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= PROCESSTIG METHODS FOR CORN GRAIN FFD WITH VARICUS
TYFES, SOURCES AND LEVELS OF ROUGHAGE TO CAT'LE
Abstract
JERRY BURKHARDT
Urder the supervision of L. B. Embry

Six hundred fifty-six Hereford steers were utilized in a series of

experiments to compare the effects of various methods for procassan

3

corn grain wken fed with various types and levels of roughage. Iacluged
in this series of experiments were five feedlot and two digestion
trials. Dry znd high moisture corn grain fed whole or relled and stean
procicsed flaled coyii grain were the types of grain processing meihcds
studied. Xowever, sieom processed flaked corn was used in onliy one
feedlot experiment as the benefits measured by animal performence weve
similar to that of &ry rolled corn. lay, haylage snd corn silsge wore
the various types of roughage compared. Hay and haylage were fed in
high roughage growing and low rcoughage finishing diets with each of the

grain treatments. Corn silage was fed at a coastant Zevel throughout &

—

groving=rinishing study which resulted in a lar

3
",

portion of the diet

»

C

being corn silage when the cattle were of lighter weights and prozres~

sively less as the cattle increased ir

weight and Teed consvuption.
Paramsters used to evaluate these various comparisons included feedlot
performsace and apparent digestibility data.

Hereford steers vere used in &ll experinments. They were randomly
allotted efter gtratifying ¢n basis of weight and placed in pens paved

vith conerete but without shade or shelter. "The znimals were fed onco



ailable feed at

He
fol)
(14
96

daily in fence-line feed bunks in amcunts to prov
all times.

Reconstituted corn, stored in an oxygen-limiting silo, was used in
all experiments as the high moisture corn. :The high moisture corn vas
from the same source as the dry corn within each experiment. FRolling
of woth the dry and high moisture corn was just prior to {eeding. This
allowed using the same oxygen-limiting silo for botn tha vhole and
rolled high moisture grains. The dry grain was rolled to a iredium

degree of finene while the high moisture grain was rolled to preduce

C’t

a flattened kernel with a minimum of fine materizal. Reconstituted
naylage was alss from the same source as the dry hay when compared
within the <ame experiment. The hay and haylage were chopped in a
gimilar wmanner but water was added to the haylage prior to stcrage in a
eile.

Tha diiferences between high moisture and dry corn when fed with
low levels of roughauge (about 10% of diet dry matter) were small and
frequaently favored dry grain on basis of weight gain. There were alsoe

iferences in feed utiiization vnder these conditicens but

L‘ .

onily small ¢
freguently favered the high moisture corn. At higher levels of
rougnage, the value of high moisture cern in comparison to éry corn
apreared to inprove weight gain and feed efficiency.

Theire seemed to be no consistent difference cn basiz of rate of
gein between whols or rolled dry corn grain with roughage leveis up %o
about 2094 of the diet dry matter. Rolled grain was generally consumed
at o lower level but with about the same or a slight imprevement in feed

efficiency in comparison to the whole grain. Apparently, the whole

Y



daily in fence~line feed bunks in amcunts to provide available feed at
all times.

Reconstituted corn, stored in an oxygen-~limiting silo, was used in
all experiments as the high moisture corn. -The high moisture corn was
from the same source as the dry corn within each experiment. FRolling

of both the dry and high moisture corn was just prior to feeding. This

ok

allowed using

7 the same oxygen-limiting silo for both tha whole and
rolled high moisture grains. The dry grain was rolled to a medium
degree of fireness while the high moisture grain was rolled to produce
a flattened kernel with a2 minimum of fine material. Reconstituted
haylage was 2159 from the same source as the dry hay when compared
within the <ame expeviment. The hay and haylage were chopped in a
gimilar manner but waler was added to the haylage prior to stcrage in a
silc.

Tha diiferences between high moisture and dry corn when fed with
low levels of roughage (about 10% of diet dry matter) were small and
frequantly favored dry grain on basis of weight gain. There were also

fferences in feed utilimation vnder these conditicns bwut

(20
l.‘o

only small ¢
freguently favered the high moisture corn. At higher levels of
rougrage, the value of high moisture corn in comparison to dry corn
appeared to improve weight gain and feed efficiency.

heie seeméd to be no consistent difference cn basiz of rate of
gein between whole or rolled dry corn grain with roughage levels up to
about 209 of the diet dry matter. Rolled grain was generally consumed
at o lowar level but with about the same or a slight improvement in feed

efficiency in comparison to the whole grain. Apparently, the whole



grain was utilized efficiently even though the feces appeared to centuln
a considerable quantity of apparent whole kernels of grain. Even with
roughage levels as much as 60 to 65% of the dry diet, the advantags fov

olling dry corn grain was small for steers from weights of 500 %o 800
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sorn and low levels of roughage, thsere appeared

rasitage for rolling the grain in corrarison to
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feeding ia the wihois Torm. At higher levels of roughage (Z0% or more
diet dry matter), there appeared to be more advantage for rolling hign
moisture grain than for rolling dry grain.

Differences i

-

1 value of dry and high moisture corn were small wue
fod in diets with limited amounts of corn silage (zbout 37% of die: dry
matieri. ‘'rere was also iittle difierence belween whiie or rolled voii
under these conditions.

Incidence of abscessed livers did not appear zo ve affected by
roisture content of %he grain or roughage. However, there was a grsater
ircidence whnen the corn was rolled. Three huandred eighty~twe cattlie

were exzunined ai slaushter for liver abscesses of which S0% were fed

whole corn and 50% rfed roilled corn. Fifteen (7.8%) abscessed livers

were from cattle fed whole corn and 31 (316.2%) were from cattle fed

Differences in apparent digestibility wvalues for dry or high
crain were a2lso small in diets ~ontaining ? or L0% rough-

ape, Rolling of either type of corn grain facled to have any large

]

effect. With the lover level of roughage, there was a difference in
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grain was utilized eificien

a considerable quantity of
nuch

roughage levels as 2s
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rolling dry corn grain w
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tly even though the feces appeared to corntairn
apparent whole kernels of grain. Even with

60 to 65% of the ry diet, the advanta

2 for

small for from weights of 500 %o 800

With high moisture corn and low levels of roughage, thare appeared
o be 1ittie, 1f any, advauitage for rolling the grain in ceorparison to
feeding ia the wihoie form. At higher levels of roughage (Z0% or more
diet dry matter), there appeared to be more advantage for rolling hig:n
moisture grain then for rolling dry grain.

Differences in value of dry and high moisture corn were smzll when
fad i diets with limited amounts of corn silage (about 37 of die: dry
matter). “hers was aiso iittle difierence belween whilie or rolled vori

under these conditions.

Incidence of avbacessed

roisture content of the gra
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neidence whnen the corn was rolled. Three hundred eighty~twe cattle
were exzmnined at slaushter for liver abscesses of which 0% were fed
whole corn and 50% Ted rolled corn. Fifteen (7.8%) abscessed livers
were from cattle fmd whole corn and 31 (16.2%} were from cottle fed
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levels of roughage, cattle fed hay

lsc generally gained fastex
than cattle receiving hay.
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INTRODUYCTION

Feed processing and storage systems vary widely in requirements for
storage facilities and yprocessing equlpment and thus in capital outlay
and operating costs. Beneficial effects derived from processing and
storuge must at least equal costs involved to be economical.. The total
value of any processing or storage system will be added benefils of
several factors which should be taken into consideration in deciding
how feeds should be harvested, stored and processed for feeding to
livestock. Thesme would include cost and time involwved in harvesting,
storing, processing and feeding; influvence on feed consumption and

astage of feed; and effects on weight gains of the znimals and feed
utilization.

Crains are usually processed for feedlol cattle to incrucce Gigest-
ibility, feed intzke or for increased uze of mechani-al equipment.
Processing grain may increase digestibility by iucrensing the surface
arca cxposed to bacterial and enuymatie dicestioa. FProcassisng gresn nay
also irfluence rate of passage through the digestive trset becavse of
changes 1n particle size. A ranid rate of passage would e expected to

permiil @ greater feed intake by the animal; bu

o

if pamsage rate is toc

revid, digestibhiliity and thus, efficieancy of utilizaltion may be reduced.

Research an foed processing has Yesn rather ceatinuous for the past

»
o

geverecal years., howrever, this is necessary because o7 new developments

in wachinery anid

n

rerage structures, intreduction of new crops and
voricties, new inforcaticn on natritional needs aand changes in feeding

praciicas.  Recent treuds in cattle feeding practi
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feeding a higher proportion of grain in the diet, feeding of grain in
the high moisture state, and feeding of younger animals. Also, a large
part of the corn crop is shelled during harvesting and then dried with
artificial heat instead c¢f allowing the grain and cob to dry naturall

in the field or when cribted as ear corn. These harvezting changes are
true for most of the feed grains and result in an increase in amoant

and degroe of kernel breakage and a possible heat alteration of the
grain. All of these factors are interrelated and affect efficiency with
which livestock utilize feed. As a result of these changing trends,
there is a need for additional research as to the benefits to be derived
from grain processing.

The research reported in this thesis inveolved experiments to

)
(47
Q.

deternine the value of grain processed by various methods when
various kinds and ratios of concentrate to roughage to feedlot beef

arimals of various ages and degree of fatness.



REVIEW CF LITERATURE

There appears tc be conflicting recommendations between earlier
research concerning the merits ef processing methods for various grains
being fed to beef feedlot animals and those reported more recently.
However, scme cf the discrepancies appear to have resulted from impreper
ccusideration being givern to various animal and feed tactors which have
been snown to affect results obtained from processing grain.

Morriscn (1959) states that young animals chew corn more thoroughly
than clder animals end also have better teeth to masticate feed. Kick
et al. {1937) observed orn a sirilar diet that the number of jaw move-
mer:ts by the animal while eating decreased as the age of the animal
increased. Shaw and Norten (190€) fed a diet high in whele corn grain
to yearling catile and cows and found 11% and 23%, respeetively, whole
undigested corn in the feces. With cattle goirz into feedlots at an
earlicr age than previousiy, there may be less need to process whnie
corn grain.

With increasing daily fixed cost, it is generally more economical
to feed a higher proportion of concentrate to obtain higher daily gains.
Geasler ard Vetter (1972) stated that with a high roughage diet processed
corn (roiled, cracked or ground) was more highly utiiized than the
unprocessed grain. By contrast, with high concentrate dists unprecessed
corn grain was utilized more etrficiently. Accompanying the increased
use of concentrate in cattle diets has been an increase in the use of
some grains such as wheat »reviously not considered a major feed grain.

New grains such as triticale have been developed and others such as



sorghum grain have been bred to provide increased grain production vhere
previously they had been used primarily for silage production. Also,
new varieties have been developed for maxinum production and they may
differ physically from those previously produced. Therefore, results
obtained from various processing methods may differ from earlier results
because of these developments.

Another factor, a)lthough not biological in nature, which may affect
the type of grain processing methods recommended is the number of cattle
fed per year at onez location. A 2 to 3% reduction in feed required ver
unit of gain in a large feedlot way be of considerable economic import-
ance; whereas, the same change in a farmer-feeder operation is likely to
be of only minor consideraticn. Therefore, the larger feedlot may be
mere economicallv justified in purchasing more expensive equipment for
grain processing to obtain small benetfits than is the smaller operatcer.
The larger feedlct is able to spread the cost of the equipment over more
pounds of feed and therefore reduce the per unit cost. The smaller
fermer-feeder may charge a portion of the grain processing cost to the
harvesting and storage operation, and therefore, charge part of the ccst
to the farmine operation as viell as tc cattle feeding.

Tt is evicdent that economic considerations play a major role in
selection of feed processing systems. However, emphasis with research
has been on the animsl responsz in weight gain and feed utilization.
Thesge will we given the major emphasis in this literature review since

economic benefits can be calculated from weight gain and feed intake

U
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Grinding and Rolling

One of the oldest and generally least costly method of proceszing
grain is to break the kernels into smaller particles. This is usually
accomplished by the use of various types of grinders or roller mills.
The use of roller mills is generally preferred over grirnders for most
grains. Roller mills have lower power requiremeants and generally
produce a product with more uniformity in particle size. However, the
product from a grinder or rolier mill could be of similar physical
properties if certain precautions are taken.

The process of grinding inwvolves passing grain through a hammer or
burr mill. Particle size may vary from a fine powder to coarsely
cracked grain depending upon the type of mill and iresh size of the
screen., Rolling requires that the grain pass between fwo rollers. The
degree of physical destructicn of the intact grain depends upon the
clearance betweer. ths rollers, kernel size, rate of flow betweern the
rollers and mcisture content of the grain. Particle size of the rolled
grain may, therefore, vary from fine particles to coarsely cracked.
Riggs (1658) concluded from a review of the literature there was little
or no difference in nutritional value of grain from the twc methods of
reducing particle size.

Finely ground grsin is generally considered to be digested to a
greater extent than is coarsely ground grain or the intact kernel. Thie
is due to a greater exposure of the intericr portion of the kernel and
#)lows for more complete digestion. However, finely ground grain is
conzumad in cmaller guantity than whole or coarsely ground grain (Ray

.

and Drake, 1952).



Corn

It is a common practice to grind or roll corn grain because it is
thought that much of the material will pass through the digestive tract
with little or no digestion il the kernel is not broken. Savings in
feed preparation cost could be realized through reduced mechanical
power and labor if this processing was not necessary. However, in
experiments with calves (Jacobs et al., 194C), yearling cattle (Allison,
1917) and two-year-cld steers (Mumford, 1905), it was shown that cattle
gain faster and more efficiently when corn was rolled or ground as
compared to the whole form.

