














ABSTRACT

RATE OF PASSAGE OF INGESTED MATERIAL THROUGH
THE DIGESTIVE TRACT OF STEERS

by Charles M. Derrickson

Eight yearling Angus steers of uniform weight, age and from the
same sire were used in a series of four trials to study the effects of
particle size and level of intake on the rate of passage of "all-concen-
trate" rations and a concentrate plus 20% roughage ration. The treat-
ments were arranged with two steers on each in a reversal design so that
during the four trials eight observations were made on each treatment.
Inert plastic particles (specific gravity 1.425) with physical charac-
teristics similar to the feed were used as indicators to measure the
rate of passage. The effects of particle size were studied by separating
the plastic (Delrin Acetal Resin) into groups having a mean diameter of
4.76, 2.38, 1.19 and .595 mm. Within this size range the rate of passage
of inert particles through the digestive tract decreased as the size of
particles increased in diameter. There were highly significant differ-
ences in the rate of passage of all size particles at the 72, 96, and 120
hour intervals after feeding.

Comparison of rations showed a highly significant differemce in
their rate of passage. The finely ground concentrate plus 20% roughage
ration passed at a significantly (P<CO0.0l) faster rate than the finely

ground corn, coarse cracked corn or the finely ground ration force fed.
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The finely ground all concentrate ration passed throug'h the digestive tract
of the steer significantly (P<C0.0l) faster than the coi;ae cracked ration.
Inert particles in the coarse cracked corn ration passed through the diges-
tive tract of the steer at a slower rate than the particles in the other
rations. These results indicate the importance of particle size on the
rate of passage of undigested residues through the digestive tract as
measured by the movement of inert plastic particles. The data suggest that
20% corn cobs in a concentrate-roughage ration stimulated some portion of
the digestive tract increasing the rate of passage of inert particles in
comparison to all concentrate rations. Comparing these results with other
experiments of mixed rations suggests that the cobs may act as a mechani-
cal stimulus increasing ruminal contractions and speeding up the passage
rate.
The results of this study showed that increasing the level of

feed intake of a finely ground all concentrate ration decreased the rate

of passage of inert particles in that ration during the 7 day collection
period. Observations on animals voluntarily consuming their allotted
ration plus 0.5% of their body weight more of the finely ground feed
showed a decrease in rate of passage. All particle sizes decreased in
rate of passage in contrast to the same ration consumed at a lower level.
However, the force fed steers showed a more rapid rate of passage than
steers consuming the same level of intake without force feeding. The
faster rate of passage of the inert particles in the concentrate plus
roughage ration im comparison to the all concentrate rations indicates

some physical amnd/or chemical changes take place in the digestive tract
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of steers on different rations.

The ration remaining in the digestive tract for the shortest
period of time showed a significant decrease in its digestibility as

compared to the ration with the longest retention time. The rate of
passage as measured by inert plastic particles was indirectly related

to digestibility.
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Chapter I
INTRODUCTION
The nutritive value of feeds depends upon what the animal's

digestive tract can extract from the feed and what the body can assimi-

late from the extracted portion of the feed. In order to evaluate

effectively the usefulness of any feedstuff for livestock, it has long
been realized that the incomplete availability of nutrients to the
animal should be considered. The length of time a given quantity of
feed spends in the digestive tract may be of considerable importance
in determining how much nutrient material can be absorbed by an animal.
Consequently, knowledge of the rate of feed passage through the diges-
tive tract is important, especially in digestibility studies. The in-
formation obtained in digestive studies would indicate how long a feed
could exert an influence on digestibility and would be especially use-
ful in interpretation of results when animals are changed from one
ration to amother. If feeds are moved through the digestive tract at
a very rapid rate, enzymes may not have adequate time to exert their
maximunm effect. A fast rate of movement may reduce absorptiom with
large amounts of the nutriemt material being excreted. If passage is
Slow, the animal may not pass the undigested residue fast enough and

Voluntary feed consumption could be reduced considerably.






There are conflicting opinions in the literature on the effects
of passage rate as well as a lack of definite information on the rate
of passage of different feeds through the digestive tract of ruminants.
The anatomy of the anterior part of the digestive tract of the rumimant
complicates the rate of passage of feeds through the digestive tract.
Indigestible substances have been utilized in investigating passage
rate. They have included both natural amnd foreign components of the

feed. Since physical characteristics exhibited by the reference sub-

stance influence its rate of passage through the digestive tract
(Campling and Freer, 1962 and Johnson et al., 196L), the usefulness of
inert reference materials is restricted to the study of nutrients with
similar physical properties. When solid materials such as plastics are
fed, consideration must be taken of the fact that the bovine regurgi-
tates and remasticates a considerable portion of the food consumed;
therefore the plastic material should be of a structure that will not
be broken down during rumination. Campling and Freer (1962) have shown
that the size and specific gravity of feed particles may be factors
which influence the passage of various feedstuffs. Little comsidera-
tion has been given to the use of indicators which have physical
characteristics similar to those of the feed.

