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I. 4 STUDY OF THE NUTRITIVE VALUE OF RUMEN CONTENTS
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INTRODUCTION

Approximately 13 million cattle and 15 million sheep are slaughtered annu-
ally in the United States. The average cattle rumen will contain about 100
pounds of material which will consist of 10 - 15 percent dry matter. On the
basis of these figures there is available in the United States each year more
than 65,000 tons of dry rumen material from the slaughter of cattle alone. In
the past rumen contents have been processed for building-insulation material
and have been used to a limited extent in fertilizers. However, today most
packing houses discard this material as a waste product. This often presents
a serious disposal problem. Since the synthesis of almost all of the B vitamins
has been demonstrated to take place in the rumen, it is possible that rumen
contents might be processed and have considerable value as a vitamin supplement.
Rumen contents also contain between 7 and 15 percent crude protein, which in
all probability is of excellent quality. On the other hand rumen contents con-
tain from 20 - 40 percent crude fiber, a factor which would tend to markedly
reduce their value as a supplement to livestock and poultry feeds.

This study has been made in an attempt to determine some of the factors
concerning the nutritive value of rumen contents. Two separate experiments
were conducted. The first experiment was conducted in order to determine the
proximate and B vitamin composition of rumen contents collected from cattle and
sheep fed various rations. The second experiment concerned the vitamin B com-
plex value of rumen contents collected from sheep fed equal quantities of rations

widely different in composition.



REVIEW OF LITERATURE

Thieler, Green, and Viljoen (1915) were probably the first to suggest that
what was then known as vitamin B might be synthesized in the digestive tract
of cattle. These workers observed that ruminants could be maintained for long
periods of time on a diet very low in vitamin B. They stated that, "We think
it as least possible that the vitamin requirements of cattle are so low that \
they may even be covered indirectly by synthesis carried out by the extensive
bacterial flora of the intestine." This observation was followed by the work
of Shunert and Shieblich (1923) who demonstrated that Bacillus vulgatus, an
organism found in the digestive tract of ruminants, synthesized vitamin B.

In a study concerning the vitamin B requirement of calves, Bechdel et al.,
(1927) produced conclusive evidense that the vitamin B in milk is not dependent
on the presence of this vitamin in the ration of the cow. Three cows, which
were fed for over two years throughout their growth period on a ration that was
practically devoid of the vitamin B complex as demonstrated by rat assay methods,
were used in this study. The evidence obtained appeared to indicate that cattle
possess the ability to synthesize vitamin B. Bechdel et al., (1928) later dem-
onstrated that the synthesis of vitamin B took place in the rumen. In this
experiment a Holstein heifer which had grown to maturity on a B vitamin-deficient
ration was equipped with a rumen fistula in order that rumen contents could be
removed for analysis. Twelve hours after feeding, portions of the ingesta were
removed from the rumen, placed in a can, and incubated at 37°C for five days.
The material was then extracted with alcohol and a concentrate made. This con-

centrate was assayed with rats and was found to possess vitamin B activity.



Following these more or less pioﬁeer experiments more detailed research
was undertaken in order to determine whether or not all of the vitamins were
synthesized in the rumen and to a lesser degree the qnantiiies of these
materials which weré produced by rumen synthesis.

MCElroy and Goss have conducted a series of experiments in which they
have found that vitamin K (19402), riboflavin (1940a), pyridoxine (1940b),
thiamin (1941a) and pantothenic acid (1941b) were synthesized in the rumen.
These workers fed sheep a ration practically devoid of B vitamins and at the
end of a 30-day period the sheep were slaughtered, and the contents of the
rumen and reticulum were recovered. They also collected rumen contents from
a fistulated cow fed a Similar ration;r Chicks werc used as assay animalg with
the exception that rats were}used in the ﬁyridoxine experiment. The chicks
were made deficient by feeding them a basal ration lew in the vitamin to be
assayed. The basal ration was then supplemented with the dried rumen céntents
and the growth rate of this lot of chicks was compared to other lots receiv-
ing the basal diet supplemented with various levels of the synthetie vitamin,
One lot of chicks was continued on the basal ration amd another group of chicks
was fed the'basal ration plus the ration fed the animals from which the rumen
contents were obtained. By using this type of assay it was possible to deter-
mine approximately how muech more of the vitamin was in the rumen contents than
was present in the ration. |

The following table was prepared from research conducted ?y McElroy and
Goss (1940a, 1940b, 194la, 1941b). ‘These workers were unable to detect
thiamin in the rumen contents of fistulated cows., However, the milk from one
of these cows was found to contain mbre thiamin than was present in the ration
of this animal. McElroy and Jukes (1940), using a technique similar to the
one previously described, were able to demonstrate biotin synthesis in the

ramen. -
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Vitamim Contenﬁ Bf Dry Rumen Material

Vitamin Vitamin content per Vitamin content per gram
gram of rationit of rumen contents¥¥
' B sheep cow
(micrograms) (micrograms) _ (micrograms)
Riboflavin 0.3 33. 25
Pyridoxine 1.0-1,5 : 10. 8
Thiamin 0.4 7. none
Panthothenic acid 2.8 ‘ 70. 60-80

% The experimental ration consisﬁed of washed casein 5%, washed sardine
meal 6.7%, glucose 11.0%, corn starch 10.6%, mineral mixture 3%, and dried
plain sugar beet pulp 63.7%.

#% Rumen contents were removed from each animal 14 hours follewing the
last feeding.

Several other workers have substgntiated and extended the work of McElroy
and Goss. Wegner and associates (1945) fed a fistulated calf a synthetiec
ration and collected samples for analysis 6 hours follewing the last feeding.
The results are presented in tabular form below:

Vitamin Content of Dry Rumen Material
Obtained from a Rumen-Fistulated Calf

Factor Basal Ration¥ Assay Method Rumen Contents Rumen Contents
Microgms./em « | Microgms./gm (thiamin added
| : to ration)
| Microgms./em
Thiamin 0. chick 10-12 204
Riboflavin 0.4 microbiolog- 18.6 26.5
ical
Nicotinic acid 60. chemieal 220 172
Pantothenic acid 3.4 microbiolog- 55,5 82.5
ical :
Pyridoxine 0 rat 7 11-12
Biotin ° 0.018  microbioleg- 0.087 0.250
ical

% The ration fed the fistulated calf consisted of acid-washed casein 4%,
urea 1.0%, cod liver oil 1.0%, salt mixture 3.0%, corn molasses 10.0%, corn

starch 71%, and bleached wood pulp 10.0%.

received two pounds of ration per feeding.

The calf was fed twice daily and

Other workers had suggested that?thiamin was possibly destroyed in the

rumen. To investigate this possibility 200 mg. of thiamin was added to the



calf ration and the rumen contents were again assayed for members of the B com=
plex. These results are recorded in the last column of the preceding table
Apparently the thiamin was not destroyed in the rumen and the addition of thi-
amin to the ration actually appeared to increase the synthesis of the other B
vitamins. It should be noted however that only one animal was used in this
experiment. The apparent synthesis of other members of the B complex when
thiamin was added to the ration could have been due to other factors.

In a later paper Wegner and associates (1941) fed a natural ration con-
sisting of timothy hay, corn silage, and a grain mixture of corn and eats.

They again were able to demonstrate the synthesis of six members of the B
complex as measured by an increase in the amount found in the rumen over the
amount present in the ration. The addition of nitrogen, either in the form
of linseed oil meal or urea, failed te increase the synthesis of B vitamins.
This finding was in disagreement with that of Lardinois et al., (1944) .

Hunt and co-workers (1941) collected rumen contents from fistulated steers
at 4, 12, and 16 hours following the last feeding. The steers were fed various
rations and rumen contents were collected for analysis. Following collection,
the rumen contents were preserved with aleohol, dried in a low temperature oven
and assayed for riboflavin and thiamin. Rats were used as the assay animals.
The resuits cbtained indicated that riboflavin was synthesized in the rumen
when a ration of alfalfa hay, yellew corn and a protein supplement was fed.
More riboflavin per gram of rumen contents was found to be present 16 hours
following the last feeding than was present 4 hours fellewing the last feeding.
No synthesis of riboflavin could be detected when alfalfa hay was fed alone.
The data also indicated a greater thiamin content per gram of dried rumen -
material removed L hours after feeding than was present in the feed, and a de-

creased.cpntent.lz or 16 hours after feeding. From the results obtained it



would appear that thiamin was absorbeé rather rapidly or was destroyed in the
rumen.

In a similar experiment Hunt and comworkeré (l9h3) were again able to
demonstrate that riboflavin was synthesized in the rumen of the steer when a
ration containing corn, alfalfa hay, and a protein supplement was fed. When
corn was omitted from the alfalfa hay-protein éupplement raticns there was
no apparent synthesis of riboflavin° As the amount of corn in the ration was
increased there was a correspénding increase in riboflavin per gram of rumen
contents. When ground corn was fed, the rumen contents appeared to contain
more riboflavin than when a similar ration.containing an equal weight of whole
corn was fed. These workers also fed a partially-synthetic, low-vitamin ratien
and obtained results which seemed to indicate that the amount of carbchydrates
in the ration and the ribeflavin content of the dried rumen material were
correlated. The synthesis of thiamin in the rumen could not be demonstrated
in this experiment.

‘Lardinois 33 al., (1944) haﬁe reported the effect of nitrogen added to
the ration as urea on the extent of the vitamin B complex synthesis in the
rumen of the fistulated cow and calf. They attempted to determine whether
or not there was any correlation between added nitrogen and readily ferment—
able carbohydrate on vitamin synthesis in the rumen. The data cbtained from
rumen samples collected from the fistulated cow are presented below. Similar
results were obtained from the fistulated calf.

The authors stated that, "The addition of nitrogen as urea resulted in
increased synthesis of nicotinic acid, biotin, riboflavin, and pantothenic
acid in the rumen, but significantly only when molasses or a readily ferment-
able carbohydrate was supplied with the ration." Since these workers did not
feed urea when a readily fermentable carbohydrate was not present in the ration,

it was difficult to understand their statement. However, it appeared that urea



VLUGUNLIL WULIUTIIY UL Iy LLNCE Mg oeslidt voualnea
from a Rumen-Fistulated Cow Fed Various Rations °

Ration Ration Thismin¥ Ribo- Nicotiniec Pantothenic Biotin¥*  Folic Pyri-
No. flayini acig¥® acid* acid® doxine¥

Timothy Hay (12 1bs.) 1 0,17 6.7 31.0 3.4 207 0.42 2.6

Timothy Hay (10 1bs.) 2 0.24 7.6 39.6 3.9 253 0.33 2.6

and Corn Molasses

(!{, leo)

Same as 2 plus 200 3 0.36 13.6 64.7 12.0 277 0.42 4.2

gms. urea

Timothy Hay (10 1bs.) 4 0.18 7.7 35.2 5.8 207 0.52 2.6

Timothy Hey (10 1bs.) 5 0.18 5.3 30.9 5.7 212 0.31 2.5

Corn Molasses (2

1bs.) Starch (2 1bs.)

Same as 5 plus 200 6 0.08 12.% 65.6 17.9 289 0.57 4.3

gms. uresa,

Same as 5 plus acid 7 0.12 11.5 56.6 18.2 250 0.34 2.8

washed casein (0.2

1bs.)

Same as 7 plus 200 8 0.35 12.0 59,0 16.3 309 0.49 2.6

gms. urea

¥ Micorgrams per gram of dry rumen material.

#% Millimicrograms per gram of dry rumen material.



enhanced riboflavin and pantothenic acid synthesis when added to a ration of
prairie hay and a readily fermentable carbohydrate. There also appeared to
be some synthesis of pyridoxine when this type of ration was fed. Thiamin
synthesis in the rumen was not demonstrated in this experiment.

Frey and Kratzer (1945) determined the amount of thiamin, riboflavin,
pantothenic acid and nicotinic acid in rumen contents from feed lot steers.
Seven composite samples, from 140 steers were analyzed. Each composite sam-
ple consisted of equal amounts of the rumen contents collected from twenty
steers. The steers had apparently been fed a fattening ration. However, no
mention was made regarding the raticas fed nor the time of collection follow-
ing the last feeding of the steers. Tie results of the aualysis are presented
in the following table.

Vitamin Content of Dry Rumen Material
Obtained from Steers

Vitamin Lowest Value Highest Value Average of 7
Found Found Composite Samples
Microgms./gm Microgms./em Microgms./gm
Thiamin 8.3 13.0 10.0
Riboflavin 9.7 13.0 12.0
Nicotinic acid 30.0 62.0 43.0
Pantothenic acid 39.0 66.0 49.0

A limited study of the nutritive value of rumen contents has been made
by Booth and Hart (1942). These workers heated rumen contents to 19h°F, pressed
out the fluid and then evaporated the fluid to dryness at a relatively low
temperature in order to preserve the vitamins. The concentrate which they
obtained in this manner contained 17 to 20 micrograms of riboflavin per gram.
No mention was made regarding the conditions under which the rumen contents
were obtained.

Rumen contents from cobalt deficient sheep and from cobalt supplemented
sheep were assayed for vitamin By activity by Hale ef al., (1949). Chickens



rere used as assay animals. Five trials showed that some growth factor(s)
7as missing from the rumen contents of the deficient sheep. The rumen con-
tents of the cobalt supplemented sheep consistently gave from 30 to 40 grams
nore chick growth during the assay period of 4 weeks than did the rumen con-
tents from the cobalt deficient sheep. This slower growth rate could be
completely overcome by adding vitamin Bj2 to the ration of rumen contents
from the cobalt deficient sheep.

Burroughs et al., (1946) using two rumen—fistulated steers, conducted an
extensive study of the amounts of feeds and nutrients present in the rumen
at j~hour intervals for 2/-hour periods. The ingesta examinations ineluded
total weights of water and dry matter in the rumen and reticulum as well as
complete proximate analyses of this material. The three rations fed were
similar in all respects except for the form of corn fed, which was shelled
corn, ground corn and ground ear corn. These rations were compared at a low,
medium, and high plane of nutrition.

The following table from Burroughs et 2l., (1946) demonstrates that
the value of rumen contents, in so far as the major nutrients are concerned,
is dependent upon the time of removal of ingesta following the last meal.

Nutrients Present in the Rumen at Various Intervals Following
Ingestion of Feed. Weights are in Pounds 1, 2

Dry Nitrogen~ Crude Protein Ether
Time Water Matter Free Extract Fiber NX6.25 Extract Ash
8 A. M. 40.7 4.9 2.2 1:1 0.9 0.2 0.5
8:30 Feed & Water 59.8 10.1 5.4 1.8 1.8 0.4 0.7
12 Noon 56.8 - 1.5 3.6 1.5 1.5 1.4 0.7
i P. M. 47.1 6.3 3.1 1.2 1.2 0.3 0.6
4230 Feed & Water 62.9 11.5 6.3 1.9 2.1 0.5 0.8
5P M 58.3 9.2 4.8 1.6 1.7 0.4 0.7
12 Night 50.3 7.1 3.5 Yl 1.k 0.3 0.6
4 A, M. by ol 6.1 2.8 1.3 1.2 0.2 0.6
8 A. M. 38.3 5.2 2.5 1.1 1.0 0.2 0.5

1. The ration fed consisted of ground shelled corn 6.5 pounds, alfalfe hay
3.5 pounds, and protein supplement 1.3 pounds. The protein supplement contained
soybean meal 35%, cottonseed meal 35%, tankage 25%, limestone 2%, bone meal 1%

and salt 1%.
2. Each figure represents an average of 12 determinations.



10

The data presented in the following table abstracted from Burroughs gt al.,

(1946) demonstrates that the value of rumen contents in so far as the major
nutrients are concerned is dependent upon the plane of nutrition,
Mutrients Found in the Rumen at Different Levels of Feeding
Weipghts are in pounds and each figure is an average of 12

determinations, using two steers.

Ration Dry Nitrogen Crude Crude Ether

Water Level Matter* Free Fiber Protein Extract Ash
Extract

28.3 Low . 2.8 0.9 1.0 G.5 0.1 0.3

Z;,l.s Mediwn Z},nly lqg 101 009 O@l 0-5

56.4 High 7.3 3.2 1.7 1.4 0.2 0.8

# 411 semples collected approximately 15 hewrs following last feeding

These workers found that total dry matter in the rumen was highest im-
nediately following feeding and decreased until the following feeding peried.
At the low level of feéding, this decrease was found to be fairly constant
from period to period. As the plane of nutrition increased, the dry matter
tended to disappear from the rumen more rapidly shortly after feeding than it
1id at each succeeding period thereafter.

