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INTRODUCTION

The digestibility and utilization of low quality roughages by
runinant animals have been studied extensively during the past 65 years.
Recent work has stressed the mineral compositicn and deficiencies of cer-
tain low qualify roughages. In order to efficiently utilize low quality
roughages as a source of energy, it is necessary toc properly nourish
rumen nmicroorganisms which break down cellulose into forms usable by the
host animal. It has been demonstrated that the micrchial population of
the rumen can be increased by supplementation of low guality roughags
rations with certain mineral combinations with a subsequent increase in
the utilization of low quality roughages.

Since low quality roughages are bulky in nature and of relatively
low value, the problem becomes one of economics as well as nutrition.

It is necessary to utilize low quality roughages without extensive
processing or transportation costs. The utilization of these feeds is
thus of primary importance, with any means of increasing their value of
vital concern to livestock producers.

This investigation was designed to measure the effects of mineral
combinations and/or corn oil upon the digestibility and utilization of

rations containing cottonseed hulls or ground corncobs as roughags.



REVIEW OF LITERATURE

Digestibility and Utilization of Low Quality Roughages as Influenced by
Their Mineral Composition

The efficiency with which the cellulose from low quality roughages
is utilized by cattle and sheep is primarily dependent upon the degres
of lignificetion in the plant tissues and the maximal activity of rumen
microorganisms which break down cellulose into forms which can be
utilized by the host animal (Crampton and Maynard, 1938). Conditions
necessary for optimum activity of the rumen microflora have been shown
by Burroughs et al. (1951) to include: (1) energy, (2) available
nitrogen, and (3) minerals. Forbes et al. (1943) demonstrated that the
digestibility of various feedstuffs is influenced by the associative
effects of different feed combinations and their effect upon the activity
of the rumen microflora as measured by digestibility and metabelizable
ensergys. In nourishing the rumen microorganisms the trace minerals
which are required for specific physiological functions in the animal
body and thus are sssential dietary ingredients include iron, copper,
cobalt, manganese, iodine, and zinc (Phillips, 1952). It has bean found
necessary to supplement crops grown on soils deficient in the previously
mentioned trace minerals in order that they can be efficlently used asg
animal feeds.

The mineral content of some cattle feeds used in North Central
Kansas was determined by Glendening et al. (1952) with composition of

alfalfa and prairie hay on a moisture<free basis as followss.



Mineral Alfalfa Prairie Hay

% %
Ne 0.083 0.014
K 2,26 0.78
cl 0. 4dd, 0.136
Ca 1.32 0.32
Mg 0.45 0.30
p 0.43 0.15
Fe 0.021 0,012
804, 0.03
PPM PPM
Cu 28.0 25,0
Co 0.21 0.17
Mn 48.0 53.0
Mo 0.9 1.0

Typical beef rations for the designated area were not deficient in
copper, manganese or cobalt.

In studying utilization of a mineral-deficient hesrbage by sheep,
Woodman and Evans (1930) concluded that malnutrition on such a diet was
due to the failure of the diet to supply the necessary inorganic mater-
ials for structural purposes and for the normal balance of minerals in
the blood and tissues of the animal's body.

Ruminant rations are commonly composed of concentrates of plant
origin which are notably low in calcium and hays or fodders as roughage

which are in most instances low in phosphorus (Corrie, 1951). Riddell

et al. (1934) and Kleiber et al. (1936) working with cattle found that a

phosphorus deficiency had no apparent effect on digestibility of ration
components but that a decreasse in appestite was apparent. Kleiber and
co-workers also reported a decrease in efficisncy of snergy utilizati@n
and of food protein for the sparing of body protein. Lofgreen and
Kleiber (1953) studied the availability of phosphorus in alfalfa hay by

the use of radio-active phosphorus and found the apparent digestibility
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to be 22% and the true digestibility 91%, indicating that phosphorus in
alfalfa hay is readily available for absorption by lambs.

The addition of ground limsstone to a calcium~deficient fattening-
type ration for cattle by Weber et al. (1940) gave increased gains and
improved feed utilization; however, beneficial effects were not signifi-
cant for eithef digestibility or appetite.

Burroughs et al. (1949) working with the artificial rumen found
that good gquality roughages were digested efficiently without supple-
mentation but that poor quality roughages were not digested efficisntly
without the addition of a complex mineral mixture or an auto-claved
water extract of cow manure. Further in vitro work by Burroughs et al.
(1950a) showed that supplementation of poor quality roughages such as
corn stover, wheat straw, corncobs and mature timothy-bluegrass with an
auto-claved extract of cow manure or a complex mineral mixture improved
the digestibility of cellulose but had no effect upon clover, rys or
alfalfa hays. Work bleurroughs et al, (1951) in which ash of molasses,
immature clover hay or mature timothy was added to an artificial rumen
indicated that the ashes were comparable on a weight basis in stimulating
gellulose digestion. The addition of auto-claved rumen juice tc an arti-
ficial rumen increased cellulose digestibility two to three times (Bentley
et al. 1953). They found that the effect could be simulated by the addi-
tion of nine B-vitamins, adenine, uracil, xanthine and alfalfa or molasses
ash. A combination of B-vitamins and alfalfa ash appeared to be responsible
for most of the increase in digestibility.

Alfalfa ash and a mineral mixture composed of copper, cobalt, man-
ganese, zinc and iron improved average daily gain of steers on a semi-

purified corncob roughage~type ration, with gains increased from 1.34 to
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1.92 1b per day (Bentley and Moxon, 1952). Thsy also found that lbts
receiving alfalfa ash or the mineral mixture had an increased feed con=
sumption of approximately 25% but apparent digestibility was not affected.

Results of three trials (Bennett, 1955) indicate that there may be
some hasis for replacing part of the cottenseed meal in a steer fattening
ration, containing sorghum silage as roughage, with alfalfa hay or dehy-
drated alfalfa meal. The addition of alfalfa ash to the basal ration had
no apparent effect.

Tillmen et al. (1954a) fed a ration containing coarsely ground
prairie hay as roughage to sheep and found that neither alfalfa ash nor
a complete mineral mixture would improve the apparent digestibility of
the ration or any of its proximate components.

A wheat straw ration for besf calves was supplemented with dehy-
drated alfalfa meal pellets with a slight incrsase in daily rate of gain
and feed efficiency resulting (Richardson et al., 1953). Tillmen and
MacVicar (1955) added alfalfa ash to a semi-purified ration containing
wheat straw as roughage and reported slight but not significant increases
in organic matter and crude fiber digestibility.

Shrewsbury st al, (1943) concluded that protein and energy could
be eliminated as sole causative factors in the improvement found upon
the addition of alfalfa to rations for breeding ewes, since pressed julce
of alfalfa also gave favorable results.

Bryant and Burkey (1953) found bacterial flora to be more complex
when dairy cows were fgd alfalfa than when concentrates or wheat straw
constituted the major portion of the ration,

Efficient utilization of low quality roughages may necessitate

the addition of trace minerals or a complex mineral mixture to rations



containing roughages grown in mineral deficient soil or to rations which
are low in total ash content.

Utilization of Cottonseed Hulls Fed Singly or with Supplemsnts

In recent years experiments have shown that propsrly supplemented
low quality roughages such as cottonseed hulls can be used to good
advantage in feeding cattle or sheep (Moore, 1951). As a result of
these expsriments the demand for cottonseed hulls has in most areas
exceaded the available supply.

Early work on digestibility of cottonseed hulls was conducted by
Emery and Kilgore (1891), Emery et al. (1891) and Zmery and Kilgore
(1892). In an extensive series of experiments with beef cattle Emery and
co-worksrs tested the digestibility of cottonseed hulls alone, the effect
upon digestibility when cottonseed meal was added to the ration, and the
value of a cottonseed hull-cottonseed meal ration for beef production.
They found that substantial increases in digestion coefficients could
be achieved by the addition of cottonseed meal to a cottonseed hull
ration with dry matter digestibility increased from 35.9 to 44.9%, crude
protein from 24.6 to 44.3% and crude fiber from 27.1 to 33.9%. Their
results clearly indicate that cottonseed hulls alone do not constitute a
nutritionally adequate ration and that additional protein will correct at
least a portion of the nutritional deficiencies. Digestion studies by
Fraps (1914) gave slightly higher digestion coefficients than those ob-
tainsd by Hmery and co-workers; howsver, Fraps supplemented his ration
with alfalfa and cottonseed meal with later work showing that digestibility
can be increased through additions of alfalfa hay, alfalfa ash or extracts

of alfalfa hay.



In an attempt to correlate digestibility with chemical composition
Hussain et al. (1951) compared cottonseed hulls and wheat straw. They

reported digestion coefficients as follows:

Dry Crude Ether NFE Cruds
Matter Protein Bxtract Fiber

Cottonseed hulls 4944, 8.7 68.0 57,0 ids5
Wheat straw 48,7 negative 35.6 52.5 61.5

Similarities are apparent in the two roughages except for the ash con-
tent which in the case of wheat straw was 9.4% as compared to 3.4% for
cotionseed hulls.

Further compariéons of cottonseed hulls to common low quality
roughages were made by Starkey and Godbey (1937) in which they supple-
mented a steer fattening ration, using corncobs and cottonseed hulls as
roughage, with cottonseed meal and found the hull-fed steers to gain
0.85 1b more per head per day. Steers fed a ration of cottonseed hulls
plus alfalfa hay outgained those fed ground cotton stalks or ground gin
trash plus alfalfa hay (Melton et al., 1950).