This study attempts to evaluate particle size, as a factor
influencing passage by using an indicator which possesses many of the
Physical properties of feeds. The material should possess the follow-
ing characteristics to be used as referemnce substance. The material

must be inert, indigestible and recovery from the feces must be
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possible. Therefore it is necessary to feed substances which the animal
will not digest nor absorb and which do not affect the digestive system.
The material should possess characteristics that would permit it to be

ground into particle sizes similar to those of the feed.







Chapter II
REVIEW OF LITERATURE

It has been generally assumed that an increased rate of feed
passage is accompanied by an increased voluntary feed intake and a lower
digestibility. It was concluded by Blaxter et al. (1956) that the method

of preparation modified the rate of feed passage through the gut and this

rate was the determinant of its digestibility. Wright (1929) suggested
that changes in the rate of feed passage influenced volumtary intake.
Blaxter et al. (1956) and Crampton (1957) stressed the importance of the
rate of disappearance of digesta from the reticulo-rumen in determining
the voluntary intake of roughage. Ewing and Smith (1917) reported that,
in general, more complete digestion of total dry matter was associated
with more rapid passage of feed residue through the ruminant while crude
fiber digestibility decreased. Blaxter et al. (1956) found that increas-
ing the feeding level resulted in an increase in the passage of food and
a fall in its digestibility.

Techniques for Estimating Rate of Passage

Various techmiques have been employed in studying the rate of
passage of feed through the digestive system of the rumimant. From
these techmiques have come several differemt terms used to indicate the

rate of movement of digesta. Balch (1961) definmes "rate of passage" as

L



the time taken by undigested residues from a given meal to pass threugh
the digestive tract or through some part of the digestive tract. This is
distinctly different from the "flow of digesta" which is expressed as the
rate at which the mixture of undigested residues from a previous meal
passes a given point in the digestive tract. These terms are nearly
synonymous when referring to the lower tract of the ruminant; but anterier
to the reticulo-omasal orifice, mixing and sifting of rumen contents
occurs to such an extent that digesta flowing past amy ome point at amy
one time contains residues from several meals.

The "mean retention time", defimed as the mean length of time food
stays im the digestive tract, was obtaimed by Blaxter et al. (1956) by
dividing the sum of the times which imdividual stained dried grass parti-
cles spent in the tract by the total number of particles. Castle (1956)
measured the "mean retention time" by adding together the times of excre-
tion from 5 to 95% at intervals of 10% and them dividing by 10. This
value termed "R" represented the mean retention time in hours of stained
hay, was calculated from percentage excretion curves and was used as a
measure of rate of passage.

The most widely accepted technique of measuring rate of passage
is the one based on the method of Balch (1950). It involves counting the
number of previously stained feed particles appearing in the feces im
successive imtervals of time. Blaxter et al. (1956) using mature sheep
and Balch (1950) using mature cattle estimated the effect of grimding om
the passage rate of stained hays. The investigatioms of rate of passage

with goats by Castle (1956) have imcluded use of stained oats, straw, hay







and fecal fibers.

The conventional method of measurimg rate ef passage bj using non-
feed markers ingested as a loose mixture with feed has not generally been
accepted as satisfactory since the markers have a temdency to become
separated from the food with which they were originally fed. Many such
substances have been used in studying the rate of passage of feeds through
the digestive system. Hoelzel (1930) used rubber, cotton threads, seeds,
glass beads and several metals. Moore and Winter (1930) used ferric oxide
and rubber. Campling and Freer (1962) imveatigated the passage of imert
particles through the cow using rubber and several plastics.

The early work of Ewing amnd Smith (1917) estimated the rate of
feed passage through steers using rubber markers amd moisture comtemt of
feces. They assumed that a higher moeisture comtent of feces was imdica-
tive of a rapid rate of passage; however, mo actual determinatiom of the
time taken by food to pass through the gut was made. These workers alse
used digestiem trials followed by slaughter amd examimatiomn of the diges-
tive tract comtemts. King and Moore (1957) used imrert plastic materials
of different size and density along with powdered chromic oxide te study
passage rate and Johnson et al.(196L) used chremic oxide incerperated as
a compenent of paper and as a powder. Brandt and Thacker (1958) studied
the passage of radio-active chromic exide and Weller et al. (1962) com-
pared the passage of lignin and polyethyleme glycol.

