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Effects of Chemical and Physical Characteristics of Corn on Starch Digestion

Pioneer Hi-Bred International, A DuPont Company

Summary

Final Exam: Advanced Dairy Nutrition 504.

Circle ALL correct answers.

L.

The major source of net energy for lactation
from corn grain is:

a. Fiber

b. Fat

c. Protein

d. Non-fiber carbohydrate

e. Ash

£ Water

The major source of net energy for lactation
from corn silage is:

a. Fiber

b. Fat

c. Protein

d. Non-fiber carbohydrate

e. Ash

£ Water

On a dry matter (DM) basis, corn silage
contains:

a. Toomuch starch

b. 15% starch

c. 30% starch

d. 45% starch

Typical diets fed to dairy cattle in the Midwest
contain:

a. 15t020% starch

b. 20to25% starch

c. 25t030% starch

d. >30% starch.

Compared with corn silage at 30% DM, corn
silage at 35% DM has:

a. No more starch

b. 2% more starch

c. More fiber

d. 5% more starch

Compared with rolled grain, finely ground corn
has:

a. Lessfeeding value

b. Greater digestibility

c. Lessacidosis potential

Starch digestibility of rolled or ground dry corn
is most responsive to:

a. Particlesize

b. Duration of storage

c. Moisture content

Compared with finely ground dry corn grain,
high moisture corn has:

a. Lowerdigestibility

b. Greater digestibility

c. Lessacidosis potential
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10.

I1.

12.

13.

14.

15.

Starch digestibility of high moisture corn varies
most greatly with:

a. Particlesize

b. Duration of storage

c. Moisture content.

Ideally, high moisture corn should contain:
a. 15% moisture

b. 24% moisture

c. 30% moisture

d. Moisture does not matter

Fermentation of high moisture corn:
a. Iscompletein 2 weeks

b. Lastsa fullmonth

c. Can take 6 months or more

For dry rolled corn, what percentage of the
starch is digested in the rumen?

a. 25%

b. 50%

c. 80%

d. 90%

Compared to the intestines, starch digestion in
the rumen is preferred because:

a. It generates microbial protein

b. Itcan’tbe digested later

c. Greater glucose yield

Compared to the rumen, starch digestion in the
small intestine is preferred; it:

a. reduces ruminal acidosis

b. ismore efficient energetically

c. yields more microbial protein

Following grain processing, relative to small
corn kernels, large corn kernels:

a. Haveequal feed value

b. Have more fiber

c. Have more feeding value

16.

17.

18.

19.

20.

21.

22.

In the rumen, harder, more vitreous corn
kernels, when fed as dry rolled grain:

a. Aremore fully digested

b. Are fermented more rapidly

c. Yieldlessacid

Compared to floury grain, when fermented or
steam flaked, more vitreous kernels:

a. Areequal in feeding value

b. Have greater feeding value

c. Haveless value

Starch digestibility of steam rolled or steam
flaked grain is related most closely to:

a. Initial grain bushel weight

b. Flaked bushel weight

c. Flake thickness

Flaked corn decreases in feeding value when:
a. Flakes getold

b. Flakes are broken from mixing

c. Flakesremain hot and moist

Corn kernels in manure are:
a. Hollow and unimportant
b. Incompletely digested

c. Good bird food

Starch digestibility by lactating cows:

a. Iscomplex to measure

b. Can be estimated from analysis of
feed and feces

Most starch availability measurements are
estimates for digestion:

a. Intherumen

b. Intheintestines

c. Inthe total digestive tract

Reasoned (but not necessarily exclusive) answers:

1d,

2d, 3c¢, 4c¢, 5d, 6b, 7a, 8b, 9c¢, 10c, 11c, 12b,

13a, 14a+b, 15¢c, 16¢, 17a, 18b+c, 19¢, 20b+c,
21b, 22a.
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Results and Discussion for Individual
Questions

1 and 2. Non-fiber carbohydrate (NFC, mainly

starch) is the primary source of net energy in
both corn grain and corn silage (Table 1).