The total protein in the rumen varied with the amount fed or the plane
»f nutrition. The protein appeared to leavé the rumen st about the same rate
as did the total dry matter, Thus, the ratioc of protein to dry matter was
ipproximately the seme at one period of the day as compared with most any other
seriod. ~

The total carbohydrate in the rumen at different periods of the day par-
1lleled the amounts of dry matter and protein found in the pammch throughout
1 24~hour period. However, this was not true in the case of the two carbohy-
Irate fractions, nitrogen~free extract and crude fiber. At all levels of feed-

ing the nitrogen~free extract tended to leave the rumen nuch more rapidly after
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feeding and to reach much lower levels juét prior to feeding than did the crude
fiber., The rate at which crude fiber left the rumen was fairly constant.

A physical examination was made of the rumen gamples collected., It was
observed that ground shelled corn left the rumen at a faster rate than did
shelled corn. Corn cobs remained in the rumen for a longer period of time than
hay. The estimated amount of hay in the rumen was consistently high when a
ground ear corn ration was fed. Considering the added amount of roughage as
cobs in the ground ear corn, the totzl roughage in the rumen was considerably
higher with this ration than was the case with the other two rations. It was
noticed that the cobs had the ability to soak up lerge quantities of water.
Evidence that cobs imbibe more liquid than do hays was observed by the relative
position which these two feeds occupy in the rumen. When ground cobs were ad-
ded to the hay-grain ration they tended to stratify in the water layer of the
ingesta beneath that of the hay. This phenomenon may be an important factor
in the digestion and utilization of corn cobs. Also the fact that the cobs
remained in the rumen for a longer period of time would be a factor favoring
their microbiological digestion,

It should'be noted that this.data may be subject to some experimental error.
The use of fistulated animals combined with the procedure of removing the total
rumen contents necessitated considerable aeration of this material. This pro-
cedwe is probably detrimental to the rumen microorganisﬁs which are mostly
anaerobes.

A few experiments have been reported in which rumen contents have been
included in rations for poultry and swine. Two Italian workers, Uselli and
Fiorini (1939), divided rumen contents into what they referred to as "bacterial,"
"nutritive," and "infusorial" fractions. These workers did not describe their

methods of separating the rumen material into these different fractions, but



they stated that this was done by a series of successive dilutions, centrifu-
gations and decantations. The fractions were added to a basal ration of corn,
supplemented with minerals and vitamins. Sixteen White leghorn males were
equally divided into four lots. The various fractions were fed at the rate of
two grams per bird per day. One group was used as a control. The chickens
receiving the infusorial fraction appeared to gain a little faster then the
other groups. The authors attributed this apparent increase in weight to pro--
tein quality. No mention was made as to the conditions under which the rumen
contents were collected.

In what appeared to be a well-conducted experiment, Hammond (1944) tested
the value of varicus combinations of conventional feed stuffs, dried cow manure,
and dried rumen contents, as a substitute for alfalfa leaf‘meal in an sll-plent
ration for chicks. No mention was made regarding the time of collection fol-
lowing the last feeding nor to the ration the cattle were fed from which the
rumen contents were obtained. The rumen contents used in this study analyzed
1ol percent protein, 8.4 percent ash, 1.5 percent fat, 38.5 percent crude fi-
ber, and 33.5 percent nitrogen-free extract. The rﬁmen contents were also
assayed for riboflavin and were found to contain approximately 14 micrograms
per gram of dried rumen masterial,

Chicks fed & percent dried rumen contents or dried cow manure in the place
of alfalfa meal made more rapid gains than those fed alfalfa leaf meal or other
conventional plant feed mixtures. Efficiency of feed utilization was higher
for the chicks fed rumen contents or dried cow menure., Later studles have in- .
dicated that vitaﬁin B12 was at least one factor present in the rumen contents
and cow manure which contributed to the increased growth and feed efficiency of
the chicks.

Ferrin (1946) conducted a study in which dried paunch contents from cattle



13

were substituted for 8 percent of tﬁe ground yellow corn in rations for grow-
ing pigs when tankage was the prinecipal source of protein. The pigs gained
as well on the experimental ration as they did the control ration with a some-
what more efficient utilization of feed consumed.

Dried whey, alfalfa meal, irradiated yeast, niacin, riboflavin and io-
dized salt were included in all rations. The pigs used in this experiment
had an average initial weight of 49 pounds. Ten pigs were placed in each lot
and were restricted to pens having concrete floors. During the first 49 days
of the feeding period, the average daily gain per pig was 1.47 pounds in the
lot receiving tankage and 1.46 pounds in the lot receiving tankage plus rumen
contents. The feeds consumed per hundred pounds of gain were 370 and 352
pounds, respectively.

No mention was made as to the ration the cattle were fed, nor to the time

of collecting the rumen contents following the last feeding of the cattle.



EXPERIMENT T

The purpose of this experiment was to gain information regarding the nu-

tritive value of rumen contents collected from grass-fed and grain-fed cattle.
Procedure

Rumen contents were collected from cattle which had been grazing native-
range pasture during the early summer season, and from cattle which had been
full-fed a ration of corn and other cereal graines, cotton seed cake, sorghum
silage and alfalfa hay. The rumen contents were collected immediately fol-~
lowing the slaughter of the cattle. Some of the samples were obtained at the
college meats laboratory and the remainder from commercial packing plants in
Oklahoma City. The material from both the rumen and reticulum was collected
in a large container, mixed thoroughly, and sampled for analysis. These sam~
ples were either dried immediately in a low temperature oven or guick frozen
until a time when the& could be dried. Other similar samples were separated
into two fractions. The complete rumen contents were placed in a lard press
and the‘liquid portion of the rumen material was pressed out. This liguid
portion is referred to in the following tables as rumen liquor and the solid
material as rumen residue. The rumen liquor was quick frozen until it could
be analyzed, while the rumen residue was immediately dried in a low tempera-
ture oven (40-50°C). Proximate analyses were made in the usual manner by the
Agricultural Chemistry Research Department. The riboflavin and nicotinic acid

content of rumen materials was determined microbiologically by the author.



RESULTS AND DISCUSSION

The results of this experiment are presented in Tables 1 through 6. The
chemical analyses of rumen contents obtained from a grass-fed cow and four
grain-fed steers are presented in Tables 1 and 2, respectively. A comparison
of the values presented in these two tables gives some idea of the effect of
ration on the nutritive value of rumen contents., The rumen contents collected
from steers on a fattening ration were higher in protein and fat, and con~-
siderably lower in fiber than the rumen contents collected from the grass-fed
cow. Evidence is also presented (Tables 1, 2, 3, and 4) that the time of
colleeting the rumen contents following the last feeding of the animals is
an important factor in determining‘the nutritive value of this material.

For example, the composite sample of rumen contents obtained from 4 grain-
fed steefs, (Table 2) slaughtered 16 hours following the last feeding, con-
tained 15.5 percent crude protein, 4.3 percent ether extract, 32.3 percent
crude fiber, and 40.0 percent nitrogen-free extract. The composite sample

of rumen contents, obtained from 40 grain-fed steers slaughtered 36 hours
following the last feeding, contained 7.3 percent crude protein, 3.0 percent
ether extract,v23.8 percent crude fiber and 47.1 percent nitrogen-free extréct.
Thus, the rumen contents collected 16 hours following the last feeding were
higher in crude protein and ether extract than rumen contents collected 36
howrs following the last feeding. However, the rumen contents collected 36
hours following the last feeding were lower in crude fiber. Needless to say,

the quantity of dried rumen material collected from full-fed cattle slaughtered
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16 hours following the last feeding was considerably greater than that col-
lected from steers slaughtered 26 hours following the last feeding. These
findings are in agreement with the work of Burroughs et al., (1946) who con-
ducted a controlled experiment using fistulated steers as the experimental
snimals.

Composite samples collected from grass-fed cattle at a commercial pack-
ing plant in Oklahoma City are presented in Table 3. These samples are be~
lieved to be fairly typical of the rumen contepts collected at packing plants
in the southwestern part of the United States during the early summer grazing
season. This material contained approximately 80~90 percent moisture, and
this alone presents a problem in processing the material for feeding purposes.
The dried rumen material contained a fair percentage of protein but it was
quite high in fiber, a factor which would limit its use in poultry and swine
rations.

An attempt was made to concentrate the soluble nutrients by separating
the rumen contents into rumen ligquor and rumen residue as described under
procedure., It was thought that the rumen liquor might contain considerable
amounts of protein and vitamins. Chemical analyses of rumen liguor (Tables
1, 2, and 5) showed this material to contain from 1.5 to 3,2 percent dry mat~
ter, 12 to 25 percent of which was crude protein. This dried rumen liguor
contained 35 to 50 percent ash of a very alkaline nature. The nicotinic acid
and riboflavin content of rumen liquor and rumen residue are presented in
Table 6. Rumen liquor, reported on a dry matter basgis, was found to contain
congiderable nicotinic acid and roboflavin, but not nearly enough for it to
have merit as a commereial source of these vitamins.

The results of this study indicate that rumen contents from grass-fed

cattle collected from a commercial packing plant, under the usual prevailing
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condition% has very little value as;a feeding supplement due to its high water
and fiber content. However it appears possible that means of processing this
material might be developed which would increase its nutritive value. Con-
trary to suggestions made by other workers, rumen contents collected under
commercial conditions were not found to be a superior source of the vitamin B
complex as measured by nicotinic acid and riboflavin content. It should be
kept in mind that cattle slaughtered at commercial packing houses have been
Pasted for several hours during which time most of the residusal feed materials

normally present in the rumen have been absorbed and utilized by the animals.
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Table 1

Chemical Analysis of rumen Contents Collected from One Grass—fed
Cow Slaughtered at the College Meat Laboratory#

Crude Ether Crude Nitrogen
Semple Protein Extract Fiber Free~extract A sh
% % % % %
Rumen Contents** 8.5 1.3 46.1 34.3 9.8
Rumen Residue#d# . 8.8 1.6 46.3 38.0 5.3
Total Crude
Water Solids Protein Ash
% % % %
Rumen Liquor 98.3 1.711 .22 .86

% These rumen contents were collected 16 hours following the last
feeding of the cow.

¥#% Rumen contents and rumen residue reported on a dry matter basis.

Table 2

Chemical Analysis of a Composite Sample of Rumen Contents Collected
from Four Grain-fed Steers* Slaughtered
at the College Meat Laboratory#**

Crude Ether Crude Nitrogen
Sample Protein Extract Fiber Free-extract Agh
% % % % %
Rumen Contentghi# 15.5 4.3 32.3 39.1 8.8
Rumen Residue#*# 15.0 4.6 33.5 40.2 6.7
Total Crude Ash
Water Solids Protein
% % % %
Rumen Liquor 96.8 3.2 .81 1.1

* These steers had been full fed a ration conslsting of 5 parts rolled
oats, 1% parts rolled barley, 1 part ground corn, 1% parts wheat bran, 1
part silage and a limited amount of alfalfa hay.

#% These rumen contents were collected 16 hours following the last feeding
of the steers.

k%% Rumen contents and rumen residue are reported on a dry matter basis.



Table 3

Chemical Analysis of Composite Samples of Rumen Contents Collected from 30 Grass-fed Steers
and 29 Grass-fed Cows Slaughtered at a Commercial Packing Plant
in Oklahoma City* (dry matter basis)

Crude Ether Crude Nitrogen

Sample Protein Extract Fiber free-extract Ash Caleium Phosphorus

% % % % % % %
Rumen contents 11.7 3.2 37.8 32.5 14.8 0.8 0.8
composited from
30 steers
Rumen contents 10.5 2.2 33.3 38.6 15.4 0.9 0.8
composited from
29 cows

¥ These cattle were fed some prairie hay about twelve hours pricr to slaughtering.

Table 4

Chemical Analysis of a Composite Sample of Rumen Contents Collected from 40
Full-fed Steers Slaughtered at a Commercial Packing Plant
in Oklahoma Cityl: 2  (dry matter basis)

Crude Ether Crude Nitrogen Calcium Phosphor us
Sample Protein Extraect Fiber free-extract
Z % 4 Z Z 2
Rumen contents 7.3 2.9 23.8 47.1 0.24 0.36
composited from
40 gteers

1 These steers were slaughtered about 40 hours after their last feeding of the full-fed ration.
The steers were allowed access to prairie hay at the stock yards.

z These steers had been full-fed a ration of corn, cottonseed meal, sorghum silage and alfalfa hay.

*

61
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Table 5
Chemical Analyses of Individual Samples of Rumen
Material Collected from 9 Grass-fed Steers Slaughtered at
2 Commercial Packing Plant in Oklahoms City*

Analysis of Rumen Contents (dry matter basis)

Crude Ether Crude Nitrogen
Steer No, Protein Extract Fiber Extract Ash
% % % % %
1 9.4 3.2 - 31.8 43.0 12.7
2 9.5 2.6 31.1 L4 T 12.1
3 10.2 3.2 29.2 44,1 13.3
4 9.3 2.5 31.9 45.2 11.1
5 8.0 1.8 42.9 38.9 8.5
6 9.5 1.1 32.3 45.6 11.5
7 9.0 1.4 32.5 45.8 11.4
8 8.9 1.7 33.5 4Lt,.8 11.0
9 9.5 3.1 20.4 Lt 2 13.9
Analysis of Rumen Liquor
Steer No. Total Seolids Crude Protein Ash
% % %
1 - - -

2 1.9 0.34 0.8

3 1.8 0.41 0.8

4 1.5 0.26 0.7

5 2.3 0.70 0.9

6 1.6 0.32 0.8

7 1.6 0.26 0.9

8 1.5 0.26 0.8

9 1.7 0.35 0.8

% College steers fattened on grass at Lake Carl Blackwell range.

The rumen contents were collected approximately 36 hours after the cattle
were removed from pasture. A small amount of prairie hay was fed about 12 hours
prior to slaughter.
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Table 6

Nicotinic Acid and Riboflavin Content of Rumen Material
Collected from 9 Grass-fed Steers#
(dry matter basis)

Nicotiniec Acid Nicotinic Acid Riboflavin Riboflavin

Steer No. Rumen Liquor Rumen Residue Rumen Iiquor  Rumen Residue

Microgms/sm Microgms/gm Microgms/sm Microgms/gm
1 - 17.6 e 305
2 47.1 14L.4 4.9 1.5
3 53.0 16.0 8.9 1.6
4 54.4 15.3 4.3 1.7
5 63.0 16.0 16.7 1.5
6 344 27.3 7.5 1.2
7 27.0 19.8 3.0 1.8
8 33.8 11.8 9.7 1.3
9 45.3 10.9- 6.1 1.0

* Same as in Table 4.



EXPERIMENT II

This experiment was conducted in order to gain information regarding the
effect of various rations on the synthesis of nicotiniec acid, riboflavin and

pantothenic acid in the rumen of sheep.

Procedure

Sixteen grade western wether yearling lambg ranging in weight from 70 to
90 pounds were used in this experiment, two lambs being placed on each ration.
The rations fed are presented in Table 7. All lambs were fed their respective
rations for a total of thirty days. They were fed in individual stanchions
and when not ealing were allowed the freedom of a large box stall. Fresh water
was provided at all times. Salt was provided ad libitum to the lambs fed Ra-
tions 1 through 6. The lambs fed Rations 7 and & were allowed only the minerals
included in their respective rations.

Rations 1 through 5 were fed at the rate of 800 grams per day compounded
on an air dry basis. Samples of silage and hays were dried in the oven for
dry matter determinations, in order that equal amounts of these materials could
be fed,

Rations 1 through 5 were caleulated to contain 12 percent crude protein
and to be as nearly equal in total digestible nutrient content as was practical.
It was necessary to provide small quantities of prairie hay for the lambs on
the all»conéentrate ration (Ration 5) in order to keep them on feed. However,
1o hay was offered these lambs for the last three days prior to slaughter. The

lambs on the all prairie hay ration (Ration 6) refused to consume more than
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600 grams' of this relatively wmpalatable ration.

Schnambye and Phillipson (1949) demonstrated that the concentration of
volatile fatty acids in the rumen ligquor of sheep was highest from five to
seven hours following the last feeding. These acids, which are chiefly acetic,
propionic and bubyric, are formed as a result of the fermentation processes in
the rumen. It seems reasonable to believe that vitamin synthesis in the rumeh
might proceed at a similar rate. Therefore, the lambs were slaughtered six
hours following the last feeding.