Under the assumptions that cattle are now put into the feedlot at
a ymrunger age and that younger animals masticate their food mcre
thoroughly, Goodrich and Meiske (1966) reevaluatazd the nee#d for grinding
and rolling corn grain for feedlot cattle. They reportzd greater gains,
consumption, profits and more efficient utilization of the whole than
for rolled corn when fed to yearling steers. Corn comprised about €C#%
of the total diet with the remainder teing corn silage and hay. Meiske,
Goodrich and Thorton (1968) repeated this Minnesota research but
ulilized vcunger animzls. They again found that grinding the corﬂ was
UNNEecesSsSary.

Hixon, Hatfield aud Lamb (1969) reported yearling steers self-fed
whole corn with supplement gained faster and more efficiently tanan those
fed a similar diet containing cracked corn. Weichenthal and Webb (1969)
ovtained a % faster gain with yearling steers fed dry whole corn with
O or 10% roughage levels as compared to steers fed ground corn. Whole

shelled corn was utilized 7.1% mere efficiently than grournd corn when



ne roughage was fed and 6.9% more efficiently at the 10% roughage level.
Foster and Woods (1970); Vetter, Burroughs and Wedin (1970) and Perry,
Beeson and Mohler (1970) have also shown improved or equal gain and feed
efficiency from feeding dry whole corn grain in comparison to the rolled
or ground grain in high energy beef cattle diets.

Yance et al. (1971) evaluated the performance qf cattle finished on
8 [diet using vhole er crimped corn grain with-Os 5, 10, 455 2D or 25 1b
corn silage daily. They concluded that whole corn grain was best
utilized in high-concentrate diets and that crimped corn was best
utilized in diets containing more roughage.

In reviewing this area of processing corn grain, it was noted that
several authors stated that cattle fed whole corn grain were more
difficult to keep on~feed as compared to those receiving cracked corn.
Kick et al. (1937) reported that steers spent less time masticating
shelled corn than did steers receiving the ground grain. They =xplained
this on the basis of more time required for ensalivation of the ground
dusty grain than for the whole kernel. This may be related to the
problenm of cattle going off-feed in that not enough saliva is being
secreted, and therefore, causing a more acid rumzn resulting in mild
casts of acidosis. This would be especially true if feed was not
available tc the animals at all times. Therefore, when whole corn grain

is fed, a higher degree of management ability may be required.

Sorghum Grain

Sorghum grain is a2 hard, dense grain and is relatively impervious

to water. Tuerefore, the whole grain eprarently is resistant to



ricrobial and enzymatic digestion during the period of time it normally
remains within the digestive tract. Some method of processing is
required for efficient utilization of sorghum grain by beef cattle.

Saba et al. {19€4) studied digestibility of whole sorghum grain in
nylon hbags suspended in the rumein. They found essentially no digestion
during a l-week periocd. Cadena et al. (1962) conducted similar studies
with dry rolled sorghum grain and found the grain to be highly digest~-
ible during a 24-hour period.

A series of studies at the Kansas station using various levels of
sorghum grain revealed little difference in weight gains cf cattle fed
finely grournd, coarsely ground or dry rolled grain (Smith and Parrish,
195%; Baker gt al., 1955). However, animals fed the coarsely ground
grain were not as efficient in feed utilization. Pope et al. {1961) at
Oklahoma using a 50% concentrate diet showed improved gains and fezd
requirements for cattle fed finely ground sorghum grain in compariczon to
dry rolled grain. At Arizona, Hubbert et al. (1962) showec that finely
grount as compared to dry rolled sorghum grain rcduced feed intake and
increased feed requirements wher fed with a 65% concentrate diet tg
yeariing steers. Scme of these auithors suggested that the geographical
area in which the grain is fed and the {ype of diet utilized are
reasons for discrepancies reported in the utilization of sorghum grain
vrocessed in vearions ways. In more arid climates, fine grinding of
grain results in an extremely dry, dusty feed because of the low
beamidity. In rore hvmié areas, it is probable that the feed would not
ke as dusty; arnd in many of the more humid areas, silage has been

frequently used in conjunction with the finely ground grain.



Digestion studies with diets containing 75 te 89% sorghum grain
have shown no improvement in digestibility of finely ground grain over
coarsely ground greain or dry rolled grain (Husted et al., 1968; Buchasan-
Smith, Totusek and Tillman, 1968). However, the level of reughage may
influerice the digestibility of dry rolled sorghum grain. Studies have
shown that the digestibility of dry rolled sorghum grain by steers is
much higher on a diet of 50% grain and 50% alfalfa than on a diet
containing 98% grain (Keating et al., 1965; Saba et al., 1964). The
DN values, obtained by difference, for the sorghum grain were 86% and
7%, respectively, for the 50% and 98% grain diets. This suggests that
the digestibility of dry rolled sorghum grain is higher when fed with

bigh roughage diets than with high concentrate diets.

Other Grains

There has bteen few recent publicaticns on the benefits eof grinding
o rclling wheat, barley and oats as compared to¢ the whole grain for
bzef cattie. Horrisoa (1959) stated that 21l of these grains should bs
fed to beel animals in the ground or rclled form for mest =fficient
veilization, IHowever,; these grains have been processed by other means

znd will be discussed in greater detail later.

Moist Heat Treatment

An increase of propionic acid in the digestive tract of the
ruminant animal is generally associated with an increase in growth and
fattening., Diets high in grain tend to produce more propionic acid than
diets high in roughage. Studies have indicated that heat prccessed

soareh and grain results in e greater proportion of prepionic acid in
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comparison to the raw forms (Armstrong and Blaxter, 1957; Shaw et al.,
1959).

A measure of the effect of processing upon grains (the degree of
disruption ©f the crystalline structure of starch granules in the
endosperm) has been termed gelatinization. The degree of gelatinization
in processed grain is measured by the disappearance of birefringence of
starch granules and estimated by a beta-amylases digestion technique
(Albin, 1971). During moist heat treatment of grain, the grain swells
due to water forcing the starch chains apart. To a certain point, the
changes caused ®y swelling are reversible by drying. When these chauges
become irreversibtle, the starch is said to be gelatinized. The original
starch structure has been made less ccmplex, alihough not convertec to a
sugar, and allows for more sites for microbial and enzyrmatic digestion.
However, Mudé and Perry (1969) showed that completely gelatinized corn
grain depressed digestibility. Albin {1971) suggested that a level of
30 to 40% gelatinization is desirable for scrghum grain. Ezpesriments
cenducted by Wilson and Wocds (1965) and Mudd and Perry (1969) indicate
that this level of 30 to 40% gelatinization is too high for corn grain.
Steam rolled, steam vrocessed flaked and pressure ccoked flaked are

sonms of the moist heat processing methods that may cause gelatinizaticen.

Steam Rolled, Steam Flaked and Pressure Cooked Flaked

The process of steam rolling grain generally involves subjecting
the grain to steam for up to 5 minutes prior to rolling at a temperature
near 180 F. Steam processed flaked grain involves a higher temperature

{200 ¥), a lenger period of time (20 to 3C minutes) and less tolerance
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between the rollers. Pressure cooked flaked grain is produceé by adding
the steam under pressure for a shorter period of time, 1 to 2 minutes.
The temperature of the grain at which rolled is about 200 F. Pressure
cooked flaked grains are generally less brittle and will not break as
readily during the mixing and feeding operation. Also, steaming under
pressure would be expected to result in deeper peretration of moisture
into the kernel and cause more gelatinization of the starch. Grains
processed, as described above, requires some drying before storage as
the processing methods raise the moisture content to about 18 to 20%.

Flaking is a method of processing which involves steaming the grain
before it is rolled. This method of processing has received consider-
able attention ty researchers. However, a review of the effects of
these processing methods is complicated due to a void or incomplet
description of the specifications employed in the processing procecdure.
Alsc, there has been, when stated, a wide range of specifications

between researchers.

Corn. Matsushima and Montgomery (1967) conducted an experiment to
determine tha elfect of varying the space between the rcllers of a’
rolier mill used to flake the cora. The thick flakes neasurei about
1/12th inch in thickness while the thin flakes averaged 1/32nd inch in
thickness. Cattle f2d the thin flukes gained 4.5% faster and 7.%% more
efficiently. This would indicate that quality control is important in
grain. processing. This mzy also explain scme of the differences noted
between resesrchers at various locations. Differences in results

bhetween researchers may have been in the thickness of the fiake, and
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8lso in the arount of pressure, length of time subjected to heat and to
differences in the grain used.

Digestibility studies by Johnson, Matsushima and Knox (1668) with
flaked corn compared to dry rolled corn showed an increase in digesti-
bility of dry matter and protein. The application of moist heat to
starch or starchy feeds brings about hydration of the starch and
hydrated starch is digested more rapidly by rumen microorganisms than
untreated starch. However, dry heat resulted in a decrease in the rate
of digestion of the readily hydrolyzmable dry matter iu a study conducted
by Salsbury, Hoeffer and Luecke (1961).

Some: of the tests with corn by Matsushima et al. (1966) have shown
very little advartage in increased weight gain from steam processing.
However, an increase of 5 to 10% in efficiency of feed utilization was
observed. Similar results were reported by Newland et al. {1962) and
Thompson, Bradley and Little (1965).

Garrett, Lofgreen and Hull {1971), in an extensive study of various
steanm and heat treatments, concluded there was a considerable range in
specifications as tc steam pressure and temperature treatments satis-
factory for processing corn. They also concluded that from a practical

tandpoint the feeding value of corn is relatively unchanged by steam

9]

pressure treatments.

Sorghum Grain. The =eed coat of sorghum grain is more dense than

‘most other feea grains and therefore various processing methods which
expose the starch portion of the kernel appear more berneficial. Steam

rolling of sorghum grain has generaily shown little or no improveirent

]
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in the feeding value when compared to dry rolling or grinding (Pope et
al., 1960). This would indicate that processing methods for sorghum
grain which break up the outer coat are as effective in improving
atilization as the methcds involving heat treatment.

There aprears to be considerable variation in the tywe of starch
found in different varieties of sorghum grain. Hinders and Eng (1970)
compared the effects of pressure coovked flaked and micrconized sorghum
grain on three different starch types of sorghum grain. By using
enzymatic digestion, they found that different sorghum grains responded
differently to various precessing methods. It was concluded that the
color of the outer coat probably had little effect upon the response to
processing, but the starch granule and the protein matrix were the

rincipal factors imfluencing the rate ot starch degraaation due to
processing.

Hale et al. (1996) reported steam flaking significantly increased
the digestibility of dry matter, ether extract, nitrogen-free extract
and TD¥ over dry rolled scrghum grain. Husted et al. (1968) observed
this same trend vhea dry rolled or finely ground sorghum grain was
compared to the steam flaked or pressure flaked grain. Theurer, Trei
and Hale (1957) showed that steam processing and good flaking increases
in vitro volatile fatty acid production and narrowed the acetate-
propiconate ratio over poor flakes, steaming alone cr untreated grain.
Kale (1967) summarized his data at Arizona and reported that steam
processed flaked sorghum grain increased gaine by approximately 10% and
feed requirements were reduced by 5% when compared to dry roiled sorghum

)

grain, Totusek and White (1968) summarized 11 experimernts and found
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close agreement to these values for the btenefits frem steam processed
flsked sorghum grain.

Pressure cooked flaked grains are generally considered <o be less
brittle and will not break as readily during mixing and feeding
operations as compared to steam pressure flaked grains. Pressure cooked
flaked grains result in less fine and dusty material in the feedbunk
vhich would be conducive to a greater feed intake. However, this
edvantage may be offset by usually higher cost of maintenance of the
pressure cockers.

Garrett (1970) reported that pressure steamed flaked sorghum grain
resulted in more rapid and more complete rumen fermentation of starch
as compared to atmcspheric, steam flaked grain. Feed intake of beef
steers was lower tut gross feed efficiency was improved by the steam
pressure treatment. Garrett (1970) also stated that previcus work has
shown a decreased intake of the diet containing steam pressure processed
grain sorghum. Net energy for gain values, hcwever, were always as high
or higher for the diets containing the steam pressure processed grain
even when the depression in fcod intake was severe enough to have an
adverse influence on animal performance., The type of flake produced is
elso important to the resyonse obtained from any flaking procedure.
Osman et al. (1970) observed in vitro that the starch of a thin flake
is more rapiily degraded.

Garrett et al. (1971) . in an extensive study of various proccesing
methods on sorghum grain, found that steam pressure processing »{ milo
resulted ir an &% imorovement in feed efficiency and improved the net

energy for gain values of high grain diets by 10% when compared to
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regular'steam flaking at atmospheric pressure. These researchers also

revorted a 3% increase in energy digestibility attributed to the pressure
cooking of the grain. Holimes, Drennan and Garrett (1970) compared
pressure cooked flaked sorghum grain to grain which had been steamed at
atmospheric pressure before rolling. They concluded that pressure
cooked flaked sorghum grain resulted in more rapid and more complete
Termentation than did grain steamed at atmospheric pressure. They also
noted that an adaptation period was required for the pressure cooked
grain as evidenced by in vit:o results.

McHeill, Potter and Riggs (1971) conducted a study to compare
total carbohydrate and starch vtilization in the rumen and postruminal
tract of steers fed scrghum grain processed by different methods. One
of the comparisons involved dry ground versus steaming at atmospheric
pressure followed by rolling at minimal tolerance of rollers. They
found that total starch digestibility was improved by steam flaking.
Also, ruminal starch digestion was greatest in steers fed the steam
flaked grain. They suggested that raw starch from sorghum grain 1s
poorly digested ir the rumen of cattle fed high concenirate diets.
However, when they micronized the grain, and therefore the starch no
longer teing raw, there was no difference in ruminal starch digestion
when compared to the dry ground grain.