Forbes and Garrigus (1949) compared the digestibilities of two lamb
rations which were similar in proximate composition except that one con-
tained alfalfa as roughage and the other cottonseed hulls. They found
that lambs fed the ration containing hulls digested 91% as much dry matter,
82% as much protein, 117% as much fat, 92% as much NFE, and 93% as much
energy as did those fed the ration containing alfalfa as roughage. Of
the digestible energy, both rations were 85% metabolizable.

Tillman et al. (1954b) found that alfalfa ash when added to a semi-
purified diet for sheep which contained cottonseed hulls as roughage,
inereased the digestibility of all ration components. A synthetic al-

falfa ash mixture was found to be equally effective in increasing



digestibility and utilization of cottonseed hulls. Attempts to show
specific mineral deficiencies for sheep in cottonseed hulls by elimina-
ting individual minerals from'synthetic alfalfa ash revealed that dele-
tion of manganese or magnesium had little effect but that omitting copper
or iron would result in significantly lower daily gains (Tefft, 1954).

Reported data indicate that cottonseed hulls can be efficiently
utilized by cattle or sheep if adequate protein and a complex mineral
mixture or source of minerals are provided.

Supplementation and Utilization of Corncobs

The nutritive value of corncobs fed singly and supplemented or fed
as ground ear corn with supplement has not been accurately determined.
Feed lot results vary from zero to values about equal to that of legume
hay or corn itself (Otis, 1904; Mumford, 1905; Allison, 1917; Vaughan,
1927; Gerlaugh, 1928; Peters, 1933; Thalman and Cathcart, 1934; Gerlaugh
and Rogers, 1936; and King, 1938, 1940). Digestion trials with sheep
and goats conducted by Lindsey et al. (1917), fmery and Kilgore (1894)
and Fraps (1924) indicate that corncobs have a total digestible nutrient
value of about 46.2%, which is a value approaching that of hays. Burroughs
et al. (1945) obtained a total digestible nutrient figure of 51.6% in
digestién trials with beef cattle and 64% in feed lot tests. The addi-
tion of corncobs to a lamb fattening ration lowered gains due to decreased
intake of feeds high in total digestible nutrients (Bsll, 1949).

The value of adding minerals to a steer fattening ration composed
of corn-and-cob meal plus soybean meal was demonstrated as follows by .

Bentley and Klosterman (1953):



Daily Gain Corn=and-Cob
Ration (1v) Meal/CWT of Gain
(1b)
Basal 1.31 612
Basal plus iron 1.26 613
Basal plus trace minerals 1.96 523
Basal plus alfalfa ash 1.89 547

The apparent coefficient of digestibility of organic matter in a
ration containing corncobs as roughage which was fed to cattls was
found to increase from about 35% to about 50% when alfalfa ash or a
water extract of alfalfa ash was added to the ration (Burroughs et al.,
1948). Similar results were obtained by Chappel (1952) in showing a 20%
increase in digestibility of organic matter of corncobs with sheep when
alfalfa ash was added to the ration. In further work Chappel (1952)
found that the addition of alfalfa ash increased the digestibility of

all ration componénts, especially crude fiber. Swift et al. (1951) found

increased crude fiber digestibility (43.0 to 53.8%) when alfalfa ash was
added to a ration containing corncobs as the roughage for sheep. Burroughs

et al. (1950b) working with steers receiving a corncob ration found that

alfalfa ash increased digestibility of dry matter from 38.5 to 52.0%

Beeson and Perry (1952). observed that the addition of one and two
1b of alfalfa meal to a steer fattening ration containing corncobs as
roughage increased daily gains by 0.13 and 0.27 1b respectively.

Daily gains of cattle on a fattening ration receiving corncobs as
the only roughage were significantly increased by the addition of ash of
dehydrated alfalfa meal, the ash of molasses fermentation solubles or a
trace mineral supplement (Klostérman st al., 1953).

Data reported by Becker and Smith (1949) showed that the additien
of cobalt to a ration containing low quality roughage increased the

digestibility of ether extract and NFE.
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The digestibility of rations containing corncobs as roughage has
been'significantly increased by the addition of alfalfa ash. This is
in accordance with data reported on other low quality, low-ash type
roughages.

Utilization of Dietary Fat and Its Effect on the Digestibility of Other
Ration Componsnts

Fat in the form of lard and tallow became an agricultural surplus
about 1947, and since that time the animal industry has sought ways to
incorporate these high energy compounds into livestock feeds in such a
manﬁer that the animals consuming the feeds could meke economical and
efficient use of these products. Since one 1lb of fat is equal to about
2.25 1b of carbohydrate on a calorific basis, it becomes readily appar-
ent that the 700 million 1b annual surplus is a potential and competi-
tive source of a high energy feed ingredient of great economic value
(Ewell, 1953).

The effect of dietary fat upon digestibility of other ration com-
ponents was studied by Lucas and Loosli (1944). They found lowered
digestibility of dry matter, NFE and crude fiber in rations for dairy
cattle in which ether extract had been increased to 7% by the addition
of corn or soybean oil. Byers et al. (1949) found that a ration of
alfalfa hay and ground soybeans containing 5.2% dietary fat did not
increase milk production in dairy cows when compared to a ration of
alfalfa hay and soybean meal confaining 2.7% dietary fat. Absorption of
dietary fat was demonstrated by Allen (1934) who recovered 10 to 20% of
added dietary fat in milk of dairy cows. Feeding tests involving dairy
calves indicated that calves fed butterfat at the 3.5% level excelled

in all respects those fed lard, tallow, corn oil, cottonseed oil and
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soybean 0il at the same rate (Gullickson gt al., 1942). Dairy calves
fed hydrogenated soybean oil at the 3% level exhibited growth comparable
to those fed whole milk, while calves fed two to three percent crude
expeller soybsan oil showed poor growth and a high mortality rate
(Jacobson et als, 1949).

The utilization of energy and protein in isocaloric rations con=-
taining 3, 4, 5, 6, 7 and 8% ether extract and equal protein was found
to be about the same when fed to sheep (Swift et al., 1948).

Using lambs to study digestibility as affected by proportion of
nutrients and using corn oil to vary ether extract, Swift et al. (1947)
fed rations containing 9;8, 6.4, and 2.8% ether extract and reported dry
matter digestibility as 72.8, 76.2, and 74.7%, respectively, for the
three rations. Brooks et al. (1954) found that the addition of corn oil
to a sheep ration containing cottonseed hulls as roughage significantly
decreased cellulose digestibility and that lard exhibited similar effects
but to a lesser dégreeo

Results of a steer fattening trial using crude cottonseed oil to

increase ether extract are shown in the following table (Willey et al.,

1952):
1 2 3 4
Bther extract 2.84% 2.92%% 7.55% 7 54.%%
Daily gain 2.22 1b 2.30 1b 2,22 1b 2.25 1b
Feed/CHWT of gain 824 1b 822 1b 710 1b 733 1b

*Rations two and four were slightly higher in energy than
one and three

A steer fattening ration was pelleted and fed with lot I receiving
basal, lot II pellet containing 5.5% beef tallow, and lot III pellet
containing 5.5% corn o0il with the following results (Matsushima and Dowe,

1953):.
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Lot I Lot IL Lot IIL
Average daily gain 2.11 1b 2.00 1b 1.74 1b
Feed cost /CWT of gain $27.67 $26.49 $31.96

 Jones g;,g;. (1942) fed a fattening ration to steers containing
approximately 3% cottonseed oil and reported it to be a satisfactory
source of energy. Other data reported have not besn in agreement as tc
the effect of adding fat to the diet of ruminants. In most instances
added fat has decreased digestibility of the ration, particularly
e¢asllulose. Feeding trials have failed to give conclusive information
regarding either the utilization or economic feasibility of adding fat

to a high energy-~type ration.



EXPERIMENT I

Individual versus Group Feeding

Feed lot tests have consistently shown that varying dsgrees of
individual variation can be expected of animals receiving similar
’traatment even though every precaution is taken in an effort to equal-
ize groups. The primary purpose of this experiment was to determins
whether data from individually-fed animals are more consistent and
would thus allow smaller differences to be shown with lesser numbers
than with data from group~fed animals.

Procedure

The physical design smployed consisted of eight individual pens
about 4' by 8" with four of the eight pens on each end of a larger en-
closure which was approximately 15' by 18" and housed eight lambs, making
eight group-penned and group-fed lambs versus eight individually-penned
and individually-fed lambs. The pens were located in a brick barn, and
at no time during the experiment did the lambs have access to.the outside.,
All lambs were self-fed and had free access to water at all times. The
basal ration consisted of: (in percent) cottonseed hulls, 35.0; ground
yallow corn, 49.5; cottonseed meal, 12.4; di-calcium phosphate, 2.4;
sodium chloride, 0.5; and vitamin A and D feeding oil, 0.2. In addition
alfalfa aéh and cane molasses ash were added to the ration at a rate to
give consumption of about 10 gm of each per head per day. In both cases

10 gm was equivalent to about one-quarter 1b of alfalfa hay and molasses
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rgspectively. The alfalfa ash was prepared by burning good quality al-
falfa hay in an open barrel with further ashing in a muffle furnace at
600° F to remove remaining carbon. Molasses ash was prepared by heating
dehydrated molasses in an open container over a gas burner and further
ashing the remains in a muffle furnace at 600° F.

