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CHAPTER I
INTRODUCTION

The efficiency of utilization of corn and grain sorghum in high
concentrate finishing rations has been greatly improved through the use
of grain processing techniques. Although many feedlots still process
corn grain in some manner, recent studies have indicated that whole
shelled corn can be used satisfactorily without the added expense of
processing. The utilization of whole shelled corn, however, may be de-
pendent upon the level of roughage in the ration (Vance et al., 1971).

Roughage is often defined as a feed with a total digestible nutri-
ent (TDN) value of less than 60% or a crude fiber content of more than
15%, Arbitrary roughage values for different feeds that will be used in
this report are; cottonseed hulls and hay, 100% and corn silage due to
the presence of corn grain, 50% of the feed dry matter.

Most. feedlots have fed relatively constant low levels (5 to 15%) of
roughage in cattle finishing rations without regard to the type of grain
or methoq of.grain processing used. Low levels of roughage served, in
some casés, to reduce the incidence of liver abscesses (Wise et al.,
1968; Harvey et al., 1968) and acidosis (Dunlap, 1970) and increased
feed intake and average daily gain (Wise et al., 1967) in some cases.

There has been a limited amount of research on the apparent inter-
action between roughage level and method of processing noted with corn

grain by Vance et al., (1971). Processing whole shelled corn decreased



efficiency when roughage levels were below approximately 17% but increas-
ed efficiency when roughage levels were above approximately 35% of the
ration dry matter.

This study was designed to investigate the influence of the level
of roughage and corn processing method on the extent of digestion of the
concentrate (starch) and roughage (cellulose) portions of the ration in

the rumen and intestine of beef steers.



CHAPTER IT
REVIEW OF LITERATURE

Importance and Structure of Starch.

Cereal grainsvcommonly comprise 80 to 90% of cattle finishing ra-
tions and account for the major expense of such rations. Methods to im-
prove the efficiency of utilization of these grains are, therefore, of
considerable economic importance. Because most cereal grains contain 70

to 80% starch (Rooney and Clark, 1968; Greenwood, 1970), the efficiency

of utilization of the starch portion of the ration is of major importance
in the utilization of the whole ration.

Most of the starch of cereal grains is located in the endosperm as
small granules embedded in a protein framework (Graeza, 1965; Greenwood,
1970) . These starch granules generally consist of approximately equal
parts of crystalline and amorphous regions (Hellman et al., 1952). The
storage of starch in the granular form serves to make it less soluble
in water (Greenwood, 1970; Badenhuizen, 1969) and to decrease its sus-
ceptibility to amylase attack (Lathe and Ruthven, 1956).

All natural starches show a layered or shell structure (Badenhuizen,
1969). These layers are composed of two forms of starch molecules,
amylose and amylopectin, which are intricately arranged through hydrogen
bonding (Pazur, 1965). Amylose is a linear polymer of glucose units
joined by alpha-(1-4) linkages to yield chains of several hundred glu-

cose units. Amylopectin is a branched chain glucose polymer with



alpha-(1-4) and alpha=-(1-6) linkages. Branch points are located at the
alpha-(1-6) bonds and each branch normally contains 20 to 30 glucose
units (Pazur, 1965).

The ratio of amylose to amylopectin can vary greatly, but most
cereal grain starches contain about 25% amylose. High amylose starches
are resistant to amylolytic attack (Sandstedt et al., 1962) while high
amylopectin starches are quite susceptible to amylase attack (Leach and

Schoch, 1961).

Enzymatic Degradation of Starch

When starches are heated to a temperature of 60 to 80 C, the starch
granules irreversibly swell and lose their crystailinity and spherical
structure. This process is termed gelatinization.

Gelatinized starch is more readily and rapidly digested by amylase
than the native starch granule whose spherical structure forces amylase
to work only on the outer surface of the granule (Lathe and Ruthven,
1956).

The complete degradation of starch to glucose in vivo is accomplish-
ed by the enzymes alpha-amylase, maltase and isomaltase. Pancreatic
alpha-amylase randomly cleaves alpha-{1-4) linkages on the interior of
the starch molecule yielding dextrins, oligosaccharides and maltose,
which is subsequently cleaved by maltase to glucose (Walker and Hope,
1963). Isomaltase from the intestinal mucose cleaves the alpha-(1-6)

linkages of amylopectin.
Importance and Structure of Cellulose

Cellulose comprises from 20 to 50% of the total dry matter of most



plants (Van Soest, 1973) and is therefore quantitatively important as an
energy source for ruminants on high roughage rations. For ruminants fed
high concentrate rations cellulose is much less important since it com-
prises only 5 to 20% of the diet.

Cellulose is a straight chain polymer of glucose units joined by
beta-(1-4) linkages. It is found mainly in microfibrils in the plant
cell walls and is present in two forms-—cryétalline or amorphous, the
proportions varying with plant species. The availability of cellulose
to cellulolytic organisms can vary from O to 100% depending upon its
crystallinity and its association with lignin, cutin and silica (Van
Soest, 1973).

The initial enzymatic hydrolysis of cellulose by the enzyme cellu-
lase appears to require two proteins--a hydrolytic factor and an affinity
factor which holds the hydrolytic factor to the cellulose molecule
(Leatherwood, 1973). Cellobiose, formed by the action of cellulase, is

subsequently cleaved by the enzymé cellobiase to two glucose units.
Ruminant Carbohydrate Digestion and Absorption

The first stage of digestion in the ruminant involves an anaerobic
fermentation in the rumen. Here carbohydrates yield primarily volatile
fatty acids (VFA), carbon dioxide and methane. The products formed
during fermentation are the result of complex interactions between the
substrates, the microbial population and pH (Sutton and Johnscn, 1969).
Although end products are prodﬁced in widely differing propcrtions, all
carbohydrates are fermented by fhe standard glycélytic pathway to
pyruvate. Subsequently, different products arise from further metabo-

lism of pyruvate (Baldwin, 1965).



VanDerWath (1948) and Nasr (1950) observed that production of
alpha-amylase by rumen bacteria was stimulated by the presence of starch
in the rumen. Starch digesting microorganisms are present in the rumen
under most feeding conditions and increase in number in response to feed-
ing of starch.

VFAs are readily absorbed from the rumen into the portal systen
(Annison et al., 1957). VFAs are absorbed by simple diffusion, primarily
in the undissociated form (Tsuda, 1956). The relative rates of VFA ab-
sorption under acidic rumen conditions are butyric first, propionic
second and acetic last. Butyrate is metabolized during passage through
the rumen wall. (Pennington, 1952, 1954) and most reaches the portal
blood as beta-hydroxybutyrate (Hird and Weidemann, 1964). Some propion-
ate reaches the blood as succinate (Pennington and Sutherland, 1956).
VFA absorption appears to be enhanced by lowering of the pH of the rumen
(Tsuda, 1956; Masson and Phillipson, 1951).

Intestinal starch digestion may be limited in the ruminant. The
pancreas produces amylases and maltase‘and the intestinal mucosa pro-
duces amylase, maltase and isomaltase for digestion of starch (Armstrong
and Beever, 1969). Siddons (1968) demonstrated a high amylase and low
maltase activity in the pancreatic juice of mature cattle. Pancreatic
amylase activity appears to increase in response to an increase in
starch (corn) in the ration (Clary et al., 1967). Mucosal maltase ac-
tivity appears to be as high in the mature ruminant as in the young
while amylase activity is lower in the mature animal (Siddons, 1968)
suggesting that maltase is not a limiting factor in starch digestion.
The ability to absorb glucose; however, may be limited in the mature

ruminant (White et al., 1971) although the quantity of glucose precur-



sors appears to alter the intestinal absorptive capacity.

Fermentation in the large intestine and cecum appears to be similar
to that in the rumen since similar concentrations of VFAs are present in
both organs. Cecal capacity to ferment starch appears to be limited
(less than 150 gms per day in mature sheep) (@rskov et al., 1970). Ab-
sorption of VFAs from the cecum and colon has been demonstrated by Myers
et al., (1967).

Cellulose digestion is primarily confined to the rumen (80 to 100%)
(Hale et al., 1940, 1947; Ridges and Singleton, 1962; Hogan and Weston,
1967) although some digestion may océur in the terminal ileum and large

intestine.
Feeding Value of Processed Corn

A number of reviews are available on the subject of processing of
cereal grains in general (Hale, 1973; Hale and Theurer, 1972). Therefore
this review will emphasize processed corn grain. It has been the general
consensus that all cereal grains, with the exception of corn grain,
should be processed (pressure, heat, moisture, chemical, etc.) in some

manner prior to being fed to cattle.
Performance

Whole corn generally produces animal gains and efficiencies superior
to rolled corn grain. For example, in one 82-day trial, steers fed an
all concentrate (89% corn) ration containing whole shelled corn (WSC)
had six percent higher (P < .05) average daily gains (3.99 vs 3.44 1lbs)
and tended to have superior feed efficiencies (4.84 vs 5.29 1lbs per 1lb

gain) compared to steers fed the same ration containing cracked corn



(Hixon gE_gio,v1969). Weichental and Webb (1969) reported a 5% increase
(P < .10) in average daily gain (ADG) and a 7% improvement in feed ef-
ficiency with steers fed an all concentrate ration containing WSC when
compared to those fed ground corn. At a 10% roughage level, gains were
similar for beth types of corn but WSC still had a 7% advantage in feed
efficiency. Steers on WSC also had fewer abscessed livers at both rough-
age levels. On high concentrate diets, then, whole corn is well utiliz-
ed by steers.

In studies at the Ohio Agriculture Experiment station (Vance et al.,
1971a) steers were fed rations consisting of free choice corn (WSC or
crimped), 2.5 lbs. of supplement and a predetermined level of corn
silage (0, 5, 10, 15, 20, or 25 lbs/head/day). When corn silage levels
were less than 15 lbs per day, steers fed WSC tended to have higher ADGs
and better feed efficiencies. Above a silage level of 15 lbs per day,
the steers fed crimped corn had a slight advantage in gain and feed ef-
ficieney. Processing method had no effect on carcass characteristics.
The net energy for maintenance (NEm) and net energy for gain (NEg) values
of the WSC rations were higher than crimped corn at silage levels less
than 15 lbs of silage per day but were lower at silage levels greater
than 15 1lbs per day (Vance et al., 1972). Assuming the corn silage fed
was 50% grain and 30% dry matter this corresponds to a roughage level of
about 17%.

In a similar study (Preston et al., 1972) WSC, crimped corn and
rolled high moisture corn (RHMC) were fed at silage levels of 0, 5, 15,
and 25 lbs/head/day. WSC and RHMC fed groups had similar ADGs and feed
efficiencies at all roughage levels. Crimped corn fed steers tended to

have lower ADGs and poorer feed efficiencies at corn silage levels of 15



lbs or less but had higher ADGs at 25 lbs. At the 25 1b per day silage
level, feed efficiencies for all groups were similar although WSC tended
to have a slight disadvantage. Overall, processing of dry corn would
appear to be beneficial at roughage levels above about 17%.

Steers fed flaked corn in a 13% roughage ration had a 6 to 10%
higher energy retention than steers fed cracked corn (Johnson et al.,
1968). The greoss energy of the flaked corn ration was utilized more
efficiently for energy retention. Matsushima and Montgomery (1967) re-
ported that thin flaking of corn (1/32 inch) resulted in 4% faster gains
and an 8% improvement in feed efficiency over thick flaking (1/12 inch)
in 20% roughage rations. Thick flaking had only a slight advantage
over dgrinding.

In general, feed efficiency and gain is superior for whole above
processed corn at any moisture level at low ration fiber levels. In-
take, total digestibility or site of digestion differences could explain

this superiority.

Digestibility.ef Cern Grain

High moisture corn fed ground is of lewer digestibility than rolled
high moisture corn. In one study, laectating dairy cows were fed high
moisture corn (24 to 26% water) treated with propionic acid or dry
ground corn (Clark et al., 1973). Although digestibility was lower for
high moisture corn, reductions were significant only for the crude pro-
tein (P.< .05) and ether extract (P < .0l) fraction of the rations.

Comparing whole to ground dry cern, cows fed a 55% ground corn, 40%
alfalfa ration had higher (P < .0l) digestibilities of dry matter (DM),

organic matter (OM), cell solubles and ether extract and higher digesti-
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bility of crude protein (P < .05) than these fed whole corn (Moe et al.,
1973). Digestible energy (DE), metabolizable energy (ME), net energy
for maintenance (NEm) and TDN were all significantly higher for ground
corn.

Comparing ground to cracked corh, Moe et al. (1973) found ground
corn had higher (P < ,05) digestibilities for dry matter, organic matter
and cell solubles (P < ,0l1) but lower digestibilities of acid detergent
fiber (ADF) and ether extract (P < .05) than cracked corn. Ground corn
had higher DE and ME values (P < .05) than cracked corn, but there were
no significant differences in net energy (NE) and TDN values between
rations. Energy values for ground corn, cracked corn and WSC respective-
ly wefe DE, 3.40, 3.21, and 2.70; ME, 2.92, 2.67 and 2.13 and for NE
were 1.87, 1.8l and 1.48 mcal/kg DM, indicating that more extensive
processing increased the energy value.

In contrast, Vance et al. (1972) found similar NEm and net energy
for gain (NEg) values for WSC and crimped corn over the range of 40 to
100% concentrate rations. When corn silage intakes were 0 to 20 lbs/
head/day, Vance and Preston (1971) reported slightly higher digestibili-
ties of DM, OM, protein and starch with crimped corn than with WSC, but
the differences were not statistically significant.

Steam flaking will generally improve digestibility of dry corn
grain above cracking. Johnson et al. (1968)>reported that steam flaking
increased digestion coefficients for DM, protein and ether extract over
unheated cracked corn. The DM and protein digestibilities of steam
flaked corn and steam flaked-cracked corn, however, were greater
(P < .01) .than for steam cracked corn. Steam flaked corn also tended to

have higher values for DE (78 vs 74.4% and ME 70.9 vs 65.9%) than un-
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age level. Other reports have noted that grinding of corn does not im-
prove its digestibility by beef cattle fed low roughage rations suggest-
ing that rumination is adequate on low roughage, whole corn rations
(Hixon et al., 1969; White et al., 1972).

Processing method and protein source (urea vs soybean meal) had no
significant effect on digestibility of energy, DM, NFE or protein in all
concentrate rations. When rice straw was added to supply 20% of the
ration, total digestibility was decreased (P < .05) but no differences

were attributable to corn processing (White et al., 1972).

Rumen Parameters

Reduced particle size or gelatinization appears to enhance the rate
but not the extent of ruminal digestion (Tonroy and Perry, 1974). The
24 hour in vitro dry matter disappearance (IVDMD) of rolled, roasted
corn was lower (P < .05) than for that of raw rclled, acid treated (ATC),
high moisture (HMC) or reconstituted corn (White et al., 1973). The
source of the in vitro inoculum (high concentrate or alfalfa hay fed
donor steers) appeared to influence the IVDMD of the ATC, HMC, reconsti-
tuted and raw corn. Roasting lowered (P < .05) the 24 hour IVDMD of all
forms of corn tested. In vive, the processing method had no significant
effect on the digestibility of energy, DM, protein or starch although
raw corn tended to have a lower starch digestibility. This suggests
that the site of digestion may be altered by some processing methods.

Corn processing may increase total ruminal VFA and propionate
levels. Raw and gelatinized corn produced similar rumen VFA patterns
in steers (Mudd and Perry, 1969). White et al. (1972) reported similar

rumen VFA patterns with ground corn and WSC in 20% roughage rations



although greound corn produced higher (P < .05) levels of total VFAs. 1In
all concentrate rations, ground corn tended to produce higher total VFA

concentrations, lower acetate/propionate ratios and lower rumen pH.

Effects of Concentrate and Roughage

Levels on Ration Utilization

Purpose of Roughage

The major problems associated with feeding finishing cattle all
concentrate rations are rumen parakeratosis, liver abscesses, lowered
feed intake, founder and bloat (Wise et al., 1968) . The incidence of
rumen parakeratosis and liver abscesses may be reduced substantially by
the addition of low levels of course roughage or of antibiotics to the
ration (Harvey et al., 1968; Haskins et al., 1969). The "roughage ef-
fect" or the reduced rate of ruminal digestion of whole as compared to

ground corn may reduce incidence of the above disorders.

Performance

Including low levels of roughage in finishing rations usually does
not depress cattle performance. Cattle compensate for the lower energy
density of the ration by increasing feed intake (Harvey et al., 1968;
Haskins et .al., 1969; Tillman et al., 1969; Utley and McCormick, 1972).
Hence, total feed efficiency may be reduced as feed intake increases to
produce similar daily gains between roughage levels of 0 to 20%. The
decreased incidence of disorders; however, may be reflected as increased
ADG and improved feed efficiency.

For example, hay addition increased ADG and improved feed efficiency

when added to all concentrate rations of WSC or ground corn at a level
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of 10% (Weichental and Webb, 1969). The addition of hay to the ration
improved ADG and feed efficiency of steers fed ground corn mocre than for
steers fed whole shelled corn. This interaction was noted by Vance et
al. (1971). Additions of 0, 5, or 10 lbs/head/day of corn silage to
WSC rations produced similar gains, but at 15 lbs/day (approximately 17%
roughage) , daily gains declined sharply. With crimped corn, gains and
feed efficiencies were similar at all silage intakes of 0 to 25 lbs/day,
but gains were highest and feed efficiencies were poorest at 10 to 15

pounds of silage.

Digestion eof Roughage

As digestibility of roughages is lower than concentrates, higher
roughage levels reduce total ration digestibility, and since ruminal
passage rate may also be affected with roughage, site and extent of di-
gestion may also be altered.

vidal et al. (1969) noted that as the ratio of concentrate to hay
in the ration increased from 0/100 to 75/25, the digestibility of DM,
protein, neutral detergent fiber, crude fiber and TDN increased in a
linear fashion. Starch digestion was essentially complete with all
rations, but greater proportions of the dietary starch passed through
the abomasum as the concentrate (barley) level increased. Raven (1972)
reported a linear (P < .00l) increase in DE, ME, DM and OM digestion as
the concentrate portion of the ration increased.