Immediately following slaughter the total rumen and reticulum contents
were removed, weighed, and large duplicate samples were taken for analysis.
Within one hour after collection the ruman samples were acidified in order to
minimize vitamin destruction and were sutoclaved for five minutes to prevent
further fermentation. The samples were then dried in a forced draft oven at
approximately 80°C and were then weighed for dry matter determinations. A1l
rumen samples and feed materials were assayed microbiologieally for nicotiniec
acid, riboflavin, and pantothenic acid by the Agricultural Chemistry Research
Department. The vitamin content of the feeds in this experiment is presented

in Table 7.



RESULTS AND DISCUSSION-

The results of this experiment are pregented in Tables 9, 10, and 11.

In this study vitamin gynthesis in the rumen was measured by subtracting the
vitamin content per gram of the ration from the vitamin content per gram of
the dry rumen ingesta.

Information regarding the effeet of the type of roughage fed on the sub-
sequent B vitamin cemplex synthesis in the rimen, may be obtained by comparing
the results when Rations 1, 2, and / were fed. These rations contained corn
and soybean meal and differed only in the quantities of these two concentrates
and in the type of roughage. It appears that the type of roughage fed had a
direct effect on the amount of B vitamin synthesis which occurred in the rumen.
For example, 115.4 and 127.5 micrograms of nicotinic acid per gram of dried ru-
men contents were synthesized when alfalfa hay (Ration 1) and sorghum silage
(Ration 4) were fed; respectively. When prairie hay, which is a lower quality
roughage, ﬁas fed (Ration 2) only 84.1 micrograms of nicotinic acid were synthe-
sized per gram of dried rumen contents. The trend was somewhat different for
riboflavin. The rumen contents obtained from lambs fed the alfalfa hay ration
(Ration 1}, the prairie hay ration (Ration 2), and the silage ration (Ration 4),
eontained 6.4, 7.0 and 10,0 micrograms of synthesized riboflavin per gram of
dried material, respectively. Prairie hay appeared to favor the synthesis of
pentothenic acid while silage appeared to have an inhibiting effect. The
amount of pantothenic acid synthesis which occurred in the rumen was 8,0, 5.3

and 2.0 micrograms per gram of dried rumen material when prairie hay (Ration 2),
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alfalfa hay (Ration 1), and sorghwm silage (Ration 4) were fed, respectively.

Nicotinic acid synthesis appeared to be greater when a high=-quality rough-
age such as slfalfa hay (Ration 2) or sorghum silage (Ration 4) was fed than
when a ration which contained only concentrates was fed (Ration 6). However,
pentothenic acid synthesis was the greatest when asn all-concentrate ration was
fed. The amounts of B vitamins synthesized in the rumen of lambs fed the all-
concentrate ration (Ration 6) were nicetinic acid 91.8, riboflavin 8.3, and
pantothenic acid 20.4 nicrograms per gram of dried rumen material,

There was only a small smount of B vitamin synthesis in the rumen when
prairie hay was fed alone. The amcunts which were synthesized in the rumen
were nicotinic acid 36.9, riboflavin 2.9, and péntothenic acld -2.2 micrograms
per gram of dried rumen materisl. The addition of corn and soybean meal to a
prairie hay roughage ration (Ration 2 ve ration 6) markedly increased the
emount of synthesis of the three B vitamins studied in this experiment. These
findings were in agreement with those of Lardinois et al., (1944) who found
that the addition of a readily available carbohydrate such as corn molasses
or starch, and a nitrogen supplement such as urea or casein, to a ration con-~
taining timothy hay ss the roughage, increased the microbiological synthesis
of nicotinic secid, riboflavin, and pantothenic acid in the rwmen. There appeared
to be slightly more rumen synthesis of the three B vitamins studied in this ex-
periment when soybean meal was fed {Ration 2), than when urea was fed (Ratien
3).

Apparently the addition of slfalfa ash to a corn cob basal ration improves
the digesﬁibility of the organic matter in the ration (Part II of this thesis).
It secemed desirable to study the effect of alfalfa ash on the synthesis of B
vitaming by the microorganisms present in the rumen of lambs. The results ob=-

tained in this study indicate that B vitamin synthesis in the rumen was inereased
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when alfalfa ash was added to the corn cob basal ration (Rations 7 and 8). The
values obtained were nicotinie acid 49.6 and 68,3, riboflavin 4.7 and 6.5, and
pantothenic acid 10.1 and 12,7 micrograms per gram of dried rumen material for.

the cob basal ration (Ration 7) and the cob basal plus alfalfa ash ration (Ra-

tion 8), respectively.
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Feeds and Rations Fed in Experiment II

Feed

Alfalfa Hay
Prairie Hay
Sorghum Silage
Corn

Soybean Meal
Ures

*Corn Cob Basal
*¥Corn Cob Basal
+ Alfalfa Ash

Total Amount
Feed per Day

360

420
20

800

2

360

320
120

800

3

360
422
18

800

4

360
350
90

800

Ration Number (amount fed in grams air dry basis)

5 6 7 8
600
720
80
706
748

800 600 706 748

* The corn cob basal ration contained 45% corn cobs, 25% corn, 20% corn
gluten meal, 7% corn syrup, and 3% corn oil, plus 6 grams CallPO, per day.

Table 8

Nicotinic acid, Riboflavin and Pantothenic Acid
Content of Feeds Used in Experiment IT

Feeds

Alfalfa Hay
Prairie Hay
Sorghum Silage
Ground Corn Cobs
Yellow Corn
Corn Gluten Meal
Soybean Meal

31.6
1.5
25.4
13.0
16.4,
A3.4
21.8

Nicotinie acid
microgms/gm

Riboflavin Pantothenic acid
microgms/gm microgms/gn

9.8 29.3

3.2 11.1

5.0 21.1

2.3 5.0

1.4 6.3

262 5.9

2.8 13.8
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; ‘Table 9

Nicotinic Acid Content of Rations Fed and Rumen
Contents Collected in Experiment IT

-y

Ration Sheep Present in Present in Quantity

Ration No. No, Ration Rumen Contents Synthesized

Microgms/gm Microgms/gm Mierogms/gm
Alfalfa, Corn, 1 10 23.4 139.9 116.5
Soybean Meal 1 29 137.6_ 11.2
Ave. 138.9 115.4
Prairie Hay, Corn 2 6 16.4 108.1 115.4

Soybean Meal 2 18 92.8 __76.4
Ave, 100.4 84.1
Prairie Hay, Corn,3 5 15.2 77.7 62.5
Urea 3 11 90.3 75.1
‘ Ave. 84, 68.8
Sorghum Silage, 4 7 21.1 151.6 130.5
Corn, Soybean A 12 145.5 1244
Meal Ave. 148.6 127.5
Corn, 5 4 16.9 120.0 103.1
Soybean Meal 5 1 97.3 80.4
' Ave, 108.7 91.8
Prairie Hay 6 2 14.5 50.2 35.7
6 23 52.5 38.0
Ave. 51.4 36.9
Cob Basal 7 8 18.6 69.0 50.4
‘ 7 12 ' 674 48.8
Ave. 8.2 £9.6
Cob Basal 8 1 18.6 78.6 60.0
+ Alfalfa 8 13 95.2 76.6
Ash Ave, 86, 68.3
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Table 10

Riboflavin Content of Rations Fed and Rumen
Contents Collected in Experiment II

Ration Sheep Present in Present in Quantity
Ration Neo. No., Ration Rumen Contents Synthesized
Microgms/gm Microgms/gm Microgms/gm

Alfalfa, Corn, 1 10 5.2 11.8 6.6

Soybean Meal 1 29 ' 11.3 6.1

Ave. 11.6 6.4

Prairie Hay, 2 6 2.4 8.7 6.3
Corn, .

Soybean Meal 2 18 10.0 7.6

Ave. .4 7.0

Prairie Hay, 3 5 2.2 8.2 6.0

Corn ,

Urea 3 11 9.2 7.0

Aveo 85’7 665

Sorghum Silage, 4 7 3.2 14.8 11.6

Corn, Soybean 4 12 12.0 8.8

Meal Ave, 13.4 10.2

Corn 5 4 1.5 8.8 7.3

Soybean Meal 5 14 10,7 9.2

Ave, 9.8 8.3

Prairie Hay, 6 2 3.2 6.1 2.9

6 23 6.0 2.8

Ave. 6.1 2.9

Cob Basal 7 8 1.8 6.4 4.6

7 12 6.5 4.7

Ave., 6.5 4.7

Cob Basgal, 8 1 1.8 7.1 5.3

+ Alfalfa Ash g 13 9.4 7.6

Ave. 8.3 6.5



Table 11

Pantothenic Acid Content of Rations Fed and Rumen
Contents Collected in Experiment II

30

Ration

Alfalfa, Corn,

Soybean Meal

Prairie Hay,
- Corn,
Soybean Meal

Prairie Hay,
Corn,
Urea

Sorghum Silage,

Corn, Soybean
Meal

Corn ,
Soybean Meal

Prairie Hay

Cob Basal

Cob Basal
+ Alfalfa Ash

Ration
No.

U\

Sheep
No.

10
29

18

11

0~

Present in

Ration

Microgms/gm

16.9
Ave,

9.6

Ave,

803

Ave,

13.8
Ave.

7.0
Ave,

11.1
Ave,

5.0
Ave.

5.0

Ave,

Present in

Quantity
Rumen Gontent Synthesized
Microgms/gm  Microgms/gnm

20.0 | 3.1
24.3 7ok
22,2 5.3
16.6 7.0
18.5 8.5
17.6 8.0
1.6 6.3
13.8 5.5
14.2 5.9
12,0 - 1.8
20.7 6.9
16.4 2.6
32,2 25.2
22.5 15.5
27 4 20.4
9.0 - 2.1
8.8 . ~ 2.3
8-9 hand 202
16.1 11.1
Moo 9.0
15.1 10.1
16.3 11.3
19,0 14.0
17.7 12.7
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SUMMARY

Rumen contents collected from grass-fed and grain-fed cattle were analyzed
for crude protein, ether extract, crude fiber, and ash. The percentage of the
various nutrients present in the rumen material was found to be dependent upon
the ration fed and the time of collection following the last feeding of the
ecattle,

A concentrate of the soluble nutrients present in the rumen materisl was
found to contain 12 to 25 percent crude protein and 35 to 50 percent ash of a
very alkaline nature. This concentrate contained considerable riboflavin and
nicotinic acid, but not nearly enough for it to have much merit asg a commer-
cial source of these vitamins.

In a second.experiment runen contents were collected from lambs fed equal
quantities of various rations. The rumen contents were assayed micfobiologi»
cally for nicotinie acid, riboflavin, and pantothenic acid. The type of rough—
age fed was found to have a direct effect on the amounts of B vitamins synthe-
gized in the rumen. An all-concentrate ration of corn and soybean meal appeared
to favor pantothenic aeld synthesis, while nicotinic zcid synthesis appeared
to be greater when a high quality roughage such as alfalfa hay or sorghum silage
was included in the ratien. There seemed to be very little synthesis of B
vitamins when prairie hay wes fed alone. The addition of corn and soybean
meal to a prairie hay ration markedly increased the ameount of rumen synthesis
of the three B vitamins studied in this experiment.

The addition of alfalfa ash to a corn cob basal ration appeared teo increase

the synthesis of B vitaminsg by the micrcorganisms in the rumen of lambs.
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1I. FACTORS AFFECTING THE DIGESTIBILITY OF LOW QUALITY

ROUGHAGES BY LAMBS
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IRTRODUCTION

Roughage materials constitute the major portion of feeds consumed
by cattle and sheép in the production of meat, milk, and wool. The
efficiency with which hays, pastures and other roughages are utilized
by ruminants is therefore very important.

Generally speaking, thers are two mebhods of approaching this prob-
lem. The first method involves the production of higher quality rough~
ages of superior nutritive value. The development of modern hay- and
ensilage-making equipment, along with improved technigues which have
been developed through research, has simplified the production of higher
guality roughages. Neverthsless, thére are still large quantities of
low quality roughage materials prdduced each year due to adverse weather
conditions, lack of effort on the part of the producer, and as by-products
in the production of such crops as corn, other cereals, soybeans, cotton
and sugar beets.

| A second method of inereasing roughage utllization is to increase
the efficiency with which the animal uses roughages of low gquality,
Ruminants are able to utilize large amounts of roughage due to the pres~
ence in the rumen of a complex microbioclogical population. These mlero-
organisms are able to utilize the components of feeds, converting them
into more easily digested materials which are then used by the host anil-
mal. These microorganisms require certain definite nutrients in order
to digest roughages at maximum efficiency. If such nutrients are laeck-

ing or are present in limiting amounts, the efficiency of ruminal
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fermahtation may be seriously affected. Among the importént nutritional
requi%ements are certain minerai elements. An investigetion of the re-
latioﬁ of the mineral composition of the feed to iis efficiency of use
by the animal, would be of value in determining more clearly the environ-
mental factors favoring ruminal action.

This investigation was undertaken in an asttempt to determine the
effect of certain minerals on the digestibllity of rations containing
poor quality roughages. The effect of adding cerelose at different levels
on the digestibility of a ration conteining a poor quality roughage was
also studied.



REVIEW OF LITERATURE

The following literature review is concerned primarily with diges-
tion experiments in which the addition of various amounts and kinds of
proteins, carbohydrates, and minerals to low quality roughege rations

has been studied.
The Effect of Protein or Availabls Nitrogen

Gallup and Briges (1948) have demonstrated that the dry matter di-
gestibility of prairie hay increased as the oroteln content of the hay
increased. The digestibility of each ration was determined with four
or more two-year-old steers. The order of feeding was arrsnged in a
manner which avoided feeding the same ration to more than one steer dur-
ing the same collection perlod., The prairie hays conteined different
levels of protein varying from 3 to almosgt 6 percent. Dry matter di-
gestibility increased from 47 percent te 60 perecent for the hays contain-
ing 3.0 percent and 6,0 percent protein, respectively. The addition of
cottonseed meal in amounts from 0.5 pound to 3 pounds daily to a ration
of prairie hay increased the digestibility of the dry matter and crude
fiber of the ration. Differences in digestibllity related to the protein
content of the prairis hay were again apparent,

The effect of adding urea to a basal ration of lew gquality prairie
hay fof lambs has been studied by Briggs et al., (1948). Eight lambs
were used in each digestion trial. Five digestion trials were conducted

in the first experiment. During the first trial the lambs were fed



prai#ie hay alone. During the remaining trials the lambs received, in
addiﬁion to the same feeding of hay, a nitrogen supplement of cottonseed
meal or wrea. The urea was fed in three different forms; a urea pellet
containing hominy feed and molasses and compounded to contain a erude
protein equivalent of 43.5 percent on an air-dry basis, Du Pont "Two-
sixty-two" which is a special commercial peparation of urea, snd crystal-
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line wrea. In all the rations, the nitre rogen supplements were fed at the
same protein equivalent. The apparent coefficients of digestibility for
organic matter were 43.8 percent when prairie hay was fed and 52.4-55.0
psrcent when either of the forms of urea was subshbitubed for cotbonseed
meal in the ration. In a second experiment cottonseed meal or urea pel-
lets, containing varying amounts of urea and cottonseed meal, bubt com-
pounded to be equal in crude protein content, were added to a prairie
hay ration. The lambs digested 40.2 percent of the organic matter in
the ration when prairie hay was fed alone and 53.0 to 54.8 percent of
the ration when cottonseed meal or urea pellets were added to the prairie
hay ration.

Burroughs snd associates have recently studied the effect of adding
soybean meal (1949a), dried skim milk (1949b), or easein (1950b), on the
digestibility of the roughage dry matter by sta rs, In the first ex-
periment (1950b) soybean meal was added at two different protein levels
(8 and 15 percent) to rations containing either corn cobs or timothy hay
asg the roughage. The schedule of feeding the fowr rations was staggered
over the four collection psricds, and two seriegs of four coll@ctibn
periods were completed in thia manner. The apparent digestion coeffi-
elent for the roughage dry matter was caleulated by difference. In order

to make such a caleulation these workers assumed that the concentrate



constituents of the ration were digested in a constant manner regard-
1ess§of the amounts included in the ration or of the type of roughage
which was included in the ration. Due to the complementary and supple-
mentary effects of feeds on the digestibility of other constituents in
the ration when fed to ruminants, it appears that this procedure might
be subject to considerable error (Maynard 1947). However, sinece this
calculation was used when both the 8 and 15 percent protéin rations were
fed the trend obtained appears to be real. The average apparent diges-
tion coefficient of the corn cob dry matter was calculated to be 59 per-
cent and 67 percent for the rations conteining 8 and 15 percent protein,
respectively. The average apparent digestion coefficients of the timothy
hay dry matter was calculated to be 51 and 59 pereent for the rations
containing 8 pereent and 15 percent protein, respectively.

