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Chapter I

INTRODUCTION

Ration physical form affects rumen health and function
and partitioning of nutrients between rumen and lower diges-
tive tract. However, all-forage rations produce normal
rumen health and function but limit energy intake necessary
for maximum milk production. All-concentrate rations pro-
vide maximum energy intake for milk production but do not
provide bulk or "scratch"™ necessary for normal rumen health.
Optimum dairy rations provide emergy and bulk for milk pro-
duction and cow health.

Attempts to evaluate physical form have not produced a
routine method for guantitation of feedstuff or ration phy-
sical form. Roughage Factor, Effective Fiber, Roughage
Value Index, or Bulk Density measurements have attempted to
correlate these physical form evaluations to milk fat test
and production, but have not been developed to a routine
procedure. These evaluations may be important since main-
taining milk fat test can be detrimental to ruminant health
and production.

Ration physical form also affects partitioning of
nutrients between rumen and lower digestive tract by effect-

ing changes in rumen fluid dilutiom rate (RFD). Increased



RFD has been associated with increasing forage component of
rations. Soluble ration components, small particles, and
somne microbial cells flow with the fluid phase of rumen dig-
esta, therefore a faster BRFD carries more of these compo-
nents to the lower tract. Reduced rumen residence time
decreases digestibility of these components in the fluid
phase hence, rumen by-pass occurs. Increased RFD has the
disadvantage of reducing digestibility of those components
best digested in the rumen such as fiber. Increased RFD can
produce changes in the microbial population favoring rapidly
growing organisms with lower maintenance requiremeats and
produce a fermentation favoring acetate rather than propion-
ate production. Accurate physical form evaluation would
allow formulation of rations for optimum partitioning of
nutrients as well as maintaining ruminant health.

Since corn silage is the major forage in dairy cattle
rations in Virginia evaluation of corn silage physical form
would be beneficial. Feeding corn silage as the only forage
in the ration reguires more careful management than when
other forage sources such as hays are included vith the corn
silage. Therefore evaluation of cow response to fiber
sources supplemented to corn silage-based rations has merit.

Objectives of these experiments were to: Experiment I,
1) determine influence of added amounts of orchardgrass

(0G), alfalfa (ALF), or cottonseed hulls (CSH) to corn



silage-based rations on intake, nitrogen balance, rumen fer-
mentation, and rumen fluid and solids dilution rates.
Experiment II, 2) compare 9% added 0G, ALF, or CSH to corn
silage-based rations on intake, chewing time, rumen fermen-
tation, and rumen fluid and solids dilutionm rates. Experi-
ment IIT, 3) evaluate a fime chop corn silage-based ration
supplemented with 0, 9, or 18% chopped 0OG on intake, rumen

fermentation, and rumern fluid and solids dilutiom rates.



Chapter IIX

LITERATURE REVIEW

FIBER AND ANIMAL HEALTH

Evaluating the roughage component of a dairy ration has
become more important since high grain feeding has been
shown to increase milk production. High-level grain feeding
has resulted in metabolic disorders such as milk fat depres-
sion, liver damage, founder, bloat and indigestiomn, and phy-
siological disorders such as stiffness of joints and possi-
bly abomasal displacepent (Kesler ard Spahr, 1964). Most of
these disorders cause cows to go off feed and reduce milk
production. Inclusion of roughage or fiber sources in the
ration has been shown to prevent or correct these metabolic
and physiological disorders. Although maintaining cow
health and preventing off-feed problems is most important,
other benefits of rounghage in a ration have been observed.
Anong those observed are optimum nutrient intake, increased
rate of passage of digesta, altered rumen fermentation pat-
tern, enhanced digestion of some compoments and increased
animal performance (Kesle; and Spahr, 1964).

Consideration of forage:concentrate ratio was first
studied by Ronning and Laken (196&), in a California study.

They judged that a 60:40 ratio of alfalfa hay:concentrate



resualted in best performance for first-lactation cows after
peak of lactation. 1In the same experiment a 90:10 ratio
depressed milk yield because cows were unable to consunme
enough energy. 1In 30:70 ratio and 0:100 dietary ratio diets
cows consuped excess energy and became over-conditioned.
Milk fat percent was depressed with the 0:100 ratio diet.
Health problems were not reported im this study.

Kesler and Spahr (1964) indicated that maximum nutrient
intake occurred in high producing dairy cows when concen-
trates made up 50% to 60% of a ration containing cormn silage
and alfalfa-grass hay. Later, Spahr and Harshbarger (1971)
showed that when corn silage was the only forage in a conm-
plete feed containing 45% to 50% concentrates, milk produc-
tion of 30 kg per day could be supported. Coppock et al.
(1974) showed that during the second trimester of lactation
dry matter intake was higher for a 45:55 forage:concentrate
ratio compared to a 30:70 ratio. Energy balamnce was nega-
tive for the first trimester of lactation but reached egui-
librium during the second trimester. Increasing the concen-
trate portion of the ration reduced the time for animals to.
reach energy eguilibrium.

Studies by Moe et al. (1971) and Coppock et al. (197%)
have shown that high producing dairy cows in the first tri-

mester of lactation are unable to consume enough feed to



maintain energy balance even with rations composed of up to
80% concentrates. Dairy cows reach energy eguilibrium in
the second trimester but as energy requirements taper off,
cows do not regulate their feed intake according to physio-
logical regquirements. Couws in third trimester will overcon-
sume energy and become overconditioned unless ration changes
are made. Rations composed of silages and high quantities
of concentrate should be modified during various stages of
lactation to control energy intake to reflect changing lac-

taticn requirements (Coppock et al., 1974).

PHYSICAL FOBM

Metabolic and physiological problems associated with
high concentrate feeding have been observed by pelleting or
fine grinding of forage or entire ration. It has been
advantageous to alter the physical form of many feedstuffs,
especially low quality crops or crop residues to optimize
their intake.

Milk fat depression may be the first noticeable synpton
from feeding a pelleted or finely ground ration. Powell in
1939 first reported the relationship between physical form
and milk fat depression. 07?Dell et al. (1968) at Clemson
studied the effect of grinding and pelleting of coastal ber-
mudagrass in relation to milk fat test and milk productiosn.

Using forage ground to different fineness (0.16cm, 0.32 cnm,



0.64 cm, and 0.95 cm) and pelleted (0.64 cm) or not, they
determined that the critical grind size in relation to milk
fat depression was approximately 0.64 cm. Individual animal
variation precluded an exact measurement. Milk production
was not affected by physical form alterations. Milk fat
depression was not as great for groups receiving ground hay
rations as compared to groups receiving the same rations
pelleted., Their observation was that pelleting of forage or
ration appears to further reduce particle size.

Miller et al. (1969) at Virginia showed that when cows
consumed finely chopped corn silage considerable milk fat
depression occurred. Milk fat percestage declined from 3.5
to 3.0 over a 10 week period but there was no influence on
milk'yields. From this study a recommended knife setting
for the field chopper was 1.0 to 1.3 cam to avoid milk fat
depression in cows consuming corn silage as the sole forage
source.

Jorgensen et al. (1978) showed that alfalfa silage
should not he less than 0.64 cm theoretical length of cut
(TLC) when used as the only source of forage. Farthermore
this may not be adequate for dry cows and the period inmedi-
ately after calving for prevention of off-feed problems and
displaced abomasum. Cows fed finely chopped silage (0.48 cn

TLC) gained significantly more body weight compared to cows



fed a medium chopped silage ({0.64 cm TLC). Finely chopped
silage fed at 33:67 forage:grain ratio depressed milk fat
test (3.0%) and produced higher milk production per day.
When the finely chopped silage was fed at 50:50 forage:grain
ratio, milk fat test was not depressed.

FPeeding pelleted coastal bermudagrass to Clemson dairy
cows resulted in milk fat depression (C'Dell et al., 1964;
Chalupa et al., 1969). Supplementing pelleted ratioms with
baled hay or corn silage prevented declines in milk fat
test. Baled hay supplemented at 2.27 kg daily increased
milk fat from 3.5 to 3.7%. Corm silage (6.8 kg) supple-
mented to the pelleted rations also increased milk fat 0.2
percentage nrits. ©O'Dell et al. (1964) fed pelleted coastal
bermudagrass to six cows for 56 days, then divided the cows
into groups and supplemented 2.27 kg baled alfalfa per cow
per day or fed the pelleted ration 4 times per day. Supple-
menting the baled hay (2X feeding) prevented further milk
fat depression maintaining a 3.0 fat test. Four-times-daily
(4X) feeding of the pellets increased milk fat from 1.9% to
2.3%. These studies indicated that 4X feeding of pelleted
rations or supplementing baled hay or corn silage to pel-
leted ratiomns was effective in preventing milk fat depres-

sione



Dry matter intake was affected by alfalfa hay additioﬁ
to corn silage rations (Waugh et al., 1955). Alfalfa hay
was offered at 1.00, 0.50, 0.25, and 0.00% of live weight
daily, separate from the grain and corn silage. The higher
level of hay (1.00%) increased total dry matter intake.
Maximum fat corrected milk (FCM) production was not observed
with the highest hay level but at 0.50% level. 5Silage
intake per day increased as amount of hay supplemented
decreased. At the 0.50% level, utilization of silage hay,
and grain dry matter was maximum as reflected in FCM produc-
tion. Although hay increased intake of dry matter, silage
dry matter was more valuable for milk production than hay
dry matter. Total digestible nutrients (TDN) of alfalfa hay
¥as 54 to 59% (dry-basis) while corn silage was 64 to 67%
{dry-basis). Silage provided more enerygy for milk produc-
tion.

In a review Hemken and Vandersall (1967) suggested pos-
sible problems when silage was the only source of forage: a)
nutrient deficiency, such as vitamin A or a mineral defici-
ency, b) difficulty in maintairing forage intake because
cattle tire of the ration and c¢) possible physiological
effects from the absence of dry roughage. They suggest that
in addition to calcium, phosphorus, and salt, iodine may

also be a problem. Possible problems with goiters in
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calves, retained placentas or other breeding problems can
also occur. The higher nitrate levels of silage may inhibit
thyroid activity and cause the iodine deficiemcy. Addition
of iodine apparently overcomes the problem.

Vitamin A could be a potential problem in some areas
({Hemken and Vandersall, 1967). Blood vitamin A levels were
lower in Maryland as compared to Michigan. There was not a
clear relation in blood vitamin A levels between cows fed
all silage and those supplemented with hay. A poor conver-
sion of carotere to vitamin A may be a potential reason for
lower blood levels. Supplementation with carotene or vita-
min A may be necessary in some areas.

Addition of fiber sources to corn silage rations
increases the acid detergent fiber (ADF). Average corn
silage with 27-30% ADF mixed in a silage:grain ratio of
60:40 would provide 16-18% ratior ADF. Supplementing silage
with fiber sources in lieu of a portion of silage would
maintain 21% ADF in the total ration. This level of ADF has
been suggested as the requirement to support milk fat syn-
thesis (NRC, 1978).

The importance of ADF in the dairy ration was demons-
trated by Lofgren and Warner (1970). In cows susceptible to
milk fat depression, ADF had a correlation coefficient of

+.072 with fat test change for each percentage dry matter
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change. Other fiber components such as crude fiber (r =
+0.49), cell wall coastituents (r = +0.31), henmicellulose (r
= =-0.10), cellulose (r = +0.44), and lignin (r = -0.15) had
lower correlation coefficients than ADF. ADF was the best
index of the ability of a diet to increase milk fat percen-
tage. In this study, 17.5% ADF maintained fat test at an

average of 3.3%.

ACID DETERGENT FIBER IN RATIONS

The ADF content of a ration is related to net energy
(NE) content. Chandler and Walker (1972) showed that crude
fiber (CF) content of a ration was negatively correlated (R2
= 0.785) with NE(lact.). In this eguation a lower limit of
14% CF (dry-basis) was set thereby restricting NE (lact.) to
1.904 Mcal/kg dry matter. Crude fiber was used in this
equation because ADF content of many feedstuffs was not
available. CF of a feed is related to ADF content. Several
relationships between ADF and CF have been established: New
York equation C¥ = 0.79 ADF, Clemson egugtion CF = 0.75 ADF
+ 3.56, and Penn State equation CF = 0.967 ADF - 3.80 (Cop-
pock, 1975).

Another relationship was established (Jakn and Chan-
dler, 1976) between ADF in a ration and response to added

protein. The response to increasing protein of a ration
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depended on the ADF content of that ration. Protein
increases above 14.5% resulted in declines in dry matter
intake when ration ADF was 11 and 25%. However, at 18% ADF
the intake continued to increase as protein increased above

14.5%.

FIBER AND BUMEN FERMENTATION

It is difficult to distinguish between physical and
chemical effects of a feedstuff or ration. The physical
aspect appears to be necessary for normal rumen function and
health but also affects rate of solid and ligquid passage and
subsequently the type of rumen fermentation. The cheamical
aspect appears to affect rate of digestion, microbial activ-
ity, and fermentation end products. The physical-chenmical
parameters that affect digestion of a ratiom in the dairy
cow influence partition of ration energy between body weight
and milk production. Partition of energy appears to be
highly correlated to the type of rumen fermentation produced
by feeding a ration. Type of rumen fermentation can be
classified as high acetate, high propionate, or occassion-
ally high butyrate. High acetate fermentation appears to be
related to partition of energy into milk fat. A high pro-
pionate ration .appears to be related to partitioning energy
into body stores and reflecting lower energy in milk by

depressing fat content.
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A very descriptive concept of type of rumen
fermentation and its influence on partition of energy has
been proposed by Orskov (1975). The concept develops a
ratio of non-glucogenic to glucogenic volatile fatty acids
{VFA) produced by rumen fermentation. Nom-glucogenic VFA
are acetic and butyric which can not be used to synthesize
glucose. The major glucogenic VFA is propionic which can be
used to synthesize glucose. The non-glucogenic ratio (NGR)
is defined as:

acetic + 2 butyric + valeric acid

NGR = - ————
propionic + valeric acid

where VFA are expressed as moles/100 moles. Valeric acid
appears in both numerator and denominator because valerate
produces 1 mole of acetic and 1 mole of propionic acid upon
oxidation. The NGR at which milk fat depression occurs is
not well defined and may vary with stage of lactation and
breed of anrimal. For efficient utilization of energy the
NGR should be below 4 but if the NGR falls below 3 milk fat
synthesis pay be depressed because energy may be partitiorned
to body tissues. Orskov (1975) suggested that much of the
apparent disagreement among results from different laborato-
ries could be resolved by using the concept of NGR.

The most comprehensive data on the relation between NGR

and energy utilization was evaluated by Orskov (1975) from
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data of Coppock et al. (1%4) and Flatt et al. (1969a, b)
for lactating dairy cows. Utilization of metabolizable
énergy (ME) is maximum with an NGR between 2.25 and 3.0.
When NGR is above 4.0 utilization of ME will begin to
decrease. Unless NGR is above 3.5 there is a definite
effect on partition of energy to favor body fat synthesis
and decrease in milk fat synthesis. An NGR between 3.5 and
4.0 would produce most efficient atilization of ME and sup-

port milk fat synthesis.