Bines and Davey (1970) fed rations containing 60, 40, 20 and 0%
chopped straw and studied the effects on the site and extent of diges-
tion. Total digestibiljty of DM, OM and protein increased (P < .0l) as

the concentrate portion of the ration increased. Total cellulose digest-
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ibility decreased (P < .05) as roughage level decreased from 60 to 20%
of the ration (49.9 vs 42.9%) then increased (P < .05) between 20 and 0%
roughage (42.9 vs 58.5%). Source of cellulose had, of course, changed
in this final step. Ruminal digestien of DM and OM increased (P < .01)
as the concentrate level increased. Ruminal cellulose digestion was
similar at 60 and 40% roughage (28.6 vs 26.8%) but was lower (P < ,01)
at 20% roughage (l2°é%) and higher (P < .01) at 0% roughage (50.4%). To
check the cellulose digestion of a standard cellulose source, cotton
thread was placed in the rumen of cows fed these rations containing 60,
40, 20, and 0% wheat straw. The time required for 25% weight loss of
the cotton thread was 30, 30, over 60 and over 120 hours, respectively.
Others (Cowsert and Montgomery, 1969; Stone and Fontenot, 1965) have ob-
served similar trends in digestibility with alfalfa hay to concentrate
ratios of 100 to 0, 67 to 33, and 33 to 67 or with rations balanced to

contain 62, 67, and 72% TDN.

Rumen and Blood Parameters

As the level of roughage in the ration increases, the rumen acetate
to propienate ratic increases, total VFA concentrations decrease and
rumen pH increases in most cases (Utley and McCormick, 1972; White and
Reynolds, 1969; White et al., 1969; vidal et al., 1969).

Blood parameters are less consistent. Judson et al. (1968) fed
sheep rations containing 30, 50 and 100% crushed corn with alfalfa com-
prising the rest of the first two rations. Plasma glucose concentrations
tended to be lower in the sheep fed the lowest concentrate level, but no
significant ration effects on glucose entry rates were observed. As the

level of starch in the ration increased, the total rumen VFA concentra-
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tions decreased but the proportion of propionate increased. The mean
production rate of propionate on all rations was similar. The propor-
tion of the glucose entering the body pool from propionate, the net con-
version of propionate to glucose and the percentage of the propiocnate
produced in the rumen that was converted to glucose decreased, as the
proportien of corn in the ration increased. The reduction in glucose
synthesis from propionate on the higher concentrate rations may have
been due to a greater amount of starch escaping rumen fermentation and
being digested and absorbed in the small intestine.

In summary, much evidence indicates that marked changes in the
dietary roughage level alters the rumen fermentation pattern. This
change in rumen fermentation leads to changes in the metabolism of the

animal, especially gluconeogenesis.

Factors Affecting the Site of Digestion

Much of the data on site of digestion has been reviewed by Armstrong
and Beever (1969), Sutton (1971) and Waldo (1973). Numerous factors ap-
pear to affect the site of carbohydrate digestion in the ruminant.

The mature ruminant has three major sites of digestion, the rumen,
the small intestine and the large intestine. Under normal feeding con-
ditions the major portion (50 to 60%) of the digested dry matter dis-
appears from the rumen through microbial anaerobic fermentation (Anni-
son, 1956). Fermentation of carbohydrates in the rumen and large in-
testine yield variable proportions of carbon dioxide, methane and the
volatile fatty acids (VFA)-acetate, propionate and butyrate-as major end
products (Wolin, 1960) whereas digestion in the small intestine yields

primarily glucose. Absorbed glucose may be utilized more efficiently
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than the VFAs as an energy source (Blaxter, 1962) and for promoting pro-
tein deposition (Eskeland et al., 1973). Theoretically, then, greater
amounts of dietary carbohydrate (i.e., starch) bypassing the rumen for
digestion in the small intestine can improve the efficiency of energy
use (Black, 1971). The amount of starch that can bypass the rumen and
be used, however, is limited, as the capacity of the small intestine to
handle starch (either digest starch or absorb glucose) is limited (Arm-
strong and Beever, 1969; White et al., 1971). Conversely, bypass of
ruminal digestion will reduce the amount of energy available for bacter-
ial growth and microbial protein synthesis. This is important when part
of the dietary protein equivalent is supplied by nonprotein nitrogen and

when metabolizable protein supply limits performance.

Level of Intake and Site of Digestion

Increasing the total intake of a pelleted concentrate (85%) ration
in young steers by .8 to 1 kg per day had no apparent effect on the per-
cent ruminal digestion of the ration dry matter or starch (Topps et al.,
1968b). Barley starch, in contrast to corn or sorghum starch, is very
readily attacked by rumen microbes. Increasing the intake of a pelleted
grass hay.had no apparent affect on percent ruminal digestion of dry
matter, cellulose or starch. MacRae and Armstrong (1969b) obtained no
marked differences in ruminal starch digestion of sheep fed a 100%
rolled barley ration at levels of 25.5 and 16.6 g starch per kg°75°

When rolled barley comprised only 48% of the ration, increasing
the starch intake from 19 to 27 g per kg'75 reduced ruminal starch di-
gestion (P < .001) from 92.3 to 87.2 (@Prskov et al., 1969). When the

diet contained 80% barley, increasing intake decreased ruminal starch



18

digestion (P < .05) from 95.6 to 93.2%.

Sheep fed flaked corn at levels.of 67% (MacRae and Armstrong, 1969b)
and 80% (Nicholson and Sutton, 1969) of the ration had similar ruminal
starch digestibilities regardless of the total daily starch intake.

Kartchner et al. (1973) reported no effect of level of starch in-
take on ruminal or total starch digestibility with either steam flaked
or dry rolled sorghum grain. This suggests that time for breaking
physical barriers (the starch granule) rather than bacterial digestive
capacity controls the extent of starch digestion in the rumen.

The amount of starch bypassing the rumen and reaching the small in-
testine could possibly alter the extent of starch digestion in the small
intestine. Little et al. (1968) reported that total intestinal starch
digestion decreased from 93 to 70% as the intestinal starch infusions
increased from 206 to 600 gms. per day in steers. Although the percent-
age starch digestion in the small intestine did not follow a definite
pattern, even a low starch infusion level (200 gm in one infusion) was
poorly digésted (under 60%) in this segment of the gut. In previous
studies as much as . 600 gms oflstarch had been calculated to be digested
in the small intestine of steers (Karr et al., 1966). This suggests
that under normal conditions, in which starch passes from the rumen at a
slow rate, the small intestine can handle more starch than when starch
is infused in large quantities.

Overall, with slowly digested cereal grains and large particle
sizes, high intakes may flush starch through to the abomasum. Calcula-
tions made by regression analysis of rations containing 20 to 80% corn
suggest that ruminal corn starch digestion is lowest when the ration

contains about 52% corn (Waldo, 1973).
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Source and .Level of Protein

The level of dietary nitrogen (urea) had no significant effect on
total or ruminal cellulose digestion in sheep fed purified diets (Hume
et al., 1970). @rskov et al. (1971) reported N level had no effect on
ruminal starch digestion (93%) when all supplementary N was supplied by
soybean meal. In contrast, @rskov et al. (1972), reported an increase
in ruminal organic matter and starch digestion as the crude protein con-
tent of the ration was increased from 10 to 16.4% with supplemental urea,
probably meeting a nitrogen deficit in the rumen. The sheep in this
final study were young (seven weeks), whereas previous studies (Hume et
al., 1970; @grskev et al., 1971) had used mature sheep (35 to 40 kg) .
Recycling of nitrogen in older sheep had probably met ammonia needs in
the rumen. When the dietary nitrogen was supplied by urea (U), U +
casein, .U +.gelatin or U + zein in semipurified isonitrogenous diets,
treatment had no significant effeect on total or ruminal digestibility
of OM (Hume, 1970). @rskov et al. (1974) also reported no effect of N
source (fish meal vs urea) or level (9.5 to 15.6%) on site or extent of
OM digestibility. Hypothetically; however, ammonia nitrogen deficiency

could limit starch digestion in the rumen.

Grain . Souxce and Site of Digestion

It is difficult to compare different grains as to the digestibility
since the processing method has such a large influence. Several studies
have been conducted in an attempt to evaluate different grains with re-
gard to starch digestibility and processing with different grains.

Kay et al. (1972) compared pelleted diets containing wheat (W),

corn (C), barley (B), and ocats (0) when fed to steers. All grains were
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fed whole. The dry matter digestibility coefficients for the rations
were: W, 81.3%; C, 79.5%; B, 77.3% and 0, 70.4%. The proportion of the
dietary starch digested in the rumen were: W, 83%; C, 60%; B, 81% and
0, 74%.

Thivend and Vermorel (1971) compared wheat, corn, sorghum (S) and
barley (all ground) in ruminal digestibility. They also reported that
wheat and barley were degraded in the rumen to a greater extent than
corn or.sorghum.

@rskov et al. (1969) studied the digestibility of rations contain-
ing 80% rolled barley (RB), flaked corn (FC), ground corn (GC) and
cracked corn (CC). The total and ruminal DM digestibilities of the
rations were; RB, 73 and 47%; FC, 79 and 57%; GC 78 and 59% and CC, 77
and 50%, respectively. The ruminal starch digestibilities for the
four rations were 94, 95, 88, and 85% for the RB, FC, GC and CC diets,
respectively. Total starch digestibility was greater than 99% for all
rations. 1In.a. latter study, @rskov gE_gl. (1971) reported ruminal
starch digestibilities of 91.5 and 80% respectively for pelleted diets

containing 93% rolled barley or crimped corn.

Roughage Level and Site of Digestion

In sheep fed rolled barley, the addition of 40% grass hay to an 80%
barley ration had no apparent effect on total starch qigestion but de-
creased ruminal starch digestion (@rskov et al., 1969). This effect
appeared to be greater at ad libitum intake than at a restricted feed
intake. .When daily starch intakes were approximately equal, the added
roughage reduced ruminal starch digestibility from 95.6 to 87.3% of in-

take. MacRae and Armstrong (1969), however, noted no apparent effect
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of roughage level (0, 33 and 67%) on ruminal starch digestion (92, 93
and 91%, respectively) with rolled barley. As the roughage level in-
creased, however, the amount of starch presented to the small intestine
tended to increase.

Thivend and Journet (1968) noted a trend toward decreased ruminal
starch digestion as the roughage ievel in the ration increased. Ruminal
starch digestibilities for rations containing 19, 39, 58 and 78% ground
barley were 97, 92, 93 and 98%, respectively. The increase in ruminal
digestion between the barley levels of 39 and 19% could be due to the
low starch level in the 19% barley ration.

No significant difference was noted in ruminal starch digestibility
of rations containing 20, 40, 60 or 80% ground corn when fed to sheep
(Tucker EE_ELO, 1968). The amount of starch passing the abomasum was
similar on rations containing 40, 60 and 80% corn but was less (P < .05)
on the 20% corn ration. With steers fed similar rations, ruminal starch
digestibility tended to decrease with increasing corn levels (Karr et
al., 1966).

Ruminal starch digestibilities for rations containing 19, 39, 58
and 78% ground corn were 85, 71, 66 and 81%, respectively, for steers
(Thivend and Journet, 1970). These results are difficult to interpret,
however, because starch intakes on the 78% corn ration were about 700
gms less than on the 58% corn ration.

The results of two trials in which rations contained 20, 40, 60 or
80% ground corn were inconclusive as to ruminal starch digestibilities
(Waldo et al., 1971). Ruminal digestibilities for the 20, 40, 60 and
80% corn rations were: trial 1; 90, 85, 76 and 84% and for trial 2;

59, 59, 50.and 74%, respectively. The amount of starch entering the
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intestine tended to increase between 20 and 60% corn and decreased be-
tween 60 and 80% cérn.

The data on the effects of roughage level on ruminal starch diges-
tion are . still inconclusive. With barley or ground corn, a decrease in
roughage level appears to increase both the ruminal starch digestibility
coeffiecient and the amount of starch passing the abomasum. Maximal
starch bypass appears to occur at about 50% concentrate in the diet
(Waldo, 1973).

The effects of roughage level on the site and extent of cellulose
digestion are more conclusive. MacRae and Armstrong (1969) reported a
decrease in ruminal cellulose digestion and an increase in large intes-
tinal cellulose fermentation as the roughage level of the ration de-
creased from 100 to 67 to 33% (91, 84 and 56% rumen digestibility, re-
spectively). Total cellulose digestion decreased markedly between
roughage levels of 67 and 33%. Mitchell et al. (1967) reported a marked
decrease in ruminal cellulose digestibility between concentrate levels
of 60 and 80% (ground corn). Although total cellulose digestibility
tended to decrease with increasing concentrate levels, cellulcse diges-
tion was essentially confined to the rumen at concentrate levels of 20,

40 and 60%.

Processing Method and Site of Digestion

Much of the work on site of digestion has been done to evaluate

concentrate and roughage processing methods.

Barley. Ruminal starch digestion coefficients were similar whether

sheep were fed barley whole (95%) or rolled (97%) (MacRae and Armstrong,

1969) . Pavlicevic et al. (1972) reported that rolling barley substan-
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tially reduced the amount of starch passing the abomasum. Pelleting
rolled barley decreased ruminal starch digestion whereas pelleting whole
barley (WB) increased it. The ruminal starch digestion coefficients
for RB loose, RB pelleted, WB loose and WB pelleted were 94, 88, 63 and
74%, respectively.

@rskov et al. (1969) reported no significant differences in total
or ruminal starch digestion of rations containing 80% rolled (93% ruminal

digestion) or ground (95%) barley.

Milo. Milo, unless processed, has a very low starch availability.

Milo steamed at 3.5 kg per cm2 pressure for 1.5 minutes and rolled
had a higher (P < .0l) ruminal starch digestibility than milo steamed
at atmospheric pressure for 8 minutes and rolled (Holmes et al., 1970}
Drennan et al., 1970).

McNeill et al. (1971) reported an increased (P < .05) total and
ruminal milo starch digestion over dry ground milo (DGM) when the grain
was steam flaked (SFM) or reconstituted (RM) but not when it was mic-
ronized (MM). Ruminal starch digestion coefficients were; DG, 42; RM,
67; SF, 83 and MM, 43%. This suggests that gelatinization is not the
only facter affecting starch digestion since both SFM and MM were almost
completely gelatinized (McNeill et al., 1975).

Hinman .and Johnson (1974a) reperted ruminal starch digestibilities
of 68, 97, 95 . and 90% for dry rolled, MM, SFM and DG milo, respectively.
These values were much higher than those of McNeill gE_gi. (1971) and
suggested that micronized milo was as readily fermentable as SFM. 1In a
second study, Hinman and Johnson (1974b) reported no significant dif-

ferences in ruminal starch digestibility between dry rolled milo and

milo micronized at three levels. Ruminal starch digestibilities, how-
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ever, tended to increase with increasing degree of micronization. Total
and intestinal starch digestion was greater (P < .05) for all levels of

micronizatien than for DRM.

Corn. @grskov et al. (1969) compared steam flaked (SF), ground (G)
and cracked (C) corn in 80% corn rations fed to sheep. More than twice
as much starch reached the abomasum of sheep fed C (14% of intake) and
G (12%) than sheep fed SF (5%) indicating that the raw corn starch was
less available to the rumen microbes. Total starch digestion was not
affected by processing. Beever et al. (1970) reported that on a ground
corn diet, 22% of the starch consumed passed through the abomasum where-
as only 4% of the starch intake passed the abomasum when the corn was

SF.

Roughage Processing. Thompsen and Lamming (1972) reported that the

particle size of the roughage component of the ration had an effect

(P < .0l) upon the amount of starch escaping rumen fermentation in a
diet containing 55% ground corn and 30% barley straw. Ruminal starch
digestion for rations containing long straw, chopped straw and ground
straw were 82, 81 and 92%, respectively. Total starch digestion was not
affected. This difference could be due to a faster rate of passage of
grain particles when long or chopped forage was provided. Thomson et
al. (1972) reported that increasing the proportion of fine particles in
an alfalfa ration by cobbing or by grinding led to a decrease in ruminal
digestion of cellulose and an increase in cecal fermentation (P < .0l).
Beever et al. (1972) also reported that grinding and pelleting of a
dried grass resulted in a decrease (P < .00l) in ruminal cellulose di-

gestion and .an increase (P < .00l) in cellulose digestion in the large

intestine.



CHAPTER III

INFLUENCE OF ROUGHAGE LEVEL ON THE SITE AND
EXTENT OF DIGESTION OF RATIONS CONTAIN-

ING WHOLE SHELLED CORNl'z'3

Summary

Whole shelled corn rations containing 0, 7, 14 and 21% roughage in
the form of cottonseed hulls (rations O, 7, 14 and 21, respectively)
were fed to four steers fitted with permanent rumen and abomasal cannulae
in a 4 x 4 Latin square design. Animals were fed hourly using automatic
feeders to obtain steady state conditions in the digestive tract.

Ration 14 tended to have lower total starch digestibility, primarily due
to lowered (P < .10) intestinal digestion, but there were no significant
differences in ruminal starch digestion. Ruminal and intestinal digest-
ibilities of starch for rations 0, 7, 14 and 21 were: 80.0, 81.8; 67.9,
83.6; 71.5, 72.9; and 72.1, 83.8, respectively. Total DM digestibili-
ties for rations 0, 7, 14 and 21 were 84.3, 78.4, 71.8 and 74.9%, re-

spectively. Rations 7, 14 and 21 had similar ruminal DM digestibilities

1 . . .
Journal Article 3001 of the Agriculture Experiment Station, Okla-
homa State University, Stillwater.

2 .
N. A. Cole, R. R. Johnson and F. N. Owens, Oklahoma State Univer-
sity, Stillwater, Oklahoma 74074.