‘Sixteen western-type wether lambs were used in this experiment. The
lambs were purchased at Del Rio, Texas, and immediately after being re-
ceived at this station were sheared, drenched with a phenothiazine prepa-
ration for control of internal parasites, ear-tagged and paint-branded
for sasy identification. Féllowing a ten-day recovery and orientation
period the iambs were weighed, selected on a weight basis to include 16
lambs between the weights of 55 and 57 1b, and randomly allotted in the
pens which were described previously.

Shrunk weights were obtained at the beginning and end of the expsr-
iment by removing feed and water from the animals 12 hours before weigh-
ing. Full weights were taken periodically throughout the experiment.

Dus to continual dampness of the concrete floor of the pens during
the first few days of the experiment, a sugar cane pulp litter was put
down in all pemns.

The experiment was terminated on the eighty-second day, and the
lambs shipped to the Oklahoma City stockyards for slaughterﬁ The carcass
of each lamb was inspected on the killing floor for abmnormalities and
internal parasites. All lambs appeared normal with only minor parasitic
infestation consisting of isolated cases of liver tapeworms. Warm and
chilled weights were obtained on each carcass along with the federal

grade.
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Results and Discussion

Results of this experiment, which are shown in Appendix Table I,
show that more uniform gains of somewhat lower magnitude were obtained
when the lambs were individuvally-penned and individually-fed. Statisti=-
cal analysis of the data (Snedecor, 1946) gives a standard deviation of
11.70 for the group~penned and group~fed lambs as compared to 2.72 for
those individually-penned and individually-fsd. Average dally gain and
1b of feed required per 1lb of gain were 0.38 and &.56, 0.33 and 9.5, for
the group-~fed and individually~fed animals respectively, with differences
in weight gains being highly significant. It was observed during the
experiment that the individually-penned and individually-fed lambs were
rather nervous, while the group-penned and group-fed animals remained
moderately quiet. It is possible that these observations, which suggest
that the individually-penned and individually=~fed animals were more
active and restless, explain why these animals were less efficient in
converting feed to gain in weight. Larger numbers of animals are nesded
before definite conclusions can be reached regarding daily gain, feed
efficiency and behavior differences. Carcass grades were similar for
the two treatments.

Summary and Conclusions

The experiment was designed to measurs differences existing between
1ambs which are individually-penned and individually-fed versus group-
penned and group~fed. On a fattening-type ration, using eight lambs per
treatment, the individually-penned and individually-fed lambs gained
significantly less (P less than .0l), than those treated as a group, but
they had a much smaller standard deviation (2.72 versus 11.70). Further

work using larger numbers of animals is indicated.



EXPERIMENT II
The Effect of Mineral Additives on the Utilization of
Semi-purified and Practical~Type Rations
Trial 1

Tefft (1954) found that significant increases in daily gains resulted
when minsral combinations were added to a semi-purified ration containing
cottonseed hulls as roughage. Further studies were indicated, and the
following design was adopted for this purpose.

Procedure

Thirty-two western-type wether lambs were distributed on a weight
basis into six groups. Following a 1l3~-day standardization period during
which time all lambs were receiving approximately two 1lb per head per
day of a fattening-type ration, the lambs were re-allotted and started
on the depletion phase. The diet during the depletion period for all
groups was the basal ration shown as ration number one in Table I. The
lambs wers allowed to eat as much as they would clean up twice daily.
Feeders were of individual stanchion type into which the sheep were
fastened for approximately three hours per day with the time divided
equally betwsen morning and evening feedings. The animals were housed
inside in box stalls which were approximatsly 10' square. During the
time when lambs were not feeding, they had free access to the area within
the stall and to fresh water. Individual feed records were kept.

Following the 28-day depletion phase the lambs were again remallbtted

and divided into eight groups of four sach, with individual weight averages

16



within groups ranging from 57.8 to 62.0 1b. The repletion phase which
lasted 35 days consisted of the following treatments fed in {the same
surroundings and in essentially the same way as the basal was fed during
the depletion phase:
Ration No. Treatment
1. Basal
2. Basal minus corn oil
3. Basal plus synthetic alfalfa ash
4+ Basal plus synthetic alfalfa ash minus iron
5. Basal plus synthetic alfalfa ash minus potassium
6. Basal plus natural alfalfa ash
7. Basal plus minor minerals of alfalfa ash
8. Basal plus major minerals of alfalfe ash
Composition of the daily rations is shown in Table I, The synthetic
alfalfa ash (Tillman et al., 1954) was compounded from mineral salts to

gimulate the mineral composition of natural alfalfa ash. Composition of

the synthetic alfalfa ash was as follows:

Material gn Material en
KHCO3 960.00 FeS0,.7 HyO 500,00
KoHPO, 348,00 NaBj 07,10 Hp0 5.70
CaClp 277.00 MnS0y.Hz0 3.00
Ca(CH)2 348.00 CuS0y .5 Hp0 5.00
MgS0y,.7 HzO 592.00 Zn0 1.06
NaHCO3 319.00 CoClp,.6 H20 0.007

MoOs 0.003

Natural alfalfa ash was obtained by the methods described in
Experiment I. The minor mineral mix consisted of the minor minerals
listed in the right column and in the proporticns shown in the composi-
tion of synthetic alfalfa ash. The major mineral mix consisted of the
major minerals listed in the left column and in the proportions shown
in the composition of synthetic alfalfa ash.

Following five weeks on the repletion phase all groups except the

basal and the basal plus minor minerals were taken off trial. For further
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comparisons these two groups were carried an additional two weeks with
both groups receiving the basal plus synthetic alfalfa ash. Shrunk
weights as described in Experiment I wers taken at the beginning and
end of both the depletion and repletion phases with full weights taken
periodically throughout the trial.

Results and Discussion

During the depletion phase the lambs exhibited abnormal behavior
in that they appeared to be hungry but refused to eat appreciable amounts
of the basal ration; however, weight losses during the depletion period
were slightly less than those reported during depletion phases by Tefft
(1954). From time to time throughout the trial lambs were observed
trying to pull paper labels off the stanchions and chewing on the metal
latches used on the stanchions. The wool on some of the lambs appeared
to become detached from the skin rather easily, and wool=-pulling by lambs
was common. Statistical analysis of variance of weight losses during the
depletion phase revealed no significant differesnces in groups.

In the repletion phase of the trial it becams svident after the
first week that the lot on minor minerals was losing weight much more
rapidly than any other group. On the twentieth day the trace mineral
group began sorting the cottonseed hulls from the basal and refusing to
eat the basal portion of the ration. From that point on, it was neces-
sary to weigh back feed refusals periodically from the lot rsceiving the
minor mineral additive, depending upon individual consumption within ths
lot. Individual performance records for this trial are shown in Appendix

Table II.
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Total lot gains for the repletion period were as follows:

Ration Total lot
No. Treatment Gain (1b).

1l. Basal -19.5

2. Basal minus corn oil = 8.5

3. Basal plus synthetic alfalfa ash =12.5

4o Basal plus synthetic alfalfa ash minus iron =10.5

5, Basal plus synthetic alfalfa ash minus potassium =100

6., Basal plus natural alfalfa ash - 6,0

7. Basal plus minor minerals of alfalfa ash =38,0

8, Basal plus major minerals of alfalfa ash 9.5

The two groups which were carried an additional two weeks on a
ration of the basal plus synthetic alfalfa ash showed no significant
differences in weight gains during the additional period.

When data from the eight treatments were subjected %o énalysis of
variance, differences were highly significant. The multiple range test
(Duncan, 1955) indicated that ration eight gave significantly higher
gains (P less than .0l) than rations seven and one. Ration seven had
significantly lower gains (P less than .0l)! than all rations except
number one.

Summary and Conclusions

A depletion-repletion type regimen was used with 32 lambs to test
the effect of various mineral combinations found in alfalfa ash on a
semi-purified ration containing cottonseed hulls as roughags.

The addition of major minerals of alfalfa ash to the basal ration
gave highly significant increases in gains over the basal or basal plus
minor minerals of alfalfa ash. Sheep receiving the basal plus minor
minerals of alfalfa ash had gains that were significantly lower than
those for all treatments except the basal ration. The minor minerals of
alfalfa ash when mixed with the basal ration gave soms indications of

being unpalatable.



TABLE I

RATIONS USED IN SEMI-PURIFIED DIET OF EXPERIMENT II, TRIAL ONE

’ Ration
Feed 1 2 3 4 5 6 7 8
% % % % % % % . %

Cottonseed Hulls 55.00 55,00 55.00 55.00 55.00 55,00 55.00 55,00
Cerelose 35.70 37,60 35,70 35.70 35,70 35.70 35.70 35.70
Corn 0Oil 2.40 2.40 2:40 2:40 2.40 2.40 2,40
Ures 2,00 2.11 2.00 2.00 2,00 2,00 2.00 2.00
Di-calcium Phosphate 2,00 .11 2,00 2.00 2,00 2,00 2.00 2.00
Gelatin 1.60 1.69 1.60 1.60 1.60 1.60 1.60 1.60
Sodium Chloride « 40 o4l 40 40 40 «40 s 40 40
Sodium Sulfate 632 ¢34 0 3R .32 32 «32 032 e 32
Mono-Sodium Phosphate .50 53 .50 «50 50 <50 .50 .50
Vitamin A and D Feeding 0il .08 .08 .08 .08 .08 .08 .08 .08
Synthetic Alfalfa Ash (gm) 49.00
Synthetic Alfalfa Ash minus Iron (gm) 43,00
Synthetic Alfalfa Ash minus Potassium (gm) 46,00
Natural Alfalfs Ash (gm) 28,00
Minor Minerals of Alfalfa Ash (gm) 6.00
Major Minerals of Alfalfa Agh (gm) 43,00

0¢
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Trial 2

Results of trial 1 indicate that wide differences in gains on
semi~purified rations due to certain added mineral combinations may be
expected. Tefft (1954) reported a 47% increase in feed utilization by
lambs on a fattening=type ration when alfalfa ash was added to the
ration. To further test the effects of mineral combinations such as
were used in trial 1, a basal fattening ration was used.

