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(ABSTRACT)

Two trials were designed to study the relationships of
dietary fiber (ADF) and protein level and source to fecal
consistency in lactating cattle. In Experiment 1, 30 cows
(12 multiparous, 18 primiparous) were randomly assigned to
one of six total mixed diet treatments through four 21 d
periods. For Experiment 2, six primiparous cows were used
in two 6 x 6 Latin squares to evaluate water consumption,
apparent digestibilities of DM, ADF, NDF, and starch, and to
quantitate whole corn kernel passage. Total mixed diets for
both trials were formulated to contain 17% (LF) or 25% ADF
(HF) with CP levels of: 15% (S15) and 22% (S22) with soybean
meal (SBM) supplementation, or 22% (G22) with combination of
50% corn gluten meal (CGM) and 50% SBM. Two forage sources
were evaluated: corn silage (C) and alfalfa/corn silage (AC)
(50:50 on DM basis). Fecal consistency was evaluated using
a 4 point scale (1-most fluid to 4-least fluid).

Exberiment 1 demonstrated that lower dietary fiber
reduced fecal pH (LF=6.65, HF=7.11) and fecal score

(LF=2.18, HF=2.41), but increased fecal DM (LF=16.1%,



HF=13.2%). Supplementing SBM (S22) decreased fecal DM
(S22=14.1%, G22=15.5%) and fecal score (S22=2.01, G22=2.48).
Forage source affected fecal DM (C=14%,AC=15.3%), but not pH
or score.

Results of Experiment 2 support major conclusions of
Experiment 1. High supplementation of SBM increased daily
water consumption (S22=80.2 kg, G22=74.5 kg), and reduced
fecal score (S22=1.9, G22=2.4). Forage source affected
apparent corn kernel (C=21.1% ,AC=33.9%) and starch (C=96%,
AC=93%) digestibilities. High protein diets resulted in
greater apparent DM digestibility (S15=68.2%, S22=71.8%,
G22=71%). In prediction of fecal score from dietary
components and animal param ers, dietary DM percent and 4%
fat corrected milk (r?=.09, Experiment 1), and DM intake
(r’=.12, Experiment 2) were variables most related to fecal
score.

Dietary effects on fecal consistency were primarily due
to ADF level and type of protein supplement. Accurate
prediction of fecal consistency score from the dietary and
animal parameters identified was not possible. Further
study is suggested to evaluate different protein sources,
the contribution of water consumption, and to clarify
interactions of protein, forage source and fiber level in

relation to fecal consistency.
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INTRODUCTION

At current costs of supplemental protein and the price
of milk, producers cannot afford to feed substantially
greater amounts than needed for optimum cow performance.
Feeding protein in excess of requirements in ruminant diets
has been implicated in causing cows to excrete feces of
greater liquid consistency. In fact, some producers and
nutritionists currently adjust rations based upon
observations of fecal consistency. Furthermore, dietary
management of fecal consistency within a herd may be
practiced to coincide with the design of the manure handling
system.

The effect that diet can have on altering fecal
consistency in cattle has long been speculated on.
Observations have been made that high producing cows excrete
looser feces (69) and that when feces have a higher moisture
content there may be more complete digestion of nutrients
(19). However, to date little or no research has focused
directly on investigating dietary relationships to fecal
consistency in lactating cattle.

Objectives of this study were to evaluate relationships

of fecal consistency in lactating cows to:



1)

2)

3)

dietary composition by varying the crude protein
concentration, type of dietary protein supplement,

forage source, and fiber (ADF) level.

analysis of fecal composition including dry matter, pH,

fiber, and starch concentrations.

production parameters consisting of dry matter intake,

milk production and composition, and water consumption.



REVIEW OF LITERATURE

I. PROTEIN UTILIZATION

Requirement for Protein

Requirement for protein of both rumen microorganisms
and the host ruminant animal is supplied through nitrogenous
components of the diet. Complex interactions of diet,
microbes, and animal determine the supply of protein
necessary to meet the growth of the microorganisms, as well
as supporting maintenance, growth, reproduction, and
lactation in dairy cattle. Dietary nitrogen can be divided
into two main fractions: protein (amino acids joined by a
peptide bond), and nonprotein nitrogen. Dietary protein
sources in feedstuffs for ruminants vary in solubility,
degradability, and amino acid content. Nonprotein nitrogen
(NPN) compounds include urea, free amino acids, nucleic
acids, free ammonia, nitrates, Maillard products, and other
nitrogen containing compounds (82).

Research has demonstrated that cattle can grow,
reproduce and lactate when given diets containing only NPN
as a source of nitrogen (83). Supplementing NPN provides
only a source of nitrogen for microbial protein production,
while preformed proteins in feedstuffs provide both protein
and energy (14). Under highly demanding situations, such as
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rapid growth or high milk production, microbial protein as
the sole source of protein flow to the small intestine may
be inadequate to meet the animal's requirements. When
excess protein is fed, utilization of protein becomes
inefficient when the level of ammonia produced is greater
than the microbial requirement. Excess ammonia is converted
to urea by the liver, and may be either recycled to the
rumen via the saliva or excreted in the urine (66).
Recently, research has focused on the potential of
dietary protein that escapes rumen fermentation to meet the
animal's requirement with minimum wastage (10, 13, 14, 44,
66, 77). The intent is to develop protein requirements that
emphasize not only the protein content of the diet, but also
the rumen degradability of the protein. Amino acid
requirements have not been established for lactating dairy
cows, and neither has the exact quantity of amino acids
reaching the small intestine been determined (14). For
lactating cows, the protein requirement is known to be
influenced by stage of lactation, level of milk production,
milk composition, and body size. Dietary protein may be
either degraded by rumen microorganisms or may escape
degradation and pass to the lower gastrointestinal tract to
be digested or excreted in the feces. Dietary protein that
escapes rumen fermentation can be defined as either:
1l)undegraded--protein that resists microbial attack in the

4



rumen; or 2)bypass--protein that evades microbial attack in
the rumen and passes to the omasum without thoroughly mixing
with ruminal contents (44).

Currently, the National Research Council (45) utilizes
two systems, the crude protein and the rumen undegradable
and degradable protein system. Crude protein (CP), the
traditional method of denoting protein requirements, defines
ruminant protein requirements in terms of total or
digestible nitrogen content of the feed. This system
assumes all feed nitrogen is protein, and expresses it as:
one unit of feed nitrogen is found in 6.25 units of feed
protein (protein has a nitrogen content of 16%). One
primary disadvantage of the crude protein system is that it
ignores the differences that exist among feedstuffs in the
form of nitrogen in the feeds, whether it is nonprotein or
true protein nitrogen. Secondly, it does not consider the
fate of various nitrogenous compounds following ingestion by
the animal (44). The crude protein analysis procedure is
relatively simple, highly repeatable, and is the primary
unit of reporting protein contents and requirements in
research literature. The other system employed attempts to
differentiate between the degradable and undegradable
fractions of the diet by developing requirements for rumen
degradable intake protein (DIP) and undegfadable intake
protein (UIP) by considering the protein requirements of

5



both the rumen microorganisms and the animal. General
recommendations for lactating cattle are to have 35-40% UIP,
60-65% DIP, and 30% to be soluble protein, as a percent of

the crude protein in the diet (45).

Digestion and Metabolism of Proteins

The biological value of a nitrogen source for ruminants
is dependent upon its potential as a source of nitrogen for
rumen microbes as well as a source of amino acids available
post-ruminally (82). An overview of nitrogen metabolism in
ruminants is depicted in Figure 1. In ruminants, the
fermentative area of the rumen precedes the major site of
amino acid absorption, the small intestine. In the rumen,
available feed protein undergoes proteolysis, and the
resulting peptides and amino acids can be further deaminated
to ammonia and carbon sources, or directly assimilated by
rumen microbes. Approximately 80% of the ruminal bacterial
species can utilize ammonia as the sole source of nitrogen
for growth, 26% require it absolutely, 55% can use either
ammonia or amino acids, and a few species can utilize
peptides (38). Protozoa, on the other hand, derive their
nitrogen by engulfing bacteria and small feed particles
(77) . Generally, rumen microorganisms contain from 20 to 60%

of their dry matter as crude protein (12).
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Figure 1. Schematic of nitrogen flow in ruminants (44).
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Microbial protein is the major source of amino acids
passing to the small intestine for absorption, and is
dependent on the available energy and quantity of protein
degraded in the rumen (13). Research indicates that from 40
to 80% of the dietary protein can be degraded in the rumen
and transferred into microbial protein, while up to 30% of
the bacterial protein produced is also degraded in the
rumen. Despite proteolytic activity of rumen
microorganisms, substantial amounts of dietary protein are
resistant to degradation in the rumen (10).

Degradation of protein in the rumen is a function of
the nature and solubility of the dietary protein, and rumen
retention time. Soluble proteins generally are more
available for microbial metabolism, and modifications of
solubility through chemical and physical processing has been
the primary method of protecting proteins from rumen
fermentation (81). Formulating rations to contain
ingredients of low solubility can decrease the amount of
protein degraded in the rumen. However, there must be a
balance of degradable and undegradable proteins in the diet
to assure microbial growth, as well as passage of amino
acids to the small intestine (14, 77). Decreasing rumen
retention time, by modifications in particle size or level
of feed intake, is another factor that can reduce the
ruminal degradability of protein (77). Increasing rumen

8



fluid dilution rate causes greater protein flow to the small
intestine, due to the increased rate and efficiency of
microbial growth and more feed protein escaping degradation
(14) .

Protein reaching the small intestine is the sum of
unutilized microbial protein synthesized in the rumen, true
protein that escaped rumen fermentation, and endogenous
secretions. Chalupa (10) discusses improvements in
production that have been observed in ruminants when feeds
low in fiber and high in protein escape rumen fermentation
and are digested post-ruminally. Post-ruminal utilization
and absorption of amino acids is efficient because of the
elimination of energy losses associated with fermentation as
well as protein losses incurred in the transformation of
dietary to microbial protein. The efficiency of converting
dietary to microbial protein has been estimated to be
approximately 50% (10). Enzymatic degradation of the
digesta, microbial protein, and endogenous secretions
produces free amino acids, peptides, nucleotides and
nucleosides which are absorbed via the intestinal mucosa
(38, 44). After making allowances for endogenous nitrogen
sources, the absorption of all essential amino acids in the
small intestine is approximately 80% (28). Amino acid
profile of dietary protein escaping rumen degradation is
different from that of total dietary protein. Therefore, it

9



is necessary to feed resistant protein sources that have
amino acid profiles complementary to microbial protein (14).

The National Research Council (44) provides a detailed
summary of protein digestion in the lower tract. The cecum
and large intestine receive protein and amino acids that
were not digested in the small intestine, as well as
endogenous nitrogen sources and urea from the blood. Amino
acid absorption from this area is insignificant,land
consequently amino acids are either deaminated to ammonia to
support microbial protein synthesis, passively absorbed into
the blood, or excreted in the feces. In turn, the microbial
protein synthesized in the lower tract merely increases the
output of amino acids in the feces, since the host animal
has no enzymatic capacity for absorption of amino acids from
the colon and rectum (28).

Evidence from nonruminants suggests the fate of ammonia
is dictated by pH, resulting in a higher ammonia content of
feces having a low pH. Increased availability of energy in
the large intestine from starch, glucose or sucrose
infusions leads to larger fecal protein losses and less
urinary protein excretion. This change is due in part to an
increase in the microbial protein in the feces, and to a
greater soluble nitrogen fraction, which may be associated
with decreased fecal pH. The microbial ﬁopulation of the
large intestine supports an active fermentation and

10



production of volatile fatty acids, and is a compensatory
mechanism for incomplete rumen digestion (44). However, the
rate of volatile fatty acid production is approximately 8%
of that in the rumen (28). Shifting the site of
fermentation can alter energy and amino acid availability to
the animal, microbial yield, and fecal nitrogen losses.
Increasing the metabolic fecal nitrogen component through
the output of microbial protein and amino acids in the feces
is typically the greatest loss of nitrogen to the animal

(44).

Dietary Protein Sources: Soybean Meal and Corn Gluten Meal
Cereal grains and protein supplements contain four
types of protein: albumins, globulins, prolamins, and
glutelins. Albumins and globulins are readily soluble in
rumen fluid, while prolamins and glutelins are less soluble
(15, 81). Laboratory procedures separate the fractions by
their solubility in various solvents: albumins in water,
globulins in salt solution, prolamins in aqueous alcohol,
and glutelins in dilute alkali (6). Generally, the soluble
nitrogen fraction of a feed is degraded more rapidly in the
rumen than the insoluble fraction. Therefore, albumins and
globulins are more degradable in the rumen, which is

unfortunate because they typically have a better amino acid
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profile and a higher biological value than do prolamins and
glutelins.

In production of corn gluten meal (CGM), the soluble
albumins and globulins are removed or fermented resulting in
very insoluble, ruminally undegradable by-product feed
protein that contains mainly prolamins and glutelins.
Blethen et al. (6) determined that CGM protein contains
51.8% and 37.3% prolamins and glutelins, respectively. 1In
contrast, soybean meal (SBM) has more total nitrogen in the
soluble fraction by containing a larger proportion of
albumins and globulins that are ruminally soluble and
degradable (15). Relative proportions of albumins and
globulins for SBM protein are 19.8% and 8.1% as compared to
4.5% and 1.6% for CGM, respectively (6).

Zinn et al. (92), using cannulated steer calves
measured the degradability of SBM and CGM supplementation at
two feeding levels--3 and 4 kg/d. Ruminal degradation of
SBM and CGM was 85% and 54%, and 82% and 39%, for the low
and high feeding levels, respectively. Other studies with
cannulated lactating cows fed CGM (34, 74) measured
degradabilities between 54 and 57%, but 70% for SBM (64).
Of the many factors that affect undegradability in the
rumen, insolubility is probably one of the most important.
Measuring protein insolubility by four different methods
(boiling water, Burroughs' solution, .15 M NaCl, and

12



autoclaved rumen fluid), Waldo and Goering (84) recorded
mean insolubilities for CGM and SBM as 92% and 65%,
respectively.