3 . .
Department of Animal Science and Industry.
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although ration O was higher (P < .05) than 14 and 21. There were no

significant differences in intestinal digestion of DM. Cellulose diges-
tion was almost totally confined to the rumén'in rations 0, 7 and 14,

but almost 15% of the digestible cellulose was digested in the intestine
on ration 21. The level of roughage appeared to affect tﬁe rate of pas-
sage through the lower gut and this affected the intestinal digestion of
DM, starch and cellulose. The digestibility of the concentrate fraction
was decreased at roughage levels of 7 and 14% apparently due to increas-

ed rate of passage but was not apparently influenced at 21% CSH.

Introduction

The efficiency of utilization of cereal grains in high concentrate
finishing rations has been greatly improved through the use of processing
techniques. Although many feedlots still process corn grain in some
manner, recent studies have indicated that whole shelled corn can be
used satisfactorily when roughage levels are low (Weichental and Webb,
1969; Vance et al., 1971) but is used less efficiently than processed
corn at roughage levels above approximately 17% (Vance et al., 1971).

It has been common practice in most feedlots to feed relatiﬁely
constant low levels of roughage in cattle finishing rations without re-
gard to the type of grain or method of grain processing. Low levels of
roughage serve to reduce the incidence of liver abscesses (Wise et al.,
1968), reduce acidosis (Dunlap, 1970) and to increase feed intakes and
daily gains (Wise et al., 1968).

This study was designed to investigate the influence of dietary
roughage level on the gite and extent of dry matter, starch and cellu-

lose digestion when the grain portion of the ration was supplied by
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whole shelled corn.

Experimental Procedures

Animals and Rations

Four Hereférd steers averaging 390 kg (range 378 to 404 kg) and
fitted with permanent rumen and abomasal cannulae were used in a 4 x 4
Latin square design. Steers were housed in metabolism stalls and were
fed at hourly intervals with the use of automatic feeders (Hinman and
Johnson, 1974a). Steers were fed isonitrogenous rations containing O,
7, 14 and 21% cottonseed hulls (CSH) (Table I). The corn portion of the
ration was fed in the whole shelled form (WSC) and the supplement was
pelleted through a .64 cm die. A dried acid hydrolyzed wood residue
(AHWR)4 (Butterbaugh and Johnson, 1974) was added to the supplement to
csupply lignin. The AHWR, due tc its chemical treatment, had little or
no apparent roughage value. The AHWR (chemical analysis: 55% DM, 15%
CP, 60% ADL) was dried in a forced air oven at 50 C and ground through a

3 mm screen prior to.being added to the pelleted supplement.

Sampling Procedure

Each period of the Latin squaré consisted of two weeks with the
first nine days being used as an adjustment period to the new ration.
Total fecal output was collected on days 10 through 13. Feces was
weighed daily and a ten percent aliquot was taken and stored at 4 C in a
polyethylene bag. The daily aliquots were then composited, ground

through a one mm screen in a Wiley mill and stored in polyethylene bags

4 . ' .
Dierks Division, Weyerhaeuser Co., Hot Springs, Arkansas.



COMPOSITION OF RATIONS

TABLE I

: TRIAL 1
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Ingredient IRN

Ration (% DM Basis)b

7

14

21

Corn, dent yellow
grain (4) 4-02-935

Cotton, seed
hulls (1) 1-01-599

Cotton, seeds w

some hulls,

solv-extd grnd,

mn 41% protein

mx 14% fiber

mn 0.5% fat (5) 5-01-621

. C
Premix

90.0

10.0

82.0

10.0

74.0

14.0

10.0

66.0

21.0

10.0

a .
International reference number.

bRations identified by level of cottonseed hulls.

“To provide as a % of diet: corn, yellow, grain, grd 4-02-992, 1.1;
cottonseed meal, 5-01-621, 3.2; calcium phosphate dibasic, commercial,

6-01-080, .45; calcium carbonate, commercial mn 38% Ca, 6-01-069,

.63;

trace mineralized salt, .45; urea, mn 45% N, 5-05-070, .63; acid hydro-
lyzed wood residue, 3.6; per kg ration: aurofac-50, 22 mg chlortetra-

cycline; vitamin A palmitate, commercial, 7-05-143, 4950 IU; vitamin D

commercial, 440 IU.

3I
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at room temperature.

Samples of rumen and abomasal contents were obtained twice daily on
days 12 and 14 of each period. Rumen samples were taken by sﬁction rump
at 55 minutes postfeeding and the two daily samples were composited on
an equal volume basis. The pH of the whole rumen contents was taken im-
mediately on collection, and the samples were then filtered through two
layers of cheesecloth and stored at 4 C following addition of one ml of
7.2 N sulfuric acid per 50 ml strained rumen fluid to stop bacterial
action. ;

Abomasal samples were taken by removing the cannula plug and tying
a polyethylene bag over the cannula opening using elastic bands. Con-
tents were then collected until one to two liters of contents had accumu-
lated. This procedure normally required one to two hours per sampling.
The samples were then dried in aluminum pans at 40 C in a forced air
oven, ground, composited and stored in polyethylene bags.

Feed samples were collected on days 8 through 14 of each period,

ground and stored in polyethylene bags.

Laboratory Analysis and Calculations

Feed, abcmasal and fecal samples were analyzed for dry matter
(A.C.A.C., 1965), lignin and cellulose (Van Scest, 1963) and starch as
alpha linked glucose polymers (MacRae and Armstrong, 1968).

Rumen samples were analyzed for volatile fatty acids (Erwin et al.,
1961) using a Bendix 2500 gas chromatograph.

Total digestibility of dry matter, starch and cellulose was de-
termined by total feed and fecal collection. Ruminal digestion was de-

termined using lignin as a marker by the equation:
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[% FL % 3 NA]
% AL % NF

% Digestibility = 100 - 100

where FL is feed lignin, NA is nutrient in the abomasum, AL is abomasal
lignin and NF is nutrient in the feed. Intestinal digestibility was

calculated as the digestibility of material passing the abomasum.

Statistical Analysis

The data were analyzed by analysis of variance as a 4 x 4 Latin
square design. Treatment effects were tested by least significant dif-
ference (Snedecor and Cochran, 1967) when a significant treatment effect

was noted in the analysis of variance.
Results and Discussion

The mean chemical compositicn of the rations, digesta and fecal
samples is shown in Table II. The acid detergent fiber (ADF), acid de-
tergent lignin (ADL) and cellulose contents of the rations, digesta and
feces increased with increasing roughage level as expected. Starch con-
tent of the rations and digesta decreased with increasing roughage
levels. The fecal starch content showed little change, ekcept at CsH
levels of 21 percent where it decreased markedly.

Ruminal, intestinai and total digestion of starch is shown in Table
"IIT. Starch intakes were relatively similar for the 0, 7 and 14% CSH
rations due to higher DM intakes at the higher roughage levels but were
lower (P < .05) for the 21% CSH ration. Total starch digestibility for
ration 14 was lower (P < .05) than fatibn 0, apparently due to a lower
(P < .10) intestinal digestion. The reason for the apparent increase in

total starch digestion between ration 14 and 21 may be due to the lower
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TABLE IT

COMPOSITION OF RATIONS, ABOMASAL DIGESTA AND FECESa : TRIAL 1

Ration Roughége Level

Item 0 7 14 21
Rations

oM &P 89.17 89.02 89.24 89.52
aoF 8¢ 6.03 11.17 16.04 23.43
apr &2 2.51 4.53 6.28 8.79
Cellulose % 3.50 6.61 9.75 14.73
Starch 72.82 60.04 56.07 47.58
cp %° 12.37 12.26 12.31 12.37

Abomasal Digesta

DM 5.41 5.27 5.34 6.52
ADF 9,58 15.78 18.66 29.60
ADL 6.95 10.19 i1.29 16.72
Cellulose 2.36 5.52 7.41 12.53
Starch 36.12 35.24 28.11 23.45
Feces
DM 29,37 27.99 29.26 25.15
ADF 20.70 29.64 38.17 49.26
ADL 15.39 18.96 21.76 28.33
Cellulose 5.09 10.32 15.97 20.24
Starch 15.43 13.74 14.95 7.92

aon a dry matter basis
b

Dry matter

“aAcid detergent fiber
a. . S
Acid detergent lignin

€crude protein
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TABLE IIT

STARCH DIGESTION

Ration Roughage Level
Item 0] 7 14 21 SE

Intake (g/day) 32462 31402 31892 2822P 111.6

Ruminal Digestion

(g/day) 2598 2110 2277 2034 147.1
Intestinal Digestion

(g/day) 530 849 662 660 105.6
Total Digestion

(g/day) 3128% 20592 2939%P  604° 110.4
Entering Intestine

(g/day 648 1016 908 788 109.2
Ruminal Digestion '

(% Intake 80.04 67.86 71.54 72.06 3.86
Intestinal Digestion

(% entering intestine) 81.79 83.56 72.91 83.76 3.31
Total Digestion

(% Intake) 96.40%  94.67%° 92.25°  95.45°P 1.14
Ruminal Digestion

(% of total) 83.02 71.68 77.55 75.50 3.89
Intestinal Digestion

(% of total) . 16.98 28.32 22,45 24.50 3.89

a'bValues on same row with different superscripts are significantly
different (P < .05).

cStandard error of the mean.
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starch intakes on ration 21 since the total amount of starch digested
was lower (P < ,10) on ration 21. Total starch digestibilities were
similar to those obtained by Vance and Preston (1971) with whole shelled
corn in all-concentrate (94.8%) and 50% corn silage (about 22% roughage;
92.8%) rations. McCullough and Matsushima (1973) reported mean starch
digestibilities of 97.6% for whole shelled corn rations containing O or
12% corn silage (DM basis). In contrast, several studies have reported
essentially complete digestion of ground (Karr et al., 1966; Tucker et
ELO, 1968; Waldo et al., 1971) and steam flaked (MacRae and Armstrong,
1969; Nicholson and Sutton, 1969) corn. The incomplete starch digestion
noted in this study could be due to large particle size (Abeed et al.,
1971) and/or the poor accessibility of raw corn starch to micrcbial and
enzymatic attack due to its hdrny endosperm (Kerr, 1950; @grskov et al.,
1969).

Ration O tended (P < .10) to have higher ruminal percentage starch
digestibilities than 7, 14 and 21. All ration values were similar to
reported ruminal digestibilities obtained with high (60 to 80%) ground
corn rations (Karr et al., 1966; Tucker EE.EL“' 1968; Beever et al.,
1970; wWaldo et al., 1971). In these previous studies, ruminal starch
digestibilities ranged from 50 to 84% with a mean value of 71.3%. This
suggests that on high concentrate rations, steers are able to ruminate
sufficiently with WSC to grind the grain to a size small enough for fer-
meptation° McCullough and Matsushima (1973) reported ruminal starch
digestibilities of 61.1% with WSC and 91.1% with SF corn suggesting that
raw corn starch is less available to the rumen microbes than steam
treated starch.

More: starch tended to reach the abomasum on rations 7 and 14 than
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on ration 0. Of the starch entering the intestine, markedly less

(P < .10) was digested on ration 14 than on the other rationsay The data
of Karr et al. (1966) suggest that the digestibility coefficient of raw
corn starch in}the intestine is highl& dependent upon the amount of
starch entering the intestineu Little et al. (1968) also suggested that
the capacity of the small intestine to digest starch was limited. The
lower intestinal starch digestibility of ration 14 should not be due to
an overloading of the lower gut, however, since ration 7 had a higher

(P < .,10) intestinal digestibility in spite of having a greater amount
of starch entering the intestine. Since the starch of all rations
should have been equally available for digestion in the intestine, the
lowered intestinal digestibility of ration 14 suggests that the rate of
passage through the lower gut may have been increased. The intestinal
digestibilities of all rations in this experiment appear low when com-
pared with, studies using ground or steam flaked corn (MacRae and Arm-
strong, 1969; @rskov et al., 1969; Waldo et al., 1971) in which essen-
tially all starch entering the intestine was digested. The difference
may be due to the presence of whole corn kernels in the intestine which
are not readily available for enzymatic attack and the poor accessibility
of the raw starch in the intestine.

Cellulose digestibiiities are shown in Table IV. Cellulose intake
increased with roughage level (P < .05). Total digestion of cellulose
was highest (P < .05) for ration 0 and lowest (P < .05) for ration 14.
The high digestibility noted with ration 0 is probably due to the small
amount of cellulose present in the diet and the fact that the cellulose
was from sources other than cottonseed hulls. The low value noted with

ration 14 may again be due to a more rapid rate of passage of digesta
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TABLE IV

CELLULOSE. DIGESTION.

Ration Roughage Level

Item 0 7 14 21 SE
Intake (g/day) 156> 343° 554° g77% 38.5
Ruminal Digestion
a b c d

(g/day) 113 208 318 485 19.0
Intestinal Digestion a a a b

(g/day) 9 16 =17 92 20.3
Total Digestion (g/day) 1222 224° 301° 577° 31.40
Entering Intestine a ab b c

(g/day) 42 135 236 392 39.60
Ruminal Digestion a b b b

(% of intake) 72.92 60.77 57.30 56.26 3.20
Intestinal Digestion

(% entering intestine) 21.43 11.85 =-7.20 23.47 8.97
Total Digestion a b c c

(% of intake) 78.15 65.72 54.08 65.96 3.00
Ruminal Digestion 93.40*®  92.47°® 105.95°  85.28%  5.54

(% of total)
Intestinal Digestion

(3 of total) 6.60°° 7.53% 5,95  14.72®  5.53

a;b,c,;d . . . . e s
777" Values on same row with differing superscripts are signifi-

cantly different (P < .05).

€standard error of the mean.
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from the rumen. Although ruminal cellulose digestibility as a percent
of total digestibility for cellulose gave impossible results with ration
14 (greater than 100%) the data suggest that cellulose digestion on
rations 0, 7 and 14 was almost completely confined to the rumen. Other
studies have also reported that 80 to 100 percent of the digestible
cellulose was digested in the rumen (Hale et al., 1940, 1947; Ridges and
Singleton, 1962; Hogan and Weston, 1967). The post-ruminal digestibility
coefficients for cellulose obtained in this|study are less than the
values of 32.8 and 29% reported by Warner gé_gl. (1972) and Putnam and
Davis (1965), respectively, for purified celiulose (Solka Floc) infused
into the abomasum. The cellulose in this study, however, was probably
less available for microbial attack due to its higher lignin content
(Van Soest, 1964).

Dry matter digestion (DMD) is presented in Table V. DM intakes in-
creased as the roughage level increased (P < .05). Total apparent DM
digestibility decreased (P < .05) between 0 and 14% CSH but appeared to
increase at 21% CSH. The low total DMD of ration 14 again appeared to
be due to a lowered intestinal DMD, thus suggesting an increase in the
rate of passage. The DMD coefficients observed are similar to those re-
ported by Vance and Preston (1971) for similar roughage levels.

Ruminal DMD was highest for ration 0, being significantly higher
than for rations 14 and 21 and tending (P < .10) to be higher than
ration 7. Many other studies have reported similar ruminal digestibil-
ities for DM (Ridges and Singleton, 1962; Topps et al., 1968) and for
organic matter (Hogan and Weston, 1967). Drennan et al. (1970) reported
ruminal DM digestibilities of 58 to 68% with steam rolled grain sorghum

rations. The starch in the grain sorghum rations, however, was probably
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TABLE V

DRY MATTER DIGESTION

Ration Roughage Level

Ttem 0 7 14 21 SES
Intake (g/day) 44582 52300 5688C 59324 67.4
Ruminal Digestion
(g/day) 2624 2442 2497 2576 260.7
Intestinal Digestion
(g/day) 1135 1644 1588 1851 251.8
Total Digestion
(g/day) 37592  4086%° 4085 44270 182.0
Ruminal Digestion
b
(% of intake) 58.86%  47.50°°  43.83°  44.17 3.67
Intestinal Digestion
(% entering intestine) 61.89 58.99 49.76 55.15 5.38
Total Digestion a b c be
(¢ of intake) 84,31 78.41 71.85 74.88 1.38
Ruminal Digestion
(% of total) 69.72° 59.98°°  61.00%° 58.12° 3.99
Intestinal Digestion
(% of total) 30.28° 40.02 39.0 41.88 3.99

a d . . . . . s s
1Py, Values on same line with differing superscripts are signifi-

cantly different (P < .05).

eStandard error of the mean.
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more available to the rumen microbes thus accounting for the higher rum-
inal DMD coefficients. In contrast, the intestinal DMDs obtained in this
study were slightly higher than those reported by Drennan et al. (1970).

The low digestibilities of DM, starch and cellulose on ration 14
may be due to a lowered intestinal digestion and not a reduction in ru-
men fermentation. The possibility of a marked change in the intestinal
microflora or in the secretion of digestive enzymes in the small intes~-
tine with only a 7% change in the dietary roughage level appears small
and the adaptation period should have been adequate for the small ration
changes in this study (Potter and Dehority, 1973). It is interesting to
note that this roughage level is the approximate level above which Vance
et al. (1971) reported a marked decrease in beef cattle average daily
gain and net energy for gain (NEg) with whole shelled corn.

