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ABSTRACT

Two digestion trials were conducted in a 12 5-day 
period with six steers to determine the effect of wheat 
processing, dry rolled or steam processed flaked, on the 
digestibility of high concentrate diets. .

In Trial I, the diet contained 90% concentrate with 
a wheat level of 82.6%. In Trial II the diet contained 100% 
concentrate and an absolute level of wheat of 93.2%. In 
each trial the wheat in the diets was either dry rolled or 
steam flaked. Three steers were assigned to each diet and 
then switched to have a total of six observations for each 
trial. No significant difference was found in either trial 
for the digestibility of the different components of the 
diets due to wheat processing.

The digestibility of all the fractions, except 
lipid, increased significantly when the concentrate level 
was increased from 90 to 100%. Combining concentrate level 
and processing method, the wheat was calculated to contain 
81% TDN on an air dried basis. For the 125-day period, 
average daily gain was 1.94 lbs and feed requirements 7.06 
lbs per lb of gain which were considered satisfactory for 
this type of experiment. '

The steers consumed 10% more of the diets containing 
steam flaked wheat which is in agreement with previous
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feedlot experiments. The acceptance of the high concentrate 
diets containing wheat as the only grain by the steers was 
no problem. Across processing method and concentrate level, 
the steers consumed an average of 1.9% body weight.



INTRODUCTION

Because of price structure, wheat has traditionally 
not been considered a feed grain and has been utilized 
primarily as a food grain for humans. Morrison (1958) 
states that wheat is satisfactory for all classes of live
stock when properly used and is nearly equal to corn in 
feeding value.

A marked increase in wheat production in the United 
States in the past few years has result in a price which 
makes it competitive with the traditional cereals used in 
feed formulation such as milo, corn, and barley. In 1973 
1.9 billion bushels of wheat were produced in the United 
States and approximately 25% was fed to livestock and 
poultry.

In Arizona, the production of wheat in 19 66 was 
27,600 tons with an average yield per acre of 2400 pounds of 
grain. In 1973, the production was 453,000 tons with an 
average yield per acre of 4200 pounds of grain (Arizona 
Agricultural Statistics, 1973). The projected production 
for 1975 is 700,000 tons. These values show not only an 
increase in the area planted to wheat but a substantial 
increase in yield. This boost in yield is due in part to 
the development of new Mexican varieties with a stem much 
shorter than the conventional varieties. This characteristic



permits a heavy fertilization program which is not possible 
with long stem varieties. The new varieties also have a 
soft gluten that makes them satisfactory for cattle feeding. 
The milling wheats generally have a hard gluten and have 
allegedly caused digestive disturbances when fed to farm 
animals at high levels for long periods of time.

In commercial cattle operations, efficiency of pro
duction has received major emphasis during the last 15 years 
and there is no question that feed required per 100 lbs of 
gain has been markedly reduced during this period. This 
improvement cannot be attributed to a single factor since 
many components have contributed; however, one important 
factor is the increase in digestibility of the energy of 
the diet. This has come about mainly by increasing the 
grain level. For example, experimental rations at The 
University of Arizona in 1960 contained 56% grain and 75 to 
80% in 1970-1974.

It has long been recognized that grains must be 
processed before being fed to livestock, but prior to 1960 
only grinding and crushing were utilized for processing 
grain. Currently, steam processing and flaking and other 
systems are being used. Utilization of sorghum grain and 
corn by fattening cattle is improved by proper processing.

Studies conducted at The University of Arizona show 
that wheat can satisfactorily replace milo up to 100% of 
grain in 90% concentrate fattening diets. There was a



difference in animal performance when the grain was supplied 
dry rolled or steam processed flaked. Gain was improved by 
steam processing and flaking but feed requirements were 
increased. Flaked wheat was more acceptable by fattening 
cattle as measured by feed intake.

The purpose of the experimental studies reported in 
this thesis was to determine the effect of dry rolling or 
steam processing and flaking on the digestibility of short 
stemmed wheat grain by steers fed diets containing 90 and 
100% concentrate.



LITERATURE REVIEW

Wheat has never been considered a major feed grain 
for cattle because of price and production structures. 
Furthermore it was thought to be primarily a food grain for 
humans. Morrison (1958) states that wheat is satisfactory 
for all kinds of livestock when properly used and is nearly 
equal to corn in feeding value. He also states that cattle 
tend to go off feed or have digestive disturbances when fed 
high levels of wheat for long periods of time.

Hale (1971, n.p.) says: "Wheat price and production 
has changed and so has the management of livestock produc
tion operations 5 today, wheat is a profitable grain for 
livestock and there is no doubt that it provides a palatable 
high energy . . . mineral rich source of feed." A com
parison of the analytical values of the common feed grains 
is given in Table 1. The comparison shows that wheat is 
particularly high in protein and phosphorus both of which 
are expensive to add as a supplement.

