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INTRODUCTION

The production of short chained fatty acids from the
fermentation of feedstuff in rumen fiuid was first reported
in 1883. The true nutritional significance of this was not
appreciated until English.workers'during the 1940's demén—
straﬁed‘that these VFA's (volatile fatty acids) were éb—
sorbed from the rumen apd metébolized in the liver or other
tissues. o |

Additibnaiwinvestigétions indicated that acetic acid
was metaboiized less effﬁciently than propionic.ahd butyric
acids. This gave rise th much research dealing with fhe
comparison of VFA produc%ion of various rations. Some
workers reported that the VFA production was associated with
the efficiencyvof.produc£ion of a ration. Much of this
early work. was done with_dairy cattle and most of the rations
comparisons involved concentrate to roughage ratios. .Some
workers'réported on comparisons of ration processing methods
or compériaons of.grains;in conventional fattening rations.

. Milo processing methods have drawn considerable atten-
tioh.aﬁd several possible reaébns have been given for differ-
ences: 1n .feed efficiency observed between processing methods. -
The possibility of a caﬁée and effectrelationshiph;s been
discussed bywse?éral workers for VFA production andéféed

~efficiency.
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FHEwo experiments were conducted tb evaluate sevéral pro—b
cessing methods of milo for fattening cattle. - Evaluation was
based on feedlot performance and VFA production. A third
trial compared the feedlot performance and VFA production of
wheat,vmilo and a milo-wheat combination. Another trial was

conducted to evaluate the VFA production of oats, barley,

milo and corn.



'REVIEW“OF LITERATURE
Effect of Ration Composition

Phillipson (1952);reported that diets'containing high
proportions of flaked ﬂéize (corn) fed to eight fistulated
lambs produced high and sustained concentrationé_of‘lac@ic
acid, a very low aceticqpropionic acid (A/P) ratio, and a
low pH. The low acetic:propionic écid ratio was caused by
the high proportion of the total VFA's (volaﬁilé'fatty acids)
ported similar findings‘when a diet high in flaked maize
(corn) was fed to dairy cows.

' Jorgenson,§E 2;.:(1965) compared pelleted corn and pel-
leted oats in a 75% concentrate ration fed to dairy cows for
56 days. There were no significant differences in average
molar percentagéé of any VFA's for the entire period, but
pelleted oats did maintain a wider acetic:propionic acid
ratio than pelleted corn (2.29:1 compared to 1.79:1) during
the last 28 days. Corn produced aasignificantly (PL.05)
higher concentration of VFA's than oats. Jorgenson and
Schulté‘(l965) compared concentrate to roughage ratios of
3:1, 34:1 and 4:1 for dairy cows. The concentrates fed
were pelleted corn, ground corn, corn and cob meal and

pelleted oats. They reported that the type of concenﬁrate.



had a greater effect on rumen VFA changes than the concen-
trate:roughage ratio. Parrott et al. (1968) reported that

| the acetic:propionic acid ratio‘was considerably narrowed
for steers when the concentrate level was 80% or higher in a
steam process-flaked milo ration, but that'above.the:SO% con-
centrate level the acetic:ipropionic ratioiromained uhchanged.
In a similar trial thoy found no significant change in the
aceticspropionic ratio when the coocentrates made up over

75% of the ration.

Oltjen et al. (l966) compared rumihal data from steers
fed g@Vlibitum;all—conoentraterations containing 90% soft,
red, winter whéat or 90% corn or 60:30 combinations of each
grain and reported that the-steers on the high wheat-con-
taining rations had significantly higher total concentra-
tions of»VFA‘s and significéntly lower ruminal pH values‘
than steérs on high oorn containing rations. In anothefo.
trial, u81ng two sets of identical twins fed the 90% corn -
and 90%,wheat rations, they obtained biweekly ruminal sam-
ples andvfound‘no=significant VFA difference due to\ration,
but significance'was observed fof biweekly sampling differ-
ences (across rations) for total concentration of VFA; peak
concentrations of VFA appeared after 6 weeks on trial.

-Oltjeﬁ et'él (1967) reported a 81gn1flcantly greater
production of rumlnal total "VFA's for steers fed all- concen-
tratevrations_of barley and wheat compared to rations con-
taining miIO'and corn when the animals were fed 1% of body

weight daily.



\Theurer”eg,gi. (1966) compared the in vitro VFA produc-
tiQ?,Qf milo and barley, both steam prqcese—fleked( They .re-
ported that barley produced 9% more total VFA's per gram of
dry maﬁter fhan'milo. There was little difference between
grains for molar percentages of individual acids. Brown et
al. (1958) reported that in vitro VFA production was similar
Vﬁo in vivo VFA pnoductibn by sheep with hay;dOneentraﬁe
. ratios of u:l,~3:2, 1:3 and'l:uvfer both total concentra-

tions and molar percentages of VFA's.
Effect of Physical Form

Shaw et al. (1960) reported that grinding and pelleting
the hay and flaking the corn produced a marked decregse in
molar percentage of rumen acetic acid,'an increase in pro-
pionic and>o§er“é 100% increase in total rumen VFA concen- °
" traion. nThe ration was 50% concentrate and the basalﬁfa—
'tien conteined chepped hey and ground corn. Themprecessing
of the hay and corn fesulted in a 12% increase in protein
‘digestibility, a 22% increase in body weight gain and a
15.3% increase in efficiency of feed utilization by dairy
steers. Thompson et al. (1965) reported that there was no
'difference between flaked corn and ground corn in molar
M?ercentages Of:VFA}S prodnced by steers,mbut steers fed
énonnd corn produced significantly (P£.05) more petaIﬂVFA?s
than the steers fed flaked corn.. Oltjen and Davis (1965)
 repQrtedJno significant difference‘between pelleted cornrand

cracked corn in any VFA concentrations when all concentrate



rations were fed to steers. Clanton and Woods (1966) re-
ported no significant difference in molar percent or total
concentration of VFA's when rumen samples were taken once
from all steers fed rations consisting of either different
pelleted alfalfa-to-cracked corn ratios {100:0 to 25:75) or
coarsely ground alfalfa hay fed with‘either cracked or pel-
leted corn and pelleted alfalfa hay fed with either cracked
or pelleted corn at a concentrate:roughage ratio of 75:25.
When two animals from each treatment were sampled repeatedly
over an 8-hour period, a significant increase in percent ru-
minal prepionic acid was observed when the concentrate:rough-
age ratio was changed from 0:100.to 75:25. Pelleting. corn
in the ration did not:alter significantly the total conceri-
tration or molar percentage of VFA's.

Woods and Luther (1962) compared’several methods of
processing 67% concentrate corn-containing rations for lambs
and found that pelleting the complete ration narrowed the
acetic:propionic ratio and that heating the ration had
little or no effect on rumen fermentation.

Rhodes and Woods (1962) reported results from four ex-
periments with lambs on 67% concentrate rations comparing
the affect of various physical forms of the ration on rum-
inal VFA's. They observed that pelleting the ration lowered
.the proportion of acetic acid and raised the proportion of
propionic acid as compared to the ground ration. One trial,
dealing with the effect of time after feeding oﬂ VFA produc-

"tion, suggested that the acetic:propionic acid ratio widens



with increased length of time after feeding.

