction of severd factors, including
the inherent degradability of the starch source,
processing method, amount of soluble protein,
neutral detergent fiber (NDF) content, feeding
method, and environment. Commonly, dietary
starch recommendationsrange between 23to0 30%
of ration dry matter (DM ) depending on forage
content of the diet. The basis for this range in
recommendetionsisacombination of someresearch
but mostly anecdotal and experience-based
observationsinthefield. The purposeof this paper
isto exploresomeof thekey factorsthat influence
the optimal content of dietary starch, particularly
consdering dietshighinfibrousbyproducts.

Introduction
We cannot define an optimal dietary

concentration of starch without considering other
nutrient fractionsinthediet. We need to defineany

optimal starch concentration in relation to the
concentration of other carbohydrate and protein
fractions. Additiondly, wemust congder therumind
degradability of the starch and other dietary
carbohydrate fractions. In other words, we must
optimizethe entire carbohydrate profile, pool sizes
and digestionrates, to optimally formulatearation.
Dietsthat contain appreciable quantities of fibrous
byproduct feedswill belower in starch content and
higher in content of digestibleNDFthantypicd diets
for |actating dairy cows. Asthesedietsbecomemore
commonly fed, particularly intheMidwestern US,
weneed to determinethe optimal carbohydrateand
protein fraction and rate profilesfor thesetypes of
diets. Starch and fiber will be key componentsin
determining the success of feeding dietshighin
nonforage sources of fiber, such assoybean hulls,
corn gluten feed, distillersgrains, beet pulp, and
others.

We also need to consider the feeding
environment and its potential impact on cow
responseto any particular amount of dietary starch.
Management and housing factorsthat encourage
abnormal feeding behaviors, such assug feeding
or sorting, will increasetherisk of ruminal acidosis
and associated problemsfor any concentration of
dietary starch.

This paper will focuson theinteractions
among starch and other carbohydrate fractions,
particularly NDF, although other factors are
certainly important in determining cow responseto
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starch, such as protein solubility (Hoover and
Stokes, 1991).

Dietary Starch ImprovesEner gy Content of
the Diet

Starch represents asubstantial fraction of
dairy cattlediets, ranging from lessthan 20% (dry
cow diets) to greater than 35% of lactating cow
diets. Mogt of thedietary starchissupplied by cered
grains. Starch content of cereal grainsrangesfrom
45% for oatsto 72%for corn (DM basis). Forages
vary in starch content from<15% of DM for dfdfa
and perennia grassforagesto asmuch as35%for
corn silage. Ruminal fermentation of starch is
extremely variable from <50 to >90% and is a
function of therate of fermentation and retention
timeof feed particlesintherumen.

Toincreaseenergy intakeby lactating dairy
cattle, feedshighin starch arecommonly substituted
for fibrousforagesand other feeds. Additionally,
whendietshigher ingtarchy grains, and consequently
lower inNDF, arefed to lactating cows, the DM
intake (DM 1) usudly increases (Allen, 2000).

The apparent digestibility of starch is
approximately twicethat of NDFwhenfedtodairy
cowsand shouldincreasethe energy content of the
diet (Firkinset al., 2001). But, the actual increase
in energy content of the diet may be less than
predicted when starchy concentrates replace
forages (Weissand Shockey, 1991). Why isthis
response observed? When starch replaces dietary
foragefiber, total tract digestion of NDF isoften
reduced (summarized well by Beckman and Weiss,
2005). A similar response has been observed when
cornsilagewasrolled to increaseruminal starch
digestibility and simultaneously ruminal NDF
digestion wasreduced (Fanning et a.., 2002). In
meany feeding Stuations, increasing amount of dietary
starch will reduce NDF content and thereby
increase the probability of negative associative
effectsof starchon NDF digestion (Firkinsetal.,
2001).

Nonfiber Carbohydrateor Sarch and
Sugars?

Routine analysis of the NFC fractionsis
new for commercial testing laboratories. But, itis
important to develop routine analyses for these
fractions asthey become moreroutinely usedin
rationformulation. Interestingly, arecent survey of
nutritionistsand consultantsinthe U.S. reved ed that
approximately 54% of them thought that an NFC
or nonstructura carbohydrate (NSC) valuewasas
good asindividud starch or sugar andysesfor ration
formulation (L. Chase, Cornell University, 2005,
personal communication). Thisresponseamong
consultantsislikely to changeaswelearn moreabout
starch and other NFC fraction utilization by cattle
and more complex models are routinely used to
formulate dietsand predict animal response.