As milk production increases, supply of protein for the
cow becomes more critical, resulting in a greater reliance
on rumen resistant protein sources that pass undegraded to
the small intestine. Not only is the quantity of protein
escaping to the small intestine important, so is the
quality, or amino acid profile, of protein available for
milk synthesis. Santos et al. (64) using cannulated
Holstein cows, measured greater ruminal ammonia nitrogen
concentrations for cows fed SBM diets as compared to cows
fed CGM diets, indicating SBM is more ruminally degradable.
Additionally, apparent absorption of the amino acids from
the small intestine was greater for CGM than SBM.
Methionine, lysine, and threonine are suggested to be the
essential amino acids extracted with the greatest efficiency
by the mammary gland, and apparently least abundant for milk
synthesis (34). Methionine has been found to be the first
limiting amino acid in SBM (63, 67), and lysine as the first
limiting amino acid in CGM (34, 74).

Wohlt et al. (90), using forty early lactation Holstein
cows, fed 16% CP diets containing either SBM or CGM.

Cows consuming the SBM diets had higher peak milk yields
than cows consuming CGM (39 vs 37.5 kg/d, respectively), as

13



well as less body weight loss. They concluded that CGM as a
sole protein supplement was inadequate to support peak milk
production, and should be combined with another protein
source for optimum efficiency. For midlactation cows, there
was no effect on milk production when CGM was fed as the
sole protein supplement (56, 71). Therefore, feeding
acceptable levels and sources of protein supplements must be
timed to optimize peak milk and maximize yield in a

lactation.

II. FIBER UTILIZATION

In plants, fiber refers to the structural components
providing the plant with protection and rigidity. Fiber is
primarily found in the cell walls and consists of cellulose,
hemicellulose, lignin, and pectin. For ruminants, fiber is
defined by nutritional considerations and dietary fiber or
roughage content is important for regulating rate of
passage, rumination, saliva production, ruminal pH,
efficiency of feed utilization, metabolic disorders, and the
percent fat in milk (45, 86).

The definition of dietary fiber depends on the
methodology of its chemical determination. Crude fiber
(CF), the oldest technique, refers to the residue of a feed
that is resistant to acid and alkali treatment. Variability
of proportions of hemicellulose and lignin in various plant
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species, and the variability of recovery of these fractions
by this method, make CF an inaccurate measure of total
fiber. 1In the detergent system of analysis, feed dry matter
is separated into digestible and indigestible components.
Neutral detergent fiber (NDF) consists of hemicellulose,
cellulose, and lignin, some proteins, bound nitrogen and
insoluble ash (31). Acid detergent fiber (ADF) contains all
the same fractions except hemicellulose, and also includes
pectins and silica (81). Of the fibrous components, lignin
is most resistant to microbial attack, cellulose is more
readily digested, and hemicellulose is the most digestible
(38).

The National Research Council (45) summarizes research
which demonstrated that NDF content can be negatively
correlated with dry matter intake and the apparent
digestibility of forages, but can be positively correlated
with chewing time and bulk density which may help explain
the negative relationship with dry matter intake. ADF,
however, is more negatively correlated with apparent
digestibility than NDF because ADF contains a higher
proportion of lignin which is indigestible. Furthermore,
the NRC suggests that rations for high producing cows should
contain a minimum of 19% ADF and 25% NDF on a dry matter
basis, and 75% of the total ration NDF should come from
forage. 1In later lactation, ADF and NDF contents of the
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diet should be increased to help prevent milk fat depression
as well as less energy is required for milk production.
Recommended amount of fiber in the diets of dairy cattle
varies with the level of milk production, type of forage
that is fed, body condition of the cow, particle size of the
feed, buffering capacity of the diet, feeding frequency, and
economics.

Processing forages to a small particle size leads to
more rapid consumption and ruminal fermentation, which in
turn reduces rumination, saliva production, ruminal pH, and
the acetate to propionate ratio, thereby having a net result
of milk fat percentage depression (23, 45). Similarly,
feeding an insufficient amount of fiber, or feeding forages
of a low rumen buffering capacity may also adversely affect
rumen fermentation, fiber digestion, and milk fat percentage
(24, 30, 91). The gluconeogenic theory of milk fat
depression evolved from infusion studies and subsequent
research of cows fed diets containing high levels of starch
(23). This theory states that greater ruminal production of
propionate, and a lowering of the acetate to propionate
ratio, enhances hepatic gluconeogenesis. Plasma glucose
levels rise as well, and together with propionate, insulin
release is stimulated which suppresses free fatty acid
release from adipose tissue and hepatic lipoprotein
synthesis decreases. Overall there is a reduction in
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availability of milk fat precursors in the blood resulting
in a depression in milk fat content.

Values for NDF and ADF more accurately measure the
fiber component of feeds than CF, yet no one fiber analysis
can accurately predict fiber quality and energy values for
all feeds because both chemical and physical properties are
involved (45). Physical properties affecting fiber quality
and digestion are particle size, physical form, and specific
gravity (87). Chemical factors involved in depressing
ruminal fiber digestion are the availability of readily
fermentable carbohydrates (RFC), ruminal pH, protein
sources, ammonia concentration of the rumen, and plant
components such as tannins, cutins, silica, and lignin (29).

Physical properties are explained later in the rate of
passage section. For chemical factors, several theories
about availability of readily fermentable carbohydrate (RFC)
in the rumen depressing fiber digestion have been proposed
(29): a preference by rumen microorganisms for RFC rather
than fiber components; a decrease in ruminal pH caused by
rapid RFC fermentation resulting in decreased fiber
digestion; and competition for essential nutrients resulting
in preferential proliferation of RFC digesting
microorganisms with a subsequent decrease in cellulolytic
microorganisms. Similarly, at high feed intakes of diets
high in starch content formulated for low soluble or
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degradable protein, reduced ruminal organic matter digestion
may result due to suppression of fibrolytic microorganisms.
High RFC favors proliferation of amylolytic microbes,
limiting available ammonia and amino acid substrates for
fibrolytic microbes. Finally, plant compounds can limit
microbial growth, or act as physical barriers which increase

digestion time.

III. STARCH UTILIZATION

Starch is a common storage form of polysaccharide in
higher plants, and a major source of non-structural
carbohydrate in ruminant diets. Addition of large amounts
of concentrates to roughage diets is used to promote high
levels of production by increasing intake of digestible
energy. Starch is composed of long chains of glucose
molecules linked together by alpha 1,4 glucosidic bonds.
Cereal grains contain approximately 70-80% starch, and their
structure, composition, and interaction within the protein
matrix determine their digestibility and feeding value for
livestock (60).

The major site of grain starch digestion is the rumen.
Carbohydrates are the primary source of energy for rumen
microorganisms. Consequently, any variation in the quantity
or composition of carbohydrates in the diet affects the
nature of the microbial population resulting in a shift in
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the end products of rumen fermentation. In the rumen,
starch is hydrolyzed to the monosaccharide glucose, and then
fermented. Rumen microorganisms metabolize carbohydrates
and produce volatile fatty acids (VFA's), which can supply
70-80% of the energy requirement of the animal. Proportion
of VFA's formed varies with nature of the ration, type of
rumen microorganisms present, and other factors. Generally,
acetate is produced in the highest concentration, with
propionate next, and butyric the least (38). Feeding high
grain diets shifts the production of VFA's by increasing the
proportion of propionate, thereby decreasing the
acetate:propionate ratio. Depressed acetate production may
lead to milk fat depression, and a drop in ruminal pH often
occurs causing a depression in fiber digestion. Fermentation
of starch in the rumen is accompanied by losses in heat and
methane, ranging from 12 to 20% of the ingested energy (49).

Degradation of carbohydrates by rumen microorganisms is
very efficient, and may result in insufficient glucose
absorption in the small intestine to meet the demands of the
host animal (12). Combined with the energy losses of
fermentation, it may be beneficial for starch to escape
ruminal fermentation and be digested postruminally.
Conversely, reducing ruminal starch digestion may decrease
the microbial protein supply available to the animal (50).
Source of starch can determine extent of ruminal
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fermentation, with wheat, oats and barley being 90% degraded
in the rumen. Corn has a lower degradability, and up to 40%
may pass undigested to the small intestine (49). When
roughages form a major part of the ration, and with high
levels of feed intake, the amount of starch escaping rumen
fermentation increases although the total proportion in the
diet is usually lower. This is due to an increase in
passage rate of smaller particles by the presence of longer
particles in the rumen (49). With high concentrate diets,
increased protein escapes rumen fermentation. This may be
attributed to a lower ruminal pH which reduces protein
solubility and accessibility for microbial degradation (15).
Rumen microbial growth results in the synthesis of
bacterial polysaccharides, which are also passed to the
lower tract for digestion. Owens et al. (50), in a review
of 40 starch digestion studies in cattle, reported
polysaccharide content of bacteria and protozoa could range
from 26 to 38% of their dry matter, but more typical values
are 6 to 10%. On all-forage diets, bacterial
polysaccharides account for all the starch flow to the small
intestine. However, on high concentrate diets, if duodenal
starch content exceeds 10%, this is an indication of dietary
starch escaping ruminal fermentation and passing to the
small intestine. Depending on type of gréin, degree of
processing, and extent of ruminal fermentation, 47 to 88% of
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the starch presented to the small intestine is digested
(50).

Intestinal starch digestion begins in the proximal
small intestine with the action of pancreatic amylase and
intestinal maltase. In a series of hydrolytic reactions,
starch is broken into maltose, isomaltose, and small
quantities of glucose (32). Efficiency of glucose
absorption in the small intestine of cattle is unknown, but
studies have indicated glucose is absorbed directly from the
intestinal mucosa (12). Amylolytic digestion of starch in
the small intestine is proposed to be very efficient (81).
Starch digested in the small intestine provides 42% more
energy than starch digested in the rumen, due to the
reduction in losses from methane, heat of fermentation,
digestion, and excretion (50). Also, if a lactating cow
consumes high levels of corn, and all the available starch
in the small intestine was absorbed as glucose, 60-75% of
the animal's glucose requirement would be met (12).

Despite the proposed efficiency, starch digestion in
the small intestine is still incomplete, especially when
great quantities escape rumen fermentation. Limitations to
starch digestion are the subject of much study and
conflicting results. In two very thorough review articles
(49, 50), these suggested limitations are discussed: 1) the
capacity of the small intestine to digest starch is limited
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by the amount of amylase and maltase secreted, suboptimal pH
for maximum enzyme activity, or presence of enzyme
inhibitors; 2) digestibility is decreased due to the rapid
rate of passage limiting the amount of time the enzymes have
to act; 3) limited capacity for glucose absorption from the
small intestine; 4) inaccessibility of starch granules due
to insolubility or impenetrability. Support for, and
evidence against, has been presented through experiments for
each of the four areas, and more research is needed to
investigate the digestive processes of the small intestine.
Due to incomplete digestion of starch in the small
intestine, starch is either fermented in the large intestine
and/or excreted in the feces (81). 1In cattle, 30 to 60% of
the starch leaving the small intestine is fermented in the
large intestine, and is a compensatory mechanism to scavenge
energy which would otherwise be lost (50). Large intestinal
fermentation generally occurs with the cell wall fractions
(structural carbohydrates), but raw starch infused into the
terminal ileum of sheep is also fermented (49). Similar to
rumen fermentation, VFA's are produced, with a higher
proportion of acetate indicative of the structural
polysaccharides. Unlike rumen microbial protein synthesis,
there is no evidence of any digestion or absorption of
cecal-colonic microbial protein in the large intestine (12).
Consequently, greater metabolic N is excreted in the feces,
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which tends to decrease apparent dietary N digestibility,
making the large intestine the least valuable organ of
starch digestion (12, 49, 57). Increased cecal-colonic
fermentation also tends to decrease the dry matter
concentration of the feces, and may cause scouring (49).
Fermentation of starch in the large intestine also
leads to a decrease in the fecal pH as a result of increased
microbial activity and lactate production. The debate
exists whether fecal pH can be utilized as an accurate
indicator of excessive starch loss in the feces. Most
research in this area involves use of buffers in high
concentrate rations to determine the capacity to buffer the
gastrointestinal tract and increase digestibility. Russell
et al. (62), reported a negative correlation (r= -.35)
between fecal pH and fecal starch concentrations when
feeding limestone and sodium bicarbonate. Similarly,
Fernandez et al. (20), calculated linear regressions to
examine the relationship between fecal pH, fecal starch
percentage, and starch digestibility with the addition of
calcium buffers. They found significance (negative
relationship) between fecal starch percentage and both fecal
PH (r= -.45) and starch digestibility (r= ~-.64).
Conversely, other researchers feeding a variety of buffers
to cattle in early lactation noted either an increase in
fecal pH with no effect on starch digestibility (18, 58), or
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no effect whatsoever on either fecal pH or fecal starch
content (47). Still others detected an increase in fecal
starch content, but no concurrent significant decrease in
fecal pH (1, 21, 79).

Processing of cereal grain also influences starch
digestion by reducing particle size and making starch
granules more accessible to enzymes. Cattle consuming
whole grains have appreciable amounts of grain passing
through the digestive tract undegraded, which may be as high
as 30% of the whole grain in the diet (49). Rate of
digestion of starch from grain is inversely proportional to
the particle size of the kernel, and attack of whole kernels
by rumen microorganisms and enzymes is limited (50). Starch
which escapes the rumen in large particles is poorly
digested in either the small or large intestine. Corn and
sorghum both have starch embedded in a strong protein
matrix, and a hard peripheral endosperm layer that make them
more resistant to digestion unless processed (60). For
cattle fed whole kernel corn, 67 to 75% of the total fecal
starch recovery was in the whole corn particle (50).

Processing of grains includes steam-flaking, rolling,
grinding, cracking, high moisture ensiling or roasting. Each
of these processes increases starch utilization through
greater digestion in the rumen and small intestine (78).

For maximum efficiency, starch digestion in the small
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intestine may be advantageous, but processing grains to
increase digestibility at this site causes greater ruminal
degradation as well. This leads to a decrease in the amount
of starch passing to the small intestine, but an increase in
the digestibility of the starch that is presented.
Manipulating the flow of starch to the small intestine by
feeding coarse particles is contradictory because it reduces
total tract digestibility of starch (50).