Hale et al. (1970) reported the results of four
trials in which 50% of milo was replaced with short stemmed 
wheat grain in fattening diets for yearling steers. No 
differences could be observed in daily gain, feed intake, 
feed requirements, and carcass characteristics of the steers 
receiving the diet containing milo as the only grain as
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Table 1. Composition of Grains

Grain
Dry Matter

%
Protein

%
Ac, Det. 
Fiber %

Phos. 
%

Calcium
%

Wheat 89 14.0 2.0 0.4 0 . 05
Corn 86 8.6 4.5 0 . 20 . 02
Milo 8 9 9.5 2.0 0.25 .02
Barley 89 10.5 7 . 0 0.25 .01

Source: Hale (1975).

compared to the diet which had 50% of the milo replaced with 
wheat. The grain level in the final diet containing wheat 
plus milo was 76% and 74% for the diet containing milo only. 
Hale et al„ (1971) conducted two trials in which wheat 
replaced 50, 75, and 100% of the milo in high grain 
fattening diets. The absolute levels of grain in the diets 
ranged from 74 to 80% depending upon the level of wheat 
substitution for milo. The milo was flaked to a weight of 
25 lbs per bushel, the wheat 36 lbs per bushel. Feed re
quirements were higher for diets containing the two higher 
levels of wheat when compared to diets containing only 50% 
of the milo substituted with wheat. The average daily gain 
and feed requirements were similar for the diets containing 
wheat as the only grain as compared to diets containing milo 
ag the only grain. Carcass characteristics were also 
similar for the different diets. No digestive disturbances



of any type were noted on any of the wheat diets even when 
wheat comprised as much as 80% of the total diet. The 
results obtained from these experiments indicate that short 
stemmed wheat grain can be satisfactorily used as the only 
grain source in high energy diets with yearling steers.

Totusek et al. (1968) reported no statistical 
differences in daily gain, feed intake, and feed require
ments in a feeding trial where wheat, milo, and a mixture 
of both were fed to steer calves. The diets contained 4 5% 
grain. The type of grain had little effect on carcass 
grade but the feeding of milo resulted in a higher level of 
urinary calculi than did wheat. Results also indicated that 
wheat and milo used in this trial were similar in energy 
value.

Lofgreen, Dunbar, and Addis (1970) conducted a trial 
comparing milo and wheat Sonora 64 in high energy diets 
containing 6 8% grain. The milo and wheat were steamed at 
atmospheric pressure for approximately 20 minutes prior to 
rolling. Weights per bushel for the two grains were 30 and 
28 pounds, respectively. Results indicate that cattle on 
the wheat diet ate less feed than those receiving milo and 
since there was no difference in daily gain, feed require
ments favored the diets containing wheat. This indicates 
that with the processing methods used, wheat has a somewhat 
higher energy value than milo.



Schuh et al. (1971) conducted a trial with seven- 
day old dairy calves comparing steam processed flaked wheat 
(Sonora 64) with steam processed flaked milo or barley. The 
results of the trial indicated that the value of steam pro
cessed flaked wheat was similar to steam processed flaked 
milo. or barley for dairy calves.

Wagner, Christiansen, and Renbarger (1971a) reported 
the results of an experiment in which various levels of 
wheat were compared in 90% concentrate diets for fattening 
cattle. The treatments studied were: 0, 42, 63, and 84% 
wheat. The wheat was dry rolled. In the latter treatment, 
wheat was the only grain in the diet. In the other treat
ments, the remainder of the grain was milo. Average daily 
gains indicated that wheat as the sole grain was equal to 
milo and mixtures were slightly superior. The same pattern 
held for feed requirements. This study would suggest that 
substantially higher levels of wheat can be successfully 
used than normally recommended when accompanied by proper 
management.

Wagner, Christiansen, and Stephens (1972) compared 
dry rolled milo to wheat, processed by four different 
methods: dry rolled, coarsely ground, finely ground, and 
whole. Average daily gains tended to be the highest on the 
dry rolled milo and the lowest on the finely ground wheat.
No differences in feed intake were observed for the dry 
rolled milo and coarse ground wheat. Feed intake was less
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for dry rolled and fine ground wheat and higher for whole 
wheat when compared to the other two processing methods„
Feed requirements were similar on all processing treatments 
except the whole wheat which was significantly higher 
(P < .05).

Brethour and Duitsman (1973) reported the results 
of three trials in which diets were formulated using milo 
or wheat supplemented either with soybean meal or urea.
The diets containing wheat were superior to those con
taining milo as measured by average daily gain and feed 
requirements. In all cases gain was depressed when urea 
was substituted for soybean meal.

In an experiment conducted by Brethour (1972), wheat 
was included in fattening diets for steers. The levels of 
wheat were 0, 25, 50, and 100% of the grain on 85% concen^ 
trate diets with an absolute level of grain of 75%. The 
remainder of the grain was milo. Daily gains for the 100% 
wheat diet was 8% less than for the 100% milo. Feed intake 
was progressively lowered with increasing levels of wheat 
in the diets. The feed required per pound of gain was also 
Ipwered as wheat level increased. No digestive distur
bances were observed on the high wheat diets. Results 
suggested that wheat can be included at high percentages in 
steer diets, however Brethour considers 1.00% wheat "too much. "

Brethour and Duitsman (1972) reported the results 
of two trials in which roasted or dry rolled wheat Scout



(hard red winter variety) were compared to dry rolled milo. 
The diets contained approximately 75% grain in combinations 
of 100% wheat, 50% wheat and 50% milo, or 100% milo. The 
results of this trial indicated that when wheat was fed 
alone, roasting improved average daily gain. Feed require
ments were improved when wheat was fed either at 50 or 100% 
of the grain. Carcass grade was lowered with 50% roasted 
wheat but not with 100% wheat as compared to 100% milo.
Net energy values were higher for roasted than for rolled 
wheat. The authors suggest more research with heat treat
ment of wheat is needed.