Indices of the rate of passage have been developed by several
werkers (Balch, 1950; Blaxter et al., 1956; Castle, 1956; and Bramdt amd

Thacker, 1958). Im a rather extemsive study of feed passage through the
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cow, Balch (1950) used a Si excretion time amd an 80% mimus 5% as des-
criptive of his accumulatiom curves. Balch has shown that the time takem
to excrete 5% of the stained residues ef a meal is approximately equiva-
lent to the time required for the feed te pass through the emasum, abomasum
and intestine. He further proposed that the 80% minus 5% excretion time
was the interval between excretion of 5% and 80% of the stained particles
and was indicative of the time the feed particles spent in the reticulo-
rumen. Brandt and Thacker (1958) introduced the terms t, and t; te repre-
sent the time speat by the feed in the reticule-rumen and the remaimder of
the tract, respectively.

Castle (1956) calculated a term "R" which was definhed as the mean
retention time im hours whick staimed hay particles speat in the diges-
tive tract. This term was calculated by addimg together the times of
excretion from 5% to 95% at imtervals eof 10%, takem from graphs pletted
on rates of excretion of undigested residues of staimed hay, and dividing
the sum by 10. This value was used as a measure of the mean reteation
time im hours, of the staimed particles im the alimentary tract.

Another term used in describing rate of passage time is referred
to as "mean time" (Blaxter et al., 1956). Mear time is a measure of the
mean length of time food stays in the digestive tract and is determined
by dividing the sum of time which individual stained particles spend ia
the digestive tract by the total mumber of stained particles excreted.

After using stained particle coumts to calculate the rate of
passage by each of the above mcnﬁioned methods Shellenberger and Kesler

(1961) comcluded that all methods discussed appeared satisfactory, but






these methods appeared to be slightly mere reliable which measured mean

time spent in the digestive tract by each staimed particle.

Factors Influencing Rate of Passage

Effect of particle sise

There is considerable evidence which suggests that, with diets
containing normal levels of roughage, small particles are eliminated mere
rapidly tham large omes. Ewimg and Smith (1917), using rubber markers,
concluded that fimer particles of feeds amd fimer groumd feeds passed
through the ruminant amimal mere rapidly tham coarser feeds amd that
coarse feeds amd roughages retarded the rate of passage of feed residues.
Blaxter et al. (1956) comcluded, after feeding sheep dried grass im its
natural form and im the form of cubes made from medium groumd amd fimely
ground material, that the method of preparation modified the rate of
passage. The fimely groumd, cubed grass passed through the digestive
tract mere rapidly than the long, dried grass. Castle (1956b), usinmg
stained hay and stained fecal fragments as markers, reported that the
small fecal fragments invariably traveled faster than the hay and sug-
gested that the increased rate of passage was due mainly to the smaller
particle size. Rodrigue and Allen (1960), comparing the rate of passage
of umground hay with hay ground te differemt degrees of finemess ob-
served a more rapid passage of fimely groumd hay throughout the eatire
tract. These werkers comcluded that the fimer the grimd the faster
the rate of passage.

These ebservations are in agreemeat with Ewimg and Smith (1917),






Blaxter et al. (1956) and Meyer et al. (1959). Ewing and Smith (1917)

concluded that fimer particles of feeds and finer ground feeds passed
through the ruminant animal more rapidly than coarse feeds and that
coarse feeds and roughages retarded the rate of passage of feed residues.
Blaxter et al. (1956) concluded from feeding sheep dried grass in its
long form and cubes made from medium ground and finely ground material,
that the method of preparation modified the rate of passage. The finely
ground, cubed grass passed through the digestive tract more rapidly
than the long dried grass. Meyer et al. (1959) reported that ground
pelleted hay passed through the digestive tract of sheep at a faster
rate than unground hay. The fact that fimely ground, cubed grass and
hay passed through the digestive tract more quickly than long material
is comtrary to the results of Balch (1950) amd Balch et al. (195, 1955)
who reported that ground hay in rations in which all the hay was groumd
was excreted over a longer period tham hay in a similar ration in which
the hay was not ground. Meyer et al. (1959) pestulated that the imcreased
feed intake of sheep which resulted when hay was ground and pelleted was
the direet result of a faster rate of digestion in the reticulo-rumen.
This accelerated digestion of the finer hay particles allowed a faster
rate of passage of feed through the digestive tract. The pelleted
ground roughage passed more rapidly through the digestive tract by vir-
tue of a faster movement from the reticulo-rumen (Blaxter and Graham,
1956; Blaxter et al., 1956; and Meyer et al., 1959). Balch (1950) neted
that ground hay given as a small addition to unground hay was excreted

more rapidly than the unground hay. Stained hay particles were used to
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measure the rate of passage of undigested residue.