RATE OF PASSAGE

The rate of passage of material through the digestive
tract affects how much of the ration is degraded in the
rupen and how much escapes runinal degradation to be dig-
ested in the lower tract. Liquid rate of passage or dilu-
tion rate is a major factor affecting microbial species in
the rumen, efficiency of microbial growth and type of fer-
mentation. In an animal with a low rumen fluid dilutiom
rate, ration proteir and soluble carbohydrates may be exten-
sively degraded in the rumen allowing very little to enter
the louwer tract. A faster fluid dilution rate may allow a
portion of the ration protein and soluble carbohydrate to

enter the lower tract undegraded.
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Bypass protein has a higher biological value when dig-
ested postruminally {Little and Mitchell, 1967). Soluble
carbohydrate is utilized 11 to 30% more efficiently when
digested postruminally rather than in the rumen. One disad-
vantage of increasing fluid dilution rate is a depressed
digestion of those components primarily digested in the
rumen (Mertens, 1377).

Much research on rate of passage has been done with
sheep and beef cows. Only a few researchers have studied
rate of passage in dairy cows where intake is multiples of
maintenance. Bauman et al. (1971la) measured rumen fluid
dilution rate with dairy cows using polyethylene glycol. A
ration containing 57% alfalfa hay was compared to a high-
grain ration with 10% alfalfa hay. Cows fed the control
ration (57% hay) bhad a dilution rate of 20.6%/hr while the
cows fed the high—-grain ratiom (10% hay) had only 9.6%/hr.
A slightly larger rumen fluid volume was observed for the
control cows (47.6 1) compared to high-grain cows (44.9 1).
Dry matter intake was 15.6 kg/d for control and 17.4 kg/d4
for high-grain cows. Higher rumen fluid dilution rate of
the controls was associated with decreased rumen propionate.
Molar proportions of acetate, propionate and butyrate for
control and high-grain cows were 69, 21, 10, and 45, 47, 8,

respectively. The increased propionate concentration was
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associated with milk fat depression (1.9%) observed with
high-grain cows. The control ration supported milk fat syn-
thesis (4.0%).

Harrison et al. (1975) demonstrated with sheep that as
rumen fluid dilution rate increased, molar proportion of
propionic decreased in the rumen. Dilution rate was
increased by infusion of sodium bhicarbomate or artificial
saliva solution. Infusion of water had no effect on dilu-
tion rate. They also observed an increase rumen bypass of
organic matter, alpha-linked glucose, total amino acids, and
total microbial amino acids with increasing dilution rate.

Many inferences of the effect of dilution rate on
microbial synthesis aad microbial products entering the
lower tract have been obtained asing continuous culture
techniques. Several excellent reviews (Owens and Isaacson,
1977; Bull et al.,1979) have been published that deal with
the impact of dilution rate on microbial synthesis from in
vitro continuous culture. Increasing diiution rate tends to
increase bacterial efficiency. Bacterial efficiency is des-
cribed by Y-ATP, grams of cells per mole ATP. The Y-ATP
increases with dilution rate which appears to bé due to a
decreased energy expenditure for maintenance of the bacter-
ial population. Isaacson et al. (1975) demonstrated that

increasing dilution rate with a constant energy {glucose)
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supply decreased maintenance enerqgy, decreased the fermentor
population but increased the yield of cells from 263 to 462
mg/day. Efficiency of bacterial growth increased from 0.25
to 0.44 grams of cells per gram of glucose ametabolized.
Y-ATP increased from 7.5 to 16.7 as dilution rate increased
from 2 to 12%/hkre.

Data of Hespell (1979) indicates a theoretical Y-ATP of
about 32 for bacterial growth on preformed monomers. How-
ever for bacterial growth on glucose and inorganic salts
Y-ATP would be about 21. Hespell (1979) indicates that
under optimal feeding in which equal amounts of cells are
derived from glucose-salts and preformed nonomers, a theor-
etical Y-ATP for rumen bacterial population would be about
26,

Owens and Isaacson (1977) concluded that accelerating
fluid dilution rate will increase the efficiency of bacter-
ial growth and the use of non-protein nitrogen. Increasing
fluid dilutiom would increase microbial protein, soluble
feed protein, and soluble carbohydrate to the lower tract.
However, there may be a decrease in total-tract fiber diges-
tion because of decreased rumen retention. Increased dilu-
tion rate will increése acetate:propionate ratio, which in

turn may alter ruminal and animal energetics.
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STARCH DIGESTION

The NGR concept proposed by Orskov (1975) is an impor-
tant parameter relating energy utilization to rumen fermen-
tation. However any material escaping degradation in the
rumen and which can be digested postrupinally and absorbed
as glucose will affect the NGR. Factors affecting the
extent of degradation of starch im the rumenm will have an
important effect. Extent of degradation and rate of passage
of starch through the rumen are the major factors involved.

The extent of starch degradation in the rumen depends
on the processing and physical form of the graim (Waldo,
1973) . The main sources of starch ia feedstuffs are barley,
corn, and sorghum. Barley starch digestion at the abomasum
or duodenur was 94% + 2.4 and was not affected by processing
or by total intake. Cora grain starch digestion was 78% +
12.5 at the abomasum or duodenum. Processing of corn grain,
ground vs. flaking, increased rumen digestibility from 82.8
to 95.1 for sheep. Increasing the level of corn in a ration
decreases the percentage digested in the rumen. Sorghum
starch digestibility was 76% + 22,4 at the abomasum. Sorg-
hum starch is digested less in rumen of cattle than sheep.
Moist heat treating of sorghum starch increases rumen diges-

tion equivalent to barely starch.
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Feed intake has a significant effect on starch diges-
tion. Wheeler et al. (1975) showed that starch digestion
vas 96% at maintenance intake level whereas at feed intakes
of 2.5 to 3.2 nmultiples of maintenance, the digestibility of
starch was 84.7 to 88.1%. Considerable quantities of starch
were escaping fermentation in the reticulorumen, and sub-
stantial amounts reaching the small intestine were not dig-
ested. Decreased starch digestion in the rumen could be due
to increased rate of passage or an unfavorable environment
in lower tract. Amylolytic activity in small intestine may
be redoced due to intestinal pH below optimum (6.9) for

enzymatic activity which decreases starch digestion.

PHYSICAL FORM EVALUATIONS

It appears that a descriptive definition of the influ-
ence of ration physical form on health, digestive efficiency
and production is needed. There have been several attempts
to define the influence of ratiorn physical form and establ-
ish requirements for production of meat and milk and main-

taining animal health.
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Ef fective Fiber

OCne method which combines the chemical analysis and
physical form of rations and feedstuffs was developed and
proposed by Harris (1975). This procedure used the term
"effective -fiber" to describe the ability of feedstuffs to
support milk fat synthesis. All feedstuffs were compared to
cottonseed hulls as a standard. Harris iandicated that dairy
covw rations should supply 17% effective fiber. Any ingre-
dient firely ground and pelleted would contain less thamn 10%
effective fiber; A fair measure of effective fiber can be
obtained by placing pelleted or chopped products in water
and examine the length of the fiber particles. If the pro-
duct contains many fibers .64 tol.27 ca in length, it may be
used with a fair degree of success.

Relatively few feedstuffs have been evaluated through
feeding trials and assigned values for effective fiber. The
Dairy Cattle Feed Formulation System (1979) contains many
feedstuffs which have been assigned values but not actually
tested. These values are then used to formulate rations
containing a required effective fiber level. This effective
fiber procedure does not provide a rapid laboratory evaluna-
tion to determine effective fiber values of feedstuffs. The
usefulness of the procedure is limited because of the varia-
bility of feedstuff physical form, especially processed

feedstuffs.
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Roughage Factor

Another method for evaluating physical form require-
ments was proposed by McCullough (1973). HMcCullough used
the term "roughage factor" to rate feedstuffs on their abil-
ity to contribute true fiber or bulk to complete dairy
rations. The roughage factor for each feedstuff was con-
pared to a standard such as silage or long hay. A minimu=m
roughage factor {units/wt) for complete rations was establ-
ished based orn milk production per day. For cows producing
less than 18.2 kg of milk per day, 1000 units per ton of air
dry ratiom u@uld be required. For 18.2 to'27.3 kg produc-
tion, 800 units would be required and greater tham 27.3 kg
production would require 600 units. The evaluation proce-
dure is not clearly defined amd only a few feedstuffs have
been assigned values. This procediare is lirited because of

the variability of feedstuff physical form.

Chewing Tinme

A third method of evaluating physical form was proposed
by Balch (1971). This is based on time an animal spends
chewing as an index of ?fibrousness" of that feedstuff.
Balch had observed that as roughage increased imn a ration or
coarseness increased, so did the time the animal spent chew-

ing. Sudweeks (1979) at Georgia has evaluated feedstuff for



22

dairy cows and found that 31.4 minutes of chewing time per
kilogram of feed would maintain 3.5% milk fat test. The R2
for this regression equation was only 0.37.

Jorgeasen et al. (1978) at Wisconsin evaluated alfalfa
silage at 3 theoretical lengths of cut (TLC) for lactating
dairy cows. 1In a 33:67 (forage:graim ratio) ration, milk
fat was depressed with the fine (.46 cm) TLC. Chewing time
per 24 hr was only 7.4 hours. .Hith a medium (.64 cm) TLC
milk fat tested was 3.6% and chewing time was 9.4 hr per 24
hr. Roughage index, minutes chewing per 1lb dry matter
intake (DMI), was 8.2 for fine TLC and 10.3 for medium TLC.
Jorgensen et al. (1978) predicted that when chewing tinme
drops below 9.4 to 9.8 hr/24 hr or 10.3 to 10.5 minutes per
pound of DMI, energy may be partitiomed to body weight gain
and milk energy (fat) reduced.

Jorgensen et al. (1978) found that chevwing time was
associated with intake of cell wall constituents {CHC) and
particle size. Welch and Smith (1969) also found that CWC
intake was highly correlated (r = +0.99) with time spent
chewing in sheep. Jorgensen (1979) summarized the impor-
tance of the Y"roughage index" value (time chewing/lb DMI) to
physical form of a ration since total chewing time relates
to saliva flow, rumen pH, acetic:propionic acid ratio, and

subseguently energy output as milk or tissue.
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Bulk Evaluation

A routine analysis has been developed by Clancy et al.
(1976) for measuring bulk density of as—fed feedstuffs and
rations. Bulk density of ratioas was considered in McCul-
lough?'?s (1973) roughage factor systémm Studies on the
influence of bulk demsity (weight/unit of volume) on intake
and animal performance have demonstrated that intake regula-
tion is related to bulk and digestibility. In a study by
Bull et al. (1975) it was demonstrated that a diet with
caloric density of 0.68 Mcal digestible emergy/liter was the
point above which physiological regulation was employed by
dairy cows. Physical limitation to intake occurred with
diets having a caloric density of 0.58 and 0.63. <This
offers a technique to requlate intake in late lactation or
the dry period. It should be possible to formulate ratioms
to maximize utilization of forages in rations with digesti-
ble enerqy density close to the point where physical and
physiological factors converge in the regulation of energy
intake. It may be necessary to establish this relationship
for different types of roughages because of differences in
rumen and lower tract retention tines.

Intake of bulk density was greater for a ration con-
taining orchardgrass compared to a ration containing alfalfa
(Kilmer et al., 1979). Digestible energy (DE) intake was

not different for the 2 rations fed to lactating dairy cows.
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Intake of dry matter (DM) was higher for the alfalfa ration
compared to the orchardgrass ration. There also was no dif-
ference in neutral detergeat fiber (NDF) intake. Digesiti-
bility of dry matter and NDF was significantly higher for
the orchardgrass diets. The authors associated the higher
volume intake for orchardgrass with the higher digestibility
coefficients for DM and NDF compared to alfalfa.

Mertens (1980) has suggested that NDF should be used as
an index to nmeasure effective density of dairy rationms.
Mertens points out that NDF has been shown to be highly cor-
related to digestibility (r = -0.65), rumination (r =
+0.99), and intake (r = -0.65). It appears that NDF content
is similar among different qualities of hay and would pro-
vide a more accurate measure of maximum productivity of a
ration compared to acid detergent fiber (ADF) or crude fiber
(CF) analysis. An optimum NDF content for maximum dry mat-
ter intake and maximum solid-corrected milk production has
been demonstrated. Hovever differesnces may exist among
sources of NDF because of rate of passage or bulk density
variability. More work is needed on this concept and a

major obstacle is method for measuring bulk density.
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SUMMARY

Adeguate methods to evaluate the effective fiber con-
tent of a ration have not been developed. Effective fiber
content of a ration or feedstuff can be defined as the
influence that a feedstuff has on the intake, digestion and
utilization of ration compoments for production and health
of ruminants. Attempts to evaluate physical form which is
closely related to effective fiber content has met with some
success but as feedstuffs are highly processed, such as by-
products, a more critical evaluation will be necessary.

From the literature it appears that rate of passage of
liquid and solid material through the digestive tract has
the greatest influence on type of rumen fermentation and
site of digestion of the major components. Physical form of
feeds influences rate of passage but may be more important
in éupplying needed bulk to maintain rumen integrity and

overall animal health.



Chapter III

EXPERIMENT I

PRCCEDURES

Experimental Design

A split plot design was utilized with three types of
added fiber plus a Control of 9% orchardgrass and three
amounts of each type. This design had two cows assigned to
each type of fiber and the coantrol. FRach level was fed for
3-wk periods with days 14 through 21 for data coll ection.
Statistical design, model and animal assignments are shown
in Appendix table 1. This design allow¥s comparison of a
basal corn silage ration to ratiomns containing additicmnal
fiber sources: orchardgrass hay (0G), alfalfa hay (ALF), or
cottonseed hulls {(CSH). Regression coefficieats for each
variable on amounts increasing of each fiber source were
calculated and compared. Orthogonal contrasts of 0% added
fiber (basal) versus 9% added (0G and ALF plus 5.5% CSH) and
rations containing Hays (0G and ALF at 9 and 18%) versus CSH
(5.5 and 11%) can be made. CSH at 5.5% provides an equali-
valent amount of ADF as OG or ALF, therefore this treatment
was included in 9% treatment contrast. Since the Control
ration was 9% added orchardgrass for all periods it was not

included in slope calculations.

26
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Ration Formulation and Analysis

Alfalfa and orchardgrass additions to the corn silage-
based ration were 0, 9, and 18% of the corn silage 4dry mat-
ter, whereas cottonseed hulls were added at 0, 5.5, and 11%.
Alfalfa and orchardgrass hays were chopped to give an aver-
age particle length of 10 cm. The corn silage was a medium
to coarse chop with a theoretical length of cut (TLC) of
1.27 cm. The rations were formulated to have a 60:40 for-
age:concentrate ratio, 15.5% crude protein and 18-22% acid
detergent fiber {ADF). The concentrate portion of the
ration consisted of the herd concentrate mix and dry corn
grain. The concentrate mix is detailed in table 1. The
ration compositions are shown in table 2. The added fiber,
corn silage, concentrate mix and dry corn were mixed prior
to each feedimg. The cows were fed twice daily at 0700 and
1400. ¥Weighback (orts) was taken daily at 0900. The

rations vere offered to have 2.5-3.8 kg orts daily.

