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PREFACE

Scientifically, this research may have raised as many
questions as it sought to answer. While the observations
and facts reported herein afe based on objective measures,
there were additional observations, classified as
"subjective", which were not able to be quéntified.

It is these subjective observations which have in-
trigued me. In the eight months of feeding these steers, I
noticed specific taste preferences for various grains and
proéessing methods. Steam flaked corn appeared to be the
"elite" of cereal grains as evidenced by appetite and time
taken to eat. Consumption of coarser, scratchier grains
(oats and barley) was slower. With high moisture ensiled
corn, there was definitely an increase in the amount of
time needed to consume all of the feed, and physical activ-
ity of the steers was noticeably decreased. While sampling
from the rumens during the in situ trial, it was interest-
ing to note differences in the particle size of the grains,
the degree of ruminal raft, and the homogeneity of the ru-
minal contents. Rolled wheat diets created the greatest
ruminal raft; whereas, steaﬁ flaked grains had the least
raft development. Homogeneity of the ruminal contents
tended to increase as particle size of the grain decreased

and as time increased post-prandially.

iii



About midway of the trials, the steers developed ship-
ping fever, causing the trials to be suspended one month.
The steers in the site and extent of digestion trial had
never received any kind of pre-conditioning, unlike the
steers in the in situ trial which received a complete vac-
cination program. Recovery time for the preconditioned
cattle was definitely shorter than for the other group.
Some research reports indicate limited or no benefit from
preconditioning. This could be due to the method of mea-
suring the response. Differences between the two kinds of
receiving programs might be more pronounced if subacute
cases of shipping fever complex could be identified and
might help to explain "poor-doers" in the feedlot.

About five weeks into the in situ trial, one steer de-
veloped a thiamin deficiency. This deficiency is thought
to be a rare condition, sometimes associated with high-con-
centrate diets. Soon after this steer's bout with thiamin
deficiency, a midwestern feedlot had 27 head succumb to the
same deficiency. There is a need to investigate the nutri-
tional, genetic, and management factors which might predis-
pose feedlot animals to thiamin deficiency.

This kind of endeavor would not have been possible had
there not been the support from a great many people. I
would like to thank Jerry Peterson of Circle E Feedlot,
Inc., Potwin, KS for his cooperation in processing the
steam flaked milo; Dr. Bob Lake of Hitch Feeders I, inc.,

Hooker, OK for his help in processing the steam flaked corn
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and wheat; Ken Rauch, Evergreen Milling, Ada, OK for pro-
cessing the steam rolled barley; and Alan Sharp, 0SU feed
mill manager, for processing the ocats and pelleting the
supplement.

Recognition is extended to Dr. S. J. Barron for his
veterinary expertise in cannulating and attending to the
health of the steers. My gratitude is also extended to
Casey Fussell, Corky Eby, Brendon Roper, David Smith, and
Ken Poling and Steve Welty (supervisors) for their superior
daily care of the steers and help in processing the cotton-
seed hulls for these trials. A second group of people--Re-
nee Raney, Eric Casey, Joan Summers, Riza Karimi, and Candy
Kilcrease--offered uncountless hours of skill and expertise
in the wvarious laboratory analyses. Carolyn Gray is grate-
fully acknowledged for her cooperation and support in
preparing my various manuscripts.

My gratitude is also extended to: Dr. Robert Totusek
for the provision of the resources to undertake this kind
of research, Dr. Joe Ward of Agri-King for. the excellent
amino acid analyses, Dr. Rob Stewart of Hoffmann-LaRoche
Inc. for his cooperation in analyzing the blood thiamin
concentration, and Dr. Marvin Stone, agricultural engineer-
ing, for helping transmit résearch data to the mainframe
computer.

I would also like to thank my committee members, Drs.
F. N. Owens, D. R. Gill, J. R. Kropp, E. C. Nelson, and D.

L. Weeks. Each helped in their own special way. Dr. F. N.



Owens, my advisor, supported me not only financially but
professionally in directing the scope of this research.
Dr. D. R. Gill helped me in the selection and procurement
of the cereal grains. Dr. J. R. Kropp helped facilitate
the purchase and transportation of the steers. Dr. E. C.
Nelson advised me on the laboratory analyses. Dr. D. L.
Weeks spent numerous hours assisting me in the merging and
statistical analyses of the data.

Last, but not least, my appreciation and thank you
goes to my family and my fiance, Kent Newby. My father,
now deceased, instilled in me the love for the land and
agriculture. My mother and brother, Gene, have helped me
maintain this perspective and have supported me faithfully
through the rough and good times. Kent Newby has encour-
aged me to explore new horizons and has helped me to main-
tain a daily sense of humor.

Finaliy I owe a big recognition to the following steers:
FRITZ
YANKEE
SNIP
APOLLO
CASPER
SCOOTER

- COTTON
BLACKY

I developed a deep respect and love for these steers. It

was their trial, and this thesis is dedicated to them.
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CHAPTER I
INTRODUCTION

Cereal grains are the major ingredient in feedlot
diets, providing most of the starch and a considerable
portion of the protein. Corn, wheat, milo, barley and oats
are the grains most commonly ihcluded in midwestern feedlot
rations. Selection of the type of cereal grain for the
ration depends upon availability, cost and facilities for
processing the grain. Grains usually are processed to
improve feed efficiency.

Certain processing methods not only increase total
tract digestibility, but also alter the site (ruminal vs
intestinal) of digestion and absorption of various nutrients
such as protein and starch (Hibberd, 1982). The need for
processing varies with type of cereal grain. Processing may
be minimal, such as with whole shelled corn, or may be very
extensive, as with steam flaked milo.

Several researchers have published reviews of the
factors affecting site and extent of starch digestion in
ruminants (Waldo, 1973; Rooney and Pflugfelder, 1986;
Orskov, 1986; Owens et al., 1986; and Theurer, 1986). There
is a considerable amount of research concerning digestion of

starch in corn and milo, but data on barley, wheat and oats



is less availaﬁle. Information regarding protein
degradation of cereal grains in the rumen is even more
scarce. For oilseed meals, 26 in vivo estimates of bypass
have been published. In contrast, for ail the cereal grains
combined, only 13 values are available (NRC, 1985). These
values are quite variable, and many have been determined in
sheep. Differences between species in terms of particle
retention in the reticulo-rumen and fineness of chewing make
extrapolations of data from sheep to cattle inadvisable
(Stern and Satter, 1982).

Most bypass estimates éonsider only total non-ammonia
nitrogen. Eventually, escape values for individual amino
acids within each protein source will be needed. When the
precise amino acid requirements have been established, it
should be possible to manipulate the amino acid flow at the
duodenum specifically to meet the amino acid requirements.
Ways useful to accomplish this include feeding protected
protein, protected amino acids, or protein sources
relatively stable against breakdown in the rumen, and
adjusting the dietary nutriént balance to achieve a
particular post-duodenal supply (Buttery, 1981).

Preferential hydrolysis of some amino acids from the
peptide or protein molecule by microbes has been suggested
(Chalupa, 1976). More extensive degradation of basic amino
acids was noted by Stern and Satter (1982), although Weakley
(1983) noted that soybean meal escaping microbial

degradation in the rumen had an amino acid composition quite



similar to that of soybean meal fed to steers. With

feedstuffs containing diverse protein types, as with

prolamines and glutelins present in cereal grains, the

potential for discriminatory loss of specific amino acids

greater.

Detailed information on the amino acid profiles

cereal grains escaping ruminal digestion and reaching the

small intestine is needed.

The objectives of this research were as follows:

1.

To determine the differences in starch digestion
and ruminal protein bypass among five cereal
grains.

To examine the effect of grain processing method
upon starch and protein degradation of the cereal
grain in the rumen and small intestine.

To investigate the amino acid profile of bypassed
protein. L

To determine the relationships among pH, rate of
passage .and ruminal disappearance of starch and
protein in cereal grains.

is

of



CHAPTER II
REVIEW OF LITERATURE

This review of the literature is not a comprehensive
summation of all the data published concerning the factors
affecting the digestion of starch and protein in cereal
grains. Instead, this review focuses upon the literature
published after 1973 and upon the factors considered most
important. The review will deal with factors affecting
starch and pfotein digestion in cattle only. Gill (1980)
proposed that grain processing affected factors, such as
particle size, site of digestion, amount of soluble and
bypass protein, rate of availability of carbohydrates and.
nitrogen for ruminal fermentation, and feed intake. These

factors, plus pH and type of grain are discussed below.
Type of Grain and Method of Processing

The major source of energy in formulated feeds for
livestock is éereal grain. Grains are processed to improve
feed efficiency, feed handling, and acceptability to
animals and to livestock owners. Economic considerations
govern not only the extent to which cereals are used in
ruminant feeding,-but also the extent to which processing

of cereals can be justified. While economics of cereal
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processing and feeding very markedly with time, nutritional
aspects apply at any time (Hutton and Armstrong, 1975).

The extent to which protein is degraded in the rumen
depends ubon microbial proteolytic activity in the rumen,
microbial access to the protein, and rumen turnover.
Microbial access to the protein often is the factor
limiting protein degradation in the rumen. Protein from
small grains, such as barley and oats, is more extensively
degraded in the rumen than is the protein from corn (NRC,
1985) .

Processing can increase the efficiency of utilization
of dietary constituents, improve the palatability of high
cereal diets, and consequently improve animal performance.
However, processing is not always essential; unprocessed
grains may be nutritionally equal, or even superior, to
processed grains (Hutton and Armstrong, 1975). Whole
shelled corn can be utilized satisfactorily when roughage
levels are low; it possesses inherent roughage
characteristics. Consequently, whole shelled corn can
serve to reduce the incidence of liver abscesses, to reduce
acidosis and to increase feed intake and average daily
gains. When grain processing costs are high, it may be
advantageous to use whole shelled rather than processed
corn in many feedlot rations (Cole et al, 1976b).

Grain is processed by two basic methods: "hot
processes" in which heat is either applied or created

during the treatment process and "cold processes". These



two categories can be further subdivided into wet or dry
processes. Wet processes add water to the cereal or
harvest and store the grain at a high moisture content.

Examples of these processes (Hale, 1973) are listed below:

Dry Processing Wet Processing
Whole grain Soaking
Grinding Steam rolling
Dry rolling or Steam processing
cracking and flaking
Popping Reconstitution
Extruding Exploding
Micronizing Pressure cooking
Roasting Early harvesting
Pelleting Ear corn silage
Thermalizing Sorghum head silage

Processing of cereal grains can alter both the
physical form and the chemical composition of the grains.
Processing improves the utilization more for sorghum grain
and corn than for barley and wheat. Utilization of milo
can be improved 15% by proper steam processing and flaking
(Hale, 1973). Corn also is improved by steam processing
and flaking. Galyean (1977) with in situ studies noted
than more dry matter and starch were digested from steam
flaked corn within each particle size and time than for
dry, ground corn. Steam processing and flaking improved
digestibility of barley only if the digestibility of the
barley was low (Parrott et al., 1969).

Generally, corn has more starch (68 vs 60%), but less
protein (10 vs 13%) than milo (Wagner, 1978). The
distribution of the protein among different wet-milling
fractions differs between sorghum and corn. Starch

granules are embedded or surrounded by a protein network,



described as a proteinaceous matrix. This matrix may
reduce the feeding value by restricting the accessibility
or availability of the starch to digestion in the rumen
and/or intestine. The bran and germ portion represents‘the
seed coat and embryo of the grain or kernel, while the
gluten and peripheral endosperm cell fractions include this
protein matrix. The peripheral endosperm cell fractioh is:
3 to 4 times greater in sorghum grain than corn. This
suggests a much tighter encapsulation of starch within the
kernel so more effort must be expended to obtain full
utilization of starch. This is one of the reasons that
sorghum is improved more than is corn by processing.
Processing methods such as steam flaking and
reconstitution raise sorghum digestibility to near that of
corn. Processing methods affect the disruption of the
protein matrix and simplifyvaccess of bactérial or animal
enzymes to the starch granules (Hale, 1973). Starch
granules undergo gelatinization, or irreversible loss of
native structure, when sufficient energy is applied to
break intermolecular hydrogen bonds in crystalline areas.
During gelatinization, the starch granules absorb water,
swell, exude part of the amylose, become more susceptible
to enzyme degradation and lose birefringence.
Digestibility of the starch generally is inversely
proportional to amylose content (Rooney and Pflugfelder,

1986) .



