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INTRODUCTION

Milo (sorghum grain) has been the most readily avail-
able and cheapest grain for fattening cattle in Oklahome and
throughout the Southwest. The trend toward increased cattle
feeding in this area indicates that milo will be even more
widely used as a feed grain in the future,

Previous research has shown that the feeding value of
milo for cattle is lower than its chemical composition in-
dicates, possibly due to & lower protein digestibility and a
lower starch availability compared to corn, barley or wheat,
The availability of staréh is especially important, since
starch comprises 70 — 75% of milo gfain, and milo is in-
cluded in rations primarily'asva source of energy. Since
meny fattening rationsvtoday éontain as much as 80 ~ 90% or
more milo, any improvement iﬁ the feeding value of milo
would be of great benefit to the cattle feeding industry.

The most promising method of impfoving starch availabil-
ity and fhe utilization of the energy of milo is by grain
- processing. The purpose of this study was to evaluate sav-
eral processing methods of milo for.fattening cattle,

Processing methods were eValuated on the basis of feed-
lot performance, carcass merit and net energy. Net energy
was emphasized because it is considered by many to be the

optimum measure of the productive value of a feed since i¥%

1



consists only of that energy available for use by the body,
after the expenses of utilization have been deducted from

gross energy.



REVIEW OF LITERATURE
The Peeding Value of Milo Compared to Other Grains

There are conflicfiﬁg reberts ih the liferature concern—
ing the relative feedlng value of the four major feed grains -
- corn, milo, barley and wheat. The TDN, crude protein and di-
gestible protein of each are.shown in Table I. According to
ﬁhese values, the four grains‘are vefy'eimilar in value, and
~should perform similafly wheﬁ.fed in finishing rations to
beef cattle. | |

This has been essentially true in trials at the Cali-
fornia station. Except inethe-ease’of corn, which produced
higher gains and greater‘feed’efficiency, no significant dif-
ferences weré found'amoﬁg-the‘four gfaihs'for gain, efficien-
bcy, intake, carcass measurements and digestibility (Garrett,
1963, Garrett et al., 1966b; McIlroy et al., 1967). No sig-

TABLE I |

TDN CRUDE PROTEIN AND DIGESTIBLE PRQTEIN OF
_CORN, MILO, BARLEY AND WHEAT

Item a #2 corn .miio’  barley wheat (hard

N s - , red winter)
TON, % ~ 80.0  84.0 78.0 80.0
Crude protein, % 8.9 11.0 S 11.7 13.0

Dig. protein, % 6. 9 v 856 8.4 10.9

@pgaken from N.R.C. 1963



nificant differences ,werefffound in digést;bleﬂ energy
(Bréwn, 1966,‘1958)‘or ih ﬁet energy-(Absher,‘1965; Garrett
et g;.,»1964;‘Hall, 1966).between milo and corn.

However, other wdrkers‘have shown milo to produce 10 to
16% less efficient gains than corn,-barley or wheat (Brethour
and, Dﬁitsman,.l959; Poﬁe gi al., 196la; Hubbert et al., 1962;
'Tdtusek'et al,, 1963;:Saba et alf,.l964; Hale et al., 1965;
. Hale et al., 1965; Hale et al., 1965; Bromn.et al.,
1968). P
f:The:disparity'ih‘résults COuld'be due to variation in
B coﬁpositibh‘of the-gfaihs‘(asbaffected by fertility, irriga-
tion; ciimate’and‘varieﬁY),‘type-of.ratiOn, and/br processing
method.(affeéting:paftiélé sizé'énd gelatinization)a Breuer
_:ét al. (1967), studylng 14 dlfferent varletles of sorghum
”graln, found a. range in crude proteln content of from 8.6 to

13. 4%
Processing Methods

During the last.B‘YGafs, considerable:work has been done
tobreappraise the feeding values of grains'for ruminants, es-
pecially in finishiﬁg»raﬁions. The evaluations discussed in
this review are for cattle‘oniy. ‘Thé majofity of previous
grain evaluations'were~made 25 %0 40 years ago (Hale et al.,
1965). S

Processing of grains has received renewed interest and
has shoWn considerable promiSe for'improved'rate of géin and

feed efficiency of finiéhing cattle. As the following review



of processingbmethods will point out, grain processing can
imply many things, from the production of a very coarse ma-
terial by cracking in a burr mill to the creation of a flat,
flake-like product by rolling after partial coocking in a
moist steam environment. |

In this review, the following grain processing methods
will be discussed: grinding, pelleting, conventional rol-
ling, popping, steam-praocess-flaking and high moisture pro-
cessing.
Grinding

It has long been recognized that efficiency of grain
utilizatibn couid be improved by merely cracking or coarse
grinding. This 1is especially true‘for milo, since the hard,
waxy outer shell is extremely resistant to digestion. There~
fore, it is absolutely necessary”to rupture the grain before
bfeedingvtp cattle as they apparenﬁly chew whole milo very
little prior to -swallowing. This is in contrast to whole
corn which can”bebfed with a fair degree of success as con-
siderable portions of the graih are broken by mastication
before swalldwingv(Hale‘and Taylor, 1965).
| Grain can be brokeh down to varying particle sizes by
grinding through a hammer mill with different sized screens.
Coarse grinding is é pfoéedure.that has béen used widely in
the past (Hale et al., 1965). There are, of course, varying
degrees of éoarse grinding; for example, milo may be ground
through a 1/2 in.screen down to a 3/16 in. screen, as well

as any sizes in between,'and still be called coarsely ground.



To describe this poinf another way, coarsely ground milo may
consist of large‘broken‘particles, some. fine material and
quite a bit of whole milo. At the other extreme, coarsely
ground milo may be defined as the coarsest product that can
be derived, without‘leaving any whole grains., This product
would have more fine material than thé one previously de-
scribed. Coarse grinding'has often been used as a control
tovwhioh other‘pr0¢essing methods arekcomparedc

Fine grinding milo through a 1/8 in. screen increased
feed efficiency agpproximately 5% compared to coarse grinding
through a hammér mill with no scfeen (Pope et al., 1961;
Pope et al., 1962) or through a 1/2 in. screen (Totusek et
al., 1964). A possible explanation, according to these
'wdrkers, is that fine grinding exposes more surface area 1o
bapterial digestion, resulting in improved utilization. In-
take was reduced, compared‘to coarse grinding, and rate of
gain was not significantly affected; therefore, the cattle
were apparently eatingbto a certain level df energy
intake, . The level of grain 1in the rations ranged from
40 to 60%. A breakdown of parfticle sizes is shown in
Table II.

Cox and Smifh (1952),_Baker et al. (1955) and Brethour
et al. (1963) observed essentially the same results in com-
parisons of finely ground and coarsely ground milo., An il-
lustration of the particle sizes produced is shown in Table
IT.

Hale and Taylor (1965) agreed that feed efficiency was



EFFECT OF PROCESSING METHOD ON PARTICLE SIZE

TABLE 1II

Finely

Coarsely Dry
Ground Ground Rolled
Particle Size Milo Milo Milo
% Of eacn size
Pope et al., 1961
screen size
10/64 in. 0 0 -
6/64 in. 0 4.4 -
1/25 in. 26,1 40. e
1/40 in. 36.3 24.5 ~
through 1/40 in. 37.2 29.8 e
Pope et al., 1962
screen size
6/64 in, 0 — 31.9
1/40 in. ' 67.5 - 6l.2
through 1/40 in, 32,0 - 6.9
Brethour et al., 1963
- particle dlameter
2000 to 4000 microns - trace —— 36
1000 to 2000 microns 23 - 61
500 to 1000 microns 32 o 4
300 to 500 microns 11 —— 2
150 to 300 microns 10 — 1.5
< 150 microns 24 — 1.5
Mehen et al., 1966
screen size
5 mesh 0 e 0
10 mesh 0.17 e 0.57
20 mesh 4,12 o 7L, 91
30 mesh 12.92 —— 18.40
40 mesh 16,38 — 4,13
over 40 mesh 66.41 e 5.09
Buchanan-Smith et al., 1968
particle diameter
.318 - .476 cm. 0 2.4 -
.212 - ,318 cm. 1.6 9.1 e
W14l —~ 212 cm. 14.4 22.4 ——
102 -~ .141 cm. 22.1 20.4 e
.05 = ,102 cm. 27.4 2263 -
< ,05 cm, 34.5 23.4 ——




increased by fine grinding milo as compared to coarse grind-
ing. However, they maintain that finely ground rations are
dusty and not readily consumed by cattle, particularly in
high grain rations. They have observed reduced intake and
resulting low rates of gain, which in their opinion, prevent
fine grinding from being a desirable processing method. Ob-
servations by Ray and Drake (1959) on the effect of grain
preparation on animal preference followed this same line,

Mehen et al. (1966) and Buchanan-Smith et al. (1968) re-
ported no advantage in digestibility of finely ground milo
over dry rolled and coarsely ground milo, respectively. Fine
grinding was accomplished by grinding in a hammermill through
a 1/4 in. screen (Mehen et al., 1966) and through a 1/8 in.
screen (Buchanan-Smith et g;,, 1968), producing the particle
sizes shown in Table II. Barlier work by Smith et al. (1949)
had shown an advantage to finely ground,

Grinding shelled corn increased feed efficiency 7.8%
over cracked corn (Hentges Ei 2;., 1961).
Pelleting

Fine grindiﬁg and pelleting of milo improved feed con-
- version from 5 to 10%, with no significant effect on rate of
gain, compared to dry rolled milo (Pope et al., 1958; Pope
et al., 1959; Fope gj al., 1962). The pelleted milo also
produced consistently lower dressing percentages. Pope et
al. (1962) observed no significanf differences in feedlot
performance between finely ground (1/8 in., screen) and

coarsely ground (no screen) milo rations fed in 5/16 in,



pellets.

McCroskey et al. (1959) found an interaction between
pelleting and ratio of milo to roughage. Pelleting a finely
ground ration with a milo to roughage ratio of 1:4 increased
rate of gain 23%, feed intake 10% and feed efficiency 10%,
compared to the same ration in the meal form. However, pel-~
leting a finely ground 4:1 ration decreased rate of gain 9%
and intake 12%, and increased efficiency 3% compared to the
same ration unpelleted. Digestion trials on similar rations
did not reveal any significant differences in the digestibil-
ity of the proximate components (McCroskey, 1961).

Pope et al. (1962) concluded that pelleting a fattening
type milo ration‘containing over 65% concentrates will de-
press,feed intake and rate of gain. Reports from the Kansas
and Arizona stations support these findings (Richardson et
al., 1960; Richardson et al., 1961; Hale and Taylor, 1965).