Potter, YcNeill and Riggs (1971) also studied digestibility of
vretein in dry ground, steam flaked and micronized sorghum grain. Steam
flaking rasulted in eanhanced ruminal conversion of grain protein to

Lacterial protein when compared to ground dry grain. However, the use of

heai, as in micronization, result=sd in decreased ruminal conversicn of



16

protein when compared to dry ground sorghum grain. They stated tnat the
effect of heat processing on total digestion of scrghum grain proteins

was minimal.

Wheat. The use of heat to process wheat has generally not resulted
in any nutritional benefit (Cornett, Sherrod and Albin, 1971; Garrett,
1968). 'The application of heat to the raw starch of grains generally
results in gelatinization. This is thought to aid digestibility of some
graing if the amount of gelatinization is not overly severe. Cornett
et al. (1971) states and cites other supporting research that raw starch
from wheat iz already partially gelatinized. In a digestion study they
compared dry rolled, steam flaked and micronized rolled wheat. The
levels of gelatinization for the treatments were 10.0, 12.5 arnd 10.0%,
respectively. They found that steam flaked wheat had lower digestibil-
ity valmes than dry xolded graine Garnetit et al. (1971) also stated
that steam treatment of wheat is not heneficial. One of the problems
with flaking wheat is that the flakes are extremely fragile and easily
broken which result in a high percentage of fine particles (Cornett et
al., 1971; Hale et al., 1969). It was suggested that wheat grain does
not ahsorb moisture as readily as other grains which may account for
the less rigid flakes and a larger percentage of fine material.

Hale et al. (1970} found some improvement in performance of cattle
fed poorly flaked wheat when compared to flat flsked wheat. This was
thought to be primarily due to a reduction in percentsage of fines in

the poorly flaked wheat.



Enmbry and O'Conaell (1970) recommended that wheat should be
coarsely rolled or ground when feeding to beef cattle. Preparaticn to a
poudery material appears to reduce intake and to increase digestive
problems. They also stated that results of research have not shcwn any
prenovnced and consistent advantage for any processirng metheds over the
dry rolled or coarsely ground grain. Similar recommendations and

¢enclusion are given by Arnett (1971).

Barley. The digestibility of dry rolled barley is high compared
to dry rolled sorghum grain (Saba et al., 196%). Garrett (1965)
conducted a study comparing steam rolled barley to barley that had been
ground. It was found that the acceptability, as measured bty voluntary
feed intalie, waz simila> {or toth processing methods. Net energy for
rroduction values were alsc similar for the two processing methods.
However, it was stated that bznefits from steam rolling over dry rolliug
may sometimes be obtained.

In two trials in which dry rolled barley was compsred with steam
processed fiaked varley, steam processed barley resulted in increased
rates of gain (85) and increased voluntary feed intake (9%) (Hale: et al.,
1966). However, there was no improvement in efficiency which would
indicate no increase in digestibility from the steam Tlaking process.
They noted that the flaked barley contained less fine material which
may be responsivle for the increzased intake and performarnce of the
cattle receiving the flaleada diet.

Fesults of a study by Parrott et al. {1962) irdicated that barley

fron different sources may vary in utilization and digestibility. They
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conducted two experiments in which the source of barley diffzsred for
each experiment. It appeared that steam processed flaked barley did nct
improve digestitility of the proximate fractions or the availability of
TON except when the TDN of the barley was low. Garrett et al. (1971)
stated that the feeding value of barley was relatively wnchanged by

rrocessing under steam pressure.

Dry Heat and Mechanical Pressure

More recent developments in methods for processing grains for beef
cattle production have utilized dry heat or mechanical pressure. These
methods also gelatinize the starch in a similar manner as discussed

previously. The main difference is that dry rather than moist heat is

—

nged and reswlis ir a faster rate of processing with less expense.
is also thought that a more uniform product may be obtained by using
dry heat or mechanicsal pressure. Popping, explcding, micronizing,
extruding and reasting are methods which utilize dry heat or mechanical

pressure tc process feed grains for beef cattle.

Popping, Exploding, Micronizing, Extruding and Roasting

Popping grain is achieved by heating with high temperature air of
700 to 800 F for about 15 tc 30 seconds. This graian can then be rolled.
The moisture content by the heat treatment is reduced to less than 5%.
Therefore, water is wsually added to result in typical mecisture content
cf arcund 12% for palatability purposes. This method results in about
S50% of ire kernels bteing popped. More complete popping of the grain
may be achieved by subjecting the grain to high pressure steam in a

closed chzmber follcwed by a sudden decresse to atmospheric pressure.
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This results in a rapid expansion of the grain. This method of poypping
the grain is callzsd exploding.

Micronization hes also been used to pop grain. The grain is
passed through a chamber where gas-fired infrared generators supply the
heat. The term comes from the fact that micro waves are emitted from
infrared burners.

Extruded grain is produced by placing the grain into a tapered
housing which contains a spiral screw. This spiral screw crushes the
grain and forces it through an orifice. This produces a ribbon-like

rcduct and breaks into various shapes.

Roasting consists of passing dry whole grain through an enclosed
revolving cylinder. Fins of the cylinder 1lift the grain through Jets
of flame that point downward. The roasted corn has a pleaiant aroma

with an oily, puffed and slightly caramelized appearance.

Corn, Sourghum Grain. Perry et al. (1970) stated that if corn grain

is overcooked by steam heat the feeding value and palatability to beef
animals are decreased. With this in mind, they investigatzd the use of
dry heat for processing corn grain for finishing Leef animals. It was
found that animals fed roasted cora gained 12% more rapidly and required
10% less feed per unit of gain than those fed whole corn grain.
Burroughs and Saul (1971) reported an improvement of ¥ in average

daily gain and & improvement in feed utilization over whole corn grain
when fed in a high ccncentrate diet to finishing feedlot steers. It was

observed in this study there was more benefit of the rcasted corr during
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the early portion of the experiment but little difference in average
daily gain in: the latter stages of the experiment.

In experiments involving over 1,000 animals, Vetter, Burroughs and
Mobley (1971) demonstrated an advantage of roasted corn over whole cern
grain in average daily gain and feed efficiency in a 76% corn grain
diet. However, cracking the whole corn grain resulted in superior
feediont perfermance. This could partly be explainea cn the basis of the
age of the cattle, long yearlings or older. They suggested that the
high temperature of processing appeared to change or alter the nutrient
compesition. Heat denaturation of protein with reduced selubility in
the rumen could be an important nutrient change. A level of 16%
gelatirization cccurred by roasting corn grain under conditions of these
Towa experiments. Celatinizaticn of this degree has been repcrted to
inprove utilization of grain. However, best results were cbtained with
the cracked corn grain diet and no heat treatment or gelatinization had
taken plece.

An experimeant to compare flaked, extruded ard whole corn grain was

condvcted by Chapman and Matsushima (1970). Cattle fed extruded or

3

vhole corn gained faster than those fed the flaked grain. However,
animals fed whole corn required about &% more feed per unit of gain. In
a digestibility study flaked corn had the highest digestion coefficients
with whole corn grain haviug the lowest values. In a similar study by
Mclarea et al. (1970), cattle fed whole corn gzained 5% faster than those

fed extruded corn in a 95% concentrate diet. WHowever, cattle fed

&

extruded corn utilized the feed about 4% mere eificiently. Thers was
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no difference in weight gain or feed efficiency between flaked or
extruded corn grain when fed in an 85% concentrate diet.

One of the earlier reports on poppirg sorghum grain was by Ellis
and Carpenter {1966). Dry rolled grain served as the control and 40%
of the dry rolled grain was replaced with popped grain in the popped
treatment and fed in a high concentrate diet. DPopping the grain
decrecased intake but weight gain was only slightly less, resulting in
about a 17% greater feed efficiency for the popped grain treatment.
Durham, Ellis and Cude (1967) compared pepping to steam processed
flaked sorghum grain. They reported that popping the grain increased
weight gain but with similar feed efficiency when compared to steam
processed flaked sorghum grain.

In a steer feeding study using sorghum grzin, Garrett (1968)
compared popping tc three steam processing methods. All grains were
rolled after ithe varicus heat treatments. No differences in animal
response or carcass value were noted ameng the treatments. The only
major difference was decreased feed consumption for the steers receiving
the popped grain.

Dry heat was used by Riggs, Sorenson and Hobgood (1970) to pop
scrghum grain. When coampared to dry rolled grain, dry heat treated
grzin showed significantly higher digestibility of dry metter, organic
matter, nenprotein organic matter and nitrogen-free extract. There was
ro significant difference in fat, fiter or protein digestibility between
the processing uniethods. They suggested that the lower intake geunerally
associated with feeding popped grain is pariially responsible for the

greater efficiency of popped grains.
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Exploded grain is similar to popped grain except that a larger
percentage of the grain is ruptured. Nylen bag dry matter digestion
studies with sorghum grain indicate that this product is highly digest-
itle. Also, a rumen fermentation study performed by Algeo, Brannum and
Hibbits (1968} showed that the explcded grain gave a higher level of
total volatile fatty acide and a narrower ratio of acetate to
propionate than did flaked sorghum grazin. In a feedlot trial (Lofgreen
and Dunbar, 1970), no differences were noted in nutritive value of
sorghum grain processed by explosion or by properly steam processed
flaked grain. It has been suggested by some authors that exploded
sorghum grain has a decided advantage in quality control (consistency in
the degree of processing) as compared to micronized, popped or steam
procassad flaked grains.

Arnett (1971) has conducted several experiments invoiving exiruded
sorghum grain. It was generally found that the response obtained by
extrusion was similar to flaked grain. The process resulted in less
intake and greater efficiency for the heat processing methods when
compered to ary rolled sorghum grain. The extruded sorghum grain tends
to have an excegsive amount of fine materials which makes the diet less
palatable. This was overcome in one experiment by injecting water inte
the extruding apparatus which resuvlted in increased consumption of the
grain. Cattle fed grain treated in this way gained at a $% faster rate
with a slight improvement in feed efficiency as compared ta extruded

grain without the added water.
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High Neisture Grains
Under certain conditicens it may not be desirable or possible to
leave thke grain in the field uatil it is éry enough to be stored safely
in conventional grain storage facilities. In grain. physiclogical
materity (the stage at which tine grain contains maximum energy) is
reached prior to the time the grain is sufficiently low in moisture to
prevent epoilage during regular storage. If the grain is lef*t in the
tield beyond this point, there will be drying rrovided that favorable

a

climatic conditions exist. However, frequently there will te Iield
losses if the grain is left in the field after physiclogical maturity is
reached. If these field losses are to be avoided, the grain should be
harvested and dried artificially or stored in the high moisture state.

With this harvesting advantage in mind, there has been considerable
interest in the use of high moisture grains for livestock fezaing.
Initialiy, the use cf ensiled high moisture grains was corisidered mainly
as a means of utilizirng a crop which would be gifficult to harvest and
store without artificial drying. As research advanced concerning the
use of these high moisture grains, this system of storing grain has
evolved into an important processing method. Research has bteen ccnducted
not only with grains harvested with a high moisture content, tut with
dry grains to which water is added and ensiled. Grains prccessed in

this menner ar2 referred to as reconstituted high meisture grains.

Corn
The: use of high moisture grains for beef cattle has veen studied

for many years. As ea2rly as 190%, Kennedy et 1. (1G04} concluded that
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soft corn containing 29% moisture was equal to mature corn ca a dry
basis for finishing steers. McCone el al. (1951) observed a 13%
advantage in daily gain for soft ear corn (40% moisture) over mature dry
ehelled corn when fed to finishing beef steers. Beeson and Perry (1958)
reported that fattening two-year-old steers and heifer calves utilized
high moisture ground ear corn (32 moisture) from 10 tc 15% more
efficiently than regular ground ear corr. Cattle fed the high moistuie
diet also gained slightly faster. Culbertson et al. (1957) rerported
similar results with fattening beef cattle.

Burroughs et al. (1960) compared high moisture whole and dry rolled
corn grain for growing-finishing steers. The eteers fed dry or high
moisture corn gained at approximately the szme rates, but those receiving
the high moisture corn were slightly less efficient in feed conversion.
It was cbserved that an average of 21% of the corn kernels escaped
digestion in this experiment even though the moisture content (35%) was
sufficiently high thet the kernels could be mashed betwezn the fingers.
These results indicate a need for rolling or grinding kigh moisture corn
before feeding. The need for roiling high moisture corn when fed at 25
to 80% of the diet dAry matter was also shown by Jordan, Mitchell and
Neuman (1960), Hanke et al. (1967, 1968), and Newland, Klosterman and
Johnson (1970).

A b-year study comparing artificially dried rolled corn to reclled
high moisture corn was reported by Self and Hoffman (1972). They
reported that feeding ensiled high moisture grain as compared to dry
grain to yezrling steers as the main source of energy resulted in similar

average daily gaine when the roughage and protein components were of the
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seme type for the two kinds of grain. For feeding purposes, the value
of high moisture grains was greater than artificially dried grains. The
increase in feed value was approximately F%.