Feed and Ort Analysis

Feed and orts were dried at 60 C to a constant weight
and ground through a 2.0 mm screen and analyzed for cell
wall constitnents by the neutral detergent fiber {(NDF)
procedure of Robertéon and Van Soest (1978) and acid deter-
gent fiber (ADF) by Goering and Van Soest (1970). Crude

protein was analyzed by Kjeldahl. Dry matter (DM) was



28

Table 1. Composition of dairy concentrate B.

Ingredient Concentration? Specifications
%

Dried molasses 1.25 -

Wet molasses 3.00 3% CP
Distillers grains 2.50 25% CP
Wheat 5.75 10% CP
Pellet binder® 2.00 8% CP
Trace mineral salt 1.75 -
Ground limestone 2.50 -
Dicalcium phosphate 3.50 -
Sodium sulfate .75 --
Magnesium oxide .75 -=
Methionine hydroxy analog .35 -
Vitamin mix .50 12x106 IU A and D
Soybean meal 75.40 -

Total 100.00 35% CP

aCalculated on as-fed basis.
Ppelleted with a .L40-cm die.



Pable 2. Ratlon formulations and specifications used to determine the influence of

added fiber on corn sllage-based rations.

Basal Orchardgrass Alfalfa Cottonseed hulls

a % Added
Ingredients” Fiber: 0 9 18 9 18 5.5 11
______________________________ S —— -
Corn sllage 60.0 51.0 42.0 51.0 2.0 54.5 k9.0
Orchardgrass hayb - 9.0 18.0 - - —— -
Mralfa hay? _— — - 9.0  18.0 - -
Cottonseed hulls® - - - - - 5.5 11.0
Concentrate B 24.8 2h.0 23.2 22.5 20.2 25.2 25.6
Cracked corn 15.2 16.0 16.8 17.5 19.8 14.8 0.4
Specificatlions:
pry matterd 54.9 58.3  62.1 58.2  61.9 57.0 59.2
Crude protein? 15.5 15.5  15.5 15.5  15.5 15.5 15.5
Acld detergentd
fiber 18.1 19.5 20.8 19.2 20.3 20.4 22.7
NE]e 150 151 152 150 149 148 145

8¢alculated on dry matter basis.

buay chopped to produce average particle size of 10 cwm.
®Ponated by National Cottonseed Products Assoc., Memphls, Tenn.
dg.

®Mcal/kg (estimated MRC, 1978).

62



30

determined by oven drying at 60 C to a constant weight

{approximately 72 h).

Rations and orts were sampled each feeding for 5 d
beginning at 14 4 of each period. Total collection proce-
dures were conducted for 5 d beginning at 14 d. Feces and
urine (via catheter) were collected, weighed, mixed, sampled
{«22% nrine, and 2.2% wet feces), and frozen for analysis.
Milk was sampled (.22% volume) at each milking and frozen.
Rumen fluid samples were takesm 2 h post-feeding on 21 d
using a metal suction strainer described by Raun and Bar-
roughs (1962) and transported to the laboratory in a stop-
pered flask.

Feces, urine, and milk were analyzed for nitrogemn by
Kjeldahl. Feces were oven dried at 60 C to a constant
weight for NDF and ADF analysis by procedures already des-
cribed. Rumen fluid was measured for pH ard a 5 ®ml aligquot
of rumen fluid was pipetted into a tube containing 1 ml of 3
N sulfuric acid, mixed and frozen (15 C) for volatile fatty
acid analysis. Volatile fatty acids were analyzed by gas
chromatography (Ottepnstein and Bartley, 1971) using the
internal standard {isocaproic acid) procedure for quantita-

tiona
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Rate of Passage Measurements

Rate of passage was measured using the lithium salt of
cobalt ethkylenediaminetetraacetic acid (CoEDTA) and Ytter-
bium chloride (Yb) markers. CoEDTA was prepared by the
procedure of Uden et al. (1978). Yb solution was prepared
by adding 3 g Ytterbium chloride to 30 ml of water. Acetic
acid was added to reduce the pH to below 4.5 and then the
total volume was made to 50 ml (Hart, 1981). CoEDTA was
given orally in 2 gelatin capsules (129 each) and 39 of Yb
(501 solution) was sprayed om a portion of the ration at
the 1400 h feeding.

Markers were given at the beginning of total collec-
tion. Fecal samples (approximately 100g) were taken at time
zero for background and at 4-h intervals to 28 h and 6-h
intervals to 120 h post-dosing. Fecal samples vere mixed
and an aliguot dried at 100 C for marker analysis. Dried
fecal samples were ground through a 2.0 mm screen in a Wiley
mill for analysis. Samples were prepared for marker analy-
sis by atomic absorption (CoEDTA) and atomic emission (Yb)

by procedures described by Hart (1981).
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Statistical Analysis

Data from this experiment were analyzed by the Statis-
tical Analysis System.! Analysis of the treatments was by
the general linear model procedure of SAS using the model:

Y = Ration Cow Period
All experimental rations were grouped as seven ratiomns.
These were as follows: 0% Added, 9% 0G, 18% 0G, 9% ALF, 18%
ALF, 5.5% CsH, 11% CSH. These ration groups are shown by
the dotted-line boxes in Appendix table 1A. The model above
refers to the seven ratioms. Orthogonal contrasts were made
between 0% Added (group 1) versus 9% 0OG (groups 2, %, and 6)
and Hays (groups 2, 3, 4, and 5) versus CSH (groups 6 and
7)-

Slopes were calculated for response per ¥ added (as-
fed) fiber source. Test of slope differences for types used
the model: ‘

Y = Type Period Cow {Type) Type*Period
Models used in this experiment are further described in
Appendix table 1. All-pairs comparisons of the three slopes
were made and tested byABonferroni P test. Rate of.passage
wyas determined by fitting the marker excretion data to a two
compartment model described by Ellis et al. (1979) using a

SAS program descriked by Hart (1981). Passage rate esti-

1SAS Institue Inc., Raleigh, NC, 1979.



33

mates were statistically analyzed by models described above.

BRESULTS AND DISCUSSION

Ration Analysis

Rations were formulated to be isonitrogenous but varia-
tion was observed (table 3). Crude protein was slightly
below the 15.5% formulated value with added fiber rations
tending to be highest. Variation in DM and CP observed with
ration analysis may have beer caused by difficulty ia
obtaining representétive ration samples. Coarseness of the
silage and chopped hays make sampling these rations diffi-
~cult. However the 18% 06, 18% ALF, and 11% CSH ration amna-
lysis (table 3) agree with the calculated DM ard CP values
{(table 2). ADF analysis of the complete rations was higher
for all rations which may relate to filtering problems with
the concentrate portion of the samples. Cell wall consti-
tuents (CHWC) and acid detergent fiber (ADF) were higher for
added fiber rations compared to 0% ratioms. Recommended ADF
for lactating cow rations is a minimum of 17% (NRC, 1978)
wvhich is slightly lower than the 0% rations. Adding these
fiber sources may increase ADF and provide a margin of saf-
ety for supporting milk fat synthesis in lactating dairy

CO¥Se.



Table 3. Analysis of rations used to determine influence on lactating cows of
added fiber to corn sllage-based rations.

Basal Orchardgrass Alfalfa Cottonseed hulls
a % Added
Component Fiber: 0 9 18 9 18 5.5 11
Dry matter 56.8 60.3 62.3 61.3 61.9 59.6 59,6
Crude protein 14.1 13.9 15.4 13.9 15.1 14.3 15.1
Acild detergent fiber 18.9 22.5 23.9 22.9 24,7 22.6 26.1
Cell wall constituents 34.3 40.3 43.0 36.5 42.6 41.5 42,0

8calculated on dry matter basis.

i3
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Intake and Digestibility

Intake of dry matter {D#M), cell wall comstituent (CHC),
and acid detergent fiber (ADF) is shown ip table 4. Adjust-
ing DK intake for the ration sampling error by using calcu-
lated DM content of the total rations did not greatly affect
intake pattern (table 4) or statistical analysis (table 5).
Most couws during the second period of the experiment appar-
ently experienced digestive disturbance. This is reflected
in lower DMI for control cows during period 2 (figure 1).
Cows experienced some degree of diarrhea and may have been
irritated by loss and replacement of catheters. These prob-
lens were not as evident during periods 1 and 3, however the
statistical model accounts for a period eiffect.

Orthogonal contrasts for intake and digestibility are
shown in table 5. Although intake was greater for 9% and
CSH rations the contrasts were not significant. 1Intake
adjusted for body weight did not affect the statistics,
indicating comparable body weights for each group. Differ-
ences in intake of C¥C approached significance and would be
expected to be higher for 9% and CSH ratiomns because of
slightly higher CWC content. ADF intake was slightly higher
(P<.11) for 9% compared to 0% rations. Higher ADF content
of CSH rations increased (P<.01) ADF intake compared to

rations containing Hays. Digestibility of DM, CWC, and ADF
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Table 4. Dry matter (DM), cell wall constituents (CWC),
and acid detergent fiber (ADF) intake and
digestibility for Experiment I.

a Digestion
4 Added bIntake Coefficients
Ration Period fiber DM CWC ADF DM WC ADF
Control 1 9 19.7(19.2) 7.8 4.7 66.2 L49.6 53.
2 9 17.7(16.8) 7.7 4.1 §7.5 55.2 50.
3 9 19.2(18.9) 7.3 4.3 66.1 50.0 49.
Orchard- 1 o} 21.7(20.8) 7.4 4.6 65.0 u43.6 50.
grass hay 5 9 21.1(20.3) 9.2 4.5 68.0 56.4 43.
18 19.3(13.2) 8.3 Uu.5 67.1 52.3 SO0.
Alfalfa hay 1 0 19.3(18.6) 6.6 4.0 66.9 U5.0 49.
2 9 19.0(18.0) 6.9 3.9 66.1 44,1 41.6
3 18 18.8(18.8) 8.0 Uu.6 66.4 52.5 53.5
Cottonseed 1 0 19.1(18.4) .5 u.0 63.2 43.2 53.0
hulls 5.5 18.3(17.4) 7.6 3.7 65.5 U46.7 33.0
11 22.2(22.1) 9.3 8 €5.3 43.6 45.4
S. E. M. .9 W4 2 9 1.9 2.0

akg/d. CWC and ADF calculated on dry matter basis.

bIntake calculated from dry matter content cf rations in Table 2

are shewn in parathesis.



37

n
w
|

CSH

DM—-A—ADXX —~< DO
n n n
[@n] — n

ONOX MXD—AZ+—
—
w0

—
@

Il!llllIIl'lllLlllll'l!ll]lllllllllIJIIIIIIIJOII]_IIJLIII!!JI

—
~J

PERIOD

Figure 1. Dry matter intake for Experiment 1.
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Table 5. Orthogonal contrasts of 0% versus 9% rations
and rations containing Hays versus Cottonseed
hulls (CSH) for intake and digestibility.

Orthogonal Contrastd
Variable % vs 9% Hays vs CSH
-~ Mean -- P< -= Mean -- P<

Intake of:

Dry matter3® 18.7 20.2 .33 19.1  21.1 .16
(17.9) (19.6) (.21) (18.6) (20.6) (.12)
Dry matter® 3.3 . 3.6 .20 3.4 3.8 .17
Cell wall a
constituents™ 6.4 7.5 .11 7.8 8.6 .20
Acid detergenta
fiber 3.9 b.3 .11 4.y 5.2 .01
Digestibility of:
Dry matter® 66.6 65.1 .33 66.9 63.1 .02
Cell wall o
constituents 47.9 by .5 Juu 51.1 40.0 .02
Acid detergentc
fiber 48.4 42.6 .20 51.1 38.7 .01
akg/d.

Py of body weight/d.

[¢]

b4

(o}

Observaticns for each treatment are: 0% = 6, 9% = 12,
Hays = 14, and CSH = 4,

®Values in parathesis were calculated using formulated
ration values dry matter from Table 2.
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was similar for 0% and 9% rations (table 5). Significantly
lower DM, CHC, and ADF (P<.02, .02, and .01, respectively)
digestibility was obsetved for rations containing cottonseed
hulls compared to rations containing orchardgrass or
alfalfa. Villavicencio et al. ({1968) also observed lower DH
and crude fiber (CF) digestion for cottonseed hulls rations
compared to alfalfa or grass hay ratioms for dairy cows.

Comparing responses to increasing amounts of fiber
types, DMI decreased .13 kged—1e%—1 added orchardgrass wher-
eas DMI increased .27 kged—1s%-1 added cottonseed hulls
(table 6). Respomse to added alfalfa was slightly negative
(--03 kged—1e%—1). These results of feeding Alf do not
agree with the data of Waugh et al. (1955) where total DMI
and DMI as corn silage increased by supplementing alfalfa
hay with coras silage.

Intake adjusted for body weight did not affect the
relative differences in slope or statistical comparisons
(table 6). Intake of CWC increased per % added fiber for
the three sources. However, ADF intake decreased slightly
for added orchardgrass and increased for added alfalfa and
cottonseed hulls. Iz all categories of intake CSH produced
the post pésitive response. Adding cottonseed hulls to corn
silage-based rations would most effectively increase DH,

CHC, and ADF intake. This would be especially important
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Table 6. Regression coefficients? for
increasing fiber type on intake
and digestibility.

Ration
Variable oG ALF CSH
----- per % added —-----
Intake of:
Dry matter? .13 -.03 .27%
Dry matter® -.02° .00 .05°
Cell wall b
constituents .ol .07 .25
Acid detergentb e o
fiber -.01 .03 .10
Digestibility of:
Dry matterd .11 -.02 -.27
Cell wall a
constituents .48 Ji2 -.51
Acid detergentd
fiber .00 .20 -.69

aPer % added fiber type on dry matter basis.
bkg/d.

°4 of body weight/d4.

.

€Contrasts in rows tested by Bonferroni F Test
at P<.05 level of significance.
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where ration fiber would be minimal. McCoy et al. (1966)
reported thkat rations containing 30% CSH were consunmed
greater than rations containring alfalfa hay or corn cobs as
the sole roughage. Villavicencio et al. (1968) compared 30%
CSH rations to 30% alfalfa rations and 30% native grass hay
rations and observed significantly higher intake for CSH
rations with Holstein cows.

CSH effectively increased intake but had a negative
effect on digestibility (table 6). This is consistent with
data of Villavicerncio et al. (1968), and McCoy et al.
(1966) , in dairy cows and Cole et al. (1976a, b) for steers.
Digestibility of DM and CHC increased for OG but ADF diges-
tion was not affected. ALF had no effect on DMD, but
increased CWC and ADF digestibility. This is in agreement
with data of White et al. (1971, 1974) whereas roughage in
the ratiom increases, digestibility of energy, DM, organic
matter, and nitrogen-free extract decreased while crude

fiber digestibility increased.

Nitrogen balance
Nitrogen intake (NI) was lower (18%) during period II
for Control cows reflecting abnormal conditions observed
with the cows (table 7). However, NI was not greatly

affected for added fiber rations during period II. Control



Table 7. Nitrogen balance data for Control and added fiber rations.