Heat processing also may induce other changes in the
chemical composition of the dry matter of cereals. In some
cases reduced oil levels have been noted. This may be due
to de-germing of cereals under some conditions of
processing because the major oil-containing components of
cereal grains is the germ. With corn, the fines remaining
beneath the rollers after flaking may contain up to 20% oil
and 14% crude protein. Therefore, physical removal of
grain components rich in specific nutrients is of major
significance in any consideration of processing and product
composition (Hutton and Armstrong, 1975).

Certain feed processing methods (pelleting, extrusion,
steam rolling and flaking) generate enough heat to alter
feed protein (NRC, 1985). Thus, the form and amount of
protein required for optimal growth may change drastically
when the physical and chemical form of the feed is changed
by processing (Prigge et al., 1978). Heating can disrupt
the crystalline structure of cereal starches and greatly
increase rates of hydrolysis and fermentation (Baldwin and
Allison, 1983). Whether heating renders protein less
susceptible to ruminal attack depends on the degree of heat
and the type of protein. Depressed nitrogen and oil
content in heat processed éereals may result from de-
germing of the cereal grains, and/or loss of ammonia from
non-protein nitrogenous constituents such as glutamine,
asparagine, or amides in the grain. The extent of de-

germing is dependent on the physical conditions associated



with the rolling or flaking processes; nitrogen loss
depends upon the temperature of processing (Hutton and
Armstrong, 19f5). Although all protein reaching the small
intestine is assumed to have a digestibility of 68% (NRC,
1985), combarable digestibility for zein and casein would
be surprising based on digestion studies with non-ruminant
animals. This can be confirmed by Little and Mitchell
(1967) who abomasally infused lambs with four different
proteins (purified soybean, zein, gelatin, and casein) to
compare intestinal digestibilities and utilization.
Protein digestibilities were 73.50, 54.86, 79.08, and
78.52%, respectively.

Anti-nutritional factors, such as enzyme inhibitors,
phytates, lectins, and tannins also may affect starch
utilization. Tannins present in brown, bird resistant
sorghums will bind protein and. inhibit some enzymes (Rooney
and Pflugfelder, 1986).

In the past, attention has focused primarily on the
starch portion of cereal grains because starch constitutes
70 to 80% of the grain by weight and cereals provide a
major energy source in animal feeds. Waldo (1973) reported
average starch concentrations of 71.9, 70.2, 63.8, 44.7 and
64.6 for corn, sorghum, wheat, oats, and barley,
respectively. The effect of processing on the utilization
of cereal proteins, lipids, vitamins and mineréls has

received little attention (Hutton and Armstrong, 1975).
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With high moisture corn, most of the vitamin E present is
lost during storage (Young et al., 1984). Thiamin
deficiencies have been noted among cattle fed high grain
diets, yet supplementation of high-concentrate diets with
thiamin has yielded inconsistent results (Grigat and
Mathison, 1982). Could this be due to the type of grain

fed and the method of processing?
Particle Size

Adequate flaking following heat treatment of cereal
grains is needed to achieve an appreciable degree of
gelatinization (Hutton and Armstrong, 1975). During steam
flaking, water and heat move into the kernel, causing
swelling of starch. Rolling of the hot, moist grain
disrupts some of the swollen granules, forming a paste that
binds the remaining material into a strong flake. The
surface area and enzyme susceptibility of the starch are
greatly increased (Rooney and Pflugfelder, 1986).

Increases in flake flatness improve starch digestion. Poor
flakes are no better than the untreated grain (Hale, 1975).

For feeding to cattle, barley should be coarse ground
or rolled prior to feeding. Comparisons between cold and
heat processed barley have given contradictory results, but
small improvements with heat processed barley generally are
not associated with increased digestibility. Wheat grain
also does not respond to heat processing. The slightly

adverse effect of steam flaking on wheat digestibility has
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been attributed to the extremely fragile nature of the
flakes and the high percentage of fines produced (Hutton
and Armstrong, 1975). Hinman and Johnson (1974) noted that
starch digestion was greater for ground sorghum grain than
for dry rolled sorghum grain and attributed this effect to
differences in particle size.

Feeding larger particle sizes of corn to sheep does
not decrease total tract digestibility in sheep, but
feeding larger sizes to cattle has reduced digestibility
consistently (Waldo, 1973). Species differences (sheep and
goats versus cattle) appears to be associated with the size
of the reticulo-omasal orifice. For larger animals the
size of the orifice does not prevent whole grain from
entering the abomasum. If grains are not cracked during
eating, there is a low likelihood that it will be digested
because access to bacteria and digestive enzymes requires
fracture of the seedcoat (Orskov, 1981). However, some
degree of alteration of the whole kernel beyond mastication
damage is necessary to maxiﬁize ruminal and total tract
digestibility, as whole corn generally is lower in these
measurements than are ground diets (Galyean, 1977).

Rate of digestion of staréh from grain in the rumen
varies inversely with particle size of the grain (Galyean
et al., 1981). With processed grains, amylolytic bacteria
attach immediately. Colonization of starch is very rapid

with steam flaked or gelatinized starch. The proportion of
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microbes which are attached to particles has been constant
with diets ranging from 25 to 75% concentrate (Owens,
1985) .

Corn digestibilities by cattle are maximum when the
geometric mean diameter is between .83 and 2.9 mm (Waldo,
1973). In one trial, digestible energy values increased as
particle size of whole corn was reduced to .64 cm. Kim and
Owens (1985) reported that processing to a particle size
larger than 250 um but smaller than 1000 um may be ideal
for abetting flow of digestible starch to the small
intestine. Galyean (1977) indicated that for dry corn
grain particle size is more important than time of ruminal
incubation for dry matter and starch digestion. Dry matter
digestion approximately doubled as particle size was
reduced by half from 3000 to 1500 to 750 microns. But for
steam flaked corn, time of incubation appeared to be more
important than particle size for digestion rate of starch
and dry matter in the rumen. Conversely, particle size
appeared to have a greater impact than time on ruminal
digestion rate of high moisture corn. Increased time for
fermentation could not overcome effects of particle size on
dry matter digestion of unprocessed corn. Particle size
also had significant'effects on digestion of dry matter
from sorghum grain.

Although particle size reduction of grain increases
the extent of starch digestion in the total tract,

especially in the rumen, smaller particles also expose more
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surface area to microbial attack in the rumen and in the
large intestine and to enzymatic attack in the small
intestine. The physical size of particles containing
starch also can limit digestion of starch in the intestine
(Hinman and Johnson, 1974, Owens et al., 1986). Particles
reaching the small intestine from whole corn often are
large and are not extensively attacked in the small
intestine. Teeter et al. (1980) found that 67 to 75% of
the total starch in the feces of steers fed whole corn was
present in whole corn particles. Passage rate of particles
from the rumen also can be influenced by particle size
(Poppi, 1980), though for large particles, increased

fermentation time has limited benefit.

Rate of Availability of Carbo-
hydrates and Nitrogen for

Ruminal Fermentation

Processiﬁg of grains to increase starch digestion in
the entire tract of the ruminant animal invariably
increases the amount and proportion of starch digestion
occurring in the rumen. From 42 to 98% of the starch
digested by ruminants occurs in the rumen (Waldo, 1973).
Processing improves the efficiency of grain utilization by
increasing the total amount of starch digested by the rumen

micro-organisms and/or the animal (Hale, 1973).
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The amount of starch fermented in the rumen depends

upon the cereal grain fed and the method of processing

(Hinman and Johnson, 1974). Waldo (1973) concluded ruminal
digestion of barley starch was 94%. In contrast, corn

starch digestibility was only 74%. More corn than barley
starch escaped ruminal digestion. Sorghum starch
digestibility was 42%, lower than any values for ground
corn. Quantifative data on ruminal digestion of wheat or
oat starch by cattle is limited. Axe et al. (1987)
reported ruminal starch digestibilities of wheat were
93.5%.

Ruminal digestion of barley starch is not affected by
cereal processing method. In contrast, processing of corn
may affect particle size, and thereby, ruminal digestioh.
Compared with processing methods that reduce particle size,
ensiling generally increases ruminal more than intestinal
digestion of starch (Owens et al., 1986). Gill (1980)
ranked (in descending order( ruminal digestion of processed
corn types as 1) steam flaked, 2) ground high moisture, 3)
acid treated high moisture, 4) dry rolled, and 5) whole
shelled corn. Flaking increased ruminal digestion of corn
starch equivalent to that of barley starch. Moist heat
treating of sorghum starch increased ruminal digestion to
equal that of barley (Waldo, 1973).

To maximize efficiency of animal production and reduce
the need for intact protein in the diet, microbial

digestion in the rumen is useful. Output of microbial
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yield from the rumen generally increases as the amount of
organic matter fermented in the rumen increases (Owens,
1985). Hence, carbohydrate and protein digestion in the
rumen are interdependent. Bacterial cells represént a
sizable energy and protein by-product of ruminal
fermentation even on natural protein feeds. As nonprotein
nitrogen use increases, the importance of bacterial protein
as a source of essential amino acids increases. Waldo
(1973) reported that the quantity of bacterial protein
synthesized per 100g oM digested ranges from 8.2 to 23 g.
Processing of corn or sorghum starch to increase ruminal
digestion should increase the contribution of microbial
nitrogen. Reconstituting and steam flaking sorghum also
increased ruminal breakdown of feed protein.

In contrast to total yield, microbial efficiency is
independent of yield. Efficiency usually is greater with
less extensive digestion in the rumen and lower total
yield. Hence, microbial efficiency usually is greater with
whole than processed grain diets despite lower total yield
(Owens, 1985). Cole et al. (l1976a) noted microbial
efficiency was greater with dry rolled than steam flaked

corn.

Site of Digestion in the

Gastrointestinal Tract

The effects of heat processing of cereals on the site

of digestion may be even more important than processing
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effects on overall digestibility of the cereal (Hutton and
Armstrong, 1975). Site of digestion of starch and protein
is shifted downstream by increased feed intake, decreased
grain processing or less buffering of the ration (Owens et
al., 1980). For 51 observations, Waldo (1973) reported
that total tract starch digestibilities for barley, corn,
and sorghum averaged 99%. Total utilization efficiency
should be reduced as ruminal starch digestion increases due
to the heat and methane losses with microbial fermentation.
Concentrate rations that introduce starch in the small
intestine for enzymic digestion should be more efficient
than those exfensively fermented in the rumen provided that
little starch fermentation occurs in the large intestine.
Performance data from growing cattle fed processed corn and
sorghum grains indicate that starch is used more
efficiently if it is digested in the small intestine rather
than in the rumen (Owens et al., 1986). Processing also
probably enhances energy and N economy for the animal by
minimizing starch fermentation and microbial protein
synthesis in the lower gut (Theurer, 1986).

Starch fermentation in the rumen has as energetic
efficiency of 75 to 80%. Corn starch escaping fermentation
may contribute up to 8.6 g glucose/kg'75 to the ruminant.
The bovine small intestine can digest up to 7.7 g corn
starch/kg'75/day. Up to 14.2 g sorghum starch/kg‘75/day
has entered the small and large intestine with total tract

digestibility at 97% (Waldo, 1973). Processing of corn or
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sorghum decreases intestinal starch digestion 33% or more
compared with post-ruminal starch digestion of nonprocessed
corn or sorghum grain (Theurer, 1986).

Orskov (1986) reported the capacity for raw digestion
of corn starch in the small intestine of sheep is limited
to 100 to 200 g/day; gelled starch could be digested in
quantities up to 200 to 300 g/day. Owens et al. (1986)
reported between 18 and 42% of the total dietary starch
from corn and sorghum grains fed to cattle reaches the
small intestine. In the small intestine, from 47 to 88% of
the presented starch is digested, while in the large
intestine, 33 to 62% of the presented starch is digested.
Despite decreasing supbly to the intestine, processing
tended to increase digestibility of starch reaching the
intestines.