In comparing wheat to barley and corn in fattening 
steer diets. Gill (1966) concluded that up to 60% wheat 
could be used in diets containing 10 to 15% roughage. He 
stated that feeders can afford to use this level of wheat 
whenever the price of wheat is competitive with corn or 
barley.

Dunbar, Lofgreen, and Addis (1969) compared wheat 
as a replacement for barley in fattening diets containing 
69% grain. The treatments were: all barley, two-thirds 
barley and one-third wheat, one-third barley and two-thirds 
wheat, and all wheat. The grain was steam rolled. Feed 
consumption was higher for steers being fed the wheat- 
barley combination diets. No significant difference was 
obtained in average daily gain or feed requirements due to 
treatment. However, it is interesting to note that "all
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barley" and "all wheat" steers gained about the same and had 
comparable feed requirements. Results suggest that wheat 
and barley were comparable in feeding value for finishing 
cattle and that the combination of the two grains may 
stimulate rate of gain but not influence feed utilization.

Arnett (1971) compared different wheat processing 
methods for the hard red winter variety. Scout, in fattening 
diets for steers. The processing methods were: extruded, 
dry rolled, flaked, and whole. The diets contained 60, 72, 
or 84% grain. Wheat accounted for half of the grain and 
the remainder was flaked milo. Feed consumption was similar 
for all groups except steers fed the whole wheat diet con
sumed about 3.5 lbs per head per day more feed. Large 
quantities of whole wheat were observed in the feces. Gains 
were similar for all processing methods; feed requirements 
were highest for the whole wheat diet. The data obtained 
from this trial substantiate other results which indicate 
that dry rolling is comparable to other more elaborate 
processing methods for wheet grain.

Lofgreen (1974) conducted an experiment in which 
d^ets contained barley and 'Durum and Anza wheat at levelsc.of 
62.5% and found no significant difference in feed consump
tion, weight gain, feed requirements, or carcass character
istics of cattle fed the three grains. The grains were dry 
rolled. Energy utilization studies indicated that the two 
Wheats had a higher energy value than barley.
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Oltjen et al. (1966) reported the results of an 

experiment in which all concentrate diets containing 90% 
red winter wheat or 90% corn were fed to fattening steers. 
The grain was dry rolled. The steers fed the corn diet 
gained faster than the steers on wheat. Performance for 
all groups were similar during the first 70 days but the 
steers consumed less of the high wheat diets during the last
28 days of the trial. Steers on wheat diets showed higher
nominal concentrations of volatile fatty acids and ammonia 
and lowered pH values. Carcass characteristics were not 
significantly affected by treatments.

Burkhardt and Embry (1970) compared whole and dry 
rolled wheat to corn in limited grain diets for beef cattle. 
Grain was fed at 1% body weight with alfalfa-brbme hay1age 
and\no protein supplement. Results indicated that at this 
level of grain, rolling of wheat or corn had little effect
on rate of gain in comparison to whole grain. Steers con
sumed about 3 lbs less of the haylage when fed rolled wheat 
resulting in a saving of about 50 lbs of haylage per 100 
lbs of rolled wheat. Steers fed wheat gained about 16% 
less daily than those fed porn, while total feed require
ments for rolled wheat and rolled corn were similar =

Fulton, Klopfenstein, and Woods (1973) reported the 
results of five steer fattening trials in which different 
varieties of wheat were tested using a corn diet as the 
control. The diets contained 90% concentrate. Absolute
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grain level was not given. In the first two trials, three 
varieties of wheat were fed and the control steers gained 
at a considerably faster rate than those receiving wheat. 
This was due primarily to the decrease in feed intake when 
wheat was fed. Varietal difference among wheats was sig
nificant in both trials, which confirms the evidence that 
differences do exist in feeding characteristics with dif
ferent varieties. The authors state the reduced feed intake 
may be due in part to the lowered rumen pH and increased 
lactic acid levels. Their preliminary studies suggest that 
sodium or potassium hydroxide and fat additions to high 
rumen lactate producing diets, reduce lactate levels, and 
increase average daily feed intake. In trials three and 
four, the treatments included additions of 0.5 and 1.0%
NaOH and 3% fat. The diet containing wheat, NaOH, and fat 
increased rate and efficiency of gain when compared to the 
wheat control. Compared to corn, the rate of gain was not 
equal, but feed requirements were similar. In trial five, 
a combination wheat and corn was used on a 50:50 basis.
The steers fed this diet gained as rapidly and as effi
ciently as those fed corn only.

It has long been recognized that grains must be 
prepared before being fed to cattle. However, prior to 1960 
very little attention had been given to this aspect other 
than grinding and crushing. Currently, with fattening diets 
containing 60 to 85% grain, any improvement of utilization



of grain will be reflected in improved gain and lowered feed 
requirements. Hale (1970) describes the newer grain pro
cessing methods and states that other than steam processing 
and flaking and perhaps pressure cooking, the processing 
methods have not been fully investigated or at least, the 
results of such investigation are not generally available.