Pelleting grbund shelled corn has been shown to improve
feed efficiency 13.9% (Arnétt and Bradley, 1960), 7.7% (Hent-
ges et al., 1961) and 10% (Little et al., 1962), compared to
unpelleted ground shelled corn. Significant increases in
rate of gain were also reported by Arnett and Bradley (1960)
and Little et al. (1962).

Conventional Rolling

Dry rolling of milo has generally been found to give
results intermediate between coarse and fine grinding (Cox
and Smith, 1952; Baker et al., 1955; Pope et al., 1958; Pope

et al., 1959; Richardson et al., 1960; Pope et al., 1961b;
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Richardson et al., 1961; Boren et al., 1962).

Conventional steam=rolling of milo has been observed to
give similar results as dry rolling. ‘This process usually
involved steaming the grain for approximately 3 to 5 min,
at a temperature of around 180°F. before coarse rolling (Tay-
lor et 2l., 1960; Hale and Taylor, 1965). Pope et al, (1961)
observed that feed conversion for steam-rolled milo was in-
termediate between finely ground and coarsely ground milo,
although differences were not significant.

Goarsely_rolled sﬁrghum‘grain produced average daily
gains and feed efficiencies 4 and 5.4% greater, respectively,
than finely rolled milo (Brethour and Duitsman, 1966). Par-
ticle sizes produced are shown in Table III.

Popping

Steers fed an all concentrate ration containing 40%
popped milo with the rest of fhe grain consisting of cracked
milé réquired 16.6% less feed per lb. of gain than those fed

| TABLE ITI |
EFFECT OF ROLLING PRESSURE ON PARTICLE SIZE

Coarsely Rolled Milo Finely Rolled Milo
Particle Diameter ' % of each size%
in microns

2000—4000‘(coarsej | 47,0 6.5

1000~2000 (medium) 41.0 54,5
300-1000 (fine) 9.0 28.5
less than 300 (flour) 3.0 10.5

aAvefage of two trials reporﬁed by Brethour and Duiltsman
(1966). _ '
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the same ration with cracked milo only (Ellis and Carpenter,

1966). No difference in rate of gain was observed. However,
all concentrate rations with popped milo making up the entire
grain portion produced no improvement over cracked milo (Dur-
ham et al., 1967).

Steam—Process~Flaking

Steam-processing and flaking of milo increased daily
gain 9.6%, feéd‘intake 4.6% and feed efficiency 4.7% com-—
pared to dry rolled milo, when fed to steers in high concen-
trate (80-85% concentrate) rations (Hale et al., 1965; Hale
EE g;., 1966). The steam-process-~flaked milo was produced
by subjecting whole milo to low pressure, high moisture
steam for 20-25% min., at temperatures averaging 99°C. (215°F.),
The milo was then immediately rolled with no tolerance be-
tween the rollers, producing a large, flat flake having ap-
proximately one-half the weight per unit volume of the orig-
inal grain. The milo had an average moisture content after
flaking of 17.8% and weighed an average of 32,7 1b. per bu.
The  weight per bu. of +the original whole milo ﬁés
58.0 1b.

A conventional digestion trial byv Hale et al., (1965)
showed that steam~processing and flaking of milo significant-
1y increased the digestibility of dry matter, nitrogen free
extract, gross energy and total digestible nutrients (TDN),
decreased ether extract digestibility and had no effect on
protein digestibility, as compared to dry rolled milo. In

the same trial, decorticating rather than flaking the steam-
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processed milo before feeding'resulted in a dry matter di-
gestibility very eimilar to that of dry rolled milo. Mehen
gi.g;{e(l966)'ahd.Husfed et al. (1966) found eesentially the
same resulfs.-.However, Husted et al. (1966) also found pro-
| tein digestibility:to be sighificantly higher for the steam—
process—flaked mllo.,u;e
| Buchanan—Smlth et al (1968) reported s1gn1flcant in- .
lcreases in dlgestlbllltles of non_proteln organlc matter,
& starch and sugars combined and energy of flaked over coarsely
eground mllo. There were no s1gn1flcant differences in nitro-
gen dlgestlblllty or nltrogen retentlon.}
" Hale and Taylor (1966) gave some of the key p01nts to
'e‘suceessful steam—proceSSHflaklng as belng
- l)” ralslng m01sture level to approx1mately 20%
2):Iby leav1ng 1n steamlng chamber for 15 to 301n1n.£rta
| 3),~temperature of 212 to 216°F., w1th
4) .approximately 20 lbfw pressure in the chamber, then
5) rOlling with no toleranee on rollers (or with an 18 |
‘x 30 in.vroller mill, the cold roller spacing should.
‘be 0.003 in.), 80 as to give
6), a,very flat flake, Withia' |
7). weighf per ‘bu. of about 25 lb., and
78) sferch gelatiﬁiéatibn‘of from 30‘to 40%.
Garrett EE Q;;'(l966b) reported a significant increase
in both empty bedy weight‘gaihs and gross feed efficiencies
| by steam—pressure-prOCeesihg milo for 1.5 min, at 20 psi and

then rolling, compared to conventional steam~rolled milo.
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However, in succeeding trials (Garrett et al., 1966b; 1967)
no significant differences were observed.

Steaming milo at 60 psi for 1.5 min. significantly re-
duced rate of gain and feed éonsumption compared to milo pro-
cessed by either of the following methds: pressure-~proces-
sing for 1.5 min. at 20 psi before rolling, steaming for 20
min. at near atmospheric pressure before rolling, and steam—
ing for 8 min. at near atmospheric pressure before rolling.
Dressing percentages were also significantly reduced for the
60 Psi.pressure~processed milo compared to the 8 min.
steamed milo. Rations fed consisted of 64 and 84% milo. No
interactions of proceésing method with level of grain were
‘observeda

Another trial (Garrett gﬁ 8l 1967) compared conven-
tional steam~rolled milo to milo processed at thfee levels
of preésure~processing‘(cooking pressure and grinding or rol-
ling pressure were increased together)., Nc significant dif-
ference was noted in average daily gain or in carcass merit,
Feed intake and feed/lb. gain Wefe decreased in all pressure—
processead grain treatméntsy somewhat ihvrelation to the se-
verity of the steam tregiment., Comparison of rolling and
grinding the grain after gteam treatment indicated a slight
but net statistically significant advantage for the rolled
over the ground product. No information wags given as to the
character of the rolled product. Hale et al. (1965) indicat-
ed that a flat flake was necessary for maximum improvement

in milo utilization.
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Garrett et al. (1966b) summarized the results of five
experiments in which steam-pressure-processed milo was com—
pared with conventional steam-rolled or ground milo as fol-
lows:

1) Feed cdnsumption was decreased by steam-pressure-

processing.

2) Feed efficiency was improved by an average of 8% by

steam_pressuréqprocessing.

3) The optimum time-pressure relationship was in the

vicinity of 1.5%0.5 min. at 50%10 psi.

4) Vefy severe steam ﬁreatment (1.5 min, at 6Q psi, or

above)<resulted in less efficient response.

5) Rolling after steaming gave slightly better response

than grinding. |

6) No significant differences were observed in digesti-

ble energy of protein.

Steam—procéss—flaked milo fed in an all concentrate ra-
- tion produced rates of'gain 11.8% less than for cracked milo
(Durhem et al., 1967). Cattle fed flaked milo consumed sig—
nificantly less, with no difference in feed conversion,

Steam-process-flaking barleyvincréased feed intake 9.1%,
improved rate of gain 7.9% and had no effect on feed effi-
ciency oOmparéd to dry rolled barley (Héle et al., 1965;
Hale et al., 1966). lloisture content after fiaking averaged
13.8% and Weightvper bu.y . 24.1 1.3 whble barley averaged
47.0 1b, per Dbu, No improvement in digestibility of

dry matter (Hale et al., 1965) or proximate components (Par-
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rot EE al., 1967) was observed. Increasing the flatness of
the flake also had no effect on digestibility (Parrot et al.,
1967). MeIlroy et al. (1967) reported an improvement in feed
efficiency of 12.5% and a 3.5% increase in dry matter diges-
tibility for steam-process-flaking barley Compared to grind-
ing through a %‘in.tvécreen.

Steam-pressure—-processing barleyv(lGS min., at 20 psi or
1l min. at 25 péi) improved feed efficiency an average of 4.4%
compared to éither conventiénal steam-rolling or grinding.
(Garrett et al., 1966b; 1967). Rate of gain, carcass merit
and digestibility of dry mattér,‘energy and protein were not
’ éignificantly different. |
Steam—précess—flaking corn -improved feed efficiency by
v an'aVeragé of 8% compared to.cracking when fed in a 55% con-—
centrate ratiéh (Matsushima et al., 1965; Matsushima et al.,
1967). Consumption was decreaséd by ah average of 10%, with
‘no significant”éffect On‘raté,of gaiﬁ, 'When the two types
~of corn Wére fed in an 80% concéntrafe ration, the flaked
corn produced a 13% improvement in feed conversion (Matsushi-
ma, et al., 1965). When caﬁtle»Were paired on the basis of
weight and gain and fed the same quantity, those on flaked
cofn gained 6,5% faster (Matsushima et al., 1965).

Other workers‘have‘reported increased feed efficiencies
for steam-process—flaked corn of 12.6% (Arnett and Bradley,
1960), 7.5% (Hentges et al., 1961) and 7.0% (Little et al.,
1962)., A 5% incfease in dry matter digestibility for flaked

over cracked corn, fed in 70 and 80% corn rations, was ob-



16

served by Johnson et al. (1967).
Steam-pressure-processing corn failed to improve rate
of gain, feed efficiency or digestibility (Garrett et al.,

-1966b), This was also true for wheat.

Gelatinization of Starch occufs in varying degrees when
grain is partially cooked by steaming and/or pressure-proces-
sing. What is the optimum level of gelatinization? Pope et
al. (1963) reported results of a trial in which milo was al-
most cdmpletely gelatinized by subjecting to a maximum temp—l
erature of 27OOF., achieved by steam heat and mechanical ex-
trusion, fdr approximately 10 sec., The Yexpanded" milo came
out in Small,,hard cubes which were re-ground to the same
Physical state.as the ground, but untreated, milo. Steers
" receiving the treated milo in a 55% milo ration gained‘less
and consumed less than those receiving the untreated ground .
milo, which resulted in very similar feed efficiencies. Ri-
'iey et al. (1965) autoclaved a mixture of rolled milo and
barley in equal parts for 30 min. at 17 psi, after mixing
the rolled grain with 40% of its weight in water. The grain
~was then subjected to a 90 min. "cooling off% period, during
| which time the temperature remained above 94060 Starchbgélm
atinizaﬁion was complete in the autoclaved grain and nearly |
"absent in the control. Digestibility of thevproximate frac-
tions was decreased by autoclaving. No increase in gain aﬁd
only a slight increase in feed.efficiency was observed when
the gelatinized grain‘was fed to cattle in a fattening ration

- The results of these two trials indicate that complete gela~
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tinization of the starch does not improve the feeding value
of grain for fattening cattle.