Dexheimer, Meiske and Goodrich (1971) reported that the improved
feed efficiency for high moisture corn may not be as great as frequently
reported because cemmon procedures used to determine moisture may not be
accurate for ensiled feeds. Dry matter content of feeds is usually
determined by hzating a sample of feed in an oven at a temperature
below the boiling point of water. The water in the sample is driven
off along with some volatile materials and the part of the sample
remaining is considered dry matter. Since ensiled high moisture corn
contains considerable amounts of velatile materials, dry matter contentes
of cnsiled corn deterwmined by oven drying are generally underestimated.
They suggested a chemical determination of water for a more accurate
moisture determnination. With this irn mind, the Minnesota workers
conducted a trial to compzre the performance of yearling steers fed
ensiled high moisture or artificially dried shelled corn. They also
studied the irnfluence of these two systems of storing corn on dry matter
losses during siorage. Average daily gain and feed efficiency were
improved 3.2% and 2.7, respectively, for the cattle fed the high moisture
corn. Dry matter losses during storage were 1.8%% for dry corn aand 2.81%
for the ensiled high moisture corn that was stored in an oxygen-limiting
siloc. They concluded by stating that there was probably little basis
for recommending high meisture ensiled corn because of improveéd energy

utilization. However, to avoid drying costs, enable rapid and early



Lorvesting and to save labor, the use of ensiled high moisture sheliled
corn vas recormended.

Reconstitution is a process whereby water is added to dry grain
and then ensiled. The result is reconstituted high moisture grain.
Fabry (1971) snd Geasler and Vetter (1972) stated that reconstituted
corn gives about the same animal performance as early harvested high
moisture grain.

Martin et al. (1971) compared three methods of processing corn in a
study conducted at Cklahoma. Cattle fed high moisture harvested corn
gainaed slightly slower than those fed dry ground corn and cattle fed
rround reconstituted corn gained slowest. Cattle fed either form of
bigh moisture corn (natural or reconstituted) consumed less feed (12 *o
1555) which resulted in improved feed efficiency (6 to 12%) in comparicon
to cattle fed the dry grain. They stated that these results are similar
to previous work at the Oklahoma station. However, it should be noted
that the high mcisture corn was ground before being ensiled. It has
been suggested that this will reduce the respornse obtained, especially
with corn grain.

Baker (1971) conducted four feeding trials in which two invoived
early harvested high moisture corn or dry rolled grain and reconstituted
high moisture eor 4ry rolled grazin were compared in the other two. The
diet was composed of about 6% corr, 20% roughage and the remainder
being supplemental feeds. Cattle fed high moisture corn gained 13%
faster, consumead 4% more feed and were 12% more efficient than those
cattle receiving rollied dry corn. In ccmparisons between trials, it

aypeared ti:at the response obtainad by high moisture corn was sreatest
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when rezconstituted corn was fed as opposed to the early harvested

grain.

Sorghum Grain

Sorghum grain is a major grain source for feeding cattle in the
Southwestern United States. The unprocessed grain is poorly utilized
by cattie, but seems to be impreved by various precessing metheds as
noted earlier. Another method by which the utilization of sorghum
grain by czttle can be improved is by high moisture harvesting or
reconstitution (McGinty and Riggs, 1967; Parrett and Riggs, 1967;
Buchanan-Smith et al., 1968).

Riggs and McGinty (1970) conducted a series of tests comparing the
effests of feeding ground meoist and ground dry sorghum grair on feedlot
performance of beef cattle. Iu the seven feedlot triazls (three of which
utilized reconstitutied grain), daily gain was similar as for dry ground
grain. The grain ccntent of the diets varied between experiments from
a low of 21% to a high of 91%. In all experiments, animals fed high
moisture grain consumed slightly less feed. This resulted in improved
efficiency for the cattle receiving the moist grains. The advantages,
calculated as a percent of the efficiency for cattle fed dry grain,
amounted tec 19% for the grain portion and 11% for the total diet.

Riggs and McGinty (1970} also conducted two digestion trials to
compare reconstituted ground and ground dry sorghum grain. The digest--
ibility of all cecmponents of reconstituted grain was significantly higher
than tor dry grain, approximately 16% for protein and 29% fcr all other

components for the first trial. The second trial show=d siwilar trends.
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They stated that the improvement in digestibility of grain agrees with
the reduction in grain dry matter required per unit of gain observed in
the feeding experiments. Riggs and McGinty alsc stated that reconsti-
tuting sorghum grain increased the digestibility of the nonprotein
fractions to approximately the same extent as Hale et al. (1966)
obtained by steam flaking. McNeill et al. (1971) and Potter df ‘al,
(1971) reported that the digestibility of starch and protein from
sorghum grain processed by reccnstitution or by steam flaking is
similar.

The improvement in digestibility may be due to alteration of the
starch molecules, lwut the improvement in digestitility of protein by
recenstitution suggests that the protein matrix which encapsulates the
starch may also be altered. In dry grain this encapsulation mey
partially shield the starch molecules from amylolytic enzymes produced
by both the microflora and by the animal. Another factor of importance
ie that moist grain, whether early harvested or reconstituted, tends to
grind to a finer particle size than dry grain through the same screens
in a hammer mill (Florence, Riggs and Potter, 1968). The more complete
pLysical breakdown coupled with improved digestibility of the prctein
matrix may contripbute additively to the increased digestibility of
nonprotein organic matter in ground moist scrghum grains (Riggs and
McGinty, 1970).

The Oklahomz station has done consideravle work to determine the
optimum moisture content of high moisture sorghum grain, the storage
period required for improved results and if the grain should be whole or

ground prior to reconstitution {White et al., 19569; Whize and Totusek,



29

1969; White et al., 1969b; Wagner and Schneider, 1970; Martin et al.,
1971). For best results with reconstituted sorghum grain the research
indicated that the grain should be reconstituted whole and then ground
prior to feeding. However, if early harvested grain is being vused 1t
may be ground before being ensiled. The optimum ensiling time and
roisture content appears tc be at least 20 days znd 3C%, respectively.
Higher moisture is not detrimental nor is longer storage time but
shorter time and lescs water appears to be detrimental. Similar

recommendations are given by Hale et al. (1969).

Barley

Research on harvesting, storing and feeding of high moisture barley
has been summarized by Krall (1969) and Windels (1971). The advantages
for harvesting barley at a high moisture is similiar to that* of other
grains. The earlier harvesting is less affected by advance weather
conditions resulting in less field loss, the possibility of less labor
being required and better weed control.

From a series of finishing beef cattle feeding trials with yearling
steers, Krall (1969) stated that high moisture barley has definite
possibilities as a feed grain for fattening cattle tut that the advantzge
does net lie in better weight gains or feed efficiency. Bewever, in
these trials there was a slight improvement in rate of gain in favor of
the high moisture barley but with similar feed efficiency as for the dry
rolled grain. The chnief advantage of high moisture bzrley appeared tc
be in its higl acceptability with animals going on feed faster znd

resulting in greater gains earlier in the feedlet. ‘[he problems
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eesociated with dry barley in respect to cattle going off-feed were not
encountered with high moisture {either early harvested or reconstituted)
barley.

As with sorghum grain, high moisture barley should bte reclied prior
to feeding. Also when reconstituting barley, the grain should be in the
whole form for best results.

Windels {1971) and Krall (1969) also stated that cattle fed rolled
high moisture barley tend to grade better when compared to cattle fed
dry rclled barley. Generally, feed grain processing methods do not
influerce the carcass grade unless a pronounced difference is noted in
the final weight of the animals. This difference in carcass grade mz2y
be due to greater acceptability and gains during thes early portien of

the feeding period of cattle fed high moisture barley.

Summary of Grain Processing Methods

After reviewinrg the literature, there appears to be no processing
methed that is superior for all grains. Of zll the feed grains, corn
appears to respond to grain processinrg methods the least. In fact,
whole corn grain may be advantageous in high energy diets. This may
be due to already nigh digestibility and palability of corn. All other
grains should ke processed in some manner for most efficient utilization.

Sorghun grain, with its relatively hara seed coat, aprezrs to
respgond to the more sophisticated processing methods. DPry rolling or
grinding scrghum grain improves the value when compared to the whole
grain but the use of heat, such as steam flaking and micronizing

generally increases the value over rolling o grinding. High moisture



sorghum grain gives about the same response as does the heat treated
grains.

Wheat appears to be benefited most by rolling or grinding. Further
heat treatment does not appear to be justified when wheat is fed teo
beef feedlot animals. Barley also does not appear to be henefited by
healt treatment. High moisture barley fed cattle tend to mresant less
management problems than when cattle are fed dry barley.

The best method of processing grain for beaf cattle would arpear to
depend upon each individual operation. A farmer-feeder may prefer high
moisture grain for the reasons mentioned previously while the large
comnercial feedlot may be able to justify a more expensive piece of

eguipment that would steam flake or micronize the grain.



GENERAL PROCEDUKES

Considerable intcrest has been shown concerning the effects from
processing grain when fed to beef cattle. Recent research has shown
favorable results in many instances from whole corn grain in comparison
to corn processed in varicus ways. Feeding of dry whole corn would
appeal to cattle feeders hecause of the time and expense involved in
grain processing. While unprocessed corn grain has heen fed with
satisfactory results, questions still remain as to the effect various
types, sources and levels of rcughage may have cn feedlot verformance
when unprocessed grain is fed. This series of experiments was conducted
with beef animals to compare the value of unprccessed or rolied dry or
high moisture ccri: erain when fed with various levels of hay, haylaze
or corn silage.

A1l experiments were conducted at the Brookings' station of Szuth
Dakota State University and utilized Hereford steers as the experimental
animals. The cattle were weighed for an initial filled weight and
allotted at random tc experimental treaiments after stratifying on basis
of this weight. Initial shrunzg weights were taken after withhelding
feed and water for about 18 hours. Intermediate weights were taken at
apvproximately /i-weoeic intervals during the course of the experiment.
Final shrunk weights were taken after feed and water were withneid f{or
about 13 hours. Weight gains for the experiment were calculated on

basis of initial and final shrunk weights.
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The cattle were fed once daily in fence-line feed burke in amounts
tec previde available feed at all times. The pens were paved with
concrete but without shade or shelter.

Reconstituted corn, stored in an oxygen-limiting silo, was used in
all experiments for the high moisture corn. The high moisture corn was
from the same source as the dry corn within each experiment. Rolling of
both the dry and high moisture corn was just prior to feeding with that
fed whole or rolled coming from the same storage supply. A roller mill
having corrugated rollers 10 inches in diameter with about 10 corruga-
ticns per inch was used to roll both typses of grain. The dry grain was
rolled tc a medium degree of fineness, while the high moisture grain was
rolled to produce a flattened kernel with a minimum of fine material.

Feed -samples were taken at regular intervals and used for moisture
and other chemical determinations. Dry matter was determined in a
forced=-air oven at a temperature of about 175 F. All other chemical
analyses were performed in accordance with A.0.A.C. (1960) methcds.
Statistical analyses were conducted by the least-squares method.

Carcass data were collected about 20 hours after slaushtier. A
government grader placed the contformation, guality and overall carcass
grade on each animal along with other additional carcass parameters
obtained. Upon slaughter, the iivers were examined for atscesses.

Experiment l=--Pr
High Mois

ocessing Methods for Dry and Reconstituted
t cr

ing
ure Corn FPinishing Beef Cattle

Cne hundred-twenty Hereford yearling steers averaging ahout 845 1b.
were uwsed in this 1ll-day experiment comducted from September to the end

of December. Corn grain was feé in the fcllowing furms: 1) dry and



unprocessed, 2) dry and rolled, 2) high moisture and unprocessed, %) high
moisture and rolled and 5) steam processed flaked. Each of the 5
treatments was replicated > times, giving 15 pens with 8 steers per pen.

A quantity of artificially dried corn (13.9% moisture) sufficient
for all treatments was purchased prior to the experiment. Initial
quality of the corn and the handling involved resulted in an excessive
amount of fine particles. Samples of the corn were dried to a moisture-
free basis and put through a series of sieves with shaking until
constant weights were obtained on each sieve. The results of the
sieving showed that the corn contained abtout 5% fines (particles
rassing through a wire mesh opening of 0.157 in) with about another 25%
consisting of small or cracked kernels. The test weight of the zorn was
aprroximately 52 1lb per bushel.

Reconstituted corn was produced by adding water to dry corn grain
at several places in a series of augers and then elevated into the
oxyger-limiting silo by use of a silage blower. Average moisture as fed
was 27.%% which was about the maximum amount of water that could be
added without considerable loss at the blower or from the silo. Some
grinding occurred from the unloader and the unprocessed high moisture
grain contained a censiderable quantity of fine material.

The flaked corn was processed at approximately 2-week intervals.
The corn grair was exposed to a temperature cf 20C to 210 F for 18 to 2C
minutes prior to rolling with a roller setting cf 0.004 inzh. Weight of
the flaked grain averaged 27 1b per bushel and moisture content as fed

averaged 16.8%.
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For the 4-week pericd vefore thz initiation of the experiment the
enimals were fed 10 1b rolled corn grain plus alfalfa-brome hay to
appetite. All cattle were started on the experiment with 8 1b of the
arpropriate corn treatment and 10 1b chopped alfalfa-brome hay per
animal daily. The hay contained 13% protein with the moisture coatent
averaging 16.2%. The corn was increased 1 1b per head daily for 5 days
and then at G.5 1t increments until feed was available in the bunks at
all times after abcut & days. Hay was decreased by 1 1b per head daily
until a level of 2 1b per head per day was reached and then maintained
at this level during the remainder of the experiment. A 3% wrotzin
supplement composed cf corn and soybean meal with 5% urea was fed at
2 1b per head daily. Vitamin A ard diethylstilbestrol were added to
supply 20,000 I¥ znd 10 mg per head daily, respectively.

The experisient was terminated after 111 days with considerable
snow and extrensly cold weather during the final 3 weeks. Carcass data
were collected con all steers at slaugnter time.

Experiment 2-=Dry and High Moisture Corn Fed Whole or Rolled
With Two Levels of Haylage in Cattle Finishing Diets

One hundred twenty-eight Hereford yearling steers were used in this
l42-day summer experiment. They wer= purchased from an auction market
and fed a diet compesed of 10 ib of alfalfa-brome hay and 5 1b roliled
corn grain for a period of 30 days prior tc the initiation of the
experiment.