Corn grain contains over 70% starch, and NFC
comprises over three-quarters of the DM and
total digestible nutrients (TDN) in corn grain.
Increasing the digestibility of dietary neutral
detergent fiber (NDF) typically increases feed
intake and production by high producing cows
based on a series of elegant studies (Oba and
Allen, 1999). But from an energy viewpoint,
only about 1/3 of the truly digested energy from
corn silage is derived from NDF. Once corn
silage is harvested, NDF digestibility is difficult
to improve except through long duration storage
or inoculation with microbes that attack fiber.
In contrast, processing of corn grain can
markedly increase its starch digestibility.
Processing adjustment factors from NRC
(2001) indicate that the TDN for steam flaked
and high moisture corn is 3.3% greater than for
ground corn. And compared with ground corn,
cracked corn has 4.1% less TDN (NRC,
2001). Note that digestibility of NFC is
estimated at 98% according to the standard
TDN formula (NRC, 2001). A greater reduction
in starch digestibility for drier corn silage
(particularly for unprocessed corn silage) is built
into the Milk 2006 equations (Shaver et al.,
2006).

Because corn grain DM has 70% starch, corn
silage with 50% ofits DM from grain will contain
35% starch. Starch content of corn silage from
Dairyland (2009) and Dairy One (2009) for
the past 7 years has averaged 29.2 and 31.4%,
respectively, though this range (that should
include 68% of all measured values) was 22 to
36% from Dairyland (2009) and 24 to 39%
from Dairy One (2009). This indicates that grain

April 21 and 22,2009

131

as a percentage of silage DM varies from about
30to 56%. Ifstarch content of corn silage is
greater than normal, the quantity of supplemental
grain that needs to be fed to meet the cow’s
energy requirement for milk production will be
reduced, so the value of starch in corn silage
increases when grain prices are high. Though
some nutritionists have expressed concern that
corn silage high in grain is “too hot to feed,” a
condition that may be true for dry cows or
growing heifers given free choice access to
silage, diets for lactating cows in the US
typically contain much more starch than is
present in corn silage. Adjustments in the forage
to grain ratio of the diet can compensate easily
for corn silage that is rich in grain and starch
content. Ifsilage can be produced at the dairy,
while grain often must be purchased and
imported, the economics, convenience, and feed
quality typically will favor production of silage
hybrids with high grain content. More complex
budgeting factors involved with corn silage
production and utilization by dairy farms are
included in a program called “Corn Picker®”
developed by Allen (2006).

If a dairy ration has a roughage:concentrate
(DM) ratio of 55:45, if 60% of the roughage is
corn silage, and if the corn silage contains 30%
starch, then 10% of dietary DM
(0.45*0.60*30) is starch from corn silage. A
change in any of these factors alters the final
value. How much starch is coming from added
grain? As an example, with a 55:45
roughage:concentrate ratio, if 50% of
concentrate DM is grain DM at 70% starch,
the amount of starch from grain in dietary DM
is 15.75% (0.55*0.50*70). This gives a total
25.75% starch in the total diet. Energy also is
available from digestion of fat and fiber, so
starch is not an essential component of the diet,
but dairy diets that contain less than 22% starch
are rare due to high diet bulkiness and limited
local availability of ingredients low in starch that
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can be fed at high levels; dairy diets containing
over 30% starch also are rare due to
management concerns about subacute ruminal
acidosis.