Theurer et al. (1966) studied the influence of steam
processing and various degrees of flaking of milo and barley
on the in vitro production of VFA's. The steaming of milo
without rolling decreased the total VFA production by 16%
compared to untreated milo, but the ratios of the individual
acids were not changed. Rolling the steam-processed milo or
barley increased the total VFA production by 42% and LO%
over the untreated milo and barley, respectively. This in-
creése in VFA productioﬁ was greater for propionic and bu-
tyric acids than for acetic, resulting in a narrow acetic:

propionic ratio.



MATERTALS AND METHODS
General

Cattle in four separate feeding trials were sampled for
ruminal VFA analysis. Two of the trials were conducted to
determine the effect of milo processing method on the feed-
ing value of milo, and a third trial compared wheat, milo
and a milo-wheat combination for finishing beef cattle.
Thése three trials were evaluated by feedlot performance and
ruminal VFA production. The fourth trial was conducted to
determine the effect of four different grains on the ruminal
VFA production of beef cattle., TIdentification of the four
trials will be as follows: Trial I - Ft. Reno, 1965-66;
Trial IT - Stillwater, 1965-66; Trial III - Ft. Reno, 1966-
67; Trial IV - Stillwater VFA Trial, 1966.

Discussion of Trials I, II, and IIT will be limited
to feedlot performance and ruminal VFA production. Carcass
merit and net energy determinations for these trials were

described by Newsom (1968).
Trial I

*Trial I, initiated December 6, 1965, was conducted to
compare five milo processing methods. After having been fed
a standard ration, 54 Hereford steer calves with an

average weight of 224 kg. were allotted on the basis of



- shrunk weight and condition score. The experimental design
was a randomized complete block, and calves were randomly L
assigned to treatments within each -block. The calves were
blpckéd into three groups of 18 steers each on the bgsis
of weight. Eaéh grain proceésing‘treatment‘included a total
of nine steers, three pens of three calves per pen. Nine
calves were fed only the basal ration at a méintenanée level.
Table I and II'sthVthe'experiméntal'design. ‘The rations -
«<dnsisted of'a basal thix fed with or withoutimilo. The milo was
processed as follows: coarsely ground, finely ground, steam
process-flaked, reconstituted-rolled and reconstituted-steam
process-flaked, |

The steers were allowed access to feed and water at
all times, but feed wés'mixed and fed‘oncé.daily.‘ The basal
"ration was fed to meet the maintenance energy requirement
of" the steers. Milo was fed to appetite abdve maintenance.
The maintenénce TDN requiremenﬁ was calculated using the
equation derived by Garrett et al. (1959), that is kg. of
. TDN for maintenance = 0.065 W*7%, where W is the weight in
"kg. of the steer. The kg. of basal required per day for
maintenance was obtained by dividing the estimated TDN of
thg basal ration into the kg. of TDN required for mainten-
anée of the animal. Table III contains the composition of
the basal ration, and the proximate analysis of the basal
and five types of procésSed'milo is shown in Table IV. The
estimated TDN of the basal ration was 56.5%, consequently

0.1152 kg. of basal per kg. W?75-per steer per day was
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TABLE I
TRIAL I: EXPERIMENTAL DESIGN FOR FEEDLOT PERFORMANCE

Processed Milo

Steam- .
Pro- L Recon.-Steam
Coarsely Finely cess. Recon.- -Process-

Blocks Basal Ground Ground Flaked Rolled 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 II
TRIAL I: EXPERIMENTAL DESICN FOR VFA DATA
Processed Milo
™ Recon. -
‘ Steam B " Steam
Coarsely Finely Process- «Recon.- Process-
Ground Ground Flaked ..Rolled i Flaked
Block 18 22 12 24 18 @ 1é 2@ & 22
1 303 3 02 33 3002 3 3
2 2 2 3 2 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3
16 16 18 17 17

Total samples - 8L

@Indicates first (1) or second (2) rumen sample taken from
steers.

bIndlcates number of steers from which rumen samples were
obtained and analyzed.



TABLE III
TRIAL I: COMPOSITION OF BASAL RATION

mIngredient Percent
Chopped alfalfa hay 35.0
Cottonseed hulls 23.0
Cottonseed meal (41% C.P., solvent) . L0.0
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 IV

TRIAL I: PROXIMATE ANALYSES?

% % % % % %
Feedstuff Dry Crude  Ether Crude
R Matter® Ash Protein Extract Fiber N.F.E.
Basal ration 89.8 7.4 18.5 2.3 21.6 50.2
- Coarsely ground -
milo 87.4L 1.5 8.3 2.1 2.5 85.6
Finely ground
milo 87.9 1.5 8.3 2.9 1.1 86.2
Steam-process-
flaked milo 82.0 1.0 6.3 2.3 3.9 86.5
Reconstituted- o
rolled milo 73.6 1.4 6.6 2.2 2.1 87.7
Reconstituted-
steam-process- c c
flaked milo 70,0 1.3 5.9 1.5 L.l 87.2
#3411 values are on a dry matter basis. |
bDry matters are average of four determinations.
€411 values except the ones so marked are the average of two

proximate analyses.
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required. Ewnough milo was fed with the basal to assure
availability of feed until the next feeding. Unconsumed
feed was weighed back as necessary.

The milo grain variety Northrup King 222, was grown
-and processed on the Fort Reno Station. Coarsely ground
milo was produced by a hammer mill with a 4076 mm. screen,
while finely ground milo was processed by the same mill with
a 3;18'mm° screen. Steam process-flaked milo was produced
in a manner similar to‘that reported by Hale et al. (1966).
| Milo grain was subjected to live steam at atmospheric
pressure for approximately 20 minutes at a temperature of
96° C. in the steam chamber, and was then rolled with no
tolerance between the rollers. The steam chamber was 0.51x
0.76 m. and the Davis rollers were smooth with dimensions
of 0.15 x 0.46 m.

Whole reconstituted milo was produced by soaking the
air-dry whole grain in water in 0.86 x 1.58 x 4.09 m.
‘tanks for 1 to Z hours, after which the excess Water was
drained.. The reconstituted grain in the tank was covered
with polyethy%ene sheeting, weighted with sand and allowed
to set for at least 20 days before feeding. The moisture
level of the grain was raised to 25-30% by this method.
The reconstituted milo was rolled prior to feeding with the
Davis rollers set at approximately 0.076 mm. tolerance be-
tween rollers.

Reconstituted-steam process-flaked milo was produced by

steaming whole reconstituted milo for about five minutes,
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then rolling with no tolerance between the rollers. The max-
imum temperature in the steam chamber was 88°C. When a
longer steaming period was attempted, the moisture level was
raised and rolling was difficult due to accumulétion'of
material on the rollers.

Rumen samples were collected f}om each steer (except
basal steers) on day 136 and again on day 165 of the feeding
trial. The sampling was done by a modification of the pro-
cedure described by Raun and Burroughs (1962). Thé rymen
samples were taken by stomach -tube with a stainless stéel
suction strainer coupled to a suction line with a 50-ml.
hypodermic syringe connected. Microb}al action in the ru-
men fluid was stopped by adding 1 ml. of saturatéd mercuric
chloride to 50 ml; of rumen fluid. Samples were then stored
at -10° C. fdr later analysis. VFA analysis was conducted
~according to the procedure of Erwin et al. (1961). An
_HAerograph Hy-Fi Model A-600 B gas chromatograph connected
to a Sargent recorder was used 'in the determinations.. Re-
sponse criteria jincluded total VFA concentration in rumen
fluid, the molar percentage of acetic, propionic4and_butyric
acids and the aceticipropionic ratio. Performance data re-
lated to VFA production included average daily ga;n3 average
daily feed intake and feed per kg. of gain.