Experimental diets were dry and high mcisture corn grain fed wiole
or roiled with 2 or 8 1b of alfalfa-brome haylage {wet bzzis). Each of

he 8 treatments was replicated £ times with & steers per pen. &Ltcam



processed flaked corn grain wa§ not included in this experiment due to a
lack of response in experiment 1 and also to the time and expense
invelved in obtaining the product.

Average moisture ccntents for the dry and high moisture grain were
13,1 and 29. %5, respectively. The high moisture corn was from the same
scurce as the dry corn with water added and stored in an oxygen-limiting
silo. The corn was elevated into the structure by use of an auger with
water being added at several peints. This process of using a single
long auger in lieu of a series of augers and a silage tlower proved to
be n more rapid and easier method of reconstitution for corn grain.

The alfalfz-brome haylage used in this experiment was field chopped.
It was cut and swathed on May 31 when in the bud stage. Cool and cloudy
veather with some rain prevented chopping and storing for 5 to 6 days.
The haylage was stored in a concrete stave silo at an average of 39.4%
moeisture and it contained 16.6% protein on a dry basis.

The cattle were fed 2 or 8 1b of haylage throughout the experiment.
Dry or high moisture grain was fed at 10 or 12 1b, respectively. per
head the first day. The grain was increased 1 1lb per head daily for 5
daye, lhen 0.5 lb per head daily until the cattle were on full feed.

A %2 proiein supplement was fed at 1 1lb per head daily with 8 1t
of haylage and at 2 1b with 2 1b of haylage. The suppliement was a
soybean meal-corn-urea type supplenient with added minerals and with
diethystilbestrol and chlortetracycline to furnish 10 mg and 70 mg,
respectively, per head daily. Vitamin A was added to furnish 10,000 or
2C,000 IY per head daily fer diets with 8 1b or 2 1b of haylage. Urea

was included at 9% or %% in the supplements fed at 1 and 2 1lt,
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respectively, in order to give the same daily intake of urea for ail
cattle,

The experiment was terminated after 142 days. Data were obtained
as for experiment 1 with additional evaluaticn of certain rumen
characteristics.

Experiment 3~-Dry and High Moisture Corn Fed Whole or Rolled
With Hay or Haylage in Cattle Growing Diets

One hundred twenty-eight steer calves were used in this experiment.
The experiment started on February 4 and terminated after 161 days.
Lzverimentzl diets were dry cr high moisture corn grair fed whole or
1rolled. zach of the {our grain treatments was replicated two times
with alfslfa-brome hay or reconstituted hazylage using eight steer calves
per pen.

The dry ccrm zontzined an average of 13.8% moisture. The high
meisture corrn was from the same source with water added resulting in an
average moisture content of 28%. The corn was stored in an oxygen-
limiting silc 254 was reconstituted in a manner similar to that described
for exzperiment 2.

The hay (16.2% protein) was a baled alfalfa-brome mixture and
chorp2d with a forage harvester as needed. The average mcisture content
was 17.4%. Haylage was recenstituted from the same source of baled hay.
It -wvas chopred with 2 forage harvester and blown into an oxygen-limiting
sile. ‘water was added at the Torage harvester and at the blower result-

ing in a final moisture content of 40.3%.

adjustent beiag mede for the high moisture grain so the air-dry matter



offered would be the same as for the dry corn. Adjustments in levels
offered were made every 4 weeks on basis of average weights for each
treatment groun.

Hay or haylage was fed to appetite. The levels consumed were
considered to Ffurnish an ample amount of protein and no protein supple~-
ment was fed. Dicalcium phosphate and trace mineral salt were offered
free choice. Vitamin A was fed at 500,000 IU per head once every 28
days in 1 1b of ground corn grain. The steers were implanted with 24 mg
of diethystilbestrol at the beginning of the experiment and again with
36 mg after 112 days.

Experiment 4--Dry and High Moisture Corn Grain Fed Whole
or Rolled With Hay or Haylage in Cattle Finishing Diets

. T

he one hundred twenty-eight yearling steers used in this experi=~
ment were the same animals that were utilized ss calves in experiment 3.
The experiment was conducted from mid-july to the end of October.
Allotment of the cattle to this high energy diet was without regard teo
the previous growing axperiment. They were randcmly allotted after
stratilving on basis of weight. Experimental diets were dry or high
moisture corn grain fed whole or rolled with alfalfa-brome hay or
reconstituted haylage. Each of the eight treatments was replicated
twice with eignt @znimals per pen.

The dry corn contained an average of 12.0% moisture. The high
moisture corn was from the same source with water added, resulting in an
average moisture content of 21.9%. The same prccedure for reconstitutioa
and sterage of the corn was used in this experiment as discussed for

experiment 2. This method had been used other times to obtain grein
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with about. 23% moisture. However, the moisture content was less this
time.

The hay (15.9% prctein) was a baled alfalfz=-trome mixture and
chopped with a forage chopper. The average moisture content was 13.0%.
Haylage was reconstituted from the same source of baled hay. It was
chopped in the same manner as the dry hay and stored in an oxygen-
liriting silo. Water was added at the forage chopper and at the blower
resulting in the moisture ccntent averaging 48.4%.

About 2 weeks were used to change from the previous high roughage
diet to the high concentrate diet. After this time all cattle were fed
hay or haylage at the rate ot atout 1.5 1b dry matter per head daily
with the appropriate type of corn being fed to appetite. A 32% protein
supprlenent was fed at the rate of 2 1b per head daily. The supplement
was a soybean meal-corn-urea type with added chlortetracyczline and
vitamin A to furnish 70 mg and 20,000 IU, respectively, per head daily.
Urea vas included at 3% of the supplement. The cattle had been implanted
with 35 mg of diethylstilbestrol about 50 days prior to the initiaticn
of this experimant. Therefore, diethylstilbestrol was nct fad or
implanted during this experimexnt.

The experiment was terminated after 105 days Csrcass cdata were
obtained and livers and rumens were examined for abncormaliities.

Experiment D--Dry and High Moisture Corn Fed Whole or Rolled
With Corn Silage in Cattle Growing-Finishing Dneus

One hundred twenty-eight Hereford steer calves were used in this
experiment. They were purchased at a livestock auction on December 31.

From arrival at Brookings the following day and until the experiment
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was started 5 days later, they were fed about 10 1b of alfalfa-brome
hay per head daily. Experimental treatments were dry or high moisture
corn grain fed whole or rolled with a limited amount of corn silage.

The level of corn silage (71..2% moisture stored in a concrete
stave silo) was set at 20 1lb per head daily for the first 147 days. At
this time, the orisinal supply of silage was depleted and the sile was
refilled with corn silage that had been stored in a pile without packing
or cover. It had undergone extensive heat damage from fermentation and
was rather dry (37.7% moisture). The lavel of this silage was reducad
to 10 1b per head daily for the remainder of the experiment. The level
of the drier silage resulted in nearly the same dry mattier of corn
silage intake as from the 20 1lb fed the fiist 147 days.

The dry corn contained an average of 1%4.)% moisture and the high
moisture corn 25.7%. The high moisture corn was stored in an
oxygen-limiting silo and was reconstituted in a manner similar to that
discussed in experiment 2.

Diethylstilbestrol, chlortetracycline and vitamin A were incluaed
in the supplemental protein to furnish 10 mg, 70 mg and 20,000 IU per
head daily, respectively. Dicalcium phosphate ané trace mireral salt
were offered free choice.

The experiment was terminated after 230 days. Data were obtained
as for experiment 4.

Experiment 6~Digestibility of Dry and High Moisture Corn
Fed Whole or Rolled in a Beef Cattle Growing Diet

Twelve Hereford steers averaging about 775 1lb were used in this

digestion study. The cattle were kept indeors in indivicual metabolism
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crates. Expfrimental diets were dry and high moisture cora grain fed
whole or rolled with reconstituted haylage. Parameters used to measure
the effects of reconstitution and rolling cern grain included apparent
digestibility of dry matter, gross energy ard protein.

Feed consumption (dry matter) was limited to 2.5% of body weight
of which LO% was haylage and the remainder being the appropriate corn.
The high meisture corn and haylage were reconstituted in a manner
similar to that discussed previously. The dry corn, high moisture corn
and haylage averaged 13.6, 2%.5 and 42.4% moisture content, respectively.

Prior to the experiment 21l steers were gradually adajhed to a 60%
concentrate diet. Three steers were then randomly assigned to ecach of
the four grain preparation treatments. A veriod of 18 days was then
allowed to adjust the animals to the diets, which were fed twice daily.
Following each collection period, the steers were randomly reallotted
without regard to previous treatment.

After each lh~day adjustment period, total fecal collections were
made daily for S days. Pans were used to ccllect the fecal material.

A 10% sample of the feces was taken at each collection and was frozen
until analyses were performed. Dry matter was determined on koth the
feeds and feces by drying in a ferced-air oven at abhout 175 F. Other
chemical analyses of the digestion trials were in accordance with
A.0.A.C. (1960) procedures. Statistical analysis of the digestion

trials was by the iszaste-syusres method.



Experiment 7—Digestibility of Dry and High Moisture
Corn Fed Whole or Rolled in Cattle Finishing Diets

Twelve Hereford male animals weighing about 640 1b were used in
this digesticn trial. In this trial the roughage was limited to 7% of
the diet dry matter with the feur types of corn grain as discussed in
experiment 6 comprising the other 93% of the diet dry matter. Hay was
used as the roughage source in 2 periods and reconstituted hayiage, from
the same source as the dry hay, was used in the other 2 periods. This
allowed comparisons between moisture content of the roughage with all
corn grain processing methods utilized in the experiment. The moisture
content for the dry corn, high moisture corn, hay and haylage averaged
13.4, 22.%, 12.5 and 57.3%, respectively.

In this trial apparent gross energy digestibility wes not determined.
This was due to similar apparent digestion trends of gross energy and
dry matter in experiment 6. Procedures used in this experiment were

similar to those empicyed in the previous digestibility study.
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RESULTS

Experiment l-~~Processing Methods for Dry and Reconstituted
Hizh Moisture Corn for Finishing Beef Cattle

Results of feeding dry and hign moisture corn grain either whole
or rolled and steam processed flaked corn grain to beef cattle in high
energy diets are shown in table 1. Weight gain and feed efficiency data
from the experiment indicated some differences between corn processing
treatments at 85 days and at 111 days when the experiment was
terminated. Since differences in treatment effects at these two times
probably can be zttribtuted to cold weather and a ccnsiderable amount of
wind during the final 3 weeks of the experiment, weight and feed data
are shown for the 8S-day period as well as for tne 1ll-day experiment.
For tlie 11l-day experiment, steers fed the dry corn, either unprocessed
or rolled, gained at a faster rate (P'<305) than steers fed the high
moisture rolled corn. However, at 85 days under more favorable weather,
differences in weight gain between dry and high moisture corn were
small., It would thus appear that steers fed the high moisture corn
were affected more by celd weather than those fed dry corn.

There was no advantage on basis of weight gain for rolling the
corn grain. Ir fact, those animals receiving the unnrocessed grain,
either dry or high moisture, appeared to gain at a faster rate than did
those rzceiviag the rolled grain. Alsn, steam nrocessed flaked corn had
no advantage on basis of weight gains over dry corn, either unprocessed
or rolled. Some complaints wer2 received from the flaking prccessor

refarding the quaiity of the corn and the amount of fines for this type



TAELE 1. PRCCESSING METHCDS FOR DRY AND RECONSTITUTED
HIGH MOISTURE CORN FOR FINISHING BEEF CATTLE

(Sept. 10 to Dec. %0, 1968—~111 Days)

Steam
Dry High Moisture Prccezsed
Unprocessed Rolled Unprocessed  Roiled Flaked
Numaber of steers 2k 2k 2k ok 24
Init shrunk wt, 1b 841 8hiy 847 846 841
Final shrunk wt, 1b 1136 1128 1117 1098 1118
Avg daily gain, 1b
85 day, filled wt 3.20 Sl 1% 07 Pl
111 day, shrunk wt 2.66 2.55 2.44 2.27 2.49
Avg daily feed, (air-dry), 1lb
85 day 22.8 21.9 21.8 211 21.6
111 day 23.2 22.0 21,7 2151 21.5
Feed/100 gain, (sir-dry), 1lb
85 day, filled wt 714 699 689 639 650
111 day, shrunk wt 874 863 890 929 863
Dressing percent 59.4 59.6 60.5 59.3 59.2
Marbling? 5.6 6.4 5.9 5.9 5.7
Carcass grade® 19.2 19.5 i9.2 19.2 19.5
Fat covering, in 0.70 0.68 0.67 0.63 C.63
Rib-eye area, sq in 12.23 11.45 12.05 118w8 11.47

3Stored at about
Diciest = 6; Sma
Clhoice = 20; Lo

27.1% moisture in a Harvesiore, A. O. Smith Corp.
118 = 5i
w Choice = 19.

iy



45

Q
[N

" processing. However, the corn was rather typical of that available
in the area at the time of the experiment.

Feed consumptior: data shows a good feed intake from 21l corn
treatments and there were no apparent digestive problems encountered
during the experiment. More dry matter was consumed by steers fed dry
corn in compariscn to high moisture corn, with the steers fed the dry
whole corn consuming the greatest amount (P <.0l). Rolling either the
high moisture or dry corn resulted in a slightly lower feed consumption.
Steers fed the flaked also had a lower feed intake in comparison to
those fed dry corn. Steers fed dry corn showed siightly higher feed
intake at 111 days than at the 85-day period. Apparently consumption
of the dry corn was affected less by adverse weather conditions.