Surprisingly, compared to corn silage at 30%
DM, corn silage at 35% DM has 4 to 5% more
starch (Figure 1). About 1/3 of this increase
reflects conversion of sugar to starch; the
remainder represents increased deposition of
grain. Unlike forages that do not yield grain,
the weight of NDF in the corn plant remains
relatively constant or may decrease slightly
during this grain deposition period and NDF
digestibility does not decline markedly because
the corn plant still is immature. With additional
grain deposition, NDF as a percentage of silage
DM decreases due to dilution. Although
delaying harvest will increase starch content and
decrease the NDF percentage of corn silage,
hazards from late harvest include: a) increased
difficulty in packing and air exclusion during
ensiling and b) potential decreases in starch
digestibility, especially with corn silage that has
not been kernel processed adequately or has
not been stored for a sufficient time to increase
starch availability from corn kernels. Although
silage DM content is the traditional index of
plant maturity at corn silage harvest, DM content
always is higher for grain than stover. Therefore,
ata similar stage of stover maturity or moisture
content, hybrids with a higher grain yield
automatically have a higher DM content. Days
after pollination, or preferably days after silking,
provide a more precise index of stover maturity.
However, compared with others, hybrids with
the “stay green” trait maintain a higher ratio of
stover moisture to grain moisture. Maturity of
the grain traditionally has been judged by
location of the milk line of kernels near the center
of an ear; presence of black layer is used as an
index of physiological maturity. These rapid and
dramatic changes in both DM yield and
composition with maturation of the corn plant

markedly complicate field comparisons of silage
hybrids. When harvested early (30% DM),
hybrids with high grain content will not exhibit
their full potential in terms of either DM yield or
starch content. Even if 2 hybrids with the same
relative maturity are harvested on the same date
atthe same silage DM content, the physiological
stage of maturity of both the stover and the grain
in these hybrids can differ. For comparison,
corn silage hybrids should be harvested on
multiple dates so that yield and composition
changes can be plotted across time. Such plots
can help producers select which hybrids should
be harvested later to maximize the quality or
quantity of silage available. For corn silage
hybrids with high grain content that have been
adequately kernel processed and inoculated to
enhance fermentation and reduce aerobic
deterioration, potential milk per ton and milk
per acre (Shaver, 2006), as calculated from corn
plant composition, generally are maximized at
37t038% DM. That is considerably drier than
the average of samples assayed over the past 7
years in New York (34%; Dairy One, 2009)
but not in Wisconsin (37.1%; Dairyland, 2009).
It also is drier than most recommendations of
the past, presumably reflecting the much higher
grain yields of modern silage hybrids, improved
late season plant health (less ear drop), and the
widespread use of harvest equipment equipped
with kernel processors.

Summaries of research trials with dairy cows
indicate that compared with more coarsely
rolled corn grain, extent of starch digestion from
finely ground corn is 6 to 7% greater, both in
the rumen (Figure 2) and in the total digestive
tract (Figure 3). Unfortunately, if fine corn
particles are present, cows often sort their feed,
and cows selecting fine particles have an
increased likelihood of subclinical acidosis.
Acidosis is a multi-factor disorder often
associated with imprecise cattle or bunk
management (abrupt ration switches; separation
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of fines in the bunk and feed sorting; inadequate
amounts of effective forage; and water
deprivation) as reviewed by Oetzel (2007).
Some of these problems can be reduced or
avoided by including more forage in the ration.
Although starch is the primary source of
fermentation acids generated in the rumen,
feedlots diets typically contain over 50% starch
(over 75% corn, often as steam flaked corn).
Given adequate bunk and animal management
and inclusion of an ionophore in the diet, signs
characteristic of subclinical or clinical acidosis
(fluctuating feed intake, depressed fiber
digestion, diarrhea, depression, and
physiological acidosis) among adapted feedlot
cattle are rare, even though ruminal pH of such
cattle typically falls below 5.5, the benchmark
used as an index of subclinical acidosis in dairy
cattle.