Hale et al. (1974) gives the results of three trials 
conducted in which high concentrate diets containing dry 
rolled or steam processed and flaked wheat were compared.
The average number of days for each trial was 14 0 and the 
steers utilized initially weighed 630 pounds. A starting 
diet of 50% concentrate was fed the first 56 days of the 
trial and switched to a 90% concentrate diet for the re
mainder of the experiment. The absolute level of wheat in 
the finishing diet was 81.5%. Results obtained indicated 
that average daily gain for yearling steers on a 90% con
centrate diet was improved by steam processing and flaking 
wheat as compared to dry rolling and this appeared to be 
due to a higher feed intake. The gain was 7% more for the 
steam flaked steers but they also consumed 14% more daily 
feed. Feed requirements favored the dry rolled wheat diet. 
Carcass characteristics and liver abscesses were not 
affected by treatment. Hale et al. suggested that digesti
bility studies were necessary to determine the effect of 
steam processing and flaking on the various components of 
wheat.
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Garret, Lofgreen, and Hull (19 66) conducted a trial 

with diets containing wheat, corn, barley, and milo and fed 
at levels of 64 and 84% of the diet. Grains were processed 
as follows: rolled after eight minutes at atmospheric 
pressure, 20 minutes at atmospheric pressure, pressure 
cooked 1.5 minutes at 20 psi or 60 psi. Daily gain was 
significantly (P < .05) less on the wheat diet than on the 
corn diet, but not significantly less (P > .05) than the 
barley or milo. Feed requirements on the wheat diets were 
not significantly different (P > .05) from the other grains. 
Processing had no effect on feed intake or feed requirement. 
Processing method of grain source had no important effect 
on carcass characteristics.

Garret (1968) compared the influence of the method 
of processing on the feeding value of milo and wheat. The 
steers received wheat or milo each processed by a dry heat 
expansion (popped), steam cooked at pressures of 50 or 80 
psi for 1.5 minutes or steaming at atmospheric pressure for 
8 minutes. All grains were rolled after steaming. Steers 
receiving wheat which was steam pressure processed consumed 
less feed and gained slightly less weight than those fed the. 
steam rolled or popped wheat. Data from this experiment 
show, for all measures of feedlot response and most indir 
cators of carcass value, that differences were too small to 
be economically important.
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Walker (1969) discusses popping or dry air heat 

expansion as an alternative processing method for wheat.
This process uses dry heat to vaporize the natural moisture 
in the grain creating a steam inside the individual cells. 
The hot steam disrupts the organized structure of the starch 
granules making them more digestible. Experiments conducted 
suggest that popped wheat fed to fattening steers performed 
equal to pressure processed wheat as measured by gain and 
feed requirements.

Brethour (1971) reported the results of various 
feeding trials in which different types and varieties of 
wheat were evaluated and states that there tends to be a 
correlation of kernel hardness and lactic acid production 
in the rumen. The hard kernel varieties result in higher 
lactic acid production. This may explain why soft wheats 
can be fed as the only grain in fattening diets with little 
danger of digestive disturbances. In these tests, the 
variety Golden 50 resulted in lowered feed requirements 
when compared.to Red Chief. Golden 50 is a stronger gluten 
wheat than Red Chief and not as hard. The wheat in these 
experiments was dry rolled and the level of grain was 50% 
of the total diet. In the same report, Brethour mentions 
that the Nebraska workers have shown that rumen lactic acid 
production varies with wheat varieties and the higher the 
lactic acid value the lower the feed intake of the steers. 
They compared four diets containing 80% concentrate and an
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absolute level of grain of 50%. The wheat varieties were: 
Scout 66, Trapper, and Gage. The grain in the fourth diet 
was corn. The rumen lactic acid values obtained, micrograms 
per ml, were 250, 162, 42, and 40, respectively. Average 
daily feed intakes for the corresponding grains were, 12.2, 
13.7, 14.4, and 16.7 lbs.

Cornett, Sherrod, and Albin (1971) conducted 
digestibility studies with steers and wethers to determine 
the effect of three different processing methods upon the 
nutritive value of Maxigene 1877, a new feed type wheat.
The wheat which was dry rolled, steam flaked, and micronized 
flaked, was fed in diets containing 78.2% grain. The per
centage of fine particles was highest in the steam flaked 
wheat and lowest in the dry rolled wheat. The digestibility 
of the energy components was lower in the steam flaked diet 
and similar in the other treatments. Protein digestibility 
of the diets was not different among treatments; however, 
the protein digestibility of the steam flaked diet was 
somewhat lower than the others. The data reported in this 
experiment combined with results of other studies suggest 
that steam processing and micronizing hard wheats did hot 
improve their digestibility and that dry rolled wheat is as 
digestible as steam flaked or micronized flaked wheat for 
steers and wethers.

Wagner, Christiansen, and Renbarger (1971b) compared 
two methods of processing wheat, fine grinding and dry
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rolling, at two levels, 40 and 70%, compared to dry rolled 
milo in 90% concentrate diets for fattening steers. Average 
daily gains were slightly in favor of dry rolled milo, 
whereas feed requirements favored rolled wheat. Ground 
wheat was slightly inferior to rolled wheat in daily gain 
and feed requirements. In comparing levels of wheat in the 
diets and regardless of the method of processing, results 
indicated that higher levels of wheat can be satisfactorily 
used in feedlot diets without deterioration of feedlot 
performance if good management is practiced.