There were only small differences in feed efficiency between cornr
processing treatments at the end of the experiment, being slightly
higher for the steers fed the rolled high moisture corn. Rate of gain
vas somewhat higher at 85 days and feed requirements were lower at this
time., Gains-and feed efficiency at this time were very similar to those
of other cattle mariketed at about the time of the 85-day period which
had been on fred a loznger period of time and were heavier and more
highly finished. Weight gain and feed efficiency at the 85-day period
probably represent more typical performance from the treatments under
more favoravle eanvironmental conditions than do the values at 111 days.
Feed required per unit of gain was similar for all treatment groups at
85 days, being slightly higher for steers fed the unprocessed dry corn.
In this instance, the feed requirement was abcut 3.4% higher than for

the ather treatments.



The cattle gradad low to average Choice, and there was only small
differences between treatment groups in dressing percent and carcass
grade. Differences for degree of marbling and fat covering were also
small.

Results of the experiment indicate that reconstituted high moisture
corn grain was similar to dAry grain except under conditions of ccold
weather near the end of the experiment. Eolling or flaking the corn
grain showed no advantage in comparison to the unprocessed grain en
basis of feedlot performance when the corn grain was full fed with 2 1b
of hay. Actually the unprocessed corn grain, either dry or high
moisture, appeared to promote faster gains than did the rolled grains.

Exveriment 2-«-Drv and High Moisturs Corn Fed Whole or Rolled
With Two Levels of Haylage in Cattle Finishing Diets

Results of feeding dry and high moisture corn grain either whole or
rolled withk 2 or 8 lb of haylage in cattle finishing diets are shown in
table 2. Gains appeared to be greater for steers fed dry corn in
comparison t9 the high moisture grain. Grain dry matiter consumption
and consecquently total feed intake was also greater with dry grain.

The lower feed intake associated with lower rates of gain for the
animals receiving high moisture grain resulted in only small diffsrences
in feed efficieuncy between dry ard high moisture corn.

With whole grain, steers fed dry corn appeared to gain at a faster
rate than those fed high moisture grain. Gains were reduced by the
higher level of haylage by about the same amount fer dry and high
nmoistuire grain exczpt with rolled high meisture corn. In this instance,

the highar level cof haylage promoted faster gains than did the low



TABLE 2. DRY AND HIGE MOISTURE CORN I'ED WHOLE OR ROLLED
WITH TWO LEVELS OF HAYLAGE IN CATTLE FINISHING DIFTS

(June 10 to October 30, 1969—142 Days)

Dry Corn High Moisture Corn2
Witole Rclied Whole Rolled
2 it &-1b 2 1b § 1b 2 1L 3 1b 2 1b 8 1b
liavlage Haylage Haylage Hayliage Haylaze Haylage Haylage Eaylage

RKamber of animals 16 16 16 14 16 16 16 16
Init shrunk wt, 1b 652 e54 6L6 646 65k 61 - 6ilb 657
Final shrunk wt, 1lb 1154 1136 1151 1095 1123 1091 1085 1129
Avg daily gzin, 1b 3.54 3.39 355 3.16 2330 3.16 3.10 3.5
Avg dzily diet (air-dry), 1lb

Corn 19.06 17.92 19.48 17.58 7,83 17.16 16.76 16.67

Haylage 1.39 5.54 1499 9. 71 1.39 5.54 1.39 5.54

Supplement 1.89 0.94 1.8¢2 0.97 1.89 0.94 1.89 0.94

Total 22.34 24 .40 22.7€ 24,26 £1.089 25.6h 20.0k4 2315
Feed/100 1b gain (air-dry), 1lb

Corn 540 528 549 555 559 ©50 540 502

Havlage 39 163 39 180 L2 174 Ly 166

Supplement Sk 28 53 31 P 30 61 28

Tatal 633 719 641 766 638 739 646 696
Dressing percent 61.3 61.7 62.1 61.2 62.7 62.5 63.3 €2.6
Carcass grade 19.4 19.9 20.1 19.8 19.8 20.0 19.6 20.1
Papillae matting® 1.6 1.3 1.6 3.3 2.4 1.6 2.8 1.4
Thickness of rumen wall® 1.4 1.3 1.6 1.3 2.1 1.4 2.5 1.6
Rair gccumulationc 1:4(0) i.0 1 i~(0) 81 =(0) 1.0 1.0 1.0 1.6
Color 152 1.7 133 155 2.6 2.0 2.2 2.2
Condemned livers 0 1l 1% ) 2 0 L 2

Astored at about 29.7% moisture in a Harvestore, A. O. Smith Corp.

Y%Gcod = 17; Choice = 20. Graded to one~third of a grade.

€1 = Normal condition. Higher number represents ar increase in the characteristic.
dHigher number reprecents a darker color.

&



level. Grain dry matter consumption was less for the steers fed high
moisture corn, with this effect being less for the higher level of
haylage.

With rolled grain and 2 1lb of haylage, steers fed dry corn tended
to gain at a faster rate (14.%9%) than those fed high moisture corn,
githough not significant in this experiment (P>>.05). With 8 1b of
haylage, steers ifed high moisture corn appeared to gain at the fastest
rate. Grain dry matter consumed was reduced 1.9 1b by the higher level
of haylage with dry corn but was essentially unchanged with high
mroisture corn. This resulted in similar feed efficiency for dry and
high moisture corn at 2 1lb of haylage, but 10.€% (P> .05) less grain was
required when feeding high mcisture corn with 8 1b of haylage.

Steers fed 8 1t haylage gained at a lower rate than those fed 2 1b
haylage except when fed rolled high moisture corn. The higher level of
haylage reduced grain dry matter consumption, with the effect being
greater for dry cora in comparison to rolled grain. Grain and
supplement saved per 100 1lb of air~dry haylage amounted to about 31, 11,
2% and 59 1b, respectively, for dry whole, dry rolled, high moistu?e
whole and high moisture rolled grain. These values indicated rather
low returns for the higher level of haylage in cocmparison to the lower
level except when fed with high moisture rolled grain.

Drassing percent wes higher for the steers fed high moisture grain.
Rolling of grain cor level of haylage did not appear to have a consistent
effect on dressing percent.. There also did not appear to be a consistent

effect of the treatments on carcass grade.
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Upon slzughter, rumens were examined for papillae clumping,
thickness of rumen wall, hair accumulation and color. Clumpirng of
vapillae, thickness of rumen wall and accumulation of hair were scored
from 1 to 4 with 1 represerting normal conditions. Color was scored
from 1 to 3 with 1 revresenting a lighter color. While these scores
are very subiective, they give some indication of the changes brou:ght
about by the diets,

There appeared tc be only small differences in the rumen character-
istics studied betweasn animais fed rolled and whole corn grain. Thare
were oanly crmaall differences between dry and high moisture corn with the
higher ievel of haylage. With the lewer level of haylage, there was
more slunging of rumen papillae and a thickening cf the rumen wall with
the high mcisture grain. Cattle fed high moisture graia also heaa
carker runeas.

fs would be expected, cattle fed the higher level of roughage nad
higher daily feed intake (P .05) and required more feed per unit of
g2in (P <.21). Rasults also indicated an advantage for drv corn over
high woisture corn except when high moisture corn was reolled and fed

tn 8 1n

s de
ot

w2ylage. This was the only treatment where there agvpeared to

w

te any banelit by rolling the corn grain.

Experiment 3--Dry and High Moisture Corn Fed Whole or Rolled
With Hay or Haylage in Cattle Growing Diets

Results of reconstitution and rolling as compared to dry whole corn
grain when fed with about 69% hay or haylage to teef cattle are shown in
table 2. Cattle fed high moisture grain gained an average of 0.1%5 lb

3

(8.2%) more daily (P <CL01l) than these fed dry grain. The highest rate



TABLE 3. DRY AND HIGH MOISTURE CCORN GRAIN FED WHOLE OR
ROLLED WITH HAY OR HAYLAGE IN CATTLE GROWING DIETS

(February 4 to July 16, 1970—161 Days}

Dry High Moisture?
Wholz Fcllzd Whole Rolled
Hay Hiaylage Lay Haylage Hay Haylage Hay Haylage

Numoer of steers i5 16 16 16 16 16 16 15
Irit shrunk wit, 1b 505 511 508 509 505 568 504 50k
Final shrunk wt, 1b 803 836 818 835 833 8Ll 83€ 871
Avg deily zain, 1b 1.85 2.01 1.92 2.03 2.01 2.08 2.06 2.28
Avg daily fecd (air-dry), 1b

Corn 6.81 7.01 6.96 7.03 781 7.05 7.0k 7.23

Hay or haylage 11.92 13.19 11.94 13.67 11.68 13.35 i1, 8 13.80

Total 18.73 20.20 18.90 20.7G 18.69 20.k0 18.91 21.05%
Feed/100 1b gain (air=-dry), 1b

Corn 267 349 361 347 348 338 342 17

Hz2y or haylage 643 656 619 675 81 641 578 605

Total 1010 1005 980 1022 929 979 920 922

8Stored at ahout 28% moisture in a Harvestore, A. G. Smith Corp.

0s



of gain and the greatest advantage for the high moisture grairn occurr2d
when the gruin was rolled and fed with haylage. Yeed consumption on

an air-dry basis was about the same for cattle fed dry or high moisture
grain. Feed requirements were less for steers fed the high moisture
grain (P<.05) with the lowest feed requirements being obtained when it
was rolied.

When grain was rolled, rate of gain was improved for both dry and
high moisture grain (P <.05). However, differences were relatively
small between rolled and vhole grain except for high moisture graim fed
with haylage. In this instance, gain was 0.20 1b (9.6%) more daily with
5.% lower feed requirements.

Steers fed the reconstituted haylage gained at a faster rate in
all comparisons (P <C.Ol). 'The average. in favor of haylage, amounttd
to 0.14 1b (6.6% daily). The greatest advantage in favor of haylape

ceurred when fed with rolled high moisture grain, (10.7%). More air-
dry matter was consumed from haylage than from hay (1%.5 vs. 11.0 1lb).
The difterence was significant (P <.05) and resulted in 34 and 37% air-
dri7 grain in the diets with haylage and hay.

Feeding of hay or haylage had essentially no influence on feed
reauiramentss when the corn grain was fed with rolled high moisturs or
whole dry grain. Bowever, the requirements were lower with the high
meisture grain zs coapared to the dry grain. The main differences in

trhece ilvnsiances were leower amounts of grain and higher amounts of forags
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view of similar total feed requirements, the
incieasze in forage in ine haylage diets was replacing spproximately

eqnal amounts of grals in comparison Lo the hay diets oa basis of feed
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reguired per 100 1b of gain. Results were somewhat different when hay
or haylage was fed with whole high moisture or rolled dry grain. In
these instances, total feed requirements were lower for hay diets.
While more forage axd less grain were required in haylage diets, the
greater forage requirements had less effect on grain requirements {ihan
with rolled high moisture and whole dry grain.

In general, the animals receiving this growing diet bernciited

more from the corn grain processing methods than did animals recelvi

&

a higher energy diet in previous experiments. Reconstitution of both
the dry grain and hay resulted in ccnsistent improvement in average
dailly gain. Reconstitution of the grain alszo improved feed efficiency
when compared to the dry grain. Rolling of the dry corn appeared to
be less beneficial than rolling high moisture corn when measured by
gain and feed efficiency.

Experiment 4u~Drv and High Moisture Corn Grain Fed VWhole or
Rolled | JJ th Hay or Havlabe in Cattle Finishing JLG*'

The reconstitution procedure used in this experiment was similar

to that uiilized in experiments 2, 3 and 5. In these other experiments

here was noe proklem in attaining a wmoisture content of the c¢orn grain

i

of about 28%. Hewover, for some reason the reconsiituted high moisture
corn conteized only 21.9% moisture in this experiment.

Tavie  shows itne reszults of Feeding dry and high meisturs corn
grain either wicle or rolled with limited amocunts of hay or haylage to
fipishing beel caltile. Average d2ily gain for cattle fed dry corn wuss

asbout the same as for those fed the high moisture grain. Differences

that exinted awong various forage and grain preparation treatments



TAELE 4. DRY AMD EIGH MOISTURE CORN GRAIN FED WHOLE OR
ROLLED WITH HAY OR HAYLAGE IN CATTLE FINISHING DIETS

(July 16, to October 29, 1970—105 Days)

Dry Corn Hich Moisture Corn?
Whole Rolled Whole Rolled
Hay Haylage Hay Haylape Hay Haylage Hay Haylaze

Number of animals 16 16 16 16 16 16 16 16
Init shrunk wt, 1lb 828 818 823 819 829 821 817 818
Final shrunk wt, 1b 1109 1087 109% il 1105 1163 1096 1107
Avg daily gain, 1b 2.66 2.55 2.58 2.78 2.62 2.68 2.65 2.75
Aveg daily feed, 1b (air-dry)

Corn 20.12 18.99 18.55 19.1k4 18.96 18.97 18.62 18.73

Hay or haylage® 2.67 2.34 2.64 2.44 2.62 2.35 2.60 2.41

Suppl.ement 2.02 2.02 2.02 2.02 2.02 2.02 2.02 2.02

Total 24,81 25.35 23.21 23.60 23.60 z.34 23.24 23.16
Feed/100 1b gein, 1lb (air-=dry)

Corn 754 I 718 689 722 706 702 680

Hay or haylage 100 91 102 87 99 o1 98 &8

Supplement 76 79 78 72 77?7 75 76 73

Total 930 914 898 848 898 872 876 841
Dressing percent 62.0 63.0 62.5 62.7 62.1 62.7 63.0 62.5
Coniormation® 21.0 21.0 21.3 21.3 2143 21.3 21.3 21.2
Marblingd L.9 5.5 5.4 4.8 5.3 5.4 5.2 5.6
Carcass grade® 187 19.6 19 .1 18.6 1981 19.1 19.0 19.5
Kidney fat, % 2.8 3.2 3.C 2.8 2.9 3.0 2.9 3.4
Cclor® 1.5 3.3 1485 3.3 1.8 3.5 2.4 3.3
Mattingf 2 1.5 L& 1.5 e 1.3 1.5 1.5
Hairf 1580 1.0 14 1.0 1.0 1.4 o 1.8
Popillae developmentf 2.9 2.5 2.5 2.8 2.6 2.6 2.5 2.5
Abscessed livers 2 2 6 5 5 bl L 6

85tored at about 21.9% in a Harvestore, A. C. Smith Corp.