In a second very similarly conducted experiment, Burroughs and as-
sociates (1949b), studied the offect of various amounts of dried skim
milk on the digesgtibility of the dry matter of a ration of corn cobs
| and corn starch. In this study the digestibility of the corn starch and
dried skim milk was considered to be constant at 87.2 percent and 89.7
percent, respectively. By calculating the apparent coefficient of di-
gestion of the corn cob dry matter, it was determined that as the protein
content of the ration increased from 5.0 percent to 18.5 percent, the
apparent coefficient of dipgestibllity of corn cob dry matter increased
from 4800 percent to 62.6 percent, respectively. In a lster experiment
these workers (1950b) obtained similar results when casein was added at
various levels to a ration of corn cobs and corn starch when fed to
steers.

Watson et al., (1947) conducted an experiment in which timothy hay,



soyb@an meal, and barley were fod to cattle in warious combinations and
in sﬁch a manner that the nutritive ratlos varied from 1:2.8 to 1:10.1.
The results indicated that there was no difference in the digestibility
of either total dry matter or crude fiber due to the differences in
the nutritive ratio of the rations. These results appear to conflict
with the results which have been previously reviewsd. It should be
pointed out that the timothy hay whieh was fed in this later study con-
tained 8 percent protein, which is considerably more than was present
in the prairie hay fed by Gallup et al., (1948) and in the corn cobs
fed by Burroughs et al.. (19492, 1949h, 1950b}.

Swift et al., (1947) heve found that the addition of casein to a
basal ration containing 13.2 percent protein tended to decrease the di-
gestibility of the crude fiber of the ration.

In 2 series of in vitro experiments, Burroughs and associates

(1950a, 1950b, 1950d, 1950e, 1951a) have demonstrated that the addition
of various protein supplements and wres to an "artificial rumen" in-

creages cellulose digestion.
The Effect of Readily Avallable Carbehydrate

The addition of starch or molasses to the ration for a ruminant
usually deeresses the digestibility of the nutrients in the basal ration.
This appesrs to be partileularly notieceable in the use made of protein
and cfuﬁe fiber. V(Armsby and Fries 1918, Briggs 1937, Lindsey 1910).

éallupg Briggs, and Hatfield (1950) fed steers and leambs maintenance
and fattening rations of prairie hay, corn and a protein supplement,

The apparent digestibllity of the crude fiber in the maintenance rations

was about 71 percent for steers and about 65 percent for lambs, while



the apparent, digestibility of the crude fiber in the fattening fations
was sbout 61 percent for steers and about 58 percent for lambs. This
decrease in the apparent digestibility of the crude fiber when the fat-
tening rations were fed was believed, by these workers, to be due to the
large amounts of Yreadily fermentable carbohydrates" (corn) present in
these rations.

Mitchell et al., (1940), in four trials with beef calves, found
that the addition of glucose to rations of varying protein content, com-
pounded from timothy hay, corn, and cottonseed meal, decreased the di-
gestibllity of crude fiber approximately 25 percent.

In a more complete experiment, Hamilton (1942) studied the effect
of adding glucose to a ration compounded from timothy hay, corn and
cottonseed meal on the digestibility of protein and crude fiber present
in this ration., Six éross—bred ewe lambs were used in this experiment.
The lambs were fed at the rate of 1.6 pounds of feed per 100 pounds live
weight. Average digestion coefficients for six lambs for the basal and
basal plus sugar rations, respectively, weres dry matter, 65.4 and 67.7;
erude protein, 61.9 and 54.1; crude fiber, 43.8 and 31.9; ether extract,

74.3 and 73.33 and nitrogen-free extract, 76.4 and 79.7 percent. Thus,
| the addition of sugar to the ration caused an increase in the apparent
digestibility of dry matter and nitrogen~free extract, and a decrease
in the apparent digestibility of crude protein and crude fiber.

Qox (1948), in a physical balance study, conducted three digestion
trialé. Lamhs were fed corn, cottonseed meal and either paper pulp or
wood pulp, with the concentrates held constant in amount for the three
lots and the pulp varied so as to give crude fiber-total digestible nu~

trient ratios of 1 to 3,21, 1 to 3.82 and 1 to 4.54. The digestion



coefﬁicients obtained from the lambs on this type of ration were quite
vari#ble between animals within the same lot and no definite conclusions
qould be drawn,

The digestibility of rations by lambs as affected by proportions
of nutrients has been studied in detail by Swift et gl., (1947). Fifteen
Hampshire wether lambs, selected on the basis of uniformity of live
weight and regularity of feed consumpticn, were divided into groups of
five. All lambs were drenched with phenothiazine prior to being placed
on experiment, Each experimental period consisted of a preliminary
period of 10 days and a collection period of 10 days. Each experimental
perio§ involving the maximum amount of supplement preceded the one of
lesse% amount, which in turn was followed by the basal period. The ob-
ject éf this order was to reduce the probability of feed refusal as the
experiment progressed. The basal ration consisted of mixed alfalfa-timothy
hay of excellent quality, corn meal, and linseed 0il meal. Supplements
were added at what was referted to as maximum and one-half the maximum
level% These supplemented rations were compared to the basal ration.
The sﬁpplements which were studied were oat straw, starch, cerelose,
casein, urea and corn oil. Due to the unpalatable nature of starch it
was impossible to complete a trial when starch was added at the maximum
level; The addition of oat straw at two different levels to the basal
ratioﬁ resulted in consistent decreases in the percentage of digestibility
of dry matter, crude protein, and ether extract of the supplemented ra-
tions?as compared to the basal., The addition of starch to the basal
ration resulted in a definite depression in the digestion of the ecrude
fiber and crude protein. The addition of cerelose at one-half the maxi=-

mum level resulted in a significant increase in the digestibility of



the iry matter of the ration with no apparent change in the protein eo-
effi%ient. However, when the amount of cerelose was doubled, the percent—
age Qf protein digested was significantly less (65.4) than in the basal
peridd (70.0). The digestibility of the crude fiber was also decreased
considerably when the higher amount of cerelose was fed. The apparent
percentage of digestibility was A3.3 for the basal ration plus the high
1evel:of cerelose and 50.7 for the non-supplemented basal ration. The
addition of a large amount of corn oil decreased the apparent percentgge
of digestibility for crude fiber from A9.0 percent to 40.7 percent. The
effect of casein has been previously discussed.

| Burroughs and associates (1949¢c) conducted a series of five diges-
tion trials withvsteers in a study of the effect of starch upon roughage
digestiiono The methods used in this experiment were identical with
those previously reviewed (Burroughs 194%9a, 1949b, 1950b). The addition
of starch to & basal ration of corn cobs and dried skim milk decreased
the apparent percentage of digestibility of the corn-cob dry matter
(determined by difference) from 57.0 pereent to 34.6 percent. The addi-
tion éf corn starch to a basal ration of high quality alfalfa hay apper-
ently had little effect on the digestibility of the dry matter of the
hay,v‘;g vitre studies by these workers have indicated similar results.
(Arias'l951, Burroughs 1950a, Burroughs 1940d).

Hoflund et al., (1948) measured the ability of the rumen to digést
cellulose by suspending cotton threads of definite length into it through
a rum%n fistula., The rate of cellulose digestion was measured by the
breaking strength of the thread after hbeing suspended inte the rumen
for a?definiﬁe period of time., Using this technique as a criterian of

measu#emenﬁ, these workers obtained results which indicated that ecellulose
| .
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dige&tion was talking place at the maximum rate when there was 0.1 - 0.2

!
percent sugar in the rumen with either more or less being inhibitory.
The Effect of Minerals

The reduction in the utilization of feed brought about by a phos-
phorus deficiency might be assumed to be due, at least in part, to a
reduction in the digestibility of the ration. However, phosphorus=-
deficient cattle apparently digest their feed as effieciently as phos-
phorus supplemented cattle. Riddell et al., (1934) fed two cows on a
low phorphorus ration until the cows became phosphorus deficient as
measwred by low blood plasma phorphorus values, depraved appetite and
an unthrifty sppearance. Blood plasma phosphorus values were 1.34 and
1.20 milligrem percent for the two low=phosphorus cows and 8.7 milligram
percent for a third cow which had received a phosphorus supplement in
addition to +the low-phosphorus ration. The ration fed consisted of
prairie hay, dried beet pulp, molasses, blood flour, corn, and oats.

Dry matter digestion coefficients for these cows were very similar,
69.6 for the control and 72.0 and 68./ for the experimental animals.

In a similar study Kleiber et al., (1936) obtained digestion coef-
ficients from three beef heifers which had been made phosphorus deficient
and from three heiferg fed the same ration supplemented with phosphorus.
The ration was compounded from alfalfa hay, dried beet pulp, corn starch,
casein, and corn gluten meal. The digesti?n coefficients obtained were
similér and indicated that the phosphorus-deficient heifers digested
their ration as efficiently as the control heifers,

Hoodman and Evans (1930) reported the results of a digestion study

with two sheep, from which it was concluded that a deficiency of caleium
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and phosphérus in the forage did not cause it to be digested any less
effic&ently. | |

ﬁeber'and associates (1940) studied the effect of calcium on digest-
ibility. They fed t@ree pairs of fattening calves on a ration of sorgo
silage, cottonseed meal and corn. One calf of each pair also received
caleium carbonate. The digestion coefficients which were obtained in~
dicated that the addition of calecium to a low caleium ration fedvfatten—
ing calves did not significantly increase the digestibility of this ra-
tion;

Becker and associates (1949) made lambs cobalt deficient by feeding
: a ration of shelled yellow corn, powdered whole milk, and cobalt-deficient
grass hay. Digestion studies indicated that lambs fed supplemental co-
balt digested the ether soluble and nitrogen free extract fractions of
the ration more efficiently than the lambs fed the basal ration. The
addition of cobalt to the ration appeared Lo have no effect on the di-
gestibility of the crude fiber fraction of the ration.

Burroughs et al., (1950c) have studied the effect of alfalfa hay,
a water extract from alfalfa hay, and alfalfs ash on the digestion of
corn cobs by steers. Four grade Hereford steers were used in these di-
gestion trials. In the first trial the steers were fed rations contain-
ing different ratios of zlfalfa and corn eobs. A total of 5 pounds
roughage, 4 pounds corn starch, 0.2 pound bone meal, and sufficient casein
to maintain an approximately constant protein level in all rations was
 fed per steer per day. Assuming that the digestibility of starch and
ecasein was constant regardless of the ratioc of alfalfa to corn cobs, these
workers caleulated by difference what they referred to as the apparent

coefficient of digestion of roughage dry matter. Using this procedure
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it w%s found that the apparent coefficient of digestion of roughage dry
mattef increased as the ratio of alfalfa hay to corn cobs increased.
Then by assuming the apparent coefficient of alfalfa hay to be constant
at 60,9 percent, which was the digestion coefficient obtained when this
roughage was fed alone, the apparent coefficient of digestion of corn
cobs was computed., The apparent digestion coefficient of corn cobs was
found to increase as the ratio of alfalfs hay to corn cobs increased.

In a second trial, which lasted over a period of 30 days, a water extract.
of alfalfa hay increased the apparent digestion coefficient of corn cob
dry matter from 34.4 to 48.9 percent. In a third trial, the addition
of alfalfa ash to a ration of corn cobs, starch, and dried skim milk in-
creased the apparent digestion coefficient of the corn ecb dry matter
from 38.5 percent~to 52.0 percent. These workers did not present data
on the digestibility of the dry matter of the total ration.

Swift end associates (1951) conducted a study in which they fed
lambs a ration containing about 40.4 percent corn cobs, skim milk powder,
cerelose, bone meal, and salt, A little corn oil and a small quentity
of timothy hay were added in order to increase the palatability of the
ration. This ration was fed in a series of digestion trials with and
without the addition of alfalfa ash. The sheep were fed the alfalfa
ash for & period of three weeks prior to colleection. A summary of the
results obtained are presented in the following table.

Although the mean coefficient of digestibility of every ration con-
stituént was inereased by the addition of alfalfa ash, these workers
found that only the increase in digestibility of crude fiber was sta-
tistically significant.

" In an in vitro study made by Meites et al., (1951) indire¢t evidence
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The Effect of Alfalfa.Ash on the Digestibility
of a Corn Cob Baszl Ration* (Suift et al., 1951)

Apnarent Percentagse of Digestibility

Ration Dry Crude Ether Crude  NFE Energy
‘ HMatter Protein Extract Fiber
% % % % % %
Basal 63.2 48,6 84.5 4£3.0 £9.6 60.9
Bagal «+ 64,5 51.0 g6.9 54,8 70.5 62,3

Alfalfa Agh

#* Each figure represents 18 digesticn periods on the basal ration
and 22 on the bhasgel ration plus alfalfs ash.
was obtained that neither cobalt nor iron were the minerals responsible
for the beneficial effects obtained from feeding alfalfa ash., Burroughs
and agsociatez (1951b) using the "artificial rumen" technique have shown
that é complex mineral mixture resembling the cdmposition of sheep sa-
liva ﬁith trace elements added, increased the digestion of cellulose

and poor quality roughages but had little effect on good quality rough-

ages.
Miscellaneousg Factors

Grinding has been demonstrated to decrease the digestibility of hay.

t al., (1925) conducted digestion experiments in which they fed

Forbeé
steers alfalfa hay and alfalfa meal. The steers digested the dry matter
of the alfalfa hay 2.2 percent more efficiently than the alfalfa mesal.
Bechdel et al., (1927) fed cows alfalfa hay and alfalfa meal and obtained
resul%s which indicated the cows digested the hay 2.6 percent more effi-
cientﬂy than the meal. Heller et al., (1941) using sheep as the experi-
mentai énimals obtained results which indicated that the sheep digested

the cﬁuda fiber portion of a ration containing chopped alfalfa hay as
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grouﬂd into a meal before feeding.

EConrad et al., (1950) conducted an experiment from which they con-
cludéd that rumen inoculation of calves increased the digestibility of
the cellulose in the ration. The rumen-inoculated calves consumed less
hay ﬁhan the non-inoculated calves. Therefore, it seems reasonable to
belie#e that the increased apparent digestibility of the cellulose in
the ration by the inoculated ecalves might have been due to a lower in-
take Qf cellulose by this group.

Bell and associates (1951) have demonstrated that the daily feeding

of 0.2 grams of aureomycin to mature steers decreased the digestibility

of the crude fiber in the ration.



EXPERIMENTAL OBJECTIVES

Experiments were designed to study the following problemss

Experiment I

Experiment II

Experiment III

Experiment IV

The effect of adding alfalfa ash, a complete mineral
mix, and sodium and (or) potassium acetate on the
digestibility of a ration containing corn cobs as
the roughage;

The effect of adding alfalfa ash or a complete
mineral mix on the digestibility of a ration con-
taining prairie hay as the roughage;

The effect of adding cerelose on the digestibility
of a ration of prairie hay and crude casein;

The effect of adding alfalfa ash, a complete mineral
mix, or gynthetic alfalfa ash on the digestibility

of a ration containing corn cobs s the roughage.



EXPERIMENT I

The Effect of Mineral Supplements on the Digestibility
of a Corn Cob Basal Ration

In a series of digestion trials with steers Burroughs et al., (1950c¢)
demonstrated that corn cob digestion was improved progressively with res-
pective additions of alfalfa hay, a water exiract of dehydrated alfalfa
meal or the ash of alfalfa meal. The results obtained by these workers
were interpreted as being due to the presence of inorganic nutrients in
good QUality alfalfa hay which are essential to rumen microorganisms
involved directly in roughage digestion. Swift et al., (1951) also ob-
tained evidence that alfalfa ash improved the digestion of a ration con-
taining corn cobs. Mcleod and Snell (1947, 1948) have clearly demonstrated
that certain lactie~acid-producing bacteria have a definite potassium re~
guirement and that the presence of large eamounts of sodium increases the
potassium requirement of these bacteria. Sirny (1951) has demonstrated
that there is an antagonistic relationship between sodium and potassium
in certain lactabacilli and that high sodium prevents maximum growth.
Some of these organisms are facultative anaerobes, and it is known that
a cer?ain amount of lactie acid is produced in the rumen. It appears
reasogable to believe thalt a similar relationship might exist with the
rumen microorganisms. This study was conducted as a pilot experiment
in an attempt to determine whether or not a potassium-ion, sodium-ion
antagqnism might account for the observed effects of alfalfa ash, which

is high in potassium.
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Experimental Procedure

Hestern wether lambs were used in this experiment. Two weeks prior
to béing placed on their respective rations, each lamb was drenched with
a phehothiazine preparation in order to minimize the effect of parasitic
infestation on the digestive ability and physiological state of the
lamb. The lambs were fed their respective rations in individual stan-
chione and when not eating were allowed the freedom of a large box stall.
Collection of feces was made by means of a light harness and bag similar
to the type designed by Garrigus (1939). The feces were collected once
daily, weighed, and aliquoted for analysis. The samples were kept in
tightly sealed jars, and were refrigerated at about 4°C.