Procedure
The following treatments were used:
Basal
Basal plus minor minerals of alfalfa ash (.125 1b/CWT of ration)
Basal plus major minerals of alfalfa ash (.95 1lb/CWT of ration)
Basal plus synthetic alfalfa ash (1.0 1b/CWT of ration)

The minor and major mineral mixes as well as the synthetic alfalfa
ash were the same as those.used in trial 1. Vitamins A and D were sup-
plied by 0.05% of "Quadrex" (micratized A and D supplement).

Twenty-eight western-type wethers ranging in weight between 57 and
71 1b were sheared and drenched ten days prior to the start of the
experiment. The lambs were allotted on a weight basis with average
starting weight being 65.7 1lb. Groups.and treatments were randomly
assigned to pens. The pens consisted of box Stalls approximately 12' by
12" which were open to small outside fenced enclosures with lambs being
allowed access to either area. All groups were self-fed and given free
access to water throughout the trial. A shrunk weight as desceribed in
Experiment I was obtained at the start and finish with full weights taken
periodically throughout the trial.

After 97 days the trial was terminated, and the lambs wers marketed

as dascribed in Experiment I with individual carcass inspection being
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made along with a record of carcass weight and federal grade. No
abnormalities were noted, and lambs appeared %o be free of internal
parasites.
Results and Discussion

Weight, feed intake and feed efficiency records are shown in
Appendix Table III. The ration basal plus trace minerals appeared at
times to be léss palatable than the other three rations, with the lambs
tending to push aside the feed in ths trough in preference for fresh
feed coming down through the feeder. All lambs made excellent gainse.
The dadily gains and feed efficiency averages in increasing order of gain

wers as follows:

Ration Daily Gain  Feed Efficiency
Basal plus minor minerals of alfalfa ash 0.40 &.95
Basal 0.41 Q.44
Basal plus major minerals of alfalfa ash 0.46 8.28
Basal plus synthetic alfalfa ash 0.48 8.42

Since all lots were group-fed, statistical analysis of differences
in feed efficiency was not possible; however, there is some indication
that the basal ration was deficient in minerals since the lowest feed
efficiency was on the basal ration. Analysis of variance of the weight
gains revealed no significant differences between rations.

Similarity was noted in trials 1 and 2 with the basal plus minor
minerals being the poorest~gaining lot in both casss; however, the dif-
fersnce was not significant in trial 2. It sesmed apparent in trial 1
that minor minerals adversely affected palatability of the ration with
somewhat the same effect but to a lesser degree being noted in trial 2.
The effect upon palatability may partially explain why the trace mineral

lots in both trials were the poorest gainers. In the semi-purified ration
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major minerals gave significantly higher gains than did synthetic alfalfs
ash; however, in trial 2 thers appeared to be no differsnce between the
rations.
Summary and Conclusions

Twenty-eight lambs in a 97-day group=feeding trial were used to
evaluate the addition of synthetic alfalfa ash, the minor and major
elements of synthetic alfalfa ash to a fattening-type ration containing
cottonseed hulls as the only roughags. The addition of synthetic alfalfa
ash or its major elements seemed to improve daily gains and fesed effi-
ciencises. Statistical analysis of weight gains revealsd no significant

differences due to treatment.



EXPERIMENT ITI

The Effect of Fat upon Low Quality Roughage Utilization
Part A - Growth
Trial 1
Use of the basal ration as described in Experiment II resulted in
consistent losses of weight during both the depletion and repletion
phases of the experiment. The ration used in this trial was designed
to resemble the ration previously mentioned with certain modifications
in an attempt to find a semi-purified basal which would promote gains in
the experimental animals.
Procedure
The basal ration used in this experiment consisted of the following
ingredients per head per day: (in gm) cerelose, 100; Dracket (soybean
' protein), 100; di-calcium phosphate, 7.7; "Quadrex" (micratized vitamin
A and D supplement), 0.46; and cottonseed hulls, ad libitum.
Treatments consisted ofs:
Basal
Basal plus 24 gm corn oil
Basal plus 28 gm alfalfa ash
Basal plus 28 gm alfalfa ash plus 24 gm corn oil
Twenty=-four wsestern- and native~type lambs were allotted on a weight
basis into eight nearly equal groups. Groups were placed in stalls
similar to those described in Experiment II. A replicate of each ration
was obtained by dividing the eight pens into two blocks of four each and

assigning at random each of the four treatments to a lot within each block.

24
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A1l groups were self=-fed the concentrates previously mentioned which were
mixed with the.approximate amount of cottonseed hulls each group would
consume daily. Corn o0il and alfalfa ash were mixed into the designated
rations at time of feeding. Throughout the trial all lambs had free
access to water and the area within the stall. Shrunk weights as described
in Experiment I were taken at the beginning and end with periodic weights
taken throughout the 62-day trial.
Results and Discussion

Individual limits of loss and gain for the 62=day trial ranged from a
minus 3.5 to a plus 31.0 1b with data presented in Appendix Table IV. Anal-
ysis of variance of the weight gains failed to show a significant difference
between treatments. Differences in feed efficiency were significant with
the basal plus corn oil being less efficient; however, the addition of corn
oil to the ration appeared to have a beneficial effect upon palatability.

The following table lists the rations in order of decrsasing effi-

ciencys
Feed Daily Hull Daily
Efficiency Intake Gain
Basal plus alfalfa ash 747 1.48 0026
Basal plus alfalfa ash plus corn oil 7.77 1.63 0.27
Basal 8425 1.50 0,24
Basal plus corn oil 10.46 1.63 0,20

Although the basal plus alfalfa ash-fed group had the highest feed
efficiency, the lot receiving basal plus alfalfa ash plus corn oil had
slightly higher daily gains.

Summary and Conclusions

Twenty-four lambs allotted on a weight basis were group-fed a semi~

purified ration containing cottonseed hulls as roughage. Weight gains

were subjected to statistical analysis but failed to show significant



differences between treatments; however, analysis of variance of feed
efficiencies did show significant differences. The multiple range test
showed that the basal plus corn oil group was significantly less efficient

than those receiving any of the other three ratilons.

Trisl 2
Widely varied results_have been reported as a result of adding fats
to ruminant rations. Brooks et al. (1954) found that the addition of
64 gm of corn oil to the ration of sheep significantly decreased crude
fiber digestibility.
Procedure
The following trial was designed to test the effects of corn oil in
a lamb fattening ration. Composition of the basal ration was as follows:
(in percent) cottonseed hulls, 35; ground yellow corn, 50.5; cottonseed
meal, 12.4; sodium chloride, 0.5; di-calcium phosphate, 1.0; limestone,
0.5; and "Quadrex"' (micratized vitamin A and D supplement), 0.l
Treatments consisted of:
Basal
Basal plus 10% corn oil
Basal plus 10% corn oil plus 8.5% alfalfa meal
Basal plus 10% corn oil plus 0.85 1b alfalfa ash/CWT of ration
Additives to the basal ration replaced corn and cottonseed meal so ag
to keep constant (as nearly as possible) the crude protein content of all
rations. Calcium and phosphorus levels were also maintained constant by
varying the di=-calcium and limestone portions of the ration. The alfalfes
meal was from poor quality hay as was the alfalfa ash which was prepared
as described in Experiment I.
Sixteen western~type wether lambs were allotted on a weight basis

into four groups with lots averaging from 68.8 to 70.9 1b per animal.
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Treatments were assigned to lots at random.

All lots were housed indoors in stalls approximately &' by 10'.
Rations were self-fed and the animals given free access to water through-
out the trial. This trial was conducted during weather in which tempera-
tures frequently rose above 90° F. Due to the temperature and high
content of corn oil, it was necessary to mix the rations weekly. No
rancidity or offensive odors were noted. Shrunk weights as described in
Experiment I were taken at the beginning and end of the 36-day trial with
full weights taken periodically throughout the trial,

Results and Discussion

It was apparent from the start of the experiment that the lambs on
ﬁhe three rations containing corn oil found their diets less palatable
than the basal ration. This is not in agreement with trial 1; however,
the percent of corn oil in trial 2 was much higher.

A1l lots on the corn oil rations formed soft, straw=colored pellets
throughout the trial; however, no scouring was noted. Similar trends in
daily gain and feed efficiency were shown as can be seen in Appendix Table
V, with the addition of corn oil to the basal ration giving a reduction in
both cases,

The rations are listed below in order of decreasing daily gain and
feed efficiencys:

Daily Gain Feed Efficiency

Basal 0.36 8.17
Basal plus corn oil plus alfalfa meal 0.24 10.46
Basal plus corn oil plus alfalfa ash 0.21 12,19
Basal plus corn oil 0.18 12.28

There was a noticeable difference in daily gains; however, individual
variation was large and numbers limited with no significant differencs

between treatments.
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Summary and Conclusions
Sixteen lambs were divided into four groups énd group~fed a fattening=
type ration with additions of 10% corn oil and/or alfalfa ash or alfalfa
meal. Analysis of the data failed to show any treatment differences in
weight gains. It seems.that definite trends were established in regard to
feed efficiency. The basal minus corn oil group was more efficient in

both trials 1 and 2 than the basal plus corn oil.