King and Moore (1957), using imert plastic particles, reperted
that particles of 1.2 specific gravity passed at a faster rate than either
lighter or heavier particles. The size particles of 1.2 specific gravity
which passed most rapidly were between 20 and 30 cu. mm. Campling and
Freer (1962) reported the mean retention time of inert particles of speci-
fic gravity 1.2 to be directly related to the size of the particle within
the range of 17-58 cu. mm. The larger particles were retained 12% longer
than the smaller.

Balch (1950) reported that the roughage in diets in which all the
hay was ground required considerably longer periods of time to pass through
the digestive tract than similar hay diets in which the hay was not ground.
Hoelzel (1930), using several species of non-ruminants, found the rate of
passage nearly proportional to the specific gravity of the materials used.
King and Moore (1957), using Cr203, suggested that factors other than den-
sity and particle size apparently influenced the rate of passage. (:1'-203
(with a specific gravity of 5.1 and very finely dispersed) would be ex-
pected to move very slowly through the digestive tract; however, on the
basis of comparison with plastic particles the 01'203 moved faster than
predicted. Moore and Winger (193L) found considerable variation in the

. rate of passage of rubber rings and ferric oxide.

Nature of ration
Some of the early work on rate of passage in ruminants (Ewing and
Smith, 1917) reported that the two most important factors determining the

rate of passage were the nature of the ration and the level of feed intake.
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Balch et al. (1956) noted very slow passage of a ration containing much
concentrate and little roughage. The roughage remained for an abmor-
mally long time in the reticulo-rumen. Castle (1956) noted greater
retention time for straw than for hay when both were fed together. Bell
(1960) reported that roughages such as wheat straw and alfalfa hay which
were least capable of swelling in water passed through the non-ruminant
digestive tract at a slower rate than other "bulks" such as bran, cellu-
lose or corn cobs. Blaxter et al. (1961) feeding poor, medium and good
quality roughages to sheep found the poorest quality to pass through the
gut more slowly than the medium quality roughage which, in turn, passed

through the gut more slowly than the highest quality roughage.

Frequency of feeding

As previously cited, Ewing and Smith (1917) suggested that the
rate of passage of feed residue was influenced by the quantity of ration
consumed. They reasoned that an increase in consumption would cause an
increase in the rate of passage of feed residues. Rakes et al. (1957)
found no differences in the rate of passage of the same total daily in-
take of a medium quality chopped alfalfa-orchard grass hay when fed twice
daily or ten times daily to dairy heifers. Campling et al. (1961) sug-
gested that the voluntary intake of a roughage by a cow is closely

related to the mean retention time in the digestive tract.

Level of intake

The level of feed intake appears to have a direct effect on the

rate of passage of feed residue through the digestive tract. The work
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of Campling et al. (1961) indicating a decreased retention time with
increasing intake is in agreement with the results of Balch (1950) and
Blaxter et al. (1956). Blaxter et al. (1956) found that increasing
the level of feeding resulted in an increase in the rate of passage of
feed and a decrease in its digestibility. These workers concluded that
the method of preparation modified the rate of passage of feed through
the digestive tract and this rate was the determinant of its digestibi-
lity. Castle (1956) reported the mean retention time to be directly
related to the daily intake of feeds. As the feed intake increased the
mean retention time ("R") decreased. Shellenberger and Kesler (1961)
reported the rate of passage of feed residues to be faster in high
producing cows consuming greater quantities of feed than low producing
cows. These researchers found the level of dry matter intake was

correlated with the rate of passage.

Rate of Flow

The flow of digesta along the digestive tract has been measured
by using surgical preparations in which the flow of digesta was perma-
nently exteriorized by means of re-entrant fistulas.