The DM, cellulose and acid detergent fiber (ADF) digestibilities of
the cottonseed hull, cottonseed meal mixture (CSH-CSM) which was added
to rations 7, 14 and 21 were calculated by difference (Table VI). Very
little starch was present in the CSH-CSM mixture so its digestibility
was not calculated. When calculated by difference, the digestion of the
CSH-CSM DM was very low on rations 7 and 14 but on ration 21 was similar
to reported values for cottonseed hulls (Hale EE.Elf' 1969). This sug-
gests some associative digestibility effect of roughage and whole corn
levels. Cellulose and ADF digestibilities for all rations were similar
to those reported by Hale et al. (1969) for CSH. If only the fiber
fraction of the CSH-CSM mixture was digested, digestibility of dry mat-
ter would be a minimum of 26, 20 and 32% for rations 7, 14 and 21, re-
spectively. These DM digestibilities for rations 7 and 14 are markedly

higher than those calculated by difference. This suggests that the
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TABLE VI

DIGESTIBILITY OF COTTONSEED HULLS PLUS COTTONSEED
MEAL CALCULATED BY DIFFERENCE : TRIAL 1

a -

Ration
Item 7 14 21
Dry matter 10.6 7.1 51.6
Cellulose 53.8 43.7 63.3
Acid detergent fiber 37.8 26.8 46.7
Dry matterb 25,5 19.5 31.5

aLevel of cotton seed hulls.

b . ey s

Minimal CSH-CSM dry matter digestibility calculated from CSH-CSM
fiber digestibility alone. ADF and cellulose comprised 65 and 45% of
the CSH-CSM mixture, respectively.
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digestible DM of the corn plus supplement portion of the ration must
have been reduced by CSH-CSM addition at these roughage levels. However,
the digestibilities of CSH-CSM in ration 21 suggest that the digestion
of corn plus supplement at this roughage level is similar to the value
for ration 0. Total starch digestibilities suggest a similar pattern
(Table III) with depressed digestibility with 14 percent added fiber.

Rumen pH, total concentrations of volatile fatty acids (VFA) and
molar concentrations of VFA's are presented in Table VII. No signifi-
cant differences were noted in total concentration of VFA or in molar
concentrations of acetic acid. Propionic acid concentrations were higher
(P < .05) for ration O than for rations 7 and 14. Butyrate concentra-
tions were highest with ration 14 (P < .05) and lowest with ration O
(P < .05).. Total meclar concentrations of valeric, isovaleric and iso-
butyric acids tended to decline with increasing roughage level. Acetate
to propionate ratio increased (P < ..05) between rations 0 and 7 but then
declined between ration 7 and 14.

The reason for the high levels of acetate in rumen fluid is not
clear but may be due to the method of feeding employed. Similar values
have been ebtained previously (Sharp, unpublished results) with continu-

ous feeding.
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TABLE VII

RUMEN pH, TOTAL AND MOLAR CONCENTRATIONS OF VOLATILE
FATTY ACIDS : TRIAL 1

Volatile Fatty Acids

Molar %
Total

Rumen Conc. Acetic:

Ration PH Micromoles/ml Acetic Propionic Butyric COCther Prop
a a B a

0 6.15 97.31 59.96 25.34 7.05 7.64 2.94
‘ : b le] b

7 6.29 101.32 65.87 14.18 12.80 7.15 5.07
14 6.37 95.12 66.27 17,82b 9020ab 6.72 3.85ab
21 6.23 107.15 64.76 19.85ab 9.76b 5.61 3°81ab

d
SE 0.07 3.52 1.95 2,25 0.85 0.60 0.53
a,b,c

Values in same column with differing superscripts are signifi-
cantly different (P < .05).

dStandard error of the mean.



CHAPTER IV

INFLUENCE OF ROUGHAGE LEVEL AND PROCESSING
METHOD ON THE SITE AND EXTENT OF
DIGESTION OF HIGH CORN

RATIONSl 1243

Summary

The influence of roughage level and corn processing method on the
site and extent of dry matter (DM), organic matter (OM), cellulose and
starch digestion was studied using four Hereford steers fitted with
abomasal cannulae in a 4 x 4 Latin square design. Corn was fed steam
flaked (SF) or dry rolled (DR) at roughage levels (cottonseed hulls) of
0 and 21% (rations SF-0, SF-21, DR-0 and DR-21, respectively). Lignin
was used as a marker for calculation of ruminal digestibilities. Ruminal
DM digestibilities were about 13 percentage units higher (P < ,0l1) for
rations centaining SF than DR corn and approximately 10 percentage units
higher (P < .05) for rations O than 21. Total DM digestibilities were

7% higher (P < .01) for SF corn and were 9% higher (P < .01) for the 0

1 . . .
Journal article of the Agriculture Experiment Station, Oklahoma
State University, Stillwater.

2 .
N. A. Cole, R. R. Johnson and F. N. Owens, Oklahoma State Univer-

sity, Stillwater, Oklahoma 74074.

3 . .
Department of Animal Science and Industry.
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roughage rations. Some 93 to 97% of the total digested cellulose was
fermented in the rumen. Ruminal and total digestibilities of OM and DM
were similar in pattern but OM digestibilities tended to be higher in
magnitude. Mean ruminal and total digestibilities of starch for rations
SF and DR were 91.6 and 99.0 and 71.7 énd 93.6%, respectively. The
higher roughage level reduced (P < wOl) starch digestibility in the in-

testine (6%) and in the entire tract (0.7%; P < .05).
Introduction

Previous studies (Vance and Preston, 1971; Vance et al., 1971; Cole
et al., 1975) have indicated that the level of roughage in the ration
influences the utilization and digestion of corn fed iﬁ the whole form.
Little data is available on roughage level effects on the utilization of
corn which has been processed. Cole et al. (1975) noted that small
changes in roughage level can influence the site and extent of digestion
with whole shelled corn (WSC) rations. Since the site of digestion,
especially of starch, can alter the efficiency of energy utilization
(Black, 1971), factors which affect the site of digestion may influence
energy utilization. This study was conducted to investigate the influ-
ence of roughage level on the site and extent of digestion of rations

containing steam flaked and dry rolled corn.
Experimental Procedures

Four Hereford steers averaging 460 kg (437 to 494 kg) and fitted
with permanent rumen and abomasal cannulae were used in a 4 x 4 Latin
square design. Steers were housed in metabolism stalls and were fed

hourly by means of automatic feeders.
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Steers were fed rations containing steam flaked (SFC) or dry rolled
corn (DRC) with cottonseed hulls (CSH) added at O and 21% of the ration
(Table VIII). The steam flaked corn was prepared by steaming corn for
20 to 30 minutes at 100 C at étmospheric pressure and then rolling to
produce flakes with a density of 437 gms/liter. Dry rolled corn was
prepared by passing the corn through rollers adjusted to crack 95% of
the kernels. The density of the dry rolled corn was 684 gms/liter. A
dried acid hydrolyzéd wood residue (AHWR)4 (Butterbaugh and Johnson,
1974) was included in the pelleted supplement to supply lignin.

Sampling and laboratory procedures have been described previously
(Cole et al., 1975).

The data were analyzed by analysis of variance as a 2 x 2 factorial
arrangement of treatments and a 4 x 4 Latin square design. Treatment
effects were tested by protected least significant difference (Snedecor

and Cochran, 1967).
Results and Discussion

The mean chemical composition of the rations, digesta and fecal
samples are shown in Table IX. Roughage additions increased the levels
of acid detergent fiber (ADF), lignin (ADL) and cellulose and decreased
the starch content of the rations. Dry matter (DM) and organic matter
(OM) contents were similar for all rations.

Because OM and’DM digestibilitiés followed similar trends, they
will be discussed together. OM and DM digestibilities are shown in

Tables X and XI, respectively. OM and DM intakes were increased

Dierks Division, Weyerhauser Co., Hot Springs, Arkansas.
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TABLE VIII

COMPOSITION OF RATIONS : TRIAL 2a

Ration
Ingredient IRNb Oc 21°
d

Corn, dent yellow

grain (4) 4-02-935 90.0 66.0

Cotton, seed

hulls (1) 1-01-599 -- 21.0

Cotton, seeds w

some hulls,

solv-extd grnd,

mn 41% protein

mx 14% fiber

mn 0.5% fat (5) 5-01-621 - 3.0
. e

Premix 10.0 10.0

aPercent, dry matter basis.
b .
International reference number.
cLevel of cottonseed hulls.
d . .
Steam flaked or dry rolled as described in text.

€10 provide as a % of diet: corn, yellow, grain, grd 4-02-992, 1.1;
cottonseed meal, 5-01-621, 3.2; calcium phosphate dibasic, commercial,
6-01-080, .45; calcium carbonate, commercial mn 38% Ca, 6-01-069, .63;
trace mineralized salt, .45; urea, mn 45% N, 5-05-070, .63; acid hydro-
lyzied wood residue, 3.6; per kg ration: aurofac-50, 22 mg chlortetra-
cycline; vitamin A palmitate, commercial, 7-05-143, 4950 IU; vitamin D3,
commercial, 440 IU.
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TABLE IX

CHEMICAL COMPOSITION OF RATIONS, DIGESTA
AND FECES : TRIAL 22

Ration®
Itemb SF-0 SF-21 DR-O DR-21
Rations
DM 88.1 88.8 88.8 89.2
ADF 7.0 20.0 6.2 21.2
ADL 3.3 7.3 2.4 7.9
Cellulose 3.7 12.6 3.7 13.1
Starch 62.0 48.1 60.8 44.6
OoM 96.3 96.0 96.4 95.9
Digesta
DM 5.5 5.4 6.0 6.3
ADF 35.6 34.7 11.9 29,7
ADL 10.6 17.5 5.5 14.1
Cellulose 3.6 13.9 2.4 11.4
Starch 14.8 11.2 36.9 21.8
oM 69.3 84.3 85.0 85.0
Feces
DM 28.6 26.2 30.9 28.9
ADF 32.4 55.3 22.9 46.5
ADL 21.9 29.6 13.5 25.0
Cellulose 7.9 24.3 6.1 19.2
Starch 2.3 3.2 18.2 10.1
oM 84.3 89.1 87.0 90.5

a .
All values are on a dry matter basis (%).

bDM - dry matter, ADF - acid detergent fiber, ADL - acid detergent

lignin, OM - organic matter.

cSF - steam flaked, DR - dry rolled, O and 21 - % cottonseed hulls.
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TABLE X
ORGANIC MATTER DIGESTION : TRIAL 2
Ration
SF DR 0 21 SE
A B
Intake, g 4657 4662 4198 5121 31.0
. a b
digest., g 3217 2518 2850 2885 57,7
Intestinal a b
digest., g 682 1062 733 1010 90.1
. B

digest., g 3899A 3591 3584A 3906B 44,7
intestine, g 1440® 21448 1348" 22365 65.4
digest., %
of intake 69.8" 54.5° 68.0" 56.4° 1.5
Intestinal
digest., %
of entering 46.4 48.8 51.0 44 .2 3.3
digest., % g4, 2 77.65 85, 4" 76.3° .8
digest., % a b

82.2 70.6 79.0 73.8 2.6
Intestinal
digest., % a b

17.9 29.4 21.0 26,2 2.6

.01).

Means on same row with differing superscripts are significantly
different (P < .05).

B . . . . . s
Means on same row with differing superscripts are significantly
different (P <
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TABLE XI

DRY MATTER DIGESTION : TRIAL 2

Ration
Ttem SF DR 0 21 SE
A B
Intake, g 4844 4853 4358 5340 32.1
Ruminal A B
digest., g 2980 2344 2624 2700 100.7
Intestinal
digest., g 999 1308 1022 1285 144 .4
Total
digest., g 3980™ 36525 3646" 39855 46.8
Entering A B A B
intestine, g 1864 2506 1734 2636 114.1
Ruminal
digest., %
of intake 62.0° 48.9" 60.3% 50.6° 2.4
Intestinal
digest., %
of entering 51.8 51.3 55.2 47.8 4.7
Total
digest., % 82.6" 75.8° g83.7" 74,7 0.8
Ruminal
digest., % a b
of total. 75.2 64.2 72.0 67.4 3.2
Intestinal
digest., % a b
of total- 24.8 35.8 28.0 32.6 3.2

a'bMeans on same row with differing superscripts are significantly
different (P < .05).

A'BMeans on same row with differing superscripts are significantly
different (P < .01).
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(P < .01) when roughage level increased thus equalizing starch intakes.
Approximately 15.3% more OM (P < .0l) and 13.1% more DM (P < .05) was
>digested in the rumen with SFC than with DRC. This lowered rpminal di-
gestion‘of DRC was partially compensated for by a greater (P < .05)
amount of intestinal digestion. The total amount of OM and DM digested
was greater (P < .0l1) for rations containing roughage due to the higher
total intakes. About 6% more (P < .0l1) total OM and DM was digested
with SFC than with DRC.

Ruminal OM and DM digestibility coefficients were higher (P < .01)
by over 10% for the all concentrate rations and by over 13% for SF corn
(P < .0l1). Digestibilities of OM and DM entering the intestine were not
significantly different among rations but tended to be higher for the
all concentrate diets than for the 21% CSH rations.

Ruminal DM digestion coefficients were 5 to 10 percentage units
lgwer than those for OM and total DM digestion coefficients tended to be
slightly lower than total OM digestion. This reflects the secretion of
minerals, probably mainly in saliva, anterior to the abomasum and mineral
absorption by the intestine.

Starch intakes were higher (P < .05) on the all concentrate rations
despite the higher DM‘intakes on the higher roughage rations (Table XII).
About 600 g more (P < .0l1l) starch was digested daily in the rumen of
steers fed SFC than steers fed DRC. About 350 g more (P < .0l) starch
was digested in the intestine with DRC resulting in about 250 g more
(P < .05) total starch digestion with SFC. Amounts of ruminal and in-
testinal starch digestion were similar but more (P < .05) total starch
was digested on the all concentrate diets due to the higher starch in-

takes.
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TABLE XII

STARCH DIGESTION : TRIAL 2

Ration

Item SF DR 0 21 sE®
Intake (g) 2632 2516 26752 2473P 54,2
Ruminal A B
digest., (g) 2410 1806 2192 2024 67.5
Intestinal a B
digest., (9) 196 547 396 347 38.5
Total a b a b
digest. (g) 2606 2354 2588 2371 50.1
Entering A B
intestine (g) 222 709 484 448 35.2
Ruminal
digest, % A B
intake 91.6 71.7 81.7 8l.6 1.4
Intestinal
digest, %
enter. intest, gs. 4™ 76.2° 85.5" 79,1B 1.4
Total )
digest., % 99.0" 93.6° 96,72 96.0° 0.2
Ruminal
digest., % A B
of total 92.4 77.0 84.2 85.2 2.1
Intestinal
digest., % A B
of total 7.6 23.0 15.8 14.8 2.1

a,b

Means on same row within same treatment comparison with differing
superscripts are significantly different (P < .05).

A,B . . . . . .
'“Means ‘on same row within same treatment comparison with differing
superscripts are ‘significantly different (P < .0l).

cStandard error of the mean.
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Ruminal starch digestion coefficients were not significantly ef-
fected by roughage level but intestinal (P < .0l1) and total (P < .05)
stérch digestibilities were higher for the all concentrate diets. Rum-
inal, intestinal and total starch digestion coefficients were higher
(P < .01) for the SFC than DRC rations. Some 12% more (P < .05) of the
starch entering the intestine was digested in rations containing SFC
than DRC suggesting that the capacity of the intestine to digest starch
or absorb glucose may have been reached with the DRC raticn. Roughage
additions lowered (P < .0l1) intestinal digestion of starch, suggesting
that rouéhage in the‘lower gut stimulated the rate of passage and thus
decreased the time for intestinal digestion. This effect of roughage on
intestinal digestion was greatest with SF corn. Intestinal starch ai—
gestibilities for rations SF-0, SF-21, DR-0 and DR-21 were 93, 84, 78
and 74%, respectively. The rumen was a more important site of starch
digestion with SFC than DR corn with 92 énd 77% (P < .0l1) of total starch
being digested at this site, respectively.

Cellulose digestibility is shown in Table XIII. Corn processing
had no apparent influence on cellulose digestion. Cellulose intakes
were higher (P < .0l) on the rations containing cottonseed hulls result-
ing in more (P < .0l1) ruminal and total cellulose digestion. The higher
roughage level reduced ruminal (P < .0l) and total (P < .0l) cellulose
digestion coefficients by 14 to 16%. Over 93% of cellulose digestion
occurred in the rumen on all rations, although intestinal cellulose di-
gestion appeared to be slightly increased when greater amounts of cellu-
lose entered the intestine.

The digestibility of the cottonseed hull-cottonseed meal (CSH-CSM)

supplement of rations SF-21 and DR-21 was calculated by difference (Table
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TABLE XIII

CELLULOSE DIGESTION : TRIAL 2

Ration

Item SF DR 0 21 SE
Intake, g 416 435 160" 691° 15.9
Ruminal A B
digest., g 235 239 111 364 15.1
Intestinal;
digest., g 17 26 5 38 13.4
Total a B
digest., g 252 266 116 402 21.3
Entering A B
intestine, g 181 195 49 327 9.3
Ruminal
digest., % A B
of intake 61.2 60.8 69.4 52.7 1.3
Intestinal
digest., %
of entering 4.3 4.0 1.6 6.6 6.8
Total A B
digest., % 64.8 65.2 72.2 57.8 1.9
Ruminal
digest., %
of total 95.4 94.4 96.4 93.4 5.0
Intestinal
digest., %
of total 4.6 5.6 3.6 6.6 5.0

a'bMeans on same row with differing superscripts are significantly
different (P < .05).