Orskov (1986) suggested that the capacity for post-
ruminal digestion of starch is limited by lack of enzymes
for hydrolysis of short chain di- and oligosaccharides and
also by capacity for absorption of glucose. Though limits
to digestion in and absorption from the small intestine can
be demonstrated by infusing starch and glucose into the
duodenum, Owens et al. (1986) stated that enzymatic
capacity doesvnot appear to limit intestinal starch
digestion because no plateau in the amount of starch
disappearing from the small intestine can be detected with

typical diets. Yet, extent of digestion is incomplete.
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Digestibility of unfermented dietary protein in the
small intestine variés considerably, especially if the
protein has been processed to reduce its availability in
the rumen. If intestinal digestibility is low, then
fermentation in the caecum and colon can lead to a wasteful
loss of nitrogen as ammonia. The digestibility of total
nitrogen in the small intestine varies from about 60 to
70%. This is a composite value for the microbial cells
including the cell walls, the resistant plant materials and

the digestible escape feed protein (Thomas and Rook, 1981).

Amount of Soluble Protein

and Protein Bypass

Protein flow to the small intestine of the ruminant is
the sum of the dietary protein which escapes ruminal
degradation and the microbial protein (bacterial and
protozoal protein) synthesized in the rumen (Stern and
Satter, 1982). Ruminal bacteria and protozoa alone provide
insufficient amounts of protein for high producing
ruminants. Hence, increased ruminal bypass (escape)
protein may increase production of high producing ruminants
(NRC, 1985). The solubility of dietary protein influences
both the extent to which it escapes degradation in the
rumen and thereby, the flow and composition of protein
entering the small intestine. Only the protein degraded in
the rumen provides nitrogen for microbial protein synthesis

(Thomas and Rook, 1981).
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Proteins of low solubility generally are utilized more
efficiently than proteins of high solubility; more dietary
protein reaches the intestine intact and less cycles
" through the process of degradation to ammonia and
resynthesis into microbial protein (Prigge et al., 1978).>
Conversely, for effective rumen fermentation of dietary
'carbohydrates, an adequate supply of ammonia nitrogen must
be present to promote microbial growth and activity. If a
sizeable fraction of the nitrogen in feeds cannot be
degraded (or converted) to ammonia nitrogen, extent of
digestion in the rumen can be depressed with an concomitant
depression in animal performance (Bergen, 1976). However,
if the dietary protein is of poor quality (amino acid
composition), utilization may be improved through ruminal
degradation and conversion into microbial protein (Prigge
et al., 1978).

Heat processed cereals generally have nitrogen with
very low solubility but a high rate of starch fermentation
in the rumen. Thus, more amino acids may be available for
absorption in the duodenum 5f ruminants fed processed than
unprocessed cereals, particularly when non protein nitrogen
is supplemented. Availability of amino acids, or more
precisely specific amino acids, in the duodenum often is
the first limiting factor for ruminant animal production

(Hutton and Armstrong, 1975).
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High moisture processing methods result in similar
improvements in animal performance as do heat/moisture
processed grains; however, very little of the starch in
high moisture grains is gelatinized. Solubilization of the
protein matrix surrounding starch granules is extensive
during high moisture storage. This increases accessibility
of starch granules to rumen microorganisms. Additionally,
water penetration may cause embryonic development which
causes the aleurone layer to secrete amylases to liquify
the starch. 1In either case, increased protein solubility
éenerally accompanies improvement in the availability of
the starch (Smith, 1976).

With high moisture feeds, 35 to 75% of the protein is
in a water soluble form (Gill, 1980). Solubilization of
nitrogen varies with moisture content of the grain in
ensiling (Galyean, 1984). At higher moisture contents,
soluble protein, percentage starch, and starch availability
of the fermented grain all increase (Aguirre, 1984). If
ammonia is being released in the rumen from high moisture
corn, as would be expected from the high soiubility of
nitrogen and it does not accumulate in the rumen, either
ammonia use by rumen bacteria must be enhanced or ammonia
absorption must be accelerated. Usually ammonia is used
more extensively for microbial protein synthesis with high

moisture grain rations (Prigge, 1976).
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The requirement for supplemental rumen bypass protein
may be greater in the case of feeding high moisture corn
than dry grain. Reduced rates of passage from the rumen
and rumen tufnover may depress microbial efficiency (output
of microbial protein per unit of organic matter digested in
the rumen) which could depress the amino acid supply of the
animal. Conversely, ensiled feeds may be exposed to
elevated temperatures for a sustained period of time during
fermentation. This would render protein more resistant to
ruminal fermentation. Heat damaged protein may or may not
be available for post-ruminal digestion (Merchen and
Satter, 1983).

The two forms of processing which promote the greatest
amount of ruminal fermentation (steam flaking and high
moisture harvest) will likely be the two forms which
promote the greatest degree of protein destruction in the
rumen. Steam flaked and high moisture corn also should
enhance conversion of rumihal ammonia to microbial protein.
Cole et al. (1976a) found more nitrogen tended to be lost
from the rumen with steam flaked than with dry rolled corn.
They suggested that the process of gelatinization exposed
more of the corn protein for microbial attachment.
Microbial protein synthesis per unit of dry matter
fermented and bypass of dietary protein were greater with

whole shelled and dry rolled corn than with steam flaked
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corn. Compared with processed grain, whole shelled corn
feeding should assist in bypassing a larger amount of both
the grain and protein supplement (Gill, 1980).

In contrast, factors which increase starch digestion
(processing and grain sources) may reduce feed protein
escape while increasing the amount of microbial nitrogen
presented to the intestines (Theurer, 1986). Some
exceptions are apparent. Galyean et al. (1976) reported
that less of the total corn nitrogen (8 vs 12%) was soluble
in steam flaked than dry rolled corn. Several processing
treatments (heat, tannin, formaldehyde, etc.) have been
used to decrease the proportion of dietary protein which is
degraded in the rumen. The most favorable processing
conditions have been shown to produce a net increase in the
flow of amino acids to the small intestine and in their
absorption, although responses differ between specific

amino acids (Thomas and Rook, 1981).
Rate of Passage

Large differences between the performance of animals
fed the same diet now are known to be ascribed primarily to
differences in ruminal outflow rate and partially to
differences in fermentation rate of starch (Orskov, 1986).
Greater ruminal fermentation of dry matter and starch from
high moisture grainé versus other processing methods may be

due to a lower rate of passage from the rumen. Lower rate
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of passage also may be associated with depressed microbial
efficiencies and could depress the amino acid supply to the
animal (Smith, 1976).

Turnover rate of rumen contents is an important factor
in the increased efficiency of microbial protein synthesis.
Increased efficiency of energy utilization is associated
with a dilution of the maintenance expenditure of bacteria,
decreased storage of carbohydrates by bacteria and or a
reduction in protozoal numbers and predation on bacteria
(Prigge et al., 1978).

Chemical and physical factors which alter rumen
turnover, such as rate of digestion, rumen fill, rate of
passage, particle size and saliva flow should have a
profound impact on microbial protein synthesis (Prigge et
al., 1978). Complex interrelationships exist between these
chemical and physical factors. For example, ruminal liquid
outflow parameters, though not significantly influenced by
corn particle size, tend to increase with increasing
particle size (Galyean, 1977). Sharp et al. (1982)
observed liquid turnover rates were 29% greater (P<.10)
with steers fed corn in the whole rather than the ground
form; this might be attributed to greater salivary input.

With high concentrate diets, the dilution rate is
generally low (Thomas and Rook, 1981). Cole et al. (1976a)
indicated that at low dilution rates, ruminal microbial
protein synthesis is highly dependent upon the rumen

dilution rate. However, microbial efficiency is not always
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directly related to fluid passage; occasionally the
relationship has been inverse. Instead, particulate
passage rate often is found to be more closely related to
microbial efficiency than fluid passage rate (Owens, 1985).
Accelerating the rate of passage of processed grain, by
addition of certain roughages such as cottonseed hulls,
should shift the site of digestion of both starch and
protein to the intestine and may improve energetic
efficiency (Kim and Owens, 1985).

Consistency of duodenal and ileal digesta varies
drastically with diet composition. High viscosity could
limit the exposure of particles or solutes to the
intestinal wall, and theoretically could reduce starch
digestion in the small intestine. Watery digesta dilute
enzymes and reduces their concentration. Digesta flow at
the ileum appears to increase with fiber content of
digesta, so time for intestinal digestion of starch may be
altered by fiber source and digestibility (Owens et al.,

1986) .

PH

Low ruminal pH often occurs when starchy grain is
included in diets for ruminants. This drop in pH depresses
fiber digestion. Some of this problem can be overcome by
reducing extent of cereal processing and other methods that

prevent low ruminal pH (Orskov, 1986).
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Conversely, extensive grain processing may reduce the
time during which fiber digestion is depressed and permit
compensatory digestion of fiber to resume either later in a
feeding cycle or later in the digestive tract. With
unprocessed grains, the degree of inhibition of fiber
digestion immediately after the meal is less, but the pH is
depressed for a more prolonged time as the grain is
masticated and becomes available later in the feeding cycle
(Owens, 1985). Thus, with meal-fed animals, grain
processing can alter extent of fiber digestion. With
nibbling animals consuming meals frequently, this
interaction would not occur.

Barrio (1984) suggested that the extent of proteolysis
in the rumen is modified by diets which alter ruminal pH
primarily because pH influences protein solubility. With
most protein supplements, protein solubility decreases as
pH decreases, but with protein from corn grain, solubility
instead increases as pH decreases (Isaacs and Owens, 1972).

Feeding ground grain diets results in some problens,
namely inadequate saliva secretion to maintain ruminal pH
between 6 and 7 and inadequate physical structure in the
feed to stimulate ruminal motility. Animals fed processed
diets spend less time eating and ruminating, both
activities which stimulate salivary secretion. Because VFA
production is high due to rapid fermentation, ruminal pH
often is low so animals can suffer from ruminal acidosis

and parakeratosis. Ruminitis and parakeratosis result in
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clumping and necrosis of ruminal papillae. Cattle hairs
may become embedded in the epithelium, resulting in
bacterial invasion into the portal system. Consequently,
liver abscessés frequently occur. Lack of fibrous
structure in finely ground diets leads to lack of tactile
stimuli, inadequate abrasion of ruminal epithelium and
reduced ruminal motility (Orskov, 1986).

The method of processing can alter ruminal pH. With
high moisture corn, rumen pH usually is lower than with
other processing methods, probably because of an increase
in the readily fermentable energy (Prigge, 1976). Because
whole grain has less surface area exposed, it is fermented
more slowly than processed grain. Animals spend more time
chewing and ruminating, both of which increase saliva
production and ruminal buffering of pH. This tends to
decrease ruminal propionate production and ruminitis
(Orskov, 1986). Galyean et al. (1976) noted that VFA
concentrations tended to be inversely related to ruminal
PH.

In cattle, particularly larger cattle fed whole grain
diets, up to 30% of the whole grain can appear in the
feces. Thus, external processing is required to maximize
efficiency (Orskov, 1986). The challenge is to select a
processing method which produces grain with a slow rate of
ruminal fermentation but remains easily digested post-

ruminally.
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Intestinal pH depends on diet composition. Cattle fed
non-buffered all-concentrate diets have intestinal pH
values which are considerably lower than the 6.9 necessary
for optimal activity of pancreatic alpha amylase (Wheeler
and Noller, 1977).

With processed grains, fiber digestion in the cecum
plus large intestine can compehsate for some of the
depression in the rumen; such renewed fermentation is not
as extensive with less well processed diets. Compensatory
digestion in the large intestine with rolled or whole grain
diets usually is depressed, probably due to renewed starch
fermentation in the large intestine which reduces pH and
inhibits digestion of cell wall materials (Aguirre, 1984).
Thus, grain processing can alter the composition of
digestion in the intestines (Owens et al., 1986).