Nitrogen Variable

Ration Period Level Intakeb Fecal Urine Milk Tissueb Productionab
------------------------------- g/d ———-- - ———mmee

Control 1 9 449.9(l472.5) 169.6 164.3 143.0 -30.0( -4.4) 2113.1(138.6)
2 9 367.3(412.0) 147.6 170.8 110.4 -61.5(-16.8) 48.9( 93.6)

3 9 456.9(465.5) 158.0 174.3 121.9 2.8( 11.4) 124.7(133.3)

Orchardgrass 1 0 477.3(513.0) 189.5 167.4 153.9 -33.5( 2.3) 120.5(156.2)
hay 2 9 449.7(498.5) 176.2 186.0 132.2  -44.7( b.2) B87.5(136.4)

3 18 491.2(472.5) 154.3 192.3 109.8 34.8( 16.2) 108.2(126.0)

Alfalfa hay 1 0 429.9(456.5) 161.5 147.4 145.8  -24.8( 1,9) 121.0(147.7)
2 9 h22.9(441.5) 178.9 170.3  140.9 -67.1(-48.5)  73.8( 92.4)

3 18 455.9(464.0) 171.4 166.2 124.5 -6.1( 2.0) 118.4(126.5)

Cottonseed 1 0 hoy,5(453.5) 124.3  152.4  153.4  -38.1( 23.5) 115.%u(176.9)
hulls 2 5.5 h23.0(425.5) 146.2 152.9 120.6 3.4C 5.9) 124.0(126.5)

3 11 s544.4(542.5) 170.9 194.5 136.7 42.4¢ 40.5) 179.0(177.2)

S. E. M. 17.5( 19.6) 10.5 12.9 5.5 12.2( 11.5) 14.7( 12.5)

a3um of milk and tissue nitrogen.

bValues in parathesis were calculated using formulated values (Table 2) for ration analysis.

chr
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cows apparently recovered during period ITI with NI about
egual to period I, whereas the added fiber ration cows show
an increase in NI for period III. Mean values for fecal,
urine, milk, tissue, and production nitrogen are also shown
in table 7, however, interpetations of these values are made
by orthkogonal contrast and slope comparisons in tables 9 and
10, respectively.

Nitrogen guality indexes represented by digested nitro-
gen (DN) and biological value (BV), are shown in table 8.
Lower values for BV during period II are indicative of the
abnormal situation. DN was not affected to the same degree
as BV. It appears the CSH cows were affected less than cows
on the other ratioams.

Biological value (BV) of ration nitrogen would indicate
quality of the nitrogen entering the lower digestive tract.
Changes that may occur in the rumen such as type of fermen-
tation, microbial population, or rate of passage, can affect
the quality of nitrogen, especially amino acids entering the
lower digestive tract. 1Increasing roughage in ratioms has
been shown to increase rumen-bypass feed of proteimn and/or
microbial protein in steers (Topps et al., 1968; Cole et
al., 1976a, b). Interpetation of DN and BV are made by
orthogonal contrast and slope comparisons in tables 9 and

10, respectively.
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Table 8. Nitrogen quality indexes of digestibility (DN)

and biological value (BV) for Experiment I.

% Added

Ration Period  Fiber BV DNP
Control 1 9 41.0 62.2
2 9 20.9 59.7

3 9 41.8 65.14

Orchardgrass - 1 0 41,2 60.2
hay 2 9 32.0 60.9

3 18 43.0 68.6

Alfalfa hay 1 0 by,8 62.4
2 9 29.6 57.6

3 18 41.1 62:3

Cottonseed 1 0 48.3 70.4
hulls 2 5.5 43.8 65.1

3 11 4g. 4 68.14

S. E. M. L,2 1.2

aRetained N + absorbed N x 100.

Ppigestion coefficient.
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Table 9. Orthogonal contrasts of 0% versus 9% rations

and rations containing Hays versus cottonseed

hulls (CSH) for nitrogen balance data.

Orthogonal Contrast®

Nitrogen
Variable 0% vs 9% Hays vs CSH
=== Mean ——=- P< ———=Megn =——- P<
Intake3l 406.4  477.0 .ok 445.6 503.5 .06
(439.9) (481.2) (.23) (458.0) (504.2) (.195)
Intake® 71.8 85.3 .04 79.3  89.8 .06
Fecal? 147.8 178.5 .11 159.3  198.9 .0
Urine? 160.4 167.8 .73 173.4  173.4 .99
M11k® 128.4 141.8 .19 132.2 130.5 .84
1ssuedt -36.2 -8.8 .21 -37.6 24,1 .01
. (3.4) (-18.8) (.62) (=27.6) (2.7) (.0b4)
Production®* 92.2 132.4 .13 94,7  154.6 .03
(131.7) (134.9) (.30) (125.3) (131.9) (.74)
Digested N© 63.2 62.6 .79 64.0 59.3 .03
Biological .
value 34,7 45,1 i6 37.7 42.2 .50
22/d.

b% of body weight/d4.

¢
7.

dRetained N + absorbed N x 100.

®observations for each treatment are: 0% = 5, 9% = 12,

Hays = 14, and CSH

*Values in parathesis were calculated using formulated

values (Table 2).

=4,
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Table 10. Regression coefficients?® for increasing
fiber type on nitrogen balance data.

Rationf
Nitrogen Variable 0G ALF CSH
IntakeP .78 1.44 10.9
Intake® .11 .38 1.9
FecalP ~1.96 .5l 4,28
Urine? 1.39 1.0L .8
MilkP ~2.46 -1.19 -1.5
Tissue? 1.78 1.03 7.3
Productionb -.68 -.14 5.8
Digested N& .00k .00 -.002
Biological value® .10 -.21 .007

8Per % added fiber type on dry matter basis.
b

g/d.

©2/100 kg body weight/d.

.

eRetained N + absorbed N x 100.

fContrasts tested by Bonferroni F Test at P<.05 level of
significance.

8Contrast CSH and 0G significant (P<.05).
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Orthogonal contrasts indicate adding 9% equivalent
fiber increases (P<.04) NI but this was concurrent with
slightly higher DMI. Slightly higher (P<.04) fecal nitrogen
was observed for 9% rations compared to 0% ration which is
related to increased NI but had no effect on DN. Higher
(P<.13) production nitrogen (milk N plus tissume N) observed
for 9% rations is reflected in slightly higher (P<.16) BV of
9% ratioms.

Nitrogen intake was higher (P<.06) for CSH rations com-
pared to Hays due mainly to higher DMI for CSH rations.
Adjusting N intake for the ration sampling error by using
calculated N content reduced significant differences for N
intake between 0% versus 9% rétions (table 9). N intake
tended to parallel DM intake (table 5) after these adjust-
nents were made. Tissue N was calculated by difference bet-
ween intake, fecal, urine, and milk N, therefore adjusiments
in N intake using calculated values decreased contrast dif-
ferences for tissue N (table 9) and reversed the trend for
contrast 0% versus 9%. Using ration analysis values {(table
3) NI was higher for CSH rations, fecal nitrogen increased
(P<.04) resulting in decreased DN (P<.03). Lower CP diges-
tion for CSH rations compared to alfalfa hay ratiomns was
observed by Villavicencio et al. (1968) for lactating dairy

cows. Cole et al. (1976b) observed greater apparent N
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absorption for rations containing 14 and 21% CSH compared to
0% and 7% CSH ratiomns in steers. Higher production nitrogen
for CSH compared to Hays reflected the positive tissue
balance for CSH whereas milk nitrogen was similar for the
rations. Biological value was slightly higher for CSH but
was not statistically significant. However, the positive
tissue balance observed for cows fed CSH suggest the biolog-
ical value difference would be highly significant to the
dairy cowus.

Response to increasing amounts of each fiber type indi-
cates CSH rations produce the most favorable nitrogen
balance {(table 10). CSH rations had the greatest effect on
NI due to the DNI respomse. NI increased similarily for 0G
and ALF but much less (P<.06 and .09, respectively) than
CSH. Fecal and urinary N increased for CSH but digested
nitrogen and biological value responses uwere essentially
zero. Production ¥ increased for CSH while 0G amd ALF were
slightly negative responses. Although response to CSH was
overvhelming compared to 06 or ALF, respoase to these added
fiber sources coarseness of the corn silage and relatively
similar ADF content of the ratiomns. was favorable as indi-

cated by relatively small changes in DN and BY.
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Rumen Fermentation

Molar proportions of acetate and propionate were not
affected by the additions of fiber sources (table 11).  Some
variance occurred with APR but the differences were not sig-
nificant as indicated by coatrast in tables 12 and 13.
Increasing roughage in rations has been demonstrated to
increase APR in dairy cows (Bauman et al., 1971a) and sheep
(Hodgson and Thomas, 1975). Calculated NGR which considers
a ratio of the four major VFA varied, but no differences for
rations were observed indicating a relatively stable runmen
fermentation. Rumen pH was also stable across rations.
Fermentation responses to added fiber in this experiment may
have been precluded by the

Orthogonal contrasts (table 12) show that total VFA
concentrations were higher (P<.11) for rations containing 9%
added fiber compared to 0% rations. Similar means for the
other variable contrast are indicated by relatively high
probability values.

Total VFA increased with added fiber rations but was
not significant between fiber types {table 13). Slopes for
other feraentation variables were essentially zero, there-

fore contrast probabilities were not significant.



Table 11. Volatlle fatty acid proportions, acid ratios, and rumen pH for Control and
added filber rations.

Volatile Fatty Acids Ratio Rumen
% Added 5 5 s
Ration Period Fiber Ac Pr Bu Val TVFA APR NGR™ pH
----- moles/100 moles —----- mm/liter

Control 1 9 63.8 19.6 14.0 2.6 113.2 3.3 4.3 6.5
2 9 62.0 21.5 12.6 4.0 110.5 2.9 3.6 6.7

3 9 61.7 21.4 13.8 3.2 116.2 2.9 3.8 6.4

Orchardgrass 1 0 60.1 21.4 13.1 5.5 83.6 2.8 3.4 6.3
hay 2 9 60.4 21.3 13.9 4.4 129.6 2.8 3.6 6.5

3 18 59.4 21.0 14 5.5 116.2 3.0 3.6 6.4

Alfalfa hay 1 0 59.1 20.0 16.8 4.0 105.3 2.9 4.0 6.6
2 9 59.5 22.0 16.8 3.8 131.6 2.7 3.6 6.5

3 18 58.6 23.2 14.3 3.9 130.8 2.5 3.4 6.3

Cottonseed 1 0 56.7 23.2 1h.6 4.9 90.1 2.4 3.2 6.2
hulls 2 5.5 57.5 23.2 14.6 4.9 146.1 2.3 2.9 6.3

3 11 56.6 23.8 0.4 4.9 121.0 2.4 3.2 6.3

S. E. M. 2.6 1.4 1.3 .9 15.3 .3 .3 .3

aTotal volatile fatty acids.
bAcetate:propionate ratio.

®Non-glucogenic ratio = (Ac + 2 Bu + Val) & (Pr + Val).

0§



Table 12. Orthogonal contrasts of 0% versus 9% rations
and rations contalning Hays versus Cottonseed
hulls (CSH) for rumen fermentation.

Orthogonal Contrast®
Variable 0% vs 9% Hays vs CSH
-—- Mean --- P< -—=- Mean =--- P<

Acetate? 1 .60 59.9 60.4 .92

Propionatea 9 78 22.2 22.1 .93

Butyrate? .5 85 13.6 13.3 .85

Valerate? 5 21 4,2 4,3 .92

Total VFAP 0 11 118.4  129.2 .65

aprY .5 .6l 2.8 2.8 .96

NGR® 1 .30 3.5 2.8 .96

Rumen pH A4 .81 6.4 6.6 .62

amoles/lOO moles.

bmm/liter.

®Observations for each treatment are: 0% = 6, 9% = 12,

Hays = 14, and CSH
dAcetate:propionate ratio.

eNon—glucogenic ratio

where VFA are expressed as molar percentages.

(Ac + 2 Bu + Val) + (Pr + Val),
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Table 13. Regression coefficients?® for
increasing fiber types on vola-
tile fatty acids, ratios, and

rumen pH.
Ration®
Variable 0G ALF CSH
AcetateP -.0b -.03 -.02
PropionateP -.02 .18 .01
Butyrate® .06 —.1l4 -.02
ValerateP .00 -.01  -.03
TVFAC 1.81 1.42 2.80
aprd .01 -.02 .00
NGRS .01 —.0b4 .00

Rumen pH .00 -.02 .02

4Units are per % added fiber type on dry
matter basis.

bmoles/lOO moles.

cTotal volatile fatty acids, expressed as
mm/liter.

dAcetate:propionate ratio.

eNon-glucogenic ratio = (Ac + 2 Bu + Val)
: (Pr + Val). '

T

No significant differences (P>.05) for
contrasts by Bonferroni F Test.
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Rumen Dilution Rates

Rumen fluid dilution (RFD) rates tended to vary more
than the rumen solids dilution (RSD) rates {(table 14).
Unexpectedly RFD for Control cows increased from 7.8 in the
first period to 12.9 %/hr during the second period. Since
intake was lower during the second period for Control coss,
RFD would be expected to be lower. RFD for 0G and ALF did
decreased during this period whereas CSH appeared to be sta-
ble during this period. RSD did not appear to be affected
by the situation.

Orthogonal contrasts show lower (P<.01) RFD occurred
for the 9% added fiber rations compared to 0% rations (table
15) . Adding "long hay eguivalents" to rations should
increase RFD but the 9% rations were fed primarily during
the second period when intake was lower than the first per-
iod (figure 1). Also RFD decreased for 0G and Alf during
period 2 plus Control RFD for period 1 and 3 were the lowest
means observed. Means for CSH were slightly higher {P<.13)
than means for Hays.

Increasing amounts of cottonseed hulls or alfalfa hay
increased RFD while increasing orchardgrass hay decreased
RFD. However, these differences were not significant bet-
ween fiber types as indicated in table 16. Cole et al.

{1976b) observed increased RFD with CSH additions to ratioans
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Table 14. Rumen dilution rates of liquid and solid
phases for Control and added fiber rations.

Dilution Rate

~ % Added
Ration Period Fiver Liquid Solids
------- 4o % R —
Control 1 9 7.8 6.4
2 9 12.9 6.4
3 9 7.9 4.8
Orchardgrass 1 0 14.5 7.8
hay 2 9 9.6 6.3
3 18 13.4 7.1
Alfalfa hay 1 0 16.1 7.2
2 9 11.5 6.6
3 18 16.8 8.2
Cottonseed 1 0 11.9 6.6
‘hulls 2 5.5 11.2 7.3
3 11 13.8 7.7
S. E. M. 1.2 .6
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Table 15. Orthogonal contrasts of dilution
rates for Control and added fiber
rations.

Dilution Orthogonal Contrasts

Rate 0% vs 9% Hays vs CSH
-- Mean =- P< -~ Mean =-- P<

Phase:

Fluid 16.7 8.3 .01 11.7 14.8 13
Solids 6.8 6.4 .66 7.2 8.6 .16
20bservations for each treatment are: 0% = 6,

9% = 12, Hays = 14, and CSH = 4.
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Table 16. Regression coefficients? for
increasing fiber type on dilu-
tion rates.

Dilution Ration®
Rate oG ALF CSH
---------- 5/hr ——————————
Phase:
Liquid -.06 .04 .17
Solids -.04 .05 11

@per % added fiber type on dry matter basis.