A,B . . . . . o e
'"Means on same row with differing superscripts are significantly

different (P < .01).
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XIV). Dry matter digestibilities agree with reported values for cotton-
seed hulls (Hale et al., 1969). Cellulose and ADF digestibilities were
slightly higher than the values of Hale et al. (1969). If only the
fiber fraction of the CSH-CSM mixture was digested, the DM digestibility
of CSH-CSM would be a minimum of 22 and 24% for rations SF-21 and DR-21,
respectively. Since observed values match these estimates, this indi-
cates that the roughage fraction of the ration with SF and DR corn had
no marked detrimental complementary effect on the digestion of the con-
centrate fraction of the ration, which had been observed previously with
14% roughage addition to whole shelled corn (Cole et al., 1975). Total
starch digestibilities were not markedly depressed by fiber addition in
this study (0.7%) (Table XII) also indicating no apparent effect of
roughage on the digestion of the concentrate portion of the ration.
Rumen pH and volatile fatty acids (VFA) concentrations are given in
Table XV. Rations had no significant effect on rumen pH, total VFA con-
centration or molar concentration of acetic, propionic and butyric acid.
Total VFA and molar concentrations of acetate were about 18% higher for
rations containing added roughage. Higher acetate concentrations and
higher acetate/propionate ratios with added roughage are typical of many
studies {(Wise gE_glu, 1968). The higher total VFA concentration with
roughage may be a result of the higher feed intakes on these rations or
a decrease in the rumen liquid turnover rate. The added roughage may
also produce a more favorable environment in the rumen for fermentation.
A significant processing method by roughage level interaction was ob-
tained for molar concentration of C-4 and iso-VFAs (valeric, isobutyric
and isovaleric). Corn processing method had no apparent effect on molar

concentration of C-4 and iso-VFAs at 21% roughage but did with rations
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TABLE XIV

DIGESTIBILITY OF COTTONSEED HULLS PLUS COTTONSEED
MEAL CALCULATED BY DIFFERENCE

e
Ration
Item SF-21 DR-21
Dry matter 50.5 42.0
Organic matter 62.4 51.7
Cellulose 48.5 47.0
Acid detergent fiber 40.5 39.6
Dry matterb minimum 22.5 23.9

aSF - steam flaked, DR -~ dry rolled, 21 - % roughage.

bCalculated from fiber digestion alone. Cellulose and acid deter-
gent fiber comprised 43 and 66% of the dry matter of this mixture, re-
spectively.



TABLE XV

RUMEN pH, TOTAL AND MOLAR CONCENTRATIONS OF VOLATILE FATTY ACIDS : TRIAL 2

Volatile Fatty Acids

Molar %
Total

Rumen Conc. Acetic
Ration pH Micromoles/ml Acetic Propionic Butyric Other* Propionic
SF 6.0 142.9 66.7 17.3 8.8 7.2 4.0
DR 6.0 151.7 66.6 18.6 8.8 5.9 4.0
0 6.0 135.2 64.5 18.9 9.0 7.6° 3.7
21 6.0 159.4 68.8 17.0 8.7 5.5b 4.3
SE® 0.7 8.6 1.5 1.8 0.4 0.4 0.4

a'bMeans in the same column with differing superscripts are significantly different (P < .05).

cStandard error of the mean.

*Significant processing method by roughage level interaction (P < .05).

SS
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SF-0 and DR-O (9.1 and 5.3 molar %, respectively; P < .05). Mudd and
Perry (1969) noted no consistent effect of level of raw and gelantinized

corn in the diet on ruminal VFA levels.
Discussion

Studies of sité of digestion are complicated by the difficulty of
obtaining accurate estimates of digesta passage from the rumen. Most
studies have used lignin or chromic oxide as markers with spot sampling
from the abomasum. Previous studies at this institution (Cole and John-
son, 1974, unpublished results) which employedbchromic oxide or chromium-
EDTA as a passage marker have resulted in negative ruminal dry matter
digestibilities. Drennan et al. (1970) also obtained impossible results
for ruminal DM digestion with chromic oxide. The similarity between
values for ruminal digesfion obtained in this study and those using total
digesta collection suggest that lignin will work satisfactorily as a
marker with spot sampling from the abomasum under continuous feeding
conditions.

To test the length of the adaptation period used in this study,
fecal collections were made on two steers during a third week on their
respective rations. Total digestibility was not changed from the initial
fecal collection indicating that the adaptation period was adequate.
Potter and Dehority (1973) have reported that five days was an adequate
adaptation period following even more drastic ration changes than those
iin the present study.

In the present studies, ruminal and total starch digestibilities
;were similar to those reported by other workers for flaked corn (MacRae

and Armstrong, 1969b; McCullough and Matsushima, 1973) and steam flaked
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‘sorghum grain (Drennan et al., 1970). McCullough and Matsushima (1973)
reported that roughage level (12% corn silage) had little effect on the
site or extent of starch digestion with steam flaked corn. Although
significant differences were noted between roughage levels in total
starch digestion in this study, the differences were small. Total and
ruminal DM and OM digestibilities of SF corn were similar to those re-
ported by Drennan et al. (1970) with steam flaked milo.

| Ruminal starch digestibilities of DR corn agree with several studies
using steers (Waldo, 1973) but are lower than values reported for sheep
(@rskov et al., 1969). Total starch digestibilities for DR corn are
slightly lower than previous reports with ground corn fed to cattle (Karr
et al., 1966; Waldo et al., 1971) or to sheep (Tucker et al., 1968;
Beever gE_éL., 1970) . The lower total digestibilities, however, may
have been attributable to the particle size of the corn (Wilson et al.,
1973) since physical separation of rolled corn indicated that about 5%
of the corn was still in the whole form. Ruminal DM digestibilities
were similar to previous reports with ground and cracked corn (@rskov
et al., 1969) and with whole shelled corn (Cole et al., 1975) .

The higher (P < .01) ruminal and total starch digestibilities noted
with SF corn over DR corn indicate that gelatinized starch is more avail-
able to enzymatic attack in the rumen and intestine. This has been noted
in previous experiments (McCullough and Matsushima, 1973; @rskov et al.,
1969; Beever et al., 1970; Galyean et al., 1975).

Increasing roughage level tended to decrease total starch digestion
for both SF (P < .10) and DR corn (P < .20). This was attributable to
lowered (P < .0l1) intestinal digestion rather than a decrease in ruminal

fermentation, suggesting that roughage in the lower gut may increase the
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rate of passage of digesta and decrease intestinal digestion. A similar
trend was noted previously with whole shelled corn at a roughage level
of 14% (Cole et al., 1975).

As with previous studies (Hale et al., 1940, 1947; Hogan and Weston,
1967; Cole et al., 1975) cellulose digestion was almost totally confined
to the rumen on all rations. The lowered cellulose digestion with added
roughage may have been due to the change in the level and change in the
source of cellulose in the rations.

Dry matter and starch intakes were relatively low in this study
compared with normal feedlot conditions. In several studies using bar-
ley (Topps et al., 1968), corn (Tucker, et al., 1968; Nicholson and
Sutton, 1969) and milo (Kartchner et al., 1973), however, level of starch
intake had little or no effect on the extent of ruminal or total starch
digestion. Data suggest that numerous factors such as roughage level,
starch intake and N intake may influence the site and extent of starch
digestion. In most studies, however, these factors have been confounded

and thus limited the interpretation of the results.



CHAPTER V

INFLUENCE OF ROUGHAGE LEVEL AND CORN PROCESSING
METHOD ON MICROBIAL PROTEIN SYNTHESIS

IN BEEF STEERSl'2'3

Summary

Two trials were conducted to determine the efficiency of nitrogen
(N) utilization in high concentrate rations and to determine the ihflu-
ence of roughage level and corn processing method on N utilization. 1In
trial 1, abomasally cannulated steers were fed rations containing whole
shelled corn (WS) at cottonseed hull (CSH) levels of 0, 7, 14 and 21%
and in trial 2, rations contained steam flaked (SF) and dry rolled (DR)
corn at réughage levels of 0 and 21%. Lignin was used as a marker for
determination of digesta passage through the abomasum. In trial 1, g
microbial protein synthesis per 100 g dry matter fermented (MP/DDM) in
the rumen were 7.5, 8.0, 1108 and 12.7, respectively. More of the N in-
take bypassed the rumen undegraded (BPN) on rations 14 and 21 also re-

sulting in more (P < .05) protein reaching the intestine (AP). In trial

1 . .
Journal article of the Agriculture Experiment Station, Oklahoma
State University, Stillwater.

2
N. A. Cole, R. R. Johnson and F. N. Owens, Oklahoma State Univer=-
sity, Stillwater, Oklahoma 74074 .

3 . .
Department of Animal Science and Industry.
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2, MP/DDM for rations SF-O, SF-21, DR-O and DR-21 were 5.2, 8.7, 7.3 and
13.8. N was absorbed from the rumen on all rations but loss was less
(P < .0l) on the 21% CSH rations. BPN and AP were higher (P < .05) on

21% roughage rations and tended to be higher for DR than SF corn.
Introduction

The ruminant is unique in its ability to convert dietary nitrogen
to microbial protein which can subsequently be utilized by the animal.
When dietary protein is in a non-protein nitrogen (NPN) form or of poor
amino acid balance, this interchange is advantageous to the animal. How-
ever, this cycle is a disadvantage when dietary protein is of high
quality.

Numerous factors affect the extent of microbial protein synthesis
in the rumen (Thomas, 1973), but few studies have quantitated microbial
protein synthesis, primarily due to difficulties involved with measure-
ment of digesta flow and with separating feed protein from microbial
protein. Most studies have used sheep fed high roughage or purified
rations. Little data is available on beef cattle fed high concentrate
rations.

The purpose of this study was to determine the extent of microbial
protein synthesis in the rumen of steers fed high concentrate rations

varying in corn processing method and roughage level.
Experimental Procedures

Details of feeding, sampling, analytical and statistical procedures

used in these studies have been previously described (Cole et al., 1975a,

b). Ration compositions are listed in Table XVI for the roughage level
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TABLE XVI

a
COMPOSITION OF RATIONS

Item » IRﬁb : Ration Identification

Trial 1 © 7 14 21
Trial 2d 0 - - 21

Corn, dent
yellow, grain
(4) 4-02-935 90.0 82.0 74.0 66.0

Cotton, seed
hulls (1) 1-01-599 - 7.0 14.0 21.0

Cotton, seed
w some hulls,
solv-extd grd

mn 41 prot

mx 14 fbr mn

0.5 fat (5) 5-01-621 — 1.0 2.0 3.0
Premix" 10.0 10.0 10.0 10.0

a .
Percent on a dry matter basis.
b .
International reference number.
€In trial 1, rations designated by percent added roughage.

dIn trial 2, steam flaked or dry rolled corn grain were fed at 0O or
21% roughage, designated as SF-0, DR-0, SF-21 and DR-21, respectively.

eTo provide as a % of total ration: corn, yellow, grain, grnd,
4-02-992, 1.1; cottonseed meal, 5-01-621, 3.2; calcium carbonate, com-
mercial mn 38% Ca, 6-01-069, .63; calcium phosphate dibasic, commercial,
6-01-080, .45; trace mineralized salt, .45; urea, mn 45% nitrogen,
5-05-070, .63; acid hydrolyzed wood residue, 3.6; per kg of ration:
aurofac-50, 22 mg chlortetracycline; vitamin A palmitate, commercial,
7-05-143, 4950 IU, vitamin D3, commercial, 440 IU.



62

(trial 1) and corn processing (trial 2) experiments.

Additional procedures of feed, abomasal and fecal sample analysis
included nitrogen by @acro-Kjeldahl (AOAC, 1965), ammonia-N (NH3-N) by
distillation over Mgo; (AOAC, 1965), urea-N (U-N) (urease and MgO4) and
ribonucleic acid (RNA) (McAllen and Smith, 1969). Lignin was used as a
marker%for determination of digesta passage through the abomasum. Micro-
bial N ,was estimated from abomasal RNA assuming that RNA-N represented
10% of total microbial-N. This value was determined by analysis of mixed
rumen bacteria from steers fed each ration (Males, unpublisheé data) and
tends to agree with reported values (Smith, 1969). Non-ammonia-nitrogen
(NAN) was calculated as total N minus NH3—N and U-N. Feed protein ni-
trogen bypassing the rumen (BPN) was calculated as NAN minus microbial-N.

In trial 2, U-N was omitted from the analysis since it was a very
minor constituent of abomasal digesta.

To calculate ruminal turnover rates, the amount of digesta passage
from the rumen was estimated from lignin intake, abomasal lignin and
abomasal DM. Assuming a constdnt rumen volume of 50 liters, the rumen
dilution rate and turnover time was estimated. The validity of these
assumptions and estimates is based on a solid phase marker (lignin), so

may not directly indicate flow of liquid digesta.
Results and Discussion
Trial 1

The daily intakes of nitrogen (N), dry matter (DM) and fermented DM
(DDM) are shown in Table XVII. Due to the increase in DM intakes with
increasing roughage levels, N intakes increased with added roughage.

DDM intakes were similar for all rations.
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INTAKES OF NITROGEN, DM AND RUMINAL
DIGESTED DRY MATTER : TRIAL la
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» Itemb

Ration Nitrogen DM DDM
0 gg.2% 4458 2625

7 102.7° 5230° 2734

14 112.1% 5688T 2497
21 117.4% 59329 2576

C
SE 3.8 267 261

aGrams,per head per day.
bDM -~ dry matter, DDM - fermented DM.

cStandard error of the mean.
d,e,f
nificantly different (P < ,05).

Means in the same column with different superscripts are sig-
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The chemical composition of the abomasal digesta is shown in Table
XVIII. Digesta from ration 7 tended to have a lower content of N, NAN
and BPN while ration 14 tended to have a lower microbial-N content.
Urea-N was a minor fraction for the digesta of all rations.

Table XIX presents the total amount of N passing the abomasum in
each N fraction. On rations 0 and 7 less than 80% of total N intake
passed the abomasum whereas over 100%‘of consumed N passed the rumen on
rations 14 and 21. The high values for rations 14 and 21 suggest that
more extensive recycling of N had occurred on these rations. :

Rations 14 and 21 had about 75% more crude protein (P < .05) and
NAN (P < .05) and over 100% more feed BPN (P < .0l) passing the abomasum
than rations 0 and 7. These values indicate a higher N recycling, feed
protein bypass and increased microbial protein synthesis in the rumen of
animals fed rations 14 and 21. N utilization for microbial protein
synthesis (ENU) tended to be greater for rations 14 and 21 than rations
0 and 7.

Microbial protein synthesis per 100 gms. of DM fermented in the
rumen was almost 60% greater (P < .10) for rations containing 14 and 21%
CSH than for rations 0 and 7. NAN accounted for about 94% of total
digesta N (Table XX) on all rations. Of the NAN, about half was micro-
bial-N and half BPN, except on ration 14, in which a greater fraction of
the NAN was BPN.

Total N digestibility (Table XXI) was highest (P < .05) for ration
0, and ration 14 tended to be lower than all other rations primarily due
to lower (P < .05) intestinal N digestion for ration 14. The total
quantity of N digested in the intestine, however, was higher for rations

14 and 21 (44, 42, 51 and 84 gms, for rations O, 7, 14 and 21, respec-
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TABLE XVIII

NITROGEN FRACTIONS IN ABOMASAL. DRY MATTER.: TRIAL la

Rationb
Item 0 | 7 14 21 SE®
Total-N 43,85 35,98 41.53 40.76 3,10
NH_-N 2.44 2.16 2.33 2.02 .23
Urea-N .00 .10 .10 .10 .20
NANS 38.96 31.73 36.96 36.86 2.71
Micr-N* 21.24 18.34 14.73 18.22 2.11
BENT 30.8 24.50 31.70 29.60 3.10
RNA 8.04 6.95 5.58 6.90 1.60

amg per g dry matter.

bIdentified by level of cottonseed hulls.
cStandard error of the mean.

d . .

Non ammonia nitrogen.

®Microbial nitrogen.

fFeed bypass nitrogen.
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TABLE XIX

TOTAL ABOMASAL PASSAGE..IN NITROGEN.FRACTIONS :1TRIAL,la

Rationb
i ]
Ttem 0 7 14 21 SE
N Intake 88.2 102.7 112.1 117.4 3.8
Abomasal
Passage
a
Total N 70.32 78.8 132.6° 126.3° 10.7
NH_-N 3.9 4.7 7.5 6.2 .9
NAN 66.22 74.0% 124.9° 119.9° 9.9
Microbial
Nitrogen 34.0 40.3 47.1 57.4 6.9
BEN 32,19 33.6° 77.8% 62.5° 4.3
NLR 17.9% 23.99 -20.5° -9.0°% 9.2
Microbial- h h
CP/DDM 7.467 8.029 11.78 12.68 1.3
ENU (%) 70.0 55.8 114.8 99.4 7.6

qGrams per day unless indicated.
bIdentified‘by level of cottonseed hulls.
“Standard error of the mean.

d’e’fMeans on same row with differing superscripts are significant-
ly different (P < .05).

g'hMeans on the same row with differing superscripts are signifi-
cantly different (P < .10).

lNAN - non ammonia N; BPN - bypass N; NLR - N lost in the rumen;
microbial-CP/DDM - microbial protein synthesis per 100 gms of DM fer-
mented; ENU - efficiency of N utilization.
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PROPORTION OF ABOMASAL NITROGEN PASSING THE
ABOMASUM IN EACH NITROGEN FRACTIONa

67

Itemb
Ration Microbial-N NAN BPN NH3 + Urea
TriaiwlNV
d
0 48.4 94.5 45.3 5.5
d
7 51.2 94.1 45.0 5.9
e
14 35.6 94.4 58.3 5.6
d
21 47.0 94.9 48.7 5.1
c
SE 3.1 0.5 4.6 0.5
Trial 2
SF 46.4. 95.6 49,2 4.4
DR 44 .6 96.0 51.4 4.1
0 42.6 95:.0d 5204d 5.0d
21 48.5 96.6° 48.2°% 3,5°
SE 3.0 0.4 1.0 0.4

with

a , o
Percent of total N passing the abomasum.

b

NAN - non ammonia N; BPN - feed bypass N.

cStandard error of the mean.

d . s .
'eMeans in same column within the same trial and treatment group
differing superscripts are significantly different (P < .05).

1



68

TABLE XXI

SITE AND EXTENT OF NITROGEN DIGESTION

Ration Rumci.nala Intestinalb Totala
Trial 1
0 20.3° 62.9° 71.4°
7 23.3° 53.1° 64.0°
14 ~14.3¢ 3g.79 60.5%
21 - 5.04 66.9° 64.4°
SE 4.3 7.2 2.0
Trial 2
C
SF 28.8 62.4 73.4
a
DR 20.6 59.0 67.5
0 39.2° 60.0 75.5°
21 10.39 61.4 65.4°
SE 2.8 6.1 1.3

a
Percent of N intake.

bPercent of N entering the intestine.

c'd'eMeans in the same column within the same trial with differing

superscripts are significantly different (P < .05).

fStandard error of the mean.
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tively), despite the decreased total percent digestibility.
Trial 2

Table XXII shows the daily intakes of N, DM and DDM. N and DM in-
takes were higher for rations containing roughage but DDM intakes were
similar within corn processing method. SFC had about 25% higher
(P < .05) DDM intakes than DRC.