Total tract starch digestion fromrolled or ground
corn depends greatly on particle size of the
processed grain (Figure 4). Grinding corntoa
smaller particle size increases the extent of
starch digestion, both in the rumen and the total
digestive tract. Averaged across these 4 trials
with lactating cows fed dry rolled grain, starch
digestibility increased by 2.7 (+ 0.8) % (P =
0.023) for each decrease in mean particle
diameter of 1000 microns. Spread in particle
size, a factor that likely is more important than
mean particle size alone, will be narrower if grain
is ROLLED than if it is GROUND. During
grinding, very fine, dusty particles are produced.
Because drier, floury corn grain produces more
dust than moist, vitreous corn, particle size of
processed corn grain can change drastically from
batch to batch. The concern about acidosis from
fine starch particles has led many producers and
consultants to prefer rolled over ground grain
and to avoid grinding grains very finely.
However, under excellent management
conditions, when feed sorting and particle
separation are avoided by including wet feeds
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in the ration and when sufficient roughage is fed
to prevent acidosis, fine grinding will improve
digestibility of starch. The finer the grind or the
closer the roll setting, the greater the time and
energy required to process grain. So grinding
as fine as 600 microns, as is recommended for
pigs, seldom is used with dairy diets. To prevent
digestive problems, a geometric mean diameter
of 1000 to 1200 microns (flour sifter size) often
is recommended (Hutjens, 2008). With corn,
even very fine grinding will not increase total
tract starch digestibility to the degree achieved
with more extensive corn grain processing (high
moisture fermented grain or steam flaked grain;
Figures 2 and 3) because physical factors (fiber
and zeins) still physically inhibit digesting
microbes and enzymes from reaching and
attacking the vitreous starch granules of dry
rolled grain. Besides particle size, other factors
(grain vitreousness, pericarp thickness, and
kernel size) can alter starch digestibility as
reviewed by Hoffman and Shaver (2008).

Total tract starch digestion is greater for high
moisture corn than for dry rolled or ground corn
grain, primarily due to increased starch digestion
in the rumen. Heat processing (e.g., flaking,
popping, or extruding grain) gelatinizes or
explodes starch granules; in contrast, the
fermentation process softens proteins
surrounding vitreous starch to increase the
accessibility of starch granules for digestion.
Surprisingly, flaking does not increase extent of
starch digestion in the rumen as much as it
increases intestinal starch digestion (Figure 2),
perhaps because proteins melted during the
flaking process smear and coat fine starch
particles.

For efficient packing and fermentation, an
adequate amount of moisture must be present
with high moisture corn. For packing and
fermentation, rolling or grinding high moisture
corn grain before storage is recommended
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10.

I1.

unless the material is stored in an oxygen limiting
structure. A longer duration of storage increases
the rate and extent of starch digestion, both with
high moisture corn (Benton et al., 2005) and
corn silage (Hallada et al., 2008).

For adequate fermentation to increase its feeding
value, high moisture corn should contain more
than 26% moisture. Adding water to dry or
semi-moist ground corn grain prior to ensiling
yields high moisture corn with a net energy
advantage over dry corn similar to that seen
with grain harvested at the higher moisture
content. Inthe range of 20 to 24% moisture,
corn grain often has a lower feeding value than
grain that is either wetter or drier! Harvesting
grain with more than 32% moisture usually
reduces grain yield. For maximum grain yield,
harvest of high moisture corn should be delayed
until grain reaches physiological maturity
(presence of kernel black layer). Ifthe cob is
harvested with high moisture corn grain to
produce high moisture ear corn silage,
recommended harvest moisture levels will be 3
to 5% greater than with high moisture corn grain
because the cob contains more moisture than
the grain.

Fermentation of high moisture corn can continue
for more than 6 months as judged by continuing
increases in ruminal starch digestion and
solubility of the corn protein (Benton et al.,
2005). Because starch availability of high
moisture corn grain increases during storage, a
diet containing high moisture corn that is 9
months old is considerably more likely to cause
acidosis than a similar diet containing high
moisture corn that has been stored for only 1
to 3 months. Diet reformulation based on
duration of fermentation can help avoid this
“spring acidosis” condition. Likewise, starch
digestibility of corn silage also increases with
longer storage time. To maximize feeding value
of corn silage, some dairy producers purposely

12.

13.

delay feeding of corn silage until it has fermented
for several months.