Harris and Phillipson (1962) and Hogan and Phillipson (1960)
measured the flow of digesta into the duodenum by collecting digesta
from the proximal cannula, measuring and sampling and returning the
digesta through the distal cannula. Singleton (1961) measured the flow
of digesta into the duodenum by an electromagnetic method on an unopened

tube connecting the two cannulas through permanently exteriorized duo-







13

denal loops. Results of this work clearly showed the flow of digesta
into the duodenum to be phasic with variations both in size and frequency
of the gushes which were followed by varying amounts of backflow.
Phillipson (1948) noted that digesta in the ruminant flowed in gushes
every few minutes into the duodenum. The work of Phillipson (1952)
showed that the flow of digesta passed to the duodenum in gushes at
regular intervals for 17 out of 2l hours and that the flow was more regu-
lar during rumination. This work suggested that the flow of digesta from

the abomosal cannula was accelerated during eating. Measurements taken

by Hogan and Phillipson (1960) indicated the mean rate of flow to be 360
and 180 ml. per hour in the duodenum and ileum, respectively. Phillips
and Dyck (196k) measured the flow of digesta into the duodenum of sheep
by continuously infusing an indicator solution of polyethylene glycol
LOOO at a constant rate into the abomasum via a cannula. The volume of
digesta flowing was calculated from the dilution of the indicator in
samples of digesta obtained from a duodenal cannula.

Balch (1950) introduced a suspension of ground stained hay into
the abomasum of cows and found that the time at which 93 - 97% of the
marker was excreted was the same as the time required for 5% excretion
of the marker given by mouth. Castle (1956c) found stained fecal
fragments that had been introduced directly into the duodenum of the
goat appeared in the feces 9 to 12 hours later with a maximum concen-
tration occurring in the feces 1 to 2 hours after their first appearance.
Ninety-five percent of these particles fed by mouth appeared in the
feces 1 to L hours after the appearance of the particles placed in the

duodenum.
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Chapter III

EXPERIMENTAL METHODS

L]

Animals and their treatments |
Fourteer yearling Angus steers were used in a series of four -ﬁa

trials. They were selected from one herd and had all previously been

treated similarly. The steers were from the same sire and were of

uniform weight and age.

The steers were placed im individual box stalls and fed a uni-
form ration for a 60 day adjustment period. The ingredients used in
the ration fed during the adjustment period are given in table 1. The
shelled corn was finely ground in a hammer mill and mixed with the other
ingredients in a conventional feed mixer. The high concéntrate ration
consisting mainly of ground shelled corn was supplemented with protein,
minerals and vitamins. All ingredients were mixed for at least 20
minutes. The steers were given only a small amount of the ration in
the beginning of the adjustment period amd gradually increased until
they were receiving all they would consume each day. If a steer did
not comsume his daily ratiom it was cut back until the allotted amount
was comsumed. Steers were given free access to water while they were
'in the box stalls. The level of water imtake of the steers for the
experimental period was determined during the part of the prelimimary
periods in which the amimals were kept in stanchions.

1L
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TABLE I. PRELIMINARY RATION

Ingredients % of ration ' Pounds per ton
Ground shelled corn 83.55 1,671
Soybean meal 15.00 300
Mineralized salt 0.50 10
Ground limestone 0.50 10
Steamed bone meal 0.40 8
Vitamin A & D premix# 0.05 1l

Total 100.00 2,000

#Each gram of the vitamin A & D premix supplied 10,000 I.U. of

vitamin A palmitate and 1,250 I.U. of vitamin D2.

The stalls were bedded with tobacco stems to discourage the con-

sumption of the bedding. During the last part of this preliminary period

the steers were placed in stanchions for two 10 day periods. After re-

maining in the stanchions for 10 days the steers were returned to their
box stalls for a rest period. They were allowed to remain in the stalls
five days before returning to the stanchions. The conditionipg period
was conducted to accustom the steers to confimement. Final selection of
the eight steers used in this study was based on the following comditions:
(a) Rapid adjustment to the confined conditions and
maintenance of uniform feed comsumption.

(b) No signs of swelling in their legs and joints while
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remaining in the stanchions for extended periods. The eight steers were
paired according to weight and placed im stanchion type collection crates
for the 68 day feed passage and digestion experiment. The animals re-
mained in the crates throughout the entire experiment except to be taken
out at the end of each trial at which time they were weighed and returned
to the crates. Each pair of steers was arranged in a reversal type arrange-
ment 8o that during the four trials eight observations were made om each
treatment.

Two steers were placed on each of the four rations with the daily
allowance determimed by the steer consuming the smallest amount of feed
during the preliminary period. The feed offered amd that left uneaten
was weighed daily until the steers were om a constant level of intake.
The steers were fed twice daily at 12 hour imtervals. Ome-half of the
daily ration was fed at 6 A.M. and the other ome-half was fed at 6 P.M.
The steers were watered twice daily, just prior to the morning and
evening feeding. The level of water intake was held constant throughout
the four feeding trials. The animals were offered two gallons of water
before each feeding. The level of water intake determined during the
preliminary period did not appear to affect the dry matter intake. The
two steers on each of the four trials receiving the higher level of
feed intake were given the same amount of water as the animals on the

lower level of feed intake.