The chemical composition of abomasal digesta is shown in Table
XXIII. No significant differences were noted in total abomasal N, NAN
or NH3-N although the 21% CSH rations tended to have higher values for N
and NAN and lower values for NH3—N than the all concentrate rations.
Ration DR-O had a lower (P < .05) content of RNA and thus lower (P < .05)
values for microbial N and microbial protein. Ration SF-O tended
(P < .,10) to have a lower concentration of RNA and microbial-N than
ration SF-21.

Total N passing the abomasum per day (Table XXIV) was 67% higher
(P < .01) for rations containing roughage and 17% higher (P < .05) for
DR than SF corn. The lower passage of N on the all concentrate rations
could be due to the lower N intakes with the diet and less N recycling
due to decreased saliva flow. About 70% more NAN (P <« .01), 89%‘more
microbial-N (P <' .01l) and 55% more feed-N (P < .0l) passed the rumen
with 21% CSH than 0% CSH. Scme 18% more NAN (P < ,05), 14% more micro-
bial-N (P < .20) and 21% more feed-N (P < .05) passed through the abomasum
with DR than SF corn. More (P < .0l) N was lost in the rumen with all
concentrate diets than with 21% CSH rations and more (P < .10) was lost
with SF than DR corn. Microbial protein synthesized per 100 gms. of DM

apparently fermented was over 50% higher (P < .0l1) with 21% CSH rations
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TABLE XXIT

INTAKES OF NITROGEN, DM AND RUMINAL
DIGESTED DRY MATTER : TRIAL 22

ItemP
Ration Nitrogen DM DDM
SF-0 91.5° 43629 2901
SF-21 103.8%% 5326 30583
DR-0 96.0%¢ 4354 2347°
DR-21 109.4% 5352° 2345°
SE 2.8 146 142

a
Grams per head per day.
bDM - dry matter; DDM - fermented dry matter.

'cStandard error of the mean.

d f . . . . . s e
*®'*Means in same column with differing superscripts are signifi-

cantly different (P < .05).
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TABLE XXIII

NITROGEN FRACTIONS IN ABOMASAL DRY MATTER : TRIAL 2a

a Ration®

ITtem SF-0 SF-21 DR-0O DR-21 SEC
Total-N 36.46 39.16 31.84 34.54 2.2
NH3—N 1.98 1.36 1.43 1.18 o2
NAN 34.48 37.79 30.41 33.36 1.9
Microbial
Nitrogen 16.28 18.72 12.98 16.31 .8
BPN 17.75 19.39 17.27 16.67 1.2
RNA 12.33 14.18 9083! 12.36 .6

a
Mg per gm of dry matter.

bSF ~ steam flaked; DR = dry rolled; O and 21 - level of cottonseed
hulls.

cStandard error of the mean.

el
NAN - non ammonia N; BPN - fepd bypass N.
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TABLE XXIV

TOTAL ABOMASAL PASSAGE IN NITROGEN FRACTIONS : TRIAL 2a

Ration Main.rEffectsb

Ttem? SF DR 0 21 se®
N Intake 97.6% 102.7° 93.8° 106.6" 2.0
Abomasal
Passage
Total-N 70. 49 82.6° 57.2P 95.8F 3.1
NH_-N 2.9 3.2 2.8 3.3 0.4
NAN 67.4% 79.4° 54,30 92.5° 2.8
Microbial D B
nitrogen 32.5 37.0 24.0 45.4 1.9
BPN 35,07 42.4° 30.2° 47.0° 1.6
NLR 27.2 20.2 36.6° 9.3 2.5
Microbial-
CP,/DDM 6.96° 10.54" 6.26° 11.24° .6
D E
ENU (%) 55.2 65.6 39.9 80.8 3.9
a
BPN/TNI (%) 35.3 40.8% 32,00 44.0" 1.4

aGrams per day unless indicated.

bSF - steam flaked; DR - dry rolled; 0 and 21 - level of cottonseed

hulls.
cStandard error of the mean.

d'eMeans on the same row with differing superscripts are signifi-
cantly different (P < .05).

'Eﬁeans on same row with differing superscripts are significantly
different (P < .01).
fNAN - non ammonia N; BPN - feed bypass N; NLR - N lost in the ru-
ment; Microbial-CP/DDM - microbial protein synthesis per 100 gms. DM
fermented; ENU - efficiency of N utilization; BPN/TNI - % of total N in-
take bypassing the rumen.
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thus resulting in a greatér (P < .0l) efficiency of ruminal N utiliza-
tion. Heat treatment of SF corn during processing might be expected to
denature some of the corn protein, render it less soluble in the rumen
and cause more rumen bypass. Galyean et al. (1975) have reported that
less of the total corn N was soluble when SF than DR (8% vs 12% for SF
corn and DR corn, respectively). Conversely, however, the process of
gelatinization may expose more of the protein in the corn grain to mi-
crobial attack and explain the difference observed. Potter et al. (1970)
reported that more of the dietary N bypassed the rumen with dry ground
and micronized milo than with SF and reconstituted milo, suggesting that
the additionjof moisture during steam flaking may also be important in
affecting the susceptibility of the grain protein to microbial attack.
The coarseness of the DR corn used in this study, with about 5% of the
corn still in the whole form, may also have rendered the protein in the
DR corn less available to microbial attack than SF corn.

The proportion of N passing the abomasum in each N fraction is
shown in Table XX. No significant difference was noted in NAN as a per-
cent of total abomasal N with corn processing, although more (P < .05)
of the abomasal N was NAN with 21% CSH than with all concentrate rations.
The all concentrate rations had less (P < .20) microbial-=N and more
(P < .,05) BPN than 21% CSH rations. Significantly more N was absorbed
from the rumen with the rations containing no roughage, with a trend
(p < .10) toward more rumigal N loss with SF than DR corn.

Total N digestibility {Table XXI) was 15% lower (P <]005) for
rations containing roughage. Steam flaked corn had higher (P < .05)
total N digestibility than DR corn. Digestibility of N reaching the

intestine was similar for all rations, although SF corn tended to be
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higher than DR corn. The higher total N digestibilities on the all’ con-
centrate rations is attribut;ble to a greater (P < .01) loss of N in the
rumen. But, due to the greater passage of protein to the intestine on

'21% CSH rations, more total amino acids would be available to the steers

fed the 21% CSH rations, despite this lowered total N digestibility.
Discussion

The results of both trials indicate that microbial protein synthesis
per unit of DM fermented and bypass of dietary protein was higher at the
higher roughage levels and‘also higher with WS and DR than with SF corn.
With heifers, Neudoerffer et al. (1971) obtained similar amounts of total
microbial protein passing the abomasum at similar N intakes using total
duodenal collection and lignin as a marker. Rations in their study were
composed of corn and hay in ratios of 2:1 and 1:2:25. On all rations,
efficiency of microbial protein synthesis was lower than the average
value of 17 g per 100 gm DDM obtained with sheep (Thomas, 1973), and are
more: in line with calculated values of Hungate (1966).

Lindsay and Hogan (1972) reported that defaunation increased micro-
bial protein synthesis 20 to 35% while Hume (1970) reported a significant
negative correlation between ruminal acetate production and microbial
protein syntﬁesis. Also, Ishaque et al. (1971) and Jackson et al.

(1971) have reported positivérrelationships between ruminal propionate
1e§els and passage of total N and diaminopimelic acid to the duodenum.
With the hourly feeding system used in these studies, ruminal acetate

concentrations were high (> 66 molar %) and propionate levels were low
(< 20 molar %) in comparison to ﬁany values for high concentrate diets

(Cole 93_3&3, 1975a, b). Although direct counts of rumen protozoa were
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not made, a very high number of protozoa were observed microscopically

in the rumen fluid of steers on all treatments. Protozoal presence may
account for the relatively low values for efficiency of microbial protein
synthesis obtained in this studgo Furthermore, protozoa appear to have

a lower RNA~-N to total-N ratio than do rumen bacteria (Smith, 1969).
Since the RNA-N to total-N ratios were determined on isclated rumen
bacteria alone, this would further underestimate true microbial protein
synthesis.

Apparently degraded N was used more efficiently for protein resyn-
thesis with the higher roughage rations in both trials. This increase
in N recycling at the higher roughage levels may reflect increased

| .
saliva flow or urea flux through the rumen wall. Alternatively, this
efficiencf simply reflects N intake relative to microbial needs, a pro-
tein balance in the rumen. N addition beyond the need of the rumen
bacteria for ammondia will depress this efficiency. Thus ENU is probably
a value of little relevance.

In both trials, rations which should have a more rapid fermentation
rate (SF corn aﬁd lower roughage rations) had lower microbial ?rotein
synthesis per unit of DM fermented.

Calculated dilution rates for the various rations are presented in
Table XXV. In trial 1, dilution rate increased: (P < .05) between 0 and
14% roughage then decreased at 21% ng indicating that the initial low
levels of roughage increased the flow of digesta from the rumen while
21% CSH slowed the rate of passage from the rumen. In trial 2 the dilu-
tion rate was increased by about 50%‘(P < .05) with roughage addition
and was about 15% higher for DR than SF corn.

Dilution rates for all rations are lower than normally accepted
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TABLE XXV

DIGESTA PASSAGE THROUGH THE ABOMASUM AND ESTIMATED
RUMEN DILUTION RATE

Digesta Passage Dilution Rate Rumen Turnover
Ration (1/dy) (%) Per Hr. Time (Days)
Trial 1
0 34.0° 2.8° 1.47
7 52.9°C 4.4°¢ 0.95
14 59.8% 5.0° 0.84
21 51.5°° 4.3 0.97
a
SE 5.5 0.5 0.09
Trial 2
b
SF-0 28.2 2.3 1.78
SF-21 43.5%¢ 3.6°¢ 1.15
DR-0 33.6"° 2.8"° 1.48
a
DR-21 48.5 4.0 1.03
sg™ 3.4 0.3 0.15

aStandard error of the mean.

b,c,d . s . . .
"“""Means in same column within same trial with different super-

scripts are significantly different (P < .05).
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values for the rumen liquid fraction but are similar to values for rumen
dry matter dilution rates (Hungate, 1966). With young steers fed 2.5 kg
of an 85% barley diet, Topps et al. (1968) reported dilution rates of 5
to 6% per hour using chromic oxide as a marker.

In both trials, rumen turnover times were longer with all concen-
trate diets than with the diets containing roughage. This has been
noted previously by Rogerson (1958) with sheep fed grass hay or corn and
by Topps et al. (1968) with steers fed hay or barieyo Whether feeding
level influences turnover time is unclear although data suggests that
higher intake levels /increase the rate of passage‘from the rumen (Balch
and Campling, 1965).

In the pfesent study, the regression of microbial protein synthesis

on dilution rate yielded a straight line with the equation:
MP/DDM = 2.414 (DR/hr) - 0.56 (r = .75)

in which MP/DDM is microbial protein synthesis per 100 gm DM fermented
and DR/hr is the dilution rate in % per hour (Figure 1l). The correla-
tion coefficient was equal to .75 and was significant (P < .05). Using
a continuous fermentation system and dilution rates of 2 to 12% per
hour, Isaacson et al. (1975) noted a Michaelis~Menten type saﬁuration
curve when microbial yield per mole of glucose was plotted against di-
lution rate per hour. A straight line would also fit their data but was
not biologically explainable. A double reciprocal plot of protein syn-
thesis vs dilution rate of this data yielded a negative value for maxi-
mum microbial protein synthesis, thus a Michaelis-Menten type curve
could not be determined for dilution rate and microbial protein synthe-

sis. One possible explanation for the lack of g Michaelis-Menten type
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saturation curve in this study may be due to the narrow range of dilu-
tion rates. Isaacson et al. (1925) obtained values approaching Vhax
only with dilution rates above approximately 6% per hour. The data in-
dicate that at low dilﬁtion rates, ruminal microbial protein synthesis
is highly dependent upon the rumen dilution rate. This agrees with the
results of Isaacson et al. (1975). Correlations were low between MP/DDM
and other factors including molar % acetate, propionate'and acetafe to
propionate ratio but within trial 2, ruminal VFA levels appeared to in-
crease as efficiency of microbial protein synthesis increased (Figure
2) . Although total protein synthesis and total VFA production should be
correlated, faster dilution rates and more efficient bacterial growth

would be expected to decrease total ruminal VFA levels. Hence, explana-

tion for this relationship is unclear.



Total VFA Concentrations (umol/ml)

80

X
170—
b 4
160—
150
X
X
140—
130—
o - Trial 1
X - Trial 2
1204
o)
110
o)
o
100 4 o)
| | | | 1 ] | | | ]
6 7 8 9 10 11 12 13 14 15

Microbial Protein Synthesis (gm/100 gm DDM)

Figure 2., Relationship Between Total VFA Concentrations and
Microbial Protein Synthesis



LITERATURE CITED

Adeeb, N. N., G. F. Wilson, and R. C. Campling. 1971. Physical Form of
Maize and Its Digestibility in Cattle and Sheep. Anim. Prod.
13:391.

Annison, E. F. 1956. Nitrogen Metabolism in Sheep. Biochem. J.
64:705.

Annison, E. F., K. J. Hill, and D. Lewis. 1957. Studies on the Portal
Blood of Sheep. 2. Absorption of Volatile Fatty Acids From the
Rumen of the Sheep. Biochem. J. 66:592.

A. O. A. C. 1965. 0Official Methods of Analysis (10th Ed.) Association
of Official Agricultural Chemists. Washington, D.C.

Armstrong, D. G., and D. E, Beever. 1969. Post-abomasal Digestion of
Carbohydrates in the Adult Ruminant. Proc. Nutr. Soc. 28:121.

Badenhuizer, N. P. 1969. The Biogenesis of Starch Granules in Higher
Plants. Appleton-Century-Crofts, New York.

Balch, C. C. and R. C, Campling. 1965. Rate of Passage of Digesta
Through the Ruminant Digestive Tract in Physiology of Digestion in
the Ruminant. R. W. Dougherty (Ed.), Butterworths, Washington.

Baldwin, R. L. 1965. in Physiology of Digestion in the Ruminant, P.
379, R. W. Dougherty, (Ed.), Butterworths, Washington, D.C.

Beever, D. E., J. F. Coehlo Da Silva, and D. G. Armstrong. 1970. The
Effect of Processing.Maize on Its Digestion in Sheep. Proc. Nutr,
Soc. 29:43A.

Beever, D. E., J. F. Coehlo Da Silva, J. H. D. Prescott, and D. G. Arm-
strong. 1972. The Effect in Sheep of Physical Form and Stage of
Growth on Sites of Digestion of a Driefl Grass. 1. Sites of Diges-
tion of Organic Matter, Energy, and Carbohydrates. Brit. J. Nutr.
28:347,

Bines, J. A. and A. W. F. Davey. 1970. leuntary Intake, Digestion,
Rate of Passage, Amount of Material in the Alimentary Tract and Be-
havior in Cows Receiving Complete Diets Containing Straw and Con-
centrates in Different Proportions. Brit. J. Nutr. 24:1013.

Black, J. L. 1971. A Theoretical Consideration of the Effect of Pre-

venting Rumen Fermentaiton on the Efficiency of Utilization of
Dietary Energy and Protein in Lambs. Brit. J. Nutr. 25:31.

81



82

Blaxter, K. L. 1962. The Energy Metabolism -of Ruminants. Charles C.
Thomas. Springfield, Illinois.

Butterbaugh, J. W. and R. R. Johnson. 1974. Nutritive Value of Acid
Hydrolyzed Wood Residue in Ruminant Rations. J. Anim. Sci. 38:394.

Clark, J. H., R. A. Forbish, K. E. Harshbarger, and R. G. Derrig. 1973.
Feeding Value of Dry Corn, Ensiled High Moisture Corn and Propionic
Acid Treated High Moisture Corn Fed With Hay or Haylage for Lac-
tating Dairy Cows. J. Dairy Sci. 56:1531. '

Clary, J. J., G. E. Mitchell, and C. O. Little. 1967. Adaptation of
Steer Pancreatic Secretion to Dietary Change. J. Anim. Sci.
26:917 (Abst.).

Cole, N. A., R. R. Johnson, and F. N. Owens. 1975a. Influence of Rough-
" age Level on the Site and Extent of Digestion of Rations Containing
Whole Shelled Corn. Chapter III of this Manuscript.

Cole, N. A., R. R. Johnson, and F. N. Owens. 1975b. Influence of Rough-
age Level and Corn Processing Methods on the Site and Extent of Di-
gestion. Chapter IV of this Manuscript.

Cowsert, R. L. and M. J. Montgomery. 1969. Effect of Varying Forage-to-
Concentrate Ratio of Isonitrogenous Rations on Feed Intake by Rumin-
ants. J. Dairy Sci. 52:64.

Drennan, M. J., J. H. G. Holmes and W. N. Garrett. 1970. A Comparison
of Markers for Estimating Magnitude of Rumen Digestion. Brit. J.
Nutr. 24:961.

Dunlop, R. H. 1970. Rumen Malfunctions - Acidosis Problems with High
Grain Rations. Wheat in Livestock and Poultry Feeds - Proceedings
of an International Symposium, June, 1970. Oklahoma State Univer-
sity.

Erwin, E. S., G. J. Marci, and E. M. Emery. 1961. Volatile Fatty Acids
Analysis of Blood and Rumen Fluid by Gas Chromatography. J. Dairy
Sci. 44:1768. ,

Eskeland, B., W. H. Pfander, and R. L. Preston. 1973. Utilization of
Volatile Fatty Acids and Glucose for Protein Deposition in Lambs.
Brit. J. Nutr. 29:347.

Galyean, M. L., R. R. Johnson, D. G. Wagner. 1975. Influence of
Processing Method on the Digestion of Corn Starch by Steers. M. S.
Thesis, Oklahoma State University.