Table V illustrates the irnfluence of processirg methods
on particle size and density of thé milo ‘grain.

Appropriate statistical analyses were run using a high

speed computer. Sources of variation and degrees of freedom



TABLE V

TRIAL I: PARTICLE SIZE® AND DENSITYb OF PROCESSED MILO
Process ) Screen Size [(mm,) ‘ gm.
715 T6.35 0 L.76 T 3.18 2.12 T 1.41 1.02 0.36  thru per
0.36 1.
% retained on screen
Recon.-Rolled 0 0.15 10.86 38.00 18.19 15.92 L4.52 6.50 8.55 342
Recon.-steam-

Process-Flaked 0.27 2.45 17.37 17.30 9.99 9.21 7.50 14.70 18.80 331
Steam~Process- ‘

Flaked 5.67 16.44 L2.4L9 23.93 5.21 2.18 0.86 0.90 0.09 293
Coarsely Ground - - - - - - - - - 620
Finely Ground -- - - - - - - - - 575
Sparticle size values: 100 gm. samples of each grain were sieved.

Test weights reported are averages of 14 - 22 determinations, and are on 90% dry

‘matter basis.

T
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are shown in Tables VI, VII, and VIII.
Trial IT

Trial IT was initiated on December 8, 1965 to compare
conventional steam-rolled milo and wheat. Thirty-six Here-
ford steer calves, with an average weight of 231 kg., were
allotted to four treatments for a ' 180-day feeding period.

The treatments were: (1) basél, (2) milo, (3) wheat and

fi

(4) 3 milo and % wheat. The basal ration was fed at a main-
tenance level to nine steers. Steers were grouped according
to shrunk weight, using a stratified randomization procedure.
The 45 steers available initially were divided into three
gfoups of 15 each, with nine steers slaughtered before the
trial began and 36 assigned to treatments. Table IX shows
the experimenﬁal design-of the experiment. The fations;con-
sisted of a basal maintenaﬁce ration with or without gfain;
The basal ration was fed to meet the maintenance energy fe—
quirement of the steers; grain was fed to appetite above
maintenance. Calculations used to estimate the daily main-
tenance requirement of each steer were identical to those
used in Trial I, except that the TDN content of the basal
ration was estimated to bex58.2%; the requirement was

0.1120 kg. of basal ration per kg W+’ per steer per day.
Table XI contains the composition of the basal ration. The
proximate analyses of the basai, milo and wheat are shoWn

in Table XII. |

The calves were fed twice daily in individual stalls



TABLE VI
TRTAL I: ANALYSTS OF VARIANCE FOR VFA DATA

- Source df
Total ' 83
Block 2
Treatment L

Block x Treatment

Within Pen® v 69

aError term used to test treatment

TABLE VII

TRTAl T: ANALYSTS OF VARIANCE FOR FEED INTAKE
AND FEED/KG. GAIN

Source daf
Total , 14
Block 2
Treatment L
Block x Treatment® 8

8Error term used to test treatment
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TABLE VIII.
TRIAL I: ANALYSIS QOF VARIANCE FOR AVERAGE DATILY GAIN

Source , df
Total Li
Block 2
Treatment L
Block x Treatment® 8
Within pen 30

®Error term used to test treatment

TABLE IX
TRIAL ITI: EXPERIMENTAL DESIGN

Milo 3 Wheat

i

Basal _ - Milo Wheat

Total - 36 hd.

TABLE X
TRTAL ITI: EXPERIMENTAL DESIGN FOR VFA DATA

Basal = .. Milo Wheat 1 Milo 3 Wheat

Total 21

i

%No samples taken.

bSamples not available on all 9 animals.



TABLE XTI

TRIAL Ii: COMPOSITION OF BASAL RATION

ot e . — - e Lo

18

Ingredient Percent
Alfalfa 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
v - TABLE XTI
- TRIAL II: PROXIMATE ANALYSESav
70 % % 0 % %
Feed- Dry Crude Ether Crude
stuffS' Matter Ash Protein Extract  Fiber N,.F.E.
Basal 90.9 7.0 18.9 1.5 2.6 50.0
Milo = 86.5 1.5 7.9 1.7 1.6 87.3
2.1 8L.6

Wheat 87.7 1.6 10.5 1.2

,,aAll values are on a dry matter basis.
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that measured 3.0 x 0.75 m.; no water was available during
each 1 hour feeding period. The daily basal maintenance

. ration was divided into two equal parts and fed with the
grain at each feeding. Grain (milo, wheat or % milo and

3 wheat) was fed to appetite and any unconsumed feed was
removed and weighed at each feeding. The cattle had access
to water in four paved lots between feedings.

Both basal mix and grain were obtained from the Still-
water Milling Company as needed. The conventional steam-
rolled milo and wheat were prepared by steaming. the whole
grains for 3 - 5 minutes before coarse rolling with standard
corrugated rolls.

Samples of rumen fluid for VFA determinations were
taken from all animals after 131 days on feed. The proce~
dures used for obtaining rumen fluid samples and analyses
for VFA's were conducted as stated for Trial I.

The steers were removed from the feeding trial and
slaughtered on three different days, with an average feeding
period of 181 days. Appropriate statistical anaiyses were
conducted using a high speed computer. Analyses of variance

are shown in Tables XIITI and XIV.
Trial IIT

This trial was initiated on December 28, 1966 to compare
six types of processed milo fed in a high concentrate ration.
Seventy-two Hereford steer calves, averaging 243 kg. were

blocked on weight. and condition score and randomly assigned
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TABLE XTIT
TRIAL IT:; ANALYSIS QOF VARIANCE FOR VFA DATA

Source . | arf

Total. ﬂ 20

Treatment 2
Error g ' 18
TABLE XIVA

TRIAL IT: ANALYSIS~OF VARTANCE FOR FEEDLOT PERFORMANCE

Source daf
Total | 26
- Treatment 2

Error ’ 24

N . . e o A A e 2 L A . 3 7 i . 157 A e, o e S v
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to treatments within each block. The randomized complete
block design is shown in Table XV.

The 72 calves for this trial were selected from a group
of 154. The 154 head were plotted on graph paper, using
shrunk weight and visual condition score as the X and Y
axis. Diagonal lines were then used to divide them into .

five groups; the block that contained the 30 thinnest and

- lightest calves was eliminated and the calves were sold.

Of the remaining. 122 head, 72.were used in this trial, 40
were assigned to another trial, and 12 were slaughtered to
allow. estimation of initial body composition for net energy
determination of the rations in Trial III. o

FEach treatment consisted of 12 steers in_fouf pens of
three steers each.

In this trial a high concentrate {90% concentrate,

10% roughage) ration was fed ad libitum. The six types of
processed milo fed were: finely ground, coarsely ground,

dry rolled, steam process~flaked, réconstituted_rolled and
reccngtituted~ground. A premix containing supplement and
roughage. was fed with the grain; the composition of the
ration and premix is shown in Table XVI. Proximate analyses
are shown in Table XVII.

A1l steers were fed a 60% concentrate starter ration
for four weeks bgfore the trial began, then were gradually
shifted to the appropriate test rations.