Even though the carbohydrate
recommendations presented in Table 1 are based
onacombination of research and field experience,
useof theserecommendationswill alow usto better
control the fermentation in the rumen of cattle at
high levelsof feed intakethat isreally one of our
mgor goasasdairy nutritionigs. Properly baancing
thecarbohydratefractionsin Table 1 should minimize
theinddenceof rumind acidoss maximizemicrobia
yield, and minimizetheneedfor rdaively expensve
supplemental sourcesof ruminally undegradable
protein. We need to consider starch content and
degradability, sugar content and whether thereare
differences among sugars in ruminal rate of
fermentation, solublefiber (pectin and B-glucans)
content, rate of NDF digestion, NDF availability,
and physically effective NDF (peNDF).

Starchisthe only component of the NFC
fraction that escapesfrom therumenin substantial
amounts. The amount that will escape ruminal
fermentation depends on starch type, processing,
feed intakelevel, the peNDF content of the diet,
and pattern of daily meal consumption (highly
influenced by feeding environment and management
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routines). Theimpact of meal feeding patternson
starch utilization requires much more research.
Starch comprises gpproximately 50 to 100% of the
nonstructural carbohydratesin most feedstuffs. In
additiontototal starch concentration, therateand
extent of rumina starch digestiondsoinfluencesthe
amount of any particular starch sourcethat may be
fed safely in a diet (NRC, 2001). Rate of
fermentation of starch variesconsiderably by type
of grain and grain processing. Total tract starch
digestiontypically rangesfrom 85t0 99% (Firkins
etd., 2001). Mgor factorsthat affect themeasured
starch digestionindairy cattleinclude genetics of
thegrain, grain processing, the analytical method
used to assay for starch, variable DMI, and the
NDF content of thediet (Firkinset al., 2001).

Starchisvariablein small intestinal and
hindgut digestibility (Knowlton et ., 1999). For
example, Knowlton et a. (1999) measured that as
little as 55 and as much as 85% of corn starch
appearing inthesmall intestinewas digested; the
lowest digestion wasobserved for dried corn, elther
ground or rolled, with high-moisture corn being
highest. A probabl e explanation wasthe degree of
gelatinization and thedisruption of the protein matrix
surrounding the starch. Steam flaked corn has
greater fermentability in the rumen and greater
digegioninthesmdl intestinethan seamrolled corn
(Knowltonetd., 1999). Degreeof processingisa
maor factor determining extent of digestioninboth
therumen and hindgut.

Optimal Dietary NFC Content

Optimal concentration of NFC or NSCin
dietsfor lactating dairy cowsisnot well defined as
summarized in themost recent NRC publication
(NRC, 2001). To avoid ruminal acidosisand other
metabolic problems, the maximum concentration of
NFC should be approximately 33to 43% of ration
DM (Nocek, 1997). Optimal NFC concentration
indietsfor high producing cowsisafunction of: 1)
theeffectsof rapidly degradable starch on ruminad
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NDF digestion, 2) amount of NFC that replaces
NDFinthediet, 3) Steof starch digestion, 4) DMI
and physiologica state of the animal, and 5)
processing and storage methodsthat may ater rate
and extent of NFC digestion (NRC, 2001).
Obvioudy thesamecould be stated for starch since
itistypically thelargest fraction of the NFC pool.

Some research has attempted to define
optimal ranges for dietary NFC. Most of these
studieshavefound that dietscontaining <25t0 30%
or >45% NFC resulted in reduced milk yield
(Nocek and Russell, 1988; Hoover and Stokes,
1991; Batgjoo and Shaver, 1994). Thedietsinthese
studieswere based on combinationsof afafaand
cornslagesand mosily traditional concentratefeeds.
Recent research (for example Boddugari et d., 2001
and | pharraguerreand Clark, 2003) with nonforage
sourcesof fiber clearly demonstratesthat dietary
starch may be reduced to <25%, and NFC to
<30%, with no negative impact on lactational
performance. Therewaslittle differencein cow
responsefor diets containing between 36 and 42%
NFC (Batgjoo and Shaver, 1994). Varga and
Kononoff (1999) evaluated 16 studies and
concludedthat allbincreasein NFCintakeresulted
ina2.4lbincreaseinmilk yield.