Low fecal pH generally is associated with large
amounts of starch in feces of cattle fed high concentrate
rations. In two cattle trials, the correlation
coefficients relating fecal pH to starch in feces were -.82
and -.94 (Wheeler and Noller, 1977). Turgeon, Jr. et al.
(1983) also noted a negative relationship (r=-.42) between
fecal starch and fecal pH. Thus, a relationship between a
suboptimal pH in the small intestine and decreased
utilization of dietary starch is indicated. A low fecal pH
reflects incomplete starch digestion, but whether this is
due to animal effects or poor grain processing can not be

easily determined. Altering pH of the small intestine by
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adding dietary buffers appears physiologically impossible
(Owens et al., 1986). 1In contrast, Gill (1980) indicated
fecal pH shows nothing. He noted that the dryer the feces,
the higher the starch content. If this trend holds, then
feces which worry cattle feeders the most may reflect the

highest starch utilization.
Conclusions

Compiex interrelationships exist between the type of
grain/method bf processing and the factors affecting starch
and protein digestion in feedlot cattle. Further research
is needed to ascertain the quantitative importance of these
parameters and to determine the responses achieved at
variable levels of feed intake and with variable
proportions of the cereal grain in the diet. Only then
will it be possible to formulate least cost but highly

efficient rations for feedlot cattle.



CHAPTER III

EFFECT OF CEREAL GRAIN TYPE AND METHOD OF
PROCESSING UPON THE SITE AND EXTENT

OF DIGESTION IN FEEDLOT STEERS

B. E. Doran, F. N. Owens and D. L. Weeks

Oklahoma Agricultural Experiment Station, Stillwater 74078

Summary

Five grains (wheat, oats,.corn, barley, and milo),
processed by five methods [rolling, high moisture ensiling
(25% and 35% moisture), steam flaking, and steam rolling]
were fed to steers in three 5 x 5 latin square design ex-
periments to investigate the effect of cereal grain type
and method of processing upon the site and extent of diges-
tion. Grains with larger particle sizes (whole shelled
corn and rolled corn) tended to produce lower ruminal pH
values than smaller grains processed similarly. Type of
grain did not affect rumen volumes or passage rates of
fluid or Yb-labeled grain particles. Rolled corn, wheat,
and barley had greater total tract and ruminal organic mat-
ter digestion than rolled milo or oats. Rolled milo had
less ruminal and total starch digestion than rolled corn,

barley, wheat, or .ocats. Wheat had less ruminal escape

29
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protein and produced greater ruminal ammonia concentrations
than corn and milo. Total tract N digestion was positively
related with total tract starch digestion (r=.49; P<.0001).
More extensive grain processing (steam flaking versus
rolling) tended to produce lower ruminal pH, lower ruminal
ammonia, and higher fecal pH values. Ruminal fluid passage
rates were greatest (P<.04) with 25% high moisture ensiled
corn, but grain particle passage rates and rumen volumes
were not altered by grain processing methods. As extent of
processing increased, total organic mattef and starch di-
gestion tended to increase primarily due to increased rumi-
nal digestion. For protein, total tract digestion tended
to increase but ruminal digestion was decreased by more ex-
tensive processing.

(Key Words: Grain Processing, Grain Type,.Protein Diges-
tion, Starch Digestion, Steers) '

Introduction

Cereal grains, the major source of energy and protein
in feedlot diets, usually are processed to improve feed ef-
ficiency (Hutton and Armstrong, 1975). Certain processing
methods not only increase total tract digestibility, but
also can alter the site (ruminal vs intestinal) of diges-
tion and absorption of various nutrients such as protein
and starch (Hibberd, 1982). While the effects of process-
ing upon starch digestion from sorghum, corn, and barley

have been investigated extensively, less data is available
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for oats and wheat. Little data exists concerning effects
of the type of grain or method of processing upon the rate
of ruminal exit of the cereal grains.

Protein flow to the small intestine of the ruminant is
the sum of the dietary protein which escapes ruminal degra-
dation and the microbial protein (bacterial and protozoal
protein) synthesized in the rumen (NRC, 1984). More quan-
titative information on the extent of protein degradation
from cereal grains in the rumen is needed. For barley
grain, only two escape values (.14, .28) have been deter-
mined, both with sheep; for corn three values (.48, .64,
.73) are available; for sorghum grain (milo) eight wvalues
(.20 to .69) have been published (NRC, 1985). Differences
between species in terms of particle retention in the
reticulo-rumen and fineness of chewing make extrapolation
of data from sheep to cattle inadvisable (Stern and Satter,
1982). Further information concerning the effects of grain
source, grain processing and ruminal conditions on ruminal
escape and small intestine digestion of protein from cereal
grains is needed to properly formulate and process diets
for growing and finishing cattle.

The objectives of the research were 1) to determine
the differences in extent of starch digestion and ruminal
protein bypass among five cereal grains; 2) to examine the
effects of grain processing methods upon starch and protein
degradation of the cereal grain in the rumen and the small

intestine; and 3) to determine the relationship between
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rate of passage and ruminal disappearance of starch and

protein in cereal grains.
Materials and Methods

Five steers (282 kg) each fitted with a ruminal can-
nula and t-cannulas in the duodenum proximal to the bile
duct and in the ileum were used in three 5 x 5 latin square
designs. Diets (Tables 1 and 1A) consisted of cereal grain
(77%) , cottonseed hulls (12%), molasses (2%), and a pel-
leted supplement (8.5%). Urea was added to diets to avoid
deficiencies of ruminal ammonia and maintain maximum micro-
bial activity. Chromic oxide (.30%) was added as an indi-
gestible marker. Treatments in the first latin square in-
cluded rolled corn (RC), whole shelled corn (WSC), steam
flaked corn (SFC), rolled wheat (RW), and steam flaked
wheat (SFW). The second latin square examined differences
among high moisture corn at 25% and 35% moisture levels
(C25 and €C35), rolled corn (RC), steam flaked milo (SFM),
and rolled milo (RM). The final latin square tested dif-
ferences among rolled barley (RB), steam rolled barley
(SRB), rolled corn (RC), rolled oats (RO),‘and whole oats
(WO). Steers were fed twice daily at 0630 and 1830 h so
that daily dry matter intake was equal to 1.5% of each
steer's initial weight.

Grains were processed commercially from a single batch
of grain. Whole shelled corh was number two, yellow dent

corn grown in 1985. Part of this corn was dry rolled and



Table 1. Composition of Finishing Diets

Ingredient % of Dry Matter
Grain?® - 77.22
Cottonseed hulls (IFN 1-01-599) 12.00
Cane molasses (IFN 4-04-696) 2.00
Chromic oxide® .30
Pelleted supplement 8.48

Calcium carbonate (IFN 6-01-069)
Dicalcium phosphate (IFN 6-01-080)
Vitamin A-30€

Potassium chloride (IFN 6-03-755)
Trace mineral salt

Sodium sulfate (Na S04) (IFN 6-04-292)
Urea (IFN 5-05—070?

Rumensin 60

Tylan 40€

Dry rolled corn (IFN 4-02-931)

Analysisf
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ferains fed were dry rolled and whole shelled corn (IFN 4-

02-931); steam flaked corn (IFN 4-28-244); 25% and 35% high

moisture corn (IFN 4-20-770); rolled and steam flaked wheat
(IFN 4-05-268); rolled milo (IFN 4-20-894); steam flaked
milo (IFN 4-16-295); rolled and whole oats (IFN 4-03-309);
and rolled and steam rolled barley (IFN 4-00-549).

bal1l diets contained chromic oxide as an indigestible

marker.

Cvitamin A-30 = 30,000 USP/qg.
dRumensin 60 = 60 g/lb.
€rylan 40 = 40 g/lb.

fAnalysis for each diet is presented in Table 1A.



Table 1A. Analysis of Finishing Diets
Diets

Item RC WSsC SFC 25C 35C RW SFW RM SFM RO WO RB SRB
Crude protein, % 11.28 11.05 10.41 11.41 11.62 15.01 14.71 11.92 11.92 12.94 1238 1426 13.96
Starch, % 68.09 69.41 69.60 56.23 58.65 64.74 5897 65.21 64.01 41.55 37.72 59.65 59.46
Acid detergent

fiber, % 10.80 10.36 9.70 11.40 11.94 10.05 9.50 11.10 10.65 22.85 22.16 12.13 13.49
Ash, % 473 4.69 470 4.62 476 517 5.08 478 5.00 6.23 6.51 5.53 5.57
Chromic oxide, % 29 24 31 29 29 29 30 29 29 28 28 29 28

e
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part was steam flaked. Steam was applied at 210°F at
atmospheric preésure for one hour. The roller was set to
achieve a bulk density of 26.1 pounds per bushel. Dry
matter content was taken on the rolled corn, and the amount
of water to be added to the grain to achieve a final
moisture content of 25% or 35% was calculated. This amount
of water then was added to the grain in a horizontal mixer
and allowed to mix with the rolled corn for 20 minutes.

The moistened corn was double bagged in plastic, excess air
was evacuated by vacuum pump, and the bags‘were double
secured. The corn was allowed to ensile at room
temperature (70°F) for nine weeks prior to feeding.

Whole red winter wheat was grown in 1986 and was num-
ber one quality. Part of this wheat was dry rolled so as
to barely crack the kernel; part of the whole wheat was
steam flaked. Water was added at the elevator at 3%
(raised the moisture from 10 to 13%) for four hours. Steam
was applied at 210°F at atmospheric pressure for one hour.
The roller was set to achieve a bulk density of 27.4 pounds
per bushel.

Whole milo was grown in 1986 and was number two qual-
ity. Part of the milo was dry rolled so as to barely crack
the kernel; part of the milo was steam flaked. Super Kem-
flake Liquid (contains propionic acid, deionized water, am-
monium chloride, trisodium phosphate, monoglyceride,
diglyceride, acetic acid, propylene glycol, and artificial

color; produced by Kemin Industries, Des Moines, Iowa) was
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applied via a surge bin above the steamer at a rate of
.013% of the total finished ration (.3 pound per ton of
milo) for 45 minutes. Water also was applied in the surge
bin above the steamer at a rate of 3.6% for 45 minutes.
Steam was applied for 45 minutes at 210°F at atmospheric
pressure. The roller setting yielded flakes with a bulk
density of 20 pounds per bushel.

Number two barley, grown in 1986, was purchased as
whole and steam rolled barley. The whole barley was dry
rolled to just barely crack the kernel. Steam rolled bar-
ley was steamed at 125°F for 20 to 25 minutes. Whole oaté
were grown in 1986 and were dry rolled in a roller mill to
just crack the hulls.

To characterize the grains, random samples were dry
sieved through a series of screen sizes (8mm, 4mm, 2mm,
lmm, 500 microns, 250 microns and 125 microns) to determine
their particlé size distribution (Table 2). Bulk densities
(9/100 cc) of the feeds were 43.51 (SFC), 66.70 (RC), 76.65
(Wsc), 56.10 (25C), 64.62 (35C), 62.35 (RW), 54.87 (SFW),
70.77 (RM), 53.03 (SFM), 44.00 (RO), 49.48 (WO), 47.47
(RB), and 53.72 (SRB).

Periods lasted 14 days with sampling from the rumen,
duodenum, ileum and rectum on days 10 through 13. At 1830
h of day 8, a rectal sample was obtained prior to feeding
150 g of ytterbium-labeled cereal grain (300 g for the two
high moisture corn diets) to estimate passage rate of par-

ticles through the rumen. A fluid marker (100 ml of COEDTA



Table 2. Particle Size Distribution of Processed Grains

Size of sieve openings

2mm 1mm 500um 250um 125um Pan

Grain and form 8mm 4mm
------ Percentage of grain remaining on screen ------
Steam flaked corn 289 385 188 19 3.6 1.6 2 7
Whole shelled corn 258 734 8 - - - - -
Rolled corn 32 19.4 406 60 4 2 2 -
25% High moisture corn 4.6 374 399 113 48 1.1 2 9
35% High moisture corn 5.0 36.2 428 13.0 .22 3 - 6
Rolled wheat -- 6.3 79.0 13.5 8 1 3 1
Steam flaked wheat - 315 55.0 118 9 2 2 A
' Rolled milo - - 57.6 a7 6 - 1 1
Steam flaked milo - 9.7 43.7 . 30.0 10.1 48 N 1.1
Rolled barley -- 303 67.0 26- 1 -- : - -
Steam rolled barley - 40.8 588 3 - - - -
Rolled oats -- 16.0 712 4.6 1.1 4 4 4
Whole oats -- 149 82.2 217 1 - -- -

LE
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containing at least 700 mg Co plus 150 ml distilled water)
was intraruminally dosed prior to the morning feeding on
day 12. Rumen samples were withdrawn via cannula on day 12
before'dosing and 2, 15, 27, and 39 h post-dosing. Ruminal
pH was measured, the fluid was strained through four layers
of cheesecloth, 1 ml of 20% H,S0, was added per 50 ml of
strained fluid, and the sample was frozen for later analy-
sis.