Gelatinized sorghum grain produced by grinding and then
processing through an extruder cooker at 300bF. was fed in a
70% milo ration at levels of 0, 25, 50 and 75% of the grain
portion (Drake et g;.; 1967). No significant differences
“were observed in rate of gain. The 75% level produced the
most efficient gains, 3.4 and 19% greater than the O level
for individual and group fed cattle, respectively., Wilson
and Woods (1966) reported that up to 45% gelatinized corn in
a fattening ration did not significantly affect gain, intake
or efficiency. The same workers in a subsequent trial ob-
served that both 50 and 100% gelatinized éorn significantly
decfeaéed"gains, intake and efficiency (Woods and Wilson,
1967). It would appear, from the results of these trials,
that the optimﬁm level of gelatinizatioh ig different for
milo énd cqrn; possibly 75 and 45%3 respectively.

High Moisture Processing

High moilsture milo includes both high moisture harvested
milo (also called early harvested milo) and reconstituted
milo (resulting from the addition of water to dry milo). In
either case, the moisture level 1s typilically around 30%, the
grain must be pfocessed before or after storage and it must
be stored in oxygen free conditions.

McGinty and Riggs (1967), in a summary of seven experi-
ments involving 273 hd. of cattle, stated that these two

types of milo (moisture cantent ranging from 23 to 32%) low-
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ered milo requirement per 1b. of gain {on a dry matter basis)
an average of 21%, compared to dry ground milo. Total feed
efficiency was improved approximately 15%. Rate of gain was
not significantly affected, and the two types of high moist~
ure milo did not differ significantly.
| Parrett and Riggs (1966), in a trial comparing dry, re-
constituted and early harvested sorghum grain, with moisture
levels of 10.3, 29.7 and 28.0%, respectively, observed an_ll%
improvement in feed efficiency for the two high moisture
treatments over the dry milQQ Early harvested milo fed with'
3.1 1bs cottonseed hulls per day failed to increase effi-
... ciency, while the same milo fed in an all concentrate ration
| produéed a 17% increase in efficiency., All grains were
rolled and fed ad Llibitum. |

Franke et al, (1960), comparing early harvested milo to
dry milo (both ground through a 5/16 in, screen) found a
10% increase in efficiency over a 112 day groWing period and
a 17.6% increase in a Subsequent 140 day fattening period,
The two periods combined showed a 13% advantage for the high
moisture milo, Riggs et al. (1959) reported steers fed
ground early harvested (23%»moisture) milo in a conventional
finishing ration required 18% less dry matter from the grain
and 12% less total dry natter per 100 1lb, of gain than sim-
‘ilar steers fed ground dry milo. High moisture milo fed in
the unground form Tfailed to produce satisfactory gain and
the grain requirement per 100 1b. gain was 60% higher than

for the ground high moisture milo. These workers stated
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that sorghum grain was  harvested successfully at moisture
levels of 25 to 30% with standard self-propelled combines by
slowing the ground speed and maintaining cylinder speed at
that used for threshing small grains, The moist milo was
then stored without spoilage or loss in an air-tight, glaés—
lined silo. Franke et al. (1960) reported that grain sorghum
harvested at 31% yielded 4,964 1lb. per acre compared to
4,228 1b.. per acre er grain harvested at 10% moisture.

“ Parrett and Riggs (1966) obtained reconstituted milo by
spraying the milo with water as it was augured into the air¥
tight structure, where it remained for 90 days before feed-
“ing. They recommended a minimum of 21 days fermentation
time before feeding, although a shorfer period might suffice.

A summary of these tfials? comparing high moisture milo

to dry milo, indicates the following points:

1) High moisture milo produced a consistent improvement
in feed efficiency (10 to 15%), with

_2) no significant diffefences in rate of gain.

3) High moisture milo must be stored in oxygen—free
conditions and

4) grbund or rolled before feeding to cattle.

5) High moisture milo produced a greater increase in
feed efficiency when fed in an all concentrate ra-
tion as compared to one with 3.1 1lb., of cottonseed
hulls per day, and

6) a greater increase in efficiency when fed to fatten-

ing cattle than when fed to growing cattle,
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Early harvested-milo, stored whole and ground before
feeding, produced improvements in feed efficiency of\l2.7%
(Brethour and Duitsman, 1961) and 10.0% (Brethour aﬁd D@its—
man, 1962) compared to coarsely ground dry milo, fed in a
conventional fattening ration containihg silage. Early har-
vested milo (42% moisture) ground before storing in a trench
silo‘produced 7% more efficient gains than 42% moisture ear-
1y harvested milo ensiléd and Ted in the whole form (Bret-
nour and Duitsman, 1961).

High moisture harvested milo (36% moisture), ground be-
fore ensiling in the trench, was utilized slightly more ef-
ficiently than the same grain stored whole and ground before
feeding (Brethour‘and Duifsman, 1963). Considerably less
spOilagé occurred in the ground milo during storage. Sorghmn
grain harvested, ground and ensiled in a trench at 36% mois-—
ture produced a small increase in efficiency compared to
milo harvested at 27% moisture, but a decrease in yield of
dry matter per acre of the higher moisture milo was also ob-
gerved (Brethour‘and Puitsman, 1963). Feed efficienoy of the
two combined was 12% higher than for dry rolled milo, al-
| though rate of gain was significantly less for the high mois-
ture milo. However; in a subsequent trial, rate of gain, in-
take and effioiéncy were not significantly aifected by har-
vesting milo at 26% moisture, grinding and ensiling in a
trench, compared to dry rolling (Brethour and Duitsman, 1964L
A summary of these trials indicated about a 10% increase in

feed efficiency, with little to no effect on rate of gain,



for early harvested milo°

Soaking whole milo for l6.jhr. to bring the moisture
level up to 35% before cutting in a decorticator increased
the digestibility of gross energy (2%), N.F.E. (6%) and pro-
tein (4%), compared to dry rolled milo (Husted et al., 1966).

However, Ely and Duitsman (1967) reported reductions in rate

. of gain (4.6%), intake (5.9%) and feed efficiency (1.4%) for

soaked milo (50% moisture) that was cold rolled before feed-
ing, compared to dry rolled milo.

Significant increases in digestibiiity of both the
. starch and protein portions of high moisture milo, as com-
pared to dry ground or rolled miloc, have been found in di-
gestion trials (McGinty et al., 1966, 1967; McGinty and Riggs,
1967). Components studied and average percent increases are
és fdllows: dry matter, 24.2; protein, 19,3: organic mattef,
22.8; and non-protein organic matter, 23.2. Apparent diges-
fibiliﬁy averagés are shown in Table IV,

Apparent.digestibility of dry matter, organic matter,
non-protein organic matter and gross energy by catile was
signifiéantly higher for reconstituted milo than for cocarse-
ly or finely ground milo (Buchanan-Smith ef al., 1968). How-
ever, no significant improvement in proteln digestibility or
‘nitrogen refention was found. Digestibility figures are
shown»in Table IV.

King (1962), in a detailed comparison, found no signifi-
cant differences in any of the standard carcass measurements

between cattle fed high moisture and dry milo.



TABLE IV

APPARENT DIGESTIBILITIES OF RECONSTITUTED AND DRY MILO

MeGinty and Riggs (1967) Buchanan-Smith et al. (1968)

Proximate

Dry Milo Reconstituted Dry Milo Reconstituted
Component (Coarsely Grd.)® (Coarsely Grd.)e (Coarsely Grd.)P (Rolled)
Dry matter 64.73 _ 80.40 76.00 81.64
Organic matter 67.71 “ 83.13 76.98 82.84
Non-protein organic | . o
matter 70.14 36,41 79.11 85.24
Protein 47.34 56.46 66.35 71.04

a . -
Ground in hammermill

.
o . -
Ground in hammermill

through 5/16 in. screern.

through 1/4 in. screen.

éc
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Barly harvested corn, ranging in moisture from 24 to
32%, has shown improvements in feed efficiency from essen= -
tizlly none to 15% over air dry corn (Beeson and Perry, 1958:
Heaberger et al., 1959; Larson et al., 1966; llatsushima
and Stenquist, 1967). Beeson et al. (1956) and Beeson and
Perry (1958) reported a 10 and 15% increase in feed effi-
ciency, respectively. Cuibertson et al. (1957) observed an
increase in efficiency of feed conversion of 8%., No sig—
nificant difference in rate of gain was found in this trial
or the two previous ones, and all three were comparing
early harvested ground ear  corn to regular ground
ear corn.

Heaberger et §£; (1959) reported a 4% increase in effi-
ciency with gains slightly higher and intake slightly lower
for high moisture corn (24 and 29% moisture). However, corn
ensiled at 36% moisture produced gains 20% less than for dry
shelled corn, while both consumpfion and feed efficlency
were 14% lower for the high moisture corn., Percent losses
in the silo were least for the 36% and highest for the 29%
cornv(thev24% was intermediate). Rolled high moisture corn
produced the same rate of gain‘as ground high moeigture corn
,(29432% moisture), but on 7.4% less Tfeed, resulbing in 4%
'greater’efficiency (Matsushima énd Stehquist? 1L967). Com-
paredito cracked corn, the rolled high moisfture corn pro-
duced a 4.8% reduction in rate of gain, but on 20.7% less
feed, résulting a 5.7% improvement in feed conversion. Lar-—

son et al. (1966) found no significant differences in gain



24

or efficienéy of steers fed reconstituted corn (28% moisture)

compared to those fed dry corn, when fed twice daily. A

5.4% improvement in efficiency was noted for the reconstitut-

‘ed corn when the ratiohs werelfed once daily. |
Digestion trials have shown no significant differences

between high moisture and dry corn (Hodge et al., 1959; Mohr-~

~man et al., 1959).
Net Energy

Utiiity

| The use of net energy vaiues of feedstuffs in practical
~production situations has increased tremendously in the last
few years. This has been especially true for finishing cat-
tle. This rise in popularity.is understandable, since net
energy is an expression of‘the actual usefulness of a ration
for a certain purpose, as opposed to the energy standards of
TDN and digestible and metabolizable energy which only indi-
cate a feed's potential usefulness. However, net energy has
some limitations which in the past have limited its use to
principally fundamental research under intensive experimental
control (Kriss, 1943). This will be discussed further.