Christiansen and Wagner (1972a) reported the results 
of a trial in which dry rolled milo was compared to dry 
rolled wheat or reconstituted wheat, which prior to feeding 
was ground, rolled, or fed whole. The diets were 90% con
centrate and the level of wheat was 70% of the diet.
Results indicated that wheat can be successfully fed in high 
concentrate diets and that reconstitution does not produce 
the same degree of increase in the nutritive value of wheat 
f<pr feedlot cattle as does reconstitution of milo. A 
similar experiment was conducted by the same authors (1972b) 
with results that support the original study suggesting 
little if any improvement in the nutritive value of wheat 
when reconstituted.

Christiansen and Wagner (1973) compared reconsti
tuted and dry rolled wheat in 90% concentrate diets for 
finishing beef cattle. The wheat was reconstituted whole



and fed either whole or rolled. Results of this study sug
gested that reconstituted wheat was more palatable than dry 
rolled wheat as measured by feed intake. Feed requirements 
for the reconstituted wheat fed whole were 11% larger than 
for the dry rolled wheat. However, feed requirements for 
the reconstituted rolled wheat were 10% lower than for the 
dry rolled wheat.

Varner (19 71) recommended that wheat should be 
limited to 30% of the total diet; that wheat should be 
worked into the diet gradually and should be coarsely rolled 
or ground before being fed to cattle.

A gradual increasing of grain in the diet is recom
mended by Pryor and Lawst (1972). An experiment was con
ducted and the following grain-roughage ratios were compared 
15/85, 50/50, and 85/15. The treatments included either 
whole or rolled wheat and with or without sodium bicarbonate 
supplement. The steers fed the higher wheat diets gained 
faster and had lower feed requirements. They also produced 
higher grading carcasses. The steers fed the whole wheat 
consumed 10% more feed as compared to the steers consuming 
the rolled wheat diet; weight gain although not significant 
was slightly higher for the steers on the whole wheat diet, 
however feed requirements favored the steers on the dry 
rolled diet. The addition of sodium bicarbonate produced no 
significant difference in productive response. No steers 
showed visible interference with health suggesting that the



gradual increase of grain was a safe method of introducing 
cattle to a diet with high percentages of grain.



EXPERIMENTAL PROCEDURE

Two digestion trials were conducted to determine the 
effect of dry rolling versus steam processing and flaking 
on the digestibility of short stemmed wheat (Siete Cerros) 
by steers. A diet containing 90% concentrate was fed in 
the first trial and a 100% concentrate diet was fed in the 
second trial. The composition of the experimental diets is 
shown in Table 2,

1Table 2. Composition of Experimental Diets

Ingredient 90% Concentrate 100% Concentrate
Ground alfalfa hay 5.0 —

Cotton seed hulls 5.0 -
Wheat9- 82.6 93.25
Molasses 6.0 6.0
Salt 0.5 -
Ground limestone 0.9 0.75

100.0 100.0
Vitamin A 10-P 15 grams 3 0 grams

aThe wheat was either dry rolled or steam 
processed flaked„

The wheat for the two diets, was processed as 
follows: Dry rolled: wheat was rolled dry through an 18 x
30 inch roller mill (the rolls were grooved with 20 corruga
tions per inch). The final product weighed 4 0 lbs per

20
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bushel. Steam processing and flaking: wheat was subjected 
to moist steam for 10 minutes at a temperature of about 200° 
Fahrenheit, then rolled and flaked to a weight of 36 lbs 
per bushel.

Diets were mixed in sufficient amount to feed during 
the five day constant intake period prior to the collection 
period and for the six day collection period. Six steers 
averaging 560 pounds were allotted to individual pens with 
three steers on each processing treatment. Three steers 
were assigned to each diet and then switched to have a 
total of six observations for each trial.

All animals were housed in individual concrete 
floored pens of 8' x 16'; the same animals were used in 
both trials. Each pen was equipped with an automatic 
watering cup; an aluminum shade covered the feeding bunk 
and approximately one-half of each pen. The steers were fed 
individually ad libitum twice a day for 15 days before being 
placed on constant feed intake. The constant feed intake 
was established at approximately 9 0% of ad libitum. The 
animals were on constant feed intake for five days prior to 
the initiation of a 6-day total collection period. Weight 
of the animals was taken at the beginning and end of each 
period.

Feces were collected directly off the concrete 
floors with dust pan and putty knife. Prior to the collec
tion period and every twenty-four hours, the floors were



thoroughly washed with hose and brush. Collection of the 
feces was made early in the morning, then 4 to 5 collections 
during the day and a last one, as late as possible in the 
evening. No collection was made at night. The feces were 
weighed and thoroughly mixed. A sample of approximately 
500 grams was saved from each animal and for every 2 4 hour 
period and dried at 55°C in a forced air oven for 72 hours.
A first dry matter determination was made at this time.
At the end of each 6 day collection period, the composite 
samples were ground through a 1 mm mesh screen, thoroughly 
mixed, and a sample retained for chemical analysis. A 
sample of feed was also retained daily during the collection 
period for dry matter determination and chemical analysis.