Surprisingly, only about half of the starch from
dryrolled corn is fermented in the rumen, leaving
half'to flow to the small intestine (Figure 5). In
nearly 30% of the digestion site studies with
lactating cows fed dry rolled corn, more starch
disappeared PAST the rumen than WITHIN
the rumen (Owens, 2005). Compared with
feedlot steers, lactating cows often have a
greater postruminal supply of starch (weight and
percentage of dietary starch), probably because
of their high feed intakes of diets rich in NDF.
These two factors decrease the time that starch
particles spend in the rumen to be digested by
microbes. In sharp contrast with dry rolled or
ground corn, with high moisture corn the extent
of ruminal digestion of dietary starch often
exceeds 80% (Figure 5). Compared with diets
based on rolled or ground dry grain, high
moisture corn diets have much more extensive
ruminal starch digestion, leaving less starch to
be digested or fermented in the intestines.

With fermentation in the rumen, about 190 g
microbial protein can be generated for every
kilogram of organic matter fermented. This
means that replacing 1 kg of dry rolled corn by
high moisture corn will increase microbial
protein supply by over 50 g, slightly over 1%
of the typical supply. This increases the amount
of ammonia that will be used in the rumen, but
ruminal degradation of corn protein also is
greater for high moisture than dry rolled corn.
Is an increase in postruminal starch useful for
ruminants? How much starch is digested in the
small intestine, how much of this starch becomes
available as glucose or is converted to fat at
the site of absorption, and relative energetic
efficiencies of ruminal and intestinal digestion
currently are being debated (Huntington et al.,
2006; McLeod et al., 2006). Energetically,
carbohydrate digested in the small intestine
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provides over 20% more energy for the animal
because when carbohydrate is fermented in the
rumen, energy is loss as methane and heat.
Although fermentation of starch in the large
intestine will recover energy as fermentation
acids, fermentation in the large intestine is
inefficient energetically for the animal because
microbial mass generated in the large intestine
is excreted in feces. In terms of energetic
efficiency, the rank order for digested
carbohydrate is: 1) small intestine, 2) rumen,
and 3) large intestine. The relative value of
digestion in the rumen versus the small intestine
depends primarily on the animal’s ability to
digest starch within the small intestine. For small
intestinal digestion to have an energetic
advantage over ruminal fermentation, the
digestibility of carbohydrate reaching the small
intestine must exceed 73%. Based on the mean
values from Figure 5, increasing ruminal bypass
of starch from either dry corn (60% small
intestinal digestion) or high moisture corn (70%
small intestinal digestion) will reduce energetic
efficiency as compared with fermenting the
starch in the rumen. In contrast, numerous
measurements with growing steers indicate that
small intestinal digestion would be
advantageous energetically (78% small
intestinal digestion of starch from dry rolled and
over 98% small intestinal digestion from steam
flaked and high moisture corn). Reasons for
this discrepancy between lactating cows and
finishing steers in digestive efficiency are not
yetclear.

14. Bypassing more starch reduces acid production

in the rumen and thereby reduces the likelihood
of ruminal acidosis. In Europe, where lactating
cows often are fed diets based on wheat and
barley, both of which are rapidly and
extensively fermented within the rumen,
increasing ruminal bypass of starch through
feeding more slowly fermented corn types
(coarsely ground corn grain from flint rather
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than floury, or finely ground dent corn grain)
often has increased productivity.

15. The larger a sphere, the lower its surface area

to volume ratio. Consequently, larger kernels
have less surface (pericarp) area per unit weight
(kernel). Because the pericarp is nearly 90%
NDF, barring differences in pericarp thickness,
hybrids with a larger mean kernel size or weight
will have a lower percentage of NDF. Because
NDF is less digestible than cell contents, larger
kernels have more net energy as noted in steer
feeding trials by Jaeger et al. (2004). In
addition, large kernels are more likely to be
damaged during grain processing (rolling or
grinding); while small kernels often escape
processing and consequently are poorly
digested. For rapid and efficient grinding to
avoid flour and dust, a uniform kernel size is
preferred; addition of moisture with or without
a surfactant for a short time prior to grinding
can reduce dustiness of ground corn.