PNo significant differences (P>.05) for con-
trasts by Bonferroni F Test.
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for steers. Expected response to added alfalfa or orchard-
grass would be increased RFD. Hodgson and Thomas (1975)
showed increased RFD with a forage ration compared to a con-
centrate ration for sheep. However, Cole et al. (1976b)
observed reduced RFD in a trial with steers fed 21% CSH.
Other factors may be involved with RFD and roughage addi-
tions since RFD respoanse to added fiber has also been shown
to be negative.

RSD was slightly lower for 9% rations compared to 0%
rations (table 15). RSD would be lower for 9% rations
because of the less digestible nature of the hays or cotton-
seed hulls compared to the corn silage. Hays or hulls would
remain in the rumen longer and have lower dilution rates.
CSH is relatively less digestible than the hays but the
smaller particle size would pass out of the rumen faster as
indicated by the contrast of Hays vs CSH (table 15).

Solids dilution rate tended to parallel RFD. This can
be explained in lieu of recesnt evidence that spraying YbCl
on feed may exceed binding capacity of the feed particles
and the excess YbCl could wash off in the rumen (Ellis ei
al. 1979). This allows some of the YbCl to migrate with the
fluid phase from the ruamen. It is necessary to soak feed-
stuffs to be marked in YbC1l soluticn then rinse the excess

from the feedstuff. This procedure allows any solid feed-
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stuff or phase (such as fine particles) to be marked and
estimated for dilution rate. Therefore RSD data must be

evaluated with this in mind.



Chapter IV

EXPERIVENT IIX

PROCEDURES

Experimental Design

A latin square design was utilized with four treatments
and two replicates. 'The design had eight cows assigned to
the four treatments with four periods of 3 wk each. Two
weeks of each period was for adjustment to ratioas and 1
week for data collection. Statistical desigs and animal

~ assignments are shown in Appendix table 2.

Ration Formulation and Analysis

Three rations were formulated to provide 9% (dry-basis)
of orchardgrass, alfalfa, or cottoaseed hulls in a corn
silage-based ration. A coatrol ration was formulated with
corn silage as the only forage. Corn silage was medium to
coarse chopped with a TLC of 1.27 cm. Alfalfa and orchard-
grass were chopped to have an average particle length of 10
ch. The rations were formulated to a 60:40 for-
age:concentrate ratio with 15.5% crude protein, ADF then
ranged from 18-22%. Added fiber was substituted for a por-

tion of the cormn silage dry matter.

53
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Concentrate portion of the ration consisted of the -herd
concentrate mix and high moisture corn'grain. The concen-
trate mix is detailed in table 17. Ration compositions are
shown in table 18. The added fiber, corn silage, concen-
trate mix and high moisture corn grain were mixed prior to
each feeding. Cows were fed twice daily at 0700 h and 1400
h. Orts vere taken daily at 0900 h. Rations were offered
to have 2.5-3.8 kg orts daily.

Feed and orts were oven dried at 60 C to a constant
weight, ground through a 2.0 mm screen and analyzed for neu-
tral detergent fiber (NDP) by the procedure of Robertson and
Van Soest (1978). Acid detergent fiber was determined om an
aliquot separate from the NDF analysis by the procedure of
Goering and Van Soest {1970). Crude protein was analyzed by

Kjeldahl.

Density Measurements

Density of the rations was measured by a modification
of the procedure of Clancy et al. (1976). A plexiglass box
15.0 cm square and 14.0 cm deep with centimeter graduatiosas
on the side was used. A 2.5 kg weighted 1id was placed on
top of approximately 300 g of the ration and after 2 min for
settling, the volume was determined. Dry demnsity was calcu-
lated using the dry matter weight of the ration. Density

was determined six times for each ratiom daring each period.
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Table 17. Composition of dairy concentrate A.

Ingredient Concentration? Specifications
%
Dried molasses 1.25 -
Wet molasses 3.00 3% CP
Distillers grains 2.50 25% CP
Wheat 3.75 10% CP
Pellet binder? 2.00 8% cP
Trace mineral salt 1.75 -
Ground limestone 2.50 -
Dicalcium phosphate 3.50 -
Sodium sulfate .75 --
Magnesium oxide .75 -
Vitamin mix .50 12X106 IU A and D
Soybean meal 75.75 -
100.00 35% CP

aCalculated on as-fed basis.

b

Pelleted with a .40-cm die.
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Table 18. Ration formulations and specifications used
to determine effective fiber of feed
gources added to corn silage-based rations.

Ration designation

Tngredient? Control o;;gggd- Alfalfa Coﬁgiﬁzeed
__________________ e
Corn silage 60.0 51.0 51.0 50.5
Orchardgrass hay - 9.0 -- -
Alfalfa hay - - 9.0 -
Cottonseed hulls =  =-- - - 9.5
Concentrate A 24.8 24.0 22.5 25.5
High moisture corn  15.2 16.0 17.5 14.5
Specifications:
Crude protein® 15.5 15.5 15.5 15.5
Acid detergent®
fiber 18.1 19.5 19.2 22.1
NElc 150 151 150 146

4calculated on dry matter basis.
Pq.

®Mcal/kg (estimated NRC, 1978).



63

Chewing Time

Jaw motion was monitored by.a bellows prpeumograph and a
four channel physiograph? similar to Law and Sudweeks
(1975). The bellows was attached to a halter on the side of
the head and protected by being encased inside a rubber
hose. A string encircled the end of the nose with one end
tied to the halter and the other end to the bellows. Time
spent eating was distinguished from cud chewing by the pat-
tern produced by the bellows and observation by the atten-
dant. Four animals were monitored simultaneously, for a
48-h period minus four milking periods of 2 h. Time spent
eating ard cud chewing was then calculated as nminutes per 24
h. After observing the cows waiting to be milked and during
milking, it appeared that little or no cud chewing occurred

during this time.

Data Collection

Rations and orts were sampled each feeding for 3 d dur-
ing week 3 of each period. Samples were also taken for den-
sity measurements at this time. Rumen fluid samples were
taken 2 h post-feeding on day 21 using a metal suction
strainer described by Raun and Burroughs (1962) and trans-

ported to the laboratory in a stoppered flask. Rumen fluid

2Narco Biosystems, Inc., Houston, TX.
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#as measured for pH as described for Experiment I.

Rate of Passage Measurements

Rate of passage was measured using the same markers and
dosing procedures described for Experiment I. Fecal samples
were taken as grab samples instead of aliquots from total
collection. Covws were induced to defecate when possible and
the latter portion of the discharge taken as a sample
(approximately 100 g). Samples were taken at time zero for
background and at 4 h intervals from 8 h to 28 h and 6 h
intervals to 94 h post-dosing. Fecal samples were prepared

and analyzed as described for Experiment I.

Statistical Analysis
Data from this Experiment were analyzed by the Statis-
tical Analysis System.! Analysis of the treatments was by
the geperal linear model procedure of SAS using the model:
Y = Type Period Cow
Model for this experiment is further described im Appendix
table 2. Rate of passage was determined as described for

Experiment I.
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RESULTS AND DISCUSSIOHN
Ration analysis

Rations were formulated to be isonitrogemous, however,
some variation was observed (table 19). Adding fiber
sources increased ration dry matter {DM) and acid detergemt
fiber {(ADF). Cell wall constituents (C¥C) varied but did
not increase as might be expected by adding these fiber
sources. Addition of orchardgrass (0G) or alfalfa (ALF) hay
decreased ration demsity (table 20). Cottorseed hulls (CSH)
addition had essentially no effect on ration demsity. Dry
densities of the rations were similar. A 4% difference in
dry matter between Control and added fiber rations decreased
the magnitude of the differences. Control rations vere
approximately 46% DY while added fiber rations were approxi-

mately 50% DN.

Intake
DMI was highest for CSH rations (table 21). Orthogonal
contrast showed that CSH mean was (P<.06) higher than the
average DMI for Hays (table 22). WNo difference was observed
between 0G and ALF. Wheeler et al. (1979) observed higher
DMI for rations containiang CSH compared to rations contain-
ing orchardgrass hay, corn stover or barley straw as the

forage for steers. They observed rumen digesta dry matter
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Table 19. Analysis of rations for Experiment II.

Ration Designation

a Orchard- Cottonseed
Component Control grass Alfalfa hulls
Dry matter 45.8 49.8 49.6 49.8
Crude protein 15.2 14.5 15.5 14.6
Cell wall

constituents 36.0 37.2 35.1 36.5
Acid detergent
fiber 21.9 23.5 22.7 26.1

@calculated on dry matter basis.
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Table 20. Influence of added fiber on density
of corn silage-based rations.

Ration Pensity

g/ml g DM/m1°
Control? .310 .14
Orchardgrass hayb .253 .13
Alfalfa hay? .283 .14
Cottonseed hulls® .305 .15

4Corn silage as the only forage.

Psubstituted hay at 9% and hulls at 9.5% for
corn silage dry matter.

CCorrected for dry matter of ration.
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Table 21. Influence of added fiber on intake of dry
matter (DM), cell wall constituents (CWC),
and acid detergent fiber (ADF).

Ration DMI CWCI ADFI

------------ kg/d ==—-——————ev
Control 18.2 7.4 b.o
Orchardgrass hay 18.5 8.0 b.u
Alfalfa hay 18.2 7.8 b2
Cottonseed hulls 19.5 8.4 5.1
S. E. M. 4 .2 .1

Ration F Test P<.06 P<.01 P<.01




Table 22. Orthogonal contrasts of intake and chewing time variables for Experiment II.

Orthogonal Contrasts

Varliable Control vs Added P«< CSH vs Hays P< 0G vs ALF P<
Intake of:
Dry matter? 18.2 18.7 .18 19.5 18.4 .02 18.5 18.2 .52
Cell wall b
constituents 7.4 8.1 .01 8.4 7.9 .01 8.0 7.8 .50
Acid detergentb
fiber 4.0 4,5 .01 5.1 4.3 .01 4.y h.2 .15
Chewing time as:
Eating® 385.5 369.0 .31 372.8 367.2 .74 375.0 358.6 .38
Cud chewing® 375.5 372.6 .89 385.9 366.0 .39 386.0 346.0 .15
Total® 761.0 TH1.7 .33 758.6 733.2 .23 761.8 704.6 .03
Eat1ingd 21.3 19.8 .12 19.2 20.1 .ho 20.4 19.8 .63
Cud chewingd 20.5 19.9 .66 19.7 20.0 .82 21.4 18.6 .10
Totald 42.1 39.9 .14 39.0 4o.4 .38 42.0 38.7 .08
akg/d.
bCalculated on dry matter basis.
®min/a.
d

min/kg DMI.

69
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was highest (21.6%) for CSH which may have contributed to
higher intake.

CHC intake was (P<.01) higher for added fiber ratioms
compared to Coamatrol and also higher (P<.01) for CSH compared
to Hays. ADF intake was higher (P<.01) for added fiber
rations compared to Control with significance similar to CWC
intake. With higher imtake for CSH and higher CHC and ADF
content of added fiber rations these differences would not
be unexpected. Intake of ADF is important to milk fat sya-
thesis. Control ration was only 18.7% which may be minimal
in most dairy cow rations to support milk fat. Therefore,
supplenenting 9% of these or comparable feedstuffs may sup-

ply a margin of safety for preventing metabolic disorders.

Time per day the cows spent eating and cud chewing was
not significantly differeat (table 23) for the four ratioms.
Covws on Control ratiom spent the most time (386 min) eating,
whereas those fed ALF ration spent the least amount of time
(359 min) eating.

Cud chewing did not differ between rations {table 23).
Lowest cud chewing time was ALY whereas 0G and CSH were
similar. Freer and Campling (1965) observed with sheep that

less time eating was compensated for by increased rumination
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Table 23. Influence of added fiber on the time spent
eating, cud chewing, and total chewing per

day.
Cud

Ration Eating chewing Total

————————————— min/d ————-ee————-
Control 386 376 761
Orchardgrass hay 376 386 762
Alfalfa hay 359 346 705
Cottonseed hulls 373 386 759
S. E. M., 14 19 17

Ration F Test P<.58 P<.40 P<.07
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time. This was not the case for ALF fed to dairy co¥s in
this trial. Total chewing time is the total time spent eat-
ing plos cud chewing. ALF ration showed a slightly lower
(P<.07) total chewing time compared to 0G. There was a 56
min per day reduction in total chewing time by adding
alfalfa hay to the ration. No justification is evident for
reduced chewing time observed by adding chopped alfalfa hay
to corn silage—-based rations. Sudweeks and Ely (1980) indi-
cate that long alfalfa hay would stimulate chewing less than
long orchardgrass hay. Based on their roughage value
indexes (RVI) alfalfa hay is only £1.5 while orchardgrass
hay is 74.0.

Total chewing per kg of DMI (BVI) was not different for
the rations (table 24). RVI values wvere 42 for Control and
OG while ALF and CSH were 39. Orthogonal contrast of RVI
for ALF and OG suggest that OG is greater (P<.08) and would
support milk with higher milk fat percent (table 22).
Extensive research conducted at Georgia (Sudweeks and Ely,
1980) regressing roughage value index on % milk fat shows
that a value of 39 or 42 would maintain milk fat at 3.7% and
3.8%, respectively. Balch {1971) indicated that mean dif-
ferences of 104 in the RVI obtained in change-over trials
(accounting for cow variance) were likely to be meaningful.

However, RVI values of 39 and 42 are well above.the 31
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Table 24. Influence of added fiber on time spent
eating, cud chewing, and total chewing

per kilogram of dry matter intake.

Cud

Ration Eating chewing Total

----------- min/kg*DMI ==———e——-
Control 21 21 42
Orchardgrass hay 20 21 b2
Alfalfa hay 20 19 39
Cottonseed hulls 19 20 39
S. E. M. 0.8 1.1 1.3
Ration F Test P<.33 P<.38 P<.12
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necessary to maintain normal milk fat of 3.5% (Sudweeks et
al., 1979). A 10% variance around RVI of 31 may be critical
for preventing the metabolic disorders associated with
inadequate roughage. Although an exact relationship between
RVI and rumen health and function has not been established

it can be assumed from data on reduced milk fat test.

BRumen fermentatioa

Rumen vqlatile fatty acid (VPA) patterns are shown in
table 25. Molar proportions of acetate and propionate were
not affected by added fiber sources. Acetate was 3 percen-
tage units higher for 0G while propiomnate was lowest for ALF
ration. Expectéd response to added fiber would be lower
rumen propionate and possibly increased acetate with a sub-
sequent increase in acetate:propiorate ratio (APR). How-
ever, coarseness of the corn silage (TLC=1.27 cm) used in
this experiment may have precluded a sigaificant response to
added fiber. Chalupa et al. {1969) increased APR from 1.9
to 2.8 by supplementing a rationa containing pelleted coastal
bermudagrass hay with 10% long baled coastal bermudagrass
haye.

Butyric acid was (P<.01) higher for ALF by orthogomal
comparison with OG (table 26). Variation observed for val-

eric acid was not significant. Total volatile fatty acid
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Table 25. Influence of added fiber on rumen fermenta-
tion parameters.