The cattle were fed once daily in sufficient guantity

to assure availability of feed until the next feeding.
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"TABLE XV

TRIAL III: EXPERIMENTAL DESIGN FOR VFA DATA
. i AND FEEDLOT PERFORMANCE

Proéessed Milo

Steam
.~ Coarsely Finely Dry Process- Recon.- Recon.-
Blocks Ground Ground Rolled Flaked Ground Ground
1 3 3 _& 3 -3 3
2 3 3 3 R& Ra 28
ERS 3 3 3 3 3 3
L 2 3 2 3 22 3
12 12 11 11 - 10 11

Total = 67 hd.

aSamples‘:not available on all three animals.

TABLE XVI
TRTAL ITI:; COMPOSITION OF RATION AND PREMIX

' % in % in
o Ingredient Premix Total Ration
,--Miio | | o L TR L N.”83448
. Alfalfa hay, chopped . 36,2 6.0
Cottonseed hulls : 24.1 L.0
Cottonseed meal (41% C.P., solvent) 2L.1 4.0
. Urea ("262") 6.0 1.0
Salt | 6.0 1.0
Bonemeal __3.6 __0.6
100 100.0
Added per ton:
Vitamin A. supplement
(30,000 I.U./gm.. . 600 gm. 100 gm.
Aurofac 10 (lst 40 days) 54,00 g. 908 gm.

(rest of trial) 2725 gm. L5L gm.

%Dry matter basis.



TABLE XVIT

TRIAL III: PROXIMATE ANALYSES®
% % % % % %
Dry As Crude Ether Crude c
Feedstuff - - - MatterP Ash Proteind Extractd FibercC N.F.E.
Coarsely ground milo 87.0 1.71 10.03 2.54 1.70 8L.02
Finely ground milo 87.3 1.57 10.00 3.42 1.58 83.43
Dry rolled milo 87.3 2.32 10.11 2.79 1.76 83.02
Recon.-rolled milo 79.9 1.34 10.54 2.03 1.71 84,38
Recon.-ground milo 80.9 1.70 10.70 1.55 1.67 8L.38
Steam-Proc.-Flaked ' e : ~
milo 83.2 1.55 10.77 2.18 1.38 84,12
Premix 90.4 14.16 36.99 L.08" 16.33 28 . Ll
2711 values are on a dry matter basis.
bAverage of seven determinations.
“one determination.
dAverage of three determinations.
€100 - (sum of values reported for ash, crude protein, ether extract and crude fiber).

€2



2L

Excess feed was weighed back when it was deemed necessary,
and the feeding. level was.lowered for the pen if feed re-
fusal continued. The feeding level was raised as a pen's
intake increasgd. Samples of grain and premix were taken
every 21 days for dry matter determinations to adjust all
rations to the same ratio between grain and premix on a dry
matter basis.

Coarsely ground and finely ground milo were processed
and combined with the required amount of premix in one-ton
quantities. Dry rolled milo was also processed in one-ton
quantities but was combined with the premix in the feed
bunk at the time of feeding to prevent breaking .of particles
during mixing in a mechanical mixer. The "wet"_grains;
steam.process~flaked, reconstituted-rolled and reconstituted-
uground were processed daily, with the exception that enough
‘was processed on Friday to feed over the weekend. The wet
grains were combined with the premix in the feed bunk in
the same manner as dry rolled milo.

Dry whole milo was stored in a 4.3 x 8.2 m. glass-
lined, air-tight Harvestore silo. Coarsely and finely ground
milo were processed as previously described in Trial I. Dry
rolled milo was produced by rolling.the whole milo with a
roller tolerance in excess of 0.076 mm. using a Ross roller
mill with rollers 0.46 m. in diameter and 0.61 m. long.

Reconstituted milo was produced in another 4.3 x 8.2 m.
Harvestore. $ilo. Water was added to the whole dry grain as

it was augured into the silo, which raised the moisture
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level from 14% to 22%. Thevgrain was reconstituted imme-
diately .after harvesting in October and stored until fed
during'the feeding.trial. | |

Reconstituted-rolled milo was pfoduced by rolling the
reconstituted whole grain with the Ross roller mill with
approximately 0.076 mm. tolerance between the rollers. The
reconstituted-ground milo was obtained by grinding through
a 3.18 mm. screen in a Doffin hammer mill.

Steam process-flaked milo was produced by steaming dry
whole milo at atmospheric pressure in a 0.31 x 0.61 x 1.52 m
steam chamber with a capacity of 226 kg., for approximately
20 minutes and rolled through the Ross mill with no toler-
~ance between the rollers. The rollers were corrugated for
the first 32 days of the trial, but at that time they were
ground smooth to assure a flatter fLake with less breakage.
The variety of milo used in Trial IIT was Northrup King 222,
grown on the Fort Reno Station.

Rumen samples wére taken.dn the 72, 93 and 114
days of the trial. Each animal in the trial was sampled
once; one steer from each pen was sampled each time.. The
steers were randomly selected from the pen with the stipu-
lation that no steer could be sampled twice during the
trial. The last rumen samples were obtained after the final
weights were taken. The procedures for sampling and analy-
ses for rumen VFA's were as described for Trial T.

The performence data was summarized at 149 days, be-

cause the cattle were subjected to rumen sampling and.



ultrasonic determinations following this time, but ration
treatments were continued until time of slaughter, which
was on three successive days after an average of 160 days
on feed. |

Table XVIIT illustrates the influence of processing
method on particle size and density of the milo grain.

Appropriate statistical analyses were conducted with
a high speed computer. Variance components for this trial

are shown in Table XIX.
Trial IV

This trial was conducted during the fall and winter of
1966-67; it was initiated on September 24, 1966. Trial IV
was conducted to obtain information concerning the effect
of type of grain on rumen VFA concentrations.

Sixteen mixed two .year old cattle averaging 353 kg. were
randomly allotted to four groups of four animals each. The
cattle were composed of four Herefords, four Hereford
crossbreds, four Angus, two Shorthorn and two Red Angus.

The sex distribution was ten heifers and six steers. Each
gréup of four animals was assigned to latin square design.
‘The four latin squafes were pooled for the.analysis of var- .
iance. The grains compared were oats, barley, corn and milo.

Response criteria included total VFA concentration in
rumen fluid; the molar percentages of acetic, propionic
and butyric acids; and acetic:propionic ratio.

Rumen samples were- taken the morning before the trial



TABLE XVIIT
TRIAL III: PARTICLE SIZE® AND DENSITYP OF PROCESSED MILO

, , Screen Size (mm.) N _ . gm.
6.35 L.76 3.18 2.12 1.41 1.02 0.36 thrg per
0.3 1.

\Recon.—ground 0 0 0 0.24 1.94 16.30 20.04 26.79 3L.69 524
Finely ground 0 0 0 0.25 1.94 13.78 20.13 3L.14 29.76 610
Coarsely ground O 0 0 2.93 9.34 23.69 18.19 23.71 22.14 64O
Dry rolled 0.02 0.30 0.34 3.11 18.14 27.89 16.38 21.12 12.69 499

0

Recon.-rolled

s 1.09 5.49 24L.69 26.89 14.39 6.24 11.60 9.17 366

Steam-process-
flaked 13.65 19.08 40.25 L .35 L.35 2.15 0.90 1.28 0.79 300

Steam—process—flaked (ran through mixer) - - - --

~- 460
Whole dry - -- - - — - S _— - 751,
Whole reconstituted -- - -~ - —_ - - - 641

a . . . : . .
Particle size: Five 100 gm. samples were sieved for each grain and averages reported.