Part B - Digestibility
Trial 1

Brooks et al. (1954) reported that corn oil added to a basal ratiom
of cottonseed hulls and casein significantly lowered both cellulose and
protein digestibility in sheep. Depressing effects noted were partially
overcome by the addition of alfalfa ash. The purpose of this trial was
to study further the effect of fat and alfalfa ash upon the utilization
of cottonseed hulls.

Procedure
Périod 1

A factorial design was employed in this experiment to test the
digestibility of the basal ration used in Experiment II, trial l.
Composition and daily allowance of the ration are shown in Table II.

Treatments consisted of::

Basal

Basal plus 2.4% corn oil

Basal plus 28 gm alfalfa ash

Basal plus 2.4% corn oil plus 28 gm alfalfa ash
Alfalfa ash was prepared as described in Experiment I.

Sixteen western-type wether lambs averaging 73.7 lb each were allot-

ted on a weight basis into four nearly equal groups. FEach group was



placed in a stall previously described in Experiment II, trial 1.
Treatments were assigned to the stalls at random.

Alfalfa ash was mixed into the designated rations at time of feeding.
All lambs were individually-fed twice daily in stanchion-type feeders. The
lambs had free access to water while not locked in the stanchions. Feedings
were about nine hours apart with lambs allowed to eat until either the al-
lowance was cleaned up or approximately one and one~half hours had elapsed.

Following a 10-day preliminary period, complete collection was made
using a harness and bag as described by Tillman et al. (1954). Collection
was made once daily, and feces wers dried in a forced draft oven at 70° Co
The total 10~day collections of feces were stored in open metal containers
and after allowing five days for equilibrium with the air wers sampled for
chemical analysis.

Period 2

In order to increase the number of lambs per treatment, the trial
was replicated using three western-type wether lambs per treatment. Other
details were as previously described. Analysis of feed and feces for both
periods was made according to accepted methods (A. 0., A. C., 1950).

Results and Discussion

During the first three days of the collection psriod of psriod 1,
two lambs receiving the basal plus alfalfa ash ration began to scour badly,
and collections were discontinued. After a four-day lapse feces again
became normal, and a full 10-day collection period was obtained for both
lambs. As seen in Appendix Table VI, no trend was apparent during the
initial period of this trial with digestion coefficients showing rather
Jarge variations and some overlapping. Coefficients for period 2, also

rather variable, are shown in Appendix Table VII. Negative digestive



30

coefficients on rations which did not contain corn oil were probably due
to a very low ether extract content of the rations along with the normal
output of metabolic fat appearing in the feces.

Analysis of wvariance was applied to the data from period 1 with
crude fiber being the only ration component which differed significantly
due to treatment. The average apparent digestion coefficients for crude
fiber were: basal, 49.1; basal plus corn oil, 54.3; basal plus alfalfa
ash, 43.8; and basal plus corn oil plus alfalfa ash, 56.0. The multiple
range test shows that the basal plus alfalfa ash had significantly lower
digestibility coefficients than any of the other thres rations,

Analysis of variance of data obtained in period 2 shows significant
differences for dry matter, crude protein and organic matter digestibility
coefficients. In each case the digestion coefficients when subjected to
the multiple range tests showed the basal plus corn oil plus alfalfa ash
to have significantly lower values than any of the other three rations.

When data from the two trials were combined for analysis, there was
a significant difference in NFE digestion coefficients, with the basal
plus corn oil being significantly lower (P'less than .05) than the other
rations while the basal plus alfalfa ash was significantly higher than
all other rations. There was no difference between the basal and the
basal plus corn oil plus alfalfa ash in the case of dry matter, crude
fiber and organic matter. The trial-by-treatment interaction was highly
significant.

Summary and GConclusions

A two by two factorial design involving seven lambs per treatment
was used to study the effect of corn oil and/or alfalfa ash upon the
digestibility of a semi-purified diét which contained cottonseed hulls as
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the only roughage. The addition of corn oil significantly decreased the
digestibility of NFE while the addition of alfalfa ash gave significant
increases. Trial-by-treatment interaction was significant in the case of

dry matter, crude fiber and organic matter.
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TABLE II

RATIONS USED IN THE OKLAHOMA A. AND M. BASAL DIGESTION TRIALS

Feed Ration

1 2 3 4

% % % 4
Cottonseed Hulls 55.00 55,00 55.00 55.00
Cerslose 37.60 35.70 37.60 35.70
Corn Oil 2,40 2.40
Urea 2,11 2.00 2,11 2.00
Di-calcium phosphate 2.11 2,00 2,11 2.00
Gelatin 1.69 1.60 1,69 1.60
Sodium Chloride A 040 042 o 40
Sodium Sulfate o34 032 o34 032
Mono-sodium Phosphate 53 »50 053 .50
Vitamin A and D Feeding 0il .08 .08 ' .08 .08
Alfalfa Ash (gm) 28,00 28,00

Daily allowance consisted of 27, gm of cottonseed hulls and 224 gm of
the concentrate mixture. Alfalfa ash was added to the rations indicated.

TABLE III

COMPOSITION OF FEEDS USED IN THE OKLAHOMA A. AND M,
BASAL DIGESTION TRIALS

Period 1
Feed Dry Crude Ether Crude NFE Ash
Matter Protein [Extract Fiber
% % % % % %
Cottonseed 91.0 3.9, 0.7 40.9 42.8 2.8
Hulls
Concentrate 4.8 15.8 5.3 66.5 7.l
with Corn Oil
Concentrate 94,0 17.3 70.2 Hol,
minus Corn 0il
Period 2
Cottonseed 1 90.6 2.8 0.3 31.0 541 2.4
Hulls
Concentrate 75.5 15.2 5.3 YA VA 6.6
with Corn 0il
Concentrate 777 14.3 ' } 56.9 6o7

minus Corn 0il



TABLE IV

AVERAGE DIGESTIBILITY COEFFICIENTS OF THE

OKLAHOMA A, AND M. BASAL RATION

Periods 1 and 2

No. of Dry Crude Ether Crude NFE Organic

Ration Animals  Matter Protein Extract Fiber Matter
Basal 7 63.2 47.3 ~23.6 48.2 752 65.7
Basal plus Corn 0il 7 65.8 49.6 90.3 52,8 73.4 66,9
Basal plus Alfalfa Ash 7 63.9 46,0 - 6.2 48.0 78.0 67
Basal plus Corn Oil 6 65,1 46,1 92.8 47.3 748 66.5

plus Alfalfa Ash

€e
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Trial 2
~ To further test the effect of corn oil and/or alfalfa ash upon the
digestibility of a ration containing cottonseed hulls as roughage a
ration similar to that used by Brooks et al. (1954) was adopted and used
in a two by two factorial design.

Procedure
Period 1

Sixteen western-type wether lambs weighing approximately 73.7 1b
each werse allotted on a weight basis into four nsarly equal groups.
Each group was placed in a stall as described in Experiment II, trial 1l.
Treatments were assigned at random to the stalls. Composition of the
ration can be seen in Table V. Daily allowance during period 1 consisted
of 913 gm of the basal ration plus additives as indicated.
Treatments consisted of':
Basal
Basal plus 32 gm corn oil
Basal plus 28 gm alfalfa ash
Basal plus 32 gm corn oil plus 28 gm alfalfa ash
Corn oil and alfalfa ash were mixed into the designated rations at
time of feeding° Method of feeding, facilities used, preliminary and
collection periods were essentially the same as described in trial 1.
Analysis of feed and feces was made according to accépted methods
(A, 0. A. C., 1950).
Period 2
Twelve western-type wether lambs of approximately the same weight
as those used in period 1 of this trial were allotted into four nsarly
equal lots and assigned to stalls previously described in Experiment II,
trial 1. Treatments were assighed at random to the stalls. It was

necessary. to reduce the dailycintake as shown in period 1 to 713 gnm.
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Cbmposition of the ration fed in period 2 can be seen in Table V. The
preliminary period, collection and analysis are essentially the same as
described previocusly in period 1.

Results and Discussion

Consumption of the daily allowance was consistent in period 1 of
the trial with feed refusal for only one lamb on the basal ration. The
feed refusal was weighed back, analyged and corrections made accordingly
in the digestion coefficients. The lambs in period 2 refused to eat the
amount consumed by the sheep in period 1. This may have been due to hot,
humid weather during the second period. Since the daily consumption
differed for the two periods, it was necessary to treat them as separate
trials for statistical analysis. Individual apparent digestion coeffi-
cients are shown in Appendix Tables VIII and IX.

Analysis of variance of data obtained in the first period of this
trial showed significant differences in the digestibility of crude fiber
and ether extract. Differences in crude fiber digestibility as shown
by the multiple range test are as followss the basal plus corn oil was
significantly lower than the basal plus corn oil plus ash and the basal
minus corn oil. Differences shown in ether extract digestion coefficients
were due to the addition of highly digestible corn oil to two of the
rationéo

When data of period 2 were subjected to analysis of variancs, the
digestibilities of dry matter and organic matter were significantly
different, and in the case of NFE the differences were highly significant.
The multiple range test showed that in the case of dry matter, NFE and
organic matter, the basal group had significantly lower digestibilities

than those receiving the other rations. The group receiving corn oil as
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the only additive had significantly lower digsstibilities of dry matter,
NFE and organic matter than when alfalfa ash was an additive.