16. Dent corn grain is the product of an ancient

cross between floury and flinty grain parents.
Hence, dent corn contains both floury
endosperm (loosely packed starch that forms
flour when ground) and a densely packed more
crystalline endosperm encased in a starch
matrix (proteins including the zeins). This
fraction is considered to be flinty, vitreous,
horny, or hard. The ratio of floury to vitreous
starch differs with plant genetics and maturity
of the grain, typically increasing as grain matures
toblack layer. Small, floury particles are rapidly
and extensively digested in the rumen.
Consequently, extent of ruminal digestion and
acid production from dry ground grain is greater
for corn grain with a higher percentage of floury
endosperm as nicely outlined by Shaver (2003).
Though the relationship is not perfect, grain
samples with lower bushel weight often have a
higher percentage of floury endosperm and
would be preferred to maximize extent of
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ruminal digestion of starch from dry ground
grain. The range in vitreousness of highly
productive dent corn hybrids commercially
produced in the US is quite small (54 to 65%)
when compared with the wide range (0% for
floury to >80% for flints) that has been tested
in feeding trials. Considering that hybrids with
a higher proportion of floury starch in the
endosperm generally have reduced cold
tolerance for germination, decreased grain
yields, increased damage during grain handling,
and have failed to improve feed efficiency by
growing pigs (Moore et al., 2008), it seems
unlikely that the slight increase in total tract
starch digestibility by cattle noted with grain
that has been dry rolled or ground will be
sufficient to justify commercial production of
grain hybrids that have a more floury texture.

17. The lower ruminal and total tract digestion with

18.

dry grain that is associated with greater kernel
vitreousness (Hoffman and Shaver, 2008)
disappears when corn grain is either steam
flaked (Corona et al., 2006) or when grain is
fermented to produce either high moisture corn
grain (Szasz et al., 2007) or corn silage (Jensen
etal., 2005).

The thinner the flake and the lower the bulk
density of flaked corn grain, the higher the rate
and extent of starch digestion. Bulk density
(pounds per bushel) is the standard index of
flake quality typically used by operators of steam
flakers. Thinner flakes generally have a higher
percentage of the starch gelatinized and readily
accessible for enzymatic digestion. Because
additional factors (flake temperature, packing,
and drying) can influence flake density, analytical
procedures to evaluate starch availability (gas
production rate and release of glucose during
incubation with enzymes) have been developed
and are available from some commercial
laboratories. Not yet verified in cattle trials
except for flaked grain, these tests are being

used to appraise relative availability of starch
from dry and high moisture corn and from corn
silage. For corn silage, a Kernel Processing
Score that measures the fraction of total dietary
starch remaining on a coarse screen (> 4.75
mm) also has been used as a predictor of starch
digestibility based on studies by Ferreira and
Mertens (2005). The greater the cost of the
grain, the greater the value of extensive
processing. Although many feedlots own and
operate flakers, few dairy farms handle a
sufficient volume of grain to justify the high
purchase and operating cost of equipment to
steam flake grain. However, some feed mills
in areas that serve multiple large dairy farms
have installed steam flakers. Dairy farms that
arrange to trade home-grown dry corn for a
flaked, dried product generally have
appreciated the convenience, improved feed
consistency, and higher energy value (up to 15%
greater net energy) obtained from feeding grain
that has been steam flaked. Economics of this
process could be improved markedly if the
flaked grain could be fed immediately (as at
commercial feedlots) in order to avoid the cost
of drying flakes to conserve them.

19. Large and flat with few fines, picturesque corn

flakes preferably are fed to feedlot cattle while
still warm and moist. Research results indicate
that: a) aged flakes have equal feeding value as
fresh flakes and b) digestibility of flakes is not
reduced by the extensive mixing that reduces
size of the flakes. However, enzymatic
availability of starch from flakes decreases
when flakes remain very hot and moist for more
than an hour following flaking, probably due to
starch retrogradation (hardening).
Retrogradation appears to reduce digestibility
or at least shift more starch from the rumen to
the intestines for digestion.