Owens et al. (50) describe how reduction in particle
size may also occur by mastication during consumption.
Younger cattle chew feed more thoroughly than older cattle,
thereby having more efficient gains. With high feed intakes
and rapid ingestion, extensive chewing during eating and
subsequent rumination are decreased, resulting in higher
starch passage through the tract. Roughage can have
opposing effects on starch digestion depending on the type
and level in the diet. The addition of roughage can lead to
increased mastication and rumination, and consequently
greater digestibility of starch in both the rumen and small
intestine. 1In contrast, if additional roughage increases
the rate of passage of grain particles from the rumen, both
ruminal and total tract digestibilities are depressed,

especially with limited processing or unprocessed grains.
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IV. WATER

Water is generally not listed among the essential
dietary nutrients for animals, but it is the most critical
nutrient. Animals can survive longer in the absence of any
other essential nutrient than without water (38).

Impairment of normal bodily functions occurs after a loss of
10% of total body water, while a 20% loss results in death
(7). Body water content of mammals is approximately 65% of
total body weight (7), and varies with age and fat content.
In very lean cattle, water comprises 70% of body weight,
while fat animals may have as little as 40% of their body
weight as water due to the low water content of adipose
tissue (75).

Water serves numerous roles in animals, but these can
generally be classified into intake, excretion, and
secretion. Water is the compound in which the chemical
reactions of digestion and metabolism occur. Water also
transports nutrients and other materials within the body,
and serves to excrete waste products and excess heat from
the body. Water may be derived from several sources to meet
the needs of livestock: 1) free drinking water; 2) water
contained in or on feeds and forages; and 3) metabolic water
produced by the oxidation of nutrients and body tissues.
Oxidation of one gram of carbohydrate, fat or protein yields
0.6 ml, 1.1 ml, and 0.4 ml of water, respectively. For most
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domestic animals, metabolic water comprises only 5-10% of
total water intake, and remains relatively constant under a
similar metabolic rate (75). Water contained in and/or on
feed is extremely variable, and may range from 5% in dry
grains up to 90% in young, green forages (43). Water intake
is influenced by many factors, such as : species,
physiological status, dry matter intake, dry matter content
of diet, physical form of diet, water availability, level of
milk production, quality of water, temperature of water
offered, and ambient temperature (37, 41, 43).
In the following discussion of water intake, these
terms are used:
1) water consumption--pertains to "free water" intake
of an animal
2) total water intake--consists of both free water and
that contained in feed
3) water requirement--the sum total of the water from
all sources, including metabolic water, necessary

to maintain balance (89).

Water Intake and Lactation

Of all farm animals, lactating dairy cows require the
largest quantity of water in proportion to their size,
primarily due to the volume of water excreted in the milk
(45). Significant positive relationships exist between
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water intake and milk production (4, 9, 37, 42, 45, 54).
Restricting water consumption of lactating dairy cattle
results in reduced milk production (36, 37). Winchester and
Morris (89), estimated free water intake for lactating cows
to be 0.87 kg water/kg milk produced based upon milk's water
content. Little and Shaw (37), in a multiple regression
which included the effect of DM intake, reported a value of
.73 kg water/ kg milk produéed within a production range of
14 to 30 kg/d. Murphy et al. (42), studying factors
affecting water consumption in early lactation cows,
developed a similar multiple regression equation and
calculated a value of .64 kg water/ kg milk. By
incorporating the effects of sodium intake and temperature
in the equation, the value increased to .90, closer to the
expected .87.

In contrast, Paquay et al. (51) concluded milk
production itself does not directly influence amount of
water consumed. Rather the relationship has to do with the
water intake attributed to the influence of DM intake and DM
content of the diet being sufficient to provide for the
level of milk production. Significant correlations were
reported between milk water and DM intake and composition of
the diet, but total water intake was not significantly
correlated with milk water. Murphy (41), explains how milk
production is closely correlated to DM intake and DM intake
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to water consumption, and this confounding effect makes it
difficult to study the direct effect of lactation. Woodford
et al. (cited in 41), attempted to separate the effects of
lactation by examining the half-life of body water in four
cows from the dry period through early lactation. They
demonstrated that the half-life decreases both as milk
production is initiated and during peak production, thereby
concluding that milk production does affect water

consumption.

Water Intake and Dietary Factors

Dry matter intake is positively related to water
consumption (4, 9, 37, 42, 51, 76, 89). Castle and Thomas
(9) described a significant positive relationship between
water intake and dry matter content of the diet, however

Paquay et al. (51) found total water intake to be negatively

related to dry matter content of the diet. All feeds supply
some water, and highly succulent ones, such as silage and
green forage, make a substantial contribution to the water
requirement (38). In a study demonstrating the influence of
forage moisture content on water consumption, Waldo et al.
(85) fed heifers either a direct cut (low DM) alfalfa silage
or a hay ration. Heifers eating silage consumed less free
water than those on the hay ration. Conversely, total water
consumption per kg of feed DM was greater for the heifers on
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silage due to the higher water content of the silage. When
the animals were fed a 45% DM silage, no difference was
found between the hay and silage rations in both free water
and total water intake. Similar results were found by
Castle and Thomas (9) with cows fed succulent diets
containing silage on water consumption and total water
intake. They also observed that the number of "drinking
occasions" were lower for cows on silage rations. Nocek and
Braund (46) recorded peak hourly water consumption
associated with peak hourly dry matter intake.

Overall, as free water consumption increases, total
water intake decreases, as the DM content of the diet
increases. However, Atkeson et al. (4), also had a
reduction in free water consumption on succulent diets
containing corn silage, but reported no difference in total
water intake between diets with or without silage due to
greater DM intake on silage diets balancing the reduction in
free water consumption. Generally, water in the feed
replaces free water consumed up to a point where dry matter
intake may be depressed, which can result in less total
water intake with very high moisture diets. Reported
estimates of the free water intake requirement for cattle
range from 3 to 5.5 kg water/kg DM consumed, after

subtracting the amount of water in the milk (9, 43, 55, 76).
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Dietary composition also influences water consumption.
Diets containing high levels of sodium bicarbonate, sodium
chloride, or other mineral salts increase water intake.
Higher consumption of water enhances rumen dilution rate and
the flow of liquid from the rumen, and urinary output is
often increased. High levels of protein in the diet have
also been associated with greater water consumption. 1In a
study with steers fed two diets of differing protein levels
during fattening, animals fed higher protein diets consumed
26% more water than those on the low protein diets (55).
Higginbotham et al. (27), found higher water intakes
associated with high degradable protein diets (65% CP
degraded in the rumen) containing soybean meal and barley
versus medium degradable diets (58% CP degraded in the
rumen) with corn gluten meal and milo. When feeding high
protein forages (early-cut legumes), Harlan et al. (26)
recorded higher water intakes. Increased water consumption
is attributed to the necessity of removing excess nitrogen.
Paquay et al. (51) also found significant correlations
between total water intake and both nitrogen and chloride

consumption.
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Water Intake and Environment

During moderate environmental conditions (range 2° to
20° C), there was no significant relationship of water
intake or total water intake with mean air temperature or
relative humidity (9, 37). Water consumption is considered
a function of DM intake until approximately 27° C (54, 89).
Above this temperature, increases in water intake were noted
in lactating cattle under controlled temperature conditions.
Under field conditions, this relationship is harder to
define due to numerous confounding factors. For cattle
grazing during temperatures in the range of 13° to 38° C,
water intake was found to be positively correlated with
maximum temperature, forage dry matter, and daily hours of
sunshine, but negatively related to rainfall and relative
humidity (43).

Individual variation in water intake also increases as
the ambient temperature rises. Water intake has been shown
to increase slightly from -10° to 20° C, and rises rapidly
above 25° C due to the initiation of sweating and higher
respiration rate. At very high ambient temperatures (above
35° C), stress dictates behavioral changes that may either
increase or decrease water intake depending upon the animal
(43). At such high temperatures, dry matter intake is
depressed, and milk production generally will decline.
Temperature of available water is another factor which may
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influence intake, although the results have been variable.
When cows in a cold environment (-12° C) were offered heated
water (39.4° C), water intake was increased (43). During
high ambient temperatures, offering chilled drinking water
decreased water consumption, but increased DM intake and
milk production (41). However, the primary benefit of
heating water is to prevent freezing during cold weather,
and the economics of this process, as well as chilling
water, needs to be considered in terms of level of increased

animal performance to justify the expense (45).

Water Losses

Regardless of the amount of water intake, over time the
amount of body water will stabilize and remain relatively
constant. This is done through removal of excess water by
way of the urine, feces, respiratory tract, evaporation from
body surfaces, and through milk in lactating animals (Figure
2). Mammals possess the ability to excrete urine several
times more, or less, concentrated than body fluids, but the
extent in cattle has yet to be determined (41). Becker et
al. (cited in 41), in a study examining the effects of
dehydration in Holstein steers, measured a reduction in
urine output of 14.8 L/d over a 54 h period, and concluded
that urine volume is affected by water availability. Little
et al. (36), testing the effects of water restriction
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(100, 87, 73 and 60% of voluntary water intake) on lactating
cattle found no significant reduction in urine output over a
six day period. Paquay et al. (51) found daily urinary
water losses ranged from 5 to 34 kg, with an average of 16
kg, for cows producing an average of 15 kg/d (range 4 to 23
kg). Positive relationships were found between urinary
water excretion and urinary N and K excretion, but negative
relationships between DM content of the diet and milk
production. They concluded that the water requirements for
milk production are such that less water is available for
urinary excretion. Murphy (41), states that mean urinary
losses for today's high producing cows is approximately 25
kg/d.

In ruminants, there is a substantial loss of water
through the feces, which may be approximately equal to or
greater than urinary losses. The largest proportion of
water movement within the animal takes place between the
gastrointestinal tract and the vascular system. In mammals,
a quantity of water equal to its total body weight normally
flows between these two systems during a 24 hour period.

The majority of the ingested and endogenously secreted water
is absorbed in the small intestine, and the remaining amount

is either absorbed by the large intestine or excreted.
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Figure 2. Means by which water enters and leaves the body (7).
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Therefore, fecal consistency is dependent upon the degree to
which ingested and metabolic water is retained within the
lower gastrointestinal tract (7).

Water losses are related to body size, but are
controlled by body processes, making losses highly variable
according to the diet, type of metabolic end products, and
other factors. The high fiber nature of ruminant diets
requires proportionately more water to carry the ingesta
through the gastrointestinal tract. Losses through the g.i.
tract vary with the nature of the diet. Increasing intake
of roughage increases losses due to the larger proportion of
undigested material passing through the tract (38). Level
of fiber alone is not, however, sufficient reason to explain
the level of fecal water, since differences exist between
ruminant species. Fecal water losses in cattle are
considerable, more so than sheep and goats. Cattle feces
water content ranges 75-80%, while sheep and goats produce a
drier feces of 60-65% water (43). In lactating cattle,
Paquay et al. (51) measured fecal water losses averaging 17
kg/d (range 4 to 30 kg). They found positive correlations
between fecal water and total water intake, as well as
between fecal water and crude fiber intake. Fecal water and
DM content of the diet were negatively related. A negative
correlation existed with DM content of the feces and total
water intake, but DM content of the feces was positively
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related with DM content of the diet. 1In lactating cows
given forages with a high moisture content, fecal water
losses were enhanced primarily due to an increased water
content of the feces.

Regulation of body water volume generally is controlled
by water ingestion and urinary water excretion (75).
Reducing fecal water excretion can be one of the ways in
which ruminants can conserve water. Fecal water is a
potentially larger source of water loss than urine. Feces
accounts for approximately one fifth to one third of the
total daily water loss. For instance, a 350 kg animal will
excrete about 10 liters of fecal water per day (12). In
their study on water restriction in lactating cattle, Little
et al. (36) found a reduction in fecal water excretion, and
a rise in fecal DM, with an increasing level of deprivation.
They estimated a reduction in fecal water excretion
compensated for approximately 50 to 60% of the water intake
reduction. There was also a reduction in milk yield, but
not a reduction in urine output, as reported previously.
The decreased milk production and fecal water output may
well be due to the decrease in feed intake, since the volume
of feces is closely proportional to the amount of water and
dry matter ingested, while the volume of urine remains
constant regardless of amount of feed consumed (55).
Similarly, Shalit et al. (68) in a study on heat stress in
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lactating cattle observed that fecal water was the third
largest avenue of water loss accounting for 12 to 13% of the
total intake during lactation, and was greater than urinary
losses.

Other losses occur by evaporation through the
respiratory tract, or from diffusion of water through the
skin from blood vessels and body tissues, which are called
"insensible" water losses. Respiratory losses may account
for up to one third of the insensible loss in lactating
Holstein cattle, while diffusion accounts for the remaining
two-thirds. Sweating, saliva, and nasal secretions are other
processes of loss, called "sensible" losses (41). Under
moderate environmental conditions the level of loss from
sweating is not significant (75), but under conditions
promoting maximal sweating, a 600 kg Holstein could lose
water at the rate of approximately 2 L/h (41). Loss of
water from the respiratory tract is extremely variable, and
is dependent on the relative humidity and respiration rate
of the animal. Expired air is over 90% saturated, therefore
respiratory losses are high under conditions of low relative
humidity. In contrast, when relative humidity is high and
inspired air is near saturation, respiratory losses are low.
The rate of respiratory water loss is increased when the
animal's rate of respiration rises in response to high
temperature or other behavioral stimulus. For example,
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cattle may lose 23 ml/m2/h at 27, and up to 50 ml/m2/h under
severe heat stress (43). Shalit et al. (68) measured
evaporative water loss (respiratory plus cutaneous) as the
main component of the water output, which accounted for 55%
of total water intake during lactation of heat stressed

Ccows.

v. RATE OF PASSAGE

Many excellent sources exist for defining the
terminology and explaining the processes of ruminant
digestion (12, 39, 81). For studying the processes of
digestion in ruminants, the digestive system commonly is
broken down mathematically into two compartments. First and
largest is the reticulo-rumen, and second is the lower
tract. Ingested feed and water disappear from a compartment
in two ways: through digestion and absorption and through
passage. Escaping undigested and partially digested matter
passes down the tract to the next compartment. Therefore,
the rate of disappearance within a compartment is the sum of
the rates of digestion and passage which should equal the
rate of absorbed products and passed materials.