Ration Ac Pr Bu Val TVFA
mm/

----- moles/100 moles ===== liter

Control 56.2 26.5 14.9 2.4 121.0
Orchardgrass hay 59.1 26.1 12.9 1.9 79.0
Alfalfa hay 56.7 24,2 16.5 2.5 97.3
Cottonseed hulls 56.6 26.3 14,1 3.0 83.9
S. E. M. 1.0 1.5 0.6 0.3 5.1
Overall F Test P<.23 P<.72 P<.01 P<.14 P<.01




Table 26. Orthogonal contrasts of rumen fermentation and dilution rates for
Experiment II.

Orthogonal Contrasts

Variable Control vs Added P« CSH vs Hays P< 0G vs ALF P<

Volatile fatty

aclds:

Acetate? 56.2 57.5 .32 56.6 57.9 .32 59.1 56.7 .12

Proplonate? 26.5 25.5 .61 26.3 25.2 .55 26.1 24,2 .

Butyrate® 14.9 14.5 .56 14.1 1.7 .0 12.9 16.5 .01

Valerate? 2.4 2.5 .81 3.0 22.4 .06 1.9 2.5 .16

Total® 121.0 86.7 .01 83.9 88.2 .51 79.0 97.3 .02
Rumen pH: 6.3 6.3 .74 6.2 6.4 .18 6.4 6.3 .49
APR® 2.2 2.3 .55 2.2 2.4 .28 2.4 2.4 .99
NGrY 3.2 3.3 .72 3.0 3.4 .21 3.2 3.5 .42
Rumen dilutione:

Fluid 11.1 11.0 .94 12.9 10.1 .01 - 11.3 8.9 .ol

Sollds 6.0 5.6 .62 5.4 5.7 .75 5.7 5.6 .87

8moles/100 moles.

bmm/liter'.

cAcetate:propionate ratio.

dNon—glucogenlc ratio = (Ac + 2 Bu + Val) # (Pr + Val).

®4/nr.
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concentration was (P<.01) higher for Control ratiom compared
to added fiber ratioms. This may reflect the slightly
higher energy of the Contrel ration. However, Bauman et al.
(1971) observed higher VFA concentrations im dairy cows fed
limited roughage, high-grain {(15:85) rations compared to a
control ration of 55:45 roughage:grain ration but could not
explain the increase by digestible emergy intake.

Acetate:propionate ratios were not significaatly dif-
ferent (table 27). <Control and CSH rations were 2.2 while
the 0OG and ALF ratioams were 2.4. ©Nom—-glucogenic ratios
(NGR) of rumen VFA proposed by Orskov (1975) were not signi-
ficantly different for the four rations. Highest NGR was
for ALF at 3.5, CSH had the lowest at 3.0 while Control and
0G were intermediate at 3.2. According to the data of
Orskov (1975) NGR values in this range correspond to effi-
cient utilization of ratior energy and favor partition of
energy to milk secretion. Means for rumen pH ranged from
6.2 to 6.4 but were not significantly different across

rations.

Rumen dilution rates

Rumen fluid dilution (RFD) rates were significantly
{P<.01) different (table 28). HMean for Control was not sig-

nificantly different from the mean of added fiber ratioas
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Table 27. Influence of added fiber on acetate:prop-
ionate (APR) and non-glucogenic (NGR) ratios
and pH of rumen fluid.

Rations APR NGR® pH
Control 2.2 3.2 6.3
Orchardgrass hay 2.4 3.2 6.4
Alfalfa hay 2.4 3.5 6.3
Cottonseed hulls 2.2 3.0 6.2
S. E. M. 0.2 0.2 0.1
Overall F Test P<.67 P<.l49 P<.48

NGR = (Ac + 2 Bu + Val) ¢ (Pr + Val), where:VFA are
expressed as molar percentages.
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Table 28. Influence of added fiber on rumen

fluld dilution rate.

No. Rumen PFluid

Ration Cows Dilution

%/hr
Control 8 11.1
Orchardgrass hay 8 11.3
Alfalfa hay 8 8.9
Cottonseed hulls 8 12.9
S. E. M. .8
Overall F Test P<.01
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{table 26). CSH ration had the highest RFD and was
significantly higher than the average of meam for 0G and ALF
rations. Increased RFD for CSH may be related to the higher
intake. Villavicencio et al. (1968) observed increased DMNI
with CSH ratiors and implicated increased RFD because of
their small particle size. Cole et al. (1976a, b) suggested
an increased rumen rate of passage by feeding CSH because of
decreased DM and cellulose digestion for steers. There was
also a sigrificant (P<.04) difference bketween 0G and ALF
rations where ALF was 2.4%/hr lower than 0OG ration. Lower
RFD for ALF may be related to the reduced chewing tinme
observed with this ration. Jorgensen et al. ({(1978) indi-
cated chewing time was postively related to saliva flow and
Harrison et al. (1975) infused artificial saliva into the
rumen of sheep and increased rumen dilution rate. It is
possible that feeding ALF reduced saliva flow decreasing RFD
but probably would not be the only factor involved.

No sigaificant differences occurred between rations for
rumen solids dilution (RSD) rate (table 29). There was a
tendesacy for BSD rate to decrease with addition of hays or
hulls. Added fiber sources may be comparatively less diges-
tible than corn silage. If we consider the added fiber as a
less digestible residue, it would remain in the large parti-

cle pool of the rumern longer. Therefore mean rumen reten-
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Table 29. Influence of added fiber on rumen
solids dilution rate.

No. Rumen Solids

Ration Cows Dilution.

%/hr
Control 8 6.0
Orchardgrass hay 8 5.7
Alfalfa hay 8 5.6
Cottonseed hulls 8 5.4
S. E. M. .6

Overall F Test P<.94




82

tion time would be longer producing these slightly lower
fractional turnover rates. However, because of the techmni-
que used for solid phase marking the data must be evaluated

carefully.



Chapter V

EXPERIMENT III

PROCEDURES

Experimental Design

Analysis of covariance was used with animals adjusted
to a finely chopped corn silage-based ratiom. Eighteen lac-
tating Holsteins were used with two periods of 3 wk each.
Periods consisted of 14 d for adaptation to rations and 7 4
for data collection. 3Statistical design and animal assign-

ments are shown in Appendix table 3.

Bation formulation and analysis

Three rations were used with a 60:40 forage:concentrate
ratio. A control ration was formulated with 60% finely
chopped corn silage (TLC=.64 cm) and 15% high moisture corn
and 25% concentrate mix. Chopped orchardgrass hay (same as
Experiment XI.) was substituted at 9 and 18% for corm silage
dry matter. Concentrate mix was the same as that in Experi-
ment II. The rations were calculated to be 14.8-14.6% crude
protein and 16.7-20% ADF. Ration formulations and specifi-
cations are shown in table 30. Rations were mixed and fed

using the procedures described in Experiment I.

83
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Table 30. Ration formulations and specifications
used to determine effect of added orchard-
grass hay to fine chop corn silage.

Added Orchardgrasé

Ingredient? 0% 9% 18%
_________ A
Corn silage 60.0 51.0 42.0
Chopped orchardgrass - 9.0 18.0
Concentrate A : 25.0 25.0 25.0
Dry cracked corn 15.0 15.0 15.0
Specifications:
Crude proteinb 14.8 1bh.7 14.6
Acid detergent fiber? 16.8 18.4 20.0
NE. © 167.8 163.4 159.0

aCalculated on dry matter basis.
®q.

®Mcal/kg (estimated NRC, 1978).
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Data gellégzigﬁ
Procedures are the same as described in Experiment II.
Rations and orts were analyzed as described in Experiment I.
Density measurement procedures are described in Experinment
IY. Rate of passage determinations are described in Experi-
ment IT except a 4-h fecal grab sample was taken and fecal

grab samples were takee to 64 h post-dosing.

Statistical apalysis
Data from this experiment swere analyzed by the Statis-
tical 3Analysis System.l Analysis of the treatments was by
the general linear model procedure of SAS using the model:
Y = Ration Covariate
Model for this experisent is further described in Appendix
table 3. Contrast for linear and quadratic effects of
treatments were made. Rate of passage was determined as

described for Experiment I.

RESULTS AND DISCUSSION

Ration Analysis and Demsity

Ration analyses are shown in table 31. Crude protein
was higher than calculated for all ratioamas. Acid detergent
fiber content was similar for rations and did not increase

as expected for ratioans with added OG.
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Table 31. Ration analysis for covariate and experi-

mental periods.

Added Hay
Component 0% 0% 9% 18%
Dry matter 47.8 50.3 54.6 59.4
Crude protein 14.8 15.8 16.2 16.8
Cell wall constituents h2.1 42,2 Lh2.4 43.9
Acid detergent filber 20.0 19.6 19.5 20.4

aCovariate ration.
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Densities of rations are shown ias table 32. Added
orchardgrass hay decreased ration density with each added
increment. Density was 35.5% lower for 18% ration and 14.5%
lover for 9% ration compared to 0% ration. By comparison 0%
ration (table 32) was 11.7% more dense than Control ration
used in Experiment II (table 20) which used a medium to

coarse chop cora silage.

Dry matter, cell wall constituent, and acid detergent fiber
intake

Intake of DM, CWC, and ADF are shown in table 33. DM
intake tended to increase with 9% and 18% rations, but the
difference was not significant. However, intake of CEC and
ADF increased linearly (P<.06) with added 0G.

Uzadjusted means for intake of DM, CWC, and ADF are
shown in figure 2. Meanrs for the covariate period were very
similar. Trends for these variables are not nnexpected.
DMI would be expected to decrease as cows remain om the
finely chopped corn silage ration. Addition of hay to the
ration should maintain the DNMNI or produce a slight increase
in intake. Slight differences in DMI and fiber content for
rations produced significant CHUC and ADF intake for ratiomns
fed during the experimental period. Since covariate period

alloved only 2 veeks for adaptation to 0% ration, differ-
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Table 32. Density of fine chop corn silage
based rations with added chopped
orchardgrass hay.

Density
Added 3
Orchardgrass g/ml g DM/ml
0 .35 .18
9 .30 .16
18 .23 .14

%Corrected for dry matter of ration.



89

Table 33. Intake of dry matter (DM), cell wall consti-
tuents (CWC), acid detergent fiber (ADF) of
fine chop corn silage-based rations with added
chopped orchardgrass hay.

Added
Orchardgrass DM CWC ADF
------------- kg/d ———m—m——————e
0% 19.1 8.1 3.7
9% 19.6 8.3 3.8
18% 19.8 8.7 4.o
S. E. M. LA 2 .1
Ration F Test P<.l6 P<.06 P<.06

Contrast: P«
Linear .23 .02 .23
Quadratic .81 .76 .48




S0

DMI )
19.84 DMI o 18
]
19.6—5 o 9
D
19.1-1—: B
19.04] ’
A 8.8
3 c
S 8.6 cwc 18
< ]
% 8.43 . 9
Z 8.29 ==
] 0
8.0 ¢
4.1
] 1
u.o_: AD/A —8
3.9% A
3.8 \A 9
] A0
3.7 : ‘
cav EXP
PERIOD

Figure 2. 1Intake of dry matter, cell

wall constituents, and acid detergent fiber

for Experiment 3.



91

ences for DMI were not as great as expected. A longer adap-
tation period for covariate as well as experimental period
may have demonstrated larger differences for intake.

Chalupa et al. {(1969) demonstrated DMI decreases as
milk fat depression progresses. Milk fat test decreased
from 3.5 to 3.0% in 42 d on a ration of pelleted coastal
bermudagrass (PCB). After 84 .d on rations containing PCB,
nilk fat decreased to 2.4% while intake decreased from 19.2
kgs/d to 17.4 kg/d. Supplementing the PCB with 1.4 or 2.8
kg/d corn silage maintained intake at 19.5 aad 19.2 kg/4,
respectively, which is comparable to intake of 19.2 kgyd
after 42 4 on PCB ration. However supplementing 2.1 kg/d of

baled coastal bermudagrass hay increased intake to 20.9

xg/d.

Yolatile fatty acids

Molar proportions of rumen volatile fatty acids (VFA)
are shown in table 34. Molar proportion of acetate
increased limearly (P<.09) with added orchardgrass hay.
There was a downward trend for propionate with added hay
hovwever, this was not significant. Molar proportion of
butyric acid was (P<.04) reduced with 9% and 18% rations.
Valeric acid was not affected by added hay. Total VFA con-

centration decreased (P<.08) with 9% and 18% ratioans com-



Table 34. Rumen fermentatlion parameters for experimental period for fine chop corn silage

rations with chopped orchardgrass hay.

Added Rumen
orchardgrass Ac Pr Bu Val APR2 NGRb TVFA°© pH
—————— moles/100 moles ———————- mm/1liter
0% 58 21 18 03 2.8 4.1 8815 6.4
9% 61 20 16 03 3.1 h.2 72.9 6.3
18% 62 19 16 03 3.3 4.5 76.1 6.6
S. E. M. 1 1 1 1 .16 .20 4.8 .2
Ration F Test P<.09 P<.27 P<.0l P<.87 P<.18 P<.36 P<.08 P<.10
Contrast: P<
Linear .0l .12 .03 .68 .07 17 .09 .08
Quadratic .54 .81 .18 .76 .90 .73 .1l .21
aAcetate:propionate ratio.
bNon—glucogenlc ratio = (Ac + 2 Bu + Val) s (Pr + Val).

®rotal volatile fatty acids.

26
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pared to 0% ration. Miller et al. {1969) reported slightly
higher molar proportion of propiomate (25.4 vs 22.3) and
similar acetate (57.7 vs 57.2) for fine chop corn»silage
compared to the same corm silage with coarser chop. Data of
Chalupa et al. (1969) show propiomate increased from 20.3
roles/100 moles for dairy cows fed a control ration of corn
silage:alfalfa hay as the roughage to 36.3 mole/100 moles
after 84 4 on a ration containing pelleted coastal bermudag-
rass as the roughage. Acetate decreased from 62.7 to 48.6
moles/100 moles during the same period. Supplementing the
pelleted forage with corn silage or baled coastal bermudag-
rass produnced acetate and propionate molar proportions com-
paréhle to control ration values.

Acetate:propionate (APR) and nomn-glucogenic ratios
(NGR) were not significantly affected by treatment but there
was a tendency for ratios to increase with added hay.
Observed VFA patterns are the expected results of adding hay
to high-concentrate, low-fiber rations for dairy cowvs.
Slight increase in acetate and slight decrease im propionate
as well as an increase in APR and NGR values agrees with
other research. APR reéotted by Miller et al. (1969) was
2.2 for finely chopped corn silage compared to 2.6 for
coarsely chopped corn silage. Bauman et al. (1971b) indi-

cated that changes in APE when high-grain, low-fiber ratiomns
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are fed result primarily from increased propionate produc-

tion and relatively small changes in acetate production.

Rumen fluid dilution rate

Least square means for ramen fluid dilutiosm rate are
shown in table 35. There was a trend for increasing dilu-
tion rate with added hay rations but the trend was not sig-
nificant. Much of the data detailing ef fects of ration phy-
sical form on RFD has been with extremes, such as high fiber
versus high concentrate rations. Limited data is available
for minor ratiom variatiomns such as rations used in these
experinents. However, increased RFD is expected by increas-
ing roughage or fiberousness of a ration and agrees with
data for dairy cows {Bauman et al., 1971a), steers (Topps et
al., 1968), and sheep (Hodgson and Thomas, 1975). Grovunm
and ¥Williams (1977) have shown with sheep that increasing
intake decreases rumen retention time of Cr-EDTA, hence a
greater BFD. Therefore much of the data on ration effects
on RFD may be confourded by changes irn intake.