20 and 21. When separated and assayed, whole

corn kernels from manure contain as much

April 21 and 22,2009

=7, Tri-State Dairy Nutrition Conference



starch as kernels that have never been
consumed; they represent incompletely
digested grain. Whole kernels are not detected
in feces when grain is ground, but the mere
absence of whole kernels (as when ground grain
is being fed) does not mean that starch
digestibility has been increased. Small kernel
fragments are difficult to spot. For estimating
starch digestibility, one must assay feces for
starch. Greater fecal starch concentrations
reflect lower starch digestibility. With feedlot
steers fed diets based on adequately processed
steam flaked corn, fecal starch concentrations
generally fall below 5% of DM. For lactating
cows fed well processed corn, starch content
of feces ideally should be less than 10% of DM.
By comparing the starch concentration of feces
with the concentration of some other constituent
of feed and feces that either is indigestible (e.g.,
lignin or insoluble ash) or has a known
digestibility (e.g., protein), one can calculate
starch digestibility. To be certain that a fecal
sample represents an average for the herd,
samples from several animals should be
obtained and mixed for analysis. Intakes of
starch from grain and corn silage can be readily
calculated as discussed previously (Answer 4),
but one cannot readily determine whether
starch in feces is coming from silage or
supplemented grain unless the 2 starch sources
in both feed and feces can be distinguished
physically (particle size) or chemically.

22. To predict starch availability, samples are

incubated with enzymes or ruminal bacteria
(with or without sample drying and with or
without sample grinding) for several hours and
the amount of starch degraded or is used to
generate gas (Sapienza, 2004; Blasel et al.,
2006) is measured. Sampling preparation
procedures are not standardized and grind size
can markedly alter results. Such tests generally
appraise immediately accessible starch; thereby,
they may reflect rate of ruminal digestion and
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serve as an index of the potential for acidosis.
Prediction of total tract digestibility from starch
availability relies either on the concept that
ruminal and total tract digestion are closely
correlated or physical addition of an analytical
step in which residues remaining after ruminal
digestion are incubated with starch-digesting
enzymes. Based on published values from trials
where ruminal and total tract starch digestion
have been measured with feedlot or lactating
cattle (Owens, 2005), the correlation of ruminal
and total tract starch disappearance is
reasonably high for samples of high moisture
corn grain and steam flaked corn (R?=10.92
and 0.72, respectively) but surprisingly low for
dry rolled corn (R>=0.01). Ifonly 1% of the
variation in total tract starch digestion can be
attributed to differences in ruminal starch
digestion by cattle, extrapolation from ruminal
to total tract starch digestion is useless. Further
research to develop or improve animal-relevant
assay procedures and near infrared prediction
equations to quantify both site and extent of
digestion of grain components will increase our
capacity to evaluate individual corn grain
samples and corn hybrids and to quantify
responses to grain processing. These, in turn,
should lead to grains with improved nutritive
value and energy availability and grain
processing methods that can further enhance
rate and efficiency of production by ruminants.
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Table 1. Contributions to total digestible nutrients (TDN) (NRC, 2001).

Corn grain Corn grain Cornsilage Cornsilage
Component (% of DM) (% of TDN) (% of DM) (% of TDN)
NFC! 76.1 77.5 40.8 50.3
Protein 9.4 9.6 8.3 9.5
Fat 4.2 7.5 33 7.2
NDF 9.5 5.4 44.6 333
'NFC = Non-fiber carbohydrates.
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Figure 1. Influence of corn silage DM content on starch content of corn silage.
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Figure 2. Digestion of starch in the rumen of cattle as a fraction of starch from corn grain that was fed with
grain processed by various methods.
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Figure 3. Mean values for total tract digestion by cattle of starch from corn grain processed by various
methods based on literature reviews by various authors.
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Figure 4. Influence of particle size on starch or non-structural carbohydrate digestion by lactating cows.

100

90 6.0 86

80 16.1 13.7 102

Dry Rolled High moisture Corn silage

Figure 5. Site of starch disappearance (% of dietary starch) from corn grain and corn silage fed to cows. The
lower section represents digestion in the rumen, the midsection represents digestion in the small intestine, and
the top section represents fermentation in the large intestine.
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