Passage and digestion offer competitive means for
removal of digesta. Extent of digestion within a
compartment, and in the entire digestive tract, is
determined by the fractional rate of digestion as compared
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to the rate of passage. Amount of potentially digestible
matter escaping digestion and arriving in the feces is also
determined by these relative rates. 1In a strict
mathematical sense, rate of passage refers to the passage of
undigested matter through the digestive tract (39, 81).
Bacteria, potentially digestible feed residues, and
lignified fiber comprise rumen outflow. Subsequent
digestion of bacteria and feed residues occurs to varying
extent in the lower tract. Final fecal residue is composed
primarily of bacterial and plant cell walls and some
endogenous matter. Rate of digestion refers to a quantity
of feed that can be digested per unit of time, and is
essentially a function of the diet. Diet composition,
quality, deficiencies, excesses, and availability of
nutrients determine the rate of digestion (81).

Van Soest (81) describes how rate of microbial growth
is also influenced by both digestion and passage rates.
Distribution of rumen flora is determined by feed
composition and the relative amoﬁnts of available
substrates. Organisms will dominate that have the enzymatic
capability to cope with a substrate, e.g., starch-digesting
bacteria on a grain diet or cellulolytic bacteria on a high
forage diet. Survival of these populations depends on their
growth rate and generation time relative to washout of
substrate and passage.
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Rumen turnover, calculated as rumen volume divided by
intake, is a function of both digestion and rate of passage
(81). Owens and Goetsch (cited in 12), explain that
ruminants have a large gut capacity which is necessary to
retain fibrous particles for microbial fermentation.
Ruminal liquid volume of a mature cow is 48 1 or 15-21% of
body weight, and as body weight increases, so does rumen
volume but at a decreasing rate (rumen volume=kg body
weight °77). Ruminal volume increases with greater feed
intake, and is larger with a higher proportion of roughage
in the diet. Rumen fill pressure under conditions of
increased intake or by consumption of less digestible feed
may be alleviated by either expanded rumen volume or by
increased passage (81).

Ruminal action cannot be completely described by
ruminal volume since solids and liquids are continuously
flushed through the rumen at various rates. Fractional
passage rate of liquids always exceeds that of concentrate
or roughage particles. Rate for fluids generally ranges
from 4-10%/h, concentrates from 2-7%/h, and roughage
particles from 1-6%/h (12). Feed intake is positively
associated with rate of passage (12, 16, 69, 80, 81).
Generally, greater intake will increase passage of liquid
and particles. Liquids and solids in the rumen do not exist
independently, and approximately 20 to 80% of the liquid is
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absorbed or associated within particles (12). Finely
divided material may behave in a fluid manner when slurried
with water, while coarser material collects at a sphincter
or constriction and exhibits filtration effects (81). Rate
of particles leaving the rumen is determined by their
location and filtration effects of the omasum. Large
particles either become trapped in the fibrous mass, or are
screened by the omasal lamina and returned to the rumen.
Therefore, larger particles are retained for a longer time
in the rumen, and this fibrous mass stimulates rumination to
increase fluid input and fluid passage rate. Although
intake tends to increase the fractional passage rates of
both concentrate and roughage particles, rate of
concentrates generally exceeds that for roughages by about
10% (12).

Welch (87) reviewed physical factors of fiber that
affect passage. Particles pass out of the rumen less
rapidly than liquid due to factors of particle size and
specific gravity. Initial mastication, digestion, and
rumination play a role in reducing roughage particle size,
and rumination is the most important activity in reducing
the particle size of indigestible coarse material. In
cattle, the majority of the particles in the postruminal
tract pass a 1.18 mm screen (53). Although small particle
size is necessary to pass from the rumen, the exact
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mechanism for that passage is not known and the specific
gravity of particles may play an important role. Rumen
contents are stratified into several layers, with heavy
particles sinking and lighter particles floating on the
fibrous mass. Hay, whether in the long form or ground,
exhibits a low initial specific gravity of approximately .6
to .7, whereas concentrates have an intermediate specific
gravity in the range of 1.3 to 1.6 (87). As the particle
size of materials is decreased through rumen activity and
rumination, the specific gravity increases through hydration
(86). Materials with specific gravities less than 1 usually
are most extensively ruminated and slowly passed. Materials
with an intermediate value (1.17 and 1.42) pass rapidly,
while the most dense particles (1.77 and 2.14) pass slowly
with little evidence of rumination (87).

Researchers have demonstrated that ground or pelleted
feeds have shorter rumen retention times than feeds in the
long form (39). Intake of plant cell wall, which is the
most voluminous and slowest to digest, sets the particulate
passage rate (80). Welch and Smith (88) observed that
rumination time is proportional to the cell wall content of
a feed, indicating the influence on rumination time by the
fibrous nature of the feed. Other researchers also observed
this relationship, but noted that the relationship between
rumination and cell wall was not constant at ad libitum
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intakes, suggesting that animals may pass larger particles
at high intakes. At higher levels of intake, it has been
observed that fecal particle size increases in dairy cows
(39).

Competition of passage rates with digestion may result
in loss of potentially digestible matter in the feces at
slower rates of digestion. Greater intake increases passage
rates while digestion rates are inflexible, resulting in a
decrease in digestibility (80). A large portion of the
digestibility depression is generally due to decreases in
fiber digestion (29). Feeding diets high in concentrate, or
ground roughages with small particle size, inhibits
formation of the fibrous mass, thereby reducing ruminal
stratification, rumination, and ruminal retention time, and
leading to an increase in intake and depression of
digestibility (12).

Potentially digestible material escaping from the rumen
allows for the possibility of subsequent enzymatic digestion
of microbial and feed non-cell wall matter in the lower
tract, and fermentation of cell walls in the cecum and large
bowel. At lower fermentation sites, the same competitive
factors of digestion and passage will determine amounts of
fermentable matter arriving, and the potential for
fermentation is limited by the rates of digestion of
material previously extensively digested. Amount escaping
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to the feces is determined by turnover and passage rate
(81). Staples et al. (72) in feeding total mixed diets to
steers calculated that the lower tract accounted for 11 to
17% of dry matter disappearance, and tended to play a
greater role during periods of high feed intake.

Ewing and Smith (19) attempted to relate the time
required for food to pass through the digestive system of
steers to the moisture content of their feces. Assumption
was that a faster rate of passage results in higher moisture
feces. They could not make any definitive conclusions about
timing of passage from fecal moisture measurements. By
evaluating fecal nutrient composition there were indications
that with higher moisture feces there is a more complete
apparent digestion of dry matter, crude fiber, and nitrogen
free extract, but not nitrogen and fat. They reasoned that
nitrogenous and ether soluble substances primarily result
from metabolic end products, microorganisms, and digestive
juices. Since a high moisture content of the alimentary
tract comes from copious digestive secretions, there should
be more complete digestion of most nutrients and a higher

fecal moisture content.
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MATERIALS AND METHODS

EXPERIMENT 1
Animals

Thirty lactating Holstein cows at the Virginia Tech Dairy
Center were selected as follows: twelve multiparous cows with
an average parity of 2.8, 34 kg/d milk, 101 days in milk, 583
kg body weight; and 18 primiparous with average milk
production of 26 kg/d, 55 days in milk, and 468 kg body
weight. Cows were blocked by parity, production level, body
weight, and days in milk and randomly assigned to one of six
experimental diets (5 cows per treatment). Cows were housed
in individual tie stalls, and individually fed 50% of their
daily ration at 0230 h and 50% at 1500 h. Diets were fed for
ad libitum intake, allowing for at least 10% refusal. Cows
had access to water at all times. Cows were out of the barn
for milking and exercise from 0900 h to 1500 h, and 2330 h to

0230 h.

Diets

Experimental diets included six with a corn silage base
and six with corn silage/alfalfa silage base (50:50 on a dry
matter basis). Both sets of six diets were formulated to
contain the following acid detergent fiber (ADF) and crude
protein (CP) levels by varying the amounts of high moisture
corn, 44% soybean meal (SBM), and corn gluten meal (CGM):
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17% ADF

15% protein SBM supplemental protein source

22% protein SBM supplemental protein source

22% protein SBM:CGM (50:50 on dry matter basis)
25% ADF

15% protein SBM supplemental protein source

22% protein SBM supplemental protein source

22% protein SBM:CGM (50:50 on dry matter basis)

Ingredient and chemical composition of diets are given in
Table 1 and Table 2. Diets were formulated to meet (15%) or

exceed (22%) the recommended dietary CP level, and to be
deficient (17%) or exceed (25%) the recommended dietary ADF
To attain 25% ADF, chopped orchardgrass hay

level (45).

(approximately 1 inch in length) was used in some diets.

Experimental Design
The study ran from July 24 through October 12, 1990. A
total of four 21 d periods, a 7 4 diet adjustment and 14 4

experimental period for sample collection, were used. Corn

silage based diets were fed in periods one and four, while
corn silage/alfalfa silage diets were fed in periods two and
three, in order to balance effects of stage of lactation and
environment (Appendix Table Al) across forage sources. Cows
were nested within crude protein (CP) level for the length of
the study, but received diets containing both ADF levels.
During the first two periods, cows maintained the same ADF
level, then switched to the alternate ADF level for periods
three and four (figure 3). This experimental design was
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TABLE 1. Average ingredient and nutrient composition of
corn silage based total mixed diets.
(Experiment 1)

17% ADF 25% ADF
515 S22 G22' S15 S22 G22

Ingredient (%DM)

corn silage 55.8 51.3 52.0 55.2 29.7 42.3
high moisture corn 23.9 10.9 15.7 2.6 cen .
orchardgrass hay . e .o 21.3 32.7 25.5
44% soybean meal 16.1 33.6 14.0 16.7 33.4 13.9
corn gluten meal cee eee 14,1 .o ee. 14.1
mineral premix 4.2 4.2 4.2 4.2 4.2 4.2
Composition
DM, % 48.8 50.6 49.7 48.9 62.7 53.6
CP, %DM 15.0 21.3 20.7 15.7 22.6 22.3
NDF, %DM 34.7 34.6 34.3 49.8 46.8 44.0
ADF, %DM 17.4 17.5 17.5 26.8 27.6 26.6
Starch, %DM 67.7 59.9 68.2 54.8 48.2 55.3
Soluble N, %N 38.0 29.6 28.0 38.2 19.9 25.1

! S15-15%CP, soybean meal supplement; S22-22%CP, soybean
meal supplement; G22-22%CP, soybean meal and corn
gluten meal supplement (50:50 on DM basis)
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TABLE 2. Average ingredient and nutrient composition of
alfalfa/corn silage based total mixed diets.
(Experiment 1)

17% ADF 25% ADF
S15 S22 G22' S15 S22 G22
Ingredient (%DM)
corn silage 24.2 22.2 22.3 41.6 30.3 34.4
alfalfa silage 24.0 22.2 22.3 41.2 30.7 34.3
high moisture corn 42.3 27.9 32.1 12.5 4.6 6.8
orchardgrass hay .o .o N ... 10.3 5.9
44% soybean meal 7.1 25.3 10.4 2.2 23.0 8.9
corn gluten meal ‘e ee. 10.7 .o .o 9.2
mineral premix 2.5 2.5 2.5 2.5 2.5 2.5
Composition
DM, % 53.9 57.4 56.3 45.2 53.3 49.0
CcCp, %DM 14.8 20.8 21.2 15.2 21.9 21.4
NDF, %DM 30.5 30.6 28.8 38.7 39.9 39.4
ADF, %DM 17.9 17.8 17.0 26.8 25.7 27.8
Starch, %DM 69.4 66.7 65.6 53.9 49.0 53.1
Soluble N, %N 46.6 33.2 33.0 62.5 39.7 43.0

! S15-15%CP, soybean meal supplement; S22-22%CP, soybean
meal supplement; G22-22%CP, soybean meal and corn
gluten meal supplement (50:50 on DM basis)
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chosen due to labor restrictions on feeding all total mixed
diets simultaneously, as well as limitations on available cows

and length of time for the study.

Measurements and Sampling

Total mixed diets were sampled twice per week, held at
5° C until composited weekly, and then frozen at -20° C until
thawed in preparation for determination of composition.
Samples of forages and concentrates were obtained weekly and
submitted to the Virginia Tech Forage Testing Laboratory for
determination of dry matter, crude protein, and ADF to adjust
the formulated diets. Feed refusals were weighed Tuesday
through Friday each week. Daily intakes, the differences
between amounts offered daily and amounts refused, were used
to calculate weekly averages.

Milk production was measured daily (0130 h, 1330 h) to
establish a weekly average. Duplicate milk samples were taken
from two consecutive milkings on d 11 and 18 of each period
for component analysis. Milk was analyzed by the Virginia
Dairy Herd Improvement Association with a 4-channel
spectrophotometer (Multispec Mark I, Foss Food Technology,
Eden Plaines, MN) for milk fat, protein, and somatic cell
count. Cows were weighed on d 11 and 18 of each period.

In a brief pretrial study, fecal dry matter of samples
collected from two cows over a 16 hour period varied (Appendix
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Table A2). From this observation, it was decided to collect
fecal samples at a consistent time for the main study. Fecal
samples were collected manually by rectal evacuation at 0700
h on two consecutive days (d 10 , 11 and 17, 18 of each
period). A composite aliquot of fresh feces for each cow was
used to measure pH immediately after sampling. Feces were
dried in a forced air oven at 60° C to determine dry matter
(DM), duplicates were composited by cow, and stored in sealed
containers until analyzed. Fecal samples from the second
day's collection were frozen at -20° C until thawed and dried.
Fecal samples were scored for consistency by each member
of a three person panel during sampling. Two persons on the
panel were the same for all samplings, and the third person
varied but was within a small group of four volunteer helpers.
Defecation was simulated by dropping fresh feces from a
consistent height of approximately 1 meter to a clean floor
for visual observation. To have a fresh sample for accurate
appraisal, cows were sampled and scored in blocks of five.
The following fecal consistency scale was developed for visual
scoring:
SCORE #1: Runny--liquid consistency, splatters on
impact, spreads readily.
SCORE #2: Loose--may pile slightly, spreads and
splatters moderately on impact and settling.
SCORE #3: Soft--firm but not hard, piles but spreads
slightly on impact and settling.