Samples from the duodénum (250 ml), ileum (100 ml),
and rectum were obtained 38, 44, 50, 56, 65, 70 and 77 h
after feeding the ytterbium-labeled grain, and pH was mea-
sured immediately. Duodenal, ileal, and a portion of the
fecal samples from each animal within each period were com-
posited on an equal wet volume basis and dried for 48 hours
in a 60°C oven. The remaining portion of each individual
fecal sample was dried individually for ¥Yb analysis. Feed
samples were collected on days 9 through 14 and composited
within each diet and period. All dry samples except feeds
were ground through a Wiley mill fitted with a 2 mm screen
and stored at room temperature for future analyses. Feed
samples were ground and frozen for future analyses.

Rumen samples were thawed and 45 g were centrifuged
twice at 10,000 g for 10 minutes. The supernatant fluid
was reserved for analyéis of CoEDTA concentration by atomic
absorption spectroscopy and for ammonia-N (Broderick and
Kang, 1980). Feed, duodenal, and fecal samples were ana-

lyzed for dry matter (DM; 90 C for 24 h), ash (600 C for 12
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12 h), Kjeldahl nitrogen (N; AOAC, 1975), starch (MacRae
and Armstrong, 1968), acid detergent fiber (Georing and Van
Soest, 1970), and chromium (Fenton and Fenton, 1979). In-
dividual fecal samples were analyzed for ytterbium concen-
tration (Ellis et al., 1982) to determine particle passage
rate. Passage rate was estimated as the slope of the natu-
ral logarithm of Yb concentration in dry matter against
sampling time. Duodenal samples were analyzed for ammonia-
N by distillation over magnesium oxide (AOAC, 1975) and for
nucleic acid-N (Zinn and Owens, 1982).

During two of the periods within each latin square, an
additional 1500 ml of strained rumen fluid was collected in
iced flasks 2 h post-prandially on day 14 for isolation of
bacteria. This fluid was strained through 4 layers of
cheesecloth, centrifuged twice at 200 g for 5 min to remove
feed particles and protozoa, and the supernatant fluid cen-
trifuged at 24,000 g to precipitate bacteria. The pellet
was washed twice, once with .9% saline and once with water
and recentrifuged at 24,000 g for 15 min after each wash-
ing. The pellet then was lyophilized and stored for DM,
Kjeldahl-N, and nucleic acid analyses to quantitate daily
microbial nitrogen passage to the duodenum. Calculations
were based on comparisons of daily duodenal nucleic acid N
flow with content of N and nucleic acid in bacterial sam-
ples collected in two of the five periods of feeding. Cal-
culations of daily bacterial N flow in the remaining three

periods of each square were based on the average of the in-
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dividual bacterial values within the feed source. Daily
amounts of N flowing past the duodenal cannula were calcu-
lated by subtracting the ammonia and microbial contribution
from the total. Daily duodenal organic matter (OM) flow,
corrected for microbial contributions, was calculated from
duodenal organic matter minus duodenal microbial organic
matter (microbial OM averaged 9.39%N).

Data for the individual latin squares was analyzed for
steer by latin square interactions. Because interactions
were not significant for each variable (P>.05), the data
was pooled across the three latin squares. Treatment means
were analyzed using a general linear model program for the
pooled data. Classes included latin square, period in
latin square, steer, and grain. Treatment means were gen-
erated via least squares means procedures, but differences
between these means were determined only by selected paired
comparisons e;ther within a particular kind of grain to ex-
amine the method of processing, or within a particular
method of processing to examine the type of grain. Esti-
mated differences, the probability of each difference, and
the standard error of these differences were obtained for
each paired comparison. Simple correlations among various
factors also were calculated by linear regression of the

two factors.
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Results and Discussion

Mean ruminal pH (Table 3) was affected (P<.05) by the
method of processing. Flaking reduced (P<.001; SE=.07) ru-
minal pH of steers with both the corn and milo diets by .25
and .28 units. This may be attributed to differences in
particle size and surface area available for ruminal fer-
mentation. In contrast, Galyean et al. (1976) and Hinman
and Johnson (1974) detected no differences in ruminal pH
between rolled and steam flaked corn or rolled and steam
flaked milo diets, respectively. Steers fed the smaller
particle sized SFC had a lower (.24 and .31) ruminal pH
than steers fed corn of largervparticle sizes, i.e. WSC and
25C (P<.004; SE=.07 and .10, respectively). Steers fed 25C
had a higher ruminal pH (.15) than steers fed 35C (P<.05;
SE=.07). Adguirre (1984) also noted this trend, suggesting
that with more moisture in the feed, input of salivary lig-
uid and buffers may decrease which would allow ruminal pH
to fall. In this trial, ruminal and fecal pH in all treat-
ments were higher than expected for a 77 percent ration.
This may relate to the modest yet limited feed intake which
was imposed to reduce the incidence of subacute and acute
digestive disturbances.

The type of grain also affected ruminal pH (Table 4).
When fed SFW,4ruminal pH of the steers was .17 units
greater than when steers were fed SFC (P<.03; SE=.08) and
.24 units greater than when.they consumed SFM (P<.03;

SE=.11).



Table 3. Effect of Method of Processing on Mean Digestive Tract Measurements in
Feedlot Steers
Diets

ltem RC WSsC SFC 25¢C 35¢C RW SFW RM SFM RO wo RB SRB
Ruminal pH 664%°  6637°  639° 6.70° 6552 | 659 6.56 6.60° 6322 6.69 6.68 6.67 6.65
Duodenal pH 2.70° 27120 272 28820 3.10% 263 274 3.08 27 2.94 3.17 275 286
Tleal pH 7.62 7.63 7.75 7.79 7.66 7.86 7.82 7.15 7.67 8.06 8.13 7.95 8.11
Fecal pH 6352 648%°  6.66° 6.562° 656°° | 6.68 6.84 597 655° | 678 697 6.68 671
Ruminal ammonia-N, mg/dl  8.00° 833®  213? 10.54° 1029° | 1745 14.77 7.99 4.56 9.82 9.97 15.12 13.01
Ruminal fluid, )

passage rate, %/h 3.66° 38330 4112 5.36° 3,953 393 419 392 330 4.26 392 529 427

volume, liter 70.80 63.80 64.10 51.10 75.20 70.50 79.10 55.90 48.10 8210  107.50 72.90 73.40

outflow, mi/h 245200 213600 242100 233600 240400 |2655.00 231200 | 189800 159200 | 3221.00 405600 | 323500  2919.00
Particulate passage rate, %/h 2.38 2.78 2.36 1.78 2.06 2.34 2.66 1.82 1.80 1.65 2.83 133 1.40
Flow to duodenume:

dry matter, gh 9310 11250 96.80 98.30 9480 | 100.40 8830 | 11000 10110 | 12530 11380 91.30 94.20

dry matter, % 4.00% 612° 43520 38620 3872% | 425 4.57 532 5.64 427 321 311 348
Flow to duodenum®:

liquid flow, mi/h 210200 253300 211300 230300 - 225100 |2189.00  2003.00 | 179000 204600 | 232000 256500 | 201600  2114.00

fluid passage rate, %/h 329 4.70 3.88 5.14 3.85 341 4.46 3.40 3.73 3.27 2.81 332 3.24

d
These values are based on the use of markers.

© These values are based on actual dry matter content of duodenal chyme.
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Table 4. Effect of Type of Grain

Feedlot Steers

on Mean Digestive Tract

Measurements in

Diets

Item WwsC WO RC RW RM RO RB SFW SFM SFC
Ruminal pH 6.63 6.68 6.64 6.59 6.60 6.69 6.67 6.56 6.32° 6.39°
Duodenal pH 2m 317 270 26320 3.08° 20420 27530 274 271 271
lleal pH 7.63 8.13 7.62 1.86 775 8.06 7.95 782 767 715
Fecal pH 6.48% 6.97° 6.3s° 6.68° 5972 6.78° 6.68° 6.84 6.55 6.66
Ruminal ammonia-N

mg/dl 8.33 9.97 8.00% 17.45° 7.99% 9.82° 15.12° 14.77° 4562 2132
Ruminal fluid, .

passage rate, %/h 3.83 3.92 3.66 393 392 426 5.29 4.19 3.30 4.11

volume, liter 63.80 107.50 70.80 70.50 55.90 82.10 72.90 79.10 48.10 64.10

outflow, mi/h 2136.00°  4056.00° 2452002® 26550020 1898.00° 3221.00° 3235002 | 231200 1592.00 2421.00
Particulate passage rate, %/h 278 2383 2.38 234 1.82 1.65 133 2.66 1.80 2.36
Flow to duodenum :

dry matter, gh 11250 113.80 93.10* 100.40%° 110.002° 125.30° 91.30? 8830 101.10 96.80

dry matter, % 612" 3212 4.00 425 532 421 311 457 5.64 435
Flow to duodenum®:

liquid flow, mi/h 2533.00 2565.00 2102.00 2189.00 1790.00 2320.00 2016.00 2003.00 2046.00 2113.00

fluid passage rate, %/h 470 281 329 3.41 3.40 327 332 4.46 373 388

d
These values are based on the use of markers.

© These values are based on actual dry matter content of duodenal chyme.
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Mean duodenal pH was .40 greater (P<.40; SE=.18) in
steers fed 35C compared to steers fed RC. Aguirre (1984)
also noted a trend toward increased duodenal pH with a
greater moisture content of corn grain. Among the types of
grain fed, steers ingesting RM had greater (.38) duodenal
pH than steers consuming RC (P<.05; SE=.18). Possibly the
tannins in RM which protect the grain from intestinal di-
gestion maintain an elevated pH.

While no differences in ileal pH were detected, fecal
pH was affected by both the method of processing and type
of grain. Fecal pH with both the SFC and SFM diets were
greater (.31 énd .58) than With the RC and RM diets
(P<.007; SE=.11). This may be attributed to the greater
post-ruminal and total tract digestibilities with the steam
flaked diets. Wheéler and Noller (1977) noted that low fe-
cal pH was associated with large amounts of starch in feces
of cattle fed high concentrate rations. Comparing across
grains, fecal pH of steers fed RC was less (.34, .43, and
.33; P<.03) than in steers fed RW, RO, or RB (SE=.12, .12,
and .14). Steers fed WSC had lower (.49) fecal pH than
steers fed whole oats (P<.007; SE=.17). These differences
are probably due to differences in particle size and total
tract digestion. Steers consuming RM had a lower (.38, .81
and .71) fecal pH than when consuming RC, RO, and RB
(P<.001; SE=.11, .16 and .18). High tannin concentrations

and physical form of the rolled milo may inhibit intestinal
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digestion contributing to greater amounts of fecal starch
and the reduced fecal pH.

Ruminal ammonia concentrations were 5.86 mg/dl less
when SFC diets were ingested compared with RC, WSC, 25C or
35C diets (P<.003; SE=1.82, 1.82, 2.58 and 2.58). Cole et
al, (1976a) also noted greater ammonia concentrations with
RC than SFC and speculated heat treatment of corn during
steam processing denatured some of the corn protein render-
ing it less soluble in the rumen and increasing ruminal es-
cape. Galyean et al. (1976) reported that less of the to-
tal corn N was soluble in steam flaked than dry rolled corn
(8% vs 12% respectively). The reduced ruminal ammonia con-
centration with the SFC also could be attributed to in-
creased use of ammonia nitrogen for synthesis of microbial
protein. Microbial nitrogen flow to the duodenum tended to
be greater for the SFC diet (41.8 g/d) than with the RC
(27.5 g/d), WsSC (30.8 g/d), 25C (33.2 g/d) or 35C ration
(31.92 g/d4d).