Dietary NFC, Starch, and peNDF Contents

Haddad and Grant (2000) evaluated the
effect of 30, 35, 40, or 45% NFC (obtained by
adding corn starch to the diet) on the in vitro
digestionkineticsof NDFfromdfdfaor cornslages.
Digestionwasmeasured at low pH (5.8) or a higher
pH (6.8) to mimic fermentation conditions
representative of cows consuming a diet either
deficient or adequatein peNDF. Theoptimal NFC
to NDF ratio for maximal extent of ruminal NDF
digestion differed between the two forages. For
dfdfafermented a pH 6.8, extent of NDF digestion
was greatest between 30 and 40% NFC, but at
pH 5.8, NDF digestion was greatest at 35% NFC.
For corn slagefermented at either low or high pH,
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NDF digestion wasgreatest at 30% NFC. A NFC
to NDF ratio of 0.70-1.20 maximized NDF
digestionfor dfafaonly when pH wasmaintained
at 6.8. Thisstudy demonstrated that the optimal
dietary NFC content for maximum ruminal NDF
digestion for a given forage is a function of
fermentation pH that reflectsthe peNDF content of
thediet.

Dietary Starch to Fiber Ratio

Recently, Beckman and Weiss (2005)
published apaper that eva uated whether increasing
dietary NDF:starch ratio influenced NDF
digestibility when dietswere formulated to have
smilar NDF digedtibility. All dietscontained 41.5%
corn silage (DM basis), but the content of corn
varied between 23.3 and 34.8% with NDF:starch
ratios of 0.74, 0.95, and 1.27. A soybean
hull:cottonseed hull mixture (54% soyhullsand 46%
cottonseed hulls) which had the same NDF
digestibility astheforage NDF was substituted for
thecorngraininvarying proportionsto obtainthe
desired NDF:starch ratios. Starch content of these
dietsvaried from 25.4 to 33.3%, and NDF varied
between 24.7 and 32.2%.

Intake tended to increase as NDF:starch
ratio increased and total tract DM and energy
digedtibilitiesdecreased. However, NDF digetibility
was not influenced by NDF:starch ratio. Greater
DMI appeared to compensatefor reduced digestible
energy content such that energy intakewassimilar
amongthediets. Thisstudy demonstrated that NDF
digedtibility may belesssengtivetoincreasesinthe
NDF:starch ratio under carefully controlled
experimenta conditions. Practicaly, thereisalmost
always complete confounding of NDF and starch
content, and the animal response isacomposite
responseto al the carbohydratefractions. Dietary
formulation approachesthat allow greater use of
highly digestible NDF from byproduct feeds
(replacing either forage or concentrate) represent a
strategy for feeding either high or low starch diets
and obtaining desirablelactational performance.

Nonforage Sour cesof Fiber and Dietary
Sarch Content

Recent research demonstratesthat dietary
NFC and starch contents may be reduced tolow
concentrationswhen high amounts of nonforage
fiber sourcesarefed. Ipharraguerreet al. (2002)
fed dietsin which soybean hullsreplaced ground
corn from O to 40% of dietary DM. Corn was
reduced from 40.3 to 1% of dietary DM. The
dietary NSC (starch and sugars) ranged from 35.9
to only 15.6% of DM, while the NDF ranged
between 26.6 and 45.4%. There were no
differencesamong thediets, fromhightolow NSC,
inether fat-corrected milk production or DMI.

Boddugari et al. (2001) evaluated dietsin
which awet corn gluten feed product comprised
up to 70% of theration DM (replacing al of the
corngrainand 50% of theforage). The NFC content
ranged from 43.2 to 27.0% of DM across two
studies. The efficiency of fat-corrected milk
production (FCM/DMI) wassimilar for all diets,
even when the content of NFC was much lower
than commonly recommended. Thesestudieswere
short-term (4-wk periods), and asubsequent trial
evaluated response to a40% wet corn gluten feed-
based diet for thefirst 63 daysin milk (Boddugari
et al., 2001). Thetwo diets contained either 43.6
or 35.1% NFC (0 versus40% wet corn gluten feed
product) and the efficiency of fat-corrected milk
productionwasactualy improved from 1.47t01.79
for cowsfedthelow NFC, low starch diet.