Determination of nitrogen, ash, and dry matter was 
made according to A.O.A.C. (1955) procedures. Lipid 
determination was made by the Marchello, Dryden, and Hale 
(1971) method; crude fiber was determined by the Van Soest 
(1963) Acid Detergent Method; and Nitrogen Free Extract 
was determined by difference.

Gross energy was determined with a Parr adiabatic 
bomb calorimeter. The digestion coefficient of the various 
fractions were calculated using the following formula:

Intake - Output (100)
Intake



RESULTS

Proximate analysis of the diets are given in Table 
3. There were no differences for the values of the dif
ferent components when the wheat was steam flaked or dry 
rolled with the possible exception of crude protein or ash 
which appeared to be lower on flaked diet. Lipid and ash 
were somewhat lower in the 100% concentrate diet as compared 
to the 90% concentrate diet. As expected, the acid 
detergent fiber was considerably lower in the 100% con
centrate diet as no roughage was added to this diet. Like
wise, there was an increase in nitrogen free extract in the 
100% concentrate diet as compared to the 90% concentrate 
diet. Gross energy was fairly constant for both diets.
Dry matter intake and fecal dry matter excretion by steers 
by periods is presented in Table 4. Analysis of the feces 
on a dry matter basis is presented in Table 5.

The digestion coefficients for the various fractions 
and for gross energy and the TDN of the diets are presented 
in Table 6. Testing the change in digestibility of the 
different components of the diets containing either dry 
rolled or steam processed and flaked wheat using the 
"Student's t" test, no significant difference was found due 
to processing method in either the 90% or 100% concentrate 
diets.
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Table 3. Proximate Analysis and Gross Energy of Feed on a 

Dry Matter Basis

Diet
Crude

Protein
%

Lipid
%

Acid Det. Ash Nit. Free 
Fiber % % Extr. %

Gross En. 
cal/gm

Period 1 (90% Concentrate)
D.R.a 14.3 5.2 9.5 5.9 65.1 4315
S.P.F. 14. 0 4.7 9.9 4.7 66.7 4282

Period 2 (9 0% Concentrate)
D.R. 14.7 4.3 10.2 6.6 64.2 4188
S.P.F. 14,2 3,7 10.1 5,3 66.8 4247

Period 3 (100 % Concentrate)
D.R, 14,5 3. 6 5.2 3.4 73.3 4262
S.P.F, 14,3 3.2 5.6 2.5 74.4 4258

Period 4 (100% Concentrate)
D.R, 14.6 3.4 5.6 3.0 73.3 4321
S.P.F. 14. 0 3.4 6.8 2.6 73.2 4274

aD.R, dry rolled; S.P.F. steam processed and flaked.
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Table 4, Dry Matter Intake and Fecal Dry Matter Excretion

Steer No, Diet Grams Intake Grams Excreted

3 D.R.
Period 1 

27360 6165
14 D.R, 32840 7190
7 D,R, 27370 5300
1 S . P , 29 690 6210
5 S,P. 38490 6670

16 S,P, 35200 7320

3 S,P.
Period 2 

32590 5660
7 S.P, 32590 5460

14 S.P. 38030 722 0
1 D.R. 26420 4330
5 D.R. 27040 4150

16 D.R. 32400 5950

3 S.P,
Period 3 

267 80 3170
7 S.P, 3214 0 3120

14 S.P, 32140 4410
1 D.R, 26830 3310
5 D.R, 32190 2 82 0

16 D.R, 32190 4250

3 D.R.
Period 4 

23810 2890
7 . D.R, 32350 3900

14. D.R, 26960 324Q
1 S.P, 37770 4930
5 S.P. 26980 2900

16 S,P, 32380 3460

Values are for six day periods„
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Table 5, Proximate Analysis and Gross'Energy of Feces on a 

Dry Matter Basis

Steer
No. Diet

C.P.
%

Lipid
%

C. Fiber
%

Ash
%

N.F.E.
%

G.E.
cal/gm

3 D.R. 20.4
Period 1 

11.6 31.3 11.5 25.2 4868
14 D.R. 19.7 8.3 28.3 9.0 34.6 4659
7 D.R. 19. 9 8.2 32.6 9.0 30.3 4723
1 S.P. 19.1 7.7 31.7 10.4 31.0 4584
5 S.P. 20. 2 7,8 26.9 10.8 3 4.3 4625

16 S.P. 19.7 8.3 30.5 9.6 31.9 4673

3 S.P, 17.4
Period 2 

8.8 39.2 11.5' 23,1 4470
7 S.P. 19,1 8,6 36.1 10.0 26,2 4512

14 S.P. 19.2 9.4 37.0 10.2 24.2 4595
1 D.R, 20.5 12,0 31.3 10.1 26.1 4777
5 D.R. 17,2 8,4 33.6 12.0 28.8 4426

16 D.R. 18.5 9.3 30.5 10.7 31.0 4560

3 S.P, 25,2
Period 3 

11,8 24.6 13.4 24.9 4694
7 S.P, 22.7 10,9 23.2 9.8 33.3 4772

14 S.P, 21.7 9.2 24.3 9.8 35.0 4672
1 D.R. 20.3 11.8 25.1 10.8 32.0 4724
5 D.R. 21.1 9.9 22.3 11.9 34.8 4578

16 D.R, 21,5 10,5 21.7 12.6 33.6 4591

3 D.R. 22. 6
Period 4 

14.7 21,2 .13.1 28.4- 4906
7 D.R. 21.8 10.7 21.8 8.5 37.1 4888

14 D.R, 20,0 9,8 23,8 9,4 37.1 4688
1 S.P, 24,7 10.0 23.5 10.5 31.3 4604
5 S.P, 22.3 10.3 23.5 15.0 28.9 4520

16 S.P, 21.7 10.4 22.8 13.0 32.1 4584
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Table 6. Digestion Coefficients (.%) and TDN (%) for the 