Test weights reported are on 90% drybmatter basis and are averages of several determina-
tions throughout the trial. Considerably lower values were obtained at times for S.P.F. 3
and recon.-rolled (lowest values: S.P.F. -16.6 recon.-rolled -26.6 1b./bu.)



TABLE XIX
TRIAL IIT: ANALYSIS OF VARIANCE

Sourcea | daf
Total 23
Block 3
Treatment ) 5
Block x Treatmentb 15

Source® af
Total 66
Block 3
Treatment (adjusted)d 5
Block x Treatment 15
Within penb L3

®For feed intake and feed/kg. gain using unweighted pen
averages.

bError term used to test treatment.
CFor average daily gain and VFA data.

dTreatment adjusted for disproportionate. data.
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began and continuously at seven day intervals for 17 weeks.
The procedure used for sampling and analyses were the same
as previously described for Trial I. All rumen samples
were analyied for VFA's but only the last samples of each
treatment period were analyzed statistically and reported.
Period 1 was five weeks in length, but periods 2, 3 and 4
were only four weeks in length.

The rations fed consisted of 80% grain and ZO%Hpremix.
This combination was calculated to meet the nutrient re-
quirements (Morrison, 1957) of the cattle on the basis of
a corn ration fed at a level of 2% of body weight. The
composition of the premix is shown - in Tablé XX. Proximate
analyses of the grains and the premix are shown in.Table_XXI.
The rations were fed in the following mannér: In peripd 1
the cattle were fed the basal allotment plus a small amount
of grain for the first two days, then the grain was;in;
cfeased one 1b. per head daily until the desired intake of
2% body weight was reached (1.5 weekS).. In period 2, .3
and 4 the complete change of grain was accomplished in only
one week. In periods 3 and 4 the rations were fed at the
level of 2.5% of body weight per day.

The conventional steém—roiled grain and premix were
/obtaiﬁed from Stillwater Milling Company. The whole grains
were exposed to steam for 3 to 4 minutes and then coarsely
rolled. The grains were purchased in large quantities as
the trial began to assure the same grain sources throu%hout

the trial, but additional grain had to be purchased to
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TABLE XX
TRTAL IV: COMPOSITION OF PREMIX

Ingredient Percent

Alfalfa meal pellets (17% C.P.). 35.0 .
Cottonseed hulls 18.0
Cottonseed meal (41% C.P., expeller) L0.0
Molasses 5.0
Salt o | 1.0
Dicalcium phosphate 1.0

100.0

TABLE XXT

TRIAL IV: PROXIMATE ANALYSES?

| % % % % 7
Feed- Dry b Crude Ether 4 Crude R
stuff Matter Ash® Protein Extract Fiber N.,F.E.

Oats 88.5 3,09  13.11 L.50  10.80 68.51
Barley  87.5 2.29 11.94 1.94 L.63  79.20
Milo 87.3 1.49 9.77 3.04 1.55  84.15
Corn 87.4 1.39 9.54 2.92 1.82  84.32
Basal  90.3  10.60  22.36 3.00  18.67  145.37

@711 values are on a dry matter basis.
bAverage of eight determinations.
CQne determination

d-Averag;e of three determinations

extract and crude fiber

®100 - (sum of values re§orted for ash, crude protein, ether
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complete the last period of the trial.

:Rumén samples were taken once from each aﬁimal every
Week of the trial at approximatély 2 to 3 hours after the
morning feeding. Animals were sampled in a random order
to reduce any variation that might be due to time,

The rumen samples were taken, processed, and analyzed
as described for Trial T.

Animal»weight51Were taken at the beginning of every
period to determine the feediﬂg level. Weights wére taken
after the final rumeh sampling of a period and animals wére’
not removed from water before weighing. N

One -cup samples of the-grains -and basal were obtained
each day to provide a large composite sample for each
period from which samples could be taken for determination
of density, moisﬁure“and proximate components. Table XXIT
shows the density (g./l.) of the grains for each period
in Trial IV.

Statistical analyses were cohducted by using a high
speed computer. A factorial analysis of variance was run
on all variables and“Duncan'slNew Multiple Range Test
(Steele and Torrie, 1960) was used to compare tfeatment
. means that produced significant F values. Analysis of .

variance is shown . in Table XXITIT.



TABLE XXII
TRIAL IV: GRAIN DENSITY®

v .. Periods v o
Grains 1 2 3 L Average
Oats 203 331 . 308 240 295
Barley 451 491 461 398 450
Milo 440 470 413 436 440
Corn 493 K75 475 535 L9k
Basal 460 436 Li5 L42 L46

%Expressed in gm./l.

TABLE XXITI
TRIAL IV: ANALYSIS OF VARIANCE

Source . df
~ Total L ‘ ;.ww ‘.63
_Growp . . 3
- Period in Group . 12
Period S 3
Period x Group 9
Treatment in Group ‘ 12
Treatment 3
Treatment x Group 9
Animal in Group 12
Error® o Rl

Error term used to test treatment and period.



RESULTS
'Trial T

Production of ruminal VFA's by steers fed five types of
processed milo is shown in Table XXIV. There were no signi-
ficant (P>.05) differences in production of acetic, propionic
or butyric acid; acetic:propionic ratio or total VFA concen-
tration. |

Even though treatment means were not significantly
(P>.05) different, acetic acid was highest in rumen fluid
samples collected from steers receiving steam process-flaked
milo. Propionic aéid was highest forfrumen fluid samples
collected from steers fed steam process-flaked milo and
lowest for steers fed coarsely ground milo. Total concen-
tration of VFA's was highest for steam process-flaked milo
and lowest for finely ground milo.

Feedlot Performaqce

Feedlot performance of the steers fed the five types
of processed milo is shown in Table XXIV. Significant F
values were obtained for average daily intake of the total
ration (P<€.05), average daily intake of milo (P<.01) and
milo required/kg. gain (P<.05). Comparisons of treatment

means indicated that steers fed reconstituted-steam process-

33



TABLE XXIV
" TRIAL I: RESULTS

Milo Processing Method

Recon. -
Steam Steam o 4
Coarsely  Finely Recon- Process- Process- % F
Item Ground Ground Rolled Flaked Flaked
VFA DATA ~
No. Observations 16 16 17 17 18
Acetic, molar % 60.94 59.04 58.59 56.66 56.10 1.834 1.23
Propionic, molar % 27 .01 29.92 29.00 30.38 - 30.92 1.719 0.80
Butyric, molar % 12.08 11.00 12.44 12.96 12.86 . 0.695 1.39
Acetic:Propionic 2.51 2.18 2.16 2.04 1.96 0.216 0.96
Total VFA Conc., mM/1. 122.94 110,19 128.16 125.57 132.86 8.070 1.18
Feedlot Data

No. steers 9 9 9 9 9
Av. daily gain, kg. 1.10 1.14 1.11 1.10 1.19 0.042 0.90
Av. daily intake a 1 2 - 2 3 2 3 3 1

(total ration), kg. 8,74 8.33%> 8.31%2° 8.07 9.11% 0.160 6.80°
Av. daily intake
(grain), kg.D L.goto? L5503 4522 4210 50120 0,106 11.51F
Feed/kg. gain.