Includes hay or haylage required to get animals cn higher concentrate diet.
CGood = 17; Choice = 20. Graded to one-third of a grade.

d51ight, 4; smali, 5: modest, 6.

iﬁigher number represeats a darker colior.
*1 = nerazal conditions. Higher number represente an incressa in the characteristics.

119
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with dry or high moisture corn were not large or consistent. Differences
in feed efficiency between dry and high moisture corn were also smali,
but feed requirements were consistently lower for cattle fed high
moisture grain.

Only in the cese of dry corn fed with haylage was there any
appreciable difference in rate of gain btetween whole and rolled corn
(5.8%). Feed requirements were slightly, but consistently, lower for
cattle fed rolled corn, amounting to an average of 4.1%. The advantage
vas primarily from a reduction in corn requirements.

Steers fed the reconstituted naylage gained at a slightly faster
rate than did those fed dry hay, except when fed with dry whole corn.
Feed reguirements were slightly less (3.4%) for cattle fed diets with
haylage. This percent change is small, but it represents the improve~
ment in total feed requirements from the haylage which made up oxnly
about 1% of the diet dry matter.

An U.S.D.A. beef grader placed the carcass grades on the animals
after about an 18-nour chill. There appeared to be no consistent effect
on carcass grade between treatments imposed in this experiment. Dressing
percentage also did not vary appreciatly between treatments.

Also upon slaughter, rumens were examined for papillae matting,
thickness of rumen wall and hair accumulation using the same scoring
systems as for experiment 2. There appeared to be only small differences
in the rumen characteristics studied between animals fed rolled or whole
corn grain. Cattle receiving haylage had higher values for color and
papillae matting. Animals receiving high moisture grains tended 4o

have darker rumen walls.



Incidence of abscessed iivers amounted to 31 or about 24%. Twenty-
one of the abscessed livers were from cattle receiving rclled corn.
Mcoisture content of the corn grain or roughage did not appear to
influerce the incidence of abscessed livers.

This experiment indicated only small end inconsistent differences
between dry and high moisture when fed with small amounts of roughage.
Only in the case of dry corn fed with haylage was there any apprecizble
@¢ifference in rate of gain tetween whole or rolled corn. Animals
gained faster when the roughage source was haylage as compared tc hay
except when dry whole corn was fed. In all treatment groups, the
animais fed haylage were more efficient in feed conversion.

Experiment;, S—Dry and High Moisture Corn Fed Whole or Relled
wWith Corn Silage in Cattle Growing-Finishing Diets

Averzge daily gains for all the cattle fed dry or high moisture
corn were the same (table 5). When the dry corn was rolled, rate of
gain was 0.10 1b less (3.6%) than for steers fed whole corn. Feed
consumption was also slightly less for steers fed the rolled dry corn
reculting in similar feed efficiency between the whole and rolled dry
grain.

Rolling of the high moisture corn did not change the rate of gain
in comparison to the whole grain. However, slightly less air-dry matter
wae consumed with the rolled corn diet, resulting in a small reduction
in fe2d requirements (2.8%) as measured by forced-draft oven moisture
determinationse.

The lack of respense noted in this experiment may have been due to

the type ci rocughage used. Corn silage generally contains 30 to 39%
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TABLE 5. DRY AND HICH MOISTURE CORN GRAIN ¥ED
WHOLE OR ROLLED WITH CORN SIUAGE

(January 7, 1971 to August 25, 1971—230 Days)

rv Corn High Moisture Corn<
Whole Rolled Whole Rolled
Nember of animals 300 32 22 32
Initial shrunk wt, 1lb 508 506 508 504
Final shrurk wt, 1lb 114). 1116 1129 1126
Ave daily gain, 1b 2.75 2.65 2.70 2.70
Avg daily feed, 1lb {air-dry)
Corn silage 8.26 8.21 8.22 8.23
Corn grain 13.18 12.50 12.41 11.83
Supplement 1.48 1.48 1.48 1.48
Total 22.92 22.19 22.11 21.54
Feed/100 1b gain, 1b (air-dry)
Corn silage 3C0 310 305 z04
Corn grain 478 L2 460 437
Supplement 53 56 54 55
Total 8321 838 819 796
Dressing percent 63.8 63.7 63.9 6h4.1
Carcass grade® 20.2 2C. 5 20.4 2B .8
Kidney fat, % 2.9 2.7 2. 8 2.7
Abscessed livers 2 3 0 E)

83tored at absut 25.7% moisture in Harvestore, A. O. Smith Harvestore
Products, Inc.

bTwo stezrs died from pneumonia.

CGood = 17; Choice = 20. Graded tc cne-third of a grade.
corn grain. In this experiment, the corn coming from corn silage would
eroount to abcut 3 1b per head daily. This grain is of high moisture
content and also a portion of this grain would be cracked. Therefeore,
the grain in ‘he cern silage may act to Wuffer the difference tetween
dry and high moisture corn and also between feeding whole or rolled
grains.

An U.S.D.A. beef grader placed the turcass grades on the animals

after abont an 18-hour chill. Thare appeared to be nc consistent effect
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on carcass grade tetween treatments imposed in this experiment.
Dressing percentage also did not vary between treatments.

Upon slaughter the rumens were examired for abnormalities. Animals
receiving high moisture grains tended to have darker rumen walls.

Cattle fed rclled corn also appreared to have less free fluid in the
rumen thaa did the cattle receiving whole corn. While the observations
are very subjective, they give some indication of the changes brought
about by the diets.

Incidence of zbscessed livers was quite low in this experiment.
Diets contained about 36% corn silage, air-dry basis, and aureomycin
was fed at 70 mg per head daily. Under these conditions there wevre only
eight abscessed livers, or about 6%. Six of these were from cattle
receiving rclled corn. Moisture content of the grain did not apprzr to
influence the incidence of abscessed livers.,

Further processing of dry whole corn grain did not appsar to be
necessary under the conditions of this experiment. There were only
small differences in rate of gain and feed efficiency between the
experimental treztments.

Exveriment 6=-Digestibility of Dry and High Moisture Corn
Fed Whole or Rolled in Beef Cattle Growing Diets

Results of this digestion trial comparing dry and high moisture
corn grain either rolled or whole with 40% haylage fed to beef cattle
are presented in fzble 6. Dry matter intake was limited to 2.5% of
bodyweignt. it this level, the 40% roughage and 60% corn grain diet was

readily consumed by mcst animals.



TABLE 6. APPARENT DIGESTIBILITY OF DRY AND HIGH MOISTURE
CORN GRAIN FED WHOLE OR ROLLED IN CATTLE GROWING DIETS~

Dry Wnole Dry Rolled HM Whole HM Rolled
Corn Corn Corn Corn
Number of zteers i 5 L 5
Avg weight 1b 787 796 778 760
Avpg daily intake 1b
Dry matter 18.28 18.37 17.21 16.69
Protein 2.51 2.52 2.39 2 Hl
Energy, kecal 36,953 37,160 3k,703 3%,583
Avg daily excretion 1lb
Dry matter 5.48 5.60 5.22 L .66
Protein 94 1.00. .90 .87
Energy 11,687 12,157 11,326 10,179
Aprarent digestion coefficient %
Dry matter 70.3 69.5 69.4 71.8
Protein 68.6 67.4 67.0 6S9.7
Energy 65.1 60.4 61,7 62.1

Ipiets consisted of 60% corn grain and 4% reconstituted haylage on a dry matter basis.
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There appeared to be a trend toward a slight increase in apparent
digestibility when animals were fed high moisture corn as coupared to
dry corn. Aifthough not significant, the results are in agreement with
feedlot performance data in experiment 3 where steers fed diets with
about 674 forage gained at a faster rate when fed high moisture corn.

Rolling of the dry corin tended to depress apparent digestibility
foi» )1 parameters measured in this study. However, when the high
roisture corn grain was rolled there appeared to be an increase in
apparent digestibility of all parameters.

A combination of reconstitution and rolling resulted in the highest
apparent digestibility of dry matter and protein. Apparent digestibility
of gress energy was highest when the dry whole corn was fed. These
values were not significant and, therefore, only represent trends that
may exist. Although the differences in apparent digestibility seen
small, it should be noted that corn grzin is already highly digestible
and further improvement in digestibility by such mild methods of
processing as used in this experiment are likely to be small. Also
the differences noted in digestibility are due to only 60% of the diet
as the other WP was haylage and was uniform across the corn grain
treatments.

Experimasit 7=—Digestibilityv of Dry and High Meoisture Corn

¥Yed Whole or Rolled With Low Levels gi
Roughaqe 32 Beef Cattle Diets

Apparent digestibility values for dry or high moisture corn fed
whole or relled with hay or haylage to teef cattle are presented in

tahle 7. Reconstitution of the dry corn appeared to increase the



TABLE 7.

APPARENT DIGESTIBILITY OF DRY AND HIGH MOISTURE CORN GRAIN FED
WHOLE OR ROLLED WITH LIMITED AMOUNTS O HAY OR HAYLAGE TO BERF CATTLE?

DW DR HMW HMR
Hay Haylage Hay laylage Hay Haylagze Hay Haylage

No. of steers 6 6 G 5 6 5 5 6
Avg weight 1b 633 6liy 635 655 658 633 638 63k
Avg daily intake 1b

Pry matter 7.68 9.07 7.95 9.38 9.23 9.05 8.92 8.76

Protein .82 1.03 .86 1.05 1.10 1.08 1.06 1.04
Avg daily excretion 1b

Dry matter 1.51 1.42 1.67 1.5% 1.65 1.58 1.0k l.41

Protein .26 .28 .28 3 o) .32 .29 .28
Apparent digestion ceoefficient %

Dry matter 80.91 84.3%6 78.92 83.41 82.05 83.30 82.84 84.29

Protein 68.96 72.69 ©6.97 70.16 72.22  71.75 72.59 73.66

@Diets consisted of 93% corn

rain and 7% roughage on a dry matter basis.

09
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apparent digestibility of gross energy and protein. This increase
amounited to 1.5 and 4.1%, respectively.

The effect of rolling the corn grain on digestibility was similar
in this 93% grain diet as when a 60% grain diet was fed in experiment 6.
Animals fed dry whole corn had higher apparent digestibility values than
when the dry coran was rolled. When high moisture corn grain was fed
rolling tended to increase digestitility. Cattle fed rolled high
moisture corn had the highest digestion coefficients and those receiving
dry rolled corn had the lowest values.

Also included in this experiment was & comparison of hay and
hzylage as the roughage source. The roughages were included at %, on
a dry ratter basis, cf the total cry diet. Animals receiving the
roughage in the form of reconstituted haylage had higher (P <=053)
apparent digestibility values than when the animals received hay. This
difference was meost noticeable in those treatments with dry corn thaa
with the high meisture grain. Animals receiving haylage digested the
dry matter portion of their diets 3.3% better than those receiving hay.
This tends to agree with feedlot data where animals consistently gain
faster if fazd haylage as compared to hay. This is true in both the
growing 224 finishing phases.

In another portion of the experiment it was decided to destermine
if the apparent whole kernels observed in the feces of animals fed whole
coern were intact or were partially digested. In this study, only whole
uncracked were collected in the feed and in the feces. Based on a per
kernel basis, dry matter digestibility and gross energy digestibility

wag 12.28 and 13.40%, respectively. This would indicate that some



digestion had taken place in these apparent whole kernels of corn grain

appearing in the feces cf animals fed dry whecle corn.
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DISCUSSION

Results of these experimentis indicated that cattle fed
reconstituted high moisture corn in high concentrate diests were
generally more efficient in the utilizatioﬁ cf their feed than animals
fed dry corn. Animals fed high moisture corn consumed less feed and
also gained less. When a limited amount of grain was fed, weight gain
and feed efficiency were improved by the reconstitution process with
essentially no difference in feed intake.

McNeill et al. (1971) and Fotter et al. (1971) reported the process
of reconstitution for sorghum grain increased ruminal digestion of both
protein and starch cver the dry rolled grain. Potter et al. (1971}
stated that the poor quality protein of the grain is converted by rumen
microbes to higher quality protein with more of the essential aminc
acids beccming available for absorption. McNeill et al. (1971) reported
that both ruminal and post-ruminal breakdown of starch was greater for
reconstituted grain than for dry grain. However, due to the differeunce
in the type of prctein and starch between corn and sorghum grain it is
not known if these results would also apply to corrn grain.

The process cf fermentation in high moisture feeds is generally
thought of as a partial conversion of complex organic matter to more
soluble compounds. Some cf these more soluble compounds would include
acetic, lactic,; propionic and butyric acids. These organic acids are
similar to these produced in the digestive tract of the ruminant animal.
Compounds such as these are a concentrated source of energy for the

ruminant animal.