Experimental Diets

Fraction

90% Concentrate 100% Concentrate
Dry

Rolled
S.P.

Flaked Avg.
Dry

Rolled
S.P.

Flaked Avg.

Number of Steers 6 6 6 6
Dry Matter 81.0 81.3 81.2 88 .2 8 8.4 88.3
Crude Protein 74 . 2 74.0 74.1 82.9 81.1 82.0
Lipid 61,5 61.6 61.6 65.6 66.0 65.8
A. D . Fiber 39.6 37,4 38,5 50.8 54.8 52.8
Nit, Free Ex, 91.4 92.1 91.2 94.6 95.1 94.8
Gross Energy 79.1 79.9 79.5 87.0 87.4 87.2
TDNa 80.4 81. 6 81.0 89.2 90.0 89.6
TDN of wheata -- — — 88.0 — - 92.0

aDry matter basis,



28
The "Student's t" test was used to determine if 

there was a difference in the digestibility of the diet 
components when the concentrate level was increased from 90 
to 100%. Calculations were made with 12 observations 
regardless of the type of wheat processing. Results of this 
"t" test are presented in Table 7. A statistically sig
nificant (P < .05) increase in digestibility was found for 
all fractions, except lipid, when the concentrate level in 
the diet was increased from 90% to 100%. The digestibility 
of the crude fiber fraction was also higher in the 100% 
concentrate diet; however, this does not agree, with the 
established criterion that states the digestibility of 
dietary cellulose in ruminants is reduced if more readily 
fermentable carbohydrates are added to the diet (Annison and 
Lewis, 1959). The increase in digestibility of the fiber 
in the 100% concentrate diet over the 90% diet may be a 
result of the lower level of fiber in the 100% concentrate 
diet. However, due to the low level of fiber in either diet 
and to the low digestibility of crude fiber, the increase in 
digestibility contributes very little to the TDN of the 
diets.

The performance of the steers during the 125-day 
trial is presented in Table 8. Although the purpose of the 
study was not to obtain performance data, it serves as a 
useful guide in determining if daily gain and feed intake is 
within normal range for 560 pound steers on fattening diets.
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Table 7, Statistical Differences for the Means of the

Digestion Coefficients of the Different Fractions 
and Gross Energy of the Experimental Diets at 
90% and 100% Concentrate Levels

Fraction Mean 100% Mean 90%
Mean

Difference
Calculated 
"t" Value

Dry Matter 88.3 81.2 7.1 11.9*
Gross Energy 87.1 79.5 7.6 11.5*
Crude Protein 82.0 74.4 7.6 6.5*
Crude Fiber 52,7 38.4 14.3 4.5*
Lipid 65.1 62.2 2.9 1.6
Nit. Free Ext. 94,8 91.8 3.0 6.6*

*Difference is significant at .05 level.
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Table 8. Steers' Performance and Average Feed Intake 

No. of Steers = 6  

Days of Trial = 125 
Average Daily Feed Intake:

Dry Rolled Wheat Diet = 12.29 lbs.
Steam Processed and Flaked Wheat Diet = 13.64 lbs.

Steer
No.

Initial 
Wt. lbs

Final 
Wt. lbs

Gain in 
125 days 

lbs
ADG, 
lbs

Feed/
Gain

1 53 9 828 289 2.31 5.59
5 600 815 215 1.72 8.64

16 595 838 243 1.94 7.20
3 554 735 181 1.45 8.09
7 545 792 247 1.98 6.34

14 530 810 2 80 2.24 6.48
Avg, 560 803 243 1.94 7.06
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The average daily gain of 1.94 lbs is based on initial and 
final weight of the steers irrespective of processing 
method. The gains can be considered satisfactory in view 
of the fact that the steers were subjected to a restricted 
feed intake during the collection periods plus the stress 
caused by the constant cleaning and collection operations. 
Feed requirements averaged 7.0 6 lbs of feed per lb of gain 
which is similar to the results obtained in previous feed- 
lot trials when wheat was fed. Considering the rates of 
gain, the feed requirements can be considered good.

The steers consumed more of the steam processed 
flaked wheat diets, 13.6 lbs, than the dry rolled wheat 
diets, 12.3 lbs. The higher feed consumption of the flaked 
wheat diets is in agreement with group feeding trials 
previously reported by Hale et al. (1974), and indicates
that the flaked wheat diets were more acceptable by the 
steers than the dry rolled wheat diets.

The steers consumed an average of 1.9% of body 
weight per day which is acceptable for 90 and 100% con
centrate diets.