The lambs were fed the rations given in Table 1. The basal ration
consisted of 45 percent ground corn cobs, 25 percent ground yellaw corn,
20 percent corn gluten meal, 7 percent corn syrup and 3 percent corn
0il. The syrup and oll were included in this ration in order td encour~
age the lambs to eat all of the otherwise unpalatable cobs. The mineral
supplements used in this experiment were added to the basal ratiomn.
Mono-calcium phosphate was added to all rations in order to provide ade-
quate amounts of calcium and phosphorus. Since this experiment was de-
signed to study the effects of sodium and potassium on digestion, it
was thought desirable to provide chloride in the rations in a form other
than sodium chloride. Therefore, calcium chloride was added in order
to pr%vide chloride in the ration. GCobalt chloride, potassium iodide
and A:and D 0il were also included in all rations. Ration 1 was con~
sidered to be the basal ration and therefore contained only those minerals
previéugly mentioned. Ration 2 contained, in addition to the previously

mentiéned minerals, sodium chloride, magnesium sulfate, zinc chloride,
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potaséium chloride, ferrous sulfate, and copper sulfate. These minerals
were Edded in accordance with recommendations made by the National Re-
search Council for Sheep (Pearson et al., 1949). Ration 3 was supple-
mented with alfalfa ash., The alfalfa ash was obtained by burning high
quality alfalfa hay in an open tank, followed by further aching in s
nuffle furnace at 600°F. The alfalfa ash was fed at a rate equivalent
to that present in one pound of alfalfa hay. Ration / was supplemented
with sodiumm acetate,Ration 5 with potassium acetate and Ration 6 with
both sodium and potassium acetate. In Rations 4 and 6, potassium was
fed at approximately the same rate as was present in the alfalfa ash
obtained from one pound of alfalfa hay. The potassium and sodiim were
fed aﬁ equinclar concentrations.

It should be pointed out that considerable difficulty was encounter-
ed at the start of the experiment in getting the lambs to. eat the ration
when certain mineral combinations were included. For example, when the
lsmbs were placed on Ration 1 they would readily ealt this ration for
ebout three days and then would go off feed and would appear ill and
restless. lLambs on the other rations did not become i1l and continued
to eat their ration in a normal manner. It was found that when the cal-
ciun chloride was omitted from Ration 1 the lambs eame back on feed and
did not become ill again. When the lambs that were on Ration 4 were
placed on Ration 1 (containing calcium chloride) they became ill and

went off feed. They were then put back on Ration /4 and after a recovery
\

period of about four days, they again appeared normal. However, it was
noticed that Rations 1 and 2 appeared to be somewhat unpslatable. The
lambs ‘on these rations ate slower and would frequently leave part of the

ratiog uneaten; It was found that the substitution of di-caleium
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phosphate for mono-calcium phosphate in these Rations (1 and 2) increased
the ﬁalatability. For these réasons, in Trials 2, 3 and 5, caleium chlo-
ridejwas omitted from Rations 1 and 2, and di-calcium phosphate was sub-
stitﬁted for mono-calcium phosphate. Since Rationg 3, 4, 5, and 6 ap-
peared palatable and produced no noticeable ill effects on the lambs,
they ﬁere left unchanged.

The lambs were fed 636 grams of organic matter daily during Trials
1, 2,§and 3. The dry matter intake varied somewhat due to smsall differ-
encesiin the quantity of minerals fed. During Trial 4, it was necessary
to feéd 743 grams of organic matter daily in order for the leambs to con=-
tinue to maintain their body weight. The daily smounts of minerals fed
during Trizl /4 were increased 14.3 percent over the zmounts fed during
the férst three trials. Two lambs were placed on each ration during
Trial%lo The various rations were fed for a preliminary period of three
weeks which was followed by s ten day collection period. Following the
first collection period all lambs were kept on the same rations as were
fed i% Trial 1 for a preliminsry period of four weeks and this was fol-
lowedzby a second ten day ecollection period. Due to the difficulties
encouﬁtered in getting the lambs to eat Ration 1 during Trial 1 the two
sheep%on this ration were removed from the experiment and 5 new lambs
were %tarted on this ration at the beginning of Trial 2. It was not
neces%ary to remove either of the lambs on Ration 23 however, a third
lamb %as placed on this ration at the beginning of Trial 2. Following
the second collection period the rations were switched in such a manner
that ﬁo lanb was placed on the same ration which he had been fed during

the pyevious trial. The preliminary pericd for Trisl 3 was 8 days and

|

the collsetion period was 10 days. The lambs were then left on the same
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rations for a three week period which was followed by a ten day collec-

tion!period.
Results and Discussion

The composition of feeds used in this experiment are presented in
Table 2. The complete results of this experiment are reported in Appendix
Tables I through IV. The average percentage of organic matter consumed
which was digested during Trials 1 through 4 is presented in Table 3.

In Trial 1, the lambs fed Ration 3 (alfalfa ash) digested the organic
matter in the ration about 20 percent more efficiently than the lambs
on the other rations. A similar trend was noted for the other consti-
tuents of this ration. Due to difficulties in getting the lambs to eat
Ratioh 1, it was impossible to obtain a satisfactory collection from
the lambs fed this ration during the first trial. In Trial 2 the lambs
fed Rations 1, 4; 5, and 6 digested the organic metter in the ration al-
most as efficiently as the lambs receiving the alfalfa ash (Ration 3).
Some differences were noted in the various apparent coefficlents of di-
gestibility in Trials 3 and 4. However, due to the relatively large
variations which occurred between the animals fed the same ration, no
definite statement can be made regarding the results obtained from these
trialso

At the beginning of the experiment the average weight of the lambs
wa.s 5é pounds. The lambs gained 27 pounds during the flve-month experi-
mental period.

From the limited amount of data available from these itrials it ap-

pears that alfalfa ash may be beneficial to the animal, by decreasing
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the ti@e required to develop a‘rumen microbiological population which
‘ ‘

is caﬁable of efficiently digesting a low guality rovghage ration. It
also a%pears that the benefits derived from the alfalfa ash are not due
to thezpresence of sodium, potassium, caleium, phosphorus, cobalt, or
iodinel However, the alfalfa ash may contain minerals in more optimal
ratios than in the other mineral supplements fed. The addition of small
amount% of alfalfa hay to a ration consisting of large amounts of low

quality roughage such as corn cobs, prairie hay, cottonseed hulls, etc.

might be a practical way of increasing the utilization of these feed

materials.
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Table 1

Feeds and Supplements Fed to Lambs in the
Corn Cob Digestion Study

‘ Rations
Feeds and Supplements 1 2 3 4 5 6
Ground corn cobs (%) 45 45 45 45 45 45
Ground yellow corn (%) 25 25 25 25 25 25
Corn Gluten meal (%) 20 20 20 20 20 20
Corn syrup (%) 7 7 7 7 7 7
Corn o0il (%) 3 3 3 3 3 3
Mono=-calcium 8.75 8.75 8.75 8,75 8.75 8.75
phosphate (gms.) ‘
Caleiun chloride . 5.25 5.25 5.25 5.25 5,25 5,25
(gms.).
*Complete mineral 9.6
Mix (gms.)
Alfalfa Ash (gms.) 35
Sodium acetate.3Hy0
(gms.) 30.7 30.7
Potassium acetate 21.9 21.9
(gms.)
Potassium iodide 0.2 0.2 0,2 0.2 0,2 0.2
(mgnms. )
Cobalt chloride 1 1 1 1 1 1
(mgnms. ) _ ’
Cod liver oil (gms.) - 1 1 1 1 1 1

¥ The mineral mix for Lot II consisted of: sodium chloride,
900 grams; manganese sulfate, 1.0 gram; magnesium sulfate, 300 grams;
zinc chloride, 1.0 gram; potassium chloride, 200 grams; ferrous sulfate,
1.5 grams; copper sulfate, 3.5 grams.

Notes:

Salcium chloride was substituted for salt in the scdium~controlled
diets to furnish chloride.

Alfalfa ash was fed at the rate equivalent to that present in 1
pound of alfalfa hay.

In ILots IV and VI, potassium was fed at the same rate as was pres-
ent in the alfalfa ash in Lot IIT.

Sodium and potassium were fed at equimolar concentrations.

In Trials II, III, and IV, calcium chloride was not included in
Rations I and II and di-calcium phosphate was substituted for mono-
calcium phosphate.

Eor quantities of minerals fed in Trial IV multiply each figure

by 8/7.

|

|
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Table 2

Composition of Feeds and Basal Ration used in Corn
Cob Digestion Study. (Dry Matter Basis)

Dry Crude Ether Crude NFE Ash
Feed Matter Protein Extract Fiber

% % % % % %
Sorn cobs  95.0 2.8 0.6 46.4 48.1 2.1
Corn 924 8.5 3.0 2.5 8L..4 1.6
Corn glu- 92.5 Alo3 1.6 4.7 L6.4 3.0

ten meal

Corn gyrup 77.5 . 99.7 0.3
Corn oil = 100.0 100.0
Ration® 92.8 11.4 4o3 21.3 5.0 2.0

# This ration was fed at the rate of 636 grams of organic matter
daeily during Trials 1, 2, and 3 and 743 grams dally during Trial 4.

Table 3

The Effect of Various Mineral Supplements on the Digestibility
of the Organic Matter in a Corn Cob Basal Ration

RS Rations
1 2 3 4 5 S
Basal Basal + Basal + Basal + Bagal + Basal +
Com. Alf. Na K Na & K
Min. Ash acetate acetate acetate
% % % % % %
Trial No. 1 - 52.0 72.5 55.3 54..3 52.1
Trial No., 2 72,1 69.8 75.4 3.7 7.6 75.7
Triel Ho. 3 74.0 74.3 T4 .4 76.7 77.1 73.6

Trial No. 4 72.1 69.2 73.2 g1.8 7.2 73.0



EXPERIMENT II

The Effeet of Mineral Supplements on the
Digestibility of a Prairie Hay Basal Ration
Alfalfa ash apparently increases the digestibility of fations con-
taining corn cobs as the roughage (Burroughs 19SOc, Swift 1951). This
experiment was conducted in order to determine the effect of adding

alfalfa ash to a ration containing prairie hay as the roughage.
Experimental Procedure

Twelve of the lambs that were used in experiment I were used in
this experiment. The lambs were selected on the basis of uniformity
.of live weight and regularity of feed consuﬁlptiona Four lambs were
placed on each ration in a randomized menner based on weight. The ra-
tions fed are presented in Table 4. The lambs were fed a basal ration
containing 45 percent low quality prairie hay, 40 percent ground yel-
low corn, and 15 percent corn gluten meal. The hay was coarsely ground
in a hammer mill in order to facilitabte ease in héndlingo The lambs
were fed 800 grams of this basal ration per day, which was-equivalent
to 69% grams of organic maitter per day. In addition each lamb received
10 gr%ms of di-ealcium phosphate per day. The lambs fed Rations 1 and
3 wefé also given 5 grams of salt per day while the lambs fed Ration 2
had the salt included in the complete mineral mix. Ration 2 contained
a complete mineral mix and Ration 3 contained alfalfa ash, These mineral

supplements are described in Experiment I.
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The methods used in conducting this experiment were essentially the
same as those previously described (Experiment I}. Prior to thé begin~
ning of this experiment the lambs were fed the corn cob basal ration
(Ration 1 in Experiment I) for a period of two weeks in order to mini-
mize the effect of previous rations. The lambs were then placed on their
respective rations for a 7-day preliminary period, which was followed
By a series of six consecutive 3-day collection periods. Consecutive
3-day collection periods were used to study the length of time required
for the rumen microorganisms to become fully adapted to a change of ra-

tion if such an adjustment period existed.
Reesults and Discussion

The composition of the feeds and basal ration fed in this experiment
are presented in Table 5. There were no feed refusals during the course
of this experiment and it was possible to make complete collections from
’all lambs in all periods.

The apparent percentages of organic matter digested by the lambs
during six consecutive 3-day collection periods are presented in Table 6.
The apparent perceﬁtage of 6rganic matter digested, as averaged from six
3-day collection periods with four lambs per ration, was 69.3 for the
basal ration (Ration 1), 68.0 for the basal ration plus the complete
mineral mix (Ration 2), and 70.0 for the basal ration plus alfalfa ash
(Ration 3). When subjected to an analysis of variance, as outlined by
Snedecor (1948), these mean differences approached significance at the
5 peréent levelev However, these mean differences appeared to be too
small to be of aﬁy practical significance.

The firét collection period was started seven days after the lambs
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wefe initially placed on their respective rations, If an adjustment
periqd was required for the microorganisms of the rumen to become ad-
justed to a change in ration it apparently occurred during the 7-day
preliminary period. The mean apparent percentage of digestibility of
the organic matter during each 3-day collection period for lambs on the
sgme ration was quite similar. |

Since there appeared to be no definite time trend in the percentage
of organic matter digested, only the samples collected during periods
1, 2, and 3 were subjected to a complete proximate analysis. The re-
sults of these analyses are given in Appendix Tables V through VII, and
the averages for these three periods are given in Appendix Table VIIT.
There:appeared to be very little difference in the apparent digestibility
of the crude protein or crude fiber constituents of the three rations
studied, The apparent percentages of crude protein digested, as averaged
from Periods 1, 2, and 3 with four lambs per ration, were 71.4, 69.9,
and 71.8, while those for crude fiber were 49.6, 47.6, and 47.6 for Ra=-
tions 1, 2, and 3, respectively. It éppears that the addition of miner-
als to a prairie hay basal ration may have actually decreased the di~
gestibility of the crude fiber fraction of this ration. The coefficients
of digestibility for ether extract were low and quite variable. However,
this may be explained on the basis that the rations contained only 1.3
percent ether extract, approximately half of which was contained in the
hay fraction. There was considerable variation in the digestion coeffi-
cienté between periods for individual lambs. It would appear that 3-day
collection periods are not long enough to obtain an accurate measure of
the apparent digestibility of rations by lambs.

Under the conditions which existed in this experiment, it appeared
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} ‘
thatithe addition of alfalfa ash or a compiete mineral mix did not im~-
i

prové the spparent digestibility of a prairie hay basal ration.

TABIE 4

Feeds and Supplements Fed to Lambs in the
Prairie Hay Digestion Study

: Rations

Feeds and Supplements 1 2 3
Prairie Hay (%) 45 45 45
Ground Yellow Corn (%) L0 40 40
Corn Gluten Meal (%) 15 15 15
Di-calcium Phosphate (egms) 10 10 10
Sodium Chloride (gms) ‘ 5 : ‘ 5,
Complete Mineral Mix (gms) 12

Alfalfa Ash {gms) , 40
Cod-1iver 0il (gms) 1 1 1

| TABLE 5

Composition of Feeds and Basal Ration Fed in the
Prairie Hay Digestion Study (Dry Matter Basis)

Dry Crude Ether Crude NFE  Ash

Feedsg Matter Protein Extract Fiber
; % % % %% %
\
Prairie Hay 91.9 bo'T 1.2 3465 52,4 7.2
Yellow Corn 88.3 2.7 1.6 2.0 85,1 1.6
Corn Gluten Meal 91,4 Li .3 0,7 43 £7.5 3.2
12,4 1.3 16.9 63,1 6.3

Basal Ration 92.3



TABLE 6

the Organiec Matter in a Prairie Hay Bessal Ration

‘Hation Ration  Lamb Organic Percentage Organic Matter Digested
Icentifi~ No. No. Matter ' Collection Period Number
" cation Intake 5 6 7 8 9 10 4ave. of Six
gms., 3~day Periods
Prairie Hay i 8 691 66.9 71.6 68.1 67.3 71.8 66.5 68.7
Basal 1 16 691 63.9 €9.8 73.7 66.0 6447 63.3 66.9
i 17 691 70.8  7L.8 72.0 70.8 68.3 66.3 70.5
1 23 691 72.6 70.8 70.5 72.3 69.4 71.6 - TL.2
Ave. 68.5 71.7 71.0 69.1 68,5 66.9° - 69.3
Przirie Hay 2 18 691 69.1 67.5 68.9 71.5 70.2 66,3 68,9
Basal + 2 24 61 70.8 68.0 €7.9 69.2 66.7  63.3 - 67.6
Complete 2 25 691 68.2 69.5 €9,0 66.8 70.7 68.3 68.8
Mineral HMix 2 26 691 67.8 71.9 73.9 64,77 62.4 59.9 66.7
: Aive, 63.9 69.2 70.0 68.0 67.5 6.5 68.0
Prairie Hay 3 3 691 T2.4 The5 2.7 70.5 T2.4 69.4 71.9
Basal + 3 6 691 66.0 68.5 70.0 68,0 731.7 66.1 68.3
Alfaifs Ash 3 19 691 66.9 69.4 70.5 69.7 69.5 69.3 - 69.2
3 22 691 70.5 71.0 71.9 69.0 70.4 71.2° =7 0.6
Ave. 63.9 70.8 71.2 69.3 71.0 70.0

RO
)
e

e . The Effect of Mineral Supplements on _the Digestibility of e
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EXPERIMENT III

i

ihe Bffect. of heddiiy ‘Avalleble. Gariohydrats -on the Digestilility
fofa L.ation of Preirie Haw aml "’aese:tn S

ngefal experiments have demonstrated that the addition of large amounts
of a readily available carbohydrate, such as molasgses, starch, or glu-
cose, to a ration containing a low quality roughage decreaged the appar-
ent peraentage &igeatibility of the crude fiber in the ration. On the
otheﬁ hand, certain in yitro studies have indicated that the addition
of small amounts of a readily available carbohydrate inereased the rate
~of cellulpse digestion by rumen microorgenisms. Very little research
has been reported in which the effect of adding gmall amounts of a
readily available carbohydrate on the digestibility of a low quality
roughage ration was studied. This experiment wag conducted in order to
study the effect of adding two different levels of cersloss on the di-

gostibility of a ration containing prairie hay as the rougheage.