Unadjusted means for covariate and experimental period
are shown in figure 3. Dilution rate increased for all
treatments. Cow 1180 had a dilution rate of 32.4%/hr during
the covariate period while only 16.3%/hr during the experi-

mental period on the 18% ration. This one value increased
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Table 35. Adjusted means for rumen dilution
rate of experimental period for
fine chop corn silage-based rations
with added orchardgrass hay.

Added Dilution Rate

orchardgrass Fluid Solids
------- %/hr ——————m—-

0% 13.8 4.6

9% 14,4 5.7

18% 15.1 5.9

S. E. M. 1.9 7

Ration F Test P<.90 P<.25

Contrasts: P<
Linear .66 .15
Quadratic .99 .36
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mean RFD for covariate from 12.5%/hr to 15.9%/hr. If cow
1180 is deleted from covariate mearn then respomnse to ration
changes appears to parallel 0% and 9% slopes. Deleting 1180
from the experimental period had very little effect on 18%

mean (15.7 with, and 15.6 without).

Rumen solids dilution rate

Least square means for rumen solids dilutiom (RSD) are
shown in table 35. BRSD tended to increase with 9% and 18%
rations but the trend was not significant. This increase
may be partly due to the slight increase in DMI observed for
9% and 18% between covariate and experimental periods. Data
of Grovum and Williams (1977) show shorter transit times for
solid phase as intake increased from 400 to 1300 gs/d for
sheep. Van Soest (19686) has observed increased fecal parti-
cle size as intake increased in dairy cows suggesting a
faster RSD.

Unadjusted means for covariate and experimental period
are shown in fiqure 3. 0% and 9% showed decreasing rates
wvhile the 18% ration showed a slight increase in solids
dilution rate. However the technique used to estimate RSD

precludes any detailed interpretation.



Chapter VI

SUH#IMARY AND CONCLUSIONS

Three experiments were conducted to determine the
influence of added fiber sources such as chopped orchard-
grass (0G) and alfalfa (ALF) hays or cottonseed hulls (CSH)
to corn silage—-based rations for dairy cows. Variables mea-
sured‘included intake, digestibility, nitrogem balance,
rumen fluid and solids dilution rates, chewing time, and
runen fermentation patteras.

In Experiment I, three ratiomns were formulated with 0,
9, and 18% of ration dry matter as OG or ALF, and 0, 5.5,
and 11% CSH substituted for corn silage dry matter. A Con-
trol ration of 9% OG was used to monitor normal changes over
the 12 wk experimental period. Two lactating Holsteins vere
assigned to each treatment and Control. Total collection
procedures were conducted for 5 d during each of three
experimental periods. Fecal samples were taken for estima-
tion of rumen dilution rates using CoOEDTA (fluid) and YbCl
(éolid) markers. Rumen fluid samples were takem after 14 d
adaptation to rations for pH and volatile fatty acid (VFA)
analysis. Dry matter intake (DMI) was higher with added
fiber rations with an additional increase for CSH ratioms.

Dry matter, cell wall constituents (CHC), and acid detergent

98



99

fiber {(ADF) digestibilies were lower for added fiber rations
with a significant depression for CSH. Nitrogen balance
data indicated that significantly more nitrogen was absorbed
and ntilized for production by addition of CSH, although
nitrogen digestibility of CSH rations was significantly
reduced. Rumen pH was not affected by treatments. Adding
fiber sources did not effect significant changes in rumen
VFA patterns although total VFA concentrations were slightly
higher when fiber was added. Rumen fluid dilution (RFD)
rates were higher for CSH compared to 0G and ALF rations.

An abnormal situation occurred with most of the cows during
period 2 of this Experipent which was indicated by lower
intake for Control cows.

From Experiment I, it was concluded that: 1) adding
fiber sources to corn silage-based rations increases iatake
of DM, CWC, and ADF, 2) favorable nitrogen balance results
from added fiber with an increased advantage for CSH addi-
tion, 3) rumen fermentation patterns are not affected by
fiber addition to relatively ccarse chopped {TLC=1.25 cm)
corn silage, 4) CSH effects an increase in rumen fluid dilua-
tion rate more than OG or ALF addition.

Data from Experiment I indicated that several important
advantages of adding fiber sources to corn silage-based

rations are possible, especially with CSH addition.
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Expected responses to added 0OG or ALF sere not observed pos-
sibly due to coarseness of Control ration or unnaccounted
apimal variation. Substitution of 9 or 18% 0OG or ALF for
corn silage DM appeared not to affect digestibility as
greatly as 5.5 or 11% CSH. Addition of CSH had a pronounced
favorable effect on nitrogen balance and rumen fluid dilu-
tion rate. However complications during the second period
of the experiment as well as the number of observations in
the desigs may have diminished significance of some res-
ponses to the increasing fiber additions. These observa-
tions above were considered in the design and objectives of
Experiment IIT.

In Experiment II, a replicated latin sqguare arrangement
was used to evaluate 9% added 0G, ALF, or CSH to corn
silage-based rations. Variables measured included intake,
chewing time, ruamen fluid and solids dilution rates, and
rumen fermentation patterss. Added OG or ALF decreased
ration density whereas CSH had very little effect on demsity
compared to Coatrcl. Dry matter intake was highest for CSH
rations while DMI for O0G and ALF was comparable to Control.
Added fiber rations produced significant imncreases in intake
of CWC and ADF. Total chewing time per day was signifi-
cantly reduced with ALF addition. Roughage Value Index

(RVI) was also lower for ALF compared to OG ration. Total
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VFA concentration was lower for added fiber rations compared
to Control ration. Acetate:propionate (APR) and non-gluco-
genic (NGR) ratios were not affected by fiber additiomns.
RFD rate was significantly lower for ALF compared to 0G, but
RFD was significantly higher for CSH compared to 0G and ALF.

From Experiment II, it was coancluded that: 1) adding
9% 0G or ALF hay to a relatively coarse chopped cora silage
{TLC=1.27 cm) does not affect intake although 9% CSH addi-
tion sigmificantly increases iatake, 2) adding 9% 0G, ALF,
or CSH does not affect rumen VFA or pH, 3) reduced chewing
time was associated with reduced BFD for ALF addition, 4)
adding "long hay equivalents™ to coarsely chopped corn
silage may alter RFD but response depends on source, 5)
effectiveness of cottonseed hulls may be related to
increased intake and RFD.

Data from Experiment II indicated that increasing
ration bulk with OG or ALF does not affect intake. CSH
addition increased intake but did not affect ration bulk.
Increasing ration bulk did not ircrease chewing time of OG
or ALF ration as expected, but ALF reduced chewing time per
day. BReduced RFD for ALF may have been associated with
reduced chewing time per day. Data from this experiment
supports observations from experiment I that CSH addition

increases DMI and RFD. Slight differemces in RVI occurred
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between ALF and 0G, but these values of 39 and 42, respec-
tively, vere vwell above the critical value of 31 suggested
by Sudweeks et al. (1979) as necessary to support 3.5 milk
fat. Rumen fermentation parameters were not affected as
expected by the fiber additiomns. Significant responses to
added fiber in Experiments I and II may have been precluded
by the coarseness of the silage used, whereas a finely chop-
ped corn silage may allow better evaluation of fiber addi-
tions. A third experiment was designed with finely chopped
corn silage-based rations using analysis of covariance to
account for cow variation.

In Experiment III, 18 lactating Holsteins were assigned
to rations of finely chopped corn silage (TLC=.64 cm, rough-
age conponent) or a similar ration éupplemeated with 9 or
18% (dry-basis) chopped orchardgrass hay. Analysis of
covariance was performed using the finely chopped corn
silage-ration observations as the covariate. Variables mea-
sured included intake, rumen fermentation, and rumen fluid
and solids dilution rates. BRation density decreased with 9
and 18% addition of 0G. Dry matter intake increased with
added 0G but the trend was not significant. Intake of CHC
and ADF was significantly higher for added ©G ratioms. Cowus
with no added hay during experimental period showed a slight

decrease in DMI from covariate period. Molar proportion of
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rumnen acetate increased linearly with added OG while pro-
pionate showed a decreasing trend. Total VFA were lower for
9 and 18% added OG rations, however APR increased with added
0G. Rumen pH was highest for 18% OG ration. RFD was high-
est for 18% added OG although RPD increased for all treat-
ments from covariate to experimental periods.

From Experiment III, it was concluded that: 1) adding
0G hay to finely chopped corn silage decreased ration den-
sity, 2) slightly higher DMI occurs by adding OG hay to
finely chopped cormn silage, 3) rumen acetate and APR
increase while rumen propionate may decrease with fiber
additions, #) higher BFD can occur by adding 0G hay to
finely chopped corn silage-based rations.

In summary, the results of these experiments show that
adding fiber sources to corn silage-based rations has sone
advantages. <{SH addition consistently increased DMI and
produced an increased RFD. Increased RPD may be affected
through increased DMI but both parameters may be beneficial
in optimizing nutrient intake and partitioning nutrients
between rumen and lower digestive tract.

Benefits of adding 0G or ALF were not realized im
Experiments I and II and this may have been due to coarse-
ness of the corn silage. O0G and ALF increased ration bulk

however the corn silage may have provided adequate bulk.
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Since bulk density is rather easy to measure it may warrant
more research to determine influence oa ruminant health and
production and possibly establish requirements for bulk in
dairy ratioans.

Rumen fluid dilution rate affects site of digestion of
nutrients but also affects changes ia rumen environment.
Increased RFD can produce changes in the microbial popula-
tion favoring rapidly growing organisms with lower mainte-
nance requirements and produce a fermentation favoring ace-
tate rather than propionate production. CSH addition
increases RFD through a mechanism which appears to differ
from that produced by chopped hay addition. CSH has a small
particle size which should pass from the rumen faster than
chopped hay. Increased ration bulk should stimulate rumina-
tion and saliva flow which may increase RFD. CSH increased
RFD but had no affect on ration bulk, whereas ALF decreased
RFD but increased ration bulk. More research needs to be
done on physical and chemical factors which stimunlate or
reduce rumination and RFD.

Rumen fermentation parameter responses were not real-
ized in these experiments. This may relate to coarseness of
the corn silage in the first two experiments and length of
the adaptation period in all three experiments. Carry-over

effects from treatments, especially rations with coarse par-
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ticles of silage or hay, may have masked some important res-
ponses. Longer retention time for coarse particles in the
digestive tract may necessitate 3 to U4 week adaption periods
for finer particle rations to effect charges in rumen fer-
mentation parameters as well as other parameters.

Future research should use a negative control such as a
finely chopped corn silage to determine effectiveness of
fiber sources. Importance of this technigue relates to
situations where fiber sources such as corn silage have been
fipely chopped or by-products have been processed to a fine
particle size. In this case physical form or effective
fiber must be supplied by supplementing "long hay eguiva-
lent™ sources suck as hay. Quantitative measurement of
potential "long hay equivalent®™ sources must be availahle to
formulate rations with adequate effective fiber. This
allows optimum use of availahle feedstuffs and would minim-
ize purchased feedstuffs to supplement effective fiber when
necessary.

Tvo techniques for quantitation of physical form are
available and appear to merit further development. Density
measurements using a technigue similar to that employed in
these studies are simple and rapid. Itlvould lend itself to
on-farm use or as a forage testing routine measurement.

However a standardized procedure must be developed and
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relate to animal response, health and production. The other
physical measurement is particle sizing using a series of
screens to partition the feedstuff. There is a standard
procedure for this technique but the procedure is time con-
suming and may not be suitable for routine use in feed ana-
lysis. These two procedures plus feed quality amnalysis such
as crude protein, fiber and mineral analysis may provide
adequate quantitation of effective fiber. Current defini-
tion for effective fiber relates to a feedstuffs ability to
support milk fat synthesis compared to the standard of cot-
tonseed hulls. Supporting milk fat synthesis is important
to cow health and production. This definition should be
expanded to also relate to partitioning of feed components
betweenr rumen and lower digestive tract. Lower maintenance
of the rumen microbial population, optimum production of
microbial products, and effecient use of feedstuffs such as
non-protein nitrogen and fiher souarces could also be pred-

icted.
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Appendix Table 1. Statistical design, mocdels, and expected
mean squares for Experiment I.

A. Statistical arrangement and cow assignment.
Feriods

Ration Cow
Designation 1 2 3 No.
Control i_‘g?—_ﬁ_—_szﬂ Ji-1029
Orchardgrass hay ;—?;;}-I 9% ;_-{_lg;-} ;g—éggg
Alfalfa hay | o7 | }—Z%—-: rlg;;_—: Sgi-%ggg
Cottonseed hulls { 0% : {: 5—5% }—11-%_-} cg:%]ég%

B. Model and expected mean squares for analysis of rations
in Experiment I.
= . C
Y=u 4Ly +P+C +E

1 J ijk)
where L = Ration groups i =1 through 7
P = Perilods J =1, 2, 3
C = Cows k¥ = 1 through 8
E = Residual component
Source Expected Mean Square
Rations gze + klei‘/6
Pericds 52 4+ k tpP2,/2
e 2 J
Cows aZe + k3czc
Residual c?

e
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Appendix Table 1. (continued)

C. Model for slope (regression) calculations for each
fiber type with increasing levels.

3

Y =a+ Ti + BgPJ + C(i)k +1§381PJ + E(ijk)
where a = intercept

T = Type of fiber 1 =1, 2, 3

P = Periods J =1, 2, 3

C = Cows k = 1 through 6

8 = Overall slope of observation across
%  periods

Bi = Deviation from overall slope for each
fiber type

Source Expected Mean Sguares
2 7 42
Type oy + &la o KZZTi/Z
3
Period(g) 0?2+ g2 i (p,-P)2
e 4 J=1 <
y 2 2
Cow(Type) gty klcc
3 3 -
Type x Period 62 +k £ 82 (T, =t (P,-P))%,2
e 21,1 i + i=1 J
Residual a2
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Appendix Table 2. Statistical design, model, and expected

mean squares for Experiment II.

A. Statistical arrangement and cow assignment.

Ration Designation

Orchard- Ccttonseed

Control grass Alfalfa hulls

] 1115 1280 1259 587
1262 1275 1288 1298

5 987 1115 1280 1259
1298 1262 1275 1288

Periods

3 1259 987 1115 1280
1288 1298 1262 1275

y 1280 1259 987 1115
1275 1288 1298 1262

B. Model for Latin Square arrangement.

T=uwt+ B+ P+ Cp * By

where R = Rations i=1-14
P = Periods J =14
C = Cows k=1-28
E = Residual component
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Appendix Table 2. (continued)

Source Expected Mean Sguare
2 2
Type 9% + klzLi /3
Period 62 + k 1P./3
e 2 J
Cow 02 + k o2
e 3 (¢}
Residual o2

e
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Appendix Table 3. Statistical design and model for

Experiment III.