During the trial there were no digestive disturb
ances which confirms that short stemmed wheat grain can be 
fed with no major problems at high levels for long periods 
of time to fattening steers.



DISCUSSION

The data obtained from the digestion trial together 
with the information available from other research suggest 
that processing such as steam flaking when compared to dry- 
rolling does not affect the digestibility of the different 
fractions of the diet containing high levels of wheat.
Steam processing and flaking wheat has an effect on the 
palatability of high grain diets resulting .in a greater 
feed intake with a subsequent increase in weight gain.
Feed conversion has been found to favor diets containing 
dry rolled wheat as compared to steam flaked diets (Hale 
et al., 1974), The difference in gain may be due to a 
faster rate of passage of the diet containing the steam 
flaked wheat as feed intake is greater on diets containing 
flaked wheat as compared to dry rolled wheat (Hale et al„, 
1974),

Walker (1969) found that in vitro starch hydrolysis 
of wheat with alpha amylase was more rapid when the wheat 
was processed by some method such as dry air expansion. If 
more rapid starch hydrolysis of wheat occurs in the rumen 
when wheat is processed by some method other than dry 
rolling, an increase in rate of passage could be expected 
with a concurrent increase in feed intake, and this could 
account for the increase in feed intake with flaked grains

32
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(Hale et al., 1974). However, at present there is no 
explanation for the apparent lowered utilization by cattle 
of flaked wheat as compared to dry rolled wheat. The 
digestion trials do not indicate a depression in digesti
bility in any component of the wheat to steam processing 
and flaking. It should be pointed out that during the 
digestion trials the steers were on a reduced feed intake 
as compared to the amount of feed that might be consumed on 
an ad libitum intake. The effect of the reduced feed 
intake as related to the digestibility of the wheat 
processed by the two different methods could not be 
ascertained from the current studies.

It is possible to calculate the total digestible 
nutrients of the wheat on both the 90 and 100% concentrate 
diets by assigning commonly accepted TDN values to the 
diet ingredients other than wheat. For the calculation on 
an air dried basis the following TDN values were used; 
alfalfa hay, 54%; cotton seed hulls, 38%;, and molasses,
54%. For the 90% concentrate diet on 90% dry matter basis, 
tjtie wheat contained 7 9% TDN and for the 100% concentrate 
diet 83% TDN for an average of 81% TDN, Properly steam 
processed flaked milo contains 77% TDN, Thus, the energy 
value of wheat appears to be somewhat higher than that for 
flaked milo. In general the feedlot trials discussed in the 
literature review section suggested that for finishing 
cattle, wheat has a higher energy value than milo.
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On the basis of the results of the digestion trials 

reported in this thesis and the general information 
available in the literature review, it appears not neces
sary to process wheat for high grain diets to be fed to 
cattle by some method other than dry rolling. However, to 
avoid the dustiness produced in the dry rolling and to 
obtain the increased feed intake due to steam processing 
and flaking has resulted in the general recommendation 
that wheat be processed by other methods other than dry 
rolling. With this recommendation it has been realized 
that feed requirements may be higher for the flaked wheat 
than for the dry rolled wheat, It is further suggested 
that heat during processing be held at a minimum to prevent 
any unnecessary damage of the wheat which might result in 
lowered utilization of the wheat by cattle. The research 
in this thesis did not investigate the effect of varying 
levels of heat on the utilization of wheat but the writer 
is of the opinion that the above recommendations are valid,



SUMMARY

Two digestion trials were conducted in a period of 
125 days with six steers weighing an average of 560 pounds, 
to determine the effect of wheat processing, dry rolled or 
steam processed flaked, on the digestibility of high con
centrate fattening diets containing wheat as the only grain. 
The dry rolled and steam processed flaked wheat weighed 40 
and 3 6 pounds per bushel respectively.

In trial I the diet contained 90% concentrate with 
an absolute level of wheat of 82,6%. In trial II, the diet 
contained 100% concentrate with a wheat level of 93.2%.
In each trial the wheat was either dry rolled or steam 
flaked. A single switch back design was utilized within 
each trial with three steers assigned to each processing 
method for a collection period and then switched in a second 
collection period for a total of six observations for each 
processing method with each trial.

Samples of feed and feces were saved from each 
period and chemically analyzed for the various components 
and gross energy, No significant difference was found in 
either trial for the digestibility of the different campo^  
nents of the diets due to wheat processing„ Protein 
digestibility although not significant was slightly lowered 
in the steam flaked wheat diets. The digestibility of all
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fractions, except lipid, increased significantly when the 
concentrate level was increased from 90 to 100%.

Combining concentrate level and processing method, 
the wheat was calculated to contain 81% TDN on an air 
dried basis. For the 125 day period, average daily gain 
was 1.94 lbs and feed requirements 7.06 lbs per lb of gain 
which were considered satisfactory for this type of experi
ment. The steers consumed 10% more of the diets containing 
steam flaked wheat which is in agreement with group 
feeding trials previously conducted. The acceptance of the 
high concentrate diets containing wheat as the only grain 
by the steers was no problem even with a 93.2% level of 
grain. Across processing method and concentrate level, the 
steers consumed an average of 1.9% body weight which is 
acceptable given the high level of concentrate.
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