Among the grains, wheat (both rolled and steam flaked)
and barley had greater (P<.03) ruminal ammonia concentra-
tions than corn, milo or oats. Oltjen et al. (1967), Ful-
ton et al. (1979), and Axe et al. (1987) noted more rapid
fermentation and increased ruminal ammonia nitrogen concen-
trations with wheat diets than with other cereal grains.

Fluid passage rate tended to be affected by the method
of processing but not by the type of grain. Steers fed RC

diets had 1.7% lower fluid passage rates (P<.0l; SE=.65)
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than steers fed 25C diets. Faster rates  (1.41%) were noted
(P<.04; SE=.65) with the 25C diets than with the 35C diets.
Aguirre (1984) reported slower rates of passage and a shift
towards increased ruminal digestion as the moisture level
of the diets increased. Rumen volumes were not different
(P>.05) in this trial. However, fluid passage rates in our
study were negatively related with rumen volumes (r=-.63;
P<.0001). Axe et al. (1987) detected no differences in ru-
men volumes between wheat and milo, whereas, Galyean (1977)
reported inconsistent effects on rumen volumes with various
particle sizes of corn grain. Ruminal outflow rates with
WO and RO were 1919 and 1323 ml/h faster (P<.006 and P<.05)
than with WSC and RWN, respectively.(SE=66l and 637).

Miller et al. (1986) reported faster liquid flow rates with
oat than corn or milo diets. No significant differences
were noted in particulate fraction passage rates in our
study, but dry matter flow to the duodenum was affected by
the type of grain. Rolled ocats exited the rumen in greater
quantities (32 and 34 g/h) than rolled corn or barley
(P<.007; SE=10.5 and 11.7) which could be ascribed to dif-
ferences in particle size. When duodenal flow was ex-
pressed as percent dry matter, WSC had 2.1% more dry matter
exiting the rumen than RC (P<.02; SE=.88) and WO had 2.9%
greater dry matter exit than WSC (P<.04; SE=1.4).

Ruminal fluid outflow and percentage dry matter flow
to the duodenum discussed above were calculated based on

the liquid passage marker, CoEDTA, which rely on the accu-
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racy of marker techniques and require frequent sampling to
estimate ruminal passage. One alternative method to calcu-
late ruminal fluid passage is from the quantity of wet mat-
ter entering the duodenum based.on the passage rate marker,
chromic oxide.

Liquid flow to the duodenum and fluid passage rate,
calculated in this manner exhibited no response (P>.05) to
the method of grain processing or the type of grain. Al-
though paﬁterns were similar, flow rates calculated from
chromic oxide were 2 to 38 percent smaller than the flow
rates predicted from ruminal sampling following dosing Co-
EDTA (Figure 1). These two flow rates were weakly corre-
lated (r=.13; P<.30).

Figure 2 shows the relationship between the liquid
flow to the duodenum (expressed as a fraction of the rumen
volumes) and the ruminal fluid and particulate passage
rates. The liquid flow to the duodenum and ruminal fluid
passage rate were correlated as shown by the upsloping line
(r=.61; P<.0001). Calculating ruminal fluid passage by
means of the amount and peréentage of duodenal dry matter
might be a reliable estimate of ruminal passage when rumi-
nal pool size is known. However, duodenal flow (calculated
from dry matter flow and dry matter content) and ruminal
particulate passage appeared to be only weakly related
(r=.13; P<.32).

Absorption or secretion of liquid between the rumen

and duodenum will vary with factors other than dry matter
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Figure 1.

LIQUID FLOW TO THE DUODENUM, MU/H

Ruminal Outflow (0) vs Liquid Flow to
the Duodenum (based on Cr content)

0=2140.394 + .188 (liquid flow to the
duodenum, ml/h); r=.13; P<.30
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Figure 2. Ruminal Liquid (C) and Particulate Passage

Rates (Y) vs Liquid Flow to the Duodenum
(based on Cr content)

C=2.190 + .484 (liquid flow to the duodenum
per hour); r=.61; P<.001

¥=1.831 + .082 (liquid flow to the duodenum
per hour); r=.13; P<.32
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content. Zinn et al. (1981) reported that duodenal chyme
may be biologically adjusted to maintain a concentration of
crude protein of 100 g liquid per g of protein. The mean
in our study was 97.2 g liquid per g of protein. Regres-
sion of duodenal flow of chyme against flow of N (Figure 3)
revealed a positive correlation (r=.63; P<.0001). Flow of
N may be controlling ruminal outflow, may stimulate HC1
input from the abomasum, or may be altering abomasal ab-
sorption through osmotid pressure differences.

Method of processing affected adjusted ruminal organic
matter digestion of milo (Table 5). SFM had 9.9% more or-
ganic matter digested ruminally than RM (P<.03; SE=4.47).
Rahnema et al (1987) noted that compared with dry rolled
milo, steam flaked milo increased the apparent ruminal di-
gestibility of organic matter (58.5 vs 35%). Steam flaked
corn had 10% gfeater adjusted ruminal organic matter diges-
tion than WSC diets (P<.05; SE=4.87). Flaking ruptures
some of the starch granules and increases the rate of di-
gestion. Ruminal fluid passage rates also tended to be
faster with rolled milo and steam flaked corn. With faster
passage out of the rumen, one would expect extent of diges-
tion to decrease. This matches extent of OM digestion for
milo but not for corn processing.

Across grain types (Table 6), greater adjusted ruminal
organic matter digestion (P<.02) occurred in steers fed RC
and RW diets compared with RM and RO rations. Greater ad-

justed ruminal digestion (18.5%) occurred in .steers eating
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Table 5. Effect of Method of Processing on Organic Matter Digestion in Feedlot Steers

Diets
ltem RC WSC SFC 25¢C 35¢ RW  SFW RM SFM RO ) RB SRB
Intake, g/d 41260% 413309 4017.0°  4068.0%%°  4041.0% | 41190*°  42380° | 40540 40500 | 40920 41040 | 40300  4154.0°
Leaving abbmasum, g/d

total 18100 21730  1864.0 1894.0 18090 | 19140 16750 | 22690 19820 | 24760 21710 | 17420  1790.0

microbial 2800  3040%°  4310° 35002 36007 | 5330  3350° | 2820 372.0 255.0 290.0 3310 251.0
Ruminal digestion, :

% unadjusted 55.7 458 52.2 527 539 53.4 60.0 431 51.0 400 46.7 56.8 56.2

% adjusted? 6262  535° 63.4% 61.42° 63.0%° | 667 68.0 50.1° 60.0 463 538 649 624
Ruminal digestion, :

% of total, unadjusted 65.9 55.5 610 60.6 612 649 7.7 57.1 602 61.5 68.7 723 7.7

% of total, adjusted® 748 613 749 7.5 724 823 81.6 66.7 72.0 69.5 783 81.7 78.8
Leaving ileum, g/d 845.0 714.0 814.0 934.0 811.0 885.0 8090 | 11330 980.0 | 12920 14200 938.0 699.0
Small intestine digestion,

% of entering 38.5 480 515 213 442 249 461 45.6 32.7 354 203 283 418
Feces, g/d 72700 9800° 61807  645.0% 573.0%4 | 7930 7040 | 10300  7400° | 12640 12970 782.0 794.0
Hindgut digestion,

% of entering 2.1 83 13 32.8 317 23 68 326 37.1 24 21 82 6.0
Post-ruminal digestion,

% of entering 528 515 553 559 603 393 483 487 532 372 270 418 463
Total tract digestion,

% 82.2° 75.52 84.2" 838" 85.4" 81.1 833 7412 81.6° 69.6 68.7 80.8 808

¢ Adjusted for microbial organic matter.

[4°]



Table 6. Effect of Type of Grain on Organic Matter Digestion in Feedlot Steers

Diets
Item WSsC WO RC RW RM RO RB SFW SFM SFC
Intake, g/d 41330 4104.0 4126.0% 4119.0°° 4054.0° 4092.0%° 4039.0%° 4238.0° 4050.0? 4017.0%
Leaving abomasum, g/d

total 2173.0 2171.0 1810.0% 1914.0%%¢ 2269.0¢ 2476.0° 1742.0%¢ 1675.0 1982.0 1864.0

microbial 304.0 290.0 280.0%¢ 533.0° 282.0° 255.0° 331.020¢ 335.0 372.0 431.0
Ruminal digestion,

% unadjusted 458 467 55.72 534204 431% 400 56820 600 510 522

% adjusted® 53.5 538 62.6% 66.7% 5015 463° 64920 68.0 60.0 634
Ruminal digestion,

% of total, unadjusted 55.5 68.7 659 649 571 61.5 723 7.7 602 610

% of total, adjusted® 613 783 748 823 66.7 69.5 81.7 816 720 749
Leaving ileum, g/d 714.02 1420.0° 845.0% 885.0°  11330%% 12020 938.0%° 809.0 989.0 814.0
Small intestine digestion,

% of entering 480 203 385 249 456 354 283 46.1 327 515
Feces, g/d 980.0°  1297.0° 727.0% 793.0° 1030.0™ 1264.0¢ 782,025 704.0 7400 618.0
Hindgut digestion,

% (g)f ::min'ng 83 21 221° 22320 32.6° 242 8220 6820 37.1° 732
Post-ruminal digestion,

% of entering 51.5° 27.0% 52.8° 39,33 48.72° 372 41820 483 532 55.3
Total tract digestion, % 75.5° 8.7 82.2° 81.1° 7412 69.6® 808> 833 816 842

€, L .
Adjusted for microbial organic matter.

€9
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RB compared to RO (P<.003; SE=5.82). Axe et al. (1987)
noted greater ruminal organic matter digestion with wheat
than milo, and Miller et al. (1986) observed greater di-
etary organic matter digested in the rumen with corn,
wheat, oats, or barley than with milo. The lower value for
oats is difficult to explain though total tract OM diges-
tion also was lower for oats and milo.

Total tract organic matter was affected by the method
of grain processing. As expected, steers fed RC or SFC had
greater total tract digestion than steers fed WSC (P<.003;

YSE=2.O4). Steers consuming high moisture corn had greater
total organic matter digestion.than steers consuming WSC
(P<.003; SE=2.63). Steers consuming RM had lower (7.5%)
total organic matter digestion than steers fed SFM
(P<.0002; SE=1.8). By fracturing the kernel, flaking will
increase the surface area for digestion by microbes and di-
gestive enzymes. In addition, flaking ruptures some of the
starch granules which increases the rate of digestion.
Whole grain which escapes ruminal digestion usually passes
through the remaining intestinal tract of ruminants un-
scathed (Rust, 1983).

Among the types of grains, total tract organic matter
digestion with RC, RW and RB were greater (P<.04) than with
the RM and RO diets. Within whole grains, WSC had 6.8%
greater total organic matter digestion than RO (P<.03;

SE=2.98). Maxson et al. (1973) attributed lower energy di-
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gestibilities by steers fed sorghum diets to their tannin
content.

Adjusted ruminal organic matter digestion, when ex-
pressed as a percentage of total tract digestion, did not
vary with the method of grain processing or type of grain,
indicating that increased ruminal organic matter digestion
tended to parallel increased total tract digestion. Ad-
justed ruminal organic matter digestion and total tract di-
gestion were related positively (r=.61; P<.0001).

Although post-ruminal organic matter digestion, as a
percentage of duodenal OM flow, did not vary with the
method of processing, it was affected by the type of grain.
Post-ruminal digestion was 24.4% greater with WSC diets
than with WO (P<.02; SE=10.02). This can be attributed
primarily to increased small intestine digestion (P<.10)
with the WSC diets. However, no significant differences
(P>.05) were observed in small intestine digestion, as a
percentage of organic matter entering the small intestine.
Fiber components of WO may have inhibited enzymatic attack
post-ruminally. Rolled corn had greater (13.6 and 15.6%)
post-ruminal digestion compared to RW and RO (P<.05). More
RC (24%) and RM (35%) was digested in the large intestine
and cecum than with the rolled oat diet (P<.04). Galyean
(1977) reportéd that intestinal digestion was greater when
corn was fed whole than when ground to other particle
sizes. This may be attributed to greéter ruminal escape of

particles of an attackable size. Though differences in



56
rate of particulate passage through the post-ruminal tract
might be involved (Owens et al., 1986), this parameter was
not measured.