A. Statistical arrangement and cow assignment.

Periods
Covariacte Experimental
cow # Percentage
0OG substi-
1232 tuted for
1252 corn silage
1350
,) 1353
s 11301 0%
e 1365
/
7 1233
’ 1167
3wk 7 1159
period —=———cee-- 1335
no 0G 1363 9%
\ 1349
\
N 1133
-
N | 12k
N/ 1180
1362
1352 18%
1331

-

B. DModel for Analysis of Covariance.

Y =a2a+ Ri + 51CJ + E(ijk)

where a = intercept
R = Rations i=1-3
= Covarlate cbservation

tg Q

= Residual component
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Source

Ration
Covariate

Residual

120

(continued)

Expected Mean Square

3
2 m 2
e ¥t b.zfi /5
i=1
2 2 a7\ 2
o +84 (C, - C
e 1 J )

g2
S
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Appendix Table 4. Analysis of Varlance for Experiment I.
A. Analysis of Variance for intake and digestibility

Mean Squares

Intake Digestion Coefficient

Source ar oM* pMP  cwe®  ADF® DM cwe ADF
Rations 6 3.91 .13 1.40 .67 3.61 4y, 23 47.32
0% vs 9% 1 3.65 .12 .58 .46 12.67 108.41 135.57
Hays vs CSH 1 1.65 .07 1.00 .16 1.65 .67 25.52
Period 2 2.25 .09 .18 .16 1.22 19.77 11.02
Cow 7 18.27 .30 2.85 .74 5.93 23.83 31.80
Error 8 1.50 .05 .30 .05 1.53 6.98 13.20
Total 23 6.98 .14 1.60 .50 2.89 27.44 47.57

akg/d.
Pkg/100 kg body welght/d.
°g.



Appendix Table 4. (continued)

B. Analysis of Variance for nitrogen balance data.

Mean Squares

Nitrogen Component

Source ar Intake? Fecal? Urine? M11k? Tisave® Production® Digeationb Bv®
Rations 6 1961.51 699.99 235.45 234.41 758.93 878.37 0.11 32.44
0% vs 9% 2981.21 1393.04 0.00 2.72 3378.42 3189.34 0.20 17.46
Hays vs CSH 3740.04 707.6M4 h1.63 123.52 565.13 1217.06 0.00 81.44
Period 2 497.38 243.36 52.05 548.21 2061.06 3329.28 0.17 279.22
Cow 8572.92 1222.48 641.15 641.21 800.10 1978.82 0.21 67.27
Error 8 610.84 219.96 331.36 61.21 300.08 434 .50 0.03 34.54
Total 23 4187.34 524.25 502.63 hi7.71 1251.81 1647.62 0.18 88.22
8g/d.
by.

cBV = Biologilical Value

Retained N : absorbed N x 100.

c¢ctl



Appendix Table 4. (continued)

C. Analysis of Variance for rumen parameters.

Mean Squares

Volatile Fatty Acids Ratio Rumen Dilution Rate

Source ar  Ac? Pr®  Bu?® Vva1®  Total® APR® NGRY  pH  Liquid® So1l1a®
Ratlon 6 0.01 0.02 0.02 0.01  347.07 0.05 0.12 0.03 0.15 0.02
0% vs 9% 1 0.00 0.00 0.00 0.00 103.68 ~0.00 0.00 0.05 0.08 0.02
Hays vs CSH 1  0.0% 0.00 0.00 0.03 1545.87 0.04 0.18 0.01 0.55 0.00
Period 2 0.03 0.03 0.01 0.01 15.98  0.09 0.25 0.07 0.17 0.02
Cow 7 0.11 0.10 0.05 0.01  237.02 0.21 0.33 0.11 0.05 0.00
Error 8 0.14 ©0.04 0.03 0.02  466.21 0.18 0.15 0.17 0.03 0.01
Total 23 0.12 0.07 0.03 ©0.01  496.76 0.19 0.25 0.10 0.09 0.0l

A

8moles/100 moles.

bmm/liter.

cAcetate:propionate ratio.

dNon—glucogenlc ratio = (Ac + 2 Bu + Val) + (Pr + Val).

€%/hr.



Appendix Table 5. Analysis of Variance for Experiment I.

A. Analysls of Variance for regression of fiber types on level for

intake and digestibility

Mean Squares

Intake Digestion Coefficlients

Source ar pm? pMP cwc? ADF? pm® cwc® ADF®
Type 2 8.48 0.23 1.29 0.87 4,84 36.91 10.91
Period 1 0.01 0.00 8.h2 1.84 0.56 37.28 5.47
Cow (Type) 3 25.77 0.58 4.07 0.82 9.68 33.56 70.78
Period*Type 2 7.63 0.25 0.95 1.02 6.13 62.43 32.07

0G vs Alf 1 1.90 0.06 0.15 0.26 3.13 0.64 6.48

0G vs CSH 1 14.85 0.48 1.79 1.98 12.25 101.03 28.13

Alf vs CSH 1 6.13 0.19 0.91 0.80 3.00 85.61 61.61
Error 9 1.68 0.05 0.49 0.24 1.88 16.71 64.47
Total 17 6.81 0.16 1.82 0.53 3.48 28.07 58.83
Bxe/d.

re/100 kg body welght/d.

wet
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(continued)

B. Analysis of Varlance for regression of fiber types on level for nitrogen balance data.

Mean Squares

Nitrogen Component

Source ar Intake? Feca1? Urine? M11k2 Tissue® Production® Dlgestionb Bv®
Type 2 2845.43 2508.25 228.42 120.23 161.77 405.67 0.005 20.35
Period 1 8512.01 151.23 2u56.74 2252.28 5715.97 792.19 0.001 1.23
Cow (Type) 3 11749.40 641.18 962.66 228.80 1707.98 3154.26 0.001 67.46
Period*Type 2 3366.60 1676.44 146.67 215.60 1056.82 1708.11 0.003 7.89
0OG vs ALF 1 73.21 1012.50 18.61 261.06 87.78 46.08 0.004 15.00
OG vs CSH 1 5618.00 3341.53 148.78 375.38 1176.13 2880.41 0.005 1.38
Alf vs CSH 1 4408.61 675.28 272.61 10.35 1906.53 2197.85 0.000 7.28
Error 9 1196.54 194.43 314.87 126.08 771.29 867.61 0.001 68.13
Total 17 3859.60 568.63 579.19 270.90 1420.07 1544.70 0.002 64.78
ag/d.
Py,

BV = Blological Value

Retained N + absorbed N x 100.

szt



Appendix Table 5.

(continued)

C. Analysis of Variance for regression of fiber types on level for rumen parameters.

Mean Squares

Volatile Fatty Acids Ratio Rumen Dilution Rate
Source ar  Ac? pr? Bu? val®  Total®  APRC NGrY pH  Liquid® So1lids®
Type 2 0.028 0.071 0.062 0.003 85.1 0.124 0.329 0.101 0.034 0.007
Period 1 0.001 0.027 0.009 0.000 2637.3 0.022 0.079 0.000 0.006 0.007
Cow(Type) 3 0.213 0.193 0.066 0.008 153.9 0.434 0.546 0.035 0.030 0.004
Period*Type 2 0.000 0.037 0.034 0.000 13.7 0.089 0.409 0.067 0.023 0.103
0G vs Alf 1 0.000 0.061 0.066 0.000 25.2 0.168 0.390 0.065 0.016 00.014
OG vs CSH 1 0.000 0.000 0.008 0.000 1.5 0.014 0.038 0.010 0.04}Y 0.017
Alf vs CSH 1 0.000 0.047 0.028 0.000 14.3 0.084 0.185 0.125 0.007 0.000
Error 9 0.124 0.037 0.032 0.018 812.1 0.160 0.142 0.145 0.083 0.006
Total 17 0.121 0.080 0.004 0.014 6u4.6 0.214 0.257 0.097 0.066 0.006
amoles/lOO moles.
bmm/liter‘.
cAcetate:propionate ratio.
dNon—glucogenic ratio = (Ac + 2 Bu + Val) (Pr + Val).

e%/hr.
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Appendix Table 6. Analysis of Variance for Experiment II.
A. Analysis of Variance for intake and chewing time.

Mean Squares

Intake Chewing Time Chewing Tie
Cud Cud
Source ar  pm? cwe®  app? Eat® Chewing®  Total®  Eat® Chewing® Total®
Type 3 2.89 1.49 1.90 987.8 2852.1 6248.9 6.7 11.2 28.4
Control vs added 1 1.90 2.89 1.82 1625.3 49.6 2242.8 1.7 2.1 29.8
Hays vs CSH 1 6.36 1.48 3.72 165.0 2106.8 3451.0 4.0 0.5 10.5
Alf vs 0G 1 0.h2 0.09 0.17 1173.1 6100.0 13053.1 1.3 30.9 5.0
Period 3 0.14 1.80 1.03 1993.0 559.9 1742.8 4.0 2.2 5.4
Cow 7 .55 0.62 0.49 5361.4 13134.0 30554.6 22.6 30.1 84.3
Error 18 0.99 0.20 0.07 1467.2 2758.4 2279.6 5.5 10.2 12.8
Total 31 1.89 0.57 0.44 2351.0 4897.6 8996.5 9.3 14.0 29.7
akg/d.
bmin/d.

cmln/kg; DMI .
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Appendlx Table 6. (continued)

B. Analysis of Varlance for rumen parameters.

Mean Squares

Volatile Fatty Acids Ratio Rumen Dilution Rate

Source ar  Ac? prd Bu? va1l®  total®  apR® NGRS pH Liquid® So11ds®
Type 3 0.137 0.087 0.180 0.014 2821.0 0.113 0.332 0.045 0.223 0.004
Control vs added 1 0.089 0.051 0.009 0.000 7026.4 0.078 0.052 0.006 0.000 0.008
Hays vs CSH 1 0.091 0.072 0.018 0.027 96.9 0.262 0.668 0.102 0.440 0.003
Alf vs 0G 1  0.228 0.137 0.527 0.015 1339.6 0.000 0.277 ©0.026 0.230 0.001
Period 3 0.019 0.053 0.023 0.015 28.3  0.043 0.112 0.262 0.200 0.061
Cow 7 0.181 0.266 0.031 0.014 263.2  0.429 0.804 0.185 0.008 0.040
Error 18 0.087 0.190 0.025 0.007 2210.2 0.213 0.398 0.051 0.047 0.033
Total 31 0.106 ©0.184 0.042  0.010 457.2 0.235 0.456 0.101 0.086 0.035

8h0les/100 moles.
bmm/litex‘.
CAcetate:propionate ratio.
dNon—glucogen].c ratio = (Ac + 2 Bu + Val) : (Pr + Val).

€% /hr.

gcT



Appendix Table 7. Analysis of Variance for Experiment III.

A. Analysis of Covariance for intake.

Mean Squares

Intake

Source ar pM? pMP cwed ADF2
Ration 2 0.88 0.01 0.66 0.11

Linear 1.70 0.01 1.30 0.28

Quadratic 0.06 0.00 0.02 0.02
Covariate 1 22.22 1.06 4,06 0.87
Error 14 1.06 0.05 0.19 0.04
Total 17 2.28 0.10 0.47 0.10
qkg/d.

Pre/100 ke body welght/d.

62T



Appendix Table 7.

B. Analysis of Covariance for rumen parameters.

(continued)

Mean Squares

Volatile Fatty Aclds

Ratilo

Dilution Rate

Rumen
Source ar  Ac? pré Bu? val®  Tota1l® apr®  NGRY pH  Liquia® Solids®
Ration 2 0.224 0.043 0.061 0.002 oyl 0.297 0.247 0.134 0.020 0.038
Linear 0.411 0.082 0.091 0.003 4§35.9 0.589 0.472 0.181 0.038 0.056
Quadratic 1 0.031 0.002 0.030 0.001 3337.1 0.002 0.028 0.084 0.000 0.022
Covarilate 1 0.439 0.187 0.083 0.021 578.1 0.605 0.551 0.190 0.111 0.010
Error 14 0.078 0.030 0.015 0.015 135.6 0.152 0.225 0.049 0.191 0.025
Total 17 0.026 0.050 0.025 0.238 202.1 0.237 0.286 0.069 0.174 0.025
801es/100 moles.
bmm/liter.
cAcetate:pr-oplonate ratio.
dNon-glucogenic ratio = (Ac + 2 Bu + Val) + (Pr + Val).

€4/hr.
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UEFIRING EFFECTLIVE PIBLR CONTERT OF DRIBEY RATIURS
by

Terry Lee Haddox
(ABSTRACT)

Cottonseea npulis (CSH)}, caopped orchardgrass (0UG) or
eifiafe (ALF) hays vwere added te corh silage—besed rations
to determine effects on dry metter intake (DHI}, nitrogen
palance (KNB), rumen voiatiie fattly acids (VFA)}, &na rumen
fiuid (BEFD) and sclids (RSD) daiiution rates. DHI wes bhigh-
est for aaded fiber rations aid nigher tor CSH than aay
rations. Digestibility of DH was depressed for added ripel
raticis with iowest for CSH. Host favorabde NB was for CS5E
raticns. Ruien VFA vere not alterea by fiber addiﬁiqns.
Highest RFD was for (% retions and lowest for Yk rations,
however CSH hed greetest postive infiuence on EFD. RSD
trend was simlisr to thet for KFD.

In Experiment II, 4 cork silage-pased ratiGns CODCAiINLHY
% 0G, ALF, or CSH pius a Controi (Y% GG) were compared i0r
effect on LKL, ruwmen Vrhk, chewiiny time (C%), kSD, and k¥L.
Ration density decreased with 0G ané ALF whereas CSH pad ao
effect compared 1o Controle. DHI was higher for CSH compared
to U6 end ALF. Totai C¥ (maim/a)} ebc Koughege Value index
(CT/KG DHI} wele reduced ior ALF compered to U6. Total VFA

were _cower for adaea Iiber rations compared to Contioi.



Bcetate:propionate (AFR) and ron—glacogenic (WGR) ratio were
not affected by fiber additions. KFD ¥as reduced for aLF
compared to UG whereas CSH wad higher thaii 0G and ALF.
kFeduced KkFD was associated wita reduced total CT ror ALF.
RSD was not affected by fiber adcitions.

Chopped OG was suppiementea et 0, 9, or 18% of reticu bg
in & finely chopped corn silege—besed raticih. Ahalysis of
covariance was perfoimed using 16 lactaiiag Holsteins.
Ketion density decreased with each increment of 0G. Duil was
highest for 8k 06 ratiovn. Cowe on Uk sncwed decressed DEIT
wiiereas CcoWs Ok 9 and 18% rations increased DMl from covari-—
ate period. Rumen aCetate, BFR and NGK iucreased while pro-
picnate and totai VFA decreased witn increasiug 06. HFD and
KSD increesed with increasing GG supplementation.

Response to Y erd 18% suppiementation of 06, ALF¥, or CSE
t¢ cork silage—-pased raticns appears to foliiow similar pat-—
terh as vwhen sli-forage ratichs were compared to ail-counceii-
trate retions for lacitetiny delXly COWwsS. £ mOre quabkitative
evaiuation of physicai iore is needed for aeilry rawvions and
feedstufis leesding to &k acceptaidie routine evaiuation

procedcure.
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