Experimental Procedurse
The lembs that were used in Experimént 1T were also used in this
expepimant. Prior to the beginning of this experiment the lambs were
fed Ehe prairie hay basal ration (Retion I in Experiment I) for a period
of two weeks in order to minimize the effect of previous rations, The
lambs were then weighed and four lambs were placed on each ratlon in a

randomized marmer based on weight. All lambs were fed thelr respective

rations for a 7-day preliminary period, which was followed by a series
2R L S TP N p P T P T B R TN ECATIE o
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of three consecutive 5=day collection pericds. The rations fed are pre-
sente% in Table 7. Ration 1 contained 600 grams prairie hay and 60 grams
of crude casein; Ration 2 contained 600 grams prairie hay, 60 grams crﬁde
casein, and 60 grams cerelose; and Ration 3 contained 600 grams of prairie
hay, 60 grams of crude casein and 180 graﬁs of cerslosge. All lambs re-
ceived a daily allowance of 10 grams salt, 10 grams of di-calcium phos-
phate and sufficient cod~-liver oil to provide adequate amounts of vitamins
Aand D. The methods of collecting and handling feces during this ex-

periment were the same as those previously described. (Experiment I).

Results and Discussion

The composition of the feeds and rations are presented in Table 3.
Crude casein was fed in this experiment in order to provide an adequate
amount of protein and yet provide a minimum of carbohydrate material
such as would be provided when a protein supplement such as soybean or
cottonseed meal was fed. ©Since the addition of a highly digestible car-~
bohydrate such as cerelose would be expected to increase the apparent
percentage digestibility of the total dry matter and nitrogen~free ex-
,tract fractions of the ration, and since there was very little ether
extract present in these rations, the only criteria of measurement avail~
able in this study was the effect of the addition of cerelose on the ap-
paren? percentage digestibility of the crude fiber and crude protein
fractions of the ration. Zach ration contained the same amount of crude
protein and crude fiber.

The apparent digestion coefficients of the rations studied in this
experiment for the three 5=day collection periods are given in Appendix

Tables IX through XI and the average digestion coefficients for these
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three periods are presented in Appendix Table XII. The average digestion
coefficients for the three rations studied (four lambs per ration) are
presented in Table 9. The addition of cerelcse to a ration of prairie
hay and crude casein had no measurable effect on the apparent coefficient
of digestibility of the crude fiber of the ration. The average apparent
percentage of crude fiber digested was 57.3, 56.6, and 57QO for Rations
1, 2, and 3, respectively., The apparent coefficient of digestibility
for crude protein was decreased when the higher level of cerelose was
fed. The averag'e percentage of crude protein digested was 67.9, 68.7,
and 63.5 for Ration 1, 2, and 3, respectively. The apparent coefficients
of digestibility for organic matter and nitrogen=free extract increased
as the amounts of cerelose in the ration increased. As would be expect-
ed when there is very little ether extract present in the ration, the
apparent coefficients of digestibility for ether extract were quite vari-
able. ‘ |

From the results obtained in this experiment it would appear that
the addition of a small quantity of readily available carbohydrate had
very little effect on the utilization of a low quality roughage ration
by lambs as measured by the apparent percentage of digestibility of the

crude fiber contained in this ration.
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TABLE 7

Rations Fed in the Carbohydrate Digestion
Study (Air Dry Basis)

— : : _ o v P s

‘ , . S R
jhﬁdﬁ_ﬁgd,ﬁypplgmgab_ e oy proy p—
Prairie Hay ' 600 600 600
Crude Casein 60 60 60
Cerelose 0 60 180
Salt 10 10 10
CaHPO 10 10 10
Cod Liver 0il + + +

, Total 680 740 860

TABIE 8

Composition of Feeds and Rations Fed in the Carbohydrete
' ‘Digestion Study (Dry Matter Basis)

| Dry Crude Ether  Crude NFE Ash
Feeds Matter Protein Extract Fiber '
-~ % % k% £
Prairie Hay 92,2 I 14 367 50.9 6.2
Crude Casein 90.6 90,2 0 0 8.5 1.3
Cerelose 90.6 0 0 0 90.6 0
Ration
l‘ 9213 3.2.1 192 3293 45-6 808
2 92.2 11.1 1.1 29,8 49.9 8.1
9.6 1,0 25.7  56. 7.0

3. 91.9



TABLE 9

Average Goeff1c1ents of Dlgestib1¢1ty of Rations Fed

1n the Garbohydrate Study (Dry Matter BaSLS)

"Ration

‘Casein + 180 gs.
’Cerelose

57.0

Ration “Drme __Apparent Percentage of Digestibility
Identifi- No. Matter - Dry  Orgenic ~ Crude  Bther Crude TFE
' catlon Intake Matter Matter Protein Extract . Biber, '
“gme. e 2204 . e L R e SR A

Prairie Hay, 1 628 51.7 53.4 67.9 21,0 57.3 47,6
Casein '

Prairie Hay, 2 682 55.8 57.8 68.7 31.8 56,6 56,8
Casein + 60 gms. '

Cerelose

Prairie Hay, 3 791 60.9 63.1 63.5 22.8 66.4

€



EXPERIMENT IV

Further Study of the Effect of Mineral Supplements on

the Digestibility of a Corn Cob Basal Ration

The results which were obtained in Experiment I, using only two lambs
per r%tion,indicated that the addition of alfalfa ash to a corn cob basal
ratioh when fed to lambs markedly improved the digestibility of the ration
' duriné one collection period. However, during three subsequent collection
perio?s, the first of which began one month following the initial collec-
tion éeriod the lambs fed the corn cob basal ration digested this ration
almosf as well as the lambs fed the corn cob basal ration plus alfalfa
ash. 'This experiment was conducted in order to study the effect of the
addition of aifalfa ash, a complete mineral mix or a synthetic alfalfa
ash oﬁ the apparent coefficient of digestibility of a corn cob basal ra-

tion, !
|

Experimental Procedure

fwenty western wether lambs were used in this experiment. The lambs
were seiected on the basis of uniformity of live weight and regularity
of feed consum.ptioxie The average live weight of these lambs at the be-
ginniﬁg of this experiment was 75 poumnds, _Two weeks prior to the begine
ning %f this experiment the lambs were treated for internal parasites
with é phenothiazine solution. Five lambs were placed on each ration
in a randomized manner based on the live weight of the lambs. Forbes

et al (1946) conducted an experiment in which variations in the
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digestive capaclty of sheep were studied., Statistical treatment of the
data ?btained in this experiment led these workers to conclude that,

"o, ; five sheep per treatment are a sufficient number for the usual
purposes if the experimentél technic is efficient, and the sheep have
been succegsfully treated on account of parasites of the alimentary
tract. "

The rations fed in this experiment are given in Table 10. The ba-
sal ration was the same as fed in Experiment I. The lambs were fed 700
grams of this basal ration per day. In addition, all lambs received 7
grams dicalcium phosphate, 5 grams iodized salt. 0.2 milligrams cobalt
chloride and 1 gram of cod liver oil per day. The lambs fed Ration 1
were limited to the previously mentioned ingredients while the lambs fed
Rations 2, 3, and 4 received additional supplements in the form of a come
plete mineral mix, alfalfa ash, or a synthetic alfalfa ash, respectively.

The complete mineral mix and alfalfa ash supplements are described
in Experiment I. The synthetic alfelfa ash represents an attempt to
simulate the composition of natural alfelfa ash, particulerly with re-
spect to the content of nutritionally significant mineral elements., The
enalyses of alfalfa ash reported by Schrenk and Selker (1951) were used as

a guide in compounding this mineral supplement, the formulation of which

was a8 follows: Gramsg
KHCO3 2350
KoHPOy, 850
CaCly 550
Ca(OH) 5 1100
MgSo, . 7Hp0 1600
Pe80; . TH2O 225
NaHCO3 ‘ 700
NapBy Oy . 10050 100
MnSoj, « 4Hn0 10
Culoy, . 5Hn0 70
ZnC03 6

7561 grems
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When this formula was fed at the rate of 43 grams per lamb per day it
suppliédvapproximgtely the_same amount Qf the Various_minerals»as}was
prgsenﬁ in 35 grams of natural alfalfa ash. vThe‘lambs were fed their
rgspegﬁivelrationg fbr_an_Smday‘preliminary periqd? whigh was‘fqllowed
byravseries of.chseeutive 3wday collection per:‘i.od‘s}f The method of g91~

lecting and handling feces was the same as that described in experiment I.

Results and Discussion

The composition of the feeds and basal ration fed in this experiment
is presented in Table 11. Lamb number 16 which was fed Ration 3 refused
to eat all of his ration and had to be removed from the experiment.
Conseq&ently, collections were obtained from only four lambs which were
fed Ration 3. On the night following the completion of collection period
number 3, the lembs got out of the large box stall in which they were
kept and had access to pasture and prairie hay over night. This neces-
gitated a second 7=day preliminary period in order to allow time for the
foreign feed to pass through the alimentary tract. Lamb number 6 refused
to eat}all of his ration during this second preliminary period and was
removed from the experiment. The apparent percentage of organic matter
digested is given in Table 12. The apparent percentage of digestibility
of the organic matter obtained for lamb 6 is given for Periods 1, 2, and
3. However, these figures are not used in calculating the mean coeffi-
cient ?f digestibility of organic matter for Ration 4. The mean apparent
percenﬁage of organic matter digested during eight 3-day collection pe-
riods was €8.0, 68.0, 75.8, and 72.1 for the cob basal, cob basal plus
complete mineral mix, cob basal plus alfalfa ash, and cob basal plus
synthetic alfalfa ash rations, respeetively. The addition of alfalfa.

ash to this corn cob basal ration increased the mean apparent digestibility
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of the organic matter of the ration 7.8 percentage points. The addition
of synkhetic alfalfa ash increased the mean apparent digestibility 4.1

percentage points, while the complete mineral mix produced no measurable
effect¥

The complete proximate analysis for Periods 1, 2, and 3 are present-
ed in Appendix Tables XIII through XV and the average of these consecutive
3=day beriods are presented in Appendix Table XVI. The apparent percent-
age of}crude fiber digested during the three éonsecutive 2-day periods
was 57;9, 63.6, 74.8, and 69.3 for the basal (Ration 1), basal plus com~-
plete mineral mix (Ration 2), basal plus alfalfa ash (Ration 3), and
basal #lus synthetic alfalfa ash (Ration 4) rations, respectively. The
Jlambs Lhich were fed the basal ration plus alfalfa ash apparentlj digest-
ed léoé percentage points more of the crude fiber fraetion than the lambs
fed thé basal ration. The addition of synthetie ash increased the mean
appareﬁt digestibility of the crude fiber in the ration 1l.4 percentage
points; while the addition of the complete mineral mix caused an increase
of 5.7?percentage points. The mean apparent percentage of digestibility
for niﬁfogenwfree extract was 71.1, 72313 76.2, and 72.2 for Rations 1
througﬁ Ls respeetively. The addition of alfalfa ash to the basal ration
appeared to increase the apparent digestibility of the nitrogen-free
extraeﬁ fraction of the ration, while the other mineral supplements pro-
duced ﬂo measurable effect. The apparent percentage of crude protein
digest}d was 68,9, 70.8, 4.4, and 72,/ for Rationsl through 4, respectiv~
ely. ﬁhe apparenﬁ coeffiéient of digestibility for crude protein was
increa%ed when alfalfa ash was added to the basal ration. The addition
of synﬁhetic alfslfa ash to the basal ration élso appeared to increase

the apparent digestibility of the crude protein fraction but to a lesser
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degree than the natural alfalfa ash. The apparent coefficients of di-
gestib?lity for ether extract for individual lambs were quite variable
and aré probably of little value. The average percentage of ether ex-
tract &igested was 71.0, 76.6, 81.1, 8,.5 for Rations 1 through 4, re=~
spectively. |

Under the conditions which existed in this experiment, it appeared
that the addition of alfalfa ash to a corn cob basal ration increased
the spparent digestibility of the organic matter of the ration. Although
the addition of alfalfa ash increased the apparent digestibility of all
fractions of the ration, the crude fiber fraction was found to be the
one most affected. The addition of a synthetic alfalfa ash produced

similar results but to a lesser degree than the natural alfalfa ash.

Table 10

Rations Fed in the Corn Cob Digestion Study
Experiment IV

Feeds and Supplements _Rations*

‘ 1 2 3 4
Ground Corn Cobs (%) L5 45 45 45
Ground Yellow Corn (%) 25 25 25 25
Corn Gluten Meal (%) 20 20 20 20
Corn Syrup (%) 7 7 7 7
Corn 0il (%) 3 3 3 3
Di-Caleium Phosphate (gms) 7 7 7 7
Sodium Chloride (gms) 5 5 5 5
Complete Mineral Mix {(gms) 14
Alf=1fa Ash (gms) 35
Synthetic Alfalfa Ash (gms) 43

Cod Iiver 0Oil + + + +

* Fed at the rate of 628 grems of organic matter per day.
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Table 11

Comp051t10n of Feeds and Rations Fed in the Corn Cob Digestion
‘ Study, Experiment IV (Dry Matter Basis)

‘ Dry Crude Ether Crude NFE Ash

i Matter Protein Extract Fiber
Feeds . - % % % % % %
Corn Cbbs 93.8 3.4 1.5 36,1 57.4 1.6
Corn g 33.6 9.7 1.8 2.0 85.1 1.4
Corn Gluten Meal 9l.2 £40.2 1.5 Le3 51.3 2.7
Corn Syrup 77.5 0 0 0 97.7 0.3
Corn Oil 0 0 100.0 0 0 0
Ration

Basal Ration 90.6 12.5 4.7 18.0 63.2 1.6



Table 12

Apparent Percentage of Organic Matter Digested in the Corn Cob

Dlgestlon Study, Experlment v

Ration Retion ZLamb OCrganic Apparent Percentqge Organlc Matter Dlgested
Tdentifi- o, No. Matter Collection Period Number Ave. Bight
cabion Intake 1 2 3 L 5 6 7 8 3-day Periods