Graeza, R. 1965. Minor Constituents of Starch ig R. L. Whistler (Ed.)
Starch: Chemistry and Technology. Vol. I. Academic Press, New
York.

Greenwood, C. T. 1970. The Carbohydrates. 2nd Ed. Pigman, Editor.
Academic Press, New York.



83

Hale, W. H. 1973. 1Influence of Processing on the Utilization of Grains
(Starch) by Ruminants. J. Anim. Sci. 37:1075.

Hale, E. B., C. W. Duncan, and C. F. Huffman. 1940. Rumen Digestion in
the Bovine With Some Observations on the Digestibility of Alfalfa
Hay. J. Dairy Sci. 23:953.

Hale, E. B., C. W. Duncan, and C. F. Huffman. 1947. Rumen Digestion
Studies. II. Studies in the Chemistry of Rumen Digestion. J.
Dairy Sci. 34:747.

Hale, W. H., C. Lambeth, B. Theurer, and D. E. Ray. 1969. Digestibility
and Utilization of Cottonseed Hulls by Cattle. J. Anim. Sci.
29:773.

Hale, W. H. and C. B. Theurer. 1972. Feed Preparation and Processing
in Digestive Physiology and Nutrition of Ruminants. Vol. 3, D. C.
Church (Ed.).

Harvey, R. W., M. B. Wise, T. N. Blumer, and E. R. Barrick. 1968. In-
fluence of Added Roughage and Chlortetracycline to All-concentrate
Rations for Fattening Steers. J. Anim. Sci. 27:1438.

Haskins, B. R., M. B. Wise, H. B. Craig, T. N. Blumer, and E. R. Barrick.
1969. Effects of Adding Low Levels of Roughages or Roughage Substi-
tutes to High Energy Rations for Fattening Steers. J. Anim. Sci.
29:345,

Hellman, N. N., T. F. Boesch, and E. H. Melvin. 1952, Starch Granule
Swelling in Water Vapor Sorption. J. Amer. Chem. Soc. 74:348.

Hinman, D. D. and R. R. Johnson. 1974a. Influence of Processing Methods
on Digestion of Sorghum Starch in High Concentrate Beef Cattle
Rations. J. Anim. Sci. 39:417. b

Hinman, D. D. and R. R. Johnson. 1974b. Influence of Degree of Microni-
zation on the Site and Extent of Sorghum Starch Digestion in High
Concentrate Beef Cattle Rations. J. Anim. Sci. 39:985.

Hixon, D. L., E. E. Hatfield, and P. E. Lamb. 1969. Comparison of
Whole Shelled Corn With Cracked Corn in Cattle Finishing Rations.
J. Anim. Sci. 29:161 (Abst.).

Hogan, J. P. and R. H. Weston. 1967. The Digestion of Chopped and
Ground Roughages by Sheep. II. The Digestion of Nitrogen and Some
Carbohydrate Fractions in the Stomach and Intestines. Aust. J.
Agr. Res. 18:803.

Holmes, J. H. G., M. J. Drennan, and W. N. Garrett. 1970. Digestion of
Steam-processed Milo by Ruminants. J. Anim. Sci. 31:409.
]
Hume, I. D. 1970b. Synthesis of Microbial Protein in the Rumen. IIT.
The Effect of Dietary Protein. Aust. J. Agr. Res. 21:305.



84

Hume, I. D., R. J. Moir, and M. Somers. 1970. Synthesis of Microbial
Protein in the Rumen. I. Influence of the Level of Nitrogen In-
take. Aust. J. Agr. Res. 21:283.

Hungate, R. E. 1966. The Rumen and Its Microbes. Academic Press. New
York and London.

Isaacson, H. R., F. C. Hinds, M. P. Bryant, and F. N. Owens. 1975,
Efficiency of Energy Utilization by Mixed Rumen Bacteria in Con-
tinuous Culture. J. Dairy Sci. (In Press).

Ishaque, M., P. C. Thomas, and J. A. F. Rook. 1971. Consequences to
the Host of Changes in Rumen Microbial Activity. Nature New
Biology. 231:253.

Jackson, P., J. A. F. Rook, and K. G. Towers. 1971. 1Influence of the
Physical Form of a Barley Grain and Barley Straw Diet on Nitrogen
Metabolism in Sheep. J. Dairy Res. 38:33.

Johnson, D. E., J. K. Matsushima, and K. L. Knox. 1968. Utilization of
Flaked vs Cracked Corn by Steers With Observations on Starch Modi-
fications. J. Anim. Sci. 27:1431.

Judson, G. J., E. Anderson, J. R. Luick, and R. A. Leng. 1968. The
Contribution of Propionate to Glucose Synthesis in Sheep Given
Diets of Different Grain Content. Brit. J. Nutr. 22:69.

Karr, M. R., C. O. Little, and G. E. Mitchell, Jr. 1966. Starch Dis-
appearance From Different Segments of the Digestive Tract of Steers.
J. Anim. Sci. 25:652.

Kartchner, R. J., B. Theurer, J. G. Burt, and W. H. Hale. 1973. Starch
Intake Level and Sorghum Grain Processing on Bovine Starch Diges-
tion. J. Anim. Sci. 37:347 (Abst.).

Kay, M., N. A. Macleod, and A. Pavlicevic. 1972. The Value of Differ-
ent Cereals in Diets for Growing Steers. Proc. Nutr. Soc. 31:57A.

Kerr, R. W. (Ed.). 1950. Chemistry and Industry of Starch (2nd Ed.).
Academic Press Inc., New York.

Lathe, G, H. and C. R. J. Ruthven. 1956. The Separation of Substances
and Estimation of Their Relative Molecular Sizes by the Use of
Columns of Starch in Water. Biochem. J. 62:665.

Leach, H. W. and T. J. Schoch. 1961. Structure of the Starch Granule.
II. Action of Various Amylases on Granular Starch. Cereal Chem.
38:24. ‘

Leatherwood, J. M. 1973. Cellulose Degradation by Ruminococcus. Fed.
Proc. 32:1814.

Lindsay, J. R. and J. P. Hogan. 1972, Digestion of Two Legumes and
Rumen Bacterial Growth in Defaunated Sheep. Aust. J. Agr. Res.



85

23:321.

Little, C. 0., G. E. Mitchell, and C. M. Reitnour. 1968. Postruminal
Digestion of Corn Starch in Steers. J. Anim. Sci. 27:790.

Macrae, J. C, and D. G. Armstrong. 1968. Enzyme Method for Determina-
tion of Alpha-linked Glucose Polymers in Biological Materials. J.
Sci. Fd. Agr. 19:578. ’

Macrae, J. C. and D. G. Armstrong. 1969. Studies on Intestinal Diges-
tion in the Sheep. 2. Digestion of Some Carbohydrate Constituents
in Hay, Cereal and Hay-cereal Rations. Brit. J. Nutr. 23:377.

Masson, M. J. and A. T. Phillipson. 1951. The Absorption of Acetate,
Propionate and Butyrate From the Rumen of Sheep. J. Physiol.
113:189.

Matsushima, J. K. and K. L. Montgomery. 1967. The Thick and Thin of
Flaked Corn. Colorado Farm and Home Res., Col. Agr. Exp. Sta.

McAllan, A. B. and R. H. Smith. 1969. Nucleic Acid Metabolism in the
Ruminant. Determination of Nucleic Acid in Digestion. Brit. J.
Nutr. 23:671.

McCullough, M. W. and J. K. Matsushima. 1973. Effect of Corn Processing
on Starch Digestibility. J. Anim. Sci. 37:350 (Abst.).

McNeill, J. W., G. D. Potter, and J. K. Riggs. 1971. Ruminal and Post-
ruminal Carbohydrate Utilization in Steers Fed Processed Grain
Sorghum. J. Anim. Sci. 33:1371.

McNeill, J. W., G. D. Potter, J. K. Riggs, and I. W. Rooney. 1975.
Chemical and Physical Properties of Processed Sorghum Grain Carbo-
hydrates. J. Anim. Sci. 40:335.

Mitchell, G. E., Jr., C. O. Little, M. R. Karr, and B. W. Hayes. 1967,
Ruminal and Post-ruminal Digestion of Cellulose in Steers. J.
Anim. Sci. 26:224 (Abst.).

Moe, P. W., H. F. Tyrrell, and N. W. Hoover, Jr. 1973. Physical Form
and Energy Value of Corn Grain. J. Dairy Sci. 56:1298,

Mudd, C. A. and T. W. Perry. 1969. Raw Cracked vs Expanded Gelatinized
Corn for Beef Cattle. J. Anim. Sci. 28:822.

Myers, L. L., H. D. Jackson, and L. V. Packett. 1967. Absorption of
Volatile Fatty Acids From the Cecum of Sheep. J. Anim. Sci.
26:1450.

Nasr, H. 1950. Amylolytic Activity in the Rumen of the Sheep. J. Agr.
Sci. 40:308. '

Neudoeffer, T. S., P. A. Leadbeater, F. D. Horney, and H. S. Bayley.
1971. The Influence of Level of Grain Intake on Protein Digestion



86

in the Intestine of Cattle. Brit. J. Nutr. 25:343.

Nicholson, J. W. G. and J. D. Sutton. 1969. The Effect of Diet Compo-
sition and Level of Feeding on Digestion in the Stomach and Intes-
tines of Sheep. Brit. J. Nutr. 23:585.

@grskov, E. R., C. Fraser, and R. N. B. Kay. 1969. Dietary Factors In-
fluencing the Digestion of Starch in the Rumen and Small and Large
Intestine of Early Weaned Lambs. Brit. J. Nutr. 23:217.

@rskov, E. R., C. Fraser, and I. McDonald. 197la. Digestion of Concen-
trates in Sheep. II. The Effect of Increasing the Concentration of
Soya-bean Meal in a Barley Diet on Apparent Disappearance of Feed
Constituents Along the Digestive Tract. Brit. J. Nutr. 25:225.

@rskov, E. R., C. Fraser, and I. McDonald. 1972. Digestion of Concen-
trates in Sheep. 4. The Effects of Urea on Digestion, Nitrogen
Retention and Growth in Young Lambs. Brit. J. Nutr. 27:491.

@grskov, E. R., C. Fraser, V. C. Mason, and S. O. Mann. 1970. Influence
of Starch Digestion in the Large Intestine of Sheep on Caecal Fer-
mentation, Caecal Microflora and Fecal Nitrogen.Excretion. Brit.
J. Nutr. 24:671.

@rskov, E. R., C. Fraser, I. McDonald, and R. I. Smart. 1974. Diges-
tion of Concentrates in Sheep. 5. The Effect of Adding Fish Meal
and Urea Together to Cereal Diets on Protein Digestion and Utiliza-
tion by Young Sheep. Brit. J. Nutr. 31:89.

Pavlicevic, A., N. A. MacLeod, and M. Kay. 1972. The Effect of Proc-
essing Barley on Its Digestion in the ‘Rumen of Growing Steers.
Proc. Nutr. Soc. 31:56A. ,

Pazur, J. H. 1965. Enzymes in Synthesis and Hydrolysis of Starch. 1In
R. L. Whistler (Ed.) Starch: Chemistry and Technology. Vol. I.
Academic Press, New York. ‘

Pennington, R. J. 1952. The Metabolism of Short-chain Fatty Acids in
the Sheep. 1. Fatty Acid Utilization and Ketone Body Production
by Rumen Epithelium and Other Tissues. Biochem. J. 51:251.

Pennington, R. J. 1954. Metabolism of Short-chain Fatty Acids in the
Sheep. 2. Further Studies With Rumen Epithelium. Biochem. J.
56:410.

Pennington, R. J., and T. M. Sutherland. 1956. The Metabolism of
Short-chained Fatty Acids in the Sheep. 4. The Pathway of Propion-
ate Metabolism in Rumen Epithelial Tissue. Biochem. J. 63:618.
i
Potter, E. L. and B. A. Dehority. 1973. Effects of Dietary Change on
Rumen Inoculation Upon Subsequent Daily Digestibility in the Ovine.
J. Anim. Sci. 37:1408.



87

Potter, G. D., J. W. McNeill, and J. K. Riggs. 1970. Utilization of
Processed Sorghum Grain Protein by Steers. Beef Cattle Research in
Texas, 1970, Tex. Agr. Exp. Sta. PR 2775-2800.

Preston, R. L., R. D. Vance, P. G. Althouse, and V. R. Cahill. 1972.
Performance of Steers Fed Three Forms of Corn With Increasing Levels
of Corn Silage in Two Systems of Housing - Three Year Summary.
0.A.R.D.C. Research Summary. 63:55. Sept. 1972.

Putnam, P. A. and R. E. Davies. 1965. Postruminal Fiber Digestibility.
J. Anim. Sci. 24:826.

Raven, A. A. 1972. The Effect of Different Proportions of Hay and For-
tified Rolled Barley in the Diet on Digestible-Energy Value and
Urinary-Energy Excretion by Cattle. J. Agr. Sci. 79:99.

Ridges, A. P. and A. G. Singleton. 1962. Some Quantitative Aspects of
Digestion in Goats. J. Physiol. 161:1.

Rogerson, A. 1958, Diet and Partial Digestion in Sections of the Ali-
mentary Tract of the Sheep. Brit. J. Nutr. 12:164.

Rooney, L. W. and L. E. Clark. 1968. The Chemistry and Processing of
Sorghum Grain. Cereal Science Today. 13:259.

Sandstedt, R. M., D. Strahan, S. Vada, and R. C. Abbot. 1962. The Di-
gestibility of High-amylose Corn Starches Compared to That of Other.
Starches. The Apparent Effect of the Ae-gene on Susceptibility to
Amylase Action. Cereal Chem. 39:123.

Siddons, R. C. 1968. Carbohydrase Activity in the Bovine Digestive
Tract. Biochem. J. 108:839.

Smith, R. H. 1969. Reviews of the Progress of Dairy Science. Section
G. General. Nitrogen Metabolism and the Rumen. J. Dairy Res.
36:313.

Snedecor, G. W. and W. G. Cochran. 1967. Statistical Methods, 6th Ed4d.,
Icowa State University Press, Ames.

Stone, P. A. and J. P. Fontenot. 1965. Effect of Available Energy
Level of Fattening Rations on Utilization of Nitrogen and Digesti-
bility by Steers. J. Anim. Sci. 24:757.

Sutton, J. D. 1971. The Rate of Carbohydrate Fermentation in the Ru-
men. Proc. Nutr. Soc. 30:36.

Sutton, J. D. and V. W. Johnscn. 1969, Fermentation in the Rumen of
Cows Given Rations Containing Hay and Flaked Maize or Rolled Barley
in Widely Different Proportions. J. Agr. Sci. Camb. 73:459.

Thivend, P. and M. Journet. 1968. The Utilization of Barley-starch by
Ruminants. Ann., Biol. Anim. Biochem. Biophys. 8:449.



88

Thivend, P. and M. Journet. 1970. Utilization of Maize Staxrch by Rumin-
ants. Annales de Biologie Animale Biochimie Biophysique. 10:323.

Thivend, P. and M. Vermorel. 1971. Digestive Utilization of Starch by
the Growing Lamb. Annales de Biologie Animale Biochimie Bio-
physique. 11:292.

Thomas, P. C. 1973. Microbial Protein Synthesis in Symposium on Nitro-
gen Utilization by the Ruminant. Proc. Nutr. Soc. 32:85.

Thomason, D. J., D. E. Beever, J. F. Coelho Da Silva, and D. G. Arm-
strong. 1972. The Effect in Sheep of Physical Form on the Sites
of Digestion of a Dried Lucerne Diet. 1. Sites of Organic Matter,
Energy, and Carbohydrate Digestion. Brit. J. Nutr. 28:31.

Thompson, F., and G. E. Lamming. 1972. The Flow of Digesta, Dry Matter
and Starch to the Duodenum in Sheep Given Rations Containing Straw
of Varying Particle Size. Brit. J. Nutr. 28:391.

Tillman, A. D., R. D. Furr, K. R. Hansen, L. B. Sherrod, and J. D. Word,
Jr. 1969, Utilization of Rice Hulls in Cattle Finishing Rations.
J. Anim. Sci. 29:792.

Tonroy, 'B. R. and T. W. Perry. 1974, EE_Vitro Digestion of Raw,
Roasted and Pressure-flaked Corn. J. Dairy Sci. 57:1508.

Topps, J. H., R. N. B. Kay, E. D. Goodall, F. G. Whitelaw, and R. S.
Reid. 1968. Digestion of Concentrate and of Hay Diets in the
Stomach and Intestines of Ruminants. 2. Young Steer. Brit. J.
Nutr. 22:281.

Tucker, R. E., G. E. Mitchell, Jr., and C. O. Little. 1968. Ruminal
and Postruminal Starch Digestion in Sheep. J. Anim. Sci. 27:824.

Utley, P. R., and W. C. McCormick. 1972. Level of Peanut Hulls as a
Roughage Source in Beef Cattle Finishing Diets. J. Anim. Sci.
34:146.

Vance, R. D. and R. L. Preston. 1971. Digestibility of Whole Shelled
and Crimped Corn Grain by Growing, Finishing Steers. O.A.R.D.C.
Research Summary #52:7.

vVance, R. D., R, L. Preston, V. R. Cahill, and E. W. Klosterman. 1972.
Net Energy Evaluation of Cattle-finishing Rations Containing Vary-
ing Proportions of Corn Grain and Corn Silage. J. Anim. Sci.
34:851.

Vance, R. D., R. L. Preston, E. W. Klosterman, and V. R. Cahill. 1971,
Performance of Finishing Steers Fed Two Different Forms of Corn
With Increasing Levels of Corn Silage. O.A.R.D.C. Research Sum-
mary #52:1.,



89

Van Der Wath, J. G. 1948. Studies on the Alimentary Tract of Merino
Sheep in South Africa. XI. Digestion and Synthesis of Starch by
Ruminal Bacteria. Onderstepoort Journal of Vet. Sci. 23:367.