(total ration), kg. 7.92 7.32 7.49 7.35 7 .64 0.088 1.63
Feed/kg. gain, 1 2 1,2 2 1

(grain), kg. h.35% 3.91 4.0l % 3.8 L.29% 0.048  L.73°

Any fwo means without a common number differ significantly (P<.05).
bAny two means without a common number differ significantly (P<.01)
°Standard error of treatment means.

dCalculated F value from analysis of variance.

®Significant (P<.05).

fSignificant (P<.01).

ks
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flaked milo consumed significantly less milo and total ration
than those fed coarsely ground and steam process-flaked milo.
Consumption of milo and total ration was significantly higher
for steers fed steam process-flaked milo than finely ground
and reconstituted-rolled milo. Milo required/kg. gain was
significantly lower for steers fed finely ground milo and
reconstituted-steam process-flaked milo than those fed
coarsely ground and steam process-flaked milo. No signifi-
cant (P).05) differences were observed for daily gain or
total ration/kg. gain.

Even though treatment means were not significantly
(P>.05) different, rate of gain was 8.23% higher for steers
fed steam process-flaked milo than coarsely ground and re-
congtituted-steam process-flaked, the lowest gaining pro-
cessing methods. The most efficiently utilized ration cor-
tained finely ground milo and the least efficient ration
contained coarsely ground milo.

Correlations

Correlation coefficients between VFA data and average
daily gain are shown in Table XXV. Coefficients were not
significantly (P>.05) different from Zero for propionic acid
and average daily gain, acetic:propionic ratio and average

daily gain or total VFA concentration and average daily gain.

Trial II1

VFA Production

Ruminal VFA production by steers fed conventional



TABLE XXV
TRIAL I: CORRELATIONS®

36

. b

Variables rxy
Propionic, molar % and av. daily gain (1b.) 0.20
A/P ratio and av. daily gain (1b.) _ ~0.20
Total VFA concentration and av. daily gain (1b.) 0.01

8A11 correlations were adjusted for treatment effects.

bCorrelation coefficients all were non-significant (P>.05)
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steam-rolled milo, wheat and a mixture of equal parts milo
and wheat.is shown in Table XXVI. There were nb significant
(P>.05) differences in molar % individual acids, acetic;pro--
pilonic ratio or total concentration of VFA's.

Although treatment differehces were non—significant,
acetic acid was highest for the milo-wheat combination, with
milo intermediate and wheat lowest. Propionic acid was
highest for wheat, lowest for milo and intermediate for the
combination of the two grains but differences were small.
Acetic:propionic ratio was highest for the milo-wheat com-
bination, with milo and wheat being very similar. Total
concentration of VFA's was highest for the milo-wheat com-
bination and lowest for wheat, with milo intermediate between
the two.

Feedlot Performance

A summary of the feedlot performance is shown in

Table XXVI. There were no significant (P».05) differences
between treatments for gain, feed intake or feed efficiency.
Although treatment differences were not significant, rate of
gain was highest for milo and comparable for wheat and the
milo-wheat combination. Milo had the highest intake,

the combination of milo and wheat was lowest and wheat was
intermediate. Feed required/kg. of gain was lowest for milo
and similar for wheat and the milo-wheat combination.

Correlations

Correlation coefficients between VFA production and

feedlot performance are shown in Table XVII. Correlations



TABLE XXVI
TRIAL II: RESULTS

Ttem Milo Wheat 1 Milo % Wheat _a
(conventional steam-rolled) S
~ VFA Data

No./Steers 7 6 8
Acetic, molar % 52.9L 51.90 54,34 1.962 0.30
Propionic, molar % 33.90 34.68 34,24 2.141 0.02
Butyric, molar % 13.16 13.44 11.37 1.141 0.80
Acetic/Propionic 1.57 1.53 1.80 0.208 0.41
Total Con. mM/1. 8L4.97 79.65 90.73 3.048 0.29
Feedlot Data
No./Steers 9 9 9 '
Av. daily gain, kg. 1.02 0.94 0.93 0.068 0.52
Av. daily intake

(total ration), kg. 6.76 6.52 6.33 0.338 0.41
Av. daily intake

(grain) , kg. 3.08 2.93 2.79 0.257 0.57
Feed/kg. gain

(total ration), kg. 6.65 6.96 7.08 0.295 0.58
Feed/kg. gain

(grain) , kg. 3.02 3.05 3.00 0.133 0.05

a
Standard error of treatment means.

bCalculated F value from analysis of variance, all norni-significant (P».05),

8¢
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TABLE XXVII
TRIAL II: CORRELATIONS?

Propionic A/P Total VFA

~ Variables molar % ratio conc., mM/1.
Av. daily gain, kg. 0.148° ~0.59° 0.36
Av. daily intake b ' .
(total ration), kg. 0.54" -0.62 0.10
Av. daily intake, b
i c
(grain), kg. O.44 -0.58 0.40
Feed/kg. gain
(total ration), kg. -0.34 0.41 -0.56°%
Feed/kg. gain
(grain), kg. 0.41 -0.40 -0.15

aAll_correlations were adjusted for treatment effects.

'bSignificantly different from zero (P .05).

®significantly different from zero (P .0l).
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were significantly (P£.01) different from zero for propionic
acid and average daily inteake of total ration, acetic:pro-
plonic ratio and average daily gain, acetic:propionic ratio
and average daily intake of total ration, acetic:propionic
ratio and intake of grain, and total VFA concentration with
feed/kg. of gain. Correlations significantly (P<.05)
different from zero were obtained for propionic acid and
average daily gain, and propionic acid and average daily
grain intake,

| Propionic acid was positively (P<&05) correlated with
average daily gain, average daily intake of total ration
and average daily intake of grain, Acetic:propionic ratio
was negatively_(P<.Ol) correlated with average daily gain,
average dailylintake of total ration and average daily intake
of grain. A significant (P<.0l) negative correlation Be-
tween total VFA concentration and kg. of total ration/kg. of
gain was also obtained. Since the sample size was small
(21 steers), no mention was made of the direction of correla-
tion coefficients which were not significantly (P».05)

different from zero.
Trial ITI

VI'A Data
Ruminal VFA data of steers fed the six types of pro-
cessed milo is shown in Table XXVII. There were no signifi-

cant (P>.05) differences in individual molar % VFA's,

acetic:propionic ratio or total VFA's.



TABLE XXVIIT
TRIAL III: RESULTS
: Steam b c
Coarsely Finely Dry Recon.- Recon.- Process- S= F
Ttem - Ground Ground Rolled Rolled Ground Flaked
VFA Data
No. steers 12 12 11 11 10 11
Acetic, molar % L6.72 L5.69 43.19  L45.35 Ll .05 37.73 2.939 1.34
Propionic, molar % 36.07 L1.57 L3 .56 L2 .2L 38.26 L5.53 2.683 1.89
Butyric, molar % 17.20 12.7L4 13.26 12.42 17.69 16.75 1.662 2.40
Acetic/Propionic 1.44 1.13 1.02 1.28 1.32 0.87 0.199 1.24
Total Con., mM/l. 110.21 89.53 109.23 103.46 119.83 105.93 O.454 1.02
Feedlot Data
No. steers 12 12 8 11 11 10 11 8 8
Av. daily gain, kg. 1.14 1.1 1.14 1.14 1.14 1.2 0.058 1.05
Av. daily intake, keg.?  7.70%  7.631 71381 6.62°  7l33% 7455 0.201 3.70¢
Feed/kg. gain, kg.2 - 6.77% 6.471,2 6.431,2 5,822  6.4L1,2 5,902 = 0.091 3.49d

aAny two means without a common number differ significantly (P<.05),

b

Standard error of treatment means.