N T

Cob Basal 1 A 628 63.7 64.8 62.5 61.5 62.7 68.3 68.7 65.9 6.8
1 17 . 628 69.1 71.4 70.3 69.3 68.1 65,4 86.4L 68,1 . 71.0
1 20 628 68,7 73.6 71.0 72.9 73.3 73.3 74.3 64.8 71.5
1 23 628 67.1 69,2 72.9 69.6 66,6 69,7 69.7 66,9 69.0
1 22 628 60.4 - 6l.,2 60,0 55,2 6l.6 73,0 70.9 65,7 63.5
Ave. 65.8 68,0 67,3 65.7 66.5 69.5 74,0 66,3 68.0
2 5 628 Thi?2 13,4 66.4 66,7 67,2 60,9 T0.7  74.9 69.3
2 11 423 69.5 TL.5 76,7 -67.7  70.2 71,5 71.7 69.0 T1.4
2 12 628 73.4 71.8  64.8 6l.2  52.9 67.3 69.0 61.8 65.3
2 19 628 66.9 68.9 68.5 69.9 59.5 52,1 67.3 §&7.1 65.0
2 22 628 69.0 71.3 67.9 70.5 69.1 TL.T 66.6 63,0 69.0
Ave, 70,6 72.0 68,9 67.2 63.8 65,3 69,1 67.2 8.0
Cob Basal 3 1 628 76.8 73,0  84.7 63.3 75.7 8.1 77,9 76.8 76.4,
+ Alfalfa 3 3 628 76.0 73,2 73.3 66,7 77.0 77,1 75.4 78.2 74 o6
Ash 3 13 628 69.2  77.7 78,7 7L.0  77.2  76.4 76,0 75.1 75.6
3 15 628 75.8 77,6 75,0 75,1 78.5 78.0 8.8 71.8 76.3
Ave., 74.5 76,7 7T7.9 70.1 77,1 T7.4  T7.0  75.5 75.8

Cob baual 4 6 6283 73.5 76.¢  68.9
+ Synthetic A o 628 69.1 7.6 TL.6  T1.2  Th.2 76,5 76,0 T73.5 Th.1
Alfllff Ash A 10 628 72,0  77.5 72,6 73.2 75.1 76.2 761 73.1 T4e5
4 18 628 65.3 68,9 68.2 54.3 63.9 7L.0 73,8 70,0 66.9
4 26 628 71,2 77.0 75,2 75.3  63.4 76,27 75.6 68.8 72.8
hve. 6S.4 75.5 72,7 68.5 69.2 75.0 75.4 Tl 72.1

07
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Three experiments were conduchted with lambs to determine the effect

.

of variocus mineral supplements on the apparent digestibility of rations

yjal

containing corn cobs or prairie hay ss the roughage. The mineral sup~
plements studied were a complete mineral mix, patterned after NRC allow-
ances for lambs; sodium and (or) potassium acetate; alfzlfa ash; and a
synbthetic alfalfa ash. A fourth exveriment was conducted to study the
effect of two different levels of cerelose on the apparent digestibility
of a prairie hay basal ration.,

4 pilot experiment, using only two lembs psr ration, indicated that
the addition of alfalfas ash to a corn cob basal ration when fed to lambs
markedly improved the digestibility of the ration during one collection
'perioda However, during three subsequent collsction periods, the first
of which began one month following the initial collection period, the
lambs fed the corn cob hasal ration digested this ration almost as well
s the lambs fed the corn cob basal ration plus alfalfa ash. The addi
tion of a complete mineral mix and sodium and (or) potassium acetate to
a corn cob basal ration produced noc measurable effect on the apparent
digestibility of this ration.

In & later experiment, unsing 5 lambs per ration, it appeared that
the addition of slfalfa ash to a corn cob hasal ration increased the ap-
parent digestibility of the organic matter of the ration. Although the

N

addition of zlfalfa ash increased the apperent digestibility of 81l
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fractions of the ration, the crude fiber fraction was found to be the
one most affected. The addition of a synthetic alfalfa ash produced
similar results but to a lesser degree than the natural alfalfa ash.

&he sddition of alfalfa ash or a complete mineral mix apparently
did n;t improve the digestibility of a prairie hay bhasal fation“

&he addition of a low and high level of cereloge to a ration of
prairge hay and casein, as fed to lambs, produced no measurable effect
on th? apparenﬂ percentage digestibility of the crude fiber fraction of
this %ation. However, the high level of cerelose appeared to decrease

the apparent percentage digestibility of the crude protein fraction

of thé ration.
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Table I

in Corn Cob Study, Trisl I

Ration Ration  Lamb Dry Dry  Organic Apparent Percentage of Digestibility

Tdentifi- No. No. Matter Matter Matter Organic COrude Ether Crude NFE
cation Intake Excreted Intake Matter Protein Extract Fiber
gms. oms. gms.

Basal + g 16 674 336 636 50.3 50.3 48.0 51.3 50.2
Complete Mineral @ 25 674, 314 636 53,7 57.6 70.8 53,9 51.4
. Ave. 52.0 54..0 59.4. 52.6 50.8
Basal + 3 19 699 208 636 73,1 71.3 85.3 75.7 T1.2
Alfelifa Ash 3 22 699 217 636 71.8 69,2 86,1 72,1 68.6
Ave. 2.5 70.3 85.7 73.9 70,0
Basal + Sodiun 4 17 695 3477 636 49.5 47,3 6.5 50.1 48,5
Acetate i 23 695 26/, 636 61.2 62.3 60.0 60.0 61.5
Ave. 55.3 5.8 62,3 55.0 55.0
Basal + Potassium 5 18 636 336 636 52.6 447 66.0 58.5. 50,8
Acetate 5 24 636 310 636 55.9 52.9 59.5 54.5 56.8
Ave 5.3 48.8 62.8 56.5 53.8
Basal + Sodium and 6 15 16 281 636 60.2 54,.8 55.2 61.8 61.1
Potassium Acetate S 26 716 386 636 45.1 38.2 69,2 46.9 3.7
JAve. 52.1 47.0 62.2 54 .4 52.9

. ... Apparent Digestion Coefficients of Rations - - - —
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Table IT

Apparent Digestion Coefficients of Rations
in Corn Cob Study, Trial II

Ration Ration  Lamb Dry " Dry Organic Apparent Percentage of Digestibility
Identifi- No. No., Matter Matter Matter Organic Crude Ether Crude NFE
cation Intake Excreted Intake Matter Protein Extract Fiber
gms. gms. gms.
Basal 1 1 656 V168 636 75.5 76.6 75.1 75,2 75.3
1 5 656 174, 636 4.8 73,7 69,7 76.2 75.1
1 6 656 206 636 69.1 73.7 75.8 64,7 69.4
1 8 656 188 636 72,2 73,6 73.4 78.2 69.4
1 9 656 213 636 68.5 70.1 63.7 64.7 69.8
Ave., 72,1 73.3 71.5 71.8 71.8
Basal + Complete 2 3 666 161 636 76.1 76.6 82,8 74.9 5.4
Mineral 2 16 666 236 636 64 .8 69.1 67.4 60.2 65,5
2 25 666 209 636 68.4 71.2 82,5 65.4 65.2
~ Ave, 69.8 72.3 775 66.8 68.7
Basal + 3 19 699 191 636 75.1 737 92.6 68.4 76,6
Alfalfa Ash 3 22 699 185 636 75.7 747 88.9 77.3 Th.3
. . _Ave. 75.4 742 20.8 72.9 75.5
Basal + Sodium 4 17 695 183 636 73.2 724 86.5 76,2 71.1
Acetate Z 23 695 177 636 7452 - 73,9 86,2 79.7 71,1
. Ave. 73,7 73.3 86.4 78.0 71.1
Basal + Potassium 5 18 686 170 636 5.5 73.8 8.6 80.6 73.1
Acetate 5 Rl 686 180 636 3.6 72,9 86.2 7i.7 73.5
Ave, 746 734 85,4 7642 73.3
Basal + Sodium and 6 15 716 165 636 76,2 74,6 86.5 78.5 T4he8
Potassium Acetate 6 26 716 173 636 75.1 ol 85,6 75.0 77.0
Ave., 75.7 The5 86,1 76.8 75.9
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Table ITI

Apparent Digestion Coefficlents of Rationz
in Corn Cob Study, Trial III

Ration Retion  Lamb Dry Iry Organic Apparent Percentage of Digestibility
Identifi- No. No. Matter HMatter Matter Organiec Crude Ether Crude NFE
cation Intake Excreted Intake Matter Protein  Extract  Fiber
.gms., gms. gms.
Bosal 1 1 656 172 636 4.5 75.2 3.2 72.4 Thal
1 19 656 175 636 74.1 76.1 78.8 T34 73.3
i 22 656 172 635 74.3 75.2 76.5 73.5 763
1 26 656 180 636 73.3 73.1 77.5 76.3 47
Ave, 74.0 7449 79.0 73.9 The?
Complete 2 17 666 156 636 76.6 76.3 87.9 76,0 75.9
2 18 666 185 636 T2.4 T0.1 81.2 72.6 7.1
2 23 666 1731 636 The3 T7.5 82,9 734 73.0
2 R4 665 181 636 73.9 4.8 85.9 71.2 721
. Ave, 7.3 4.6 84,.4 73.3 73.2
Bzsal + 3 16 £99 191 636 The 5 70,0 86,6 78,6 72.8
L1f217a Ash 3 25 599 206 636 T2.2 66.2 84.9 73.9 T3.4
) Ave, 734, 68.2 85.8 76.3 73.1
A 1 695 157 636 77,1 748 88,9 81.6 Tl b
4 3 695 163 636 76,2 715 86.2 81.1 72.2
Ave. 76.7 T3.2 87.6 81.4 73,3
Tasal + Potessiwm 5 5 6386 155 636 77.8 4.8 84.2 83.1 73.6
Acetate 5 9 686 161 636 76.4 71.5 87.6 81.3 72.3
Ave, 7.1 73.2 85,9 82,2 73.0
Basal + Sodium and S 6 716 170 636 74.8 70,6 8.6 78,2 71.2
Potassium Acetate 4 8 716 186 636 724, 68.4 83.9 772 70.5
Ave, 73.6 69.5 B4e3 777 70,9



Table IV

Apparent Digestion Coefficients of Rations
— i i in Corn Cob Study, Trial TN — -

°

Ration Ration  Lamb Dry Dry Organic Apparent Percentage of Digestibility
Tdentifi-~ No. No, HMatter Matler Matter Organic Crude Ether Crude NFE
cation Intake Excreted Intake Matter Protein Extract Fiber
gms., gms. gms.

Basal ] 19 750 187 743 . 75.8 77,9 77.9 73.6 76,1
1 26 750 245 743 68,5 78.3 66.7 65.2 68,0

Ave. 2.1 78.1 72.3 69.4 7R
Basal + Complete 2 17 761 228 743 70.4 69,0 71.1 69.7 71.0
Mineral 2 18 761 205 743 73.3 71.3 77.0 72.9  73.7
2 23 761 235 743 69,2 1.7 72.9 66,9  69.4
2 R4 761 275 T43 54,1 64.5 71.7 63.2 63,8
Ave 69,2 69.1 73.1 68.1 69,4
Basal + 3 16 799 223 743 7ol 71.6 844 7L, 73.9
Alfglfa Ash 3 25 799 232 743 7.3 70.9 76.7 71,2 71.8
Ave, 73.2 71.3 - 80,6 72,7 T2.9
Bas 1 + Sodium L 1% 794, 127 743 83.8 8/,.2 8404, 8L.3 83.5
Acetate 4 3 794, 161 TL3 79.8 78,1 T7.7 81,7 79.6
Ave, ’ 81.8 81.2 81,1 83.0 81.6
Basal + Potassium 5 5 784, 185 743 76,8 75,6 82,0 79.2 75,7
Acetate 5 9 784 175 743 77.6 73.1 82.0 77.3 78.3
Ave, 77.2 Thotd 82,0 78.3  77.0
Basal + Sodium and . 3 6 818 198 743 Vo'l 73.6 79,7 78.5  73.1
Potassium Acetate & 8 818 225 743 71.3 72,1 74,0 70.9 71.5
ive 73.0 72.S 76,9 7.3  T2.3

# Lamb No 1 was partially off feed first 8 days of trial. Lamb had cleaned up by end of trial but dry
matter excreted was prcbably low.
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Table V

Apparent Digestion Coefficients of Rations in
the Prairie Hay Study, Period 5

Ration Ration  Lamb Dry Iry Orgenic Avpparent Percentage of Digegbibility

Identifi~ Yo, No. Matter Matter Matter Organic Crude Ether Crude NFE
catbion Intake FExcreted Intake Habtter Protein Extract Fiber
' ' gnms. gms. gms. '

Prairie Hay 1 3 738 264.3 691 66.9 67.7 11.8 374 75.6
Basal 1 16 738 286.8 691 63.9 63.3 =237 47.2 70.1
1 17 738 231.4 691 70.8 70,9 7.5 51.1 774
1 23 738 220.0 691 72.6 72.6 24,7 52,0 79.1
Ave. 68.5 68.6 5.1 6.9 75.6
Prairie Hay 2 18 745 264.5 691 69.1 68.9 ~4..3 48.8 75.9
Basal + Complete 2 24, 745 235.9 691 70.8 7o 16.1 L7.9 77.9
Mineral HMix 2 25 745 250.5 691 68.2 63.3 10.8 49.1 75.4
2 26 745 260.5 691 67.8 70.1 7.5 43.5 75.0
Ave. ‘ 68.9 69.5 9.7 47.3 76.1
Prairie Hay 3 3 778 240.1 691 724 T4e5 28.0 47.0 79.6
Bagal + Alfalfa 3 6 778 238.2 691 66.0 69.4 194 39.4 73.4
Ash 3 19 778 260.0 691 66.9 67.7 5.4 39.4 75.2
3 22 778 252.0 691 70.5 69.4 21.5 47.0 779
Ave. 68.9 70.2 18.6 4L3.2 76.5
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Table VI

Apparent Digestion Coefficients of Rations in
the Prairie Hay Study, Period 6

Ration Retion Lemb Dry Pry Organic Apparent Percentage of Dicestibility
Identifi- Ho. Ho. Matter Matter Matter Organic Cruds Ether Crude NFE
cation Inteke  Excreted Intake WMatter Protein Extraet  Fiber

' gns. gms. gms.,
Prairie Hay, 1 g 738 225.8 691 71.%6 T2.4 15.1 50.0 78.3
Besal 1 16 738 23%.9 691 69.5 78.0 18.3 47.8 75.1
1 17 738 200.6 691 748 74,0 26.9 57.6 85.3
1 23 738 232.9 91 70.8 72.8 30.1 48,3 76,7
Ave, 71.7 Fhe3 22.6 50.1 7.6
Prairie Hay 2 18 745 2554 691 67.5 8.2 15.1 37 .4 754
Basal + Complete 2 24 745 254.9 691 88,0 6.3 20.4 43 75.5
Mineral Mix 2 25 745 238.1 691 9.5 &7.8 31.2 5202 75.2
2 20 TL5 225.1 691 719 76.8 39,8 51.0 7.4
Ave. 69.2 69.8 26.6 46.2 76,1
Prairie Hay, . 3 3 778 24.9 691 745 77.9 £9.5 55.0 79 . L
Basal + Alfalfa 3 6 778 266, 691 68,5 72,0 28,0 43.8 75.2
Ash 3 19 778 260.1 691 69,4 65,6 38.7 48,0 75.7
3 22 778 2L5.3 691 71.0 72.1 Aol LT 4 77.6
Ave. 70.8 72.9 40,1 8.6 77.C
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Table VII

Apparent Digestion Coefficients of Rations in
the Prairie Hay Study, Period 7

Ration  Lamb Dry Dry Organic Apparent Percentage of Digegtibiiity
Identifi-~ MO, No. Matter Matter lMatter Organic Crude Ether Crude NFE
Intake  Excreted Intake Metter Protein Extract  Fiber
gms., gms. gns.
a 1 ) 738 255.5 691 68.1 68.2 29.0 45.5 T4.9
1 16 738 208.5 691 73.7 72.3 30.1 56.0 79.5
1 17 738 224.2 691 72.0 - 71,3 12.9 52.5 78.4
1 23 738 235.8 691 70.5 73.5 29.0 48,8 76.5
Ave. 71.0 71.1 R5.2 50.7 77.3
2 1 745 245.5 691 68,9 63.1 5.8 47,6 75.6
2 24, 45 256.8 691 67.9 68.5 41.9 449 4.3
2 25 745 242.7 691 69.0 69.5 37.6 6.2 75.5
2 26 745 212.9 691 73.9 75.9 40,9 58.1 73.3
Ave, 70.0 70,5 36.6 49.2 75.9
3 3 778 R4T.2 691 7277 75.9 49.5 52.0 771
3 6 778 2544 691 70.0 72.5 50.5 54.6 73.8
3 19 778 254.9 691 70.5 69,1 18.3 43.3 79.0
3 22 778 243.1 691 71.9 71.0 29.0 54.1 776
Lve, 71,2 72.1 36.8 51.0 76,9
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Table VIII

Apparent Digestion Ccefficients of Rations in
the Prairie Hay Study, Periods 5, 6, snd 7

Ration Retion Lamb Dry Dry Crganic Apparent Percentage of Digestibility
Identifi- No. No, Matter Matter Hatter Organic Crude Ether  Crude NFE
cation - Intake TFxcreted Intake Matter FProfein FExtract TFiber
gms. gns. gns. '