Van Soest, P. J. 1963. Use of Detergents in the Analysis of Fiberous
Feeds. II. A Rapid Method for the Determination of Fiber and
Lignin. J. Assoc. Off. Agr. Chem. 46:829.

Van Soest, P. J. 1964. Symposium on Nutrition and Forage and Pastures:
New Chemical Procedures for Evaluating Forages. J. Anim. Sci.
23:838.

Van Soest, P. J. 1973. The Uniformity and Nutritive Availability of
Cellulose. Fed. Proc. 32:1804.

Vidal, H. M., D. E. Hogue, J. M. Elliot, and E. F. Walker, Jr. 1969.
Digestion of Sheep Fed Different Hay-grain Ratios. J. Anim. Sci.
29:62.

Waldo, D. R. 1973. Extent and Partition of Cereal Grain Starch Diges-
tion in Ruminants. J. Anim. Sci. 37:1062.

Waldo, D. R., J. E. Keys, Jr., and C. H. Gordon. 1971. Corn Starch
Digestion in the Bovine. J. Anim. Sci. 33:304 (Abst.).

Walker, G. J. and P. H. Hope. 1963. The Action of Some Alpha-amylases
on Starch Granules. Biochem. J. 86:452.

Warner, R. L., G. E. Mitchell and C. O. Little. 1972. Post-ruminal
Digestion of Cellulose in Wethers and Steers. J. Anim. Sci.
34:16l.

Weichental, B. A. and R. J. Webb. 1969. Whole or Ground Shelled Corn
and Hormone Treatments for Yearling Steers. 1969. Beef Day Report.
Univ. of Illinois.

White, T. W., F. G. Hembry, and W. L. Reynolds. 1972. 1Influence of
Grinding, Supplemental Nitrogen Source and Roughage on the Digesti-
bility of Corn. J. Anim. Sci. 34:672.

White, T. W., T. W. Perry, B. R. Tonroy, and V. L. Lechtenberg. 1973.
Influence of Processing onui£~vitro and in Vivo Digestibility of
Corn. J. Anim. Sci. 37:1414.

White, T. W. and W. L. Reynolds. 1969. Various Sources and Levels of
Roughage in Steer Rations. J. Anim. Sci. 28:705.

White, T. W., W. L. Reynolds, and R. H. Klett. 1969. Roughage Sources
and Levels in Steer Rations. J. Anim. Sci. 29:1001.

White, R. G., V. J. Williams, and R. J. H. Morris. 1971. Acute in Vivo
Studies on Glucose Absorption From the Small Intestine of Lambs,
Sheep and Rats. Brit. J. Nutr. 25:57.

'




390

Wilson, G. F., N. N. Adeeb, and R. C. Campling. 1973. The Apparent Di~-
gestibility of Maize Grain When Given in Various Physical Forms to
Adult Sheep and Cattle. J. Agr. Sci. Camb. 80:259.

Wise, W. B., R. W. Harvey, B. R. Haskins, and E. R. Barrick. 1968.
Finishing Beef Cattle on All-concentrate Rations. J. Anim. Sci.
27:1449,

Wolin, M. J. 1960. A Theoretical Rumen Fermentation Balance. J. Dairy
Sci. 43:1452,



APPENDTIX

91



92

TABLE XXVI

ORGANIC MATTER DIGESTION SIMPLE EFFECTS : TRIAL 2

Ration
Item SF-0 SF-21 DR-O DR-21 SE
B A B

Intake, g 4201A 5113 4195 5129 43.8
Ruminal a A B - B
digest., g 3230 3204 2470 2566 81.6
Intestinal :
digest., g 4872 87622 979° 1144° 127.4
Total a b c a
digest., g 3720 4078 3449 3733 63.2
Entering
intestine, g 971A 1908B 1725B 2563c 92.6
Ruminal
digest., %
of intake 76.9" 62.7° 59,052 50.0%P 2.1
Intestinal
digest., %
of entering 47.5 45.4 54.5 43.0 4.6
Total A B B c
digest., % 88.5 79.8 82.3 72.8 1.1
Ruminal
digest., %
of total 85.8% 78.52P 72.1° 69.0° 3.7
Intestinal
digest., %
of total 14.22 21.5%P 27.9° 31.0° 3.7

a,b,c

Means on same row with differing superscripts are significant-
ly different (P < .05).

A,B,C . . . . oo
"7!'"“Means on same row with different superscripts are significant-

ly different (P < .01).
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TABLE XXVII

DRY MATTER DIGESTION SIMPLE EFFECTS : TRIAL 2

Ration
Item SF-0 SF-21 DR-O DR-21 SE
B

Intake, g 4362A 5327B 4354A 5352 45.4
Ruminal a a b b
digest., g 2901 3059 2347 2342 142.4
Intestinal
digest., g 892 1106 1153 1464 204.2
Total
digest., g 379472 4165° 34992 38062 66.2
Enterlgg a b b c
intestine, g 1461 2268 2007 3005 161.4
Ruminal
digest., %
of intake 66.6° 57.43P 54.0°C 43.8° 3.4
Intestinal
digest., %
of entering 55.3 48 .2 55.1 47.5 6.7
Total
digest., % 8609A 78.2B 80.,5B 71,2c 1.2
Ruminal
digest., %
of total 77.1% 73.4%P 66.9°° 61.4° 4.5
Intestinal
digest., %
of total 22.9% 26.6°F 33.1% 38.6° 4.5

a,b,c

Means on same row with differing superscripts are significant-
ly different (P < .05).

A,B Cer a8 . . D e
! 'cMeans on same row with differing superscripts are significant-

ly different (P < .01).
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IGESTION SIMPLE EFFECTS
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STARCH D : TRIAL 2
Ration

ITtem SF-0 SF-21 DR-0O DR-21 SE
Intake, g 2703 2560 2647 2386 76.6
Ruminal
digest., g 250952 2310782 18748CR 1730 95.5
Intestinal
digest, g 180" 2122 6125 4828 54.5
Total a a a b
digest, g 2690 2522 2486 2221 70.8
Entering
intestine, g 1942 250" 7738 6455 49.8
Ruminal
digest, %
intake 92.8" 90.3" 70.6° 72.85 2.0
Intestinal
digest, %
enter. intest. 92.6°%  84,2°BP 78.45P¢ 74.0°° 2.0
Total A A B B
digest., % 99.5 98.6 93.9 93.3 0.3
Ruminal
digest., %
of total 93.2% 91.6% 75.1° 78.8P 3.0
Intestinal
digest., %
of total 6.7% g8.4% 24.9° 21,2P 3.0

a,b,c . . . . . . s

Means in same row with differing superscripts are significant-

ly different (P < .05).

A,B,C . . . . . e e

Means in same row with differing superscripts are significant-

ly different (P < .0l).
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TABLE XXIX

CELLULOSE DIGESTION. : TRIAL.2

Ration

Item SF-0 SF-21 DR-O DR-21 SE
Intake, g  159.4% 672.5°° ©  159.7° 709.55 ' 22.5
Ruminal A B A B
digest., g 110.0 359.8 111.3 367.6 21.3
Intestinal :
digest., g 4.1 30.2 5.5 46.3 18.9
Total
digest., g 114.2 390.0 116.8 414.5 16.3
Entering
intestine, g 49.3* 312.7° a8.4® 341,95 13.2
Ruminal
digest., %
of intake 69.1° 53,45 69.7" 52,08 1.9
Intestinal
digest., % :
of entering 2.4 6.2 0.8 7.1 9.6
Total a b A b
digest., % 71.6 58.1 72.9 57.5 2.7
Ruminal
digest., %
of total 97.0 93.8 95.8 92.9 7.0
Intestinal
digest., %
of total 3.0 6.2 4.2 7.1 7.0

a,b,c

Means on same row with differing superscripts are significant-
ly different (P < .05).

A,B,C . . . . . s
'“'“Means on same row with differing superscripts are significant-

ly different (P < .01).



RUMEN pH,

TABLE XXX

: TRIAL 2

TOTAL AND MOLAR CONCENTRATIONS OF VOLATILE
FATTY ACIDS SIMPLE EFFECTS

Volatile Fatty Acids

Molar %
Total

Rumen Conc. Acetic
Ration PH micromoles/ml Acetic Propionic Butyric Other Propionic
SF-0 6.0 132.71 64.23 17.73 8.95 9.08% 3.79
SF-21 6.0 .153.01 69.17 16.81 8.69 5.33b 4.29
DR-0 6.0 137.59 64.76 20.11 9.06 6.06b 3.70
DR-21 6.0 165.73 68.50 17.17 8.64 5.68b 4.27
SEc .1 12.20 2.18 2.55 0.64 0.57 0.62

a'bMeans in same column with differing superscripts are significantly different (P < .05).

c
Standard error of the mean.
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TABLE XXXI

SITE AND EXTENT OF NITROGEN DIGESTION-
SIMPLE EFFECTS : TRIAL 2

. . a .
Ration Ruminal Intestlnalb Totala

Trial 1

0 20.3° 62.9° 71.4°
7 23,2° 53.1° 64.0%
14 ~14.39 38.7% 60.5%
21 - 5.0% 66.9° 64.4°
st 4.3 7.2 2.0

Trial 2

SF-0 43.6° 61.2 78.0°%
SF-21 14.1¢ 63.6 68.8%
DR-0 34.7° 58.8 73.0%4
d e
DR-21 6.5 59,2 61.9
£
SE 4.0 8.6 1.9

aPercent of N intake.

bPercent of N entering the intestine.

d . Cs . . . .
cr 'eMeans in same column within the same trial with differing

superscripts are significantly different (P < .05).

f
Standard error of the mean.
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TABLE XXXII

PROPORTION OF ABOMASAL NITROGEN PASSING THE
ABOMASUM IN EACH NITROGEN FRACTIONZ

Itemb
Ration Microbial-=N ' NAN - BPN NH3 + Urea
Trial 1
a
0 48.4 94.5 45.3 5.5
a
7 51.2 94.1 45.0 5.9
14 35.6° 94.4 58.3 5.6
a
21 47.0 94.9 48.7 5.1
C
SE 3.1 0.5 4.6 0.5
Trial 2
SF-0 44.5 94.6° 50.2 5.49
SF-21 48.4 9.6 48.3 3.4
DR-O 40.7 95.4%¢ 54.7 4.6%¢
DR-21 48.6 96.5° 48.0 3.6°
C
SE 4.2 0.5 1.4 0.5

a ‘ .
Percent of total N passing the abomasum.

b .
NAN - non ammonia N; BPN - feed bypass N.

c
Standard error of the mean.

e . s . . . .
'“Means in same column within the same trial with differing

superscripts are significantly different (P < .05).
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TABLE XXXIII

TOTAL ABOMASAL PASSAGE IN NITROGEN FRACTIONS
SIMPLE EFFECTS : TRIAL 22

Rationb
Ttem? SF-0 SF-21 DR-O DR-21 SEC
N Intake 91.5 103.8 96.0 109.4 2.8
Abomasal
Passage
Total N- 51.6° 89. 2" 62.7° 102. 4" 4.4
NH_-N 2.7 3.1 2.9 3.5 .6
NAN a8.8" 86.1" 59.8" 98.9" 3.9
ﬁiiiggiﬁl 22.9° 42.1% 25.2° 48.8" 2.7
BPN 25.9% aa.0f 34.6° 50.1% 2.3
NLR 39.9° 14.6° 33.3° 7.0" 3.6
2;;;g§lal_ 5.23°4 8.69"¢ 7.28P3¢ 13.79°F .9
ENU (%) 37.0° 73.3F 428" gg.3" 5.5
BPN/TNI (%) 28,274 42.45F¢ 35.8DFE 45,7°¢ 2.0

qGrams per day unless indicated.

bSF - steam flaked; DR - dry rolled; 0 and 21 - level of cotton-
seed hulls.

cStandard error of the mean.

d,e,f . . . . s s
'“’"Means on the same row with differing superscripts are signifi-

cantly different (P < .05).

D,E,F . . . . . e
'"’"Means on the same row with differing superscripts are signifi-

cantly different (P < .0l).

gNAN - non ammonia N; BPN - feed bypass N; NLR - N lost in the ru-
men; Microbial-CP/DDM - microbial protein synthesis per 100 gms DM fer-
mented; ENU - efficiency of nitrogen utilization; BPN/TNI - % of total
N intake bypassing the rumen.
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TABLE XXXIV

DETERMINATION OF RNA IN ABOMASAI, CONTENTS

Reagents:
1. 18% (w/v) TCA in ethanol.
2. 9% (w/v) agueous TCA.
3. Ethanol saturated with Na acetate
4. Chloroform in ethanol (1:2).
5. Ether in ethanol (1:3).
6. 4 N perchloric acid.
7. 1 N KOH.
8. 7 N KOH.
9., .025 M tris buffer (2—amino—2[hydroxy methyl]—1,3—propanediol),
PH 7.8 (pH adjusted with 3N HCl).
10. 0.5 N HCI. |

11. BioRadAg 1 x 10 (50 - 100 mesh) Cl resin.

Procedure:
1. Weigh out 25 g of homogenized abomasal fluid.
2. Following extractions at 0 to 4 C.

a. Rehomogonize sample with 25 ml of 18% TCA in ethanol then
centrifuge two 25 ml portions for 15 minutes at 35,000 x‘g. Save
residue.

b. Wash residue successively with 25 ml of:

1) 9% aqueous TCA (twice).

2) Ethanol saturated with sodium acetate.

3) Chloroform in ethanol (1:2) (twice).
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TABLE XXXIV (Continued)

4) Ether in ethanol (1:3).
5) Ether (room temperature).
6) Make all separations by centrifuging for 15 minutes at
35,000 x g. Save residue.
c. Dry residue from ether washing at 50 C for two hours under
vacuum. Store.at 4 C.

3. Shake 0.1 g of dry residue with 10 ml of 1 N KOH for 18 hours

at 37 C. Centrifuge at 35,000 x g for 15 minutes.
a. Save Supernatant.
b. Rewash with 1 ml of 1 N KOH and ceﬁtrifuge.
c. Combine supernatants.

4., Add to supernatant 4.4 ml of 4 N perchloric acid, leave 30
minutes and centrifuge at 35,000 x g for 15 minutes. Save supernatant
and neutralize with 7 N KOH (3.5 ml) and 1 N KOH (to pH 7 to 8).

5. Filter supernatant through Whatman No. 40 filter paper and wash
with approximately 10 ml of water.

6. Dilute filtrate to 50 ml with .025 M tris buffer.

7. Place 50 ml on resin column prepared by washing with 10 ml of
0.5 N HC1l and 30 ml of tris buffer.

8. Wash with 30 ml of .025 M tris buffer. Discard this liquid.

9. Elute with 100 ml of 0.5 N HC1.

10. Read HCl elution at 260 nm on UV absorption.
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TABLE XXXV

DETERMINATION OF STARCH IN FEED, DIGESTA AND FECES

Reagents:

1. Agidex enzyme (Gollard-Schlesinger Chemical Mfg. Co., Long
Island, New York.

2. 0.2 M acetate buffer solution, pH 4.5.

3. 5% (w/v) solution of ZnSO4'7H20.

4. 0.3 N solution of Ba(OH)z.

5. Glucostat (4x) (Worthington Biochemical Cbrp., Freehold, New
Jersey) .

6. Liquid paraffin.

Procedure:

1. Add a weighted sample to a 125 ml erlenmeyer flask (0.2 g feed,
0.5 g ingesta and 1.0 g feces.

2. Weigh flask and contents.

3. Add 50 ml distilled water and autoclave at 124 C and 14 atm
pressure for 90 minutes. Place on liquid cool till pressure drops to 1
atm. |

4,‘ Cool to roém temperature.

5. Add 50 hl of acetate buffer solution and ‘0.4 g Agidex enzyme.

6. ReweigH flask and contents.

7. Cover with a thin layer of paraffin oil.

8. Incubate flask and contents at 60 C for 24 hours.

9. Cool to room temperature in water bath.

10. Using 0.2 ml aliquots from flask in place of blood, serum or

plasma, determine the glucose concentration using Glucostat.
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TABLE XXXV (Continued)

Calculations:

1. alpha linked glucose polymers = GC x I%E X %

°

a. alpha linked glucose polymer concentrations in mg/g of
sample.
b. GC = glucose concentration in mg per 100 ml determined from

standard curve.

Q
<
It

flask volume in ml assuming unity density.

ol
=
[l

sample dry weight.

alpha linked glucose polymers (mg/g)
1110

2. % starch =
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TABLE XXXVI

DETERMINATION OF ABOMASAL AMMONIA-N

Reagents:
1. Magnesiuﬁ Oxide (Mgo4)
2. Punmice
3. 25% CaCl2 solution
4. Kjeldahl boric acid solution

5. 1/14 N HC1

Procedures:
1. To kjeldahl flask add 3 to 4 g of Mg04,‘approximately 1 g of
pumice, 1 ml CaCl2 solution and 0.5 ml octanol.
2. Add 10 ml of abomasal fluid and 250 ml water.
3. Distill approximately 200 ml into 50 ml of boric acid solution.
4. Titrate with HCl to neutrality.

5. M1l of HCl equals mg of ammonia-N in 10 ml sample.
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TABLE XXXVII

DETERMINATION OF ABOMASAL UREA-N

Reagents:
1. Phosphate buffer - pH 7.0.

. 4.3 + 10.54 N. P
a 6 g KH2PO4 g a2H O4

b. Dilute to 1 liter.
2. Jack Beam Urease (Type III. 3490 units per gram; Sigma Chemi-
cal Company, St. Louis) Solution. 1 mg/ml phosphate buffer.

3. Ahomasal ammonia-N determination reagents.

Procedure:

1. Incubate 10 ml of abomasal sample with 10 ml of urease solution
in a pH 7 phosphate buffer solution for one hour.

2. Run MgO4 distillation for ammonia-N determination.

3. Urea nitrogen is taken as the increase over ammonia-N.
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