®Calculated F viue from analysis of variance.

dipnificant (P<.05).

T
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Although treatment differences were non-significant
(P?.05), acetic acid was highest for coarsely ground milo and
lowest for steam process-flaked milo. Propionic acid was
highest for steam process-flaked milo and lowest for coarsely
ground milo. Acetic:propionic rétio was highest for coarsely
ground and lowest for steam process-flaked ratio. Butyric
acid was highest for reconstituted-ground and lowest for
reconstituted-rolled milo. Steers on reconstituted-ground
had the highest concentration of total VFA's and those fed

finely ground milo had the lowest.

Feedlot Performance

Feedlot performance is shown in Table XXVIIT. Signifi-
cant (P<.05) F values were obtained for average daily in-
take and feed/kg. gain. _Whgn¥ty§§tment means were compared,
the average daii& intake of reconstituted-rolled milo was
significantly less than for the other five processing
methods. Feed required/kg. of gain was significantly lower
for reconstituted-rolled milo than for coarsely ground.
Steam process-flaked milo was also significantly more effi—
- ciently utilized than coarsely ground milo.

Although treatment.differences in aVeragevdaily gain
were non-significant, steam process-flaked and finely ground
. milo produced gains 11.0 and 3.2% higher than the other pro-
cessing methods. Average daily intake was reduced by all
processing methods when compared to coarsely ground milo,
but reconstituted rolled milo reduced consumption the great-

est amount, with a decrease of 14.1% as compared to coarse
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grinding.> Feed required/kg. of gain was highest for coarsely
ground milo, similar and intermediate for finely ground, dry
rolled and reconstituted-ground and lowest for reconstituted-
rolled and steam process-flaked.

Correlations

Correlation coefficients between VFA production and
average daily gain are shown in Table XXIX. A significant
(P€.01) positive correlation was obtained for average daily
gain and molar percent propionic acid, and & significent
(P<.01l) negative correlation betWeen avérage daily gaintand
acetic:propionic ratio was also obtained. :Total VFA' con- .
centration&wasfnoﬁtéignifiéégély fP".OSj cotrrelated with

gvérage daily gain.
Trial IV

VFA Data

Ruminal VFA's produced by cattle fed conventional steam-
rolled oats, barley, milo and corn are shown in Table XXX.
A significant (P<.01) F value was obtained for butyric acid
production. Comparison of the means of the four grains in-
dicated that when the animals were fed barley, they produced
significantly more ruminal butyric acid than those fed the
other three grains. A significant (P<.05) F value was ob-
tained for propionic acid production. Comparison of treat-
ment means of the four grains indicated that when the cattle
were fed barley they producéd significantly less ruminal pro-.

pionic acid than animals fed the other grains.

!
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TABLE XXIX
TRIAL III: CORRELATIONS®

Variables Uxy
Propionic, molar % and av. daily gainP O.hé?éb
A/P ratio and av. daily gain ~0.4622D
Total VFA con. mM/1 and av. daily gain 0.1030

8Correlations adjusted for treatment effects.

bSignificantly different from zero (P<.01)

TABLE XXX
TRIAL IV: VFA PRODUCTION

VFA Data. Oats Barley Milo Corn s§b FC

No. Observations 16 16 16 16
Acetic, molar % 49.00 L48.85 4L9.21 45,30 1.411 1.653
Pr;g%Z§i%é 40.08% 33.29% 38.50%. L0.771 1.611 L.4159
Butyric, , . N

molar %8 10.941 17.922 12.361 13.951 1.264 5.681€
A/P ratio 1.29 1.59 1.57 1.25 0.123 2.047
Total Con. mM/1. 120.21 132.23 119.21 121.30 L.546 1.775

aAny two means without a common number differ significantly
(P<.05),

bStandard error of treatment means.

®Calculated F value from analysis of variance.

dgignificant (P<.025).

®significant (P<.005),
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A;though treatment diﬁﬁerence;”werennggis;ggifigant
(P>1Q5), acetic acid was highest for milo and lowest for
corn. Acetic:propionic ratio was highest for barley and
milo, with oats and corn similar and lowest. Barley pro-
duced the highest concentration of total VFA's and milo
produced thé lowest concentration.

Significant (P€.005) F values were obtained for period
differénces for aceti¢ acid, propionic acid and acetic:pro-
pionic ratio. Comparison of period means indicated that
rumen samples ﬁaken in period 1 had significantly less
acetic acid than the other three periods, while period
had significantly mofe acetic acid than the other periods.2
(Table XXXI).

Another comparison indicated that samples from period 2
had significantly less propionic acid than rumen samples in
other periods. Acetic:propionic ratio was significantly

wider for period 2 than for the other periods.
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TABLE XXXTI
TRIAL IV: VFA PRODUCTION BY PERIODS

Periods b o
VFA's -1 2 ' 3 L s F
No. Observations 16 16 16 16

Acetic, molar % 40.66% 57.592 L5.70°  48.40° 1.411 23.929

Propionic 13,24t 27.50° 41.53% 40.38% 1.611 20.00°
molar %2

Butyric 16.08  15.03 12.79 11.28 1.26L 2.9L
molar % -

A/P ratio® 0.951  2.25% 1.181 1,271 0.123 20.82¢

Total Con. mM/1. 118.78 128.93 118.02 127.22 L.54L6 1.54

a%ny tw?-means without a common number differ significantly
P<.05 '

o

bStandard error of treatment mean.

®Calculated F value from analysis of variance.

dSignificant (P<.005)

rl



DISCUSSION

Results of Trials I and III were similar for VFA data
and feédiot performance. Both trials compared processing
methods of milo in group feeding experiments, with rations
fed ad libitum. The processing methods common to both
trials were coarse grinding, fine grinding, reconstituting-
rolling and stéam proceSs—flaking, frdbessing methods not
common to both trials were reconstituting—steam‘process-
flaking for Trial I and dry rolling and reconstituting-
grinding for Trial III. Trial I rations averaged approxi-
mately 54% milo while Trial III rations contained 83.4% milo.

VFA production similar for Trials I and III were molar
percent acetié and,prbpionic acids, and acetic:propionic
acid ratio. Coarsely ground milo produced the highest
molar percent acetic acid, the lowest molar percent propio-
nic acid and the widest acetic:propionic ratio in both
trials. Steam process-flaked milo produced the lowest molar
percent acetic acid, with 4.8L4 and 8.99 molar percent less
than coarsely ground milo for Trials I and III,respectively.
Reconstituted-rolled milo decreased the molar percent. acetic
acid content compared to coarsely ground by 2.35 and 1.37
molar percent for Trials I and III respectively. Finely
ground milo decreased the molar percent acetic less than the

other processing methods with decreases of 1.90% for Trial I

L7
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and 1.03% for Trial IIT, respectively.