| Actualiy, the concept of net energy, defined as the en-—
ergy left after deducting energy losses in the feces, combus-
tible gases, urine and work of digestion (heat increment),

is not new. Early in this century Armsby (1914), Armsby and
Pries (1916) and Kellner (1915) published feeding standards

based on the principle of net energy. Other systems using
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tﬁé.neﬁ energy concept have been deVised.‘ Hansson's Scandi-
naviéﬁ feed unit system used barley as the reference standard
(Woll, 1912). Mollgaard's production unit_is the net energy
of fattening which will produce 100 - cal,  of milk energy
(Preston, 1965). Frap's (l931)_produétive enérgy values
were obtained from feeding trials and calculated using the
chemical c¢omposition of a barticular‘feed>and the correspond-
‘ing ?roductidn coefficient. Morrison's (1959) estimated net
energy values were obtained principally by calculation, using
regsults from many sources. He used an assumed caloric value
per unit of TDNvin converting TDN to net energy., Brody (1945)
proposed an energy value of 1914 kcal. digestible energy per
1b. of TDN. Schneider (1947) suggested a figure of 1987 keal,
Of digestib1e'energy per 1b, of TDN, and this was endorsed
‘by Maynard.(1953)Q An average of2000 kecal. per 1lb, of TDN is
most widely uéed at the pfesent time (Crampton, 1956; Cramp-
 fon:gE El., 1957; Swift; fl957),' Net energy has been es-
timated ﬁo be‘approximately 45% of digestible energy (Garrett
et al., 1959), | |

Limitations in the utility of many of these earlier sys-
tems were due to two false assumptions, namely (1) that feeds
are utilized equally well for maintenance and for production
of tissue, and (2) that a feed has the same relative nutri-
tive value for various productive purposes, such as lactogen-
esis or lipogenesis (Blaxtef, 1962). The refutation of the
fifst»assumption will be discussed in the next section., As

for the second assumption, energy 1s utilized approximately
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10% more efficiently for milk production than for body gain
(Reid, et al., 1966). |

‘Energy-Intake Rélationships

The ggssumption that the utilization of feeds for main-

 tenance and for tissue deposition areée simple multiples of

" one another has been essentially refuted. As early as 1930,

~Forbes et al. reported that the net energy value of a feed
for maintenance was approximately 20% greater than when fed
ét higher levels. Other workers have confirmed this general
observation (Mitchell et al., 1932; Kriss, 1943; Lofgreen et
‘gl., 1963; Garrett et al., 1964; - Absher, 1965; Hall,
1966)., Lofgreen and Garrett (1967a)maintain that the ratio

'of-NEm to NE_ varies according to crude fiber content; that

P
is,vroughages are of more value for maintenance than for pro-
'dﬁction,'compared to cohcentrafes. However, the relationship
’ bétwéen'net enérgy and level of intake for production above
mainfenanCe has not been so definitely established.

| Forbes et al. (1928) and Forbes gi'gg. (1930) reported
that thé heat produétion from a ration fed at levels from

: faSting to three times‘the maintenance requilrement was a
gentle, reversed"S" curve. The curve was prominent from
fasting to’maintenance,‘reflécting the inefficiency of cata-
bolism, and slight from maintenance to full feed. The heat
increment per.unit of‘feed was therefore more constant when
maintenanoe was used as a base line rather than when fasting

was used, Other workers have also recommended the use of

maintenance as a base line (Blaxter, 1962; Reid et al., 1966),
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Krigss (1943) end Reid et al. (1966) concluded that the gen-
tle curve above maintenance could practically be taken as a
_straight line. Blaxter (1956) reviewed}much of the litera-
ture pertaining fo net energy values and is of the opinion
thaﬁ the relationship between intake and energy retention is
curvilinear. ‘ _ |

Kleiber (1961), on the other hand, states that the “law
'}of»dimiﬁishing returns does not properly fit the conditions
'df animal féeding" ahd»that "there igs neither sufficient em-
‘piriéal evidence for the theory that partial efficiency de~
créases’with increasing food intake,bnor is the theoretical
-strength of this argument impressivé." Furthermore, a con-
Stant net energy value for_éach succeeding increment of a
gi?en feed above maintenance has been obtained by Marston
' (1948), Lofgreen et al. (1963), Garrett et al. (1964), Ab-
shér (1965') and Hall (1966). |

Lofgreén and Otagaki (1960) studied the net energy for
production of various increments of molasses., NMolasses fed
as 10% of the ration had a higher NEp than molasses at levels
of 25 or 40% of the ration. Companion digestion trials
showed that the loss in energy was not due to fecal loss. A
partial explanagtion for this may lie in the. fact that rations
lare fed below maximum consumptior in conventional digestion
trials. Reid et al. (1966) has reported a decline in diges~
tibility of 4% for each succeeding maintenance unit of intake.
If, however, the»digestibility‘of energy as determined in the

digestion trial is a good measure of digestibility of the
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rations when fed ad libitum, the increase in energy loss on
the higher levels of molasses must occur after digestion.
This means there would have to be an increase in the energy
loss in the urine, combustible gas or 1in the heat increment.
If the heat increment truly was'greater-When/molasses was

fed at the higher levels, the relationship between energy re-
tention and intake could well be curvilinear. -

Garrett et gl. (1959) reported the partial efficiency of
food utilization to be independent of intake, body size and
sex. Thus, one relationship between energy intgke and energy
gain was assumed to express the energy requirements of both
sheep and cattle (steers and heifers)‘for all rates of energy
:gain. However, Lofgreen and Garrett (1967b) in a revision of
their NE? requirements, listed separate requirements for
steers ‘and heifers and. incorporated an increase in NEp re-~
vqﬁirement per unit of gain.

Thus, thé reiationship of level of intake and net energy
~for produétion still has not been firmly established. Net
energy has also béen criticized for being a measure of what
a feed might accomplish and not a description of that feed
(Tillman, 1967). Further, net energy is influenced by fac-
tors which affect heat production that are completely inde-
“pendent of the nutritive value of the ration, such as weabher,
insect annoyance and activiity.

However, it must be pointed out that the other measures
.of energy, such as TDN and digestible and métabolizable en-—

ergy, are also subject to the Variations in heat loss plus
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other losses in the feces, urine and fermentation (methane).

As stated before, digestibility declines with increased
intake (Reid et al., 1966). Losses in the urine and combus-
tible gases tend to decrease with succeeding levels of intake
(Blaxter, 1962)., Thus, it is difficult to logically dispute
the_theorétical preference of net energy as a measure of use-
ful feed energy (Lofgreen and Otagaki, 1960).

Methods 2£ Deﬁermination

According to the "Law of Hess," only the initial and
final chemical states of mattér heed to be known in order to
determine energy balances (Maynard and Loosli, 1962). This
is the underlying principle for the use of respiration cham-
bers and the comparative slaughter technique for indirect de-
termination of net energy values. Mitchell et al. (1932),
Marston (1948) and Armstrong (1960) used the respiration
chamber method. Armsby and Fries (1916), Forbes et al.
(1928) and Forbes et al. (1930) used a respiration calori-
,meter; which measures actual heét production, to derive net
energy. Vélues.

The technique that 1is currently receiving considerable
attention is the comparative slaughter technigue developed
and improved at the California station (Garrett‘gg aloy 1959;
Lofgreen et Q;;, 1962; Lofgreen et gio,,l963; Garrett et al.,
1964; Absher, 1965; Hall, 1966; Garrett . et al., 1967).
This technique involves slaughtering cattle for the estima-
tion of body caloric content at the start and finish of =

feeding trial and attributing the gain in energy to the ra-
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tion fed, The slaughtering process appears to be mandatory
until a suiltable method is found to determine body water in
the live animal (Lofgreen and Otagaki, 1960), The major dif-
ficulty in obtaining the in vivo measure is rumen fill (Gar-
rett et al., 1959). Lofgreen et al, (1962b) developed equa-
tions to estimate empty body weight ' from warm carcass welight.
This technigue involves the use of specific gravity to

estimate the percent body water, from which the body fat and
protein percentages can be estimated. Rathbun and Pace
(1945) conducted the firsi analysis relating specific grav-
ity to body composition, in this case, with-body'fat content
in guinea pigs. DaCosta and Clayton (1950) used rats in a
similar aﬂalysis and found that specific gravities could al-
so be used effectively as indices of body water content.
Brown et al. (1951) and Whiteman et al. (1953) applied the
specific grévity measurement to pork carcasses. Kraybill et
al. (1952) extended the use of specific gravity to cattle,
in the estimation of separable fat and body water. Reid et
al. (1955)‘develdped an equation for predicting total body
fat from body water. | v

| Ldfgreeh and QOtagaki (196Q) explained'in detail the use
of the above procedures in determining net energy values of

‘feeds. This technique can be used for determining NEm+D of

a feed by use of a reference standard (Lofgreen et al.,
1962a) or NEp by the increment method (Lofgreen et al.,1963;
Garrett EE al., 1964), NEm values are obtained by extrapo-

lation (Garrett et al., 1959).
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Net Energy of lilo

Morrison's (1959) estimated net energy values place milo

glmost on a par with corn and show it %o be superior to bar-
ley. His values for the three grains, converted to megcal.
per 100 kg. feed, are 174, 177  and 155, respectively. Net
“energy values obtained by Garrett et al. (1964), Absher
(1965), Garrett (1965) and Hall (1966), using the slaughter
method are shown in Table V. No significant differences in
net energy value of these grains were observed by these

workers.



EXPERIMENTALLY OBTAINED NET ENERGY VALUES OF MILO,

TABLE V

BARLEY AND CORN

Reference

Net Energy Milo Barley Corn
used for

Garrett et al. (1964) Maintenance opoat7b 185%7 —_—
' ~ Production 13118 123%8 —

Maint., + Prod. 15717 141%7 S

Absher (1965%) Maintenance - l69ill. ——— 17111
' Production 133%15 _— 120%13

Maint. + Prod. 15516 — 152%6

Garrett (19€5) Production 143 131 ——
Hall (1966) Maintenance 164%11 —_— 1689
Production g1to2 — 8g¥s54
Meint., + Prod. 10916 S 110%17

Garrett et &l. (1967) lMaintenance 190 196 ——
Froduction 124 130 ————

aMegcalo
b

je

Standard error



MATERTALS AND METHODS
General

Four trials were condﬁcted to determine the effect of
grain processing method on the feeding value of milo for
growing and fattening beef cattlé, evaluated by feedlot per-
formance, carcass merit and net energy. Identification of
the four trials will be as follows: Trial I - Fort Reno,
1965-66; Trial II - Stillwater, 1965-66; Trial III - Fort
Reno, 1966-67; Trial IV - Stillwater, 1966-67. Ixperimental
préceduresvcommon to all four trials will be discussed under
the headings of allotment, feeding, grain processing methods,
data obtained and net energy determination, followed by =
discussion of procedures specific for each trial, under the
same headings.

Allotment

Hereford steer calves were used in all four trials, ths
majority of which were raised on the TPFort Reno S'ir,\a“’m‘.'.o.n.u‘g B
perimental designs used were randomized complete block {(Trials
I, III and IV) and stratified randomization (Trial iI).