Adjusted ruminal N digestion (Table 7) was 21.3% less
in steers fed SFM compared with steers fed RM (P<.04;
SE=10.23). Ramirez et al. (1985) noted steam flaking
should decrease particle size and increase extent of
ruminal fermentation of grain, but these effects for pro-
tein could be compensated by decreases in protein solubil-
ity. Ruminal starch digestion was related positively to
ruminal N digestion (r=.24; P<.06), but ruminal pH was
significantly lower (P<.0005) in steers consuming SFM com-
pared to the consumption of RM. Weakly (1983) noted that
lower ruminal pH may enhance ruminal protein bypass of cer-
tain feedstuffs. Wholt et al. (1973) noted as pH increased
from 5.5 to 7.5, mean solubility of protein feeds incubated
was increased from 27 to 57%, with most of the differences
in N solubility apparent between 5.5 and 6.5.

Among the grains (Table 8), adjusted ruminal N diges-
tion was 36.4% greater with steers eating WO compared .with
WSC diets (P<.04; SE=16.9). Because the passage rates were
similar, reduced mastication and rumination with WSC may be
responsible. Ruminal N digestion was enhanced in steers
consuming wheat compared to steers ingestihg corn or milo
in both the rolled (P<.03) and steam flaked forms (P<.007).
Hibberd et al. (1985) previously reported lower ruminal di-

gestion of protein in milo gfain as reflected both by lower



Table 7. Effect of Method of Processing on Nitrogen Digestion in Feedlot Steers

Diets
Item RC WSC SFC 25¢C 35¢C RW SFW RM SFM RO WO RB SRB
Intake, g/d 78.2° 76.8° 7032 77.8° 789° | 1033 105.7 81.2 81.4 91.0% 871% | 986 99.3
Leaving abomasum, g/d

total N 93.9 108.4 105.9 99.7 953 1168 99.0 9562 1202° | 925 85.5 87.2 96.9

microbial N 27.52 30820 18P 33220 31.9%% | s2.4 305° | 246 315 25.1 259 315 245

ammonia N 4720 5.82 - 43P 5.12° 4520 76 6.1 38 36 47 52 52 54

rumen by-pass feed N 61.7 7.7 598 614 59.0 568 618 6122 8s1® | 627 544 50.5 671
Ruminal digestion,

% unadjusted 2122 4920 57.2° 29720 2312 | 8o 123 195° 4792 74 17 6.0 41

% adjusted® 20.6 3 13.0 205 237 495 451 15.5 582 287 36.7 46.9 30.4

by-pass feed N, % 794 99.7 87.0 79.5 763 50.5 549 845> 1058 | 713 633 53.1 69.6
Microbial efficiency,

g microbial N/kg OM ’

truly digested in rumen 1212 15.02° 17.6° 15.52° 1452 | 195P 9.42 137 152 127 125 129 107
Ruminal ammonia-N, mg/dl  8.0° 83" 212 10.5° 103° | 175 148 8.0 46 938 10.0 15.1 130
Ruminal digestion,

% of total, unadjusted  -48.8° 254.42 88.4° 61.7° 5020 -8 35.4 38.1 984 2.7 208 82 189

% ot total, adjusted®  25.5° 95.62 16.4° 22.9° 259° | 73 59.6 289 137 36.1 4.5 54.8 36.4
Leaving ileum, g/d 2.1 252 340 309 238 29.5 217 315 331 217 283 263 267
Small intestine digestion,

% of entering 521 512 401 338 55.9 532 506 59.4 619 539 482 523 59.0
Feces, g/d 252° 37.3% 19.7° 23.0° 206° | 244 200 316 303 257 254 232 238
Hindgut digestion,

% of entering 20.4° 663 21.0° 26.4° 263% | 202 201 201 212 115 159 189 103
Post-ruminal digestion,

% of entering 58.0 50.7 58.4 583 64.5 522 66.2 48.0 66.3 59.0 544 56.7 63.5

LS



Table 7. (Continued)

Diets
Item RC WSC SFC 25C 35C RW SFW RM SFM RO WO RB SRB
Total tract digestion, % 67.2° 472P 70.3? 69.42 7312 79.1 82.7 60.1 62.5 69.9 69.4 74.6 738
Expected total tract
digestion, %4 643 638 623 64.6 65.0 70.1 698 65.6 65.6 613 66.4 69.2 6838

C .. . . -
Adjusted for microbial and ammonia nitrogen.

Calculated from the crude protein of the diet by NRC (1978).
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Table 8. Effect of Type of Grain on Nitrogen Digestion in Feedlot Steers

Diets
ftem WsC WO RC RW RM RO RB SFW SFM SFC
Intake, g/d 76.82 87.1° 78.2% 103.3° 81.2° 91.09 98.6° 105.7° 81.4° 7032
Leaving abomasum, g/d

total N 108.4 85.5 93.9° 116.8° 95.620 92530 87.22° 99.0 1202 105.9

microbial N 30.8 259 27.5° 5242 24.6° 25.1° 31.5° 305 315 418

ammonia N 58 52 47 7.62 380 47 52° 67 36° 43P

rumen by-pass feed N 7.7 54.4 61.7 56.8 67.2 62.7 50.5 61820 85.12 59.8°
Rumen digestion, .

% unadjusted 4923 170 212 80 195 74 6.0 123° 4792 -57.22

% adjusted® 38 36.7° 206> 49.5° 15.52 28.72P 46.9%P 451° 582 13.0%

by-pass feed N, % 99.7 633° 79.4° 5052 84.5° 71320 53120 5490 105.8° 87.0%
Microbial efficiency,

g microbial N/kg OM

truly digested in rumen 15.0 125 1212 19.5° 13720 12.7%P 12,920 9.42 15.220 17.6°
Ruminal ammonia-N, mg/dl 83 10.0 8.02 17.5° 8.02 983 151° 14.8° 4.62 212
Ruminal digestion,

% of total, unadjusted 254.42 208" 488 -8 381 227 82 35.4° 98.42 8843

% of total, adjusted® 95.62 44.5° 255 713 289 36.1 548 59.6° 1372 16420
Leaving ileum, g/d 252 283 28.1 29.5 315 271 26.3 2711 331 34.0
Small intestine digestion,

% of entering 512 482 521 532 59.4 539 523 506 61.9 401
Feces, g/d 3738 25.4° 252 24.4 31.6 25.7 232 20.0% 303" 19.72
Hindgut digestion, '

% of entering 66,3 15.9° 204 292 201 115 189 201 212 21.0
Post ruminal digestion,

% of entering 507 54.4 58.0 52.2 480 59.0 56.7 662 663 58.4
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Table 8. (Continued)

Diets
Item ‘ WSC WO RC RW RM RO RB SFW SFM SFC
Total tract digestion, ‘
% 472? 69.4° 6122 79.1° 6012 69.9%° 74.62° 82.7° 62.5% 703
Expected total tract
digestion, %f 63.8 66.4 64.3 70.1 65.6 673 69.2 69.8 65.6 623

N Adjusted for microbial and ammonia nitrogen.
Calculated from the crude protein of the diet by NRC (1978).
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ruminal ammonia concentrations and greater ruminal escape
of dietary protein.

Ruminal escape N percentages, being the inverse of ad-
justed ruminal N digestion, were greater for SFM than RM
and lower for wheat than corn or milo. Increased N escape
from SFM was reported by Hinman and Johnson (1974). Zinn
(1987) and Prigge et al. (1978) also observed increased
passage of feed N to the sméll intestine as a result of
steam flaking. In analyzing the two high moisture levels
of corn, one might have expected lower escape values be-
cause the protein in these grains should be solubilized
during the fermentation process. However, Aguirre (1984)
found no differences in protein bypass with high moisture
grains and reasoned that the nitrogen solubilized during
the fermentation process is the same fraction which nor-
mally is attacked and digested in the rumen. Though quan-
titatively minor, some of the soluble protein from high
moisture corn, being microbial, might escape digestion in
the rumen and pass to the small intestine.-

With corn, our escape values for N ranged from 76.3%
to 99.7% depending upon the extent of processing. Values
reported from,other researchers are 50%, 30 to 49%, 67 to
74%, and 58 to 73% (INRA, 1978; ARC, 1980; Madsen and
Hvelplund, 1985; and NRC, 1985). Our ruminal escape values
for wheat were 50.5% and 54.9% for RW and SFW, considerably
greater than the 16 to 20% rﬁminal escape cited by Madsen

and Hvelplund (1985). In our trial, escape N values for RM
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and SFM were 84.5% and 105.8%. The ARC (1980) and NRC
(1985) 1list ruminal escape values of 50 to 69% and 29 to
69%, respectively. Our values for RO and WO were 71.3 and
63.3%; whereaé, INRA (1978) cited 40% and Madsen and
Hvelplund (1985) listed only 16% ruminal escape N. With
barley, we'noted ruminal escape values of 53.1% and 69.6%
for RB and SRB. Values for barley have varied (35%; 17 to
31%; 26 to 40%; and 14 to 28%) with other researchers
(INRA, 1978; ARC, 1984; Madsen and Hvelplund, 1985; and
NRC, 1985). Spicer et al. (1986) reported ruminal N escape
for rolled barley was twice that of rolled milo or corn.

Comparisons of ruminal escape values tend to be over-
whelming and confusing because of the multitude of factors
to be considered. Some of these factors include species
consuming the cereal grain, level of feed intake, method of
cereal grain processing, particle size of the cereal grain,
rumen volumes, and rate of particulate and fluid passage.
To facilitate comparison of ruminal N escape, each of these
factors should be defined. Without this information, com-
parisons at the best are very difficult and, at the worst,
meaningless.

Rolling, steam flaking, or fermenting.corn increased
total N digestion by at least 20 percentage points above
whole corn (P<.004). Some of this difference is at-
tributable to greater (P<.0001) hindgut digestion (or less
hindgut microbial protein synthesis) with rolled, steam

flaked, or fermented corn than whole corn. Hindgut N di-
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gestion and total tract N digestion were related positively
(r=.63; P<.0001). Cole et al. (1976a) noted total N di-
gestibility to be greater with steam flaked than rolled
corn. Fracture of the kernel to enhance sfarch digestion
should expose the protein in the grain to greater microbial
and enzymatic attack. Across all treatments, total tract
starch digestion was related positively to total tract N
digestion (r=.49; P<.0001). Part of the benefit of steam
processing and flaking on protein utilization may be due to
greater ruminal synthesis of higher quality bacterial pro-
tein which may be used in the lower gastrointestinal tract
without markedly affecting total protein digestion (Rahnema
et al., 1987) and to increased starch digestion which de-
creases the drain on non-specific N for microbial protein
synthesis in the large intestine.

Values for total tract N digestion in our trial were
compared with expected values calculated from equations of
the NRC (1978). Most of our values were consistently
greater than the predicted values except for WSC which was
considerably lower than the NRC values. This would suggest
that total tract starch digestion might be lower in WSC
and, thereby, inhibit N digestion. When our values for to-
tal tract starch digestion were contrasted with the values
reported by Owens et al. (1986), our values were consis-
tently greater. However, total tract starch digestion for
WSC was lower than for other forms of corn for both our

values and the values reported by Owens et al. (1986).
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Differences in N and starch digestion with WSC may be at-
tributed to both differences in particle size and the lack
of physical disruption of the starch-protein matrix.

Among the grains, total tract N digestion was 22.2%
greater with the WO than the WSC diets (P<.0l1; SE=8.04) and
again may be due to differences both in ruminal N and
hindgut starch digestion (P<.0001). As with ruminal di-
gestion, total tract N digestion was greater (P<.02) with
rolled and steam flaked wheat compared to rolled or steam
flaked milo and corn. This increase in total N digestion
can be attribﬁted completely to increased ruminal N diges-
tion. The correlation between total tract N digestion and
adjusted rdminal N digestion was positive (r=.60; P<.0001).
Both Waldo (1973) and Spicer et al. (1986) noted that total
tract N digestion was lower for milo than corn or barley
diets and had attributed the difference to reduced feed
degradation in the rumen.