Biologically, significant differencesexist
among thecommonly used byproduct feedsinthelr
carbohydrate fractions. For example, Millsand
Grant (2002) observed different lactational
responses when either soybean hullsor wet corn
glutenfeed replaced corn grain at the samedietary
NDF level. We need to keep thisin mind aswe
incorporate variousbyproductsintorations. Wewill
lower starch content, but depending on the
byproduct, wewill dsohavevariable (and potentidly
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important) effectson other dietary carbohydrate
fractions, such assugars, solublefiber, and organic
acids. But, the two papers cited here clearly
demonstrate the effectiveness of low starch, low
NFC dietswith two byproducts (soybean hullsand
corn gluten feed) that vary dramatically in
carbohydrate composition.

I nter action of Forageand Nonfor age Fiber
Sources

Fibrousparticleshaveahigh probability for
escapefrom therumen dueto their small particle
size and high specific gravity. They arerapidly
fermented and so areless buoyant. Because most
nonforage sources of fiber do not stimulate
rumination aseffectively ascoarseforages, dietary
foragemust have adequate particlelengthfor norma
ruminationwhen sgnificant amountsof foragefiber
arereplaced with nonforage fiber. Additionally,
forageof longer particlelength formsadigestamat
that more effectively filtersand entanglessmaller
particles (such as byproducts and fine forage
particles), dlowing greater timefor fermentationin
therumen.

Nebraskaresearchersevaluated the effect
of rumind mat condstency on passageand digestion
of wet cornglutenfeedinlactating dairy cows(Allen
and Grant, 2000). Dietswereformulated to contain
approximately 40% alfalfa, 24% wet corn gluten
feed, plus a corn and soybean meal-based
concentrate. Onediet contained alfafasilageand
theother contained al:1 blend of dfdfasilageand
coarsely chopped afafahay of smilar quality to
increase particlesize. Cowsfed thediet with added
hay and wet corn gluten feed had greater rumination
activity and ruminal mat consistency, a 35%
reductionin passagerate of corn glutenfeed, 40%
greater ruminal NDF digestion, and 6% moremilk
production. Earlier research hasdemonstrated the
same positive effect with soybean hulls (Wei dner
and Grant, 1994). Thebottom lineisthat adequate
forage particlelength and awell-formed rumina
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digestamat will not only promote cow health but
will slow passage of byproductsand allow more
complete ruminal NDF digestion and greater
productivity.

Summary

Prevailing recommendationsfor dietary
starch range between 25 and 30% of DM. Many
factors influence the optimal amount of starch,
including intrinsic propertiesof the starch source,
processing, animd factors(notably DMI leve), other
dietary fractions, and cow management. Altering
thedietary content of starch necessitates changes
inother carbohydratefractionsaswell, and sowe
shouldfocusontheratio of sarchto NDF (or starch
to peNDF). When replacing forage NDF and(or)
garchy concentrateswith nonforage sourcesof fiber,
wetypically increase digestible NDF and reduce
starch. Research has shown that byproduct-based
diets can support excellent efficiency of milk
production with much lower than commonly
recommended amounts of starch and NFC.
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Table 1. Carbohydrate recommendationsfor lactating dairy cows.

Fraction Amount
Total NDF, % of DM 28-32
PeNDF?, % of NDF 20-24
Forage NDF, % of DM 18-23
Fermentable NDF, % of NDF >35.0
NFC3, % of DM 30-43
Solublefiber, % of DM 4-10
Starch, % of DM 23-30
Fermentable starch, % of starch 83-86
Sugars, % of DM 4-8
Sugar:solubleproteinratio 151
Fermentabletotal carbohydrates, % of DM 42-44
Total VFA*, % of DM 0-5
tAdapted from Sniffen (2004).

2Physicaly effectiveneutra detergent fiber.

3Nonfiber carbohydrate.

“\Volatilefatty acids.
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