Rations and methods of preparation

The ratioms required for all four trials were ground and mixed

at the same time with feed imgredients from the same source. The corn
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in ratiom 1 and 3 and the corn and cobs im ration 4 were finely ground
in a hammer mill. The corn in ration 2 was coarsely cracked with a burr
mill. The remaiming ration ingrediemts were mpt altered from their
usual form.

One ton each of the four rations was mixed at the beginning of
the experimental period. The rations were mixed in 1,000 pound lots in
a 1,500 pound commercial feed mixer. The minerals and vitamins were
premixed before adding to the corn and protein mixture. Each batch of
the experimental ration was mixed for a period of thirty minutes.

During each trial two steers were fed (ration 1) finely ground
shelled corn as the basal ration; two steers were fed (ratiom 2) the
coarsely cracked corn; two steers were givem (ration 3) the finely
ground corm ration and force fed at the rate of 0.5% of the animals
live weight above the basal ratiom; and two steers were fed (ratiom L)
finely ground corm plus 20% ground cobs. All four of the rations were
supplemented with protein, minerals and vitamins A and D. The daily ra-
tion comtained a total of 22,680 I.U. of vitamin A palmitate and 2,835
I.U. of supplemental vitamin D2. The composition of each of the four
rations is given in table 2. Ratioms 1, 2 and 3 were all concentrate
rations of identical composition, they differed in particle size and

method of administration.
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TABLE 2. EXPERIMENTAL RATIONS

Ratioms-pounds per tom

Ingredieats 1, 2 and 3 N
Ground shelled corn 1,686 : 1,286
Soybean meal (ﬁh% C.P.) 275 27$
Ground corn cobs : -—- o &00
Trace mineralized salt 20 20
Ground 1imestone 10 10
Steamed bone meal 8 8
Vitamin A & D premix# 1 1
Total 2,000 2,000

#Each gram of the vitamin A & D premix furnished 10,000 I.U. of

vitamin A palmitate and 1,250 I.U. of vitamin D2

Proximate analyses of the experimental rations are givem im
table 3. Im preparing the feed for analysis samples were taken each
day during the experimental periods. The composite sample was mixed
well at the end of each trial and an aliquot taken for anélyais. The
sample was ground in a Wiley mill, mixed and stored in an air tight
container until analyzed. The rations were analyzed according to
standard methods (A.0.A.C.,1960). Crude fiber determinations were
not made; however, average cellulose percentages are listed for the

four trials.
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TABLE 3. PROXIMATE ANALYSIS OF RATIONST

Ratiom
Component 1 2 3 i
Moisture (%) 12.37 11.95 12.37 11.79 r]
Crude protein (%) 13.63 14,.56 13.63 13.22
Cellulose (%) 6.26 6.8} 6.26 11.33 i
Gross energy (kcal./g) 3.881 3.831 3.881 3.860 ’ 1

lAnalyaia made by the Kentucky Agricultural Experiment

Station Animal Nutrition Laboratory.

Since attempts were made to study the rate of passage of corm, the
fineness of grind of the corn was measured. Representative samples of
ground corn were taken from the mixer after the corn was well mixed. The
remainder of the ration ingredients were added to the corn amd mixed for
30 minutes in a commercial feed mixer. The particle size or degree of
fineness was established from the percentage of a 250 gram sample of the
ground corn remaining on each of six screems (L4, 8, 16, 30, 50, and 100
mesh) after the sample was shaken for five minutes on a mechanical shaker.
The particle size was established from the average of five 250 gram sam-
ples taken from each mixture of cracked and fine ground corn. Therefore,
the fineness of grind, as determined by the above method, is a measure
of the particles remaining on each of the screens. The percent of ground

corn remaining on each screen, taken as the average of five samples is
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given in table 4. The majority of particles in the finely ground feed
were 2.38 mm and smaller while the majority of the particles in the

cracked corn were 2.38 mm and larger.