Where the randomized complete block was used,; Tthe calves were

blocked on the basis of shrunk weight and condition score

1The calves were approximately 10 months old at the
start of -each trial, which was 1in December in all cases. F
ruary and March are calving months at Ft. Reno.

1.
b

[
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and randomly assigned to treatment within each block. In
Trial II, the calves were grouped according to shrunk weight
and randomly assigned to treatment within each stratifica-~
tion. However, statistical analyses were run as for a com-
pletely random design.
Feeding |

In Trials I, IT and IV, a basal ration was fed to meet
’thevmaintenance requiremehts of the steers, The amount of
IDN required for maintenance was calculated using an equation
derived by Garrett et al. (1959), that is, kg, of TDN for

maintenance = 0,065 W75

, where W 1s the weight of the animal
in kg The estimated‘TDN of the basal ration was divided
into the kg. of TDN reguired to obtain the kg. of basal re-
quired per day for maintenance. Grgin was fed for productive
purposes abave mainténanoe, that is, growth and fattening.
In Trial I1I, a high concentrate ration (90% concentrate,

10% roughage) was fed ad libitum.

| A1l steers had access to ah open~sided shed, an outside
lot and autocmatic waterers with thermostatically contrelled
warming.

Grain Processing Methods

Coargely and finely ground milo were produced with &
hammer mill, ﬁsing 4,76 and 3.18mm Screens, réspecﬁivelya
Dry rolled milo was produced by rolling air-dry whole milo
with a roller tolerance in excess of 0.076 mm. Conventional
steam-rolled milo and wheat were obtained from the Stillwater

Milling Co. The whole grains were steamed for 3-4 min. and



then rolled,

Steam-process~flaked milo was obtained by using the pro-
cedure réported by Hale et al. (1966) at the Arizona station.
Whole milo was subjected to steam in an unpressurized steam
Qhamber for approximately 20 min. at 96° C.y then rolled
immediately with no tolerance between. the rollers.

Reconstituted milo was obtained by adding water %o the
aif-dry whple grain to raise the moisture level to 25-30%
and then storing in oxygen-free conditions for 21 days or
more. Before feeding, the milo was either_rolled9 with ap-
proximately 0.076 nm@ tolerance between the rollers, or ground
through a 3.18 mm. screen.

Data Obtained

Performance data obtained included average dailly gain,
average daily intake and feed per kg. of gain, on a live
shrﬁhk Weight basis. In Trials I, II and IV, where a basal
ration was fed to meet maintenance requirements and grain
was fed for production, average daily intake and feed per kg.
of gain were calculated both for_the.total ration (basal +
grain) and for the grain only. These same performance data
were calculated dn an empty body weilght basis, which can-
cels out the effect of variable fill. Also, eumpty body
weight gain per kg. of feed and energy gained per kg. of
feed were calculated to allow a direct comparison of the two
“efficiency" terms, i.e., weight gain and energy gain, For
~these purposes, daily consumption records were kept,

Initial and final weights were taken after a 16 hr. shrink



without feed or water, Intermediate weights were taken at
21 day intervals, removing Water_only for 16 hr. prior to
weilghing.

All steers were slaughtergd at the terminatipn of the
feeding trials. Carcass data obtained Were carcass grade,
marbling, ribeye area, fat thickness over the ribeye, chilled
carcass weight, dressing percentage and cutability@2 Rumen
rweights, boph intact and empty, were taken to allow calcula-
- tion of rumen content. 'All carcasses were qguartered affer a
24 hr. chill and weighed first in air and then in water to
allow Qaléulation of carcass specific‘gravitieso

Grains were sieved and weights per bushel were taken to
chéracterize the processed grains as to particle size and
density, respectiﬁely. Dry matter determinations were oOb-
tained for each grain at the end bf each 21 day period and
used to adjust ration treatments to an equal dry matter con-
tént.

Appropriate statistical analyses were run using a high
speed cbmputer and, in most cases, checked with results ob-
tained using»a desk calculator. Duncan's New Multiple Range

Test (Steel and Torrie, 1960) was used to compare treatment

2Cutability, or percent boneless retail cut yield, was
estlmated by the equation of Murphey et al. (1960),which is:
= 51.,34-(5.78 x A)~-(0,462 x B)_TO 740 x C)-

(0.0093 x D)
where: :
Y = boneless retail cuts, as % of carcass
A = average fat thickness over ribeye (in,)
B = % kidney fat
C = ribeye area (sg. in.)
D = chilled carcass weight (lb )
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means whenever a significant F value was obtained.

Net Energy Determination

| At the starst of each trial, a rebresentative slaughter
sample was selected on the baéis.of shrunk weight and condi-
tion score. Slaughter sample size expressed as a percentage
of the total number. of steers at the start of each trial,

" ranged from 10 to 20%. o |

‘The weight of the rumen éontents was sﬁbtracted from
live shrunk weight to obtain empty body weight for each steen
CarcassISpeéifio gfavities were calculated by dividing car-
cass weight in air by carcass weighf in‘air minus carcass
weight in water,

The.specific‘gravities of the empty bodies were obtained
by using a'régression formula derived by Kraybill et al.
(1952), | |
| Y = 0.9955 X -0.0013,
where Y is the estimated empty bhody specific gravity and X
is the carcass specific gravity. The percent body water was
estimated using another formula from Kraybill et al, (1952),

W =100 (4,008 - 2:529)
‘where W is thé percent body water and Y is again the estimat-
éd empty body specific gravity, Body fat and protein were
then estimated using formulas derived>by Reid et al. (1955)
and modified by Garrett and Lofgreen (1967),
F = 337.88 + 0.2406 W - 188.91 (log W), and

P = [80.80 - (0.000782) (100.— (W + F)]
100 ‘ ‘ ‘

where F represents the percent body fat, W the percent body




38

water, P the percent body protein and Z the age of the ani-
mals in days.3 The 100 - (W + F) portion of the equation for
percent proteln represents the percent fat free dry matter.
The percentages of fa%_and protein were then multiplied times
the empty body weight to obtain the kg. of fat and protein.

| Factors of 9367 ‘keal. per kg. of fat (Blaxter and Rook,
‘1953) and 5686 kcal._per kg. - of proteln (Lofgreen and Otaga-
‘ki, 1960) were used to convert the estimated kg. of fat and
pfotein in the empty body to their respective caloric values.
The avefage total keal. per kg. of empty body weight of the .
'elaughter group was then used to estimate the initial caloric
content of the steers remaiﬁingvonvtest, hereafter referred
to ag the experimentel group.

| Upon completien of eaeh feeding'trial, the experimental

‘eteere were slaughtered and sﬁbjected to essentially the
_same procedufe as deseribed'for the slaughter group. The
1n1t1al empty body weights of the experlmental steers were
estimated by a prediction equation developed from the slaugh-
ter'group data. The estimated initial empty body weight of
each steer was multiplied by the average kcal. per kg, of
"ﬁhe slaughter'group to_dbtain initial caloric content. This
was subtracted from. the fihal.totallkcaln to obtain caloric
'gaiﬁ; Sihce‘the meihtehéncerrequirement.for energy is pro-
portional to metabelic’body siZe (Brody, 1945; Kleiber,

1932), average daily gain in kcal. and average daily intake

. 3The exact age of each steer was used except where calv-
ing date was not availabe, In these cases, the average age
of “the calves in the respective trial was used.
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were placed on a mean test Weight°75 basis. The maintenance

——
we l° (Lofgreen

requirement was assumed to be 77 kcal. per kg.
and Garrett, 1967a) and was added to the estimated daily gain
in kcal. to obtain the energy used by a steer for maintenance
and production, This Was‘divided by the average daily intake

) of the

per kg. of w2 4o obtain net energy (NE m 4 D

total ration. (grain + basal). In order to determine the
calories coming specifically from the grain in the ration, a
correction was made for the energy of the basal consumed.
The NE m+p values of the baéal rations were calculated using
the values of Morrison (1959) for each of the ingredients.
The basal NE'm+p value was multiplied by the kg. of basal
consumed by each of the experimental steers to determine the
kcal. provided by the basal. By subtracting this product
from the kcal, provided'by the total ration, the kcal. attri-
buted to the grain were estimated. This was divided by the
amount of grain consumed to determine the net ‘energy for
maintenance and production (NE m+p) of the grain.

Net energy . for  production: above maintenance (NEp)
of +the grain was estimated by *difference," that is, the
increase in energy gained duve 0 an increase in feed intake
above maintenance. _The lower level of Teeding was that level
that would theoretically maintain energy balance and the
higher level was free choice, or approaching it.

It was necessary to first determine the net energy for

4Value before revision was 63.3 kcal., per kg. W“’75 (Gar-—
rett et al., 1959).
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maintenance (NEm) of the basal ration, by dividing the kg. of
basal consumed by each of the steers on the basal maintenance
ration5 into the kcal. used for maintenance (77 kcalm/ngN°7%
minus the average daily loss in kecal. per kg. W°75@6

NEp values of the grains were then calculated by three
different methods,

(1) The experimental steers were fed basal at the
samé rate as the basal maintenance steers, that is, to
theoretically meet their maintenance requirements, and
were fed grain for production above maintenance, There-
fore, the average daily grain intake per kg. W°75 was

divided into the average daily gain in kcal, per ngW“75
of the experimental steers plus the average loss in
kcal. of the corresponding basal group, to obtain NFp
values,

(2) The portion of the maintenance requirement
provided by the basal was determined by multiplying the
previously determined NE of the basal times the aver-
age daily intake of basal per kg. W°75 by each of the
experimental steers. The remainder oil the malntenarce

il

requirement was provided with milo, using an NEF value

for milo of 1719.% kecal. per kg. (Lofgreen and Garret:.

°Nine steers in both Trial I and Trial II were fed the
basal ration only to meet their maintenance requirements.

6It was impossible to maintain the basal fed steers at
an exact energy equilibrium. In Trial I, they lost an aver-
age of 7.30 kcal/day/kg.We (2 and in Trial II, the average
loss was 10,03, In both cases, they were slightly below main-
tenance; thus, the net energy values of the basals are for
maintenance.



1967a). The amount of grain left after subtracting that

used to complete the maintenance requirement was divided

into the kcal. gained, thereby obtaining the NEp of the
grain.,

(3) The third method was used for Trial III only
and is described in the Trial III net energy section.

Net energy for maintenance (NEm) of the processed milo
was estimated by multiplying the previously determined NEp
values times the ratio of NEm to NEp9 which was éaloulaked
using the equation,

Y = 1.52 - 0.00921 X + 0,00171 X°
where X is the percent crude fiber‘in the milo (Lofgreen and
Garrett, 1967a). The correlation between percen’t crude fiber
and the rafio< of NEm to NEp was reported to e 93 iLof-
green and Garrett, 1967a).