Prairie Hay 1 & 738 248.5 691 68.9 69.4 18.6 bio3 76.3
Basal 1 16 738 2447 691 69,1 71.2 8.2 50,3 4.9
1 17 738 218.7 691 72.5 T2.1 15.8 53.7 78.7
1 23 738 229.6 691 71.3 73.C 27.9 5C,0 Ted
Ave, 70.4 71.4 17.6 49,6 76.8

Prairie Hay 2 12 745 254.8 691 68.5 68.4 12.2 bi B 76,0
Basal + Complete 2 24 745 249.2 691 68.9 69.9 26,2 45.7 75.9
Mineral Mix 2 25 45 243.8 691 68.9 56,9 26,5 49.2 5.4
2 26 745 232.8 691 71.2 VL3 29.4 50.9 76.8

Lve. 69.4 69.9 23.6 7.6 76.0

Prairie Hay 3 3 778 237.4 691 73.2 76.1 LRG3 51.3 78.7
+ Alfalfa Ash 3 & 778 269.7 691 68.2 71.3 32.6 45.9 74,1
3 1% 778 258.3 691 68.9 68,8 20.8 43.6 76.6

3 22 778 246.8 691 71.1 70.8 31.5 49.5 777

Ave 70.4 71.8 31i.8 47.6 76.8
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Table IX

Apparent Digestion Coefficients of Rations
in Carbohydrate Study, Trial XI

Ratien Dry Apparent Percentage of Digestibility
Identifi~ Matter Crude
cation Intake Protein
gus.
Prairie Hay, 1 17 628 52.0 53.5 7.4 45.5 57.2 L7.2
Casein 1 18 628 51.9 53.2 67.7 £1.6 56.4 474,
1 22 628 51.0 53.0 £8.3 7.8 57 .4, A7.0
1 23 H28 54.0 55.8 £9.9 10.4 60.7 49.8
52.2 53,8 68,4, 26,3 57.9 47.8
Prairie Hay, 2 25 682 56.3 58.4, 69.5 26.0 56.6 57.8
Casein + 60 2 26 632 55.9 58.0 57,4 L1.6 56,9
gms. Cerelose 2 3 682 56.7 58.9 69,7 31.2 58.5
2 6 482 53.8 55.6 67.9 26.0 54.0
55.7 57.7 68.6 21.2 56,5
Prairie Hey, 3 791 55,3 59,0 61.1 15.6 63.3
Cagein + 180 3 791 61.0 63,1 594 0.0 66,5
gnz. Cerelose 3 781 57.5 60,0 58.3 1.3 £2.9
3 791 62.7 65.0 $1.S 23.4 67.9
59.2 61.8 60,1 10.1 65.2
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Table X

Apparent Digestion Coefficients of Rations
' in Carbohydrate Study, Trial XII

nation Ration Lamb Ury ' Apparent Percentage of Digestibility

Ildentifi- lio. No, Hatter Iry Organic Crude Ether Crude NFE
Intake Matter Matter Protein Extract Fiber

s, . =
Prairie Hay, 1 17 628 51.5. 53.1 67.8 5.2 56.6 46.7
Casein 1 18 628 50.9 52,3 67.8 19.5 55.7 L6.6
1 27 628 53.6 55.2 70.7 31.2 58.1 49.7
1 23 628 51.8 53.6 69,7 28.6 57.8 46.9
ive. 51.9 53.5 69,0 21.1 57.0 L7.4
iz Hay, 2 25 682 54,42 56,% 65.1 14.3 55.1 55.1
+ 60 2 26 632 54,.2 56,6 67.0 1.3 55.7 55,3
2 3 682 56,3 58.5 69.0 18.2 56.4, 58.5
2 6 682 57.1 53.8 V1.4 R34 58.7 56,9
Ave. 55.5 £7.6 £9.1 17.5 56.4 56,6
Fr 3 1 791 56,8 58.9 65.3 15.6 57.9 59.0
c 3 1 791 62.9 65.1 65,6 27.3 57.9 68.9
o1 3 R/, 791 59.5 61.6 62 .4 20.8 53.5 65.9
- 3 g 791 6.3 66.3 63.1 15.6 59.4  70.9
Ave, 60.9 64..0 6.1 16.8 57.1 66.2
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Table XI

Apparent Digestion Coefficients of Rations
in Carbohydrate Study, Trial XIII

Ration Lamb Iry Apparent Percentage of Digestibility
Identifi~ No. Matter Dry Organic Crude
caltion Intake Matter Matter Protein
gmns.

Prairvie Hay, 1 17 628 46.0 48.0 62.8 11.7 42,6

Casein 1 18 628 49,3 51.1 6.3 5.2 L5.5

i 22 628 56,0 57.% 70.5 20.8 52.2

1 23 623 53.7 55.2 8.0 R4 T 50.06

1.2 53,0 66.4 15.6 L7.7

Prairie Hay, 2 25 6832 56,0 58.3 68.7 37.7 57.5

Gagein + 60 2 26 682 57.0 58,1 68.2 21.2 58,4

gns. Cerelose 2 3 682 55,2 57.3 66.9 68.9 55,2

2 6 682 56.5 58,2 69.8 39.0 57.4

56,2 58.2 63.4 L R 5%7.1

Prairie Hay, 3 15 791 64.1 65.9 71.9 26.0 £8.6

Casein + 180 3 19 791 62.3 YA 66.6 33.8 67.2

gms. Cerelose 3 24, 791 61,0 63.2 63.9 36.4 67.6

"3 8 791 62.6 64 .7 62.9 57.2 68.7

62.5 64..6 66.3 38.3 63.0
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Table XIT

Apparent Digestion Coefficients of Rations in Carbohydrate Study
' Average of Trilals XI, XII, and XIII '

~ Ration Ration  Laumb Dry Apparent Percentags of Digestibility _
Identifi- No. No. Hatter Diy Orgenic  Crude ~ Ether Crude IF
cation , Intake Matter Matter Protein Fxbract  Fiber
gms.
Prairie Hay, 1 17 62 49.8 51.5 66,0 20.8 55 4 - 45.5
Caselin 1 18 628 50.7 52.2 66,6 22.1 55.9 46.5
' 1 22 628 535 55.3 69,8 19.9 59.2 49,6
1 23 628 53.1 54,.8 69.2 21.2 58.9 49,1
Ave. 51.7 53.4 67.9 21.0 57.3 47,6
Prairie Hay, - 2 25 682 55,5 57.7 69.1 29.3 56,1 56,8
Cagein + 60 2 26 682 55.7 57.9 67.5 29.0 56,9 57.0
gms. Cerelose 2 3 68« 56,1 58.2 68.5 39.4 57.2 57.0
2 -6 632 55.8 57.5 69.7 29.5 56.2 56.2
Ave. 55.8 57.8 68.7 31.8 56.6 56.8
Prairie Hay, 3 16 791 58.9 61.3 66,1 19.1 55,9 63.6
Casein + 180 3 19 791 62.1 6.2 63.8 20.4 58.6 67.5
gms. Cerelose 3 2/ 791 59,3 61.6 61.5 19.5 54.6 65.5
' 3 8 791 63.2 65,3 62.6 32.1 59.1 69.2
Ave 60.9 63,1 63,5 22.8 57.0 66.4,



Table XIII :

Apparent Digestlon Coefflclents of Ratlons in Gorn Gob
: Study, Experlment v (Dry Matter Ba31s)

" Period 1
Ration - o Ration Lemb _TDry Dry - Orgesnic Apparent Percentage of Digesgtibility
~ Identifi- - No. No. Matter HMatter Matter Orgenic Crude = Ether Crude  'KFE
cation . ' Intake Fxcreted  Intake —~Matter Protein = Extract  Fiber
N - s —ans. s, as, _ -
 Cob Basal 1 4 651 240 628 63.7 67.0 71.0 46.3 67.5
: 1 17 651 207 628 69.1 68.4 67.7 62.2 71.3
1 20 651 209 628 68.7 68.9 56.0 63.7 . 7L.1
1 23 651 217 628 67.1 70.4 74,0 61.7 67.6
1 24 651 261 628 60.4 67.8 YAV 41.3 62.5
Ave. 65.8 68.5 66.6 56.2 68.0
- Cob Basal + 2 5 660 175 628 T4e? 75.8 79.0 63.5 76.6
Complete 2 11 660 208 628 69.5 6.0 80.7 70.9 68.4
 Mineral Mix 2 12 660 179 628 73 .4 71.6 76.7 70.6 Vol
2 19 660 220 628 66.9 69.5 62,7 60.0 68.8
2 2 660 20/, - 628 69.0 72.0 74.0 63.3 69.8
Ave. 70.6 71.6 7.6 65.7 71.6
. Cob Basal + 3 1 686 174 628 76.8 4.5 87.7 69.7 T84,
~Alfalifa Ash 3 -8 686 178 623 76.0 73.7 82.3 75.6 76.1
' 3 13 686 221 628 69.2 72.6 80.0 69.5 67.8
3 15 686 177 628 75.8 75.5 86.3 78.8 T4.1
Ave. 74.5 4.1 84.1 T34 Thol
Cob Basal + 4 (S 690 184 628 73.5 73.5 84.7 68.2 74.3
" Synthetic A g 690 213 628 69.1 71.5 83.0 73.5 66.4
Alfalfa Ash 4 10 690 194 628 72.0 74,0 87.0 70.4 70.9
: ' A 18 690 236 628 65.3 66.7 80,3 59.6 65.6
A 26 690 199 628 71.2 70.4 79.3 66.8 72.2
Ave. ’ 70.2 71.2 82.9 67.7 69.9

4
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v TableVXIV

_Apparent_Digestion Coefficients of Rations in Corn Cob
‘Study, Experiment IV (Dry Matter Basis)

- Period 2
"Ration Ration Lamb Dry  Dry  Organic Apparent Percentage of Digestibility
Identiti- No. -No. Matter Matter Matter Organie Crude ~ Ether ~ Crude =~ NFE
cation Intake FExcreted Intake TMatter Protein Fxtragt Fiber
e T e T mme.  gmee T

Cob Basal i A 651 233 628. - 64.8 66.5 2.7 69.2 62.6
. ' 1 17 651 191 628 T1.4 The3 77 .0 63.1 72.9
1 20 651 176 628 73.6 72.5 76.0 68.4 75.1
1 23 651 203 628 69.2 69.0 80.3  59.9 71.2
i 24 651 261 628 61.2 65.8 71.3 46.0 63.9
ive. o 68.0 69.6 5.5 1.3 69,1
Cob Basal + 2 5 660 180 628 73.4 72.5 78.3 73.1 73.3
‘Complete ’ 2 1 660 171 628 T4.5 75.0 80.7 68.8 75.6
Mineral Mix 2 12 660 190 628 71.8 72.8 79.7 64,5 73.2
B 2 19 660 20/, 628 68.9 68,4 83.7 60.4 7R.2
2 22 660 189 628 71.3 72.1 830 64,.9 72.2
Ave, ' 72.0 72.2 81.1 66,3 73.3
Cob Basal + 3 1 686 168 628 78.0 7 85.3 76.5 78.7
Alfalfa Ash 3 8 686 192 628 7302 731.3 829? 75.5 T7 o2
' 3 13 686 168 628 TT7 T4l 90,3 64,05 73.2
3 15 686 165 628 7.6 74.9 88.0 78.2 77.3
Ave. 76.7 73.6 86.6 Th 4 76.6
Cob Basal + 4 6 690 164 628 76.9 73.5 89,0 75,5 77.2
Synthetie 4 9 690 168 628 77 .6 76.5 90.3 77.0 77.1
Alfalfa Ash 4 10 690 157 628 77.5  T7.3 9.0  73.9 777
- | 4 18 690 215 628 68,9  70.1 837 59.9  70.3
b 26 690 163 628 77.0 73.8  88.7 8.4 765
Ave 75.6 7442 88.5 72.9 75.8
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Table XV

i Apparent Digestion Goefficients of Rations in Corn Cob
Digestion Study, Experiment IV (Dry Matter Basis)

Period 3
Ration Ration  Lamb Dry  Dry - Organie ____Apparent Percentage of Digestibility
Identifi~ "~ No. Ho. Matter Matter Matter Organic Crude Ether  Crude NFE
_cation _Intake Excreted Intake Matter Protein Extract Fiber _
o N— : .H,AUJHQmS;,.zeEﬁg?f——-——EEET———-—em-f—vswwm—-—F EER 45 e
Cob Basal 1 4 651 248 628 62.5 63.4 72.7 50.6 65,1
- 1 17 651 200 628 70,3 71.0 67.3 59.3 73.5
i 20 651 195 628 71.0 69.3 68.6 66.8 72.8
1 23 651 187 628 72.9 73.9 82.7 59.8 75.8
i 24, 651 269 628 60.0 65.0 65.0 bdpod, 63.2
Ave, 67.3 68.5 71.3 56.2 70.1
Cob Basal + 2 5 660 236 628 66.4 65.4 73.0 51.7 70.4
‘Gomplete 2 11 660 157 628 76,7 76.0 79.0 76.3 76.9
Mineral Mix 2 iz 660 238 628 64.8 67.0 63.7 52.9 68.0
' 2 19 660 210 628 68.5 66.6 71.3 54,0 72.8
2 22 660 212 628 67.9 68,8 83,7 58.4% 69.3
Ave. 68.¢ 68.8 4.1 58.7 71.5
Cob Bassl + 3 1 686 117 628 84.7 83.4 91.6 84.0 84,.7
Alfalfa Ash 3 g 686 " 204 628 73.3 2.5 91.0 71.8 72.%
B - 3 13 686 166 628 78.7 4.3 84.0 78.4 79.3
3 15 686 190 628 75.0 72.0 8.0 75.2 75.0
Ave. . 77-9 7506 8756 7744 7709
Cob Basal + 4 6 690 221 690 68.9 6404, 87.3 66.8 69.0
Synthetic 4 9 . 690 180 690 7446 72.8 82.0 72,8 75.0
'Alfalfa Ash 4 10 690 194 690 72.6  69.8 83.3  70.6  73.0
o o 4 18 690 208 690 68.2 70.1 71.7 52.3 TRe5
4 26 690 176 690 75.2 72.2 86.7 T4.3 75.2
Ave. o 71.9 69.9 82.2 67!:4 72.9
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Table XVI

Apparent Digestion Coefficients of Rations in the Corn Cob
 Digestion Study, Experiment IV (Dry Matter Basis)

Average Periods 1, 2, and 3

Ration ' Ration  Lamb Dry Dry Organic ____ Apparent Percentage of Digestibility
Identifi- No. Ro. Matter Hatter Matter Organic Crude Ether Crude NFE
' _ecation Intake Excreted Intake Matter Protein Extract Fiber
' ' - gms.,  gms. gms. ' '
Cob Basal 1 AL 651 240 628 64.9 65.6 72.1 55.4 65,1
1 17 651 199 628 70.3 71.2 70.7 61.5 72.6
1 20 651 193 628 71.1 70.2 66.9 66.3 73.0
1 23 651 202 628 69.7 71.1 79.0 60.5 71.5
T 24 651 26/ 628 60.5 66.2 66.9 A5.9 63.2
Ave. 67.3 68.9 71.1 57.9 71.1 -
Cob Basal + 2 5 660 194 628 70.1 71.2 76.8 62.8 73.4,
Complete 2 11 660 79 628 73.6 73.3 80.1 72.0 73.6
Hineral Mix 2 i2 660 202 628 70.0G 70.5 3.4 62,7 71.9
2 19 €60 211 628 £3.1 63.2 7R.6 58.1 71.3
2 22 - 660 202 628 89.4 71,0 80.2 62.2 T0L 4
Ave, 70.2 70.8 ©76.6 63.6 T2 1
" Cob Basal + 3 1 686 153 628 79.8 77.3 88.2 76.7 80.6
Aifalfa Ash 3 8 686 151 628 T2 T2.5 85.3 The3 75.3
3 i3 586 i85 628 75.2 73.9 84.8 70.8 73.4
3 13 636 177 628 76.1 741 66.1 T od 75.5
Ave. 76.3 Thod 81.1 74.8 76.2
Cob Basal + A 6 690 120 628 73.1 73.8 87.0 70,2 73.5
Syunthetic 4 g 690 187 628 73.8 73.6 85.1 Thot 72.8
Alfalfa Ash 4 10 680 182 628 74.0 3.7 87.1 71,6 70.5
, ) A g 690 220 628 67.5 69.0 78.6 5763 69.5
L 26 690 179 628 TL.5 72.1 84.9 73.2 746
Ave. . 72.6 72 .4, 8L.5 69.3 72.2
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