TABLE 4. THE SCREEN SIZE AND PERCENT OF CORN REMAINING ON EACH SCREEN

% of material on each screea

Screen mesh Diameter of opening (mm) Fine grind Cracked W
L L.76 1.5 25.7 | &
8 2.38 22.5 61.8
16 1.19 36.5 7.9
30 .595 21.5 2.7
50 .297 17.0 1.3
100 .1L49 1.0 .6

Material used as inert particles

The inmert plastic material used im this study to measure the
rate of passage of feeds through the digestive tract was based om the
same percentage of fineness as the groumd corn. A 250 gram sample of
the groumd plastic was placed in the number L mesh screen and shaken
for five minutes on the mechanical shaker. Particle size was then
separated according to the diameter of the opening of the screens as
shown in table L.

The material used as inert particles was Delrin Acetal Resin
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(E. I. du Pont, Wilmington 98, Del.). This material was selected for use
because of its hardness, its grinding properties, which allowed it to be
separated into sizes similar to ground corn, and its specific gravity
(1.425) which is similar to that of ground corn. Since it has been shown
that the physical characteristics of a feed determine to a large extent
its passage rate, it appears logical that the inert material should
possess as near as possible the physical characteristics of the feed.

The specific gravity of both the ground corm and plastic was
determined with a Beckman Model 930 air compressed pycnometer. Since the
specific gravity of the plastic was similar when measured with this im-
strument to the specific gravity givem by the manufacturer it was assumed
that measurements made were reasonably accurate. The pycnometer measures
the volume of powder, granular, porous or solid materials. Therefore the
specific gravity of a sample, which is the ratio of the sample density to
water at h°c, is readily computed since the pycnometer provides a method
for volume measurement. To further check the reliability of the air com-
pressed pycnometer the specific gravity of ground corn was calculated by
first weighing the substance in the air and then weighing it under water.
The values obtained by this method were similar to those given by the
Fycnometer.

The plastic which was obtained im 1/2" x 5' plastic rods was
ground in the same hammer mill, through the same screen as was the corm.
The ground plastic was separated into particle sizes, and ratio of
sizes fed was based om the percentage of the respective size particles

of corn as determined by separating through the different size screens.
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The particle size and quantity of the inert material fed is givem in

table 5.

TABLE 5. THE NUMBER OF GRAMS AND APPROXIMATE NUMBER OF EACH SIZE
INERT PARTICLES

Amount fed (gms) Approx. no. particles fed
Screen opening Fine grind Cracked Fine grind Cracked
L.76 3.k 58.6 118 282
2.38 51.3 140.8 1,938 5,068
1.19 83.2 18.0 30,916 6,426
.595 L9.0 6.2 105,052 16,625
<297 38.8 3.0 - -_—
149 2.3 1.k ——- —

Level of intake

The animals were fed at two levels of intake. During a prelimi-
nary period all steers were fed free choice, to determine the daily intake
of full feeding as near as possible. The level of feed intake was deter-
mined by the steer consuming the smaller amount during this period. The
daily allowance was set at L4560 grams with 2280 grams being fed at 6 A.M.
and 6 P.M. daily. Two of the eight steers were force fed in each trial.
The term "forced feeding" in this experiment is used to describe the
method of feeding animals more than they would voluntarily consume. Two

animals on each trial were fed 0.5% of their body weight more feed daily
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than the intake level of the other steers. For example, steers weighing
600 pounds would receive an additional 3 pounds of feed daily or a total
of 13 pounds of feed. The animals receiving the extra allowance were
first offered their feed in metal feed boxes attached to the metabolism
crates. The steers were not force fed unless they refused to consume
their ration within a thirty minute period. The amount of feed remaining
at the end of one half hour was mixed into a slurry and again offered to
the animal. The portion of the feed not consumed by the animal was then
force fed by using a plunger type gun which would hpld approximately 6
pounds of the finely ground feed made into a slurry. To force feed an
animal its head was elevated with the nipple like extension of the gun
placed over the back part of the tongue. The slurry was then slowly
forced into the animal's mouth. Most of the animals swallowed the feed
with very little resistance after the first few feedings. The feed was
made into a slurry by mixing with the 2 gallon portion of water allotted
to the animal at each feeding. Although the steers were offered their
feed in the dry and wet form, it was necessary to force feed a portion
of their ration with the gun after two or three days of feeding. It was
necessary to force the ration down six of the eight steers on the force
fed ration. Once the animal failed to consume his total ration, it was
usually necessary to force feed the entire ration throughout the
remainder of the trial.

The force feeding mechanism was a simple plunger type gun made
of 16 gauge stainless steel. The feeder was L inches in diameter and

15 inches long. It was designed so the feed and water mixture could be
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poured in from the plunger end. The opposite end had a L4 inch bevel
which reduced it to 1 inch in diameter. The inch diameter was extended

to a length of 6 inches for placing onm the back of the animal's tomgue.