Some variation in digestion coefficients was noted throughout both
periods of the trial. The first period is in partial agreement with

Brooks et al. (1954) in showing a rather consistent, but not significant

except in the case of crude fiber, lowering of digestion coefficients in
the ration basal plus corn oil. Period 2 differs in that the basal
group gave unusually variable coefficients with one of the three lambs
from this group removed from the trial due to feed refusal. Since all
rations except the basal gave fairly uniform coefficients, which showsd
the previously noted trend, it seems highly probable that the basal group
due to unknown causes did not give true results.

Summary and Conclusions

A digestion trial divided into two periods was conducted using a
semi~purified ration with cottonseed hulls as the only roughage. In the
first period 913 gm of the basal ration was fed with four lambs per treat-
ment. In the second period the same basal ration was used but the daily
allowance was 713 gm with three lambs per treatment. Due to daily intake
differences bstween the periods, it was necessary to consider them as
separate trials for statistical analysis.

In period 1 the basal plus corn oil ration gave slightly lower diges-
tion coefficients than did the other rations; howsver, only in the case of
crude fiber was the difference significant (P less than .035).

In the second period basal minus corn oil showed consistently lower
digestion coefficients than the other three rations, with basal plus corn
0il also lower than the two rations containing alfalfa ash except in the

cass of crude fiber where basal plus corn oil had slightly higher



coefficients than any other ration. In the second period significant
differences were shown in dry matter and organic matter digestion

coefficients and highly significant differences for NFE coefficients.

W
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TABLE V

RATIONS USED IN THE MISSOURI BASAL DIGESTION TRIALS

Feed Ration

1 2 3 A

% % % %
Cottonseed Hulls 87.6 87.6 87.6 87.6
Casein 10.3 10.3 10.3 10,3
Mineral Mix* 2.0 2.0 2.0 2.0
Vitamin A and D Feeding Oil 0.1 0.1 0.1 0.1
Corn 0il (gm) 32.0 32.0
Alfalfa Ash (gm). 28.0 28.0

¥Mineral mix was made up of equal parts sodium chloride and di-calcium

phosphate
TABLE VI
COMPOSITION OF FEEDS USED IN THE MISSOURI
BASAL DIGESTION TRIALS
Period 1
Feed Dry Crude Ether Crude NF'E Ash
Matter Protein Extract Fiber
% % % % yA
Cottonseed Hulls 90.7 3.9 0 40.9 4L2.8 2.8
Casein 92,3 82.3 1 2.1 6.3
Corn 0il 100.0 100,
Period 2
Cottonseed Hulls 90.6 2.8 0 31.0 5401 2ok
Casein 90.7 85,9 0 2.2 0.7
Corn 0il 100.0 100



TABLE VII

AVERAGE DIGESTIBILITY COEFFICIENTS OF THE
MISSOURI BASAL RATION

Period 1
Retior No, of Dry "Crude Ethér Crude NFE Organic
on Animals Matter Protein  Extract Fiber Matter
Basal 4 5400 56«3 73»8 5805 5063 5402
Basal plus Corm Oil 4 50.1 57,7 86.4 50.9 52.1 51.9
Basal plus Alfalfa Ash 4 53.6 60.4 76.1 5348 59.5 54,1
Bagsal plus Corn 0il 4 54,9 60.4 92.9 56,2 58,7 56.3

plus Alfalfa Ash



TABLE VIII

AVERAGE DIGESTIBILITY COEFFICIENTS OF THE

MISSOURI BASAL RATION

Period 2
Ration Not of Dry Crud? Ether C?ude NFE Organic
Animals  Matter Protein Extract Fiber Matter
Basal 2 A7.7 68.1 -16.6 37.7 46,8 47.7
Bagal plus Corn Oil 3 573 73.9 .80.0 53.0 51.3 57.8
Basal plus Alfalfa Ash 3 60.6 76.8 -50.0 4777 63.0 60.9
Basal plus Corn Oil 3 61,8 7644, 80.0 4.9 62.1 62.0

plus Alfalfa Ash

oY
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Trial 3
In view of the effects exhibited by corn oil in previously mentioned
growth trials, it was decided to test the digestibility of a ration con=-
taining ground corncobs as roughage, using treatments similar to those of
trials 1 and 2.

Procedure
Period 1

Treatments consisted of':
Basal
Basal plus 21 gm corn oil
Basal plus 28 gm alfalfa ash
Basal plus 21 gm corn oil plus 28 gm alfalfa ash

Alfalfa ash was obtained as described in Experiment I. Dehydrated
ground corncobs were supplied from a commercial firm located in the
Kansas City, Missouri, area.

Twelve lambs of native-western crossbreeding weighing between 51
and 70 1b were purchased for use in this trial. The lambs were sheared
and drenched with a phenothiazine preparation 10 days before the start
of the trial. The lambs were allotted on a weight basis into four nearly
equal lots. The lots were randomly assigned to stalls which were pre-
viously described in Experiment II, trial 1.

Composition and daily allowance of the ration is shown in Table IX.
Corn oil and alfalfa ash were mixed into the designated rations at time
of feeding. Lambs were fed twice daily in individual stanchions and
were allowed the fresdom of the arsa within the stall and frse accsss to
water except when eating.

Following a 10-day preliminary period a total collection of feces
was made for a 10-day period with storage and sampling of the feces cone

ducted as described in trial 1.
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After completion of the collection period the lambs were put on a
standardization ration for one week. The composition of this ration was
as follows: (in percent) ground corncobs, 16.7; ground yellow corn, 33.3;
corn gluten meal, 8.3; and alfalfa hay, 41.7.

Period 2

Following the standardization periocd the lambs were randomly al-
lotted on a weight basis into four groups and a replication obtained for
each of the four treatments.

Analysis of feed and feces was made according to accepted methods
(he 0. A. C., 1950).

Results and Discussion

During period 1, one lamb from the basal plus alfalfa ash had a small
feed refusal which was weighed back, analyzed and corrections made in the
digestion coefficients. One lamb from the basal plus corn oil lot refused
to eat during period 2 and was removed from the trial.

Somewhat more uniform digestion coefficients were obtained in period 1
than during period 2; however, both periods showed significant differences
between rations. Both dry matter and organic matter digestion coefficients
were higher for period 1 than period 2, giving a highly significant inter-
action. Hot, humid weather during the time the replication was conducted
may have caused lowered digestibilities. Digestion coefficients are shown
in Appendix Tables X and XI. Average digestion coefficients for periocd 1

of the ground corncob trial are as follows:

Dry Organic

Matter Matter
Basal , 73.6 7564
Basal plus 21 gm corn oil 66,8 68.6
Basal plus 28 gm alfalfa ash - 73.9 76.9
Basal plus 21 gm corn oil plus 28 gm alfalfa ash 73.5 76.5
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Average digestion coefficients for the basal plus corn oil are
notably lower than for the other rations. This difference was shown to
be highly significant when subjected to analysis of variance. The multi=-
ple range test shows the highly significant difference to lie betwsen
basal plus corn oil and the three remaining rations.

Average digestion coefficients for the replication are as follows:

Dry Organic

Matter Matter
Basal 67.8 69.7
Basal plus 21 gm corn oil 61.6 62.9
Basal plus 28 gm alfalfa ash 72,1 775
Basal plus 21 gm corn oil plus 28 gm alfalfa ash ARYS 7604,

The same trend toward lowered digestibility of basal plus corn oil
was apparent in period 2. When subjected to analysis of variance, organic
matter digestibility differed in a highly significant manner. The digesti=-
bility of dry matter also approached this level. The multiple range test
applied to dry matter digestion coefficients showed basal plus corn oil
to be significantly different than all other rations. A highly significant
differsnce for organic matter digestibility was shown between basal plus
corn 0il and basal plus alfalfa ash as well as basal plus corn oil plus
alfalfa ash. Difference in digestibility of organic matter between basal
énd basal plus corn oil was not significant.

Data from psriods 1 and 2 were combined with the average digestion

coefficients as follows:

Dry Organic

Matter Matter
Basal 70.7 72.5
Basal plus 21 gm corn oil 6407 66.3
Basal plus 28 gm alfalfa ash 72.5 7645

Basal plus 21 gm corn oil plus 28 gm alfalfa ash 73.0 772



m

Statistical analysis of the combined data shows highly significant
differences in both dry matter and organic matter digestibility. The
multiple range test shows that in both cases basal plus corn oil differs
in a highly significant manner from the other three rations. Significant
trial and trial-by-treatment interaction is also shown. Trial differences
as previously mentioned may have been due to hot, humid weather during the
replication.

Summary and Conclusions

In a two by pwo factorial design involving 230 sheep days, it was
found that corn oil added to a ration containing ground corncobs as the
only roughage significantly reduced the digestibility bf dry and organic
matter. The addition of alfalfa ash had very little effect upon the
digestibility of the basal ration but significantly improved the digesti-

bility of the ration containing corn oil.