The net energy of each type of processed milo was then
~calculated by taking the mean of the values for each steer
within each treatment. A computer program was consiructed
to handle all net energy calculations, All net energy val-
ues were subjected to the appropyriate analysis ol variance
and treatment means were compared by Duncan's New Multipls

Range Test (Steel and Torrie, 1960).
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Trial I

Allotment

Trial I, comparing five types of processed milo,
was initiated on December 6, 1965, The treatments, consist-
ing of processed milo fed with a basal mix, were as follows:
coarsely ground, finely ground, steam-process-flaked, recon-
stituted-rolled and reconstituted-steam-process—-flaked. WNine
calves were on each of these treafments, in pens of three.
In addition,nine steers were fed the basal ration only. The
experimental design is shown in Table VI. The average lni-
tial weight was 224 kg. |
Feeding

The composition of the basal ration is shown in Table
VII. Table VIII contains the proximate analyses of the basal
and the five typres of processed milo. Processed milo was
full fed in addition to the basalimixg which was fed to mest
maintenance requirements, Since the estimated TON con-

TABLE VI

TRIAL T: EXPERIMENTAL DESIGN

Processed Milo
e Steam-
Coarsely Finely Processed-

Blocks Basal  Ground - Ground Flaked
1 3 3 3 3 3 3
2 3 3 3 3 3 3
3 3 3 3 3 3 3
9 9 9 9 9 9

Total = 54 hd.




TABLE VIT
TRIAL T: COMPOSITION OF BASAL RATION

Ingredient Percent
Chopped alfalfa hay 35.0
Cottonseed hulls . 23.0
Cottonseed meal (41% C.P., solvent) 40,0
Salt 1.0
Dicalcium phosphate 1.0

100.0

Added per ton:

Vitamin A supplement 4,000,000 . I.U,
Aurofac 10 907 gm.
Chlortetracycline 75 mg./hd./day

TABLE VIII
TRIAL I: PROXIMATE ANALYSES®

% b % %
Feedstuff Dry . Ash Crude Ether Crude N.F.E.
Matter? Protein Extract Fiber
Basal 89.8 7.4 18.5 2.3 21,6 50.2
Coarsely ground 87.4 1.5 8.3 2.1 2.5 85,6
Finely ground 87.9 1.5 8.3 2.9 1.1 86,2
Steam-process~— )
flaked 82,0 1.0 6.3 203 3.9 36,5
Reconstituted— L .
rolled | 73.6 1.4 6.6 0,2 2.l 87.7
Reconstituted~
steam-process-— ‘ .
flaked 70,0  1.3° 5.9 1.5 4.1 87.2

2411 values are on a dry matter basis.,
bDry matters are average of four determinations.

€A11 values except Tthe ones so marked are the average of two
proximate analyses,
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tent of the basal was 56.5%, 0.1152 kg of basal per kg.
W'75 were required per steer per day. Enough milo was fed

with the basal once a day to assure availability of feed un-
til the next feeding. Basal was weighed to the nearest tenth
of a 1b. and milo to the nearest 1lb. Excess feed was weighed

back when necegsary.

Processing

Reconstituted milo was produced in 0.86 m. X 1.58 m.
X . 4.09 m. tanks.. .. Whole milo was soaked in the
. tanks for 1 o o hr., after which time excess water was
drained off and the tank sealed by covering the top with
pléstio and then dirt. Fermentation time was 20 days or
more. | |

' The steaming chamber used was Q51 X 0.76 m, and the Davis

rollers wéreCLlﬁXCL46\m., with no corrugations,

Reconstituted-steam-process-flaked milo was produced by
steaming the whble reconstituted‘milo for about five min.
reaching a maximum temperature in the chamber of ,880Cw5 and
then relling with no tolerance between the rollers, The
standard steam-process~flaking procedure, when used on re-
constituted whole milo, raised the moisture level and degrad-
ed the starohvto an extent that made rolling impossible.

Allvmilo uged in Trial I was grown on the Fort Reno sta~
tion and was of the variety Northrup King 222.

Data Obtained

One steer on the finely ground milo treatment was

slaughtered 11 days early because of urinary calculi. His
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gain and intake for that period were estimated. The weight

of his rumen content. and carcass'weights in air and water
were estimated by uSing the averages of the remaining 53
steers (excluding the basal steers). The steers were slaugh~
tered on three different days, with the number of days on
feed being 168, 170 and 175.

A factorial analysis of variance was run on pen averages
for feed per kg. of gain and average daily intake of the To-
tal ration, feed per kg. of gain and average daily intake
of  the milo only, and net energy values. For the following
variables, average daily gain, dressing percentage, carcass
grade, ribeye area, fat thickness, marbling and cutability,

g factorial analysis of variancé was run with observations
for 2ll steers, as shown in Table IX.
Table X i1llustrates the relative density and particle

size of the processed milo fed in Trial I.

Net Bnergy Determination

The slaughter group for this trial consisted of nine
hd., or 14% of the total number of steers. Rumens, intact
and empty, were weighed to the nearest lb. The weights of
the four quarters of each carcass in alir were taken To the
nearest 1lb., and, in water, 1to the nearest five gm, When
the experimental steers were slaughtered, rumen weights were
taken to the nearest one-half 1b. and carcass guarters were
weighed to the nearest omne - fourth 1b. in air and to the
nearest 5 gm. in water.

The NE'm+p of the baszal was estimated to be 1020 kecal.



TABLE IX
TRIAL I: ANALYSIS OF VARIANCE

Source® ' | af
Total L o 14
Blocks | o 2
Treatment o | 4
Block X Treatment® 8

c ' »

Source af
Total ‘ “’ , : 44
Blocks ' 2
Treatment ’ 4
Block X Treatment® | 8
Within pen | - 30

@por feed intake, feed/kg. gain and net energy
values, '
BBrror term used to test treatment,

CFor average daily gain and carcass data.



| TABLE X
TRIAL I: PARTICLE SIZE® AND DENSITY® OF PROCESSED MILO

: Screén Size (mm.) _ 1b.
Process CT.15 " 6,.35 4,776 3.18 2,12 1.41 1.02 0.36  thru per
, , ' 0.36  Dbu.
» % retained on ‘screen
Recon.-~Rolled 0 O¢l5 10.86 38.00 18.19 15.92 4.52 6.50 8.55 26.6

‘Recon.-Steam— _ :
Process~-Flaked 0.27 2.45 17.37 17.30 9.99 9.21 7.50 14,70 18.80 25.7

Steam-Process-

Flaked 5.67 16.44  42.49 23,93 5.21  2.18 0.8  0.90 (.09 22.8
Steam—-Process— , 7 '

Flaked 4,68 12.51 49,27 27.30 - 3.90 0.398 0.43 0. 39 0.48 20.7
(very flat flake) | Pl
Coarsely Ground _. _— _— —_— _— o — _— - %8,2
Finely Ground — — —— —_— — _ _— _— - 44.7.
Whole Dry — — — —_— —_— —_ —_— —_— —_— 55.7

Whole Recon, —— S — —_— — — —_ -— _ 42,3

@particle size values: 100 gm. samples of each grain were sieved.

b M . .
Test weights reported are averages of 14 - 22 determinations, and are on 90% dry matter
basis. To prevent ccnfusion, values were not converted to the metric system.

LY
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per kg. (Morrison, 1959).

Feed intake was on a pen basis since thére were three
steers per pen; therefore,'net energy values are valid for a
pen of steers and nét for‘eaCh steer. However, for ease of
calculation in the computervprogram, the average intake (pen
intake = 3) was used to compare with the caloric gain and

maintenance requirement‘of each steer, The resulting net

'energy values were then averaged for each treatment.
Trial II

Allotment

| Twenfy—seven Hereford steer.calves; averaging 231 kg.,
were started on test on Decembér 8, 1965 in a trial compar-
ing conventional steam-rolled miio and wheat. Nine hd. were
placed on each of the following treatments for an average of
180 déys: milo, Wheat, # milo %+ wheat, as shown in Table XTI,

| An additional nine hd.lwere fed a basal maintenance ra-
‘tion. ‘The treatments were balanced according to shrunk
weight, by a stiratified randomization procedure.‘ Theb45

calves available initially, including the slaughter group,

TABLE XI
TRIAL II: EXPERIMENTAL DESIGN

“Basal Milo Wheat % Milo % Wheat
’  Conventional Steam-Rolled '

9 9 9 : 9
~Total = 36 hd.




49

were divided into three groups_of 15 each. The calves were
then assigned to treatment randomly within each group.
Feeding

The composition of the basal ration used in Trial II is
shown in Table XII. The proximate analyses‘of the basal, milo
and wheat are shown in Table XIII. The basal ration was es-
timatéd to contain 58.2% TDN; therefore, 0.1120 kg. of basal
were required per kg, W'75 for maintenance. Grain (milo,

TABLE XII
TRIAL IT:  COMPOSITION OF BASAL RATION

ingredient Percent
Alfalfal meal pellets (17% C.P.). 35,0
Cottonseed hulls 18.0
Cottonseed meal (41% C.P., expeller) 40,0
Molasses - 5.0
Salt ' : 1.0
Dicalcium phosphate . 1.0

100.0

TABLE XIIT

TRIAL II: PROXIMATE ANALYSES®

Feed- % % % % % %

stulfs Dry Ash Crude Ether Crude N.F.E.
Matter Protein Extract Fiber

Basal 90.9 | 7.0 18.9 1.5 22.6 50.0

Milo 86.5 1.5 7.9 1.7 1.6 87.3

Wheat 87,7 1.6 10.5 | 1.2 2.1 84.6

2511 values are on a dry matter basis.
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wheat, or - milo % wheat) was mixed with the basal in suffi-
cient guantity to allow each steer to consume all he wanted
in a period of approximately 1 hr. The calves were fed twice
daily in individual stalls measuring 3.0 'x 0.75 m. No water
was available during the feéding period. During_the remain-
der of the day they had free access to water in.four outside
pens. Feed was weighed out to the nearest one-eighth lb. and
mixed at each feeding. Refused feed wa.s removed, weighed and
recorded. |

-~ Processing

Conventional steam-rolled milo and wheat were prepared
at the Stillwater Milling Co. by steaming the whole grains

for 3-5 min. before coarse rolling.

Da@g Obtained

The experimental steers were slaughtered on 3 different
days (12 hd, each day) after an average of 181 days on feed.
All variables, including performance data, carcagss data and
‘net energy values, were subjected to a hiearchal analysis of
variance, as shown in Table XIV.