SCORE #4: Dry--hard, dry appearance, original form not
distorted on impact and settling.
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Chemical Analysis

Fresh feces were used for pH measurement (Ionalyzer Model
407A, Orion Research, Inc., Cambridge, MA.). Fifteen grams of
feces were brought into solution in 100 ml distilled water.
Dry matter concentrations of total mixed diets and feces were
determined by drying in a forced air oven at 60° C to a
constant weight. All samples were ground through a 2 mm mesh
screen (Thomas-Wiley Laboratory Mill, Arthur H. Thomas,
Philadelphia, PA) prior to analysis. Dried fecal samples were
composited weekly by weight for analysis. All analyses were
run in duplicate with 5% agreement unless otherwise noted.

Laboratory analysis for acid detergent fiber (ADF) and
neutral detergent fiber (NDF) on total mixed diets and feces
were determined using the method of Goering and Van Soest
(22). For total mixed diets, nitrogen (N) was determined
using macro-Kjeldahl procedure (3). Insoluble nitrogen for
total mixed diets was determined using borate phosphate buffer
as described by Krishnamoorthy et al (35). Solutions used
were 10% t-butyl alcohol (10 ml t-butyl alcohol in 100 ml
distilled water) and borate phosphate buffer (NaH,PO *H,0:
12.20 g/liter; Na,B,0,*10H,0: 8.91 g/liter). The pH of buffer
was' adjusted to 6.8 by bubbling carbon dioxide into the
solution. A .5 g feed sample was weighed into a 100 ml
beaker. Next, 5 ml 10% t-butyl alcohol (wetting agent) and 25
ml borate phosphate buffer were added. Samples were stirred
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thoroughly with ‘a glass rod. Another 25 ml of borate
phosphate buffer were added and samples sat for 1 hour and
were stirred again thoroughly before filtration. Whatman No.
541 filter paper was used, and samples were washed with
approximately 50 ml borate phosphate buffer and 250 ml
distilled water. The N content of the residue was then
determined by macro-Kjeldahl. (Filter paper blank was run to
correct for N content of filter paper). Soluble N was
calculated as the difference between total N and insoluble N.

Starch content of both total mixed diets and feces was
determined by the method of Kartchner and Theurer (33), with
some slight variations. Samples were weighed into 50 ml screw
cap tubes, 30 ml of distilled water added, capped, and boiled
for four hours at 100°C on a dry heating block. Tubes were
washed periodically during boiling with distilled water up to
a volume of 50 ml. After cooling, contents were transferred
quantitatively to 150 ml beakers using 0.2 N acetate buffer to
double the volume. Ten ml amyloglucosidase (A7255, Sigma
Chemical Co., St. Louis, MO.) was added, and samples were
incubated in a dry-heat gravity convection incubator (Isotemp
200 Series, Fisher Scientific, Springfield, NJ) at 55° C for
24 h. Samples were filtered through Whatman No. 541 filter
paper, transferred quantitatively to a 250 ml volumetric flask
and brought up to volume with distilled water. A one in ten
dilution of the filtrate was performed, and 0.5 ml was
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pipetted in duplicate for glucose analysis. Glucose content
was determined using glucose oxidase kits (Sigma Chemical Co.,
St. Louis, MO.) in a colorimetric procedure measuring
absorbance at 450 nm with a spectrophotometer (Spectronic
1001, Bausch and Lomb). Starch content was calculated using
the formula:
(glucose mg % from standard curve) x 10 fold dilution
factor x 2.5 fold dilution factor x .9 starch D-glucose
conversion factor= mg starch in sample DM.
A 10% agreement between replicates was accepted due to the low
starch content of some fecal samples and difficulty of getting

agreement.

Sstatistical Analysis

All data were analyzed using General Linear Model of SAS
(73). The model was:

Yim = U + Ay + P, + F, + (AP);; + (AF); + (PF);  +

(APF)”k + C(j)l + (AFC)”)ikl + (FC)(j)kl + (AC)(j)il + e

(ijklm

where:

Y:m = dependent variable

u = overall population mean

A, = effect of ADF percentage (i=1,2)

Pj = effect of CP percentage and source (j=1,3)

F, = effect of forage source (k=1,2)

(AP);; = interaction of ADF with CP level

(AF),, = interaction of ADF with forage source

(PF)., = interaction of CP with forage source

(APF}. = interaction of ADF, CP, and forage source
ijk
¢yt = effect of cow nested within CP (1=1,10)
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(AFC) )ik = interaction of ADF, forage source, and
cow nested within CP

(FC) iy = interaction of forage source with cow
nested within CP
(AC) (jyiy = interaction of ADF percentage with cow

nested within CP
= residual error (m=1,4)

€iiktym

Two cows were removed after period 2 due to injuries.
Due to the imbalance, least squares means were estimated
without cow interactions in the model. Standard errors
reported are from the full model. Sources of variation and
degrees of freedom are presented in Table A3 in the Appendix.
Significance was declared at p < .05 unless otherwise noted.

Repeatabilities of fecal scores by person could not be
calculated because each panel member scored a fecal sample
only once during sampling. Prediction equations of score from
dietary and animal parameters, and from fecal parameters, were
determined through a backward elimination procedure.
Additionally, simple correlations were determined between

dietary, animal, and fecal parameters (73).
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EXPERIMENT 2

Experiment 2 was conducted to add to the evaluation the
measurement of individual daily water consumption, apparent
digestibilities of DM, ADF, NDF, whole corn kernels, and

starch, as well as quantitating whole corn kernel passage.

Animals

Six lactating primiparous Holstein cows at the Virginia
Tech Dairy Center were selected with an average of 27 kg/d
milk production, 80 days in milk, and 480 kg body weight.
Cows were randomly assigned to one of six experimental diets
in a 6 x 6 Latin Square design. Cows were housed 1in
individual tie stalls, and individually fed 50% of their daily
ration at 1330 h and 50% at 0130 h. Diets were fed for ad
libitum intake, allowing for at least 10% refusal. Cows had
individual water bowls with water meters (Rockwell
International, Philadelphia, PA) attached to measure daily
consumption. Cows were out of the barn for milking and
exercise from 0930 h to 1330 h, and 0030 h to 0130 h. Water

was not available during these times.

Diets

Experimental diets were formulated the same as in
Experiment 1. Ingredient and chemical composition of diets
are in Table 3 and Table 4.
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TABLE 3.

Average ingredient and nutrient composition of

corn silage based total mixed diets.

(Experiment 2)

17% ADF 25% ADF
S15 S22 G22' S15 S22 G222

Ingredient (%DM)

corn silage 61.4 56.3 55.8 55.9 27.8 39.5

high moisture corn 19.0 6.5 12.4 .o .o .o

orchardgrass hay . e .o 23.9 34.6 28.7

44% soybean meal 15.4 33.1 13.6 16.0 33.4 13.6

corn gluten meal .o ... 13.8 .o ... 13.8

mineral premix 4.2 4.2 4.2 4.2 4.2
Composition

DM, % 46.0 48.5 47.4 49.8 63.7 56.5

CP, %DM 15.0 20.7 20.9 15.8 22.3 21.8

NDF, %DM 32.8 34.2 32.4 42.7 46.0 43.1

ADF, %DM 18.1 18.6 17.6 25.3 28.2 26.5

Soluble N, %N 39.8 32.7 28.6 39.5 27.2 25.4

1

S15-15%CP, soybean meal supplement; S22-22%CP, soybean
meal supplement; G22-22%CP,
gluten meal supplement (50:50 on DM basis)
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TABLE 4. Average ingredient and nutrient composition of
alfalfa/corn silage based total mixed diets.
(Experiment 2)

17% ADF 25% ADF
S15 S22 G22' S15 S22 G22

Ingredient (%DM)

corn silage 23.5 21.7 21.7 40.4 30.5 33.9
alfalfa silage 23.3 21.7 21.8 40.2 30.8 33.9
high moisture corn 43.1 28.6 32.6 13.8 4.6 6.8
orchardgrass hay .o .o .o ... 10.1 6.1
44% soybean meal 7.5 25.5 10.6 3.3 22.8 9.2
corn gluten meal .o ... 10.9 .o cee 9.4
mineral premix 2.5 2.5 2.5 2.5 2.5 2.5
Composition
DM, % 55.4 59.0 58.5 49.1 55.6 53.1
CP, %DM 14.7 21.3 21.4 16.0 21.2 20.9
NDF, %DM 34.5 31.8 32.1 38.5 39.3 37.6
ADF, %DM 18.0 17.7 17.9 24.3 25.1 24.8
Soluble N, %N 52.2 40.9 40.6 59.7 46.2 46.8

! S15-15%CP, soybean meal supplement; S22-22%CP, soybean
meal supplement; G22-22%CP, soybean meal and corn
gluten meal supplement (50:50 on DM basis)
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Experimental Design

The study was conducted from July 17 through November 13,
1990. Two 6 X 6 Latin squares with 10 d periods (5 d
adjustment, 5 d experimental) were used to investigate
responses of the cows fed the six diets. Randomization gave
each possible treatment sequence equal chance of selection
within the normal constraints of a Latin Square (Appendix
Table 24). Cows were randomly assigned to a sequence of
treatments, and each cow received each diet during each
square. Corn silage based diets were fed in the first 6 x 6
Latin square period, and corn silage/alfalfa silage diets in

the second.

Measurements and Sampling

Total mixed diets were sampled twice per week, held at 5°
C until composited weekly, and then frozen at =-20° C until
thawed in preparation for determination of chemical
composition. Samples of forages and concentrates were taken
weekly and submitted to the Virginia Tech Forage Testing
Laboratory for analysis to make periodic adjustments to diets.
Feed refusals were weighed daily at 1000 h. Daily intakes,
calculated as the difference between the amount offered daily
and the amount refused, were used to calculate a weekly
average. Water consumption was recorded aaily at 1000 h, and
used to calculate a weekly average.
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Milk production was measured daily (0100 h, 1300 h) to
establish a weekly average. Duplicate milk samples were taken
from two consecutive milkings on d 9 of each period for
component analysis. Milk was analyzed by the Virginia Dairy
Herd Improvement Association with a 4-channel
spectrophotometer (Multispec Mark I, Foss Food Technology,
Eden Plaines, MN) for milk fat, protein, and somatic cell
count. Cows were weighed on d 9 of each period.

Fecal samples were collected in duplicate per cow
manually by rectal evacuation at 0800 h on d 8 and 10 of each
period. A composite aliquot of fresh feces for each cow was
used to measure pH. Feces was dried in a forced air oven,
duplicates composited by cow, and stored in sealed containers
until analyzed. Fecal samples from the second day's
collection were frozen at =-20° C until thawed and dried.
Fecal samples were scored for consistency as described in

Experiment 1.

Digestibility Trials

Total fecal collections were performed during periods 5
and 6 in the first Latin Square for the corn silage based
diets, and periods 4 and 5 in the second Latin Square for
corn/alfalfa silage based diets. Apparent digestibilities of
dry matter, ADF, NDF, and starch were determined, and whole
corn kernel passage quantitated. Each collection period was
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24 h, and required constant monitoring for this period.
During the collections, all feces were manually collected
in previously tared containers. To avoid urine contamination,
the concrete floor was washed with water using a high pressure
hose after urination. Total weight of feces was recorded,
duplicate samples were dried in a forced air oven at 60° C for
dry matter determination, and stored in a sealed container for
later analysis. One kg aliquot of feces was taken for whole
corn kernel gquantification. Feces was washed through a
hardware mesh screen, whole kernels separated, counted, and
dried in a forced air oven at 60° C. During collections, cows
were led individually to the milking parlor and back to stalls
to assure no loss of feces. Total mixed diets were sampled
for analysis, and average composition is in Table 5. A sample
of 5% by weight of each total mixed diet was collected, and
the whole corn kernels manually separated, counted, and dried
to get an estimation of the amount of kernels available for

ingestion by the animals.

Chemical Analysis

All analyses for pH, DM, ADF, NDF, CP, insoluble N, and
starch are the same as for Experiment 1 for both total mixed
diets and feces. Fecal samples were not composited weekly.
Starch analysis was only on diets and feces of digestibility
trials to calculate apparent starch digestibility.
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TABLE 5. Average nutrient composition of total mixed
diets for digestibility trials.
(Experiment 2)

17% ADF 25% ADF
S15 S22 G22! S15 S22 G22
Corn silage based diets
Composition
DM, % 48.6 49.7 50.8 50.0 64.5 658.7
CP, %DM 13.3 19.5 20.2 13.7 19.8 21.6
NDF, %DM 36.9 37.9 37.3 48.3 49.9 42.3
ADF, %DM 18.6 20.9 18.7 26.8 28.8 24.5
Starch, %D 66.6 58.9 62.4 39.8 33.6 51.7
Soluble N, %N 38.2 32.1 26.8 39.8 20.1 24.9
Corn/alfalfa silage based diets
Composition
DM, % 56.1 58.8 57.9 48.1 55.6 53.4
CpP, %DM 15.6 21.6 22.0 15.9 20.4 21.9
NDF, %DM 34.7 33.3 33.4 39.5 44.1 38.7
ADF, %DM 20.5 20.5 21.6 27.6 30.5 27.8
Starch, %DM 72.3 53.8 53.6 54.2 48.4 49.1
Soluble N, %N 47 .2 36.1 35.6 58.3 43.8 43.2

! S15-15%CP, soybean meal supplement; S22-22%CP, soybean
meal supplement; G22-22%CP, soybean meal and corn
gluten meal supplement (50:50 on DM basis)
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Statistical Analysis
All data were analyzed using General Linear Models of SAS
(73) .

The model for the main study was:

Yijklm =u + A, + Pj +F +C + (FC)kl + (PF)jk +
(AF); + (APF)ijk + (AP)ij + Rogn  + ©¢ijkim
where:
Yiim = dependent variable
u = overall population mean
A; = average effect of ADF percentage (i=1,2)
Pj = average effect of CP percentage and source (j=1,3)
F, = average effect of forage source (k=1,2)
C, = average effect of cow (1l=1,4)

(FC),, = interaction of forage with cow

interaction of CP with forage source
interaction of ADF with forage source
(APFSi.k = interaction of ADF, CP, and forage source
interaction of ADF with CP

Ry = periog nested within forage source (m=1,12)
€iikim = residual error

o
o
It

>
Z
I

Due to injuries, two cows were removed before the second
Latin square, so statistical analyses are based on data from
four cows that completed both Latin squares. Sources of
variation and degrees of freedom are presented in Table A5 in
the Appendix. Significance was declared at p < .05 unless
otherwise noted.