TABLE IX

RATIONS USED IN THE GROUND CORNCOB DIGESTION TRIALS
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Ration

Feed 1 s 3 4

% % % %

Ground Corncobs . 45.6 45.6 45.6 L5.6
Ground Yellow Corn 25.3 25.3 25.3 5.3
Corn Gluten Meal 20.3 20.3 20.3 20,3
Corn Syrup 7.1 7.1 7.1 7.1
Di-calcium Phosphate 1.0 1.0 1.0 1.0
Sodium Chloride o7 o7 o7 o7
Cobalt Sulfate (mgm) 1.2 1.2 1.2 1.2
"Quadrex" (A and D supplement) (gm) 2.0 2.0 2.0 2.0
Corn 0il (gm) 21.0 21.0
Alfalfa Ash (gm) 28,0 28.0

Daily ration consisted of 700 gm in proportions as indicated above plus
cobalt sulfate and "Quadrex" in amounts indicated. Corn oil and alfalfa
ash were added to designated rations.



TABLE X

COMPOSITION OF FEEDS USED IN THE GROUND

CORNCOB DIGESTION TRIALS
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Period 1
Dry Organic Ash
Matter Matter B
Ground Yellow Corn 88.7 8744 1.3
Corn Gluten Meal 91.9 88,7 3.2
Ground Corncobs 92.6 90.2 2.7
Corn 0il 100.0
Corn Syrup 81.6 0.3
Period 2
Ground Yellow Corn 87.9 86.5 1.4
Corn Gluten Meal 91.7 88.5 3.2
Ground Corncobs 93.8 88.0 5.8
Corn 0il 100.0
Corn Syrup 81.6 0.3
TABLE XI
AVERAGE DIGESTIBILITY COEFFICIENTS OF THE
GROUND CORNCOB BASAL RATION
Periods 1 and 2
. No. of Dry Organic
Ration Animals Matter Matter
Basal 70.7 72.5
Basal plus Corn 0il 64,07 6603
Basal plus Alfalfa Ash 72.5 76.5
Basal plus Corn 0il plus Alfalfa Ash 73.0 77.2
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TABLE I

WEIGHT, FEED INTAKE, FEED EFFICIENCY AND
CARCASS GRADES FOR EXPERIMENT I

(82-Day Trial)

Lamb Starting Daily - Daily Feed Feed Carcass
No.: Weight Gain Intake : EfT. Grade
(1p) - (1b) (1b)

(Individually-penned and Individually-fed)

38 57.0 0.36 3.3 11.1 Top Good
<49 55.0 0.23 27 7.9 Low Good
62 56¢5 0.38 . 3.5 9.2 Top Good
65 55@5 Oo36 309 10.7 Low Good
68 56,0 0.30 2.9 9.6 Low Good
76 55.0 0.34 3.0 8.6 Average Good
90 56,0 0.32 2.9 8.9 Top Good
103 57,0 0.28 3.2 11.4 Top Good
Ave, 56,0 0.33 3.2 9e5
(Group-~penned and Group-fed)
14 5565 0.12 ' Low Good
45 56.0 0.52 Average Choice
50 56,0 0.43 Low Good
58 57,0 Removed from Experiment Due to Urinary Calculi
73 55.0 0.42 Top Good
87 56,0 0.47 Average Good
86 56,0 0.34 Top Good
122 55,0 0.38 Top Good
Ave, 5509 0038 302 806
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WEIGHT AND

TABLE II

FEED INTAKE FOR EXPERIMENT II, TRIAL 1

28=-day

Depletion Period

35-day Repletion Period

Ration Lamb Starting Daily Daily Feed Starting Daily Daily Feed

No. No. Weight Gain Intake Weight Gain Intake
(1b) (1b) (1b) (1b) (1b) (1p)
1 111 56,0 0.00 1.54 56.0 -0.16 1.41
1 o1 63,0 -0.11 1.29 60,0 -0.10 1l.42
1 28 66,0 0.00 1.43 66,0 -0.19 l.44
1 35 53.0 0.00 1.07 53.0 -0.11 1.29
Ave, 5905 -0003 1033 5905 _0.14 1039
2 39 6l.5 =0.23 1.64 55,0 -0,06 1.6l
2 9 60.5 -0.05 1.43 59.0 =0.21 1.56

2 1 69.0 =0.25 1.29 62.0 ~0.,01 1,65 -
2 47 60.5 -0.02 1.71 60.0 -0.01 1,63
Avee 6209 ‘-0014 1052 59@0 "'Oe07 1&61
3 g5 61.5 -0.09 1.50 59,0 =0.13 1.36
3 55 59.5 -0,02 1.50 590 =0,20 1.56
3 101 66,5 ~0.16 1.54 62.0 0,03 1.64
3 26 62.5 =04 34 1.36 53.0 -0,06 1.39
Ave. 62.5 =0, 15 1.48 58.2 =009 1.49
4, 10 58,0 =007 1.07 56.0 =0.20 1,60
4 60 70,0 =0.25 1.21 63.0 -0.06 1.61
4 83 70.0 =0,07 1,36 68.0 =017 1,60
4 15 63,0 =0,07 Led3 61.0 0.13 1.69
Ave. 65.3 =0,12 1.27 62.0 0,07 1.63

(Continued)
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TABLE II

(Continued)

28=day Depletion Period

35-day Repletion Period

Ration Lamb Starting Daily Daily Feed Starting Daily Daily Feed

No. No. Weight Galn Intake Weight Gain Intake
(1b) (1b) (1b) (1b) (1b) (1b)

5 98 60.0 -0.11 1.50 57.0 ~0.16 1.72
5 114 63.0 -0.11 1.39 60,0 0.03 1.69
5 68 66,0 -0.07 1.14 64.0 -0.10 1.48
5 72 64,0 0.00 1.43 64,0 -0,06 1.71
Ave. 63.3 -0.07 1.37 61l.3 -0,07 1.65

6 92 62.0 -0,18 1.21 57.0 0.03 1.61
6 104 59.0 -0.04 1.68 58.0 0.11 1.53
6 115 65.0 -0,07 1.43 63.0 =0.14 1.59
6 48 56.0 -0.11 1.43 53.0 -0.,17 1.55
Ave. 60.5 -0.10 1.44 57.8 =0.04 1.57

7 74 575 ~0.09 1.64 55,0 -0.23 0.98
7 37 60,0 -0,04 1.46 59.0 ~0.31 1.02
7 22 68,0 . ~0.14 1.57 64.0 =0.23 1.03
7 8 64e5 -0,05 1.71 63.0 -0.31 0.96
Ave., 62,5 -0.08 1.60 60.3 =027 1.00

8 59 60,0 -0.18 1.36 55.0 0.17 1.71
8 2 67.0 -0.18 1.43 62.0 0.09 1.70
8 11 65.0 -0.07 1.54 63,0 0.04 1.71
8 79 61.0 =0.11 1.43 58.0 ~0.03 1.69
Ave, 63.0 =0,13 Lao4d 59¢5 0,07 1.70

9



TABLE IIT

WEIGHT, FEED INTAKE, FEED EFFICIENCY AND CARCASS DATA
FOR EXPERIMENT II, TRIAL 2

(97-Day Trial)

Ration Lamb Starting Daily Daily Feed Feed Dressing Federal
No. Weight Gain Intake Eff. Percentage Grade
(1b) (1b) (1b) ’
Basal 39 61.0 0.43 54 4, High Good
26 59.0 0.38 53,1 High Good
101 71,0 0.40 57.3 High Choice
104 70,0 0.47 57,8 High Good
560 64,0 0.37 52,0 Average Good
72 69.0 0.40 55,6 High Good
115 66,0 0e42 5442 High Good
Ave. 65.7 0-4-1 3087 9044 5409
Basal £ 57 61.0 0.43 53 .4 Average Good
Trace 10 58.0 0.38 51.9 Average Good
Minerals 11 71.0 0.32 549 Low Choice
15 720 0.31 54..9 High Choice
74 64,0 0.44 542 Low Choice
120 67.0 0.40 53.8 Low Choice
9 66,0 0.53 ' 58.1 High Choice
Ave., 65,6 0,40 3.58 8.95 5465
Bagal £ 48 60,0 0.53 56,8 Low Choice
Ma jor 28 58.0 0.60 534 Average Choice
Minerals 95 71.0 0.47 53.8 Average Choice
1 73,0 042 56,1 High Choice
55 63,0 0e42 53.8 High Good
79 67,0 0.3% 56,7 Low Choice
562 69.0 044 52.7 Average Choice
Ave, 65,9 0.46 3.81 8.28 5468

{Continued)
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TABLE III (Continued)

Lamb Starting Daily Daily Feed Feed Dressing Federal

Ration No, Weight Gain Intake Eff. Percentage Grade
(1b) (1b) (1b)

Basal # 8 63.0 0.53 57.6 High Good
Synthetic 22 57.0 0.52 549 Average Choice
Alfalfa 60 70.0 0.54 53.3 Average Choice
Ash 24 70.0 0.51 55.5 Low Choice

428 62.0 0.39 58,0 High Good

114 69.0 0.4%9 56.4 Average Choice

527 63,0 0.35 ' 57.8 High Good
Ave. 65,6 0.48 4o 04 8.42 56.2



TABLE IV

WEIGHT, FEED INTAKE AND FEED EFFICIENCY
FOR EXPERIMENT III, PART A, TRIAL 1

(62-Day Trial)

Ration Lamb Starting Daily Daily Hull Feed
a No. Weight Gain Intake Eff.
(1b) (1b) (1b)

Basal 449 76,0 0.16
443 79.0 0.34
429 51.0 0.32
564 5900 O¢20
426 62.0 0.36
439 68,0 0.13