Ruminal N digestion, expressed as a percent of total,
was less (P<.003) among steers fed WSC compared to RC, SFC,
25C or 35C diets. This is attributable both to increased.
ruminal escape and increased microbial synthesis in the
hindgut of WSC. A similar difference was evident (P<.002)
with steers fed WSC versus WO. Availability of starch
post-ruminally was greater with the WSC diet. As greater
quantities of starch reached the cecum and large intestine,
increased microbial protein synthesis led to a negative N

digestion in the hindgut. Thomas and Rook (1981) observed
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that if intestinal digestibility was low, fermentation in
the cecum and colon led to loss of N as ammonia. Ruminal N
digestion (as a percent of total) was lower (P<.04) with
steam flaked milo than with steam flaked wheat; this is at-
tributed to differences in ruminal N digestion.

No differencés (P>.05) in small intestinal or post-ru-
minal N digestion were evident, with all values between 40
to 59%, slightly lower than the 62% mean suggested by the
NRC (1985). Cole et al. (1976a) noted no differences in
post-ruminal digestion between steers fed dry rolled and
steam flaked corn. Spicer et al. (1986) reported similar
post-ruminal N digestibilities for rolled corn, rolled bar-
ley, and rolled milo, whereas, Miller et al. (1986) found
that intestinal N digestibility of milo was 68% lower than
with corn, wheat, oats, or barley. Hibberd (1982) reported
greater intestinal N digestion (63.4 vs 61.1 and 58.0%) for
dry rolled hetero-yellow milo than dry rolled red or brown
milo and greater intestinal N digestion (73.1 vs 62.5%) for
red reconstituted milo than brown reconstituted milo.

Microbial efficiency with the SFC diets was 5.5 g/kg
greater than with the RC ration (P<.04; SE=2.57). With SFC
diets, ruminal ammonia concentrations averaged only 2.13
mg/dl. Thomas and Rook (1981) noted that higher effi-
ciencies were linked with higher ruminal ammonia concentra-
tions, opposite of our results. The correlation between
microbial efficiency énd mean ruminal concentrations was

very low in our study (r=.05; P<.67). Rahnema et al.
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(1987) observed microbial efficiencies of 16.9 g/kg and
23.7 g/kg for steam flaked and dry rolled corn, respec-
tively. Cole et al. (1976a) reported that at low dilution
rates, ruminal microbial protein synthesis was highly de-
pendent upon the rumen dilution rates. Galyean (1977) sug-
gested that with increased particle size of corn grain,
fluid dilution rates tended to be faster. In our study,
steam flaked corn, which had a larger average particle size
than RC, tended to have a féster fluid passage rate. Par-
ticles leaving the rumen may act to transport bacteria from
the rumen. Relative rates of (1) microbial dilution, (2)
feed removal, (3) fermentation rates and capacity, and (4)
lag time for fermentation all can alter microbial output
from the rumen (Goetsch and Owens, 1984).

Microbial efficiency with the RW diet was 10.1 g/kg
greater than with SFW (P<.002; SE=3.07). Both the fluid
and particulate passage rates tended to be greater with the
SFW ration, obposite that expected to explain efficiency
differences. Adjusted ruminal organic matter digestion and
microbial éfficiency were negatively related (r=-.48;
P<.0001). Cole et al. (1976a) noticed greater microbial
efficiencies with dry rolled and whole shelled corn than
steam flaked corn. They reasoned that heat treatment of
grain during steam processing would denature some of the
grain protein, rendering it less soluble in the rumen and
causing more rumen bypass. Less soluble N in the rumen or

increased ruminal escape of N should increase microbial ef-
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ficiency if the level of ammonia in the rumen is sufficient
to support protein synthesis by the microbes. Reducing mi-
crobial fermentation (or increasing microbial efficiency)
may prove advantageous when fermentation energy loss is
large and fermented nutrients could be digested in and ab-
sorbed from the small intestine (Owens and Bergen, 1983).
Galyean (1975) reported less total corn N was soluble in
steam flaked than dry rolled corn (8 versus 12%, re-
spectively).

Among the grains, microbial efficiencies with RW were
7.4 g/kg greater (P<.0l; SE=2.80) than with RC. However,
when SFC was compared with SFW the microbial efficiencies
were reversed, with SFC being 8.2 g/kg greater (P<.006;
SE=2.80). These differences may be related to differences
in passage rates as well as ruminal digestion. Clark et
al. (1987) concluded with various barley types that at very
fast fermentation rates, microbial growth was no longer
coupled to OM digestion. One could speculate this may have
occurred with SFW. Spicer et al. (1986) noted no differ-
ences in microbial efficiencies among rolled corn, milo, or
barley, but the percentage of bacterial N in the abomasum
was greater for barley than for milo or corn diets (72 ver-
sus 47 and 53%, respectively).

Ruminal starch digestion (Table 9) was 21.4% greater
for SFM than RM (P<.0001; SE=3.89). Hinman and Johnson
(1974) reported ruminal digeétion tended to be greater

(4.8%) with steam flaked than rolled milo. In another



Table 9. Effect of Method of Processing on Starch Digestion in Feedlot Steers

Diets
Ttem RC WSC SFC 25C 35C RW SFW RM SFM RO WO RB SRB
Intake, g/d 20500°  3011.0°  2936.0° 240407 24920° | 28350  2626.0° | 27700 27230 | 17600 16040 | 25290 25920
Leaving abomasum, g/d 454.0 582.0 364.0 388.0 311.0 382.0 238.0 9210 3150° | 1940 129.0 279.0 217.0
Ruminal digestion, % 84.4 80.0 87.3 82.7 86.4 86.4 903 66.5 88.0" 9.5 92.3 88.7 91.0
Ruminal digestion,

% of total 86.8 77.8 87.8 82.0 86.9 872 90.2 71.9% 89.2° 935 972 91.7 93.6
Feces, g/d 915  2082° 27.22 29.9° 15.72 387 17.5 273.52 44.4° 54.4 90.0 55.5 542
Post-ruminal digestion,

% of entering 79.0 682 89.6 85.8 86.8 86.4 91.0 615 739 70.3° 19.3% 102.2 88.1
Expected post-ruminal digestion,

% of entering! 731 75.4 87.9 89.8 - - - 548 - - - - -
Total tract digestion,

% 96.7° 9252 99.1° 984>  99.1° 98.8 99.1 90.12 98.3° 976 953 98.0 98.1
Expected total tract

digestion, % 932 87.6 97.8 94.6 - - - 86.4 - - - - -

Values reported by Owens et al. (1986).

89
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trial (Zinn, 1987), ruminal starch digestion of corn tended
to increase due to steam flaking; however, the major bene-
fit of flaking was post-ruminal. Increased ruminal starch
digestion with steam flaked grains may be attributed both
to differences in particle size and fluid passage rates.
Ruminal starch digestion was negatively related (r=-.26;
P<.04) with fluid passage rate, but positively related
(r=.32; P<.009) with rumen volume.

Comparing across the grains (Table 10), ruminal starch
digestion was lower (P<.002) for RM than for RC, RW, RO, or
RB. In a trial contrasting rolled milo, rolled corn, and
steam flaked barley, Spicer et al. (1986) found that rumi-
nal starch digestion was less for rolled milo than for corn
and barley (75 versus 84 and 88%, respectively). Stock et
al. (1987b) suggested that starch from rolled milo is di-
gested slower and less completely in the rumen than starch
from corn.

Total tract starch digestion was lower (P<.002) with -
WSC than with 25C, 35C, SFC, or RC diets. Turgeon et al.
(1983) concluded that corn particle size did not affect the
percentage or amount of starch digested ruﬁinally or post-
ruminally, but total tract starch digestion was greater
(P<.08) for rolled than whole shelled corn diets. However,
Aguirre (1984) stated that the disappearance of starch in
the rumen, small and large intestine, expressed as a per-
cent of input, increased as extent of processing increased

and particle exposure increased. Galyean (1977) noted that



Table 10.

in Feedlot Steers

Effect of Type of Grain on Starch Digestion
Diets

Item WSC wo- RC RW RM RO RB SFW SFM SFC

b a
Intake, g/d 3011.0? 1604.0° 2959.0¢ 2835.0% 2770.0% 1760.0° 2529.0? 2626.0° 2723.0° 2936.0
Leaving abomasum, g/d 582.0° 129.0° 454.0? 382,0%° 921.0° 19402 z79o:° 238.0 315.0 364.0
Ruminal digestion, % 80.0 923 84.4 86.4° 66.52 90.5 88.7 %03 88.0 873
Ruminal digestion, b b

% of total 7782 97.2° 86.8° 87.2° 71.9% 95" o7 90.2 89.2 878
Feces, g/d 20822 90.0° 91.52 38.7° 273.5° 544 55.52 175 444 212
Post-ruminal digestion, : a b

% of entering 68.2° 19.3 79.02° 86.42° 6752 703 102.2 91.0 739 89.6
Expected post-ruminal digestion,

% of entering! 754 - Bl - 548 - - - - 87.9
Total tract digestion, % 92.5 95.3 96.7 98.8° 90.1 97.6 98.0 99.1 98.3 99.1
Expected total tract

digestion, %3 87.6 - 932 - 864 - - - - 978

d Values reported by Owens et al. (1986).

oL
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some degree of alteration of the whole kernel beyond masti-
cation was necessary to maximize ruminal and total tract
starch digestion.

Steers fed either SFC or 35C had 2.4% greater (P<.01l;
SE=.89) total tract starch digestion than steers fed RC.
Similar improvements from steam flaking (Galyean, 1975;
Ramirez et al., 1985; and Zinn, 1987) and high moisture en-
siling (Stock et al., 1987a) have been noted by other re-
searchers. Galyean (1977) summarized that while particle
size influences stérch digestibility, processing by steam
flaking or high moisture methods further increased starch
digestion above that ascribable to particle size reduction
alone. Solubilization of the protein matrix surrounding
the starch granule may make the starch more accessible to
amylolytic bacteria.

Total tract starch digestibility was 8.2% greater
(P<.0001; SE=.96) for the SFM diet than the RM diet. Cole
et al. (1976c) reported similar differences in total tract
starch digestion (99.0 vs 93.6%) when they compared steam
flaked corn .to rolled corn diets, respectively. Hinman and
Johnson (1974) found reduced intestinal and total tract
starch digestion with rolled milo and suggested that the
raw starch from dry rolled milo was less accessible to en-
zymatic attack in the small intestine.

Among the grains, steers fed RM had lower (P<.0001)
total tract starch digestion than steers eating RC, RW, RB

or RO. Cattle consuming RW had 2% greater total starch di-
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gestion than when ingesting RC (P<.04; SE=.97). Higher to-
tal tract starch digestion coefficients of 98, 99, and 100%
have been reported previously for milo, corn, and barley
based diets (Waldo, 1973), but other researchers (Spicer et
al., 1986 and Stock et al., 1987) have observed lower total
tract starch digestion with milo. Some of this decrease
appears to be related to decreased ruminal starch degrada-
tion. Hibberd et al. (1982) explained that certain seed
components, such as proteins or tannins, or other factors,
such as physical accessibility might limit starch di-
gestion.

Ruminal starch digestion, as a percent of total tract
starch digestion, was 17.3% greater with SFM versus the RM
diets (P<.0003; SE=4.16), primarily due to the greater ru-
minal digestion with SFM. Spicer et al. (1986) noted that
grains extensively degraded in the rumen exhibited greater
total tract starch digestibilities. Ruminal starch diges-
tion was correlated positively (r=.78; P<.0001) with total
tract starch digestion.

Ruminal starch digestion, as a percent of total tract
starch digestion, was significantly lower (P<.01l) for RM
than RC, RO, RW, or RB diets. Axe et al. (1987) also de-
tected this trend as milo content of the diet increased.
Steers fed WO had 19.4% greater fractional ruminal starch
digestibilities than when they were fed WSC rations (P<.01l;
SE=7.48). This is related primarily