Ruminal samples from cattle fed.steam process-flaked
milo contained the highest molar percent propionié acid with
3.89 molar percent (Trial I) and 9.46 molar percent (Trial
ITI) more than samples from steers fed coarsely ground milo.
Reconstituted-rolled milo increased pfopionic acid‘production
1.99 molar percentvfor'Trial I and 6.17 molar percent fqrf
Trial III; while, fine grinding increased propionic acid
preduction by 2.91 molar percent‘and 5.50 molar perbent in
Trail I and Trial III, respectively. ‘

As expected, the acetic:propionic ratio for steam
process-flaked milo, 1.96:1 in Trial I and 0.87:1 in Trial
ITIT, was markedly more narrow than for coarsely ground milo
Trial T 2.51:1 and 1.44:1 in' Trial ITI. The very narrow
" acetic:propionic ratio for steam process-flaked milo in
Trial IIT is similar to the findings of Phillipson (1952)
and Balch and Rowland (1957) when they fed rations high in
flaked corn. In Trial I reconstituted-steam process-flaked
milo produced an acetic:propionic ratio for 2.04:1 and in
Trial IIT dry rolled and reconstituted-ground produced
narrow acetic:propionic ratios of 1.02:1 and 1.32:1, respec-
tively. The greater "improvement in VFA proportions for
- Trial ITII, as demonstrated in the very narrow aceticipro-

" pionic ratios for some processing methods, may have been due
to the higher concenﬁrate ration. The rolled processing
methods may also.have been aided by the fact that a larger,

heavier roller mill was used in Trial IIT.
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The relative order according to magnitude of total VFA
concentrations pﬁoduced:by processing methods were not -simi--
lar for Trials I and IITI. In Trial I steam process-flaked -
milo produced the highestvtotal-VFA.concentration,-fine
grinding produced the-lowest and coarse grinding next to the
lowest. .In Trial III, fine grinding.again produced the:low—
est total VFA concentration; howéverJ coarse grinding pro-
duced the highest of the four methods. Total VFA concentra--
-tions are very difficult to measure by gas chromatography
because of gas loss when the needle of the syringe. is with-
drawn from the septum and the inability of the technician to
inject the exact amount each time. Rumen volume, dilution
with water, rate of absorption and strata of the rumen
sampled also affect the teotal concentration: of VFA'siwhen
sampled in vivo.

The results of Trial I1 suggest that milo and wheat are
very similar in VFA production. The acetic;propioniC‘rétios
similar for milo and wheat, but wider for ﬁhe»pombination
of the two grains,. with the total VFA concentrationiiargest
for 3 milo and .3 wheat. Oltjen et al. (1966) compared. -
wheat. and corn in all-concentrate rations aﬁd reported a
.significantly higher concentration of total VFA'!s for
rations which contained high amounts of wheat, as compared
to rations containing high amounts of corn.

Results of Trial IV, comparing VFA production.of cat-
tle fed conventional steam-rolléd~oats, barley, milo and

corn, indicate that barley produced significantly (P<.025)
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less molar percent propionic acid than the other three-bﬁt
significantly (P<.005) more molar percent butyric acid. To--
tal VFA concentration was highest for barley and lewest for
milo fed cattle. Theurer et al. (1966) reported an in-
creased production of total VFA's for barley, when comparing
barley and milo fermentation in vitro. They also reported
that there was no significant difference in the production
of molar percent of the individual acids. It is interesting
to note that, although the difference for aceﬂic:propionié
ratio was,hot significant (P<.05) oats had a &ery narrow
ratio (1,29:1)_as compared to barley and milo (1.59:1 and
1.57:1). Elliot and Loosli (1959) reported that as crude
fiber content increased the acetic:propionic ratio bécame
ﬁwider, This study was with dairy rations which are usually
lower in grain than the rations in this study. Jorgensen
and others (1965) compared pelleted oats and pelleted corn
in a 75% concentrate ration with dairy cows and reported
that corn maintained a narrower acetic:pfopionic ratio and
a higher concentration of total VFA's than oats. An explan-
ation for this difference not being apparent in Trial IV
might be the higher grain content (80%) of the ration, for
this reason the fibef content of oats was not an important
factor. The oats were of good quality with an average
density of 295.ng1.

The reason for the significant period effect on acetic
and propionic acid productions is not clear, but the effect

seemed common for all grains during period 2.
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Correlations of VFA production with average daily gain
were similar in direction for Trials I, II and III. For
these trials the average correlation coefficients for aver-
age daily gain and propionic acid, acetic:propionic ratié,
and total VFA's were 0.39, -0.43 énd 0.16, respectively.
Weiss et al. (1967) reported simple correlation coefficients
for average daily gain and propionic acid (0.50), and for
average daily gain and acetic:propionic ratio (-0.54). The
correlation coefficients reported for Trials I, II and III
were adjusted for treatment effects, which may have re-
duced their magnitude compared. to simple correlations. 1In
Trial II correlations were also obtained for VFA's with feedt
intake and feed efficiency. .Significant (P<.01) negative‘
correlations were obtained for acetic:propionié ratio and
average daily intake of total ration and for intake of grain.

In Trial II a significant negative correlation was ob-

" tained for feed/kg@ gain and total VFA concentration. This
suggests that as total VFA concentration inéreased, feegkg.

of gain decreased.



SUMMARY

Two feeding trials (Trials i and ITIT) were conducted
to investigate the effect ofbmethod of processing milo on
VFA production and feelot performance by feedlot steers.
Trial II was conducted to compare the VFA production and
feeding value of milo, wheat or a milo-wheat combination.
One other trial (Trial IV) was a complete latin squafe
change-over trial conducted to oompare the VFA production
of oats, barley, milo and corn. Correlations betweeﬁvVFA
production and feedlot performance were obtained for”Trials
I, IT and III. In Trial III a high concentrate (90%) ra-
~tion was fed, while in T&ials IiéndAII a basal ration con-
taining approximately»55% roughage was fed to meet mainten-
ance réquirements, with grain fed to appetite. A ration
of 80% grain and 20% basal ration was fed in Trial IV,

No significant (P>.05) differences in individual acids
or total VFA production were observed in Trials I and IIT.
In two trial (I and III)igd libitum group-fed steers pro-
duced similar VFA patterns that paralleled the feedlot per-
formance of the individual processing methods. This is
demonstrated by the fact that coarse grinding produced the
widest and steam process-flaking the narrowest acetic;pfo—

pionic ratio in both trials. These differencés were not

significant, but feed efficiency was significantly improved
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due to- reconstituting-rolling, reconstituting-steam pro-
cess-flaking and steamﬂproceés—flakipg.

A significant (P<LOl)‘negati§e correlation was obtained
for acetic:propionic ratio and average daily gain in Trials
IT and IITI and a significant (P<.0l) positive correlation
was obtained for propionic acid‘and"average daily gain in
Trial IIT. In Trial II significant (P<.0l) negative corre-
lations were also obtained for acetici:propionic ratio and
average daily intake of total ration and intake of grain,
and for total concentration of VFA's and feed required/kg.
of gain. |

In Trial IT milo, wheat or the milo-wheat combination
failed to significantly (P».05) affect individual acids,
acetic:propionic ratio, total VFA or feedlot performance.

Barley produced significantly more butyric acid and
less propionic acid than oats, milo or corn in Trial IV.
Significant (P<.005) period differences were obtained for
~acetic acid, propionic acid and acetic:propionic ratio.
Acetic acid was significantly lower in period 1 and was
higher in period 2 than other periods; Propionic acid was
significantly lower in period 2; and aceticipropionic ratios
were significantly wider in period 2 than other periods.
'This period effect is not clear, but it seems to be consis-

téht”for all treatments.
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