TABLE XIV
TRIAL II: ANALYSIS OF VARIANCE®

Source - af
Total 26
Treatment 2

Error : 24

aUsed for all variables.
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Net Energy Determlnatlon

Nine calves out of a total of 45 (20%) comprlsed the
slaughter group for Trial II. Weighing condltlons for the
slaughter group and the experimental sfeers were the same as
for Trial I (refer to page 45).

The NE nep of the basal was. estlmated to be 1145 kcal.

. per kg. (Morrlson, 1959) Since 1ntake was on an individual
v basis, net‘energy Values'(NEm . amd: NEp)iwere calculated for .

+P
“each of the 27 experimental steers.

Trial IIT

Allotment

SeVenty—two Hereford steer calves, avefaging_243 kg.,
'Were starfed on trial on December 28, 1966 to compére six
types df'procéssed-milo‘fedvin a'high concentrate ration.
'xTWelve hd. were onveaCh‘tfeatment, iﬁ four pens of three‘hd.
Heach, arranged in a rahdomiZed complete'block‘design as
:Shown‘in Table XV.

The 72 calvés were selected from a total of 154, 40 of
which went on Trial IV, 12 were slaughtered,'and 30 were
sold. The 154 hd. were plotted on graph paper with shrunk
- weight and condition score aé the X and Y axes anc then di-

vided by diagonal-lines into five blocks. The lowest block
(the 30 thinnes$-fleshed,.lighﬁes%—weight calves) were”maf—‘
keted. | |

Feeding

The six types of processed milo —— finely'ground,
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| TABLE XV .
| TRIAL IIT: EXPERTHENTAL DESTGN

Processed MllO

e ot v M

‘ ' Steam— ‘
‘ - Coarsely Finely Dry Process- Recon.- ' Recon.- -
Blocks Ground Ground Rolled Flaked Ground _ _Relled

-

1 3 3 2 3 3 3
2 3 33 28 2% et
3 3 3.3 3 3 ’ 3
4 3 3 2 2a

_ Total 7 hd.
Steers dled or were otherwlse removed from the data.mf

vcoarsely ground, dry rolled, steam—prooess—flaked,-reconstié_
tuted-rolled and reconstituted-ground -- were fed in an‘iso,f
:nitrogenous,90% conoentrafe-ration, Alllingrediehte'other
vthan miloiwere combined lnto a premii. 'The composition of

~ the ration and premix is shown in Table XVI. Proximate anal—
‘yses of the premix'and the processed milo are shown in Table
© xvII | | o
The calves were started on feed 4 weeks before the trial
' began, The starter ration consisted of 48.5% coarsely
ground milo,>l0.0% cottonseed meal, l0.0%lohopped alfalfa .
hay, 30.0% cottohseed_hulls,'l.O%.salt and 0.5% bonemeal.
The oalves were gradually changed over to the test rations,
which they were on when the trial began;

The three "wet" grains; steam—prooess—flaked,‘reconsti—

tuted-rolled and reconstituted—ground;.were processed daily;

with the exception that enough was processed on Friday to
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. TABLE XVI
TRIAL III: »COMPOSITION_OF RATION AND PREMIX

% in % in
Ingredient : , Premix Total Ration
Milo e 83"
Alfalfa hay, chopped ‘ , 3 36,2 - 6.0
Cottonseed hulls , - 241 4.0
Cottonseed meal (41% C.P., solvent) 24.1 4.0
Urea ("262%) 6.0 1.0
Salt SRR | 6.0 1.0
Bonemeal o : 3.6 0.6
100.0 100.0
'Added per ton: | I
Vitamin A supplement : | SR
(SQ,OOO I.U./gm.) , .600lgm. . 100 gnm.
Aurofac 10 (lst;40 days),-_:" . 5400 gm. 908 gm.

(rest of trial) = 2725 gm. - 454 gm.

“Dry matter basis.
_feed over the weekend.
Finely grouhd and coarsely ground'milo'werevproceésed,
combined with premix and stored in one ton quantity. The
three rolléd pfoduqts were combined with the premix by hand .
in the feed tfough'to preserve the character of the gfain’as
produced bybthe proceséiné meth@ds. The cattle:were fed
once daily in sufficient quéntity to assare‘availability‘of
feed until the next feeding. Feed was weighed to the nearest
one-half 1lb., and unconsumed feed was weighed and:femoved
frequently, to assure freshness of feed. Dry-mattér deter- -

minations, taken every 21 days, were used to adjust all.ra-



TABLE XVII
TRIAL IIT: PROXIMATE ANALYSES®

Feedstuff % % b % % %

Dry . Ash® Crude Ether Crude, N.F.E.°
Matter: Protein Extract Fiver
Coarsely ground 87.0 1.71 10,03 2.54 1.70  84.02
Finely ground | 87.3 1.57 10.00 3.42 - 1.58  83.43
Dry rolled : 87.3 “2.32 10.11 2.79 1.76 83.02
Recon.-rolled 79.9 1.34 10.54 2.03  1.71  84.38
Recon.-ground >80o§ 1.70 10.70 . 1.55 | 1.67 84.38
Sfeam—Proc,-Flaked 83.2 1.55 10.77 | 2.18 1.38 84.12

Premix . 90.4 14.16 36.99 - 4.08  16.33 ~ 28.44

2711 values are on a dry - matter. basis.

bAVerage of - seven determlnatlons.
COne- determination. '

dAverage of three determinations.

lOO - (sum of values reported for ash, crude proteln, ether extract and crude
fiber). —

¥4
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tions to an equivalent dry matter content. Water was avail-
able to the calves at all times.

Processing

Reconstituted milo was produced in a 4.3 X 8.2 m. glass-
lined, air—tight Harvestore silo. Water was added to the
whole grain as it was augured into thé silo, raising the
moisture level from 14% to 22%. |

The steaming chamber used had a capacity of 226.8 kg.,
with dimensions 0f0,31X061 X 1.52m. The rollers oﬁ the Ross
~roller mill were 0.46 m, in diameter and 0.61 m. long. Thé
rollers were corrugated for the firsf 32 days of the trial,

at which time they were smoothed. | |
Dry whole milo was stored in another 4.3 X 8.2‘m. silo.
- The variety of milo used in this trial was Northrup King 222,
~grown on the Fort Reno station. |

Data Obtained

Performance data were summarized at 149 days, because
the steers were subjected to ultrasonic determination and ru-
- men sampling following this period. Ration treatments were
continued until time of slaughter, which was on 3 successive
days after an average of 160 days on feed.

The influence of processing method on the particle size
and density of the milo grain is illustrated in Table XVIII.

Four steers died during the course.of this experiment.
Two were on the reconstituted-ground milo and one each on
the reconstituted-rolled and dry rolled milo. Two of the

steers were thought to have died of bloat, and the other two



| TABLE XVIII
TRIAL III: PARTICLE SIZE® AND DENSITYPOF PROCESSED MILO

Screen Size {(mm,)_ .

Frocess TS A.T6 3.18 . 2.12  L.a1 1,08 0.36 TIETY " 1b.. per.
, | L 0.36. bu.. .
% retained on screen 7 A

Recon.-ground 0 0 0O  0.24 1.94 16.30 20.04 26.79 34.69  40.7

Finely ground 0 o 0 0.25 1.94 13.78 20.13 34.14 29.76 47.4

Coarsely ground O O 0 2.93  9.34 23.69 18.19 23.71 22.14 49.7

Dry rolled 0,02 0.30 (.34 3.11 18.14 27.89 16.38 21.12 12.69 38.8

Recon.-rolled ~ 0.44 1.09 5.49 24.69 26.89 14.39 6.24 11.60  9.17 28.4

Steam—pfbcess— : _ - ‘ :

Tlaked © 13.65 19,08 40.25 17.55 4.35 2.15 0.90 1.28  0.79 23.3
Steam-process~flaked (ran through mixer) - 5; - _ _ 35.7"
Whole ary — e — — _— — . - — 58,6
Whole reconstituted — - == — - - —_— - 49.8

8particle size: Five 100 gm. samples were sieved for each grain and averages reported.

bTest weights reported are on 90% dry matter basis and are averages of several determina-
tions throughout the trial. Considerably lower values were obtained at times for S5.P.F.
and recon.-rolled (lowest values: S.P.F. — 16.6, recon.-rolled - 26.6 1b./bu.). To ~ -
prevent confusion, values were not converted to the metric system.

96
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died of:undetermined causes. The feed records were adjusted
by‘subtracting the estimated intake of the degeaséd steer;
which was the average‘intake of the thfee steers in the pen,
from the total pen intake, o

One steer on steam—process?flaked milo was removed ffom
the-recordsvbecause he was a chronic bloater and sick during
“mdst of the trial (he gained only 56.7kg. in 149 days),’and
his condifion was deemed unrelated to the ratidn treatment.
His intaké was esfimatéd by using the factor 0.065 kg. TDN
per kg. of W > (Garrett et al., 1959) to estimate the main-
tenance requirement‘andvthe factors of Knott et al. (1954)
to estimate the TDN requiréd for gain and equivaleﬁt to loss

(kg. gained x 1.60, kg, lost x X.24). The TDN of the fation ‘
was esfimated to be 73.6%.

Another sﬁé?r‘on steam—processffiakedbmilo was found to
have one testiclé after the tfial was initiated. His aver-
age daily gain and feed required. per kg. of gain were ad;
justed to a steer equivalent.7 |

A factorial analysis of variance using unweighted pen
averages Was conducted for average daily intake of the totél

ration, feed per kg. of gain and net energy values. An ab-

7Usnng data taken from a trial at the Ft. Reno statlon
comparing steers, bulls and heifers (Tanner et al., 1967), a
correction factor (C.F.) was obtained.

ADG steers 1.11 kg. _ _

ADG bulls T3l Fa— = -8%4 (C.F.)
The actual average daily gain of the animal in guestion was
multiplied by this C.P. to obtain his adjusted ADG. His in-
take was divided by the - adJusted gain o obtain: adgusted
feed per kg. of gain, - -
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‘breviated Doolittle anaiysis was used to obtain block, adjus-
ted treatment and error Sums»of squares for ailyother Vari—_
"ables, includlng average daily galn and carcass data, Ay |
hlearchal analys1s of varlance was used to obtaln w1th1n pen
sum of squares, which was subtracted from the error sum of
squares obtalned from the Doolittle to derive block X treat-,
‘ ment sum of squares. Block X trsatment meen - square was
'*used to test blocks and adgusted treatment for slgnlflcance. N
This type of analysls adjusts for unequal subclass numbers.
; rAdausted treatment means were derived by addlng the treatment

- effects (which summed to ‘zero) to the overall means Standard

,errors were oalculated for each mean by the folloW1ng method'

’\/(cii b Oyt 2013) BMS

- where,

| Ciy = diagonal element for overall mean.
‘ ij_= dlagonal element for specific treatment.
Cij = off diagonal element correspondlng to overall mean

and spe01f1c treatment
EMS = error mean sguare. |
. The diagonal and off diagonal»elements.wsrs taken from the
‘.inVerse mstrix.» The average stahderd srror for a‘Varisble'
u'was ussd to obtaln the 1east signlficant range for Duncan s'v
New Multlple Range Test Analysls of varlance tablss are |
'snown in Table XIX.