Repeatabilities of fecal scores by person could not be
calculated because each panel member scored a fecal sample
only once during sampling. Prediction equations of score from
dietary and animal parameters, and from fecal parameters, were

determined through a backward elimination procedure.
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Additionally, simple correlations were determined between

dietary, animal, and fecal parameters (73).

The model for the digestibility trials was:

Y =u+ A + P, + (AP);; + F_ + (AF); + (PF); +
(APF)ijk + €4
where: Y., = dependent variable
u = overall population mean
A; = effect of ADF percentage (i=1,2)
Pj = effect of CP percentage and source (j=1,3)
F. = effect of forage source (k=1,2)
(AP) interaction of ADF with CP

(AF),, = interaction of ADF with forage source

(PF) ;, interaction of CP with forage source

(APF5ijk = interaction of ADF, CP, and forage
source

iy = residual error

For the digestibility trials, all six cows are included
in the analyses so that all diets are represented for
analysis. Sources of variation and degrees of freedom for the

digestibility data is presented in Table A6 in the Appendix.
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RESULTS AND DISCUSSION

EXPERIMENT 1

Data for multiparous and primiparous cows were pooled for
analysis since no differences were detected due to parity.
Since few interactions were detected, data are presented for
main effects. Cases in which interactions occurred are noted
in the text. A list of significant interactions is presented

in Table A7 of the Appendix.

Dry Matter Intake and Lactation

Effects of dietary ADF percentage and forage source on
dry matter intake (DMI) are presented in Table 6. Effects of
ADF level on intake, and intake as %BW, was dependent on
dietary CP content (ADF x CP interaction). DMI was lower for
25% ADF diets than 17% ADF. The largest decrease in DMI of
diets containing 25% ADF was observed with cows consuming 15%
(S15) and 22% (S22) CP with soybean meal compared to 22% CP
(G22) with combination soybean meal:corn gluten meal. High
fiber diets have larger percentages of ADF and NDF as a result
of the greater proportion of forages composing the diet. The
high fiber diets formulated for this study contained a high
proportion of chopped orchardgrass hay (approximately 1 inch
in length) to achieve 25% ADF, especially the corn silage

diets. Both ADF and NDF have been found to be negatively
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correlated with DMI. In this study, DMI was lowest on diets
containing the highest levels of ADF (25%).

Milk production (kg) was greater for cows consuming 17%
ADF diets and for cows consuming corn silage diets, prchably
due to greater DMI. Four percent fat corrected milk (4% FCM)
was also greater for cows consuming 17% ADF diets, despite a
significantly lower milk fat percentage for cows fed 17% ADF
than cows fed 25% ADF diets (3.4% vs 3.7%). Numerous
researchers have documented the effect a low fiber, high
concentrate diet has on depressing milk fat percent (24, 30,
91).

Synthesis of microbial protein is greatest when large
quantities of non-structural carbohydrates (NSC) are available
to rumen microbes. Increasing dietary NSC content through the
addition of corn may increase amino acid flow to the small
intestine by increasing ruminal microbial protein synthesis.
A positive animal response from increased supply of amino
acids to the small intestine could be due to increased protein
synthesis, gluconeogenesis, and altered blood hormone
concentrations resulting in greater milk yield (14).

Nocek and Tamminga (48) described possible benefits on
milk yield of dietary starch escaping rumen fermentation.
Despite the presence of digestible dietary starch in the
intestine, there is no net glucose absorption at the portal
vein, and plasma glucose levels remain relatively unaffected.
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Table 7. Influence of dietary CP content on dry matter intake,
lactational performance, fecal dry matter, consistency
score, pH, fiber, and starch content. (Experiment 1)

Dietary CP Content

%DM
Contrast2
Variable S15 522 G22! SE p< A B
Intake and lactation
DMI, kg 17.00 18.60 17.70 0.91 NS NS NS
DMI, %BW 3.25 3.63 3.29 0.11 0.05 NS 0.05
Milk, kg 22.10 23.60 23.70 1.51 NS NS NS
4% FCM, kg 20.10 21.90 22.50 1.46 NS NS NS
Fat, % 3.39 3.53 3.67 0.15 NS NS NS
Protein, % 3.09 3.27 3.14 0.09 NS NS NS
Fecal
DM, % 14.39 14.09 15.45 0.27 0.005 NS 0.001
Score 2.39 2.01 2.48 0.13 0.05 NS 0.01
pH 6.84 6.91 6.89 0.03 NS NS NS
NDF, %DM 55.35 54.35 52.47 0.72 0.02 0.05 0.05
ADF, %DM 33.06 32.57 32.21 0.54 NS NS NS
Starch, %DM 13.55 12.22 11.76 0.89 NS NS NS

1 S515-15%CP, soybean meal supplement; S22-22%CP, soybean meal
supplement; G22-22%CP, soybean meal and corn gluten meal
supplement (50:50 on DM basis).

2 Orthogonal contrast A - S15 vs. S22 and G22

Orthogonal contrast B - S22 vs. G22
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Postruminally absorbed glucose is preferentially used for
oxidative metabolism at the visceral tissue level. Therefore,
exogenously supplied glucose may spare endogenously
synthesized glucose for gut metabolism, allowing more to be
directed to the mammary gland.

Dry matter intake (DMI), expressed both as kg and as a
percent of body weight (%BW), was greater for cows consuming
corn silage based diets. Dietary CP content had no
significant effect on DMI, although there was a tendency for
greater DMI on higher CP diets (Table 7). Investigating
preplanned orthogonal contrasts of protein level with S15 vs
S22 and G22 together, and protein source with S22 vs G22,
there was greater DMI as a %BW between protein sources for
cows consuming S22 compared with G22 (3.6% vs 3.3%), but no
difference due to level of protein.

A significant CP x forage source interaction demonstrated
that the effect of forage source on 4% FCM was influenced by
dietary CP content. Cows consuming corn silage diets had
greater 4% FCM than cows consuming alfalfa/corn silage diets
at all dietary protein levels with no significant difference
in milk fat percentage between forage sources. Cows fed corn
silage diets with 22% CP had a tendency for higher production
over the low protein diets. However, cows fed corn silage
diets with 15% CP content had the greatesf increase in 4% FCM
as compared to cows fed alfalfa/corn silage diets at that
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protein level.

Protein sources used in formulating dairy rations may
have a major impact on milk performance depending on rumen
degradability of the protein. Protein sources that have low
ruminal protein degradation characteristics may alter the
postruminal amino acid profile, possibly influencing milk
protein output (70). In this study, cows consuming corn
silage diets had the lowest milk protein percentage (CP x
forage source interaction). Milk protein percentage tended to
responded to dietary protein level for cows consuming S22 to
have greater milk protein, G22 intermediate, and S15 lowest.

Broderick (8) observed a different effect of forage
source on milk protein with cows consuming 63% alfalfa silage
diets having lower milk protein percentage than cows consuming
either 60% or 76% corn silage diets. For cows consuming diets
high in corn silage and corn grain, lysine and methionine were
measured as the first two 1limiting amino acids for milk
protein production (65). Protein in 1legume forages,
particularly that in alfalfa silage, is very degradable in the
rumen (8). Alfalfa silage in combination with corn silage in
total mixed diets for our study may provide a different
profile of amino acids available for absorption in the small
intestine and influence milk protein production. Soybean meal
is an excellent source of 1lysine, containing about 68 g
lysine/kg of protein (65). Therefore, diets high in soybean
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meal may promote dgreater milk protein production. Milk
protein percentage in response to dietary protein level is
variable. Barney et al. (5) reported a linear response in
milk protein with increased CP intake. Edwards et al. (17)
measured an increase 1in milk protein yield without a
concurrent increase in milk protein percentage with increased

dietary CP intake.

Fecal Parameters

Cows consuming 17% ADF diets had higher fecal DM and a
lower fecal score (Table 6). This result was unexpected,
since a natural assumption, such as that of Ewing and Smith
(19), would be that feces of a more 1liquid consistency
visually would have a higher moisture content. As well as
lower fecal scores, cows fed 17% ADF diets had lower fecal pH,
and higher fecal starch. Both fecal pH and starch content had
a significant ADF x forage source interaction. For cows
consuming 17% ADF, alfalfa/corn silage diets, fecal pH was
tended to be slightly lower than cows fed corn silage. Cows
consuming 25% ADF alfalfa/corn silage diets tended to have
slightly higher fecal pH than cows fed corn silage. For fecal
starch content, the same interaction existed for forage
sources, except fecal starch content of cows fed 17% ADF was
higher than 25% ADF.

Feces exhibiting a lower pH had higher starch content,
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corresponding with the findings of other studies (20, 62).
Little difference was measured in dietary starch content of
corn silage diets as compared to alfalfa/corn silage diets
(Tables 1 and 2). Starch content of 25% ADF diets was less
than 17% ADF diets due to a greater percentage of forage and
less concentrate. Cows consuming 17% ADF diets had greater
DMI, which consequently can result in a faster rate of passage
causing increased ruminal escape of starch. Starch not
digested in the small intestine or fermented in the large
intestine passes out in the feces (81). Cows consuming high
fiber diets have potentially slower ruminal passage rates
(12), leading to greater diet digestibility by reducing losses
of starch and other potentially digestible materials to the
lower tract and feces. As a result, lower tract fermentation
may have been reduced resulting in higher fecal pH of cows
consuming high fiber diets.

Van Soest (80) explained that the undigested dietary
fraction in feces is largely made of undigested plant cell
wall, or structural carbohydrate (90%). The metabolic fraction
(10%) secreted by the animal is made of microbial debris (85
to 90%), and a small endogenous component (10 to 15%). The
endogenous component is reduced considerably by microbial
fermentation in the lower digestive tract. Microbial matter
in feces 1is largely the indigestible remnants of rumen
bacteria. In the case of increased lower tract fermentation of
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starch, there is a subsequent increase in amino acids and
microbial protein not utilized in the colon passing out in the
feces. Increased microbial matter and a greater soluble
nitrogen fraction in feces may be associated with a decreased
fecal pH (44).

Cows consuming alfalfa/corn silage diets had higher fecal
DM % than cows fed corn silage diets (15.3% vs 14.0%), but
there was no difference in visual fecal score. Data in Table
7 show fecal DM was lower for cows fed S22 as compared to G22
(14.1% vs 15.5%), and cows fed S22 also had lower visual fecal
scores (2.0 vs 2.5). This relationship of fecal score to dry
matter was different from that observed with dietary fiber
content. This finding supports the assumption that feeding
protein in excess of requirements can result in a more liquid
feces when feeding high levels of soybean meal. For cows fed
diets containing combination soybean meal:corn gluten meal,
fecal scores and fecal dry matter were higher demonstrating a
difference due to protein source. No significant effect of
dietary CP content on either fecal pH or starch content was
observed.

Fecal ADF content was greatest for cows consuming 25% ADF
diets, and for cows fed alfalfa/corn silage diets. Fecal NDF
had significant ADF x CP and ADF x forage source interactions.
Cows fed corn silage diets had higher fecal NDF content than
cows consuming alfalfa/corn silage at both ADF levels, and
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fecal NDF content was higher from consumption of 25% ADF than
from 17% ADF diets. Fecal NDF of cows was lower with 17% ADF
diets for all CP levels--cows fed S15 tended to have the
highest NDF content, S22 intermediate, and G22 the lowest. At
25% ADF diets, fecal NDF was increased and the relationship of
CP levels was altered with cows fed S22 having the highest
fecal NDF content, S15 intermediate, and G22 still lowest.

Cows consuming low fiber diets had feces of a more liquid
consistency visually, but with a greater dry matter content
and lower fiber. Therefore, fecal dry matter may be composed
of more non-fiber components such as escaped dietary starch,
and greater microbial matter due to lower tract fermentation.
Feces were not analyzed for nitrogen or microbial dry matter,
so it is not known if increased dry matter can be attributed
to greater microbial protein excretion.

On the other hand, cows consuming high fiber diets
excreted feces which received a higher visual score, but had
lower dry matter and greater fiber. Fibrous materials can
absorb large quantities of water (38), and fiber contributes
to the bulkiness and structural appearance of feces.
Increasing intake of roughage increases fecal water losses due
to the 1larger proportion of undigested 1lignified matter
passing through the tract (38). Therefore, a higher
consistency score feces may contain a 1arge proportion of
water associated with the fiber component which results in a
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lower dry matter wvalue. Furthermore, rate of passage is
potentially decreased on high fiber diets resulting in greater
total tract diet digestibility (81). Less dietary matter
would pass undigested to the feces, and 1lower tract
fermentation would be decreased lowering the fecal microbial

content.

Correlations

Table 9 contains correlation coefficients for the
variables measured in this study. Variables included were:
DMI and 4% FCM; dietary ADF, NDF, CP, soluble protein, dry
matter percent of the diet and starch; fecal pH, DM, NDF, ADF,
and starch, and fecal score.

Relationships among variables of Table 9 support
observations previously described. Dry matter intake was
negatively related to dietary ADF and NDF content, as well as

negatively to fecal pH, fecal ADF and NDF, and positively to

fecal starch. Dietary ADF and NDF content were negatively
related to dietary starch (r= =-.79, r= -.72) and to fecal
starch content (r= -.50, r= -.56). Less fecal starch may be

due to potentially slower passage and greater digestibility of
high fiber diets. Dietary starch was greater for 17% ADF
diets with a negative relationship to fecal pH, fecal NDF and
ADF content (r= -.63, r= -.60, r= -,62). At 17% ADF, dietary
starch was positively related to fecal DM and fecal starch
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(r=.61, r=.46).