Production of these more soluble compounds such as organic acids
also presents a problem in interpreting data because cf possible
inaccurate dry matter determination when common drying procedures are
used. Hood et al. (1971) reported that some drying techniques for
ensiled feeds result in a biased estimate of dry matter content and,
therefore, dry matter intake. Irappropriately accounting for these more
soluble or volatile compounds as a part of the water fraction causes an
underestimation of dry matter and energy intakes and would thus lower
values for feed efficiency. The method most often used for determina-
tion of dry matter is to use dry heat at a temperature below the boiling
point of water. This could result in loss of volatile acids and result
in a biased dry matter content. Hcwever, the problem may not bte a
critical one under practical conditions. These volatile compounds may
vaporize when in the feed bunk prior tc consumption during times of
high ambient temperature. Therefcre, dry matter consumption weculd not
be tiased under these conditions and this loss of volatile compounds
should be assessed to storage less. The amount of volatile compounds
present is related to moisture content cof the feed znd to the typelof
feed. High moisture corn is low in moisture when compared to corn
silage and the actual amount of veolatile materials lost during drying
may te different for corn grain as compared {c corn silage. However,
corn grain contains a more available source of energy than does cora
silage which may also influence the amovnt of volatile compouunds produced
during fermentation and subsequently driven off during commnon drying
procedures. Geasler and Vetter (1972) statsd that storage lcsses were

&% for corn silage and 3% fTor high moisture corn grain wihen stored in
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oxygen~limiting silos. Therefore, it would appear that production of
volatile compournds may be inf{luenced more by moisture content than type
of feed stored and that such losses are low for lLiigh moisture corn grain
stored in an oxygen-~limiting structure.

There appeared %o be no consistent difference on basis of rate of
gain between whole or rolled dry corn when fed in high concentrate beef
cattle diets. Cattle fed dry whole corn generally consumed mcre grain
dry matter than animals receiving rolled corn grain. Benefits from
rolling dry corn in relatively high-roughage diets were also small.

With high moisture corn and low levels of roughage, there appeared to

be no advantage on basis of weight gain for rolling the grain. However,
rolling high moisture corn generally resulted in more efficient feed
utilizatien as determined by oven drying procedures. At higher levels
of roughage (20% or more of diet dry matter), there appeared to be more
advantage on vasis of animal performance for rolling high moisture grain
than for rolling dry grain.

Corn grain. when rolled, is a highly digestible feédstuff.

Therefore, whole corn should be as digestible as rolled corn if the

®

cattle masticate the whole corn to the same degree of fineness as.th
rolled grain. Jt is known that this is not true due to thes appearance
of avparent whole corn grain in the feces of cattle fed whole corn.
Burroughs et al. (1960) reported when yearling cattle were fed a diet of
65% whole high moisture corn grain with the remainder beirg hay and
supplement that 21% of the whole kernels fed appeared in the feces as
whole kerrels. VWhen the diet is composed larzely of corn grain, whole

or rolled, resuiting feces are composed largely of undigested corn.
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Tawng, appearance of wkole or large particles of corn kernels in the
feces can not be used as an indicator of completeness of total
digestibility.

The size of increase in digestibility as a result of rolling corn
grain was quife small even though a considerable amcount of slightly
digested whole corn kernels were visible in the feces when the corn was
fed whole. Lack of an increase in digestibility could be due in part to
a compzensating effect involving starch digestion as influenced by level
of starch available for digesticn. Less starch was readily available
for digestion in the case of the whole corn diet as compared to the
rolied zora dist since the starch present in unmasticated kernels is
partislly protccted from digestion by the outer seed coat. The smaller
quantity of starch readily availsable for digestion in the whole cern

diet could have
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rroater starch digestibility than in diets

with more readily smvailuble starcn such as in the rolled corn diet.

i the whole corn diet may have been

digested more thoron

zuly than <the broken kernel starch in the rolled
corn diet due to the lower level of the former when the same quantity
of the diet wac Ted. Karr, Little and Mitchell (1966) present data to
substantiate this postulation. These researchers studied starch
disappearance when feeding various levels of corn grain and hay to
vearling beef steers. They noted that the quantity of starch disappear-
ing and the dowaward trend in percent f starch digested in the rumen
with increasing starch intake indicate that the efficiency of starch
digesticon in the rumen decreassd as the daily starch intake exceeded

abecut 4.5 1b. It wus suggested that a consideranls amouni of starcly can
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be digested in the emall intestine. However, it was not of large
enough magnitude in their experiment, and efficiency of total starch
digestion was less when a higher level of cora grain was fed.

Greater feed intake of animals fed diets composed largely of whole
corn grain may alszo be explained by compensatory starch digestion. The
animal apparently coasumes whole corn grain until a certain energy level
is prcduced which would come mostly from the masticated kernels. ©Cn the
otker hand, on a limited grain diet rumen fill appears to be a major
facter in controlliang voluntary intake (Blaxter, Wainman and Wilson,
1961, Montgomery and Baumgardt, 1965).

A ccmpensating effect of more complete digestion of starch would
be expected to be quite small in diets containing small amouants of grain
due to mcre complete digestion of the low level of starch present (Karr
et al., 1966). Thus, the benefits from rolling grain to eliminate whole
corn passage in the feces under limited grain feeding condition should
be larger. Wnen limited grain was fed in the feeding trial, processing
methods improved rate of gain and feed efficiency over the cattle
receiving dry whole corn. Results of the digestion trial indicate
similar appareat digestibility coefficients. However, it should ée
remenbered the differences would be due to 60% of the diet as the other
L% was haylage and constant among all treatments.

It appears that rolling corn grain is mcre beneficial when the
grain is in the high moisture state. Even though high moisture grain is
not 2= hard as dry grain, the outer coat may still tend to preveat
digestion of the starch contained within the protective exterior. The

increased response oktained by rolling the high moisture corn in
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compariscn to dry grain may be due to the difference in amount of
mastication required by the animal. High moisture corn may be
masticated less thoroughly than dry corn. Dry corn when compared to
high moisture corn would need mere mastication and salivation to
increazse the moisture content so that deglutition could occur. With the
increased mastication cf whole dry corn, more kernels would be broken
wnich would expose more surface area for digestion. The increase
calivation required for animal receiving dry whole corn would tend to
increase the buffering capacity of the rumen. Increasing the buffering
capacity may be beneficial in keeping the animal on feed and might also
provide a more optimum environment for rumen microbisl digestiion.

Varce et al. (1971) repnrted that dry whoie corn, because of its
texture, shape and bulkiness, reduced the degree of papillae clumping
within the rumen when feeding high concentrate diets. The hard rough
edges of corn grain could be acting as a roughness factor to help clzan
the papillae and prevent clumping. ©Such reduction in clumping of
papillae in the rumen could result in increased nutrient absorption and
utilization of the diet. In experiments repcrted herein where deg?ee of
papillace clumping was measured, there appeared to be no diifference due
to grain processing methods. However, the experiments contzined from
6.2% to 23.%%5 roughage dry matter as hay or haylage. It appeared tnat
level of roughage had 2. greater influence on papillae matting or clumping
th:an did grain processing methods under conditions of these experiments.
Roughage level and degree of clumping appear to be inversely reiatszd.

Integrity of the rumen wall has been reported to be associated withn

incidence cf liver abscesses. Although, there was no noticeable
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difference in rumen parameters, there was about twice as many abscessed
livers in cattle fed rolled corn as compared to those fed whole corn.
Lsck of apparent relationship between rumen integrity and abscessed
livers would indicate that either our rumen evaluations were not
sensitive ernough to pick up the differences or the rumen had regenerated
by the time of slaughter.

Level, tvpe and moisture content of the roughage was also studied
in this saries of experiments. Hay, haylage and corn silage was
utilized o chs yearces of roughage. Increasing levels of roughage when
fed with corn greain generally decreased gain and efficiency. The lower

rate of guin weuld te due to a lcwer energy diet. However, increased

o

gains were noind whea a higher Jevel of haylage was fed with rolled high

)

moisturs corn. Reconstitution of hay, (adding water and then ensiling),

0}

generally mrasulted in increzsed vate of gain when compared to similar

diets containing hay as the roughage source. The response to
reconstituiicn ¢f h2y was not always of significant magnitude but was
conmistent in all the experiments where hay and haylage were compared
escept when fed with dry whole corn in the finishing diet. Haylagg
appeared o he retiter utilized when fed with rolled high moisture cern.
This was true ir groving and finishing feedlot studies and also in
digestion trials.
Langzsion ef zl. (1962) Jdescrived the process of fermentation of
silzges as the cciiversion of carbohydrates to organic acids and gases
and ithe partizal breuzkdown of vrotein into non-~protein and other mcre

soluble sompovndzs. ‘"he wrocess of fermentation increases ths amount of

readily avaidlabie Jdigestible matter. Therefore, improvement in forage
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utilizaticn should be obtained by the recoastitution process with a
greater response being expected from poor quality roughages.

Cattle receiving haylagec consumed more total feed on a dry matter
basis than did cattle receiving hay when roughage comprised a large
portion of th=z diel., The increase in total feed intake was due mostly
to increased conzumption cf haylage as corn intake was rather constant
among treatments. This may indicate a palatatility advantage for the
haylage. Hay was chcpped in a similar manner as haylage but did not
contain water to prevent the material frem being dusty which has been
shown on numerous cccasions to reduce feed consumption.

During the finishing trial where roughage (hay or haylage) was
limited to abcut 10f% of the diet dry matter, average daily gain was in
favor of the cattle receiving haylage excert when dry whole corn was
fed. Feed efticiency also favored cattle receiving haylage as the
roughage source. This would agree with the high energy digestion trial
as diets with haylags had higher apparent digestibiiity coefficients.

Effects of processing corn grain were less whan corn silage was
fed. The grain which is in corn silage is already in the high moisture
form and a portion of the grain is cracked. Therefore, the effects of
grain processing methods employed, rolling and reconstitution., would

not be expected te ve as large.



SUMMARY

Six hundred fifty-six Hereford beef cattle were utilized in a
series of experiments to compare the effects of various methods for
processing corn grain when fed with various types and levels of roughage.
Included in this series of experiments were five feedlot and two
digestion trislis. Dry and high moisture corn grain fed whole or rolled
and steam processed flaked corn were the types of corun grain processing
metheods studied. However, steam processed flaked corn was used in only
one feedlot experiment as the benefits measured by animal nerformance
was similar to that of dry rolled corn. Hay, haylage and corn silage
were the various types of roughage compared. Hay or haylage was fed at
levels to comprise both high roughage growing and high energy finishing
diets. Corn silage was fed at a constuant level throuvghout a growing-
finishing study. Parameters used to evaluate these various comparisons
included feedlot performance and apparent digestibility data.

Differences hetween dry and reconstituted high moisture corn grain
when fed with low levels of roughage (about 10% of diet dry matter) were
small and freauently favored dry grain on basis of weight gain. There
were also oaly wumall differences in feed utilization when the diet was
comprised mostly of corn grain but frequently favored the high moisture
corn. When feeding higher levels of roughage, the value of high moisture
corn in comparison to dry corn appeared to improve. Improvement was
noticed in both gain and efficiency for animals receiving high moisture
grain. During times of extremsly cold weather, performance of cattle

receiving nigh moisture corn appeared to be depressnd e 2 greater
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extent than. for animals receiving dry corn. Although performance in all
treatment groups was depressed during cold weather, intake of high
moisture grain was reduced with more reducticn in weizht gain and a
Jarger iucrease in feed requirements than for animals receiving dry corn
during this period.

There appeared to be no consistent difference on basis of weight
gain between whole or rolled dry corn grain with roughage levels up to
about 20% of the diet dry matter. Rolled grain was generally consumed
at a lower level but with about the same or a slight improvement in feed
efficiency when compared to whole dry corn grain. Apparently, the whole
grain was utilized efficiently in coxparison to rolled grain even though
the feces appeared to contain a considerable quantity of apparent whole
kernels. Even with levels of roughage up to about 65% of the diet dry
matter, the advantage for rolling dry corn was small when fed to growing
steer calves from weights of about 400 to 800 1b.

Roliing of hign moisture corn offered little advantage in weight
gain when fed with iow levels of roughage. However, animais fed rolled
as compared to whole high moisture corn consistently had lower feed
rejuirements. When animals were fed a higher level roughage, there
appeared to be more advantage for rolling high moisture grain than for
rolling dry grsin. Rolling high moisture ccrn appeared to offer greater
berefits when the rcughage source was haylage.

Differences 1in valune of dry and high moisture corn were small when
fed in diets with limited amounts of corn silage (about 37% of diet dry
matter). There were also only small differences between whole or rolled

corn under these conditions.



73

Incidence of abscessed livers did not appear to be affccted by
moisture content of the grain or roughage. However, there was a
greater incidence of abscessed livers when the grain was rolled. Three
hundred eighty-two animals were examined at slaughter for liver
abscesses of which 50% were fed whole corn and 50% fed rolleé corn.
Fifteen (7.8%) of the abscessed livers were from cattle fed whols corn
and 31 (16.2%) were from cattle fed rolled corn.

In a growing diet where corn grain was limited to 1% of bedyweight,
steers fed reconstituted haylage gained at a faster rate than those fed
dry chopped. hay. Animals receiving haylage also consumed a grezter
ancunt of feed on a dry matter basis. Similar results were obtained
whien a finishing diet was fed. Haylage as compared to hay appeared to
cffer greater benefits when fed with rclled high moisture corn in both
growing and tinishing diets.

Differences in apparent digestibility values for dry or high
moisture corn grain were small in diets containing 7 or 4% roaghage
but were generally greater for high moisture corn. Rolling of either
type of corn also appeared to be of little advantage. Howsver, rolling
high moisture corn increased apparent digestibility to a greatar extent
than did rolling of dry corn. When hay or haylage was fed at 7% of the

diet dry matter there was an increase in digestibility favoring haylage.
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