Measurement of rate of feed passage

The measurement of the rate of feed passage through the digestive
tract was a modification of the method of Balch (1950). At a single
feeding the steers were given a small amount of stained corn and colored
plastic particles so undigested particles could be identified visually
in the feces. Brilliant green stain (Fisher certified) was used in con-
centrations of one gram per liter of water. The grain was colored by
steeping for six hours in a hot solution of the stain then thoroughly
washed with cold water and dried,

On the morning of the 1llth day of the experimental period 5.0%
of the daily intake of dry matter was fed as stained corn and 5.0% sub-
stituted with the plastic particles. The plastic particles and the
stained graim were mixed with a portiom of the normal diet before being
offered to the animals. In order to get the steers to consume the mixture
it was moistened with a portion of the water allotted to the steer. The
feed and marker mixtures were very rapidly consumed when made into a
slurry. The animals were allowed one-half hour to eat the allotted feed
with the midpoint in this half hour taken as the time of feeding. All
steers consumed their feed in the allotted time.

The collection of feces began 12 hours after feeding the

indicators and continued at 6 hour intervals for the first 72 hours of
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the collection period and at 12 hour intervals for the following 96 hours.
At each time of sampling the accumulated feces were weighed, thoroughly
mixed and sampled. A 200-gram sample was taken for plastic and stained
particle counts. Additional portions of 10% of the total collection for
each period were taken for dry matter determinations, the dried material
being retained for the analyses comnected with digestibility trials. The
fecal samples were stored at -17°C. in polyethylene freezer bags umtil
they were prepared for analysis.

For the plastic and stained particle count two 50-gram aliquots
of feces were taken and washed through sieves that had previously been
used to separate the plastic particles into different sizes. The fecal
material was placed on the 4 mesh screen and.each particle size washed
over to its respective screen by placing under a stream of water. After
thoroughly washing the sample over each screen, the plastic particles
and the stained corn particles were counted and recorded. Particles
were retained on the 4, 8, 16 and 30 mesh screens with none being found
on the 50 screen. Total plastic particles on each screen were counted
when the total did not exceed 100. When the count exceeded 100, the
feed residue and particles retained on a screen were washed from the
screen onto a 12.5 cm filter paper im a suction funnel. The materials
were evenly distributed on the filter paper by shaking and rotating the
funnel and then pulling the water into the suctiom flask. A hardware
cloth with 1/2 imch square openings was placed over the filter paper
and particles from 10 of the 76 squares were counted. The number of

those particles of different sizes for each individual sampling period
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was then calculated and the recovery for each period was expressed as a

percentage of the total number of the respective size particles fed.

Digestibility trials
Determination of digestibility of dry matter, crude protein and

gross energy was made from the composited fecal samples for each of the
7 day collection periods and results are given in appendix tables II,
III and IV. Durimng the collection periods the feces were collected on
plastic sheets in metal pans placed behind the steer. The 20 samples
collected from each steer during each trial were composited and an
aliquot was taken and stored for chemical analysis. During the experi-
mental periods the feeds were sampled daily. The feces were dried in a
forced-draft oven at 65°C. to a constant weight and then allowed to
equilibrate with the atmospheric moisture. The samples of feed and
feces were then ground in a Wiley mill through a medium-fine screen.
After the samples were ground, each was mixed and stored in an air
tight sample bottle. Rations and feces were analyzed according to
standard methods (A.0.A.C., 1960). The digestion data were analyzed
by the analysis of variance technique (Snedecor, 1956) and significance
of individual differences determined by Duncan's Multiple Range Test

(Duncan, 1955).






Chapter IV

RESULTS AND DISCUSSION

The term "rate of passage" has been used in this study to demote
the time taken by inert particles after feedimg to pass through the
digestive tract of the steer. Since corn made up 6i.3% of ration L and
84.3% of ration 1, 2 and 3 it was used as the basis in determising the
material selected for studying the rate of passage in this study.

The cumulative percent excretiom of the imert particles is showm
on figures 2-6. Each curve represents the mean values of observations
on eight steers. The cumulative percent excretion was used in order to
calculate the rate of feed passage by various methods as R, 5% and 80%
minus S% values. These methods are explained on pages 6 and 7 of the
review of literature. R refers to the mean retention time as determined
by Castle (1956a). The 5% value as the rate of passage through the
omasum, abomasum and intestines and the 80% minus 5% as the rate of
passage through the rumen and reticulum as determined by Balch (1950).
Since a 95% recovery is required for calculat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>