Fecal pH was related negatively to fecal DM and fecal
starch (r= -.58, r= =-.55), and positively to fecal fiber
(r=.69 for ADF, r=.77 for NDF). Russell et al. (62) and
Fernandez et al. (20) reported lower negative correlations of
fecal pH and starch (-.35 and -.45, respectively). Fecal DM
% had a negative correlation to fecal fiber (r= -.67 for ADF,
r= -.58 for NDF) and a positive relationship (r=.43) to fecal
starch, supporting the observation that a looser consistency
feces with a higher DM content may be composed of more starch
and less fiber components. Contrary to these observations,
Orskov (49) observed in sheep that fecal DM concentration
decreased with increased cecal fermentation of starch.
Finally, fecal score had significant negative correlations
with DMI, 4% FCM, and dietary DM percentage (DDM) (r= -.24, r=
-.18, r= -.22, r= -.33), demonstrating that greater intake of
low fiber, high energy diets and higher milk production may
result in feces of a low consistency score. Fecal score also
was positively correlated with fecal DM and fecal fiber
content (r=.28 for DM, r=.35 for ADF, r=.34 for NDF), and

negative to fecal starch (r= -.33).
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Prediction Equations

Primary focus of this study was to determine dietary
effects on fecal score. In a backward elimination procedure
(73) to determine a prediction equation for fecal score based
on dietary and animal parameters, full model variables
considered were: DMI, 4% FCM, dietary ADF, CP, soluble
protein (SOLN), dry matter (DDM), and starch (r2 = 0.12). CP
was the first variable removed, followed by DMI, SOLN, starch,
and ADF. The final equation chosen included 4% FCM and DDM as

2

the best predictors of fecal score (r° = 0.09) with an

equation of: Y= 4.09 - .02 FCM kg - .02 DDM%. Given the low

2

, dietary and animal parameters predict fecal scores poorly.

Given such poor prediction by dietary and animal
parameters, fecal parameters were evaluated for predictive
ability as well. Full model variables considered were: fecal
pH, DM, NDF, ADF, and starch (r2 = 0.62). Fecal pH was the
first and only variable removed, leaving fecal DM, NDF, ADF,
and starch as the best predictors of fecal score (r®2 = 0.62).
Final equation was: Y = -5.27 + .26 DM% + .06 NDF% + .02 ADF%
- .01 starch%. Predictive ability of fecal parameters for
fecal score was improved over dietary and animal parameters,
but these variables cannot be easily measured in an applied
situation. For both prediction equations, cross products of
the variables were evaluated but they did not significantly
improve prediction.
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EXPERIMENT 2

Experiment 2 was conducted to add to the evaluation
the measurement of individual daily water consumption,
apparent digestibilities of DM, ADF, NDF, whole corn kernels,
and starch, as well as quantitating whole corn kernel passage.
Similar to Experiment 1, few interactions were detected, and-
data are presented for main effects with interactions noted in
the text. A list of significant interactions is presented in

Table A7 of the Appendix.

Dry Matter Intake, Water Intake, and Lactation

Effects of dietary ADF percentage and forage source on
dry matter intake (DMI) are presented in Table 10. DMI,
expressed both as kg and as %BW, had a significant ADF x
forage source interaction. DMI of cows increased slightly for
25% ADF diets with corn silage as compared to 17% ADF, but
decreased greatly for 25% ADF with alfalfa/corn silage. DMI
has been positively related to water consumption (4, 9, 37,
42, 51, 76, 89), and free water consumption has been measured
to range from 3 to 5.5 kg water/kg DM consumed (9, 43, 55,
76) . Water intake, both as kg and as %$BW, had an ADF x forage
source interaction following the same relationship as DMI,
except that the increase in water intake for the 25% ADF corn
silage diets was greater than could be accounted for by
increased DMI. Dry matter percent of the diet was greater for
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25% ADF corn silage diets due to high 1levels of chopped
orchardgrass hay, and water intake has been measured to be
positively related to dry matter percent of the diet (9).
Decrease in water intake for alfalfa/corn silage 25% ADF diets
was approximately equal by weight (kg) to decreased DMI.
Water intake (%BW) was the same for cows fed 17% ADF diets,
and increased for cows fed 25% ADF diets with corn silage, but
decreased slightly for cows fed 25% ADF alfalfa/corn silage
diets.

Contrary to results of Experiment 1, there was a tendency
for cows consuming alfalfa/corn silage diets to have greater
DMI, milk (kg), and 4% FCM compared with cows consuming corn
silage diets. Similar to the first experiment, cows fed 17%
ADF diets had greater DMI, milk (kg) and 4% FCM production,
but a lowered milk fat percentage compared with cows fed 25%
ADF diets (3.7% vs 4.0%).

Orthogonal contrasts indicate a protein level and source
effect on free water and total water intake, expressed both as
kg and as %BW (Table 11). Cows consuming S22 and G22 diets
had greater free water and total water intake (kg and %BW)
compared with cows consuming S15, indicating higher protein
diets can stimulate water consumption. High levels of dietary
protein have been associated with increased water consumption
(26, 27, 55), probably due to the necessity of removing excess
nitrogen via the urine.
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Differences were recorded in the amount of free water and
total water, both as kg and as %BW, consumed due to type of
dietary protein supplement. Cows fed diets with high soybean
meal supplementation (S22) consumed more free water than cows
fed combination soybean meal:corn gluten meal (G22) (80.2 kg,
74.5 kg). Higginbotham et al. (27) recorded increased water
intake associated with high degradable protein diets (65% CP
degraded in the rumen) containing soybean meal and barley
versus medium degradable diets (58% CP degraded in the rumen)
with corn gluten meal and milo. Though degradability values
were not calculated for total mixed diets, it would be
expected that diets high in soybean meal (S22) would be more
degradable than diets containing corn gluten meal (G22).
Greater ruminal degradability of soybean meal may result in
greater ammonia nitrogen production elevating blood nitrogen
levels. Greater water intake is then needed to remove excess
nitrogen through the urine.

Differences in protein source were also observed for milk
production and composition. Even though high soybean meal
supplemented diets (S22) stimulated DMI and water intake,
diets containing combination soybean meal:corn gluten meal
supported greater milk production (kg), 4% FCM, and nmilk fat

percentage.
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Table 10. Influence of dietary CP content on dry matter intake,
water consumption, total water consumption, lactational
performance, fecal dry matter, consistency score, pH, and
fiber. (Experiment 2)

Dietary CP Content
$DM

Contrast?

Variable S15 s22 ¢22' SE p< A B
Intake and lactation
DMI, kg 18.10 18.80 18.30 0.33 NS NS NS
DMI, $%B 3.73 3.89 3.78 0.07 NS NS NS
WI, kg 68.80 80.20 74.50 1.45 0.0001 0.0001 0.01
WI, %BW 14.21 16.67 15.45 0.33 0.0005 0.0005 0.02
TWI, kg 86.71 94.38 90.00 1.36 0.005 0.005 0.05
TWI, %BW 17.92 19.63 18.65 0.32 0.005 0.01 0.05
Milk, kg 21.30 21.60 22.70 0.34 0.05 NS 0.05
4% FCM, kg 20.70 20.50 22.50 0.56 0.05 NS 0.02
Fat, % 3.89 3.70 4.02 0.09 0.05 NS 0.02
Protein, % 3.25 3.32 3.25 0.04 NS NS NS
Fecal

DM, % 15.40 14.70 15.90 0.31 0.05 NS 0.02
Score 2.27 1.90 2.35 0.09 0.005 NS 0.005
pPH 6.86 6.93 6.89 0.04 NS NS NS
NDF, %DM 50.40 52.00 50.50 0.85 NS NS NS
ADF, %DM 27.90 29.20 29.50 0.65 NS NS NS

1 sis5-15s%cP,

supplement; G22-22%CP,

supplement (50:50 on DM basis).
2 Orthogonal contrast A - S15 vs. S22 and G22
Orthogonal contrast B - S22 vs. G22

3  WI = water Intake
4 TWI = Total water intake

soybean meal supplement; S22-22%CP,

soybean meal

soybean meal and corn gluten me
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Fecal Parameters

Effects of dietary ADF content on fecal parameters (Table
10) are the same as reported for Experiment 1, except fecal
score had a significant ADF x CP interaction. At 17% ADF,
cows consuming S22 diets had the lowest fecal consistency
scores, S15 were intermediate, and G22 had the highest. At
25% ADF, cows consuming S22 still had the lowest consistency
scores, but cows consuming S15 and G22 were reversed relative
to 17% ADF diets. Overall, fecal consistency score of S15 and
S22 was increased on 25% ADF diets, but consistency score of
G22 was lowered on 25% ADF diets as compared to 17% ADF.

Effects of forage source and CP content on fecal
parameters generally are the same as reported for Experiment
1 (Tables 10 and 12), except in Experiment 2 fecal pH of cows
fed corn silage was increased compared with alfalfa/corn
silage diets (6.99 vs 6.79). Also, there was no significant
difference in fecal NDF content between protein levels or
sources in Experiment 2 as opposed to Experiment 1.

Additionally, visual observations of fecal color were
performed during sampling. Cows consuming corn silage diets
excreted a more yellow colored feces, whereas cows consuming

alfalfa/corn silage diets excreted dark brown feces.
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Digestibility Data

Increasing the fiber content of diets by increasing the
proportion of roughage in total mixed diets causes a decrease
in the digestibility of most components in the diet except the
fiber itself. The digestibility of the fiber wusually
increases with increasing proportions of roughages in mixed
diets (25). 1In this study, dietary ADF did not significantly
affect any apparent digestibility factors (Table 13), although
there was a significant ADF x CP interaction for apparent ADF
digestibility. Apparent ADF digestibility for S15 diets did
not vary between dietary ADF levels. Apparent ADF
digestibility was lower for S22 at 17% ADF and greater at 25%
ADF than for G22 diets.

Forage source did not affect DM, ADF, or NDF
digestibility, but did influence whole corn kernel
digestibility. Cows consuming alfalfa/corn silage diets had
greater whole corn kernel apparent digestibility (34.0% vs
21.0%) and whole kernels, %DM (26.7% vs 16.4%) than cows
consuming corn silage diets. Alfalfa/corn silage diets (Table
5) contained a smaller proportion of corn silage, thereby
containing less whole kernels available for ingestion.
Although feeding whole or coarsely cracked corn decreased
rumen starch degradability, the larger corn particles may not
be enzymatically digested in the small intestine.
Additionally, the passage of larger, more dense corn particles
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is accelerated through the intestinal tract and excreted in
the feces which decreases total tract digestion of kernels
(48) .

Apparent starch digestibility was influenced by forage
source and was dependent on ADF content (ADF x forage source
interaction). Cows consuming 17% ADF diets with corn silage
had greater apparent starch digestibility than cows consuming
alfalfa/corn silage. At 25% ADF, apparent starch
digestibility for cows fed corn silage diets decreased
slightly, and increased for cows consuming alfalfa/corn
silage. Overall digestibility was still greater for cows
consuming corn silage diets. Results from Experiment 1 (Table
6) demonstrated cows consuming alfalfa/corn silage diets
excreted feces with a greater starch content (13.2 vs 11.8%)
than cows fed corn silage diets, indicating a lower starch
digestibility.

When grains are fed with high levels of forage, passage
rate of grain may be accelerated through the rumen. This can
reduce the extent of digestion of starch in the total tract of
cattle, despite the increase in rate of digestion in the
rumen. If added roughage increases mastication and rumination
of the grain, it should increase digestibility in both the
rumen and small intestine. However, if added roughage elevates
passage rate and more large particles are rapidly moved out of
the rumen, ruminal and total tract digestibility of starch
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from less well processed grains will be compromised (50).
High producing cows consuming large quantities of feed are
likely to have a smaller fraction of dietary starch degraded
in the rumen than animals consuming 1low or moderate
amounts.

Dietary crude protein content had 1little effect on
apparent digestibilities (Table 14), except apparent dry
matter digestibility was greater on high protein diets (S22
and G22) than low protein diets (S15). On high protein diets,
especially at 17% ADF, supplemental protein and high moisture
corn composed a larger proportion of the DM relative to
forage. Supplemental protein is more readily digestible and
the overall diet digestibility increases. This is consistent
with (25) who reported increased DM digestibility as level of
concentrate increased in diets. Greater apparent dry matter
digestibility on high protein diets may support the positive
correlation (r=.28) of fecal dry matter to fecal score
recorded for Experiment 1. Cows consuming high protein diets
excreted feces with low visual consistency scores and low dry
matter concentrations.

Table 15 presents the relative émounts of whole corn
kernels separated from total mixed diets and feces during the
digestion trial. Values presented were not statistically
analyzed. Alfalfa/corn silage diets (Table 5) had lower
proportion of corn silage and consequently, lower amounts of
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Table 12. Influence of dietary CP content on apparent digestibility of
dry matter, ADF, NDF, whole corn kernels, and starch.
(Experiment 2)

Dietary CP Content

%DM

Contrast2

variable s15 s 2! SE p< A B
Dry matter, % 68.19 71.81 71.13 1.02 NS 0.05 NS
ADF, % 60.19 61.76 63.18 0.98 NS NS NS
NDF, % 58.34 61.48 60.61 1.54 NS NS NS
Corn kernels, % 27.48 30.18 24.99 3.14 NS NS NS
Kernels, %DM 20.65 24.00 20.11 2.49 NS NS NS
Starch, % 94,146 95.21 94.23 0.74 NS NS NS

1 $15-15%CP, soybean meal supplement; $22-22%CP, soybean meal

supplement; G22-22%CP, soybean meal and corn gluten meal
supplement (50:50 on DM basis).

Orthogonal contrast A - $15 vs. $22 and G22

Orthogonal contrast B - $22 vs. G22

2
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whole corn Kkernels and lower percentage of total dietary
starch was accounted for by whole kernels. Also, 25% ADF
diets had fewer whole corn kernels than 17% ADF. Therefore,
as the proportion of corn silage decreased in alfalfa/corn
silage diets, or through addition of chopped orchardgrass hay
to achieve 25% ADF, the amount of whole corn Kkernels
decreased. High moisture corn in the diets was cracked via a
hammermill prior to ensiling, thus whole corn kernels ingested
in this study were assumed to be primarily from corn silage.
Although it increases protein solubility greatly, high
moisture storage and fermentation of corn grain does not
greatly reduce ruminal escape of corn protein (50). Physical
or chemical processing of corn products greatly affects
digestibility in the rumen and small intestine (78).
Digestibility coefficients rank processing methods, from least
to greatest, as whole, rolled, ground, high moisture and steam
flaked grains (50).