Net Energy Determination

Twelve calves were slaughtered to-éstimate'thevinitial_

: celdric_content of the experimental steers in Trial“III;and:
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TABLE XIX
TRIAL III: ANALYSIS OF VARIANCE

Source® o af
CTotal | 23
Blocks : 3
Treatment . 5

Block x Treatment® 15

Source® | ' df
Total | 66
" Block ‘

Treatment (adjuSted)d 5
Block x Treatment® 15
 Within pen 43

8For feed intake, feed/kg. galn and net energy values,
us1ng unwelghted pen gverages.,

Error term used to test treatment.
CFor average daily galn and carcass data.»
dTreatment adjusted for disproportionate data.

IV. This amounted to 10% of a total of 124 hd. (72 hd. in
Trial IIT and 40 hd. in Trial IV). Three hd. were seledted
frbm each of the four blocks obtained by graphing, as de-
séribed'inballotmént procedure‘for Trial III, page 5l.

Due to an error by slaughter plant personnél,.carcaéSes
were not=identified; andvrumen weights were not obtained.
: Thé weight of the rumen contents was esfimated by using the
average for the 1964 and 1965 slaughter groups (three groups
“totaling 28 hd.), which was 15.7 kg.. Thetaverage live shrunk

weight of the 12 steers was 245.3 kg. Thus, the average
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empty bbdy weight of the Trial III and IV slaughter group
was estimated to be 229.6 kg., derived by subtfacting 15. 7
from 24%. 3. Thé four quarters of each carcass were weighed
in air to the nearest one-tenth 1b. and in water to the near-
‘est g, | ‘ |
For the 67 experimental steers which completed'the test
in Trial III (four diéd, one was rémovéd), rumen weights were
taken to the nearest one~fourth 1lb. Three rumens were con-
demﬁed or accidentally ﬁunctured. - The average Weight of the
rumen contents of the other 64 steérs, 15,0-:kg.,bwas substi~

tuted for the missing data. Carcass quarters were weighed

in air to the nearest one-fourth lb. and in water to the near
est 5 g, |
Again, as in Trial I, the average feed intake of a pen

was used for calculation purposes (refer to Trial I Net Ener-

gy Determination, page48,),

| The NE,,  and NE; values of the premix were estimated
“to be 816 (Morfison, 1959) nd. 930. (Lofgreen and Garrett
l967a)kcal. per kg, , respectlvely.'

Since the steers were not fed basal to meet maintenance,
NEP‘Values were calculated by a different method. The main-
tenance requirement (77 kcal;/kg; we o daily) and the gain in
kcal., were divided between the premix and milo on the'basis
of the ratio of each in the ration (16.6% premix; 83.4% milo).
The energy gained attributed to milo was divided by the kg.

of milo remaining after meeting the fraction of the mainten-

ance reguirement assigned to milo, to‘obtain the NEp of the
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milo.,
 Tria1 TV

Allotment_

Trial IV, comparing four types of processed milo, was
initiated on December 28, 1966. Forty Hereford sfeef calves,
‘averaging 237 kg., were used‘in a faﬁdomized éompiete»block
design; as shown in Table XX. vRefér to.Trial.IIIAllotment,

page 51, for discussion of selection and'assignment‘of calves.

o Feeding_

The four typeé'of prerSSed milo‘—— coarsely grouhd,
finely ground,\steam;procésseflaked ahd recohstituted—rolled~—
‘were fed in addition to & basal ration which was fed to meet

maintenance requirements. The baSai, shown‘in Table XXi,'was
v.estimated fo_contain 54.4%'TDN:(Abéher, l965);,thereforé,
0.1197 kg. of basal was fed daily per kg. of ‘weight® T2,
TABLE XX ‘
TRIAL IV: EXPERIMENTAL DESIGN

Processed Milo

Coarsely Finely Steam-Process— Reconstituted—

Blocks  Ground  Ground - = Flaked -~ Rolled
1 18 2 2 >

2 2 2 2 1®
3 18 18 2 2
4 2 2 .2 2

5 2 2 2 1@
*gf 9 T 8

10

) Totel = 35 hd.

“Steers died.
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| TABLE XXI |
QRIAL IV: COMPOSITION OF BASAL RATION

Ingredient o |  Percent
Alfalfa (177, dehydrated pelleted and crumbled) | 35.0
Cottonseed hulls L : _ 23;0
Cottonseed meal crumbles (41% C. P.,>expeller) 7 40.0
Salt ‘ o W 1.0
Dicalciun phosphate o o , 1.0
o - ' 100.0
Added per ton: _ , | '
Vitamin A (30,000 I.U./gm.) ' 340 gm. .

Santoquin o | 227 gnm..

Proximate analyses of the basal and:prOéessed»ﬁilo are shown
in Table XXII. |
TABLE XXII
| TRIAL IV: PROXINATE ANALYSES®

% B B NE % a

Feedstuff Dry . Ash® Crudey Ether ,Crude, N.F.E®

: ‘ Matter Protein™ Extract Fiber
Basal 89.7 9.61 23.92 5.33 16,70 44.44
Coarsely ground  87.4 1.61 8.84  5.13 1.95 82,47
Finely ground ~  87.6 1.40 9.22 5.15  1.85 82.38
 Recon.-rolled 71.2. 1.18  9.67 3.66 _ _1.74 83.75

Steam-proc.-flaked 83.3 1.62 8.33  4.89 1179‘.83.37 _

%All values are on a dry matter basis.
“Average of seven determinations. ‘
Orie determination.

CAverage of “three determlnatlons.
“100 - (sum of values reported for ash, crude proteln, ether
extract and crude flber) o : v
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Processed milo and basal,weré weighed to the’nearést
oﬁe-eighth‘lb., mixed By’handband féd fo the,éalvés_twice
daily in individual stalls measuring 3.0 by 0.75 m. The
calves were confined in fhe_stalls fbr approximately 1 hr~*at
each feeding, and unconsumed feed was removed andiwéighed. |
Water was not aVailable-ih the stails.

Processing

vReCOnstitufed milo waS’produced by éoakihg whoié milo
for 2 hr. in 208‘1;,'drums,‘draihing off excess wafer; flush-
ing'with co, andicovering with plastic weighted_ddwh‘with‘
dirt. Milo was allowed to remain‘in'fhe drums g minimum of
21 days before being fed.  - |
' The steaming chamber and rolling-mill:were.thé"same'as

used in Trial i‘(page'44); | | k2 |

| Coafsely and'finely grduﬁd milo. was obtained from the
:  Stil1water Milling.Co;, as Was»the whole miio used to pro-
d@ce the-éteamwpfoceSSeflakea and feconstitutedérolled’prd—"
'ducts. ‘Each.load of milo was divided evenly among the four
 treatments, |

Data Obtained

The experimental steérs were slaughtered on June 12;
 1967 after 166 days on feed. All variables, including per—
formande data, carcass data and net‘energy values, were sub-
.jected to a hiearchal analysis of fariénce and an abbreViated
Doolittle, as described for Trial III on page_58.j'Variance
components are shown in Table‘XXIII. |

Five steers died during the course of this trial, all



64
TABLE XXIII |
TRIAL IV: ANALYSIS OF VARIANCE®

Source | ‘df

" lotar 34
Blocks , R g

Treatment (adjusted)” 3

Error® 27
BxT 12

Exp. error 15

%Jsed for all variables. _
Ppreatment adjusted for disproportionate data.

" ®Error term used to test treatment. In no cases was
block x treatment interaction significantly dlfferent than
experlmental errors;. thus, they were comblned
‘ presumably due to bloat Two were on coarsely ground two
“were on reconstltutederolled and one was on finely ground

milo. Three other calves developed abscesses in the Jaw and

throat regions, dlagnosed as 1nfectlons of Corynebacterlum.

?heinfectlens were apparently spread by equipment used for
dfenching for internal parasites. Sevefallether'calQes were
suspected to have subclinical infections. |

- The influence of processing method on the particle size
“and density of the miio grain is shown in Table XXIV.:

Net Energy Determination

The slaughter group was‘the_same as for Trial III, as
were the weighing conditions for rumens and carcasses of the
experimental steers (refer to pages 58, 59 and 60).

The NE/ . and NE_ values of the basal were estimated to



TABLE XXIV

b

TRIAL TIV: PARTICLE S_IZEa AND_DENSITY OF PROCESSED MILO

‘Screen Size (mm. )

: S S - , o  1b.
Process - CT.15 6,35 4076 0 37187 2,12 14T 1.02 0.36 thru  per
_ ' S N . _ S - T 0.36 bu.

: , A retaihed dn screen : o |
Finely ground . O 0 0 0.04 0.93  7.97 19.83 28.46 40.90 47.7
Coarsely ground 0 -0 0 S 2.59 8.34 | 20.71 18.72_ 725.49. 23.42 50.5
Reconstituted—  0.57  0.48  7.52 11.93 ~ 12.88 14.09  9.76 17.47 20.36 ~27.7
rolled R o . S R B _
Steam-process-— 4.24 ~ 3.56  21.14 ,33.89.t 26.05 7'53 -~ 3.0 3.33 3,73 ‘24_1

flaked

“Particle SiZe_—'lOO-gm; samples of each grain were sieved.

Prest weights reported are average of four determiﬁatidns, and are on 90% dry
To prevent confusion, values were not ccnverted to the metric system.

mattér-basis.

¢9
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be 1130 (Morrison, 1959) and l393;kcal; per kg. (Absher,
1965), respectively. The TrialeV basal ration was of the
same composition as that used by Absher_(l965)gv,Using his
'energy gain and basal intakebdata and the revised maihtenahce
requirement (77 kcal./kg. W‘75), the aforementioned NE  value
was obtained. | | ‘ , | “

The average daily loss,ihvkcai;'per kg. W'75bdf‘the ‘.
Trial I and Triapl II basal maintenance éteers, 8.57i'was‘
added to the average déily gain in kéal.’per;kg. W‘?S of the
Trial.IV experimental Steers‘to'estimate thé gain‘attributed .
to the milo. This value was used, instead of Abshér‘s‘(l965x
because the cattle were more néarly‘the same,age,'weight and
-condition, o h

.Intake Was bn aﬁ individual bésis; allowing‘caioulatién |
- of NEm+p and NEP values for each ofltheFBSIexperiméntal ‘

steers.



~ RESULTS
Trial I

’Feedlot Performance

Feedlot. performance of the steers fed the flve types of -
vprecessed milo is sh