Aveo 6508 0025 1048 8025
Basal # 44,0 72,0 0.21
Corn Oil L45 70.0 0.19
431 74..0 0.11
437 69.0 0,16
423 71,0 0.32
44,6 71.0 0.21

. Aveo 7102 0020 1@63 10»47
Basal £ 6/, 79,0 ~0,06
Alfalfs Ash L2, 61,0 0.40
’ 438 57.0 0.50
97 68,0 0.19
442 81,0 0,27
427 59.0 0.26

Ave, 67.5 0.26 1.50 747

(Continued)
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TABLE IV (Continusd)
Rabi Lamb Starting Daily Daily Hull Feed
atLon No. Weight Gain Intake Eff.
(1b) (1b) (1b)
Basal £ 435 64,0 0.37
Corn Oil £. 552 72,0 024
Alfalfa Ash 433 77.0 0.32
123 68,0 0.31
44T 65.0 0.21
430 73.0 0.16
Ave. 69.8 0.27 1.63 777

65



TABLE V

WEIGHT, FEED INTAKE AND FEED EFFICIENCY
FOR EXPERIMENT III, PART A, TRIAL 2

(36-Day Trial)

. Lamb Starting Daily Daily Feed Feed
Ration No. Weight Gain Intake Eff.
(1b) (1b) (1b)

Basal 22 60,0 0.39
23 60,0 0.33
34 58,0 0.31
42/, 100.0 0.42

Ave., 69,5 0.36 2.94 .17
Basal #£ 2 62.0 0.18
Corn 0il 3 60,0 0,21
68 88,0 0.14
4 62.5 0.17

Ave. 68.1 0.18 2.21 12,28
Basal £ 27 5245 0,07
Corn 0il £ 32 66,0 0.06
Alfalfa Meal 24 76.5 0.56
100 80,0 0.25

Ave, 68,8 0,24 2.51 10.46
Basal # 33 61.0 0,17
Corn 0il £ 7 67.0 0.22
1falfa Ash 432 95,0 0.14
20 60.5 0.29

Ave, 70.9 0.21 2.56 12.19



TABLE VI

APPARENT DIGESTION COEFFICIENTS OF THE
OKLAHOMA A. AND M, BASAL RATION

Period 1

Ration Lamb Dry Crude Ether Crude NFE Organic
No. Matter Protein Extract Fiber Matter

Basal 34 61.9 3441 33.3 48.3 The5 63.1
46 62,4 47.5 bhody 48,2 73,7 64.1

38 65,0 60,0 33.3 51.3 7449 67.0

120 64,6 477 2242 48,6 77.3 66.3

Ave. 6305 4703 22.2 4901 7501 6501

Basal £ 49 64,47 43.0 87.6 53,4 73.8 66.3
Corn 0il 35 64.8 43.7 88,7 52.8 733 66,0
o7 66.1 452 88,7 55.6 75.8 68,3

48 61.3 547 90,2 55.3 71.6 65.8

Ave. 644 46,7 88.8 54¢3 73.6 66,6

Bagal £ 39 63.9 41,0 22.2 50.3 7745 68.5
Alfalfa Ash 100 60,3 43.8 38.9 43.6 75,3 63.7
25 5241 36.8 =00,"7 31.9 76.4 60,0

43 6407 L6.7 =00.2 49,2 80,0 67.9

Ave. 60,3 4Re1 15.1 43.8 773 65.0

Basal £ 123 71.0 55.7 95.8 59.8 80,2 734
Corn Oil # 30 64,6 45.9 91.2 49.2 76,5 67.2
Alfalfa Ash 45 66,7 40.9 943 54.1 T34 66,4
29 67c7 4'809 9005 6058 !74-68 6905

Ave, 67.5 47.9 93.0 56,0 76.2 69,1
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TABLE VII

APPARENT DIGESTION CCOEFFICIENTS OF THE
OKLAHOMA A. AND M. BASAL RATION

Period 2
Rati Lamb Dry Crude Ether Crude NFE Organic
ation No. Matter Protein Extract Fiber Matter
Basal 440 63,5 42,1 -55,0 36.2 76.0 6.6
564, 67.6 51.3 -88,0 49.0 771 68.2
Ll 65,3 48.5 ~111.0 55.8 73.0 66.7
Ave. 62;7 47::3 "'8407 4’7&0 75«4 6605
Basal £ 442 68.1 545 923 49.6 7546 69.0
Corn Oil 439 63.9 49.9 927 40.3 73.8 65.1
437 71.2 56,4 92.0 62.4 70,2 68.2
Ave. 67.7 5346 92.3 50.8 73.2 674
Basal )l . 438 7002 5100 00.3 5298 8109 72-6
Alfalfa Ash 435 68:1 5390 "8404 53@2 76:9 6901
447 6705 49@7 "20.0 5502 7709 70.1
Ave, 68,6 5102 ”‘34&7 530‘7 78@9 70,6
Basal # 429 58,7 448 ke 28,7 67.8 59.3
Corn Oil £ 423 61.8 40.5 90.5 31.2 758 63.7
Alfalfa Ash Ave, 60.3 427 92.4 30.0 773 6l.5

<9



TABLE VIII

APPARENT DIGESTION COEFFICIENTS OF THE
MISSOURI BASAL RATION

Period 1

Ration Lamb Dry Crude Ether Crude NFE Organic
No. Matter Protein Extract Fiber Matter

Basal 24 54,0 55.1 79.4 60,7 6.8 54,0
41 59,0 62.9 81l.8 62.3 53.4 5866

4 48,9 51.6 647 5442 433 49.1

64 5441 55.8 69.1 56,6 53.1 55.1

Ave. 54.0 5604 73.8 58{,5 4-992 54-2

Basal #£ 23 52.8 56,4 90.5 52.5 51,7 545
Corn 0Oil 32 47-4 51&9 87a1 4900 44@5 4—903
26 49.6 53.5 85.3 50.5 475 51e3

33 50,5 49.9 82.7 51.6 50,7 5265

Aveo 5001 5209 86:4- 5099 4806 5109

Basal # 27 5263 5543 85.3 51.1 52,2 5244
Alfalfa ASh 42 5300 5497 6407 5307 5307 5309
63 546 53.8 794 54,1 55¢3 54,68

31 5406 546 75.0 5643 53.6 55.1

Ave. 53.6 54,46 76.1 53.8 53.7 54.1

Basal £ 51 56.4 56.2 93.0 56.9 54,0 57.3
Corn 0Oil ié £{4,0 55«4 5503 92@8 5404 5506 5698
Alfslfa Ash 37 5445 55.8 89.9 60.6 47.9 56.0
33 - 5364 527 95.9 52.8 54.1 55,0

Aveo 5499 5550 9259 5602 5209 5693

£9



TABLE IX

APPARENT DIGESTION COEFFICIENTS OF THE
MISSOURI BASAL RATION

Period 2

Ration Lamb Dry Crude Ether Crude NFE Organic
No. Matter Protein Extract Fiber Matter

Basal 443 429 50.8 =19.6 274 51.6 4360
4—45 52a4 6194— '—1306 4-709 53:8 5204

AVe. 4707 56.1 ‘"1606 3‘797 5207 4-7-'7

Basal )‘ 433 6106 6900 73.1 59e2 63.4 6304
Corn Oil 64 52.1 61.6 8753 4—9@9 5363 5500
426 535 61.8 79.5 5.0 537 55,0

Ave. 5507 6401 80.0 5300 5608 5708

Basal £ 552 61,0 68,7 ~57.1 477 67.7 61.2
Alfalfa Ash 431 6le4 68.4 =60,"7 47.0 68.7 6l.5
123 59.5 67.2 =32.1 484 6542 60,0

Ave. 60a6 6851 “'50&0 47&7 6707 6009

Basal #£ LL6 58,6 648 78,0 44o5 66.1 60.1
Corn Oil 4 430 58,5 66,2 81.0 Lbe6 655 60.2
Alfalfa Agh 449 643 71,8 79,0 577 674 65.7
Ave, 60.5 67.6 80,0 48,9 66,3 62.0
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APPARENT DIGESTION COEFFICIENTS OF THE
GROUND CORNCOB BASAL RATION

TABLE X

Period 1

. Lamb Dry Organic
Ration Mo, Matter Matter
Basal 76 73.9 7569
69 72.8 The'7

90 The2 755

Ave. 73. 6 75 04

Basal £ 57 67.2 68.6
Corn 0Oil 92 65.1 66.9
55 68.1 70,2

Ave, 66,8 68,6

Basal # 97 743 774
Alfalfa Ash 51 T4e2 77.2
o1 73.1 76,1

Ave. 73,9 76,9

Basal £ 85 73.8 771
Corn 0il A ° 68 4.0 76.7
Alfalfa Ash g8 72.7 757
Ave, 73.5 76.5



APPARENT DIGESTION COEFFICIENTS OF THE
GROUND CORNCOB BASAL RATION

TABLE XI

Period 2
. Lamb Dry Organic
Ratlon No. Matter Matter
Basal 55 66,0 67.5
92 65,4, 674
97 72.1 Thol
Ave. 67.8 69.7
Basal £ 57 63,2 64..9
Corn Oil a8 60.0 60,8
.A.Ve . 61. 6 62 @ 9
Basal £ 68 68.9 756
Alfalfs Ash S0 73.6 78.8
69 737 78,0
Ave, 72 e 1 77e 5
Basal £ 91 Tlet 7561
Corn 0il £ 76 72.6 776
Alfalfa Ash 85 7062 76,6
Ave., Tle4 7664,
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