Average dry weight of kernels was greater in total mixed
diets than in feces, possibly indicating greater passage of
smaller size whole kernels. However, based upon observations
that some fecal kernels were slightly broken, differences in
weight may be due to nutrient digestion. Owens et al. (50)
states that rate of starch digestion from grain is inversely
proportional to particle size, and rumen microorganisms or
enzymes have limited effects on whole kernel digestion. Data
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from this study were measured as average dry weight with no
separation of actual particle size. If greater proportions of
small kernels escape ruminal digestion, larger kernels may
undergo rumination and subsequently be digested in the rumen
or lower tract. Only whole kernels with little or no breakage
were counted, and it was assumed that little or no starch was
digested from these kernels. Intact kernels of corn are not
extensively attacked in the rumen. This increases the supply
of starch to the small intestine, but particles reaching the
small intestine from whole corn usually are large and are not
extensively attacked in the small intestine either (50).

For cattle fed whole kernel corn, 67 to 75% of the total
fecal starch recovery was in the whole corn particle (50).
Values observed from this experiment were more variable, and
ranged from 22 to 82%. Percentage of whole kernels excreted
(% DM) in feces is greater for all diets than that reported by
Miller et al. (40). Orskov (49) reported up to 30% of the
whole grain can appear in feces of cattle fed whole grain
diets, which is consistent with observations from this study
for alfalfa/corn silage diets.

For corn silage diets, a greater percentage of total
fecal starch was due to the presence of whole kernels,
especially for the 17% ADF diets. Similarly, percentage of
dietary whole kernels passing out in the feces appeared to be
greater for low fiber diets and high fiber, high protein
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diets. Increased ruminal passage rates resulting from low
fiber and high protein diets could account for this pattern.
Cows consuming the 25% ADF diet with low protein (S15) had the
lowest percentage of dietary kernels passing to the feces,
which may be an indication of greater rumination and breakdown
of kernels as well as dgreater microbial efficiency by
utilizing more available protein from the diet.

For alfalfa/corn silage diets, a lower percentage of
fecal starch is due to whole kernels, and there is no apparent
pattern to the excretion of fecal kernels as a percent of
dietary kernels by fiber or protein level. Apparent starch
digestibility was lower for cows consuming alfalfa/corn silage
diets (Table 13). Also, from results of Experiment 1 (Table
6), fecal starch content of cows consuming alfalfa/corn silage
diets was greater than corn silage diets. Alfalfa/corn silage
diets contained higher proportions of high moisture corn than
corn silage diets (Tables 1 through 5). The increased fecal
starch content and lower apparent digestibility may be due to
greater passage of starch of high moisture corn origin not in
whole kernel form through the gastrointestinal tract to the

feces.
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Correlations

Table 16 contains correlation coefficients for the
variables measured in this study. Variables included were:
water intake, total water intake, DMI, and 4% FCM; dietary
ADF, NDF, CP, soluble protein, and dry matter percent of the
diet; and fecal score, fecal pH, DM, NDF, and ADF.

According to the relationships among variables of Table
13, many correlations are the same as described for Experiment
1 with a few exceptions and additions. Water intake and total
water intake were added variables, and were positively related
to 4% FCM, DMI, and dietary CP content. Free water intake was
positively related to dietary dry matter percentage (DDM).
These correlations support other observations of: DMI
positively related to water consumption (4, 9, 37, 42, 51, 76,
89); high levels of dietary protein associated with increased
water consumption (26, 27, 55); positive relationships between
water intake and milk production (4, 9, 37, 42, 45, 54); and
water consumption positively related to dry matter percent of
the diet (9, 85).

Contrary to Experiment 1, DMI had no significant
relationship to dietary or fecal ADF and NDF. Fecal score in
Experiment 2 had a negative relationship to DMI but not to 4%
FCM, dietary dry matter percentage (DDM), or fecal dry matter.
Free water (r= -.29) and total water intake (r= -.42) also had
a negative relationship to fecal score, indicating there may
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be a relationship of water consumed to fecal consistency.
Cows consuming high protein diets (S22) had the lowest visual
fecal scores (1.9), as well as the greatest free water (80.2

kg) and total water (94.4 kg) consumption.

Prediction Equationmns

Using backward elimination (73) to determine a prediction
equation for fecal score based upon dietary and animal
parameters, full model variables considered were: DMI, 4%
FCM, water intake, dietary ADF, CP, soluble protein (SOLN),
and dry matter (DDM) (r?® = 0.33). CP was the first variable
removed, followed by FCM, ADF, water, DDM, and SOL. Final
equation chosen included only DMI as the best predictor of
fecal score (r? = 0.12) with an equation of: Y= 3.68 - .08 DMI
kg.

Similar to Experiment 1, dietary and animal parameters
predicted fecal scores poorly, so fecal parameters were
evaluated. Full model variables considered were: fecal pH,
DM, NDF, and ADF (r? = 0.47). Fecal ADF was the first
variable removed followed by pH, leaving fecal DM and NDF as
the best predictors of fecal score (r2 = 0.,43). Final
equation was: Y = -6.09 + .25 DM% + .09 NDF%. Predictive
ability of fecal parameters is lower for this experiment as
compared with Experiment 1. Evaluation of variable cross
products did not significantly improve prediction.
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1)

2)

3)

4)

5)

6)

7)

SUMMARY

Low fiber diets (17% ADF) resulted in greater dry matter
intake, more actual milk (kg) and 4% FCM, but lowered
milk fat percentage. Lower dietary fiber reduced fecal
pH, fecal fiber content and consistency score, but
increased fecal dry matter and fecal starch content.

High soybean meal supplementation (S22) reduced fecal dry
matter and consistency score, as compared to the same CP
level with soybean meal:corn gluten meal supplementation
(G22).

Corn silage diets in Experiment 1 resulted in greater dry
matter intake, more milk (kg) and 4% FCM, but lowered
milk protein percentage. In Experiment 1, corn silage
diets reduced fecal dry matter, but for both experiments
fecal ADF, and starch content were reduced and fecal NDF
increased.

Correlation of fecal dry matter to fecal score was
positive (r=.28), and this relationship was observed due
to effects of forage source and CP content. However, the
opposite relationship was observed from cows on low fiber
diets. Cows excreted feces of greater dry matter content
that had a low visual consistency score.

Using a backward elimination procedure for prediction of
fecal score from dietary components and animal
parameters, dry matter percent of the diet and FCM
(Experiment 1) and dry matter intake (Experiment 2) were
the variables most related to fecal score. However, the
r’=.09 for Experiment 1, and r?=.12 for Experiment 2
indicates poor prediction.

Using a backward elimination procedure for prediction of
fecal score from fecal parameters, fecal dry matter, ADF,
NDF, and starch (Experiment 1) and fecal dry matter and
NDF (Experiment 2) were the variables most related to
fecal score. For Experiment 1 the r?=.62, and for
Experiment 2 the r?=.43, indicating fecal parameters have
better predictive ability, but these variables are not

easily measured in an applied situation.

Both free water and total water consumption was greatest
for cows consuming the high soybean meal (S22) diets
(80.2 and 94.4 kg, respectively), and these cows also had
the lowest visual fecal consistency scores (1.9).
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8)

9)

10)

Alfalfa/corn silage diets resulted in greater apparent
whole corn kernel digestibility (33.4 vs 21.2% kernels),
corn kernel DM digestibility (26.7 vs 16.4% DM), but
lower apparent starch digestibility (93 vs 96%) compared
to corn silage diets.

High protein diets (S22 and G22) resulted in greater
apparent dry matter digestibility compared to low protein
diets (S15).

Average dry weight of each whole corn kernel in feces was
less than in total mixed diets. This may indicate larger
kernels were more readily broken during rumination and
subsequently digested. An alternative possibility may be
digestion of nutrients occurs in slightly broken kernels
during passage through the digestive tract.
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CONCLUSIONS

Dietary effects on fecal consistency were primarily due
to ADF level and type of protein supplement. Fecal
consistency varied between cows on the same diet, and some
cows maintained the same fecal consistency for the length of
the trial despite dietary treatment. Overall, fecal scores
indicated a liquid consistency feces for the majority of cows
fed these diets. Cows consuming the high soybean meal diets
(S22) had 29% fecal score 1, 52% fecal score 2, and 19% fecal
score 3. No fecal score 4's were recorded for any cow on any
diet for this study. A fecal score 4 may be associated with
dry cows receiving a predominately hay ration, while lactating
cattle receiving grain will excrete a lower consistency feces.
Despite an overall positive correlation, fecal score and fecal
dry matter are not positively related in all situations. Cows
consuming 17% ADF diets excreted feces of a lower visual
consistency score, having a reduced pH and fiber content but
greater dry matter and starch concentrations.

Feces of cows consuming diets with high soybean meal
supplementation (S22) had lower visual consistency scores and
reduced dry matter content than cows fed combination soybean
meal:corn gluten meal (G22). This may not be strictly a
difference due to rumen resistent protein, but rather the type
of protein supplement chosen. Further study is recommended
for other types of protein supplements with varying
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degradability characteristics to investigate effects on fecal
consistency. Cows consuming high soybean meal diets (S22)
also consumed the greatest amount of water. This study did
not attempt to elucidate exact physiological processes of the
lower gastrointestinal tract affecting fecal consistency.
Increased water consumption on high protein diets may be a
factor contributing to a more liquid consistency feces.

Corn kernel passage 1in feces occurred with varying
amounts on all diets. For corn silage diets, a pattern of
kernel passage emerged with higher passage on low fiber diets,
and high fiber, high protein diets. Alfalfa/corn silage diets
had no evident pattern. Average dry weight of whole corn
kernels in feces was less than in total mixed diets. This may
indicate 1larger Xkernels were more readily broken during
rumination and subsequently digested. An alternative
possibility may be digestion of nutrients occurred in slightly
broken kernels during passage through the digestive tract.

Accurate prediction of fecal consistency score from the
dietary and animal parameters identified was not possible.
Fecal parameters may improve prediction of fecal score, but
these are not easily measured in an applied situation.
Further study is suggested to evaluate different protein
sources, to investigate the contribution of water consumption,
and to clarify interactions of protein, forage source and
fiber level as they relate to fecal consistency.
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Table Al. Average monthly maximum and minimum temperature
(°F) and total precipitation (inches of
rainfall) in Blacksburg, VA during
Experiments 1 and 2.

Temperature ° F

Month Maximum Minimum Rainfall (in)
July 83.6 59.5 .67
August 81.4 59.0 .46
September 76.4 52.4 .16
October 67.6 42.4 .71
November 61.1 33.6 .34
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Table A2. Pretrial fecal dry matter data.
Cow Time Fecal dry matter (%)
2052
7 am 24.6
11 am 14.8
3 pm 23.0
7 pnm 29.7
11 pm 38.2
2476
7 am 25.4
11 am 16.5
3 pm 33.3
7 pm 32.0
11 pm 38.6
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Table A3. Sources of variation and degrees of freedom
for Experiment 1.

Source df
ADF 1
CP 2
FOR 1
ADF*CP 2
ADF*FOR 1
CP*FOR 2
ADF*CP*FOR 2
COW(CP) 27
ADF*FOR*COW (CP) 25
FOR*COW (CP) 27
ADF*COW (CP) 25
Residual 1276
1391

MS (ADF*COW(CP)) used to test effect of ADF percentage

MS(COW(CP)) used to test effect of CP percentage and
source

MS (FOR*COW(CP)) used to test effect of forage source

MS (ADF*COW(CP)) used to test ADF*CP interaction

MS (ADF*FOR*COW(CP)) used to test ADF*FOR interaction

MS (FOR*COW(CP)) used to test CP*FOR interaction

MS(residual) used to test other effects
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Table A4. Latin square design used in Experiment 2.
Per. 1 |Per. 2 |Per. 3 [Per. 4 |Per. Per. 6

Cow HS15 LS15 HG22 HS22 LG22 Ls22
Cow Ls22 HG22 HS15 LG22 LS15 HS22
Cow LS15 1.s22 LG22 HS15 HS22 HG22
Cow LG22 HS15 HS22 HG22 LSs22 LS15
Cow HS22 LG22 LS15 Ls22 HG22 HS15
Cow HG22 HS22 LS22 LS15 HS15 LG22

LS15 = 17% ADF, 15% CP (SBM)

LS22 = 17% ADF, 22% CP (SBM)

LG22 = 17% ADF, 22% CP (SBM:CGM)

HS15 = 25% ADF, 15% CP (SBM)

HS22 = 25% ADF, 22% CP (SBM)

HG22 = 25% ADF, 22% CP (SBM:CGM)
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Table AS. Sources of variation and degrees of
freedom for Experiment 2.

Hh

Source
ADF

CP

FOR

COwW
COW*FOR
CP*FOR
ADF*FOR
ADF*CP*FOR
ADF*CP
PER (FOR)
Residual

CONNKNWWENKD

N =

MS (COW*FOR) used to test the effect of forage source
MS(residual) used to test other effects
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Table A6. Sources of variation and degrees of
freedom for digestibility trials
in Experiment 2.

]

Source

ADF

CP

ADF*CP

FOR

ADF*FOR

CP*FOR

ADF*CP*FOR

Residual 1

[SH N NS SN SNy o)
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Table A7. List of significant interactions for
Experiments 1 and 2.

Variable Interaction p <

Experiment 1

DMI, kg ADF x CP 0.005
DMI, %BW ADF x CP 0.005
4% FCM, kg CP x FOR 0.05
Protein, % CP x FOR 0.05
PH ADF x FOR 0.001
NDF, %DM ADF x CP 0.03

ADF x FOR 0.005
Starch, %DM ADF x FOR 0.05

Experiment 2

DMI, kg ADF x FOR 0.01
DMI, %BW ADF x FOR 0.01
Water, kg ADF x FOR 0.01
Water, %BW ADF x FOR 0.01
Score ADF x CP 0.03
ADF dig. ADF x CP 0.05
Starch dig. ADF x FOR 0.03
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